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We will cover . . .We will cover . . .

¾¾ Research ResultsResearch Results
¾¾ Entering Grass SwaleEntering Grass Swale 

Data into the ModelData into the Model
¾¾ Model OutputModel Output
¾¾ Variable SensitivityVariable Sensitivity
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Research ResultsResearch Results
¾¾ IJC (1979) found swale drained areas had up to 95% lessIJC (1979) found swale drained areas had up to 95% less 

flows and pollutant yields compared to curb and gutter.flows and pollutant yields compared to curb and gutter.
¾¾ NURP (1983) found soluble and particulate heavy metalsNURP (1983) found soluble and particulate heavy metals 

reduced by 50% and COD, nitrate and ammonia nitrogenreduced by 50% and COD, nitrate and ammonia nitrogen 
reduced by about 25%.reduced by about 25%.

¾¾ Pitt & McLean (1986) found about 50% reductions inPitt & McLean (1986) found about 50% reductions in 
pollutants and runoff volume; for small frequent rains verypollutants and runoff volume; for small frequent rains very 
little runoff was observedlittle runoff was observed

¾¾ Current research (Nara 2005) at the Univ. of AlabamaCurrent research (Nara 2005) at the Univ. of Alabama 
identified significant factor affecting particulate transportidentified significant factor affecting particulate transport 
in grass swales and developed suitable modelin grass swales and developed suitable model 
algorithms. Modeled procedure joins particle settling withalgorithms. Modeled procedure joins particle settling with 
swale hydraulics.swale hydraulics.
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Head (0ft) 

Date: 10/11/2004 
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Ratio:  Flow Depth/Grass Height 

Comparison of regression lines with 95% confidence 
intervals for different (flow depth)/(grass height) ratios and 

for high concentrations (200 to 1,000 mg/L). 

Five Components to ModelingFive Components to Modeling 
Grass SwalesGrass Swales

¾¾ Swale DensitySwale Density
¾¾ Swale Infiltration RateSwale Infiltration Rate
¾¾ Swale GeometrySwale Geometry
¾¾ Grass CharacteristicsGrass Characteristics
¾¾ Runoff Particle SizeRunoff Particle Size 

DistributionDistribution
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Swale DensitySwale Density

Swale Density 

Swale GeometrySwale Geometry

Swale 
Geometry 
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Swale Infiltration RateSwale Infiltration Rate

Swale 
Dynamic 
Infiltration 
Rate 

Values listed in 
WinSLAMM are 

about ½ of the static 
infiltration rate for a 

given soil 

SwaleSwale RetardanceRetardance FactorFactor
Swale 
Retardance 
Factor 

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

Covers 
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Enter Grass Height and Particle Size 
Distribution to Determine Particle Size 

Filtering 

Particle Size FileParticle Size File

Land Use OptionsLand Use Options

Enter Data by 
Land Use, or . . . 
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Land Use OptionsLand Use Options

Enter Data to 
route all Land 

Uses to a 
Combined Swale 

System 

Dynamic Wetted WidthDynamic Wetted Width 
CalculationCalculation

¾ Convert volume to flow with: 
z Runoff duration = 1.2 times 

rainfall duration 
z Complex triangular hydrograph 

peak to average ratio = 3.8 

¾ Width 
¾ Side slope 

¾ Slope 
¾ Manning’s n 

from 
Retardance 
Factor 

¾ Flow rate calculated for 
each six minute interval 

¾ Calculate the wetted width 
from the flow rate and swale 
geometry using Manning’s
open channel flow equation 

¾ Calculate event volume 
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. . . .
39 0.21 4 0.659558 0.214177 0.445381 0.
39 0.21 5 0.659558 0.323383 0.336175 0.1
39 0.21 6 0.659558 0.493045 0.166513 0.2
39 0.21 7 0.659558 0.760118 0.10056 0.
39 0.21 8 0.659558 0.58583 7.37E-02 0.2
39 0.21 9 0.659558 0.659012 5.46E-04 0.
39 0.21

40 0.3 4 0.43074 0.214177 0.216563 0.15625
40 0.3 5 0.43074 0.323383 0.107357 0.195313
40 0.3 6 0.43074 0.493045 6.23E-02 0.170898
40 0.3 7 0.43074 0.38259 4.82E-02 0.18158

-

Particulate Removal CalculationsParticulate Removal Calculations

¾ Determine flow depth to
grass height, for particulate
reduction for each particle
size increment using Nara &
Pitt reference 

¾ Check particle size group limits 
¾ Not exceed irreducible 

concentration value 
¾ No filtering for particles less

than 50 microns 

¾ Calculate flow velocity, settling 
velocity and flow depth 

For each time step 
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Additional OutputAdditional Output
Rain No. 

Rainfall 
Depth (in) 

Step 
Count QIn QCalc Diff h 

Wetted 
Perimeter 

Swale Vol 
Reduction 

Runoff Vol 
Before 
Swales 

Runoff Vol 
After 
Swales 

39 0.21 1 0.659558 15.88515 15.22559 0.5 
39 0.21 2 0.659558 3.332024 2.672466 0.25 
39 0 21 3 0 659558 0 796467 0 13691 0.125 

15625 
95313 
44141 

213623 
26975 
24116 

2.525232 0.673294 10497.38 3429.561 
40 0.3 1 0.43074 15.88515 15.45441 0.5 
40 0.3 2 0.43074 3.332024 2.901284 0.25 
40 0.3 3 0.43074 0.796467 0.365727 0.125 

40 0.3 8 0.43074 0.429079 1.66E 03 0.192928 
40 0.3 9 0.43074 0.481597 5.09E-02 0.186899 
40 0.3 10 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 

GrassSwaleHydraulicsAndConcDetailed.csv 
GrassSwaleHydraulicsAndConcByEvent.csv 
GrassSwaleIncPerformance.csv 
GrassSwaleIrreducibleConc.csv 
GrassSwalePartRed.csv 

Iterative calculation to 
determine swale height 

and wetted perimeter for 
each runoff event 

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

Sqr(LongSlope) 
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Grass Swale Model Results 

Swale OutputSwale Output

Before Drainage 
System Total 

DrainageDrainage 
SystemSystem 
RunoffRunoff 

VolumeVolume

After Drainage 
System Total 
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Before Drainage 
System Total 

DrainageDrainage 
SystemSystem 

ParticulateParticulate 
Solids YieldSolids Yield

After Drainage 
System Total 

Questions?Questions?


