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PURPOSE

The purpose of this calculation package is to present the final cover soil loss analysis
for the proposed Category I Landfill (Landfill) at the ASARCO El Paso Smelter
Remediation Site, El Paso, Texas. The landfill will comprise Cell 4 at the Site. This
package provides calculations for the annual soil loss from the final cover top deck
surfaces and external side slopes. In addition, estimates of overland flow velocities and
tractive stresses are provided for the purpose of ensuring the calculated velocities and
tractive stresses are below permissible values.

PROJECT BACKGROUND

The Landfill includes a surface water management system which encompasses
approximately 5.7 acres. Final cover placement and closure of the Landfill is expected
to be completed within a few years after the Landfill is constructed. The final cover
system is comprised of a top deck surface and external side slopes designed with
permanent drainage features. The final cover soil/gravel mixture will be placed and
stabilized to mitigate erosion and sediment transport. The top deck of the Landfill will
have a surface slope of approximately 3%. The side slopes will be constructed with a
final grade of 3 horizontal to 1 vertical (3H:1V).
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CALCULATION METHODOLOGY

Revised Universal Soil Loss Equation (RUSLE)

The method to calculate the soil erosion loss over the project area was obtained from
the guidance document Predicting Soil Erosion by Water: A Guide to Conservation
Planning With the Revised Universal Soil Loss Equation (RUSLE) (UDSA, 1996) as
well as previously published information provided by USDA. This document presents
the Revised Universal Soil Loss Equation (RUSLE) and guidance for each of the
equation’s parameters. The RUSLE is described as follows:

A=RxKxLSxCxP

where: A = the computed spatial average annual soil loss (tons/acre/year),
R = the average annual rainfall runoff erosivity factor,
K = the soil erodibility factor,
LS = the topographic factor,
C = the cover management factor, and
P = the erosion control practice factor.

Velocity (V) and Tractive Stress (t) Evaluation

In order to provide the most accurate overland flow velocity and tractive stress
calculations for the final cover system, each subcatchment area, or sub-basin area, was
evaluated based on the final cover grading plan. The final cover grading plan is
provided as Figure 1.

The method to calculate the overland flow velocities for the final cover system was
obtained from the U.S. Department of Agriculture (USDA)’s document Urban
Hydrology for Small Watersheds, Technical Release 55 (TR-55) (USDA, 1986).
Manning’s kinematic solution is used for estimating travel time for sheet flow for flow
distances less than 300 ft (USDA, 1986):

T =[0.007(nL)"*® 1/ [(P2-24)™°s"*]
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where: T, = travel time (hr),
n = Manning’s roughness coefficient,
L = flow length (ft),
P4 = 2-year, 24-hour rainfall (in), and
s = slope of hydraulic grade line (land slope, ft/ft).

The overland flow velocity is estimated based on the sheet flow travel time (USDA,
1986):

V =L/(3600T,)

where: V = average velocity (ft/s),
L = flow length (ft),
T; = travel time (hr), and
3600 = conversion factor from seconds to hours.

The surface conditions most applicable to the final cover condition are smooth surfaces
(concrete, asphalt, gravel, or bare soil). Flow lengths will not exceed the maximum
distance of 300 ft recommended by USDA (1986). Therefore, shallow concentrated
flow is not expected to occur on the final cover surface.

The method to calculate the tractive stress (t), also known as shear stress, for the final
cover system was obtained from the Federal Highway Administration (FHWA)’s
document Design of Roadside Channels with Flexible Linings, Hydraulic Engineering
Circular No. 15 (HEC-15) (FHWA, 2005). The continuity equation is used for
estimating the average depth of sheet flow (FHWA, 2005):

Q=VA

where: Q = peak discharge flow rate (ft'/s)
V = average velocity (ft/s), and
A = area (ft).

By substituting the formula for the area of a rectangle into the above equation:

davg = Q/ (Wavg X V)
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where: day, = average depth of flow (ft), and
Waye = average channel width (ft).

To estimate the maximum permissible tractive stress (t), the final cover system is
treated as a roadside channel with shallow flow (FHWA, 2005):

T4 = ydS,

where: 14= shear stress in channel at maximum depth (Ib/ft%)
y = unit weight of water (Ib/ft’)
d = depth of flow in channel (ft), and
S, = channel bottom slope (ft/ft).

INPUT PARAMETERS

RUSLE Parameters

Rainfall Runoff Erosivity Factor (R)

The rainfall runoff erosivity factor is defined as the average annual rainfall erosion
index specific for the project area. Based on USDA (1996), the value was determined
to be approximately 10 for El Paso, Texas, as shown in Figure 2 at the end of this
document.

Soil Erodibility Factor (K)

The soil erodibility factor is a function of the physical and chemical properties of the
soil and is specific to the source of the cover material. The soil erodibility factor can be
thought of as the ease with which soil is detached by splash during rainfall or by surface
flow. The soils to be used for the cover system of the Category I Landfill are a mixture
of the native soils found at the project site and gravel available at the site or locally. The
soils at the project location were assessed from the El Paso County soil survey (USDA,
1971) as Delnorte-Canutio association, hilly (DCD).

The Soil Data Mart tool provided by the Soil Survey Geographic (SSURGO) Database
(NRCS, 2011) was consulted for El Paso County to determine the corresponding soil
erodibility factors. The value of K for the project location soils was listed as 0.1, where
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the estimate considers the presence of rock fragments (using the Kw erosion factor
provided in Table 1). Since the final cover system is expected to be a soil/gravel
mixture, the provided estimate accounting for rock fragments is applicable to this case.
From Table 1, the value of K was determined to be 0.10.

Topographic Factor (LS)

The slope length factor and slope steepness factor are typically combined into one
topographic factor, LS, to facilitate field application of these equation components.
USDA (1978) presents values of the LS factor for slope lengths in feet up to 1000 feet
and percent slopes up to 50%, as shown in Figure 3. To control storm water runoff from
the surface slopes, permanent storm water drainage features will be installed on the final
cover system. The storm water drainage features will be placed to limit soil erosion.

The average slope length on the final cover system was used to determine the LS factor.
This length provides an estimate of soil loss over the entire final cover system. Based on
Figure 3, the following LS factor applies to the average length along the side slopes of
the final cover system of the landfill:

= Side Slopes — 3:1 (33.3%) slope over a length of 95 feet, LS = 9.0
Cover Management Factor (C)

The cover management factor is a function of the type of land cover, based on three
factors: (1) the vegetative cover in direct contact with the soil surface, (ii) the canopy
cover, and (iii) the effects at and beneath the surface. The final cover is categorized as
Rock Surface Cover with 1/4 to 1 1/2 inch crushed stone, with a C value given in Table
2 (EPA, 2011). The surface of the final cover will be stabilized with a soil and gravel
mixture, serving as erosion control treatment. Given this cover type, the C value used is
0.05. Note that Table 2 indicates the reported C value as “Less than 0.05” and it is
expected that applying a C value as 0.05 will result in a conservative soil loss
calculation.

Erosion Control Practice Factor (P)

The erosion control practice factor considers topographical practices that will reduce
erosion by altering runoff drainage patterns. This factor generally applies to agricultural
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cropping practices and is not anticipated for the Landfill. Therefore, the P factor is
assumed to be equal to one.

Velocity (V) and Tractive Stress (t) Parameters

Velocity

The watercourse slopes for estimating the overland flow velocities are as follows:
=  Top Deck — 3% slope
= Side Slopes —3H:1V or 33.3% slope

Due to the small design slope of the top deck areas of the final cover system, it can be
assumed that the top deck will have considerably lower velocities than the side slopes
and therefore top deck velocities have been omitted from this calculation package.

To estimate travel time (T;), a Manning’s roughness coefficient (n) of 0.011 was
selected for smooth surfaces (concrete, asphalt, grave, or bare soil), as shown in Table 3
(USDA, 1986). Maximum flow lengths (L) were determined for each subcatchment
area of the final cover system and are provided in Table 4. Rainfall depth for the 2-year,
24-hour frequency (Pz.24) is 1.40 inches, as shown in the City of El Paso Drainage
Design Manual (City of El Paso, 2008) for the Westside Region. The slope of the
hydraulic grade line, or land slope (s), for all subcatchment areas of the final cover
system is 33.3%.

To estimate overland flow velocity (V) for each subcatchment area, the maximum flow
lengths (L) and calculated travel times (T;) were used.

Tractive Stress

To estimate the average depth of flow (dayg), the peak discharge flow rate (Q) and width
(Wavg) were determined for each subcatchment area of the final cover system, as shown
in Table 4. The calculated velocities for each subcatchment area were also applied.

To estimate tractive stresses (t) on the final cover system for each subcatchment area, a
unit weight (y) of 62.4 Ib/ft® was assumed for water (FHWA, 2005). The calculated
average depth of flow (daz) was used as the depth of flow in the channel (d) and the
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design slope of the final cover system side slopes (s) was used as the channel bottom
slope (S,).

Because the final cover system side slopes are uniform, the average depth of flow (dayg)
was selected to represent a conservative value in the calculation of the tractive stress, or
shear stress, in the channel at maximum depth (tq).

RESULTS
RUSLE

Applying the RUSLE with the parameters defined above, the computed soil loss in
tons/acre/year is calculated as follows:
A=RxKXLSxCxP
Side Slopes: A =10 % 0.1 x 9.0 x 0.05 x 1 = 0.45 tons/acre/year

As shown above, the annual soil loss (0.45 tons/acre/year) from the final cover on the
external side slopes is less than the 2 to 3 tons/acre/year permissible rate of soil loss
recommended by TCEQ (2007) for the final cover phase.

Velocity (V) and Tractive Stress (t) Evaluation

Design overland flow velocity estimates using calculated travel time along the side
slopes are as follows (specifically for subcatchment area 3F, as shown on Figure 1):

T, =[0.007(nL)"* 1/ [(P2)""s"*]
T,=[0.007(0.011 x 115 £t)** J/ [(1.4 in)*°0.333 ft/ft"*] = 0.011 hr
V =L/(3600T,)
V =115 ft/(3600 x 0.011 hr) =2.88 ft/s

As shown above, the estimated overland flow velocity for subcatchment area 3F is 2.88
ft/sec. This velocity represents the maximum overland flow velocity on the final cover
system. As previously stated, the final cover system is treated as a roadside channel
with shallow flow (FHWA, 2005). The City of El Paso Drainage Design Manual (City
of El Paso, 2008) provides guidance on the maximum permissible velocities for a
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variety of soil linings for roadside drainage channels. The maximum permissible
velocity for graded silt to cobbles is 5.5 ft/sec. The final cover system is expected to be
a mixture of soil available on-site and gravel and/or crushed concrete (as a result of on-
site demolition actives), as discussed in the following section. It should also be noted
that the erosion of channel occurs due to concentrated flows which are assumed more
erosive than the sheet flows which are expected on the final cover system. Therefore,
this final cover system can withstand the expected overland flow velocity according to
the City of El Paso guidance.

Design permissible tractive stress estimates using calculated average depth are as
follows (specifically for subcatchment area 1B, as shown on Figure 1):

davg = Q/(Wayg X V)
davg = 5.72 cfs / (450 ft x 2.02 ft/s) = 0.006 ft
T4 = ydS,
T = 62.4 Ib/ft3 x 0.006 x 0.33 = 0.13 Ib/ft*

As shown above, the estimated permissible tractive stress for subcatchment area 1B is
0.13 Ib/ft”. This tractive stress represents the maximum tractive stress on the final cover
system. The City of El Paso Drainage Design Manual (2008) does not provide
guidance on the maximum permissible tractive stress for roadside drainage channels.
FHWA’s Design of Roadside Channels with Flexible Linings, HEC-15 provides
guidance for typical permissible shear stresses for bare soil and stone linings (FHWA,
2005). The permissible shear stress for bare soil with gravel lining (D75 = 0.6 inches) is
0.24 Ib/ft>, as shown in Table 5. The document Stability Thresholds for Stream
Restoration Materials (Fischenich, 2001) provides guidance for permissible shear and
velocity for select lining materials, as shown in Table 6. The permissible shear stress for
soil with graded silts to cobbles and I-inch gravel is 0.43 Ib/ft* and 0.33 Ib/ft?,
respectively.

To minimize erosion and soil loss, the final cover system will consist of a well graded,
according to the Unified Soil Classification System, mixture of site soils (e.g., silty
sands) and coarser particles that provide a D;s of 0.6 inches, as recommended by
FHWA guidance.
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To enhance the erosion resistance of the final cover, the final cover should be seeded
with a mixture of plant species (e.g., see the grass seed mix specified for the El Paso
District in Item 164 of TxDOT, 2004) and soil amendments as needed to encourage the
growth of vegetation. Vegetation provides natural erosion protection and varied
plantings are more successful than monoculture installations.

The TxDOT seed mixture mentioned above consists of Green Sprangletop,
Buffalograss, Sand Dropseed, and Blue Grama for Permanent Urban sites located in the
El Paso District and with sandy soil. TxDOT (2004) also includes specifications for a
temporary seed mix for before February 1st or after May 15th.

CONCLUSIONS

Based on the calculations presented herein, the following conclusions can be drawn:

e The calculated soil loss from the final cover system on the top deck surface and
external side slopes is less than the permissible soil loss of 2 to 3 tons/acre/year.

e To provide effective erosional stability, the average spacing (horizontal) of the
permanent diversion structures is 95 ft on 3:1 external side slopes.

e For effective erosional stability, the soil stabilization practice should provide a
maximum cover management factor (C) of 0.05. This C value corresponds to rock
surface covers with 1/4 to 1 1/2 inch crushed stone (EPA, 2011).

e The estimated maximum velocity for the external side slopes is 2.88 ft/sec. It is
expected that the soil and gravel mixture will be able to withstand velocities of up
to 5.5 ft/sec without eroding according to City of El Paso guidance.

e The soils to be used for the final cover system are a mixture of the native soils
found at the project site and coarse particles (e.g., gravel, slag, and/or crushed
concrete available at the site or locally).

0 The recommended design consists of a well graded, according to the
Unified Soil Classification System, mixture of site soils and coarse
particles that provide a D75 of 0.6 inches, as recommended by FHWA
guidance.
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e To encourage vegetative growth of the seed mixture, the addition of soil additives
(e.g., 5% compost) to the final cover soil/gravel system is recommended.
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Table 1. Soil Erodibility Factor K for Delnorte-Canutio Soils
(from NRCS, 2011)
Erogion factors Wind Wind
Map symiol Moist Saturated Available Linear Organic roston faeter er-:l:.ndi- ert;[;i-
and =oil name Depth Sand Silt Clay dl.:-u:[c ! hygrag_lift '.r.'ate_r EET.HS" mattsr Koo Kf T bility bility
ensity conductivity capacity ility group i
i Fet Pt Pct giee micro mesec ndin Pt Pct
DCD:
Delnorte 0-5 -— — 5-18 1.40-1.55 14.00-42.00 0.06-D.12 D.0-29 0510 10 3 1 2 0
6-10 - - 5-25 1.45-1.60 42.00-141.00 0.04-0.08 0.0-2.9 0.1-1.0 .10 32
10-30 - - - -— 0.42-4.00 - 0.0-2.9 - - -
30-30 -— — 5-10 1.45-1.60 42.00-141.00 0.01-0.08 D.0-2.9 0.1-1.0 .02 20
Canutio 0-11 - - 8-18 1.40-1.60 14.00-42.00 0.04-0.08 D.0-2.9 0.5-1.0 10 i S & 0
11-45 - - 8-18 1.40-1.60 14.00-42.00 0.04-0.08 0.0-2.9 0.5-1.0 .10 .28

"Erosion factor Kw" indicates the erodibility of the whole soil. The estimates are modified by the presence of rock fragments.
"Erosion factor Kf" indicates the erodibility of the fine-earth fraction, or the material less than 2 millimeters in size.

"Erosion factor T" is an estimate of the maximum average annual rate of soil erosion by wind and/or water that can occur without affecting crop productivity over a sustained period. The rate is in
tons per acre per year.
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Types of Cover Material/

Additional Technology

Cover Condition Reported C-Factor Values Site Slope Description References
Hydromulch/Tackifier Combinations [See Notes 1 and 2]
Mechanically applied fiber From less than 0.1t0 0.4 <5 percent ENCAP 2010; EPA

mulch with tackifier (e.g. Guar
Gum or Latex-based)

From less than 0.1 fo 0.4

510 15 percent

0.1t0 0.6

> 15 percent

Between 0.5 and 2
tons/ac

1979; and North
America Green 2010

Hydromulch with Netting [See Notes 1 and 2]

Mulch hydraulically applied
upon previously installed nelting.

From less than 0.1 to 0.4

<5 percent

From less than 0.1 fo 0.4

510 15 percent

0.1100.6

> 15 percent

Between 0.5 and 2
tfons/ac

ENCAP 2010; EPA
1979; and North
America Green 2010

Rock Surface Covers

1/4to 1 1/2 inch crushed stone

Less than 0.05

<5 percent

Less than 0.05

510 15 percent

( Less than 0.05

> 15 percent |

135 tons/acre or more

Wischmeier and
Smith, 1978

Vegetalive Surface Covers

Mature crop (growth covers 75
to 96%)

Less than 0.05

< 5 percent

Less than 0.05

5to 15 percent

Less than 0.05

> 15 percent

Wischmeier and
Smith, 1978

Thin stalk grass (>60% density)
w/mulch

Less than 0.05

< 5 percent

Less than 0.05

5to 15 percent

Less than 0.05

> 15 percent

Wischmeier and
Smith, 1978

Sod

Less than 0.05

< 5 percent

Less than 0.05

5to 15 percent

Less than 0.05

> 15 percent

Wischmeier and
Smith, 1978
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Table 3. Roughness Coefficients (Manning’s n) for Sheet Flow
(from USDA, 1986)

Surface description nt
[Smcu:-t,h surfaces (concrete, asphalt, ]

aravel, or bare So1l) .o e e 0.011
Fallow (no residue ) i e e 0.05
Cultivated soils:

Residue cover Z2000 i 0.06

Residue cover =200 e 0.17
Girass:

Short 2rass Prairie o s 0.15

Dlense grasses 2 s 0.24

Bermudagrass . .o e e s 0.41
Range (natural ) ... e 0.13
Woods2

Light nnderbrush ... i e 0.40

Denge underbevsh 080

1 The n values are a composite of information compiled by Engman
(1950).

2 Inclndes species such as weeping lovegrass, bluegrass, buffalo
gra==, hlue grama grass, and native grass mitinres

8 When selecting n , consider cover to a height of about 0.1 ft. This
i= the only part of the plant cover that will obstruct sheet flow.
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ASARCO CATEGORY I LANDFILL, CELL 4
FINAL COVER EROSION ANALYSIS
Table 4. Velocity (V) and Stress (t) Calculations for Final Cover System

Notes:

1. Manning's Roughness coefficient (n = 0.011) represents smooth surfaces (including gravel and bare soil) (USDA, 1986).

2. Travel Time (Tt) is calculated using Manning's kinematic solutions for sheet flow (USDA, 1986).

6. The 2-year, 24-hr Design Rainfall Depth, P .24 is taken from the City of El Paso-Engineering Department's Drainage Design Manual (2008) and represents the Westside Region.

T, =0.007(nL) % /(P,5,) %S, %"
3. Flow (Q) is firom Geosyntec's stormwater calculation package and is based on a minimum of 10 minutes (Geosyntec 2011).
4. The average depth of flow (d 4,4) is d 4y = O/(W 4y *V).
5. Stress (vy) isty =2dS,, (FHWA,2005). Shear Stress is also known as Tractive Force.

? =624 Ib/fi’

7. Bold text and highlighted cells represent the maxium calculated values for velocity and stress.
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SUBCATCHMENT | AREA SHEET FLOW TIME [VELOCITY|FLOW (WIDTH| DEPTH| STRESS
Length Slope
DESIGNATION | (acres)| L Surface Manningsn ' | Se Te 2 % Q| Wae | due’ | W’
Description &
(ft) (f/ft)
(Sheet)|  (ft/s) (cf5) (t) (ft) (b/f)
No. Description (min)
1A Side slope 0.20 70 Soil/Gravel 0.011 0.333 0.45 2.61 0.99 85 0.004 0.09
1B Side slope 1.16 20 Soil/Gravel 0.011 0.333 0.16 2.03 5.72 450 0.006 0.13
2A Side slope 0.93 110 Soil/Gravel 0.011 0.333 0.64 2.86 4.59 290 0.006 0.12
2B Side slope 0.23 40 Soil/Gravel 0.011 0.333 0.29 2.33 1.13 160 0.003 0.06
3A Side slope 0.35 30 Soil/Gravel 0.011 0.333 0.23 2.20 1.73 185 0.004 0.09
3B Side slope 0.44 90 Soil/Gravel 0.011 0.333 0.55 2.74 2.17 150 0.005 0.11
3C Side slope 0.65 110 Soil/Gravel 0.011 0.333 0.64 2.86 3.21 275 0.004 0.08
3D Side slope 0.22 50 Soil/Gravel 0.011 0.333 0.34 2.44 1.08 130 0.003 0.07
3E Side slope 0.27 50 Soil/Gravel 0.011 0.333 0.34 2.44 1.33 130 0.004 0.09
3F Side slope 1.27 115 Soil/Gravel 0.011 0.333 0.67 2.88 6.26 380 0.006 0.12
2-year, 24-hr Design Rainfall Depth s Pyag= 1.40 inches
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Table 5. Typical Permissible Shear Stresses for Bare Soil and Stone Linings

(from FHWA, 2005)

Table 2.3. Typical Permissible Shear Stresses for Bare Soil and Stone Linings

Permissible Shear Stress
Lining Category Lining Type N/m? Ib/ft>
Bare Soil' Clayey _sanfds 1.8-45 0.037-0.085
Cohesive (PI = 10) In_c}rganlc silts 1.1-4.0 0.027-0.11
Silty sands 1.1-3.4 0.024-0.072
Clayey sands 45 0.094
Bare Soil' Inorganic silts 4.0 0.083
Cohesive (Pl = 20) Silty sands 3.5 0.072
Inorganic clays 6.6 0.14
Finer than coarse sand 1.0 0.02
. Ds<1.3 mm (0.05in)
Bare Soil Fine gravel 56 0.12
Non-cohesive (Pl < 10) D,-=7.5 mm (0.3 in)
L Gravel 1" 0.24
| Dze=15 mm (0.6 in)
Coarse gravel 19 04
, 3 Dzp =25 mm (1 in)
Gravel Mulch Very coarse gravel 38 08
Dsp = 50 mm (2 in)
. 3 Do =0.15 m (0.5 ft) 113 24
Rock Riprap Dso = 030 m (1.0 ft) 227 48

1Based on Equation 4.6 assuming a soil void ratio of 0.5 (USDA, 1987).
“Based on Equation 4.5 derived from USDA (1987)

*Based on Equation 6.7 with Shield’s parameter equal to 0.047.
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Table 6. Permissible Shear and Velocity for Select Lining Materials
(from Fischenich, 2001)

Tabls 2. Permissible Shear and Valocity for Sslected Lining Matsrials’

Permissible Permiszible Citstioni{s)
Boundary Category Shear Stress Velocity
Solls Fine colloidal sand 0.02-003 1.5 A
Sandy loam (noncolloidal) 0.03 -0.04 1.75 A
Aluvial silt (noncoloidal) 0.045 - 003 2 A
Silty boam (noncolleidal) 0045-005 175-225 A
Firm loam 0075 25 A
Finc gravela 0.075 25 A
SHiff clay 0.26 3-45 AF
Aluvial =il (colloidal) 0.26 375 A
[Giradmd Lomee b ol [ T . WL 5
( Graded sifis to cobbles 0.43 4 A ]
Q&7 [+ F:)
GravelConble 14 0.33 25-5 A ]
Z4n. (LT a—hb A
G4 2.0 475 A
12-in. 4.0 Do—12 A
Viegetation Class A turf 37 6—8 E, N
Class B turf 21 4-7 E, M
Cligss C Ll 1.0 3.9 E, N
Long native grasses 1217 4-6 G, HLN
Short native and bunch grass 0.7 -095 3-4 G, H LN
Reed planings 0.1-0.6 i E, N
Hardwood tree plantings 0.£1-2.5 [iA, E, N
Temperary Degracable RECPs  Jute net D45 1-2.5 E H M
Siraw with net 1.9 —1.E5 -3 E H M
Coconut fiber with net 225 3-4 . M
Fizerglass roving 2.00 25-7 E H M
Nen-Cregradalie RECFPS Lnvegetaked 3.00 a-T E. &, M
Partially establizhed 4050 75-15 E.G M
Fully veqetated 8.00 8- F.L M
Fiorap & —In. dsg 2.5 S —0 H
S—in. dsg 3.8 7T-11 H
12 —in. dg 51 10-13 H
18 — In. O T.6 12— 16 H
24 —in. dg 10.1 14 —18 E
Soil Bioengineering Wattles 0.2-10D 3 C.LJ N
Heed tasone U.B5-1.23 = E
Cair roll 3-5 B E.M N
Vegetated coir mat 4-3 9.5 E.M N
Live brush matress (Inital) 1 4 E,E, I
Live brush matiress {grown) 3.90-8.2 12 B, C.E LM
Brush layering {inrial/grown) 14-—-6.25 12 E.ILM
Liwe tascine 1.25-3.10 B =5 CoE I J
Live willow stakes 2.10-3.10 3-10 E.N,O
Hard Surfecing Gabionz 10 14 — 19 D
Concrete 12.5 =15 H

" Hanges of values generally reflect multiple sources of data or different testing conditions.

A Chang. HH. (1938).

B. Flarineth. (1282)

C. Gersigraser, C. {1888).
O Goff, K. 1288

E. Gray, D.H., and Sotir, R.B. (1285}, J. Schokich, A (1837

F. Julien, P.Y_ {1985),

H. Morman, J. M. (1875)
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G Fouwsen, M L, BM.; and Simons, D.B., (1880).

I Schischt!, H. M. and R. Stern. {1286).

K. Sprague, C.J. (15805)

L. Temple, DAL (1280).

M. TXDOT (1299)

M. Data from Author (2001)
0. USACE (12587
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FIGURES

e Figure 1. Final Cover Grading Plan (Geosyntec, 2011)
e Figure 2. Average Annual Erosivity Factor R (from USDA, 1996)
e Figure 3. Topographic Factor LS (from USDA, 1978)
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Figure 2. Average Annual Rainfall Runoff Erosivity Factor, R
(from USDA, 1996)
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