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IMPLEMENTATION STATEMENT

The findings and products from this work will have immediate application in the planning
and design of stormwater management for construction (and maintenance) sites. Methods
to develop design aids that directly relate to current approved TxDOT best management
practices ensure the deliverables used in the design process. Problems encountered in the
field were addressed by developing guidance on the process of selecting temporary,
temporary/permanent, and permanent erosion and sediment control measures.

The rescarchers accomplished these objectives by identifying problems in the field,
evaluating current TxDOT design methodology, and reviewing literature and research data
to produce useful design aids. A user-friendly PC-based computer program was developed
for distribution to each district by TxDOT that should accompany this report and the
TxDOT Stormwater Guidelines for Construction Activities. The benefits of the computer
program is the level of quality control achievable in the process of selecting erosion and
sediment control practices appropriate for each district in TxDOT based upon the function
and application area. Information concerning nonstructural (vegetative) controls is specific
for each district and guides the designer to selecting the most appropriate seeding mixtures.
Soil erodibility indexes are available and reporting output for stormwater pollution
prevention plans. Design flexibility is accomplished by the quick generation of information
available to the designer. Together these documents and program will be a beneficial and
cost effective method for simplifying the selection process.






DISCLAIMER

AUTHORS'S DISCLAIMER

The contents of this report reflect the views of the authors who are responsible for the facts and the
accuracy of the data presented herein. The contents do not necessarily reflect the official view or
policies of the Texas Department of Transportation (TxDOT), or the Federal Highway Administra-
tion (FHWA). This report does not constitute a standard, specification, or regulation.

PATENT DISCLAIMER

There was no invention or discovery conceived or first actually reduced to practice in the course of
or under this contract, including any art, method, process, machine, manufacture, design or compo-
sition of matter, or any new useful improvement thereof, or any variety of plant. which is or may be
patentable under the patent laws of the United States of American or any foreign country.
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SUMMARY

Land disturbing activities such as construction and maintenance operations within the
highway rights-of-way are necessary to meet the demands for the traveling public and con-
tinuing movement of goods. Unfortunately, these activities are a major cause of erosion and
resultant receiving waters pollution. If not treated promptly and adequately, erosion-related
impacts can include habitat changes, increased erosion and sediment losses, and increased
pollutant loads

Achieving the maximum environmental benefits of an entire project's lifetime (planning
and design phase, construction, and maintenance) has become an important goal for the Texas
Department of Transportation (TxDOT). With the implementation of the Environmental
Protections Agency's (EPA), National Pollutant Discharge Elimination System (NPDES)
permitting requirements in 1992, an increased awareness and pro-active stormwater manage-
ment program has been developing in TxDOT. The Department has developed guides to
inform practitioners about recommended vegetation establishment and construction of tempo-
rary erosion and sediment control practices within the agency. An advisory team was formed
to provide education and guidance on an "as-needed"” basis. These actions have positively
impacted the Department; however, problems encountered in the field and on the design board
warranted further efforts.

During the past twenty years, there has been a proliferation of erosion and sediment
control products and methods developed by the erosion industry. Industry standards have not
kept up with the rapid changes. Education, testing, and application vary widely from one
region to another. To meet the stringent environmental requirements placed on agencies
today designers need appropriate guidance on planning, designing, and selecting best manage-
ment practices for construction (and maintenance) sites. This research study was initiated to
develop design guidelines that would complement TxDOT's existing efforts and provide
guidance for further erosion and sediment control research.

Researchers evaluated the difficulties experienced during the design and selection process
and provided guidance on several issues. Temporary erosion and sediment control planning is
defined by the development of functional and application areas. A working glossary of terms
has been created for cross-referencing other existing erosion manuals. Researcher developed
strategies for selecting measures by understanding basic erosion principles. Researcher
consolidate erosion predication factors VM (vegetative measures) and K (soil erodibility),
from actual research data generate at the TxDOT/TTI Hydraulics and Erosion Control Labo-
ratory as well as estimated values from existing literature. The most comprehensive tool
developed is a PC-based computer program that helps the designer to select the appropriate
best management practice, as recommended by TxDOT, and has report generation capability
for the stormwater pollution prevention plans (SW3P).
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INTRODUCTION

Erosion is the process by which the land surface is worn away by water, wind, ice, or
other geological occurrences including gravitational creep. Natural erosion has been
happening at a slow pace since the earth was formed and is a great factor in shaping the
environment we know today. Several types of water erosion occur more rapidly such as
accelerated, gully, rill, sheet, and splash erosion and are as follows:

+ Accelerated erosion - Erosion that is more rapid than normal or natural and is
usually a result of man’s activities.

* Gully erosion - A form of water erosion created from a concentration of
runoff that cuts the land into a narrow channel or miniature valley. Gullies
usually begin as small rill formations.

+ Rill erosion - An erosion process where many small shallow channels are
formed. Rills typically occur on recently disturbed and exposed soils.

* Sheet erosion - Sheet erosion occurs from a fairly uniform, thin layer of
surface runoff that detaches and removes soil in a uniform cut.

 Splash erosion - The displacement of small particles of soil caused by
rainfall’s initial impact.

Land disturbing activities such as construction and maintenance operations within the
highway rights-of-way are necessary to meet the demands for the traveling public and
continuing movement of goods. Unfortunately, construction-related activities are a major
cause of water pollution. Accelerated erosion that increases the sediment load in runoff
ultimately affects water quality in receiving waters during the construction process. Routine
maintenance activities can cause rill formations that often turn into gullies. Without proper
erosion and sediment controls, construction and maintenance operations, in the urban and
rural corridor networks, have extensive environmental consequences. Erosion-related impacts
can include habitat changes, increased erosion and sediment losses, and increased pollutant
loads.

Achieving the maximum environmental benefits has become an important goal for
today’s highway engineers besides planning, designing, constructing, and maintaining a safe
and cost-efficient system. The Texas Department of Transportation (TxDOT) has realized the
opportunities for reaching these goals through their commitment to a comprehensive
stormwater management program. In response to the National Environmental Policy Act of
1969 (NEPA) and the Clean Water Act, more attention has been focused on erosion and
sediment control. For construction-related activities, the permitting requirements of the
National Pollutant Discharge Elimination System (NPDES) of 1992 prompted transportation
agencies increased concern for selecting, specifying, constructing, and maintaining erosion and
sediment controls during the construction process.
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Over the last twenty years there has been a rapid proliferation of erosion and sediment
control materials and techniques for temporary, temporary/permanent, and permanent site
controls that include the following products: erosion-control blankets and mats, turf
reinforcement mats, hydraulic mulches, channel lining materials, silt dams and filters, bio-
engineering techniques, and chemical soil stabilizers. Temporary erosion and sediment control
measures are those products or methods used to stabilize soil and control sediment loss for
short durations (< one year). These methods are typically used during highway construction
projects. Temporary/permanent erosion and sediment control measures may be applicable for
temporary or permanent erosion and sediment control depending upon the specific application
and method of application. Permanent erosion and sediment controls, generally implemented
to remain beyond the construction period, are divided into two categories: non-structural
(vegetative) and structural. Non-structural permanent controls are those methods used to
temporarily protect the seed bed until the perennial vegetation becomes established.
Structural controls are constructed during the project when vegetative controls are not
possible or to provide sediment control beyond the construction period.

The economical and environmental impact of erosion and sediment control measures
used during the construction and maintenance activities of the Department is significant. A
research study was begun to meet the designer’s needs in selecting the appropriate erosion
and sediment controls for construction projects that would complement the Department’s
existing efforts. TxDOT’s pro-active efforts include the generation of the construction guide
entitled, 7xDOT Storm Water Management Guidelines for Construction Activities, 1993 and
the development of a Stormwater Advisory Team (SWAT). The strengths of the guide
included the descriptions of various femporary erosion and sediment controls as
recommended by TXDOT. The SWAT team consisted of a group of individuals from different
divisions within the department. They traveled and met with each district to review and
provide help with problems and successes of controlling erosion and sediment on current
construction sites. To fulfill the designer’s needs for erosion and sediment control, two
primary research objectives were developed as follows:

» To develop an erosion control research agenda that reflects the long-range
needs of the TxDOT districts. The research priority agenda would include the
needs for evaluating various erosion control technologies over the next five years.
» To prepare appropriate guidelines for the selection and application of erosion
and sediment control measures.

To meet the research objectives, the research team conducted the following tasks:
reviewed literature and manuals to assess the current available information on a national and
state basis, conducted field interviews with selected districts to understand problems
encountered, and developed design resources that would complement current department
efforts. The purpose of this report is to document the research results and provide guidance
to designers faced with controlling erosion and sediment during the construction process.
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LITERATURE AND MANUAL REVIEW SUMMARY

The research team reviewed literature on erosion control technology that dated from the
1930s Soil Conservation Service work to more recent manuals developed by governmental
entities or agencies such as the Puger Sound Manual by the Department of Ecology for the
State of Washington. Generally, the manuals provided good construction references for
details and descriptions of erosion and sediment controls tailored for a specific region.
Depending upon the focus of the guides (field construction guides or total project guides that
include process guidelines from planning, design, construction, and maintenance), the level of
detail varied. The comprehensive documents included technical information and detailed
descriptions of the following: erosion processes, principles, laws and regulations, policy,
erosion prediction, plan preparation, environmentally sensitive erosion techniques, and
coordination issues.

The most common characteristics of these guides included the following observations:
the selection recommendations seemed to rely upon local materials and their associated
erosion and/or sediment control properties, the use of “regional” terminology, generous VM
(vegetative and/or mechanical measure) factors for erosion estimation, and minimal
maintenance information. When the selection process was weighted on the material’s
inherent erosion and sediment control traits, it was easy to overlook the basic issue of what is
the function being performed and 2ow does the designer select the appropriate measure. This
information was not clear for the researchers.

From the research team’s experience, the lack of a standard nomenclature could become
a major disadvantage for a designer. Designers faced with the selection and plan preparation
process for erosion and sediment control need a method for selecting the best management
practice regardless if it is for temporary or permanent controls. Since designers often rely
upon their own experiences and “library” of erosion-related books, articles, and product
information, the variation in terminology and use of materials is confusing. For example,
when the selection process is oriented to the material rather than its function, recommended
measures (and materials) used in southwest Texas would not necessarily be the most
economical materials for northeast Texas. To reduce water velocity in open channels, the
current TXDOT guide recommends rock filter dams. Availability of rock in west Texas is not
a problem, but for portions of east Texas it is a costly choice.

Using this example, rock filter dams, constructed of rock, stone, brush, hay, sand bags,
and straw bales are referenced in other guides for use as a flow reducer and filtering measure
(for sediment-laden flows). (The designer should select the appropriate material once the
drainage area is figured and longevity of service is estimated.) Often it is not obvious to the
TxDOT designer, that the function of a rock filter dam is twofold and may be accomplished
with several different materials. Barriers and check dams made of locally available materials

Temporary Erosion Control Final Report : 3



should be selected so that the method meets the function required and is the most economical
material to use.

Standard nomenclature has not been established by the erosion control industry but it is
working to do so. The International Erosion Control Association (IECA) has a committee
focused on the development of a standard nomenclature. Progress has been slow over the last
two years and a completion date has not been set. The proliferation of erosion and sediment
control products in recent years and published stormwater manuals directed toward meeting
the NPDES requirements have not aided the committee’s cause. Regional differences and industry
marketing strategists do not seem to easily adopt current standardization efforts. Inresponse to
TxDOT’s immediate needs, the research team developed a “working” glossary of definitions that
includes terminology from the literature review (Appendix A). This glossary is a working document
that will evolve as the industry becomes standardized. Other additions to be included will be from
information exchanged on a national basis and new product research results.

The researchers felt that it was best to use the TxDOT terms as a basis for the glossary
because of the existing work completed by the Environmental Affairs Division, Stormwater
Advisory Task Force, and Northcutt’s, A Practical Guide to the Establishment of Vegetative
Cover. The TxDOT terms are listed along with synonymous terms, a brief description of the
word, and a listing of common materials used to construct the measure. This approach
attempts to accomplish the following: be a quick design reference that may be used with any
existing stormwater manual, broaden the material selection from the TxDOT manual, and
stress the functional aspect of the measure rather than its construction or material type.

TxDOT has given designers a goal of reducing sediment from disturbed areas by 70-80%
(Godfrey, et al, 1993) through the use of erosion and sediment controls. This goal is an attainable
one provided that the designer can predict and prevent erosion and sediment with effective controls.
Specific erosion and sediment control objectives established by TxDOT that should be
accomplished during the construction process include: preventing degradation of receiving waters,
facilitating project construction and minimizing costs, and complying with Federal, State, and local
regulations.

Planning and design decisions directly affect the success of preventing stormwater
pollution, minimizing costs, and complying with applicable laws and regulations.
Construction (and some maintenance) activities are land disturbing activities that counteract
the stability of existing vegetated land. Minimal land disturbance is the key to “temporary”
erosion control and is difficult to accomplish when constructing and maintaining large scale
projects. Planning becomes a series of conflicting activities for the designer to juggle. Trying
to balance and sequence activities to reduce disturbance is difficult to visualize and often
cannot be developed into an absolute plan. A stormwater management plan should be
interpreted as a working document used in the field as a conceptual guide.
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When preparing Storm Water Pollution Prevention Plans (SW3P), the goals of the designer
should be to minimize disturbance or limit it to a controllable level, buffer zones of activity from non-
activity, and prevent erosion from occurring by non-structural or vegetative practices. The type of
practice depends upon the duration of exposure. When it is not possible to prevent erosion,
sediment controls will be necessary. From these goals, the researchers classified five functional
areas of stormwater management that should be delineated on an SW3P for each significant
construction phase. The five functional areas include the following:

» Stabilization - those measures placed to resist forces tending to cause
erosion. :

» Diversion - those measures placed to divert or intercept runoff and direct in a
different course. ;

» Detention/Sedimentation - those measures placed to detain
sediment-laden water or cause sediment to deposit from stormwater runoff.

 Detention/Filtration - those measures placed to intercept and reduce
sediment-laden stormwater runoff, retain the sediment and release the water in
sheet flow.

+ Flow Spreading/Energy Dissipation - those measures placed to protect
the (earth) surface from concentrated flows by reducing velocity and diffusing
the flow into a sheet flow.

From these five functions that are achieved by erosion and sediment controls, the
researchers defined application areas or control points that are common to construction
project sites. The six primary application areas include the following:

» Slopes (flat, moderate, and steep),
* Channels,

+ Site perimeter,

+ Stream crossings,

« Construction roads, and

* Inlets.

The following tables show the erosion or sediment control functions and associated
application areas. The erosion and sediment controls listed are referenced to the terminology
used in the TxDOT Stormwater Management Guidelines. Specific information concerning the
recommended design guidelines and details are shown in the existing TxDOT publication.

The research team did not include other controls in these tables. As more practices, products,
and methods are approved as best management practices by TxDOT, these recommendations
may be added. The purpose of these tables is to coordinate the design process with the
construction process that exists within the TxDOT structure.
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Table A. Erosion and Sediment Control Functions and Application Areas

' »Application Area
Function -
Slope Channel {Perimeter| Stream Road Inlets
Control | Crossing
Stabilization
Temporary Seeding X X
Mulching X
Soil Retention Blankets X
Preservation of Natural Vegetation X X
Buffer Zones (Vegetation) X X
Transplanting Natural Vegetation X
ile;?t?zznt Seeding/Sodding & X ¢ ¢
Surface Roughening X
Stabilized Construction Exit X X
Diversion
Diversion Dike X X
Interceptor Dike X X
Perimeter Dike X X
Interceptor Swale X
Perimeter Swale X
Pipe Slope Drain X
Hay Bale Dikes X
Sediment Control Fence (Silt Fence) X X X X
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Table A - continued.

Application Area
Function Slope Channel [Perimeter| Stream Road Inlets
Control | Crossing
Flow Spreading/Energy Dissipating
Sediment Control Fence (Silt Fence) X X X X
Brush Berm X X X
Rock Filter Dam X X X X
Sand Bag Berm X o X
Stone Outlet Structure -X ' X
Function
Detention/Sedimentation
Hay Bale Dike X
Sand Bag Berm X X
Sediment Trap X X X
Sediment Basin X X
Sediment Control Fence (Silt Fence) X X X X
Rock Filter Dam X X X X
Brush Berm X X X
Detention/Filtration o
Triangular Filter Dike X n 7 ) X
Brush Berm X X | X X
Sediment Control Fence (Silt Fence) X X X X
Stone Outlet Structure X X
Rock Filter Dams X X X X
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An effective and cost-efficient erosion and sediment control plan includes taking advantage of
the basic principles that apply for most large scale projects. The research team interpreted the basic
principles to generally include the following:

1. Plan the highway project to minimize topography and drainage pattern changes,
keep existing vegetation and avoid highly erodible soils, as practical. Prevention of
erosion is much more cost effective than sediment capture later.

2. Conduct a site drainage analysis to study where stormwater runoff will enter, cross,
and exit the site. Plan for isolating disturbed areas within the construction site from
surrounding properties by placing perimeter controls, when possible, that will prevent
excessive sediment damage. Measures that will retain sediment within the
construction site include controls that perform either detention/sedimentation or
detention/filtration functions.

3. Provide guidelines that would limit and phase clearing or establish minimum areas
of disturbed surface area to be included in the contract documents. Restrict
construction traffic to those locations and place controls that will reduce the tracking
of sediment off-site to provide additional benefits.

4. Plan to revegetate disturbed (graded) areas as they are completed with the
appropriate vegetative practices. A vegetative cover is the most effective
erosion control. As a minimum, the areas should receive a mulch application to
provide the optimum growing conditions attainable for a construction site.
Depending upon the steepness of slope and soil type, additional requirements
for successful revegetation include erosion-control blankets (soil retention
blankets).

5. Keep stormwater runoff velocities low. The result of removing existing surface
cover and increasing impermeable surface area during construction increases

both the volume and velocity of runoff. The designer must include these consider-
ations when selecting the appropriate erosion or sediment control measures. Minimize
slope length and steepness. Convey construction site runoff in stabilized outlets
designed for peak discharge velocities.

6. Plan for maintenance and routine follow-up to check effectiveness. Select
measures that meet the maintenance levels achievable and desirable for the duration of
the project. Regular maintenance checks are essential to ensure that the controls are
working properly. The designers should receive feedback from the construction
project engineer to evaluate and observe the most efficient and maintenance-free
controls for future projects.

A stormwater pollution prevention plan developed with these principles should result in
fewer problems with soil erosion, uncontrolled runoff, and excessive sedimentation during the
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construction process. The designer should understand the functions, application areas, and basic
erosion control principles involved to successfully develop a stormwater pollution prevention plan.
Besides these concepts, predicting soil erosion loss on construction sites is a critical factor in
selecting the best management practice.

During the construction process, the site will be subjected to natural forces of erosion
from rainfall, stormwater runoff, and wind. There are also many man-made causes of erosion
such as clearing, grubbing, and grading activities. These losses are not always apparent to the
construction supervisors since shallow sheet flow from runoff can potentially cause more
sediment loss than concentrated flows during an intense storm. Construction sites are
vulnerable to repeated losses during their exposure to the natural elements if not properly
protected. Selecting and constructing the most appropriate measures depend, in part, on the
designer’s selection of erosion and sediment control measures that are capable of withstanding
the magnitude of erosive forces. |

As recommended by the Texas Department of Transportation, the Modified Universal
Soil Loss Equation (MUSLE) (Israclson, 1980) can be used as a tool to estimate erosion from
construction sites. The MUSLE equation is as follows:

A=RxKxLSxVM

where:
A = rate of soil loss in tons per acre per year
R = rainfall erosion factor
K = soil erodibility factor
LS = length/slope factor
VM = erosion control factor (non-structural and structural measures)

The researchers evaluated each factor involved for using the MUSLE to search for variation
that would cause the designers problems in predicting erosion. Two factors, “R” and “LS,” are
straightforward as provided by the existing 7xDOT Guide. Appendix B shows the reproduction of
these factors, for reference only. The researchers did feel that the “K” factor and the “VM” factor
were two elements that should be addressed in further detail.

It is recognized that the MUSLE is an adequate prediction tool with limitations. The accuracy
of predicting soil losses depends upon effectiveness factors for non-structural (vegetative) and
structural measures that are not always proven or known values. Limited data exist for the
effectiveness of available erosion and sediment controls under various conditions and combinations
of soil, slope steepness and length, and rainfall and runoff severity. Usually, these values have been
generalized down to one number that is supposed to meet all of the conditions. This is an unlikely
probability.

Rather than assume that the VM factor is a constant, as described by Clyde et al. (1976), the
research team developed VM value tables that reflect the variability of each measure depending
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upon the soil and expected service life. These values are derived from the current level of
knowledge on various measures. In other words, they are not all proven values. For non-structural
practices, investigative work accomplished by Armstrong and Wall (1991) demonstrated the
differences in performance for erosion-control blankets and mulches when subjected to an erosive
force (simulated rainfall). Their field trials demonstrated that erosion-control blanket and mulch
effectiveness decreases when subjected to erosive forces. They also showed that amulch’s
effectiveness decreased at a faster rate than an erosion-control blanket when each was subjected to
asimulated rainfall. Therefore, the VM factor for each of these measures was a variable value and
not a constant one.

Table B. Erosion Control Blanket Effectiveness on Sandy Loam Soil

Erosion-Control Blanket Effectiveness (VM)
Factor
%
Generic Classification VM Factor 90+ Effectiveness
days Average vs. Control*
Excelsior Blankets 0.06 4
Straw/Coconut Blankets 0.09 91
Straw Blankets 0.09 91
Polypropylene/Cotton
Blanket 0.13 87
PVC 0.15 85
Gypsum & Mulch "Blanket" 041 59

*Control: Sandy Loam Soil (K=0.38), all treatments were
seeded with permanent seed mixture.
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Table C. Erosion Control Blanket Effectiveness on Clay Soil

Erosion-Control Blanket Effectiveness (VM)

Factor
VM Factor %
Generic Classification 90+ days Effectiveness
Average vs. Control*
Coir Fabric 0.05 95
Straw/Coconut Blankets 007 93
Jute Netting 0.08 2
Polypropylene/Cotton
Blanket 0.08 %2
Excelsior Blankets 0.09 91
Straw Blankets 0.09 91
PVC 0.10 90
Gypsum & Mulch "Blanket" 035 65

*Control used was Clay Soil (K=0.20), all treatments were
seeded with permanent seed mixture.

Establishing a range of values for non-structural practices such as hydromulches was difficult to
accomplish. Several references have noted hydraulic mulches to have an effectiveness index or VM
factor between (0.10 and 0.01) which is a 90-99% effectiveness rating. However from field trial
observations at the TxDOT/TTI Hydraulics and Erosion Control (HEC) Laboratory, mulches have
shown significantly lower effectiveness values. When hydraulic mulches are placed on a steep
gradient and subjected to normal rainfall distribution throughout the growing season, they have
averaged 55% vegetative coverage in one growing season. Erosion-control blankets (soil retention
blankets) placed under the same conditions have yielded an average of 87% vegetative coverage

(Godfrey, et. al, 1993).
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Investigative erosion control trials conducted at the HEC laboratory during 1993 showed the
VM factor ranged between 0.05 - 0.33 for mulches. Each treatment plot was replicated
on an erosive (sandy loam) soil and an erosion resistant (clay) soil and subjected to a series of
1-year design storms during the summer. No vegetationi was seeded. On the erosive (sandy)
soil, the mulches performed better than on the erosion resistant (clay) soil when compared to
the controls. Results of these findings are shown in Tables D and E.  When comparing these
results to the vegetation establishment findings, it appears there must be a logical breakpoint
in the mulches capability to withstand the erosive forces of natural rainfall during the first
growing season. Once this point is surpassed the soil’s susceptibility to erosion is diminished
and the resultant vegetation density measurements achieved are lower.

Table D. Hydraulic Mulches Effectiveness on Sandy Loam Soil

Hydraulic Mulches Effectiveness (VM)
Factor

VM Factor %

Generic Classification 1-yr design Effectiveness

storm Average vs. Control*
Recycled Natural

Fibers/Paper 003 &
Wood fiber 005 - 95
Straw with tackifier 0.06 !
Tackifier only 0.08 92
Hay with tackifier 0.09 91

*Control used was Sandy loam Soil (K=0.38), no seeding
was applied.
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Table E. Hydraulic Mulches Effectiveness on Clay Soil

Hydraulic Mulches Effectiveness (VM)
Factor .
VM Factor %
Generic Classification 1-yr design Effectiveness
storm Average vs. Control*
Recycled Natural :
Fibers/Paper 0.13 87
Wood fiber 022 78
Straw with tackifier - 023 71
Hay with tackifier 0.33 67
Tackifier only 0.39 61

*Control used was Clay Soil (K=0.20), no seeding was
applied. -

The data generated by all of this research suggest that there are differences in performance of
non-structural practices. Collecting data on the breakdown points in recommended measures for
various application areas is necessary for further interpretation or estimation of VM factors. A
better understanding of the relationship between the environmental factors influences on material
performance is critical to accurately predict temporary erosion control measures effectiveness.

The following tables are provided to aid the designer in selecting the most appropriate
VM factor based upon the function and application area, soil type (cohesive or non-cohesive),
and expected service life rating. These tables should be updated as more information is made
available.
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Table F. VM Factors for Stabilization Practices

oye . . VM Expected Service Life
Stabilization Practices
Value | 0-30 [30-60[60-90 [90-18 [ 180+

Preservation N/A H|H|H|H/|H
Grading Managment

Surface Roughening 0.9 L - - - -

Freshly disced, after one (1) light rain - 0.89 L - - - -

Bare soil, unprotected, loose as disced by 100 I i i i i

plow o

Compact & smooth

Scraped up and down slope by bulldozer 1.30 L - - - -
Scraped across slope by bulldozer 1.30 L - - - -
Compacted fill, type 1 & 2 slope 0.60 L - - - -
Scraped soil, type 1 & 2 slope 1.30 L - - - -
Scraped soil, type 3 & 4 slope 0.61 L - - - -
Scarified only 76-131| L - - - -
Temporary Seeding
Small grain, type 1 & 2 slope, (90 % cover) 0.05 L L |[L-M| H |HM

Millet grain, type 1 & 2 slope, (90 % cover) 0.05 L L [L-M| H |HM

Field Bromegrass, type 1 & 2 slope, (90 %
cover)

0.03 L L (L-M| H [HM

Temporary Seeding with Mulch (1 ton/acre), then permanent seeding

0-3 months 1.20 L L L - -

3-6 months 0.13 - - - M

6-18 months 0.05 - - - - H
f:‘l::;)anent seeding, type 1&2 slope (90% 0,01 L L L M | M
Sod (laid block solid) 0.01 M | M H H H
E;ilx;la[liz?]w Seeding with Mulch [2.24 kg/ha (1 0.13 L L L M
Mulching :

Hay [3.36 kg/ha (1.5 tons/acre)] 0.25 M M [M-L| - -

Hay [4.49 kg/ha (2.0 tons/acre)] 0.02 H |HM|M-L| - -

Small grain straw [4.49 kg/ha (2 tons/acre)] 0.02 H {HM|[M-L| - -

Table F - continued.
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e . . VM Expected Service Life
Stabilization Practices Value [ 930 Bocoleosoloots iaor
Wood chips [13.45 kg/ha (6 tons/acre)] 0.06 H |HM|M-L| - -
Wood cellulose [6.87 kg/ha (1.75 tons/acre)] 0.10 H M L L -
Recycled paper/natural fibers
Type 3 slope, noncohesive soil 0.03 H |HM|M-L| L -
Type 3 slope, cohesive soil 0.13 M M |M-L| L -
Wood fiber mulch [2.80 kg/ha (1.25 tons/acre)]
Type 3 slope, noncohesive soil 0.06 H |HM|M-L| L -
Type 3 slope, cohesive soil 0.23 M L L L -
Straw with tackifier [6.87 kg/ha (1.75 tons/acre)]
Type 3 slope, noncohesive soil 0.06 H |[HM|(M-L| L -
Type 3 slope, cohesive soil 0.23 M L L L -
Hay with tackifier [6.87 kg/ha (1.75 tons/acre)]
Type 3 slope, noncohesive soil 0.09 H |HHM|M-L| - -
Type 3 slope, cohesive soil 0.33 L L L - -
Tackifier only, type 3 slope 0.66 L - - - -
Asphalt emulsion [812 L/ha (1250 gal/acre)] 0.02 H M L - -
Fiberglass mulch [3.36 kg ha (1.5 tons/acre)] 0.05 H M L - -
Soil Retention Blankets (Erosion-Control Blankets)
Excelsior Blanket
Type 3 slope, noncohesive soil 06-.15 |M-H |M-H [ M-H | M-H | M-H
Type 3 slope, cohesive soil 05-10 | H H H H H
Gypsum & Mulch "Blanket" ,
Type 3 slope, noncohesive soil 0.14 L L L L L
Type 3 slope, cohesive soil 0.35 L L L L
o e 27 S o) Tovas [ [ ot Jwest] |-
Soil Retention Blanket with Temp Seeding NA {M-HIM-H|M-H| M | M-L
Dust Binder
5717 L/ha (605 gal/acre) 1.05 L - - - -
11 243 L/ha (1210 gal/acre) 29-78 | L - - - -
Buffer Zone N/A H H H H H
I'able G. VM Factors for Diversion Practices
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. . . VM Expected Service Life
DlveI'SIOn PraCtlceS Value| 0-30 {30-60 [60-90 |90-18 | 180+

Dike (Diversion, Interceptor, or Perimeter)

Brush 035 L L L - -

Compacted Earth N/A| L L - - -

Gravel/Rock N/A}| L L L L L

Hay/Straw NA| L L - - -

Sand Bags 1030 | L L - - -
Swale (Interceptor or Perimeter) -

With Stabilization Practices "~ 1030 L (L M| M | M

Without Stabilization Practices N/A| L L L - -
Pipe Slope Drain

Type 3 or 4 Slope N/A| L L L L L
Sediment Control Fence (Silt Fence)

Biodegradable with routine Maintenance N/A| L L L L -

Synthetic with routine Maintenance N/A| L L L L L

Without Maintenance N/A| L L L - -

Table H. VM Factors for Detention/Sedimentation Practices
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. . . VM Expected Service Life
Detention/Sedimentation Value| 0-30 [30-60[60-90]90-18] 180+

Hay Bale Dike with maintenance N/A| L L - - -
Hay Bale Dike wihout maintenance N/A| L - - - -
Rock Filter Dam with maintenance N/A| L L L L L
Sed.lment Control Fence (Silt Fence), with NA | L L L L L
maintenance
Berm

Brush with maintenance 035 L L L - -

Sand Bag with maintenance N/A| L L - - -
Sediment Trap with maintenance N/A| L L L L L
Sed'lment Trap with stabilization upstream & NA | L Lolim | M M
maintenance
Sediment Basin with maintenance N/A| L L L L L
Table I. VM Factors for Detention/Filtration Practices

. . . VM Expected Service Life
Detention/Filtration Value| 0-30 [30-60 |60-90 [90-18 | 180+

Triangular Filter Dike with maintenance N/A| L L L - -
Rock Filter Dam with maintenance N/A| L L L L L
Ro?k Filter Dam with stabilization upstream & NA | L L olom | M M
maintenance
Se.dlmelft Control Fence (Silt Fence), synthetic A | L L L L L
with maintenance
Berm

Brush 035 | L L L - -

Brush with stabilization upstream N/A| L L {(L-M| M | M

Sand Bag N/A| L L - - -

Sand Bag with stabilization upstream N/A| L L (LM M | M
Stone Outlet Stucture with maintenance N/A| L L L L L
Stone Outlet Structure with stabilization N/A | L L olom| M M
upstream
Table J. VM Factors for Flow Spreading/Energy Dissipation Practices
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Flow Spreading/Energy VM Expected Service Life
Dissipating Value| 030 [30-60[60-90 [90-18 | 180+

ﬁfﬁﬁ?:r?;nizntrol Fence (Silt Fence) with NA | L L L L L
Berm

Brush 035 | L L L - -

Brush with stabilization upstream N/A| L L |[LM| M | M

Rock with stabilization upstream N/A| L L |[LM{ M | M

Sandbag with stabilization upstream N/A| L L |[LM| M | M

Compacted Earth with stabilization upstream N/A| L L (LMLl M | M
Stone Outlet Structure N/A G+ L L L L L

The soil erodibility factor, K, is a numeric representation of the soil’s ability to resist the
erosive forces of rainfall. A “K” value may be obtained from soil survey information or soil
reports. As with the VM factors, a soil’s erodibility factor may be altered by the disturbance
from many construction activities. Various information exists on the importance or relevance
of the soil erodibility factor in predicting erosion. In the study, Highway Construction Site
Erosion and Pollution Control Manual, 1990 (Horner et. al) the researchers developed a
triangular nomograph for estimating K value. They used the soil texture triangle from the
National Soils Handbook, Figure 603-1, and overlaid the K values. Adjustment tables were
developed for factoring organic matter and rock content. The researchers noted that the
adjustments for rock content were similar to that for organic matter, more rock (defined as the
percent by volume of soil particles greater than 2 mm) in the soil yields less sediment. Figure 1
shows this triangle.
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Figure 1. Nomograph for Estimating "K" Values

Much of Armstrong’s and Wall’s studies have shown the relationship between soil texture
and erodibility, organic matter, and resultant sediment yield. Their studies have shown that K
factors for topsoil and stockpiled topsoil are similar while the K factors for reconsolidated soil
were higher due to yielding significantly greater quantities of sediment. Adjustments by the
designer are necessary to compensate for the differences by raising the K factor up level when
using reconsolidated soils.

The research team compiled this information into a tabular format as a tool for the
designer to use. For the soil planned to be used as a growing medium (temporary or perma-
nent seeding and planting), the K value is shown as a range that depends upon the amount of
organic matter present. Since existing research data did not indicate similar categories for
organic matter quantities, the researchers noted that the greater the amount of organic matter
the less sediment was yielded. Table K shows the Soil Erodibility Guide.
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Table K. Soil Erodibility Guide

Soil Erodibility Guide
Soil Texture K value Range Sediment Yield

Sand 0.02-0.05 - Low
Fine Sand 0.10-0.16 Low
Very Fine Sand 0.28 - 0.42* - Med. - High
Loamy Sand 0.08 - 0.12 Low
Loamy Fine Sand 0.16 - 0.24** Low - Med.
Loamy Very Fine Sand 0.30 - 0.44* Med. - High
Sandy Loam 0.19 - 0.27** Low - Med.
Fine Sandy Loam 0.24-0.35 Medium
Very Fine Sandy Loam 0.33-0.47* Med. - High
Loam 029-038 Medium
Silt Loam 0.33-0.48* Med. - High
Silt 0.42-0.60 - High
Sandy Clay Loam 0.21-027 Medium
Clay Loam 0.21-0.27 Medium
Silty Clay Loam 0.26 -0.37 Medium
Sandy Clay 0.12-0.14 Low
Silty Clay 0.19 - 0.25%* Low - Med.
Clay 0.13 - 0.20** Low - Med.

*>0.38 = High Yield

20

**>(.19 <0.38 = Med. Yield

Temporary Erosion Control Final Report




As it relates to a soil’s “K” factor, several agencies have adopted the terminology sandy
or clay that implies the soil’s capability to resist the erosive forces of rainfall. The research
team has used these terms similarly to coordinate with TxDOT’s standard specifications.
Interchanging these terms may simplify communication between designers, but they are not
truly representative of a soil’s susceptibility to erosi_on. All of the soil types consisting of clay
have a low to medium sediment yield, but there are many soils classified as sandy that have a
low to medium sediment yield as well. Generally, researchers and agencies have used the term
“erosion-resistant” or “clay” soils when referring to these soils. Likewise, most of the soils
with a medium to high sediment yield consist of sands and silts, but there are many clay soils
with a medium sediment yield. Table L shows the soils listed by sediment yield to illustrate
this point.

Table L. Soil Erodibility Yield by Class

Soil Erodibility Yield by Class
Low Yield Medium Yield High Yield
Sand* Very Fine Sand Very Fine Sand
Fine Sand* Loamy Fine Sand Loamy Fine Sand
Loamy Sand* Loamy Very Fine Sand Loamy Very Fine Sand
Loamy Fine Sand Sandy Loam Very Fine Sandy Loam
Sandy Loam Fine Sandy Léam* Silt Loam
Sandy Clay* Loam* Silt*
Silty Clay Silt Loam
Clay Sandy Clay Loam*
Clay Loam*
Silty Clay Loam*
Silty Clay
Clay

*Indicates the soil's erodibility rating is within one category as listed.
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Predicting the soil erosion losses for each surface drainage area affected by the
construction activities is an interactive process. Typical to the design process, a designer
works through many scenarios before arriving at the most efficient and cost-effective design
solution. This also applies to developing a thorough and well-planned stormwater pollution
prevention plan. Changing first attempts at erosion control plans with more cost-efficient
materials, subdividing the drainage areas into smaller units, sequencing construction activities
differently, altering slope gradients and lengths, establishing vegetative cover quicker, and
lowering maintenance demands are all examples of where to look for better solutions.

An obvious point that is usually overlooked is the need to consider wind erosion,
especially for the western portion of Texas. The wind erosion equation was developed for use
on agricultural lands but may be applied to construction sites for estimating soil erosion
losses. Wind erosion may begin at a critical location such as an exposed highpoint and
equipment paths. As the soil moves downwind, the number of soil particles increases and
flow begins. The distance required to reach maximum flow is influenced by the soil’s
erodibility capability. The Soil Conservation Service’s (SCS) wind erosion equation is as
follows:

E=fIKCLYV)

where:

E=Potential average annual soil loss in kilograms (tons) per hectare (acre)

f =Function of

I = Soil erodibility index. It is expressed in kilograms (tons) of soil loss per hectare
(acre) annually where the C value is 100%. The factor is determined by the
percentage of dry, non-erodible soil aggregates greater than 0.84 mm in diameter.

K = Soil ridge roughness factor. Ridges and depressions formed by tillage alter
windspeed by absorbing and deflecting part of the wind energy away from erodible
soil. Rough surfaces also trap moving particles.

C = Climate factor. The general level of wind velocity, the quantity and frequency of
rainfall, and the rate of drying of the soil surface differ from one region to another.
The values in Texas range from about 5 % to 120% with the latter index indicating the
most hazardous wind erosion conditions.

L = The unsheltered distance across a field or strip along the prevailing wind erosion
direction. If a barrier is present on the windward side of the field, the distance
protected by the barrier is subtracted from the total distance across the field along the
prevailing direction. A distance equal to 10 times the effective height of the barrier is
usually subtracted from the total distance along the prevailing wind when using the
wind erosion equation to calculate the amount of soil loss.

V =The equivalent effects of vegetative cover or residue and includes the quantity of
residue in pounds per acre and its orientation, such as standing or flat.

Along with this equation explanation, detailed examples of using the wind erosion equation are
shown in the SCS’s Erosion and Sediment Control Guidelines for Developing Areas in Texas,
1976. Table M was adapted from the SCS Guidelines, table 3-5, to highlight problem soils located
in high wind areas of Texas. Suggested controls for non-structural (vegetative) practices are shown
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to the right of the table as recommended by the research team. Limited information exists on cost-
effective controls targeted at solving windy construction sites. However, the researchers see a need
to explore erosion control solutions for those districts that do encounter wind erosion as a prevalent

erosive force.

Table M. Wind Erodibility Groups and Soil Erodibility Index

WIND ERODIBILITY GROUPS (WEG) AND SOIL ERODIBILITY INDEX (I)
Wind
Wind Erodibility
Erodibility Definition and Predominant Soil Textural Classes Index (I)
Group ' kg/hal/yr
(Tons/Ac/Yr

1 All sands, coarse sands, fine sands, and bvery fine sands. (Extremely 310
erosive; vegetation difficult to establish)

2 All loamy sands, loamy fine sands, and loamy very fine sands. (Very 134
highly erosive)

3 All sandy loams, coarse sandy loams, fine sandy loams, and very fine 86
sandy loams. (Highly erosive)

4, All calcareous loamy soils with less than 35 percent clay and more than 86
5 percent finely divided calcium carbonate. (Erosive)

4 All clays and silty clays, and all clay loams, and silty clay loams with 86
more than 35 percent clay. (Moderately erosive)

5 All loamy soils with less than18 percent clay and less than 5 percent 56
finely divided calcium carbonate, and all sandy clay loams and sandy
clays with less that 5 percent finely divided calcium carbonate. (Slightly
erosive)

6 All other loamy soils with 18 to 35 percent clay and less than S percent 48
divided calcium carbonate, except silty clay loams. (Very slightly
erosive)

7 All silty clay loams with less than 35 percent clay and less than 5 38
percent finely divided calcium carbonate. (Very slightly erosive)

8 All stoney or gravelly soils, or other soils not subject to soil blowing. -
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FIELD PROBLEMS SURVEY SUMMARY

The research team visited representative districts around the state to find out what problems
existed for the construction engineers and to assess the current temporary erosion and sediment
controls being used. The researchers discovered a variety of problems encountered in the field.
researchers grouped the problems into eleven problem areas and then categorized them as either
major or minor in significance. The first four problems are the major problems that total
approximately 80% of the difficulties. The remaining items, or 20% of the total problems, were

considered to be minor problems that would work themselves out if the major problem areas were

adequately addressed. Figure 2 shows the responses as a percentage of the total responses
ranked according to their magnitude.

Temporary Erosion Control Problems
Survey Responses

N
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N

N
B I

%

N

—_
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Problem Signiﬁgance Grouping

-
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Il 4 | 3 I 3 } ! 1 1 !
I T 1 T T T T T I ! T

0% 5% 10% 15% 20% 25% 30% 35%
Percentage of Total Responses

Figure 2. Problem Survey Results

GROUP 1 PROBLEMS:
. Selection of measure was inadequate for the function required - 32%
. Seeding specification was not used correctly or misunderstood - 19%
. Under utilization of local materials - 15%
. Temporary erosion control measure was not maintained - 08%
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GROUP 2 PROBLEMS:

. Stream crossing protection was inadequate - 06%

. Did not alter slope steepness when possible - 06%

. Handling of waste materials was incorrect - 04%

. Construction exits were not properly stabilized - 03%

. Temporary erosion control measure was not implemented because area was
flat - 03% '

. Improper installation of measure - 03% -

. Installation of material other than specified - 01%

The research team made recommendations for solutions during the spring meeting of this
research project as follows. Continuing education will be the key to providing the designers and
construction and maintenance engineers with a comprehensive view of how to manage stormwater
for land disturbing activities such as construction or maintenance operations. The educational
emphasis would cover the following issues: guidance of construction phasing techniques to reduce
erosion, determining functions required during stormwater management for each significant
construction phase, selection of measures from application charts and/or computer program, and
providing sources of help during the project design and construction. The researchers encouraged
the technical panel to consider continuing education that could be developed in a variety of
communication modes. Deliverables such as 1-2 day courses on-site or at a central location, a
video for distribution, a CD-rom interactive program, or a comprehensive or “intelligent” computer
program would be beneficial in these efforts.

From the field survey, designers and engineers used the following temporary erosion and
sediment control measures most often: sediment control fences, hay bale dikes, rock filter dams,
temporary seeding (both with and without recommended seeding mixtures), earth windrows at the
top of embankments, sand bags, roughened surfaces (both parallel and perpendicular to the slope),
rock berms and sediment control fences, grading changes to flatten slopes, and gabions.

Most of the districts had achieved a satisfactory level of effort to comply with the NPDES
requirements according to the findings provided by the Stormwater Advisory Team. The research
team noted that there was not a wide range of temporary erosion and sediment controls being used
and that sediment control fences were used extensively throughout the State.
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DESIGN RESOURCES

This document contains many design resources that should aid the designer in selecting erosion
and sediment control measures. As a part of the research study, researchers developed a PC-
based computer program for selecting Best Management Practices (BMP’s). It was shown for
review at the spring meeting. Generally, it processes information given by the designer to choose
recommended temporary erosion and sediment controls as approved by TxDOT. Updates to the
program will be necessary as more information is obtained. The diagram below (Figure 3) illustrates
the sequence of information necessary to run the computer program. Once the data is entered, a
report can be generated as output. This report, computer program, and TxDOT Stormwater Guide
should be used together as a base for the decision-making process.

Figure 3. Temporary Erosion Control Computer Program

Temporary Erosion Control Computer Program

Main

Define Site Criteria

— Date .

— District (select from list - by district & number)

—— Highway

— CSJ Number

— Total Project Area

— Total Area Disturbed

— Project Location (select RURAL or URBAN)

Define Soil type

— Select by Soil Name (select by Soil Name - only soils in selected county)
— Select by Soil Distribution (% of Sand/Clay in selected county)
Create Application (select Application area)

—— Description

— Soil type (Can change the default)

— Location (Can change the default of URBAN or RURAL)
— Slope (select either 3:1 or Steeper or 3:1 or Flatter)
—— Installation Date (select Month)

—— Drainage Area

— less than 1 Acre

— 1 -5 Acres

— 5 - 10 Acres

—— 10 - 100 Acres

— Duration

—0 - 30 days

—30-60 days

— 60-90 days

— 90-180 days

— 180 + days
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Figure 3 - continued.

Select BMP

L— Choose Application Area (choose Application areas that have been created)
Choose Function (list of Appropriate BMP’s for Area and Function)
—— Stabilization (BMP’s Choice Highlighted)

—— Temporary Seeding

—— Mulching

— Soil Retention Blanket

— Slopes

— Gradient

Type 1
Type 2
Type 3
Type 4
— Seed Type

l—— Channels

— Centerline Slope

Type 1
E Type 2
Type 3
— Seed Type

—— Perimeter

—— Stream Crossing

—— Construction Road Stabilization
—— Inlets

Modify Application (will bring up Application Areas already created)

—— Diversion

—— Preservation of Natural Vegetation

— Buffer Zones (Vegetation)

— Transplanting Natural Vegetation

—— Permanent Seeding/Sodding & Planning
— Surface Roughening

— Stabilized Construction Exit

— Flow Spreading/Energy Dissipating
— Detention/Filtration
— Detention/Sedimentation

Class 1. “Slope Protection”

—— Type A (3:1 or flatter - clay soils)

—— Type B (3:1 or flatter - sandy soils)
— Type C (steeper than 3:1 - clay soils)
— Type C (steeper than 2"1 - sandy soils)
Class 2. “Flexible Channels Liner”

— Type E

— Type F

— Type G

— Type H

28
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EROSION AND SEDIMENT CONTROL RESEARCH AGENDA

TxDOT is a leading transportation agency for their continuing efforts in erosion control re-
search and facilities. The TxDOT/TTI Hydraulics and Erosion Control Laboratory is a unique
facility dedicated to erosion control research for highway roadsides. Efforts by the Stormwater
Advisory Task force showed TxDOT’s pro-active involvement in meeting tougher environmental
requirements. As apart of this research study, an objective necessary to maintain TxDOT’s current
leadership position is the development of a coordinated erosion and sediment control research
agenda. This agenda should meet the long-range goals of the Department and the immediate needs
ofthe districts by addressing the following issues: '

»  Incorporate the findings of this research study into TxDOT’s Stormwater Guidance
Program in 1994.

+ Initiate research that would continue for a five year duration on the most cost effective
practices known that include:

Mulches (breakdown points on varying slope gradients),
Tackifiers,

Recycled materials for different functions and application areas,
Degradable materials,

Bio-engineering for different functions and application areas, and
Soil binders.

*  Develop a program of continuing education and information exchange to begin as
soon as possible. This may be accomplished by developing educational courses,
videos, computer billboard, and interactive media for project designers, construction
and maintenance engineers, and administration. These users would benefit from
having current technical information, problem solving exchanges, and policy guidance
to meet TxDOT’s ever changing environmental requirements.
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Glossary

Definition

Barriers

Other terms include
berms, check dams,
diversion dikes, erosion
stops, windrows,
interceptor dike,
perimeter dike, hay bale
dike, sediment control
fence, triangular
sediment filter dikes,

sausages

An impediment to surface water that is placed on or near a contour along the surface to be
protected (slopes or channels). Barriers may also be used to divert surface water flow to a
stabilized outlet. Various materials may be utilized depending upon the quantity and depth of
water and local availability of materials. Common barrier materials include brush, compacted

earth, gravel, hay, rock, sand bags, silt fences and straw bales.

Benches

Other terms include

terracing

A method to reduce slope lengths by constructing level terraces 3-6 m (10-20 ft) wide at intervals
15-30 m (50-100 ft) down the slope. Benches will reduce water velocities and increase

infiltration. Slopes should be stabilized with vegetation upon completion of the benches.

Berms (sce Barriers)

Other terms include
brush berms, rock berms,
sandbag berms, earth

berms, sausages

Typically used in reference to slope barrier measures designed to break the continuity of slopes

to reduce runoff velocities.

Brush Mats (sce

Revetments)

Streambank protection measure.

Buffer Zone

Other terms include
vegetative buffer strips,

vegetative buffer zones

The zone contiguous with a sensitive area that is required for the continued maintenance,
function, and structural stability of the sensitive area. Different types of buffers are required for

riparian buffers associated with an aquatic system or terrestrial buffers.

Channel, constructed

Other terms include
interceptor swales,
perimeter swales, ditches,
flumes, chutes, diversion

ditch

A method used to convey surface water from points of concentration across, through, along, and

around highway rights-of-way or other areas to be protected.
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Channel stabilization

Materials used to stabilize the channel surface should be selected in relationship to the channel
use (temporary or permanent) and calculated shear stresses. Typically, for non-structural cover
use soil retention blankets with the appropriate seeding mixture. For structural cover use

concrete or riprap (rock).

Check dams (see

barriers)

Other terms include rock

filter dam

Typically used in reference to channel barrier measures to temporarily detain sediment-laden
water which allows suspended solids to settle. Common dam materials include rock, logs, logs
and hay, rock and sediment control fence, staked bales, straw bales and sediment control fence,

and sheet piling.

Chutes (see Channel,

constructed)

Other terms include

down drain

Used to convey water down slopes and are constructed with materials suited to the expected life

of the chute (ie., concrete for permanent chutes).

Cofferdam

Used to divert water from structures or stream bank segments during construction to prevent
sediment from entering adjacent streams. Materials used are concrete, earth, steel, supported

plastic sheet, and wood.

Concrete splash pads

(see energy dissipators)

Construction exit (see
stabilized construction

exit)

Diversion dike (see

barrier)

Used to intercept runoff from small upland areas to protect the slope face.

Diversion ditch (see

channel, constructed)

Typically constructed at the upper edges of cut slopes to collect water from adjacent properties

and divert it around the cut.

Drain (see channel or

pipe)

Other terms include
down drains, drop
structures - pipe drop and

box drop

Used to conduct runoff down a slope. Methods used are open channel or closed conduit {pipe).

See channel stabilization or pipe for materials.

Drop Box (see Drain)

Includes a culvert inlet-box with vertical sides. Used as an energy dissipator by reducing the
velocity in the culvert. Usually is a permanent structure except when used with temporary

sediment basins. Typical construction materials include steel, wood, or concrete.

42

Temporary Erosion Control Final Report




Energy dissipators

Other terms include
gabions, concrete splash
pads, drop structures,
stone outlet structures,

and riprap

Any means to reduce the total energy of flowing water especially high-velocity flows. In
stormwater design, they are usually mechanisms that reduce velocity prior to, or at, discharge
from an outfall in order to prevent erosion. Materials used include gabions, concrete splash pads,

drop structures, riprap, and boulders.

Erosion stops (sce

barriers or check dams)

Term may refer to check dams constructed in channels or to overland flow control on mild slopes

(< 3:1). Materials used include hay bales, brush, gravel, snow fence, and straw.

Filter fabric

A woven or nonwoven, water-permeable material generally made of synthetic products such as
polypropylene and used in stormwater management and erosion and sediment control
applications to trap sediment or prevent the clogging of aggregates by fine soil particles. Filter

fabric must be cleaned often to perform the filtering function.

Filter fabric fence

Other terms include
sediment control fence,
silt fence, silt barriers,

sediment fence

A sediment barrier consisting of a filter fabric stretched across and attached to supporting posts
and entrenched in the earth. Rigid wire is used as backing to provide additional support. Rock
filter dams and filter fabric fences may be combined to decrease flow velocity, increase sediment

settling, and allow a filtering process to occur.

Filter strip

Other terms include

vegetative buffer strip

Typically a long, relatively narrow area of undisturbed or planted vegetation used to retard or
filter sediment for the protection of watercourses, drainage basins, diversions, reservoirs, or

adjacent properties.

Floating sediment

barrier

Used to retain suspended sediment within the disturbed area of a lake, pond, or stream.
Typically the floating barrier is a plastic or other impermeable barrier suspended from floats tied
together with a rope and anchored at each end to the shore. Vertically, the barrier extends from

the water surface to within a few inches of the lake bed.

Flume (see channel,

constructed and chutes)

Gabions (see energy

dissipator)

Other terms include

velocity control devices

Used as energy dissipators, channel liners, steep-slope protectors, and retaining walls. Gabions
are rectangular or cylindrical wire mesh cage filled with rock and used as a protecting agent
against erosion. Soft gabions (streambank stabilization) are made of geotextiles filled with soil,

in between which cuttings (brush) are placed.

Hay Bale Dikes (see

barriers)

Typically used as a slope barrier control measure for short durations of time (2 months or less).

Hydromulching (see

mulching or seeding)

Mechanical method to apply seed, fertilizer, and mulch in a water slurry for soil stabilization.
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Inlets

A form of connection between surface of the ground and a drain or sewer for the admission of
surface and stormwater runoff. Temporary inlets may be constructed of rock and earth, hay/straw

bales, wood, and other available materials. Permanent inlets are usually constructed of concrete.

Interceptor dike (see

barrier)

Other terms include
diversion dike, triangular

sediment filter dikes

Used to direct surface flow (from slopes) to a desired collection point. Constructed from

materials that will withstand the flows.

Interceptor ditches,
swales, or drains (see

channel, constructed)

Used to divert the course of flow of surface runoff and direct it to a desirable collection or runoff
point. Protection of the interceptor ditch surface is similar to that of most channels (ditches) to

prevent erosion of the ditch.

Jetties

Used to deflect water currents away from selected sections of a stream bank or shore. Similar
concept to a interceptor dike only applied to stream stabilization. Common materials used are

brush, logs, pile, and riprap.

Level spreader

A temporary method to convert channel or pipe flow to sheet flow to prevent concentrated,
erosive flows from occurring, and to enhance filtration. Filter strips are often used in conjunction

with a level spreader.

Mulching

Other terms include

hydromulching

Application of plant residues or other suitable materials to increase infiltration, decrease runoff,
protect soil surface from erosive forces of rainfall and wind, and to foster vegetative growth.
May be applied by machinery or by hand using either water or air as the carrying agent. Mulches
may be combined with the seed (and fertilizer), after seeding operations, or alone for temporary
use where vegetation establishment is not desired. Common materials used as mulches include
cellulose fiber, gravel, hay, rice hulls, sawdust, shredded paper, straw, vegetative fodder, wood

chips, and wood fibers.

Mulch anchoring

Other terms include

tackifiers, asphalt tacking

Method used to increase the effectiveness of mulch against surface erosion by water and wind.
Binding agents referred to as tackifiers are mixed with the mulch in a water slurry prior to
application, sprayed on top of the mulch material by mechanical machinery after the mulch

application, or are sold as an integral part of the mulch product.

Perimeter dike (see

barrier)

The term implies the location of the dike (barrier) which is used to prevent off-site water from

entering the site or vice versa.

Perimeter swale (sce

channel, constructed)

The term implies the location of the swale (channel) which is used to prevent off-site runoff from

entering the site or sediment-laden runoff from leaving the site.

Permanent sceding

Refers to the establishment of perennial warmi-season grasses for the stabilization of disturbed
soils. Well defined and proven establishment guidelines must be followed for successful
establishment of grasses. The use of mulches and soil retention blankets aid in the critical period
in root development by retaining soil moisture, trapping soil particles, and protecting the seed

bed from the erosive forces of wind and rain.

44

Temporary Erosion Control Final Report




Permanent sodding

Refers to the establishment of perennial warm-season grasses for the stabilization of disturbed
soils by placing a layer of sodding on the disturbed area. Proven establishment guidelines must

be followed for successful establishment of grasses.

Permanent planting

Method used to establish permanent plants (trees, shrubs, and groundcovers) for the stabilization

of disturbed soils. Consultation with a landscape architect should be done prior to planting.

Pipe

A closed conduit for conveyance of water. Materials may be flexible pipe or rigid pipe.

Pipe outlet protection

Outlets should be protected to complete the transition between open channel flow and pipe flow.
Pipe outlet protection may be provided by énergy dissipators, channel protection (non-structural

and structural methods), or a combination of the two.

Pipe slope drain (see

pipe)

The term implies the location of the pipe which is to drain surface water safely down slopes

without causing erosion.

Pollution

Contamination or alteration of the physical, chemical, or biological properties, or waters of the
state, including change in temperature, taste, color, turbidity, or odor of the waters, or such
discharge of any liquid, gaseous, solid, radioactive or other substance into any waters or the state
as will or is likely to create a nuisance or render such waters harmful, detrimental or injurious to
the public health, safety, or welfare, or to domestic, commercial, industrial, agricultural,
recreational, or other legitimate beneficial uses, or to livestock, wild animals, birds, fish or other

aquatic life.

Preservation of natural

vegetation

Other terms include
buffer zones, vegetative

buffer zones

Management activity to minimally disturb the natural vegetation during the construction project.

Revetments

Other terms include

rock revetment, gabions

Used as bank protectors in streams. Revetments may be constructed from a variety of materials
depending upon local availability and erosive force reduction required. Materials include brush

mats, rock, concrete rubble, logs, and cellular concrete block.

Riprap, rubble

Used as an energy dissipator, or surface or channel protector which consists of a facing layer of
stones or concrete rubble to prevent sloughing of a structure or embankment due to flow of
surface and stormwater runoff. Used in this context, riprap does not refer to the concrete riprap

used in highway structures around bridge abutments or as a channel liner in drainage structures.

Rock filter dam (see

check dam or barrier)

Usually referring to channel barrier measure to temporarily detain sediment-laden water. May
refer to slope protection measure to slow down sheet flow of sediment-laden runoff from

disturbed areas.

Rock revetment (see

revetment)
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or Sausage (see barrier

berms)

Generally sausages are used in stream stabilization much like a dam to dissipate the flow of the
stream. They are also used on steep slopes as a barrier control to dissipate the sheet flow with
high velocities. Sausages usually consist of rocks or sand bound together with a plastic, wire, or
burlap mesh (gabion-like). The physical dimensions depend upon the application area and have

been designed from a few inches to several feet.

Sediment basin

Sediment basins control or stop sediment after it has eroded. Basins consist of a barrier or dam
with a controlled stormwater release structure, and water storage space. They are used to detain
sediment-laden runoff from drainage arcas 1.2 ha (3 ac) or greater for enough time to allow most
of the suspended solids to settle out. Maximum effective life is approximately 18 months unless

designed as a permanent pond.

Sediment control fence

Other terms include silt

fence, filter fabric fence

A sediment barrier consisting of a filter fabric stretched across and attached to supporting posts
and entrenched in the earth. Rigid wire is used as backing to provide additional support. Rock
filter dams and filter fabric fences may be combined to decrease flow velocity, increase sediment

settling, and allow a filtering process to occur.

Sediment trap

Other terms include
catch basin, temporary

sediment traps, traps

Generally, sediment traps are smaller versions of sediment basins. Construction should be as
simple as possible utilizing locally available materials and machinery. They are made by digging
holes in drainageways and constructing small dams of wood, stone, bales, etc. across channels,

culvert inlets, and other low areas to allow most of the suspended solids to settle out.

Seeding

Method to establish primarily grasses and legumes as vegetative erosion control (non-structural).
Seeding may be accomplished by broadcasting, drilling, hydroseeding and in conjunction with
soil retention blankets or mulches. Seeding mixtures and rates have been established for
temporary and permanent vegetative establishment based upon the optimal planting windows and

type of roadside (urban or rural) for each district.

Soil Retention Blanket

Other terms include
erosion control blankets
and mats, jute netting,
excelsior blanket, straw

blankets

Material utilized as a surface and channel protection in conjunction with seeding. Soil retention
blankets are anchored in the ground to increase the soil/blanket contact. TxDOT/TTI conduct
performance research to provide current information on various product performance in a field

evaluation situation.

Stabilized Construction

Exit

Other terms include
temporary structural
construction entrance,

construction exit

Stabilization of exposed soil at construction exits to reduce or eliminate sediment from leaving
the construction site by tracking or flowing. Common materials used are aggregate cover and

timber.
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Stone outlet structure

(see energy dissipator)

Other terms include

filter berm, brush berm,
baled hay or straw berms,
rock or gravel dams,
sediment basin outlet,

sediment trap

Stiream bank protection

Crushed stone filter dam used in conjunction with other controls such as diversion, interceptor, or
perimeter dikes, pipe slope drains, or sediment traps and basins to provide a protected outlet for
any measure that requires velocity dissipation and diffusion of concentrated flow. Filters can be
constructed from any porous material that can be stabilized in rows, banks, or mounds. They

must be maintained to be effective.

Measures used to protect the existing stream banks from eroding which include the use of large
material masses or smaller anchored structures such as large boulders, brush mats, log jacks,

concrete rubble, or special concrete and or steel structures.

Surface roughening

Other terms include
roughened surface,

tracking

Grading method used to stair-step, groove, or leave slopes in a roughened condition by not fine-
grading. This activity reduces runoft velocity, provides sediment trapping, and increases
infiltration, all of which facilitate vegetation establishment on exposed slopes. Also referred to

as roughened surface or tracking.

Temporary seeding (see

seeding)

Refers to the use of soil stabilization with grasses that will establish quickly and have a longevity
of one year or less. Well defined and proven establishment guidelines must be followed for

successful establishment of grasses.

Terracing (see benches)

Grading technique to reduce slope length for slope stabilization.

Tubelings A vegetation establishment technique which eliminates the need for irrigation during plant
establishment. Plants are grown in paper tubes reinforced by plastic mesh sleeves. These
"tubelings" are planted in holes drilled into the ground. Success rate is questionable.

Wattles Bio-engineering technique used for stabilizing fill slopes that requires hand labor. Leafy brush,

Other terms include
brush wattles, straw

wattles

straw or both are packed into a "cable" usually 304.8 mm (12") wide and 254 mm (10") thick and
laid in trenches dug into the slope face along the contours. Stakes are used as anchors for the
wattles. Live cuttings are planted between the wattles rows and the entire area is seeded.
Typically used to protect fill slopes along streams from rain and wind erosion. Generally

intended to be left as a permanent control.

Windrows (see batriers)

Windbreak

Typically used at the top or bottom of slopes as a barrier control measure. Common to construct

windrows by compacted earth during the grading process.

Used to control wind velocity near the ground surface level. Common materials include logs,

lath, plank, and boards. Trees and shrubs can be effective windbreaks as well.
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APPENDIX B

EXCERPTS FROM TXDOT'S STORM WATER MANAGEMENT GUIDELINES
FOR CONSTRUCTION ACTIVITIES
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In adapting the USLE for use on highway projects the terms C and P are eliminated because they relate
to agricultural lands and replaced with an erosion control factor VM. The L and S factors can be
combined to form LS, the length-slope factor, which depends on the length and steepness of slope.
Therefore a modified equation (Modified Universal Soil Loss Equation or MUSLE) is presented in this
manual to predict soil loss due to erosion on highway construction sites and to determine the effectiveness

of various erosion control devices.

where
A = rate of soil loss in tons per acre per year
R = rainfall erosion factor
K = soil erodibility factor
LS = length/slope factor

VM = erosion control factor (vegetative and mechanical measure)

Rainfall Erosion Factor (R)

The average annual rainfall erosion factor (R) (often referred to as the mean annual ISO erodent (R)
value) varies dependent on region and time of year. It is a measurement of the erosive force of a

specified rainfall event.

Appendix G contains a map indicating the mean annual ISO erodent (R) values for various regions
of the country. These maps indicate the R value for the two year recurrence interval. R values for
different storm frequencies may be adopted from Figure 3.1 and Appendix H (Erosion Index).

il Erodibility Factor

The soil erodibility factor (K) is a numeric representation of the ability of the soil to resist the
erosive forces of rain. Values of "K" range from 0.1 to 0.7 and may be found in most soil surveys.
In the event the soil surveys do not contain values for K, use Appendix I which indicates more

ranges of K based on location.

Topographic Factor (LS}

The only portions of the soil loss equation which can be affected by construction activities are LS
and VM, the R and K values are fixed by nature and cannot be altered by man. The LS factor is
a numerical representation of the length-steepness combination used to estimate the erosion potential

Temporary Erosion Contro] Final Report 51



for a specific slope. Since the slope and length are determined during the design process,
knowledge of the LS factor will assist in selection of erosion control devices. The equation for
computing LS is as follows:

2
LS=(_ ] yusc(8541X8% | 4.56s

72.6 52+10,000 +0.065) @

where:
LS = length/slope factor
1 = slope length (Ft)
s = slope in (ft/ft)
m = exponent dependent on slope

02fors < 1%

=03for 1% <5 <3.5%
= 0.4 for3.5% <s < 4.5%
=05fors = 4.5%

-~

The graph in Figure 3.2 was developed to solve Equation (3) and is used as follows:

1. Locate slope gradient on the bottom.
2. Follow vertically to the correct slope length curve.
3. The corresponding LS value can be read from the left side.

The amount of erosion is very sensitive to the length and slope factors (e.g. cutting the slope length
in half will cut the erosion by approximately one-third).

ts - /
Note: To determine El values for other recurrence
intervals., multiply R by ratio corresponding /

e — to desired recurrence interval, /
2? /

Q
T v /
«
& 1] /
-
w
A

(L ]

(L]

[k 3 /

0 4

1 It b i i
1.01 ¢ $ 10 2% 50 100 200

RECURRENCE INTERVAL, n yeors
Figure 3.1 - Relationship between EI/R ratio and recurrence interval.
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Figure 3.2 - Graphical Solution for Length Slope Factor

30 50
, - - - -, 9
olsl &ls] ~ ~f & - < - - 4
o o o (o] (o] o (=] (o] s AN
o o
28l el Sfol 8 & © S/ P © o
L o Dl » “ L4 ~ ~ v 1
o oy Ll Y ™ - - ~ ~ v
-~
]40
26} <
“Q <
”
! ~
24} ]
s S 430
0\
22} </
20 o <
i o\\ 120
181 ‘..'b )
8 4
16 + « 15
o\b
o .
_l L
14} 1
W 4l0
L (&)
\
*
12 ]
10¢ 4
Lo A5
" .
8¢ 4
S 1-2“ 2
44 4
| Wischmeier 8 Smith (1978)
t \"resa1sd 4561
LS R X
P S ‘(72.3) (‘ ﬂo'ooo‘,/‘:ﬂomo‘o‘oss)i
1% m=0.2
W/ 1-3% m:0.3
/ / 35-45% m=0.4 1
§ >5%mz0 S
o - 1 1 1 - 1 i 4 i 'y 1 i 1 1 i 1
o 10 20 30 40 50 60 70 80 70 100
SLOPE GRADIENT s
53

Temporary Erosion Control Final Report



Erosion Control Factor (VM)
The erosion control factor is applied to account for the effects of erosion control measures and

devices used on a construction site. The lower the VM factor the more effective the device or
control measure is in controlling erosion. Table 3.2 includes typical values based on the control

device or measure utilized:

Bare Soil - freshly disked to 6-8 inches

Bare Soi - after one rain 0.89 i
Compacted Fill 1.24-1.71 I
Undisturbed soil - except for.scraped 0.66-1.30 H
Soil Retention Blankets 0.015 |
Mulching (depends on application rate) 0.01-005 |
Hydromulch 0.050.10 i
Asphalt emulsion (depends on application rate) | 0.01-0.57 ]1
Sediment Control Fence 0.25 " u
Hay Bale 0.33 "
Triangular Sediment Dike 0.25 * H
Inet Protection 0.250.33 * "
Sediment Trap - Stone Qutlet 0.15-0.30 * "
Sediment Basin 0.10 ¥ "
Sandbag Berm 0.30 ™ ||

Rock Filter Dam 030 " I

The VM values for structural controls listed must be adjusted for the type of cover that lies
within the watershed for which they are treating runoff. Table 3.3 indicates the correction
factors to use depending on the percent grass and canopy cover.
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APPENDIX C

The cover factor considers the protection of natural ground cover in preventing soil erosion. The

factor is dependent on the type of vegetation (grasses or trees) and the density of the vegetation. The
canopy cover is the percent ground cover from the trees, brush or tall weeds. For construction sites

stripped of natural vegetation, a cover factor of 1.0 should be used. Note: The table will produce

a cover factor of 0.450fbk. GHONSIRT 0P CMOIRRIMBCI%I doBrl'oY grass. This value represents
undisturbed bare soil. On construction sites the bare soils are typically disturbed and/or compacted
or otherwise altered. A value of 1.0 is recommended in the areas for disturbed bare soil.

Table 3.3 - Watershed Cover Factors

— mindhs =0 V0 —
Undisturbed Soil 5

Percent Ground Cover of Grass :
m*H

0 20 |40 |60 >80 |

i s0 026 |0.13 |0.07 |003 |00 |

iﬁ 0.17 }0.10 ]0.06 |0.03 | 0.02 u
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APPENDIX C

SOIL CONSERVATION SERVICE TABLES
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Table from the Soil Conservation Service, Erosion and Sediment Control Guidelines for
Developing Areas in Texas, 1976. pp. 3-33.

Soil Ridge Roughness K, (Inches)

0.9

0.8

0.7

06

SOIL RIDGE ROUGHNESS FACTOR, K

~

0.5

0.4 -
0 1 2 3 4 5 6 7 8 9 10

SOIL RIDGE ROUGHNESS K, (INCHES)

4

Kr is determined by the following equation:

Standard ratio (1:4) . . . -
Kt = Fiald measued Lalio {1X] X_height of field _ridges in inches

Example: Ridge height = 3", distance between ridges = 18", then
the ratio of ridge height to spacing is 3:18 or 1:6.

_ Standard ratio (1:4) . . . - -
Kr = F7oid measured ratio (1:6) X height of field ridges (3")

_46_x 3 = 2 inches (ridged)

FIGURE 3-8
CHART TO DETERMINE SO!L RIDGE ROUGHNESS
FACTOR (K) FROM SOIL RIDGE ROUGHNESS (Kr)

3-33

Temporary Erosion Control Final Report

59



60

Table from the Soil Conservation Service, Erosion and Sediment Control Guidelines for
Developing Areas in Texas, 1976. pp. 3-33.

Wind Erosion Climatic Factors C

Where indicated on map, use applicable
climatic factor (C) value assigned by
e | county. For other areas, use nearest
indicated C factor value.
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Figure 3-9
WIND EROSION CLIMATIC FACTORS C
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APPENDIX D

DETAILS OF EROSION AND SEDIMENT CONTROL MEASURES FROM
LITERATURE REVIEW RESOURCES

TxDOT Storm Water Guidelines for Construction Activities, pp. 59-63

Stormwater Management Manual for the Puget Sound Basin, pp. 64-72

Wisconsin DOT, Draft Manual, pp. 73-75

North Carolina Erosion and Sediment Control Planning and Design Manual,
pp. 76-86

Erosion Draw CAD Software, pp. 87-97
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5.1  Diversion, Interceptor and Perimeter Dikes

1.0 Definition

A temporary ridge of compacted soil located either (1) immediately above cut or fill slopes, (2)
across disturbed areas or rights-of-way or (3) along the perimeter of the site or disturbed areas.

2.0 Purpose

A diversion dike intercepts runoff from small upland areas and diverts it away from exposed

slopes to stabilized areas to prevent flow through disturbed areas.

Dlke In cut operations

Dlke In flll operations

ExiIsting public
travelway

Original ground

Embankment areag

Figure 5.1 - Typical Diversion Dike installation

An interceptor dike protects exposed slopes by intercepting runoff and diverting it to a

stabilized outlet away from the exposed area.

A perimeter dike prevents off-site runoff from entering the disturbed area and prevents

sediment-laden storm runoff from leaving the construction site or disturbed area.

A diversion or nterceptor dike can be utilized to divert sediment-laden runoff to a stabilized

outlet and minimize the need for other costly perimeter devices (e.g. silt fences).
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See typlcail dlke conflgouration

Dlschorge to perimater diversion
structure. sediment trao, or
stobl (1zed orea.

Figure 5.2 - Typical Interceptor Dike

3.0 Conditions Where Practice Applies

4.0

64

e TOP Width - Two (2) feet minimum

Generally, dikes are used during the construction period to mtercept and re-route runoff from
disturbed areas to prevent excessive erosion until permanent drainage features are installed and/or
slopes are stabilized. These devices can often result merely from the excavation and embankment
construction activities. Therefore consideration to the earthwork requirements of a project may
indicate the location for these devices.

Design Guidelines
The following guidelines should be considered:

e Drainage Area -'Less than five (5) acres (recommended)

e Height (compacted fill) - 18 inches minimum helght measured from the top of the existing
ground at the toe to top of the dike.

e Side Slopes - 2:1 or flatter. Dikes within the safety zone should have side slopes of 6:1 or
flatter.

e Stabilization - Channel stabilization should be provided when erosive velocities are expected.
The dikes themselves should be stabilized.

® Drainage diversions should not be directed to adjacent property.
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5.4  Rock Filter Dam
1.0 Description
A temporary berm constructed of open-graded rock.
2.0 Purpose

The purpose of a rock filter dam is to intercept and slow down sediment-laden storm water runoff
from disturbed areas, retain the sediment and release the water in sheet flow.

3.0 Conditions Where Practice Applies

® Where there is sheet flow or concentrated flow in a channel or other drainageway above the
rock filter dam

Nat!lve rock or other
sul taptle materigl

Optlional SonddboQs

Figure 5.4 - Typical rock filter dam at toe of slope.

® Severe Service - For construction activities in stream beds where the contributing drainage area
above the construction disturbance exceeds five (5) acres. In this case the rock filter dam is not
to be used as a substitute for other measures further up in the watershed. It is to be used only
where disturbance is occurring in the channel or where upslope measures are not feasible.

® Rock filter dams may also be used in conjunction with sediment control fences or sandbag berms
to provide additional sediment removal.

Particular attention should be given to the locations of rock filter dams within the safety zone to
avoid traffic hazards as well as to the sizing and placement to ensure that flooding will not occur.
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& tmar st TV wa
gt deund Pt
o S BRI A P,

TS G e

Figure 5.5 - Typical rock filter dam installed within channel - protected with
wire cage.

D e > .
N AT S LA T '
RIS

Figure 5.6 - A rock filter dam used in conjunction with a sediment control

fence as inlet protection.
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channelization. Care should be taken to avoid the i incorporation of annual weeds and soil
into the brush berm. .

5.0 Outlet
Runoff should outfall directly to an undisturbed or stabilized area.

6.0 Maintenance

The area upstream of the brush berm should be maintained in a condition which will allow
accumulated silt to be removed following the runoff of a rainfall event. Weekly, or after each
rainfall event, inspections should be made by the responsible party and when silt reaches a depth
equal to 1/3 the height of the berm or one (1) foot, whichever is less, the accumulated silt should
be removed and disposed of at an approved site in a manner that will not contribute to additional
siltation. The berm and its anchors should be repaired as needed to restore it to its original
condition after each inspection. This may require additions or complete replacement as
conditions warrant. The brush berm should be left in place until all upstream areas are stabilized

and accumulated silt is removed.

P
)
!.
]
¥
;

. N 0 '. _% =", It B
F' gure 5.8 Typunl brush berm constructed from matenal cleared on the
site.
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3.0 Conditions Where Mw Applies

A stabilized construction exit applies to all points of construction egress.
4.0 Design Guidelines

The following design guidelines should be considered:

® Stone Size - If stone is used as the material, the stone size should be four (4) to eight (8)
inch open-graded rock.

4° Min, 50’ Min, 4’ Min,

Approoch tronsition

Foundatlion course
6° min.

Figure 5.15 - Typical stone construction exit.

4' M'n‘ 50' M'n. 4: Mln.
Approach transition Approach traonsition -~
| — )
6‘\ W\Cs ——— —— ] P
Foundation course
6" min,
Figure 5.16 - Typical Hiiiber plank construction-exit. T

® Drainage - Exit must be properly graded or incorporate a drainage swale to prevent runoff
from leaving the construction site. _

® Thickness - Not less that eight (8) inches.
® Width - Not less than full width of all points of access.

® Length - As required, but not less than 50 feet.

A stabilized construction road should be installed in disturbed areas where there will be 2 high

volume of construction traffic leaving the site. Preferably it should be maintained throughout the

construction site, including parking areas. A stabilized construction road should not be located
' Temporary Erosion Control Final Report
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Figure II-5.8(a) Heavy Equipment Can Be Used
To Mechanically Scarify Slopes

undis_turbed area

perpendicular to slope direction

undisturbed vegetation

dozer treads create grooves
perpendicular to slope direction

Figure II-5.8(b) Unvegetated slopes' Should be Temporarily
Scarified to Minimize Runoff Velocities
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Figure II-5.12 Level Spreader

Interceptor Berm

Last 20" of Interceptor
not to exceed 1% Grade

: ¥,
/yy-t‘/ - — ‘;II;J /
)ﬁ//‘“ Channel Grade 0% N
o T - Stabilized Slope
_— - 6~ Gravel Berm Spreader

|

Undisturbed Qutlet

/
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Figure II-5.4 stabilized Construction Entrance

(4
Mg
Wiz ¥ &
/ o % Ye
12" min.
4" to 8" quarry spalls
full width of

egress area
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Figure II-5.5 Pipe Slope Drains

Discharge into a stabilized €anh Oike

watercourse or a sediment
lrapping device oronto a
stabilizeq area
Corrugated metal
or CPEP pipe |
. €0 30+
=0+12° 1 (4
L’— Siope3%or ..
—‘}o steeper Riprap per Table lI-2.6

Depth of apron shail be

Corrugated metal equal to pipe diameter

or CPEP pipe

6~ min
Standard flared Cutott Wali
sntrance section

OiameterD  (for pipe 2 127

4'min. atless
than 1% siope
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Figure II-5.14 Check Dams

—, 47-6" Logs -~

NO SCALE

b. Rock Che am

NQ SCALE

L = The dsance such hatpons AL 8
are of e Swwveaon

¢. Spacing Between Check Dams
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Figure II-5.20 Proper Installation of a Straw Bale Barrier

Zxcavate the trench. 2. Place and stake straw bales.

3. Wedge loose straw between 4. Backfill and compact the
bales. excavated soil.
CONSTRUCTION OF A STRAW BALE BARRIER
O \) ‘
- N R
D g B AR \\m"" &
% d'ﬁ \.Q . ,',\) f\\\\\\b““‘
(U;)/, , ~ \\\\‘\ .-\i\ ——

‘\' \%\\I' PN

b 4 ‘ [ At l
) 7§ \‘

= — '

Points A should be higher than point 8

PROPER PLACEMENT OF STRAW BALE BARRIER IN ORAINAGE WAY
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Figure II-5.21 Brush Barrier

filter fabric draped over

brush pile and secured in R -
am—— - - Ty,
trench w/ compacted backfill = ;;,g;,’:;;;,%,-:,
. ~ C oty
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- ’7'11"0 I” e »
WP - =222 27 500,0 % i =
B S S I —
~— e IS AN
— p ;J’al’l/,‘:""', ‘ra / ~—
—— e, 2, ",gjlfﬂ‘ anchor downhill sdge of

T A S TS Y ——— ——  brush barrier w/ twine

2 s ol P9 e . - .
—— R ;'/,’fm'-‘", fastened to fabric & stakes
e T IS A ~ -
T - TS 2 7S ',// -ﬂ‘ —_—
——— A :0,:0,’ % A;- ~ _————
- o——— ‘\?‘g‘-\‘: o y NS 4 a—

y —— = - !”. et 3
-‘ - o~ ol ?A\ﬂ’ .é.& s—:}‘-- —
. . s N
min. 3’ high
- 6" x 6'" (min.) trench

along uphiil edge of
brush barrier

vegetative debris/brush piled
uniformly in row to form barrier
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Figure II-5.28 Sediment Trap

Outflow channel is
constructed by
excavation

4’ min.

1 rillow depth
1° depth of 2" - 4" rock overtiow dep

-
-
— e
——

2’ settling depth —¢
1.5° sediment storage ~4

NZAEN = :i‘_
1° depth )
%" - 1%" washed gravel filter fabric fencing -

.CROSS SECTION
NO SCALE note: may be constructed by
excavation or by building a berm
E—:_e-—_ overflow spillway
SRR -

6’ minimum width

Ml

g

%@-x {
()Y

f
If
0
I

0

[

NS
S SF
1.5’ sediment storage S == = \:‘QX\\@
2’ settling depth & > ‘g‘\\
1’ depth of 2" - 4" rock

1’ depth of %" - 1% " washed gravel

SEDIMENT TRAP OUTLET
NO SCALE

76 Temporary Erosion Control Final Report




Figure 6.62a Installation detail of a sediment
fence.

Compacted fill

Backfill min 8
thick layer of gravel Filter fabric

EYOPORO
|t R PN
T
i)

Extension of fabric and wire
into the trench
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5’ max

bank height .., ,Stream channel
, > wr
//// AR : ,‘
P 90 g "“ M'
S I Surface flow
s s ,
LS, g
€2~k ANERENLL 2 = 3 , 4
lg

e / /M \\vw wmnu (Nl[{ ‘f, i w“ Woo e :

Stone approach section
Stone over 5:1 max, slope on road
filter cloth

Surface flow
diversion

Original streambank

T e e o v e —

Filter cloth
Figure 6.70a A well constructed ford offers little obstruction to flow while safely handling heavy loadings
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Table 6.60a 5
Design of Spillways Drainage Area Weir Length
(acres) (ft)
1 4,0
2 6.0
3 8.0
4 10.0
5 12.0
'Dimensions shown are minimum

. St
% - min o ¥

— 151t T
1800 cu ft/ acre A
% : ) 7 5 ft
max
\
] A
Cross section Filter fabric
Desi "
settlod 21 Overfill 6"

'/ for settlement

N 2:1 side Emerge
$IGpE max by-pass s
6" below
= 1:1 side slope settled top
max Natural of dam

ground

Stone section

Figure 6.60a Temporary sediment trap.
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Vegetated V-shaped Waterway with Stone Center Drain

=
Z Filter layer, gravel
or fabric

Vegetated Parabolic-shaped Waterway with Stone Center Drain

gravel or fabric

Figure 6.31a Construction detail of riprap channel cross sections.
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STAXE AS NECESSARY

POLYETHYLENE

' \ \ /_—TINGMIEDBYEAR‘IHM.
SHEETING '

CHANNEL STONE 6" MIN.

TYPICAL SECTION OF
TEMPORARY CHANNEL CHANGE

Temporary Erosion Control Final Report 81




Natural ground lm]

g

2:1 slopes or flotter

T uar o

SECTION

no!- to scole

Natural ground line

SECTION

Dike constructed dy dozer moving soil
upsiope ond dumping at top of siope.
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s SO0 LIMITS aRE SHOWN ON
NOTE: MISCELLANEOUS OUANTITES SHEET

DETAIL OF SOD DITCH
ON INTERCEPTING EMBANKMENT
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aree® T iy

Each 1ift of the f{11 is compacted, but the outer face
of the slope is allowed to remain loose s0 that the rocks,

clods, etc. reach the natural angle of repose.

FILL SLOPE TREATMENT

" Dozer treads create

grooves perpendicular
to the slope.

TRACKING
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Practice no. 6.73 STRUCTURAL STREAMBANK STABILIZATION

Consider structural measures for streambank stabilization where it is evident
that vegetative stabilization will be inadequate. Channel reaches are often made
————— . . . . . . . .

stable by establishing vegetation where erosion potential is low and installing
structural measures where the attack is more severe, such as the outside of chan-
ncl bends and where the natural grade steepens.

Riprap is the most common structural method used, but other methods such as
gabions, deflcctors, reinforced concrete, log cribbing, and grid pavers should be
considered, depending on site conditions.

Structural streambank stabilization such as gabions and riprap is necessary where stream velocities are high and side slopes are

steep.
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Practice no. 6.70 TEMPORARY STREAM CROSSING

Stream crossings are direct sources of water pollution. They cause flooding and

T safety hazards and can be expensive to construct. If washed out or damaged,
they can also cause costly construction delays. Plan the development to com-
plete work on each side separately to minimize stream crossings.

J

Stream crossings are of three general types: bridges, culverts, and fords. In
selecting a strcam crossing practice consider: frequency and kind of use, stream
channel conditions, overflow areas, potential flood damage, surface runoff con-
trol, safcty requirements and installation and maintenance costs. Temporary
crossings may overflow during peak storm periods, however, the structure and
approaches must remain stable. :

Temporary stream crossing may be a ford, culvertor bridge. Bridges allow full stream flow but must be designed and built to support

expected loads. :
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6.20 TEMPORARY DIVERSIONS

TD

Definition A temporary ridge or excavated channel or combination ridge and channel con-
structed across sloping land on a predetermined grade. )

Pu rPOSE To protect work areas from upslope runoff and to divert sediment-laden water
to appropriate traps or stable outlets.

Conditions Where Tnispractice applies to construction areas where runoff can be diverted and dis-
Practice App"e S posed of properly to control erosion, sedimentation, or flood damage. Specific
locations and conditions include: o
. above disturbed existing slopes, and above cut or fill slopes to prevent
runoff over the slope;

« across unprotected slopes, as slope breaks, to reduce slope length;
. below slopes to divert excess runoff to stabilized outlets;
. where needed to divert sediment-laden water to sediment traps;

. at or near the perimeter of the construction area to keep sediment from
leaving the site;

. above disturbed areas before stabilization to prevent erosion and maintain
acceptable working conditions.

. Temporary diversions may also serve as sediment traps when the site has
been overexcavated on a flat grade; they may also be used in conjunction
with a sediment fence.

Planning It is important that diversions are properly designed, constructed and main-

i H tained since they concentrate water flow and increase erosion potential (Figure
Considerations 6.20a). Particular care must be taken in planning diversion grades. Too much
slope can result in erosive velocity in the diversion channel or at the outlet. A
change of slope from steeper grade to flatter may cause deposition to occur. The
deposition reduces carrying capacity and may cause overtopping and failure.
Frequent inspecsion and timely maintenance are essential to the proper function:
ing of diversions. ‘ ' ’

Sufficient area must be available to construct and properly maintain diversions.
It is usually less costly to excavate a channel and form a ridge or dike on the

Compacted soil 2’
\ |< min >

R
%:sxm =MEME| I

6 typical —_—

Figfre 6.20a Temporary earthen diversion dike.
emporary Erosion Control Final Report 87



88

Construction
Specifications

A synthetic filter fabric may be used with or in place of gravel filters. The fol-
lowing particle size relationships should exist:
. Filter fabric covering a base with granular particles containing 50% or
less (by weight) of fine pamcles (less than U.S. Standard Sieve no. 200
(0.074mm)):

a. ____dss base (mm)
"EOS* filter fabric (mm)

b. total open area of filter should not exceed 36%
« Filter fabric covering other soils:
a. EOS is no larger than U.S. Standard Sieve no. 70 (0.21mm)
b. total open area of filter should not exceed 10%.
*EQS - Equivalent opening size compared to a U S. standard sieve size.
No filter fabrie should have less than 4% open area or an EOS less than U.S.
Standard Sieve No. 100 (0.15 mm). The permeability of the fabric must be

greater than that of the soil. The fabric may be made of woven or nonwoven
monofilament yams and should meet the following minimum requirements:

« thickness 20 - 60 mils,
. grab strengh 90 -120 Ib,
. conform 10 ASTM D-1682 or ASTM D-177.

Filter blankets should always be provided where seepage is significant or where
flow velocity and duration of flow or turbulence may cause the underlying soil

particles to move through the riprap.

Subgrade preparation—Prepare the subgrade for riprap and filter to the re-

*quired lines and grades shown on the plans. Compact any fill required in the

subgrade 10 a density approximating that of the surrounding undisturbed ma-
terial or overfill depressions with riprap. Remove brush, trees, stumps, and other

* Shjectionablematerial. Cutthesubgradesufficientlydecpthatthefinishedgrade. -

of the riprap will be at the elevation of the surrounding arca. Channels should
be excavated sufficiently to allow placement of the riprap in a manner such that
the finished inside dimensions and grade of the riprap meet design specifica-

tions.

Sand and gravel filter blanket—Place the filter blanket immediatcly after the
ground foundation is prepared. For gravel, spread filter stone in a uniform layer
to the specified depth. Where more than one layer of filter material is used,
spread the layers with minimal mixing.

Synthetic filter fabric—Place the cloth filter directly on the prepared founda-
tion. Overlap the edges by at least 12 inches, and space anchor pins every 3 ft
along the overlap. Bury the upper and lower ends of the cloth a minimum of 12
inches below ground. Take care not to damage the cloth when placing riprap. If

damage occurs remove the ri Tpxap and re%axr the sheet by adding another layer
emporary Erosion Control Final Report




@ l Definition

Purpose

Conditions Where
Practice Applies

Design Criteria

TEMPORARY GRAVEL CONSTRUCTION ENTRANCE/EXIT

A graveled area or pad located at points where vehicles enter and leave a con-
struction site.

To provide a buffer area where vehicles can drop their mud and sediment to
avoid transporting it onto public roads, to control erosion from surface runoff,
and to help control dust.

Wherever traffic will be leaving a construction site and moving directly onto a
public road or other paved off-site area. Construction plans should limit traffic-
to properly constructed entrances.

Aggregate Size—Use 2-3 inch washed stone.

Dimensions of gravel pad—

Thickness: 6 inches minimum

Width: 12-ft minimum or full width at all points of the vehicular
entrance and exit area, whichever is greater

Length: 50-ft minimum

Location—Locate construction entrances and exists to limit sediment from
leaving the site and to provide for maximum utility by all construction vehicles
(Figure 6.06a). Avoid steep grades and entrances at curves in public roads.

Figure 6.06a Gravel entrance/exit keeps sediment from leaving the construction site (modified from Va SWCC).
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Flgure 6.03b Stair stepping cut slopes (modified from Va SWCC).

Groove by cutting furrows

along the contour. Irregularities
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and retain lime, fertilizer, and seed. T ¢
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Figure 6.03¢ Grooving slopes (modified from Va SWCC).
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STAPLES

MATS /BLANKETS SHOULD
BE INSTALLED VERTICALLY
DOWNSLOPE.

ESv Y

VRO,
SNNS
O

OVERLAP

¢

2:1 SLOPE i\/
N
&
ISOMETRIC VIEW SRR oA
S R NON-WOVEN GEOTEXTILE
TYPICAL SLOPE (A FILTER FABRIC UNDER
SOIL STABLIZATION TYPICAL TREATMENT.
\oTES. WET SLOPE LINING
1. SLOPE SURFACE SHALL BE FREE OF ROCKS,
L MV oo san conmacy EROSION BLANKETS & J

2. LAY BLANKETS LOOSELY AND STAKE OR TURF REINFORCEMENT MATS
STAPLE TO MAINTAIN DIRECT CONTACT WITH SLOPE INSTALLATION

THE SOIL. DO NOT STRETCH.
\__FILE: BLNKT02

Temporary Erosion Control Final Report 91

(©) 1994 JOHN MeCULLAH




90

Debris from slope
above is caught
by steps.

Drainage

2-3’

(depending on material) @._

[

P et
0"."

R IR

S
BT

MENENE

than vertical

=E

M

~——— QGreater ——

ﬁ_
|
lll
Rl

Cut steps with
drainage to the back.
Avoid low spots.

Figure 6.03b Stair stepping cut slopes (modified from Va SWCC).

Groove by cutting furrows

along the contour. Irregularities
in the soil surface catch rainwater
and retain lime, fertilizer, and seed.

Figure 6.03¢ Grooving slopes (modified from Va SWCC).
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STAPLES

MATS /BLANKETS SHOULD
BE INSTALLED VERTICALLY
DOWNSLOPE.

NN

LY
NANNN\Y
ISOMETRIC VIEW \\//>\\//>\\\//\\

TYPICAL SLOPE
SOIL STABLIZATION

NOTES:

1. SLOPE SURFACE SHALL BE FREE OF ROCKS,
CLODS, STICKS AND GRASS. MATS/BLANKETS
SHALL HAVE GOOD SOIL CONTACT.

2. LAY BLANKETS LOOSELY AND STAKE OR
STAPLE TO MAINTAIN DIRECT CONTACT WITH
THE SOIL. DO NOT STRETCH.

\___FILE: BLNKTO2
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VIEW LOOKING UPSTREAM
NOTE:
KEY STONE INTO THE DITCH BANKS
AND EXTEND IT BEYOND THE ABUTMENTS
A MINIMUM OF 18 TO PREVENT OVER
FLOW AROUND DAM.
FLOwW —
e * " SK )
N 0 i
/// / -1k g -~~/1- 0 . =X .\',
X AU SR ALEBA R N Tl 0
\\/ / / 4,/ / D S @, O
SRR e
NN
ST
8 ft.
SECTION A - A
'L’ = THE DISTANCE SUCH THAT POINTS ‘A" AND
‘B' ARE OF EQUAL ELEVATION.
[vd 'L' 7.4
Y ==
--.-':;o\.—. POINT "B’
% §\//// N S e S e —— —— — — —]
/&Q///\\(//\«\\/é\\\\\\\%/\&\/”\ X o S
RN \\\\\\/\\\<\\\\\\®// \\\/// if&:.‘\’:‘.
TIK ‘%u.\ o —
TR
SPACING BETWEEN CHECK DAMS
\_FILE; GULLYO? J
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WILLOW CUTTING AND PLANTING
SHOULD BE PERFORMED WHEN
PLANT MATERIAL IS DORMANT.
(NOVEMBER — APRIL)

TAMP BACKFILL
SECTION A - A

WOVEN "LIVE STAZEZS
=11 WOVEN BRANCHES 3
3/ /( APPROX. 1/2" DIA

SECTION B - B

¥
‘B R
+ ¥
b ¥ + +
CHANNEL .
BOTTOY p CHANNEL
: BOTTOM
¥ B + M . ¥
3 v
g
z WOVEN WILLOW (LIVE) CHECKDAMS
3 ACT AS VELOCITY DISSIPATORS WOVEN WILLOW
< TO REDUCE GULLY DOWNCUTTING
8 y CHECK DAM
©

\_ FILE: GULLYO4
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o
[ SPILLWAY

o

VIEW LOOKING UPSTREAM

IL'

PONDING HEIGHT

EMBED STRAW
BALE 4" MIN.
INTO SOIL.

'L’ = THE DISTANCE SUCH THAT POINTS °C’
AND POINTS 'D’ ARE OF EQUAL ELEVATION.

“'I'- POINT °C’
—l-_‘,_ A‘
{ 1T

SECTION A - A

n
POINT D’
n I OPTIONAL
ENERGY
o Jooll DISSIPATOR
My 2o EY
SR 7 /‘\\@\\(’//\\y/)(/
L RRSSINSS

NOTES:

THE BALES.

\\_FILE: GULLYO3

1. EMBED BALES 4° INTO THE SOIL AND 'KEY'
BALES INTO THE CHANNEL BANKS.

2. POINT 'A* MUST BE HIGHER THAN PQINT 'B'.
(SPILLWAY HEIGHT)

3. PLACE BALES PERPENDICULAR TO THE
FLOW WITH ENDS TIGHTLY ABUTTING. USE
STRAW, ROCKS OR FILTER FABRIC TO FILL

ANY GAPS AND TAMP BACKFILL MATERIAL

TO PREVENT EROSION OR FLOW AROUND

4. SPILLWAY HEIGHT SHALL NOT EXCEED 24".
5. INSPECT AFTER EACH SIGNIFICANT STORM,
MAINTAIN AND REPAIR PROMPTLY.

SPACING BETWEEN CHECK DAMS Y

STRAW BALE
CHECK DAM

=)
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TOP OF BANK
TOE OF BANK
TOE_OF BANK
TOP OF BANK

PLAN VIEW

4" TO 6" LOGS
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VIEW LOOKING UPSTREAM
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NG

C_
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'L’ = THE DISTANCE SUCH THAT POINTS °'A" AND ‘B’
ARE OF EQUAL ELEVATION

| - 'L' |

=
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p N:

R

N Y SO
/.//.//.//.(,\./(\. 2
SN

.........

SPACING BETWEEN CHECK DAMS

;—‘3, NOTE:

g KEY THE ENDS OF THE CHECK

z DAM INTO THE CHANNEL BANK.

: LOGS SHALL BE PRESSURE LOG

3 STRUCTURE IS INTENDED TO BE CHE CK DAM

- PERMANENT.

@ )
\_ FLE: GULLYO2
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LONGITUDINAL ANCHOR TRENCH TERMINAL SLOPE AND CHANNEL

ANCHOR TRENCH

ORI
AN
CHECK SLOT AT 25" INTERVALS.

ISOMETRIC VIEW

NZ\ /\ Qi M
7

ROLGGY LY
: INITIAL CHANNEL ANCHOR TRENCH INTERMITTENT CHECK SLOT
§ NOTES:
z| 1. CHECK SLOTS TO BE CONSTRUCTED PER EROSION BLANKETS &
? MANUFACTURERS SPF_'CIFICATIONS.T e TURF REINFORCEMENT MATS
3| 2. STAKING OR sTAP You
o VANUFACTURERS  SPECIFICATIONS. CHANNEL INSTALLATION J
\__FLE: BLNKTD1
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\\_FILE: RNOFFO3
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SMOOTH _FOUNDATION
UNDER FILTER

\_FILE: RNOFFO2

CLASS 1 OR CLASS 2
DESIGNED STONE SIZE

FILTER FABRIC OR SRR X $
SAND AND GRAVEL IR T —T -
” SRR [ S
FILTER (6" MIN. THICK N
( } 53 3

KEYWAY AT TOE
OF SLOPE

TYPICAL SECTION

NOTE:
T* = THICKNESS : THICKNESS SHALL BE DETERMINED BY THE ENGINEER.

MINIMUM THICKNESS SHALL BE 1.5x THE MAXIMUM STONE DIAMETER, NEVER
LESS THAN 6 INCHES.

RIPRAP
PROTECTION

—/
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OVERFALL
ELEVATION

Iox 0 RS2 AL SRR
[ 8¢Qd o0 :.\ Qe 0“2 3&3:3?0.“
loges aaei o

i

T N %Q 0 o ¥ » \ o ;. ‘. 2 TNy ™
XY AN '\'\'Sx ‘g\ '4\'. X '\\.\\'
R )
t VRR SRS ALTER RECIEVING

MATERIAL ELEVATION
THICKNESS ('d’) = 1.5 x MAX ROCK DIAMETER (6" MIN.)

SECTION

La = 4.5 x D" MIN.
'D' = PIPE DIAMETER

ROCK dS0
50% SHALL BE LARGER
THAN 6" (MIN.) DIA.

?b'o'? Qg{j%zo O
et ot
ERNER SRS I N SR

|

4.0 x 'D’
MIN.

PLAN

NOTES:
1. 'La’ = LENGTH OF APRON. DISTANCE 'La’ SHALL BE OF SUFFICIENT LENGTH

TO DISSIPATE ENERGY.
2. APRON SHALL BE SET AT A ZERO GRADE AND ALIGNED STRAIGHT.

3. FILTER MATERIAL SHALL BE FILTER FABRIC OR 6" THICK (MIN.) GRADED GRAVEL

LAYER.

ENERGY
DISSIPATOR
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r ™\
DIVERSION RIDGE REQUIRED
EXCEEDS 2%
WHERE GRADE ) % OR GREATER
EXISTING PAV,
ROADWAY | VED
SECTION A - A
\ NOTE:
USE DBAGS, STRAW BALES
SEDIMENT BARRIER SPILLWAY OR g%ﬁéR APPROVED METHODS
(STRAW BALE TYPE SHOWN) \ \‘ !1 Ig RES{\JI&%%ZE RUNOFF TO BASIN
, \ )
SUPPLY WATER TO WASH /
WHEELS IF NECESSARY.
>
< PR
= s
S 3
g R =
A 2"-3" COURSE I
a AGGREGATE 2 -
gl MIN. 6" THICK ;?; &
: F0LIe0l %-9:":
S Gt |
Z
Py
[
2
>4
&
50" MIN.
C 4l
PLAN
NOTES:
1. THE ENTRANCE SHALL BE MAINTAINED IN A
CONDITION THAT WILL PREVENT TRACKING OR
FLOWING OF SEDIMENT ONTO PUBLIC RIGHTS-
OF—WAY. THIS MAY REQUIRE TOP DRESSING,
3 REPAIR AND/OR CLEANOUT OF ANY MEASURES
3| USED TO TRAP SEDIMENT.
31 2. WHEN NECESSARY, WHEELS SHALL BE CLEANED TEMPORARY
%] PRIOR TO ENTRANCE ONTO PUBLIC RIGHT—OF—WAY.
§| 3. WHEN WASHING 1S REQURED, IT SHALL C?EE DONE GRAVEL
S1 ON AN AREA STABLIZED WITH CRUSHED STON
%1 THAT DRAINS INTO AN APPROVED SEDIMENT TRAP CON STRUCTION
~1 OR SEDIMENT BASIN. /
o . ENTRANCE /EXIT )
\__ FILE: CRADEOS
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DIVERSION
PR NORMAL SLOPE LINE
N N\ N\ 1 1/2:1 OR FLATTER
RRRRGRRLA
NN N NS
/\\//\\/ //\\/ ORIGINAL GRADE
A &?\//‘QQ\ ‘
£ <\<//
STEPPED SLOPE N
DITCH —/\‘(>\//\/§>/§\//\<
6 1/2 FT
_ ] MN |
RN ~
NN AN
RS R R
%\\//<>>{\\\/<\\1\\\;(\\/\\ A \
30 FT MAX
CUTS 7%
: /
IRIGKKL
SOOI,
//\\/<\,/{\\>;< 25 FT
X <\'MAX FILLS &
l/k\/\/E/// /\
TERRACED SLOPE '/4\/(\\{/\%//{\\/
% NOTES: : —
2| 1. VERTICAL CUT DISTANCE SHALL BE LESS THAN
£ ORI SN o2 | oo e D U
= Vi ALL .
$| SOFT MATERIAL AND 3 FT. IN ROCKY MATERIAL. TERRACED SLOPE
@ i .
\_ FILE: CRADEQZ 7/
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