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Background & History

Development Began
in mid-1970’s
* Early EPA street

cleaning and receiving
water projects

San Jose and Coyote
Creek (CA)

Primary Purpose:

* Identify Sources of Urban
Stormwater Pollutants

» Evaluate Efficiency of
Control Practices

WinSLAMM Applied to Areas
having Combined Sewers

Detailed watershed evaluations of existing and proposed
conditions

Examine structural and non-structural controls at many
locations in the watershed

“Green infrastructure” components include disconnections
of impervious areas, rain barrels and cisterns with
stormwater beneficial reuse, porous pavement, bioretention
facilities, grass swales, etc.

Model outputs can be coupled with detailed drainage
hydraulic models, such as SWMMS5, to measure overall
benefit to overflow frequency and overflow volume

Background & History

Mid-1980’s: i .
* Model expanded to include
more management options

beyond street cleaning
Nationwide Urban Runoff
Program (NURP) projects
provided large data set for
model, especially:
Alameda Co. CA;
Bellevue, WA; and
Milwaukee, WI

Ontario Ministry of the
Environment (Ottawa)
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Background & History WinSLAMM integrates site and
development information:

— Mid-1980’s - Model started to be used in Agency Programs:

* Toronto Area Watershed Management Strategy

» Wis. Dept. of Natural Resources: Priority Watershed Soil Type

Program Runoff

— First Windows Version Developed in 1995 (Currently Volume
developing Windows version 10) —a

— Continuously being updated based on user needs and new WinSLAMM—p
research (recent and current support from Stormwater i Pollutant
Management Authority of Jefferson County, AL; the TVA, Load
Economic Development group; WI DNR; and the USGS) oads

— Currently being used in the Kansas City national Development
demonstration project of green infrastructure benefits in Characteristics
combined sewage area

Control Practices
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WinSLAMM uses an Extended Rainfall Period, Usually

Many types of runoff monitoring used to calibrate and verify
from One Year to Several Decades Long

WinSLAMM, from small source areas to outfalls.

Birmingham, AL, rains from 1952 through 1989

Rainfall Depth (in)

E000 2000 10000 12000 14000
Time [days]

111 rains per year during this 37 year period
Most rains < 3 inches

About 5 rains a year between 3 and 8 inches
3 rains (in 37 years) > 8 inches

Street dirt washoff and runoff test plot, Toronto

Example runoff plot for small paved area.

Infiltration Rates in Disturbed Urban Soils
(AL tests)

—
w

Inltially-
Maximum varigbyl

Runoff (mm)
Infication Rate (i}

Sandy Soils Clayey Soils

Field research has shown that the infiltration rates of urban soils are

strongly influenced by compaction, probably more than by moisture
saturation.

Pitt 1987 Pitt, et al. 1999




Infiltration Measurements for Noncompacted, Sandy Soils:
Knowledge of Variability more Important than Fitting to

Conventional Infiltration Model

Soil Compaction
Texture | Method

Hand
Standard
Modified
Hand
Standard
Modified

Long-term
Average
Infilt. Rate

(in/hr)

Long-Term Sustainable Average Infiltration Rates

Compaction,
especially
when a small
amount of
clay is present,
causes a large
loss in
infiltration
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A Nice Example of Runoff Model
Verification using WinSLAMM

Observed vs. Predicted Runoff at Madison Maintenance Yard
Outfall
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1.0 1.5
Observed Runoff (in)

Hand capacity.
Standard
Modified

Conservation Design Approach for
New Development

Better site planning to maximize resources of site
Emphasize water conservation and water reuse on
site

Encourage infiltration of runoff at site but prevent
groundwater contamination

Treat water at critical source areas and encourage
pollution prevention (no zinc coatings and copper,
for example)

Treat runoff that cannot be infiltrated at site
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Stormwater Controls

* Biofiltration areas (parking lot islands)
— 52 units of 40 ft by 8 ft
— Surface area: 320 ft?
— Bottom area: 300 ft?
— Depth: 1 ft
— Vertical stand pipe: 0.5 ft. dia. 0.75 ft high

— Broad-crested weir overflow: 8 ft long, 0.25 ft wide
and 0.9 ft high

— Amended soil: sandy loam

» Also examined wet detention ponds

Summary of Measured Areas

 Totally connected impervious areas: 25.9 acres

parking 15.3 acres

roofs (flat) 8.2 acres

streets (1.2 curb-miles and 33 ft wide) 2.4 acres

 Landscaped/open space 15.4 acres

e Total Area 41.3 acres

Runoff Volume Changes

Base With
conditions |biofiltration

Runoff volume
(106 ft3/yr)

Flow-weighted
average Rv

% reduction in
volume

2.85

0.59 0.35
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Birmingham Southern College Campus (map by
Jefferson County Stormwater Management Authority)

Inches per Average Use for
month 1/2 acre
(gal/day)

Birmingham Southern College
Fraternity Row

Capture and Reuse of Roof Runoff
for Supplemental Irrigation

Tankage Volume (ft*) per | Percentage of Annual Roof
4,000 ft> Building Runoff used for Irrigation
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Porous Pavement Control Device Madlson, WI
Land Use: Residential Porous Concrete
Source Area: Paved Parking/Storage 1 Porous Asphalt
Total Area: 10 P P Mumber 1 Concrete Grid with
otal Area: 'orous Pavement Number Aggmgae BEﬂﬂl"g_\
Porous pavement area (acres): 10.00 .
" 2 B B4 Porous
Inflow Hydrograph Peak to Average Flow Ratio[ 3.6 U S ba Paverment
P t Geomelry and Propesti b > 5 a2 I
avement Geomely and Properties & R A -
T ST
T~ Pavement Thickness (] 0t 2 a0 PRSI RIS S A S hyaregdle
. 4 S R AN AN X S o
Pavement Void Ratio (0-1] 4 B N BN S SRt Besiding
2 - Aggregate Bedding Thickness fin] 3 SR AR R
Agoregate Bedding Yoid Ralin [0-1] 3 = A r
3-Agmegate Base Reserveit Thickress in) 12 ] i
omegate Base Reservair Void Ratio (0-1] 5 o 4 d}\lj_ d:}l]_ Bg;me
?ﬁ ) ‘ i Reservair
Outlet/Discharge Options 4 60" Lo
Perforated Pipe Underdrain Dismeter f used R RO AT A e ALw \F ALC 1 Daum
finches] N - DFect Elev
bttt ORI,
Number of Perfarated Pipe Underdiains 1 TR TR TR
Subrade Seepage Fats (/b - select below | o - Restorative Cleaning Frequency
o enter Surface Pavement Layer e«
Use Random humber Generation to Ascount d " Three Times per Year
for Uncettainty in Seepage Rate - Infiltration Rate Data ~ Semi,A"ma";’
S bgrad Sonpage Fias CY T Tniia It ation Frate (in/hu] 800  Ammually

Percent of Infiltration Rate After 3 YVears (01000 | 50.0
Percent of Infiltration Rate After 6 Years (0-100] | 250
Select Subgrade Seepage Rate Percent of Original Infiltration Fiate Upon

750

© Sand-8invhr " Clayloam - 0.1 inshr Cleaning (0-  Every Five Years

€ Losmysand - 2510/ Sity clagloam - .05 bt Time Period Unti Complete Clogging Occurs sl 8.0 * Every Seven Years

7" Sandyloam-1.0nh  ( gandy clay - 0.05 invh " Every Ten Years

? Loam - 0.5 infhr " Silly clay - 0.04 in/hi

* Siltloam - 0.3 in/hr " Clay - 0.02 inshr i

o o Continue Cancel Delete Control
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Combinations of Controls to Reduce
Runoff Volume

Total Annual |Increase

Runoff Compared to

(ft}/year) Undeveloped
Conditions

Undeveloped
nventional development 380,000

Elements of Conservation Design for

Cedar Hills Development
(near Madison, WI, project conducted by Roger
Bannerman, WI DNR and Bill Selbig, USGS)

» Grass Swales

* Wet Detention Pond

* Infiltration Basin/Wetland
* Reduced Street Width

Grass swales and walkway porous 260,000
pavers

Grass swales and walkway porous 170,000
pavers, plus roof runoff disconnections

Grass swales and walkway porous 66,000
pavers, plus bioretention for roof and

parking area runoff




Cedar Hill Site Design,
Crossplains WI

Explanation

Il Wetpond

Il Infiltrations Basin
Swales

Il Sidewalk

I Driveway
Il Houses
B Lawns
I Roadway
Woodlot

500 1000 Feet

Reductions in Runoff Volume for
Cedar Hills (calculated using WinSLAMM
and verified by site monitoring)

Type of Control Runoff Expected Change
Volume, (being monitored)
inches

515% increase

Swales + . 78% decrease,
Pond/wetland + compared to no
Infiltration Basin controls

15% increase over
pre-development

&8 Examples from Recent
Study for City of Santa

Monica, CA
Prepared by EarthTech

7: General Commercial Land Use by Source Area
Wilshire Drainage Basin

Landscape/
Vegetated

Recreation
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Calculated Runoff Contributions for Medium Density Residential Areas

Cumulative Percent Contribution to Runoff Volume from Each Source Area
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Example of WinSLAMM and SWMMS Integration to Evaluate

Benefits of Green Infrastructure

Conditions Needed for Complete Infiltration of 0.75 inch Rain
Infiltration Pit Performance Chart
Montana Medium Density Residental Non-ROW Impervious Surfaces
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Conservation Design Elements for
North Huntsville, AL, Industrial Park

Grass filtering and swale drainages

Modified soils to protect groundwater

Wet detention ponds

Bioretention and site infiltration devices

Critical source area controls at loading docks, etc.

Pollution prevention through material selection
(no exposed galvanized metal, for example) and
no exposure of materials and products.
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% Reduction

Volume and Sediment Reductions for Different
Rain Depths
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Flow Rate Reductions in Drainage Calculated

by S W M M 5 ’ pe— —
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Conventional curbs with inlets directed to site swales

Mississip[r)i.
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, Grass Swale Data Entry Form ‘
: Pollutant Control in Grass Swales

Residential | Institutional = Commercial | Industrial | Other Uiban | Freeway

LandUse  LandUse LandUse | LandUse | LandUse | LandlUse
Tatal Area in Land Llse (ac) .00 28.00 46.00 Rlanff from
fuea Served by Swales [ac) .00 0.00 45.00 .
Swiale Dersity [ft7ac) 360,00 000 125.00 Pervmus/
Total Swale Length (f] 10850 5750 . .
verage Swale Length to Outlet {f] 350 2123 1mperv10us Trapping sediments
Typical Battom Width () 20 70 .

Typical Swale Side Slope [__ftH 1 ftv) 20 30 Reducmg runoff and associated vollutants
Typical Longitudinal Slape [itA, ¥/H) 0018 oms loci

Swale Retardance Factor D ~| = | Ve OClty

Typical Grass Height in] 30 oo 30
Swale Dynamic Infilation Fiate [inhr) 1.250 0.000 0500
Typical Swale Depth (1 for Cost Analysis [Optional] 20 00 30
[~ Use One Swale System For All Land Uses

Grass Swale Data

Select Critical Total area served by swales (acres]: 77.00
Particle Size File: Particle Size Distribution File Data Grid Total area [acres): 109.00

Select infiltration rate by soil type

Residential LU C:\Program Files\winSLAMMSNURP.CPZ

Institutional LU

Apply the Residential Land Use Particle Size File to All Active Land Uses

Reduced volume and
treated runoff

Select Swale Density by Land Use

2 IR i

Delete Cancel | | Continue’

Date: 10/11/2004

Settling of Different Sized Particulates as a Function of Flow
Characteristics (depth and velocity), Particle Settling
Characteristics and Grass Type and Height

100 -

TSS: 20 mg/L

90 4

80
Ratio: 0 - 1.0 {
70

\ ) S 60 -
N~ 3 Ratio: 1.0 - 1.5
3 50
TSS: 35 mg/L £ -
3 40 Ratio: 1.5-4 {
8
30 4
X
20 4 X Total Dissolved Solids
é X (<0.45 pm)
= TSS: 84 mg/L e %
| 0 % v T T T T T 1
- 0.00001 0.0001 0.001 0.01 0.1 1 10 100
TSS' 102 mg/L Settling frequency
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Low Flow vs. Historical Stillwater, OK,

Retardance Curves
e ‘\ 4 Qutdoor Swale Data

0.70

060

Centipede ——» -

050 —————————————

Manning's"n"

0.40 +
A

B

0.30

Bluegrass N

1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00
VR meisor) Kirby 2005
From such graphs swale hydraulic characteristics can be predicted on
the basis of flow rate, cross sectional geometry, slope, and

vegetation type.

Biofilter Data Entry Fo

Biofiltration Control Device

Land Use: Residential Add Dutlet/Discharge Source Areas from Land Use that Contribute Runoff to Biofiltzation Control Device(s)

I Rosfiop 1 r =
 Rositop 2 - =
Biofilter Number 1 ~ - 7 Drvenaps 1 r
Device Geametry o F g Driveays 2 IE Siall Landscaped Area 1
1. Top Area [
epfres ) el o r W Siewakstwaks1 [
2 Bottom Area [¢f] [ 4000 4 = ~ r
3. Depth ) 3.00 o F F ?veel:ree; F
treet Area
4 Deph ol Biflerthatis [ .00
Flock Filld if) 2.00 ————— r 2 [~ Steetdrea 3 -
5 Factionof FockFiled [ g 3p it Eyisting Outle
Vokme ¥ Voids [0- 1] .30 r r
E. Engineered Soll Diepth [f) 0.00 Selected Outlets & I
r r
7. Fraction of Engineered Soil
Vokime & Vaids [0-1] 0.00 r o
B e 05 1 Fraction of Fiunoff From Selected Source Areas Flouted to Land Use Biofters (0-1]
Change Geom 500
Seepage Rate Side: 100 |y flow Hydrograph Peak to - Biofitter Top
Multipler (0-1) Bottom: [ q.gp  Average Fluw Ratio 3.8 Argas 4500 5f
Sel Native Soil § R Reguired Broad- —= }-"‘ 0-3& P
t ti 1t ‘ertical
st | - Ugmints Gt N s B o
£ Loamy sand - 2 5in/he nfilation ate Y (Optional)
" Sandy loam - 1.0 in/hr .00 ‘ Engineered
@ Loam- 05 infhr T ypical Bicfiker Widh (1) - e sl
St loam - 03 invhr for Cost Purposes One | 100 e (Optionad
€ Sandy sitloam - 0.2 in/h
o P e 9 Number of Biofilration E—
b4 Smjc‘ay s TN Control Devices in Source 3 e = (Optional
e or Land Uss = S
¢ Sandy clay - Q05 indh i i o Daturn
 Silty olap - 0.04 in/hn Cancel o
€ Clay-0.02 infhe
" Rain Banel/Cistern - 0.0 in/he Delete Siofifter Bottom
rea= 4000 sf Orifice (Optional)

=Y
~N
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Biofilter for employee parking
lot at industrial facility, WI
(part of a treatment train that
also uses wet pond with
lamella separator
pretreatment units in
manufacturing area)

Recent Bioretentio
Retrofit Projects in
Commercial and
Residential Areas in
Madison, WI

Biofilter for highway runoff,
Lodi, WI



Pre-Construction Runoff Data
dune &, 2003
0.50" Rainfall

—— Control - 47.039
f —— Ssudy - 35572 gal

1500 4 1

15“ JJL ﬂ\
[ Ihlk’\‘l\ll I\R‘_

SAM TAM SAM 11AM 1P IFPM SPM TPM OPM 11 PM 1AM 3 AM 5 AM

Tirme

Voluma (gal)

Post-Construction Runoff Data
May 29, 2004
071" Rainfall

Maplewood, MN

data published
in Land and
Water, Sept/Oct.

1800 2004
= Conirod - 35,107 gat
~=197% Runeff Volume Reduction
. AW
E VA
- ]
= — -

Time

Cumulative Runoff from Different Roof Types - 7/18/07 to 7/31/07

Cumulative Runoff(in)

35

3.0 A

2.5

2.0

1.5 4

1.0 4

0.5 4

Recent results showing green roof runoff
benefits compared to conventional
roofing (data from Shirley Clark, Penn
State — Harrisburg)

Greater than 65% volume reductions
due to ET

0.0 -

50 100 150 200 250
Time Since Start of Storm(hr)

Green Roof
Galvanized Aluminum

300

51

Calculated Benefits of Various Roof Runoff
Controls (compared to typical directly
connected residential pitched roofs)

Annual roof runoff volume
reductions

Birmingham, | Seattle,
Alabama

(55.5 in.)

Phoenix,
. Arizona
(33.4in.) [ (9.6 in.)

Cistern for reuse of runoff for toilet
flushing and irrigation (10 ft.
diameter x 5 ft. high)

Planted green roof (but will need to
irrigate during dry periods)

Dlsconnect roof drains to loam soils _-
Rain garden with amended soils (10
ft. x 6.5 ft.)

11/21/2023
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Soil Modifications for rain gardens and other

. . . . Enhanced Infiltration with Amendments
biofiltration areas can significantly increase treatment

q Average Infiltration
ana 1
- d = e Rate (in/h)

UW test plot 1 Alderwood soil alone 0.5

UW test plot 2 Alderwood soil with Ceder Grove 3.0
compost (old site)
UW test plot 5 Alderwood soil alone 0.3

UW test plot 6 Alderwood soil with GroCo 3.3
compost (old site)

Rob Harrison ,Univ. of Wash., and Bob Fir Six to eleven times increased infiltration rates
Pitt, Univ. of Alabama examined the S P L using compost-amended soils measured during

benefits of adding large amounts of g
compost to glacial till soils at the time of - = i long'term tests using large test plOtS and actual
land development (4” of compost for 8” | ' TS rains (these plots were 3 years old).

of soil)

Changes in Mass Discharges for Plots having
Amended Soil Compared to Unamended Soil

Constituent Surface Runoff Subsurface Flow
Mass Discharges | Mass Discharges
Runoff Volume m 0.29 (due to ET)
Ammonia 4.4 = b ‘ Some laboratory and
T SRl field pilot-scale test
Nitrate 1.5 SRR setups (EPAand
- research at Univ. of
Zinc 0.061 0.18 e | | Alabama). Critical

q . that tests use actual
Increased mass discharges in subsurface water
g : ! stormwater, not
pollutants observed for many constituents (new plots). S, LA .rtificial mixtures.




E. coli Enterococci

1000 150
P=0.016 P =0.008

750
_ 100 —
E
o
S 500
.~
Z
o
= 50 —|
250 -
0 | 0
Influent Effluent Influent Effluent

PEAT-SAND FILTER: Pilot-Scale Testing, Fall 1999
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Wet Detention Ponds

Typical Wet Pond Performance Reported in Literature
® Suspended solids: 70-95%
©® COD: 60-70%
BODS: 3570%
® Total Kjeldahl Nitrogen: 25-60%
® Total Phosphorus: 35-85%
® Bacteria: 50-95%
® Copper: 60-95%
® Lead: 60-95%

Capture of Stormwater Particulates

by Different Soils and Filtering Media
(moderate influent SSC of about 100 mg/L)

0.45to 3to 12to 30to 60to 120to
3um 12pm 30pm 60pm 120pm 250pm

Porous pavement 0% 0% 0% 10% 25% 50%
surface (asphalt or
concrete)

Coarse gravel 0% 0% 0% 0%
Fine sand 33% 85% 90% 100%
Loam soil 0% 0% 0% 25%

Activated carbon, 45% 80% 100% 100%
peat, and fine sand

Wet Detention Pond Data Entry Form

Wet Detention Control Device

Dutfall Control hrea | Cumulative i‘ Add Outlet

Stage (ft) Yolume
Total Area: 105 acres [acres]

[acHt]
Pond Humber 1

0.00 0.000 0.000
0.01 0.500 0.003
250 0.750 1.559
5.00 1.000 3.746
7.00 1.250 5.996
4.00 1.500 8.745

‘ Select Particle Size Distribution File

C:"PROGRAM
FILES\wINSLAMMAMURP.CFZ

Initial Stage Elevation (ft] 5

Peak to Average Flow Ratio: | 380

[ 0 D O ) 0 0 40 2

=

[~

Edit Egisting Outlet

Selected Outlets [Max. 5] Double
Click to Edit or Delete:

w

=

=)

@

1 - Orifice
2 - Broad Crested Weir

bl

Erterfacton (grester [~
than O] that wou want to
modify all pond areas by

and then select Modify — Modify Pond
Pond Areas' buttan Areas

@

@

)
=1

]

Recalculate Cumulative _
Wolume: Save this Pond as a
WinDETPOND File
Copy Pond Data

Paste Pond Data ‘

LCancel Qzlele

Pond LContinue

Time (1.2 = Rainfall Duration]

>250

pm

100%

10%

100%
100%
100%
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Suspended Solids Control at Monroe St. Detention Pond,
Madison, WI (USGS and WI DNR data)

Consistently high
TSS removals for
all influent
concentrations
(but better at
higher
concentrations, as
expected)

i
|
T
100 1000

Particulant Residue (SS) (mg/L)

o Inlet
A Outlet

Storm 25.1: Predicted versus Observed Outflow
Rl e e T

Inflow

Flow (cfs)

Predicted and Observed Outflow

- N VA
1000 2000

3000
Time (hours)

4000 5000 6000 7000

Measured Particle Sizes, Including Bed Load Component,

at Monroe St. Detention Pond, Madison, WI
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L Example
: o [
£ _] copper and
O 60 —
L j _*_,i_ — T:H: phosphorus

! e e N concentrations

5-150

150-250 2
2000

Particle Size Range (micrometers)

4750

mg P/kg total solids
[~
(=]
=]
3

:

I

<75 75-150 150-250 260-425 425-850  850-

2000

Particle Size Range (micrometers)

2000-  >4750

4750

64

as a function
of particle size,
showing
typically
higher
concentrations
with smaller
particles
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Inlet Catch Basin  Settling Chamber

Hydrolnternational, Ltd.

Upflow filter insert for
catchbasins

Able to remove particulates and

targeted pollutants at small

critical source areas. Also traps

coarse material and floatables in
| sump and away from flow path.

Performance Plot for Mixed Media on Suspended Soilds for Influent
Concentrations of 500 mg/L, 250mgL, 100 mg/L and 50 mg/L
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Benthic macroinvertebrate
populations on natural and
artificial substrates have been
extensively used to indicate
receiving water effects.
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Volumetric Runoff Coefficients and Expected
Urban Stream Classification

1 10 100
Directly Connected Impervious Area (%

— Sandy Soil Rv — Silty Soil Rv Clayey Soil Rv

Based on modeling several hundred neighborhoods representing many

land uses in Jefferson Co, AL. Can now calculate the expected effects

and magnitude of needed changes to achieve targeted conditions.
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curves for site, with and without controls

Flew Duration Curve for Current Medel Run

Flow-Duration Curves for Different Stormwater
Conservation Design Practices
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Appropriate Combinations of Controls

No single control is adequate for all problems

Only infiltration reduces water flows, along with soluble
and particulate pollutants. Only applicable in conditions
having minimal groundwater contamination potential.

Wet detention ponds reduce particulate pollutants and
may help control dry weather flows. They do not
consistently reduce concentrations of soluble pollutants,
nor do they generally solve regional drainage and
flooding problems.

A combination of bioretention and sedimentation
practices is usually needed, at both critical source areas
and at critical outfalls.
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