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Stormwater, flooding
& climate change

Chet Arnold

CLEAR Directordor Outreach
NOT a P.E.

The Climate Adaptation Academy October 10, 2014 Sﬁ%ﬂ%t (" CLEAR
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* Water

* Land use & climate O cieAR
adaptation

* Geospatial (mapping
technology

{IVERSITY OF CONNECTICUT Q az

LEAR

The UConn Center for Land Use Education and Research (CLEAR) provides

information, education and assistance to land use decision makers, in support of Mapping
balancing growth and natural resource protection. LEARN MORE

Featured CLEAR Programs

CLEAR is comprised of the following
award-winning outreach and research
programs, each focused on providing
information, education and other
assistance to Connecticut Communities

Landscape
Research

Climate Adaptation Academy (It's Lidar (It’s Cooll)
New!)

See the topography of Connecticut in new
A new CLEAR partnership with CT Sea Grant and amazing detail! National NEMO Network
to provide information on resiliency .
strategies for a changing climate.

Climate Adaptation Academy »

e

Geospatial
Technology
& Tools

Extension
Education

Do It Yourself (It's Green Webinars

Infrastructure!)

Natural Res
Academy (1

2014 webinars | Webinar Library
High school students across the state are A soup-to-nuts guide to reducing stormwater
doing amazing conservation projects in their through Green Infrastructure. Upcoming 9/23 - "Loss of Carbon

communities. Sequestration from Land Use Change in
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The view from Chez Arnold...
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CT land cover change: 1985 - 2010
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Hydrologic Impacts of Development

Time, hours
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The Effects of Urbanization: Park River, CT
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Home Video Photography Animals Environment Travel Adventure Television Kids Subscribe  Shop

News TheMagazine Maps Science Educaton = Games Events Blogs =~ Movies Explorers =~ Apps = Trips

News

Home Animals Ancient

Energy Environment Travel/Cultures Space/Tech Water Weird News Photos News Video News Blogs

Driven by Climate Change, Algae Blooms Behind Ohio Water
Scare Are New Normal

Climate change and increased runoff are triggering more potentially toxic blooms.
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OFESA 2013 - Processed by Earth Watchiing (ESA/ESREN
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Revised Stormwater Rule
(MS-4 Program)

More towns (basically, everybody) covered

State and federal properties covered

Same 6 “minimum management measures”
but:

 More detailed guidance/requirements

 Heavy emphasis on green infrastructure
* Stronger maintenance requirements
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Cities with Combined Sewers
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Combined Sewer Overflows

Residential =/ (17 1171y Iy ! ,/ / Business Wastewater
Wastewater / I N Wastewater Treatment
gty by by Pt Facility
Roof & [0 Roof &

[0, 1,1 L
l;rfigs Fo ::::lll ér:ai:s

Artwork modeled affer
St. Louis MSD - Clean Rivers Healthy
Communities Program illustration
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Newsweek

U.S. WORLD BUSINESS TECH&SCIENCE CULTURE SPORTS NEWSWIRE CAR

o™ I

e: Apple's Did Your Skinny Jeans Bend Much of Earth’s Water Is Older
Not to Keep Your New iPhone 6? Apple May ~ Than the Sun

If It's Raining, NYC’s Raw Sewage Is
Probably Pouring Into the Waterways

By Zoé Schlanger
Filed: 7/23/14 at 2:08 PM | Updated: 7/23/14 at

Gowanus Canal

FIND Y

CSOs in NYC
are triggered

by as little as
0.05” of rain
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And now....climate change

49°
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By KELLY GLISTA, Kglista@courant.com
5:55 pm,May 1,2014

STAMFORD — Heavy rains overnight caused about 25 million gal-
lons of partially-treated sewage to spill into the Stamford Harbor from
the wastewater treatment plant, officials said Thursday.

The city has closed the beaches and shellfish beds, and canceled a re-
gatta that was scheduled for this weekend as a precaution, city Director
of Administration Mike Handler said. Increased beach patrols are
planned as well.

The spill began at about 10:30 p.m. Wednesday, Handler said, when th
water flow exceeded what the wastewater treatment plant was designed|
to handle. Early Thursday morning the plant experienced the highest
level of water flow ever recorded there, he said.

The water flow level decreased throughout the day Thursday and is ex-
pected to return to normal levels Thursday night, Handler said.

A state Department of Energy and Environmental Protection spokesper:
son said that they've been in touch with Stamford officials since early

Sewage Spill In Stamford Closes Beaches, Cancels

Heavy Rain Caused Sewage Spills In State Waterways

“Early Thursday morning
the plant experienced the
highest level of water flow
ever recorded...”

Thursday morning. The city Health Department will be taking samples
of the water to measure bacteria levels, which are expected to be very

high.

\
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O O I g NGWSday knows why the Kardashians won't be taking Plum Island. _ Q

Longisland Sports Entertainment News Lifestyle Business Health Opinion "Jobs || Cars ' Homes | Classifieds

longlisland NYC US./World State Politics Tech Health Business Weirdnews AP Puzzles Columns

Weather Newsday > News Reprints - A*A-

,LO'\_A ®, 34 Comments n v | m E B

X V2 Day after historic rainfall, help for
0 idents as cl ti
S residents as cleanup continues

Originally published: August 14, 20

5 AM

Updated: August 14, 2014
By JOHN VALENTI john.valenti@newsday.com

Related Stories

Epic rainfall drops
more than 13 inches or
parts of LI

Experts: Computer models can't explain rain

81314

Cops: Man dead in storm-related crash

81314

Storm recovery: Tips for homes, cars, insurance
8/13/14

Newsday on social media

Twitter Facebook

@Newsday
s and cancellations on the Long Island Rail Road. (Credit: Newsday / Staff
Newsday Staff 4

On the morning after a storm of biblical proportions deluged Long

Related media

loland with "histaria® dadihla dinit amacinte af rainfall rasidante winea
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Infrastructure Meltdown
mEm SI2NBCNEWS HOME LATEST SEARCH Q

NEWS / WEATHER

pril 30, 2014

1411

P PLAY VIDEO (.4

Baltimore Street Collapses Google this!
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A partial list of road closings during 2013
Colorado flooding ——

* U.S. 287 at Big Thompson River in Loveland from Colorado 402 to
5th Street

* U.S. 287 southbound at Wyoming line for commercial vehicles

* Colorado 7 between Lyons and Estes Park

* Colorado 8 between Morrison and U.S. 285

* Colorado 14 between Ted's Place and Walden

* Colorado 30 (Havana Street/Aurora) at Alameda Avenue

* Colorado 44 (104th Avenue) at Riverdale Road

* Colorado 52 eastbound from County Road (CR) 1 to U.S. 287

* Colorado 60 at CR 46

* Colorado 66 between 53rd Street (Longmont) and Lyons

* Colorado 66 between CR 13 and CR 19

* Colorado 72 between 72nd and 80th avenues

* Colorado 72 between Colorado 93 and Colorado 119 (Coal Creek Canyon)
* Colorado 74 between CR 73 (Evergreen) and Morrison

* Colorado 83 (Parker Road) between Florida and Jewell avenues
* Colorado 83 between 64th Avenue and Colorado 128

* Colorado 119 between Boulder and Nederland (Boulder Canyon)
* Colorado 119 between County Line Road and 1-25

* Colorado 257 between Colorado 60/Milliken to U.S. 34

Roads that have reopened include:

¢ U.S. 6 (Vasquez Boulevard) between 60th and 74th Avenues

P

Photo By Tim Rasmussen/The Denver Post

¢ U.S. 36 eastbound from Table Mesa Drive to 96th Street

* Colorado 265 (Old Brighton Road) at Colorado Boulevard in Commerce City X
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Infrastructure

This video of a sewer geyser in Chicago is utterly nuts | Grist
grist.org/list/this-video-of-a-sewer-geyser-in-chicago-is-utterly-nuts/ ~ Grist

Apr 18, 2013 - So, Chicago got a little bit of rain. And | guess sometimes where there's
apocalyptic flooding, there are ABSURD GEYSERS OF SEWER ...

Sewer geyser lifts car pump up the car. - YouTube
www.youtube.com/watch?v=_IuESIqOTRk ~

I °
Jul 20, 2011 - Uploaded by Ledonk007 t e e S e r k I I l d
TITLE: Sewer geyser lifts car pump up the car Description: Sewer

LBl geyser lifts car Infrastructure problem with ...

Sewer Geyser @ OPRFHS during 4/18 Storm - YouTube
www.youtube.com/watch?v=d_EncMyW4Rg

Apr 18, 2013 - Uploaded by Hank Marquardt

Sewer Geyser @ OPRFHS during 4/18 Storm ... Yellowstone -
BeeHive Geyser and Old Faithful erupt together ...

Manhole turned geyser hurls a car into the air after a sewer .
www.youtube.com/watch?v=EWuy_A5z0OC8 ~

Jul 20, 2011 - Uploaded by FarbigNews

Manhole turned geyser hurls a car into the air after a sewer
e flooded in ... Car fly into the air after a geyser of ...

Images for sewer geyser Report images

More images for sewer geyser

Sewer Geyser Lifts Car in Montreal | Video - ABC News
abcnews.go.com/.../sewer-geyser-lifts-car-in-montreal-14113482 ABC News
Sewer Geyser Lifts Car in Montreal. A rush of water burst a manhole cover and lifted a
car off the pavement. 07/20/2011. Share: ...
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Liability for communities (??!?!)

“Now a major insurance
company is suing Chicago-
area municipal governments
saying they knew of the risks
posed by climate change and
should have been better
prepared.”...

“The storms are not an act of
God, the suit claimed, but a
carbon-driven reality...”

sections = Ehe {Vashington Post Signin  Subscribe
% 4,093
. 'i e%p MORTGAGE @3 929‘."’;"&“223»4

Climate change: Get ready or get sued
(o [v]&]= A 8 -

Credit Union

30-YR FIXED MORTGAGE
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60 Day FREE Rate Lock
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° o Homeowner with a FROG phobia is awarded
I_l a b | I Ity’ $1.6M after runoff flood water inundates his
property with the slimy creatures

™ By HELEN POW
C O n tl n ' l e PUBLISHED: 17:18 EST, 8 April 2013 | UPDATED: 17:26 EST, 8 April 2013
2 Comments (19)[ < Share g +1 < o W Tweet 36
A frog-fearing New York state man has won a $1.6 million payout after a developer drained so much

storm water onto his property it turned into a wetland inundated with the slimy amphibians.

Paul Marinaccio Sr. described himself as 'a prisoner in my own home' after the Town of Clarence, a
suburb in Buffalo, gave Kieffer Enterprises the go-ahead to divert water onto his 40-acre property,
making it the ideal habitat for frogs.

I'{4 °
A frog—fearlng NeW York While the state's highest court ruled a couple of weeks ago that he wasn't entitled to an additional

$250,000 in punitive damages, he's still come out a winner, and the town has also agreed to dig a
drainage channel to dry up his land and, hopefully, the frogs.

state man has won a S1.6 | _ :
million payout [from his AR v |
town] after a developer TN L (W e
drained so much storm
water onto his property it
turned into a wetland
inundated with the slimy
amphibians.”

; " s B
OAP = 4% «.~“I 4 P S PN SR O

Winner: Paul Marinaccio, pictured on April 6, has been awarded $1.6 million in damages
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And more to come...

All studies indicate more rainfall, and
more intense rainstorms, in the
Northeastern U.S.
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Our soggy prospects: more rain

70 T

100 Years of Precipitation Data for CT
65 |

60 +

55 |

50 A 48"
45 | _ J I B J
n W
35 |

30 |

e

Annual precipitation (inches)

Source: Miller, et al. 2003. Precipitation in Connecticut. Report No. 38. Institute of Water Resources, University of Connecticut.
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Our soggy prospects: more intense storms

Trends in Extreme Precipitation Events

In this study, a range of definitions for for the Northeastern United States
extreme precipitation was examined to
provide a robust indicator of climate
change in the Northeastern United States.
All of the definitions...indicate that the
occurrences of extreme precipitation
events, and the intensity of rainfall, are
increasing.

UNIVERSITY
of NEW HAMPSHIRE
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From the National Climate Assessment
Observed U.S. Trend in Heavy Precipitation

N
o

Relative Number of Extreme Events (%)
o

N
o

1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s

Decadal average anomalies for the number of 2-day, 5-year precipitation events (difference
between the decade and the 1901-1960 average precipitation) for the contiguous U.S.
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From the National Climate Assessment

Observed Change in Very Heavy Precipitation

(1)
Change (%)

<0 0-9 10-19 20-29 30-39 40+
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Extreme Precipitatic

“..the frequency of 2 inch rainfall events has
increased since the 1950s and storms once
considered a 1 in 100 year event have become
more frequent. Such storms are now likely to

occur almost twice as often.

~ " N . N N N grapniC proaucts are aiso available. Frecipitation aistrib 9 D
conducted in the 1990 and early 2000s, but even these analyses can be generated for each grid either directly or from the USDA
are over a decade old and differences in the data records used do NRCS Win TR-20 software, eliminating the need to use a static
not provide a consistent regional analysis of rainfall extremes. Type Il or Type IIl curve. '

Extreme Rainfall Since the 1960s

The previous climatologies have been based on the premise that
the extreme rainfall series do not change through time. Therefore it
is assumed that older analyses reflect current conditions. Recent
analyses show that this is not the case, particularly in New York and
New England where the frequency of 2 inch rainfall events has
increased since the 1950s and storms once considered a 1 in 100
year event have become more frequent. Such storms are now likely
to occur almost twice as often.
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Storm Frequency Analysis
100 year flood? 500 year storm?

Northeast RFC Taunton, MA
30-Day Observed Precipitation - Valid 3/31/2010 1200 UTC

* Probability of occurrence of a given precipitation event

* Based on magnitude and duration of a rainfall event, e.g., “the
100-year, 24 hour storm is 8.1 inches”

e Calculated from past data for a measurement location
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Probability and Return Period

Recurrence | Probability of Percent
i : chance of
interval occurrence in |
(years) any given year occurrence in
any given year
100 1in 100 1
50 1in 50 >
25 1in 25 4
10 1in 10 10
5 1in5 20
2 1in 2 50

COLLEGE OF AGRICULTURE
AND NATURAL RESOURCES
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Technical Paper 40 (TP-40)

* NOAA report published in 1961

e Rainfall data for every county in the country
* Frequency/recurrence intervals of 1 yr to 100 years
e Storm durations of 30 minutes to 4 days

Lomnen AL Jkonces, Seeretary F.W. ROQImosrn, Gl

TECHNICAL PAPER NO. 40

RAINFALL FREQUENCY ATLAS OF THE UNITED STATES

for Durations from 30 Minutes to 24 Hours and
Return Periods from 1 to 100 Years
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The “100-yr storm” is the new 50

Recurrence TP-40 Updated
Interval o -
(in) values (in)

Probability model I 2.5 2.80
for New London,

CT, updated with > 4.0 414
recent rainfall data 10 4.5 4 85
25 5.5 5.99
50 < 6:0 7.02

100 | — | 7.0 8.25
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Future considerations & strategies
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1. Updated info & guidance

A Revised TP-407: “ATLAS-14"

-- Longer period of record

-- denser data network

-- greater ranges of durations
and recurrence
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2. Better analysis and monitoring
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3. Major infrastructure projects

Storage
LS

Tunnels & Conduits

¢ South & North Tunnel

+ South Tunnel is under design

+ Construction will begin 2014

+ Deep rock tunnel with 19 foot
diameter and 2.5 miles long
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Roads & stream crossings

* identify priority flood-prone
areas

e Revise drain and culvert
standards based on the new
precipitation regime

* Build this into the capital
expenditures plan
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Drainage systems

* identify priority flood-prone
areas

* Revise drain and pipe
standards based on the new
precipitation regime

* Build this into the capital
expenditures plan
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Major urban centers leading the way

Philadelphia AFTER Green City, Clean Waters Initiative

NRDC Switchboard Blog
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UConn campus

UConn Green Infrastructure Virtual Tour

A virtnal tour of some of the green infrastructure practices being utilized on the University of Connecticut’s Campes in Storrs, CT.

Infrastructure Tour

rowess e

esri

|~~~
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5. Policy & planning revisions

100-Year Floodplains in the Lamprey River Watershed: A
Flood Insurance Rate Maps (FIRMs), Updated (2005) Conditions, and 2100 Conventional Buildout

SN )
sorshed | S A th 2TR

River \
&
Q.
C o~ i " K
AN Wao Pv ¢

University of New Hampshire
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Updated (2005) 100-Year Floodplains

2100 100-Year Floodplains:
Conventional Buildout

Effective Zone AE 100-Year Floodplains:
Special Flood Hazard Areas with Base Flood
Elevations (BFEs) determined
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Planning & policy revisions, the sequel

New Floodplain Maps for a Coastal New
Hampshire Watershed and Questions of Legal
Authority, Measures and Consequences

6.4, _

National Sea Grant Law Center Grants Program

University of Mississippi

Produced by the Vermont Law School Land Use Clinic
Wh June 2012 me Court jurisprudence provides some
helj to amend their zoning regulations to
mit ill numerous case-by-case circumstances

that Lpensable regulatory taking has occurred.

| VERMONT Law ScHOOL
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6. All the rest!

Barriers to Action by Town Type

Town type
Type of Barrier Coastal (n=24") | Riverine (n=44°) | Inland (n=89) | All types (n=151°)
Lack of funding 66% 75% 71% 71%
Insufficient 42% 50% 43% 44%
state/federal coord.
Lack of public 33% 45% 33% 35%
information
Other issues take 13% 39% 38% 34%
priority
Climate change 8% 18% 34% 26%
skepticism
Insufficient 13% 18% 12% 14%
private/public coord.
Insufficient staff 13% 16% 21% 19%
Other barriers 8% 2% 2% 3%

Dr. Mark Boyer, Dept. of Political Science, UConn
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A PARTNERSHIP OF CONNECTICUT SEA GRANT, NOAA & THE

COLLEGE OF AGRICULTURE, HEALTH AND NATURAL RESOURCES

Climate Adaptation Academy

ABOUT SCHEDULE AGENDA CONTACT FEEDBACK
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The Climate Adaptation Academy October 10, 2014 Seaﬁf!
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