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« TSS influent and effluent for different stormwater practices: International Stormwater BMP
Database

* Manufactured devices (hydrodynamic devices) and media filters had about the same median
influent TSS concentrations, but the media filters had substantially lower effluent TSS
concentrations.

Stormwater Controls using Media Filtration (usually Up-Flo® Filter

in Conjunction with settling) Developed by Pitt as part of an EPA SBIR project and
marketed by Hydrolnternational

!,

¢ Chamber — Retains floatables and trash |

¢ Angled Screens — Deflects neutrally buoyant ‘
material from media interface \

* Sump - Stores coarse grit and gross debris \ —
Up-Flo® | =
Filter \

 Filter media - high rate of flow due to \
partial bed expansion of contained media:

¢ Fine sediment
e Hydrocarbons \
¢ Metals

e Organics (pesticides, herbicides)

¢ Nutrients (particulate phosphorus)

© 2006 Hydro
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Up-Flo® Filter Module Up-Flo® Installation Configurations

R Lid with Integral
Media Restraint

Conveyance Slot |
(to Outlet Module)

Flow Distribution -
Media

i 7 Vault -
Inclined Screen Standard Manhole Up-Flo Retro
(2 -3 Rings)

Retrofit applications for

(1 Ring) Upstream source Larger catchments small or irregular catch
control small drainage sites basins

Flow Direction | _

Hydro International 2009

Flow rate has only a small effect  PilOt-Scale Tests, Controlled Tests and

on effluent quality. Effluent Three Years of Actual Runoff Events
quality is relatively constant over

. Performance Plot for Mixed Media on Suspended Soilds for Influent
broad range of influent Concentrations of 500 mg/L, 250mgiL, 100 mg/L and 50 mg/L
concentrations and flows. 600
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Performance Summary by Particle Size SSC Influent and Effluent Concentrations

during 40 Monitored Events at Full-Scale Up-
25 gallon/min Flow Rate and 500 mg/L Concentration Flo® Filter Installation at BamaBelle Site,

Particle Size Average Influgnt Average Efflugnt Averagg Tuscaloosa, AL
Concentration Concentration Reduction

(um) (mglL) (mglL) (%)
<0.45 240 120 49
045t03 26 3.2 88
3to12 92 32 65
1210 30 130 28 79
30to 120 81 3.9 95
120 to 1180 142 0.55 100
> 1180 30 0 100
sum >0.45
um 500 67.7 86

Up-Flo Filter Performance - CPZ Media

10000

Effiuent SSC (Mg/L)

1: Influent SSC; 2: effluent SSC

10

Up-flo® Filter Incorporated into WinSLAMM Version Up-flo® Filter Incorporated into WinSLAMM Version
10.3 Based on Lab and Field Tests 10.3 Based on Lab and Field Tests

=1 Hydro International Up-Flo Filter = Bl

First Source Area Control Practice

=% Hydro International Up-Flo Filter = =

First Source Area Control Practice
Device Geomelry

Device Geometry

tea Fraction Served by Up-Flo Fiters (0-1) 1.000 [Area Fraction Served by UpFio Fiters ([0-1) 1000
4 - Heicht fiom Outlet Invertto Stiusture Top (1) | 3.00 A Height fom Outie Invert to Shucture Top (1) 3.00
B - Sump Depth (] 300 ‘ 8 - Sump Depth ] 300
7 A 3‘[‘“, Peak ko Average Flow Ratio 380 AT Peak to Average Flow Ratio 380
Total Basin Area: 0 acres T Total Basin drea 0 acies
§ : Area Served by Upflow Fiter (ack 10,000 Area Served by Uplaw Fiter acl: 10.000
Contact Hydro Contact Hydio
Intemational Web Cleaning Frequency Intemational Web Cleaning Frequency
8o " ‘ [ Have Modl Deteming Cleaning/Feplacement Fraquency Exe ‘ I Have Mods| Determine Cleaning/Replacement Fraquency
B 3.00 B3.00'
‘ Two Solution Opti ‘ Have the Program Determine the
Wc; Ioutl?]n Nptlot?s. £ Fil Cleaning Frequency
o
&~ Solve for Given Condiions / elect the Number of Filters & Solve for iven Condiians
Number of Fileer Modules [ & Tank Area =126 st ¢ Solve for the Number of Filters Mumber of Fiter odules [ 5 Tank Area= 126 5
OR OR
olve Interatively for Desired Percent Reduction or Effluent Concentration: olve [nteratively for Desied Percent Reduction or Effluent Concentration’
- Solve Interatively for Desired Percent Red Effluent C ‘ © - Solvel Jyfor Desited Percent Reduction or Effuert C i
~ o S Mot needzd - calculated by program c — R Mot necded - calculated by program
=) — Filer Data o — Fier Data
() Paste Media [z =l 2 Paste Media 53 =
o~ — Filter Diata ~ — Filter Data
Delate Cancel Continue Delote Cancsl Continue
Control Practice # 1 Land Use #t: 1 Souce Area#f: 13 Total érea 10.000 acres | Land Use: Commeicial 1 | Source Area: Paved Parking 1

Control Practice #: 1 [LandUse #: 1 |Soucefieaft: 13 |Total Area 10.000 acres |Land Use: Commercial 1 |Source Area: Paved Parking 1

11 12
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Up-flo® Filter Incorporated into WinSLAMM Version
10.3 Based on Lab and Field Tests

=% Hydro International Up-Flo Filter = Bl

Fist Source Area Control Fractice
Device Geomotry

vea Fraction Served by UpFlo Fiters (01) 1.000
4 - Height from Outlet Invert o Stucture Top ()| 3,00

‘ B -Sump Depth 1) 300
ASTP Peak to fverage Flow Ralin 380

Total Basin Area: 0 acres
Area Served by Upflow Filter (act 10000

Contact Hydio
Intemational Web
Site

[~ Have Madel Deteming Cleaning/Replacement Frequency

‘ Cleaning Frequency

B3.00" Media Options:
‘ e CPZ (Activated Carbon, Peat,
Manganese Coated Zeolite)
¢ Northern Mixture (Activated
Carbon, Peat, Sand)
* Filter Sand

%~ Solve for Given Conditions
Nurmber of Filter Modules [ 5 Tank Area =126 sf

"~ Solve Interatively for Desired Percent Reduction or Efluent Cancentration

o] Copy Met B

(9} — FierDat o Perlite

& Paste Mews

- — el I =]

Delete ‘ Cancel ‘ Continue ‘

Control Practice #: 1 Land Use #: 1 Source Area 1 13 Total frea 10.000 acres | Land Use: Commercial1 | Source Area Paved Parking 1

13

The Contech StormfFilter is Incorporated into WinSLAMM
Version 10.3 using the Field and Lab Data

Drainage System Contol Praclice
Hedia Type  [2PG -

Cartride~ H-~t+

Number of Cartidges [ § Chaber Dimension =5 dia

& ~Salve for Given Condtions
ot neded - calculated by program

“® Three Media Optiofps: - Hare ol Dt
Cartrict . Clearing/Replacement Frequency
*  Perlite |
fim © Phosphosorb Have the Program
——ZR&{Zeotite;Peflite, Granular Activated Carbon) Determine the

€ Orline - Within cartiidge chamber —~

& Offline - Upstream of cartidge chamber

‘ng Frequency

Tank Height =551t

Two Solution Options:

e Select the Number of Cartridges

€ Vokame Based Chanbe: Size e Solve for the Number of Cartridges
Runcf Depth fin) [

Storage Chamber Depth 1]
STORVELTER
EARTADGE

=
‘ ) oo
&~ Fipe Storage i" 'y —

Storage Pipe Diameter (1] [ . N ) -
S —— Three Cartridge Tank Options:

[ Activate Upstream Storage Gallery

Chamber Sump Depth (i) o With Internal Bypass
S ¢ With External Bypass 3
Bl e With Upstream Storage
Chamber Sump Depth [f) Not To Scale

Control Fractice #: 1| CP Index#: 1 | Upstieam Drainage Are:

11/21/2023

Contech’s StormFilter also has substantial performance
information (from both laboratory and field tests).
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Analysis Procedure When Solving Iteratively

From the Tools menu, select “Program Options”, and go
to the “Detailed Output File Options”

5 Program Options - 8
Detailed Output File Optons | Defot Hodel Ot i Defelt CarerFie Data
Biofilters. Freeway Data ‘Wet Detention Ponds
I Detaled Bioiter Output I Freeway Washoll Detal T

I~ Ineducible Concentration Detaied Dutput

ass Swalos I~ Pond tage Vo Dats
™ Paficulale Feducion Dulput ErEoSTET o
I Stageutl I Hydraulics and Cc I Stage Dulflow
rage-Hultlow r etailed Dutput
I~ Stochastc Sezpage Rate Detai ™ Hydaulics Detaled Output " "
I \Water Balance nds.
™ Wate Balnce =
r I Ineducible C Media Filters (all types)
Catehbosins ™ Paricuats Redueion Dutput I~ Detaed Tine Step Ot Select the
I~ Stage-Outflow Data
I~ Pofomance by Ever Gt Hydrodsnamic Dovices p ) —
I Pefomrcety Sea s I~ Dot B Iteration Information
™ Stagelrflow Data ™ Pefomance By Event e po
Pefomance By Evet
Checkbox
Cistme T~ Stag Duton b plearats, inth
I Detailed Output Porous Pavement o Roor n e
I~ Dulfal Discharge Hydrograph I~ Detaied Qutput reen Roofs . .
™ WterBaance B I~ Tine Sep Ouput Media Filters group
T~ lneduchle Concentation aitons
Filtor Stips B SRR I~ Parioe Redcton Dt
W s By | Sl [~ StagereaDutflow
I Hydraulics Detailed Output L seEnes I~ Water Balance

™ Incremental Performance Quiput
I~ Ineducible Concentration Detailed Dutput
™ Patizulate Reduction Dutgut

Shoet Cleaning ™ Evapatianspiation Detai

I~ Siiest Dit/Accumuation Plots

™ Strest Dit Rernoval

Flow Duration Curve Data ™ Washolfor Sreet Cleaning Detal

I~ DetaikdData

[~ Ploting Calculatons

 Uncheck All Detailed Output File Options

™ Cilioal Paticl Size Calculation Detailed Qutput File ( Check All Detailed Dutput File Dptions

File Update Options Cancel Changes Save INI File

15
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Tab 7-B - Other Model Features

Analysis Procedure When Solving Iteratively

" Solve for Given Conditions

Number of Cartridges

OR

Two Solution Options:
[ | «——+ Select the Number of Filters

" Treatment Goal - Percent 5SC (»0.45 um) Removed ° Solve for the Number of FI|terS
—
—

¥ ~Salve Iteratively for Desired Percent Reduction or Effluent Concentration
" Treatment Goal - Peicent T35 (0.45-75 um] Removed

" Treatment Goal - Effluent TSS Coneentration (ma/L)

" Treatment Goal - Effluent SSC Concentration (ma/L)

Select “Solve Iteratively for Desired Percent Reduction or Effluent Concentration”
then select the Treatment Goal for either TSS (0.45 to 75 um) or SSC (>0.45 um),

" Solve for Given Conditions

Number of Cartridges Charnber Area = 0 sf

OR
@ - Solve lieatively for Desied Percent Reduction o Effluent Concertration
" Tieatment Goal - Percent TS (04575 um) Remaved |
€ Tieatmen! Goal -Percent $5C (045 un Femoved |
@ Treatment Goal - Efluent TSS Concertration (mg/L) [ 40.00
(" Treatment Goal - Effuent SSC Concertration (mg/Ll |

17

Analysis Procedure When Solving Iteratively

Output from Three Model Runs with Different
Final TSS Concentration Goals
File Name: [filename] SF#001 -87_lterations.csv

Final TSS Final TSS Current - Final
Number of Number of R .
[terations Conc.(mg/L) Cartridges Concentration |Previous TSS| Percent
Goal (mg/L) Conc. (mg/L)| | Reduction
1 40 12 43.64159] 43.64159]
2 40 18 39.10429|  -4.537292 68.81%
3 40 15 40.41138 1430708_3|
1 30 12 43.64159| 43.64159
2 30 18 39.10429| -4.537292 71.70%
3 30 21 36.75288| -2.35141)
2 4 30 22 36.61931| -0.1335716)
1 20 12 43.64159 43.64159]
2 20 18 39.10429|  -4.537292
3 20 21 36.75288 -2.35141 71.70%
4 20 22 36.61931| -0.1335716§
Final iteration concentration unable to meet goal in this example because selected media

unable to remove finer particles needed to reach the goal, even if all the water passed
through the media filter with no bypass. Sedimentation of particulates in filter chambers (or
upstream storage units) is also calculated and will affect results. However, there is a
maximum number of filter units per acre recommended by the manufactures so very large
systems are not considered.

11/21/2023

Analysis Procedure When Solving Iteratively

Output from Three Model Runs with Different
Final TSS Concentration Goals
File Name: [filename] SF#001 -87_Iterations.csv
Final TSS Final TSS Current - Final
Number of Number of . .
Iterations Conc.(mg/L) Cartridges Concentration |Previous TSS Percent
Goal (mg/t) __[Conc. (mg/L)| § Reduction
1 40 12 43.64159| 43.64159
1 2 40 18 39.10429|  -4.537292 68.81%
] 40 15 40.41138| 1.307083
T 30 T 364159 43.64159 |
2 30 18 39.10429|  -4.537292 71.70%
3 30 21 36.75288| -2.35141
4 30 22 36.61931| -0.1335716
1 20 12 43.64159| 43.64159|
2 20 18 39.10429 -4.537292| 71.70%
3 20 21 36.75288 -2.35141
4 20 22 36.61931| -0.1335716)

1. Final iteration concentration slightly above goal, due to Iteration Tolerance
of 2 mg/L (and one less cartridge may not be sufficient, so it rounds up)
Use “Solve for Given Conditions” Option to determine Number of
Cartridges needed to get below the Final TSS Concentration Goal

19
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To Summarize, When Using WinSLAMM to

Determine the Number of Filters:

1. Set the Detailed Output to Create the Iteration
Information file.

2. Select the Desired Output Goal.

3. Runthe Program.

4. Review the Iteration Information file, and/or the
Stormwater Controls Summary tab, to determine
detailed performance information.

5. Test the modified input using the ‘Solve For Given
Conditions’ option in conjunction with other controls
at the site.

20
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WinSLAMM v 10.3
Pipes, Grass Swales, and Grass
Filter Strips

21

Entering a Pipe in the Model
lllmnlru-=@ Bl | EE O k||| F|m| |

Residental 1 N
P First |Second 4|
B Source Area o) | aveaN{contrl | Control
serameters Dagtce Practce
Roofs 0.000
1 |Roofsi - 2
2 |Roofs 2. [ S
3 |Reoefs 2 - - Residential 2
4 |Roofs 4 (e Residential 1
5 [Reofss (e
6 |roofss gl o
7 JRoofs 7 S IE
s |roofss F(IE
9 |[Roofs§ - 2
10_|Roofs 10 - —
11 [Roofs 11 - N
12 |Reoofs 12 = E
Parking 000 Press 'F1" for ecidentie
15 |paved parkng 1 1.000] Entered Additional e 1
15 |Paved parking 2 Help o
15 |paved parking 3 o i .
o TrovedFoti & [~ Use Pipe as a Link, without Modilying Hydrograph Timing
17 _{Paved Parking 5 1. Pipe Length () 1000
Lo | anguse ype Land Use Label 2. Pipe Diameter (ft): [z00 Junction 2
1 |Residential |Residential 1 3. Pipe Slope (U] 0.010
2 |Residental |Residential 2
> JResdenta [resdential 3 4. Mannings n 0012
Copy Fipe Geometyy Data | Paste Fipe Geomely Daia |
CPz | ControlPractceType | Contol Fractice I Copy al values infa newt Pipe when you place it
1 |Pipe DS Pipe # 1
; Clear |
Conlinue
Cancel £
ControlPractice #: 1 | CPIndex#: 1

11/21/2023

We will cover...

¢ References
* Processes

* Examples of large-scale
monitoring and
modeling using
infiltration controls

* Entering pipe, grass
swale, and grass filter
data in WinSLAMM

22

Entering a Pipe in the Model

Options
| 1. Use Pipe as a Link, without
: Lol Modifying Hydrograph

Lr Use Pipe as a Link, without Modilying Hydrograph Timing I Timi ng

m"“““_ 2. Modifying the Hydrograph
2. Pipe Diameter [ft): 2.00 .. . . .
3. Pipo Slope (/i) T Timing by entering in Pipe
4. Mannings n 0.012 Data
Copy Pipe Geameliy Data | Paste Fipe Geomely Data | 3. COpy all Four Variables from

| 1™ Copy al values nta st Pe ehen youplace i |

e selected pipe to every pipe
=T | (o= | created after the selected
Control Practice #: 1 CPlindex#t: 1 pipe (Some modifications

may be needed)

23

24
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11/21/2023

Entering a Pipe in the Model

Volume

Travel  Starting Ending No.of  No.of  Shifted to
Rainfall Avg Vel  Avg Time Increment Increment Total No. Adj. No. of Positi Incre. Next Max Flow Max Vel Max
Rain No. Depth (in) Pipe No. (ft/s)  Depth (ft) (min)  No. No. of Incs. _ Increments Flow Incs Shifts _ Event (cf) (cfs) (ft/s) Depth (ft) Surcharged?
1 0.1 1 1.235059 6.71E-02 67.47315 o 10 10 o 7 7 1562756 9.74E-02 1.619576 0.101573 #FALSE#
2 0.2 1 130847 7.33E-02 63.68759 1 28 17 o 14 6 0.624069 0.16368 1.89696 0.129636 #FALSE#
3 0.5 1 0.976864 4.70E-02 85.307 29 136 107 o 107 9 0.852409 6.51E-02 1.432696 8.42E-02 #FALSE#
4 0.4 1 116082 6.10E-02 71.78835 137 184 47 o 47 7 1.244993 0.114166 1.700002 0.10944 #FALSE#
5 0.5 1 1.823753 0.121976 45.69334 185 212 27 o 14 5 0 0.486276 2.636818 0.217113 #FALSE#

Detailed Output
1. Pipe Event

Hydrograph Shifting Example

Hydrograph Shifting Due to Pipe

Summary s
2. Average Pipe Flow P
and Velocity g o
3. Maximum Pipe Flow &'
and Velocity e
1]

——FlowInefs) —— Flow Out (efs)

Selected Grass Swale and Filter Strip
Monitoring References

* EPA Report - Infiltration Through Disturbed Urban
Soils and Compost (Pitt 1999)

* Alabama Highway Drainage Conservation Design
Practices (Nara and Pitt 2005)

* HEC-15, Design of Roadside Channels with Flexible
Linings, 2005

* Results of Tests on Vegetated Waterways (Cox and
Palmer 1948

25

26

=

——
EE

TSS: 10 mg/L

-
=W
25 ft O 3@‘

TSS: 30 mg/L

6 fto -

3o oy o
2 ftO ) e
: TSS: 63 mg/L

TSS: 35 mg/L

TSS: 84 mg/L

@ University of Alabama

T8S: 102 mg/L swale test 5|t.e at
Tuscaloosa City Hall

Pollutant Control in Grass Swales and
Filter Strips

Trapping sediments
and associated pollutants

Reducing runoff
velocity

educed volume and treated
runoff

27

28
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Extended Manning’s n curves for small grass swales and grass filters

\
1
\
\
\
0.80 T
\
\
0.70 Y oysia
E \
ofp \ —
£ \ \\ Retardance Classes ( A -E )
5 Centipede \—‘\
030
\ \\
M\
0.40 A\ s
\ \
\
\/ b c \
0.30
3 AN \ \
0.20 \
E \
e &
0.00 T T VR (ft¥fsec) T Y
1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02
29

Swale Performance - Infiltration

Inflow rate — Low

« All runoff infiltrated

*No surface discharge

31

Dynamic Wetted Width
Calculation
> Calculate event volume

¢ Convert volume to flow with:

— Runoff duration = 1.2 times

rainfall duration

— Complex triangular hydrograph
peak to average ratio = 3.8

Time (1.2 = Rainfall Duration)

> Flow rate calculated for each
time interval set by user

» Calculate the wetted width
from the flow rate and swale

> Width > Slope
geometry using Manning’s > Side slope > ]Ic\/lanning‘s n
open channel flow equation Fg:;rdance
for each time step Factor
30

Swale Performance - Infiltration

*Inflow rate — Moderate
« All runoff infiltrated
*No surface discharge

32

PDacp R
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Tab 7-B - Other Model Features

Swale Performance - Infiltration

*Inflow rate — High
*Some runoff infiltrated
AverageFlow £ 0\ *Surface discharge

11/21/2023

Swale Performance - Infiltration

*Inflow rate — Moderate
*Most runoff infiltrated
Averageflow /K Surface discharge

33
Swale Performance - Infiltration
*Inflow rate — Moderate
« All runoff infiltrated
*No surface discharge
35

34
Swale Performance - Infiltration
*Inflow rate — Low
/\ « All runoff infiltrated
AverageFlow /N I *No surface discharge
-
36
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11/21/2023

For each time step -

> Calculate flow velocity,
settling velocity and flow
depth g

* Determine flow depth to E

grass height, for particulate ;
reduction for each particle
size increment using Nara ¢
Pitt reference

» Not exceed irreducible
concentration value

> No filtering for particles
than 50 microns

Particulate Removal Calculations

x
X Total Dissolved Solids.
x (50.45 pm)
X %
%
%

0.00001

> Check particle size group limits

less

0.0001 0001 001 o1 1 10

Settiing frequency

> Scour adjustment by
> Flow velocity
> Impervious area

37

Distribution

* Swale Density

* Swale Infiltration Rate
* Swale Geometry

* Grass Characteristics
* Runoff Particle Size

Five Components to Modeling
Grass Swales

39

Modeling Grass Swales

38

Drainage System Control Practice

i; Grass Swales ‘ - ‘

Grass Swale Number 1

Grass Swale Data

Total Diainage &rea [ac]
Fraction of Diainage Area Served by Swales [0-1)

werage Swale Length to Dutlet 1)

Typical Eattom Width (11

Typical Swale Side Slope [ _ftH: 1#Y]

Typical Longitudinal Slops (ft/Ht, /H)

Swale Retardance Factor

Typical Grass Height (in)

Swale Dynamic Infiltration Fate in/hi)

Typical Swale Depth (i for Cost Andlysis (Dptional)

[ Use Total Swale Length Instead of Swale
Diensiy for Infilvation Caleulations

Select Paticle Size

~Select infiltration rate by soil type
© Sand - 4inthr
o0 |  Loamy sand - 1.2 in/hr
" Sandy loam - 05 inthr
05001 Laam - 0.25 infhr
Jis| | oam - D1 invhe
4 * Randieiqy loam - .1 nche
4
0z
e ﬁl Sty clay - 002 invhr
01| | Clay- 0t ine

00 N

Total arsa served by swales (acres): 30.000
Total area [acres): 30000

Select Swale Density by Land Use
€ Low density residential - 240 ft/ac

€ Medium density residential - 350 ft/ac
€ High density residential - 375 ft/ac

£ Stip commercial - 410 fi/ac

Distibution Fie | Panticle Size Distribution File Name View
Retard
CwinSLAMM Files\NURF.CFZ fshnkd

€ Shopping center - 90 ft/ac

€ Industrial - 260 ft/ac

€ Ercewaps (shoulder only) - 430 ft/ac

' Fieewaps [center and shoulder] - 540 ft/ac

Copy Swale Data Faste Swale Data

Delete Cancel Continue

CoptealPragtina tt- 1 | CPFlamant il 1

Swale
Density

™~ Drainage
Areas

40
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Tab 7-B - Other Model Features

Drainage System Control Practice

Grass Swale Number 1

Grass Swale Data

Total Drainage Are [ac)
Fraction of Drainage Area Served by Swales (0-1)
Swale Densiy (ft/ac)

Average Swale Lenath ta Outlet (1t
Typical Battom width [f)

Typical Swale Side Slope [ ftH: 1 #t4)

Typical Longitudinal Slope (ftAt, v/H)

Swale Rietardance Factor

Typical Grass Height in]

Swale Dynamic Infilration Fate (insh)

Typizal Swale Depth [f] for Cast Analysis (Optianal)

Select infiltration rate by soil type
€ Sand - 4 in/hr
" Loamy sand - 1.25 in/hr
1.00 -
50) " Sandy loam - 0.5 in/hr
10500 " Loam - 025 inthr
1715]
3l
4 (ol
I
.02) S
D L‘ " Sandy clay - 0.025 in
€ ity 002 ik
1| O Clay-001 insh
00 N

r Use Total Swale Length Instead of Swale
Density fiar Infiltration Calculations

Select Particle Size
Distribution File

Particle Size Distribution File Name Wiew

Total area served by swales (acres): 30,000
Total area (acres} 30000

C:vwinSLAMM Files\WURP.CPZ

Table

~Select Swale Density by Land Use
0 Low dersity residential - 240 ft/ac
€ adium density residential - 350 ft/ac
€ Hiah density residential - 375 ft/ac
€ Stip commercial - 410 ft/ac

€ Shopping center - 90 fi/ac

€ Industrial- 280 ft/ac

€ Ereeways [shouider orly) - 480 ft/ac

€ Fresmays [center and shoulder] - 540 ft/ac

Copy Swale Data Paste Swale Data

Delete

ConnolPratice st 1 | CF Flegeni 1

Cancel | Continue

Swale
Density

Swale Density

11/21/2023

Drainage System Control Practice Grass Swale Number 1

Grass Swale Data Select infiltration rate by soil type

Sand- & inthr
Loamy sand - 1.26 inhr
Sandy loam - 0.5 infhr
Loam - 0.25 infhr

5ilt Ioam - 0.15 infhr
Sl loam - 01 ik
Clay laam - 0.05 infhr

Sily clay loam - 0.025 infhe
Sandy clay - 0.025 in/hr
Silty clay - 0.02 infhr

Clay - 0.01 inthr

Total Drainage Area [ac]
Fisction of Disinage fuea Served by Swales (01
Swale Densi (fi/ac]

werage Swale Length to Dutlet (1)
Typical Battom width (1]
Typical Swale Side Slope |
| | Tupical Longiudinal Slope
Swale Hretadance Fadtor
Typical Grass Height (in]
Swale Dynamic Ifilation Rate fin/hi] k)
1) 00

__ftH: 1Y)

=
AR IIID

Use Tatal Swale Length Instead of Swale
Density for Infiltration Calculations

Select Particle Size
Distribution File

|E SwfinSLAMM Files\NURP CPZ

Particle Size Distribution File Name

Select Swale Density by Land Use
& Low density residential - 240 ft/ac ¢ Shopping center - 90 ft/ac

€ Medium density residsntial - 350 ft/ac € Industrial - 260 ft/ac

€ High density residential - 375 ft/ac € Freeways [shoulder only] - 480 ft/ac:

& Stip commercial - 410 ft/ac € Freeways (center and shoulder) - 540 fi/ac

Copy Swale Data Paste Swale Data Delete

Cancel | gnmim.gl

41

Average Swale Length
= AVG(3(Segment
Length/2))

43

Swale
Geometry

"~ Swale

Geometry

ContiolPractice -1 [ CPFlomeni st 1

42

Drainage System Control Practice Grass Swale Number 1

Grass Swale Data ~ Select infillration rate by ol type

Total Drainage Area (ac] (f: Eand«hnshr1 .
Fraction of Drainage Area Served by Swales (0-1) 10| | (& bl i
Swale Densiy [ft/ac] 3501 Sandy loam - 0.5 in/hr

qoson| | | © Loam - 025 indh
wsrage Swale Length to Outist [f) 1715 r‘: g“t \aam‘-ﬂlﬁmﬂgw =
Typical Eattom Width (11 a | = :\a” ‘v:avuug?—;h ind
Typical Swale Side Slope [ _ftH: 1#Y] || (|58 Cplem-Ghin
Typical Longitudinal Slops (ft/Ht, /H) 02 Sily elay loam - 0.025 infhr
Swals Retardance Factor b~ r‘: giﬂm; :\ayD-DDZDZ’E‘Anth
Typical Grass Height (in) g ||| @ Ebe-nrmy
Swale Dynamic Infilration Fate (in/h] 01 Clay - 0.01 inhr
Typical Swale Depth (i for Cost Analls (Dptional) 0.0
[ Use Total Swale Length Instead of Shale P/ A S

Deensity for Infiltration Calculations

Total area [acres): 30000

Select Palicle Size
Distribution File

Particle Size Dislnbs“' F’: ' e
C:\winSLAMM Files\MURP.CFZ 5 g‘
Dynamic
Select Swale Density by Land JJse ¢u =
DAOTERN 3] {117 111010 N
 Medium density residential - 351
 High density residential - 375 f Rate

& Stiip commercial - 410 ft/ac

i) - 480 fi/ac
' Freewaps [center and shoulder] - 540 ft/ac

Copy Swale Data Paste Swale Data__ | Delete | Cancel |  Continue

Infiltration
Rate

Values listed in
WinSLAMM are
about " of the static
infiltration rate for a
given soil

CoptealPragtina tt- 1 | CPFlamant il 1

44
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Tab 7-B - Other Model Features

r = system is from HEC-15,
Classification of Vegetal

L Grass S
Drainogt Swale Retardance Factor
Swa Ie Table 4.1. Retardance Classification of Vegetal Covers
Retardance
Grass Reta rda nce Gel | Class Cover' Condition

A Weeping Love Grass Excellent stand, tall, average 760 mm (30 in)
Total Drainage Area | Fa Cto r ({: Yellow Bluestem Ischaemum Excellent stand, tal, average 910 mim (36 n)
Fraction of Drainage fea Served b Swales |U-1) 1.00 . B gudzud - Z@'Yd"eﬁgm- ““C"‘m T

ermuda Grass 00d stand, tal, average 300 mm (12in
Swale Densiy [f/ac) ] Dggg ol Native Grass Mixture (ittle bluestem, Good stand, unmowed
- bluestem, blue gamma, and other long and

Averane Swale Lenath to Outlet | 1715 = short midwest grasses)
Typical Battam width [ft] 4 ~ Weeping lovegrass Good stand, tall, average 610 mm (24 in)
Typical Swale Side Slope [__ 1t 11tY) 4] e Lespedeza sericea ﬁ‘;“,f. ‘stand, not woody, tal, average 480 mm
Fymieah shoekBlep ca o~ Alfalfa Good stand, uncu, average 280 mm (11 in)
Swale Retardance Factor D - I ~ Weeping lovegrass Good stand, unmowed, average 330 mm (13
TIETEaT TS E T Srar T T = g) —
Swale [ o R Kudzu ense growth, uncat
ea Retardance Classification Blue Garma oot s, v, iege BT
[ ypical Falr stand, uncut 250 o 1200 mm (10 to 48 in)

C [ Crabgrass

Bermuda gra Good stand, mowed, average 150 mm (6 in]

sel el
Common Lespedeza Good stand, uncut, average 280 mm (11 in)

Grass-Legume mixture--summer (orchard Good stand, uncut, 150 to 200 mm (6 to 8 in)

Mannings n =

f(velocity, hydraulic
radius, retardance)

CopySwaleData | PasteSwaleData |

Cophol Prachice ] Lo Elementdt ]

Select grass, redtop, Italian ryegrass, and common
Diti Covers lespedera) )
— Centipede grass Very denso cover, average 150 mm (5 in)
C:\winSLAMM Files\NURP.CPZ Kentucky Bluegrass. Good stand, headed, 150 to 300 mm (6 to 12
in)
D Bermuda Grass Good sland, cut 1o 60 mm (2.5 in) height

Common Lespedeza Excelent stand, uncul, average 110 mm (45

Buffalo Grass Good stand, uncut, B0 10 150 mm (310 6 n)

Grass-Legume mixture—Tall, spring (orchard | Good stand, uncu, 100 o 130 mm (410 5 in)
grass, redtop, lalian ryegrass, and common
lespedeza)

“After cuting o 50 rom (2 n) height. Very good
stand before cuting

Lespedeza sericea

E Bermuda Grass Good stand, cut to height, 40 mm (1.5 in)
Bermuda Grass Burned stubble
" Covers classiied have been tested in experimental channels. Covers were green and generally
uniform.

45

Infiltration

Rate Adjustment

25

Grass Swale Infiltration Rate Adjusment

N

N

o
2]

Dynamic Infiltration Rate

Static Infiltration Rate

AN

Infiltration Rate (invhr)
P

N This is what you start with

2 3 4
Slope (%)

47

11/21/2023

i Grass Swales

- e\ |

Drainage System Control Practice

Grass Swale Number 1

Grass
haracteristics

Grass Swale Data Select infiltration rate by soil type

Total Drainage Area [ac) " Sand- 4 inshr

Fraction of Drainage Aea Served by Swales (0-1] | || ey 1 &

Swale Densiy [ft/ac) 50 : Sandylaam - 0.5 invhr
10500 Loam - .25 in/hr
" Siltloam - 015 in/hr

Awerage Swale Lergth to Dutlet [f] 1715
Timics Sollon Wil 4 Enter Grass Height and Particle Size
ypical Swale Side Slepe [ __ftH: 1 1Y) 4
Typical Longitudinal Slope (/1. V7H) 2| Distribution to Determine Particle Size
Sk fae D= !
Typical Grass Height in] 4 Filtering
Swale Dynamic Infilation Rate (inhi) 01 .
Typical Swale Depth (1) for Cost Analysis [Dptional) 0.0 ‘
Use Tatal Swale Length Instead of Swale Total aredfserved by swales (acres); 30,000
Density for Infiltration Calculatiors Total area (acres] 30,000
o
Select Pattice Size
Distribution Fils Particle Size Distribution File Name Wiew P t. I s .
L winSLAMM FilssiHURP CFZ Retardance article cize
Distribution File

Select Swale Density by Land Use

not accessible if
Flows and Particle
Sizes transferred
through the
drainage system

TN
2N o]

Copy Swale Data Paste Swale Data

| Eam:el| Continue

Coptiol Practice 1 LEElement .1
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Additional Output

Runoff Vol Runoff Vol

Rainfall  Step Wetted  Swale Vol Before After

Rain No. Depth (in) Count Qln QCalc Diff h Perimeter Reduction Swales  Swales

39 0.21 1 0.659558 15.88515| 15.22559 05

39 0.21 2 0.659558 3.332024| 2.672466 0.2¢ i i

o emal T leaennen noneinslnunens T 130 |terative calculation to

Detalled_ Hydraulics By Tlm? Step .22?5 determine swale height
Hydraulics AndrfConcentratlon By Event e and wetted perimeter for
Increm(.antal Pe orman_ce ’ggg; each runoff event
Irreducible Concentration 116

Particulate Reduction by Particle Size
40 0.3 1/ 0.43074| 15.88515 15.45441 0.5
40 03 2 043074 3.332024) 2.901284 025
40 03 3 043074 0.796467 0.365727  0.125
SwaleQ = 1.486 / n * (h * BottomWidth + SideSlope *h #2) * (5/3) /
(BottomWidth + h * Sqr(SideSlope * SideSlope + 1) *2) A (2/3) *

2525232 0.673294 10497.38 3429.561

Sqr(LongSlope)
40 03 9 0.43074 0.481597 5.09E-02 0.186899
40 03 10| 0.43074| 0.453203 2.26E-02 0.181059
40 03 11 0.43074| 0.426746 3.99E-03 0.183888
40 03 12| 0.43074  0.439498 8.76E-03 0.182451
40 03 13| 0.43074) 0.432998 2.26E-03 0.181026
40 03 14 0.43074) 0.426599 4.14E-03 0.181733
40 03 15 0.43074| 0.429767 9.73E-04 0.182443

2153869 0.761577 15996.33 3813.894

48
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Tab 7-B - Other Model Features 11/21/2023

Grass Swale Production Functions for Three US
Locations (San Diego CA, Puget Sound WA, and Modeﬁng Filter Strips
50 Norfotk VA)

San Diego and /

Puget Sound—#

>

N
[l

N
o

w
«

w
)

N
o

/
/ Norfolk, VA

N
o

.
«

=
S)

Runoff Volume Reductions (%)

\

o
]

et
0 4

0 60 80 100 120 140
Swale Density (ft/ac)

0 2

49 50

. R Filter Strip CNWM
Runoff Volume Reduction in Grass Filter Strips o e e s

First Source Area Control Practice

FI Ite r Strl pS ASSU m pthﬂS ot Areain Sourte frea fac)

Area Fraction Served by Fiter Strips (0-1]
Total Fiter Strip Width [f)
E ftective Flow Length (1]

*Flow over surface modeled as i Lot 7 7]
Typical Grass Height [in)
Runoff Volume Reduced in Each Time Step sheet flow Cioss Aetdonce Foct 2

Uise Stachastic Analysis to account for
Infilvation Fiate Uncertaiity

Native: 5 oil Infilration Rate COY.

.A" partiC|e SiZGS are treated Surface Clogging Load (Ibs/sf]

Filter Strip Area to Drainage Area Ratio = 01092
This 1atio must be greater than 0.05 to activate the filter strip.

+Effective treatment length reduced prarT—

based upon slope

* <0.02 ft/ft — 3 ft reduction _ sckoiPaesiofe |

,m
« >(0.05 ft/ft — 10 ft reduction Select Native Soil Infiltzation Rate

 Sand - Binf " Clay loam - 0.1 in/hr
" Loamy sand - 25 in/hi & Gy clay loam - 0.05 inhr

as Water Flows Over Filter

. " Sandy loam - 1.0in/hr  Sandy clay - 0.05 in/hr
* else — 6 ft reduction C Lom 03ty C Siyely OB
© Siltloam - 0.3 in/hr € Clay-002invhr

 Sandy siktloam - 0.2 inhr

Reduced volume and treated

*Irreducible concentration a Copy Fiter StipDala | Paste Fillr St Data_|
runoff

function of particle size bete | Concel | Gontinu |

Contiol Practice #: 1 [LandUse#: 3 [ Source Area#t: 14

51 52
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Tab 7-B - Other Model Features

11/21/2023

Filter Strip

Infiltration Rate
* Geometry

Grass Characteristics

Clogging and Runoff Particle
Size Distribution

Five Components to Modeling
S

Filter Strip Control Device

Geometry

Geometry

Land Use: Commercial 1 Total Area: 1.000 acres
Source Area: Paved Parking 2 Filter Strip No. 1
First Source Area Control Practice

Total Area in S curce Area [ac)
(Area Frastion Served by Fiter Strips (01)
Total Filer Stiip Width (1)

The filter strip area to

drainage area ratio must
be greater than 0.05

Flovw Length (1)
Dynamic Infikation Rate (in/hr]

Typical Longitudinal Slape (Fraction)

Typical Grass Height (in)

e Frelardance F oo 12
Use Stochastic Analysis to account for s
Infitration Rate Unesitaints

Native Soil Infration Fiate COV

Filter Stip Area to Dicinage Area Ratio = 0.115.
This ratio must be greater than 0.05 to activate the fiter stip.

¢ Fitr Strp Wt
View

Fow  Retardance
Largth Table

Select Paflicke Size File |

o o
o ®

o o
[N

=
z
£¢
5
3 S
&
gE
2
£
25
S £
g
58
§F
g
g 2
8z
£3

o

0 0.2 04 06 08 1
Filter Strip Area to Drainage Area Ratio

C:\Program Files\tinS LAMNWNURP.CRZ

Select Native Soil Dynamif Infiltration Rate
 Sand - 4in/hi Clay loam - 0.05 infhr

¢ Note direction of
- flow length and
filter strip width

Cancel | gnmmue|

iale]

Delete |

Control Practice #: 1 [LandUse#: 1 [Sourcedreai: 14

53

Filter Strip Control Device:

Infiltration
Rate

Infiltration Rate —— |

Depth of Water in
Filter Strip

<=0.015 ft

Infiltration Rate (in/hr)

Entered Rate x 2 (Static
Infiltration Rate)
Interpolated Between the Two
Rates
Entered Rate (Dynamic
Infiltration Rate)

>0.015 and < 0.03 ft

>=0.03 ft

Listed native soil

Land Use: Commercial 1 Total Area: 1.000 acres
Sourcs Area: Paved Parking 2 Filter Strip No. 1

First Source Area Control Practice

Device Properties

Total Area in Source Area [ac] 1.000]

{Aves Fraction Served by Filter Stiips (0-1) 1.00

Total Fiter Stip Width I 200
= I Dynamic Inflration Fate (inhr] 0.050 I

Typical Girass Height (in) 40

Grass Rstadance Factor D~

Use Stochastic Analsis to account for H

Infiltration Rate Uncertainty

ative Sol Infliation Fate COV

Surlsce Clogging Losd (lbs/sf] 350/

Fite Strip Auea to Drainage Area Flatia = 0,115
This ratio must be areater than 0.05 to activate the fiter stip.

Fitor Srip Wt

View
Fow  Retardance
Longhh Table
Select Partcle Size File |

|E.\Fmgram Files\w/inSLAMMSNURP.CPZ

infiltration rates

Select Native Soil Dynamic Infillration Rate
" Sand- 4 inhr " Clay loam - 0.05 in/hr
© Loampsand-1.28in/hr € Sty clay loam - 0,025 in/he

based upon field
double ring
infiltrometer

 Sandy loam - 0.5 in/hr " Sandy clay - 0.025 in/hr
© Loam- 025 infh © Sty elay - 0.02 in/hr
© Sikloam - 0.16 in/hr € Clay - 001 in/br
 Sandy sikloam - 0.1 inhr

measurements

Copy Fies StipDala | Paste Filer SripData_|

Delete |  Cancel | Continue |

Conwol Practice #: 1 [LandUse#: 1 |Sowcedrea#: 14

55

54

Effective
Flow Length

Filter Strip Control Device

Land Use: Commercial 1 Total Area: 1.000 acres
Source Area: Paved Parking 2 Filter Strip No. 1
First Source Area Control Practice

Device Properties

Flow Length —

Longitudinal Slope

Longitudinal Slope Effective Flow Length (ft)

<=0.02 Flow Length minus 3.0 ft
>=0.02 and < 0.05 Flow Length minus 6.0 ft

>=0.05 Flow Length minus 10.0 ft

Tolal Areain Source Area [ac) 1.000]
Area Fraction Served by Fiter Strips (0-1) 1.00!
T
Flovw Lenath (1) %
L
L] |Typical Longitudinal Slope (Fraction) 0,100
m el
Grass Retardance Factor o~
Uise Stochastic Analysis to aceount for 5
Infilration Fiate Uncertainty
Native 5o Inflration Fiate COV
Surtace Clogaing Load (ibs/sf) 350

Filter Stiip Area to Drainage Area Ratio = 0.115
This ratio must be greater than 0.05 to activate the filter strip.

il Sirp Wit
View
Fow  Retardance
Lengin Table
Select Partice Size File |

C:5Program Files\winSLAMMINURP.CPZ

Select Native Soil Dynamic Infiltration Rate
" Sand - 4insh Clay loa - 0.05 inhr

© Loany sand-1.25in/he ¢ Sily clay loam - 0.025 in/hr
" Sandyloam-05intr ¢ Sandy clay - 0.025 in/hr
" Loam - 0.25 indhr Sy clay - 0.02in/h

© Sitloam - 015 ivhr  Clay - 0.01 in/hr

" Sandy sitloam - 0.7 inhr

Copy Fiter StipData | Paste Fite Stip Data_|

Delete |  Cancel | Continue |

Control Practice #: 1 [LandUse#: 1 [Soucedreatt: 14

56
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Tab 7-B - Other Model Features

11/21/2023

Filter Strip Control Device
Retardance Land U Conmarcl 1 Tt 1.0 s
Source Area: Paved Parking 2 Filter Stiip No. 1
_ First Source Area Control Practice
Table 4.1. Retardance Classification of Vegetal Covers _ _
Device Properties
Retardance q Total Arsa in Sourcs Area (ac) 1.000
Class Cover Condition e Fraction Served by Fiter Stips (01) 1.00
A Weeping Love Grass Excellent stand, all, average 760 mm (30 in) Tatal Filter Ship Width [it] 200
Yellow Bluestem Ischaemum Excellent stand, tll, average 910 mm (36 in) Flow Length 1) 25
B Kudzu Very denso grovh, uncut Dynamic Infllration Rt inhr) 0.050
Bermuda Grass Good stand, tall, average 300 mm (12 in) Typical Longitudinal Slape [Fraction] 0.100
Native Grass Mixture (little bluestem, Good stand, unmowed 5 "
bluestern, biue gamma, znd other long and I 3105+ Retardancs Factor S| I
short midwest grasses)
i Good stand, tall, average 610 mm (24 in) Infiltration Fate Lincertainty = |
Lespedeza sericea oo s o Wyl sierage 400 ative Sol Inftiation Ruate COV
| (19in)
T oo S e TR TR Surtace Clooging Load (bs/sf) 350
Weeping lovegrass ‘Good stand, unmowed, average 330 mm (13 oo TS AR o
) i 1t o 15 b a1 D s frab e s Bl i
[ Kudzu Dense growth, uncut g a
Bl G o st s T Retardance Classification
C Crabgrass Fair stand, uncut 250 to 1200 mm (10 to 48 in) H o
Bermuda grass Good sand, mowed, average 150 mm 6 | system is from HEC-15,
Common Lespedeza Good stand, uncut, average 260 mm (11 in) .gn . |
Grass-Legume mix(ure—sammer (orohard | Good sand, i, 150 10 200 mm (6108 n) Classification of Vegetal |
grass, redtop, lalan ryegrass, and common
fsprer] _ Covers
Centipede grass Very dense cover, average 150 mm (6 in) R - S
Kentucky Bluegrass Good stand, headed, 150 to 300 mm (6 to 12
in) Select Native Soil Dynamic Infiltration Rate
D Bermuda Grass Good stand, cut to 60 mm (2.5 in) height ¢ Sand- 4 infhr € Clay loam - 0.05 in/hr
Common Lespedeza Excellent stand, uncut, average 110 mm (4.5
in) 1 —
Buffalo Grass Good stand, uncu, 80 1 150 mm (3106 n) Mannmgs n=
Grass-Legume mixture—fall, spring (orchard Good stand, uncut, 100 to 130 mm (4 o 5 in)
grass, redtop, ltaian ryegrass, and common . A
lespeioz f(velocity, hydraulic
Lespedeza sericea ‘After cutiing to 50 mm (2 ) height. Very good u
il cutry radius, retardance)
E Bermuda Grass Good stand, cut to height, 40 mm (1.5 in)
Burned stubble Delete | Cancel | Continue |
T Covers dlassified have been tested in experimental channels. Covers were green and generally
uniform. Contral Practice #: 1 Land Use#: 1 Source Ares B: 1

Surface
Clogging
Surface Clogging

Surface clogging due to source ar
loading, accumulates over time.

Infiltration rate clog adjustment =
Trapped Mass/Clogging Load

If the swale does not clog after 10
years, assume:

» It will not clog

» Maintain the 10 year adjusted
infiltration rate

Filter Strip Control Device

Land Use: Commercial 1 Total Area: 1.000 acres
Source Area: Paved Parking 2 Filter Strip No. 1

First Source Area Control Practice

Device Properties

Total Areain Sourcs Area [ac) 1.000
(Area Frastion Served by Fiter Strips (01) 1.00

Total Filter Stip Width (] 200!

Flow Length [f) Ed
Dynamic Ifitration Rate in/hr) 0050

Typical Longitudinal Slope [Fraction)] 0100

Typical Grass Height in) 40

(Grass Retardance Factor [

Use Stochastic Analpsis to sccount for =

Infiltration Rate Unesrtainty |
Sutace Clogging Load (ibs/sf) 350! I

"
This ratio st be: reater han 0105 to activate the fike strip
¢ Fiter Sirp Wi
o
Lengin

Select Parlicle Size Fie |
‘E \Progiam Files\winSLAMMNURF. CFZ

Select Native Soil Dynamic Infiltration Rate

" Sand - 4inthr " Clay loam - 0.05 inhr
€ Loamy sand-1.35 b ¢ Sily clay loam - 0.025 i
¢ Sandyleam-05inhe ¢ Sandy clay - D025 in/hy
" Loam - 0.25 inhr " Sity clay - 002 infhr
C Sitloam-015ivhe " Clap-0.01 infhe
¢ Sandy sitloem - 01 invhe
CopyFiterStripData | Paste Fie Stip Data_|
Delete ‘ Cancel ‘ Continue ‘
Cortrol Practice #: 1 LandUse #: 1 SourceArea B 14
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Rain  Rainfall Strip
No.  Depth (i) No.

a oo
2 oo
s om
@ 007
s o
w259
a7 om
% on
4 os1
s on
R

Additional Output

Runoff  Runoff S Total

Infil.Rate TS

AU
Fiter Runoff  Runoff  Volume Volume Effiuent Effluent Influent Clogging Adi
£

Effluent  Final

Conc Effluent Maximum
Volume  Volume  Bypassing Infiltrated Volume  Volume  Conc  Factor Ad.Infl. Rate Reduct. Influent _Effluent Load Cum. Clogging Velocity  Maximum  Maximum

() toFs() P (@) () () (mgf) (Fraction) (in/h) Ratio  Ratio Adj. (mg/l)  Load (Is) (Ibs) Load (Ibs/sf)  (f/s) Depth () Shear (Ib/sf)

1 322007 322707 0 3220950 o 0 130 00000 00445 0.108%9 5 o000 0o0s0 00027 00051
1322707 322707 0 3229957 o 0 130 0000 00445 010899 0 00219 00000 00000 00051 00028 00052
1 322007 322707 0 3220008 o 0 130 0000 00445 0.10 5 0 o018 00000 00000 0001 00028 00052
1 735,608 735.6048 01697649 5659003 5653003 130 00002 0.0446 0108969 19.28059 31352 597022 L1074 00006 00235 00276 00516
1 1067271 1067271 0 8629122 2043895 2043898 130 00002 00445 010899 15 2753138 0866157 00351 00007 00109 00087 00152
11013367 1013367 02694128 7439595 7439595 130 00004 00445 0108969 17.9533 3016286 8224113 14009 o006 0021 00252 00471
1 8609.945 8609.945 03181631 8291851 £291851 130 00020 00445 0108969 4080983 5052875 6987511 261559 00070 0047 00847 01586
1 7629528 7629528 01037634 6592626 6592626 130 00022 00445 008369 2170889 3350921 6191841 13791 00076 o022 00383 00717
1 7086318 7086318 0 103519 6051809 6051809 130 00023 00445 0108969 2158258 3339666 5750992 12617 00082 00288 00366 00685
1 1239519 1239519 02391143 1000422 1000.422 130 00026 00443 0108969 2072677 3263411 1005948 20381 00092 00253 00308 00577
1 236219 236219 09726306 1389721 1389721 130 00027 0.0444 010899 S3138 1917085 02389 00094 00183 00189 00355
1 503.1454 503.1494 03503768 468561 468561 130 00028 0044 0108969 312251 4198845 408373 12282 0008 00384 00576 01079

Hydraulic Details by Time Step
Incremental PSD and Concentration
Particulate Reduction by Particle Size
Irreducible Concentration
Hydraulics and Concentration By Event

59

Grass Filter Production Functions for Three US Locations
(San Diego CA, Puget Sound WA, and Norfolk VA)

100
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=
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Runoff Volume Discharge Reductions (%)
5
™

0.01 0.1

Grass Filter Length as a Fraction of the Pavement Length (same width)

60

Pacp 18



