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Welcome to the Webcast

e Continuing Education Credits — We are offering PDHs for our
national watershed and stormwater conference. A registered attendee
must watch the entire webcast to be eligible to earn a pdf Certificate
of Completion that will be sent out after webcast to the person who
registered for the webcast. The certificate will indicate the Number of
PDH hours earned. The varying nature of certification requirements
for each state means we cannot guarantee that CEU’s will be awarded
and it is up to the individual to determine if CEU’s or PDH’s will be
awarded based on the policies of their local certifying board. Email

webcast@cwp.org with questions.

To Adjust How the Slides Appear on
Your Screen — To make the slide area
larger, go to Full Screen under the Meeting
Tab.

To Answer a Poll Question — Polling
questions appear during the webcast. To
answer a poll question, click on the radio
button to the left of your answer and click
submit. Do not type your answer in the
chat box.

To Ask a Question — The right corner of
the screen contains a Q&A chat box. Type
your question in the box and click on the
send question icon to submit it. We will try
to answer as many questions as possible
during and after the webcast.
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Webcast Team

Susan Ashbrook,
Sustainability Director
The City of Columbus, OH

Dr. Jon Hathaway, Assistant Professor,
University of Tennessee Department of Civil
and Environmental Engineering

Todd Gartner, Senior Associate & Bill Hodgins

Natural Infrastructure for Water Senior Water Resources Engineer

Manager at the World Resources Center for Watershed Protection
Institute
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* Background/Timeline
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* Benefits

* Vacant Lot Repurposing Pilot
* Getting Started

¢ Lessons Learned So Far

Background
¢ Columbus under two state consent orders
* 2002 CSO Order
— Plan submitted in 2005
— Largely complete except for tunnel
— CSO volumes have reduced dramatically
* 2004 SSO Order
— Requires elimination of sanitary sewer overflows and basement back-ups
— Original plan submitted in 2005
— Included two 14-mile long deep sewer tunnels

SSOs
* Unlike combined sewer overflows
* Sanitary sewers much smaller and not designed to carry rain
* Nonetheless, rain can infiltrate thru cracks, leaks, illicit connections,
foundation drains of older homes, etc.
* Original plan to build overflow tunnels
— Allow problem (infiltration) to continue

Why Integrated Planning?

¢ CSO work is almost complete
— Spent a billion dollars to capture a billion gallons of overflow

¢ SSOs are a fraction of the overflow volume, but three times the cost
— SSO tunnels do little for water quality as they do not improve stormwater
— SSO tunnels do not create local jobs or much investment in local economy
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Blueprint Approach
* Instead of building more infrastructure, invest in fixing our infrastructure
* Root of problem is rainwater getting into sanitary system
— Invest in sanitary system, public and private to keep rainwater out
— Focus on residential areas
* Creates opportunity to improve stormwater discharges
— Route water away from houses to streets
— Treat with green infrastructure before discharging
* Improve rivers, neighborhoods, local economy

The Four Pillars

Keep rain water out of sanitary sewers

¢ Lateral lining
* Roof redirection

¢ Sump pump

| Lateral Lining

‘ Roof Redirection

‘ Voluntary Sump Pump

The Four Pillars

Improve stormwater discharges

e Green infrastructure

| Lateral Lining

| Roof Redirection

‘ Voluntary Sump Pump
‘ Green Infrastructure

The Fourth Pillar: Green Infrastructure

« Redirecting rainwater away from sanitary into streets

may make localized flooding worse

* Adding more stormwater to storm sewer could further

impair water quality

* Solution: install enough Gl to meet “do no harm” plus

create a significant water quality benefit

Benefits of Blueprint Plan
* Job Creation
— Gl maintenance jobs
— Smaller construction projects
* Neighborhood Impacts
— Green amenities
— Renewed laterals
¢ Addressing the problem rather than the symptom
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Benefits of Blueprint Plan

¢ Blueprint includes $959 M in renewed infrastructure
— Approximately half of this will go towards lining laterals
— Solving the source of the problem that will only get worse if left alone
* The gray plan only includes $390 M in renewed infrastructure
— Gray depends on building new assets rather than fixing the existing
assets
— Does not include the liability that homeowners face with lateral
failures
— Rates will be the same but homeowners will incur more costs

Blueprint Has Significant Water Quality Advantages

In addition to do no harm, City is

currently designing Gl to remove

20% of TSS from controlled areas

If that remains do-able, Blueprint

will remove 342 tons of sediment

annually once full buildout occurs

That’s 44 Hanks!

Columbus Zoo’s Hank weighs 15,600 pounds

Blueprint Provides Additional Water Quality Benefits

Exhibit 8.1.4 20-Year Total Modeled Overflow Comparison
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Repurposing Vacant Lots

In original agreement with Ohio EPA, agreed to do pilot on vacant lots
Purpose was to determine feasibility, cost effectiveness, public
acceptability

Constructed 4 installations

Largest is Southside Settlement Heritage Park

Repurposing Vacant Lots

Before and After SSHP
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Created neighborhood amenity

South Side Vacant Lot Repurposing

Getting Started!

* Blueprint plan identifies the areas of the City that need
to have Infiltration reduction
— Total of approximately 18,000 acres
« Divided into 20 project areas
* Prioritized based on several factors
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First Project Area: Clintonville
* Approximately 997 acres
and 2875 homes

* Divided area into six
sub sewer sheds

¢ Gl Engineering started
with surveying in 2014

* Construction began 2017

Clintonville Green Infrastructure

* Building approximately four acres of Gl

* 430 separate installations

* Construction costs approximately $18M

* Inaddition, three impervious roads (pavers)

Construction
is
Underway

Next Area: Linden
¢ Glisindesign
¢ Neighborhood very different demographics
— Much higher percentage of rentals
¢ Chance to repurpose some vacant lots and improve parks
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Kenlawn Park

Kenlawn Park Solution

Lessons Learned

Public Outreach Critical

* SSSH Park — met with every civic
group and area commission multiple
times resulting in very supportive
community

.

Clintonville outreach has been very
intensive — mostly positive
* Big and small meetings, door to
door lit drops, area meetings,
road shows
* Sump pump volunteers —
everything from social media to
church bulletins

Lessons Learned
Southside Settlement Heritage Park

* Adding playground equipment and other park amenities
0 Modest increase in construction cost and huge win for
neighborhood
Clintonville
¢ Included pervious pavement on a street which neighbors
have been asking for sidewalk
0 was a small investment that generated a lot of support
0 Public Service Department able to finish the sidewalk to the
school

Lessons Learned

Solicit public input, be open to making changes

¢ Moving location of rain gardens

* Remain sensitive to neighborhood aesthetics and safety
concerns

Questions?

Learn more at: Columbus.gov/Blueprint

Susan E. Ashbrook
seashbrook@columbus.gov
614-645-0807




Protecting Drinking Water: Lessons from Watershed
Investment Programs in the United States

Jocd Gartner | Senior Associate WRI

National Watershed and Stormwatet Conferenice | April 4, 2017
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Why Natural Infrastructure
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WHY GREEN + GRAY?

Improve climate resilience &
business flexibility

‘Source: IUCN 2015, App Developer

[ ]
WHY GREEN + GRAY?
Reduce capital expenses and
treatment costs
Souree: UCN 2015
[ ]
WHY GREEN + GRAY?
Meet urban-rural development and
water stewardship goals
Souree: UCN 2015
1
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13 Case Studies

Aurora,
Colorado Springs,
4 Portland
s [Portand ]
Northern Water,
Pueblo

San Francisco

Upper
Delaware
River Basin

| Santa Fe ‘ ‘ Central Arkansas

Key Lessons & Enabling Conditions for Success

Phase of Program Lessons

1. Identify risks and opportunities to rally support
2. Build partnerships to fill essential roles and responsibilities INSPIRE the neworkof ~ ENABLE assessmentof  FINANCE onthe-

Building Momentum actors to champion natural natural infrastructure ground natural
3. Articulate a clear vision of success infrastructure soluions  opportunities and challenges  infrastructure projects

4. Cultivate champions and advocates
5. Develop a scientifically informed plan for the land @ _ @ @ -

DS RGNS B 6. Evaluate the business case for investment

7. Identify funding sources and financing mechanisms o F Py -
raise awareness guidance & roadmaps financing options policy integration &
8. Engage landowners to protect and restore natural infrastructure access to information business case collective action replication at scale
Implementing the Action L
Plan 9. Manage and administer the program
10. Monitor performance to demonstrate results
[ ] [ ]

Catastrophic Events s Pipeline of Investable Projects

INSPIRE

Awareness & Information
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now Your Watershed
sualize critical watershed related
information

 Identity Watershed R

tnderstand ype and seve

threats (o watershed healt]

. Wﬂ‘ﬁrm mmm Action

obtain recommendation on natural
BETA infrastruciure solutions and
guidelines and decision-si
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U.S. DOD Installation Water/Watershed Risk Prioritization

=

Healthy Watersheds Consortium Grant Progral

+ 9 awards in 7 states (year 2 awards announced in May)

+ S2+ million (3:1 leverage)

* Projects Expected Results:
— 236K acres/35 stream miles protected (3yrs)
— 5.5 million acres conserved (20yrs)

ENABLE

Guidance & Business Case
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Build Capacity & Partnerships to Achieve a Shared Vision
Technical Investors |~ |  Approving
experts bodies
]

Intermediaries ‘ Functions & connections
and extension

—_— < Money
agents Landowners & .
<« Services
Managers

— Trust

Knowledge

<«— Rules

Cultivate Champions — Pay Attention to the Messenger!

Former Raleigh Mayor Charles Meeker receiving Raleigh Environmental
Stewardship award for leadership in sustainable development, April 2014

The Business Case: Portland, ME

Detailed financials of green-gray infrastructure approaches for
securing clean drinking water in Portland, ME

Present value of investments over 20 years, most optimistic

scenario 111
71% Savings

155

USD millions

12 1 02 2

16 — —
-
s W
Reforestation Riparian Conservation Culvert ~ Forest  Total  Savings Membrane
Buffers  Easements Upgrades Certfcation  Green Filtaion

(Gray)

9,400 30 1320 4 4700
acres acres  acres  units  acres

11



The Business Case: Northern Front Range, CO

Preliminary summary financials for natural infrastructure
Approaches for managing fire risks in Northern Front Range, CO

Present value of investments over 20 years, Base Case Scenario

Preliminary summary financials for Northern Front Range, CO
Distribution of (real-time) Savings, USD millions

Base Case Scenario
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The Business Case: Northern Front Range, CO

USD milions

198 565

restoration

39 4 367
152 - -
172
Glscenario  Thinning, Fuel Road Total Savings Baseline
flecosts  prescribed  breaks decommissioning  Green Fire
e, and maintenance costs

yss ofthe Cache la
ont Range — Prelini

Monitor Performance to Demonsti

rate Results

Practice-based Performance-based

Ecological - Acres
treated/protected/restored
- Miles of streambanks
restored or protected
Length of fire fuel breaks
created

Economic - Funds raised
Dollars spent (annual total
and per acre)

Water quality (e.g. turbidity,

temperature)

- Reservoir level and tributary
flow volume

- Amphibian and fish

populations

Treatment cost reduction
- Number of jobs created
Forest health harvest
revenue

stainable Funding & Financing Mechanisms

R TR Years Funds No. of
o nded invested nvestors
3

Primary financing mechanisms

Delaware River 5 $1.9 million Grants
Central Arkansas Watershed protection fee; nutrient
8 $27.7 million 5+ impact fee; government cost-share
Portland, Maine Allocation from utility’s general
2 $400,000 .
operating fund
Upper Neuse, North - Watershed protection fee; nutrient
Carolina 10 $5.6 million i impact fee; grants and donations
Rio Grande 2 $1million  multiple Grants
Santa Fe . Congressional earmark; water rate|
7 $9.5 million " -
increase; municipal bond
Flagstaff 7 $12 million 12 Municipal bond
San Francisco Municipal bond & utility operatin,
10 $50 million 2 b e E
budget
[ ]

purmec SRS iy
umed ArgaALUE], [PERCE

Rehabilitation RYRRGE], iPercenTaGE)
[VALUE], [PERCENTAGI

D Costs
[VALUE], [PERCENTAG!

Fire Suppression
/ALUE), [PERCENTAGE]
Carbon Emissions
[VALUE, [PERCENTAGE]

Insured Property Loss
IVALUE], [PERCENTAGE]

FINANCE

Financing sources & mechanisms

12



Western Forests in Crisis

Overgrowth intensifies drought and wildfire
Water quality threatened

Hydropower generation severely affected
FORESTS US Forest Service facing rising suppression costs

PROBLEM:
OVERGROWN

1929 Today

Collaborating with

Moving from Pilot to Policy - AB 2480

Moving from Pilot to Policy - AB
2480

Water Quality/Resiliency
Benefits Accrue to Water

Contracted cash flows as and Electric Utilities
determined by evaluator N

Debt \

Investors \
\

PRI n9S Forest Restoration ——»  Evaluation

Platform

1

Interest

Investors IESEIE] K

i
v
Fire Suppression
Benefits Accrue to

Contracted cash flows for USFS and State

successfully restored acres
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Solution - Forest Resilience Bond

O 4 | SCALE
Scale up to meet water challenge

Major Near Term Policy Opportunities

13
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Urban Forestry and
Stormwater
Management

The Role of Urban Trees in
Green Infrastructure

Todd Gartner

: : Jon Hathaway, PhD, PE
Senfor Associate, WRI s

Assistant Professor
hathaway@utk.edu

1ganner@wi org

Andrew Tirpak
Graduate Research Assistant
rtirpak@vols.utk edu

THE UNIVERSITY OF

. TENNESSEE

KNOXVILLE

Livesley, S. J. et al. (2016)

Urban Trees: Stormwater Benefits Research Gaps

FVAPOTRANSPIRATION  GROSS PRECIPITATION « Tree function in urban environment vs

* Hydrology natural/forested environment

« Interception
« Transpiration

¢ Localized vs watershed-scale tree canopy effects
« Infiltration

on urban hydrology and water quality
¢ Water Quality

¢ Linked to N and
P reduction

« Canopy impacts on runoff and infiltration from
impervious/pervious urban areas

SURFACE RUNOFF
.. — 1
° lelted INFILTRATION . .
research o * Role of urban trees in green infrastructure,
SOk WATER STORAGR stormwater management, regulations and policy
Inkilainen, E. N. M. et al. (2013) Kuehler et al. (2016)

14



Suspended Pavement Systems

» Pavement support
structure

* Promotes healthy
urban trees

¢ Non-compacted
soil allows roots
to grow and
access air/water

4/4/2017

Sandy Fill
Media —

Construction
Impacted Layer

4

In-situ Soil Exfiltration

Drainage

Construction and Installation

Monitoring Equipment

15



Davis et al. | Winston et Page et al.

2012 al. 2016 2015 Urreels
2242 —
Watershed (m?) 1836-5261 1900-3600 | o0 128-133
IS & 102-149  57-182 276 2227

(m?)

Bioretention area (%) 2.8-6.6 2.9-5.0 55-6.6 17.4-20.6

Bowl Volume (m?3) 23.6 - 36.0 35-60 1.38 23-28
Media Depth (m) 09-12 0.6-0.9 0.8 0.7

Soil texture Sang);rl](:iam f Loamy sand | Loamy sand Loamy sand
Sand / Clay (%) 70/20 — 96/4 87/9 8717 85/10
Organic Matter (%) - 1-4 3-6 5

Performance Comparison

= Outflow mOverflow = Exfiltration / ET

100%
80%
60%
40%
20%

0%

Winston etal. Winston etal. Winston et al. Page et al. UT South Site  UT North Site
Uc site South Site North Site Ann St (lined) (no underdrain)
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Hydrologic Analysis

=m Rainfall (15min) —Inflow —Outflow
) NI .
0.01
30
0.02
» 0.03
22 Storm Size: ~1in 0.04 £
g Volume Reduction: =
0.05 ©
E 99.3% £
R Peak Flow Reduction: | 0,05 &
99.8%
10 0.07
0.08
5
0.09
0 0.1
O
N W e W o ° ot a®
W P A sy (e o s o

Runoff Reduction Performance
10 #Outflow  ®No Flow South Cell
o]
& | *
£ No outflow for 38/41
GJ 6 .
£ storms ranging from
§ 0.02"-0.9" 138"
g 4
§ *
o
2
] / N
1 1.00"
O | o
0 200 400 600 800 1000
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10 .
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f\" ‘ n | |
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2 e S
S * o] o34 X X
[24 o |o
© o1 e 3 x X X |
9 AR XX
5 % Gl ‘ ‘
Rt X 1—<—><—><><“M Ly . —
8 TE +| _Proportionally _|
[a] R 2d
@ 001 i Larger Cells =
A
3 L A
S — 4
0.001 b
99 95 90 80 70 60 50 40 30 20 10 5 1

Exceedance Probability

Li etal. (2009)

Preliminary Conclusions

1. Suspended pavement systems are effective
at reducing runoff volumes and peak flows

2. Limited storage volume (“bowl volumes”) in
suspended pavement systems can lead to
oversized practices — design storm critical

Future Work:

- Characterize ET contributions to water balance
via sap flow sensors

- Analyze water quality benefits associated with
trees in suspended pavement systems
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Bioretention Column Study

ShLe_dds_d_bﬂLdma_d_m.qu.h_._,____._

Bioretention media

P ravel

Washed #57 stone

Scale platform gy j————\—

Bioretention Tree Health Surveys

* Jun-Aug ‘15 v w

. v
e 5 cities

38 practices
e 97 trees

How does the health of bioretention
trees compare to other urban trees?
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Bioretention Column Study

Tree Crown Condition Indicators

Vigor Class

Rating Crown Condition Indicators

...........

Density/Transparency Scale Foliar Transparency

Bioretention vs Non-bioretention Trees

17



Comparing Tree Health

* Many tree species appear to be less healthy
 Incompatibility with species-specific growing

preferences:

Bald Cypress
Pin Oak

River Birch

Red Maple
Redbud

Lacebark Elm

Bassuk et al. (2009)

randomForest Algorithm

« Ensemble learning-based regression
technique using numerous decision trees

4/4/2017

What bioretention parameters
influence tree health?

High-Importance Parameters

Fines (%) Reinforces findings in tree health comparison study;
Bioretention media should align with species-specific habitat
Media Sand (%) preferences

Composition
Organic Matter (%) | Influences soil fertility, structure; OM standards vary

Buffer pH Controls change in bioretention media pH over time

Bioretention
Media Copper
Chemistry

Micronutrient; deficiency leads to crown defoliation and
dieback (other micronutrients are also key)

Vital to plant functions (photosynthesis, water

Potassium . . L
regulation, cell expansion); req'd in large amounts

. Planting Location | Should reflect tree tolerance to inundation
Tree Selection

and Planting

Species Selection | Species should be tolerant of bioretention environment

Tree Health Survey Conclusions

1. Trees should be selected based on their
ability to tolerate the unique conditions
found in bioretention practices. Species-

specific preferences for growing conditions

should be considered.
2. Species selection should be guided by

analysis of bioretention media composition,

prioritizing the high-importance
parameters.
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Questions?
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Questions?

Thanks for Joining Us for Session 2
Innovation in Practice — Integrated Water Resources
Management and Implementation

The next online webcast session on:
Emerging Tools in Watershed Protection,
Restoration, and Implementation

Begins at
3 PM Eastern
2 PM Central
1 PM Mountain
12 PM Pacific
Just keep your connection to the conference open
(don't leave Adobe Connect) and we'll see you then!
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