" e 4

Workshop on Urban Water within a changing Globe
Influence of Climate Change on Water Systems in Japan and Germany

Strategic urban drainage
management in Japan
under climate change

Hiroaki FURUMAI

Professor,

Research Center for Water Environment Technology &
Department of Urban Engineering

Graduate School of Engineering, University of Tokyo

DAAD-Workshop on October 31, 2013 in Aachen 1



" A
Outline of Presentation

m Introduction

Increase in torrential rainfall events
Serious urban flood disasters in Japan

m Recent Policy and Plan for Urban Flood
Control

m Development of Inundation Hazard Map
Importance of preparation of Inundation Hazard Map
Application procedure of runoff & inundation simulation

m Summary and Future Task
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Torrential rainfall events nationwide

" Data from Automated Meteorological Data Acquisition
I n ‘J a pa n System (AMeDAS) at about 1300 stations

Annual total of hourly rainfail mnstances

1. Number of instances of S0 mm or more rain in an hour (from approx. 1.300 AMeDAS locations across Japan)

00,
400
300
200
100

0,5

1976 77 *78 79 ‘80 “81 82 °83 "84 “85 "86 87 88 89 ‘90 91 ‘92 93 94 °95 ‘96 97 98 99 00 ‘01 0’7 03 04 05

2. Number of instances of 100 mm or more rain in an hour
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Data from the materials prepared by the Meteorological Agency  There are several extraordinary urban floods.
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= BT Urban flood disaster in 1999 c"
Fukuoka Flood June 29, 1999

12-hours rainfall height =148 mm
Max. hourly rainfall intensity = 79.5mm/hr
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S Urban flood disaster in 2005 “CJ,
Tokyo Flood Sep. 4, 2005

» 7 weather observatories recorded
100mm/hr in Tokyo Ward area

* Flooding from urban rivers
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http://www.mlit.go.jp/river/saigai/kiroku/
suigai2005/kanto.html

Damage to river bank and overflow to inland
T 2 4 B In Nakano-Ward
http://www.city.tokyo-nakano.lg.jp/018/01/d00500009.html
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Policy Change and Paradigm Shift for
Urban Flood Control

m Since the frequency of torrential rainfall have recently
become higher, it is difficult to control urban runoff without
having any state of inundation in highly urbanized
regions.

m The urban flood control have been designed based on the

rational runoff formula and its return prEge VasiMay50mm/hr
set from 5 to 10 years for far.

m The new policy was presented in 2006, aiming for the
minimization of inundation damage by accepting tolerable
iInundation without great damage to human activities.

m The manuals for implementation of comprehensive control
program and for development of inundation hazard map

were also released in 2007. 6
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New criteria for comprehensive flood
management

New criteria were set at the 3 viewpoints.

1) Protection of human lives

Since underground space is really dangerous for human
lives at inundation situation, it is essential to protect human
lives in underground space from inundation.

2) Conservation of city functions

Flooding roads cause interference of car traffics.
Therefore, less than 20 cm was selected as inundation
depth without severe interference to traffic function.

3) Protection of private properties

Inundation depth of 50 cm is given as a tolerable level to
damage to typical housing (floor level) in Japan.
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Examples of countermeasures for inundation control

Pervious pavement

Bypass pipe

Pipe looping

\

[Weir for overflow | —>§&
to storage

e essSs e,
.

Stormwater]
-
Increase of road

water drains &
replacement to
\ grated covers )

Retention pipe

Infiltration trench

[Infiltration drain ]

Primary tributary pipe [Temporary storage]

in main pipes
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Stormwater storage pipes and water level

monitoring system

The Wada-Yaoi trunk sewer

Interior diameter : 8.5 m
Storage capacity: 150,000 m3
Service area:

Water level monitoring
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573 ha area in the Kanda River Basin
including a highly flood-prone area.
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Map of New Quick Plan for Stormwater Control

Selected flood-prone areas and spots in Tokyo

N\

@ 25 areas which have
suffered from serious
Inundation in the past

/\ 77 spots to be coped by SR
small-scale ~¢ & L
countermeasures /

I 4 station areas with
underground shopping
centers (Tokyo, Shinjyuku,
Ikebukuro, Shibuya)
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Application procedure of runoff simulation

Step I: Set-up of data file for distributed model

Rainfall data Drainage initial values of Land use
file system data file runoff parameters <j data file
1L 1L 4L

Step Il: Calibration
mulations ==
Measured data Simulations

o Adjustment of
- water level in pipes

- inundation area "]- parameter values
- inundation depth etc. —

Validation of parameter values
4L

Step Ill: Analysis/Evaluation and Decision

Scenarios of measures : i
Target rainfall |__[\ e )« | Added faciliies and
data file adjusted parameters

!

. ; - weir & storage capacity
Alternative scenario w _infiltration rate

1L - looping pipes etc.
Decision
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Sewerage Mapping and Information System (SEMIS)
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Calibration of runoff simulation model
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After obtaining the satisfactory results in calibration and validation, the simulation
model is capable to quantify the damage as well as to estimate area of hazard
zones for designed rainfall with and without countermeasures.
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Example location of whole drainage and
target vulnerable area at Shibuya district

Inundatlon depth
monltormg point
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Vulnerable area boundary for
control with high r|or|t

Whole
for runoff A - - — Parting lines
analysis ‘ by Tiessen method
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Heaviest rainfall event in Tokyo used for
making the hazard map

120 - - .
Total height = 238 mm i Hourly maximum
Duration = 6 hours i rainfall intensity = 97 mm/hr
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Inundation hazard map containing
vulnerable area for control with high priority

Large and wide No countermeasure

inundation area ) S
of IH>50 cm =l

Entrance of
Underground mall

Vulnerable area
for control with |
high priority

Underground mall
area

Inundation height (IH)

# . |H>50cm
4+ 20cm<IH< 50cm
~| W : |H<20cm
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Simulation result with storage pipe installation

Single countermeasure

Insufficient DION T RS _
elimination of i il B Lowered risk at
inundation area entrance of

of IH>50cm gt 1 ol ¢ underground mall

~ Entrance of
-—— Underground mall

Vulnerable area ,
for control with
high priority

Underground mall

area
.| Inundation height (I1H)
# : IH>50cm

#= o 20cm<IH< 50cm
B : |H<20cm

Storage pipe
Countermeasure

Construction of
storage pipe

Storage pipes: D=4.0m, L=1,400m
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Simulation result with integrated flood
control measures

Integration of countermeasures

Infiltration facilities
Countermeasure

Elimination of -

Installation of infiltration drain/trench
. . NN and permeable pavement in this area
inundation area -« '
of IH>50 cm = '\ . Countermeasure
Nl e Reinforcement by sandbag and
/> \ water bar for underground

Vulnerable area |77 B

protection in this area
for control with

high priority Sandbag and water bar
Underground mall area
Storage pi
Countermeasur Inundation height (IH)

w1+ 20em<IH< 50cm
W : IH<20cm

Construction of
storage pipe
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Summary and Future tasks

m Strategic countermeasures are strongly evaluated in the
inundation simulations by urban runoff models with different
scenarios. However, the following points has to be
incorporated in the model application for any decision or
conclusion.

1) Advancement of model can be made with all the important

data of drainage system, land use and rainfall. Model
calibration is a most important part and requires monitoring
data of inundation.

i) Inundation hazard maps can be strengthen with showing
the possible countermeasure and its possible effect. The
hazard map with the estimated inundation situation is a
strong incentive for relevant stakeholders to cooperate for
exploring better comprehensive inundation control.
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Tokyo Metropolitan Government (TMG) provides Flood/Inundation Hazard Maps
which show areas of potential flooding in order to assist residents in preparing

against water damage and evacuating quickly.
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Tokyo Amesh (rainfall data system)

Before Improvement

There were rainfall areas that
could not be monitored accurate-
ly by the two radars located in To-
kyo only during heavy rainfall.

Using data provided by neigh-
boring Neighboring prefec-
tures and cities, it has become
sible to obtain rainfall data
‘ or areas that previously were
3<%/ | unobtainable.
ighboring prefectures

._“__\'

//.A
[ Neighboring prefectures
¥4 and cities

-
Neighboring prefectures
Leitles—

Improving the accuracy of Tokyo Amesh

Tokyo Amesh has 5 radar stations, 2 in Tokyo (Inagi and Minato) and 3 in adjoining

municipalities, and some 150 ground gauges to measure rainfall in Tokyo region. The

radar data is used to prepare for and to determine proper and timely pumping
operation.

http://tokyo-ame.jwa.or.jp/en/index.html
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Tokyo Amesh (rainfall data system)

Home Help About Tokyo Amesh Links Japanese
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http://tokyo-ame.jwa.or.jp/en/index.html
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What are needed for sustainable urban flood/
Inundation management?

m Urban inundation control policy should emphasize the
utilization of urban runoff and flood simulation for
identifying inundation hazard zones.

m Publicizing the inundation hazard map and giving rainfall
radar data is useful for citizens to understand possible
inundation situation and to prepare for evacuation.

m Shared knowledge on estimated inundation situation is a
strong incentive for relevant stakeholders to cooperate for
exploring better comprehensive inundation control.

Need of integration of countermeasures (public-, community-
and self-helps) with the shared knowledge on estimated
iInundation situation considering climate change
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Thank for your attention

Hiroaki FURUMAI furumai@env.t.u-tokyo.ac.jp

Department of Urban Engineering :http://www.env.t.u-tokyo.ac.jp/index.html

[ZC  Research Center for Water Environment Technology SiteMap Japanese
YA/ T School of Engineering, the University of Tokyo Iy T UVERSIY OF OO Research Centerfor’ 0 an En
Graduats School of Ensw\g The ni  of Tokyo

Water Environmeént

V/ Technology Laboratory

Attached to Graduate School of Engineering, the Univesity of Tokyo
Research Center for

\Watery Endv\l_l;o‘nr?ent TI?.’CV olosy, // \

- ™ =
HOME Well To Water E it Technology Laboratory
1=
. Introduction
EOD  outine -
Members
= Policy ) ) ) ;
RECWET was established in April 2000 as the first education and =
Research
= Members research center attached to the Graduate School of Engineering, -
the University of Tokyo. Our primary mission is R&D of an Publication
:' Symposnum advanced water-environment control system, and we strive to be a |
Projects
core research organization that conducts practical as well as
= Research = o
pioneering research. To this end, we are establishing innovative Links
= Publication Detail information is systematized techniques by integrating basic sciences, such as
in the RECWET booklet
microbial ecology, with practical sciences, such as water process
= Satellite engineering. Furthermore, through collaborations with researchers who are 7 THEUNVERSITY OF TOKYO
responsible for administrative action and process management at other institutions
= Books & Reports P P 9 e
and organizations, we are pursuing academic and practical research to meet social
= Link demands.

http://www.recwet.t.u-tokyo.ac.jp/e/index_e.html http.//www.recwet.t.u-tokyo.ac.jp/furumailab/
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