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VUSSP Mission Statement

The mission of the Villanova Urban Stormwater Partnership is to advance
sustainable stormwater management practices and to foster the
development of public and private Partnerships through research on
innovative stormwater best management practices, directed studies,
technology transfer, and education.

e Research and directed studies emphasize sustainable stormwater management
planning, implementation, and evaluation

e Technology transfer provides tools, guidance, and education for the professional

e The goal of the partnership is to promote cooperation amongst the private, public
and academic sectors
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e e e e Imperviousness vs. Runoff
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Changes in runoff flow resulting from increased impervious area (NC Dept. of Nat. Res. and
6/ Community Dev., in Livingston and McCarron, 1992.)




FIGURE 3-3 This senes of maps compares changes in urban, agﬂcultural aﬂd fnrested lands
In the Patuxent River watershed over the past 140 years. The top series shows the extent of
urban areas (red) along with agriculture (gold), which was at its peak in the mid- to late 1800s.
Since 1900, the amount of agricultural land has declined as urban and forested land (green) has
Increased. SOURCE: USGS (1999).

National Academies 2008
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FIGURE 3-12 Daily time series of flows in (A) a low-density suburban and forested catchment
(Baisman Run, hitp://waterdata.usgs.gov/md/nwis/uv/?site_no=01583580) and (B) a catchment
dominated by medium- to high-density residential and commercial land uses (Dead Run,
http://waterdata.usgs.gov/imd/nwis/uv/?site_no=01589330). Both lie within the Piedmaont
physiographic province.

National Academies 2008



Rainfall (inches)

Chadds Ford 1999-2001 Depth (in.)

Per Year

28 events > 0.5In 7
12 events > 1.0 In
bevents>15in

(1948 — 2001)

1 12 283 34 45 656 67 78 89 100 111 122 133 144 155 166 177 188 199 210 221 23 24 25 26 27 28

event
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Brandywine River Rainfall — 45" /yr
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VILLANOVA UREBAN STORMWATER

VUSP b A ST
: get :
Land Use / Product Substitution | O E
— LID / Green Infrastructure : 50 A) :
8 Off 1
Volume Reduction ' or half price, !
— Capture / Reuse : whichever is less. :
— Green Infiltration e n——
e Biolnfiltration, Swales, etc Extended Detention
— Green Evapotranspiration eStormwater Wetlands
e BioRetention *Dry / Wet Ponds
 Green Roofs
— Rock Bed Infiltration *Management
e Pervious pavements e|nspection & Maintenance

*Street Sweeping
*Replacement

* Infiltration Trenches / Basins

www.villanova.edu/vusp
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VUSP Biolnfiltration Rain Garden
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VUusP Profile

Sample Tube Access Box
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e]1.3AcC
* 46% Impervious

e 10:1 DCIA to BMP
* 450 in/yr

6/24/2010 http://www3.villanova.edu/VUSP/ 14



I

eConstructed in 2001

e~4 ft excavation, filled with a 1:1 sand/soil mixture

ePlanted with vegetation typically found along the
eastern seaboard

6/24/2010 http://www3.villanova.edu/VUSP/ 15



Hydrologic Performance

1400 ' m Rainfall Volume
1200 'mBMP Inflow
1000 'mBMP Outflow

2005 - Traffic Island

Volume Cubic Meters
(@))
(@)
(@)

71% removal of Runoff
86% removal of Rainfall




2007 Trafic Island Surface Water Analysis

FofSoms T Tfow T Ouffow T Removel Effciency
Weter Quantl 12007 - 22007 Tot 19 B8BL ] 510 8.2
Water Quantty (L2007 - 1212007 Sampled) 17 ORATL | 18 ITL 80.4%
Tota Phosphorus (TP) as P i oLdg | Ay T6.8%
NOZas N 16 50 136¢ 15.2%
NO3as N 16 03¢ 1y 90.6%
Phosphate (PO4) as P 16 13L0g 079 16.6%
Chloride (CHL) 16 5.7k 0.3kg 99.9%
Total Suspended Solds (TSS) 17 187.7kg L4kg 09.3%
Total Dissoved! Solds (TDS) 17 156.2kg 12kg 05.4%
Total Copper § U0y 23( 89.0%
Total Lead l 1359 07 04,9
Total Caomium 10 19 0Lg 07.3%
Total Chromium 12 U8y 08¢ %.1%




04/23/04 Storm
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Temperature Variation

Biolnfiltration Traffic Island

Recession Rate [in/hr]
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MHREon Trench (1T)

©0.47 Ac

¢ 100% Impervious

¢ 130:1 DCIA to BMP

© 5,900 in/yr
D

6/24/2010 http://www3.villanova.edu/VUSP/
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Mr!r'f!'?rap’tion Trench (IT)

Depth measured using a pressure transducer
Rainfall and temperature measurements

Intentionally under (poorly) designed...

6/24/2010 http://www3.villanova.edu/VUSP/ 21



Site Comparison
4/1/2005 Storm (~4in)
Biolnfiltration Tl

a

Infiltration Trench

Ponded Depth (ft)
'S
T

Ponded Recession Rate

e Not always constant
with depth

e Each BMP has its own
characteristic recession
limb (shape) from storm
to storm

e Can be compared over
time (longevity)

Emerson
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6/24/2010

SEASONAL VARIATION

Hydraulic Conductivity [in/hr]

0.60

0.40

0.00

Fluidity Correction

Observed Regression
Regression Bounds (p=0.05)

Infitlration Trench

5 10 15 20
Temperature [C]

25

4.0E-004
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Presenter
Presentation Notes
::Notice the log scale y-axis


e . Ay

Extremely high (130:1)
ratio of DCIA to BMP
area

Inflow with
characteristically high
TSS concentrations

Closed bed, no vegetation,
mulch, organic matter,
or freeze-thaw

Deep and Sediments-
Danger!

GHBMgintenance

LONGEVITY

Low (3-6:1) ratio of DCIA
to BMP area

Inflow with
characteristically low
TSS concentrations

PC Filter
Shallow bed

Closed bed, no
vegetation, mulch,
organic matter, or
freeze-thaw.

http://www3.villanova.edu/VUSP/

Heavily vegetated,
Protective mulch layer,
High organic matter
content in surficial soil

Shallow bed

Freeze-thaw action

Can be maintained

Moderate (~10:1) DCIA to
BMP ratio

Emerson
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VUSE  Performance Mis? Perceptions

PGC Md, Galli 1993

Washington State Hilding 1996
— > 60 Infiltration (mostly trenches)

— Most not working as designed Majority working

— Listed sediment in pre treatment, 1/3 had sediment buildup

Ioc:fltion, construction and NJ Pine Barrens Princeton Hydro, LLC 2005

Subu
1992

> %

www.villanova.edu/vusp 26



VUHSE Villanova Seepage Pit
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Inflow vs. Outflow for All Storm Events
Villanova University
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b

Inflow vs. Outflow for All Storm Events
Villanova University
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900

Outflow Comparisonto Curve Number
Villanova University
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VESE The Model Brocca CFM

e Brocca et al, 2008
e(t) = ET (t)W(t) l“*“

max
avapotranspiration
ait)

ET,(t) = a-+b[£(0.018T, () +0.32)] ] | ¥ |

L

infiltration
it)

3+ 2
Wi(t)
DP(t) = {vv Vo
max parcolation
gt}
Fipare 1. The root zone as a lumped hwdrological sysiem
Ryan Lee

Feb. 19, 2009 32
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e Look at the infiltration egn... dD/dt is always greater than K. This
recession rate will approach K for low values of Y (high moisture

content).
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0.05

33

Determining K(T) from data

0.15

—Suggested K(T)

= Event Recession Rates from V.T.I.

Average Recession Temperature (deg C)
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Depth (in)
(6]
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vUsP Hydrology

_ Rainfall/
Rainfall/ ET Deposition
Deposition

Storage

Bioretention,
Bioinfiltrationd

Storage Storage

Infiltration

Surface Runoff
Surface Runoff

Thanks to Allen Davis U Md.
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