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TRAINING MANUAL 
Introduction 

The purpose of this training manual is to familiarize qualified design professionals with the requirements 
set forth in the Erosion Prevention and Sediment Control (EPSC) Ordinance.  This manual provides 
EPSC plan designers with equations and calculations that can be used to successfully design BMPs 
recognized by the EPSC Ordinance.  The BMPs referenced in this training manual are found in chapter 12 
of the EPSC Design Manual.  

The purpose of the manual is show different design techniques by example.  The plan designer must 
always remember that each situation is specific and the problems given in the training manual are 
examples only.  The input parameters for each design will have to be carefully selected by the designer, 
and the values used in this training manual should not be utilized as default values. 
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 DESIGN CRITERIA FOR ECBS AND TRMS 
The design of ECBs and TRMs is based on the anticipated shear stresses the fabric will encounter.  These 
shear stresses are determined using design peak flow values and channel dimensions.  Once the design 
shear stresses are known, a corresponding product that meets or exceeds this stress may be used. 

 
• The first required variable is the peak flow rate (cfs), calculated for the 10-year 24-hour storm.  
 
• The next required variables are the dimensions of the channel designed to carry the peak flow.  For 

simplicity, all channels will be assumed to be trapezoidal in shape. The required variables are channel 
bottom width (Bo), channel side slopes (Z:1), and channel bed slope (S). 

 
• The governing equation for maximum channel shear stress is: 
 

  τ = γ dn S 
 
  τ = maximum shear stress (lb/ft2) 
  γ = unit weight of water = 62.4 lb/ft3 

  dn = normal channel flow depth (ft) 
  S = channel bed slope (ft/ft) 
 

• The governing equation between flow, velocity and channel area is: 
 
  Q=VA 
 
  Q = peak flow rate (cfs) 
  V = flow velocity (ft/sec) 
  A = channel flow area (ft2) 
  A  =  (Bo + Z * dn)* dn 
    Bo = bottom width of channel (ft) 
    Z  =  channel side slopes (Z:1) 
    dn  =  normal channel flow depth (ft) 

 
• The governing equation for channel velocity is Manning’s Equation: 

 
  V = (1.49/n)*R2/3*S1/2 

 

 V = flow velocity (ft/sec) 
 n  = Manning’s roughness coefficient (dimensionless) 
 R = hydraulic radius (ft) 
 S  = channel bed slope (ft/ft) 
 

• Putting these two equations together the following ratio is obtained:  
 
           AR 2/3    =     (n*Q)   
                    1.49* S1/2 
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After Chow, Open Channel Hydraulics, 1959 
 

Figure 1.  Curves for Computation of Normal Depth in Trapezoidal Channel 
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Designing ECB and TRM Example  

Given: Peak flow rate carried by channel: 80 cfs 
 Bottom width of design channel Bo: 4 feet 
 Side slopes of design channel:  2:1 
 Channel bed slope (ft/ft):  0.01 
 
Find:  A Short-term Degradable Erosion Control Blanket that will meet the maximum shear stress 

requirements. 
 
Solution: 
 

• Using Figure 1, the normal depth of flow in the channel (dn ) can be found. 
• The maximum shear stress is then calculated. 
• Select an appropriate ECB or TRM for the design conditions. 

 
 

• Solve for AR2/3 

 
 AR2/3  = (n*Q)       =    (0.025*80)      =  13.4  
 1.49* S1/2 1.49*(.01)1/2 
 

• Calculate the ratio: AR 2/3    =      13.4  = 0.33 
 Bo

(8/3) 4(8/3) 

 

• For Side Slopes 2:1, Figure 1.  Reads: dn/Bo = 0.45 
    

• Solve for dn = (0.45 * Bo) = (0.45 * 4) = 1.8 feet 
 

• Solve for τ = γ dn S = (62.4* 1.8 * .01)  = 1.1 ( # / ft2) 
 

• Select a Class I Erosion Control Blanket that can handle a maximum shear stress of 1.1 
pounds/ square foot (Type B) from the list of MSD Approved ECBs and TRMs. 
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RIPRAP LINED CHANNEL DESIGN 
Straight Channel Section Example 

Given: A trapezoidal channel has a depth (D) of 3 feet, a bottom width (Bo) of 8-feet, side slopes (Z) 2:1, 
and a 2% slope. 

 
Find: A stable riprap size for the bottom and side slopes of the channel. 
 
Solution: 
 

1. From Exhibit 12-2, for a 3-foot-deep channel over a 2 percent grade,  
 Read d50 = 0.75 feet or 9 inches. 

 
2. Since the side slopes are steeper than 3:1, continue with step 3 

If side slopes were less than 3:1, the process would be complete. 
 

3. From Exhibit 12-3,  Bo/d = 8/3 = 2.67, Side slopes Z = 2,  
 Read K1 = 0.82. 

 
4. From Exhibit 12-4, for d50 = 9 inches,  
 Read Angle of Repose = 41  

 
5. From Exhibit 12-5, side slopes Z = 2, and Angle of Repose = 41 ,  
 Read K2  = 0.73. 

 
6. Stable Riprap = d50 x (K1/K2) = 0.75 x (0.82/0.73) = 0.84 feet or 10 inches 

  
Curved Channel Section Example  

Given: The preceding channel has a curved section with a radius of 50 ft. 
 
Find: A stable riprap size for the bottom and side slopes of the curved channel section. 
 
Solution: 
 

1. Ro = 50 feet. 
 
2. Calculate Channel Top Width of Water Surface  

Bs = Bo + 2(Z*D) = 8 + 2(2*3) = 20 ft. 
 

3. Calculate the Ratio Bs / Ro 
=  20/50  = 0.40 
 

4. From Exhibit A, for Bs / Ro = 0.40 
Read K3 = 1.1 

  
5. d50 x K3 = (0.84 ft. x 1.1) = 0.92 feet or 11 inches. 
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EXHIBIT A: 
RATIO OF MAXIMUM BOUNDARY SHEAR IN BENDS TO MAIMUM BOTTOM SHEAR IN 
STRAIGHT REACHES 
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Outlet Protection Example 
Outlet protection should be designed according to the following criteria: 

Round Pipe Flowing Full: 

1. Tailwater Depth: The depth of tailwater immediately below the pipe outlet must be determined
for the design capacity of the pipe. Manning's Equation may be used to determine tailwater depth.

If the tailwater depth is less than ½ the diameter of the outlet pipe, it should be classified as a
Minimum Tailwater Condition.

If the tailwater depth is greater than ½ the pipe diameter, it should be classified as a Maximum
Tailwater Condition.

Pipes which outlet onto flat areas with no defined channel may be assumed to have a Minimum
Tailwater Condition.

2. Apron Length: The required apron length, La, according to the tailwater condition, should be
determined from the appropriate graphs provided in Exhibits 12-6 and 12-7:

Minimum Tailwater Condition - Use Exhibit 12-6
Maximum Tailwater Condition - Use Exhibit 12-7

3. Apron Width: When the pipe discharges directly into a well-defined channel, the apron should
extend across the channel bottom and up the channel banks to an elevation one foot above the
maximum tailwater depth or to the top of the bank (whichever is less).

If the pipe discharges onto a flat area with no defined channel the width of the apron should be
determined as follows:

• The upstream end of the apron, adjacent to the pipe, should have a width three times the
diameter of the outlet pipe (3D).

• For a Minimum Tailwater Condition, the downstream end of the apron should have a width
equal to the pipe diameter plus the length of the apron (D + La).

• For a Maximum Tailwater Condition, the downstream end should have a width equal to the
pipe diameter plus 0.4 times the length of the apron (D +0.4* La).

4. Bottom Grade: The apron shall be constructed with no slope along its length (0% grade). The
downstream invert elevation of the apron should be equal to the elevation of the invert of the
receiving channel. There shall be no overfall at the end of the apron.

5. Side Slopes: If the pipe discharges into a well-defined channel, the receiving side slopes of the
channel should not be steeper than 3H: 1V.

6. Alignment: The apron should be located so there are no bends in the horizontal alignment.
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7. Materials:  
 

• The preferred apron lining shall be with an appropriate permanent turf reinforcement matting 
(TRM).   The shear stress and maximum velocity should be calculated to determine which 
type of TRM is applicable for the situation (see Section 12.5.5). 

 
• When conditions are too severe for TRMs the apron may be lined with riprap, grouted riprap, 

concrete, or gabion baskets. The median-sized stone for riprap should be determined from the 
curves in Exhibit 12-6 and 12-7 according to the tailwater condition.  

 
8.   Filter Cloth: In all cases, filter cloth should be placed between the riprap and the underlying soil 

to prevent soil movement into and through the riprap.  
 
 
Permissible Velocity: 

 
1. The flow velocity at the outlet of paved channels flowing at design capacity must not exceed the 

permissible velocity of receiving unprotected grass-lined channels as provided in Table 1.  
 

2. The paved channel end should merge smoothly with the receiving channel section with no 
overfall at the end of the paved section. When the bottom width of the paved channel is narrower 
than the bottom width of the receiving channel, a transition section should be provided with a 
maximum side divergence of 1 in 3F with: 

 
      F =    V      
       (gd)0.5 

 
    F = Froude number 
    V = Velocity at beginning of transition (ft./sec.) 
    d = Depth of flow at beginning of transition (ft.) 
    g = Acceleration due to gravity, (32.2 ft./sec.2) 
 

3. Bends or curves in the horizontal alignment at the transition are not allowed unless the Froude 
number (F) is 1.0 or less, or the section is specifically designed for turbulent flow. 
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Table 1.  Maximum Permissible Velocities For Unprotected Grass Lined Channels 

 
Channel Slope Lining Velocity (ft./sec.)** 

 
 

 
 
 

0 – 5 % 

Bermuda Grass 
 
KY-31 Tall Fescue 
Kentucky Bluegrass 
Reed Canarygrass 
 
Grass-legume Mixture 
 
Lespedeza Sericea 
Small Grains 
Temporary Vegetation 
 

8 
 
7 
7 
7 
 
5 

 
3.5 
3.5 
3.5 

 
 
 
 
 

5- 10 % 

Bermuda Grass 
 
KY-31 Tall Fescue 
Kentucky Bluegrass 
Reed Canarygrass 
 
Grass-legume mixture 
 
Lespedeza Sericea 
Small Grains 
Temporary Vegetation 

7 
 
6 
6 
6 
 
4 
 

Not Recommended 
Not Recommended 
Not Recommended 

 
 
 
 
 
Greater than 10% 

Bermuda Grass 
 
KY-31 Tall Fescue 
Kentucky Bluegrass 
Reed Canarygrass 
 
Grass-legume mixture 
 
Lespedeza Sericea 
Small Grains 
Temporary Vegetation 

6 
 
5 
5 
5 
 

Not Recommended 
 

Not Recommended 
Not Recommended 
Not Recommended 

 
*Allow velocities over 5 ft/sec only where good cover and maintenance will be 
provided. 

 
**For highly erodible soils, decrease permissible velocities by 25%. 

 
Source:  Elementary Soil and Water Engineering, Shwab et. al.  
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Oulet Protection Example:  

Given:  An 18-inch pipe discharges 24 cfs at design capacity onto a grassy  
 slope (no defined channel) 
 
Find: The required length, width and median stone size (d50) for a riprap  
 lined apron. 
 
Solution: 

 
1. Since the pipe discharges onto a grassy slope with no defined channel, a Minimum 

Tailwater Condition is assumed. 
 
2. From Exhibit 12-6, the intersection of a discharge of 24 cfs and a pipe diameter (d) of 18 

inches, 
 

 Gives an apron length (La) of 20 feet . 
 

3. From Exhibit 12-6, the intersection of a discharge of 24 cfs and a pipe diameter (d) of 18 
inches. 
 
Gives a median stone size  (d50) of 0.8 ft. 
 

4. The upstream apron width equals 3 times the pipe diameter (3Do) 
 

 =  3 x 1.5 feet = 4.5 feet 
 
5. The downstream apron width equals the apron length + the pipe  diameter; 

 
 = 20 feet + 1.5 feet = 21.5 feet 
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STORAGE VOLUMES AND MAINTENANCE SCHEDULES 
Designing for Sediment Storage Volumes 

Calculating the appropriate sediment storage volume is very important in sediment basin,sediment trap, 
and other EPSC BMP design.  This volume is the storage occupied by the sediment deposited over the 
given design period.  Design periods may be the life of the basin, or the time between scheduled clean 
outs.  Using computed sediment yields from the Universal Soil Loss Equation (USLE), along with the 
sediment bulk density, the sediment storage volume can be calculated by: 
 

43,560*W
YV D

S =  

 
VS = Sediment storage volume (acre-feet),  
YD = Sediment deposited over the design period (pounds), and  
W = Weight density (bulk density) of the deposited sediment (lbs./ft3).   
 
W can be found from soil survey data (given in grams/cm3) or by the equation: 

 
ssmmcc PWPWPWW ++=  

 
Wc, Wm, and Ws = Unit weights of clay, silt, and sand in (lbs./ft3)  from Table 2, and   
Pc, Pm, and Ps  =  Primary soil matrix percent clay, silt, and sand as listed in soil 

survey (used as a decimal). 
 

Table 2. Unit Weight Values of Basin Sediment 
 

Type of Basin Operation Wc 
(#/ft3)  

Wm 
(#/ft3) 

Ws 
(#/ft3) 

Sediment always submerged  
(Wet Pond) 

26 70 97 

Basin normally empty (Dry Pond) 40 72 97 
 
 
R Factors and EI Values 

When designing for sediment storage volume, the sediment deposited over the design period YD, must be 
calculated.  This value can be obtained by converting the sediment yield calculated by the Universal Soil 
Loss Equation (USLE) into pounds of sediment.   
 
One of the variables used in the USLE is the R factor.  R is the factor in the USLE that accounts for the 
damaging effects of rainfall.  The R factor indicates the erositivity of the rainfall, not the average annual 
precipitation in a locality.  The R factor is defined as the number of erosion index (EI) values in a normal 
year’s rain.  The EI index value of a given storm is equal to the kinetic energy of the storm (hundreds of 
foot-tons per acre) times its maximum 30-minute intensity (inches/hour).  The EI values of individual 
storms may be summed to get an EI value for a month, six, months, or for any period of time.  When EI 
values are summed and averaged over a period of years, they become R factors. 
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The distribution of EI values become important when soil losses need to be calculated for a period of time 
less than one year, such as a construction season.  The distribution of the EI values over a known period 
of time is used to calculate an R factor for that time period.  Table 1 in Supplemental Section B of this 
chapter shows the distribution of EI values for Jefferson County as a percentage of the R factor for 
Jefferson County.  MSD requires a minimum EI value of 50 for any construction period. 
 

Steps Used to Determine Storage Volume 

The following steps are used to determine the storage volume for EPSC BMPs.  All Universal Soil Loss 
Equation Values are found Supplemental Sections B and C of Chapter 12 of the Design Manual.  
 

1. Determine the sediment yield from the site using the Universal Soil Loss Equation: 
 

A = R •K •LS •CP 
   
  A
 = Average soil loss per unit area (tons/acre/specified 
design period), 
 
  R 
 =  Rainfall erosive index (100-ft-tons/acre x in/hr)  
   
 (EI Value for given design period * average annual R Value), 
 
    K
 =  Soil erodibility factor (tons/acre per unit R), 
 
  LS 
 =  Length-Slope steepness factor (dimensionless),   
   
(L) = Slope distance from the point of origin of overland flow to the point of concentrated flow or until 
deposition occurs (ft) 
   
 (S) = Land slope (%), and 
 
  CP
 =  Control practice factor (dimensionless). 
 

2. Determine the weight density (W) of the specific soil.  
 

• The Jefferson County Soil Survey gives a soil bulk density in grams/cm3 

 

• Convert (grams/cm3) to (lbs/ ft3) by multiplying by 62.43 

 
 W = (bulk density  in grams/cm3) x (62.43) = lbs/ft3 
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3. Convert sediment yield from (tons/acre) to acre-feet of sediment storage. 
 

• Determine the total disturbed area DA (acres) 
 
• Determine the sediment yield in tons 

 
  Calculated by Multiplying A from step 1. * DA from step 3. 
 
 tons/acre * Acres = tons 
 

• Convert tons to pounds to get YD 
 

YD = (tons) * (2000 lbs/ ton) = pounds 
 

        feetacre −==
43,560*W
YV D

S  

 
4. The designer can now determine what level the required sediment storage corresponds to, and 

require a clean out marking stake to be installed at this elevation.  The contractor shall be 
required to clean out the basin or trap when this level is reached.  Or the designer can simply 
state that based on the calculations, the basin or trap will be required to be cleaned out on a 
time period basis such as weeks, months or years. 
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R Factors and EI Value Example Problem 

Table 3.  Distribution of Rainfall Erosion Index (EI Curves) for Jefferson County 
 

Date EI Curve Number 
January 1 0.0 
January 15 1.0 
February 1 3.0 
February 15 6.0 
March 1 9.0 
March 15 12.0 
April 1 16.0 
April 15 21.0 
May 1 26.0 
May 15 31.0 
June 1 37.0 
June 15 43.0 
July 1 50.0 
July 15 57.0 
August 1 64.0 
August 15 71.0 
September 1 77.0 
September 15 81.0 
October 1 85.0 
October 15 88.0 
November 1 91.0 
November 15 93.0 
December 1 95.0 
December 15 97.0 
January 1 100.0 

 
• A yearly R factor of 175 has been calculated for Jefferson County, Kentucky.   
 
• If construction of a particular site is scheduled to take place for 5 months from January 1 to June 1, 

the EI Curve value would be,  
 

37.0 – 0.0 = 37. 
 
• The corresponding R factor for this time period is calculated to be 
 

0.37 * 175 = 64.8. 
 
• If construction of a particular site is scheduled to take place for 5 months from March 1 to August 1, 

the EI Curve value would be,  
64.0 – 9.0 = 55.0 

 
• The corresponding R factor for this time period is calculated to be 
 

0.55 * 175 = 96.3. 
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Sediment Storage Volume Example 

Given: A 60-acre construction site to be cleared to a bare soil condition and developed.  The contributing 
runoff slope length is 400 feet with a 2.5% slope.  The primary soil is Crider Silt Loam.  A 
sediment basin is to be designed to be the primary sediment control structure on the site.  
Determine the required sediment storage volume if construction is to take place between March 1 
and September 1.   

 
1.  Determine the sediment yield form the site using the Universal Soil Loss Equation 
  

A = R •K •LS •CP 
   

• R  =  from Table 3, EI for September 1 = 77.0, and EI for March 1 = 9.0 
   

(77.0 –9.0) = 68% of 175 = 119 
 
• K  = 0.32 for Crider Silt Loam 

  
• LS  = 0.365 for 400 ft slope length with 2.5%  

  
• CP = 1.0 for a bare soil condition 

 
A = (119) x (0.32) x (0.365) x (1.0) = 13.9 tons/acre 

 
2. Determine the weight density (W) of the Crider Silt Loam soil.  

 
• The Jefferson County Soil Survey gives a bulk density of 1.36 grams/cm3 

 

• Convert 1.36 (grams/cm3) to (# / ft3) by multiplying by 62.43 

 
W = (1.36) x (62.43) = 84.9  #/ft3 

  
3. Convert sediment yield from (tons/acre) to acre-feet of sediment storage. 

 
• Determine the total disturbed area (acres) 
 
• Determine the sediment yield in tons 

 
13.9 (tons/acre) * 60 (acres) = 834 tons 

 
• Convert tons to pounds to get YD 

 
 YD = (834 tons) * (2000 # / ton) = 1,668,000 pounds 
 

feetacre −=
×

== 45.0
560,439.84

000,668,1
43,560*W
YV D

S
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STAGE DISCHARGE EQUATIONS FOR BASIN RISER AND BARREL 
OUTLET SPILLWAYS 
Flow control devices can operate as either open channel flow, in which the flow has a free water surface, 
or pipe flow in which the flow is in a closed conduit.  In either situation, an increase in head on a structure 
increases the discharge flow rate through the structure. 

 
The stage discharge relationship for basin outlet structures is controlled by weir, orifice or pipe flow (See 
Figure 2).  A given spillway can have a variety of stage discharge relationships depending on the head.  
When the water level is just above a riser crest (a very low head on the riser), the riser crest acts like a 
weir, and flow is weir controlled.  As the water level in the basin increases, water begins flowing in from 
all sides including directly above the inlet, and the inlet begins to act like an orifice.  As the head 
continues to increase, the outlet eventually begins to flow full, and pipe flow dictates.  To determine 
which of the three flow mechanisms is controlling at a particular water level in the basin, all three 
equations should be utilized at each level.  The minimum flow for a given stage indicates the actual 
discharge from the basin and the flow mechanism that is controlling at that water level. 
 
 

Weir Flow  

HLCQ 2
3

=  

 
 Q = Discharge (cfs),  
 C = Weir coefficient (weir shape dependant, typically between 3.0 and 3.2),  

L = Weir length (feet) which is the total length over which flow crosses the 
weir (L = circumference of a pipe for circular drop inlets), and  

 H  = Water head (feet). 
 
Orifice Flow 

( )gHaCQ 2 2
1

/=  

 
Q = Discharge (cfs),  
C’ = Orifice coefficient (C’ = 0.6 for sharp-edged orifices),  
A = Cross sectional area of the orifice (ft2),  
g =  32.2 ft/sec2, and  
H = Head on the orifice (feet). 
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Pipe Flow  

( )
( ) 2

1

2
1

1

2 '

LKKK

gHa
Q

cbe +++

=   

  
Q = Discharge (cfs),  
 
A = Cross sectional area of the pipe (ft2),  
 
g  =  32.2 ft/sec2,  
 
H’ = Head (feet) defined as the distance from the water surface in the basin 

to a point 0.6 D above the invert of the outlet barrel. 
    
   D = outlet barrel diameter in feet (See Figure 3),  
 
Ke  = Pipe entrance loss (typical value of  Ke = 1.0), 
 
Kb = Pipe bend loss (typical value of Kb = 0.5),  
 
Kc = Head loss coefficient due to friction  
  Kc  = 5087*n2 / D4/3  
  n = Manning’s roughness coefficient of the barrel, and  
  D = barrel diameter in inches, 
  
L is the total length of the pipe (feet). 
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Stage Discharge Example 

Develop a stage-discharge curve for a basin that has an 18-inch CMP vertical riser and a 50-ft long 18-
inch CMP outlet barrel.  The top of the basin riser is 10 feet above the barrel outlet invert.  Assume 
Mannings n to be 0.025 for 18-inch CMP. (Solution shown in Figure 4).  
 

1. Weir Flow 

HLCQ 2
3

=  

• For an 18-inch circular pipe 
C  =  3.0 
L  =  π * (18 in /12 in/ft) = 4.71 ft. 
H = Head above weir 

 Q =  (3.0)*(4.71) *H 3/2  
 Q =  14.1*H 3/2 
 

2. Orifice Flow 

( )gHaCQ 2 2
1

/=  

• For an 18-inch circular pipe 
C = 0.6 
a = π/4 * (18 in /12 in/ft)2 = 1.77 ft2  
g = 32.2 ft/sec2 

H = Head above orifice 
 Q =  (0.6)*(1.77)*(2*32.2*H)1/2 
 Q  =  8.52* H1/2 

 
3. Pipe Flow 

( )
( ) 2

1

2
1

1

2 '

LKKK

gHa
Q

cbe +++

=  

• For an 18-inch circular pipe 
A  = π/4 * (18 in /12 in/ft)2 = 1.77 ft2  
g = 32.2 ft/sec2 

H’ = H (head)+(top of riser elev. - barrel invert out elev.)–(0.6 * barrel out diameter) 
H’ = H + (10) – [0.6 * (18 in/12 in/ft)] 
H’ = H + 9.1 
Ke  =  1.0  
Kb =  0.5 
Kc  =  5087*n2 / D4/3  = [(5087 * 0.025 2) / (184/3)] = 0.07 
L =  50 ft. 
Q  = 5.80*(H + 9.1)1/2 

  

 
2015 Louisville and Jefferson County MSD  

EPSC Ordinance Training 
 

28 



 

 
 
 
 
 

 

 
2015 Louisville and Jefferson County MSD  

EPSC Ordinance Training 
 

29 



 

STAGE DISCHARGE EQUATIONS FOR ROCK STRUCTURES 
Rock structures are commonly used as the outlet control structure of smaller sediment basins and 
sediment traps and in rock ditch checks.  The flow through these structures is controlled by the following 
factors (see Figure 5): 
 

• Static head drop as flow moves through the rockfill (dh),  
• Upstream water depth (h1), 
• Downstream water depth (h2), 
• Flow length through the rockfill (dl) , 
• Average stone diameter of the rockfill (d), 
• Porosity of the rockfill (ξ) (0.46 for graded rockfills constructed by dumping), and 
• Reynolds Number (Re) and friction factor (fk), which are dictated by flow length through the 

rockfill, rock size, and porosity of the rockfill. 
 
In the original equations proposed by Herrera (1989), porosity was included as a parameter.  However, 
Herrera and Felton (1991) deleted porosity from the equations because it was found to have a constant 
value of approximately 0.46 in all of their laboratory tests.  The Herrera and Felton equations require a 
trial and error computation process that requires six steps for each stage. 
 
Calculating the Stage-Discharge Relationship for Rockfill Structures 

The Herrera and Felton equations incorporate detailed computations requiring computers and 
spreadsheets that are capable of trial and error programming.  However, when quick estimates are needed, 
graphical procedures are helpful.  A graphical procedure for predicting the average gradient through 
rockfills (dh /dl) can be used to develop head loss as a power function of flow, which eliminates any trial 
and error procedures.  The governing equation is: 
 

baq
dl
dh

=  

  
dh = Static head drop of water in meters (difference between upstream and downstream water 

surface elevations)  
dl =  Average flow path length through the rock in meters,  
a = Dimensionless coefficient based on flow path length shown in Figure 6,  
b = Dimensionless exponent based on average rock diameter (m) shown in Figure 6, and 
q = Flow per unit width of rockfill in cubic meters per second per meter (cms/m).   
 
**All units must be converted to metric to use the graphical method. 

 
The equation can be rearranged so there is only one unknown, q (csm/m). 
 

( )
b
1

dla
dhq 








=
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Flow Through a Rockfill Dam Example: 

A rockfill dam is to be used as the principle spillway for a sediment trap.  The average width of the dam is 
10 feet.  The dam is 5 feet high with rock side slopes of 1:1.  The flow length at the top of the dam is 3.3 
feet, while the flow length at the bottom of the dam is 9.9 feet.  The average stone diameter is 6 inches.  
Calculate the stage discharge relationship for the rock dam.  Assume that the downstream depth is 
negligible so dh = the stage (See Figure 8).  
 
Determine the number of desired stage elevations for computations. 
 
For this example calculations will be made every 1-foot. 
 
Set up a table for each stage (see Table 4.) 
 
Convert all units to metric before reading values from the graphs in Figure 9. 
 
Calculate the discharge rate at each stage.  
At a stage = 1 foot  
dh = 0.31 meters 
dl  = 3.0 meters 
stone diameter of 6 inches = 0.15 meters 
a =  1.80    (from Figure 6) 
b = 0.6657 (from Figure 6) 
 

 
mcms /0137.0

3.0)(*80.1
31.0

(dl) a
dhq

6657.0
0.1

b
1

=







=








=

 
 
Convert cms/m to cms by multiplying by the average flow width at the stage 
 
 (0.0137 cms/m) * (3 m) = 0.041 cms 
 
Covert cms to cfs 
 
(0.041 cms) * (35.315 cfs/cms) = 1.447 cfs 
 
Table 4. Graphical Method to Calculate the Stage-Discharge Relationship for Rockfill  
 

 
 
Stage 
(ft) 

 
Flow 
Length 
(ft) 

 
Flow 
Width 
(ft) 

 
dh 
Stage 
(m) 

dl 
Flow 
Length 
(m) 

 
 
 
a 

 
 
 
B 

 
 
Flow 
cms/m 

 
Flow 
Width 
(m) 

 
 
Flow 
cms 

 
 
Flow 
cfs 

0 9.9 10 0.00 3.00 3.12 0.6657 0.0000 3.0 0 0.0 
1 9.9 10 0.31 3.00 3.12 0.6657 0.0137 3.0 0.041 1.4 
2 8.3 10 0.61 2.52 2.06 0.6657 0.0407 3.0 0.122 4.4 
3 6.6 10 0.91 2.00 2.31 0.6657 0.0870 3.0 0.261 9.2 
4 5.0 10 1.22 1.52 2.97 0.6657 0.1400 3.0 0.420 14.8 
5 3.3 10 1.52 1.00 3.63 0.6657 0.2704 3.0 0.811 28.7 
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Flow Through a Rock Ditch Check Example: 

Given: A Rock Ditch Check with the following characteristics: 
 

Dimension Standard Units Metric Conversion 
Bottom Width 3 feet 0.91 meters 
Side Slopes 3:1 3:1 
Depth  2 feet 0.61 meters 
Top Width 15 feet 4.57 meters 
Top Flow Length 3 feet 0.91 meters 
Bottom Flow Length 7 feet 2.13 meters 
Rock Fill Diameter 6 inches 0.15 meters 

 
 

Find: Stage discharge relationship for Rock Ditch Check. 
 

Solution: 
 

1. To properly apply the rock fill flow equation all values must be converted to metric units. 
 
2. Determine the number of desired stage elevations for computations. 

 
For this example calculations will be made every 0.5 ft. 

 
3. Based on the rock size and the flow lengths, an appropriate value for the exponent b must be 

selected from Table 5. 
 

– Linear interpolation can be used to find b when the rock diameter = 0.15 m. 
 

b = 0.6651 + [(.15 - .10) / (.20-.10)] * (0.6662 – 0.6651)  
b = 0.6657 

 
4. Based on a rock size of 0.15 meters and the flow lengths at different stages, the appropriate 

values for the coefficient a can be selected from Table 5 by using linear interpolation. 
 

Stage (ft) Stage (m) Flow Length (m) Coefficient a 
0.0 0.00 2.13 2.26 
0.5 0.15 1.83 2.55 
1.0 0.31 1.52 3.00 
1.5 0.46 1.22 3.37 
2.0 0.61 0.91 3.67 
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Table 5.  Values for Rock Check Flow Coefficient and Exponent 

 
  dl= 1m dl = 2m dl = 3m 

Stone Diameter(m) Exponent b Coefficient a  Coefficient a Coefficient a 
0.01 0.6371 9.40 6.05 4.60 
0.02 0.6540 7.40 4.65 3.55 
0.03 0.6589 6.40 4.08 3.08 
0.04 0.6609 5.85 3.65 2.80 
0.05 0.6624 5.40 3.35 2.60 
0.06 0.6635 5.05 3.15 2.40 
0.08 0.6644 4.50 2.85 2.20 
0.09 0.6648 4.28 2.70 2.10 
0.10 0.6651 4.13 2.60 2.05 
0.20 0.6662 3.20 2.05 1.57 
0.30 0.6664 2.80 1.75 1.30 
0.40 0.6665 2.50 1.55 1.16 
0.50 0.6666 2.30 1.40 1.08 

 
 

5. Determine the total flows for each staging using the values determined above.  The total flow 
is computed by multiplying the unit flow by the flow width.  

 
 

Stage 
(m) 

Flow 
Length 

(m) 

Unit 
Flow 

(cms/m) 

Flow 
Width 

(m) 

Total 
Flow 
(cms) 

 
Stage 
(ft) 

 
Total Flow 

(cfs) 
0.00 2.13 0.000 0.91 0.000 0.0 0.0 
0.15 1.83 0.006 1.83 0.011 0.5 0.4 
0.31 1.52 0.018 2.74 0.048 1.0 1.7 
0.46 1.22 0.037 3.66 0.136 1.5 4.8 
0.61 0.91 0.078 4.57 0.355 2.0 12.5 
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DESIGN AID EXAMPLE PROBLEMS 
 

The example problems serve to illustrate the use of the design aids for calculation of trapping efficiency 
for various types of structures. Basic soils, hydrologic and hydraulic information are combined. Although 
the SCS TR-55 methods are recommended for estimating peak flow, other methods of estimating peak 
flows such as the Rational Method may be used. Site specific soils information can generally be found 
from soil surveys. On-site soil boring data may be used to generate this information as well. Hydraulic 
information is obtained by combining site and structural information. 
 
In all cases, a ratio is calculated. The ratio is used to locate the point on a turning line for the specified 
conditions and structure. Trapping efficiency is found by reading the corresponding point on the x-axis 
estimating the trapping efficiency. These design aids are intended to be slightly conservative, but use of 
these methods should not replace the use of good engineering judgment. The engineer should investigate 
questionable results. Installation and maintenance should be considered. For example, it may be 
appropriate to add baffling to a pond in order to prevent short-circuiting between the inflow and outflow 
locations. 
 
It must be emphasized that that these design aids are intended for “typical” structures. Extreme or critical 
conditions should require more detailed analyses be conducted. For example, sensitive areas in steep 
terrain or sensitive waters downstream would be examples of extreme situations. This document assumes 
that the user has a working knowledge of hydrology and hydraulics. Design techniques can best be 
illustrated using examples. 
 
Settling Velocity for selected eroded particle D15 can be read from Figure 7. 
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Example Problem 1: Sediment Basin. 

𝑩𝒂𝒔𝒊𝒏 𝑹𝒂𝒕𝒊𝒐 =
𝒒𝒑𝒐

𝑨× 𝑽𝟏𝟓
 

qpo = Peak flow rate out of the basin (cfs)  
V15 = Characteristic settling velocity (fps) of the characteristic D15 eroded particle (mm) 
A = Surface area of the basin (acres)  
 
Given: 
 
A Sediment Basin will be used to control sediment runoff from a fully disturbed 10 acre site with Crider 
soils.   
 
Solution: 
 
1) Solve for the settling velocity of the D15 particle for Crider soils from the MSD Training Manual.   
 
- For particles less than 0.01mm, the settling velocity can be solved by  𝑉𝑠 = 2.81𝐷152.  Thus, from the 
MSD Training Manual,  D15 for Crider Soils = 0.0054mm.  
 

𝑉𝑠 = 2.81 × 0.00542 = 8.2 × 10−5 𝑓𝑡/𝑠 
 

2) Solve for the runoff upstream of the check using the rational method using the Newly 
Graded/Disturbed "c" factor in Exhibit 10-5 of the MSD Design Manual.    
 

10 𝑎𝑐 × .68 × 5.3
𝑖𝑛
ℎ𝑟

= 36 𝑐𝑓𝑠 
 

3) Solve for the required area of the basin 
 

𝐵𝑎𝑠𝑖𝑛 𝑅𝑎𝑡𝑖𝑜 =
𝑞𝑝𝑜

𝐴 × 𝑉15
 

 
According to the Sediment Basin Design Aid (Figure 8), the minimum Sediment Trap Ratio to achieve a 
trapping efficiency of 80% is 2x105  
 

2 × 105 =
36 𝑐𝑓𝑠

𝐴 × 8.2 × 10−5 𝑓𝑡/𝑠
 

 
Thus, the required area of the trap is 2.2 acres
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Example Problem 2: Rock Ditch Check  
𝑫𝒊𝒕𝒄𝒉 𝑪𝒉𝒆𝒄𝒌 𝑹𝒂𝒕𝒊𝒐 =

𝑺𝒒(𝟏−𝒃)

𝒂𝑽𝟏𝟓
 

S = Channel slope (%) 
q = flow per unit width through the check (cfs/ft)  
V15 = Characteristic settling velocity (fps) of the characteristic D15 eroded particle (mm) 
Coefficient a and exponent b can be interpolated from table 5 on pg 35.   
 
Given: 
 
A rock ditch check will be used to control sediment runoff on the down gradient end of a fully disturbed 2 
acre site with Crider soils.  The check will be installed on a channel with a bottom width of 5ft, slope of 
1%, and 3:1 side slopes.  The check will be faced with KYTC #57 stone which has an  average rock 
diameter of 1".  
 
Solution: 
 
1) Solve for the settling velocity of the D15 particle for Crider soils from the MSD Training Manual.   
 
- For particles less than 0.01mm, the settling velocity can be solved by  𝑉𝑠 = 2.81𝐷152.  Thus, from the 
MSD Training Manual.  D15 for Crider Soils = 0.0054mm.  
 

𝑉𝑠 = 2.81 × 0.00542 = 8.2 × 10−5 𝑓𝑡/𝑠 
 

2) Solve for the runoff upstream of the check using the rational method using the Newly 
Graded/Disturbed "c" factor in Exhibit 10-5 of the MSD Design Manual.    
 

2 𝑎𝑐 × .68 × 5.3
𝑖𝑛
ℎ𝑟

= 7.21 𝑐𝑓𝑠 
 

3) Compute the flow rate per unit width of the check. 
 
- The average width of the check is 11' thus, the flow per unit width is 0.66 cfs/ft 
 
4) Solve for the Ditch Check ratio. 

𝐷𝑖𝑡𝑐ℎ 𝐶ℎ𝑒𝑐𝑘 𝑅𝑎𝑡𝑖𝑜 =
𝑆𝑞(1−𝑏)

𝑎𝑉15
 

 
From table 5, with an average stone diameter of 1" (0.2m), a = 7.4 and b = .66  
 

𝐷𝑖𝑡𝑐ℎ 𝐶ℎ𝑒𝑐𝑘 𝑅𝑎𝑡𝑖𝑜 =
1 × 0.66(1−.66)

7.4 × (8.2 × 10−5)
= 1.43 × 103  

 
Using Figure 10, the trapping efficiency for this check is 95%  
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5) Check for overtopping. 
 
Using the Stage Discharge Equations for Rock Structures on pg. 30, the maximum flow through this 
check without overtopping is 8.68 cfs, which is greater than the 10 yr flow calculated above thus, the 
check will not overtop.     
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Example Problem 3: Silt Fence. 

𝑺𝒊𝒍𝒕 𝑭𝒆𝒏𝒄𝒆 𝑹𝒂𝒕𝒊𝒐 =
𝒒𝟎

𝑽𝟏𝟓 × 𝑷𝒂𝒓𝒆𝒂
 

 
q0 = Peak flow through silt fence (cfs)  
V15 = Characteristic settling velocity (fps) of the characteristic D15 eroded particle (mm) 
Parea =Ponding area up slope of the fence (ft2)  
  
Given: 
 
A 500ft long silt fence will be used to control erosion and sediment from a fully disturbed 0.5 acre site 
with Crider soils and a 1% slope towards the fence.   The silt fence will be 2 feet tall and has a slurry 
flow rate through the filter fabric of 10 gmp/ft2 

 
Solution:  
 
1) Solve for the settling velocity of the D15 particle for Crider soils from the MSD Training Manual.   
- For particles less than 0.01mm, the settling velocity can be solved by  𝑉𝑠 = 2.81𝐷152.  Thus, from the         
MSD Training Manual.  D15 for Crider Soils = 0.0054mm.  
 

𝑉𝑠 = 2.81 × 0.00542 = 8.2 × 10−5 𝑓𝑡/𝑠 
 
2) Solve for the runoff upstream of the silt fence using the rational method using the Newly 
Graded/Disturbed "c" factor in Exhibit 10-5 of the MSD Design Manual.    
 

 . 5𝑎𝑐 × .68 × 5.3 𝑖𝑛
ℎ𝑟

= 1.8 𝑐𝑓𝑠 
 
3) Solve for the ponding area above the silt fence 

 0.01 =  2𝑓𝑡
𝑥

  Solving for x yields 200 ft 
 

 Thus, 𝑃𝐴𝑟𝑒𝑎 = 200𝑓𝑡 × 500𝑓𝑡 = 100,000𝑓𝑡2 
 
4) Solve for the Silt Fence Ratio 

𝑆𝑖𝑙𝑡 𝐹𝑒𝑛𝑐𝑒 𝑅𝑎𝑡𝑖𝑜 =
1.8𝑐𝑓𝑠

8.2 × 10−5 𝑓𝑡/𝑠 × 100000𝑓𝑡2
= .22 

 
Using the Silt Fence Design Aid (Figure 12), the trapping efficiency is 80% 

 
5) Check for overtopping of the SF 
 
- Convert flow from cubic feet per second to gallons per minute  
 

𝑞𝑝𝑜 = 1.8 𝑐𝑓𝑠 × 7.48𝑔𝑎𝑙/𝑓𝑡2 × 60
𝑠𝑒𝑐
𝑚𝑖𝑛

= 808 𝑔𝑝𝑚 
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- The required length of the SF is the flow rate in gpm divided by the slurry flow rate multiplied by the 
fence height.  

Thus,  𝐿 = 808 𝑔𝑝𝑚 ÷ �2 𝑓𝑡 × 10 𝑔𝑝𝑚
𝑓𝑡2

� = 40.4 𝑓𝑡 
 

Since the required length is less than the actual length (500ft), the fence will not overtop.  
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Example Problem 4: Sediment Trap. 
𝑺𝒆𝒅𝒊𝒎𝒆𝒏𝒕 𝑻𝒓𝒂𝒑 𝑹𝒂𝒕𝒊𝒐 =

𝒒𝒑𝒐
𝑨

/𝑽𝟏𝟓 
 
qpo = Peak flow rate through the trap (cfs)  
V15 = Characteristic settling velocity (fps) of the characteristic D15 eroded particle (mm) 
A = Settling area of the trap (acres)  
 
Given: 
 
A settling area with a rock dam will be used to control sediment runoff from a fully disturbed 5 acre site 
with Crider soils.  The check will be installed on a channel with a bottom width of 5 ft and 3:1 side 
slopes.  The dam will be faced with KYTC #57 stone which has an  average rock diameter of 1".  
 
Solution: 
 
1) Solve for the settling velocity of the D15 particle for Crider soils from the MSD Training Manual.   
- For particles less than 0.01mm, the settling velocity can be solved by  𝑉𝑠 = 2.81𝐷152.  Thus, from the 
MSD Training Manual.  D15 for Crider Soils = 0.0054mm.  
 

𝑉𝑠 = 2.81 × 0.00542 = 8.2 × 10−5 𝑓𝑡/𝑠 
 

2) Solve for the runoff upstream of the check using the rational method using the Newly 
Graded/Disturbed "c" factor in Exhibit 10-5 of the MSD Design Manual.    
 

5 𝑎𝑐 × .68 × 5.3
𝑖𝑛
ℎ𝑟

= 18 𝑐𝑓𝑠 
 

3) Solve for the required settling area 
 
According to the Sediment Trap Design Aid on pg. 53, the minimum Sediment Trap Ratio to achieve a 
trapping efficiency of 80% is 9x104  
 
Thus, 

9 × 104 =
18 𝑐𝑓𝑠
𝐴

/ 8.2 × 10−5 𝑓𝑡/𝑠 
 
A 2.44 acre settling area is required to achieve an 80% trapping efficiency. 
 
 
4) Design the Stone Dam and check for overtopping 
  
Using the Stage Discharge Equations for Rock Structures on pg. 30 and the minimum design 
specifications for the stone dam, a five foot tall dam, five feet thick at the top, and in a five foot wide 
channel will allow 27.8 cfs discharge through the rock without overtopping which is more than the ten 
year storm runoff as calculated above.   
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VEGETATED FILTER STRIP EXAMPLE 
Vegetate Filter Strips (VFS) are zones of vegetation through which sediment and pollutant-laden runoff 
are directed before being discharged to a concentrated flow channel.  This sediment control measure may 
take the form of grass filters, grass filter strips, buffer strips, vegetated buffer zones, riparian vegetated 
buffer strips, and constructed filter strips. 
  
When and Where to Use It 

This practice applies to land undergoing development where filters are needed to reduce sediment damage 
to adjacent properties, streams or sinkholes.  VFS are used to remove sediment from overland sheet flow 
but are not effective in removing sediment from concentrated flows. 
 
There are two main classifications of VFS: 
  

• Constructed filter strips: Constructed and maintained to allow for overland flow through 
vegetation that consists of grass-like plants with densities approaching that of tall lawn grasses. 

 
• Natural vegetative strips: An area where sediment-laden flow is directed in an overland manner, 

including riparian vegetation around drainage channels.  Vegetation ranges from grass-like plants 
to brush and trees with ground cover. 

 
VFS remove solids primarily by three mechanisms: 

  
1. Deposition of bedload material and its attached chemicals as a result of decreased flow velocities 

and transport capacity.  This deposition takes place at the leading edge of the filter strip. 
 
2. Trapping of suspended solids by the vegetation at the soil vegetation interface.  When suspended 

solids settle to the bed, they are trapped by the vegetated litter at the soil surface instead of being 
re-suspended as would occur in a concentrated flow channel.  When the liter becomes inundated 
with sediment, trapping no longer occurs by this mechanism.  

 
3. Trapping of suspended materials by infiltrating water.  This is the primary mechanism by which 

dispersed clay sized particles are trapped. 
 
The effectiveness of VFS can fluctuate considerably depending on the type of vegetation, the height and 
density of the vegetation, season of the year, eroded particle characteristics, size of disturbed area, and 
site topography.  
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Factors Affecting Trapping of Vegetated Filter Strips 

 
Flow Rate Trapping is inversely related to flow rate. 

 
Size Distributions 

Trapping is directly related to eroded particle size distributions.  Sand 
particles can be trapped with short filters on steeper slopes, while clay 
sized particles are trapped only by infiltration that takes in long flat strips. 

Slope Trapping inversely related to slope. 
Type of Vegetation Vegetation that grows in clumps trends to trap particles less effectively 

than uniform growth. 
Density of Vegetation Trapping is directly related to the vegetation density. 
Stiffness of Vegetation Vegetation must remain erect under storm flow conditions because 

trapping is greatly reduced when vegetation lays flat.  
Height of Vegetation Tall vegetation does not naturally remain dense near the ground, and 

tends to lie flat during storm flows. 
Infiltration Rate Trapping of suspended sediment, particularly silt particles, is directly 

proportional to infiltration rate. 
Mass of Litter Trapping is directly related to the mass of litter. 

Degree of 
Channelization 

Trapping is inversely related to the degree to which flow is channelized.  
Channelized flow is deeper with higher velocities, resulting in higher 
transport capacities and reduced trapping efficiency.  

Source:  Design Hydrology and Sedimentology for Small Catchments, Hann et. al. 
 

 

Design Criteria 

In the design of VFS, the designer must select a vegetation type, a ground slope, and a filter strip width 
and strip length.  To be effective, the vegetated filter strip should be located on the contour perpendicular 
to the general direction of flow.  Vegetation should be selected to be dense, lawn-like grass in order to 
minimize water channelization. The designer should never assume that natural vegetation is adequate for 
a VFS.  A ponding area shall be constructed at the leading edge of the VFS for bedload deposotion. 

 
The design process for vegetative filter strips requires a series of detailed equations.  An explanation of 
these equations can be found in Design Hydrology and Sedimentology for Small Catchments, Hann et. al. 
pages 359-375. Software packages such as SEDIMOTII, or SEDCAD should be utilized to determine 
trapping efficiencies for VFS. 
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• The General Design Criteria to Design Filter Length are: 
 

a) Select a vegetation type . 
 

b) Select the design life and maximum allowable sediment deposition. A design life of 10-years, a 
deposition of 0.5 ft. (15-cm), and a bulk density of 1.5 is recommended (Hayes and Dillaha, 
1991). 

 
c) Estimate the long-term sediment yield entering the filter strip and a 10-year 24-hour design 

single-storm sediment yield using the Universal Soil Loss Equation. 
 

d) Determine desired Trapping Efficiency- 80% design removal efficiency goal of the total 
suspended solids (TSS) in the inflow. 

 
e) Estimate the filter length necessary to prevent deposition within the filter greater than 0.5 feet. 

(Assume filter width is equal to disturbed area width but no smaller than 15 ft.) 
 
f) Use the filter length to calculate Trapping Efficiency for the design storm. 
 
g) Repeat (d) and (e) until the lengths match. 
 

• Minimum Ground Slope =  1%  
• Maximum Ground Slope = 10% 
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Vegetated Filter Strip Example 

Estimate the required length (Lt) in feet of a VFS needed in Louisville to reduce the long term sediment 
yield to meet the design removal goal of 80% TSS from the following site. 
 
(Lt) Length of VFS in feet 
(SY) Sediment Yield = 5/tons/acre  
(EPSD) Eroded Particle Size Distribution Shown in Figure 14. 
(ADFL) Average disturbed area flow length = 200 ft 
(S) Average VFS Slope = 8% 
(BD) Soil Bulk Density = 93.6 lb/ft3 
(qw) Flow rate for the site calculated to be 0.074 cfs/ft 
 
 Solution 
 
Select a vegetation type. 
 
Choose KY 31 Fescue, which is acceptable for the growing conditions in Louisville 
 
Select the recommended design life (DL). 
 
DL = 10-years 
 
Calculate the long-term sediment yield to the VFS using the Universal Soil Loss Equation. 
 
SY =  5/tons/acre/year for this example 
 

a) Determine desired Trapping Efficiency. 
 

• TE = 80% removal efficiency of total suspended solids (TSS). 
 
b) Estimate filter length based on 15-cm depth (0.49 ft) of deposition (DD), and a bulk density of 1.5 

(BD). 
 

• Calculate the total sediment to be trapped (TT in lb/ft of filter width) 
TT = DL * SY * TE * ADLF 
TT = (10-years)*(5 tons/acre/year)*(0.8)*(200 ft) * (1 acre/ 43,560 ft2) * (2000 lb/ton) 
TT = 367 lb/ft of filter width 

 
• Calculate Lt based on Depth of Deposition 

Depth = TT/(Lt *BD) 
0.49 = (367 lb/ft) /(Lt *93.6 lb/ft3) 
0.49 = 3.92/Lt 
 
Lt 〈 8 ft. 
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c) Calculate Trapping Efficiency using Lt. 
 

• Determine FFi Values, Average Diameters (mm), and Fall Velocities (ft/sec) 
 
− Calculate the average diameter of coarse materials (ADC) entering the VFS 

ADC = Average Diameter of Coarse Materials 
FF1  =  Fraction for Coarse (Sand) Particles 
FF0 =  Percent Finer than 0.037mm 
 
ADC =  FF1/2 + FF0 
FF1 = Fraction of Coarse (Sand) Particles (Percent Greater than 0.037mm)  
 = 1.0 – FF 

 
FF0 =  0.36 (read from Eroded Particle Size Percent Finer Curve) 
FF1  =   1.0 – 0.36 = 0.64 

 
ADC =  0.64/2 + 0.36 = 0.68 

  
− ADM = Average Diameter of Medium Materials = 0.012 for all calculations 
 
 FF2  = Fraction of Medium (Silt) Particles  
  = FF0 –FF3 
  = 0.36 – 0.18 
  = 0.18 
 
− ADF = Average Diameter of Fine Materials = 0.002 for all calculations 

 
 FF3  = Fraction of Fine (Clay) Particles (Percent Finer than 0.004 mm) 

FF3 = 0.18 (read from Eroded Particle Size Percent Finer Curve) 
 

  
 

Particle  
Class 

 
Fraction 

FFi 

Average 
Diameter 

(mm) 

Fall 
 Velocity 
(ft/sec) 

Fall  
Velocity 
Equation 

Coarse (Sand) 0.64 0.170 0.021 Stokes Law 
Medium (Silt) 0.18 0.012 4.05 x 10-4 2.81d2 
Fine (Clay) 0.18 0.002 1.124 x 10-5 2.81d2 

2015 Louisville and Jefferson County MSD  54 
 EPSC Ordinance Training  



 

• Determine Flow Depth (D) and Velocity (V) 
 
Parameters for calculations bases on a good stand of KY31 tall fescue 
  
 Flow Depth (D)  
  Calibrated Mannings Roughness (xn) = 0.056 
 Ss = Vegetation Spacing = 0.63 inches = 0.0525 ft. 
  Sc = VFS Slope = 8% 
  qw = Flow Rate (cfs/ft) = 0.074 cfs/ft 
 
Calculate velocity (V)  and depth of flow 
        

 ScRV xn
2/13/25.1

=   Mannings Equation 

  

 
SsD

DSsR +
=

2
 

 Hydraulic Radius   
  
  

 VDqw =   
 Continuity Equation 
 
  
 Solve equations simultaneously to solve for D 
 

 
( )

( ) 3/2

3/5

2 SsD
df D

+
=

 = 

( )( )
( ) ( )

( )( )
( ) ( )

069.0
0525.008.05.1
056.0074.0

5.1 3/22/13/22/1 ==
SsSc

xnqw

 
 
 Solve solution by trail and error. 
 

Trial Trial Depth (ft) f(d) function Evaluation 
1 0.15 0.085 Too high 
2 0.10 0.054 Too low 
3 0.12 0.066 Too low 
4 0.125 0.069 OK 

 
 Using  D = 0.125 ft 
  
  R = 0.022 ft 
 
  V = 0.594 ft/sec 
 
 Check Continuity with depth and flow values 
   
 (0.594 ft/sec) * (0.125 ft) = 0.074 cfs/ft checks with 
initial flow value. 
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Determine Reynolds Number Re (assuming ν = 1.0 x 10–5 ft2 /sec) 

 υ
VRRe =

=
( )( ) 1306022.0594.0

10 5 =−  

 
Calculate Fall Number for Coarse, Medium and Fine materials based on a VFS length = 8 ft. 
 
Nfc  = Coarse Fall Number (Vs = 0.021 ft/sec) 
Nfm = Medium Fall Number (Vs = 4.05 x 10-4 ft/sec) 
Nff  = Fine Fall Number (Vs = 1.124 x 10 –5 ft/sec) 
Vs  = particle settling velocity  
 

( )
( )

( )
( )( ) ( )VsVs

VD
LVsN f *)8(*5.13

125.0594.0
8

===
 

 
 Nfc  =
 2.270 
 Nfm  = 
 0.044 
 Nff  = 
 0.001 
 
Determine Trapping Efficiency (TEd) for each particle size 
 

( ) 



−=



−= −−−− 91.082.0391.082.03 13061005.1exp1005.1exp NNR ffe xxTEd

 
  

 
[ ]91.0377.0exp −−= N fTEd

 
 
 TEdc  = 
 Coarse Trapping = 0.836 
 TEdm  =
 Medium Trapping = 0.002 
 TEdf  = 
 Fine Trapping = 0.000 
 
Determine Total Trapping Efficiency (TE) 
 

( ) ( ) ( )3211 FFTEdfFFTEdmFFTEdcTE ++−=  
 
TE = 0.836(0.64) + 0.002(0.18) + 0.0 (0.18) 
 
TE = 0.535 = 53.5% 
 
This efficiency is not sufficient, and a new length must be determined. 
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Calculate the length required for 80% Trapping Efficiency 
 
The length must be greater than 8ft to obtain the desired trapping efficiency 
 
Using the following equation knowing that TE = 0.80, the length can be calculated 
 

( ) ( ) ( )3211 FFTEdfFFTEdmFFTEdcTE ++−=  
 
It can be assumed the TEdf will be zero for calculations, because these particles are small and have a very 
slow settling velocity. 
It can be assumed that TEdc will approach 1 by making the VFS length much greater than 8 ft. 
TEdm can then be solved for 
 

( ) ( ) ( )18.0018.06410.180.0 ++−= TEdm  
 

889.0
18.0

64.080.0
=

−
=TEdm

 
 
Solving back, TEdm is calculated from 
 

[ ] 889.01005.1exp 91.082.03 =−= −− NR fexTEdm
  

   
therefore, 
 

595.3
377.0

)889.0ln(
1005.1

)ln( 91.0
1

91.0
1

3 =




−

=












−
=

−−

− RN
e

fm x
TEdm

 
 
Solving back, Nfm is calculated from 
 

( )
( ) ( )VsL
VD

LVsN f *)(*5.13==
 

 
and L is calculated from 
 

( ) ( ) .657
1005.4*5.13

595.3
*5.13 4 ft

xVs
L N f === −

 
 
 
Therefore a Vegetated Filter Strip made of KY 31 fescue would need to be 657 ft. long, and be the width 
of the disturbed area to meet the trapping efficiency goal of 80% TSS.
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BMP Guidelines 
 
Erosion Prevention and Sediment Control Measures  

BMP Definition Purpose Where Applicable Planning  Design Criteria 
Construction 
Sequence and 
Scheduling 

A specified work 
schedule that 
coordinates the 
timing of land-
disturbing activities 
and the installation of 
erosion and 
sedimentation control 
measures.  The 
objective is to disturb 
only the immediate 
work areas. 

To reduce on-site 
erosion and off-site 
sedimentation by 
performing land-
disturbing activities 
and installing erosion 
and sediment control 
practices in 
accordance with a 
planned schedule. 

All land-
development projects 
that will disturb more 
than one contiguous 
acre. 

The general order of 
construction and planning is: 
 
• Plan disturbances to 

coincide with work 
progress, 

• Order materials to avoid 
delays, 

• Build construction site 
access, 

• Implement sediment 
traps and barriers, 

• Apply runoff control 
(diversions), 

• Implement main runoff 
conveyance system, 

• Build stream crossings, 
• Land clearing and 

grading, 
• Surface stabilization, 
• Building construction, 
• Landscaping and final 

stabilization. 

At a minimum, the construction 
sequence should include: 
 
• Erosion and sedimentation 

control practices to be 
installed, 

• Principal development 
activities, 

• What measures should be in 
place before other activities 
begin, 

• Compatibility with the general 
construction schedule of the 
contract. 

 
When changes in construction 
activities are needed, amend the 
sequence schedule as necessary to 
fit the changes. 

 
 

 

 
 

  



 

BMP Guidelines 
 
Erosion Prevention Measures  

BMP Definition Purpose Where Applicable Planning  Design Criteria 
Surface 
Roughening 

Preparing the soil 
topography for the 
designed 
construction purpose. 

To prepare the site 
according to the 
plans while taking 
erosion and 
sedimentation factors 
into consideration. 

All construction sites 
that require land 
disturbing activities. 

Site preparation 
includes: 
• Land Clearing 
• Land Grading 
• Surface 

Roughening 

Soil disturbances that will cause much 
erosion should not be done or other BMP’s 
should be implemented before clearing 
occurs. 

Bench Terracing Erosion control 
accomplished by 
constructing benches 
or large steps across 
the land slope. 

Reduce severity and 
length of land slope 
for erosion control. 

On steeps slopes where 
erosive factors are very 
high and gully erosion 
is likely to take place. 

Terrace spacing and 
slope maintenance 
need to be 
considered. 

Reduce slope length proportional to the 
steepness of the slope.  Control outlets from 
terraces so erosion is eliminated. 

Temporary 
Seeding 

Planting fast growing 
vegetation to provide 
temporary erosion 
control. 

To provide 
stabilization on bare 
soil areas that will 
not be brought to 
final grade for a 
period of more than 
30 working days. 

May be used on cleared 
unvegetated areas 
where temporary 
erosion control is 
needed. 

Selection of 
appropriate plant 
species, use of quality 
seed, proper bed 
preparation, and seed 
application method 
are important. 

The area to be seeded should be uniform 
and loosened to a minimum depth of 3 
inches.  The area should be cleared of 
stones, roots, and other debris. 

Mulching  Use of a protective 
blanket of straw, hay, 
wood chips, wood 
fibers, gravel, or 
synthetic materials 
on the soil surface. 

To protect the soil 
surface from the 
erosive forces of 
raindrop impact and 
overland or sheet 
flows. 

Use on beds for 
temporary or 
permanent seeding and 
on areas of bare soil 
when seeding or 
planting must be 
delayed. 

The choice of mulch 
used should be based 
on season, type of 
vegetation, soil 
condition, and size of 
area to be covered. 

Organic mulches are most effective when 
uniformly spread and secured to the soil 
structure. 

Erosion Control 
Blankets (ECBs) 

Porous fabrics 
manufactured by 
weaving or bonding 
the fabric together. 
 
Designed to be 
biodegradable. 

To protect the soil 
surface from the 
erosive forces of 
raindrop impact and 
overland or sheet 
flows. 

• On recently planted 
slopes to protect 
seedlings until they 
become established 

• To prevent 
undermining of the 
soil particles. 

The types of 
available geotextiles 
are vast, therefore the 
selected fabric should 
match its purpose and 
the manufacturers 
recommendation. 
 

Effective netting and matting requires firm, 
continuous contact between the materials 
and the soil.  If there is no contact, the 
material will not hold the soil and erosion 
will take place underneath the material. 

  



 

BMP Guidelines 
 
Erosion Prevention Measures  

BMP Definition Purpose Where Applicable Planning  Design Criteria 
Turf 
Reinforcement 
Mats (TRMs) 

Porous fabrics 
manufactured by 
weaving or bonding 
the fabric together. 
Made of synthetic 
material. 

To protect the soil 
surface from the 
erosive forces of 
raindrop impact and 
overland or sheet 
flows. 

• To stabilize flow 
on channels and 
swales.  

• As separators 
such as between 
riprap and the 
underlying soil. 

The types of 
available geotextiles 
are vast, therefore the 
selected fabric should 
match its purpose and 
the manufacturers 
recommendation. 

Effective netting and matting requires 
firm, continuous contact between the 
materials and the soil.  If there is no 
contact, the material will not hold the 
soil and erosion will take place 
underneath the material. 

Topsoiling Stripping off, storing, 
and spreading fertile 
topsoil over disturbed 
areas. 

To provide a suitable 
medium for 
vegetative growth to 
take place. 

Used in areas where 
other methods will 
not produce or 
maintain a desirable 
stand of vegetation. 

Recommended for 
soils  that do not have 
a deep rooting zone 
to support plants, 
contain material toxic 
to plant growth, and 
exposed subsoil not 
suitable to produce 
adequate vegetation. 

Should be applied on slopes 2:1 or 
flatter. 
 
Apply lime and fertilizer as appropriate. 

Permanent Seeding  
Planting of Grasses  

Control of runoff and 
erosion with 
permanent 
vegetation. 

To economically 
control erosion and 
sedimentation. 

Used on graded or 
cleared areas where 
soil is unstable 
because of texture, 
structure, high water 
table, or slope. 

Selection of 
appropriate plant 
species, use of 
quality seed, and 
proper bed 
preparation are 
important. 

Planting should occur within 14 days of 
final grading. 

Permanent 
Ground Cover 
Plants 

Control of runoff and 
erosion with trees, 
vines and shrubs by 
stabilizing soils in 
areas where 
vegetation other than 
grasses or legumes is 
preferred.     

To economically 
control erosion and 
sedimentation.  

Used on steep banks, 
graded cleared areas, 
and shady areas 
where turf 
maintenance is 
difficult.  Also, can 
be used between 
terraces. 

Selection of species 
should match soil 
characteristics. 
Quality stock should 
be selected and kept 
moist from time of 
receipt and planted as 
soon as possible. 

Usually more effective when planted in 
clumps or blocks.  Competitive 
vegetation should be pulled out of the 
area where the plants are to be planted.  

 
 

  



 

BMP Guidelines 
 
Erosion Prevention Measures  

BMP Definition Purpose Where Applicable Planning Design Criteria 
Sodding Use of grass sod to 

permanently stabilize 
an area. 

To rapidly prevent 
erosion and 
sedimentation. 

May be used in areas 
requiring immediate 
and permanent 
vegetative cover. 

More costly than 
seeding, but can be 
established during 
times of the year 
when grass seed may 
fail.  Irrigation will 
need to be applied. 

On slopes, sod should be applied with 
the long dimension perpendicular to 
the slope. 

RRiipprraapp  oorr  AAggggrreeggaattee  Permanent layers of 
loose angular stones 
or aggregate with a 
filter fabric or 
granular underlining 
placed over an 
erodible soil surface. 

To protect the soil 
surface from the 
erosive flow of water, 
slow the water flow 
velocity, and stabilize 
slopes. 

Used when soil may 
erode under design 
flow conditions and 
cannot be protected 
by vegetative cover or 
other means.  Riprap 
can be used at: 
• Storm drain 

outlets,  
• Channel banks 

and bottoms,  
• Roadside 

ditches,  
• Drop structures, 
• Toe of slopes,  
• Channel 

transitions. 

Graded riprap 
contains a mixture of 
stone sizes while 
uniform riprap is 
made up of stones of 
similar sizes. 
 
The size of stone used 
is directly related to 
the design flow 
velocity of the 
channel. 
 
Typically should be 
used for velocities in 
excess of 15 ft/sec. 

The minimum riprap thickness is 2 
times the maximum stone diameter 
but not less than 6 inches.  The 
specific gravity of the individual 
stones should be at least 2.5. 
 
Maxim bank slope for application 
should not be steeper than 1.5:1. 

 
 
 
 
 
 
 
 
 
  



 

 

BMP Guidelines 
 
Erosion Prevention Measures  

BMP Definition Purpose Where Applicable Planning Design Criteria 
OOuuttlleett  PPrrootteeccttiioonn  Structurally lined 

aprons or other 
acceptable energy 
dissipation devices 
placed at the outlets 
of pipes or paved 
channel sections. 

To protect the soil 
surface from the 
erosive flow of water, 
slow the water flow 
velocity, and stabilize 
slopes. 

Used where the flow 
velocity at the design 
capacity will exceed 
the velocity of the 
receiving channel or 
area. 

Geotextile Fabrics in 
conjunction with 
vegetation create a 
natural outlet 
protection. 
 
Riprap aprons are 
relatively low cost 
and easy to install.  
Riprap stilling basins 
or plunge pools are 
used where overfalls 
exit the ends of pipes 
where high flows 
would require 
excessive apron 
lengths. 

Capacity:  10-year peak runoff or 
design discharge of conveyance, 
whichever is greater.   
 
Geotextile Fabrics should be designed 
to handle peak flow rates and tractive 
forces. 
 
The depth of a riprap apron should 2 
times the maximum stone diameter but 
not less than 6 inches. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 

BMP Guidelines 
 
Erosion Prevention Measures  

BMP Definition Purpose Where Applicable Planning Design Criteria 
Dust Control Reducing the erosive 

effects of wind on dry 
soils. 

To prevent soil 
particles in the form 
of dust from 
becoming airborne.  

Used where open dry 
areas of soil, 
particularly in dryer 
climates or during the 
dry season, are 
exposed to the 
erosive factors of the 
wind. 

The direction of the 
prevailing winds and 
careful planning of 
clearing activities are 
important. 

Minimize the period of soil exposure 
through use of temporary ground cover 
and other temporary stabilization 
practices. 
 
Some of the possible dust control 
measures are: 
• Vegetative cover, 
• Mulch, 
• Spray-on-adhesive, 
• Calcium chloride, 
• Sprinkling, 
• Stone, and 
• Barriers. 

 
 
Temporary Sediment Control Measures   

BMP Definition Purpose Where Applicable Planning  Design Criteria 
SSeeddiimmeenntt  BBaassiinnss  A suitably located 

temporary or 
permanent earthen 
embankment, barrier, 
dam, or excavated 
basin designed to 
capture sediment.   

To retain sediment on 
the construction site 
and prevent 
sedimentation in 
offsite waterbodies, 
properties etc. 

Used where erosion 
control measures are 
not adequate to 
prevent offsite 
sedimentation on sites 
with disturbed area of 
5 acres or more. 

Hazard class must be 
considered so failure  
does not jeopardize 
property or lives.  The 
location of the basin 
must be able to collect 
all of the site runoff. 

Drainage area is between 5 and 150 acres.  
The flow length through the basin length 
to width ratio should be 2:1 or greater. 
(See Design Aids section 12.8.2 of 
Chapter 12) 

Temporary 
Sediment Trap 

A small temporary 
ponding basin formed 
by constructing an 
embankment across a 
drainage swale, by 
excavating a pond or 
by rock fill. 

To detain sediment-
laden runoff from 
small, disturbed areas 
long enough to allow 
the majority of the 
sediment to settle out. 

Used at the outlets of 
drains, diversions, 
channels, and other 
runoff conveyances. 
May be installed 
during early site 
development. 

Access to trap must be 
maintained to 
periodically remove 
sediment for proper 
disposal.  Structure 
life is limited to 18 
months. 

Used for drainage areas of 5 acres or less.  
Minimum storage area is fixed to meet 
80% removal efficiency.  Side slopes of 
the excavated trap should be 2:1 or flatter.  
Maximum height is 5 ft. (See Design Aids 
section 12.8.5) 

  



BMP Guidelines 
Temporary Sediment Control Measures 

BMP Definition Purpose Where Applicable Planning Design Criteria 
Silt Fence Sediment barrier 

consisting of 
synthetic filter fabric 
stretched across 
supporting posts with 
the bottom of the 
fabric being 
entrenched.  In most 
cases the fabric 
should be reinforced 
with the support of a 
wire fence. 

To catch and hold 
small amounts of 
sediment from 
disturbed areas by 
reducing the velocity 
of sheet flow to allow 
sediment deposition. 

Used below small, 
disturbed areas less 
than ¼ acre per 100 
ft.  of fence, and 
where runoff can be 
stored behind the 
fence without 
damaging the fence 
or the area behind it. 

Should be located  
where only shallow 
pools can be formed.  
Sediment deposition 
should be 
periodically removed 
and properly 
disposed of.  
Turnouts or breaks in 
the fence should be 
used to minimize 
drainage areas. 

Fence should be stable for the 10-yr 
storm.  The slope should be no longer 
than 100 ft. and have a gradient of 2:1 or 
flatter.  The minimum fabric height is 18 
inches while the maximum is 24 inches.  
Maximum post spacing is 6 ft.   
Minimum post burial depth is 12 inches.  
(See Design Aids section 12.8.4) 

Rock Ditch Checks Small temporary 
dams constructed 
across a swale or 
drainage ditch to 
reduce the velocity of 
concentrated storm 
flows. 

To reduce erosion of 
the channel by 
restricting the 
velocity of flow in 
the channel.  Not to 
be installed min live 
channels or waters of 
the commonwealth.   

Used as a temporary 
or emergency 
measure to limit 
erosion by reducing 
flow in a small open 
channel. 

Ditch checks should 
not be used in live 
streams but are 
intended for 
temporary ditches 
and swales.   Checks 
in grass channels 
may kill the 
vegetation. Ditch 
checks shall be 
promptly removed 
when their useful life 
has been completed. 

Drainage area should not exceed 10 
acres.  The maximum height is 2 ft. at 
the center. The center should be at least 
6 inches lower than the outer edges.  
The maximum spacing between checks 
should be such that the toe of the 
upstream check is at the same elevation 
as the top of the downstream check.   
The maximum size of stone used should 
be no greater than 8 inches in diameter. 
(See Design Aids section 12.8.3) 

Stabilized 
Construction 
Entrance 

A gravel driveway or 
pad located at a point 
where vehicles enter 
and exit a 
construction site. 

To reduce the amount 
of mud and soil 
transported onto 
public roads by 
traffic leaving the 
construction site. 

Used wherever traffic 
leaves a construction 
site and enters a 
public right -of- way, 
street, alley, 
sidewalk, parking lot, 
or other paved area. 

Construction plans 
should limit all traffic 
to properly 
constructed entrances 
and exits. 

Stone should be KTC #3 or larger.  Pad 
thickness has a 6-inch minimum with a 
required geotextile fabric underling the 
stone.  The minimum width of the 
entrance shall be 24 ft. while the 
minimum length shall be 100 ft. 



 

 
 
 

BMP Guidelines 
 
Temporary Sediment Control Measures  

BMP Definition Purpose Where Applicable Planning  Design Criteria 
Storm Drain Inlet 
Filters 

A sediment filter or 
an excavated 
impounding area 
surrounding a storm 
drain inlet. 

To retain sediment on 
the construction site 
by slowing and 
filtering runoff before 
it enters the storm 
drainage system. 

Used where storm 
drain inlets are to be 
made operational 
before permanent 
stabilization of the 
disturbed area occurs. 

Must not be used near 
the edge of fill 
material and must not 
divert water over cut 
or fill slopes. 
 
• Filter Fabric Inlet 

Protection 
• Stone Bag inlet 

Protection 
• Block and Gravel 

Drop Inlet 
Protection 

• Gravel and Wire 
Mesh Inlet 
Sediment Filter 

The drainage area must be no greater 
than 1 acre with a slope less than 5%.   

Vegetated Filter 
Strips 

Zones of vegetation 
through which 
sediment and 
pollutant-laden runoff 
are directed before 
being discharged to a 
concentrated flow 
channel. 

Filter strips are used 
to remove sediment 
from overland sheet 
flow but are not 
effective in removing 
sediment from 
concentrated flows 

Used where runoff 
from land undergoing 
development needs to 
be filtered to reduce 
sediment damage to 
adjacent properties, 
streams or sinkholes.. 

Effectiveness can 
very depending 
vegetation, height, 
type and density, 
season of the year, 
soil eroded particle 
size characteristics, 
size of disturbed area, 
and site topography. 

The General Design Criteria are: 
 
Minimum Width = 15 feet. 
Minimum Ground Slope = 1% 
Maximum Ground Slope = 10%  

 
 
 
 
 
  



 

 
 
 

BMP Guidelines 
 
Temporary Flow Control and Conveyance Measures  

BMP Definition Purpose Where Applicable Planning  Design Criteria 
Temporary  Pipe 
Slope Drains 

Flexible tubing or 
conduit extending 
temporarily from the 
top to the bottom of a 
cut or fill slope. 

To convey 
concentrated runoff 
down the face of a cut 
or fill slope to a 
protected stable area 
without causing 
erosion. 

Used on sites before 
permanent stormwater 
drainage structures 
are installed and 
where stormwater 
runoff above a cut or 
fill slope will cause 
severe erosion if 
allowed to flow over 
the slope. 

Must be sized, 
installed, and 
maintained properly 
because failure results 
in slope gully erosion.  
The entrance must be 
securely entrenched 
with watertight 
connections, with 
securely staked 
conduit.   

Should handle peak runoff from the 
10-year storm.  The maximum 
drainage area per pipe is 10 acres.  The 
entrance should be constructed of a 
standard flared end section of pipe or 
equivalent. Reinforced hold-down 
garments should be spaced at 10 ft. or 
less intervals. 

Temporary Stream 
Crossing 

Bridge or culvert 
constructed across a 
stream for the purpose 
of providing access to 
construction vehicles 
or heavy equipment. 

To protect the banks 
of streams from tire 
damage, permanent 
degradation, and 
erosion. 

Used only when 
permanent stream 
crossings are not 
unavailable. 

The use of a bridge is 
preferred over a 
culvert because a 
bridge provides the 
least obstruction to 
flow and fish 
migration. 

The selection of the type and size of 
the pipe to be used as a culvert shall be 
determined by the design engineer.  
Culvert applications require as many 
pipes to be placed across the width of 
the channel as possible.  The minimum 
pipe diameter to be used is 24-inches. 

 
 
 
 
 
 
 
 
 
 
 
 

  



 

 
 

BMP Guidelines 
 
Temporary Flow Control  and Conveyance Measures  

BMP Definition Purpose Where Applicable Planning  Design Criteria 
Runoff Control 
Measures 

A temporary ridge, 
excavated channel, or 
combination ridge and 
channel constructed 
across sloping land at 
a pre-determined 
grade. 

To divert clean water 
around work sites to 
stable outlets and to 
divert sediment-laden 
water to sediment 
control structures 
such as sediment traps 
and basins. 

• Above slopes to 
prevent clean 
runoff from 
flowing over 
unprotected soil, 

• Across 
unprotected 
slopes to reduce 
flow lengths, 

• Below slopes to 
divert runoff to a 
stable outlet, and 

• Within and below 
disturbed areas to 
direct sediment-
laden water to 
control structures. 

Design as a stable 
channel with a mild 
bed slope.  Use of 
either uniform or a 
gradually increasing 
grade is preferred 
over sudden decreases 
or increases in grade.  
A permanent 
vegetative covering is 
required where the 
channel grade is 
between 0.2% and 
3%. 

Design drainage area is 5 acres or 
less based on the peak runoff from 
the 10-year storm.  A channel lining 
is required if the average velocity is 
greater than 2 ft/sec.  Channel side 
slopes are 2:1 or flatter.  The berm 
must have side slopes of 2:1 or flatter 
with a minimum top width of 2 ft. 
and a designed freeboard of at least 4 
inches. 

Construction De-
watering 

Removal of standing 
stormwater or 
groundwater from 
excavated pits. 

Used to drain 
excavated pits and 
trenches or low spots 
of standing water. 

Used in pits, trenches 
or other open 
excavations where 
ground water may 
accumulate and a 
pump is able to 
remove standing 
water and discharge it 
appropriately. 

Sediment laden or 
contaminated water 
must be discharged in 
an area suitable to 
handle the particles 
carried with the water.  
Direct pumping to 
lakes and streams is 
prohibited. 

The following de-watering measures 
are recommended: 
• Pump directly to existing 

sediment control structures. 
• Pump or conveying water to 

infiltration trenches 
• Pump water to a buffer zone 

through a designed outlet 
structure. 

 
 
 
 
 
  



 

 
 

BMP Guidelines 
 
Permanent Flow Control and Conveyance Measures  

BMP Definition Purpose Where Applicable Planning  Design Criteria 
Subsurface Drains A perforated pipe or 

conduit placed 
beneath the surface of 
the ground at a 
designated depth and 
grade. 

Used to drain 
saturated soils by 
lowering the water 
table. 

Used in areas free 
from tree roots where 
the soil layer depth is 
deep enough to allow 
proper installation. 

Not recommended in 
areas where the drain 
will pass under heavy 
vehicle crossings. 

Should be designed for required 
capacity.  The minimum diameter 
should be 6 inches. The line should be 
graded to achieve at least a velocity of 
2.4 ft/sec to prevent silting. 

Level Spreader Structure that 
converts sediment-
free channel flow into 
sheet flow and 
uniformly releases it  
over a stabilized area. 

Provides stable outlets 
for diversion 
channels, basins, 
dikes and other 
structures. 

Used where sediment 
free storm runoff can 
be released as sheet 
flow over a stable 
area. 

Install in areas where 
the level lip can be 
constructed without 
using fill material.  
The discharge area 
should have a 
maximum 10% slope 
and be well-vegetated 
and stable for design 
flow conditions.  
There should be no 
traffic across a level 
spreader. 

Capacity determined by peak flow from 
the 10-year storm.  The maximum 
desirable flow into the spreader should 
not exceed 30 cfs.   Spreader length, 
width and depth are designed based on 
flow.  There should be a 20-ft. long 
transition section between the channel 
entrance and the design width of the 
spreader.  The grade of the spreader 
invert and lip must be 0.  

 

  

  



 

BMP SUGGESTED USES 
Erosion Prevention Measures 

 
         
 

BBMMPP  
Design Manual 

Section 
Slope 

Protection 
Waterway 
Protection 

Surface 
Protection 

Enclosed 
Drainage 

Large Flat 
Areas 

Borrow 
Areas 

Adjacent 
Properties 

 
Erosion Prevention Measures 

 
12.5 

  
XX  

 
XX  

  
XX  

  
XX  

  
XX  

  
XX  

  
XX  

 
Surface Roughening 

 
12.5.1 

  
XX  

    
XX  

        

 
Bench Terracing 

 
12.5.2 

  
XX  

    
XX  

        

 
Temporary Seeding 

 
12.5.3 

  
XX  

    
XX  

    
XX  

  
XX  

  
XX  

 
Mulching  

 
12.5.4 

  
XX  

        
XX  

  
XX  

  

 
Erosion Control Blankets and Turf 
Reinforcement Mats 

 
 

12.5.5 

  
  

XX  

  
  

XX  

  
  

XX  

      
  

XX  

  

 
Final Stabilization 

 
12.5.6 

  
XX  

    
XX  

    
XX  

    
XX  

 
Topsoiling 

 
12.5.6.1 

      
XX  

    
XX  

    

 
Permanent Seeding and Planting of 
Grasses 

 
12.5.6.2 

  
XX  

    
XX  

    
XX  

    
XX  

 
Sodding 

 
12.5.6.3 

  
XX  

    
XX  

    
XX  

    
XX  

 
Riprap or Aggregate 

 
12.5.7 

  
XX  

  
XX  

  
XX  

        

 
Outlet Stabilization 

 
12.5.8 

    
XX  

    
XX  

      
XX  

 
Dust Control 

 
12.5.9 

          
XX  

  
XX  

  
XX  

  



 

 
BMP SUGGESTED USES 

Temporary Sediment Control Measures 
 

         
 

BMP 
Design Manual 

Section 
Slope 

Protection 
Waterway 
Protection 

Surface 
Protection 

Enclosed 
Drainage 

Large Flat 
Areas 

Borrow 
Areas 

Adjacent 
Properties 

 
Temporary Sediment Control Measures 

 
12.6 

  
XX  

  
XX  

  
XX  

  
XX  

  
XX  

  
XX  

  
XX  

 
Storage Volumes and Maintenance 
Schedules 

 
12.6.1 

    
XX  

    
XX  

      
XX  

 
Temporary Sediment Basin 

 
12.6.2 

    
X 

  
XX  

  
XX  

      
XX  

 
Multipurpose Basin 

 
12.6.3 

    
XX  

  
XX  

  
..XX  

      
XX  

 
Temporary Sediment Trap 

 
12.6.4 

    
XX  

  
XX  

        
XX  

 
Silt Fence 

 
12.6.5 

  
XX  

  
XX  

          
XX  

 
Rock Ditch Check 

 
12.6.6 

      
XX  

        
XX  

 
Stabilized Construction Entrance 

 
12.6.7 

          
XX  

    
XX  

 
Storm Drain Inlet Protection 

 
12.6.8 

  
  

  
XX  

    
XX  

      
XX  

 
Vegetated Filter Strips 

 
12.6.9 

    
XX  

      
  

  
  

  
XX  

 
 
  

  



 

BMP Suggested Uses 
Runoff Control and Conveyance Measures 

 
 
         
 

BBMMPP  
Design Manual 

Section 
Slope 

Protection 
Waterway 
Protection 

Surface 
Protection 

Enclosed 
Drainage 

Large Flat 
Areas 

Borrow 
Areas 

Adjacent 
Properties 

 
Pipe Slope Drains 

 
12.7.1 

  
XX  

    
XX  

        

 
Temporary Stream Crossing 

 
12.7.2 

  
  

  
XX  

  
XX  

        
XX  

 
Runoff Conveyance Measures 

 
12.7.3 

  
XX  

          
XX  

  
XX  

 
Construction Dewatering 

 
12.7.4 

    
XX  

    
XX  

  
XX  

  
XX  

  

 
Stone Bag Check Dam in Small Ditch 

 
12.7.5 

    
XX  

  
XX  

    
  

    
XX  

  



 

APPENDIX B 
JEFFERSON COUNTY SOILS INFORMATION

2015 Louisville and Jefferson County MSD  61 
   EPSC Ordinance Training  



 

SOILS INFORMATION AND ERODED SIZE DISTRIBUTIONS FOR 

JEFFERSON COUNTY, KENTUCKY. 
 

PERCENT FINER FOR SPECIFIED PARTICLE DIAMETERS 
____________________________________________________________________ 
 
SOIL SERIES -HYDROLOGIC SOIL GROUP 
____________________________________________________________________ 
      Percent Finer Than  
DEPTH   K    D15    1.4   1.0  0.063 0.044 0.038 0.004  0.003 0.001 
(in)         (mm)                         (mm)                    
____________________________________________________________________ASHTON –HSG B 
0-9   0.32  0.0063 100.0  91.9  73.5  56.0  53.1   5.5   3.4   0.0 
9-44        0.0053 100.0  91.9  73.4  64.9  62.9   8.0   5.1   0.0 
44-80    0.0065 100.0  85.2  51.5  42.5  42.5   7.5   4.9   0.0 
BEASLEY –HSG C 
0-7   0.43  0.0048 100.0  87.4  58.6  53.8  52.7  11.7   8.0   0.0 
7-29    0.0043 100.0  85.3  51.6  48.2  47.5  13.9   9.8   0.0 
29-50    0.0046 100.0  80.9  37.3  35.5  35.5  13.7   9.8   0.0 

CAPTINA –HSG C 
0-9   0.43  0.0066 100.0  93.3  78.0  55.6  51.8   4.4   2.7   0.0 
9-25    0.0055 100.0  89.1  64.2  57.0  56.1   8.4   5.4   0.0 
25-39    0.0063 100.0  83.9  47.2  39.7  39.7   8.7   5.8   0.0 
39-58    0.0079 100.0  81.5  39.1  30.3  30.3   8.5   5.8   0.0 
58-80    0.0754 100.0  72.9  11.0   8.0   8.0  12.9   9.8   0.0 
CORYDON –HSG D 
0-9   0.43  0.0052 100.0  87.3  58.4  53.2  52.6   9.9   6.5   0.0 
9-15    0.0048 100.0  84.9  50.5  47.6  47.4  12.1   8.3   0.0 

CRIDER –HSG B 
0-12  0.32  0.0054 100.0  93.1  77.4  67.1  64.4   7.3   4.6   0.0 
12-38    0.0052 100.0  91.5  72.0  64.2  62.1   9.0   5.8   0.0 
38-50    0.0239 100.0  75.1  18.1  15.5  15.5  13.1   9.8   0.0 
50-96    0.0037 100.0  80.7  36.7  35.6  35.6  16.2  11.7   0.0 

DICKSON -HSG C 
0- 7  0.43  0.0058 100.0  92.4  74.9  61.5  58.8   6.4   4.0   0.0 
7-25    0.0054 100.0  92.4  75.1  65.4  63.1   7.5   4.7   0.0 
25-45    0.0054 100.0  91.3  71.4  63.1  61.4   8.0   5.1   0.0 
45-65    0.0052 100.0  82.1  41.3  38.6  38.6  11.8   8.3   0.0 
DUNNING -HSG D 
0-15  0.37  0.0050 100.0  89.3  64.9  58.7  57.1  10.5   7.0   0.0 
15-72    0.0045 100.0  83.7  46.4  44.5  44.5  13.3   9.3   0.0 
ELK -HSG B 
0-9   0.37  0.0053 100.0  88.8  63.3  56.8  55.8   9.1   5.9   0.0 
9-42    0.0054 100.0  91.3  71.4  63.1  61.4   8.0   5.1   0.0 
42-69    0.0061 100.0  85.4  51.9  44.7  44.7   8.2   5.4   0.0 

 
 
 
 

  



 

____________________________________________________________________ 
 
SOIL SERIES -HYDROLOGIC SOIL GROUP 
____________________________________________________________________ 
      Percent Finer Than  
DEPTH   K    D15    1.4   1.0  0.063 0.044 0.038 0.004  0.003 0.001 
(in)         (mm)                         (mm)                    
____________________________________________________________________ 
ENNIS -HSG     B 
0-10  0.24  0.0083 100.0  85.6  52.7  34.7  34.6   5.7   3.6   0.0 
10-60    0.0080 100.0  83.3  45.3  32.6  32.6   7.3   4.9   0.0 
FAIRMOUNT -HSG     D 
0-11  0.24  0.0044 100.0  83.1  44.4  43.0  43.0  13.9   9.8   0.0 
11-17    0.0045 100.0  83.7  46.4  44.5  44.5  13.3   9.3   0.0 

GINAT -HSG D 
0-9   0.43  0.0058 100.0  89.4  65.2  54.8  53.7   7.2   4.5   0.0 
9-23    0.0054 100.0  88.3  61.7  55.4  54.6   9.0   5.8   0.0 
23-48    0.0052 100.0  90.0  67.0  60.0  58.5   9.3   6.0   0.0 
48-74    0.0052 100.0  90.0  67.0  60.0  58.5   9.3   6.0   0.0 
74-80    0.0056 100.0  90.9  70.1  60.1  58.4   7.3   4.6   0.0 

GUTHRIE -HSG D 
0-8   0.43  0.0059 100.0  94.3  81.1  64.8  60.6   5.5   3.4   0.0 
8-32    0.0054 100.0  92.4  75.1  65.4  63.1   7.5   4.7   0.0 
32-53    0.0055 100.0  90.4  68.6  60.2  59.0   7.8   4.9   0.0 
53-68    0.0055 100.0  89.5  65.6  57.9  56.9   8.2   5.2   0.0 

HOLSTON -HSG B 
0-8   0.28  0.0079 100.0  87.1  57.5  37.7  37.3   5.4   3.4   0.0 
8-44    0.0071 100.0  83.7  46.3  35.9  35.9   7.7   5.2   0.0 
44-75    0.0073 100.0  81.2  38.1  31.0  31.0   9.1   6.3   0.0 

HUNTINGTON -HSG B 
0-11  0.32  0.0057 100.0  89.6  65.9  56.6  55.6   7.5   4.7   0.0 
11-64    0.0057 100.0  89.6  65.9  56.6  55.6   7.5   4.7   0.0 
64-74    0.0079 100.0  84.2  48.0  34.0  34.0   6.7   4.4   0.0 
LAKIN -HSG A 
0-11  0.17  0.0379 100.0  94.8  83.0  16.1  15.0   1.2   0.8   0.0 
11-60    0.0441 100.0  92.9  76.6  14.5  14.1   1.7   1.1   0.0 
60-80    0.0449 100.0  97.1  90.5  10.7   9.8   0.6   0.4   0.0 
LAWRENCE -HSG C 
0-10  0.43  0.0057 100.0  93.7  79.2  65.0  61.4   6.1   3.8   0.0 
10-25    0.0053 100.0  91.8  72.9  64.6  62.6   8.2   5.2   0.0 
25-50    0.0053 100.0  91.8  72.9  64.6  62.6   8.2   5.2   0.0 
50-75    0.0049 100.0  87.9  60.3  55.1  53.9  11.2   7.6   0.0 

LINDSIDE -HSG C 
0-8  0.32  0.0052 100.0  90.0  67.0  60.0  58.5   9.3   6.0   0.0 
8-44    0.0054 100.0  90.0  67.1  59.3  58.1   8.2   5.2   0.0 
44-60    0.0065 100.0  84.7  49.7  41.0  41.0   7.9   5.2   0.0 

 
 
 
 
 
 

  



 

________________________________________________________________ 
 
SOIL SERIES -HYDROLOGIC SOIL GROUP 
____________________________________________________________________ 
      Percent Finer Than  
DEPTH   K    D15    1.4   1.0  0.063 0.044 0.038 0.004  0.003 0.001 
(in)         (mm)                         (mm)                    
____________________________________________________________________ 
LITZ -HSG C 
0-12  0.32  0.0093 100.0  84.9  50.5  30.9  30.9   5.6   3.6   0.0 
12-24    0.0461 100.0  79.7  33.1  12.4  12.4   6.0   4.4   0.0 
LORING -HSG C 
0-7   0.49  0.0061 100.0  96.4  88.0  67.8  61.9   4.1   2.5   0.0 
7-28    0.0053 100.0  93.3  78.0  69.0  66.5   7.8   4.9   0.0 
28-50    0.0054 100.0  93.9  80.0  68.8  65.5   7.0   4.4   0.0 
50-65    0.0060 100.0  93.3  78.1  61.2  57.6   5.5   3.4   0.0 
LOWELL -HSG B 
0-11  0.37  0.0050 100.0  90.6  69.1  62.0  60.1   9.9   6.5   0.0 
11-23    0.0044 100.0  87.3  58.2  53.3  52.0  13.3   9.3   0.0 
23-53    0.0043 100.0  85.3  51.6  48.2  47.5  13.9   9.8   0.0 

MARKLAND -HSG C 
0- 7  0.43  0.0051 100.0  89.8  66.6  59.9  58.3  10.0   6.6   0.0 
7-28    0.0044 100.0  87.3  58.2  53.3  52.0  13.3   9.3   0.0 
28-60    0.0048 100.0  86.3  55.1  51.1  50.4  12.1   8.3   0.0 

MCGARY -HSG C 
0-11  0.43  0.0052 100.0  87.9  60.1  54.7  53.8  10.0   6.6   0.0 
11-39    0.0046 100.0  89.2  64.4  58.1  56.4  12.1   8.3   0.0 
39-60    0.0047 100.0  88.5  62.1  56.4  54.9  12.1   8.3   0.0 
MELVIN -HSG D 
0-9   0.43  0.0052 100.0  90.0  67.0  60.0  58.5   9.3   6.0   0.0 
9-30    0.0055 100.0  92.3  74.8  64.7  62.3   7.3   4.6   0.0 
30-62    0.0057 100.0  90.1  67.6  57.7  56.3   7.3   4.6   0.0 
MEMPHIS -HSG B 
0-9   0.49  0.0060 100.0  95.8  86.3  68.0  62.7   4.7   2.9   0.0 
9-23    0.0052 100.0  92.7  76.0  67.5  65.0   8.4   5.4   0.0 
23-77    0.0057 100.0  94.9  83.3  68.3  64.0   5.8   3.6   0.0 

MUSKINGUM -HSG C 
0-5   0.28  0.0072 100.0  88.3  61.6  42.0  41.4   5.5   3.4   0.0 
5-26    0.0074 100.0  84.7  49.8  37.2  37.2   6.8   4.4   0.0 
NEWARK -HSG C 
0-7   0.43  0.0059 100.0  89.6  65.8  54.8  53.6   7.0   4.4   0.0 
7-38    0.0054 100.0  90.0  67.1  59.3  58.1   8.2   5.2   0.0 
38-60    0.0053 100.0  90.5  68.8  61.5  60.8   8.3   5.2   0.0 
OTWAY –HSG D 
0-18  0.43  0.0046 100.0  87.9  60.1  54.9  53.4  12.7   8.8   0.0 
18-36    0.0052 100.0  90.0  67.0  60.7  60.1   9.0   5.7   0.0 

 
 
 
 
 

  



 

____________________________________________________________________ 
 
SOIL SERIES -HYDROLOGIC SOIL GROUP 
____________________________________________________________________ 
      Percent Finer Than  
DEPTH   K    D15    1.4   1.0  0.063 0.044 0.038 0.004  0.003 0.001 
(in)         (mm)                         (mm)                    
____________________________________________________________________ 
PURDY -HSG D 
0-9  0.43  0.0052 100.0  92.9  76.8  68.1  65.6   8.2   5.2   0.0 
9-42    0.0048 100.0  84.9  50.5  47.6  47.4  12.1   8.3   0.0 
42-60    0.0048 100.0  85.6  52.8  49.4  48.9  12.1   8.3   0.0 
ROBERTSVILLE -HSG D 
0-6  0.43  0.0058 100.0  93.2  77.6  63.2  59.9   6.1   3.8   0.0 
6-21    0.0054 100.0  92.2  74.2  65.5  63.5   7.8   4.9   0.0 
21-45    0.0053 100.0  91.8  72.9  64.6  62.6   8.2   5.2   0.0 
45-65    0.0054 100.0  88.3  61.7  55.4  54.6   9.0   5.8   0.0 
ROCKCASTLE -HSG D 
0-6  0.43  0.0044 100.0  83.1  44.4  43.0  43.0  13.9   9.8   0.0 
6-28    0.0045 100.0  83.7  46.4  44.5  44.5  13.3   9.3   0.0 

SCIOTOVILLE -HSG C 
0-13  0.37  0.0059 100.0  91.2  71.0  58.1  56.0   6.6   4.1   0.0 
13-34    0.0055 100.0  89.6  65.7  57.9  56.9   8.0   5.1   0.0 
34-59    0.0053 100.0  90.6  69.2  61.6  60.9   8.2   5.1   0.0 
59-69    0.0071 100.0  84.2  48.2  37.4  37.4   7.4   4.9   0.0 

SEQUATCHIE -HSG B 
0-12  0.24  0.0087 100.0  85.9  53.5  33.5  33.4   5.4   3.4   0.0 
12-46    0.0060 100.0  87.4  58.5  49.5  49.2   7.4   4.7   0.0 
46-72    0.0098 100.0  84.7  49.9  29.4  29.4   5.5   3.6   0.0 
SHELBYVILLE -HSG B 
0-9  0.32  0.0058 100.0  94.5  81.8  66.6  62.5   5.8   3.6   0.0 
9-38    0.0053 100.0  92.3  74.9  66.3  64.1   8.2   5.2   0.0 
38-65    0.0043 100.0  83.8  46.8  44.8  44.5  13.9   9.8   0.0 
TAFT -HSG C 
0-9  0.43  0.0060 100.0  93.3  78.1  61.2  57.6   5.5   3.4   0.0 
9-24    0.0053 100.0  91.8  72.9  64.6  62.6   8.2   5.2   0.0 
24-64    0.0054 100.0  91.6  72.4  63.8  62.0   7.8   4.9   0.0 
64-80    0.0066 100.0  84.4  48.8  39.6  39.6   7.8   5.2   0.0 
TYLER -HSG C 
0-14  0.43  0.0058 100.0  92.5  75.5  61.5  58.6   6.2   3.9   0.0 
14-18    0.0053 100.0  91.8  72.9  64.6  62.6   8.2   5.2   0.0 
18-59    0.0055 100.0  89.7  66.2  58.2  57.2   7.9   5.0   0.0 
59-70    0.0061 100.0  89.6  65.9  52.9  51.5   6.6   4.1   0.0 
WEINBACH -HSG C 
0-15  0.43  0.0059 100.0  89.6  65.8  54.8  53.6   7.0   4.4   0.0 
15-23    0.0055 100.0  89.9  66.7  58.5  57.5   7.8   4.9   0.0 
23-40    0.0055 100.0  89.9  66.7  58.5  57.5   7.8   4.9   0.0 
40-52    0.0053 100.0  90.6  69.2  61.6  60.0   8.7   5.6   0.0 
52-65    0.0071 100.0  84.2  48.2  37.4  37.4   7.4   4.9   0.0 
 
 
 

  



 

_________________________________________________________________ 
 
SOIL SERIES -HYDROLOGIC SOIL GROUP 
____________________________________________________________________ 
      Percent Finer Than  
DEPTH   K    D15    1.4   1.0  0.063 0.044 0.038 0.004  0.003 0.001 
(in)         (mm)                         (mm)                    
____________________________________________________________________ 
WESTMORELAND -HSG ZZ 
0-7   0.99  0.0058 100.0  90.1  67.6  56.5  55.1   7.0   4.4   0.0 
7-36    0.0062 100.0  85.0  50.6  42.9  42.9   8.2   5.4   0.0 
36-49    0.0081 100.0  82.7  43.3  31.2  31.2   7.6   5.2   0.0 
WHEELING -HSG B 
0-14  0.37  0.0069 100.0  90.8  69.7  48.9  46.6   5.0   3.1   0.0 
14-60    0.0067 100.0  85.1  50.9  40.7  40.7   7.2   4.7   0.0 
60-72    0.0255 100.0  87.5  59.1  17.5  17.5   3.4   2.2   0.0 
WOOLPER -HSG C 
0-6   0.37  0.0052 100.0  90.0  67.0  60.0  58.5   9.3   6.0   0.0 
6-15    0.0047 100.0  86.9  57.0  52.6  51.6  12.2   8.4   0.0 
15-65    0.0043 100.0  85.3  51.6  48.2  47.5  13.9   9.8   0.0 

ZANESVILLE -HSG C 
0-7   0.43  0.0052 100.0  90.6  69.1  61.8  60.0   9.3   6.0   0.0 
7-28    0.0053 100.0  91.8  72.9  64.6  62.6   8.2   5.2   0.0 
28-39    0.0055 100.0  89.7  66.2  58.2  57.2   7.9   5.0   0.0 
39-60    0.0079 100.0  81.5  39.1  30.3  30.3   8.5   5.8   0.0 

ZIPP -HSG D 
0-6  0.28  0.0047 100.0  88.5  62.1  56.4  54.9  12.1   8.3   0.0 
6-36    0.0044 100.0  87.3  58.2  53.3  52.0  13.3   9.3   0.0 
36-60    0.0046 100.0  85.7  53.1  49.6  48.9  12.7   8.8   0.0 
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RAINFALL AND USLE DATA
Table 1.  Distribution of Rainfall Erosion Index (EI Curves) for Jefferson County 

Date EI Curve Number 
January 1 0.0 
January 15 1.0 
February 1 3.0 
February 15 6.0 
March 1 9.0 
March 15 12.0 
April 1 16.0 
April 15 21.0 
May 1 26.0 
May 15 31.0 
June 1 37.0 
June 15 43.0 
July 1 50.0 
July 15 57.0 
August 1 64.0 
August 15 71.0 
September 1 77.0 
September 15 81.0 
October 1 85.0 
October 15 88.0 
November 1 91.0 
November 15 93.0 
December 1 95.0 
December 15 97.0 
January 1 100.0 

Minimum Value to be used is 50 
Average Annual R Factor = 175 



 

  

TTaabbllee  22..    RRaaiinnffaallll  DDaattaa  
  

        RReettuurrnn  PPeerriioodd  ((iinn  yyeeaarrss))        

DDuurraattiioonn  11  22  55  1100  2255  5500  110000  
11  hhrr..  11..22  11..55  11..88  22..00  22..44  22..66  22..88  
66  hhrr..  11..99  22..33  22..88  33..22  33..66  44..00  44..55  
1122  hhrr..  22..33  22..77  33..44  33..88  44..44  44..88  55..22  
2244  hhrr..  22..77  33..22  44..00  44..55  55..22  55..77  66..22  

AAllll  vvaalluueess  aarree  iinn  iinncchheess  
  
  
  
  
  
  
  
  

TTaabbllee  33..    UUnniivveerrssaall  SSooiill  LLoossss  EEqquuaattiioonn  CCPP  FFaaccttoorrss  
 

Condition CCPP  FFaaccttoorr  

Bare Soil 1.0 
Compacted Root Raked Soil 1.2 
Compacted Bulldozer Scraped Soil 1.2 
Fresh Unprepared Seedbed 0.64 
Temporary Seeding 0-60 Days 0.40 
Temporary Seeding After 60 Days 0.05 
Permanent Seeding 2-12 Months 0.05 
Brush 0.35 
Erosion Control Blankets 0.01-0.10 

 
 
 
 
 
 
 

  



 

Table 4.  Universal Soil Loss Equation LS Factors 
%        SSllooppee  LLeennggtthh  iinn  FFeeeett            

Slope 20 50 75 100 120 150 200 250 300 350 400 450 500 600 700 800 900 1000 
0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.11 0.114 0.12 0.12 0.13 0.13 0.13 0.137 0.141 0.145 0.148 0.152 

1.0 0.1 0.11 0.12 0.13 0.14 0.14 0.15 0.15 0.17 0.18 0.19 0.20 0.20 0.22 0.23 0.24 0.25 0.25 
2.0 0.12 0.16 0.18 0.20 0.21 0.22 0.24 0.26 0.27 0.29 0.0 0.31 0.32 0.34 0.36 0.37 0.38 0.40 

3.0 0.17 0.23 0.26 0.28 0.30 0.32 0.35 0.37 0.38 0.41 0.43 0.45 0.46 0.49 0.51 0.53 0.55 0.57 
4.0 0.21 0.30 0.35 0.40 0.43 0.47 0.52 0.57 0.62 0.66 0.69 0.73 0.76 0.81 0.87 0.91 0.96 1.00 

5.0 0.23 0.37 0.46 0.53 0.58 0.65 0.75 0.84 0.92 1.00 1.07 1.13 1.19 1.31 1.41 1.51 1.60 1.69 

6.0 0.30 0.47 0.58 0.67 0.73 0.82 0.95 1.06 1.16 1.25 1.34 1.42 1.50 1.64 1.78 1.90 2.01 2.12 
7.0 0.36 0.58 0.71 0.82 0.90 1.01 1.16 1.30 1.42 1.54 1.65 1.75 1.84 2.02 2.18 2.33 2.47 2.60 

8.0 0.44 0.70 0.85 0.99 1.08 1.21 1.40 1.56 1.71 1.85 1.98 2.10 2.21 2.42 2.62 2.80 2.97 3.13 
9.0 0.52 0.82 1.01 1.17 1.28 1.43 1.65 1.85 2.03 2.19 2.34 2.48 2.62 2.87 3.10 3.31 3.52 3.71 

10.0 0.61 0.96 1.18 1.36 1.50 1.67 1.93 2.16 2.37 2.56 2.74 2.90 3.06 3.35 3.62 3.87 4.10 4.33 

11.0 0.70 1.11 1.36 1.58 1.73 1.93 2.23 2.49 2.73 2.95 3.16 3.35 3.53 3.87 4.18 4.46 4.74 4.99 
12.0 0.80 1.27 1.56 1.80 1.97 2.21 2.55 2.65 3.12 3.37 3.60 3.82 4.03 4.42 4.77 5.10 5.41 5.70 

13.0 0.91 1.44 1.76 2.04 2.23 2.50 2.88 3.23 3.53 3.82 4.08 4.33 4.56 5.00 5.40 5.77 6.12 6.46 
14.0 1.02 1.62 1.98 2.29 2.51 2.81 3.24 3.62 3.97 4.29 4.58 4.86 5.13 5.62 6.07 6.49 6.88 7.25 

15.0 1.14 1.81 2.21 2.56 2.80 3.13 3.62 4.04 4.43 4.79 5.12 5.43 5.72 6.27 6.77 7.24 7.68 8.09 
16.0 1.26 2.00 2.45 2.83 3.11 3.47 4.01 4.48 4.91 5.31 5.67 6.02 6.34 6.95 7.51 8.02 8.51 8.97 

17.0 1.40 2.21 2.71 3.13 3.42 3.83 4.42 4.94 5.42 5.85 6.26 6.64 7.00 7.66 8.28 8.85 9.39 9.89 

18.0 1.53 2.42 2.97 3.43 3.76 4.20 4.85 5.43 5.94 6.42 6.86 7.28 7.68 8.41 9.08 9.71 10.3 10.9 
19.0 1.67 2.65 3.24 3.75 4.10 4.59 5.30 5.93 6.49 7.01 7.50 7.95 8.38 9.18 9.92 10.6 11.3 11.9 

20.0 1.82 2.88 3.53 4.07 4.46 4.99 5.76 6.45 7.06 7.63 8.15 8.65 9.12 10.0 10.7 11.5 12.2 12.9 
25.0 2.63 4.16 5.1 5.89 6.45 7.21 8.33 9.31 10.2 11.0 11.8 12.5 13.2 14.4 15.6 16.7 17.7 18.6 

33.3 4.22 6.67 8.17 9.44 10.3 11.6 13.4 14.9 16.4 17.7 18.9 20.0 21.1 23.1 25.0 26.7 28.3 29.9 
40.0 5.65 8.94 8.94 12.7 13.9 15.5 17.9 20 21.9 23.7 25.3 26.8 28.3 31.0 33.5 35.8 38.0 40.0 

50.0 7.97 12.6 12.6 17.8 19.5 21.8 25.2 28.2 30.9 33.3 35.6 37.8 39.9 43.7 47.2 50.4 53.5 56.4 

66.6 11.9 18.9 18.9 26.7 29.2 32.7 37.7 42.2 46.2 49.9 53.3 56.6 59.6 65.3 70.5 75.4 80.0 84.3 
100.0 18.9 29.9 29.9 42.2 46.3 51.7 59.7 66.8 73.2 79.0 84.5 89.6 94.5 103. 112 120 126 134 

  



APPENDIX D 
 MSD APPROVED ECBS AND TRMS

2015 Louisville and Jefferson County MSD  63 
EPSC Ordinance Training  



Erosion Control Blankets 

A list of ECB products for each of the following classes and types is 
given in the MSD Standard Specifications. 

Temporary Erosion Control Blanket (ECB) -Class I & II 

For any ECB that has netting attached, the netting shall be   
photodegradable and/or biodegradable as specified for that Class and 
type of ECB. The weight of the netting shall not exceed 15% of the 
total blanket weight. 

• Class I: Short-term Degradable Products – Defined as products
composed primarily of biologically, photochemically or otherwise
degradable constituents with longevity of approximately 1 year.
Non-organic, photodegradable or biodegradable netting is
allowed.

Urban- Either netted with biodegradable material or non-netted,
used in urban and residential areas where the slopes do not exceed
4H:1V. No minimum shear stress required, but the minimum mat
thickness allowed is 9mm (3/8 inch). The product should be
capable of withstanding moderate foot traffic without tearing or
puncturing. Not to be used in channels.

Type A- Maximum Product Permissible Shear Stress (0 - 1.0
lb/ft2):

A netted product for use on slopes 2.5H:1V and flatter where 
the calculated design shear stress is 1.0 lb/ft2 or less. Not to be 
used in channels. 

Type B- Maximum Product Permissible Shear Stress (1.0 - 2.0 
lb/ft2): 

Double netted, used on slopes 2H:1V or flatter or, in channels 
where the calculated design shear stress is 2.0 lb/ft2 or less. 

• Class II:  Long-term Degradable Products- defined as products
composed primarily of biologically, photochemically or otherwise
degradable constituents with a longevity of up to 5 years.

Type A-Maximum Product Permissible Shear Stress (0 - 1.0
lb/ft2):

For use on slopes 3H:1V or, in channels where the calculated 
design shear stress is 1.0 lb/ft2 or less flatter Jute fabric used 



for erosion mats shall be a woven fabric of a uniform open 
weave of single jute yarn.   

Type B- Maximum Product Permissible Shear Stress (0 - 2.0 
lb/ft2): 

For use on slopes 2H:1V or flatter or, in channels where the 
calculated design shear stress is 2.0 lb/ft2 or less.  Non-
organic, photodegradable or biodegradable netting is allowed. 

Type C- Maximum Product Permissible Shear Stress (0 - 2.0 
lb/ft2): 

For use in environmentally sensitive areas on slopes 2H:1V or 
flatter or, in channels where the calculated design shear stress 
is 2.0 lb/ft2 or less. Only organic fiber woven mats are allowed 
with a maximum opening of 12 mm (1/2 inch). 

Turf Reinforcement Mats 

MSD Class III TRM physical properties are identified in the MSD 
Standard Specifications. 

• Class III:  Non-degradable Products- defined as products
composed of non-degradable constituents with an unlimited
longevity.

Type A- Maximum Product Permissible Shear Stress (0 – 6.0 lb/ft2): 

A TRM mat for use on slopes 2H:1V or flatter or, in channels where 
the calculated design shear stress is 6.0 lb/ft2 or less. 

Type B- Maximum Product Permissible Shear Stress (6.0 - 8.0 lb/ft2): 

A TRM mat for use on slopes 1H:1V or flatter or, in channels where 
the calculated design shear stress is 8.0 lb/ft2 or less. 

Type C- Maximum Product Permissible Shear Stress (8.0 - 10.0 
lb/ft2): 

A TRM mat for use on slopes 1H:1V or steeper or, in channels where 
the calculated design shear stress is 10.0 lb/ft2 or less. 



MSD Approved ECB Products, Class I, Urban 

Products Manufacturer 
Earth-Guard Earth-Guard 
HP90 Bon Terra 
ENC2 Bon Terra 
ENCS2 Bon Terra 
ENS2 Bon Terra 
ECS 1000-01 Erosion Control Systems 
S150BN North American Green 
SC150BN North American Green 

MSD Approved ECB Products, Class I, Type A 

Products Manufacturer 
Curex Excelsior American Excelsior 
Curex Excelsior II American Excelsior 
Curex High Velocity American Excelsior 
QuickGrass American Excelsior 
CS2 Bon Terra 
S1 Bon Terra 
S2 Bon Terra 
ECS High Velocity Excelsior Erosion Control Systems 
ECS High Velocity Straw Erosion Control Systems 
ECS High Standard Straw Erosion Control Systems 
Earth-Lock IB Erosion Control Systems 
C125BN North American Green 
S75 North American Green 
S75BN North American Green 
S150 North American Green 
S150BN North American Green 
SC150 North American Green 
SC150BN North American Green 
Excesior PPS 
XCEL Regular R1 PPS 
XCEL Regular S1 PPS 
EXCEL Super Duty SD3 PPS 
Verdyol High Velocity ERO-MAT Verdyol Alabama, Inc. 
Verdyol High Velocity Excesior Verdyol Alabama, Inc. 
Verdyol Standard ERO-MAT Verdyol Alabama, Inc. 
Verdyol Standard Excelsior Verdyol Alabama, Inc. 



MSD Approved ECB Products, Class I, Type A 

Products Manufacturer 
Curex Excelsior II American Excelsior 
Curex High Velocity American Excelsior 
CS2 Bon Terra 
S2 Bon Terra 
ECS High Velocity Excelsior Erosion Control Systems 
ECS High Velocity Straw Erosion Control Systems 
ECS Earthlock Erosion Control Systems 
Earth-Lock IB Erosion Control Systems 
S150 North American Green 
SC150 North American Green 
XCEL Superior S2 PPS 
EXCEL Super Duty SD3 PPS 
Verdyol High Velocity ERO-MAT Verdyol Alabama, Inc. 
Verdyol High Velocity Excesior Verdyol Alabama, Inc. 

MSD Approved ECB Products, Class I, Type B 

Products Manufacturer 
C2 Bon Terra 
CP2 Bon Terra 
S125 North American Green 
C350 North American Green 

MSD Approved ECB Products, Class II, Type C 

Products Manufacturer 
Dekowee 700 Beton Industries 
Dekowee 900 Beton Industries 
CF7 Bon Terra 
CF9 Bon Terra 
Bio-Mat RoLanka 



MSD Approved TRM Products, Class III, Type A Physical Properties 

ENGLISH VALUES1 
MARV  PROPERTY TEST METHOOD 

 Mechanical  
 Tensile Strength ASTM D50352 145 x 110 lb/ft 
 Tensile Elongation ASTM D50352 50% (max) 
 Tensile Strength @ 10% 
Elongation  ASTM D50352 100 x 70 lb/ft 

 Endurnace  
  UV Resistance @ 1000 hrs ASTM D4355 80% 

 Physical  
 Mass Per Unit Area ASTM D5261 8.0 oz/yd2 
 Thickness3 ASTM D1777 0.35 in 
 Moisture  ASTM D570 0.01% (max) 
 Absorption 

  Ground Cover Light Projection 60% 
 Factor4 Analysis  

Notes: 
1.Values for machine and cross machine directions, respectively, under dry or saturated condition.
Minimum averal roll values are calculated as the typical minus two standard deviations.  Statistically, it
yeilds a 97.7% degree of confidence that any samples taken from quality assurance testing will exceed
the value reported

2. Formerly test method ASTM D1682
3. Modified ASTM D1777 using 6" Pressure Plate 0.2 kPA
4. Ground Cover Factor represents "% shade" from Lumite Light Projection Test

MSD Approved TRM Products, Class III, Type A 

Products Manufacturer 
Pec Mat American Excelsior 
Tensar TB 1000 Tensar Earth Technologies, Inc. 
Mirafi TM-8 Nicolon Mirafi 
P300 North American Green 
Contech C-45 Synthetic Industries 
Landlock TRM 435 Synthetic Industries 
Cenkamat 7010 Akzo Industrial Systems Co. 



 

MSD Approved TRM Products, Class III, Type B Physical Properties  
 

    
ENGLISH VALUES1 

MARV  PROPERTY 
TEST 

METHOOD 
  

   
 

  
 Mechanical  

 
  

 Tensile Strength  ASTM D50352 170 x 130 lb/ft 
 Tensile Elongation ASTM D50352 50% (max) 
 Tensile Strength @ 10% 
Elongation  ASTM D50352 180 x 80 lb/ft 

  
 

  
 Endurnace  

 
  

 UV Resistance @ 1000 hrs ASTM D4355 80% 
  

 
  

 Physical  
 

  
 Mass Per Unit Area  ASTM D5261 10.0 oz/yd2 
 Thickness3 ASTM D1777 0.50 in 
 Moisture  ASTM D570 0.01% (max) 
 Absorption 

 
  

 Ground Cover  Light Projection  74% 
 Factor4 Analysis    
      
Notes:     

1.Values for machine and cross machine directions, respectively, under dry or saturated condition.  
Minimum averal roll values are calculated as the typical minus two standard deviations.  
Statistically, it yeilds a 97.7% degree of confidence that any samples taken from quality assurance 
testing will exceed the value reported.  Typical indicates mean or average of all test data.  

2. Formerly test method ASTM D1682 
3. Modified ASTM D1777 using 6" Pressure Plate 0.2 kPA 
4. Ground Cover Factor represents "% shade" from Lumite Light Projection Test  

 
MSD Approved TRM Products, Class III, Type B 

 
Products  Manufacturer  

Enkamat 7018 Akzo Industrial Systems Co.  
Tensar TM3000 Earth Technologies, Inc. 
Miramat TM8 Nicolon Mirafi  
LANDLOCK TRM 450 Synthetic Industries  

  
 



MSD Approved TRM Products, Class III, Type C Physical Properties 

ENGLISH VALUES1 
MARV  PROPERTY 

TEST 
METHOOD 

 Mechanical  
 Tensile Strength  ASTM D50352 3,100 x 2,000 lb/ft 
 Tensile Elongation ASTM D50352 55% (max) 

 Tensile Strength ASTM D45952 3,200 x 2,200 lb/ft 
 Tensile Elongation ASTM D45952 65% (max) 
 Tensile Strength @ 10% 
Elongation  ASTM D45952 7,500 x 6,750 lb/ft 

 Endurnace  
 UV Resistance @ 1000 hrs ASTM D4355 80% 

 Physical  
 Mass Per Unit Area ASTM D5261 10.0 oz/yd2 
 Thickness3 ASTM D1777 0.50 in 
 Ground Cover  Light Projection 75% 
 Factor4 Analysis  

Notes: 

1.Values for machine and cross machine directions, respectively, under dry or saturated condition.
Minimum averal roll values are calculated as the typical minus two standard deviations.
Statistically, it yeilds a 97.7% degree of confidence that any samples taken from quality assurance
testing will exceed the value reported.  Typical indicates mean or average of all test data.

2. Formerly test method ASTM D1682
3. Modified ASTM D1777 using 6" Pressure Plate 0.2 kPA
4. Ground Cover Factor represents "% shade" from Lumite Light Projection Test

MSD Approved TRM Products, Class III, Type B 

Products Manufacturer 
PYRAMAT Synthetic Industries 
Enka S-55 Akzo Industrial Systems Co. 
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STONE BAG INLET PROTECTION

RESTORATION OF CHANNELS

SEDIMENT FILTERS

SECTION

FILTER FABRIC INLET PROTECTION

 RESTORATION OF CHANNELS WITH UNCONSOLIDATED BEDS OVER ROCK
       RESTORATION OF CHANNELS WITH UNCONSOLIDATED BEDS OVER SOIL

DRAWING TITLE

EC-02-01

EF-03-02
EF-01-02

EC-01-01

NUMBER

EROSION CONTROL

 RESTORATION OF CHANNELS WITH ROCK BEDS EC-03-01

REINFORCED SILT FENCE
SILT FENCE

EF-10-02
EF-09-02

STONE BAG CHECK DAM IN SMALL DITCH EF-12-02

SEDIMENT BASINS ROCK DITCH CHECK EB-03-03

CONSTRUCTION ROAD STABILIZATION                           STABILIZED CONSTRUCTION ENTRANCE
 TEMPORARY LOW WATER CROSSING

ER-01-03
ER-02-03

PUMP-AROUND FLOW DIVERSIONDIVERSIONS ED-01-01

SECTION INDEX
STANDARD DRAWINGS

 SURFACE ROUGHENING METHOD 3 0F 3

 SURFACE ROUGHENING METHOD 1 0F 3
 SURFACE ROUGHENING METHOD 2 0F 3

EC-06-01

EC-04-01
EC-05-02

 SODDING EC-08-01
EC-07-01 ORIENTATION OF NETTING AND MATTING

GRAVEL AND WIRE MESH INLET SEDIMENT FILTER
BLOCK AND GRAVEL DROP INLET PROTECTION

EF-14-01
EF-13-01

EF-05-02STRAIGHT HEADWALL INLET PROTECTION

EF-07-02ELL HEADWALL INLET PROTECTION
WINGED HEADWALL INLET PROTECTION EF-06-02

EFFECTIVE DATE:   JUNE 17, 2013

TEMPORARY DIVERSION CHANNEL ED-02-02













STAIR STEPPING CUT SLOPES



















































SPACING BETWEEN DITCH CHECK CROSS SECTION A-A THRU STONE DITCH CHECK

TYPICAL DITCH CHECK SECTION











ELEVATION

PLAN VIEW















APPENDIX F  
MSD DESIGN MANUAL CHAPTER 4 EXHIBITS

2015 Louisville and Jefferson County MSD  65 
EPSC Ordinance Training  



























PEN SIZE COLOR COLOR 
RANGE 1

COLOR
 RANGE 2

COLOR 
RANGE 3

COLOR 
RANGE 4

0.18mm 1, 9, 250 10-19 90-99 170-179
0.25mm 2, 251 20-29 100-109 180-189
0.30mm 3, 252 30-39 110-119 190-199
0.35mm 4, 253 40-49 120-129 200-209 160-169
0.50mm 5, 254 50-59 130-139 210-219
0.60mm 6, 255 60-69 140-149 220-229
0.70mm 7 70-79 150-159 230-239
0.90mm 8 80-89 240-249

COLOR PLOTS
12-172 40% of black

182 6% of black
192-242 40% of black

188 2% of black
16 30% of black

All pens in the following ranges ending with the number 2 except "2" will plot shaded as follow

STANDARD ASSIGNMENTS

SHADING
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