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Disclaimer

The U.S. EPA, through its Office of Research and Development, funded and
collaborated in the research described in this presentation. It has been subjected
to the agency's administrative review and has been approved for external
publication. Opinions expressed in this presentation are those of the author and
do not necessarily reflect the views of the agency; therefore, no official
endorsement should be inferred.

Any mention of trade names, manufacturers, or products does not imply an
endorsement by EPA. EPA and its employees do not endorse commercial
products, services, or enterprises.
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- EPA Introduction

Michelle Simon, Ph.D., PE.
United States Environmental Protection Agency
Cincinnati, OH
Simon.michelle@epa.gov

EPA Point of Contact for SWMM

Worked on Green Infrastructure since 2010
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UWMB Chief 11/2010 to 6/2017  Lew & Michael Tryby, Rich Field, Tony Tafuri, Dennis Lai
6/2017Associate Director of Science
Chemical Engineer


- EPA Talk Outline

Introduction
Tools, Strategies and Lessons Leamed
from EPA Green Infrastructure EPA’s Stormwater Management Model
Technical Assistance Projects
| Ba it in (SWMM)

EPA’s Green Infrastructure Empirical Research

EPA’s Green Infrastructure Modeling Research

Summary
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<

EPA ORD Green Infrastructure and SWMM Members

Jason Bernagros, bernagros.jason@epa.gov
Michael Borst, borst.mike@epa.gov

Matthew Hopton, hopton.matthew(@epa.gov

Stephen Kraemer, kraemer.stephen@epa.gov

Anne Mikelonis, mikelonis.anne@epa.gov

Thomas O'Connor, oconnor.thomas@epa.gov

Katherine Ratliff, ratliff.katherine@epa.gov

Ariamalar Selvakumar, selvakumar.ariamalar@epa.gov

Michelle Simon, simon.michelle@epa.gov
Michael Tryby, tryby.michael@epa.gov
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SEPA N what

is S WMM?

https //www epa gov/water-research/storm -water-management-model-swmm
o e TN T ather Fliws 2

Indusirial
‘Wastewater

1

[ =
T éE“Eéé
A
Washmiater e
Combined
Sewer System

SWMM is a public domain, distributed,
dynamic hydrologic - hydraulic -

water quality model used for
continuous simulation of runoff
quantity and quality from primarily
urban areas.
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https://www.epa.gov/water-research/storm-water-management-model-swmm

\\___ Lew Rossman (retired), Michelle Simon, Michael Tryby, Katherine Ratliff

<7EPA 2. EPA Stormwater Management Model
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Started in 1971
SWMM refactored in C 2005
LID added 2010


SEPA O Why we need SWMM (CSO, MS4,TMDL, NPDES)

Design and sizing of drainage system.

' Control of combined and sanitary sewer
overflows.

Modeling Inflow & Infiltration in sanitary sewer
systems.

Generating non-point source pollutant loadings
~ for waste load allocation studies.

Evaluating green infrastructure.



<ZEPA SWMM - Many stakeholders

ESAF GIS Partner Solutions and Servi
Environmental and

Natural Resources
Downloaded >30,000 annually

Regulators
@ OPEN SWMM KNOWLEDGE  CODE  RESEARCH RESOURCES Cﬂ'mmunitiEE,
Utilities,
Expand your knowledge of SWMM Private 'II'IdI.IEtI‘}'.
with the people who know it best: its Consultants,
users, developers and innovators. : Academia

| P ] R P I P R R [ LR | R R



<vEPA “%.. Open Community Development

https://github.com/USEPA/Stormwater-Management-Model

SWMM 5.1.015 July 2020

& c & https://github.com/USEPA/Stormwater-Management-Model @ 0 % G

Agile Methodology In-Depth Review
B USEPA / Stormwater-Management-Model ®watch ~ 32y star | 74 ¥ Fork 100

<> Code O Issues 23 i Pull requests @ Actions E] Projects M wiki @ Security [~ Insights

P develop = ¥ 5branches (16 tags Go to file Add file = About

ORD Stormwater Management Model

li' michaeltryby Merge pull request #64 from SWMM-Project/epa-develop [ v 3596f5e on Sep 10, 2020 "Ct) 224 commits repository
: B  .github/workflows Processing update swmm v5.1.15 (#61) 4 months ago 00 Readme
s
[ [ bindings Work in progress 10 months ago
_ Releases 16
N [0 extern Work in progress 8 months ago
Trara Pl
d [— swmm-solver | Latest
r F B src Merging develop <-- master 4 months ago ©
'} on Sep 4, 2020
[} 1 ok i Bl
- .
- —_— = B tests Processing update swmm v5.1.15 (#61) 4 months ago + 15 releases
— -
W — = [ .gitignore Work in progress 7 months ago
L - -
— 7 k- s - . .
l == — il i = - M Buildmd Processing update swmm v5.1.15 (#61) 4 months ago Packages
_— . e - -
PR . ﬁ_-. % CMakeLists.txt Processing update swmm v5.1.15 (#61) 4 months ago No packages published
—ul
P
r=a [ README.md Update README.md 7 months ago
k) T T e ane S Y ReleaseNotes.txt Processing update swmm v5.1.15 (#61) 4 months ago Contributors 2
B0 Wee— I
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https://github.com/USEPA/Stormwater-Management-Model

Jay Garland, Nichole Brinkman, Greater Cincinnati Water Works

Using SWMM to calculate COVID detection

Estimated kinetic parameters of SAR-CoV-2 attenuation in wastewater at

ambient temperature

Time to 99.9% Half-Life, Mean Lifetime, t Decay constant,
reduction (hours) ti2 (hours) (hours) A

48 4.82 6.95 0.143

72 7.22 10.4 0.096

From Hart & Halden (2020) informed by Gundy et al. 2009

https://www.epa.gov/water-research/water-research-webinar-
series

~.
. S~

S
=

https://www.epa.gov/coronavirus

Figure: Fuchs, L. and T. Beeneken. (2004). Development and Implementation of Real-Time
Control Strategy for the Sewer System of Vienna City. 6% International Conference on Urban
Drainage Modeling — Volume 2

Olga E. Hart, Rolf U. Halden, 2020

Computational analysis of SARS-CoV-2/COVID-19 surveillance by wastewater-based epidemiology locally and globally: Feasibility, economy, opportunities and
challenges, Science of The Total Environment, Volume 730, 2020 Il
https://doi.org/10.1016/j.scitotenv.2020.138875
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https://www.sciencedirect.com/science/article/pii/S0048969720323925

Abstract: With the economic and practical limits of medical screening for SARS-CoV-2/COVID-19 coming sharply into focus worldwide, scientists are turning now to wastewater-based epidemiology (WBE) as a potential tool for assessing and managing the pandemic. We employed computational analysis and modeling to examine the feasibility, economy, opportunities and challenges of enumerating active coronavirus infections locally and globally using WBE. Depending on local conditions, detection in community wastewater of one symptomatic/asymptomatic infected case per 100 to 2,000,000 non-infected people is theoretically feasible, with some practical successes now being reported from around the world. Computer simulations for past, present and emerging epidemic hotspots (e.g., Wuhan, Milan, Madrid, New York City, Teheran, Seattle, Detroit and New Orleans) identified temperature, average in-sewer travel time and per-capita water use as key variables. WBE surveillance of populations is shown to be orders of magnitude cheaper and faster than clinical screening, yet cannot fully replace it. Cost savings worldwide for one-time national surveillance campaigns are estimated to be in the million to billion US dollar range (US$), depending on a nation's population size and number of testing rounds conducted. For resource poor regions and nations, WBE may represent the only viable means of effective surveillance. Important limitations of WBE rest with its inability to identify individuals and to pinpoint their specific locations. Not compensating for temperature effects renders WBE data vulnerable to severe under-/over-estimation of infected cases. Effective surveillance may be envisioned as a two-step process in which WBE serves to identify and enumerate infected cases, where after clinical testing then serves to identify infected individuals in WBE-revealed hotspots. Data provided here demonstrate this approach to save money, be broadly applicable worldwide, and potentially aid in precision management of the pandemic, thereby helping to accelerate the global economic recovery that billions of people rely upon for their livelihoods.
Keywords: Wastewater-based epidemiology; Modeling; Global health; Coronavirus

https://doi.org/10.1016/j.scitotenv.2020.138875
https://www.epa.gov/water-research/water-research-webinar-series
https://www.epa.gov/coronavirus

Michelle Simon, Michael Tryby

<EPA Ground-truthing SWMM, Hydrology

Metric Average Range Bioretention
Nash-Sutcliffe Efficiencies, NSE 0.81 0.55 to0 0.99 Bioswale

Percent, Bias, PBIAS -9% -74 to 21% Green ROOf
:?tlnoeg;ljroec;t\xﬁjaer;'slggsre Error to Standard Deviation 0.485 0.18to 1.11 Permeable Pavement
Index of Agreement, d 0.94 0.85to0 1.00 (Infiltration TrenCh)
Percent Magnitude of Peak, % -9% -48 t0 97%

Michelle Platz, Michelle Simon, Michael Tryby. (2020). “Testing of Storm Water Management Model Low Impact Development Modules.” Journal of the
American Water Resources Association (JAWRA). https://doi.org/10.1111/1752-1688.12832 .
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Michelle Simon, Steve Kraemer, USDA, UC-Riverside, UofArizona

<vEPA .. Comparing SWMM to AGWA Urban Tool

B SWMM 5.1 - pipe202012.inp

File Edit View Project Report Tools Window Help
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e, f £
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- Aquifers

File Edit View Bookmarks Inset Selection Geoprocessing Customize  Windows Help

 Snow Packs NDEAES L ER x| 9 o |- |[1600 V| EEEEE Fe RO I IR R RE-Cn@ "BIENRAESTRE
;---El;tcilictirrzlgsraphs  Drawing~ K 7 % [+ A ~ < |[i0) Anal “[n v|B 1 Ul A-®H 2. = | AGWA Urban Tools ~ _ | AGWATools ~ _
Q.H_Ydraulis Table Of Contents 2 ox . s T i e e oy oE ™ 308 /& : e o ?
> ‘Nodes Elac & =
> link B oyers
;----Transects Davis Inst Weather 5t
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> Quality Storm Drains
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* - 4 & B él = c1Flow_new
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==
= Contributing Area
a
=] parcels_new
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=] additional_drainage
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= additional_grass_areas
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15 [
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Lew Rossman (retired), Jason Bernagros, Michelle Simon

R
v EPA .. EPA Stormwater Calculator

https://www.epa.gov/water-research/national-stormwater-calculator

NEW SAVE OPE!

/ Severnside
1s Hidden Point

{301

Precipitation/Evaporation /
Weems Creek
(70 i Pendennis Moun|

Directions v
Severn River 3

e .
Rain Gage: 4 . % o5, Wardour Ferry Farms
ANNAPOLIS POLICE BRKS - R 2 [0} West Annapolis
Medical
fd-Center 2
W - 415
{ 50

¥ United States Naval
Academy Severn River

Weather Station: &

Loretta Admiral 4
ANNAPOLIS POLICE BRKS - Heights Heights
, 2 Naval Academy

, 3
Rainfall and Evaporation Information: Bay Ridge L) US Naval Academy
West 5 Homewoo d Junction
o - Parole 450
Record Start Date. 1970/01/01
Record End Date: 200512/31 2 [da7] 5
Annual Rainfall: 45 ? s
: Creek
Forest Villa
Eastport
ol
Estates a Truxton e
Heights &
{387) 5
¥ Bembe Beach
=
Gingerville _:» Elktonia
Primrose Acres
& 2070 HERE. & 2020

> 8ing

Bernagros, J.; D. Pankani; S.D. Struck; M.E. Deerhake. (2021). “Estimating Regionalized Planning Costs of Green Infrastructure and Low-Impact Development

Stormwater Practices: Updates to the US Environmental Protection Agency’s National Stormwater Calculator. Volume 7 Issue 2 )
https://doi.org/10.1061/JSWBAY.0000934
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<vEPA

Washoff in S WWMM

Washoff is the process of erosion or solution of constituents from a subcatchment
surface during a period of runoff.

* Exponential = C,q“B

* Rating Curve W =C,0°

W = washoff load (mass/hour)
€, = washoff coefficient

C, = washoff exponent

g = runoff rate per unit area (inches/hour or mm/hour)
B = pollutant buildup in mass units

Event Mean

C, = pollutant concentration (mass/L)
C,=1

Number of Papers

qqqqqqq
Publication Year

Papers with the terms 'Stormwater' and "Washoff” published
each year in the ISI Web of Science Database (43 total).

Slide from Anne Mikelonis and Katherine Ratliff
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We looked at LID water quantity in Testing Study, now we are interested in studying water quality.  We can adjust C1 and C2 to better fit the data.


vEPA _ Examples of EPA Gl Study Locations




EPA Permeable Pavement Studies

Story Avenue Sietz Elementary School
Louisville, KY Fort Riley, KS

Edison Environmental Center
Edison, NJ
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<EPA Edison, NJ Permeable Parking Lots

- Wo %o W
PICP//

2010 to present 6

=

| 4

Michael Borst, 3

Thomas O’Connor 2

Ariamalar Selvakumar, 1
+ many more —

[ ] Permeable interlocking [l Pervious concrete [l Porous asphalt [l Rain gardens
B Bl Tree islands [ ] Hot mix asphalt = Curb cuts

[L.7]Buried distribution pipes @ Collection tanks



Permeable Pavement
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As gaps fill with sediment, up gradient locations clog and downgradient infiltration rates remain high.


Michael Borst, Thomas O’Connor

Infiltration

Infiltration decreased with age for the three surfaces that received run-on from driving lane.

Razzaghmanesh, M. and M. Borst (2019). 3,000 -

"Monitoring the performance of urban
green infrastructure using a tensiometer

approach." Science of the Total
Environment 651: 2535-2545.

12010 | 2011 | 2012

M
[$))
o
o

2,000 -

Brown, R. A. and M. Borst (2015).
"Evaluation of Surface and Subsurface
Processes in Permeable Pavement

-
%]
o
==

1,000

0 5 10 15 20 25 30 35

Mean Monthly Infiltration Rate (cm/h)

Infiltration Trenches." Journal of : )
Hvdrologic Engineerin 20(2). 12 Number of Months Since Opening
y g g g ' ' * PICP —Linear (PICP)
y =-21.97x + 2455
Brown, R. A. and M. Borst (2014). 'f::g-;;'ug;
U Evaluation Of Su rface Infiltration Bars represent standard error. Green Infrastructure Research
Testing Procedures in Permeable
Pavement Systems." Journal of Ahmed, F. and M. Borst (2019). "Monitoring infiltration rates with time

Environmental Engineering 140(3): 12. domain reflectometers." Water Environment Research 91(12): 1638-1649.
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<vEPA

Michael Borst, Thomas O’Connor

Woater Quality — Suspended Solids

—

All permeable surfaces reduced Suspended Solids Concentration (SSC) to different degrees.

175

LS Mean SSC (mg/L)

=
an
o

=
[\
n

=
o
o

=]
on

r n
o O

¥03.0

Date Range:
1/26/2010 — 6/4/2013

Events sampled:
- 42 (PICF, PC, and PA)
28 (Runoff)

s Mean

Runoff ] Mean+0.95 Conf. Interval

Mote: NSQD TS5 commercial median 92 mg/L

Green Infrastructure Research

21
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Michael Borst, Thomas O’Connor

. Water Quality — Solids/Clogging

Razzaghmanesh, M. and M. Borst (2018). "Investigation
clogging dynamic of permeable pavement systems using

embedded sensors." Journal of Hydrology 557: 887-896. The three surfaces have very large infiltration

rates.

Clogging progresses from upgradient to
Brown, R. A. and M. Borst (2013). "Assessment of Clogging downgradient.
Dynamics in Permeable Pavement Systems with Time Microtopography partly determines clogging
Domain Reflectometers." Journal of Environmental pathway.
Engineering 139(10): 1255-1265. 5 to 7% of the captured water evaporates

through the surfaces.

22

Large response Medium response
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<vEPA

Michael Borst, Thomas O’Connor

Water Quality - Chlorides

—

After winter salt application, chloride concentration decreases throughout the remainder of the

year.

Borst, M. and R. A. Brown (2014).

“Chloride released from three
permeable pavement surfaces
after winter salt application.”
Journal of the American Water
Resources Association 50(1): 29-
41.

O

Q0

Bars represent 95% confidence intervals; snowfall data from NJ State Climatologist. JAWRA 50(1) 29-41

10,000 © 0 1,600
a
= - 1,400 =
= E
=~ 1000 - Acute (660 mg/L) 1.200 E
o
S Chronic (230 mg/L)- 1 000 %_
o ; a
% 100 © : ¢ 800 .
k. g
= ! - 600 B
O N ¢ ;gc}
O - [ i
c 10 o=t DL (5 mg/L) 400 g
s : 200 O
= I
ﬂ 1 O . . . : . . . a0
S O Q o Q Q S N N N N N M
d‘““‘ﬁ fés"h s:m'”b‘r~~~ T ﬁ"b‘h S c:“:“h *::3”‘5‘r~~~ S 1::.’”:"&
USSR - RS- RN N R SR - M NS M)
meg O PICP e PC ¢ PA ---Snow (by season) ——Rain (since previous snow event)
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Pervious Concrete
Pavement Maintenance
and Operations Guide

“Deicing chemicals should not
be used on any type of concrete
in the first year”

Porous Concrete Raveling

Large portions of the pervious concrete disaggregated

The problem first became apparent about 18 months after pouring concrete. It was
repaired by the contractor in May 2011, but it recurred.

24
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Michael Borst, Thomas O’Connor

<7EPA Woater Quality - pH

Acidic rainfall is buffered by all pavement surfaces, and PA exfiltrate is surprisingly basic.

- 12, _ _
B ¥ 108
10t
-
o g} #91
c % 88
S gl Date Range:
= 1/26/2010 — 6/4/2013
71 I 73 Events sampled:
42 (PICP, PC, and PA)
6l 34 (Runoff)
55 36 (Rain)
: = Mean
Rain ] Meanz0.95 Conf. Interval
m NSQD median for commercial property 7.3

Green Infrastructure Research

25
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Michael Borst, Thomas O’Connor

Woater Quality — Priority Pollutant Metals

The concentration of priority-pollutant metals were generally less than the groundwater discharge limit.

=
n

0.05

0.005

concentration (mg/l)

0.0005

T W |

MCL:1.3mgh |
GEL:0.4m '|
a -

—

T F R E R

T F R N

* PICP

* PA

* PC
o=

* Ry

0.95 :
Exceedance probability

075 050 025 0.05

005 { T | '
- B EI =
1 ov: 0.001 mg.'l ! |
0.0005 - i i
CC PA PC PICP RW

Source

Liu, J. Y. and M. Borst (2018).
"Performances of metal
concentrations from three

permeable pavement infiltrates.
Water Research 136: 41-53.
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Michael Borst, Thomas O’Connor

ZEPA . water Quality - Lead

Total lead concentration does not differ across sources and sometimes exceeds regulatory limits

Pb_ T PB_T
L et — —
! f : T ST _ - i - —
- Pl Ry - : : i l i
= GELQ.0SmgA: : | e = ! [ :
HE =l L 5--‘{#‘! ----- i : l : : !
i £ : | 5 ¥ i ! I i i i
| | : E £ i B [ i
! | ! gy - _ | : : I [ i
= . - n i I i i :
’ E 3
- = &7
- : ] 2 OL: 0.002 mg/
g A - o —
E :DL0.002mgA E | |
2 E E = ' . ! 1
5 - - 1 - - 1
} u q:; - ' " " : !
u : [} [} I :
i I I I i
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" PA = | ! [ [
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P . ; T cc i
J N i |eew —
I I I 1 1 ] 1 I I I I
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Michael Borst, Thomas O’Connor

Woaster Quality - Nutrient

TN concentrations in PICP, PC, and runoff were not significantly different, but all three were significantly less than PA.

Brown, R. A. and M. Borst
(2015). "Nutrient infiltrate
concentrations from three
permeable pavement
types." Journal of
Environmental
Management 164: 74-85.

1.2

Average EMC (mg/L)
© o o =
. (8 oo =

o
Ao

o
o

oPIC @ PC
m RO m RAIN

Date Range:
10/28/2010 — 9/7/2011

Events sampled.
13 (PICP, PC, and PA)
12 (Runoff and Rain)

MSDCQ median NH3 0.5 mg/fL
median NO3-2 0.6 mg/L

Stressor median TKN 1.6 mgiL

28
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Ariamalar Selvakumar, Thomas O’Connor

Permeable Pavement - Bacteria

<
-
)

I j—_ n Median
-.; 5000 ; |'_"||?.|T::;fl;ﬁurﬂanm . . i- 5000 a;ﬂse:;ni;r;%
1 u " Eeremes Organism Surface  Concentration 2 oo e
: w0 ’ + Type Reduction (%) g s e
E . T 1 PICP 0 g 50
8 Fecal Coliform PC 93 % :
H 5
m W
cc PICP PC PA 94 i .
Surface Type cc PICP PC
Surface Type
PICP 0
- “ ot Enterococci PC 62
= - .J;m::ﬂﬂerl!ange
;; sof o PA 100
! . [ PICP 39
i, j E. coli PC 100
g .
5 - PA 100
cc PICP FC PA
Surface Type

Selvakumar, A. and T. P. O'Connor (2018). "Organism Detection in Permeable Pavement Parking Lot Infiltrates at the Edison
Environmental Center, New Jersey." Water Environment Research 90(1): 21-29.

29



Presenter
Presentation Notes
Three surfaces at Edison – flow waited samples from the drainage tanks 24 bottles, EMC
16 Rains from august 2015 to Feb 2016
Bathing Water Quality Standards – enterococci for marine 35 MPN/100ml
E coli 126/100 ml freshwater
Enterococci 33/100 ml for freshwater
Fecal coliform indicate fecal contamination
High reduction for PA due to high pH consistently below BWQS
Fecal coliform and enterococci exceed BWQS 72% and 34% of the time from PICP
Neither rain intensity nor temperature had observable effect


Anne Mikelonis, Katherine Ratliff

<EPA Spore and Long Lasting Radionuclides

= Research Approach |\/|0DE|_|NG

W 0
ot Washoff dld not 5|gn|f|c:antly vary by spore
“ . type (p-value 0.33)
“w=n. Washoff significantly varied for asphalt
— versus concrete (p-value 0.034)
For asphalt increased removal of spores

pre -
storm

* Spore removal did not correlate with
runoff rate

Z corresponded to increased kinetic energy
|

Portable Rainfall
Simulator

26 ft. Indoor
Rainfall Simulator

Autosamplers with
cell phone activated sample triggering

30
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1) Do spores washoff differently from different impervious materials? (e.g., asphalt, concrete, brick)​
-> This information is of interest to EPA On-Scene Coordinators involved in bio-preparedness planning to strategize which areas need to be prioritized during decontamination.​
2) Do commonly used Bacillus anthracis surrogate spore types behave the same during washoff?​
-> This information is important for practicalities of field studies and for comparing results to the existing aerosol/drinking water body of research.​
3) What is the best approach to model the 1st flush of spores (including comparisons of different intensities/kinetic energy)​
-> For a terrorist release the 1st flush is likely the most dangerous washoff event​
4) Can we use SWMM to produce “hotspot” maps of impervious surface concentrations to aid in resource allocation of samplers, waste staging, decontamination etc.?​


Douglas Beak, Steven Acree, Michael Borst, Randall Ross, Jessica Brumley

<vEPA GW Impacts - Louisville, KY
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Groundwater Impacts
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Major anion/ cation chemistry impacts
Dilution of most major anions and catiorf were observed with time
It is unknown how long this dilution tren§l will continue

Dilution is causing a gradual shift for a C§HCO, type water towards a Na-HCO; type water.
Nutrients

Phosphate concentrations are significanf§y increasing with time
Nitrate + nitrite concentrations are signiffcantly decreasing with time

[The Influence of Stormwater Management Practi

s and Wastewater Infiltration on Groundwater Quality: Case Studies” EPA/600/R-20/143
June 2020 www.epa.gov/research
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Thomas O’Connor, Michael Borst

\e’tEPA Rain Gardens

Underground Walls

y _“Engineered Media
- A R L Gravel
Underlying Soil

Pipes (under sidewalk)

conveying runoff from roof Groundwater

In federal and state rain garden manuals, sizing criteria
as a fraction of the impervious area draining to the rain
garden varies widely, leaving designers with differing
guidance.

EPA Science in Action: Rain Gardens at EPA’s Edison Environmental Center

Brown, R. A., T. P. O’Connor, and M. Borst. (2015). “Divergent vegetation growth
patterns relative to bioinfiltration size and plant placement.” Journal of Sustainable
Water in the Built Environment, 1(3), 04015001.

O’Connor, T. P. and M. Amin. (2015). “Rainwater collection and management
from roofs at the Edison Environmental Center.” Journal of Sustainable Water in
the Built Environment, 1(1), 04014001.
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Presentation Notes
Feature Studied
Key Results
Instrumentation 
Water content reflectometers (WCRs) quantified size and timing of the wetting front, as well as infiltration rates in the underlying soil.
Rain garden size
Cell size does have a significant effect on WCR responses to storm events, but was not an important driver of system infiltration rates. 
Oversized cells increase the likelihood that vegetation farthest from the runoff source/inlet will experience-water deficit stress.
Spatial infiltration of runoff
Infiltration is concentrated at the inlet and does not necessarily spread evenly throughout the cell.
Nutrients (nitrogen) concentrate near the inlets.
Vegetation growth patterns
Plants farther from the inlet experienced more frequent water-deficit stress and received limited nutrient inputs. 
Plants with deeper roots are more likely to access infiltrated water in the cell; those with shallower roots will depend on direct rainfall. 
Runoff collection
About 900,000 gallons of rainwater is being diverted from the existing storm water sewer system annually.
Stormwater runoff helps limit the frequency and duration of water-deficit stress on vegetation.



Michelle Simon, Richard Field (retired) , KCMO MSD, Tetra Tech, UMKS

<vEPA | Installation of Rain Gardens at KC, MO

B ey Table 2: Comparison of Pre-Existing Conditions and Calibrated BMP Model Results

Sidewalk

—— PR % 0N Pre-Existing Conditions  Calibrated BMP Model

I Farking LotPaved Avea " i : Model

[ T e e

—— . Total Volume Total Vaolume
(cfs) | Volume (cf) | ({cfs) (cf) Flow (%) (%)

12.1 108,600 2.0 6g,600 -76.0 -35.0
133,000

-27.8

. 4 | J—

Simon, M.A. (2016) “EPA’'s Summary Report of the Collaborative Green Infrastructure Pilot Project for the
Middle Blue River in Kansas City, MO.” EPA Report EPA/600/R-16/085.

IrtialBasline & AftaRdiring
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Simon, M.A. (2016) “EPA’s Summary Report of the Collaborative Green Infrastructure Pilot Project for the Middle Blue River in Kansas City, MO.”  EPA Report EPA/600/R-16/085.
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Michael Borst

%EPA Tree Boxes

—

Ahmed, F. and M. Borst (2020). "Tree box performance in Ahmed, F. and M. Borst (2019). "Monitoring infiltration rates

exfiltrating stormwater runoff." Water Environment Research with time domain reflectometers.” Water Environment
92(1): 106-114 Research 91(12): 1638-1649.
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Michael Borst

Planters
SR Nissen, K. A., M. Borst and E. Fassman-Beck. (2021). "Bioretention planter
performance measured by lag and capture." Hydrological Processes: 9.
Inflow (roof
ownspout) Planters completely 1%
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Conclusions

We are constantly improving SWMM and our understanding of Gl

We have compared SWMM Results to Empirical Data for Hydrology
Bioretention

Bioswale

Green Roof

Permeable We are now looking at water quality
Pavement Permeable Pavements

Rain Gardens

(Infiltration Trench)
Tree Boxes and Planters
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Thank-you

Contact: Simon.michelle@epa.gov
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