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. What are we going
L\ tocover?

Historical Prospective —
Steps to Management

Sources of TSS and P

Potential benefits of
Selected Stormwater
Control Measures —

Technical Standards



Cities in the Mesopotamian
Empire during the second
millennium BC had
practices for flood control,
to convey waste, and to
store rain water for
household and irrigation
uses (Manor, 1966)

Cistern
Tank:
Greece, 7t
Century BC



Modern drainage systems came into being
shortly after World War Il — Rational Method
used to design pipes and catch basins to
prevent flooding and drainage problems
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Historical concerns focused on increased
flows during rains and associated
flooding..
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Lincoln Creek,
Milwaukee - 1996
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Impact of
Urbanization on
s ase e Structure

Lincoln Creek —30% Imperv.

Very Degraded Habitat
il




Dry Basin for 100 Year Event — Cross
Plains, WI

Ordinances appeared
In early 1970s
requiring developers
to reduce peak flows.
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Flow, Q

Hydrograph Pre/
Post Development

EPost-Development (Higher

Peak, More Volume, and Earlier Peak
Time)

Pre-development

Detention

Time
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Volume
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Post Construction Infiltration
Performance Standards

By design, infiltrate
sufficient runoff velume
So that the post-

Up to 40%
development average [t LL
annual iiltraton Between 40 and
volume shall be a 80% (Residential &  75%
: Non-resi al
portlon of pre- on-residential)
More than 80% 60%
develepment (Non-residential) 0

nfiltration voelume.



Cuyahoga River in Cleveland Often Caught on
Fire Between 1952 and 1969 (this lead to the
Clean Water Act In 197
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Pollution
— | from Land

Rle i oo Use Activities
. Sots Reference
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Fig. 1. Sampling sites of soils, bottom sediment and suspended sediment
within the Menomonee River Watershed.



Mean Event Concentrations of Lead for
Streams 1n the Menomonee River
Watershed
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Average LLead Levels in Clay Sized

Bottom Sediment of the Menomonee
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Soil Rural Mixed Mixed Ultra Harbor Street
Middle Lower Dirt

Dong, 1979



Nationwide
Urban Runoff
Project (NURP)

Underwood Creek,
Milwaukee




URBAN RUNOFF DATA 1980-82 & 1988-90
Metals Exceeding Acute Toxicily

[————— = Y
Cowefh_ Wood Center
I | Monroe
| Noyes
Underwood

0% 20% 40% 60% 80% 100%
Probability of EMC Exceeding Acute
Toxicity for Warmwater Fish



Bioassay

Sampling
Station on
Lincoln Creek,
Milwaukee
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Fathead Minnow Mortality

August 20 - September 20, 1993
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Wang, 2001
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Relationship between Directly Connected
Impervious Areas, Volumetric Runoff
Coefficient, and Expected Biological Conditions

5%
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—

10
Directlv Connected Impervious Area (%)
— Sandy Soil Rv — Silty Soil Rv ~ Clayey Soil Rv

Plots based on modeling many actual neighborhoods having various development
characteristics and soils




Bacteria Counts in Water Samples Collected from
Lincoln Creek, Milwaukee (Masterson, 1994 &
Bannerman, 1983 &1996)

Fecal Coliform, counts/100 ml
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TThe Runoff
e e \anagement
Rules (NR 151)
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TMDLs 2
Reduce:

Phosphorus,

Bacteria,

Turbidity



Stormwater Management Steps

1. ldentify beneficial use impairments
2. ldentify causes of Impairments

3. ldentify/SeUrCeS (magnitude,
seasoenality; How: phases; etc.) of
PrERIEMICONSHUENTS

4. ldentify, select, and design controls
Suitable for preblem pollutants and
locations

5. Implement controls, conduct validation
moenitenng, moediiy contrels as needead




Contribution of
Rain to Total P
| oads 1nh Runoff

Rainfall 0.015 mg/l

Dry Deposition 0.05 mg/m2/day s i =/ F -
(% similar to local soils)

NURP Sites — Avg. Rain/Avg. el 24 ‘
Pipe =6to 17%

Bannerman et. al., 1983
= Harper Sewershed 6%
= Venree Sewershed 0%
= Vlendeta Watershed 2%



Sources of Phophorus to Forest
|Lake, Fond Du Lac County

Source — 0% Of
Total; 45.7 Ibs. | Total
44
Forest 1
Septic 28
Precip. — Wet
& DRy 27







Comparison Fecal
Coliform Counts
for Residential
and Industrial
Source Areas

Fecal Coliform Counts/100ml x 1000
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Burnhart et al, 1992
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Total and Dissolved P Geometric
Means for Different Source Areas In
Residential Area - Monroe St.
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Streets with Less
Traffic Have Higher
Total P
Concentrations in
Runoff - Less
Vegetation

Monroe Street



% Suspended Solids Loads from
Source Areas In 4
Subwatersheds

12% 5%

E Roof
1 Plots
B Streets
B Lawns
(1HWY
B Other

1%
10%

26%

40%



%06 Total P Loads for Four Subwater-
sheds in Lake Wingra Basin

HWY Roofs
8% 12%
"""‘ _ P Lots
15%

Streets
38%




Parks
8%

Madison

Annual TP 'nzcili/it".

Loads I@
Institut.

7% Commer.
17%

. Parking
Sidewalks 179,

3%\\
L

“~_Roofs
\Driveway 5%
7%
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Shopping

! ReS|dent|aI Street
Center £y
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Monitoring source areas and land uses ~ %/13/2007
W|th automatlc samplers

& Commercial Street = = Strip Commercial 1o/18/2007



Depth Integrated Sampler (DISA) Reduces Bias and Variability in
Concentrations and Distributions Caused by Stratification of Solids




Field Testing — 30 to 110% Difference Between
DISA and Fixed Total P Concentrations
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Field Testing — Median Particle Size Distribution For
Arterial Streets Using DISA and Fixed Point Samples
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Standard Land Use Shopping Center (100
acres). Size and Cost of Wet Ponds to
Reduce Annual TSS Loads by 80% from
Parking Lots.

Size:

DISA — 4 acres
Fixed — 2 acres

Capital Cost:

DISA - $206,000
Fixed - $105,000



Seasonal Dissolved P, mg/l,
Collected with Automatic Samplers,
Selbig, 2012

0.6
0.5
» Spring
0.4 * Summer [
» Fall
0.3 —
0.2 |
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How to Select A Stormwvater
Control Measure

Phosphorus Goal

Infiltration Source ‘/\‘ Regional

' Control Control
Bioretention
Rain Gardens Unit Process Unit Process
Filtration Settling Prevention Settling Filtering
Cartrid ‘F'I l l l l
artridge Fiiters Hydrodynamic Street - Infiltration

Upflow Filters devices Cleaning poends Basins
Biofilters Catch Basins Ordinances Grass

Sand Filters Leaf Pickup Swales



How to Select A Stormwvater
Control Measure

Phosphorus Goal

Infiltration A/\ .
Regional

Source
Low to High P Control LT
Reduction }
Moderate cost Unit Process Unit Process
Filtration Settling Prevention Settling Filtering

‘ l l | l

Moderate to High = | ow P

: Low to Moderate
P Reduction Reduction Moderate P Modera_te P to High P
High Cost Moderate Cost ~ Reduction Reduction peduction
Low Cost L(.)W to Low to
High cost

High Cost



Trechnical Standards

= Site Evaluation Standard

= Bjoretention Standard

= |nfiltration Basin Standard

= Grass Swale Standard

= Rain Garden Standard

= Hydroedynamic Separator Standard
= \Wet Detention Pond Standard

= Permeable Pavement Standard

= Proprietany Filters

= HNPY/dnEwWiteev/ere/Wate/Win/nps/stermyvate/ieclist
dSHhtim



http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm
http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm

Technical Standards Developed

to Support Implementation of L.. A
Performance Standards in NR " Wscon

DEPT. OF NATURAL RESOURCES

151

-L R v l _-I', .“_, '. :c" |

: b AR T —

4. Op. and Maintenance



How to Select A Stormwvater
Control Measure

Phosphorus or TSS Goal

Infiltration Source ‘/\‘ Regional

' Control Control
Bioretention
Rain Gardens Unit Process Unit Process
Filtration Settling Prevention Settling Filtering
Cartrid ‘F'I l l l l
artridge Fiiters Hydrodynamic Street - Infiltration

Upflow Filters devices Cleaning poends Basins
Biofilters Catch Basins Ordinances Grass

Sand Filters Leaf Pickup Swales



Reduction in TP Load with P
Fertilizer Ban for Lake Wingra
Watershed

= Annual TP Load 4000
lbs. (SLAMM)

= 2406 of TP Load from
Lawns (960 Ibs)

= 50% ofi Homeoewners
Use Fertilizer (480 1bs)

= 50% Reduction n TP
Concentration (240 626 Reduction in

I0S) Annual P Load to
= 220\4000 = 0.06 Lake Wingra




Stricker Pond: Allocation of Total Phosphorus load to
source areas simulated with SLAMM

Roofs
0
1% 3% |
Undeveloped ~Driveways 2%
8% g

Other

e Parking lots 5%
Sidewalks

[ Roofs
2%

M Driveways

O Parking lots
O Sidewalks

Bl Streets

O Lawns

B Undeveloped
O Other

16 % Annual TP Reduction with P Ban



How Do We
Keep Vegetation
Out of the
Street?




P Reduction,%, Using Street
Cleaning iIn MDR Assuming No
Other Sources of P

Multiple Single Multiple Single
Source Source Source Source

1/Week 11% 30% 4% 12%

1/Month o% 14% 3% 8%




Street LLoads
Measured Before

and After Every
Cleaning.




M "No Change"
@ SPRING
A SUMMER




Annual T'SS Reduction, %, for T'wo
Types of Cleaners with Once a Week
Freguency, (lotal P Reduction)

Broom Vacuum
Street AssSisted
Cleaner Cleaner

Type ofi | Parking
Land Use [Density,

I\/Ielg.ei)en. Light 7% (6%0) | 18% (15%0)
Strip
Comm. Nene 1:0% (6%) | 20% (4:1.9%)
Shopping

INGRIE 3056 6%

Citr.




Annual Cost of Vacuum Street Cleaning
for Different Cleaning Frequencies In a
100 Acre Medium Density Residential

Area

Annual Cost, $

180000
160000
140000
(2{0]00[0)
100000
80000
60000
40000
20000
0

.

8% TSS =1 \week

SS=2\week

TSS Reduction, %

-
’ @
e 4= Stope Break——
- °
0 ) 10 15 20 25 30 35






POST STREET-DIRT YIELD, IN POUNDS PER CURB-MILE

Vacuum Assisted Cleaner Productivity Curve for High Traffic
Urban
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1SS Reductions for Selected Frequencies on
Expanded I-39 with and without large lawn
areas — assume clean both curbs

40% Lawn

Draining
to
Freeway

No Lawn

1\week 70 49

42

1\4 weeks 61

1\8 weeks 54 38

40% Lawn
Not
Draining
to
Freeway

65
95

49









Potential P Reduction with Fall
|_.eaf Collection Program

Spring- 0.22 17%
Summer

Fall 0.67 23%




|_.eaf Collection Programs
to be Evaluated in Study

.
ﬁ [
i

1. Base Line: No Street
Cleaning in Fall

2. Present Program: Street
Cleaning 1/month & Clean
After Leaf Collection

3. Extra Effort: More Frequent
Street Cleaning & Put
Leaves in Bags.




How to Select A Stormwvater
Control Measure

Phosphorus Goal

‘/\‘ Regional

Source
}
Unit Process Unit Process
Filtration Settling Prevention Settling Filtering
' |
Cartridge Filt l l
artriege Fiiers Hydrodynamic Street = Infiltration
Upflow Filters devices Cleaning poends Basins
Biofilters Catch Basins Ordinances Grass
SWWEIES

Sand Filters Leaf Pickup



SOC Technical

Standard 106: Predicting

Efficiency of Proprietary.
Sediment Control Devices

Joint Custodianship:

WI DNR (NR 151) & WI Dept. of
Commerce (COMM 82)



Examples of Proprietary BMPs Using
Settling for Treatment

VVortechs

Stormceptor

Criteria:
1. Method for reducing secoeur
2. IISS reduction based on
WInSLEAMM or: other
appreved model

DownStream Defender



1SS Reduction as a Function of;
Peak Discharge

Design Flow
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1SS Sum of the Loads by
Particle Size

100 -
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -

Percent Reduction

0

>500

250-500 125-250 63-125 32-63
Particle Size Range, microns

14-63



Phosphorus LLoad Reduction for Three
Single Chamber Settling Devices

Type of Load Disslc__))lved Jotal P 1SS
\/ertechs 0 10 2504

(18 events, no bypass)

Doewnstream 0% S50 520/
[DEfender,

SIOMCEPLOr: 15750 15790 2450




Total Basin Area: 0 acres

f.  Typical outlet pipe slope [ft/ft): w
1. Area served by catchbasing [acres): 0.00 8. Typical catchbazin sump surface COE—
area [sf: 0.0
(" 2a. Catchbasin density [cb/ac]: g Catchbasin Depth from Sump Bottom o0
i~ 2b. Mumber of Catchbasins: e lanl ol -
: : 10. Inflow H}gdruglaph Peak to Average 2.8
3. Average sump depth below ﬂu_ Flow Ratio
catchbasin outlet invert [Ft]: 11. Leakage rate through sump ETTR
4. Depth of sediment in catchbaszin sump [ g oo bottom [in/hr]
at beginning of study period [ft): — 12 Select | Critical Particle Size file name:
h.  Typical outlet pipe diameter [ft]): 1.00 I
6. Typical outlet pipe Manning's n: 0.013

T oet i~ Low density residential [0.25 inlets/acre)
Efll:chhasin " Medium denszity rezidential [0.5 inlets/acre)
Denzities " High density residential [1 inlet/acre)

" Strip commercial [1.2 inletzfacre]

" Shopping center [1.2 inlets/facre)
" Industy [0.8 inlets/acre]
" Freeways [1 inlet/acie]

EE;&;:BES ::tes Select [~ — Catchbasin Cleaning Frequency —

- " HMonthly
- Catchbaszin
Elf:;i?nbaﬁg Cleaning D ate " Three Times per Year
AT fmmddd sy OR £ Semi-Annually

1 | " Annually

2 { Ewvery Two Years

3 % { Ewvery Three Years

4 " Every Four Years

4] " Evem Five Years

|r'l"lillgal?gli"il33 Continue Clear Cancel Delete Control
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How to Select A Stormwvater
Control Measure

Phosphorus Goal

‘/\‘ Regional

Source
Unit Process Unit Process
Filtration Settling Prevention Settling Filtering

: l l | l

' Fil - : :
Cartridge Filters Hydrodynamic Street - Infiltration
Upflow Filters devices Cleaning poends Basins
Biofilters Catch Basins Ordinances Grass

Sand Filters Leaf Pickup Swales




Trechnical Standards

= Site Evaluation Standard

" Bioretention; Standarad

= |nfiltration Basin Standard

= Grass Swale Standard

= Rain Garden Standard

= Hydroedynamic Separator Standard
= \Wet Detention Pond Standard

= Permeable Pavement Standard

= Proprietary. Filters

= HNPY/dnEwWiteev/ere/Wate/Win/nps/stermyvate/ieclist
dSHhtim



http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm
http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm

What are Criteria in Technical
Standard 1004 and Why

Justifications:

Depth Of Surface Pond: <12 1
inches

Design drawdown rate: <24
hours

Total device drawdown: < 72
hours

B O D

. Limit submergence of plants

Prevent compaction
Minimize clogging

Design for frequent WQ events

Safety




?Technical Standard 1004 trying to ' Nl
~ achieve a balance between: : Soil Mixi Nng

Iy

Y
iI
"

. Adequate infiltration rate
Reducing pollutant concentration
. Supporting plant growth

. Sodium Adsorption Ratio (SAR)

UAWN R

OO e



Criteria for Bioretention
Engineered Soil Mix — Technical
Standard 1004

40% Concrete Sand; 20to
30%Topsoil; 30'to 40%
Compost

50% sand/50% compost

7010 85% Sand/15t6 30%
Compost

85% Sand, 10% fines, 5%
Bark

86% Sand; 11% Peati M eSS}
3% SorbtveMedia (Imbrum)

Jeremy Balousek



40% Concrete Sand; 20 to 30% Topsoil; 30 to 40%

Compost
! — e Rnure

- .

Clogged Bioretention
System -Clay Textured

i BN Pt A

Jeremy Balous




WS LW
Modify Technlcal Standard 1004
50% Concrete Sand (ASTM C33)
'ﬁr 50% Compost

Linda and Mark Piotrowski
28020 El Dorado Place, Lathrup Village



Location of Biofilter Study — City of Neenah,
. WI

™. %9

~= Evaluate Effect of Engineered Soil Depth on
Pollutant Removal

e — |

S “«uullhree
g % Depths:
St 1 foot
: f""j_ £ 2 feet
Sl | 3feet

. ':%IP\IT

ENGINEERS \ ARCHITECTS



Neenah Biofilters
- — Clay Soils and
- High Bedrock

Geosynthetic
Fabric and
Perforated Drain
Pipe

Perforated Drai



Efficiency Ratios for TSS:

Eff Ratio = 1- ( avg. outlet conc./avg.
Inlet conc.)

Site Inlet | Outlet |Efficiency
TSS, TSS, Ratio
mg/l mg/l TSS, %

Cell 1 144 23 84

(11)

Cell 2 31 V4 77

(13)

Cell 3 28 8 68

(13)




Comparing Average Inlet and Outlet Total
Phosphorus Concentration for Three Bioretention
Sites, Neenah WI

i1}

Hinlet1 Outlet 1 HMinlet2 SITESm Qutlet 2 B Inlet3 B Outle

Cell 1 |0.75 mg/l| -494%

2.2
2.0

O Y Y X
O N B O

TOTAL PHOSPHORUS
CONCENTRATION (mg/L)

o o
o o0

© o
>

o o
o N
i TTTT[TTTT TTTT{ T TIT T[T TTT [ TTTIT[TTTT TTTTTTTT[TTTT

Cell2| 1.2 mg/. | -1463%
Cell 3| 2.1 mg/l | -2091%




Total Phosphorus Concentrations,
mg/l, at the Inlet and Outlet of 2
Foot Depth Media

M INLET

M OUTLET

1.8
1.6
1.4
1.2
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Simulating Event with City Water to
Detemine Mobility of Media Particles

City Water -
Inlet TSS

City Water -
Outlet TSS

Media Outlet

TSS

City Water —
Outlet TP

Media Outlet
TP

Particle Size - < 63 < 63
Outlet mIicrons  microns

0.6

0.6 0.9




Immediate Change to
Bioretention Engineered
Soll Mix — Trechnical
Standard 1004

seremy Balousek B [he planting mix
W, = shall consist of 70
[0 85% sand and 15
10 80% compost







e

~Fill Soil Media:

-85 — 88% Washed Sand

-8 —12% Fines (Silt + Clay)
3 — 5% Organic Matter

o
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With Hel Ffom:

e?‘ Dena Divinconzo — Waupaca Sand and Solutions ($33
icubic yard)




Performance — Austin Filter — 18
to 24 Inches

Univ. of 0%
N[EY Reduction-
Hampshire | CALTRAN
1TSS S0 00
Jotal P 30 30
Diss. P 24 |t
letal Zn 95 30
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New Mix at USGS Parking Lot —
Special Focus SAR Effect




What About Removing Dissolved
Phosphorus & SAR Effect ?

o , 1. Conduct Leaching
...... Y 1 X Tests on Old and

| ] NCSU Mix

2. Determine Best
Additive to Enhance
P Sorption.

Mauricio Avila and
Philip Barack-

- NCSU Mix
o T University Soils and
Old Mix \\\\ Plant Lab. & Soils
L R— \\ Dept.



Choices of Additives to Reduce Dissolved P




New Media for Three Tests
Systems In Neenah — Trechnical

Standard 1004
86% Sand; 11% Peat

MoSSs; 3%
SorbtiveMedia
(Imbrium) —

Ne) SAR Effean &
DISSEIVEC
Reacltjecier!

Jeremy Balousek
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New Media (McMahon) 2 feet deep; 86% Concrete Sand, 11%
Peat Moss, and 3% SorbtiveMedia




Bioretention Facility

Diagram

FPARKING LO7
S7TONE OROF

GRASS FULTER

OFT7T/ONAL
SAND LAYER
B/ORETENT/ON
AREA

GRAVEL
CURTAINS
LRAIN

OVERFLOW

& PLANTING
SO/

FILTER

FABRIC GRAVEL




Groundwater Contamination
Potential for Sandy Loam

(0.19%TOC)

Compound Contamination Potential
Nutrients (Nitrates) _ow/Moderate
Pesticides _ow/Moderate

Other Organics _ow/Moderate
Pathogens Moderate/High

Heavy Metals Low

Salts

High




Examples of Stormwater

Contaminating
Groundwater
Pesticides: Pathogens:
~resno,CA Diazinon  Long Island
=|orida Diazinon, viruses
2.4-D, etc. Heavy. Vetals:
Organics: Maryland chremium
Florida Phthalates lead,
Long Island cadmium
Phthalates, Salts:
toulene, Maryland chloride

elc.



Site Characteristics Effecting
Risk of Groundwater
Contamination

= | anduse

= Soll Texture

= Total Organic Carlbon Content of Solls
= Depth to Groundwater

= Thickness of solil layer

= Amoeunt off Rainfall



Trechnical Standards

= Site Evaluation Standard

= Bjoretention Standard

= |nfiltration Basin Standard

= Grass Swale Standard

= Rain Garden Standard

= Hydroedynamic Separator Standard
= \Wet Detention Pond Standard

= Permeable Pavement Standard

= Propretany EIlters

= HNPY/dniEwiraey/ere/wate/Win/aps/stemvate/ieclist
dSHhtim



http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm
http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm

Method for Estimating TSS

Reduction

1. Determine treatment flow rate and apply
constant % reduction.

2. Develop particulate solids performance
data for the different particle sizes and
flow rates for each media type.

Both approaches require performance
data for each type of filter and media




Percentage of Annual Flows Treated for Different

100

Percentage of Annual Flow
Treated
P N W A OO O N 0 ©
O O O O O O O O O O©

Treatment Flow Rates (Pitt, 2010)

10 100 1000

Treatment Flow Rate (gpm per acre of impervious)



80% SSC Load Reductions (95%

annual flow treated at 85%

reductions)(Pitt, 2010)

Control |Storage |Treatment |Costs/acre

Option |Volume, |Flow Rate, |of Imp.
ft3\acre |gpm/acre

1 0 160 $63,000

2 228 160 $63,000

3 1240 130 $62,000

4 2310 100 $71,000




1SS Reduction with Sil-Co-Sil
106 — 20% Sand & 809% Silt

Upflow Filter (Hydro)

Most tested at NJCAT
LLaboratory with 106
(median size of 20
microns):

1SS = 80 te 90%
Reduction

(Contrel aboeut 7 micren)



Proprietary Filters We Have
Studied — Green Bay, Milwaukee,
& Madison (USGS)

Arkal Pressurized
Sand Filter Stormfilter



. “»="% " St. Mary’s Hospital, Green Bay, WI
. S Pressurized Stormwater

! Filtration System
_Site _Conditio_ng_— 5.5 acres

i

P

| St. Marys Hospital

Drainage
Boundary

-'

Holdlng Tank
F|Iter




Percent Reduction Using Sum of the
|_.oads for Arkal Filter (Horwatich,
240/024Y

: % =\Y[® =MC
Constituent : Outlet,
Reduction | Inlet, mg/I
mg/l
TSS 83 72 15
Suspended
Sediment ot 82 14
Total Rec. Zinc 62 68 ug/I 26 ug/I
Total
Phosphorus 54 0.107 0.050
Dissolved P 9 0.031 0.027




EEEEERD
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Elevated Deck — | 794
(40,000 ADT)




Sum of the Loads for Stormfilter at
Milwaukee Site (Horwatich, 201.0)

Constituent 0% EMC Inlet, =\Y/[@
Reduction mag/l Outlet, mg/l
1TSS 510) 610) 36
Suspended
Sediment Gk S 3
Jotal Rec. Zine 638 226 ug/l o1 ug/l
lotal
Phosphorus 38 0.152 0.098
Disselved Zine 20 59 ug/l 45 ug/l
Disselved P 5 0.044. 0.037




- Installation:
$50,000

StormkFilter Unit:
$55,000

| Engineering:
$15,000

s Total:
! @ $120 OOO

MY

: ¢

: StormkFilter — 0.92
~ Acre MG&E
~ Parking Lot




Sum of Loads and Mean EMCs
for MG&E Site (Horwatich, 2008)

Constituent | EMC Inlet, | EMC Outlet, | SUum of
mg/l mg/l Leads
SSC 24 14 3996
1SS 23 16 2519
\/SS 10 v/ 25906
Diss. P 0.034 0.029 1896
Total P 0.12 0.054 3626
lotall Copper 5 ug/l 4 ug/l 22906




SSC Reduction as a Function
of Percent Sand In Inlet
Water

70 -
éi 60 E -~
g >0 - —
g 0 =
X 30 =
Lg) " _— :

10

0]

0 20 40 60 80

Percent Sand



Distribution of SSC [lrapped
by Stormfilter at MG&E

P_artlcle Ibs 0%
Size, um
232,63 <32 6.3 22%

17% | m63-500

32—-63 | 4.7 | 17/%

63 - 500 17.3| 61%

Jotal |28.3| 100%




Percent Load Reductions for
StormkEilter

Total P
Diss. P

Total Zinc

Diss. Zinc

Constituent | CALTRAN W - W —
Madison Milw.

1TSS 40 25 50

SSC NA 39 39




Trechnical Standards

= Site Evaluation Standard

= Bjoretention Standard

= |nfiltration Basin Standard

= Grass Swale Standard

- RaniGanden Standarna

= Hydroedynamic Separator Standard
= \Wet Detention Pond Standard

= Permeable Pavement Standard

= Proprietary. Filters

= HNPY/dnEwWiteev/ere/Wate/Win/nps/stermyvate/ieclist
dSHhtim



http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm
http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm

Rain Garden
Manual on WDNR
Web Site

A how-to manual
for homeowners

http://dnr.wi.gov/topic/sh
orelandzoning/documents
/rgmanual.pdf



http://dnr.wi.gov/topic/shorelandzoning/documents/rgmanual.pdf
http://dnr.wi.gov/topic/shorelandzoning/documents/rgmanual.pdf
http://dnr.wi.gov/topic/shorelandzoning/documents/rgmanual.pdf
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Recharge

Evapotranspiration:

= Using modified Penman-
Monteith eguation

= Parameters:
Solar radiation
\Wind speed
Precipitation depth
Humidity,
Al llemperature
= Applies correction factor: for | |
vegetation type Vi e oA 8




Water Balance 1n Prairie
and Turf Clay Rain
Gardens

Effluent,
inches

2007 (Prairie) 42 0 5 (3%) 169 (97%)

2007 (Turf) 42 0 23 (11%) 194 (89%)



S -, \ -,

(Ad Sauk Native
garden solil core 0

reveals sand down

to approximately 3 ,
feet then turns to

clay

EXPLANATION
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Organic-rich A horizon
Sand
Sandy loamto loamy sand

Sandy clay to sandy clay loam

Loamto clay loam

o 0dSaukNatve 2 C[E S s T

Cay

JROOOOON

E Silty clay to silt clay loam
No soil present
Z . .
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Capacity of Prairie Clay
Rain Gardens

Storage Volume = 200 cubic feet

Equal Roof Runoff = 1.56 inches (90% of
Events)

Vold Space Abeve Clay = 200 cubic feet
Equal Reef Runoffi=1.56 InChes

Jetal Capacity' = 3.12 Inches of rain
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30 Events Over Four Years in January,
February, and March — Zero Discharge From
Prairie Clay Garden

Lo e
oA P ook " Turf Clay Garden
" e : y S



Roof Gard__ens_

T s




Trechnical Standards

= Site Evaluation Standard

= Bjoretention Standard

= |nfiltration Basin Standard

= Grass Swale Standard

= Rain Garden Standard

= Hydroedynamic Separator Standard
= \Wet Detention Pond Standard

= Permeable Pavement Standard

= Proprietary. Filters

= HNPY/dnEwWiteev/ere/Wate/Win/nps/stermyvate/ieclist
dSHhtim



http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm
http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm

Porous Pavement Control Device

First Source Area Control Practice Porous Pavement Humber 1 Porous Concrete

Land Usze: Institutional 1 Porous Asphalt

Source Area: Paved Parking ncrete Grid “'i‘h
gregate Bedding
Total Area: 23.000
o
IPuruus pavement area [acres]: 15.000 I

Inflow Hydrograph Peak to Average Flow Ratio | 1.8

Pavement Geometiy and Properties

1 - Pavement Thickness [in] E.0
FPavement Porosity [0-1] 0.35
2 - dggregate Bedding Thickness (in) 6.0
Agagreqate Bedding Paorozity [0-1] 0.35
3 - Aggregate Basze Reservoir Thickness [in] 12.0
Aggregate B aze Reservoir Parozity [0-1] 0.40

Outlet/Dizcharge Options ' I///?

E‘:;fﬁé:;ed Pipe Underdrain Diameter, if used . \ \\\ \\ \\\; DFest Elev

4 - Perforated Pipe Underdrain Outlet [rsert _ \//z\\//%\\///\\/;,

Elevation [inches above Datum] i

Murnber of Perforated Pipe Underdrains Surface Pavement Layer Restorative Cleaning Frequency

Subgrade Seepage Rate [indhr] - select below Infiltration Rate Data

ar enter : Imitial Infiltration B ate [indhr] 30.00

Hziggl‘rf‘tiflﬂn’ég‘gnggg Enetation to Accountfor Percert of Infilration Fiate After 3 Years (0-100] | 0.0
Percent of Infiltration R ate After & vears [0-100) 0o

= ubgrads Sespage Rate COY Time Period Until Complete Clogging Occurs [wee) - 0.0

Percent of Original Infiltration B ate Upon Cleaning 90,0
Select Subgrade Seepage Hate (0-100)

Sand - 8 indhr ™ Clay loam - 0.1 indhr Bl e ey e ey ey =

~
£ Loamy sand - 2.5.in.-"hr (" Silty clay loam - 0.05 in/hr Enter walues in either rows 2-4 or row 6. vou
" Sandy loam - 1.0k ™ Sandy clay - 0.05 indhr cannot enter values in both sets of rows.
~
~
~

Mever Cleaned

Three Times per Year
Semi-Annually
Annually

Every Three Years
Every Four Years
Every Five Years
Every Seven Years
Every Ten Years

SIS Ee Be Ne N0 N e 18 IS

Loam - 0.5 infhr {7 Silty clay - 0.04 infhr

St laam - 0.7 indhr € Clay - 0.02 infhr Copy Porous Pazte Porous

Pavement FPavement

Sandy silt loar - 0.2 indhr Data Data Cancel Delete Control ‘ Continue ‘

Contral Practice #: 4 Land Usze #: 1 Source Area tt: 16




Average monthly infiltration rate on two ratio of
permeable pavement when loading rate is 0.4 Ib/sq-ft

= Ratiodto 1l

= Ratio3to 1

L
3
ﬁ
-
i
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™
=
:
@
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E
=
-
=
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4
=
=
=

30

Number of months with rainfall (exclude 3 winter month)







Lots one-hour after plowing, -4*C (11AM on 2/3/07)




How to Select A Stormwvater
Control Measure

Phosphorus Goal

‘/\‘ Regional

Source
Unit Process Unit Process
Filtration Settling Prevention Settling Filtering

‘ l l | [

' Fil - ) )
Cartridge Filters Hydrodynamic Street - Infiltration
Upflow Filters devices Cleaning poends Basins
Biofilters Catch Basins Ordinances Grass

Swales

Sand Filters Leaf Pickup



Trechnical Standards

= Site Evaluation Standard

= Bjoretention Standard

" nffltration Basin Standard

= Grass Swale Standard

= Rain Garden Standard

= Hydroedynamic Separator Standard
= \Wet Detention Pond Standard

= Permeable Pavement Standard

= Proprietany Filters

= HNPY/dnEwWiteev/ere/Wate/Win/nps/stermyvate/ieclist
dSHhtim



http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm
http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm




BMPs used to control runoff quantity and quality










- Wet Detention Pond —
. Pretreatment for Cedar
Hills, WI
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2 Outlets for
Wet Pond
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Diminished Effective Infiltration Area —
Only 50% of Flow Reaching Basin is
Controlled.

Infiltration Standard Requires Breaking
Effective Infiltration Area into Cells.
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Infiltration Basin
with Compacted
Solls

Standard
requires
adding
compost and
chisel plowing



Comparizon of Annual Runoff Between the LID and Conventional Basins

g

.

g
Annual Predpitation, In Inches

=
n

T
=
=




Maximum Peak Discharge
for Each Year, CES

120

100 s LID
% Conven.
s 380
&
-§ 60
2
e 40
~
&
20 I I
0 - - || I -
99 0 1 2 3 4 5



Infiltration Basin
Performance

Overall Reduction in Runoff
"~ Volume for Infil. Basin = 51%b

Percent Reduction " ‘ :
Statistic :

Mean 69 43 32
Median 71 44 43



Trechnical Standards

= Site Evaluation Standard

= Bjoretention Standard

= |nfiltration Basin Standard

" (Glass Swale Standard

= Rain Garden Standard

= Hydroedynamic Separator Standard
= \Wet Detention Pond Standard

= Permeable Pavement Standard

= Proprietary. Filters

= HNPY/dnEwWiteev/ere/Wate/Win/nps/stermyvate/ieclist
dSHhtim



http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm
http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm

Modeling Swales SLAMM

1. Swale infiltration rate [infhr] :I 05 Z. Swale denszity [tfac): I IR0.00

ENTER WETTED S5WALE WIDTH [conztant for all events]
OR
TYPICAL SWALE GEOMETRY

[wetted swale width changes for each event bazed on expectsd

3. Wetted swale width [ft): 0.00

- Typical Swale Geometry

4_ Typical Bottom Width [Ft]: I 1.0 b&. Typical Longitudinal Slope [ft/Ft): I 0.010

h. Typical Swale Side Slope . .
P [_ftH:1H -.5']: 4.0 ¥. Swale Manning's n I 0835

[¥ Select swale density by land use ¥ ~ Select infiltration rate by soil typ
Sand - 4 infhr

Loamy zand - 1.25 inhr

iS5 and loam - 0.5 ke
Loam - 0.25 indhr

Silt loarn - .15 indhr
Sandy zilk [oam - 0.7 indhr
Clay loam - 0.05 b

Silb clay loam - 0.025 indhr
Sandy clay - 0.025 indhr
Silby clay - 002 indhr

Clay - 0.07 indhr

= Low density residential - 160 ft/ac

t* Medium density residential - 350 ft/ac

= High denzity residential - 375 ft/ac

= Stip commercial - 530 ftfac

" Shopping center - 280 ftfac

" |ndustrial - 125 flac

= Freeways [zhoulder anly] - 270 frlac

™ Freeways [center and shoulder] - 410 ftac

SN e N N e N N O N N

Area served by swales [acres]: 50

Delete Cancel Continue
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How to Select A Stormwvater
Control Measure

Phosphorus Goal

‘/\‘ Regional

Source
Unit Process Unit Process
Filtration Settling Prevention Settling Filtering

‘ l l | l

' Fil - : :
Cartridge Filters Hydrodynamic Street = Infiltration
Upflow Filters devices Cleaning poends Basins
Biofilters Catch Basins Ordinances Grass

Swales

Sand Filters Leaf Pickup



Trechnical Standards

= Site Evaluation Standard

= Bjoretention Standard

= |npfiltration Basin Standard

= Grass Swale Standard

= Rain Garden Standard

= Hydroedynamic Separator Standard
S Weie Platncion Peonel Sitzinelzirfe

= Permeable Pavement Standard

= Proprietary. Filters

= HNPY/dnEwWiteev/ere/Wate/Win/nps/stermyvate/ieclist
dSHhtim



http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm
http://dnr.wi.gov/org/water/wm/nps/stormwater/techstds.htm

Wet Detention Pond —
SRR Madison, Wlsconsm
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Total Load Reduction
Achieved by Monroe Pond

90+
80+
707
60 -
501
40
30+
201
10+

0-

% Reduction

NS NEANERNERN

TSS Total P Diss. P



Monroe St. Pond

Efficiency — Reduction In

Avg. Conc.

70
68 1
66 -
64+
62 1
60 1
581
561

Percent Reduction

94

Pb

Zn

Cu

Fecal Col.
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Cumulative relative frequency (decimal %)
o
(0)]

Monroe Street Pond Outlet ( 1991 - 1995,

0 5 10 15 20 25 30 35 40 45
Daily Max Discharge (cfs)

10)



Stormwater Management Steps

1. ldentify beneficial use impairments
2. ldentify causes of Impairments

3. ldentify sources (magnitude,
seasonality, flow phases, etc.) of
problem constituents

4. ldentify, select, and design controls
Suitable for preblem pollutants and
locations

5. Implement controls, conduct validation
moenitenng, moediiy contrels as needead



How to Select A Stormwvater
Control Measure

Phosphorus Goal

Infiltration A/\‘
Regional

Source
Bioretention Control Control
TP =5—80% }
$16,000 - $40,000 Unit Process Unit Process
per acre mpv.A / \
Filtration Settling Prevention Settling Filtering
= 0 _ l
LS o TP =10% Street Cleaning  Wet Infiltration
DP = 29% DP = 7% TP = 190 PORES Basins
TP =55%
< $120,000/acre > $15.000/acre | $40.000/100 acres P = 450, | Orass
IMPETV. imperv. Ordinances = 7 — Swales

Large
16% Low cost range
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