Mission
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ﬁ S F P M Provide a platform to:

INTERNATIONAL ¢ Exchange knowledge at a

global level

COMMITTEE

¢ Discuss the best practices on
the wise use of floodplains in
order to reduce flood losses,
manage water resources, and
promote sustainability in the
built and natural environment




What do we do?

L}

ASFPM [

to identify interesting topics

I N T E R N AT | 0 N A L @ our bi-monthly online meetings
COMMITTEE Jaielt

from other flood risk management experiences
@ ASFPM conferences, newsletters & webinars

Connect

to create a network of people dealing

with flood issues around the world. We would
like to meet you in person @ the ASFPM
conference!



DR. NIAN SHE

Dr. She has more than 28 years of experience in river/lake
restoration, sediment remediation, water quality,
hydrologic/hydraulic modeling, stormwater management, and
water resources planning and management. He was a senior civil
engineering specialist with City of Seattle before joining Tsinghua
University Innovation Center in Zhuhai. He is also a distinguish
professor in Guangzhou University and a guest professor in
Shenzhen University of China.

Dr. She has been working in LID/GSI since early 1990s and
working on hundreds of LID/GSI projects worldwide. In the past
three years he has been working on dozens of pilot sponge cities
from planning, engineering design, construction, operation, and
maintenance.
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Rapid Urbanization in China
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“BBQ” Square in Jieyang, Guangdong
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Landscape in Northern China
(Precipitation 450-550mm/yr)



In 1980s This Blvd Becomes a
Model for Many Chinese Cities




Don’t Understand Why the Landscape Architects Designed the Road in such a Way
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The Consequences
7/21/2012 Beijing
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Number of cities suffering from flooding
threats in China from 2010 - 2016

270
240




Eutrophication of Lakes




How to Solve These Problems

Flooding
Water Pollution
Extreme Weather Caused by Climate Change

Aesthetic Perception




Sponge City

The Sponge City Is referred to sustainable urban development including flood control,
water conservation, water guality improvement, natural ecosystem protection, and
water resources utilization. It also makes cities more resilient to climate change.

Functioning like Forest

Today’s Concrete Forest
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30 Pilot Sponge Cities Chosen by the Central
Government (2015 - 2016)

© First ( 16 Cities ) (2015)
Qianan, Baicheng, Zhenjiang,
Jiaxing, Chizhou, Xiamen,
Pingxiang, Jinan, Hebi, Wuhan,
Changde, Nanning, Chonggin,
Suining, Guian New District and
Xixian New District

® Second ( 14 Cities ) (2016

Fuzhou, Zhuhai, Ningbo, Yuxi,
Dalian, Shenzhen, Shanghali,
Qinyang, Xining, Sanya,
Qingdao, Guyuan, Tianjin,
Beijing

67672019 16



Sponge City Construction

» By year 2020, 20% developed
urban area must be retrofit to meet
the sponge city target

» By year 2030, 80% developed
urban area must be retrofit to meet
the sponge city target

* The construction cost is about
$15-22.5 million USD/km?

* The total investment is estimated
about $0.9 trillion USD

Source: Economic Information Daily
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Investment of Pilot Sponge Cities

Wuhan: $2.44 billion

Chongging: $1.05 billion

Nanning: $1.3 billion

Zhenjiang: $1.2 billion

Jinan: $1.17 billion

Jiaxing: $0.54 prilion

AMONG tRETrSE 16/ I)ﬂJr CILIES; the totaliarea 1S1450 km=

A

e InVestmentis anout$12: 97 pilion Wit Syears, $S.6:eiliion
COMENTOM tie Central goVernment.
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\WWhere does the money come from

& Central and provincial governments fund' part of the construction cost as
Incentive to these

& Public-Private Partnership
— Private sectors provide nitial fund for the constructions
—  Governments will purchase the Services to pay part of the cost
— szy—fw—-perfwmmsa

= 3/3 e J.r,sbn
— lnvestment and finance

— Implementation

Innevation
RPreaucts/Proatiction




ZHENJIANG SPONGE CITY

Project Overview
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« Zhenjiang City is located at Jiangsu Providence of China

« Itis one of the 16 pilot “sponge cities” chosen by the federal
government in 2015

 The pilot area is 22 square kilometers of old high density urban
residential and business neighborhood




The Problems

1. FIoodmg ( 2015-06- 29)
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Grey Solutions before the Sponge City

* Qutfall No.1 serves 120 ha
business and residential area

» Qutfall No. 2 serves 70 ha
mainly business area

« Qutfall No. 3 serves 190 ha

mainly high density residential

area
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Data Collection and Initial
Investigation

¢ \Weather data

¢ Topo

¢ Land use

+ Drainage network

¢ River and LLakes

& Site visit

¢ SWMM model

¢ Monitering Retwork

¢ SWIMM Calibration

¢ FEloodilecation Identification
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SWMM Model

&/ SWMM 5.1 - JinShanHuLID.inp == % WS
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Initial VValidation

Node YS11813 Total Inflow (CMS) (N Subcatchment 9 Precipitation (mm/hr)
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Initial Wash - off

Node YS11813 COD (MGIL) N Subcatchment 9 Precipitation (mm/hr)

L
P2
=
=

yww) uopeydiosig

2 22 24 28
Elapsed Time (hours)




Study Area Map BB Ech
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7 SWMM Calibration
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Flood Locations

These communities are
well known for flooding
every year. These photos
were taken on 6/29/2015
before LID construction
and retrofit.



Redraw the City: Green + Grey + Blue Solutions
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In my opinion the Sponge City is the redrawing of urban
landscape to meet the challenge of climate change,
flooding, water shortage, water pollution and water culture.
The implementation of the sponge city should be an
integrated system of grey and green infrastructures that
reduce the runoff and pollution from the source, control the
runoff and pollution inline and treat the runoff at the end of
the pipe. Rivers and lakes can also be used as water quality
channel for pollution removal and establish aquatic habitats
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Retrofit Old Neighborhoods Using LID

Receiving

Drainage

water

Lake of

Lake of Golden
Mountain




Build a Re5|I|ence and Aesthet|c Landscape in an Old
Ultra Dense Residential Commuynity

There are hundreds of communities within 22 km?




Cause Study — Second Community of Riverfront Community

This is a high density neighborhood built in 1970s. Most residents are low income retirees. Due to the lack of maintenance,

this neighborhood had endured annual flooding, deterioration of aging infrastructure, lack of appropriate sanitary

conditions and no parking lot . Young people moved out



Problem 1 - Flooding

Flooding Event in 2015 before the retrofi



Problem 2 — Pavement Damage

For decades there was no maintenance. The pavements in the neighborhood were damaged. Many green

spaces were destroyed




Problem 3 — Landscape Sites Became Garbage Dumping Ground
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The garbage were dumped into landscape sites



Problem 4 — Lack of Parking Space

Due to lack of parking space some green space became “illegal parking lots”




Problem 5 — Building Surface Deterioration and Lack of Appropriate Infrastructures
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Our Approach

oA
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Landscape +N

J-N (crease Parking Sp@
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Improve Livability

j @od MitigatiCD

Better Property
Management

Retrofit Gaslines

Upgrade Water Supply
Infrastructure

Energy Conservation

Sewer Separation

®Increase recreational spaces
®Preserve big trees
®Landscape reclamation

®Route impervious surface into rain
gardens and green spaces

®Change sidewalk into permeable
pavement

®Re-organize property management
®Setup maintenance guidance

e®Switch from coal gas to natural gas

®Repair leaking pipes and meters
®Replace eroded pipes

®Increase parking spaces
®Install porous parking lots

e Utilize thermal insulation materials
®Install window shading

e®Upgrade electrical system and
lighting

®Disconnect illegal connections
®Separate sewer from storm drains



Design Principle

Design
Minus
Principle

Design minus principle is minimizing the landscape intervention because this neighborhood has about 40 years
of history. Residents spent most of their life in the neighborhood. Keep their memory is so important in the
design work. After the retrofit it is desirable to minimize the maintenance cost, and encourage the residents to

maintain their vegetable gardens and fruit trees.



Design Process Design

LID design process :

Site Investigation

. Survey drainage network

. Subcatchment delineation

. Communication with residents
. Soil infiltration testing

. LID layout and modeling

. Separation

© N OV A WN R

. Monitoring




Schematic Design: Plan Layout
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How Green Stormwater Infrastructure Works




Experiments before the construction

Infiltration Test




Site Delineation and Modeling
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Delineation: Rooftop, Road, Green Space and

Model

SWMM
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Total Indow (CMS)

Node junction1 Total Inflow Node junction1 Total Inflow
002 25

Tootal infow (LPS)
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Elapsed Time (hours) J z b g 8 ) i =

NO-LID ( Before) 6.2mm rainfall detention LID ( After) 34.6E:hmm;'ainfall detention
Concluding :
LID can delay 13 hours .
. S 15
of discharge at the .
outfall. (Without LID it # ‘
is just 1 hour) l
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2005 rainfall data ( 5-min)

Data Analysis : 113 events , 7 events exceed 34.6mm , 6.2%,

Annual rainfall 1032.6mm , Discharged runoff 173.5mm , 16.8%,
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Rainfall I?eak A Peak runoff Runoff
( ) rainfall Volume (m /) S
ALl (min) (m3) i
Before 37.5 40 50 598 0.24 0.85
After 37.5 40 50 198 0.07 0.28

72% runoff volume reduction
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Runoff peak
peak peak Volume W
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1115 1120 2810 0.30 0.85
1115 1125 1290 0.17 0.40

Volume Reduction 54% , Peak Reduction 43% , Peak shifting
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After 220.0 1115 1125 1890 0.29 0.46

Runoff volume reduction 47.5% , No significant reduction of peak
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Design Process

Design Discussion Outreach

Public Comments



Design Process: Disconnection
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Engineering Drawings
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Northside After Construction

Ry 0512404491983




Treatment Train




Engineering Drawings

Interlocking Pavement Designed for both Walking and Parking
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Construction
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Completion
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During Heavy Storm

After completion of the project the neighborhood experience two heavy storm events.
One is 138 mm rainfall in 2016 and another is 125mm rainfall in 2017.
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Monitoring Results
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An Ideal Place for Social Interactions of the Residents

e AR S

-
1
| |




Beautiful Landscape — Reduced Symptoms of Depression and Anxiety




Rain Garden + Porous Access = Improved Personal Safety
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Increase Parking Space

Before the retrofit After the retrofit

Interlock | §
pavement | &%
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CODCr
(mg/L)

BOD
(mg/L)

SS
(mg/L)

NH3-N
(mg/L)

N
(mg/L)

P
(mg/L)

pH

b Y5
(NTU)

2015.5.27
(ME)

b
HH A
(#)

13.6

0.213

10.6

0.128

1.839

L 5%
R
(& ®)

13.1

0.036

5.98

0.173

3.220

2015.6.2
(FJE)D

L%y
RS
(73)

6.3

1.2

0.325

3.32

0.055

12.2

L &%
LB
€D

23.5

0.6

0.182

8.33

0.065

6.31

Not very pretty,
but it works



Two Years Later (7/21/2017)




Too dense to retrofit




Green Valley

* Inline Treatment

PATENTED AND
PATENTS PENDING




Removal Efficiency

NSBB Model # Inside Width  Inside Length Baﬁlg Height (1) Standard Height Sedimentatizon Area Recqmmgnded Pipe Treatment F.Iowrate NJDEP Yggms:;:fsmg(a:)e Maximum Treatment  Peak Flow Rate (6) Co\r?:;gtzt\;)afult \Fl‘l/:elfgltai Vault
(feet) (feet) (inches) (2) (feet) (feet?) Sizes (inches) PSD 63 micron (3) (cfs) (cfs) Flow Rate (5) (cfs) (CFS) (Ibs) (Ibs)
2-4-60 2 4 24 5 8 4-12 0.44 0.58 1.3 2 8,100 550
3-6-72 3 6 36 6 18 8-18 1 1.3 3 5 12,500 875
3-8-72 3 8 36 6 24 8-18 1.33 1.73 3.5 6 15,300 980
4-8-84 4 8 36 7 32 12-24 1.8 231 8 12 22,800 1,250
5-10-84 5 10 36 7 50 12-30 2.8 3.61 15 30 31,400 N/A
6-12-84 6 12 36 7 72 18- 36 4 5.2 24 46 38,100 N/A
6-15-100 6 15 42 8.33 90 18-36 5 6.5 24 46 59,300 N/A
7-14-100 7 14 40 8.33 98 24-42 5.44 7.07 26 50 59,700 N/A
8-12-84 8 12 36 7 9% 24-48 5.3 6.93 26 50 68,600 N/A
8-14-100 8 14 40 833 112 24-54 6.2 8.09 32 60 76,700 N/A
8-16-100 8 16 44 8.33 128 24-54 7l 9.24 40 75 105,400 N/A
9-18-100 9 18 46 8.33 162 30-54 9 11.7 40 75 140,200 N/A
10-14-100 10 14 40 8.33 140 36- 60 7.8 10.1 45 82 103,100 N/A
10-16-125 10 16 46 10.42 160 36 - 60 8.9 11.5 50 90 132,200 N/A
10-20-125 10 20 48 10.42 200 36 - 60 11.1 14.44 55 95 149,800 N/A
12-20-132 12 20 48 11 240 48-72 13.3 17.33 66 125 182,400 N/A
12-24-132 12 24 60 11 288 48-72 16 20.8 72 135 209,700 N/A

Flow rates based on 67% removal efficiency of NJCAT verified testing for NJDEP 2 CMS
particle size distribution with an average of 63 microns.

Fow rates based on 80% removal efficiency of NJCAT verified testing for 100 micron
particles.




Sponge City Park for CSO Treatment

legend
E 29.28 km2 Sponge City Retrofit Area
1 JIANGBIN Catchment Area
| ' Source Control Areas
@ [ L L IMeter Road
0 500 1000 2000 3000 [ sponge City Park
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Sponge park renderings
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WTS:2400m?, Capacity:25,000m3/d,
TSS removal:119.9t/yr, 97% removal rate
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Extreme Storm Event

* On May 11, 2014, Average rainfall from 6:00am to
4:00pmia 177.7mm, max rainfall = 363.8mm,
max hourly rainfall =89.3mm
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Next to Civil Engineering Building




Rainfall outside of Our building
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Regional Climate Model Projections of Future Flood Risk:
Method

Global Climate Model

Hydraulic model:
1D HEC-RAS

i= il
[

Capacity, i
=

Point Infiltration

Calibrated on Nov 1990 and
Jan 20089 floods




WRF Regional Climate Simulation

WRF Domain

WRF model parameters

optimization for Zhuhai

* 4km * 4 km
 PBL:YSU

e Cumulus: None

* Microphysics: Thompson
* Land: Noah

* Radiation: RRTM




WRF Model Validation1

Hato Winds
Time: 1 of 48 : Time: 1 of 48
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Typhoon Hato
simulated by WRF

PLa Y

T —— 2

oy s e ot a e, ¢

et 2/
P P P P g

A AP AARPA? PP
R i b .«
PRPPPLP IS

P AP PPPLP?IPISSRS //
D n P PP PPILIPIPIID )

Surface Wind Speed (m/s)
O] — . e >

0 5 10 15 20 20




3.3 WRF Model Validation2

WRF Model ERAint
Boundary Conditions

Hong Kong Observatory
Rain Gage Data

Typhoon F\'N%to Aug 22-24 2017

F Simulation

Total Precipitation (mm)
< Ii |
0 30 60 90 120 150

Data Min = 0, Max = 3848




3.7 Future Extreme Precipitation Trend

20yrs period
H 414

L 223

For different return period, the
spatial distribution is similar.

More rainfall in Xiangzhou and
Hengqin District than western part
An obvious low precipitation zones in
the middle of western part, probably

related to typhoon.

100yrs period

- H 1019
.. L3

The 50 yrs return period precipitationis
recorded as 479.6mm/24hr, the result
from WRF is 509mm/24hr.

¥

In the future,
extreme event will be enhanced,
frequency will be increased.




Legend

2D cell max. depth
(m)
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2D cell max. depth
(m)

€% . 0.15-0.3

0.3-0.6
W 06-1
- 1

. <=0.15
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Legend

2D cell max. depth
m

The areas on both banks of Tianmu
River have the highest risk to be
flooded in the future due to the
local low points

) 4

Adjust the ground elevation

during the future planning

The areas beside of some roads
have middle risk to be flooded in
the future due to the local low
points and weak pipelines

¥

Adjust the ground elevation or

increase the pipeline design
criteria during the future planning




