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Research to Practice — What
CanlIDo To Improve MY BMP learned from Villanova’s research that can be

applied to your property. Focus will be on the
www.phrc.psu.edu processes used in stormwater systems, and how

* In this webinar we will review practical lessons

you can apply them to retrofit or build new green
infrastructure practices.

PREFERRED
a EDUCATION
PROVDER.

Lo
SO ; ,\
PennState PENNSYLVANIA HOUSING =] NA i A g f
=\ = EDUCATION
'a College of Engineering | RESEARCH CENTER %, G0 ApproR/e! PROVIDER PHRC NWAAwR! SERC

PENNSYLVANIA HOUSING
RESEARCH CENTER

VILLANOVA UNIVERSITY =) PennState

LLEGE OF ENGINEERING College of Engineering

Learning Objectives

| CENTER FOR RESILIENT
B3] WATER SYSTEMS

PHRC Webinar

1. We will review the fundamental Processes of Green L oI D EE B . RZS‘"‘” ch 0 Brocugel .
Director What can I do to improve m ”3 'M:
Infrastructure. Villanova Center for Resilient Water Systerfs 2 /

2. We will review different types of green infrastructure M- O R,
you should consider. Bridget Wadzuk, PhD

3. We will review how to introduce stormwater control Ktvf;depro d
measures to your existing property Amanda Hess, PhD

4. Atthe end of this webinar, you will understand S
maintenance needs for BMPs Grad students
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n Water Resources - Robert Traver, Bridget Wadzuk, Virginia Smith,
VI LLANOVA UN IVERSITY um Geotech - Andrea Welker Kristin Sample-Lord,
COLLEGE OF ENGINEERING Mission: To engage with society to create resilient A Environmental - John Komlos, Wengqing Xu,
engineered solutions for global water challenges. w@ Mech Eng. - Garret Clayton (Cendec)
CENTER FOR RESILIENT = Other Contributors - Temple, Penn, Morgan State, University of Baltimore, VU A&S, “CBEST”

WATER SYSTEMS

Framework
Watershed Processes — refers to all waters that travel through the natural waterways and estuaries of the world
- Natural Systems impacted by climate change, development, structures
- Aquifers, Rivers, Watersheds, Coastal Estuaries

"

Urban Water Systems — refers to the application of the watershed processes within the built environment. vu ResearCh FaC|I|t|es

Resilient Green Infrastructures, Water Supply, Urban Flooding, Combined Sewers (VUSP) Labs Water Resources (JBH), Geotechnical (JBH), Env. Chem Eng Bldg
Campus - VUSP’s Stormwater Control Measure (SCM) Research and Demonstration Park
Under Resourced Communities — refers to using engineering knowledge to resolve fundamental water supply issues Campus and Philadelphia Landscape
in vulnerable communities

Staff Support — Erin Malanowski
Laboratory Director - Amanda Garzio-Hadzick
https://engineering.villanova.edu/vcrws
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Resilient Green Stormwater Infrastructure

= Goals: 1978 — 2000+

* Property/Safety Based
Drainage
Flooding

B
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Rain Garden 2001

Underdrain
No Liner
No Gravel / Sand layer
46cm” bowl (not 15cm)
10:1 not 5:1
Media — Mix Sand and Native Soil
No Compost
Design Capture Vol

1.27 cm Bowl, 1.27 cm soil
Minimal maintenance

Never replaced mulch

But it works! Why?

IGMITE CHANGE. GO NOVA

s =

20 Years + with minimal maintenance....

Villanova’s SCM Research and Demonstration Park

Goals: Now?
Property/Safety Based
Drainage
Flooding
Receiving Water Based
Base Flow / Recharge
Stream Channel Geomorphology
Water Quality Surface & Ground
Sustainability (Air quality? Etc?)
Resilience - Climate Change
Under Resourced Communities
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Bioretention Rain Garden — 1990’s?
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Bioinfiltration Traffic Island Construction
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STORM ISAIAS PARAMETERS Bubble Chart with Measurable Overflow
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The Evolution of Infiltration Green Roof
- Ksat +Ksat . i i
* Current Knowledge - Soil Physics POSS.  S — Retrofit constructed in 2006 |
Based p— e 1:1ratio ‘
® Vadose (unsaturated zone) | fnerchonge .. Gargecton . . i
* Understanding of soil suction, and A peese s —_ * 4in (10 cm) growing media
temperature effects / H Ry Plartroct oy
® Importance of plant available moisture / o \/p) depth
® Macropores — importance of Taifc e v Pt ~ H
vegetation o | ] % e R * Captures ~0.8in (2 cm)
® Expectation for performance for Corstucion aessing | Decrsmsed sl _ Primarily due to underdrain
extreme events — e Tenperatite e i
® Role of infiltration supported by [ o [P 1 — Solputcs (waffle board) and rock i ol | 5
bhiehiel porcing e (Leoin perimeter ot
) f(»\ e e o m—
* Disconnect between science and e ]| o A e — Modify drainage structure ->
practice i sedinert N eceasedar get more retention
® Design and policy does not take full oaing Orenmetes wingrien
advantage of infiltration capabilities X ] JE— PI - Dr. Bridget Wadzuk
® “old” Design St'o;;m? prevent | saolty Students: Jerry Zaremba, Catherine Barr, Dominik
connections with climate Temporal and spatial variation of infiltration in urban green Schneider, Meghan Feller
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Villanova Green Roof
Cumulative Rain
Cumulative [t

™ Ovewllo

100 — 1,000
mE Gerald Zaremba

20 = « Rain — 900

80 800
70 o 700 -
£ £
£ 89 £
5 60 & 600 &
s £
& 50 4% so0 F
E a2 . £
= - 2
E 40 a00 E
£ i 324 o £
& o0 | = s

30 {228 Sl . Y s0 ©

oll = 208
193
20 spize 13 - ¥ 200
faz
10 % 100
= ‘H LI
ST I
1-Apr 1May 1dun  1dul  1Aug  1Sep 1-Oct 1-Nov

IGNITE CHANGE. GO NOVA

Evolution of Water Quality

The Evolution of ET

* Recognized as a contributing part
of a Gl system’s water balance
— Instrumental in GI functioning of GI
* Removes stored water volume
* Restores soil storage capacity
* Maintains healthy plant life
— Role of ET supported by science
A\ Disconnect between science and
practice
— Ignored in performance analysis

— Design and policy does not consider
ET

001 23 4 5 6 7 8 9 10U D
Time after Rain vent (Days)

Hess,A. (2017). Rain Garden
Evapotranspiration Accounting.
Dissertation.Villanova University
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Philadelphia Zoo Rain Gardens ‘

Volume design “1 Inch Runoff” or 90% event
* Depends on local hydrologic record.
* First Flush

EMC and % Removal
« Relationship of Quality and Quantity

Percent Removal
90% is not always good
-20% not always bad o
Treatment train? Irreducible minimums.

Total suspended solids (mg/L)

(1]
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¢ Compound system
® Series: upper and lower rain gardens connected
by grass swale
¢ Current generation + next generation

® Surface inflow via trench drains

® Site characteristics:

® 23,600 ft2 total drainage area

® 16,116 ft? total directly connected impervious

area

10147 1Y)

Mass Loading - Proposed
« Pre- and postconstruction inflows (two year storm)
* Median Pollutant outflow (mg/I) from last WQ BMP
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The Girard Avenue Project

S f ® I 1:1 hydraulic loading ratio
S €§§ .

® Lower has Rock Bed Storage to the side

Upper 1.42 Lower .67 inches off impervious
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Field Tests and System Performance
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Exampl e:Trifecta Event (20 I 6) To design for resilience... we need to reflect on

Evapotranspiration

o4 Climate
Soil Properties
-, - 0.0 ET Properties
) B Meas Rain
T W Synth Rain Loz SCM Configuration
Three events: 15.2 cm, 29 hou % 24.0 7 Runoff Capture
-] M overfl ia—
® Upper rain garden overflowed ¢ point of GI SCM overflow (23.8 m) Foa Media - WQ
o Transfer pi h 8 235 _ el. of domed riser - transfer to ; £
u::r: er pipe to stone trench & stone bed storage (23.5 m) os © Construction
g 230 ] E Maintenance and Longevity
¢ System did NOT overflow < Log £ -
o 85 2
Renewal and excess capacity & , ; | ) x and Rain Garden
3 base of engineered soil (22.5 m) Tio (From The Bioretention Manual, Ali Ebrahimian, Bridget Wadzuk, Robert Traver,
-g Prince George's County, Regulation Evapotranspiration in green stormwater
8 22.0 4 L2 Maryland) infrastructure systems, Science of The Total
Environment, 2019,
215 - ; ; ; 14 https://doi.org/10.1016/j.scitotenv.2019.06.256.
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* Challenges

* Long term construction projects
need to look at drainage

* Need to make sure flow gets to
inlets

* Design SMP’s for variable capture

* Need a new NJ barrier design that
permits water passage

Lower Zoo Trench Entrance
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Two Underperforming SMP’s Results: Shear Stress Distribution

« Performed forensic investigation, analyzing range of variables to identify the issue(s)
* - Observations & recommendations for inspection and restoration

Shear Stress (Pa)
-0.50
-075
-1.00
-150
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-Ksat +Ksat
SRT-C . Lessons Learned €mmmmmn et _—
- Construction
® Get the water IN! R
® Conduct KSAT Testing and find the et
BEST infiltrating soil on your property e N T AR
® Footprint more important than depth. i o recerorsty
® Bypass extreme events from volume . Yrhoes A
YP \
facilities Trfio macntana 7 e 1\
i
g \
® Make sure the soil can support the Casncton p— 4_. Dsctasd sl ,h
|ants prcesses Tempercturs wrater viscosity —
° P . . [a— ‘Soil perticles. Ksat
Protect the infiltrating surface el ISR O
. ' s oganin
® Pretreatment for “dirty” areas and ALL ! (\
. underground infiltration. RS E AN s | /]
: - \
SRT 9/14/2020 ® Design to support maintenance \ //
. . | Fire seciment Decasedair |/ /
Inflow without overflow - 6025 Cubic Feet ® Use Continuous Simulation where | \eedrg Oganic mater ament |/
Total - 8300 Cubic Feet allowed | /
Overflow = 1500 Cubic feet . | | Fnapkntrots W Solsggreate |/
® Perform SRT before planting | s

Note during overflow-= 750 cubic feet infiltration

total about 4 hours Temporal and spatial variation of infiltration in urban green

infrastructure
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Research to Practice — What
Can I Do To Improve My BMP

www.phrc.psu.edu

Questions?

www.phrc.psu.edu
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