Selected Grass Swale Research Results

Pollutant Control in Grass Swales

1JC (1979) found swale drained areas had up to 95% less flows and
pollutant yields compared to curb and gutter.
Runoff from
Pervious/
impervious Trapping sediments
Reducing runoff and associated pollutants
velocity

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 50% reductions in pollutants and
runoff volume; for small frequent rains very little runoff was
observed.

Johnson, et al. (2003) at the Univ. of Alabama identified hydraulic
Sediment : : L X S R characteristics of stormwater swales under typical flows and plant
particles - < : - bioremediation benefits in swales for heavy metal trapping (report
available through WERF).

Nara and Pitt (2005) at the Univ. of Alabama identified significant
factors affecting particulate transport in grass swales and developed
candidate model algorithms. Modeled procedure joins particle settling
with swale hydraulics.




ercent Less Than Particle Size Indicated

WEREF Project 97-IRM-2
Innovative Metals Removal
Technologies for Urban Stormwater
Conducted by the University of Alabama
from 1999 to 2003

Examined the characteristics and treatability of
stormwater heavy metals.

Conducted detailed laboratory and field tests for the
control of stormwater heavy metals by media filtration
and grass swales.

Provide guidelines to enhance the design of filters and
swales for metals capture from stormwater.

Association of Pollutants with
Particulates in Runoff
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Particle size distributions of stormwater pollutants have a great
affect on pollutant control. Distributions depend on sampling
location.

Grass Swale Study Research Goals

Measure swale hydraulic characteristics (Manning’s
“n” ) for low flow conditions appropriate for
stormwater quality control.

Test hydraulic and pollutant removal performance
for different flow rates, slopes, and grass types.

Examine subsurface water quality for swale having
amended soil lining.

Develop guidelines to optimize swale design and
construction for use as a stormwater control
technology.




Low Flow vs. Historical Stillwater, OK,
Retardance Curves
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From such graphs swale hydraulic characteristics can be predicted on the

basis of flow rate, cross sectional geometry, slope, and vegetation type.

Jason Kirby 2005

Phytoremediation
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Runoff Heavy Metals Retained and Released
during Indoor Swale Experiments

Metals retained, % Cu_ Cr Pb Zn Cd
Zoysia 40 16 65 13 21
Centipede 39 14 57 20 28
Bluegrass 40 37 67 26 25

The removals of these metals are correlated to their
associations with stormwater particulates.

Major ions released, % (these are soil constituents)

Fe Na Mg Ca K
Zoysia 6 23 17 12 76

Centipede 45 62 87 44 125
Bluegrass 338 77 52 17 23

These are concentration changes only and do not reflect discharge
loading reductions associated with concurrent infiltration. Typical
mass discharge reductions for grass swales are greater than 80%.

Outdoor Swale with Amended Soils and
Pan Lysimeter to Collect Subsurface Flows
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Metals Removal in Swales

Indoor swales were found to reduce heavy metal
concentrations by 14 to 67% during controlled tests.

Outdoor swales reduced metal concentrations by
about 25% during actual storm events.

Proper swale design was more important than grass
species in performance.

Overall data showed that swales can improve or
deteriorate the water quality during separate storm
events due to scour of previously deposited metals.

* Initial indoor grass swale experiments

108 samples collected

* Second indoor grass swale experiments

108 samples collected

* Outdoor grass swale monitoring

69 samples collected (13 storm events)

Research Objectives of Continued Grass
Swale Research at UA

(funded by the UTCA, Univ. Transportation Center for
Alabama, and many unfunded student projects)

To understand the effectiveness of grass
swales for trapping different sized particles

To understand the associated effects of
different variables on particulate removal

To develop a predictive model for sediment
movement in grass swales
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Total Suspended Solids “Bluegrass”

Variables and analytical methods

slope flow rate

* Study of variables === 1%_togm
1) Grass types —o—gzﬁjﬁggm
2) Slopes g:ﬁ:;ggm
3) Flow rates —%—5%_10gm
4) Swale lengths o3 200m

* Analytical methods
1) Total particulates
2) Turbidity
3) Total Suspended Solids
4) Total Dissolved Solids
5) Particle Size Distribution by Coulter Counter
(Beckman® Multi-Sizer I1I)

Head works Distance (ft)
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Box plots of turbidity concentrations at different swale lengths
Box Plot for Location
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Box plots of median particle sizes at different swale lengths Modellng Sedlmel’lt Transp OI't

2251 Statistical procedure: Kruskal-Wallis test
®0
5 0] 1) First order decay (for sensitivity analyses)
g o%
e o ) Ln(C,, /C,, )=kt
E o ® ox
~ 15.01 o o C,,= Sediment concentration at sampling locations
N p=0.002 Ve °fo C;, = Initial sediment concentration at the headwork
; 12.54 o Bo 9% | p=0.257 do k = First order kinetic constant
2 ’ o G]@ p=0.001 t = Distance from the headwork
H (o} "
2 10.0 o . o
F 0 ox ° 2) “Settling frequency” (for design)
k-]
g 7.5 g c . .
= « p=0.000 (overal) o = traveling time / settling duration
5.0
Olft 2& 3& Glﬁ Traveling time = Swale length / flow velocity

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

21

Different grass types Different flow depth/grass height ratios
Flow depth/ Grass height ratio classification
Percent reductions vs Settling frequencies
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Modeling Equations
Ratio: 0-1.0 Y =2.101*[log(X)]’ + 6.498 * log(X) + 76.82

Ratio: 1.0 - 1.5 ¥ = 8.692 * log(.X) +80.94
Ratio: 1.5— 4.0 Y =2.382*[log(X)]’ +15.47 *log(X) +67.46

100 4
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80
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Outdoor Grass Swale Observations
& Length of swale: 116 ft

Type of grass: Zoysia

Approx. watershed area:
4200 ft? = 0.1 acres

Events: 13 storm events
from 8/22 to 12/08/04

Soil texture: compacted

loamy sand

Infiltration rate: < 1in/hr

@ Indicates sampling
locations

Model Verification at Full-Sized Swale

+ To verify the predictive model, plots of percent
reduction and settling frequency were created using
data obtained from outdoor swale observations.

Data between 3 ft and 25 ft were used (based on TSS
results)

* Negative and low percent reductions occurred when
the initial concentrations were at or below the
irreducible values (20mg/L for TSS). These events
were therefore not used in developing the following
statistical models.

Date: 10/11/2004

©
N 2
TSS: 10 mg/L /“’ \
(©)

TSS: 20 mg/L

)

TSS: 63 mg/L
TSS: 84 mg/L

TSS: 102 mg/L




Box plots of TSS at different swale lengths Particle size distributions: 12/06/2004
Statistical procedure: Kruskal-Wallis test 100 - ” o .
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Particulate Transport in Outdoor Swale (6 rain events)

Comparison of regression line with 95% CI from indoor

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

experiments and outdoor observations
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Elements of Conservation Design for
* Outdoor swale observations

Cedar Hills Development
* Significant reductions were observed in TSS and turbidity. . .
* Three distinct swale regions: (near Madison, WI, prOJeCt conducted by
1) 0 ft -3 ft: Scouring region (equilibrium concentrations) ROgeF Bannerman, WI DNR and USGS)

2) 3 ft—25 ft: High sediment reduction region

3) 25 ft— 116 ft: Slight sediment reduction region (relatively

» (Grass Swales
» Wet Detention Pond
 Model verifications

. o o ‘% 7
* Initial sediment concentrations were found to be an important variable in Inﬁltratlon B aSIH/ etland
sediment transport in grass swales.

* The predictive model for low TSS concentrations was only available for * Reduced Street Wldth

<1 (flow depth / grass height) ratio conditions.

constant concentrations)

Conventional curbs
Cedar Hill Site Design, / q q ..
Crossplains WI : with inlets directed
to site swales

Explanation

I Wetpond

Il Infiltrations Basin
Swales

Il Sidewalk

Il Driveway

Il Houses

I Lawns

I Roadway
Woodlot

A

N

500 0 500 1000 Feet




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

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

Five Components to Modeling
Grass Swales

Swale Density
Swale Infiltration Rate

Pre-development

Swale Geometry

No Controls 515% increase Grass Characteristics

Runoff Particle Size
Distribution and Flow
Hydrograph

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

15% increase over
pre-development

Q Grass Swales

Fesidential  Institutional  Commercial | Industial | Other Uiban  Freeway

Particulate Removal Calculations

Grass Swale Data LandUse  Landlse | LandUse | Landlse | LendUse | Landlise
Total Area in Land Use [ac) 100.00 100.00 100.00
s Served by Swsles [ac] 5000 2500 a0
S wale Density [ft/ac] 20000 #000 1250 .
Tatal Swale Length (i) 10000 7000 150 For each time step -
Awerage Swale Length to Outlet (i) 0 1) 0 . .
TypialBoltom it 1) 20 50 40 Calculate flow velocity, settling
Typic.al Suwals Side Slops [ fH 1Y) an 30 40 ’
Typical Longitudinal Slope (ftt, ¥/H) 0oio 000 0.010 velocity and flow depth
Swale Retardance Factor [ | ~l B =~ o - | |
Tupical Grass Height [in) 4.0 B0 2.0 .
Swsle Dynamis Infilrstian Fate (/i 000 0500 0,050 Determine flow depth to grass
T ypicsl Suwals Dispth ] or Const Anlysis [0 ptional] 20 20 40

height, for particulate reduction
for each particle size increment

[~ Use One Swale System For All Land Uses

Total aiea served by swales [acrest 165.00

Select Critical

Palick SizzFile|  particle Size Distribution File Data Grid Total area (acres}: 300.00 using Nara & Pitt reference
-~ Select infiltration rate by soil type
(o
& (o
Residential LI C:\Program Files\winSLAMMANURP.CFZ ; CheCk part|C|e SIZG group “mlts
Institutional LU . .
o |2 Not exceed irreducible
Apply the Residential Land Use Particle Size File to All Active Land Uses : conce ntrat[o n Val ue
Setect Swale Deny by Land tse e No filtering for particles less
- - o than 50 microns
i (o
- - Delete | Cancel | [ Continue,

39



T] WinSLAMM Model Output =]
File View
] WinSLAMM Model Output

.
Runoff Volume |, Particulate Sclids I Polltants 1 Output Surmary D ralnag e
File View

Runoff Volume (cu ft) |___Source Area Runoff Volume Conlribution
Funoff Velure Particulate Solds Pollutants Output Summary

Data File: SwaleDemaClaytaddl.DAT
Fiain Fie: MADS5209 RN

Date: 0227-07 Time: 302:33 PM

Site Description: Swale in clayey soi area

File Name: [C:AFileshSLAMMwinSLAMM\Test Fileshv 3.2.0 Test Files\Distribution FileshStandard Data Files\ControlD emoFilestSwaleDemoClaytada1.dat

- T otal &rea, wih Drainage and Dutfall Conlrols - Runolf Yohume (ou. ]

Dralnage Syﬁiem el (gl DU1PUT Summary Paioen Rain Total Total Total Total Calculated Peak
Runeff Percent Ruroff Particulate Paiculate  Particulats Total Before After Losses CN* Reduction
it Funof  Cosffisient Selids Cone Soideely | hae (lches] | Drainags | Drainage 3] Factar

[owh)  Aeduction 1RY) {marL) Reducion System  System | Contioks

Source rea Total without Contiols 270807 <= Percent 022 720 04/03/81 002 86.83 a o 1 m
Reduction Basis Percent Reduction 0% 16422 [ o

Dutfall Tatal witheut Contrals Value 3006 < == Dasis Yalue: i o e 72

0.41 s

o o
Curent File Output. Total Before Dranage System | 270807 | omo% | 022 | 7720 - 105 i e aorm
a

013
Cunent File Output: Total After Diainage System 91692 e614% [ 007 [ 1912 | 1094 0.32

Curent Fle Output. Total After Outfall Controks [ 5769 [ 8674% [ 007 S T L
0.04
Total Area Modeled (ac) [ 100,00 001
002
0os 0.00

030 00
Print Dutput 5 toTent L
it e te Te Receiving Water Impacts Due To 0.6, 2304 g g L

Stormwater Runoff 0.0z 8683 0.00

Summary for &l Events *Nate: NFICS does not recommend using CN method for rains ¢ 01
Total Control Practice Costs it okal Total
i

Appran, R T

Perform Flow Biological Toal | Beoe  Afer
Capital Cost Nedy Duration Curve: i Candition of linches] Drainage Drainage

Caloulalions aleulated
Land Cost T 5 fe - System - System | Contrals

umber o

A e e Gt HiA Without Controls [ 0.22 Foor Rains:
Fresert Vahie of il Costs [~ 78— T e
Annuslized Value of A1 Costs [~ With Controls [ 0.07 Good Masimum: 104763
4 verage: 19343
270807

] WinSLAMM Model Output ==

File View

. W . . .
RundffVolme | Particulate Solids | Palltants | Oulpu Summay Dralnage Percentabe Suspended SOllds RedHCtlon n a

Concenlration T Field 1 54 Yield Contrbution
Data File: SwaleDemaoClaphtadd1 DAT

Rain File: MADSE283 RN S Steln
Date: 02-27-07 Time: 308:33PM y

Site Description: Swale in clayey soil area

Typical Residential Area Grass Swale, as a
Function of Swale Length (ft/acre)

.
Total Area, with Drainage and Outfall Contrals - Yield of PARTICULATE SOLIDS (Ibs]
Start Rain Total Tota | Catchibasin| Upflow Fiter| Total Flow-witd a 1 C l I a e
Date Total Before. After Volume Volume: After Min. Part
linches] Drainage | Drainage ZFul ZFul Outfall Sizer
System System Controls  Controlled

Lt U Solids Yield
|

Summary for Rurcft Produ

Fiain Total  Catchbasin Upflow Fier Flow-id
Total After Volume | Volume e Min P

(inches) Drainage | % Ful % Ful Size
System | System Controls | Contalled

Mirimuam: 00m7z0 0 A

Masimur: 1273 o o 980.60

FlwtAve: 7300 //
Tu‘la\ 2905 108375

.
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