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December 2003 APPENDIX

E

Site Rating Calculation

E.1 Introduction

The site rating calculation methodology presented in this Appendix is an optional element of the iISWM
Design Manual for Construction; however, some local governments in the North Central Texas may
require its use. The site rating provides numeric criteria for design of erosion and sediment controls for a
construction site. Local governments that use the site rating will typically require a minimum site rating of
0.70, which reflects a realistic, attainable reduction in sediment loss from a construction site of 70% using
BMPs compared to the same site without the use of BMPs.

The user of this manual is advised to check with the jurisdiction where the project is located to determine
local requirements. When required to provide the site rating by the local government, the Construction
SWPPP should be prepared as described in Chapter 3 (with corresponding guidance in Appendix B),
followed by calculation of the site rating.

E.2 Background

The design and implementation of erosion and sediment controls is highly dependent on project site
conditions and construction methods. The amount of potential soil loss from a site is based on the
physical features and location of the site: soil type(s), slope, length of storm water flow across the site, the
rainfall intensity and overall runoff quantity of a particular storm and the groundcover of the site. Of these
factors, construction activity at a site can affect the groundcover, the slope of the site and the length of
storm water flow across the site. The primary methods of soil control consist of minimizing onsite
disturbance of the soil and groundcover and providing structural measures to retain sediment onsite after
erosion occurs.

By far, the most effective method to reduce the sediment lost from a tract of land is to prevent the
occurrence of erosion. While structural barriers, such as those shown in this manual, have a theoretical
70 to 90% effectiveness rating for removal of sediment from runoff, natural groundcover and mulching can
provide up to 98% reduction in erosion and site soil loss. Therefore, the primary goals of the erosion
control plan for a construction site is to protect the soil from erosion and minimize the area of disturbance
through the phasing of construction activities, mulching of disturbed but inactive areas, and providing
tarps, seeding or hydromulching of stockpiles. These techniques are not only the most effective at
reducing soil loss; they are normally the most cost effective due to low initial cost and reduced
maintenance requirements.

Sediment removal controls are the second line of defense, treating sediment-laden storm water prior to it
leaving the site. All construction activities will require areas in which soil is disturbed. Storm water runoff
that crosses areas of exposed soil will require treatment by adequate Best Management Practices in
accordance with the guidelines presented in this manual. BMPs include diversion of storm water around
areas of construction, and filtration and sedimentation (detention) of sediment-laden runoff that crosses
disturbed areas.
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E.3 Methodology

E 3.1 Site Rating Description

The runoff across both disturbed and non-disturbed areas of a drainage basin produces a quantity of
erosion. This quantity is estimated through the use of the Universal Soil Loss Equation as a mass per
time period. Erosion prevention and sediment removal Best Management Practices are used to reduce
the sediment transported offsite to an acceptable level.

The site rating is defined as the theoretical amount of soil that remains uneroded and/or is captured on a
site through the use of erosion prevention and sediment control practices (soil retained) divided by the
theoretical amount of soil that would leave the site if no controls were used (uncontrolled). As discussed
in the Introduction, a minimum site rating of 0.70 is typically used as a guideline for the adequate design of
erosion and sediment control systems.

This site rating is calculated as follows:
SR = ZAretained / ZAuncontroIIed

where:
SR Site Rating

ZAetaines = Soil uneroded and/or retained on site by erosion prevention and sediment control practices
(pounds/year)

ZAuncontolled = Soil loss from site if no controls used (pounds/year)

Note that the site rating methodology calculation assumes that the erosion and sediment control
BMPs are correctly designed in accordance with the criteria in the BMP Fact Sheets to treat the
volume of runoff from the 2-year storm event, which is the regionally defined design storm for
construction site storm water runoff control.

In addition to an acceptable site ratio of 0.70, Table E-1 lists the maximum rates of soil loss from a site
during construction activities. These values are recommended maximums based on site slope and are
subject to change by the local jurisdiction due to potential downstream impacts or historical erosion
problems for the site.

Table E-1 Maximum Soil Loss from Construction Site
Slope Site Sediment Loss
(Tons/Acre/Year)
<1% 75
1-3% 14
3-5% 30
> 5% 40

This criteria is presented for a general guide. Specific criteria can be established by the local jurisdiction
on a citywide or specific site basis.
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E 3.2 Universal Soil Loss Equation

Several elements are involved in evaluating the potential for erosion of a site. Soil type, length of flow
across the ground, slope of ground, rainfall intensity and groundcover play important roles in determining if
a site will produce excessive silt downstream. In order to address the erodibility of a site, the Universal
Soil Loss Equation is used to determine the potential erodibility of the site. The Universal Soil Loss
Equation (USLE) is expressed as:

Z = R*K*LS*C:*P*Sqy
where:
Z = Rate of soil loss (tons per acre per year)
R = Rainfall erosion factor (300 for North Texas)
K = Soil erodibility factor
LS = Length/slope factor
Cs = Cropping/management factor
P = Erosion control practice

Sy = Sediment delivery ratio (assumed to be 1)

To calculate the anticipated yearly soil loss (ZA)

ZA = Z*A

where
ZA = Soil Loss per year (tons per year)
Z = Rate of Soil Loss for a drainage basin
A = Area of drainage basin (Acres)

Some of the factors above (R and K) remain constant throughout the construction of the project. Both the
LS and C; factors are altered during construction through clearing, grading and drainage operations on the
site. The P factor represents the implementation of erosion prevention and sediment trapping BMPs to
reduce the potential for sediment to be transported offsite. A discussion of the factors follows.

Rainfall erosion factor

An average annual rainfall erosion factor, R, varies for different regions throughout the country and during
the year. This value accounts for the volume and intensity of rainfall for a one year time period in a region.
In some regions, most of the annual erosion occurs in a 3 month period. For the North Central Texas
area, a value of 300 is used for R.

Soil erodibility factor

The K factor relates to the potential erodibility of the soil. Table E-2 provides approximate values of K for
various soil types and can be used in calculations if detailed data is not available. It is strongly suggested
that soil erodibility be determined as part of the geotechnical investigation of the site in order to determine
the most effective means to reduce site erosion.
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Table E-2 Soil Erodibility Factors (K)
Soil Type K
Sand 0.03
Fine Sand 0.14
Loamy Sand 0.10
Sandy Loam 0.24
Loam 0.34
Silt Loam 0.42
Silt 0.52
Sandy Clay Loam 0.25
Clay Loam 0.25
Silty Clay Loam 0.32
Sandy Clay 0.13
Silty Clay 0.23
Clay 0.20
based on Environmental Engineering Handbook

Length/slope factor

The length-slope (LS) of the drainage basin may be changed through construction operations. This
reduction in slope or drainage length can significantly reduce the erosion potential of the drainage basin.
The length-slope (LS) factor considers the topographic features of the drainage basin. The LS factor is
defined by the length and slope that a drop of water will travel through the drainage basin from the farthest
reach to the point of analysis. The slope value is the average slope of this path. Table E-3 lists values of
LS for a wide variety of slope and drainage length. LS can also be calculated as follows:

LS = [L/72.6]"[65.41*sin*(S) + 4.56*sin(S) + 0.065]

where:
L = Length of flow path of contributing area, feet
M = 0.6 *[1 - exp(-35.835*s)] where s=slope, feet/feet
S = Average slope of contributing area (degrees)
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Table E-3 Length/Slope Factor (LS)

Length Slope (ft/ft
(ft.) 0.005 0.01] 0.015 0.02 | 0.025 0.03 0.04 0.05 0.06 0.1 0.15 0.2 0.3
10 0.07 0.08 0.09 0.10 0.11 0.12 0.14 0.17 0.20 0.37 0.67 1.06 2.06
20 0.08 0.09 0.11 0.12 0.14 0.16 0.20 0.24 0.29 0.55 1.01 1.60 3.13
30 0.08 0.10 0.12 0.14 0.16 0.18 0.23 0.29 0.36 0.70 1.29 2.05 3.99
40 0.08 0.11 0.13 0.15 0.18 0.21 0.27 0.34 0.42 0.82 1.53 243 4.74
50 0.09 0.11 0.13 0.16 0.19 0.22 0.30 0.38 0.47 0.94 1.75 278 5.42
60 0.09 0.11 0.14 0.17 0.21 0.24 0.32 0.41 0.52 1.04 1.95 3.10 6.04
70 0.09 0.12 0.15 0.18 0.22 0.26 0.35 0.45 0.56 1.14 2.13 3.40 6.63
80 0.09 0.12 0.15 0.19 0.23 0.27 0.37 0.48 0.60 1.23 2.31 3.68 7.18
90 0.09 0.12 0.16 0.19 0.24 0.28 0.39 0.51 0.64 1.32 248 3.95 7.71
100 0.09 0.12 0.16 0.20 0.25 0.30 0.41 0.53 0.68 1.41 264 4.21 8.21
125 0.09 0.13 0.17 0.22 0.27 0.32 0.45 0.60 0.76 1.60 3.02 4.81 9.39
150 0.10 0.13 0.18 0.23 0.28 0.35 0.49 0.66 0.84 1.78 3.36 537 | 1047
175 0.10 0.14 0.18 0.24 0.30 0.37 0.53 0.71 0.91 1.95 3.69 589 | 11.49
200 0.10 0.14 0.19 0.25 0.32 0.39 0.56 0.76 0.98 2.11 3.99 6.38 | 1245
250 0.10 0.15 0.20 0.27 0.34 0.42 0.62 0.85 1.10 2.40 4.56 729 | 1423
300 0.10 0.15 0.21 0.28 0.36 0.46 0.67 0.93 1.22 267 5.09 814 | 1587
350 0.10 0.16 0.22 0.30 0.38 0.49 0.72 1.00 1.32 2.92 558 8.92 | 17.41
400 0.11 0.16 0.23 0.31 0.40 0.51 0.77 1.07 1.42 3.16 6.04 967 | 18.86
450 0.11 0.16 0.23 0.32 0.42 0.54 0.81 1.13 1,51 3.38 6.48 | 10.37 | 2025
500 0.11 0.17 0.24 0.33 0.44 0.56 0.85 1.20 1.59 3.59 6.90 | 11.05| 2157
600 0.11 0.17 0.25 0.35 0.47 0.60 0.92 1.31 1.75 4.00 770 | 1233 |  24.06
700 0.11 0.18 0.26 0.37 0.49 0.64 0.99 1.42 1.90 4.37 844 | 1352 | 26.39
800 0.11 0.18 0.27 0.38 0.52 0.67 1.05 1.51 2.04 4.73 914 | 14.65| 2859
900 0.11 0.18 0.28 0.39 0.54 0.70 1.11 1.60 2.18 5.07 981 | 1572 | 30.69
1000 0.12 0.19 0.28 0.41 0.56 0.73 1.17 1.69 230 539 | 10.44 | 1674 | 3269
1500 0.12 0.20 0.32 0.46 0.64 0.86 1.40 2.07 285 682 | 1331 | 21.35| 41.69
2000 0.12 0.21 0.34 0.50 0.71 0.97 1.60 2.39 3.32 807 | 1580 | 2537 | 4955
3000 0.13 0.23 0.37 0.57 0.82 1.13 1.93 2.93 412 | 1022 20.13| 3235| 63.19
4000 0.13 0.24 0.40 0.62 0.91 1.27 2.20 3.38 480 | 12.00| 2390| 3844 7510
5000 0.14 0.25 0.43 0.67 0.99 1.39 243 378 540 | 1377 | 27.31| 4395| 85.86
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Cropping/management factor

The cropping factor (Cs) considers the protection of natural ground cover in preventing erosion of the soil.
This is dependent on the type of vegetation (grass or trees) and the density of the vegetation on the site.
The higher the value for C, the less protection from erosion is available; for example, a bare construction
site with no groundcover has a C value of 1.0 while hay mulch applied at 1 ton per acre produces a C
value of 0.13.

The Cs factor is not intended to account for the reduced erosion provided for by temporary or permanent
vegetation established on areas that have been disturbed. The erosion control factor, P, described below
reflects this erosion protection afforded by use of vegetation in accordance with Fact Sheet E-4.

Table E-4 provides approximate values for Cs for a variety of conditions. The sensitivity of the Cs value
reflects the importance of minimizing the area of disturbance and providing protection to the disturbed soil
before erosion occurs. For existing bare areas or areas stripped of natural vegetation by
construction, a Cs value of 1.0 shall be used.

Table E-4 Cropping Factors
Type and
Height of Canopy
Raised Cover, Ground cover that contacts the surface, %
Vegetative %
Canopy
0 20 40 60 80 95-100
No appreciable 0 0.450 0.200 0.100 0.042 0.013 0.003
canopy / 25 0.360 0.170 0.090 0.038 0.012 0.003
Canopy of tall
weeds or short 50 0.260 0.130 0.070 0.035 0.012 0.003
brush (<1’ tall) 75 0.170 0.100 0.060 0.031 0.011 0.003
Appreciable 25 0.400 0.180 0.090 0.040 0.013 0.003
brush or bushes | 50 0.340 | 0.160 | 0.085 | 0.038 | 0.012 | 0.003
(5’ fall height)
75 0.280 0.140 0.080 0.036 0.012 0.003
Trees w/o 25 0.420 0.190 0.100 0.041 0.013 0.003
appreciable low 50 0.390 0.180 | 0.090 | 0.040 | 0.013 | 0.003
brush (>10’ fall
height) 75 0.360 0.170 0.090 0.039 0.012 0.003
based on Environmental Engineering Handbook

For each drainage basin, this Cs value is weighted based on the percentage of disturbed area in the basin:
Cstotal = [(Csun*Aun) + (Csdis*Adis)] / Atotal

where:

Csiotat = Csfor drainage basin

Can = Csfor undisturbed areas

Auwn = Area of undisturbed areas of drainage basin (acres)
Cssis = Cs for disturbed areas

Agis = Area of disturbed areas of drainage basin (acres)
Awtar = Total Area of drainage basin (acres)
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Erosion control practice factor

The erosion control practice factor, P, accounts for the erosion control and sediment trapping
effectiveness of land treatments such as mulching, erosion control blankets, temporary or permanent
vegetation, sediment basins, filter berms, check dams, and other Best Management Practices.

For the calculation of the uncontrolled soil loss from the site (ZAuncontroiied), @ P value of 1 is used in
the USLE since it is assumed that no BMPs are used.

For the calculation of the soil erosion prevented/sediment retained on the site (ZA ctained), the
Efficiency Rating (F¢) for the various BMPs listed in Chapter 4 is used in place of the erosion
control practice factor. The Efficiency Rating is the compliment of the P value (F. = 1 - P), and is used
instead of P because the desired calculation is the soil retained on the site through the use of the
practices rather than the soil lost from the site.

For multiple structural controls used in series to treat runoff from disturbed areas, the design efficiency can be
calculated as follows':

Fetorau = 1-((1-Fe1)*(1-Fe2))
where:

Fe1 = Removal efficiency of first BMP
Fe2 Removal efficiency of second BMP

Sediment delivery ratio

The sediment delivery ratio, Sy, approximates the amount of sediment discharged from a site based on
the drainage density of the site. The drainage density is defined as the area of drainage divided by the

length of drainage flow. For purposes of the calculations presented in this manual, Sy is assumed to be
1.0, and can therefore be dropped from the calculation.

E 3.3 Site Rating Factor Calculation

After erosion potential is calculated for both uncontrolled and controlled conditions, a site factor is developed. As
shown earlier in this discussion, the site rating is calculated as follows:

SR = ZArstained | ZAuncontrolied

where:
SR = Site Rating
ZA etained = Soil uneroded and/or retained on site by erosion prevention and sediment control practices
(pounds/year)

ZAuncontrolled = Soil loss from site if no controls used (pounds/year)

1Hartigan, P. and K. Wilweding, The Clean Colorado Project and Urban Nonpoint Source
Pollution Control: The LCRA Program, Seminar Publication - Nonpoint Source Watershed
Workshop, Environmental Protection Agency, Sept. 1991, p. 170.
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For the purposes of design for structural sediment control techniques, a minimum design storm of 2-year
intensity and 24-hour duration shall be used. Other design criteria are defined in the BMP fact sheet for
specific erosion controls. The 2-year intensity is the rainfall intensity that has a 50 percent probability of occurring
in any given year. The 24-hour duration establishes the overall volume of rainfall and runoff of the storm with a
peak flow of the referenced intensity. The local jurisdiction can adjust this requirement for particularly sensitive
areas or other areas of concern.

E.4 Summary

The following outlines the primary steps required to calculate the Site Rating.

Develop design storm flows

Determine drainage subbasin

Cs values and drainage patterns (LS) based on conditions for design period
Show drainage divides and calculations on SWPPP

Calculate theoretical soil loss for each subbasin if no controls are used
Use value of 1 for the Erosion Control Practice factor, P, since no controls are used

Calculate theoretical soil uneroded and/or retained for each subbasin by use of BMPs
Use F. from BMP Fact Sheets (or test/manufacturer’s data) in place of P in USLE
Calculate soil retained on site due to use of BMPs

Determine Site rating
Total sediment loss from the site must be reduced by minimum of 70% from uncontrolled
conditions (Site Rating > 0.70).

For sites that include phasing of the construction, repeat the steps for each phase.
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