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Particulate Removal in Shallow Flowing
Grass Swales and in Grass Filters

Runoff from
Pervious/
impervious Trapping of sediments
area Reducing velocity of lllhnd associated pollutantg

educed volume and treated
runoff

Selected Research Results

1JC (1979) found swale drained areas had up to 95% less flows
and pollutant yields compared to curb and gutter.

NURP (1983) found soluble and particulate heavy metals
reduced by 50% and COD, nitrate and ammonia nitrogen
reduced by about 25

Pitt & McLean (1986) found about 5 reductions in pollutants
and runoff volume; for small frequent rains very little runoff
s observed.

Current research (Nara 2005) at the Univ. of Alabama identified
significant factor affecting particulate transport in gra wales
and developed suitable model algorithms. Modeled procedure
joins particle settling with swale hydraulics.

Grass-Lined Swales




Large capacity grass swales and channels
designed for both conveyance and water quality
objectives.

Grass Swales Designed to Infiltrate Large Fractions of Runoff Swales can be both

(Alabama). interesting and fit site
development objectives.

Also incorporate
rass filtering before
infiltration




Elements of Conservation Design for
Cedar Hills Development

(near Madison, WI, project conducted by
Roger Bannerman, WI DNR and USGS)

» Grass Swales

* Wet Detention Pond

* Infiltration Basin/Wetland
* Reduced Street Width

Conventional curbs
with inlets directed
to site swales

Cedar Hill Site Design,
Crossplains WI

Explanation

I Wetpond

Il 'nfiltrations Basin
Swales

I Sidewalk

Il Driveway
Houses
Lawns

I Roadway
Woodlot

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

Type of Control

Pre-development
No Controls

Swales +
Pond/wetland +
Infiltration Basin

Runoff Expected Change
Volume, (being monitored)
inches

515% increase

78% decrease,
compared to no
controls

15% increase over
pre-development




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.

H>I'IIH .IIIINISVIlIE GONSERVATION DESIGN INDUSTRIAL PARK

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

Runoff Volume for Different Rain Depths Sediment Discharges for Different Rain Depths
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Volume and Sediment Reductions for Different
Rain Depths

Research Objectives
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* Initial indoor grass swale experiment

2

Cumulative mass (%)
&8 8

108 samples collected

88

» Second indoor grass swale experiment
108 samples collected

* Outdoor grass swale monitoring
69 samples collected (13 storm events)

2 Bluegrass




Variables and analytical methods

e Study of variables
1) Grass types
2) Slopes
3) Flow rates
4) Swale lengths

* Analytical methods
1) Total solids
2) Turbidity
3) Total Suspended Solids
4) Total Dissolved Solids
5) Particle Size Distribution by Coulter Counter (Beckman®
Multi-Sizer IIT)

Total Suspended Solids “Bluegrass”

a o
S o
o o

w
(=3
o

3%_20gm

—e—5%_20gm

Head works

Distance (ft)

Turbidity (NTU)

Box plots of turbidity concentrations at different swale lengths

Statistical procedure: Kruskal-Wallis test
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Significant factors and p-values at 6 ft

P-values were computed for constituent concentrations for each variable

Constituent

P-value

Total Solids

Flow rate
ype *Flow rate

0.000
0.006
0.000
0.023

Total Solids (<106 pm)

ype
e*Flow rate
Slope*Flow rate

0.000
0.000
0.006

Total Suspended Solids

Grass type
Slope
Grass type*Flow rate

Slope*Flow rate

0.000
0.047
0.005
0.013

Total Dissolved Solids

ype*Flow rate

0.044

Turbidity

vpe

s type*Slope
e*Flow rate

0.000
0.020
0.001
0.000
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Box plots of median particle sizes at different swale lengths Zoysia grass, 3% slope, 20 GPM
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Concepts:
1) First order decay

Ln(C,, / C;, ) = -kt
MOdellng Sedlment transport 5 Sediment concentration at sampling locations

nitial sediment concentration at the headwork
order Kkinetic con
istance from the headwork

2) “Settling frequency”

= traveling time / settling duration

Traveling time = Swale length / flow velocity

Settling duration = flow depth / settling velocity (Stoke’s Law)




Different grass types

Different flow depth/grass height ratios

Flow depth/ Grass height ratio classification
Percent reductions vs Settling frequencies
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Paved road

Watershed

0.1a¢

Small Puddle at Swale Enlrancc

[

Building

Date: 10/11/2004

TSS: 63 mg/L

: 102 mg/L

Total Suspended Solids (mg/L)

Box plots of TSS at different swale lengths

Statistical procedure: Kruskal-Wallis test
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Box plots of median particle sizes at different swale lengths

Statistical procedure: Kruskal-Wallis test
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Particle size distributions: 12/06/2004
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Particulate Transport in Outdoor Swale (6 rain events)

Percent reductions between 3ft and 25 ft vs. settling frequencies
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g

experiments and outdoor observations
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- 160 mg/ L (TSS) v

40 mg

20 Ratio: 0 - 1.0 X

10

0.00001  0.0001 0.001 0.01 0.1 1 10 100 1000

Settling frequency

Design of Stable Open Channels

Adequate conveyance
capacity
Stable channel

Provide aquatic life
habitat

These objectives must
be met considering
future conditions,
reasonable cost,
minimal land
consumption, and
safety.
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Trapezoidal Section

r7'T=b+2my

.T_ = Freeboard
1

! \ A 4

'

b {

A=by+zy’

P=b+2yJl+z*

Recommended freeboard and height of lining (Figure 7-6, Prasuhn 1987),
from U.S. Bureau of Reclamation

7
5 2z
1
5
Height of bank above
water surface /
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=
-1 Lt
|1 ot
. | '/M
0
10 2 4 68102 2 4 6 8103 2 4 6804 2

Capacity, cfs

Angles of Repose of Noncohesive Material (Chin 2000)

Particle size in inches
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32
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28
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Angle of response, a, degrees with horizontal

22

20

Type Characteristics Minimum# Normaln Maximum
Cement neat surface 0.010 0.011 0.013
Concree el s th oo oms Roughness
o withgrve or  ow  om Coefficients in
un%lxzu";sd'mn 0.014 007 0.020 Li ned Open
ools  oom s Channels

wory

G bottom with
sifies off

Brick

Masonry

(Table 4.14,
Chin 2000)
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Maximum Permissible Velocity

Channel Material %ﬁﬁlcligfh(?tl;::cl)
Fine Sand 2.0
Coarse Sand 4.0
Fine Gravel 6.0
Earth
Sandy Silt 2.0
Silt clay 3.5
Clay 6.0

Minimum velocity should be 2 to 3 ft/sec.
Also check Froude number (< 0.8, to ensure subcritical flow)

Grass-lined Earth (Slopes less than 5%)

Bermuda Grass

Sandy Silt 6.0
Silt Clay 8.0

Kentucky Blue Grass

Sandy Silt 5.0
Silt Clay 7.0
Poor Rock (usually sedimentary) 10.0
Soft Sandstone 8.0
Soft Shale 35
Good Rock (usually igneous or hard
. 20.0
metamorphic)

Method of Tractive Force

@y, smd

/

La
\ Z
A2 6

g = submerged weight of particle
A, = effective area of particle

1, = shear stress on channel bottom
1, = shear stress on channel side

Average Shear Stress on Channel Boundary (the Tractive

Force):
7, = )RS
US customary units of Ib/ft2
where:

v = specific weight of water (62.4 Ibs/ft3)

R = hydraulic radius (ft)

S, = hydraulic slope (ft/ft) for uniform flow; this is
substituted with S; for non-uniform flow conditions

If the channel is very wide (B>>y), such as for sheetflow
conditions, the hydraulic radius (R) is substituted by the
flow depth:

12



Research by the USBR has shown that the distribution of
the shear stress is not uniform and that the maximum
values of shear stress on the channel bottoms and side
slopes are approximately:

T, =WS, 7, =0.76pS,

0,750wyS N 0.750wy$S
0.970wyS
At “incipient motion,” the forces causing a particle to move are
just equal to those resisting motion.

Permissible Unit Tractive Force for Channels in
Noncohesive Material (Figure 4.32a, Chin 2000)

2

T T T T T T T
Recommended value for canals in coarse, /
noncohesive material; size 25% larger Y
1
<
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g 7!
g | \ 1
g —1/
5 01 v
° 7
) L—
g == ]
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d LA / canals with clear water
ot (- |
— 11 \
Recommended value for canals with low
content of fine sediment in the water ‘
|
001 [
01 05 1 5 10 50 100

Average particle diameter (mm)

(a) Non-Cohesive Material

1.0 P e A
I [ . - .
Sandy clays (sand < 50%) Permissible Unit
05 Hagiy clageysolls Tractive Force in
‘C‘;;SI‘ i Channels in
€ R Cohesive Material
Ee) ean clayey soils - -
it e i (Figure 4.32b, Chin
*§ 2000)
é 0.1 )
= N \ B -
S AVI\Y
2 \ \Q
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£ \
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0.01 & 1l [ 1
0.1 02 0304 06 11215 2 3 45
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(b) Cohesive Material

Design Steps for Maximum Permissible Velocity/Allowable Shear
Stress Method

McCuen (1998) presents the following steps when designing a stable
channel using the permissible velocity/allowable shear stress method:

1) for a given channel material, estimate the Manning’s roughness
coefficient (n), the channel slope (S), and the maximum permissible
velocity (V).

2) Compute the hydraulic radius (R) using Manning’s equation:

1.5
R = Los
1.498™
where:

R = hydraulic radius, ft.

V = permissible velocity, ft/sec

S = channel slope, ft/ft

n = roughness of channel lining material, dimensionless

13



3) Calculate the required cross-sectional area, using the continuity
equation and the previously design storm peak flow rate (Q):

A=Q

where: vV
A = cross-sectional area of channel (wetted portion), ft2
Q = peak discharge for design storm being considered, ft*/sec
V = permissible velocity, ft/sec

4) Calculate the corresponding wetter perimeter (P):

where:
P = wetted perimeter, ft
A = cross-sectional area of channel (wetted portion), ft?
R = hydraulic radius, ft.

5) Calculate an appropriate channel base width (b) and depth (y)
corresponding to a specific channel geometry (usually a
trapezoid channel, having a side slope of z:1 side slopes).

Chow'’s figure (1959) can be used to significantly shorten the
calculation effort for the design of channels, by skipping step 4
above and more effectively completing step 5. This figure is used
to calculate the normal depth (y) of a channel based on the
channel side slopes and known flow and channel characteristics,
using the Manning’s equation in the following form:
2
ART = "2
1.498™

Initial channel characteristics that must be know include: z (the side
slope), and b (the channel bottom width, assuming a trapezoid). It is
easy to examine several different channel options (z and b) by
calculating the normal depth (y) for a given peak discharge rate,
channel slope, and roughness. The most practical channel can then be
selected from the alternatives.

Chow 1959

As an example, assume the following conditions:
Noncolloidal alluvial silts, water transporting colloidal silts:

Manning’s roughness coefficient (n) = 0.020
maximum permissible velocity (V) = 3.5 ft/sec
(the allowable shear stress is 0.15 Ib/ft?)

The previously calculated peak discharge (Q) = 13 ft¥/sec
Channel slope = 1%, or 0.01 ft/ft

Therefore:
The hydraulic radius (R) using Manning’s equation:

Va7 3.5(0.020) 1”
1 < 22PN =032
1.498 1.49(0.01)

14



The required cross-sectional area, using the continuity equation
and the design storm peak flow rate (Q):

Therefore, AR?3 = (3.7)(0.32)%% = 1.7, and the wetted perimeter is
A/R =3.7/0.32 = 12 ft. There are many channel options than can
meet this objective. The calculated maximum shear stress is:

vyS= (62.4 Ib/ft3) (y ft) 0.01 ft/ft) = 0.62d
since the allowable shear stress is 0.15 Ib/ft2, the normal depth

must be less than 0.24 ft (only about 3 inches). This will require a
relatively wide channel.

General Design Procedure for Grass-
Lined Channels

The design of a grass-lined open channel differs from the design of an
unlined or structurally lined channel in that:

(1)the flow resistance is dependent on channel geometry and
discharge,

(2) a portion of the boundary stress is associated with drag on
individual vegetation elements and is transmitted to the erodible
boundary through the plant root system, and

(3) the properties of the lining vary both randomly and periodically with
time. Each of these differences requires special consideration in the
design process.

Different
flexible
“solutions” to
provide bank
stability

Design using Vegetated Channel Liner Mats

Current practice is to design channel linings based on shear stress and
not on allowable velocity. Shear stress considers the weight of the water
above the lining and therefore does a better job of predicting liner
stability compared to only using velocity.

Turf reinforcement mats (TRM) design must consider three phases:

(1)the original channel in an unvegetated state to determine if the matting
alone will provide the needed protection before the vegetation is
established,

(2) the channel in a partially vegetated state, usually at 50% plant density,
and

(3) the permanent channel condition with vegetation fully established and
reinforced by the matting’s permanent net structure. It is also important
to base the matting failure on soil loss (usually 0.5 inch of soil; greater
amounts greatly hinder plant establishment) instead of physical failure of
the matting material. The basic shear stress equation can be modified to
predict the shear stress applied to the soil beneath a channel mat.

15



2
r,=s(-c, o

where:
1, = effective shear stress exerted on soil beneath vegetation

v = specific weight of water (62.4 Ibs/ft3)

D = the maximum flow depth in the cross section (ft)

S = hydraulic slope (ft/ft)

C, = vegetation cover factor (this factor is 0 for an unlined channel)
n, = roughness coefficient of underlying soil

n = roughness coefficient of vegetation

As an example, consider the following conditions for a mature
buffalograss on a channel liner mat:

7, =yDS =2.83 Ib/it? (previously calculated), requiring a NAG P300
permanent mat, for example
n, for the soil is 0.016
n for the vegetated mat is 0.042
C, for the vegetated mat is 0.87
The permissible shear stress for the underlying soil is
0.08 Ib/ft?

Therefore:

2
T, = 2.83(1—0.87 0.016 =0.053 Ib/ftz
0.042

The calculated shear stress being exerted on the soil beneath the liner mat
must be less than the permissible shear stress for the soil. In this example,
the safety factor is 0.08/0.053 = 1.5 and the channel lining system is
therefore expected to be stable.

In-Class Problem:

Determine the normal depth in a trapezoidal channel with
side slope of 1.5 t0 1.0 (z = 0.667), a bottom width of 25 ft, a
channel slope of 0.00088, if the discharge is 1510 ft3/sec,
and the Manning’s n is 0.017. Also, calculate the shear
stress for this channel condition.

Redesign this channel using a grass liner (changing the
side slope to z = 2).

n, for the soil is 0.024

n for the vegetated mat is 0.048

C; for the vegetated mat is 0.83

The permissible shear stress for the underlying soil
is 0.095 Ib/ft?

16



Solution to In-Class Problem

2
AR < nQUS _ (0.017)(1510@/:&5):580.76
1.495%  1.49(0.00088)"

b** = (25 /i) = 5344

AR*® 580.76

— = =0.109
b 5344

therefore, for z=0.667, % =027

y=027(25ft)=6.75 ft

Check with full Manning’s equation, Q = 1478 cfs

Sediment Capture in Grass Swale

o the discharge rate is 29 ft3/sec (0.80
m>/sec)

e the channel bottom width is S ft (1.5 m)
wide, with 3 (H) to 1 (V) side slopes

o the calculated normal depth is 0.7 ft (210
mm, 21 cm) and the velocity is calculated to
be 5.8 ft/sec (1.8 m/sec) after mature
vegetation is established

o the swale length for this area is 1250 ft
(378 m)

With water is assumed to enter the swale at the
midpoint location, resulting in an effective
treatment swale length of 625 ft (189 m). With
a water velocity of 5.8 ft/sec (1.8 m/sec), the
average travel time is 189 m/1.8 m/sec = 105 sec
(1.8 m) for this length.

The mature grass is about 3 inches (75 mm) in
height, so the flow depth to grass height ratio is
210 mm/75 mm = 2.8. The suspended solids
concentration is determined to be 250 mg/L
and the particle size distribution of the water
entering the swale is typical.

Cumulative vomule (%)

100

90 -

80 -

70 -

60 -

50 -

40 4

30 -

20 -

1000

Particle diameter (micro meter)
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Approx. % of Particulate 100
Particle Size Suspended Concentration %
Range Solids in in Size Range " {
Ratio: 0 to 1.0 -
Range gn T
0.45to 2 ym 0.5 13 5 o _ { e
‘g Ratio: 1.0 to 1.5 . -
2to 5 um 27 6.8 2 Y
T atio: 1.5 to
5to 10 ym 9.2 23.0 39 ™ {
L 30
10 to 30 ym 40.4 101.0 - X Total Disslved Solics
30 to 60 pm 21.8 54.4 10 Xox (o
60 to 106 pm 10.6 26.5 ol ¥ ‘ ‘ ‘
0.00001 0.0001 0.001 0.01 0.1 1 10 100
106 tO 425 |.Im 14-8 370 Settling frequency
Total: 100.0 250 mg/L
Particle Size  Approx. Settling Settling Percent Particle Inf!uent Irreducible Particulate Final
Range Settling Time for21 Frequency Reduction Size Range Particulate Conc. for Conc. for Resultant
Rate cm Flow for Swale in Size (um) Conc. in Size Size Range Size Range Conc. for
Range (mg/L) after Size Range
(cm/sec) Depth (sec) trglvoe&': ;(::e) Range Tr(eatrlr;_e)nt (mglL)
mg
0.45to2um 1.52 x 10+ 138,000 0.00076 42 0.45to 2 1.3 7 0.8 1.3*
2to 5pum 1.10 x 1073 19,000 0.0055 44 2to 5 6.8 5 3.8 [
5to10pm  5.05x10° 4,160 0.025 48 5to10 =0 5 120 120
10 to 30 101.0 10 434 43.4
-2
10to 30 um 3.59 x 10 585 0.18 57 30 to 60 54.4 5 174 174
30 to 60 pm 0.182 115 0.91 68 60 to 106 26.5 5 6.9 6.9
60 to 106 pm 0.619 33.9 3.1 74 106 to 425 37.0 10 1.5 10**
106 to 425 ym 6.22 3.38 31 96 * the influent concentration for this particle size range is less than the irreducible

concentration, so the influent concentration is not reduced by the swale treatment.

** the treated concentration for these particle size ranges are less than the irreducible
concentrations, so the treated concentrations are not reduced to values smaller than the
irreducible concentrations.
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Particle Size
(um)

% smaller than
size indicated
(Dec. 6, 2004
influent)

Concentration
smaller than
size indicated
(treated), mg/L

% smaller
than size
indicated,
treated

0.45

0

0

0

2

0.5

1.3

1.4

5

3.2

6.3

6.6

10

12.4

18.3

19.1

30

52.8

61.7

64.3

60

74.6

79.1

82.4

106

85.2

86.0

90.0

425

100.0

96.0

100.0

An overall 62% reduction in suspended solids concentration

was achieved.

Three Components to Modeling
Grass Swales

» Swale Density

» Swale Infiltration Rate

» Swale Geometry

Swale Density

1. Swale infiltration rate fin/h) :[ 05

2. Swale density (ft/ac]:

ENTER WETTED SWALE WIDTH (constant for all events)
OR

TYPICAL SWALE GEDMETRY
[wetted swale width changes for each event based on expected flows)

3. Wetted swale width [ft): 0.00

350.00

- Typical Swale

v
4_ Typical Bottom Width (ft) 1.0

5. Typical Swale Side Slope
e e ey 40

6. Typical L e (i/in): [ 0.010
7. Swale n [0035 |

© Low densil residential - 160 ft/ac

& Wedium density residential - 350 ft/ac

€ Highdensiy residential- 375 ft/ac
 Sirip commercial - 630 téac

€ Shopping center - 280 fi/ac

© Indlustial - 125 fi/ac

 Eresmaps (shoulder onl) - 270 tfac

© Fresmays [center and shoulder]- 410 ft/ac

Area served by swales [acres): 50

7 Select swale density by land use — &

€ Sand-din/hi

€ Loamy sand-1.25 infhr
& Sardyloan 0
€ Loam-0.25 inhr

€ Sitloam- 015 inhe

Select infiltration rate by soil type

€ Sandysikloam - 0.1 in/hr

€ Clay loam - 0.05 in/ht

€ Silly clay loam - 0.025 in/he

€ Sandy olay -0 026 invhr
€ Sy clay - 0.02 in/he
€ Clay - 001 in/he

Delete:

Continue
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ation rate inh) | 05 | _ 2 Swale density (it/ac) [35000

ENTER WETTED SWALE WIDTH [cont or all events)
OR

TYPICAL SWALE GEOMETRY
(wetted swale width changes for each event based on expected flows)

3 Wetted swale width (ft): 0.00
Typical Swale Y
4. Typical Bottom Width (it: | 1.0 6. Typical Longitudinal Slape [ft/ft): [ 0.010
5. Typical Swale Side Slope -
CRHSIRYE | 40 | 7 Swale Manning's n [0035 |

[ - Select infiltration rate by soil type |
© Send-dinhe

© Loamy sand - 1.25 in/hr
 Sandyloam <05/

€ Loam-0.25in/hr

£ St loam - 0.15 /b

€ Sandy sit loam - 0.1 inshr

£ Clay loam - 0.05 in/he

£ Sill clay loam - 0.025 invhe
 Sandy clay -0.025 i/

£ Sy clay - 002 infbu

€ Clay - 0.07 indhe

¥ Select swale density by land use

£ Low densit residertial - 160 ftac

4 Medum densiy esidential- 350 i/ac:

£ High densil residential - 375 t/ac

£ Stip commercial - 630 ft/ac

£ Shapping center - 280 ft/ac

£ Inustricl - 125 ftfac.

£ Ereeways [shoulder only] - 270 fi/ac

£ Freewaps [center and shouider] - 410 ft/ac

Area served by swales (acres): 50

Delete Cancel Continue

Dynamic Wetted Width
Calculation

Calculate event volume

Convert volume to flow witt
— Runoff duration = 1.2 times

rainfall duration [verage Flow

— Complex triangular hydrograp
peak to average ratio = 3.8

Use flow rate from Segment
5 of hydrograph

Calculate the ‘average’
wetted width from the flow
rate and swale geometry
using Manning’s open
channel flow equation

Width
Side slope

Time (1.2 = Rainfall Duration)

Slope
Manning’s n

Swale Geometry

1. Swale infilration rate fin/h):[ 05 | 2 Swale density [ft/ack [ 35000

ENTER WETTED SWALE WIDTH (constant for all events)
OR

TYPICAL SWALE GEDMETRY
[wetted swale width changes for each event based on expectpd

3. Wetted swale width [ft): 0.00

Typical Swale v

4_ Typical Bottom Width (ft) 10 | 6 Typical Longitudinal Slope (/ft): [ 0.010
5. Typical Swale Side Slope

(U RRTanvy | 40 | 7 Swale Manning's n [0035 |

¥ Select swale density by land use: I - Select infiltration rate by soil type
Sand - 4in/he

Loamy sand - 1.25 inhr
Sardyloan <05 R/
Loam - 0.25 inch
Sitloam - 015 inhe
Sandysitloam - 0.1 in/hr
Clay loam - 0.05 in/h

Sity clay loam - 0.025 in/hi
Sandy clay - 0.026inhr
Sity clay - 002 in/h

Clay - 0.0 in/he

Low densily residential - 160 t/ac

Miedium density residential - 350 t/ac
High densiy residential- 375 ft/ac

Sirip commercial - 630 t/ac

Shopping cente: - 280 fi/ac

Indhustial - 125 fi/ac

Erezways (shoulder onf) - 270 tfac

© Fresmays [center and shoulder]- 410 ft/ac

ialalis el lc e
e e Nia lie tia Na e e o e e §

Area served by swales [acres): 50

Delete: Cancel Continue

GrassSwaleHydraulics.csv 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

39 0.21 2 0.659558 3.332024 2.672466

39 0.21 3/ 0.659558 0.796467  0.13691

39 0.21 4 0.659558 0.214177 0.445381

39 0.21 5 0.659558 0.323383 0.336175

39 0.21 6/ 0.659558 0.493045 0.166513

39 0.21 7/.0.659558 0.760118  0.10056

39 0.21 8 0.659558 0.58583 7.37E-02

39 0.21 9 0.659558 0.659012 5.46E-04 0.24116

39 0.21 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

w

0.43074 0.796467 0.365727

0.43074 0.453293 2.26E-02 0.181059

40 0.3 11/ 0.43074 0.426746 3.99E-03 0.183888
40 0.3 12| 0.43074 0.439498 8.76E-03 0.182451
40 0.3 13| 0.43074 0.432998 2.26E-03 0.181026
40 0.3 14 0.43074 0.426599 4.14E-03 0.181733
40 0.3 15/ 0.43074 0.429767 9.73E-04 0.182443
40 0.3 2.153869 0.761577 15996.33 3813.894
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Swale Output

nSLAMM Model Output:
File View

=]

Runolf Valume 1 Paticubte Solids | Palllants

1 Dutpat Summary

File Name: I: "\Frogram Files/inSLAMMY Contral Dema Files'S waleD emelL oam. dat

Runoff  Percent Particulale
Volume e, Funaff Solids Conc.
1] Reduclion {mg7L)

Total Before Drainage System 195423 Base 1153
Total After Drainage System 106787 | 45.36 % 3819

Percent

Particulate  Paticulate

Solids Yield  Salids
fbs]  Reduction

1406 Base
2544 | #1.91%

Total After Dutfall Controls 106787 [ 4536 % I 3819

Piirt Dutput Summary to
Comma Separatedialue
File

2 BT

Frint Output Summary to
TextFile

SLAMM Model Output: [-[Ofx]

Flo_Vew

e T Fawes |

Oupatsarmay )

Corcertat Y Feid

54 Yield Contrbution

Data Fie: SwaleDemoLoam. DAT
Rain Fil: GB1969 N WINTER RAN
Date: 04:28:05  Time: 231:18 PM
Site Desciiption: Swale inloamy area

ot Avea, vith Disinage and Outfal Contrls - ied of PARTICULATE S0LIDS ibs)
o ain ol ol Catch basin UplbowFiler| Total | Flowwtd
Doe | Toisl | Befoe : Volme | Vome | After | Min Pat
(rehes) | Diansge Dransge  %Ful | %Ful | Oufal | Sis
System Conoks | Contioled
08728768 021 ese 14w 1437
08728769 0m 188 2 2778
07/02/69 001 3762604 0
07/02/63 0B 8t a
07704769 0% 354 1520
0711769 0 150 o
[TEE] 081 37604 i
07723769 003 9sm o
07/27/68 043 1.5 143
07727763 (R =V I 1)
0731769 02 T0ad 3472
08/03/69 0m 182 1027
08/05/69 o1 3762604 [
08/08/69 001 3762604 o
08/07/63 o 18 o
Surmary for Ruot Producing Events
Totsl  Cateh basin UpflowFilter_Tok” | Flowwid
Tota o e oame | Volune ARl Min Part
(rches) | Dianoge  Dranage | %Ful | zFu” Ol | Sie
System | System Contoks | Conlroled

Minimum: 001 376604
Maimum: 0% 54
Flint Ave:

Total

Solids Yield
i

il |

'SLAMM Model Output
Flo_Vew

[-[Ofx]

TV | Poiedsesogs | P

Output Summary

Runoff Yolume (cu ft]) _Source Area Runoff Vol

Data Fie: SwaleDemoLoam. DAT
Rain Fil: GB1969 N WINTER RAN
Date: 04:28:05  Time: 231:18 PM
Site Desciiption: Swale inloamy area

Tctal vea, vith Drainage and Oufall Controls - Runaff Volume (cu 1
Rain Total Total Total Total | Caloulated
Total el Aher Afer Losses o
fches) | Diainage | Dranage | Outfal fin)
Syt tem | Contiols
06/23/69 02 4w 30 £
06/23/69 03 159 /14 14
07/02/69 o0 478 0
07/02/63 003 38 i
07/04/69 0% B7W 4705
07168 02 ez 0
07/15/69 o 478 0
0772369 003 3ms 0
(iG] 11023
07r21/69 281
07/31/69
08/03/69
08/05/69
08/08/69
08/07/69

Peak
Reduction

Calculated
o

Nurnber of
Rains:

Minimum:

Maimum: 014

|Average:
Total 333 195423 106787

Pezk
Reduction
Factor

il |
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