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1.0 Introduction 

1.1 Summary 
This document describes the design of swale for the site including the suitable selection 
of lining for the channel as well as the slope stability control. 

1.2 Objectives 
The objective of this document is to design the swale for the site as well as making a 
suitable plan for the slope protection.   

2.0 Introduction and Hydrology 

2.1 Hydrology 
Campus Derive Relocation Project is planted at the University of Alabama Campus on 
Campus Drive between Hackberry and Jefferson Avenue.  The nearby receiving water, 
Black Warrior River is located north of the construction site.  Runoff is planned to collect 
to the creek locating at the north of the construction site and delivered to the Black 
Warrior River.  Figure 5 shows sub-drainages for the upslope, down-slope, and on-site 
areas for the construction site.  Red line indicates the watershed area for the site and the 
pink line subdivides them into upstream (U1-U4), onsite (O1-O5), and downstream (D1) 
areas.  Blue line shows the flow pass for the area.  The watershed area has approximately 
63 acres. 
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Figure 1: Watershed for the site (source: TerraServer) 
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3.0 Channel design calculation 
The site consists of one main channel that diverts water from the upper portion of the 
watershed.  The channel is located at the north side of the watershed area of the 
construction site.  The cross section of the channel will be a trapezoidal in shape as 
shown in Figure 2. 
 

 
Figure 2: Cross section of the channel 

 
The soil at the site is identified as sandy loam by Tuscaloosa County Soil Survey and the 
design criteria for the channel is as follows. 
 
Maximum permissible velocity (Vmax): 2.5 ft/sec 
Allowable shear stress (τ0): 0.075 lb/ft2 
 
Sandy loam soil have the manning’s coefficient is 0.02.  Manning’s equation for open 
channel flow will be used to compute the hydraulic radius. 
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where, 
R = hydraulic radius, ft 
V= permissible velocity, ft/sec 
S = channel slope, ft/ft 
n = roughness of channel lining material, dimensionless 
P= wetted parameter 
Z= slope 
A= area 
 
All the required geometry calculations were performed by using excel spread sheet.  
Table 1 describes the channel design and lining selection.
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Table 1: Channel design and lining selection 
 

 
Note: Highlighted graph indicate the selected channels for the site. 
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The table indicates that all channels require the lining in order to satisfy the shear stress 
requirement.  Also, Figure 3 shows the channel design and lining selection by North 
American Green software. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Channel design and lining selection by North American Green software 

4.0 Slope protection 
The site is divided into upstream, onsite, and downstream areas.   The slope of the site is 
categorized into four types including: slope <2.0%, slope 2-5%, slope 5-10%, and slope 
>10%.  The peak flow rates for individual watershed areas were calculated using the 
WinTR-55.  Manning’s n is 0.02 for the sandy loam as described above.  The site has 
mainly two work phases and it will require the slope protection for the active construction 
sites during the construction and between these work phases.  Onsite 3 is chosen to 
perform the slope protection analysis, having the following characteristics. 
 
Slope (So) = 11% 
Width of slope (W) = 150 ft 
Flowrate (Q) = 18.88 cfs 
q = Q/W = 0.126 cfs/ft 
Manning’s coefficient (n) = 0.02  
 
Manning’s equation is used to calculate the nominal depth for a sheetflow as follows. 

ft
s

qny 0421.0
16.049.1

02.0126.0
49.1

5/3

5.0

5/3

5.0 =⎟
⎠
⎞

⎜
⎝
⎛

×
×

=⎟
⎠
⎞

⎜
⎝
⎛=  

 
Where: 
y = the flow depth (in feet), 
q = the unit width flow rate (Q/W) 
n = the sheet flow roughness coefficient for the slope surface 
s = the slope (as a fraction) 
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The corresponding maximum shear stress is calculated as follows. 
2

0 /289.011.00421.04.62 ftlbys =××== γτ  
 
where: 
γ = specific weight of water (62.4 lbs/ft3) 
y = flow depth (ft) 
S = slope (ft/ft) 
 
The allowable shear stress (τ0) is 0.075 lb/ft2.  Thus, it is necessary to install the vegetated 
mat in order to satisfy the stress requirement.  The effective shear stress impacting the 
soil underneath an erosion control mat is calculated as follows. 
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Where, 
τe = effective shear stress exerted on soil beneath mat on slope 
τo = maximum shear stress from the flowing water = 0.289 lbs/ft2 

Cf = vegetal cover factor (this factor is 0 for an unvegetated channel) = 0 for critical 
unvegetated slope 
ns = roughness coefficient of underlying soil = 0.02 
nmat = roughness coefficient of mat 
 
The final mat selection can be selected by applying the RUSLE. 

yearacretonsPCLSKRA //79865.632.0375))()()()(( =××==  
 
Where, 
R = 375 (Tuscaloosa, Alabama) 
K = 0.32 
LS = 6.65 for length of 725 ft and slope of 11% 
C = 1 for bare slope 
 
The total soil loss is 798 tons/acre/year or 4.75 inches per year.  The maximum allowable 
erosion loss is 0.25 to 0.5 inches/year.  The required C factor is from 0.25/4.75 to 
0.5/4.75, which rages 0.053 to 0.11. 
The C125 mat has a C of 0.09 (intermediate in the above range) and an n of 0.022 for this 
slope and condition. 
 The mat n is 0.022 and it cannot satisfy the required n value of 0.077.  Thus, it requires 
terraces to divide the slope into several segments, and use diversion drains in order to 
collect the water from each terrace bench.  Assume to divide slope into two parts (362.5 
ft each) which enable the flowrate of Q to be half of the original as well as the flow depth 
of q to be half.   
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The resulting share stress is calculates as follows. 
2

0 /170.011.00248.04.62 ftlbys =××== γτ  
The required value for n is as follows. 
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The SC150 mat has a C of 0.11 (intermediate in the above range) and an n of 0.055 for 
this slope and condition therefore this mat is selected for the slope protection. 
Also, Figure 4 shows the slope selection calculated by North American Green software. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Slope protection by North American Green software 
 


