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Sector VI

1. EXISTING CONDITION

1.1 River System

The Chao Phraya River basin is as large as 162,800 km’, one-third of the whole

territory of Thailand ( 5]4,0001\'1112). The basin is often divided into three for
hydeological features; the upper basin of northern hightand, the middle basin of the
flood plain with {he surrounding watersheds, and the lower basin of the Chao Phraya
Dclta as shown in Fig. 1.1.1.

The Chao Phraya River system consists of four principal tributarics: the Ping, Wang,
Yom, and Nan rivers all originated in the northern highland. “The Wang River joins
with the Ping River and the Yom River joins with the Nan River in the middle basin.
Then, the Ping and Nan rivers join to form the Chao Phraya River at Nakhon Sawan,
which flows down to the lower basin through Chai Nat, Ayullaya and Bangkok, (hen
finally reaches the Gulf of Thailand. In the lower basin the Chao Phraya River joins
with tributary of Pasak River, while the Tha Chin River diverges from the Chao
Phraya main strcam.

The catchment arcas of the respective rivess are tabulated in Table 1.1.1.
1.2 River Hydrology
1.2.1  River Flow

The river flow rate shows a scasonal varialion with a distinctive imbalance of
precipitation between the rainy and dry seasons. The river flow rate starls to increase
in April, and reaches its pcak in September or October when an intensive precipitation
is caused by the tropical cyclonic disturbances.

A stream gauging station at Nakhon Sawan (Sta. C2) is regarded as the The river flow
rate shows scasonal varialion with the distinctive balance of key station to measure
the flood discharge from Ping, Yom and Nan. According to the record at the station,

the maximum discharge was observed at 4,800 m/s in 1995. ‘The maximum
discharges wete estimated at about 0.04 m¥Ys/km’ in terms of discharge per unit
drainage area. Such a rather small discharge per unit drainage arca is due to large
drainage arca with the large retarding cffects in the catchment arca.

1.22 Tide

‘the tide in (he Gulf of Thailand is the mixed tide with a imaxismum tidal range of
about 3.5 m. During the dry scason, the seawater reaches Pamok, 160 km vpstream
from the river mouth. On the other hand, the tidal wave is damped by the river flood
flow during the rainy scason. For instance at the peak of the 1995 flood tidal cffect
was barcly observed even at Pakkret, 70 km upstream from the river mouth at the
peak of the 1995 flood. The tidal wave along the lowest reaches of the Chao Phraya
River is shown in Fig. 1.2.1.

Seasonal variation of the sca level is found in the Thai Gulf. The sea level is high
from October to January and low from June to August, as shown in Fig. 1.2.2. Such
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Sector Vi

sca level variation is causcd by the combination of astrenomical and meteorological
eftects. Unfortunately, the peak river flow mostly coincides with the swelling of the
sea in October. The river water level is raised higher by the backwater from the
swelled sea. This makes the flooding problems in Bangkok more severe.

1.3  River Morphology
1.3.1  River Channel Profile and Creoss-sectlion

in the vpper plain upstream of Nakhon Sawan, the slope of the Yom and Nan FIVCIS
are less steep than that of the Ping and Wang rivers. From Nakhon Sawan to the river
mouth the Chao Phraya River has geatler slope than other rivers. Main properties of
these river channels are tabulated in Table 1.3.1.

1.3.2 Meandering

Mecandering is generally observed in the Chao Phraya River from Nakhon Sawan to
the river mouth. Pariicularly from Ayuttaya to the river mouth the Chao Phraya River
heavily meanders with a maximum amplitude of about 9 km.

The principal rivers, Ping, Wang, Yom, Nan rivers also generally meander in the
upper plain. In comparison with the heavily meandering Chao Phraya Rives, these
tributarics meander in a smaller scale with an amplitude from 1 km to 2km.

£33 Secdiment
(1) Suspended Sediment Load

Sediment runoff is affected by canstructing of the large-scale dam reservoirs
such as the Bhumipol dam and the Sirikit dam. Fig.1.3.1 and Table 1.3.2
shows the change of ycarly quantity of suspended sediment in the Chao
Phraya River at Nakhon Sawan for the period from 1960 to 1996. The annual
sediment runoff decreased by 82 % afler the completion of the Bhumipot and
Sirikit Dam Reservoirs.

(2) River bed Material

A riverbed survey was carried oul along the rives channels of the Chao Phraya
River and ils major tributaries. The particle size distribution of cach sample is
summarized as a gradation curve in Fig.1.3.2. The Figure shows: the 60 %
grain daiamecter of, Pin River at Phet vary from 0.7 to 1.3 mm in medium sand
range, Nan River at Phitsanulok vary from 0.2 to 0.45 mm in fine sand range,
Chao Phraya River al Nakhon Sawan vary from 0.85 to 1.2 mm in midium
fange.

(3) Sand Quatrying

Sand quarrying is being casried out in the Chao Phraya River, Ping River,
Sakac Krang River as shown in Fig. §.3.3. Particulardy the quarrying volume
atong the Ping River is as much as 70 % of the whole quarrying volume in the
Chao Phraya River basin. Atong the Chao Phraya River, Ayutthaya Province
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Sector V1

is a major source, occupying 63% of the total production. The total of
quartying volume is 443,200 m’ as tabulated in Table 1.3.3.

14 Water Quality

NEDECO carricd out sampling water analysis at 15 sampling stations in the Chao
Phraya, Nan and Ping rivers in 1995, The location of water sampling staltons is
presented as Fig.1.4.1

Table 1.4.1 preseats the conclusion of water quality analysis. The comparisons
between the studied water quality and the standard surface water quality show that the
water quality at the stations, No.6-9(Sing Buri - Payunakeeri), 10-15(Nakhon Sawan -
Pichit) is good in cold (January), hot {(March), and rainy {Junc) scasons. At stalion No.
1-5 (Bangkok - Ang Thong), however, the guality of dissolved oxygen is low.

It is noteworthy that during the hot scason the quantily of cadmium observed at all
stations is higher than the standard value. Besides, al the stations No. 10-15 during the
hot scason the quantity of heplachlor cpoxide is higher than standard value, while
during the rainy season it happens to the BIC (benzene hexachloride). This may be
caused by the contamination from agricuitural sources.

Water quality at No.6 1o 15 stations is good enough for all kinds of plants, but salinity
is so high at No.l to 5 stations the plants growing in salty areas alone might be
applicable.

1.5  Riparian Structuves
1.5.1 Dikes/Levees

From the ancient times, the Chao Phraya River had made the low alluvial ridge area,
named Naturai Levee, adjoining the channel. Most of people had lived on the Natural
1.cvee along the Chao Phraya River and has cuoltivated rice in genceral in the hinferland
of which elevation is lower than it of the natural levee. The natural levee prevented
people from small-medivm flooding.

In nowadays, flood protection dikes are constructed mainly on the natursal levees
atong the Chao Phraya River, the Tha Chin River and the lower portion of the Pasak
River. In addition, in aclual flood, banks of canals for irrigation or embankments of
road on the natural levee along rivers have taken the place of flood protection dikes.
Fig 1.5.1 shows the existing dike alignment in the Basin in plan view.

1.5.2 Diversion Weir and Regulator

‘These are five (5) major diversion weirs/barrages in the Basin, which are operated
primarily for irrigation. Moreover, a lot of regulators have been installed on the rivers
and canals. Table 1.5.1 indicates main featurcs of the diversion weirs/barsages and
major regutators. Their locations are given in Fig. 1.5.2.

Among these regulators, Phonlatep Head Regulator and Manorom Head Regulator are

more important for flood mitigation. Because flood water in the Chao Phraya River

can be diverted (o the Tha Chin River and Chainat-Pasak Canal respectively with the
gate of Regulators opened.
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On the other hand, RID has formulated a plan, named the Upper and Lower the Tha
Chin River Projeet, to constiuct new two (2) basrages across the Tha Chin River. One
of them will be installed at 100km upstream from the river mouth named Site 6, and
the other at the lower reach from 20 ki upstream of the mouth named Site TA.

Hacbor Department has also formulated a ptan, named the Damming Chao Phraya
Project to constructed new two (2) barrages atong the Chao Phraya River.

1.6  Flow Capacity along River Channels
i.6.1 Method of Flow Capacity Computation

Flow capacities of the rivers and major khlongs in the Chao Phraya River Basin,
which are the Chao Phraya, Noi, Lop Buri, Pasak, Tha Chin, Nan and Yom Rivers,
arc cstimated based on the water level vs. discharge curves oblained from a hydraulic
analysis.

1.6.2 Conditions of Flow Capacity Estimation

Basic conditions for the flow capacily cstisiation arc as follows:

Basic Condition for Flow Capacity Estimation

Analysis Ttem Condition
Hydraulic Simulation Model | o« Full Confinement Model (See Sector )
Analysis Applied Flood s 1995 Flood
Pattemn

N ) | Crass Seclion Data | '« SeeTable 16.1 o -
Flow Capacity Target Water Level | « Dike Crest Level - 30 em {free board), and/or

Bstimation for Capacity ¢ Design Water Level by BMA/PDW
Estimation

1.6.3 Flow Capacily Estimation

Fig.1.6.1 shows plots between water levels and discharge curves obtained at river
sections through the hydraulic simulation. Fig.1.6.1 (1/2) presents examples of upper
river stretches which are free from the tidal influence, while Fig.1.6.1 (2/2) presents
those of tower stretches under the tidal influence.

One-to-one relation between water levels and discharges is clearly observed in Fig.
1.6.1 (1/2), and a discharge corresponding to a targel water level arc easily determined.
In Fig. 1.6.1{2/2), however, it is impossible to determine a corresponding discharge
because the tidal fluctuation is prevailing over the river discharge in the lower
stretches. For the lower stretches below Bang Sai, therefore, relation between daily
maximum water lcvels at river section (Hd) and daily mean discharges at Bang Sai
(Qb) are used for the determination of the flow capacity. Fig.1.6.2 shows a Hd-Qb
graph at S-14 section of the Memorial Bridge as an example.

The calculated capacilics arc preseoted in Figs, 1.6.3 and summarized in Table 1.6.2.
‘The detailed considerations of rivers on flow capacily are given in Sector VI and VIL
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2. MASTER PLAN STUDY
2.1 Basic Condition

Basic conditions for the Master Plan Study are discussed in the Sector VI, “FLLOOD
MITIGATION PLAN" and summarized as follows:

Basic Condition for Master Plan Study

Hem Condition

Target year 2018 (20 years later afler the completion of the Study)
Project scale 100-year return Period for major urban areas
5 to 25-year return period for agricultural areas

Land use Projected future land use in 2018

Land subsidence 2 cimfyear

Urban area protection works by PWD and BMA

Loop-cut by R1D

Drainage system improvement in agriculiural areas by RID
Conslruction of new dams (Pasak, Kwae Noi and Kaeng Sua
Teng) by RID

Kok-Ing-Nan Water Diversion Project by RID

¢ Damming Chao Phraya Project by HD)

‘Expected future development

2.2 Study on Applicability of River Improvement

River improvement aims to confine more flood water in the enlarged river cross
section by providing dikes, widening or decpening of the river channel. The measure
is regarded as a primary flood miligation measure because it can direclly protect ftood
prone arcas and generally bring large effects with comparatively small costs, afthough
dike heightening and widening are becoming difficult along densely populated areas.

In planning a river improvement work, a special attention shall be paid not to increase
damage potential in the dowastream. An improvement of (he flow capacities may
result in an increase of harmful discharge to the downsiream. The flow capacitics
shall be well balanced from the upstream to the downstream to avotd a disaster in the
downstream. In this section possibility of river improvement is examined, considering
such adverse effccts.

2.2.1 Ceonsideration of Flow Capacily

RID has been making great efforts to enhance the protection level of agricullural arcas
in thc Chao Phraya River Basin by building dikes along the rivers and khlongs as
shown in Fig.1.5.1. According to RID, these embankments were designed to a
standard of § in 25 years as shown in Fig. 2.2.1. However, the actual protection levels
seems {o be a lot less than the 25-year return period level. When the design water
levels were estimated, influcnce of past and future probable developments such as
confinement of flood water by embankment and installation of scgulators were not
considered in the estimation of the 25-year design water levels. They were determined
bascd on a frequency analysis of past observed water level data.

In this section, the estimated flow capacitics of (he rivers in Fig 1.6.3 arc reevaluated
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based on the probable discharge under the full confinement condition from the Nan
and Yom Rivers to the river mouths obtained in the hydraulic Simulation as shown in
Table 2.2.1 and Fig.2.22(1/2). These probable discharges arc used as the design
discharges for the river improvement as discussed in2.2.3.

(1) River Condition of Upstreamy of Nakhon Sawan

The flow capacity of Yom River is quite small along almost all the stretches
from Sukhothai to Nan River. The flow capacity at Sam Ngam, Y.17 is about
900 m'/s, which is less than the 2-ycar discharge. There is a bottlencck at the
downstream of Sukhothai, which has a flow capacity of only 50 m3/s.

'the flow capacity of Nan River is also small. The flow capacity is between
1,000 m*s and 1,500 m%s, while the 2-year discharge is 1,100 to 1,300 m'/s
according to the simulation resuit. The lower stretches near Nakhon Sawan is
influenced by backwater from the Chao Phraya River. Water levels in these
strefches are possibly raised high over the dike levels by the backwater even
when the river discharge is small.

(2) River Condition of Downstream from Nakhon Sawan to River Mouth

The Chao Phraya River System from Nakhon Sawan to the Lower Delta (from
Nakhon Sawan to the river mouth) has a very complicated channel neiwork.
‘The Chao Phraya River has distributaries, the ‘Tha Chin, Noi, Lop Buri Rivers
and a tribwtary, the Pasak River. In addition, many khlongs connects these
TIVes.

The flow capacity decreases toward the downsiream, from 4,000 m3/s at Chao
Phraya Dam (corresponding to (he 3-year discharge) to 3,000 m3/s in Bangkok
{much tess than the 2-year discharge). This implies that spitlage from the river
channe! graduatly occurs in the upstream when a large scale flood occurs;
hence, spillage do not concentrate in the downstream. This sifuation contiibute
to alleviation of flood damage to Bangkok, while the spilled water is widely
retained in the agricultural area in a manner of inundation.

The flow capacity in Bangkok is as small as 3,600 m’/s even afler the
completion of the on-going flood barrier dikes.

2.2.2 River Improvement Methed

In general, river improvement to increase the flow capacity is undertaken in the
following manner as shown in Fig.2.2.3:

L 4

*

Heightening of Existing Dike or Consiruction of New Dike,
Deepening of Riverbed by Dredging, and

Widening of River Channcl by Excavation of Channel Slope or Retreating of
Dike Alignment.

In the Chao Phraya River Basin, which may requite increase of channel flow capacity
in retatively large scafe, “Hcightening of Existing Dike or Canstruction of New Dike”
is selected among these measures from the following reasons (See Table 2.2.2):
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In general, the most cconomical way to increase the flow capacity is by heightening
existing dikes or providing new dikes, though it also lead to an increase of water
levels. If the existing dikes ase heightened, land acguisition and house evacuation will
be minimum. Deepening of channel bed is not preferable from a viewpoint of channel
bed stability because the Chao Phraya River System transports a huge amount of
sedimeat from the upstceam. It needs considerable cost to maintain the deepened river
tied. Lxcavation of channel stope and retreating of dike alignment require a number of
house relocations.

2.2.3 Hydraulic Analysis on River Improvement

In this Seclion, a hydraulic analysis is made to identify the eflectiveness of river
improvement works in the Chao Phraya Basin, using the flood simulation model
developed in Scctor 1, “Hydrotogy and Flood Simulation™.

(1) Analysis Cascs and Discharge Distribution

Six combination cases of the targel steetches and the scales for the river
improvement arc sct up for the hydraulic analysis as follows:

_Case No. Target Stretch Scale {Return Period)
1 Pathum Thani to Nan and Yom Rivers 2 years
2 (All the areas of Upper Central Plain, Nakhon 3 years
3 Sawan and Lower Central Plain) 5 years
4 Pathum Thani to Chainat (Chao Phraya Dam) S years
5 {Lowcr Central Plain) 1Q years
6 25 years

Cases 1, 2,and 3 covers long stretches from Nan and Yom Rivers in the Upper
Central Plain to Pathum Thani in the Lower Delta in the Lower Central Plain,
although the improvement scales are smaller. Cases 4, S and 6 are for the
middle stretches below the Chao Phraya Dam with larger scales.

Prior to the hydraulic analysis for the 6 cascs, the design discharge distribution
for the river improvement is delermined as shown in Fig.2.2.2. The dcsign
discharges for the river improvement from Nan and Yom Rivers to Pathum
Thani is based on the probable discharges undcr the [ull confinciment
condition in which river water is confined in the rivers, not alfowing any
spillage, while that for the river improvement from Chao Phraya Dam to
Pathum Thani is based on the probable discharges at Chainat and RamalV
Barrage under the future basin condition in 2018, The discharges at the (wo
upstream ends of the river improvement work are distributed to the
distsibutarics, Lop Buri River, Khlong Bang Kaeo, Khlong Bang Luang and
Klong Ban Ban, and then rejoined into the Chao Phraya River as shown in Fig.
22.2212).
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(2) Simulation Results

The 1995 flood is applicd to the modificd flood simulation model for the six
cases. The simutation results are shown in Table 2.2.3 and Fig. 2.2.4.

The river improvement works reduce flood inundation volumes where the
improvement works are provided. However, they inftuence the downstream
instead.

As shown even in Case 1 with the small scale of 2-year retumn period,
increases the water level at Samsen by 35 cm from 2.62 to 2.97 m MSL,
resulting in 600 million i’ of inundation in BMA, although it reduces the
Nood inundation volume by about 1 billion m3 in the Upper and Lower
Central Plain cxcept BMA. Cases 4, 5, and 6 which target only the Lower
Central Plain also increasc the water level in BMA. Even Case 4 with the 5-
year retura period increases the water level at Samsen by 19 cm from 2.62 to
2.81 m MSL.

(3) Cost liffectiveness

The cost eflectiveness in a manner of a ratio between the flood dainage
decrease and the cost is also given in Table 2.2.3 and Fig. 2.2.5 (o compare ils
eflectivencss with those of other measurcs, modification of dam geseivoiw
operation and diversion channcls. As shown in Fig. 225, the cosl
eMectiveness of all the river improvement cases is negative hecause they all
result in huge damage amounts in BMA which surpass a lot the damage
reduction made by the improvement works in the flood plains.

(4) Applicabitity of River Training

Based on the above resulls, the applicability of river improvement is
considered as follows:

‘The river improvement is effective to mitigate flood dainage (o the area along
the river course where it is provided. In this sense, this measure is applicable
for the protection of any of the divided areas; namely, Upper Central plain,
Nakhon Sawan area, Higher and Lower Dellas in Lower Central Plain.

However, the river improvement shows the negative (-) effecliveness, and thus,
it is not applicable duc to the adverse influence on the downstream when this
measure is solely applicd. Consequently, il is necessary to examine the
applicability of river improvement in combination with other measures such as
fload distribution system improvement and flood diversion channels, o
minimize the adverse influence.

2.2.4 Combination with Other Measures

As measures 10 absorb adverse influence caused by river improvement, flood
distribution system improvement and a diversion channel are examined as follows:

VH -8



23

Sector VI

(1) Combination with Flood Distribution System Impravement

According to the Sector VI “Flood Mitigation Plan”, some 8,000 km® paddy
fields in the total arca including the Upper and Lower Ceniral Plains can
accommodate about 3.1 billion m3 of inundation harmlessly if flood water is
ideally and appropriately distributed through irrigation canals and control
stiuctures. The Lower Central Plains alone can accommedate as much as 2.1
billion m® in its 5,600 km’ paddy field arcas.

If a past of these damage free capacitics of the flood plains is used to retard
river Nlood walcr, the flood protection levels in such agricultural arcas can be
enhanced to some extent. If an average depth of 20 cin is assumed to be used
for storage of local rainfali, the rest volumes of 1.5 billion m3 and 1.0 billion
m3 could be used for retarding of river flood water in ihe total area and the
Lower Central Plain respectively.

Fig. 2.2.6 shows the probable discharge distribution for the combination of the
river improvement and the flood distribution system improvement. Comparing
this figurc with Fig. 2.2.2 where the river improvement is solely applicd, the
effectivencss of the retarding in the flood plain is understood.

[ the case of the river improvement in the Lower Central Plain from Pathum
Thani to the Chao Phraya Dam (Chainat), the 10-ycar total discharge of 4,700
m/s at Nakhon Sawan (3,600 m3/s) and Rama Vi barrage (1,100 m’/s) can be
attenuated to 3,600 m*/s befow Bang Sai with such retarding effect. Since this
3,600 m3/s corresponds to the flow capacity of the on-going flood barzicr in
BMA, the 10-year river improvement with 1 billion m’ setarding in the Lower
Cenlral Plain is applicable with no harm to BMA.

{2) Combination with Diversion Channel

If the river improvement is upgraded from the 10-ycar to 25-year level, a
measure to absorb the adverse influence to be caused by the improvement
must also be provided to absorb the adverse influcnce to be caused by the
improvement. A flood diversion channel is applicable for this purpose.
According to the hydraulic study, an additional capacity of 300 m3/s of
Ayutthaya-East-Sea Diversion Channel can absorb such increased discharge as
shown in Table 2.2.4.

Master Plan

2.3.1  Alternatives of Master Plan

The Master Plan is formulated consisting of structural and non-structural measures as
shown in Fig.2.3.1. For flood mitigation in the urban arcas of Pathum Thani,
Nonthaburi and Bangkok, the three (3} alternatives are provided: Alternative 1, partial
protection of Pathum Thani and Nonthaburi, Alternative 2-1, heightening of floed
barrier at Bangkok ,and Altcraative 2-2, construction of diversion channel.
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The dilference of the measures applied in these alteenarives is only the way of flood
mitigation in these urban arcas and the other measures arc commonly applied to these
theee alternatives.

2.3.2  Staged Implementation of River Improvenent

River improvement is undertaken in two (2) stages. Stage | is prompt implementation
with the 10-year return period in combination with the flood distribution system
improvement as shown in Fig. 2.2.4. Implementation of Stage 2, the purpose of
which is to enhance the safety level to the 25-year retum period, depends on the
sclection of alternatives. In case of Allernative | and Alternative 2-1, river
improvement is tenminated with Stage 1. In case of Allernative 2-2, the river
improvement is expanded in Stage 2 to the safely level of the 25-year return period.
However, the implementation of Stage 2 is proposed only after the diversion channcl
is ready to absorb the adverse influence to be caused by upgrading of the river
improvement.
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3. FEASIBILITY STUDY

The possibitity of river impravement for the middle reaches of the Chao Phraya River
Systemy from Pathum Thani to Chainat to mitigate flood damage in the agricultural
arcas was cxamined in {he Master Plan Study. It was concluded that it may be
possible to enhance the flood protection level from 2-5 year return period to 10-year
retuen period for the agricultural arcas by the river improvement in combination with
the improvement of the [lood water distribution system under the future basin
condition in 2018 as discussed in Chapler 2.

In the Feasibility study stage, the possibility of river improvement is further examined
to clarify possible improvement scales and streiches. The project area is the
midstream of the Chao Phraya River System from Chao Phraya Dam to Pathum Thani,
including its tributary, the Pasak River, and distributaries, Noi and Lop Buri Rivers
and some major khtongs. Since the study on the flood water distribution systen is not
included in the Feasibility study, the possibility of the river improvement is examined
based on the assumption that the flood water distribution system improvement is not
undcitaken.

3.1 Basic Condition for River Improvement

The basic conditions for the feasibility study on the river improvement are sct up as
foltows:

3.1.1 Target Year

The targel completion year for the river improvement is set in 2005, in accordance
with the implementation schedule proposed in the Master Plan.

3.1.2 Project Scale

In the Master Plan, the agricuitural arcas in the Higher Pelta is proposed to be
protected with a return period of 10 years by a combination of the river improvement,
the flood water distribution system under the future basin condition in 2018. In this
2018 condition, however, {wo planned dams, Kwae Noi and Kaeng Sua Teng of
which completion is expected to be delayed afier 2005 are included. In addition, the
distribution system improvement is not included in this Feasibilitly Study as
aforementioned above. Thus, the project scale enhanced by the river improvement
alone might be lower than 10-year retum period.

3.1.3 Expected Future Basin Condition

The following conditions arc taken into account as the future basin condition in the
target ycar 2005,

(1) Land Usc

The land use in the target year should be considered for the river improvement
study. The future land use in 2005 is projected by applying the same annual
growih rates of land use in the Master Plan Study as discussed in Scctor I,
“Land Use”.
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2)

Retated Works

To cope wilh the flocd problems, the agencies concerned are undeitaking
flood miligation and protection works, which are taken into account for the
formulation of the Master Plan. Some of them are planncd to be comipleted by
the target year 2005, and arc incorporated in the future condition in the
following manncr:

(a) Construction of Flood Barrier undertaken by BMA

BMA is now construcling flood barriers along the Chao Phraya River.
This wotk is scheduted to be completed in 2001, and the flood barriers
are incorporated in the fulure condition.

(b) Flood Protection Works for Major Urban Areas

PWD is planning to provide flood protection works to major urban areas
in a manner of ring dikes with drainage pumps, of which tentative
implementation schedules are as shown in Tables 3.1.1 and 3.1.2. All the
protection works which are scheduled to be completed by 2005 i these
tables arc assuned to be existing in 2005, The location of the urban ring
dikes are given in Fig. 3.1.1.

Strictly speaking, the urban protection work in Pathui Thani will sot be
completed, but a pad of the work, the Bang Pho Tai — Bang Luang
Polder Work will be still going on in the target year 2005 as presented in
Fig. 3.1.2. Ilowever, all the proteciion work is incorporated in the 2005
condition because the protection work, which will affect BMA very
much as highlightcd in the Master Plan Study, will be completed just
only 2 years after the target year.

(¢} Loop Cul at Bangkok Port by RID

To mitigate flood damage in agricultural areas, RID is going to
implement  a loop cut near Bangkok Pord, which is scheduled to be
completed in 2002, thus, the loop-cul is also incorporated in the fulure
condition in 2005.

(d) Modification of Operation of Bhumibol, Sirikit and Pasak Dam
Rescrvoirs

Modification of the reservoir operatton of the three dams, Bhumibol,
Sirikit and Pasak is very effective for flood mitigation and proposed to
be implemented soon as discussed in Sector VI, “Integrted Dam
Operation Plan”, The proposed optimum operation rules for the three
dams are assumed to be applicd by the target year 2005.

(v) Rcpulators and Barrage
Four regulators are now under construction on the Lop Buri River and

Khlongs Bang Kaco and Bang Phra Khru by RID as shown in Table
3.1.3 and Fig. 3.1.3, and arc scheduled to be completed in 1999. In
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addition, RID is constructing some 30 regulators on khlongs joining the
Chao Phraya River between Bang Sai and Pathum Thani as shown in Fig.
3.1.4. Harbor Depariment has a plan to consteuct two barrages on the
Chao Phraya River in Sin Buri and Nakhon Sawan Province by 2004 for
navigation as presented in Table 3.1.2 and Fig. 3.1.3. These control
structures are also incorporated in the 2005 condition.

3.1.4 River Improvement Work

Hcightening of existing dikes or building of new dikes are considered the most
cconomical among measures 1o increase the flow capacitics of the Chao Phraya River
System as discussed in Subsection 2.2.2. Thus, this feasibility study is made under the
condition that such dike hcightening will be made as a basic work for the river
tmproveinent.

3.2 Existing Condition

In order to know the cxisting condition of the rivers and to identify problem arcas,
Now capacilies of the rivers and the khlongs are examined as fotlows:

3.2.1 Discharge Distribution in Chao Phraya River System

Prior to the simulation for the siver improvement, the discharge distcibution in the
Chao Phraya River System below the Chao Phraya Dam for the 2005 condition was
determined for several retumn periods as shown in Fig.3.2.1.

These discharges are based on probable discharges at all the stretches under the full
confinement condition in which river water is confined in the rivers, not altowing any
spillage. ‘The discharge at the Chao Phraya Dam is distributed to the distributarics,
Lop Buri River, Khlong Bang Phra Khru, Khlong Bang Kaco, Noi River, Khlong
Bang Luang, Khlong Ban Bal and Khlong Bang Phra Mo, then rejoined into the Chao
Phraya River, receiving a discharge from the Pasak River.

It is noled that the cstimated flow capacitics are not under the actual condition in
which spillage over the dikes can take place, resulting in dike breaches. They are
under the full confinement condition. Fig. 3.2.1 means, for example, that if all the
rivers are improved to accommodate the S-year return period discharge, the discharge
of 3,200 m3/s at the Chao Phraya Dam will swell to 4,100 m3/s at Bang Sai alter
collecting a discharge from the Pasak River. Finally this swelled discharge flows
down to the metropolitan arca.

3.2.2  Flow Capacitics

Fiow capacities of the rivers and the khlongs arc compared with the discharge
distribution under the full confinement condition in Fig. 3.2.1 and are presented in a
form of return period as shown in Fig. 3.2.2 and Table 3.2.1.

The upper stretches of the Chao Phraya River from the Khlong Bang Bal have
comparatively large capacitics greater than the 5-year discharge. The ftow capacitics
of the lower siretches are very smail. Several stretches below Ayutthaya can not
accommodate even the 3-year discharge. Except for the Khlong Bang Luang and
Khlong Bang Phra Khiu, the Pasak, Lop Buri and Noi Rivers and the other khlongs
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have flow capacities as smalt as the 3 (o S-year discharges or less.
(1) Flow Capacity in BMA

The flow capacily at the design water level in BMA was estimated at some
3,600 m*/s, which corcesponds o the 3-year discharge in an extreme case that
alf the flood water is confined in the rivers from the Chao Phraya Dam to
BMA.

(2) Flow Capacity in Pathum Thani and Nonthaburi

The flow capacities in Pathum Thani and Nonthabuwri are estimated at 3,700
m¥/s and 3,200 m’/s which correspond to the 3.5 and 2.2-ycar discharges under
the full confinement condition respectively. These small capacitics are
estimated at the design water levels which have been applied in the on-going
utban area protection plan by PWD.

(3) Discussion on Water Levels in Pathum Thani and Noathaburi

According to the D/D Report of PWD, the design water levels are 100-year
water levels obtained by a frequency analysis of the past observed water levels.
{lowever, the design water levels scem 1o be too low if it is compared with the
10G-ycar water levels oblained in the Master Plan Study. PWD’s design water
level at Pak Kret (C.22) is as low as 2.50 m MSL (the design dike level is 3.0
m MSL), while the 100-year water level afler the confinement has been
estimated at 3.07 m MSL in the Master Plan Study. €

Similar problems has been pointed out for BMA’s flood barrier in the Master
Plan Study and for the RID embankments in this Feasibility Study. The gap
between the PWD plan. and this Study is generated from the dillerent
¢valuations on the influence of the proposed dikes along the river. The PWD
plan scems to have underestimated or neglected the influence, as understood
from (he fact that the frequency of the past observed data only were
considered. On (he other hand, this Study has been taking the influcnce
scriously into an account, and the water level rise afler the confinement by the
dikes has been closely examined.

The protection works are going to commence in 2001 according {o the
implementation schedute. On the other hand, the discussion on the Master
Ptan for the protection of the metropolitan areas including not only Pathum
Thani and Nonthaburi but also BMA have not been settled yet. Three
alternative plans have been proposed in the Master Plan Study. The water
fcvels in these areas depend upon which alternative is applied, and the design @
water fevels and dike fevels should be determined considering the Master Plan,

The cstimated flow capacitics in Nonthaburi are smaller than that of BMA, but
in this Feasibility Study the design water levels and dike levels in Nonthaburi
are assumed to be raised high ecnough for the safcty tevel of BMA, the 3-year
level at least.
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3.2.3 Problein Arcas

Based on the flow capacities, problem areas of which safety fevels are lower than the
S-year return period level are identificd by the JICA Study Team. The areas are
divided into cight areas by the river and major khlong dikes, and named Arca-1 to 8 in
order of the distance from the river improvement stretches to BMA as shown in
Fig.3.2.3, and smmarized in Table 3.2.2.

(a) Arca-l

This arca of 410 kmt’ is surrounded by the Lop Buri and Pasak Rivers,
Chatnat-Pasak Canal and Khlong Bang Phra Khru. The main land use is
rice, High Yield Varicty (1Y V) in the higher area close to the Chainat-
Pasak, Deep Water Rice (DWR) in the lower arca. Floating Rice (¥R)
are planted in the lowest depression arca. The safely level of this arca is
as low as the 2 to 3-year return period.

{b) Arca-2

This arca of 850 kn’ is located in the south of the Pasak River,
suirounded by the Pasak River, RID’s left dike of the Chao Phraya River,
Khlong Raphipat Yack Tak and Raphipat Canal. The main land use is
rice, I1YV in the higher arca close to the Raphipat, and DWR in the
lower area. FR is also scen in the depression arca. The safety level of this
arca is comparatively higher because dikes and roads along the Chao
Phraya and Pasak Rivers were heightencd (o some exient after the 1995
fleod, although a part of the Pasak River dike is still as low as the 3 to 5-
ycar fevel upstream of Khlong Bang Phra Khru.

(c) Arca-3

This small area of 70 km’® is surrounded by the Lop Buri and Pasak
Rivers and Khlong Bang Phra Khru. The main land use is DR. The dike
of the Lop Buri River is so low that the safety level is lowered to the 3 to
S-year level.

(d) Arca-4

This area of 410 km’® is surtounded by the Chao Phraya and Lop Buri
Rivers and Khlong Bang Kaco. The main land use is DWR. The safetly
level is less than the 2-year return period. This poor safety level is
caused by the low right dike of the Lop Buri River. A low dike spot with
the 3 to 5-year retura period is also found along the Chao Phraya River.

{c) Arca-5

This area of 45 ki’ is surrounded by (he Chao Phraya and Noi Rivers,
and Khlongs Bang Luang, Bang Bal and Bang Phra Mo. The main land
use is DWR, The safely level is less than the 2-year return period. This
poor safely level is caused by (he dikes of the Noi River and Khlong
Bang Bal.
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(D Area-6

This area of 180 km? is surrounded by the Chao Phraya and Noj Rivers,
and Khlong Bang Bal. The main land use is DWR. The safely level is
tess than the 2-year return period. This poor safety level is caused by the
low dikes of the Noi River and Khlong Bang Bal.

(g) Arca-7

This arca of 120 km? is tocated in the cast bank of the Chao Phraya River
downstream of Ayulthaya, and the RID dike forms the eastcrn boundary
of the area. The main fand use is DWR. The dike on the riverside is so
low that flood water overilows it and causes cxtensive and deep
inundation between the river and the eastern RID dike. The safety level
of this arca is estimated less than the 2-year retum period.

(h) Arca-8

This west bank area of 1,100 kn? is located below the Khlong Phraya
Ban Lu. The main land use is 1YV rice. This area functions as a final
bufler to abserb Mood water before it enters the metropolitan area. The
dike along the Chao Phraya River is poor and has no regulators at many
small khlongs. on the many smail khlongs have no regulator. The safety
level is less than the 2-ycar return period.

3.3  Determination of Project Scale and Target Streiches

The improvement scale and the target stretches are studied in this Subscction as
follows:

3.3.1 Strategy

The river confineinent work reduces the spillage discharge at the improvement section
but increase (he discharge to the downsiream at the same time. This is (he dilesma of
the river improvement, and might arise a conflict between the protected arca by the
river improvement and the downstrearn area which becomes to receive more water
from the upstream. In addition, what makes the river improvement in the Chao Phraya
River System mwore difficult and complicated is the small flow capacily at the
downstream end of the Chao Phraya River, in BMA. As discussed in the previous
subsection, the flow capacity in Bangkok is as small as 3,600 m’/s, conslrains the
extent of the river improvement.

If all the sirctches from Pathum Thani to the Chao Phraya Dam arc improved at a
unique Yevel, such river improvement can be applied with a scale of the 3-year teturn
period at the maximum. If the 5-year return period is applied as the scale of the river
improvement, the discharge of 4,100 m*/s comes down o BMA even in a §-year flood,
and it results in terribte fMlood damage in BMA where the flow capacity is only 3,600
m*/s as shown in Fig. 3.2.2. Thus all the stretches can not be improved, but the
impravement should be limited to only some selecied siretches in case of the 5-ycar
improvement. :

Based on the above understandings, the following principles are made:
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(1) Project Scale of River Improvement

As described in Subscection 3.1.2, the project scale of the river improvement is
set up lower than the 10-year return period, and two cases, the 3-year and 5-
year return periods are proposed.

(2) Maintaining of Safety level of BMA

BMA is the capital of Thailand which is a core center of political, ¢conomic
and social activities in the country. Once this area is hit by a {lood, it may give
fatal damage to not only BMA but also the whole country. For planning the
rivee improvement, thercfore, special consideration should be made not to
lower bul maintain the safety level of the meteopolitan area.

(3) Ovesall Improvement and Partial Improvement

The §-year improvement is a partial improvement, and the river improvement
should be limited to some sclected arcas. The 3-year improvemeat is overall
improvement, and all the river stretches with a flow capacity of less than the
3-year discharge are allowed to be improved without increasing of flood
damage in BMA.

3.3.2 Conceivable Cases

In line with the above principles, five cases of the river improvement are conceived,
namcly one case for the 3-year improvement and four casces for the 5-year-one. Case-3
is the 3-year improvenient, overall improvement.

As for the 5-ycar improvement, the four partial protection cases, Case 5-1 to 5-4
which will not increase {lood damage in BMA arc conceived through a hydraulic
analysis as shown in Fig. 3.3.1. Casc 5-4 is the maximum protection case. If more
arca are profected, it wilf results in an increase of flood damage to BMA. The details
of this simulation is described in Sector 1, ”Hydrology and Flood Simulation™.

Conceivable Cases for River Improvement

Case No. | Protection Level | Protection Area of River Area
o o fmprovemcent (km2)
B0 S B [ e Aweal ] 410
52 | Sye | _Areallte2 1,260
o83 sy | Areadte3 ¢ 1330
5-4 5-y¢ Area-1to 4 1,510
3 3y Arca-1,45067and 8 2,035

3.3.3 Selection of Optimum Case

‘o select an optimuin case aniong the five conceivable cases, an economic analysis is
made and summarized in Table 3.3.1. Simulated inundation volumes and damage
amounts in each problem area for the 1957 and 1996 floods which have return
periods of 3 years and § years in terms of the discharge at the Chao Phraya Dam
respeclively are also presented in Table 3.3.2. In conclusion, Case 3, the 3-year niver
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improvement is selected from the following reasons:

The other 5-year cases, Case §-1 to 5-3 are economically viable, but result in an
imbalance of impacts. The partial improvement cases improve the protected areas
considerably but increase flood damage significantly in the unprotected arcas instead,
although the increased damage will be balanced by benefits created by the proposed
modification of dam rescrvoir operation if the combination with the reservoir
operation is considered. The unprotected arcas will be lelt in the towest safety levels.
On the other hand, the 3-year improvement is also cconomically feasible, and can
upgrade all the problem arcas of the lowest safety levels to the 3-year level. This
overall improvement will Iead to well-balanced development of the delta arca.

The preliminary design, cost estimate and implementation schedule of the 3-year niver
improvement are discussed in Sector X1, “Preliminary Design, Cost Estimate and
Construction Plan”. The economic cvaluation and environmental aspects of the river
improvement are discussed in Scctor XIH, “Environmental Consideration” and Seclor
X1V, “Environmental Consideration” respectively.
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Table 1.1.1 CATCHMENT AREAS OF RESPECTIVE RIVERS
River Basin Catchment Arca
(Km2)
Ping River 36,018
Wang River 11,708
Yom River 24,770
Nan River 34,577
Pasak River 15,206
Residual Area 40,569
Total 162,798
Table 1.3.1 DIMENTION OF RIVER CHANNELS
River Streteh Lengtl(km) | Channel Widih(m) Dcp{hn(m) l.(g}f;ig;::ﬂ
. . WNakhon Sawan- [:1600 to 1:2300
Ping River Chiang Mai 600 150-350 315 (10 to 335 MSL)
. - ‘ . i §:1300te 1:2000
Wang River Tak-Pha Yao 305 50-150 5-10 (130 to 300 MSL)
. Nakhon 12100 to 1:8500
Yom River Sawan Phrac 530 30-450 810 (10 1o 180 MSL)
. . Nakhon i 1:3500 10 1:43600
Nan River Sawan-Nan 610 100-300 10-13 (10to 130 MSL)
. Ayuitaya- g
Pasak River Pheichabus 519 100-150 10-15
. The Guif-Chai s ] 1:4200
Tha chin River Nat 20 50-100(600") 515 {-10t0 10 MSL)
Chao phraya The Gulf- 3 1:7000 to 1:25000
River Nakhon Sawan 380 150-300(1000") 10-20 (15 to 10 MS1)

1} Width of low walter channel

2} From river bed to top of dike of low water channel

3} River mouth width
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able 1.3.3  ANNUAL SAND QUARRYING VOLUME

River Province Amphoe License Condition
Arca{m?2) Volume{m3)*
Ayullaya Bang Sat 41,600 83,200
Chao Phraya
y Chai nat Muang 16,000 32,000
Manorom 8,060 16,000
Nakhon Sawan Muang 48,400 96,300
Banphot Phisat 10,400 20,300
Ping River Muang 65,800 131,600
Kampacng Phet  [Khlong Klung 13,800 27,600]
Kanuvorarakuri 16,000 32,000I
Sakae Krang |Nakhon Sawan Latyao 1,600 3,200
Total 221,600 443,200|

Note * : Quarying volume is estimated by multiplying quarrying depth to quarrying arca.
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Table 1.5.1 (1/2) MAIN IRRIGATION FACILITIES OF RIVERS AND CANALS IN CHAO

PHRAYA RIVER BASIN
(IN DOWNSTREAM)
Water Name Location Structural Features Retention!  Flood Eevel [ Design
Cour':,e of (Province) Type |MNumber] Widith] Height |Sill Efevation bevelrw {m MSL) Flow
Structure () (m) (m MSL) |(my MSLY Upper ] Lawer | (m3/s)
Yom RiverjMae Yom |[Phrae Fixed 5| 68.80 3.50 +178.001 +181.50} 183.75}183.00| 3,000
Weir Weir &
Rubber
Dan
Nan River [Phitsanulel Phitsa- Movable 5] 12.50] 17.60 +40.20] 147.80] +50.35] +49.75] 1,600
Diversion |nulok Radial
Weir Gate
(Narcsuan
Dam)
Thap SalaqThap Salac]Uthai Fixed 6] 30
River Diversion |Thani Weir 2 99| 300 +70.00] +74.00] +77.25|+76.40] 700
Weir 2 30
Yomite |Coatrol {Phitsa- Radial 2] 60| 4.00 33975 it }37.675136.750 85
Nan River |Regulator {nulok Gate
(Curtain
Canal)
Yomto [Controt |Phitsa- n i n i /i I /I ] 60
Nan River |Regufator |nulok
(DR 158 |No. 1
Canal)
Contro} | Phiisa- It /1 i1 f il /1 N /1 60
Regulator |nulok
No.2
]

Note: 71 Data not available yet.
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Table 1.5.1 (2/2) MAIN IRRIGATION FACILITIES OF RIVERS AND CANALS IN CHAO PHRAYA
RIVER BASIN
(N UPPER AND MIDDLE STREAM)

Name Structural Features Fult Supply Level  Flood Level Design
Water Location - .
Course of (Province) Gate Sl Elevation {m MS,L) {mMSL) Flow
Structure Type {NumberWidth (¥ (mMSL) | Upper | Lower | Upper | Lower | (m3/s)
Chao Chao Chai Nat |Radial 16 12.50 +2.00] +16.501 +7.50| +18.50] +1600) 3,3000
Phraya Phraya Dam Gate
River (Barage}
Miter 1 1400 +9.00
Gate
Suphan Phonlatep  |Chai Nat |Slide 4 6.50 +7.50] +16.50] +13.90] +19.40{ +15.86 3200
River Head Gate
Regutator
Ban Chai Nat {Radial 4 600 +8.75] +13.50] +9.80] +13.73] +13.63 30
Thabot Gate
Regulator
Sam Chook )Suphan  {Slide Y 12.50 +250] +9.15] +630] +9.52| +9.31 3180
Regulalor  |Bori Gale
Pho Suphan  Slide 2 12.50 10.20) +6.00] +0.75] +591] +5382 3180
Phraya Buri Gate
Regutator
Noi River  |Boromma- |[Cai Nat  |Radial 4 6.00] +9.60] +1600] +15.10] +18.24] +16.20] 2600
that Head Gale
Regulator
Channasut  [Sing Buri |Radial 4 6.00 +5.72] +11.60] +9.73] +11.84] +11.40] 2600 %
Regutator Gate
Yang Mani |Sing Buri |Radizl 4 600 +2.32] +2.M4] +6.16] +2.74] +7.30] 2600
Regulator Gate
Phak Hai  |Ayutthaya|Radial 3 6.00 +200] +350] +3.30] +3.50| +330] 1500
Regulator Gate
Chai Nat- |Manorom  [Chai Nat |Radial 6 600 +12.201+16.472|+16.142| +20.00]+16.142] 2100
Pasak Head Gate
Canal Regulator
Chongkaz  |Chai Nat |Radial 6 6.00 +9.50]+13.390[+13.150] - - 2010
Regulator Gate
Koke Lop Buri {Radial 4 6.00 +6.29] +10.79] +10.59 - - 174.1
kathiem Gate ’
Regalator
Reong Sarzburi  |Radial K] 600 +397] 8353 +327] +9810] +9310 131.0
Rand |Gate
Regulator .
Chat Nat-  [Maharaj Chai Nat [Radial 3 4.00 +11.60] +16.00; +15.50] +18.00] - 750
Ayuithaya |Head ate
Canal Regulator
Makamthao{Makasuthao- {Chai Nat |Slide 6 175 +13775) +16.10] +15.95: - - 350
Uthong Uthong Head Gate
Canal Regulator
IPasak Rama VI Saraburi  [Slide 6 12.50 +0.10] +7.50 - +9.81 - |Unknown
River Barrage Gate
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Table 1.6.1 CROSS SECTION DATA

River Name Interval Agency Year
Chao Phraya River (rivermouth to Pathum ‘Thani) 5 km AlT 1983
Chao Phraya River (Pathum Thani to In Buri) S5km JICA 1998
Chao Phraya River (In Buri to Chainat) 3”5 km JICA 1988
Chao Phraya River (Chainat to Nakhon Sawan) Skm JICA 1997
Noi River Skm JICA 1997
Pasak River 5km JICA 1990
‘Tha Chin River 1 km RID 1990
Lop Buri River 5 km JICA 1997
Nan River 10 km JICA 1997
Yom River 10 km JICA 1997
Khlong Bang Bal 5km JICA 1998
Khlong Bang Luang Skm JICA 1998
Khlong Bang Keao Skm JICA 1998
Khlong Bang Phra Mo 5km JICA 1998

Table 1.6.2 ESTIMATED FLOW CAPACITIES OF RIVERS

River Name Flow Capacity (m3/s)
Chao Phraya River (rivermouth to Pathum Thani) 3,200 - 3,600
Chao Phraya River (Pathum Thani to In Buri) 1,000 - 4,400
Chao Phraya River (In Buri to Chainaf) 3,700 - 5,000
Chao Phraya River (Chainat to Nakhon Sawan) 1,500 - 4,500
Noi River 150 - 1,200
Pasak River 1,000 -2,000
Tha Chin River 200 - 400
Lop Buri River 300 - 600
Nan River 300 - 2,500
Yom River 100 -1,100
Khlong Bang Bal 160 - 500
Khlong Bang Luang 700 - 1,000
Khlong Bang Keao 450 - 850
Khlong Bang Phra Mo Approx. 300
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Table 2.2.1 PROBABLE UNDER FULL CONFINEMENT CONDITION

River Station Probable Discharge(m/s)
2yr Syr 10yr 25yr 50yr 100yr
Ping |P.17(B.Phisai) 1,230 1,830 2,150 2,650 3,000 3,350
Yom Y .4{Sukhothai) 870 1,400 1,750 2,490 2,550 2,880
Y_17(Sam Ngam) 1,080 1,620 2,000 2,520 2,870 3,220
Nan N.SA(Pitsanutok) . 1.080 1,640 2,010 2,530 2,870 3,200
N.7(Pichit) 1,270 1,900 2,320 2,860 3,230 3,610
C.2(Nakhon Sawan) 3,400 4,600 4,900 5,150 5,350 5,500
C.13(Chainat) 3,250 4,350 4,680 5,100 54001 . 5,700
p(;[::;a C.7A(Ang Thong) 2,340 2,950 3,250 3,600 3,900 4,200}
C.34(Ayutthaya) 1,560 1,770 2,120 2,300, 2,500 2,650
Bang Sai 3,960 5,040 6,000 7,150 8,000 8,700
Pasak [RamalV Barrage 900 1,260 1,490 1,830 2,080 2,280
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Table 224 REQUIRED CAPACITY OF AYUTTIHAYA-EAST-SEA DIVERSION

. N TR Te . . Watcr Level at T
Capaciyof | Combinafion of Applicatl: Measues Discharge at Discharge st Water Level at Memorial | Tetal tnundation
AES |- e — . . S Samsn (C12) | . ;
Diversion Ki Nalhon Sawant'| Bang Ssiin in 1995 Bridge (CA) in) Volume in 1993
i Dam Retarding ner in 1995 (md's) | 1993 (m3s) MSL 1995 (biltion ind)
(m3/s) Training (m M5L) (m MSL)
TY; b G
14,606 ml. {Chainat 1o
BOO mi/fs M3 5,600 Lm2 Fathumn 3,820 3,230 i24
Thani}
25T
1100 mrs | 1HE00MIE | 5 gy [ (Chainatiod 5 655 3,490 16
M3 Pathum
Thani)

Note : The required capaciiy has boca cstimated so that the water 1evels at Sasen and the Memorial Bridge could be lowerad
below the actual levels in 1995, namcly 2 32 and 2 20 m MSL respectively.
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Table 3.1.3 FEATURES OF NEW REGULATORS IN LOP BURIRIVER
WITH KHLONG BANG KAEO

River/Canal Lopburi Bang Xaco |Lopburi Bang Phra Khru
Beginning
Location |Point 21832 151080 314950 Point
Objective Storage of Waler in Dry Scason
Number of Gate 4 4 5 3
Width of Gate {m1) 0 6 i 6
Gate |Design Discharge (m3/s) 270 250 400 190
Ground Sifl 3 -1.5 -0.5 -1.5
Top of Gate 1.05 4.5 6.8 4.5
Elevation
(MSL) [Embankment 13 7 95 6.5
Budget (mil Baht) 60 60 74 48
1999 (under  |1999 (under  [1999 (under  |1999 (under
Schedule [Completion (Year) construction) [construction) lconstructien) |constmction)
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Table 3.1.4 CHARACTERISTICS OF BARRAGE KM. 205 AND BARRAGE KM. 345

Item Barrage km. 205 Barrage kin. 345
River around Headwork Area T. Phra Ngam T.Nam Song
A Phrom Buri A Phayuha Khin
C. Sing Burt C. Nakhon Sawan
Elevation of River Bank (im. MSL) 910 2122
Elevation of River Bed (m. MSL) -1 12.5
River Width {m) 150 200
Headwork Arca
Width of Diversion Canal (m)
Upstream/Downstream 2151235 410/305
ai Barrage Site 244 370
Flow Contrel Structure
No. of Control Gates 12 20
Width of Control Gate 125 20
Sill Level (m. MSL} -1 12.5
Level of Upper Edge of Sluice Gate when Closing (m. MS1.) 10 22
Level of Lower Fdge of Sluice Gate when Closing (m. MSL) 13 23
Drainage Capacily {m3/s) 4120 4564
{evel of Roadway Bridge Surface 153 26.9
Width of Roadway Bridge 6 6
Max. Storage Leve) (m. MSL) 12.03 2172
Storage Level (Dry/Rainy Season) (m. M51.) 9.00/3.00 21.00/20.060
Min. Downstrcam Water Level {m. MSL) 1.15 15.5
Max. Downstream Water Ievel (m. MSL) 11.9 215
Max. Flow (50 years return period (m3/5)) 4120 4560
Designed Flow for Downstream Demand (m3/s) 80 200
Navigation Lock (number) 1 1
Width (m) 14 14
Length of Lock Chamber (m) 165 135
Downstream Sill Level (in) -3 11
Fish Ladder (Number) 2 2
Width (m) 4 4
Slope 1:10 1:10]
Hydropower Plant
Type of Tutbine pit turbine pil tutbine
Designed Head (m) 6 4
Designed Flow {m3/s) 160 4401
Installed Capacily (MW} 8.05 14.76
Average Hydropower (million unitsfycar) 47.15 98.6
Closure Dam
Creast Level {m. MSL) 13.5 228
Width of Road on the Crest {m) 6 6
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Table 3.2.1 Suwmmary of I'low Capacity

Minimum Flow Capacity
River Storetch Location et | meh
Mame Retum Return
(m¥s) | Period | (m¥s) | Period
O1) 07
ChaoPhraya ~ |Chao-1 [Chao Phraya Dam to Lop Buri River 3670 | 12 | 3570 | 9
~ Chao-2 |Lep Buri R. To K. Bang Kaeo 3,220 7 3,300 8
_|Chao-3 |K BangKacoto K Bangluang | 2,240 4 2,730 17
_ __|chso4 |k BangluangtoK BangBal {1760 | 7 | 2000 | 20
) Chao-5 |K. Bang Balio Pasak R. {130 | 5 900 1.8
i ~___|Chao6¢ |Pasak R toNoiR. 2,820 4 | 2300 | 25
~ [Chao-7 {NoiR to Pathum Thani 2,990 19 | 2520 1.3
LopBwi  flop-l [ChaoPhraya R to K. Bang Kaco 200 25 | 280 6
L - {Lep-2  |K. Bang Kaco o Pasak R 430 4 | 280 £.7
Pasak Pas-1  |Rama VI Barrage to K Bang PhraKhra | 1,010 4 970 3.5
Pas-2  |K. Bang Phra Khuu to Lop Buri River 1,17¢ 55 1,150 5
B Pas-3  ltopBuriR toChaoPhrayaR | 2,000 10 1,700
Noi R. __|Noi-1 _IK BangluangtoK BangPhwaMo | 1,020 | 25 | 1020 | 25
Noi-2 |K.BangPlwaMotoK BangPhraMo | 630 | 13 | 530 | 5 @
Noi-3  |K. Bang Phra Mo to K. Bang Bal 630 19 § 800
_ _ Noi-4 |K Bang Balto Chao PharayaR. | 960 | 25 { 4,140 6
K. BangKaeo ___ [UK ChaoPlwayaR tofopBuriRiver | 590 | 4 | 380 | 4
K. Bang PhraKhru {BPK  [Lop Buri R to PasakR. x{ 5 310 5
K. Bang Luang BL Chao PhrayaR toNoi R 720 8 820 15
K BangBal  |8B  [ChaoPhraya R to NoiR. 350 6 160 13
K. BangPhraMo IBPM  |NoiR toNoiR 300 20 280 o

Note : Flow capacity was estimated al the level which is 30 cm below the dike fevel.
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Tabted.3.1  EFFECTIVENESS OF RIVER INMPROVEMENT
: Benehit (mit baht)* . Benefit by
Protection . Capial Cost X !
Case Piotection Area-—— -~ . | Capital Remauks
Level (il baht) g
Protected | Unprotected® | Total i Cost
h |
S L Sy (Area] '2_Qi_______ 40 80 390, O21}Economicaliy Visbls
52 | Sy JArea-lo2 | 201 600 141 SOOT 0.28|Economically Viable
-0 -0 L Arca-1103 201 -60 141 637! 0.22{Ecoromically Viatle
5-4 S-y1 Area-1to 4 203 -96 107 9]0! 012
3 3yt All Areas 2211 O! 221 |234! 0.18{Economically Viable

* - Average Annual Damage Decrease by River Improvement in 2006 Condition
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Table 3.3.2 FLOOD DAMAGE AMOUNT AND INUNDATION VOLUME IN EACH PROBLEM AREA

(1} Inundation Yolume

{2} 1957 Flood (3-vear Flood)

(mil m)
Case Area-l | Arca2 | Area-3 | Aread | Area-S | Area6 | Area-7 | Area-§ | Total
WOP eml 30 18] 137 225 87|  215|  1,129
Cases-1 30 136 138 213) s8] 286l 1,708
Cases-2 || el s 287 1en
CsaeS-3 Bl 249 90 287 16N
Csae5-4 154 290 1,695
Case3 09 1481
(b} 1996 Flood {S-vear Flood)
(mil m;)
Case | Area-l | Area2 | Area3 | Arcad | Area-S | Arca6 | Area-7 | Area8 | Totat
WOP 209 36 as| 95 n} n 96 134 1291
CaseS-1 2280 Tl 329 98 136] 1,288
Case$-2 74 38| 98] 144 1,280
Csaes-3 74 348 99 152% 1,251
Csaes-4 102 39 142 28] 1,226
{2} Damage
{3) 1957 ¥lood {3-year Flood)
{mil baht)
Case Area-l | Area-2 | Aread | Aread | Arcas Area-3 | Total
WwOp ssg| 1389l 19 70 140 1,436] 4002
CaseS-} 197 1,389 19 75 140 1494 3841
Case3-2 80 150; 3,653
Csae5-3 3653
Csae5-4 3,735
Case3 3,023
(b) 1996 Flood [S-year Flood)
(mil baht)
Case | Area-l | Asea-2 | Area-d | Aread | Area5 | Area6 | Area-7 | Area-8 | Total
WoP 68 428 5 s6] 351 163 $91] 2441
. CaseS-1 8 364 174, 677} 4,96
Cases-2 83 379 172, 679, 1,312
Csaes-3 84 394 174! 687, 1872
Csae$-4 % a24] 134 833 1960

WOP: without project
rotected Area L_ Unprotecied Area
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