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Green Infrastructure is

.. technologies that replicate and restore the natural hydrologlc cycle and reduce the volume of stormwater
entenng the sewer system by: : o

o Infiltrate

o Evaporate

o Transpire

o Capture and reuse rainfall
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There are 2 sides to the Stormwater problem

The necessary technical side:
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Water Quality Performance (RE)

s ™ ™w
= Conv. Biorstention Average (4) » Durbam Blorstantion {23% B0
» Conv. Sebaurtace Gravel Wetland Subrurtace Gravel Wetland [ 10N SGWSO)
Conv. Bioretention Avemge (4) : 34%
Durham Bioretention (23% IBSC) 81% 27% 45%
Conv. Subsurface Gravel Wetland 96% 54% 58%
Subsurface Gravel Wetland (10% SGWSC) 75% 23% 53%




Subsurface Infiltration
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Gravel Wetland Sand Filter Bioretention Unit Tree Filter




Social: Elements pertaining to efforts that relate to

public involvement and civic support for a cultural
approach or common social responsibility.

FEMIRE
STORMWATER CE



2 municipal examples of Gl installments:

 Lancaster, PA (population: 60,000)

* Dover, NH (population 31,000)



The City of Lancaster: Overview

Incorporated in 1742 as a borough and in
1818 as a City

Served as the temporary National Capital
during the Revolution

~60,000 residents in the 2010 census
7.34 square miles

Historic building stock (median home age of

100 years)

Surrounded by some of the most productive

non-irrigated farmland in the U.S.
Environmental Justice Community




What's the Challenge?

= Lancaster is one of about 770 cities nationwide with a combined sewer system, which releases about 750 million
gallons of untreated wastewater into the Conestoga River when overwhelmed during intense rainstorms.

» 518 miles of streets and alleys

" 464 of 572 alleys are common alleys

= Qver 5oo acres of surface parking lots

= Qver 17,000 private parcels of land

= 48% of land area covered by impervious
surfaces (3.6 sq. mi.)

" 45% of city area in CSS (3.3 59. mi.)

» 56% of CSS impervious (1.9 sg. mi., 1200
acres)

= (CSS most built and populated part of

city




The Problem...and Costs of Solutions are Significant

Previous
Solution

“Lancaster is in violation of the AO, and needs to
address these deficiencies as soon as

possible. Violation of the terms of the AO may
result in further EPA enforcement action for
violation of the order and for the underlying
violations including, but not limited to, imposition

of administrative penalties, 33 U.S.C § 1319(g), DOiI‘Ig NOthing Is

and/or initiation of judicial proceedings that allow . |
for civil penalties of up to $37,500 per day, 33 _N ot an Optlon .

U.S.C § 1319 (b) and (d), for each day of violation.”




2010 Green Infrastructure Plan

Key Plan Recommendations

1. Implement a comprehensive
demonstration program
a) Review existing CIPs
b) GI Funding for Private
2. Implement policy actions
a) Revise details and specs
b) Revise Stormwater
Ordinance for
Redevelopment
c) Stormwater Utility
3. Conduct extensive

weeno LAncaster

. — partnering and outreach
4. Develop technical
tools/studies to support Gl

a) Models / Project Tracking,
etc.

To provide more livable, sustainable
neighborhoods for City residents and reduce
combined sewer overflows and nutrient loads



Triple Bottom Line Benefits

2014 EPA report estimates the

following benefits of implementing
the Gl Plan:

* S4.2 million/year in energy, air
quality, and climate-related
benefits

* $660,000 annually in reduced
wastewater pumping and
treatment costs (at current costs)

* $120 million in avoided gray
infrastructure (e.g., tanks, tunnels)

* For an Gl investment of S80 - $140
million (depending on level of
integration) ot e e M

The Economic Benefits of Green Infrastructure

A Casa Study of Lancaster, PA




Brochures and Factsheets
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What We Are Doing?

= Planning for a more sustainable Lancaster

= Incorporating Green Infrastructure and Complete
Streets concepts into plans, ordinances and codes

= Implementing Projects that integrate Gl and Sy
Complete Streets L,

= |ncorporating Green Infrastructure into every
capital project — more cost effective!

e ¥ T g g " i v n. - = ~
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Initial Efforts Focused on Early Action and Continuous Improvement

* Maximize existing infrastructure (pumping station upgrades, screening, etc.)
* Modify current/proposed capital projects to incorporate Gl

* Secure funding for demonstration projects

* Develop plan to scale up for city-wide implementation

* Review all City ordinances to incorporate/require Gl for redevelopment

* Develop stormwater website

* Conduct community education/outreach

* Develop incentives for private sector participation (i.e. stormwater utility)



Innovative Public-Private Partnership enables private

Investments in CWA progress
e S7M SRF PENNVEST Loan to

fund implementation of Gl on FENRY T
public & private property RS

45 initial GI/BMP sites e AT

* City pays up to 90% of Gl Costs E st g s

* Property owner pays remainder | . . T e
and signs on to long-term SEIE e e o Coiee
maintenance agreement e e e e Y

* SW Utility implementation also i iy b
motivating additional private AL Biazan 17 LR e Ve
investment in CWA controls Sre 2 i '

@ °
P21 4
P96 3
® t
w3 -
I_a t N @ Bundio 1, Green Roof (11) ® Bunde 31 Privido Propedhios {10)
e titval : 0
oy nca§ er . @ Bundle 2 StreatsiAloys (1) ® Bunde & Public Propestios (5)
e s Bundle 3 Private Proporties {8)
Qty of Lancaster
Green Infrastructure Program 2012 0 s 1000 i
inital PENNVEST Progects Fest




Significant Grants and Loans Supported Rapid Implementation and
Continue to Support Gl Program

A Date of Awarded [Matching
Funding Source Type . . .
Count Award Amount Funds Project Title Project Type
1 PA Dept of Conservation & Nat. Resources 2009 Grant $70,000 Green Infrastructure Plan for the City of Lancaster Planning
2 National Fish & Wildlife Foundation 2010 Grant $400,000 $520,000) Implementation of Gl Projects in the City of Lancaster Design/Construction
3 PA Dept of Community & Economic Dev. 2010 Grant $768,333 $384,167| City of Lancaster Green Infrastructure Project Design/Construction
4 PA Dept of Environmental Protection 2011 Grant $225,000 Lancaster City Green Streets Design/Construction
5 PennVEST 2011 Loan $7,000,000 Lancaster City Green Investments Design/Construction
6 PA Dept of Environmental Protection 2011 Grant $770,000 Implementation of Gl Projects in the City of Lancaster Design/Construction
7  |PA Office of the Budget 2011 Grant $1,500,000 Implementation of Gl Projects in the City of Lancaster Design/Construction
8 Keith Campbell Found. for the Environment 2011 Grant $25,000 Case Study approach to Gl Projects in the City of Lancaster | Planning
9 National Fish & Wildlife Foundation 2011 Grant $400,000 Lancaster City: Institutionalizing Green Infrastructure Planning
10 |PA Dept of Environmental Protection 2012 Grant $263,120 City of Lancaster Green Alleys Design/Construction
11  |PA Dept of Environmental Protection 2013 Grant $250,000 N. Marshall Street Green Street Design/Construction
12 |Chesapeake Bay Trust 2014 Grant $100,000 N. Marshall Street Porous Sidewalks Design/Construction
13  |Pennsylvania Low Volume Roads Grant 2015 Grant $80,000 MS4 Green Alleys Design/Construction
14 |US Army Corps of Engineers 2015 Grant $50,000 $50,000{ GIS Mapping of Storm System Planning
TOTAL]{ $11,901,453 $954,167




The Green Infrastructure Benefit Calculator
Projects Future Benefits for CSO and MS4 Areas

Table 511 = Green Infrashruciure Calculotor for long-tcim (approximately 25-ycar) period
- 1]
- - Impervious
Impervious lmpervious . Green o PA Annuval Runoff /
£ s AR g 5 o : : , ‘ ; rea - " R w
Area Type o Area Technolo : - Runoff Reduction.
YP gy Managed PP Sy Ea ot
Roads [ Alevs 522 100% Gresn Streets 30% 159 1= 1.0 e~ TSzt |
Paric 241 8% Park improvernanis / Greening TER 170 bR 1.0 g6 182
Sidewnes ks 124 100 Disconnmection. Porous Pavemeant 35% a45.3 120 io so= 351
Parkcirng lots 54K 100 Porous Pavemant, Hlarsatantion 20 130 &e28 2.0 L=y 121.3
flat Roofs 218 1005 Vegetated Roofs / Disconnection 18% 32.7 2312 1.0 sew 27.3
Slooing Roods [ 3= 100 D sconm=ction/ Raln Cardes 25% i1c4 <5 3 1.0 BE>» 13¢5
Straat Traes N/A NSA Ennanced Tree Planting MNUA 1 as.3 g 4a 0.3 AT v 215
Public Schoals 175 29% Graan Schools 7% 38.4 SO 1.0 cew 320
Various {Ord harce=) 1274 100% first-fish Ordineance I S50% a37 L2356 1.0 BO> 2316
Total 1,265 3,752 1,053
55%
T - - — — T -
S " at Lharge Foliutart KaeduLt) . - Loy Tant
roltutant
| Concantration® Comnonntration EOrrsstes r 190 . Prarn OO Hedects
Pollutant Load Reductions
—  Pollutant Loa eductions
) rén ! ! &1 A0

25-Year Plan to manage over 1,200 Acres of Impervious Area
Capture over 1 Billion Gallons of Stormwater Runoff over the long term




(PHS Gardening and Greening Contest

THE PENASTIVANA MORTICLILTUSAL SOCIETY
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Grant D. Brandon Park
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Brandon Park




Dauphin Street Parking Lot

452,000 Gallons / year reduction in runoff volume

AR 0 LY
W .




538,000 Gallons / year reduction in runoff volume
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281,000 Gallons / year reduction in runoff volume




5
Summary of City-Owned Parking Lot Retrofit

Projects

g = - Y

Plum Street 4,680 511,000

Dauphin 4,516 411,000

COST PER GALLON = so.14/gallon




e
Alley 148 Greened for 10% Additional Cost

Before (July 2011) After (February 2012)
Conventional Unit Green Unit .
Componant Cost (S/square foot) Costs (S/SF)

Pavement Removal/Excavation S1.08 $1.08

Crushed Stone w/ geotextile S0.35 $1.39
Pipes/Cleanouts/etc. - $0.82

8-inch reinforced concrete S18.89 $18.89

Permeable Pavers - $19.44

Total Weighted Average $20.32 $22.37

Additional Green Cost (S/SF) - $2.05

Addltlonal Green Cost (% 10%

~$22.40/SF for green alley retrofit

(permeable pavers with infiltration

trench’r""'

195,000 Gallons / year reduction in runoff volume
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Lancaster Brewing Company (Plum and Walnut)

-Dangerous
Intersection
Conditions
-Adjacent to
National Register
Historic Building
-Gateway into the
City’'s downtown

28



The Lancaster Brewing (ompany “Beer Garden” is (oming!

Thanks to th@ “(ity Of Lan(aster” for th? Waant Str(’et pTOjQ(t' 3. There will be a right turn on red from Plum onto Walnut Street - to keep the

flow of traffic moving just like it does now.
1. The project will capture stormwater run-off from Walnut and Plum Streets
by allowing water to soak into the ground in “Water Collection Areas”. The
City of Lancaster will save money with this “natural” treatment of stormwater

while saving our friends down stream from us. 5. The project is slated to start mid-summer with a fall completion.

4. Lancaster Brewing will get an awesome new brick patio with outdoor seating
for you to enjoy a cold one and meal with friends!

2. The intersection will get a huge improvement with safe crosswalks! Take a brochure from our friends from Live Green Lancaster to learn more about Green Projects around Lancaster

(ity of Lancaster “Green Infrastructure Project” for Stormwater (ollection

> mm{ e

AN AR

—

1.7 Million Gallons / year reduction in runoff volume ;:‘?‘::’"‘-'
< $0.20/ gal

—

Rendering by McCormick
st Taylor
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700 Gallon Cistern Functions As Public Art and

Irrigates Planters




LBC
Educational
Placemat

after a storm?

Water that rains down washes over streets, lawns,
parking lots and off of roofs, like the one over your
head, and eventually into storm drains (the grates you
see on sidewalks and streets). Along the way, the water
gets really dirty from things like litter, pet waste,
chemicals, oils and car fuids.

While some of It can be cleaned up at a treatment
conter, some of that dirty wator ends up In our creeks,
ponds and lakes Iike the Conestoga River, and eventu-
ally flows all the way to the Chesapeake Bay!

Each year, 750 million gallons of polluted water from

Lancaster City ends up in the Bay. That's a lot of dirty
water! What If we could keep it clean?!

There are lots of ways we can all help
recycle water.

And one of those ways Is right here where you are
eating— the cool Public Artwork outside this
restaurant, called “Lancaster’'s Gateway Bundle.”

When rain falls or snow melts on the roof, it flows
right into the giant "bucket"” (called a cistern)
attached to the bullding. The cistern catches that
water before It flows through the drains Into the
rlvers. It can hold 750 gallons of water (thats
enough to fill your bathtub over 30 times!)

And guess what? Not only do we keep that dirty
water from going Into our rivers and streams, that
water can be used to water the plants in the
restaurant's garden outside,

New THaTts coel

TURN THiS CISTERN {NT® YOUR ©WN Piele

©F ENVIRONMENTAL arT:

tdon't forget to draw all the plants the cistarm will help wated
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m GREEN INFRASTRUCTURE ADVISORY COMMITTEE

= Included representatives from:
= business owners,
= citizens,
= institutions,
= environmental groups,
= state government,
= | ancaster City government, and
= | ancaster County government.

= Met 6 times between April and September 2012 on
funding options and policy issues




Dover, New Hampshire:




Berry Brook Project:

* Discovered problems with the brook

* Had to relocate stock yard - water stock moved to
Community Services headquarters

* Loss of city’s inventory building

e City Staff tasked with constructing small rain
garden at the elementary school




Social: Elements pertaining to efforts that relate to

public involvement and civic support for a cultural
approach or common social responsibility.

STORMWATER CENTER




Participants at the Beginning:

* City of Dover Staff
* UNH Stormwater Center

* NH Department of
Environmental Services

* Environmental Protection Agency

STORMWATER CENTER

NEW HAMPSHIRE
=<4\ DEPARTMENT OF

Environmental
Services




New Definitions to Learn:

BMP — Best Management Practice
LID — Low Impact Development
OMDB — Over My Dead Body

RG — Rain Garden

NDP — No Damn Plants



GW - Gravel Wetland

MHA — Must Have Access

MS4 — More ShH#H@ 4 me

BACB — Big Ass Catch Basin

SWMP — Stormwater Management Plan

RMP — Right Maintenance Plan
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Water Quality Performance (RE)

TSS TN |
= Conv. Bioretention Average (4) = Durham Bioretention (23% IBSC) i

= Conv. Subsurface Gravel Wetland ~ Subsurface Gravel Wetland (10% SGWSC) ‘
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Conv. Bioretention Average (4)

Durham Bioretention (23% IBSC) 81% 27% 45%
Conv. Subsurface Gravel Wetland 96% 54% 58%
Subsurface Gravel Wetland (10% SGWSC) 75% 23% 53%




GI: Subsurtace Gravel Filter







Water Quality Performance (RE)

TSS TN |
= Conv. Bioretention Average (4) = Durham Bioretention (23% IBSC) i

= Conv. Subsurface Gravel Wetland ~ Subsurface Gravel Wetland (10% SGWSC) ‘

P o ) e
. ~“~Ei=288
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Conv. Bioretention Average (4)

Durham Bioretention (23% IBSC) 81% 27% 45%
Conv. Subsurface Gravel Wetland 96% 54% 58%
Subsurface Gravel Wetland (10% SGWSC) 75% 23% 53%




Old Stormwater Thinking:

* Create a direct path to river or brook

e Add pipe or culverts to remove any ponding near
roadway

 Full drainage project includes many catch basins
with large pipes directly to river or brook




New Stormwater Thinking:

* Employee Involvement

* Resident Involvement

e Catching Sediment and Trash

* Capture and Treat Stormwater close to source
* Reduce Impervious Area

* Try new systems and ideas... but always keep in mind
maintenance impact
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