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Adapting Urban Water
Policies and Practices
for a Changing Climate

Howard Neukrug, P.E.
Executive Director

TheWater Center

UNIVERSITY of PENNSYLVANIA
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ﬁ% TheWater Center

“Community. Equity. Science. Resilience. Justice.”




Our Mission

We aim to find resilient, sustainable, equitable,
local solutions to our urban water challenges,
the watersheds that support them,

and the communities that rely on them.

@ The Water Center

UNIVERSITY 0f PENNSYLVANIA



Adapting to climate disruption requires disruptive
changes in how we think, plan, design, integrate,
construct, operate, and fund our work.

Fgue2  Sustainable solutions change the trajectory

Desired state:
Execute campaign

= Clean water is available
for people and nature

Create sense of urgency » Freshwater systems

are recovering

Build capacity = Cities, agriculture, and
businesses manage

‘Water water well and thrive

system

health Business as usual

= Cities, agriculture, and
businesses struggle
to secure clean water

= Ecosystems veer
toward collapse

'ﬂafn
" erj, )
Crisis and -?i;q, « Agriculture suffers
event-driven 'Cfsi‘_,n__ from boom-bust cycle,
opportunities m"ﬂ’ng overdrafted aquifers,

and other problems

Time Graphic from the Water Funder
Initiative’s “Toward Water
Sustainability” document

The Water Center

UNIVERSITY 0f PENNSYLVANIA




Water Systems are adapz‘/hg and expanding their role
from “service providers” to “resource stewards.”

The Water Center

UNIVERSITY 0f PENNSYLVANIA




The natural system assumptions upon which we base all
water standards, permits, and water use and delivery
systems may no longer be valid.

USEPA Climate Ready Water
Utilities Working Group

The Water Center

UNIVERSITY 0f PENNSYLVANIA



CONTRIBUTE TO
A LIVABLE CITY

PROVIDE RELIABLE,
SECURE AND CLEAN
WATER SUPPLY

PROTECT
HUMAN HEALTH

ONE WATER
APPROACH

RESILIENT TO PROVIDE FLOOD
CHANGES IN CLIMATE PROTECTION

AND ECONOMICS

USE AND REUSE MINIMIZE
NATURAL RESOURCES ENVIRONMENTAL
EFFICIENTLY POLLUTION

@ TheWater Center

UNIVERSITY 0f PENNSYLVANIA

ﬂ Water
Research
Foundation*

advancing the science of water



Water System Challenges and Solutions from Around the World

" YOU MEAN YOU HAVE SO
MUCH CLEAN WATER

You snmmr )






LEADING UTILITIES
OF THE WORLD

"y The 70 Leading Utilities of the World
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GLOBAL
WATER
INTELLIGENCE

WATER IS OUR CONCERN

N -
[PORE PUB CED PETER NG TELLS GWI HOW THE
LITY 1S LOOKING BEYOND ITS GLOBAL REPUTATION

(GWI INVESTIGATES HOW TO MAKE DECENTRALISED.
IASTEWATER TREATMENY SYSTEMS PAY OFF




Bishan - Ang Mo Kio Park
and Kallang River

Singapore

before

shan: Paqk._hallang River Rertclratlnn is |:|ar‘t
: ~ Beautiful,"Clean Waters (ABC Waters) Programm
initiative to transform the country’s water bodiesib
funchl:lns of drainage and water supply, into vibrant, I'IEW city
-
spaces fc.r |:|:|rr|n'|un|t|,r and recreation.

PUB Singapore’s National Water Agency



After Storm Event
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Photo credit: Keppe



Singapore’s Water Cycle

Treatment of
wastewater

Stormwater
management

Desalination

Collection in
drains and
reservoirs

Collection of
wastewater

Supply o
water to
population &

industrie

Treatment
from raw to
potable

Indirect potable use

IEAE
Direct non-potable use
water
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Reverse Osmosis Membranes,

Singapore

(AP Photo/David Goldman)



MAKE EVERY DROP COUNT

Smple Actions. Sustainable Future.

A poster promoting water conservation, Singapore

(AP Photo/David Goldman)



Ultraviolet (UV) Light Technology, Singapore

(AP Photo/David Goldman)
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D;Ep Tunnel DTS

Singapore draws wastewater from its sewers to deep tunnels. The

wastewater is then treated using microfiltration, reverse osmosis, and
UV disinfection and discharged to its drinking water reservoirs.
(AP Photo/David Goldman)




A floating solar panel farm on the Bedok Reservoir,
Singapore.

(AP Photo/David Goldman)



Floating Solar PV Panels T R
— Southeast Asia L e &7

The water provides cell cooling and
increased energy efficiencies

The Floating Panels prevent evaporative
losses and protect water quality

Perfect for where land is scarce and/or
expensive

Net-zero energy for Drinking Water
Treatment
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Cloudburst Programme
Copenhagen, Denmark, 2012

Planning, Design
LANDSCAPE ARCHITECT

Water, Sewer, Electric
PUBLIC UTILITIES

KSHOPS WITH
OMUNICIPALITIES
+ HYDRAULIC/URBAN
STRUCTURE ANALYSIS
PROCESS

CLOUDBURSTS i

Cope-nhagen Municipality e h Muni
WATER UTILITIES & Up:;RiggegN::Jr;Ea q_

Fredricksberg Municipality
Fredricksberg Municipality ROAD MAINTENANCE

Hydraulics, Water, Traffic PARKS & NATURE f
ENGINEERS g .’

Fredricksberg Municipality
WATER UTILITIES

Copenhagen Municipality

URBAN PLANNING y " ;
& P

Fredricksberg Municipality Copenhagen Municipality "

____  URBANPLANNING . TRAFFIC

FINAL DOCUMENT + CONCRETIZATION PLANS FOR

POLITICAL APPROVAL TEST PILOT PROJECTS
ACTION +

IMPLEMENTATION
APPLICATION OF

20f] 22 z-—-zeuTzou—aeaa 20 ——26 392045 pENHAGEN FORMULEP

IN OTHER GLOBAL CITIES

‘ (NEW YORK, STOCKHOLM,

AUG. 2010, JULY MASTERPLAN OPTIONS + EXPERT REVIEW; PUBLIC QUALIFICATION OTHERS)
ANDACLEYT 204 SOCIO-ECONOMIC COST- CONSULTATION, WORKSHOPS OF PROJECTS,  2016-FUTURE
BENEEITANALYSIS FINANCING OPTIONS

Multi-agency, Multi-functionality

Cloudburst tunnels

Anotherthing that characterizes the solutions pursued in Copenhagen is
multifunctionality. Because heavy rain doesn’t happen every day, and so for the
investments in the new infrastructure to be worthwhile, they must also serve a
purpose at other times. A good example of this is the cloudburst tunnels. Also called
highways for stormwater, these tunnels are some of the biggest investments in the
cloudburst plan. And while their main purpose is to secure the city during cloudbursts,
they also have a climate protection effect on a more regular basis.

“The big challenge by making these cloudburst tunnels is it's a huge investment and you
don't want it just to be in function once every 10 years or every 50 years. For example,
they are now being used when our sewer system is overloaded just with a normal daily
rain, but still sort of a bigger daily rain and they're getting overloaded. We spill it into the
tunnels instead, so they become a kind of retention tanks. So, this way they have several
functions.”



40,000m?

retention
capacity

Hans Tavsens Park, Copenhagen, Denmark

Flood Zone
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Hans Tavsens Park, Copenhagen, Denmark

| The park when it is dry. {Image by © Beauty and the Bit, courtesy of SLA) |

The park after rainfall. image by © Beauty and the Bit, courtesy of SLA)



Multi-Functional Urban Spaces in Copenhagen

The master plan outlines 300 surface solutions to be implemented that incorporate new urban spaces and
recreational areas © Carsten Ingemann The WATER PLUS project in Gladsaxe is normally used as a paddie court but with heavy rains

can also detain and store water © Christina Geer Serensen



Water as the heart of the design
Enghaveparken, Copenhagen
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Cloudburst, Copenhagen

EVERYDAY RAIN

30% DISCONNECTION
from existing combined
SEWER system.

05 Urban Canal ket dorl Fioaded n 20n
(

Blue-Green infrastructure |
helped to lower capital,

‘spaces by as much.as
75% (Source: American
x‘Rivers 2012) while Danish
t culated that

T ———p =" C\mrdruv:l]

\ £
((Normal fain Event |

Conventional: Existing Crowned Street

parking | shared

Rain Event Tools reek. Retention Boulevard, and Boulevard

[ cloudburst |
[(Cloudburst |

LI

[ Norma Rain Event |

Proposed V-Profile Street

Flood Event




Credit: Wikipedia



Farm ofthe Future:

Kotchakorn Voraakhoiﬁ
on the Epic'Urban
Rooftop Farm

LANDPROCESS Brings landscape and architecture tagether at a grand

EPTOVER RUNOPY
70 RETENTION PONDS.

=

SURFACE
OVERFLOW PLANTER

CASCADING
ROOF SECTION

GREEN KOO HSULATON

PLANTER'S
SOIL DEPTH

Bangkok, Thailand Kotchakorn Varaakhom
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Chulalongkorn University Centenary Park
Bangkok, Thailand

Kotchakorn Varaakhom
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Bangkok, Thailand
Kotchakorn Varaakhom
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Water Resource Management and Shanghai’s Sponge City Development

. EiwmhikSISE .
Shanghai Water Authority




L« AO5 1 E 3 Sponge City Concept
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Sponge  City : Through enhancing urban  planning
management to fully utilise buildings, roads, green
lands, water ways and other ecological systems to
absorb, store and drain rainwater . The Sponge City
Initiative aims to control stormwater runoff effectively,
and allow rainwater in each city to permeate, cleanse and

be stored naturally




L« AO5 1 E 3 Sponge City Concept

Changing Nature
Land Reclamation
Impervious
Pavement
Network to
Discharge
Stormwater Quickly
Huge Once-off
Investment
Short-term
Planning Only
High Operational
Cost

Low Returns of
Investment

Traditional City
Development
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Conforming to Nature
River Restoration
Permeable Pavement
and LID

» Combining surface

and underground
storage and drainage
Distributed
Construction System
Short & Long-term
Planning

Increase Once-off
Investment

High Comprehensive
Benefit



HiEE EShanghai Expo Park

—BERFRKFIA. Esim
FRIBZREX
Build pilot sites

demonstrating rainwater

usage and LID concepts

s

9B XS

New Jiangwan Town, Yangpu

District
—AKIB AT 2 IZIER

Demonstrate the concept

of Sponge City

BERXPIGER

Shanghai Ocean University
(Lingang Branch)

Wﬂiufﬁﬁﬁiﬁ * TR
KGEHASFER
Demonstrate the concept
of ecosystem protection
and integrated rainwater
usage




COVID: Resilient Recovery! The BIG7
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www.resilientrotterdam.nl




Foto: Public Domain Architecten

FLOODING &
VITAL INFRASTRUCTURE:
CASCADE EFFECTS

www.resilientrotterdam.nl
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The Water Square in Benthemplein

— . o 93 . 4 s ey

Rotterdam’s response to the dual need for
open recreational space and places to store water during heavy rain events



Dubai Electricity and Water Authority (DEWA)

* 100 % DESAL WATER from clean energy technologies by 2030

* Solar power
* Waste heat

* Hydroelectric

* World’s largest strategic reserve of DESAL WATER

6,000 MIG
Geophysical / hydrogeological field studies
Inject DESAL WATER into subterranean basins

Use when needed as an energy reserve




Egypt’s Desal Plan:
S15 Billion, 30-years

EGYPT'S WATER STARTS TO RUN SHORT

Egypt's booming population is putting its stretched water resources under increasing strain.

With the population set to grow by 50% or more over the next 30 years, seawater desalination is

seen as a priority.
Source: Shutterstock

Description

Immediate potable water needs,

organic population increase

Reduction of water transported to
coastal regions

Alternative to surface water
supplies

Water for new urban
developments

Programme:

{f ® Phase
| ® Phase?2
® Phase 3
® Phase4
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Green City, Clean Waters

PHILADELPHIA

EST. 18O ———
'Y of PENNSYLVANIA



“This is the most significant use of green
infrastructure I've seen in the country, . * .
the largest scale I've seen.”
wemmmiz . @he Philadelphia Inguiver
. Sunday, Sept. 27, 2009 * Locally Ovmed & Independent Since 2006 % §1.75
Breaking ground
] L L ] :
with a $1.6 billion R R, -
Molunmﬂ.;wm-:uwbm stormowater e A
plan to tame water

By Sandy Bauers
INQUIRER STAFF WHITER
Philadelphia has announced a $1.6 billion plan to trans- E ; -
form the city over the next 20 years by embracing its storm = '3 A S ——— :
water — instead of hustling it down sewers and into rivers ; =l AR P Eumpsdse i

as fast as possible. B TS A" St n-':hn:-sln-

The proposal, which several experts called the nation's
most ambitions, reimagines
the city as an oasis of rain gar- A City Transformed
dens, green roofs, thousands of Froposals would better
additional trees, porous pave- guide Philadelphia’s
ment, and maore. water. Graphic, A14. - .

All would act as sponges to ; : . .
absorb — or at least stall — the billions of gallons of =
rainwater that overwhelm the city sewer system every vear.

The plan's complex funding formula would raise rates some- :
hat b alo atEact graits and encourags prvat vestmen. en p an to emprace any aeiu e

Further, the Water Department says the city’s greening
wnuld result in more jobs, higher property values, better air

Sec STORMWATER on Al4

A City Transformed

A i iU e 0 T O it 10 MANSg0 100 wiled i
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How do you stop flooding and overflowing pipes?

* Make it stop raining so much
* Increase grey infrastructure capacity
* Stop putting rainwater in my sewer

“Once rainwater enters the sewer inlet, it turns from a
resource into a waste product.”



Do we expand capacity
or reduce demand?

Belarus Nuclear Power Plant #2 about to go online

Photo by Jacob
Fenston/WAMU

The Anacostia 26" Diameter Tunnel about to go online




The Geography of Water Affordability

Detroit, Michigan
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Elizabeth A. Mack (MSU, 2017)



GSIvs CONVENTIONAL

DECENTRALIZED
INCREMENTAL
ADAPTABLE

Conceptual Comparison of C50 Capture Over Time for FLEXI BLE
Alternatives Evaluated by the City of Philadelphia

n terms of percent capture as the performance standard, both
ade with the Green

mmediate and continuous progress

Starmwater Infrastructure with Targe aditional Infrastructure

i

atternative, resulting in significant increase in capture after 20 years
as opposed to a Centralized Storage atternative— which would
not achieve any benefits until the end of the implementation cycle

| Storage (Tunnels)

Centralized

@

= e e e e ——-—
= 1Tunnel 2
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Time 25 years



One Water, One City, Many Places
Changing the Paradigm by which Water Utilities service their cities

« Communities

e Transit

« Rivers & Streams
« Parks

« Schools

« Streets

« Businesses

- Parking lots

« Universities




Leveraging Water’s Capital Dollars for
Urban Sustainability, Resilience and Social Justice
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Water, Gravity, and the Incline of our Cities

- Y » ; |j\7{ | % i
PHOTOLOPE JESSICA GRIFFIN / Staff Photographer, Billy Penn



"GREEN" INFRASTRUCTURE "GRAY" INFRASTRUCTURE

STORMWATER FILTRATION + TEMPORARY UNDER-
NATURAL PONDS + RAIN INFILTRATION FLOOD GROUND CONVENTIONAL
AREAS WETLANDS GARDENS BASINS STORAGE STORAGE DRAINAGE

Intact forests, SCMs capable Vegetated Surface SCMs Surface SCMs Underground Urban drainage
wetlands, and of providing SCMs in urban like sand filters like dry ponds SCMs, potentially strategies,
other habitat and or suburban with minimal with minimal including primarily concrete-
undeveloped resembling settings vegetation vegetation or storage, based with limited
areas natural areas infiltration filtration, or infiltration or
infiltration storage
A A

STORMWATER CONTROL MEASURES (SCMs)

McPhillips and Masters



Green Inlets

Cliveden Park, Philadelphia

Photo Credit: Pennsylvania Herticultural Society
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SEDGEWICK STATION BUMPOUT

Planning & Design Manual | Version 3.0 January 20217



51 Planning & Design Manual | Version 3.0 January 2021



STORMWATER TREE TRENCH: Maintenance Responsibilities

FAIRMOUNT PARK
Pruning Branches
Watering Tree

RESIDENTS
Litter Clean LUp
Pt Wasle Remonvsl

PHILADELPHIA

WATER DEPARTMENT
Subsurface Infrastruciura
Cleaning Distribution Fipe
Cleaning Stormwater Inlets







Green City
Clean Waters

The City of Philadelphia’s Program for Combined Sewer Overflow Control

A Long Term Control Plan Update

Philadelphia’s 25-year Green

Stormwater Infrastructure Program

AN N N N Y U N N N NN

10,000 Green Acres

No Storage Tunnel

Meet EPA mandates

Triple-bottom-line economics

$2.4 billion vs. $9 billion

Upgrades the existing sewer system
Institute Parcel-based Stormwater Fees
Establish SW Development Regulations
Offer Grants / Incentives for Private Retrofits
Public engagement

Adaptive Management

Water Equity, Environmental Justice, Jobs



Green City, Clean Waters

Consent Order and Agreement / Administrative Order for Compliance on Consent
25-year, $4 Billion Implementation Program

/ 9,564 Water Pollution Control 14.5 mi

Greened Plants and Collection Interceptor
Acres System Enhancements Relining

85% Volume Reduction

vV V.V

k 85% Mass Removal /

% Impervious

Year Greened Acres  Square Miles
cover managed_
5 750 1 3%
10 2,100 3 8%
15 3,800 6 14%
20 6,400 10 23%
25 9,600 15 34%




Green Stormwater Infrastructure | Defined

A range of soil-water-plant systems that intercept stormwater, infiltrate a portion of it
into the ground, evaporate and transpire a portion of it into the air, harvest and reuse
as a resource, and in some cases slowly release a portion of it back into the sewer
system

GA = IC *Wd

Graaned Imparvious  Water
Acre Cover Crepth



PHILADELPHIA

How is GSI built in Philly?

Incentivized Public Retrofits

RetrOﬁtS (Green Streets, Parks, Facilities, etc.)
(SMIP/GARP)

Green City, Clean Waters Goals

10000 Green Acres 1230 3060 5710



GSI in Philadelphia: January 2021

900+ SMPS 300+ SMPS 2,700+ SMPS




Working across programs and implementation pipelines iskey.

Public Retrofits + + =10,000 acres
Streets 2,960 40 3,000
Parks 1,290 20 40 1,350
2,550 460 3,010
Facilities 465 180 255 900
Schools %0 30 130 700
Vacant 445 55 500
Campuses 10 170 210 390
110 40 150



2021 Grants: S125k / GA WATER

———DEPARTMENT

Randy E. Hayman, Water Commissioner

FY2020 Stormwater Grant Awardees

December 2020
Private property owners have used grants issued through the program to construct more than Grant  Project Greened | Prolect
. Project Name Address Manager/ Property Owner
750 Greened Acres since 2012. Each Greened Acre manages nearly 30,000 gallons of runoff Amount  Model ~ Acres | -
during a one-inch rainstorm. Add B. Anderson Alt Trustfor | School District of
School 10345, 60th st. | $195,369 SMIP 087 Public Land Philadelphia
AMY Northwest " Alt Trust for School District of
Middle School 6000 Ridge Ave. | $28,650 | vy | 017 | popiiond | philadelphia
4231-61N. 5%
St., 300,406 W.
Hszze'a;i:rs Bristol St, 301 | $416,320 S&ITP 245 c:‘nes:at:: 199 Hunting Park
qu W. Hunting Park vancy
Ave.
4 KSE (KS .
Grover Washington 201E. Olney . School District of
Middle School Ave. $418,825 | SMIP | 2.47 E"f"ce‘;“' Philadelphia
James R. Lowell 5801-51 N. 5th Alt Trust for School District of
Elementary School St. $25,811 SMIP 0.16 Public Land Philadelphia
Landcore
Historic Germantown (left) and Popi's Italian Restaurant (right) are past Stormwater Grant recipients. Kin Properties 900 Os’th"d“" $2,655,437 | SMIP | 14.09 E“gi“e;”"tg Hareff LLC
- onsultants
. . . . __— P.C.
Facing a reduced budget following the pandemic, the team reviewing applications for grants Ruggiero
. N y . . 2600 W. KIPP Whittier
reconsidered what made a project stand out as worthy of funding. With many residents KIPP Charter School | * e\ | $328,350 | SMIP | 2.19 P'ﬂ[;‘:;;"d Development LLC
working from home and spending more time in neighborhoods, projects rich in secondary - - KSE (KS Philadelphia
benefits like increased local green space took priority. Phiadelphia Federal 12800 $167,500 | SMIP | 3.89 | Engineers, | Federal Credit
. Credit Union Townsend Rd. P.C) Union
Teo Chew 6630 Lindbergh 629,019 sMmIP Pennoni, Teo Ljhe.w
i - ) ) L. Blvd. Inc. Association
Providing surface greenery throughout Philadelphia was a priority for us when ) KSE (KS .
Thomas Alva Edison | 151 W. Luzerne $843,700 sMmip 6.43 Engineers School District of
reviewing applications, especially in this unprecedented year when access to High School st. ’ : gpc) ' Philadelphia
green space in our own neighborhoods close to home has been critical for our 236-56E. Ruggiero | ) iunt the
. Water Reuse System Hunting Park $166,500 SMIP 1.11 Plante Land Whale LLC
mental health, s Beth Anne Lutes, Ave. Design ale
As we conclude 2020, we’re proud to award 11 resourceful recipients more than $5 million in
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“Philadelphia has earned
its place as a national and
global leader in sustainable

-EPA Administrator Lisa Jackson




Driving Green Innovation

Technology Adoption Curve
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There are many differences between Green City, Clean
Waters and other green stormwater programs
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Physical landscape & existing

Regulatory requirements infrastructure




Integrated Management

Stormwater .
Permit Management Eﬂu!i:.e I|.I"_|’;-|’n3r
Protection

Requirements MS4 Permit

Integrated Watershed Management Plan

(don’t forget about climate change)



We are building the plane
while we are flying.

-Gerald Bright, PWD GSI Maintenance Expert



Keys to GCCW Success

Create a vision and find the political will

Lead in technology, expertise, and passion

Be patient and think long-term

Leverage partners, funding, expertise

New development / redevelopment standards
Raise awareness and communicate

Identify multiple cross-program benefits
Become the voice for environmental advocacy
Reduce poverty, improve quality of life

One city/one region/one water policy

Educate ratepayers/bondholders on the benefits
Strengthen institutions, legislation, and regulation
Commoditize rainwater through fees and credits
Demonstrate, innovate and then set standards
Nurture a new sustainability industry
Transdisciplinary workforce

Create a technology/knowledge clearinghouse
Adaptive Management

Leverage capital spending

Build trust — one person at a time




Areas needing new thinking / innovation

e Continuous improvement of GSI techniques

* Optimizing Flood Relief, Scarcity, CSOs and River Water Quality
» Co-benefits vs Co-funding

* Distributed systems

* Making rainwater a commodity through True cost pricing

* One Water Integrated Planning






Thank you for listening!
Have a great conference!

Social Media Questions?
@WaterCenterPenn

@WaterCenterPenn

@WaterCenterPenn hneukrug@upenn.edu

The Water Center at Penn

TheWater Center

UNIVERSITY 0f PENNSYLVANIA
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