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JDetermine limitations of project and site

_IConfine construction activities to least critical
areas when possible

JMinimize impetvious areas

JUtilize natural drainage systems
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JDivide the site into drainage areas
JdDetermine limits of cleating and grading

ISelect erosion and sediment control measures



Site planning

Construction site evaluations:
— Construction phases and timing
— Soils on the site
— Changes to slope gradients and lengths

— Cover conditions

It 1s often necessary to divide the site up into
smaller, more uniform pieces






Soil loss prediction

Knowledge of potential erosion problems on a
construction site is a valuable asset for proper
planning and design

— An estimate of soil loss due to erosion can help
plan and design control measures



Soil loss prediction

One of the first models to see widespread
usage was the Universal Soil Loss Equation
(USLE)

— First published 1n 1965

— Data from 10,000 test plots throughout the United

States

The USLE model was moditied in 1975 to
create the Modified Universal Soil LLoss
Equation MUSLE)




Soil loss prediction

One of the most common ways to estimate the
amount of soil loss on a construction site 1s by
using the Revised Universal Soil L.oss Equation

(RUSLE)

— Released 1n 1997
— Uses same factors as USL.E



Soil loss prediction

The RUSLE calculates the rate of erosion per
unit area (A):
A= R)R)LI)(C)(F)

Based on five factors:

— Rainfall energy (R)

— Soil erodibility (K)

— Land slope and length (1L.5)

— Degree of soil cover (C)

— Conservation practices (P)




Soil loss prediction

Rainfall energy factor is based on relationship
between rain energy and erosion yield

Monthly distribution of the Erosivity Index
Annual R values can be (EI) for North Dakota
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North Dakota Isoerodent Map
Annual R Values (EPA 2001)
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Soil loss prediction

The K factor 1s the soil erodibility factor

— Function of susceptibility of the soil to erode and
the rate of runoff

Important characteristics of soil resistance to
erodibility:
— Sotil type (1.e. silt loam)

— Particle size and texture

— Organic content



Soil loss prediction

Sotils high 1n clay typically have lower K values

— Range between 0.05 to 0.15

Coarse textured soils, such as sandy soils,
typically have low K values because ot higher
infiltration rates

Soils with high silt contents are the most
erodible with K values greater than 0.4

High organic matter reduces erodibility
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Soil loss prediction

Another method 1s using the Web Soil Survey
on the USDA Natural Resources Conservation

Services (NRCS) website

— Area of interest
— Soil maps
— % clays, silt, and sand

— K tactor for different depths



28 Web Soil Survey - Home . % L2 Web Soil Survey

= = € [ websoilsurvey.scegov.usda.gov/App/WebSoilSurvey.aspx s =
BIl LayErs (Welgntea AVErage) . - - i .
View Description| | View Rating|
T Factor
Wind Erodibility Group
Wind Erodibility Index
Soil Physical Properties @ @)
Soil Qualities and Features @ @
Water Features @ @
Tables — K Factor, Whole Soil — Summary By Map Unit
Summary by Map Unit — Stark County, North Dakota (NDD89) @
Map unit symbol Map unit name Rating Acres in AOT Percent of AOT
E0415A Belfield-Daglum complex, 0 to 2 percent slopes 37 20:1 0.9% F
E0454B Daglum-Rhoades complex, 0 to 6 percent slopes 37 47.1 2.1%
E0515B Rhoades-Daglum complex, O to & percent slopes 37 27.0 1.2%
EQ6054 Belfield-Grail clay loams, 0 to 2 percent slopes .24 31.8 1.4%
E0617B Belfield-Savage-Daglum complex, 2 to & percent slopes .28 4.0 0.2%
EOQ6514 Regent-Janesburg complex, 0 to 3 percent slopes 32 46.6 2.1%
E0651B Regent-Janesburg complex, 3 to 6 percent slopes 32 121.3 5.4%
EQ651C Regent-Janesburg complex, 6 to 9 percent slopes 32 7.6 0.3%
EQ701F Dogtooth-Janesburg-Cabba complex, 6 to 25 percent slopes 43 29.8 1.3%
EQ727B Barkof-Janesburg complex, 3 to 6 percent slopes .24 31.6 1.4%
EO811A Grail silty clay loam, 0 to 2 percent slopes 32 12.4 0.6%
E08214 Lawther silty clay, 0 to 2 percent slopes .28 6.4 0.3%
E1009B Moreau-Barkof silty clays, 3 to & percent slopes 24 25:% 1.1%
E10254 Regent-Savage silty clay loams, 0 to 3 percent slopes 32 8.2 0.4%
E1333C Vebar-Cohagen fine sandy loams, & to 9 percent slopes A5 27:% 1.2% ik
E1355D Vebar-Flasher-Tally complex, 9 to 15 percent slopes .15 164.6 7.3%
E1423F Flasher-vebar-Parshall complex, 9 to 35 percent slopes .20 7.4 0.3%
E16254 Vebar-Parshall fine sandy loams, 0 to 3 percent slopes .15 9.5 0.4%
E1625B Vebar-Parshall fine sandy loams, 3 to 6 percent slopes A5 492.9 22.0%
E1635C Vebar-Tally fine sandy loams, 6 to 9 percent slopes .15 59.4 2.6%
E1805B Lihen-Parshall complex, 0 to 6 percent slopes a7 21.3 0.9%
E18234 Parshall fine sandy loam, 0 to 2 percent slopes 17 21.7 1.0%
E2107A Arnegard loam, 0 to 2 percent slopes 24 44.0 2.0%
E21204 Farnuf loam, 0 to 2 percent slopes .24 60.5 2.7%
E2120B Farnuf loam, 2 to 6 percent slopes 24 252 1.1%
E2145A Shambo loam, 0 to 2 percent slopes .24 47.9 2.1%
E2439B Sen-Janesburg silt loams, 3 to 6 percent slopes 32 33.9 1.5%
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Soil loss prediction

The erosion of soil from a slope increases with

slope length

Length

— Increase 1n % slope also i
increases erosion
potential

An L.S factor of 1 /o stope

represents a slope ot 9%
and a length of 73 feet




LS factors for construction sites and other highly disturbed soils (little to no cover)
Slope Length (ft)

Slope
(%)
0.2 |0.05] 005 ] 005 ] 005 | 0.05 | 005 0.05 ]| 005 ] 005 ]| 005 ] 006 | 006 [ 0.06 [ 0.06 | 0.06 | 0.06 | 0.06
0.5 |0.07| 0.07 | 007 | 007 | 0.07 [ 0.07 [ 0.08 | 0.08 | 0.09 | 0.09 | 0.10 | 0.10 [ 0.10 [ 0.11 | 0.12 | 0.12 | 0.13
1.0 [0.09 | 0.09 [ 0.09 | 0.09 | 0.09 | 0.10 | 0.13 | 0.14 | 015 [ 0.17 | 0.18 | 0.19 | 0.20 | 0.22 | 0.24 | 0.26 | 0.27
2.0 |013] 013 | 013 [ 013 [ 0.13 | 0.16 | 0.21 | 0.25 | 028 | 0.33 | 0.37 | 0.40 | 043 | 0.48 | 0.56 | 0.63 | 0.69
3.0 |017] 017 | 017 | 0.17 | 0.17 | 0.21 | 0.30 | 0.36 | 041 | 050 [ 0.57 | 0.64 | 0.69 | 0.80 | 0.96 | 1.10 | 1.23
4.0 020|020 ] 020 | 020 | 0.20 [ 0.26 | 0.38 | 0.47 | 055 | 0.68 | 0.79 | 0.89 [ 0.98 | 1.14 | 1.42 | 1.65 | 1.86
50 [023] 023 ] 023] 023 | 023 | 031 [ 046 | 058 | 0.68 | 0.86 | 1.02 | 1.16 | 1.28 [ 1.51 | 1.91 | 225 | 2,55
6.0 |026] 026 | 026 | 0.26 | 0.26 | 0.36 | 0.54 | 0.69 | 0.82 | 1.05 | 1.25 | 143 | 1.60 | 1.90 | 243 | 2.89 | 3.30
80 (032|032 ] 032] 032] 032 | 045 | 0.70 | 091 | 1.10 | 143 | 1.72 | 1.99 | 224 | 270 | 3.52 | 424 | 491
10.0 | 0.35| 0.37 | 0.38 [ 0.39 | 040 | 0.57 | 091 | 1.20 | 146 | 1.92 | 234 | 272 | 3.09 | 3.75 | 495 | 6.03 | 7.02
12.0 1 036 | 041 | 045 | 047 | 049 | 0.71 | 1.15 | 1.54 | 1.88 | 251 | 3.07 | 3.60 | 409 | 501 | 6.67 | 817 | 9.57
14.0 | 038 | 045 | 0.51 [ 0.55 | 0.58 | 0.85 | 1.40 | 1.87 | 2.31 | 3.09 | 3.81 | 448 | 511 | 630 | 845 | 10.40 | 12.23
16.0 | 0.39| 049 | 0.56 | 0.62 | 0.67 | 0.98 | 1.64 | 221 | 273 | 3.68 | 456 | 537 | 6.15 | 7.60 | 10.26 | 12.69 | 14.96
20.0 [ 041 0.56 | 0.67 | 0.76 | 0.84 | 1.24 | 210 | 2.86 | 3.57 | 485 | 6.04 | 7.16 | 823 | 10.24 | 13.94 | 17.35| 20.57
25.0 [ 045 0.64 | 0.80 | 093 | 1.04 | 1.56 | 2.67 | 3.67 | 459 | 6.30 | 7.88 | 9.38 | 10.81 | 13.53 | 18.57 | 23.24 | 27.66
30.0 {048 0.72 | 091 | 1.08 | 1.24 | 1.86 | 3.22 | 444 | 558 | 7.70 | 9.67 | 11.55| 13.35 | 16.77 | 23.14 | 29.07 | 34.71
40.0 [ 053 085 | 1.13 | 1.37 | 1.59 | 241 | 424 | 589 | 744 [ 10.35] 13.07 | 15.67 | 18.17 | 22.95 | 31.89 | 40.29 | 48.29
50.0 [ 058 | 097 [ 1.31 | 1.62 | 1.91 | 291 | 516 | 7.20 | 9.13 [ 12.75[ 16.16 | 19.42 | 22.57 | 28.60 | 39.95 | 50.63 | 60.84

60.0 [0.63 | 1.07 | 147 | 1.84 | 219 | 336 | 597 | 837 | 10.63 | 14.89 | 18.92 | 22.78 | 26.51 | 33.67 | 47.18 | 59.93 | 72.15
Source: Renard, K.G., Foster, G.R., Weesies, G.A., McCool, D.K, and Yoder, D.C. (1997). Predicting soil erosion by water: a guide to conservation
planning with the revised soil loss equation (RUSLE). USDA Ag. Handbook No. 703, 404 pp.
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Soil loss prediction

Cover management factor, C, represents the
protection the soil surface has from raintall

energy and runoff
Values range from 0.0001 to 1.0

— A value of 1.0 1s assigned to active areas of a
construction site with no cover




Soil loss prediction

Supporting practices factor, P, is typically set
to 1.0 for active construction sites



Type of Protection Rate of Application | Land Slope C Factor

Straw/hay (tied down by
anchoring or tacking)

Crushed stone (1/4 to 1-1/2

2.0 tons/acre < 2H:1V 0.06 — 0.20

135 — 240 tons/acre < 2H:1V 0.05 —-0.02

inch)

Wood chips 12 tons/acre < 3H:1V 0.05
Bonded Fiber Matrix (BFM) 3,000 — 4,000 Ibs./acte | < 2H:1V 0.001 —0.10
Flexible Growth Medium (FGM) | 3,000 — 4,500 Ibs./acre | < 1H:1V 0.001 —0.01
Erosion Control Blankets (ECB) N/A < 2H:1V 0.001 —0.20

Source: Wischmeier, W. H. and Smith, D. D. (1978). Predicting rainfall erosion losses — a guide to conservation
planning, USDA Ag. Handbook No. 537, 67 pgs.

Note: The C factor values listed in this table are for illustrative purposes only. Other
factors, such as soil erodibility, slope length, installation methods, etc., will alter these
values. Always thoroughly evaluate the site and type of cover to be used before selecting a
C factor value.



Soil loss prediction

r—

I'he prediction ot soil loss using the RUSL.E
equation should be made at the following
points in the project timeline:

1. Initial clearing and grubbing at the site
2. Rough grading and contouring

5. Final grading and phases of construction



Soil loss prediction

RUSIL.E?2 1s a software program that allows for
more accuracy and greater flexibility

— Topography
— Slope configuration
— Climate data

— Soils



Initial Clearing and Grubbing

R for
Phase Length Calculated
Land Period Soil Slope Cover Calculated Unit Total Area
Site Area (May 1to | Factor, | Factor, | Factor, | Area Soil Loss, A Soil Loss
Area Area Description (acres) June 1) K LS C (tons/acre/period) | (tons/period)
1 Undisturbed area (L=100, S=4%) 3.2 2.84 0.15 0.55 0.01 0.002 0.01
2 Ramp (L=1,000, S=4%) 0.92 2.84 0.32 1.86 0.05 0.08 0.08
Main embankment, active
3 construction (L=300, S=10%) 2.1 2.84 0.28 3.09 1.0 2.46 5.2
4 Side slope (L=50, S=15%) 0.7 2.84 0.21 1.52 0.07 0.06 0.0
Total Tons = 5.29
Rough Grading
R for
Phase Length Calculated
Land Period Soil Slope Cover Calculated Unit Total Area
Site Area (June 1to | Factor, | Factor, | Factor, | AreaSoil Loss, A Soil Loss
Area Area Description (acres) | Sept 30) K LS C (tons/acre/period) | (tons/period)
1 Undisturbed area (L=100, S=4%) 3.2 63.19 0.15 0.55 0.01 0.05 0.17
Ramp, active construction
2A (L=500, S=5%) 0.46 63.19 0.47 1.71 1.0 50.79 23.36
2B Ramp (L=250, S=3%) 0.23 63.19 0.39 0.64 0.2 3.15 0.73
2C Ramp (L=250, S=1%) 0.23 63.19 0.33 0.19 0.2 0.79 0.18
Main embankment, active
3A construction (L=300, S=15%) 1.6 63.19 0.25 5.63 1.0 88.94 142.30
3B | M e OO 0.5 63.19 022 | 459 | 002 1.28 0.64
4 Side slope (L=50, S=15%) 0.7 63.19 0.21 1.52 0.06 1.21 0.85
Total Tons = 168.23




Erosion and Sediment Control

It can’t be found on a chart, it must
be designed.

QUESTIONS?



