Tab 7a - Pipes, Grass Swales and Filter Strips 1/13/2022

PY...

WinSLAMM v 10
Pipes, Grass Swales, and Grass Filter Strips

Tab 7a
PVA LLC
John Voorhees
January 2022

We will cover. ..

* Entering and using the Pipe
Control

* Entering grass swale and grass
filter strip data in WinSLAMM




Tab 7a - Pipes, Grass Swale
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Entering a Pipe in the Model

B+ hle Current Hile Data lools Kun Utilities HE\F
N E -} BFEFRR EE o)
1 =

kP[4 |m

S

Copy Pipe Geomely Data |

Land Use:
Residential 1 I
o First |Second &
o Source Area ey areaN\Gontrol | Control |
>arameters Phgtice Practice
Roofs 0.000
1 |Roofs1 - -
2 |Roofs2 -
5 Trooke 3 - \\ Fiesidential 2
4 |Roofs 4 - - Residential 1
5 |Reofss ~ ~
6 |Roofsé - -
7 |Roofs 7 - -
8 |Roofs8 - -
S |Roofsg - = gy Timnction 1
10 [Roofs 10
11 |Roofs 11
12 [Roofs 12
Parking 1.000 ' Press 'F1" for @ Residential 3
13 |Paved Parking 1 1.000| Entered Additional —
14 |Paved Parking 2 | Help 2 (yhamhion
15 |PavedParking 3 5 } . o .
16 |Paved Parking 4 [~ Use Pipe as a Link. without Modifying Hydrograph Timing —
d DS Pipe # 3
17 _|Paved Parking 5 1. Pipe Length (f): foon 7
L2 | g Use Type e e 2. Pipe Diameter (ft): [2zo0 Junction 2
1 |Residential 1 3. Pipe Slope [ft/ft) 0.010
2 | |residential 2
El |Residential 3 4. Mannings n 0.012

Paste Fipe Geomery Data |

Control Practice Type Control Practice N

Pipe DS Pipe # 1
L ! Clear |

Cancel

Contiol Practice #: 1

CPIndex #: 1

[~ Copy all valuss into next Pipe when pou place it

Continue

Control Practice # - 1

Entering a Pipe in the Model

Press 'F1° for
Additional
Help

[~ Use Pipe as a Link_ without Modifying Hydrograph Timing

1. Pipe Length [ft): 1000
2. Pipe Diameter [ft): 2.00

w

0.010
0.012

Paste Pipe Geometry Data ‘

. Pipe Slope [ft/ft)

-

. Mannings n

Copy Pipe Geometry Data ‘

I [ Copy all values into next Fipe when you place it I

Clear
Continue

Cancel

CPIndex #: 1

O
1

ptions

. Use Pipe as a Link,

without Modifying
Hydrograph Timing

. Modify the Hydrograph

Timing by entering in Pipe
Data

. Copy all Four Variables

from selected pipe to
every pipe created after
the selected pipe (some
modifications may be
needed)
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Detailed Output

1. Pipe Event
Summary

2. Average Pipe
Flow and Velocity

3. Maximum Pipe
Flow and Velocity

Entering a Pipe in the Model

Volume
Travel Stanting  Ending Ko of Ne. of Shifved to
Rainfall Aug Vel Mg Time Increment Increment Total Ne.  Adj. No. of Positive  Incre. Nest Max Fow Max Vel Max
ftain Na, Degth (in} Pipe Na.  [ft/s) Depth (ft) (min) Mo Na, of Incs.  Increments Flow ines Shifts Event (f) (efs) (fe/s) Dapth (ft] Surcharged?

1 0.1 1 1235059 GTIE-02 6747315 o 10 10 a 7 7 1562756 9.74E-02 1619576 0.101573 #FALSER
2 0.2 1 130847 7.33E-02 6368759 1 e 17 o 14 6 0.624069 0.16368 1.E9696 0.129636 WFALSEN
3 0.5 1 0976864 4.70E-02 85.307 29 135 107 a 107 9 0852409 6.51E-02 1.432696 B.42E-02 #F)
4 o4 1 116082 6.10E-02 71.78835 137 184 47 0 47 7 1244993 0.114166 1700002 0.10944 SFALSER

05 1 1823753 0121576 456930 185 n2 27 ] 14 0 0486276 2.636818 0.217113 SFALSER

Hydrograph Shifting Example

Hydrograph Shifting Due to Pipe

Flows [cfs]

Entering and Using Grass Swales

1/13/2022
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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)

Date: 10/11/2004

TSS: 10 mg/L

. ’ TSS: 20 mg/L
. ﬁ.ﬁ @
@‘ TSS: 35 mg/L

TSS: 84 mg/L

.

g/L

University of Alabama
Swale test site at
Tuscaloosa City Hall

®  TSS:102 mg/L
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Pollutant Control in Grass Swales and Filter
Strips

Trapping sediments
and associated pollutants

Reducing runoff
velocity

educed volume and treated
runoff

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

1.00 v

0.90 \

0.80 A

0.70 \ Zoysia

\
\ Retardance Classes ( A -E )

| Centipede >\ \
o
D
A\
W\

N,

B
c \
Bluegrass\ N P
0.20 \\
0.10 ; k

0.00 : : ; ‘
1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02
VR (ft?/sec)

I
o}
S

I
'S
o

Manning's "n"
o
a
o

o
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WinSLAMM Mannings n Values

Vegetative Retardance - Manning's n v. VR
1
\
038 \
\\ \
06 \

05

D N N
0.1 \ X

: =

0.001 0.01 0.1 1 10 100
V * R (sfis)
== Retardance Type E Retardance Type D e==m=Retardance Type C
= Retardance Type B Retardance Typs A

Dynamic Wetted Width
Calculation

» Calculate event volume

¢ Convert volume to flow with:

* Runoff duration = 1.2 times rainfall
duration

* Complex triangular hydrograph Time (1.2 * Rainfall Duration]
peak to average ratio = 3.8

> 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 > Sideslope > Manning's n

open channel flow equation from
. Retardance
for each time step Factor

1/13/2022
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Swale Performance - Infiltration

*Inflow rate — Low
¢ All runoff infiltrated
*No surface discharge

Swale Performance - Infiltration

*Inflow rate — Moderate
¢ All runoff infiltrated
*No surface discharge
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Swale Performance - Infiltration

*Inflow rate — High
*Some runoff infiltrated
Average Flow f L N *Surface discharge

Swale Performance - Infiltration

*Inflow rate — Moderate
*Most runoff infiltrated
Average Flow f B *Surface discharge
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Swale Performance - Infiltration

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

Swale Performance - Infiltration

*Inflow rate — Low
¢ All runoff infiltrated
*No surface discharge
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Swale Performance — Particulate
Filtering

For each time step -
* Calculate flow velocity,

settling velocity and flow @
depth : Ratio: 0-1.0 { .
* Determine flow depth to R [
grass height, for particulate .| ... I
reduction for each particle  “«{
size increment using Nara & " . X} s
. o Xg % Ratio — Flow Depth/Grass Height
Pitt reference .

0.00001 00001 0001 0.01 01 1 10 100
Settling frequency

* Check particle size group limits _
* Not exceed irreducible * Scour adjustment by

concentration value * Flow velocity

* No filtering for particles less than Impervious area

50 microns

Infiltration Adjustment

* User enters the dynamic infiltration rate, assumed to be % the
static rate.

* WinSLAMM will adjust the infiltration rate based upon the swale
slope as shown in the plot below.

Grass Swale Infiltration Rate Adjusment

= 25
£
% 2
8 N
g 15 \
£ 1
=
;‘E 0.5

0

0 0.5 1 1.5 2 2.5 3 3.5 4

Slope (%)

10
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Modeling Grass Swales

Five Components to Modeling Grass Swales

* Swale Density

* Swale Infiltration Rate

* Swale Geometry

* Grass Characteristics

* Runoff Particle Size Distribution

11
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G Grass Swales

Y )

Drainage System Control Practice

Grass Swale Mumber 1

Grass Swale Data

Total Drainage Area [ac)
Fraction of Drainage Area Served by Swales [0-1]

1y T

Average Swale Length to Outlet [1t]

Typical Bottom \width [ft]

Typical Swale Side Slope [ __ ftH - 11tW]

Typical Longitudinal Slope (f/f, WAH]

Swale Retardance Factor

Typical Grass Height [in)

Swale Dynamic Infiltration R ate (in/hr)

Typical Swale Depth [ft] for Cost Analysis [0 ptionall

Select infiltration rate by soil type
" Sand- 4 infhr
1m " Loamy sand - 1.25 infhr
" Sandy loam - 0.5 in/hr
10500 L.Dam -0.25 im’hr
1715 . oam - 0,15 infhr .
4 & Cap loam - 0.1 indhe
4 7 Clay loam - NG indhr
o " Silty clay loam - inthr
- " Sandy clay - 0.025 in/
| " Silty clay - 0.02 inhr
o  Clay - 0.07 infhr
0.0

Usze Total Swale Length Instead of Swale
Drengity for [nfilktration Calculations

Total area served by swales [acres] 30,000
Total area [acres): 30.000

Select Particle Size
Distributian File Particle Size Distribution File Name iew

Retardance

|C: WwinSLAMM Files\MURP.CPZ

Select Swale Density by Land Use

Table

Swale
Density

™ Drainage
Areas

C O
i 8
e Ll
8] @)
Copy Swale Data Paste Swale Data ‘ Cancel ‘ Continue
Contl Prachice - 1 [P Eleoent - 1
(G Grass Swales \ |t |

Drainage System Control Practice

Grass Swale Mumber 1

Grass Swale Data

Total Drainage Area [ac)
Fraction of Drainage Area Served by Swales [0-1]
Swale Dengity [ft/ac)

Average Swale Length to Outlet [1t]

Typical Bottom \width [ft]

Typical Swale Side Slope [ __ ftH - 11tW]

Typical Longitudinal Slope (f/f, WAH]

Swale Retardance Factor

Typical Grass Height [in)

Swale Dynamic Infiltration R ate (in/hr)

Typical Swale Depth [ft] for Cost Analysis [0 ptionall

Select infiltration rate by soil type

" Sand- 4 infhr
1m " Loamy sand - 1.25 infhr
250 " Sandy loam - 0.5 in/hr
10500 " Loam - 0.25 inshr

- 015 indhr

Sandy clap - 0.025 in;
Silty clay - 0.02 in/hr
Clay - 0.07 indhr

e Ne Ra le No'

01
0.0,

r Usze Total Swale Length Instead of Swale
Drengity for [nfilktration Calculations

Total area served by swales [acres] 30,000
Total area [acres): 30.000

Select Particle Size
Distributian File Particle Size Distribution File Name iew

Retardance

|C: WwinSLAMM Files\MURP.CPZ

Table

Select Swale Density by Land Use

2 ite e e

2w e N

Copy Swale Data Paste Swale Data

Lontral Practice & 1 [P Element 3 1

‘ Cancel ‘ Continue

Swale
Density

Swale Density

1/13/2022
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G Grass Swales E
Drainage System Control Practice Graze Swale Mumber 1 Swa I e

Geometry

Grass Swale Data — Select infiltration rate by soil type —
Total Drainage Area (ac] ((: sand-4infbr
Fraction of Orainane Aea Served by Swales [0-1 1.00 - Loamy sand - 1'2_5 inshr
Swale Density [ft/ac) 350 Sandy loam : 0.5 in/hr
10500 © Loam - 0.25 indhr

Average Swale Length ko Outlet [ft] 1715 ; Silt loarn - 0.15 indhr "
Typical Bottor width [ft] 4 s ndy cloy loam - (L1 invhe
Typical Swale Side Slope [ __ ftH - 11tY] 4 s C!GP loarn - 0.05 indhr }
Typical Longitudinal Slope [fi/ft, V/H 02| Sily clay loam - 0.025 inhe
Swale Retardance Factar -l 3 Sﬁndjl clay - 0-0_25 indhr
Typical Grass Height [in) 4 3 Silty clay - 0.02 indhr
Swale Dynamic Infiltration R ate (in/hr) 0.1 Clay - 0.07 infhr

o ada ) reefihmerpl] 0.0
|l Wse Total Swale Length Instead of Swale Total area served b les [acres) 30,000

Drengity for [nfilktration Calculations

Total are. res) 30,000
Select Particle Size
Distribution File Particle Size Distribution File Hame View
Fietard.

IE:\WinSLAMM Files\NURP.CFZ 2o

wal
Select Swale Density by Land Use \ S a e
€ Low dengity residential - 240 ft/ac " Shopping center - 90 ft/ac Geometry

© Medium density residential - 350 filac € [ndustial - 260 flac
" High density residential - 375 ft/ac " Freeways [shoulder only] - 480 ft/ac
€ Stip commercial - 410 ft/ac  Freewaps [center and shoulder] - 540 ftYac

Cancel Continue

Copy Swale Data Paste Swale Data Delete

Conbol Practice - 1 | (P Flementd- 1

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

13
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Average Swale Length
= AVG(>(Segment
Length/2))

(el

Use the Default:
15 e S Reei)]
the Drainage Area

Grass Swale Mumber 1

Infiltration
Rate

Drainage System Control Practice

Grass Swale Data —Select infiltration rate by soil type —
Total Drainage Area [ac) ((: Sand - 4in/he :
Fraction of Drainage Area Served by Swales [0-1] 1.00; Loamy sand - 1'2_5 inzhr
Swale Densiy [ft/ac) 350|| | € Sandy lnam - 05 in/he

10500 © Loam - 0.25 indhr

Average Swale Length to Outlet [1t] 1715 g _S'It I:aml- U|15 |m’hr1 7
Typical Battom Width (] B AL I L el
Typical Swale Side Slope [ fUH - 1 1Y) 4 Clay loam - 0.05 infhr -
Tupical Longitudinal Slope (ft/ft, VAH) 02 ; Sily clay loam - 0.025 inhe
Swale Retardance Factor o} LI - gf?ndyl cIayD-DDéUIth\m‘hl
Typical Grass Height [in) 4 - 't-"'?ay B CiCA
Swale Dynamic Infiltration Rate (in/hr 01 (- Gt
Typical Swale Depth [ft] for Cost Anal&s [Optional] 0.0
r Usze Total Swale Length Instead of Shale Totafbrea served by swales [acres) 30,000

Drengity for [nfilktration Calculations Total area [acres) 30000

Select Particle Size
Distributian File | Particle Size Disllithih llﬂm iew
~ Retardance

IC:\W’inSLAMM Files\MURP.CPZ Table

Dynamic

Select Swale Density by Land lisagn " -
© Low density residential - 240 ft/z! nflltratlon 4l ftlac WI nSLAM M are

© Medium density residential - 35 ., d f h i
¢ High densily residential - 375 it Rate anly] - 480 ft/ac ?b?Ut /2 o t e Stat =
" Stip commercial - 410 ft/ac {~ Freeways [center and shoulder] - 540 ft/ac |nf| |trat|0n rate fOl' a

Copy Swale Data Paste Swale

Cancel Continue

Data | Delete

Conbol Practice - 1 | (P Flementd- 1

Values listed in

given soil

1/13/2022
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G Grass §
Drainag
Swale
aaee REtArdance
rass
Tatal Drainage Area | FaCto r
Fraction of Drainage Area Served b Swales |U-1] 1.00;
Swale Dengity [ft/ac) 350
10500
Average Swale Length to Outlet [f] 1715
Typical Bottom \width [ft] 4
Typn:al Swale Side Slope [ __ fLJ - 1tV 4
Swala Retardance Factor D LI I
TTETC o Gl ores TTETarT T T
Swale [ g .
we Retardance Classification

U= system is from HEC-15,

Der:

Classification of Vegetal

Select

Disti Covers

Swale Retardance Factor

Table 4.1. Retardance Classification of Vegetal Covers

IC: WwinSLAMM Files\MURP.CPZ

Mannings n =

f(velocity, hydraulic
radius, retardance)

Copy Swale Data | Paste Swale Data |

Conbol Practice - 1 | (P Flementd- 1

[Retardance
| Class Cover' Condition
. L
(S-EI | A | Weeping Love Grass i Exelent stand, 760 mem (30 in)
| | Yellow Bluestem Ischacmum Excobont siand, tah, avorage 910 mm (36 n)
o N E . [ Viery donse growth, uncut
L8 Bermuda Grass Geod stand. ball, average 300 mm (120 |
ol Nativa Grass Mixtura (o bluastem, Gocd stand, urmowed
fal bhuestem, blue gamma, and other long and
Qi short midwest grasses)
1 Weeping lovegrass Good stand, Lall, average 610 mm (24 in}
((: Lespedeza sercea Good stand, nct woody, ulwaeomn
(i (19in)
‘sl Altalfa _ Good stand. uncut, average 280 mm (11 in)
o ‘Weeping lovegrass Good stard, urrowed, average 330 mm (13
- | )
| Kudzy Dense growth, urcut
Blue Gamma Good stand, uncut, 280 mm (11 in)
C abgrass | Fair stand, uncul 250 1o 1460 men (10 0 48 in)
sEr | Bermuda grass Good stand, mowed, average 150 mm {6 in)
ICnmmM Lespedeza Good sland, uneull, averags 280 mm (11 in)
Grass-LBguMe mixiure-summer (orchard Good stand, neut, 150 10 200 mm (612 81n)
grass, rediop, ltalian ryegrass, and common
[
Cenlipede grass o Very dense covr, avorage 150 mm (3 ir)
| Kentucky Bluegrass Good stand, headed, 150 10 300 rea (6 1o 12
L}
1] Bermuda Grass Gooxd stand, cul 1o 80 men (2.5 in) hesght
| Comman Lespedeza Excelent stand, uncut, average 110 mm (4.5
in}
] Buffalo Grass | Goodstand wicut. B0 10 190 mm (306 ) _
! Grass-Legume mixture—fal, spring (orchard | Good stand, uncut, 100 10 130 mm (410 5 W
i prass, rediop, ltalian ryegrass, and common
| lespedeza) . S
r Lespedeza sercea et culling 10 50 mim (2] hoght. Very §ood
— i I stand belore cutting
E | Barmuda Grass Good stand, cut to hesght, 40 mm 1.5 in)
Bermuda Grass Bumed stubbig

D : N
L= Covers classified have been tested in expermental channels, Covers were green and generally

uriform,

Drainage System Control Practice

Grass Swale Number 1

Select infiltration rate by zoil type
© Sand - 4indr

" Loamy sand - 1.25 inthr

" Sandy loam - 0.5 in/hr

" Loam - 0125 in/hr

(" Silt loam - 0,15 inht

Grass
Characteristics

Enter Grassml:lelght to Determine Particle

Grass Swale Data
Total Drainage Aiea [ac)
Fraction of Drainage Area Served by Swales [0-1] 1.00;
Swale Density [ft/ac) 350
10500
Awerage Swale Lenath to Outlet [ft] 1715
Tupical Battom width [ft] 4
Typical Swale Side Slope [ fH: TRV 4
Typical Longitudinal Slope [ft/ft, W/H) 0z,
Swale Retardance Factor D
Tupical Grass Height [in) L= 4
Swale Dynamic Infiltration Fate (indhr) 01
Typical Swale Depth [ft] for Cost Analysis (Optional) 0.0

r Use Total Swale Length Instead of Swale
Dernity far Infiltration Calculations

Select Particle Size
Distribution File Particle Size Distribution File Name

© Silty clay - 0.02 infhr
" Clay - 0.07 inchr

.. Size Filtering

Total area served by swales (acres): 30.000

Tatal area (acres): 30.000

IC:\W’inS LAMM Files\WURP.CPZ

Select Swale Density by Land Use
 Low density residential - 240 it ac

= High density residential - 375 fiac
" Ship commercial - 410 ftfac

{ Shopping center - 90 ftiac

" Medium density residential - 350 ftlae € Industrial - 260 ftéac

 Freeways [shoulder only) - 420 frac

& Freeways [center and shoulder] - 540 ft/ac

Copy Swale Data I Paste Swale Data

Control Practice #: 1 | CP Element #: 1

Delete Cancel

Continue

Particle Size
Distribution File
not accessible
when Flows and
Particle Sizes
transferred
through the

drainage system

1/13/2022
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Infiltration Rate Adjustment

Grass Swale Infiltration Rate Adjusment
25 ‘ ‘
E 2 < Static Infiltration Rate
ﬁ 1.5 4
E Dynamic Infiltration Rate >
This is what you start with
0 | |
o} 1 2 3 4
Slope (%)
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 0.5
39 0.21 2| 0.659558 3.332024 2.672466 0.2¢ . .

Lo and T emaeral noneansl e 0 40 |terative calculation to
Detalled_ Hydraulics By Tlm_e Step .igff determine swale height
Hydraulics And Concentration By Event 414 and wetted perimeter for
Increm?ntal Performan_ce ég?: each runoff event
Irreducible Concentration 1116
Particulate Reduction by Particle Size 2.525232| 0.673294 10497.38 3429.561

40 0.3 1/ 0.43074 15.88515/ 15.45441 0.5
40 0.3 2 043074 3.332024| 2.901284 0.25
40 0.3 3 043074 0796467 0.365727  0.125

SwaleQ = 1.486 / n * (h * BottomWidth + SideSlope *h A 2) A (5/3) |
(BottomWidth + h * Sqr(SideSlope * SideSlope + 1) *2) A (2/3) *

Sqr(Long
40 03 9 043074 0.481597 5.09E-02
40 03 10 0.43074 0.453293| 2.26E-02
40 03 11 0.43074 0.426746 3.99E-03
40 03 12 0.43074 0.439498| 8.76E-03
40 03 13 0.43074 0.432998| 2.26E-03
40 03 14] 0.43074 0.426599 4.14E-03
40 0.3 15 0.43074 0.429767  9.73E-04

Slope)

0.186899
0.181059
0.183888
0.182451
0.181026
0.181733
0.182443

2.153869 0.761577| 15996.33 3813.894

1/13/2022
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Grass Swale Production Functions for US
Navy (San Diego, Puget Sound, and Norfolk)

7
San Di d
e

4

S
v

B
o

w
wv

w
o

N
wv

N
o

~_— Norfolk, VA

=
v

=
o

\
\

Runoff Volume Reductions (%)

o

20 40 60 80 100 120 140
Swale Density (ft/ac)

o

Modeling Filter Strips

17
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Grass Filter Strips

Assumptions:

*Flow over surface modeled as
sheet flow

+All particle sizes are treated

Effective treatment length reduced
based upon slope

» <0.02 ft/ft — 3 ft reduction
* >0.05 ft/ft — 10 ft reduction
* else — 6 ft reduction

*Irreducible concentration a
function of particle size

Total Area: 4.000 acres
Source Area: Paved Parking 2 Filter Strip No. 1

Land Use: Commercial 2

First Source Area Control Practice

Device Properties

Total Area in Source Area [ac)

Area Fraction Served by Filter Strips (0-1]

Total Filer Stip Width [ft)

Effective Flow Length [ft]

Infiltration R ate finthr]

Typical Longitudinal Slope (0-1]

Typical Grass Height in]

Grass Retardance Factor D
Use Stochastic Analysis to account for
Infiltration F ate Uncertainty

M ative Sl Infilration Fate COY
Surface Clogging Load (Ibs/sf]

=

4.000
0.50
400
20
0.080
0.100

<]

3.80

2 Filter Strp Wiath -

Select Particl Size File

Filter Strip Area to Drainage &rea Ratio = 0,092
This ratio must be greater than 0.05 to activate the filker stip.

C:\Program Files [x86)\wWinSLAMM w10\MURP.CPZ

Select Native Soil Infiltration Rate
© Sand - 8inshr " Clay loam - 0.1 inthr

" Silly clay - 0.04 inhr
" Clay - 0.02in/hr

" Loam- 0.5 inthr
© Siltloam - 0.3 in/hr
™ Sandy sit loam - 0.2 infhr

" Loamysand - 25in/hr @ Silly clay loam - 0.05 inhr
© Sandy loam - 1.0in/hr " Sandy clay - 0.05 in/hr

Copy Fiter Strip Data |

Paste Fiter Stip Data|

Delete | Cancel | Continue |

Control Practice #: 1 [LandUse#: 3 [Source Area #: 14

¢ |nfiltration Rate
* Geometry
* Grass Characteristics

Distribution

* Clogging and Runoff Particle Size

Four Components to Modeling Filter Strips

1/13/2022
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Filter Strip Control Device

G e o m et ry Land Use: Commercial 1 Total Area: 1.000 acres

Source Area: Paved Parking 2 Filter Strip No. 1

First Source Area Contiol Practice

icen
Total Area in Source Area [ac) 1.000
— \Area Fraction Served by Filter Strips [0-1] 1.00
G eo m etry Total Filker Strip ‘width [ft] 2001
P |Flow Length [f) 5
Dynamic Infiliation Rate [in/hr) 0.050
. . T ppical Longitudinal Slope [Fraction] 0.100
T ppical Grass Height [in] 4.0
The filter strip area to Tiricd G ot 1) —
H H Use Stochastic Analysis b it h
drainage area ratio must ininstion ote Uncanary |
Mative Sail Infiltration Rate COY
be greater than 0.05 Sooolgginesslioss =

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

£ Fillor Strip With -
Wiew
Flow Retardance
Lengh Table
; Select Paflicls Size File

|E'\Prngram Files\WinSLAMM\NURP.CPZ

2
o

Select Native Soil Dynamif: Infilliation Rate
" Sand - 4 inhe Clay loam - 0.05 in/hr

Note direction of '
| _ [ flow length and
02 04 os o8 1 filter strip width |

Filter Strip Area to Drainage Area Ratio

2
o

=2
k.

e
m

[
[
[
[
[

Fraction of Calculated Filter
Strip Treatment Efficiency

o
=)

Delete | Cancel | Continue |

Contral Practice #: 1 Land Use ft: 1 SourceArsatt: 14

Filter Strip Control Device

] L]
I n fI Itratl o n Land Use: Commercial 1 Total Area: 1.000 acres

Source Area: Paved Parking 2 Filter Strip No. 1

First Source Area Control Practice
Rate Device Properties

Total &rea in Source Area [ac) 1.000

\&rea Fraction Served by Filter Ships (0-1] 1.00

T otal Filker Strip ‘width [ft] 2001

Infi Itrati 0 n Rate 1 I Dynamic Infilration Rate [in/hr] 0.050 I
™ i ey e g
T ypical Grass Height [in) 4.0
Debth of Water i Grass Retardance Factor oo~
e (o} ater in g A . s Stochastic Analysis t ki
meer Stri Infiltration Rate (in/hr) Infination Frate Lnceraity =
P . Mative Soil Infiltration Rate COV
_ Entered Rate x 2 (Static Surface Clagging Load [lbs/sf] 350
<=0.015ft B

Infiltration Rate) Filter Strip &rea to Drainage Area Ratio = 0115,

Thiz ratio must be greater than 0.05 to activate the filter strip.
Interpolated Between the Two
>0.015and < 0.03 ft P

Rates £ Fito Siip i
>=0.03 ft Entered Rate (Dynamic -~ Hgi‘gmm
’ Infiltration Rate) 4 Lendh - Taple

Select Particls Size File |

Listed native soil IE'\F‘mgram Files-winsLAMMANURP CFZ
infiltration rates Select Native Soil Dynamic Infiltiation Rate
. ¢ Sand - 4 inhe " Clay loam - 0.05 infhe
based upon field ¢ Loamy sand - 1 25in/he (" Sy clay loam - 0,025 indhe
¢ Sandyloam-05indr (" Sandy clay - 0.025 infhr
; ¢ Loam - 0.25 inhe © Sily clay - 0.02 inhr
double rng ¢ Sitloam-015indhr  © Clay- 007 inshe
. £ Sandy sit loam - 01 infhe
infiltrometer
Copy Filer StipData | Paste Fier Sirp Data |
measurements ,
Delete | Cancel | Continue |

Contral Practice #: 1 Land Use ft: 1 SourceArsatt: 14
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Tab 7a - Pipes, Grass Swales and Filter Strips

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 Contiol 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

Total Area in Source Area [ac) 1.000¢

\rea Fraction Served by Filter Strips (0-1] 1.001

TP TR T

Flow Length [ft) 25

BT TR ;
| |Typical Lunglludmal Sluue [Fraction] 0.100:

Glass Helardance Factur D~

Use Stochastic Analpsis to account for H

Infiltration Rate Uncertainty

Mative Soil Infilration Rate COV

S urface Clogging Load (lbs/sf) 350

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

Select Particls Size File |
|E'\F‘rngram Files\WwinSLAMMANURP.CPZ

Select Native Soil Dynamic Infiliation Rate

" Sand - 4 indhr " Clay loam - 0.05 infhr

" Loamy sand - 1.25in/hr - O Silty clay loam - 0.025 inshr
" Sandy loam - 05 infhr " Sandy clay - 0.025 inthr
" Loam - 0.25 inthr © Silty clay - 0.02 in/hr

© Siltloam - 0.15 inthr " Clay - 0.00 inthr

" Sandy silt loam - 0.1 in/hr

CopyFiler Stip Data | Paste Fiter Strip Dats |

Detete | Cancel | Continue |

Cortrol Practice #: 1 [LandUse#: 1 [Sourcedreati: 14 |

Retardance

Table 4.1. Retardance Classification of Vegetal Covers

[Retardance
| Class . Conditon__
A Excelent stand, tall, average 760 mm (30 in)

| Yellow Bluestem Ischagmum
B HKudau

| Excalont sland, il

nl, avurage 910 mm (36 )
Very dormse growth, uncut

Bermuda Grass -
Nativa Grass Mixture (Ftie bluestem,
bhuestem, blwe gamma, and other long and

Good stand, tal, average 300 mm (121) |

Good stand, urmowed

short midwes! grasses)
Wesy rass Good stand, Lall, average 610 mm (24 in}
| Lespedeza sericea Good stand, not woody, tall, average 480 mm
| (19in)
Altalfa _ Gaod stand, uncut, average 250 mm (11 in)
‘Weeping lovegrass (Good stand, urmowed, average 330 mm (13 |
| ) )
| Kudzy Dense growth, wcut
Blue Gamma Good stand, uncut, average 280 mm (11 in)
c | Cr | Falir stand, uneut 250 1o 1200 mm (10 1o 48 in)
Bermuda grass Good stand, mawed, average 150 mm {6 in)
ICnmmm Lespedeza Good stand, mtmm:nm (1)
Grass qume mixture-summer (orchard Good stand, wncut, 150 ko 200 mm (610 8 in)
grass, rediop, talian ryegrass, and common
[
| Centipede grass Very dense cover, avarage 150 mm (5 in)
Kentucky Bluegrass Good stand, headed, 150 1o 300 e (6 1o 12
in}
D Bermuda Grass Good stand, cul 1o BD mem {25 in) height
Comman Lespedeza Excelent stand, uncut, average 110 mm (4.5
in)
Buftalo Grass | Good stand, wncut_ B0 1o 150 mm (30 6]

Grass-Legume mixture—Fal, spring (orchard
prass, rediop, ltalian ryegrass, and common

Good stand, uncut, 100 %0 130 mm (4 10 5 in}

| lespedaza)

Lespedeza sencea mmms{lmmmmm Mm
stand belore cutting

Barmuda Grass Good stand, cut to hesght, 40 mm (1.5 )

Bermuda Grass Bumed stubbig

Covers ciassified have been fested In experimental channels, Covers were green and generally

uriform,

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 Contiol Practice

Device Properties

Total frea in Source Area lac] 1.000
e Fraction Served by Fiter Stips [0-1) 1.00
T otal Filter Strip 'width [f] 200
Flow Length [f) 5
Dynamic Infilration Fiate (in/hr) 0.050
T ypical Longitudinal Slape [Fraction) 010
i s
Grass Retardance Factor D LI—I
il e Frats: Lncettsinty =
Mative Sai Infiliation Rate COV

Surface Clagging Load [lbs/sf] 250

Filter Strip Area to Drainage Area Ratio = 0.115,

Thic ratin sk hes araater Haan (R by ackiabe e fillor shin

Retardance Classification
system is from HEC-15,
Classification of Vegetal

Covers
|-
T G T
Mannings n =

f(velocity, hydraulic
radius, retardance)

Detete | Cancel | Continue |

Cortrol Practice #: 1 [LandUse#: 1 [Sourcedreati: 14 |
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Tab 7a - Pipes, Grass Swales and Filter Strips

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:

Filter Strip Control Device

Land Use: Commercial 1
Source Area: Paved Parking 2

First Source Area Contiol Practice

Device Properties

Total Area: 1.000 acres
Filter Strip No. 1

Total Area in Souce Area [ac) 1.000
|Area Fraction Served by Fiter Stips (0-1) 1.00
T otal Filter Stiip Width (71 200
Flow Lengih t) 25
Dynaric Infilration Rate (in/hr] 0.050
Typical Longiudinal Slope [Fraction) 0.100
Typical Grass Height fin) 4.0
Girass Retardance Factor o -
Use Stachastic Analysis to account for -
Infiltation Rate Uncertainty
oot

\I S uiface Clogging Load (lbs/sf] 350

£ Filtor Stip Wilth

Select Particls Size File

- =y 3
This ratio must be greater than 0.05 to activate the fiter strip.

|E'\Prngram Files\WinSLAMMANURP.CPZ

Select Native Soil Dynamic Infiliation Rate

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

Hydraulics and Concentration By Event

} |t W|" not C|og " Sand - 4inh " Clay am - 0105 indhr
¢ Loamy sand - 1 25in/he (" Sy clay loam - 0,025 indhe
¢ Sandyloam-05indr (" Sandy clay - 0.025 infhr
. . . ¢ Loam - 0.25 inhe © Sily clay - 0.02 inhr
> Malntaln the 1 0 year adJUSted € Sitlaam - 015 infhe " Clay - 007 inhr
Lo i £ Sandy sit loam - 01 infhe
infiltration rate
Copy Fiter ShipData | Paste Fier Sirp Data_|
Delete | Cancel | Continue |
Conirol Practice ®: 1 LandUse®: 1 |Sowcedreafl: 14
Additional Output
SA/LU Runoff  Runoff  FS Total Infil. Rate TSSEFf  Effluent  Final
Fiter Runoff Runoff Volume Volume Effluent Effluent Influent Clogging Ad. Conc  Conc Effluent Maximum
Rain Roinfal Strp Volume Volume  Bypasing nftrated Volome  Volume  Conc AdInfl Rate Reduct,  before  Conc | Influent _ Effuent Load Cum. Clogaing Velocty  Maximum  Maximum
No. Depth (in) No. (cf) to FS (cf) FS(cf) {cf) {cf) {cf) (mg/l) {Fraction) (in/hr) Ratio Ratio Adj. (mg/l) Load (Ibs) (Ibs) Load (Ibs/sf)  (ft/s) Depth (ft)  Shear (Ib/sf)
w oo 1 3207 3207 o3zwess o 0 13 0000 004 0108%9 15 0 002619 00000 00000 00050 00027 00051
s oo 1 3207 3207 o038 o 0 130 00000 oo 010869 15 0 00219 00000 0000 00051 00028 00052
@ oo 1 3207 3207 o3z o 0 130 00000 0o 010869 15 0 00219 00000 00000 00051 00028 00052
5 033 176ME TGME 0 1697669 SG50003 5659003 130 00002 00Md 0108969 1928059 3L3ss2 597022 L1078 00006 00235 00276 00516
4 007 11067271 1067271 0 8629122 04398 04398 130 0002 0045 0108969 15 275313 086617 001 00007 00109 00087 00162
55 043 1101337 10337 0 2694128 7439595 7439595 130 00004 004d5 0108969 179533 3016266 824113 Laoo® 00016 00221 0022 0047
46 259 1800905 69945 0 UBIGM 91651 W91S51 130 00020 00445 0108969 408093 SOSTS 9SS 26159 00070 00497 0087 0586
& 03 17695 72958 0 103763 6592626 692626 130 00022 00445 0108969 2070869 S0OZ1 6101841 1301 0007 0022 003 00717
48 0m  17086MS RGNS 0 103519 G0S109 605109 130 00023 0OAd5 0108969 20SE2SE 33666 570992 12617 0002 004 0036 00686
49 051 11239519 1239519 02391143 1000422 1000422 130 00026 00444 0108969 2072677 REWIL 100548  20%1 00092 00253 0038 00577
0 013 1 23210 23621 0 9726046 1O 1RO B0 00027 004 0108969 15 275313 1917065 023 000 0018 00185 00355
S 020 1503149 S31094 0350768 GBSl AGBSEL 10 00025 0044 0108969 32251 SLSESIS 40833 1228 0009 00384 0057 01079
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Tab 7a - Pipes, Grass Swales and Filter Strips

100

10

Runoff Volume Discharge Reductions (%)

Grass Filter Production Functions for US Navy (San

Diego, Puget Sound, and Norfolk)

s Piegojand

w

~

/ Questions?

0.01

0.1 1
Grass Filter Length as a Fraction of the Pavement Length (same width)
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