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Summary of Presentation

* Overview of Bangkok and Bangkok Metro
* Climate Change and 2011 Severe Flood 1n Thailand
* Flooding and Safety of Bangkok Metro

* Proposed Multi-Service Flood Tunnel System (MUSTS)
for Better and Resilient Bangkok




Overview of Bangkok & Bangkok Metro




Thailand — located in Southeast Asia
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Overview of Bangkok & Bangkok Metro

* Bangkok : Capital of Thailand
* Established in 1782 (230 yrs)

* Population : Over 10 million
(15% of Thailand : 65 million)

e Area: 1,590 m2
(3% of Thailand : 513,000 km?2)




EY ___..Il

View

s Eye

=
=
a8
=
e~
QO
2
QO
4
<
as




Major Transportation — mainly by Road




Travel Demand in Bangkok and its vicinity

commuters mainly travelled by buses and private car
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Elevated Structure — Industrial Ring Road

Government invested heavily in road construction




Bangkok Tratfic in Rush Hours

People use more cars for daily commuting causing more traffic jams




Bangkok Tratfic at Night




BANGKOK Mass Rapid Transport Network
Government started to invest in MRT in 1994

Total Length of MRT Network = 80km
3 Elevated Lines and 1 Subway Line
Subway = 21 km
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Bangkok Underground MRT
BLUE LINE (Initial System Project, ISP)
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Bangkok Underground MRT
Project Overview

 Twim Bored Tunnels (Diameter = 6.3m)

e Tunnels were bored by EPB TBM

Parallel




EPB TBM and Tunnel Construction in Progress

Over-cut: 10 & 15mm at
front & rear body
Diameter: 6.46 meters
Total cut diameter: 6.47
meters

Tail void: 80 mm
Backfill grouting: spot
grouting




Segment installation




MRT STATION BOXES

« 18 Underground Stations constructed

by Diaphragm Wall support Top-down method
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Tunnel alignment 20 to 30m below ground level
mainly in soft to stiff clay

Subsurface Condition of South Section
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Completed Tunnel




Climate Change and
2011 Severe Flood in Thailand




Historical Floods in Thailand

1942 flood : 1.50m flood height : stayed for 2 months

1983 flood : Several cyclones, flooded for 3-5 months
damage 200 million USD

1995 flood : 5,400m3/s flow, 100 million USD damage in
Bangkok, 1.6 billion USD outside Bangkok

2010 flood : damage 1.6 billion USD
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2011 Thailand Most Severe Flood Crisis

The world’s fourth largest disaster (cost) as of 2011
The worst natural disaster in recent Thai history (cost)
Damage amount 45 Billion USD

Over 12.8 million people were affected

Over 6 million hectares of land were under flood water for 1-3
months (11% of the whole country)




Flood Affected Area (11%)

Date: October 14, 2011
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Flooding in Ayuthaya Province (100 km north of Bangkok)




Flooding North Bangkok and along river bank
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Flooding in Industrial Estate
90 km north of Bangkok




Flooding in Northern Bangkok




Flooding in Main Road of North Bangkok
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Flooding in Bangkok




Flooding in Bangkok
Affected to daily life of people




Flooding in Bangkok Main Road
Evacuation in Critical Area
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Flooding in Bangkok (near old airport)
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Flooding inside Underpass Tunnel




Major Causes of Severe Flooding in 2011

There are 3 main factors contributed to the severe
flooding in upstream provinces and Bangkok itself.

(1) Excessive rainfall from major typhoons

(2) Excessive release of water from upstream dams

(3) Insufficient flood drain system in Chaophaya Basin
including Bangkok




Causes of Flooding
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Chaophaya Basin

Covers entire central part of Thailand




Average Annual Rainfall in the Chao Phraya River Basin

Rainfall of Chao Phraya river basin of 2011
was 1,286 mm, the highest in 30-year records,
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Excessive Water Storage in Dams
Severe Flood Affected Area

Dams with over 90% storage

in Thailand (2010) capacity (September 2011)

DAMS FILLING UP

Water levels in most of Thailand's major
o dams exceeded B0% of storage capacity
o | yesterday, forcing the Royal krigation
e Department to release some water to
" ease pressure on the dams.
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Two Major Reseviors
Bhumibol and Sirikit Dam

Bhumibol dam
Type : Arch Gravity Dam
(H=154m, L=486m, W=8m)
Capacity : 13,462,000,000 m3
Catchment : 26,400 km2
Surface Area : 300 km2

Sirikit dam
Type : Embankment Dam
(H=114m, L=800m, W=12m)
Capacity : 9,510,000,000 m m3
Catchment : 13,130 km2
Surface Area : 259 km2
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Water Inflow into Bhumibol Reservoir
by 5 Typhoon from June to October
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950 Years Highest Flood Volume
at Nakhonsawan (230km north of Bangkok)
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Flood Discharge at Nakhonsawan (230km north of Bangkok)
Mm3 / Day from September to end of October 2011
was highest volume and duration

(TEAMGROUP Rating Clirves)
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Movement of Water toward the sea
(passing Bangkok)

Excessive Water from North of Chaophaya Basin flowed to
downstream and to the sea by 2 main ways ;

* Flowing via existing rivers and canals

* Overflow into floodplain




Flood Discharge (Mm3/d) and Flood Movement
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Floodwater Movement
(1) Discharge in the river (2) Overflow to flood plain




Floodwater Movement by
Roads and Underground Drainage Pipes




2011 Severe Flood 1n Bangkok




Canal Network around Bangkok

BMA lies 1,564km?2 along River Bank
Main Drainage 1s network of Canals
Total 1,655 Canals (2,606 km)

Canal width : 2m to 50 m

54 Major Canals with width over 20m

Collection drainage pipes U-Shape Box or Round Type




Main Rivers from North flow into the sea
through Bangkok and nearby provinces




Chaophaya Lower Basin Waterway Network
3 Major Rivers and Main Canals

rhlong Ched|
Pucha 1860
*

Nakhon
Patham

; Tha Chin River #

Khiong Lat Lang
Muang Nakhon
Khuan Khan 1826

Source: Beek, Steve Van. The Chao Phya River in Transition. Singapore: Oxford, 1985 (122)




River and Canals in Bangkok and territory

Marhos Mavaok

Canals®
Network

nAcheENga30

- = Ed !—
Source: Beek, Steve Van. The Chao Bhya Riverin
Transition. Singapore: Oxford, 1995 (124)




Bangkok Main River — Chaophaya
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Canal Network

Major canal

Small canal




Rapid Urbanisation of Bangkok

(Human Factor in Flooding)




Bangkok in the past
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Bangkok in early 1990




Bangkok in 1950




Bangkok in 2012
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Arial View of Bangkok in the past and present




Arial View of Bangkok




Chaophaya River
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Overview of Bangkok’s Flood-Prevention Plan

- Dyke and Floodwall along Chaophaya River

- Dyke (roads) along northern and eastern Bangkok
- Eastern Bangkok planned to use as Floodway

§ l ll ll l ll
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- g_,_? O/ Floodway
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Sy

CHACHOENGSAD

* Romklao Rd
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Gulf of Thailand

Source: Department of Dralnage and Sewerage, SMA MATION GRARHIOS




Bangkok Flood Protection Plan

Outer Area : Dyke, Floodway, temporary retention ponds

Inner Area : Water control gates installed in canals
Middle Area : Flood drain tunnels

. *Inner Area** *Outer Area** ;
Bangkok's City Core : Rural Area :
: Surrcunding :
i : Banglkolk i

Pumping Station .
*pink-colored dot: ,

permanent station '
*sreen-colored dot!

temporary station

| *Middle Area* | Upper:
Left: ;1 *flood plain
*rainwater retarding | Middle:
pond e scricultural canal
*drainage tunnel to '. Licwrar:

discharge rainwater | +King's Dike




Bangkok Flood Protection Plan

Pur=hping Stations & Water Control Gate




SAVING THE CITY

A map of the Bangkok
Metropolitan Administration’s
flood prevention walls and
drainage tunnels built to
safeguard the city.

NONTHABURI

SAMUT
SAKHON

. Flo0d prevention wall along the Chao
Phraya River and canals,

wmann Unfinished flood wall on 2n eastern bank
of the Chao Phraya River (1.2 kilometres)

4— &) Glant water drainage tunnels with
combined distance of 19km.

Source: Bangkok Metropolitan Adminkstration’s
Drainage and Sewerage Depariment

Flood Tunnels in Bangkok

SAMUT
PRAKAN

PATHUM THANI

Suvarnabhumi

" N THE PIPELINE

Tha Bangkok Matrepaolitan
Bedmirisiration has umveiled a 16
Eilion baht drainage system
wimed at solving the capitals
flaod problems.

The project consizts of four giant
tunnels of five {o sk metres in

diameder and a combined length 8

af about 34 Skm.
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Rapid and extensive urbanisation of Bangkok play key
role in Flood Protection Plan

City Center (highly populated
metropolitan)

Existing Land Use in

Floodway (factory,
residents etc.)

Source: Departrment of Drainage and Sawerage. BMA




BMA Initial Plan of Protecting Bangkok

- Initial stage of floodwater coming from the north BMA had simple plan
- Drain floodwater from East and West of Bangkok to the sea to protect Central Bangkok

i B i To fight against raging floods,
ol The Bangkok Metropolitan
Wlaldrw_:yg in = il Administration (BMA) will:
gastem Bangkak _‘G;'mﬂ |
| .?_‘ni‘l




Final Defense

-Total 8 billion m3 water was coming toward Bangkok
- 800 million m3 may break dyke and overflow into inner area

8,000 million m3 WALL OF WATER BEARS DOWN ON BANGKOK
Bangkok official issued i sid fter the g¢ ’s flood relief

80 km north of Bangkok conre announce thatamassiv ou of 12 bilion cuble matesof nothe runof
as heading to the Rangsit plain which can absorb only 400 million cum. The

re g 800 million cu m may break dykes and overflow into vulnerable areas in
sevend i

The government plans to
divert overflow from the

9 Rangsit plain o the west

gl and the east via Bangkok's

1,200 million m3 i e
50 km north of Bangkok T | e

800 million m3
20 km north of Bangkok

Temporary earth dyke and
sand bags to block water

Pumped and
drained

el to major canals

POSTanphics




Emergency Flood
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Emergency Flood Walls

| D







Protection for Car




Ayuthaya and Pathumthani
(20km north of Bangkok)

July 2011 October 2011

(no flood water yet) (completely ﬂooded)
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SPREADING DISASTER

Two massive runofis (in blue) are threatening north and west Bangkok
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10 October 2011 17 October 2011
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City Center of Bangkok (not flooded)
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Level 3

Highest Risk
1-2m Flood

BANGKOK'S FLOOD-PRONE AREAS
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Flooding and Safety of Bangkok Metro

* Geotechnical related risk caused by flooding

* Risk of Water inflow and flooding mn Stations and Tunnels
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Risk of Flooding in Stations and Tunnels

3 Key Issues

Item Risk Factor Control Measure
1 Flood water flowing into the stations Entrance Podiums and Ventilation
from entrances and ventilation buildings | Building walls were designed for
street flood level of 100 years
maximum rainfall in Bangkok
2 Leaking of flood water into station Water proof roof slab and joints
through roof slab and construction joints
due to excessive water pressure
3 Leaking of flood water into tunnel Tunnel segmental joints were

through segment joints due to excessive
water pressure

constructed under water proofing
requirement




BANGKOK'S FLOOD-PRONE AREAS
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g g . have tried to protect this year by diverfing of

I Already flooded water and building floodwalls, Possible

[ Level 3 (highest risk): flooding is around 1-2 mefres

Areas outside flood barriersand [ Level T
along river basins which were hit by Moderate risk areas that did not flood in 1995,

major flooding in 1995. Possible but face risk this year, Possible flooding is
flonding is around 1-2 mefres around 50 cm
= P .ﬁ. ;F_ e

Level 2

Highest Risk |is - it oS Gl High Risk
bid t . e e g S 1-2m Flood

1-2m Flood

Subway

Level 1

Moderate Risk
50 cm Flood




Risk of Flooding in Stations and Tunnels

BANGKOK ON ALERT

The Bangkok Metropalitan

Administration’s flood alert map
showing areas being monitored,

those under special watch and
those where evacualion Is

already required,

NONTHABURI

Flood covered all
district (flood water 1-
2m high)

Flooding in most area
(flood water 0.50 — 1m)
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i »Flooding has covered 28 of the district,
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» Flonding has covered 28 of the district,
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i = Aythoditles plan do move evacuees at the govemmen's

compk to higher Thooes afler Mood kevels on Chaeng
Wattana Read canlinued to rise.

- Bang Khion |

i = Flooding 2t Lak Si Marument on Phahon Yothin Road

enpanded 1o the Thh Infamry Regiment and Rarm-Intra
Road, where several sois an tha oulbound side wene
under S0cm-1m of water,

i = Overfiow from Khiong Bang Khen flooded Kasstsar

Univarsity, which was under 30-50cm of watar, The
university has declased a holiday undil the fleod siuation
easa,

Khlang Toey

= Sukbwrmvit Soi 50 was nundated aHer a foodwall along
Khidang Phra Khareng collapsed,

Bang Phial

= Flapdwater on Charan Sanitwong Road reached aboul
1.2 matres at the highest paint, Waler quality detenoraled
ansd burn the road inko & karge poal of wastewales.

Bang Kae

= The City Hall has issued an evacuation alert lor residents

of Bang Phai sub-district due fo rising waler levels in the
anea




Critical Subway Stations
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Critical Flood Area close to Subway Stations

WIULE}[HE | HT[I' TH UUBL£: Highest Aoad levels on somse major roads in Banpkok._
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MRT all entrances are designed for street-flood level
of 100 years maximum rainfall (1 — 1.50m)
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Station 3 (Phaholyothin Station)
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Station 4 (Ratchadapisek Station)

FHANNLEN
Ratchadaphisek




Station 4 (Lat Phrao Station with Park & Ride Building)

Normal Day Flooding Period
busy traffic no public transportatlon




Station 4 (Lat Phrao Station with Park & Ride Building)

Normal Day Flooding Period
busy traffic __ no public transpor
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In front of Station 3 (Phaholyothin Station)

- During tlooding travelling within Bangkok by car is not practical
- Metro is useful transportation for many commuters

Normal Day Flooding Period
busy traffic only trucks and some buses




Entrance in Some Stations Closed by Stop-Lock




Entrance in Some Stations Partially Closed by Stop-Lock




Water Leaking from Joint between Station and Machine Room
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Flooding and Safety of Bangkok Metro
Proposed Multi-Service Flood Tunnel System (MUSTS)




Practical Solution for Flood Protection for Bangkok

System

Practicality and Effectiveness

Open channels or canals
on the ground surface

Not practical in every area considering current
land use (e.g. Bangkok suburban and urban land
use). Expensive to appropriate the land owned by
ordinary citizens or private sectors

Subsurface canals or
shallow underground
structures

Practical to implement but relatively ineffective
due to limited flood drain capacity

Large Flood Drain Tunnels

Practical and effective in most area and land use
especially in  Bangkok. Minimum land
appropriation required




Alternative 1

Man-made River Solution
Length : 100 km, width : 180m, depth : 8m
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Problems

- Government needs to buy land from private owners (too expensive and difficult)
- Many bridges need to construct along 100km river to cross

- Loss of valuable surface area




Multi-Service Flood Tunnel System
(MUSTYS)




Multi-Service Flood Tunnel System (MUSTYS)

Double-deck Cut & Cover Tunnel (similarto 2 level basement)

Approximately 100km (Bang Pa-in to Samut Prakarn) under existing Eastern
Outer Ring Road

Top-down construction method (similar to subway station construction) can
be used so that minimum disturbance to existing Eastern Outer Ring Road

Upper deck can be used as motorway during normal, minor and moderate
flood conditions

Can be integrated with Power Generation facility
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Proposed Alignment of
Multi-Service Flood Tunnel System (MUSTS)
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Eastern Motorway




Typical Section of Multipurpose Underground System (MUST)

- Existing
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Normal or Minor Flood situation

(Lower Deck will be used for water flow and Upper Deck will be used as Road Tunnel)




Moderate Flood situation

(Lower Deck will be used for water flow and Upper Deck will be used as Road Tunnel)




Major Flood situation
(Both Lower and Upper Deck will be used for water flow




Power Generation Facility can be integrated

Power Generation Shaft




Key Advantages of MUSTS

Large volume of floodwater can be drained out in short time due to high
hydraulic gradient (1,500 m3/s, 129,600,000 m3/day)

Minimum land appropriation is required — practical for existing land use in
Bangkok and nearby provinces

Can be Integrated with existing drainage system so as to enhance flow rate in
existing system

Minimum land appropriation is required — practical for existing land use in
Bangkok and nearby provinces

Can be applied as multi-service system for maximum benefits of the public




Future of Bangkok

- Bangkok has passed Water-Supply city, Sewered City and now at the stage of

Drained-City to Waterway-City
- to drive from Flood-Resilient City to Water-Sensitive City

Bangkok in 2012

Water Supply Sewered Water Cycle Water Sensitive
City City City City

Management Responses

Source: Adapted from Brown, Keath and Wong (2008).







