Hydraulic Mulch

EC-3

Description and Purpose

Hydraulic Mulch consists of various types of fibrous materials
mixed with water and sprayed onto the soil surface in slurry
form to provide a layer of temporary protection from wind and
water erosion.

Suitable Applications

Hydraulic mulch as a temporary, stand alone, erosion control
BMP is suitable for disturbed areas that require temporary
protection from wind and water erosion until permanent soil
stabilization activities commence. Examples include:

= Rough-graded areas that will remain inactive for longer
than permit-required thresholds (e.g., 14 days) or otherwise
require stabilization to minimize erosion or prevent
sediment discharges.

= Soil stockpiles.

= Slopes with exposed soil between existing vegetation such
as trees or shrubs.

= Slopes planted with live, container-grown vegetation or
plugs.

= Slopes burned by wildfire.

Hydraulic mulch can also be applied to augment other erosion
control BMPs such as:

Categories

EC  Erosion Control [}
SE  Sediment Control

TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and

WH Materials Pollution Control

Legend:
| Primary Category
[x] Secondary Category

Targeted Constituents

Sediment ]
Nutrients

Trash

Metals

Bacteria

Oil and Grease

Organics

Potential Alternatives

EC-4 Hydroseeding

EC-5 Soil Binders

EC-6 Straw Mulch

EC-7 Geotextiles and Mats

EC-8 Wood Mulching

EC-14 Compost Blanket

EC-16 Non-Vegetative Stabilization
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Hydraulic Mulich EC-3

s In conjunction with straw mulch (see EC-6 Straw Mulch) where the rate of hydraulic mulch
is reduced to 100-500 lbs per acre and the slurry is applied over the straw as a tackifying
agent to hold the straw in place.

s Supplemental application of soil amendments, such as fertilizer, lime, gypsum, soil bio-
stimulants or compost.

Limitations

In general, hydraulic mulch is not limited by slope length, gradient or soil type. However, the
following limitations typically apply:

s Most hydraulic mulch applications, particularly bonded fiber matrices (BFMs), require at
least 24 hours to dry before rainfall occurs.

s Temporary applications (i.e., without a vegetative component) may require a second
application in order to remain effective for an entire rainy season.

m Treatment areas must be accessible to hydraulic mulching equipment.
» Availability of water sources in remote areas for mixing and application.

m As a stand-alone temporary BMP, hydraulic mulches may need to be re-applied to maintain
their erosion control effectiveness, typically after 6-12 months depending on the type of
mulch used.

s Availability of hydraulic mulching equipment may be limited just prior to the rainy season
and prior to storms due to high demand.

m Cellulose fiber mulches alone may not perform well on steep slopes or in course soils.

Implementation

m  Where feasible, it is preferable to prepare soil surfaces prior to application by roughening
embankments and fill areas with a crimping or punching type roller or by track walking.

= The majority of hydraulic mulch applications do not necessarily require surface/soil
preparation (See EC-15 Soil Preparation) although in almost every case where re-vegetation
is included as part of the practice, soil preparation can be beneficial. One of the advantages
of hydraulic mulch over other erosion control methods is that it can be applied in areas
where soil preparation is precluded by site conditions, such as steep slopes, rocky soils, or
inaccessibility.

» Avoid mulch over spray onto roads, sidewalks, drainage channels, existing vegetation, etc.

s Hydraulic mulching is generally performed utilizing specialized machines that have a large
water-holding/mixing tank and some form of mechanical agitation or other recirculation
method to keep water, mulch and soil amendments in suspension. The mixed hydraulic
slurry can be applied from a tower sprayer on top of the machine or by extending a hose to
areas remote from the machine.
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Hydraulic Mulch EC-3

m  Where possible apply hydraulic mulch from multiple directions to adequately cover the soil.
Application from a single direction can result in shadowing, uneven coverage and failure of
the BMP.

» Hydraulic mulch can also include a vegetative component, such as seed, rhizomes, or stolons
(see EC-4 Hydraulic Seed).

s Typical hydraulic mulch application rates range from 2,000 pounds per acre for standard
mulches (SMs) to 3,500 pounds per acre for BFMs. However, the required amount of
hydraulic mulch to provide adequate coverage of exposed topsoil may appear to exceed the
standard rates when the roughness of the soil surface is changed due to soil preparation
methods (see EC-15 Soil Preparation) or by slope gradient.

»  Other factors such as existing soil moisture and soil texture can have a profound effect on
the amount of hydraulic mulch required (i.e. application rate) applied to achieve an erosion-
resistant covering.

m Avoid use of mulch without a tackifier component, especially on slopes.
= Mulches used in the hydraulic mulch slurry can include:

- Cellulose fiber

- Thermally-processed wood fibers

- Cotton

- Synthetics

- Compost (see EC-14, Compost Blanket)

m Additional guidance on the comparison and selection of temporary slope stabilization
methods is provided in Appendix F of the Handbook.

Categories of Hydraulic Mulches

Standard Hydraulic Mulch (SM)

Standard hydraulic mulches are generally applied at a rate of 2,000 pounds per acre and are
manufactured containing around 5% tackifier (i.e. soil binder), usually a plant-derived guar or
psyllium type. Most standard mulches are green in color derived from food-color based dyes.

Hydraulic Matrices (HM) and Stabilized Fiber Matrices (SFM)

Hydraulic matrices and stabilized fiber matrices are slurries which contain increased levels of
tackifiers/soil binders; usually 10% or more by weight. HMs and SFMs have improved
performance compared to a standard hydraulic mulch (SM) because of the additional
percentage of tackifier and because of their higher application rates, typically 2,500 — 4,000
pounds per acre. Hydraulic matrices can include a mixture of fibers, for example, a 50/50 blend
of paper and wood fiber. In the case of an SFM, the tackifier/soil binder is specified as a
polyacrylamide (PAM).
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Hydraulic Muich EC-3

Bonded Fiber Matrix (BFM)

Bonded fiber matrices (BFMs) are hydraulically-applied systems of fibers, adhesives (typically
guar based) and chemical cross-links. Upon drying, the slurry forms an erosion-resistant
blanket that prevents soil erosion and promotes vegetation establishment. The cross-linked
adhesive in the BFM should be biodegradable and should not dissolve or disperse upon re-
wetting. BFMs are typically applied at rates from 3,000 to 4,000 lbs/acre based on the
manufacturer’s recommendation. BFMs should not be applied immediately before, during or
immediately after rainfall or if the soil is saturated. Depending on the product, BFMs typically
require 12 to 24 hours to dry and become effective.

Mechanically-Bonded Fiber Matrices (MBFM)

Mechanically-bonded fiber matrices (MBFMs) are hydraulically applied systems similar to BFM
that use crimped synthetic fibers and PAM and are typically applied to a slope at a higher
application rate than a standard BFM.

Hydraulic Compost Matrix (HCM)

Hydraulic compost matrix (HCM) is a field-derived practice whereby finely graded or sifted
compost is introduced into the hydraulic mulch slurry. A guar-type tackifier can be added for
steeper slope applications as well as any specified seed mixtures. A HCM can help to accelerate
seed germination and growth. HCMs are particularly useful as an in-fill for three-dimensional

re-vegetation geocomposites, such as turf reinforcement mats (TRM) (see EC-7 Geotextiles and
Mats).

Costs
Average installed costs for hydraulic mulch categories are is provided in Table 1, below.

Table 1
HYDRAULIC MULCH BMPs
INSTALLED COSTS
BMP Installed Cost/Acre
Standard Hydraulic Mulching (SM) $1,700 - $3,600 per acre
Hydraulic Matrices (HM) and Stabilized Fiber Matrices
Guar-based $2,000 - $4,000 per acre
PAM-based $2,500 - $5,610 per acre
Bonded Fiber Matrix (BFM) $3,800 - $6,300 per acre
Mechanically Bonded Fiber Matrix (MBFM) $4,500 - $6,000 per acre
Hydraulic Compost Matrix (HCM) $3,000 - $3,500 per acre

Source: Caltrans Soil Stabilization BMP Research for Erosion and Sediment Controls, July 2007

Inspection and Maintenance

s Maintain an unbroken, temporary mulched ground cover throughout the period of
construction when the soils are not being reworked.

m BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
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Hydraulic Mulch EC-3

weekly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

m  Areas where erosion is evident should be repaired and BMPs re-applied as soon as possible.
Care should be exercised to minimize the damage to protected areas while making repairs, as
any area damaged will require re-application of BMPs.

»  Compare the number of bags or weight of applied mulch to the area treated to determine
actual application rates and compliance with specifications.

References

Soil Stabilization BMP Research for Erosion and Sediment Controls: Cost Survey Technical
Memorandum, State of California Department of Transportation (Caltrans), July 2007.

Controlling Erosion of Construction Sites, Agricultural Information #347, U.S. Department of
Agriculture (USDA), Natural Resources Conservation Service (NRCS) (formerly Soil
Conservation Service — SCS).

Guides for Erosion and Sediment Control in California, USDA Soils Conservation Service,
January 1991.

Manual of Standards of Erosion and Sediment Control Measures, Association of Bay Area
Governments, May 1995.

Sedimentation and Erosion Control, An Inventory of Current Practices Draft, US EPA, April
1990.

Soil Erosion by Water, Agriculture Information Bulletin #513, U.S. Department of Agriculture,
Soil Conservation Service.

Stormwater Quality Handbooks Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), March 2003.

Guidance Document: Soil Stabilization for Temporary Slopes, State of California Department of
Transportation (Caltrans), November 1999

Stormwater Management of the Puget Sound Basin, Technical Manual, Publication #91-7s5,
Washington State Department of Ecology, February 1992.

Water Quality Management Plan for the Lake Tahoe Region, Volume II, Handbook of
Management Practices, Tahoe Regional Planning Agency, November 1988.
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Hydroseeding

EC-4

W

Description and Purpose

Hydroseeding typically consists of applying a mixture of a
hydraulic mulch, seed, fertilizer, and stabilizing emulsion with
a hydraulic mulcher, to temporarily protect exposed soils from
erosion by water and wind. Hydraulic seeding, or
hydroseeding, is simply the method by which temporary or
permanent seed is applied to the soil surface.

Suitable Applications

Hydroseeding is suitable for disturbed areas requiring
temporary protection until permanent stabilization is
established, for disturbed areas that will be re-disturbed
following an extended period of inactivity, or to apply
permanent stabilization measures. Hydroseeding without
mulch or other cover (e.g. EC-7, Erosion Control Blanket) is not
a stand-alone erosion control BMP and should be combined
with additional measures until vegetation establishment.

Typical applications for hydroseeding include:

= Disturbed soil/graded areas where permanent stabilization
or continued earthwork is not anticipated prior to seed
germination.

m Cleared and graded areas exposed to seasonal rains or
temporary irrigation.

m  Areas not subject to heavy wear by construction equipment
or high traffic.

Categories

EC  Erosion Control |
SE  Sediment Control
TC  Tracking Control
WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and

WM Materials Pollution Control

Legend:
| Primary Category
Secondary Category

Targeted Constituents

Sediment |
Nutrients

Trash

Metals

Bacteria

Oil and Grease

Organics

Potential Alternatives

EC-3 Hydraulic Mulch

EC-5 Soil Binders

EC-6 Straw Mulch

EC-7 Geotextiles and Mats

EC-8 Wood Mulching

EC-14 Compost Blanket

EC-16 Non-Vegetative Stabilization
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Eydroseeding EC-4

Limitations

m Availability of hydroseeding equipment may be limited just prior to the rainy season and
prior to storms due to high demand.

s Hydraulic seed should be applied with hydraulic mulch or a stand-alone hydroseed
application should be followed by one of the following:

- Straw mulch (see Straw Mulch EC-6)
- Rolled erosion control products (see Geotextiles and Mats EC-7)
- Application of Compost Blanket (see Compost Blanket EC-14)

Hydraulic seed may be used alone only on small flat surfaces when there is sufficient time in
the season to ensure adequate vegetation establishment and coverage to provide adequate
erosion control.

» Hydraulic seed without mulch does not provide immediate erosion control.

m Temporary seeding may not be appropriate for steep slopes (i.e., slopes readily prone to rill
erosion or without sufficient topsoil).

s Temporary seeding may not be appropriate in dry periods without supplemental irrigation.
m Temporary vegetation may have to be removed before permanent vegetation is applied.

s Temporary vegetation may not be appropriate for short term inactivity (i.e. less than 3-6
months).

Implementation

In order to select appropriate hydraulic seed mixtures, an evaluation of site conditions should be
performed with respect to:

- Soil conditions - Maintenance requirements

-  Site topography and exposure (sun/wind)

Sensitive adjacent areas
- Season and climate - Water availability
- Vegetation types - Plans for permanent vegetation

The local office of the U.S.D.A. Natural Resources Conservation Service (NRCS) is an excellent
source of information on appropriate seed mixes.

The following steps should be followed for implementation:

s Where appropriate or feasible, soil should be prepared to receive the seed by disking or
otherwise scarifying (See EC-15, Soil Preparation) the surface to eliminate crust, improve air
and water infiltration and create a more favorable environment for germination and growth.

_
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ﬂd roseeding EC-4

» Avoid use of hydraulic seed in areas where the BMP would be incompatible with future
earthwork activities.

= Hydraulic seed can be applied using a multiple step or one step process.

- . In a multiple step process, hydraulic seed is applied first, followed by mulch or a Rolled
Erosion Control Product (RECP).

- Inthe one step process, hydraulic seed is applied with hydraulic mulch in a hydraulic
matrix. When the one step process is used to apply the mixture of fiber, seed, etc., the
seed rate should be increased to compensate for all seeds not having direct contact with
the soil.

n  All hydraulically seeded areas should have mulch, or alternate erosion control cover to keep
seeds in place and to moderate soil moisture and temperature until the seeds germinate and
grow.

m  All seeds should be in conformance with the California State Seed Law of the Department of
Agriculture. Each seed bag should be delivered to the site sealed and clearly marked as to
species, purity, percent germination, dealer's guarantee, and dates of test. The container
should be labeled to clearly reflect the amount of Pure Live Seed (PLS) contained. All
legume seed should be pellet inoculated. Inoculant sources should be species specific and
should be applied at a rate of 2 1b of inoculant per 100 1b seed.

s Commercial fertilizer should conform to the requirements of the California Food and
Agricultural Code, which can be found at
http://www.leginfo.ca.gov/.html/fac_table_of_contents.html. Fertilizer should be pelleted
or granular form.

»  Follow up applications should be made as needed to cover areas of poor coverage or
germination/vegetation establishment and to maintain adequate soil protection.

m Avoid over spray onto roads, sidewalks, drainage channels, existing vegetation, etc.

s Additional guidance on the comparison and selection of temporary slope stabilization
methods is provided in Appendix F of the Handbook.

Costs

Average cost for installation and maintenance may vary from as low as $1,900 per acre for flat
slopes and stable soils, to $4,000 per acre for moderate to steep slopes and/or erosive soils.
Cost of seed mixtures vary based on types of required vegetation.

Installed
BMP Cost per Acre
Hydraulic Seed $1,900-$4,000
Source: Caltrans Soil Stabilization BMP Research for Erosion and Sediment Controls, July
2007
- ]
November 2009 California Stormwater BMP Handbook 30of4

Construction
www.casqa.org



Hydroseeding EC-4

Inspection and Maintenance

BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weekly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

Areas where erosion is evident should be repaired and BMPs re-applied as soon as possible.
Care should be exercised to minimize the damage to protected areas while making repairs, as
any area damaged will require re-application of BMPs.

Where seeds fail to germinate, or they germinate and die, the area must be re-seeded,
fertilized, and mulched within the planting season, using not less than half the original
application rates.

Irrigation systems, if applicable, should be inspected daily while in use to identify system
malfunctions and line breaks. When line breaks are detected, the system must be shut down
immediately and breaks repaired before the system is put back into operation.

Irrigation systems should be inspected for complete coverage and adjusted as needed to
maintain complete coverage.

References

Soil Stabilization BMP Research for Erosion and Sediment Controls: Cost Survey Technical
Memorandum, State of California Department of Transportation (Caltrans), July 2007.

Stormwater Quality Handbooks Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), March 2003.

Guidance Document: Soil Stabilization for Temporary Slopes, State of California Department of
Transportation (Caltrans), November 1999.
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Soil Binders

EC-5

Description and Purpose

Soil binding consists of application and maintenance of a soil
stabilizer to exposed soil surfaces. Soil binders are materials
applied to the soil surface to temporarily prevent water and
wind induced erosion of exposed soils on construction sites.

Suitable Applications

Soil binders are typically applied to disturbed areas requiring
temporary protection. Because soil binders, when used as a
stand-alone practice, can often be incorporated into the soil,
they are a good alternative to mulches in areas where grading
activities will soon resume. Soil binders are commonly used in
the following areas:

®  Rough graded soils that will be inactive for a short period of
time

= Soil stockpiles
= Temporary haul roads prior to placement of erushed rock
= Compacted soil road base

= Construction staging, materials storage, and layout areas

Limitations
= Soil binders are temporary in nature and may need
reapplication.

Categories

EC  Erosion Control |
SE  Sediment Control
TC  Tracking Control

WE  Wind Erosion Control
NS Non-Stormwater
Management Control

Waste Management and

Wi Materials Pollution Control

Legend:
v Primary Category
Secondary Category

Targeted Constituents

Sediment |
Nutrients

Trash

Metals

Bacteria

Qil and Grease

Organics

Potential Alternatives

EC-3 Hydraulic Mulch
EC-4 Hydroseeding

EC-6 Straw Mulch

EC-7 Geotextiles and Mats
EC-8 Wood Mulching
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Soil Binders EC-5

m  Soil binders require a minimum curing time until fully effective, as prescribed by the
manufacturer. Curing time may be 24 hours or longer. Soil binders may need reapplication
after a storm event.

= Soil binders will generally experience spot failures during heavy rainfall events. If runoff
penetrates the soil at the top of a slope treated with a soil binder, it is likely that the runoff
will undercut the stabilized soil layer and discharge at a point further down slope.

m Plant-material-based soil binders do not generally hold up to pedestrian or vehicular traffic
across treated areas as well as polymeric emulsion blends or cementitious-based binders.

s Soil binders may not sufficiently penetrate compacted soils.

= Some soil binders are soil texture specific in terms of their effectiveness. For example,
polyacrylamides (PAMs) work very well on silt and clayey soils but their performance
decreases dramatically in sandy soils.

= Some soil binders may not perform well with low relative humidity. Under rainy conditions,
some agents may become slippery or leach out of the soil.

m Soil binders may not cure if low temperatures occur within 24 hours of application.

» The water quality impacts of some chemical soil binders are relatively unknown and some
may have water quality impacts due to their chemical makeup.

Implementation
General Considerations
= Soil binders should conform to local municipality specifications and requirements.

s Site soil types will dictate appropriate soil binders to be used.

m A soil binder must be environmentally benign (non-toxic to plant and animal life), easy to
apply, easy to maintain, economical, and should not stain paved or painted surfaces. Soil
binders should not pollute stormwater when cured. Obtain a Material Safety Data Sheet
(MSDS) from the manufacturer to ensure non-toxicity.

s Stormwater runoff from PAM treated soils should pass through one of the following
sediment control BMP prior to discharging to surface waters.

- When the total drainage area is greater than or equal to 5 acres, PAM treated areas
should drain to a sediment basin.

- Areas less than 5 acres should drain to sediment control BMPs, such as a sediment trap,
or a series of check dams. The total number of check dams used should be maximized to
achieve the greatest amount of settlement of sediment prior to discharging from the site.
Each check dam should be spaced evenly in the drainage channel through which
stormwater flows are discharged off site.

= Performance of soil binders depends on temperature, humidity, and traffic across treated
areas.
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Soil Binders EC-5

® Avoid over spray onto roads, sidewalks, drainage channels, existing vegetation, etc.

» Additional guidance on the comparison and selection of temporary slope stabilization
methods is provided in Appendix F of the Handbook.

Selecting a Soil Binder

Properties of common soil binders used for erosion control are provided on Table 1 at the end of
this Fact Sheet. Use Table 1 to select an appropriate soil binder. Refer to WE-1, Wind Erosion
Control, for dust control soil binders.

Factors to consider when selecting a soil binder include the following:

s Suitability to situation - Consider where the soil binder will be applied, if it needs a high
resistance to leaching or abrasion, and whether it needs to be compatible with any existing
vegetation. Determine the length of time soil stabilization will be needed, and if the soil
binder will be placed in an area where it will degrade rapidly. In general, slope steepness is
not a discriminating factor for the listed soil binders.

»  Soil types and surface materials - Fines and moisture content are key properties of surface
materials. Consider a soil binder's ability to penetrate, likelihood of leaching, and ability to
form a surface crust on the surface materials.

s Frequency of application - The frequency of application is related to the functional longevity
of the binder, which can be affected by subgrade conditions, surface type, climate, and
maintenance schedule.

» Frequent applications could lead to high costs. Application frequency may be minimized if
the soil binder has good penetration, low evaporation, and good longevity. Consider also
that frequent application will require frequent equipment clean up.

Plant-Material-Based (Short Lived, <6 months) Binders

Guar; Guar is a non-toxic, biodegradable, natural galactomannan-based hydrocolloid treated
with dispersant agents for easy field mixing. It should be mixed with water at the rate of 11 to 15
1b per 1,000 gallons. Recommended minimum application rates are as follows:

Application Rates for Guar Soil Stabilizer

Slope (H:V): Flat 41 31 2:1 111

Ib/acre: 40 45 50 60 70

Psyllium: Psyllium is composed of the finely ground muciloid coating of plantago seeds that is
applied as a dry powder or in a wet slurry to the surface of the soil. It dries to form a firm but
rewettable membrane that binds soil particles together, but permits germination and growth of
seed. Psyllium requires 12 to 18 hours drying time. Application rates should be from 80 to 200
1b/acre, with enough water in solution to allow for a uniform slurry flow.

Starch: Starch is non-ionic, cold water soluble (pre-gelatinized) granular cornstarch. The
material is mixed with water and applied at the rate of 150 lb/acre. Approximate drying time is
9 to 12 hours.

O
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Soil Binders EC-5

Plant-Material-Based (Long Lived, 6-12 months) Binders

Pitch and Rosin Emulsion: Generally, a non-ionic pitch and rosin emulsion has a minimum
solids content of 48%. The rosin should be a minimum of 26% of the total solids content. The
soil stabilizer should be non-corrosive, water dilutable emulsion that upon application cures to a
water insoluble binding and cementing agent. For soil erosion control applications, the
emulsion is diluted and should be applied as follows:

s Forclayeysoil: 5 parts water to 1 part emulsion
» Forsandysoil: 10 parts water to 1 part emulsion

Application can be by water truck or hydraulic seeder with the emulsion and product mixture
applied at the rate specified by the manufacturer.

Polymeric Emulsion Blend Binders

Acrylic Copolymers and Polymers: Polymeric soil stabilizers should consist of a liquid or solid
polymer or copolymer with an acrylic base that contains a minimum of 55% solids. The
polymeric compound should be handled and mixed in a manner that will not cause foaming or
should contain an anti-foaming agent. The polymeric emulsion should not exceed its shelf life
or expiration date; manufacturers should provide the expiration date. Polymeric soil stabilizer
should be readily miscible in water, non-injurious to seed or animal life, non-flammable, should
provide surface soil stabilization for various soil types without totally inhibiting water
infiltration, and should not re-emulsify when cured. The applied compound typically requires
12 to 24 hours drying time. Liquid copolymer should be diluted at a rate of 10 parts water to 1
part polymer and the mixture applied to soil at a rate of 1,175 gallons/acre.

Liquid Polymers of Methacrylates and Acrylates: This material consists of a tackifier/sealer that
is a liquid polymer of methacrylates and acrylates. It is an aqueous 100% acrylic emulsion blend
of 40% solids by volume that is free from styrene, acetate, vinyl, ethoxylated surfactants or
silicates. For soil stabilization applications, it is diluted with water in accordance with the
manufacturer’s recommendations, and applied with a hydraulic seeder at the rate of 20
gallons/acre. Drying time is 12 to 18 hours after application.

Copolymers of Sodium Acrylates and Acrylamides: These materials are non-toxic, dry powders
that are copolymers of sodium acrylate and acrylamide. They are mixed with water and applied
to the soil surface for erosion control at rates that are determined by slope gradient:

Slop((: Iil;:fl)dient Ib/acre
Flatto 5:1 3.0-5.0
5:1t03:1 5.0 -10.0
2:1t0 1:1 10.0 — 20.0

Poly-Acrylamide (PAM) and Copolymer of Acrylamide: Linear copolymer polyacrylamide for

use as a soil binder is packaged as a dry flowable solid, as a liquid. Refer to the manufacturer’s
recommendation for dilution and application rates as they vary based on liquid or dry form, site
conditions and climate.

= Limitations specific to PAM are as follows:
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- Do not use PAM on a slope that flows into a water body without passing through a
sediment trap or sediment basin.

- The specific PAM copolymer formulation must be anionic. Cationic PAM should not be
used in any application because of known aquatic toxicity problems. Only the highest
drinking water grade PAM, certified for compliance with ANSI/NSF Standard 60 for
drinking water treatment, should be used for soil applications.

- PAM designated for erosion and sediment control should be “water soluble” or “linear”
or “non-cross linked”.

- PAM should not be used as a stand-alone BMP to protect against water-based erosion.
When combined with mulch, its effectiveness increases dramatically.

Hydro-Colloid Polymers: Hydro-Colloid Polymers are various combinations of dry flowable
poly-acrylamides, copolymers and hydro-colloid polymers that are mixed with water and
applied to the soil surface at rates of 55 to 60 Ib/acre. Drying times are 0 to 4 hours.

Cementitious-Based Binders

Gypsum: This is a formulated gypsum based product that readily mixes with water and mulch
to form a thin protective crust on the soil surface. It is composed of high purity gypsum that is
ground, calcined and processed into calcium sulfate hemihydrate with a minimum purity of
86%. It is mixed in a hydraulic seeder and applied at rates 4,000 to 12,000 Ib/acre. Drying
time is 4 to 8 hours.

Applying Soil Binders

After selecting an appropriate soil binder, the untreated soil surface must be prepared before
applying the soil binder. The untreated soil surface must contain sufficient moisture to assist
the agent in achieving uniform distribution. In general, the following steps should be followed:

» Follow manufacturer’s written recommendations for application rates, pre-wetting of
application area, and cleaning of equipment after use.

= Prior to application, roughen embankment and fill areas.

» Consider the drying time for the selected soil binder and apply with sufficient time before
anticipated rainfall. Soil binders should not be applied during or immediately before
rainfall.

= Avoid over spray onto roads, sidewalks, drainage channels, sound walls, existing vegetation,
etc.

» Soil binders should not be applied to frozen soil, areas with standing water, under freezing
or rainy conditions, or when the temperature is below 40°F during the curing period.

= More than one treatment is often necessary, although the second treatment may be diluted
or have a lower application rate.

m  Generally, soil binders require a minimum curing time of 24 hours before they are fully
effective. Refer to manufacturer's instructions for specific cure time.

.
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m Forliquid agents:

- Crown or slope ground to avoid ponding.

- Uniformly pre-wet ground at 0.03 to 0.3 gal/yd2 or according to manufacturer’s

recommendations.

- Apply solution under pressure. Overlap solution 6 to 12 in.

- Allow treated area to cure for the time recommended by the manufacturer; typically at

least 24 hours.

- Apply second treatment before first treatment becomes ineffective, using 50%

application rate.

- Inlow humidities, reactivate chemicals by re-wetting with water at 0.1 to 0.2 gal/yd=.

Costs

Costs vary according to the soil stabilizer selected for implementation. The following are

approximate installed costs:

Soil Binder Cos(;gt:)l;)\lcre ESthnel;! f:((:lrSOSt
(2009)2
Plant-Material-Based (Short Lived) Binders $700-$900 $770-$990
Plant-Material-Based (Long Lived) Binders $1,200-$1,500 $1,320-$1,650
Polymeric Emulsion Blend Binders $700 -$1,500 $770-$1,650
Cementitious-Based Binders $800-$1,200 $880-$1,350

1. Source: Erosion Control Pilot Study Report, Caltrans, June 2000.

2. 2009 costs reflect a 10% escalation over year 2000 costs. Escalation based on informal
survey of industry trends. Note: Expected cost increase is offset by competitive economic

conditions.

Inspection and Maintenance

» BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weekly, prior to forecasted rain events, daily during extended rain events, and after the

conclusion of rain events.

m  Areas where erosion is evident should be repaired and BMPs re-applied as soon as possible.
Care should be exercised to minimize the damage to protected areas while making repairs, as
any area damaged will require re-application of BMPs.

m  Reapply the selected soil binder as needed to maintain effectiveness.

A

November 2009

_
California Stormwater BMP Handbook

Construction

WWW.casqa.org

6of 8



Soil Binders

EC-5

Table 1 Properties of Soil Binders for Erosion Control
Binder Type
Evaluation Criteria | Plant Material | Plant Material Pol . ops
Based (Short Based (Long E ;’ o m%rllc d Cementl.tlous-
Lived) Lived) mulsion Blends Based Binders
Relative Cost Low MO(II‘;I:}:E to Low to High Low to Moderate
Resistance to Leaching High High Low to Moderate Moderate
Resistance to Abrasion Moderate Low Moderate to High Moderate to High
Longevity Short to Medium Medium Medium to Long Medium
Mmm];l;;gr(elufg I:Igl Time 9 to 18 hours 19 to 24 hours o to 24 hours 4 to 8 hours
Compatibility with
Existing Vegetation Good Poor Poor Poor
Photodegradable/ Photodegradable/
Mode of Degradation Biodegradable Biodegradable Chemically Chemically
Degradable Degradable
Labor Intensive No No No No
Specialized Application Water Truc_k or Water Truc_k or Water Truck or Water Truck or
Equipment Hydraulic Hydraulic Hydraulic Mulcher | Hydraulic Mulcher
Mulcher Mulcher 4
Liquid/Powder Powder Liquid Liquid/Powder Powder
. Yes, but dissolves Yes, but dissolves on
Surface Crusting on rewetting Yes rewetting Yes
Clean Up Water Water Water Water
Erosion Control ) ) e (1) 4,000 t0 12,000
Application Rate Varies Varies © Varies Ibs/acre

(1) See Implementation for specific rates.
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Soil Binders EC-5
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Straw Mulch

EC-6

Description and Purpose

Straw mulch consists of placing a uniform layer of straw and
incorporating it into the soil with a studded roller or crimper, or
anchoring it with a tackifier or stabilizing emulsion. Straw
mulch protects the soil surface from the impact of rain drops,
preventing soil particles from becoming dislodged.

Suitable Applications

Straw mulch is suitable for disturbed areas requiring temporary
protection until permanent stabilization is established. Straw
mulch can be specified for the following applications:

= As astand-alone BMP on disturbed areas until soils can be
prepared for permanent vegetation. The longevity of straw
mulch is typically less than six months.

m  Applied in combination with temporary seeding strategies

= Applied in combination with permanent seeding strategies
to enhance plant establishment and final soil stabilization

= Applied around containerized plantings to control erosion
until the plants become established to provide permanent
stabilization

Limitations

m  Availability of straw and straw blowing equipment may be
limited just prior to the rainy season and prior to storms due
to high demand.

Categories

EC  Erosion Control

SE  Sediment Control

TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

WM Waste Management and
Materials Pollution Control

Legend:
| Primary Category
[x] Secondary Category

Targeted Constituents

Sediment
Nutrients
Trash

Metals
Bacteria

Qil and Grease
Organics

Potential Alternatives

EC-3 Hydraulic Mulch
EC-4 Hydroseeding

EC-5 Soil Binders

EC-7 Geotextiles and Mats
EC-8 Wood Mulching
EC-14 Compost Blanket
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Straw Mulch EC-6

There is a potential for introduction of weed seed and unwanted plant material if weed-free
agricultural straw is not specified.

Straw mulch applied by hand is more time intensive and potentially costly.

Wind may limit application of straw and blow straw into undesired locations.

May have to be removed prior to permanent seeding or prior to further earthwork.
“Punching” of straw does not work in sandy soils, necessitating the use of tackifiers.

Potential fugitive dust control issues associated with straw applications can occur.
Application of a stabilizing emulsion or a water stream at the same time straw is being blown
can reduce this problem.

Use of plastic netting should be avoided in areas where wildlife may be entrapped and may
be prohibited for projects in certain areas with sensitive wildlife species, especially reptiles
and amphibians.

Implementation

Straw should be derived from weed-free wheat, rice, or barley. Where required by the plans,
specifications, permits, or environmental documents, native grass straw should be used.

Use tackifier to anchor straw mulch to the soil on slopes.

Crimping, punch roller-type rollers, or track walking may also be used to incorporate straw
mulch into the soil on slopes. Track walking can be used where other methods are
impractical.

Avoid placing straw onto roads, sidewalks, drainage channels, sound walls, existing
vegetation, etc.

Straw mulch with tackifier should not be applied during or immediately before rainfall.

Additional guidance on the comparison and selection of temporary slope stabilization
methods is provided in Appendix F of the Handbook.

Application Procedures

When using a tackifier to anchor the straw mulch, roughen embankment or fill areas by
rolling with a crimping or punching-type roller or by track walking before placing the straw
mulch. Track walking should only be used where rolling is impractical.

Apply straw at a rate of between 3,000 and 4,000 Ib/acre, either by machine or by hand
distribution and provide 100% ground cover. A lighter application is used for flat surfaces
and a heavier application is used for slopes.

Evenly distribute straw mulch on the soil surface.

Anchoring straw mulch to the soil surface by "punching"” it into the soil mechanically
(incorporating) can be used in lieu of a tackifier.
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Straw Mulich EC-6

w Methods for holding the straw mulch in place depend upon the slope steepness, accessibility,

soil conditions, and longevity.

- Atackifier acts to glue the straw fibers together and to the soil surface. The tackifier
should be selected based on longevity and ability to hold the fibers in place. A tackifier is

typically applied at a rate of 125 Ib/acre. In windy conditions, the rates are typically 180
Ib/acre.

- On very small areas, a spade or shovel can be used to punch in straw mulch.

- On slopes with soils that are stable enough and of sufficient gradient to safely support
construction equipment without contributing to compaction and instability problems,
straw can be "punched” into the ground using a knife blade roller or a straight bladed
coulter, known commercially as a "crimper.”

Costs

Average annual cost for installation and maintenance is included in the table below. Application
by hand is more time intensive and potentially more costly.

BMP Unit Cost per Acre
Straw mulch, crimped or punched $2,458-$5,375
Straw mulch with tackifier $1,823-$4,802

Source: Caltrans Soil Stabilization BMP Research for Erosion and Sediment Controls,
July 2007

Inspection and Maintenance

BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weekly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

Areas where erosion is evident should be repaired and BMPs re-applied as soon as possible.
Care should be exercised to minimize the damage to protected areas while making repairs, as
any area damaged will require re-application of BMPs.

The key consideration in inspection and maintenance is that the straw needs to last long
enough to achieve erosion control objectives. Straw mulch as a stand-alone BMP is
temporary and is not suited for long-term erosion control.

Maintain an unbroken, temporary mulched ground cover while disturbed soil areas are
inactive. Repair any damaged ground cover and re-mulch exposed areas.

Reapplication of straw mulch and tackifier may be required to maintain effective soil
stabilization over disturbed areas and slopes.

e
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Straw Mulch EC-6
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Geotextiles and Mats

EC-7

Description and Purpose

Mattings, or Rolled Erosion Control Products (RECPs), can be
made of natural or synthetic materials or a combination of the
two. RECPs are used to cover the soil surface to reduce erosion
from rainfall impact, hold soil in place, and absorb and hold
moisture near the soil surface. Additionally, RECPs may be
used to stabilize soils until vegetation is established or to
reinforce non-woody surface vegetation.

Suitable Applications

RECPs are typically applied on slopes where erosion hazard is
high and vegetation will be slow to establish. Mattings are also
used on stream banks, swales and other drainage channels
where moving water at velocities between 3 ft/s and 6 ft/s are
likely to cause scour and wash out new vegetation, and in areas
where the soil surface is disturbed and where existing
vegetation has been removed. RECPs may also be used when
seeding cannot occur (e.g., late season construction and/or the
arrival of an early rain season). RECPs should be considered
when the soils are fine grained and potentially erosive. RECPs
should be considered in the following situations.

m Steep slopes, generally steeper than 3:1 (H:V)
m  Slopes where the erosion potential is high
= Slopes and disturbed soils where mulch must be anchored

» Disturbed areas where plants are slow to develop

Categories

EC  Erosion Control
SE  Sediment Control
TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

WM Waste Management and
Materials Pollution Control

Legend:
| Primary Category
[X] secondary Category

Targeted Constituents

Sediment
Nutrients
Trash

Metals
Bacteria

Oil and Grease
Organics

Potential Alternatives

EC-3 Hydraulic Mulch
EC-4 Hydroseeding
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Geotextiles and Mats EC-7

S
I —

Channels with flows exceeding 3.3 ft/s
Channels to be vegetated
Stockpiles

Slopes adjacent to water bodies

Limitations

RECP installed costs are generally higher than other erosion control BMPs, limiting their use
to areas where other BMPs are ineffective (e.g. channels, steep slopes).

RECPs may delay seed germination, due to reduction in soil temperature.

RECPs are generally not suitable for excessively rocky sites or areas where the final
vegetation will be mowed (since staples and netting can catch in mowers). If a staple or pin
cannot be driven into the soil because the underlying soil is too hard or rocky, then an
alternative BMP should be selected.

If used for temporary erosion control, RECPs should be removed and disposed of prior to
application of permanent soil stabilization measures.

The use of plastic should be limited to covering stockpiles or very small graded areas for
short periods of time (such as through one imminent storm event) until more
environmentally friendly measures, such as seeding and mulching, may be installed.

- Plastic sheeting is easily vandalized, easily torn, photodegradable, and must be
disposed of at a landfill.

- Plastic sheeting results in 100% runoff, which may cause serious erosion
problems in the areas receiving the increased flow.

RECPs may have limitations based on soil type, slope gradient, or channel flow rate; consult
the manufacturer for proper selection.

Not suitable for areas that have foot traffic (tripping hazard) — e.g., pad areas around
buildings under construction.

RECPs that incorporate a plastic netting (e.g. straw blanket typically uses a plastic netting to
hold the straw in place) may not be suitable near known wildlife habitat. Wildlife can
become trapped in the plastic netting.

RECPs may have limitations in extremely windy climates. However, when RECPs are
properly trenched at the top and bottom and stapled in accordance with the manufacturer’s
recommendations, problems with wind can be minimized.

A — N A — N
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Implementation
Material Selection

» Natural RECPs have been found to be effective where re-vegetation will be provided by re-
seeding. The choice of material should be based on the size of area, side slopes, surface
conditions such as hardness, moisture, weed growth, and availability of materials.

m Additional guidance on the comparison and selection of temporary slope stabilization
methods is provided in Appendix F of the Handbook.

n The following natural and synthetic RECPs are commonly used:

Geotextiles

m» Material can be a woven or a non-woven polypropylene fabric with minimum thickness of
0.06 in., minimum width of 12 ft and should have minimum tensile strength of 150 Ibs
(warp), 80 Ibs (fill) in conformance with the requirements in ASTM Designation: D 4632.
The permittivity of the fabric should be approximately 0.07 sec! in conformance with the
requirements in ASTM Designation: D4491. The fabric should have an ultraviolet (UV)
stability of 70 percent in conformance with the requirements in ASTM designation: D4355.
Geotextile blankets must be secured in place with wire staples or sandbags and by keying
into tops of slopes to prevent infiltration of surface waters under geotextile. Staples should
be made of minimum 11 gauge steel wire and should be U-shaped with 8 in. legs and 2 in.
crown.

m  Geotextiles may be reused if they are suitable for the use intended.

Plastic Covers

= Generally plastic sheeting should only be used as stockpile covering or for very small graded
areas for short periods of time (such as through one imminent storm event). If plastic
sheeting must be used, choose a plastic that will withstand photo degradation.

m Plastic sheeting should have a minimum thickness of 6 mils, and must be keyed in at the top
of slope (when used as a temporary slope protection) and firmly held in place with sandbags
or other weights placed no more than 10 ft apart. Seams are typically taped or weighted
down their entire length, and there should be at least a 12 in. to 24 in. overlap of all seams.
Edges should be embedded a minimum of 6 in. in soil (when used as a temporary slope
protection).

m Al sheeting must be inspected periodically after installation and after significant rainstorms
to check for erosion, undermining, and anchorage failure. Any failures must be repaired
immediately. If washout or breakages occur, the material should be re-installed after
repairing the damage to the slope.

Erosion Control Blankets/Mats

= Biodegradable RECPs are typically composed of jute fibers, curled wood fibers, straw,
coconut fiber, or a combination of these materials. In order for an RECP to be considered
100% biodegradable, the netting, sewing or adhesive system that holds the biodegradable
mulch fibers together must also be biodegradable. See typical installation details at the end
of this fact sheet.

.
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Geotextiles and Mats EC-7

- Jute is a natural fiber that is made into a yarn that is loosely woven into a biodegradable
mesh. The performance of jute as a stand-alone RECP is low. Most other RECPs
outperform jute as a temporary erosion control product and therefore jute is not
commonly used. It is designed to be used in conjunction with vegetation. The material
is supplied in rolled strips, which should be secured to the soil with U-shaped staples or
stakes in accordance with manufacturers’ recommendations.

- Excelsior (curled wood fiber) blanket material should consist of machine produced
mats of curled wood excelsior with 80 percent of the fiber 6 in. or longer. The excelsior
blanket should be of consistent thickness. The wood fiber must be evenly distributed
over the entire area of the blanket. The top surface of the blanket should be covered with
a photodegradable extruded plastic mesh. The blanket should be smolder resistant
without the use of chemical additives and should be non-toxic and non-injurious to plant
and animal life. Excelsior blankets should be furnished in rolled strips, a minimum of 48
in. wide, and should have an average weight of 0.8 Ib/yd?, +10 percent, at the time of
manufacture. Excelsior blankets must be secured in place with wire staples. Staples
should be made of minimum 11 gauge steel wire and should be U-shaped with 8 in. legs
and 2 in. crown.

- Straw blanket should be machine produced mats of straw with a lightweight
biodegradable netting top layer. The straw should be attached to the netting with
biodegradable thread or glue strips. The straw blanket should be of consistent thickness.
The straw should be evenly distributed over the entire area of the blanket. Straw blanket
should be furnished in rolled strips a minimum of 6.5 ft wide, a minimum of 80 ft long
and a minimum of 0.5 Ib/yd?. Straw blankets must be secured in place with wire staples.
Staples should be made of minimum 11 gauge steel wire and should be U-shaped with 8
in. legs and 2 in. crown.

- Wood fiber blanket is composed of biodegradable fiber mulch with extruded plastic
netting held together with adhesives. The material is designed to enhance re-vegetation.
The material is furnished in rolled strips, which must be secured to the ground with U-
shaped staples or stakes in accordance with manufacturers’ recommendations.

- Coconut fiber blanket should be a machine produced mat of 100 percent coconut
fiber with biodegradable netting on the top and bottom. The coconut fiber should be
attached to the netting with biodegradable thread or glue strips. The coconut fiber
blanket should be of consistent thickness. The coconut fiber should be evenly distributed
over the entire area of the blanket. Coconut fiber blanket should be furnished in rolled
strips with a minimum of 6.5 ft wide, a minimum of 80 ft. long and a minimum of 0.5
Ib/yd2. Coconut fiber blankets must be secured in place with wire staples. Staples

should be made of minimum 11 gauge steel wire and should be U-shaped with 8 in. legs
and 2 in. crown.

- Coconut fiber mesh is a thin permeable membrane made from coconut or corn fiber
that is spun into a yarn and woven into a biodegradable mat. It is designed to be used in
conjunction with vegetation and typically has longevity of several years. The material is
supplied in rolled strips, which must be secured to the soil with U-shaped staples or
stakes in accordance with manufacturers’ recommendations.

R R R —
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Straw coconut fiber blanket should be machine produced mats of 70 percent straw
and 30 percent coconut fiber with a biodegradable netting top layer and a biodegradable
bottom net. The straw and coconut fiber should be attached to the netting with
biodegradable thread or glue strips. The straw coconut fiber blanket should be of
consistent thickness. The straw and coconut fiber should be evenly distributed over the
entire area of the blanket. Straw coconut fiber blanket should be furnished in rolled
strips a minimum of 6.5 ft wide, a minimum of 80 ft long and a minimum of 0.5 1b/yd=.
Straw coconut fiber blankets must be secured in place with wire staples. Staples should
be made of minimum 11 gauge steel wire and should be U-shaped with 8 in. legs and 2 in.
crown.

Non-biodegradable RECPs are typically composed of polypropylene, polyethylene, nylon or

other synthetic fibers. In some cases, a combination of biodegradable and synthetic fibers is
used to construct the RECP. Netting used to hold these fibers together is typically non-
biodegradable as well.

Plastic netting is a lightweight biaxially oriented netting designed for securing loose
mulches like straw or paper to soil surfaces to establish vegetation. The netting is
photodegradable. The netting is supplied in rolled strips, which must be secured with U-
shaped staples or stakes in accordance with manufacturers’ recommendations.

Plastic mesh is an open weave geotextile that is composed of an extruded synthetic
fiber woven into a mesh with an opening size of less than ¥4 in. It is used with re-
vegetation or may be used to secure loose fiber such as straw to the ground. The material
is supplied in rolled strips, which must be secured to the soil with U-shaped staples or
stakes in accordance with manufacturers’ recommendations.

Synthetic fiber with netting is a mat that is composed of durable synthetic fibers
treated to resist chemicals and ultraviolet light. The mat is a dense, three dimensional
mesh of synthetic (typically polyolefin) fibers stitched between two polypropylene nets.
The mats are designed to be re-vegetated and provide a permanent composite system of
soil, roots, and geomatrix. The material is furnished in rolled strips, which must be
secured with U-shaped staples or stakes in accordance with manufacturers’
recommendations.

Bonded synthetic fibers consist of a three dimensional geomatrix nylon (or other
synthetic) matting. Typically it has more than 9o percent open area, which facilitates
root growth. It’s tough root reinforcing system anchors vegetation and protects against
hydraulic lift and shear forces created by high volume discharges. It can be installed
over prepared soil, followed by seeding into the mat. Once vegetated, it becomes an
invisible composite system of soil, roots, and geomatrix. The material is furnished in
rolled strips that must be secured with U-shaped staples or stakes in accordance with
manufacturers’ recommendations.

Combination synthetic and biodegradable RECPs consist of biodegradable fibers,
such as wood fiber or coconut fiber, with a heavy polypropylene net stitched to the top
and a high strength continuous filament geomatrix or net stitched to the bottom. The
material is designed to enhance re-vegetation. The material is furnished in rolled strips,

.
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which must be secured with U-shaped staples or stakes in accordance with
manufacturers’ recommendations.

Site Preparation

= Proper soil preparation is essential to ensure complete contact of the RECP with the soil. Soil
Roughening is not recommended in areas where RECPs will be installed.

m Grade and shape the area of installation.

s Remove all rocks, clods, vegetation or other obstructions so that the installed blankets or
mats will have complete, direct contact with the soil.

m Prepare seedbed by loosening 2 to 3 in. of topsoil.

Seeding/Planting

Seed the area before blanket installation for erosion control and re-vegetation. Seeding after
mat installation is often specified for turf reinforcement application. When seeding prior to
blanket installation, all areas disturbed during blanket installation must be re-seeded. Where
soil filling is specified for turf reinforcement mats (TRMs), seed the matting and the entire
disturbed area after installation and prior to filling the mat with soil.

Fertilize and seed in accordance with seeding specifications or other types of landscaping plans.
The protective matting can be laid over areas where grass has been planted and the seedlings
have emerged. Where vines or other ground covers are to be planted, lay the protective matting
first and then plant through matting according to design of planting.

Check Slots
Check slots shall be installed as required by the manufacturer.

Laying and Securing Matting
= Before laying the matting, all check slots should be installed and the seedbed should be

friable, made free from clods, rocks, and roots. The surface should be compacted and
finished according to the requirements of the manufacturer’s recommendations.

= Mechanical or manual lay down equipment should be capable of handling full rolls of fabric
and laying the fabric smoothly without wrinkles or folds. The equipment should meet the
fabric manufacturer’s recommendations or equivalent standards.

Anchoring

= U-shaped wire staples, metal geotextile stake pins, or triangular wooden stakes can be used
to anchor mats and blankets to the ground surface.

= Wire staples should be made of minimum 11 gauge steel wire and should be U-shaped with 8
in. legs and 2 in. crown.

m Metal stake pins should be 0.188 in. diameter steel with a 1.5 in. steel washer at the head of
the pin, and 8 in. in length.

= Wire staples and metal stakes should be driven flush to the soil surface.

. I R o]
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Geotextiles and Mats EC-7

Installation on Slopes

Installation should be in accordance with the manufacturer's recommendations. In general,
these will be as follows:

= Begin at the top of the slope and anchor the blanket in a 6 in. deep by 6 in. wide trench.
Backfill trench and tamp earth firmly.

s Unroll blanket down slope in the direction of water flow.

m  Overlap the edges of adjacent parallel rolls 2 to 3 in. and staple every 3 ft (or greater, per
manufacturer’s specifications).

s When blankets must be spliced, place blankets end over end (shingle style) with 6 in.
overlap. Staple through overlapped area, approximately 12 in. apart.

s Lay blankets loosely and maintain direct contact with the soil. Do not stretch.

= Staple blankets sufficiently to anchor blanket and maintain contact with the soil. Staples
should be placed down the center and staggered with the staples placed along the edges.
Steep slopes, 1:1 (H:V) to 2:1 (H:V), require a minimum of 2 staples/ydz. Moderate slopes,
2:1 (H:V) to 3:1 (H:V), require a minimum of 1 %2 staples/yd2. Check manufacturer’s
specifications to determine if a higher density staple pattern is required.

Installation in Channels

Installation should be in accordance with the manufacturer's recommendations. In general,
these will be as follows:

» Dig initial anchor trench 12 in. deep and 6 in. wide across the channel at the lower end of the
project area.

s Excavate intermittent check slots, 6 in. deep and 6 in. wide across the channel at 25 to 30 ft
intervals along the channels.

» Cut longitudinal channel anchor trenches 4 in. deep and 4 in. wide along each side of the
installation to bury edges of matting, whenever possible extend matting 2 to 3 in. above the
crest of the channel side slopes.

m Beginning at the downstream end and in the center of the channel, place the initial end of
the first roll in the anchor trench and secure with fastening devices at 12 in. intervals. Note:
matting will initially be upside down in anchor trench.

s In the same manner, position adjacent rolls in anchor trench, overlapping the preceding roll
a minimum of 3 in.

m Secure these initial ends of mats with anchors at 12 in. intervals, backfill and compact soil.

» Unroll center strip of matting upstream. Stop at next check slot or terminal anchor trench.
Unroll adjacent mats upstream in similar fashion, maintaining a 3 in. overlap.

- ____________ -]
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» Fold and secure all rolls of matting snugly into all transverse check slots. Lay mat in the
bottom of the slot then fold back against itself. Anchor through both layers of mat at 12 in.
intervals, then backfill and compact soil. Continue rolling all mat widths upstream to the
next check slot or terminal anchor trench.

s Alternate method for non-critical installations: Place two rows of anchors on 6 in. centers at
25 to 30 ft. intervals in lieu of excavated check slots.

m Staple shingled lap spliced ends a minimum of 12 in. apart on 12 in. intervals.

m Place edges of outside mats in previously excavated longitudinal slots; anchor using
prescribed staple pattern, backfill, and compact soil.

s Anchor, fill, and compact upstream end of mat in a 12 in. by 6 in. terminal trench.
m Secure mat to ground surface using U-shaped wire staples, geotextile pins, or wooden stakes.
m  Seed and fill turf reinforcement matting with soil, if specified.

Soil Filling (if specified for turf reinforcement mat (TRM))

Installation should be in accordance with the manufacturer’s recommendations. Typical
installation guidelines are as follows:

m After seeding, spread and lightly rake ¥/2-3/4 inches of fine topsoil into the TRM apertures to
completely fill TRM thickness. Use backside of rake or other flat implement.

= Alternatively, if allowed by product specifications, spread topsoil using lightweight loader,
backhoe, or other power equipment. Avoid sharp turns with equipment.

m  Always consult the manufacturer's recommendations for installation.
» Do not drive tracked or heavy equipment over mat.

= Avoid any traffic over matting if loose or wet soil conditions exist.

m  Use shovels, rakes, or brooms for fine grading and touch up.

= Smooth out soil filling just exposing top netting of mat.

Temporary Soil Stabilization Removal

»  Temporary soil stabilization removed from the site of the work must be disposed of if
necessary.

Costs

Installed costs can be relatively high compared to other BMPs. Approximate costs for installed
materials are shown below:

N N ___ ]
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Geotextiles and Mats

__EC-7

N
Rolled Erosion Control Products Installed Cost per Estimated Cost
Acre (2000)! per Acre (2009)2
Jute Mesh $6,000-$7,000 $6,600-$7,700
Curled Wood Fiber $8,000-$10,500 $8,800-$11,050
Straw $8,000-$10,500 $8,800-$11,050
Biodegradable Wood Fiber $8,000-$10,500 $8,800-$11,050
Coconut Fiber $13,000-$14,000 $14,300-$15,400
Coconut Fiber Mesh $30,000-$33,000 $33,000-$36,300
Straw Coconut Fiber $10,000-$12,000 $11,000-$13,200
Plastic Netting $2,000-$2,200 $2,200-$2,220
Plastic Mesh $3,000-$3,500 $3,300-$3,850
Non-Biodegradable | Synthetic Fiber with Netting $34,000-$40,000 $37,400-$44,000
Bonded Synthetic Fibers $45,000-$55,000 $49,500-$60,500
Combination with Biodegradable $30,000-$36,000 $33,000-$39,600

1. Source: Erosion Control Pilot Study Report, Caltrans, June 2000.

2. 2009 costs reflect a 10% escalation over year 2000 costs. Escalation based on informal survey of industry trends. Note:
Expected cost increase is offset by competitive economic conditions.

Inspection and Maintenance

s RECPs must be inspected in accordance with General Permit requirements for the
associated project type and risk level. It is recommended that at a minimum, BMPs be
inspected weekly, prior to forecasted rain events, daily during extended rain events, and
after the conclusion of rain events.

m Areas where erosion is evident shall be repaired and BMPs reapplied as soon as possible.
Care should be exercised to minimize the damage to protected areas while making repairs, as
any area damaged will require reapplication of BMPs.

m If washout or breakage occurs, re-install the material after repairing the damage to the slope
or channel.

s Make sure matting is uniformly in contact with the soil.
= Check that all the lap joints are secure.
m  Check that staples are flush with the ground.

References

Erosion and Sediment Control Manual, Oregon Department of Environmental Quality, February
2005

Erosion Control Pilot Study Report, State of California Department of Transportation
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Geotextiles and Mats EC-7
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Stormwater Quality Handbooks Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), March 2003.
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Transportation (Caltrans), November 1999.
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Wood Mulching

EC-8

Description and Purpose

Wood mulching consists of applying a mixture of shredded
wood mulch, bark or compost to disturbed soils. The primary
function of wood mulching is to reduce erosion by protecting
bare soil from rainfall impact, increasing infiltration, and
reducing runoff.

Suitable Applications

Wood mulching is suitable for disturbed soil areas requiring
temporary protection until permanent stabilization is
established.

Limitations

= Not suitable for use on slopes steeper than 3:1 (H:V). Best
suited to flat areas or gentle slopes or 5:1 (H:V) or flatter.

= Wood mulch and compost may introduce unwanted species.
m Not suitable for areas exposed to concentrated flows.
= May need to be removed prior to further earthwork.

Implementation
Mulch Selection

There are many types of mulches. Selection of the appropriate
type of mulch should be based on the type of application, site
conditions, and compatibility with planned or future uses.

Application Procedures
Prior to application, after existing vegetation has been

Categories

EC  Erosion Control %]
SE  Sediment Control
TC  Tracking Control

WE  Wind Erosion Control [x]

NS Non-Stormwater
Management Control

WM Waste Management and
Materials Pollution Control

Legend:
| Primary Objective
3] Secondary Objective

Targeted Constituents

Sediment |
Nutrients

Trash

Metals

Bacteria

Qil and Grease

Organics

Potential Alternatives

EC-3 Hydraulic Mulch
EC-4 Hydroseeding

EC-5 Soil Binders

EC-6 Straw Mulch

EC-7 Geotextiles and Mats
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Wood Muliching EC-8

removed, roughen embankment and fill areas by rolling with a device such as a punching type
roller or by track walking. The construction application procedures for mulches vary
significantly depending upon the type of mulching method specified. Two methods are
highlighted here:

m  Green Material: This type of mulch is produced by the recycling of vegetation trimmings
such as grass, shredded shrubs, and trees. Methods of application are generally by hand
although pneumatic methods are available.

- Green material can be used as a temporary ground cover with or without seeding.

- The green material should be evenly distributed on site to a depth of not more than 2 in.
s Shredded Wood: Suitable for ground cover in ornamental or revegetated plantings.

- Shredded wood/bark is conditionally suitable. See note under limitations.

- Distribute by hand or use pneumatic methods.

- Evenly distribute the mulch across the soil surface to a depth of 2 to 3 in.
= Avoid mulch placement onto roads, sidewalks, drainage channels, existing vegetation, etc.

Costs

Average annual cost for installation and maintenance (3-4 months useful life) is around $4,000
per acre, but cost can increase if the source is not close to the project site.

Inspection and Maintenance

u Inspect BMPs in accordance with General Permit requirements for the associated project
type and risk level. It is recommended that at a minimum, BMPs be inspected weekly, prior
to forecasted rain events, daily during extended rain events, and after the conclusion of rain
events.

= Areas where erosion is evident shall be repaired and BMPs reapplied as soon as possible.
Care should be exercised to minimize the damage to protected areas while making repairs, as
any area damaged will require reapplication of BMPs.

»  Regardless of the mulching technique selected, the key consideration in inspection and
maintenance is that the mulch needs to last long enough to achieve erosion control
objectives. If the mulch is applied as a stand alone erosion control method over disturbed
areas (without seed), it should last the length of time the site will remain barren or until final
re-grading and revegetation.

= Where vegetation is not the ultimate cover, such as ornamental and landscape applications
of bark or wood chips, inspection and maintenance should focus on longevity and integrity
of the mulch.

= Reapply mulch when bare earth becomes visible.

I
January 2011 California Stormwater BMP Handbook 20of 3

Construction
www.casqa.org



Wood Mulching EC-8
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Earth Dikes and Drainage Swales EC-9

Categories

EC  Erosion Control ™
SE  Sediment Control

TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and

WM Materials Pollution Control

Legend:
M prima ry Objective
[x] Secondary Objective

Description and Purpose

An earth dike is a temporary berm or ridge of compacted soil
used to divert runoff or channel water to a desired location. A
drainage swale is a shaped and sloped depression in the soil
surface used to convey runoff to a desired location. Earth dikes
and drainage swales are used to divert off site runoff around the
construction site, divert runoff from stabilized areas and
disturbed areas, and direct runoff into sediment basins or traps.

Suitable Applications

Earth dikes and drainage swales are suitable for use,
individually or together, where runoff needs to be diverted from
one area and conveyed to another.

m  Earth dikes and drainage swales may be used:
- To convey surface runoff down sloping land

- Tointercept and divert runoff to avoid sheet flow over
sloped surfaces

- Todivert and direct runoff towards a stabilized
watercourse, drainage pipe or channel

- To intercept runoff from paved surfaces
- Below steep grades where runoff begins to concentrate

- Along roadways and facility improvements subject to
flood drainage

Targeted Constituents

Sediment %}
Nutrients

Trash

Metals

Bacteria

Oil and Grease

Organics

Potential Alternatives

None
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9

Earth Dikes and Drainage Swales EC

- At the top of slopes to divert runon from adjacent or undisturbed slopes
- At bottom and mid slope locations to intercept sheet flow and convey concentrated flows
- Divert sediment laden runoff into sediment basins or traps

Limitations

Dikes should not be used for drainage areas greater than 10 acres or along slopes greater than 10
percent. For larger areas more permanent drainage structures should be built. All drainage
structures should be built in compliance with local municipal requirements.

s Earth dikes may create more disturbed area on site and become barriers to construction
equipment.

m Earth dikes must be stabilized immediately, which adds cost and maintenance concerns.
s Diverted stormwater may cause downstream flood damage.

m Dikes should not be constructed of soils that may be easily eroded.

m Regrading the site to remove the dike may add additional cost.

m Temporary drains and swales or any other diversion of runoff should not adversely impact
upstream or downstream properties.

m» Temporary drains and swales must conform to local floodplain management requirements.
m Earth dikes/drainage swales are not suitable as sediment trapping devices.

= It may be necessary to use other soil stabilization and sediment controls such as check dams,
plastics, and blankets, to prevent scour and erosion in newly graded dikes, swales, and
ditches.

» Sediment accumulation, scour depressions, and/or persistent non-stormwater discharges
can result in areas of standing water suitable for mosquito production in drainage swales.

Implementation

The temporary earth dike is a berm or ridge of compacted soil, located in such a manner as to
divert stormwater to a sediment trapping device or a stabilized outlet, thereby reducing the
potential for erosion and offsite sedimentation. Earth dikes can also be used to divert runoff
from off site and from undisturbed areas away from disturbed areas and to divert sheet flows
away from unprotected slopes.

An earth dike does not itself control erosion or remove sediment from runoff. A dike prevents
erosion by directing runoff to an erosion control device such as a sediment trap or directing
runoff away from an erodible area. Temporary diversion dikes should not adversely impact
adjacent properties and must conform to local floodplain management regulations, and should
not be used in areas with slopes steeper than 10%.

Slopes that are formed during cut and fill operations should be protected from erosion by runoff.
A combination of a temporary drainage swale and an earth dike at the top of a slope can divert

A A
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Earth Dikes and Drainage Swales EC-9

runoff to a location where it can be brought to the bottom of the slope (see EC-11, Slope Drains).
A combination dike and swale is easily constructed by a single pass of a bulldozer or grader and
compacted by a second pass of the tracks or wheels over the ridge. Diversion structures should
be installed when the site is initially graded and remain in place until post construction BMPs
are installed and the slopes are stabilized.

Diversion practices concentrate surface runoff, increasing its velocity and erosive force. Thus,
the flow out of the drain or swale must be directed onto a stabilized area or into a grade
stabilization structure. If significant erosion will occur, a swale should be stabilized using
vegetation, chemical treatment, rock rip-rap, matting, or other physical means of stabilization.
Any drain or swale that conveys sediment laden runoff must be diverted into a sediment basin
or trap before it is discharged from the site.

General

m  Care must be applied to correctly size and locate earth dikes, drainage swales. Excessively
steep, unlined dikes, and swales are subject to erosion and gully formation.

= Conveyances should be stabilized.
m  Use a lined ditch for high flow velocities.

»  Select flow velocity based on careful evaluation of the risks due to erosion of the measure,
soil types, overtopping, flow backups, washout, and drainage flow patterns for each project
site.

= Compact any fills to prevent unequal settlement.

= Do not divert runoff onto other property without securing written authorization from the
property owner.

= When possible, install and utilize permanent dikes, swales, and ditches early in the
construction process.

= Provide stabilized outlets.

Earth Dikes

Temporary earth dikes are a practical, inexpensive BMP used to divert stormwater runoff.
Temporary diversion dikes should be installed in the following manner:

= All dikes should be compacted by earth moving equipment.

s All dikes should have positive drainage to an outlet.

= All dikes should have 2:1 or flatter side slopes, 18 in. minimum height, and a minimum top
width of 24 in. Wide top widths and flat slopes are usually needed at crossings for

construction traffic.

» The outlet from the earth dike must function with a minimum of erosion. Runoff should be
conveyed to a sediment trapping device such as a Sediment Trap (SE-3) or Sediment Basin

— A E——
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Earth Dikes and Drainage Swales EC-9

(SE-2) when either the dike channel or the drainage area above the dike are not adequately
stabilized.

Temporary stabilization may be achieved using seed and mulching for slopes less than 5%
and either rip-rap or sod for slopes in excess of 5%. In either case, stabilization of the earth
dike should be completed immediately after construction or prior to the first rain.

If riprap is used to stabilize the channel formed along the toe of the dike, the following
typical specifications apply:

Channel Grade Riprap Stabilization
0.5-1.0% 4 in. Rock
1.1-2.0% 6 in. Rock
2.1-4.0% 8 in. Rock
4.1-5.0% 8in. -12 in. Riprap

The stone riprap, recycled concrete, etc. used for stabilization should be pressed into the soil
with construction equipment.

Filter cloth may be used to cover dikes in use for long periods.

Construction activity on the earth dike should be kept to a minimum.

Drainage Swales

Drainage swales are only effective if they are properly installed. Swales are more effective than
dikes because they tend to be more stable. The combination of a swale with a dike on the
downbhill side is the most cost effective diversion.

Standard engineering design criteria for small open channel and closed conveyance systems
should be used (see the local drainage design manual). Unless local drainage design criteria
state otherwise, drainage swales should be designed as follows:

No more than 5 acres may drain to a temporary drainage swale.
Place drainage swales above or below, not on, a cut or fill slope.
Swale bottom width should be at least 2 ft

Depth of the swale should be at least 18 in.

Side slopes should be 2:1 or flatter.

Drainage or swales should be laid at a grade of at least 1 percent, but not more than 15
percent.

The swale must not be overtopped by the peak discharge from a 10-year storm, irrespective
of the design criteria stated above.

-
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Earth Dikes and Drainage Swales EC-9

= Remove all trees, stumps, obstructions, and other objectionable material from the swale
when it is built.

m Compact any fill material along the path of the swale.

m Stabilize all swales immediately. Seed and mulch swales at a slope of less than 5 percent,
and use rip-rap or sod for swales with a slope between 5 and 15 percent. For temporary
swales, geotextiles and mats (EC-7) may provide immediate stabilization.

s Irrigation may be required to establish sufficient vegetation to prevent erosion.
s Do not operate construction vehicles across a swale unless a stabilized crossing is provided.

m Permanent drainage facilities must be designed by a professional engineer (see the local
drainage design criteria for proper design).

= At a minimum, the drainage swale should conform to predevelopment drainage patterns and
capacities.

m Construct the drainage swale with a positive grade to a stabilized outlet.

s Provide erosion protection or energy dissipation measures if the flow out of the drainage
swale can reach an erosive velocity.

Costs

m Cost ranges from $15 to $55 per ft for both earthwork and stabilization and depends on
availability of material, site location, and access.

»  Small dikes: $2.50 - $6.50/linear ft; Large dikes: $2.50/yds.

m  The cost of a drainage swale increases with drainage area and slope. Typical swales for

controlling internal erosion are inexpensive, as they are quickly formed during routine
earthwork.

Inspection and Maintenance

= Inspect BMPs prior to forecast rain, daily during extended rain events, after rain events,
weekly during the rainy season, and at two-week intervals during the non-rainy season.

= Inspect BMPs subject to non-stormwater discharges daily while non-stormwater discharges
occur.

= Inspect ditches and berms for washouts. Replace lost riprap, damaged linings or soil
stabilizers as needed.

= Inspect channel linings, embankments, and beds of ditches and berms for erosion and
accumulation of debris and sediment. Remove debris and sediment and repair linings and
embankments as needed.

= Temporary conveyances should be completely removed as soon as the surrounding drainage
area has been stabilized or at the completion of construction
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Velocity Dissipation Devices EC-10

Categories

EC  Erosion Control ™
SE  Sediment Control

TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and
Materials Pollution Control

Legend:
| Primary Objective
Secondary Objective

Targeted Constituents

Description and Purpose Sadiment v
Outlet protection is a physical device composed of rock, grouted Nutrients
riprap, or concrete rubble, which is placed at the outlet of a pipe Trash
or channel to prevent scour of the soil caused by concentrated, Metals
high velocity flows.

1By ity Bacteria
Suitable Applications Oiland Grease

Organics

Whenever discharge velocities and energies at the outlets of
culverts, conduits, or channels are sufficient to erode the next

downstream reach. This includes temporary diversion

. : : Potential Alternatives
structures to divert runon during construction.

None
m  These devices may be used at the following locations:

- Outlets of pipes, drains, culverts, slope drains, diversion
ditches, swales, conduits, or channels.

- Outlets located at the bottom of mild to steep slopes.
- Discharge outlets that carry continuous flows of water.

~  Outlets subject to short, intense flows of water, such as
flash floods.

~  Points where lined conveyances discharge to unlined

conveyances

Limitations

= Large storms or high flows can wash away the rock outlet
protection and leave the area susceptible to erosion.

CALIFORNIA STORMWATER
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Velocity Dissipation Devices EC-10

» Sediment captured by the rock outlet protection may be difficult to remove without
removing the rock.

» Outlet protection may negatively impact the channel habitat.
m  Grouted riprap may break up in areas of freeze and thaw.

m If there is not adequate drainage, and water builds up behind grouted riprap, it may cause
the grouted riprap to break up due to the resulting hydrostatic pressure.

= Sediment accumulation, scour depressions, and/or persistent non-stormwater discharges
can result in areas of standing water suitable for mosquito production in velocity dissipation
devices.

Implementation
General

Outlet protection is needed where discharge velocities and energies at the outlets of culverts,
conduits or channels are sufficient to erode the immediate downstream reach. This practice
protects the outlet from developing small eroded pools (plange pools), and protects against gully
erosion resulting from scouring at a culvert mouth.

Design and Layout

As with most channel design projects, depth of flow, roughness, gradient, side slopes, discharge
rate, and velocity should be considered in the outlet design. Compliance to local and state
regulations should also be considered while working in environmentally sensitive streambeds.
General recommendations for rock size and length of outlet protection mat are shown in the
rock outlet protection figure in this BMP and should be considered minimums. The apron
length and rock size gradation are determined using a combination of the discharge pipe
diameter and estimate discharge rate: Select the longest apron length and largest rock size
suggested by the pipe size and discharge rate. Where flows are conveyed in open channels such
as ditches and swales, use the estimated discharge rate for selecting the apron length and rock
size. Flows should be same as the culvert or channel design flow but never the less than the
peak 5 year flow for temporary structures planned for one rainy season, or the 10 year peak flow
for temporary structures planned for two or three rainy seasons.

= There are many types of energy dissipaters, with rock being the one that is represented in
the attached figure.

= Best results are obtained when sound, durable, and angular rock is used.
= Install riprap, grouted riprap, or concrete apron at selected outlet. Riprap aprons are best
suited for temporary use during construction. Grouted or wired tied rock riprap can

minimize maintenance requirements.

»  Rock outlet protection is usually less expensive and easier to install than concrete aprons or
energy dissipaters. It also serves to trap sediment and reduce flow velocities.

m  Carefully place riprap to avoid damaging the filter fabric.
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Velocity Dissi pation Devices EC-10

- Stqne 4 in. to 6 in. may be carefully dumped onto filter fabric from a height not to exceed
121in.

- Stone 8 in. to 12 in. must be hand placed onto filter fabric, or the filter fabric may be

covered with 4 in. of gravel and the 8 in. to 12 in. rock may be dumped from a height not
to exceed 16 in.

- Stone greater than 12 in. shall only be dumped onto filter fabric protected with a layer of
gravel with a thickness equal to one half the D5, rock size, and the dump height limited
to twice the depth of the gravel protection layer thickness.

= For proper operation of apron: Align apron with receiving stream and keep straight
throughout its length. If a curve is needed to fit site conditions, place it in upper section of
apron.

m OQutlets on slopes steeper than 10 percent should have additional protection.

Costs

Costs are low if material is readily available. If material is imported, costs will be higher.
Average installed cost is $150 per device.

Inspection and Maintenance

= Inspect BMPs in accordance with General Permit requirements for the associated project
type and risk level. It is recommended that at a minimum, BMPs be inspected weekly, prior
to forecasted rain events, daily during extended rain events, and after the conclusion of rain
events.

m Inspect BMPs subjected to non-stormwater discharges daily while non-stormwater
discharges occur. Minimize areas of standing water by removing sediment blockages and
filling scour depressions.

s Inspect apron for displacement of the riprap and damage to the underlying fabric. Repair
fabric and replace riprap that has washed away. If riprap continues to wash away, consider
using larger material.

» Inspect for scour beneath the riprap and around the outlet. Repair damage to slopes or
underlying filter fabric immediately.

» Temporary devices should be completely removed as scon as the surrounding drainage area
has been stabilized or at the completion of construction.
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Slope Drains

EC-11

Categories

EC  Erosion Control ]
SE  Sediment Control

TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and

Wi Materials Pollution Control

Legend:
™ Primary Objective
Secondary Objective

Description and Purpose

A slope drain is a pipe used to intercept and direct surface
runoff or groundwater into a stabilized watercourse, trapping
device, or stabilized area. Slope drains are used with earth
dikes and drainage ditches to intercept and direct surface flow
away from slope areas to protect cut or fill slopes.

Suitable Applications

m  Where concentrated flow of surface runoff must be
conveyed down a slope in order to prevent erosion.

= Drainage for top of slope diversion dikes or swales.

=  Drainage for top of cut and fill slopes where water can
accumulate.

= Emergency spillway for a sediment basin.

Limitations

Installation is critical for effective use of the pipe slope drain to
minimize potential gully erosion.

= Maximum drainage area per slope drain is 10 acres. (For
large areas use a paved chute, rock lined channel, or
additional pipes.)

= Severe erosion may result when slope drains fail by
overtopping, piping, or pipe separation.

- During large storms, pipe slope drains may become
clogged or over charged, forcing water around the pipe

Targeted Constituents

Sediment %}
Nutrients

Trash

Metals

Bacteria

Oil and Grease

Organics

Potential Alternatives

EC-9 Earth Dike, Drainage Swales
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Slope Drain EC-11

e

and causing extreme slope erosion.

-  If the sectional downdrain is not sized correctly, the runoff can spill over the drain sides
causing gully erosion and potential failure of the structure.

» Dissipation of high flow velocities at the pipe outlet is required to avoid downstream erosion.

» Sediment accumulation, scour depressions, and/or persistent non-stormwater discharges
can result in areas of standing water suitable for mosquito production in energy dissipaters
associated with slope drain outlets.

Implementation
General

The slope drain is applicable for any construction site where concentrated surface runoff can
accumulate and must be conveyed down the slope in order to prevent erosion. The slope drain
is effective because it prevents the stormwater from flowing directly down the slope by confining
all the runoff into an enclosed pipe or channel. Due to the time lag between grading slopes and
installation of permanent stormwater collection systems and slope stabilization measures,
temporary provisions to intercept runoff are sometimes necessary. Particularly in steep terrain,
slope drains can protect unstabilized areas from erosion.

Installation

The slope drain may be a rigid pipe, such as corrugated metal, a flexible conduit, or a lined
terrace drain with the inlet placed on the top of a slope and the outlet at the bottom of the slope.
This BMP typically is used in combination with a diversion control, such as an earth dike or
drainage swale at the top of the slope.

The following criteria must be considered when siting slope drains.

m Permanent structures included in the project plans can often serve as construction BMPs if
implemented early. However, the permanent structure must meet or exceed the criteria for
the temporary structure.

» Inlet structures must be securely entrenched and compacted to avoid severe gully erosion.

» Slope drains must be securely anchored to the slope and must be adequately sized to carry
the capacity of the design storm and associated forces.

m Outlets must be stabilized with riprap, concrete or other type of energy dissipator, or
directed into a stable sediment trap or basin. See EC-10, Velocity Dissipation Devices.

» Debris racks are recommended at the inlet. Debris racks located several feet upstream of the
inlet can usually be larger than racks at the inlet, and thus provide enhanced debris
protection and less plugging.

» Safety racks are also recommended at the inlet and outlet of pipes where children or animals
could become entrapped.

m Secure inlet and surround with dikes to prevent gully erosion and anchor pipe to slope.

[ E— _ ]
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»  When using slope drains, limit drainage area to 10 acres per pipe. For larger areas, use a
rock lined channel or a series of pipes.

» Size to convey at least the peak flow of a 10-year storm. The design storm is conservative
due to the potential impact of system failures.

s Maximum slope generally limited to 2:1 (H:V) as energy dissipation below steeper slopes is
difficult.

» Direct surface runoff to slope drains with interceptor dikes. See BMP EC-9, Earth Dikes and
Drainage Swales. Top of interceptor dikes should be 12 in. higher than the top of the slope
drain.

m Slope drains can be placed on or buried underneath the slope surface.

» Recommended materials include both metal and plastic pipe, either corrugated or smooth
wall. Concrete pipe can also be used.

s When installing slope drains:
- Install slope drains perpendicular to slope contours.
- Compact soil around and under entrance, outlet, and along length of pipe.
- Securely anchor and stabilize pipe and appurtenances into soil.
- Check to ensure that pipe connections are watertight.

- Protect area around inlet with filter cloth. Protect outlet with riprap or other energy

dissipation device. For high energy discharges, reinforce riprap with concrete or use
reinforced concrete device.

- Protect outlet of slope drains using a flared end section when outlet discharges to a
flexible energy dissipation device.

- Aflared end section installed at the inlet will improve flow into the slope drain and
prevent erosion at the pipe entrance. Use a flared end section with a 6 in. minimum toe

plate to help prevent undercutting. The flared section should slope towards the pipe
inlet.

Design and Layout

The capacity for temporary drains should be sufficient to convey at least the peak runoff from a
10-year rainfall event. The pipe size may be computed using the Rational Method or a method
established by the local municipality. Higher flows must be safely stored or routed to prevent
any offsite concentration of flow and any erosion of the slope. The design storm is purposely
conservative due to the potential impacts associated with system failures.

As a guide, temporary pipe slope drains should not be sized smaller than shown in the following
table:
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Minimum Pipe Diameter Maximum Drainage Area
(Inches) (Acres)
12 1.0
18 3.0
21 5.0
24 7.0
30 10.0

Larger drainage areas can be treated if the area can be subdivided into areas of 10 acres or less
and each area is treated as a separate drainage. Drainage areas exceeding 10 acres must be
designed by a Registered Civil Engineer and approved by the agency that issued the grading
permit.

Materials:

Soil type, rainfall patterns, construction schedule, local requirements, and available supply are
some of the factors to be considered when selecting materials. The following types of slope
drains are commonly used:

s Rigid Pipe: This type of slope drain is also known as a pipe drop. The pipe usually consists
of corrugated metal pipe or rigid plastic pipe. The pipe is placed on undisturbed or
compacted soil and secured onto the slope surface or buried in a trench. Concrete thrust
blocks must be used when warranted by the calculated thrust forces. Collars should be
properly installed and secured with metal strappings or watertight collars.

= Flexible Pipe: The flexible pipe slope drain consists of a flexible tube of heavy duty plastic,
rubber, or composite material. The tube material is securely anchored onto the slope
surface. The tube should be securely fastened to the metal inlet and outlet conduit sections
with metal strappings or watertight collars.

s Section Downdrains: The section downdrain consists of pre-fabricated, section conduit
of half round or third round material. The sectional downdrain performs similar to a flume
or chute. The pipe must be placed on undisturbed or compacted soil and secured into the
slope.

s Concrete-lined Terrace Drain: This is a concrete channel for draining water from a
terrace on a slope to the next level. These drains are typically specified as permanent
structures and if installed early, can serve as slope drains during construction, which should
be designed according to local drainage design criteria.

Costs
m Cost varies based on pipe selection and selected outlet protection.

- _
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Corrugated Steel Pipes, Per Foot

Size Supplied and Installed Cost (No Trenching Included)
12” $19.60 per LF

15" $22.00

18” $26.00

24" $32.00

307 $50.00

PVC Pipes, Per Foot

Size Supplied and Installed Cost (No Trenching Included)
" $24.50
> $49.00
16" $51.00
18” $54.00
i $66.00
” $93.00
307 $130.00

Inspection and Maintenance

Inspect BMPs in accordance with General Permit requirements for the associated project
type and risk level. It is recommended that at a minimum, BMPs be inspected weekly, prior

to forecasted rain events, daily during extended rain events, and after the conclusion of rain
events.

Inspect BMPs subjected to non-stormwater discharges daily while non-stormwater
discharges occur. Minimize areas of standing water by removing sediment blockages and
filling scour depressions.

Inspect outlet for erosion and downstream scour. If eroded, repair damage and install
additional energy dissipation measures. If downstream scour is occurring, it may be
necessary to reduce flows being discharged into the channel unless other preventative
measures are implemented.

Insert inlet for clogging or undercutting. Remove debris from inlet to maintain flows.
Repair undercutting at inlet and if needed, install flared section or rip rap around the inlet to
prevent further undercutting.

Inspect pipes for leakage. Repair leaks and restore damaged slopes.

» Inspect slope drainage for accumulations of debris and sediment.
I I I ]
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= Remove built up sediment from entrances and outlets as required. Flush drains if necessary;
capture and settle out sediment from discharge.

» Make sure water is not ponding onto inappropriate areas (e.g., active traffic lanes, material
storage areas, etc.).

»  Pipe anchors must be checked to ensure that the pipe remains anchored to the slope. Install
additional anchors if pipe movement is detected.

References
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Metzger, M.E. 2004. Managing mosquitoes in stormwater treatment devices. University of
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Streambank Stabilization

EC-12

Description and Purpose

Stream channels, streambanks, and associated riparian areas
are dynamic and sensitive ecosystems that respond to changes
in land use activity. Streambank and channel disturbance
resulting from construction activities can increase the stream’s
sediment load, which can cause channel erosion or
sedimentation and have adverse affects on the biotic system.
BMPs can reduce the discharge of sediment and other
pollutants to minimize the impact of construction activities on
watercourses. Streams on the 303(d) list and listed for
sediment may require numerous measures to prevent any
increases in sediment load to the stream.

Suitable Applications

These procedures typically apply to all construction projects
that disturb or occur within stream channels and their
associated riparian areas.

Limitations

Specific permit requirements or mitigation measures such as
Regional Water Quality Control Board (RWQCB) 401
Certification, U.S. Army Corps of Engineers 404 permit and
approval by California Department of Fish and Game supercede
the guidance in this BMP.

m If numerical based water quality standards are mentioned
in any of these and other related permits, testing and
sampling may be required. Streams listed as 303(d)
impaired for sediment, silt, or turbidity, are required to

Categories

EC  Erosion Control
SE  Sediment Control
TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and
Materials Pollution Control

& &

E5]

WM

Legend:
M Primary Objective
[x] Secondary Objective

Targeted Constituents

Sediment ]}
Nutrients

Trash

Metals

Bacteria

Qil and Grease

Organics

Potential Alternatives

Combination of erosion and
sediment controls.
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Streambank Stabilization EC-12

conduct sampling to verify that there is no net increase in sediment load due to construction
activities.

Implementation

Planning

= Proper planning, design, and construction techniques can minimize impacts normally
associated with in stream construction activities. Poor planning can adversely affect soil,
fish, wildlife resources, land uses, or land users. Planning should take into account:
scheduling; avoidance of in-stream construction; minimizing disturbance area and
construction time period; using pre-disturbed areas; selecting crossing location; and
selecting equipment.

Scheduling

m  Construction activities should be scheduled according to the relative sensitivity of the
environmental concerns and in accordance with EC-1, Scheduling. Scheduling
considerations will be different when working near perennial streams vs. ephemeral streams
and are as follows.

s When in-stream construction is conducted in a perennial stream, work should optimally be
performed during the rainy season. This is because in the summer, any sediment-containing
water that is discharged into the watercourse will cause a large change in both water clarity
and water chemistry. During the rainy season, there is typically more and faster flowing
water in the stream so discharges are diluted faster. However, should in-stream work be
scheduled for summer, establishing an isolation area, or diverting the stream, will
significantly decrease the amount of sediment stirred up by construction work. Construction
work near perennial streams should optimally be performed during the dry season (see
below).

= When working in or near ephemeral streams, work should be performed during the dry
season. By their very nature, ephemeral streams are usually dry in the summer, and
therefore, in-stream construction activities will not cause significant water quality problems.
However, when tying up the site at the end of the project, wash any fines (see Washing
Fines) that accumulated in the channel back into the bed material, to decrease pollution
from the first rainstorm of the season.

= When working near ephemeral or perennial streams, erosion and sediment controls (see silt
fences, straw bale barriers, etc.) should be implemented to keep sediment out of stream
channel.

Minimize Disturbance

= Minimize disturbance through: selection of the narrowest crossing location; limiting the
number of equipment trips across a stream during construction; and, minimizing the
number and size of work areas (equipment staging areas and spoil storage areas). Place
work areas at least 50 ft from stream channel. Field reconnaissance should be conducted
during the planning stage to identify work areas.

Use of Pre-Disturbed Areas
» Locate project sites and work areas in areas disturbed by prior construction or other activity
when possible.
I R R
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Selection of Project Site
= Avoid steep and unstable banks, highly erodible or saturated soils, or highly fractured rock.

= Select project site that minimizes disturbance to aquatic species or habitat.

Equipment Selection

»  Select equipment that reduces the amount of pressure exerted on the ground surface, and
therefore, reduces erosion potential and/or use overhead or aerial access for transporting
equipment across drainage channels. Use equipment that exerts ground pressures of less
than 5 or 6 1b/in2, where possible. Low ground pressure equipment includes: wide or high
flotation tires (34 to 72 in. wide); dual tires; bogie axle systems; tracked machines;
lightweight equipment; and, central tire inflation systems.

Streambank Stabilization
Preservation of Existing Vegetation
s Preserve existing vegetation in accordance with EC-2, Preservation of Existing Vegetation.

In a streambank environment, preservation of existing vegetation provides the following
benefits.

Water Quality Protection

m Vegetated buffers on slopes trap sediment and promote groundwater recharge. The buffer
width needed to maintain water quality ranges from 15 to 100 ft. On gradual slopes, most of
the filtering occurs within the first 30 ft. Steeper slopes require a greater width of vegetative
buffer to provide water quality benefits.

Streambank Stabilization

» The root system of riparian vegetation stabilizes streambanks by increasing tensile strength
in the soil. The presence of vegetation modifies the moisture condition of slopes
(infiltration, evapo transpiration, interception) and increases bank stability.

Riparian Habitat

» Buffers of diverse riparian vegetation provide food and shelter for riparian and aquatic
organisms. Minimizing impacts to fisheries habitat is a major concern when working near
streams and rivers. Riparian vegetation provides shade, shelter, organic matter (leaf
detritus and large woody debris), and other nutrients that are necessary for fish and other
aquatic organisms. Buffer widths for habitat concerns are typically wider than those
recommended for water quality concerns (100 to 1500 ft).

»  When working near watercourses, it is important to understand the work site’s placement in
the watershed. Riparian vegetation in headwater streams has a greater impact on overall
water quality than vegetation in downstream reaches. Preserving existing vegetation
upstream is necessary to maintain water quality, minimize bank failure, and maximize
riparian habitat, downstream of the work site.

Limitations

s Local county and municipal ordinances regarding width, extent and type of vegetative buffer
required may exceed the specifications provided here; these ordinances should be
investigated prior to construction.

L _ L
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Streambank Stabilization Specific Installation

= As a general rule, the width of a buffer strip between a road and the stream is recommended
to be 50 ft plus four times the percent slope of the land, measured between the road and the
top of stream bank.

Hydraulic Mulch
» Apply hydraulic mulch on disturbed streambanks above mean high water level in accordance
with EC-3, Hydraulic Mulch to provide temporary soil stabilization.

Limitations

» Do not place hydraulic mulch or tackifiers below the mean high water level, as these
materials could wash into the channel and impact water quality or possibly cause
eutrophication (eutrophication is an algal bloom caused by excessively high nutrient levels in
the water).

Hydroseeding
m  Hydroseed disturbed streambanks in accordance with EC-4, Hydroseeding.

Limitations
» Do not place tackifiers or fertilizers below the mean high water level, as these materials
could wash into the channel and impact water quality or possibly cause eutrophication.

Soil Binders
m  Apply soil binders to disturbed streambanks in accordance with EC-5, Soil Binders.

Limitations
= Do not place soil binders below the mean high water level. Soil binder must be
environmentally benign and non-toxic to aquatic organisms.

Straw Mulch
= Apply straw mulch to disturbed streambanks in accordance with EC-6, Straw Mulch.

Limitations
» Do not place straw mulch below the mean high water level, as this material could wash into
the channel and impact water quality or possibly cause eutrophication.

Geotextiles and Mats

» Install geotextiles and mats as described in EC-7, Geotextiles and Mats, to stabilize disturbed
channels and streambanks. Not all applications should be in the channel, for example,
certain geotextile netting may snag fish gills and are not appropriate in fish bearing streams.
Geotextile fabrics that are not biodegradable are not appropriate for in stream use.
Additionally, geotextile fabric or blankets placed in channels must be adequate to sustain
anticipated hydraulic forces.

Earth Dikes, Drainage Swales, and Lined Ditches

»  Convey, intercept, or divert runoff from disturbed streambanks using EC-9, Earth Dikes and
Drainage Swales.
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Limitations
= Do not place earth dikes in watercourses, as these structures are only suited for intercepting
sheet flow, and should not be used to intercept concentrated flow.

] Al?p_ropriately sized velocity dissipation devices (EC-10) must be placed at outlets to
minimize erosion and scour.

Velocity Dissipation Devices

»  Place velocity dissipation devices at outlets of pipes, drains, culverts, slope drains, diversion
ditches, swales, conduits or channels in accordance with EC-10, Velocity Dissipation
Devices.

Slope Drains

s Use slope drains to intercept and direct surface runoff or groundwater into a stabilized
watercourse, trapping device or stabilized area in accordance with EC-11, Slope Drains.

Limitations
= Appropriately sized outlet protection and velocity dissipation devices (EC-10) must be
placed at outlets to minimize erosion and scour.

Streambank Sediment Control

Silt Fences

m Install silt fences in accordance with SE-1, Silt Fence, to control sediment. Silt fences should
only be installed where sediment laden water can pond, thus allowing the sediment to settle
out.

Fiber Rolls

= Install fiber rolls in accordance with SE-5, Fiber Rolls, along contour of slopes above the
high water level to intercept runoff, reduce flow velocity, release the runoff as sheet flow and
provide removal of sediment from the runoff. In a stream environment, fiber rolls should be
used in conjunction with other sediment control methods such as SE-1, Silt Fence or SE-9
Straw Bale Barrier. Install silt fence, straw bale barrier, or other erosion control method
along toe of slope above the high water level.

Gravel Bag Berm

m A gravel bag berm or barrier can be utilized to intercept and slow the flow of sediment laden
sheet flow runoff in accordance with SE-6, Gravel Bag Berm. In a stream environment
gravel bag barriers can allow sediment to settle from runoff before water leaves the
construction site and can be used to isolate the work area from the live stream.

Limitations
» Gravel bag barriers are not recommended as a perimeter sediment control practice around
streams.

Straw Bale Barrier

= Install straw bale barriers in accordance with SE-9, Straw Bale Barrier, to control sediment.
Straw bale barriers should only be installed where sediment laden water can pond, thus
allowing the sediment to settle out. Install a silt fence in accordance with SE-1, Silt Fence,

R _ -]
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on down slope side of straw bale barrier closest to stream channel to provide added
sediment control.

Rock Filter
Description and Purpose

Rock filters are temporary erosion control barriers composed of rock that is anchored in place.
Rock filters detain the sediment laden runoff, retain the sediment, and release the water as sheet
flow at a reduced velocity. Typical rock filter installations are illustrated at the end of this BMP.

Applications
=  Near the toe of slopes that may be subject to flow and rill erosion.

Limitations
m Inappropriate for contributing drainage areas greater than 5 acres.

s Requires sufficient space for ponded water.

s Ineffective for diverting runoff because filters allow water to slowly seep through.
= Rock filter berms are difficult to remove when construction is complete.

= Unsuitable in developed areas or locations where aesthetics is a concern.

Specifications
m  Rock: open graded rock, 0.75 to 5 in. for concentrated flow applications.

m  Woven wire sheathing: 1 in. diameter, hexagonal mesh, galvanized 20gauge (used with rock
filters in areas of concentrated flow).

» In construction traffic areas, maximum rock berm heights should be 12 in. Berms should be

constructed every 300 ft on slopes less than 5%, every 200 ft on slopes between 5% and 10%,
and every 100 ft on slopes greater than 10%.

Maintenance

» Inspect and verify that activity-based BMPs are in place prior to the commencement of
associated activities. While activities associated with the BMP are under way, inspect weekly
during the rainy season and at two-week intervals in the non-rainy season to verify
continued BMP implementation.

= Inspect BMPs subject to non-stormwater discharges daily while non-stormwater discharges
occur.

= Reshape berms as needed and replace lost or dislodged rock, and filter fabric.

= Sediment that accumulates in the BMP must be periodically removed in order to maintain
BMP effectiveness. Sediment should be removed when the sediment accumulation reaches
one third of the barrier height. Sediment removed during maintenance may be incorporated
into earthwork on the site or disposed at an appropriate location.

R N — R —
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K-rail
Description and Purpose

This is temporary sediment control that uses K-rails to form the sediment deposition area, or to
isolate the near bank construction area. Install K-rails at toe of slope in accordance with
procedures described in NS-5, Clear Water Diversion.

Barriers are placed end to end in a pre-designed configuration and gravel filled bags are used at
the toe of the barrier and at their abutting ends to seal and prevent movement of sediment
beneath or through the barrier walls.

Appropriate Applications
s This technique is useful at the toe of embankments, cuts or fills slopes.

Limitations
m  The K-rail method should not be used to dewater a project site, as the barrier is not
watertight.

Implementation
m Refer to NS-5, Clear Water Diversion, for implementation requirements.

Instream Construction Sediment Control

There are three different options currently available for reducing turbidity while working in a
stream or river. The stream can be isolated from the area in which work is occurring by means
of a water barrier, the stream can be diverted around the work site through a pipe or temporary
channel, or one can employ construction practices that minimize sediment suspension.

Whatever technique is implemented, an important thing to remember is that dilution can
sometimes be the solution. A probable “worst time” to release high TSS into a stream system
might be when the stream is very low; summer low flow, for example. During these times, the
flow may be low while the biological activity in the stream is very high. Conversely, the addition
of high TSS or sediment during a big storm discharge might have a relatively low impact,
because the stream is already turbid, and the stream energy is capable of transporting both
suspended solids, and large quantities of bedload through the system. The optimum time to
“pull” in-stream structures may be during the rising limb of a storm hydrograph.

Techniques to minimize Total Suspended Solids (TSS)

s Padding - Padding laid in the stream below the work site may trap some solids that are
deposited in the stream during construction. After work is done, the padding is removed
from the stream, and placed on the bank to assist in re-vegetation.

s Clean, washed gravel - Using clean, washed gravel decreases solid suspension, as there
are fewer small particles deposited in the stream.

s Excavation using a large bucket - Each time a bucket of soil is placed in the stream, a
portion is suspended. Approximately the same amount is suspended whether a small
amount of soil is placed in the stream, or a large amount. Therefore, using a large excavator
bucket instead of a small one, will reduce the total amount of soil that washes downstream.

_ ]
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s Use of dozer for backfilling - Using a dozer for backfilling instead of a backhoe follows
the same principles — the fewer times soil is deposited in the stream, the less soil will be
suspended.

s Partial dewatering with a pump - Partially dewatering a stream with a pump reduces
the amount of water, and thus the amount of water that can suspend sediment.

Washing Fines

Definition and Purpose

m  Washing fines is an “in-channel” sediment control method, which uses water, either from a
water truck or hydrant, to wash stream fines that were brought to the surface of the channel
bed during restoration, back into the interstitial spaces of the gravel and cobbles.

s The purpose of this technique is to reduce or eliminate the discharge of sediment from the
channel bottom during the first seasonal flow. Sediment should not be allowed into stream
channels; however, occasionally in-channel restoration work will involve moving or
otherwise disturbing fines (sand and silt sized particles) that are already in the stream,
usually below bankfull discharge elevation. Subsequent re-watering of the channel can
result in a plume of turbidity and sedimentation.

»  This technique washes the fines back into the channel bed. Bedload materials, including
gravel cobbles, boulders and those fines, are naturally mobilized during higher storm flows.
This technique is intended to delay the discharge until the fines would naturally be
mobilized.

Appropriate Applications
»  This technique should be used when construction work is required in channels. It is

especially useful in intermittent or ephemeral streams in which work is performed “in the
dry”, and which subsequently become re-watered.

Limitations
»  The stream must have sufficient gravel and cobble substrate composition.

= The use of this technique requires consideration of time of year and timing of expected
stream flows.

»  The optimum time for the use of this technique is in the fall, prior to winter flows.

= Consultation with, and approval from the Department of Fish and Game and the Regional
Water Quality Control Board may be required.

Implementation
» Apply sufficient water to wash fines, but not cause further erosion or runoff,

m  Apply water slowly and evenly to prevent runoff and erosion.

»  Consult with Department of Fish and Game and the Regional Water Quality Control Board
for specific water quality requirements of applied water (e.g. chlorine).

L R N R
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Streambank Stabilization EC-12

Inspection and Maintenance
= None necessary

Costs
Cost may vary according to the combination of practices implemented.

Inspection and Maintenance

= Inspect and verify that activity-based BMPs are in place prior to the commencement of
associated activities. While activities associated with the BMP are under way, inspect BMPs
in accordance with General Permit requirements for the associated project type and risk
level. It is recommended that at a minimum, BMPs be inspected weekly, prior to forecasted
rain events, daily during extended rain events, and after the conclusion of rain events until
final stabilization is achieved.

s Inspect BMPs subject to non-stormwater discharges daily while non-stormwater discharges
occur.

s Inspect and repair equipment (for damaged hoses, fittings, and gaskets).

References

Manual of Standards of Erosion and Sediment Control Measures, Association of Bay Area
Governments, May 1995.

Proposed Guidance Specifying Management Measures for Sources of Nonpoint Pollution in
Coastal Waters, Work Group Working Paper, USEPA, April 1992.

Sedimentation and Erosion Control Practices, An Inventory of Current Practices (Draft),
UESPA, 1990.

Stormwater Quality Handbooks Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), November 2000.

Stormwater Management for Construction Activities, Developing Pollution Prevention Plans
and Best Management Practices, EPA 832-R-92005; USEPA, April 1992.

Water Quality Management Plan for the Lake Tahoe Region, Volume II, Handbook of
Management Practices, Tahoe Regional Planning Agency, November 1988.
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Reserved EC-13

. Categories
BMP Factsheet removed in 2009. g

Formerly PAM. See SE-11, Active Treatment Systems. EC  Erosion Control

SE  Sediment Control

TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control
Waste Management and
Materials Pollution Control

Legend:
| Primary Category
[X] seconda ry Category

Targeted Constituents

Sediment
Nutrients
Trash

Metals
Bacteria

Qil and Grease
Organics

Potential Alternatives
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EC-14

Compost Blanket

e o

Description and Purpose

A compost blanket is applied to slopes and earth disturbed
areas to prevent erosion, and in some cases, increase
infiltration and/or establish vegetation. The compost blanket
can be applied by hand, conveyor system, compost spreader, or
pneumatic delivery (blower) system. The blanket thickness is
determined from the slope steepness and anticipated
precipitation. A compost blanket protects the soil surface from
raindrop erosion, particularly rills and gullies that may form
under other methods of erosion control.

A compost blanket, if properly installed, can be very successful
at vegetation establishment, weed suppression and erosion
control. The compost blanket comes into direct contact with
the underlying soil, reducing rill formation. Furthermore,
compost provides organic matter and nutrients important for
vegetation growth. The compost blanket provides soil structure
that allows water to infiltrate the soil surface and retain
moisture, which also promotes seed germination and
vegetation growth, in addition to reducing runoff.

Compost is typically derived from combinations of feedstocks,
biosolids, leaf and yard trimmings, manure, wood, or mixed
solid waste. Many types of compost are products of municipal
recycle or "Greenwaste" programs. Compost is organic and
biodegradable and can be left onsite. There are many types of
compost with a variety of properties with specific functions, and
accordingly, compost selection is an important design
consideration in the application of this type of erosion control.

Categories

EC  Erosion Control Vv
SE  Sediment Control

TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and

L Materials Pollution Control

Legend:
] Primary Category
Secondary Category

Targeted Constituents

Sediment M
Nutrients

Trash

Metals

Bacteria

Qil and Grease

Organics

Potential Alternatives

EC-3 Hydraulic Mulch
EC-4 Hydroseeding

EC-5 Sail Binders

EC-7 Geotextiles and Mats
EC-8 Wood Mulching
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Compost Blanket EC-14

R

Suitable Applications
A compost blanket is appropriate for slopes and earth disturbed areas requiring protection until

permanent stabilization is established. A compost blanket can also used in combination with

temporary and/or permanent seeding strategies to enhance plant establishment. Examples
include:

» Rough-graded areas that will remain inactive for longer than 14 days

= Soil stockpiles

m Slopes with exposed soil between existing vegetation such as trees or shrubs
= Slopes planted with live, container-grown vegetation

s Disturbed areas where plants are slow to develop

A compost blanket is typically used on slopes of 2:1 (H:V) or gentler. However, a compost
blanket can be effective when applied to slopes as steep as 1:1 (H:V) with appropriate design
considerations including slope length, blanket thickness, adding components such as a tackifier,
or using compost blankets in conjunction with other techniques, such as compost socks and
berms or fiber rolls.

Compost can be pre-seeded prior to application to the soil (recommended by the EPA for
construction site stormwater runoff control) or seeded after the blanket has been installed. The
compost medium can also remove pollutants in stormwater including heavy metals; oil and
grease; and hydrocarbons (USEPA, 1998).

Limitations

= Compost can potentially leach nutrients (dissolved phosphorus and nitrogen) into runoff
and potentially impact water quality. Compost should not be used directly upstream from
nutrient impaired waterbodies (Adams et. al, 2008).

s Compost may also contain other undesirable constituents that are detrimental to water
quality. Carefully consider the qualifications and experience of any compost
producer/supplier.

= A compost blanket applied by hand is more time intensive and potentially costly. Using a
pneumatic blower truck is the recommended cost effective method of application.

= When blowers are used, the treatment areas should be within 300 ft of a road or surface
capable of supporting trucks.

= Wind may limit application of compost and result in application to undesired locations.
s Compost blankets should not be applied in areas of concentrated flows.

m  Steeper slopes may require additional blanket thickness and other stability measures such as
using tackifiers or slope interruption devices (compost socks and berms, or fiber rolls). The
same applies for sites with high precipitation totals or during the rainy season.

November 2009 California Stormwater BMP Handbook 20f 6
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Compost Blanket EC-14

Implementation o
= Additional guidance on the comparison and selection of temporary slope stabilization
methods is provided in Appendix F of the Handbook.

Compost Materials

» California Compost Regulations (Title 14, California Code of Regulations, Division 7,
Chapter 3.1, Article 7, Section 17868.3) define and require a quality of compost for
application. Compost should comply with all physical and chemical requirements. Specific
requirements are provided in Table 1 below, taken from Caltrans Standard Special Provision
10-1 (SSP 10-1), Erosion Control (Compost Blanket).

»  The compost producer should be fully permitted as specified under the California Integrated
Waste Management Board, Local Enforcement Agencies and any other State and Local
Agencies that regulate Solid Waste Facilities. If exempt from State permitting requirements,
the composting facility should certify that it follows guidelines and procedures for
production of compost meeting the environmental health standards of Title 14, California
Code of Regulations, Division 7, Chapter 3.1, Article 7.

» The compost producer should be a participant in United States Composting Council's Seal of
Testing Assurance program.

s Compost moisture should be considered for composition quality and application purposes.
A range of 30-50% is typical. Compost that is too dry is hard to apply and compost that is
too wet is more difficult (and more expensive) to transport. For arid or semi-arid areas, or
for application during the dry season, use compost with greater moisture content than areas
with wetter climates. For wetter or more humid climates or for application during the wet

season, drier composts can be used as the compost will absorb moisture from the ambient
air.

= Organic content of the compost is also important and should range from 30 to 65%
depending on site conditions.

= Compost should be high-quality mature compost. Immature compost can potentially leach
nutrients.

= Compost should not be derived from mixed municipal solid waste and should be free of
visible contaminants.

s Compost should not contain paint, petroleum products, pesticides or any other chemical
residues harmful to animal life or plant growth. Metal concentrations in compost should not
exceed the maximum metal concentrations listed under Title 14, California Code of
Regulations, Division 7, Chapter 3.1, Section 17868.2.

s Compost should not possess objectionable odors.

m  Compost should be weed free.

_ _ __________ ]
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Compost Blanket

EC-14

N R

Table 1. Physical/Chemical Requirements of Compost
Reference - Caltrans SSP-10 Erosion Control Blanket (Compost)

R

Property Test Method Requirement
*TMECC 04.11-A
pH Elastometric pH 1:5 Slurry Method 6.0-8.0
pH Units
Soluble Salts o IMECC 04.10-A
Electrical Conductivity 1:5 Slurry Method 0-10.0
dS/m (mmhos/cm)
TMECC 03.09-A
Moisture Content Total Solids & Moisture at 70+/- 5 deg C 30-60
% Wet Weight Basis
. TMECC 05.07-A
Orggx;ilctgllitter Loss-On-Ignition Organic Matter Method (LOI) 30-65
% Dry Weight Basis
TMECC 05.05-A
Maturity Germination and Vigor
Seed Emergence 80 or Abave
Seedling Vigor 80 or Above
% Relative to Positive Control
TMECC 05.08-B
Stability Carbon Dioxide Evolution Rate 8 or below
mg CO.-C/g OM per day
100% Passing, 3 inch
TMECC 02.02-B 90-100% Passing, 1inch
Particle Size Sample Sieving for Aggregate Size Classification 65-100% Passing, 3/4 inch
% Dry Weight Basis 0 - 75% Passing, 1/4 inch
Maximum length 6 inches
TMECC 07.01-B
Pathogen Fecal Coliform Bacteria Pass
< 1000 MPN/gram dry wt.
TMECC 07.01-B
Pathogen Salmonella Pass
< 3 MPN/4 grams dry wt.
TMECC 02.02-C
. . Man Made Inert Removal and Classification: Combined Total:
Physical Contaminants Plastic, Glass and Metal <1.0
% > 4mm fraction
TMECC 02.02-C
Man Made Inert Removal and Classification:
Physical Contaminants Sharps (Sewing needles, straight pins and hypodermic None Detected
needles)
% > 4mm fraction
*TMECC refers to "Test Methods for the Examination of Composting and Compost,” published by the United States

Department of Agriculture and the United States Compost Council (USCC).

Installation

m Prior to compost application, prepare the slope by removing loose rocks, roots, stumps, and
other debris greater than 2” in diameter. Prepare the slope area surface by scarifying or
track walking/roughening if necessary.

» Select method to apply the compost blanket. A pneumatic blower is most cost effective and
most adaptive in applying compost to steep, rough terrain, and hard to reach locations.

= A compost blanket thickness of 1” to 4” should be applied to slopes of 2:1 (H:V) or gentler,
based on site-specific conditions. Increase blanket thickness with increased slope steepness
and/or during installation during the rainy season (for example, 2” to 3” should be used for a

_____ _____
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Compost Blanket EC-14

3:1 slope, while 1” to 2” can be used for a 4:1 slope). Erosion control using a compost blanket
is not recommended for slopes greater than 1:1 (H:V).

» For steeper slopes, tackifiers should be utilized and/or other stabilization techniques
employed. For example, compost socks or berms can be installed at intervals over the
compost blanket (in a similar manner as Fiber Rolls, SE-5).

s Compost socks or berms (or equivalent linear sediment control BMP) should be placed at
the top and/or bottom of the slope for additional erosion control performance.

» For optimum vegetation establishment, a blanket thickness of 1” to 2” is recommended. If
vegetation establishment is not the primary function of the compost blanket, a thicker
blanket may be recommended based on slope or rainfall conditions.

» Evenly distribute compost on the soil surface to the desired blanket thickness (1/2” to 4” as
calculated prior based on site conditions and objectives). Even distribution is an important
factor in preventing future rill and gully erosion.

s The compost blanket should extend 3 to 6 feet over the top of the shoulder of the slope. A
compost sock or compost berm can be used at the top of the slope as an auxiliary technique
to prevent runoff from flowing underneath the compost blanket.

= Use additional anchoring and erosion control BMPs in conjunction of the compost blanket
as needed.

Costs

The cost associated with a compost blanket is similar to that of a straw mat and generally less
expensive than a geotextile blanket (USEPA, 2009). Caltrans has provided a recent estimate for
$5,000 to $8,000 per acre for application of an unseeded 1 inch compost blanket (Caltrans
Compost Specifications, 2009). Recently obtained vendor costs indicate that proprietary blends
of compost that are seeded and contain a nutrient rich “tackifier” can cost approximately $0.35

per square foot, or approximately $15,000 per acre for a 2 inch blanket. Application by hand is
more time intensive and likely more costly.

Inspection and Maintenance

»  BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weekly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

m Areas where erosion is evident, another layer of compost should be reapplied as soon as
possible. It may be necessary to install an additional type of stormwater BMP at the top of

slope or as a slope interrupter to control flow, such as a fiber roll (SE-5) or compost sock
(SE-11).

= Care should be exercised to minimize the damage to protected areas while making repairs, as
any area damaged will require reapplication of BMPs.

m  Limit or prohibit foot traffic to minimize damage to BMP or impede vegetation
establishment.
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Soil Preparation/Roughening

EC-15

Categories

EC Erosion Control

SE  Sediment Control

TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and
Materials Pollution Control

& &

WM

Description and Purpose

Soil Preparation/Roughening involves assessment and
preparation of surface soils for BMP installation. This can
include soil testing (for seed base, soil characteristics, or
nutrients), as well as roughening surface soils by mechanical
methods (including sheepsfoot rolling, track walking,
scarifying, stair stepping, and imprinting) to prepare soil for
additional BMPs, or to break up sheet flow. Soil Preparation
can also involve tilling topsoil to prepare a seed bed and/or
incorporation of soil amendments, to enhance vegetative
establishment.

Suitable Applications

Soil preparation: Soil preparation is essential to proper
vegetative establishment. In particular, soil preparation (i.e.
tilling, raking, and amendment) is suitable for use in
combination with any soil stabilization method, including
RECPs or sod. Soil preparation should not be confused with
roughening,.

Roughening: Soil roughening is generally referred to as track
walking (sometimes called imprinting) a slope, where treads
from heavy equipment run parallel to the contours of the slope
and act as mini terraces. Soil preparation is most effective
when used in combination with erosion controls. Soil
Roughening is suitable for use as a complementary process for
controlling erosion on a site. Roughening is not intended to be
used as a stand-alone BMP, and should be used with perimeter
controls, additional erosion control measures, grade breaks,
and vegetative establishment for maximum effectiveness.
Roughening is intended to only affect surface soils and should
not compromise slope stability or overall compaction. Suitable
applications for soil roughening include:

Legend:
| Primary Category
[X] secondary Category

Targeted Constituents

Sediment 1%}
Nutrients

Trash

Metals

Bacteria

Oil and Grease

Organics

Potential Alternatives

EC-3 Hydraulic Mulch
EC-5 Soil Binders
EC-7 Geotextiles and Mats
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Soil Preparation/Roughening EC-15

] Al9ng any disturbed slopes, including temporary stockpiles, sediment basins, or compacted
soil diversion berms and swales.

» Roughening should be used in combination with hydraulically applied stabilization methods,
compost blanket, or straw mulch; but should not be used in combination with RECPs or sod
because roughening is intended to leave terraces on the slope.

Limitations

m Preparation and roughening must take place prior to installing other erosion controls (such
as hydraulically applied stabilizers) or sediment controls (such as fiber rolls) on the faces of
slopes.

» In such cases where slope preparation is minimal, erosion control/revegetation BMPs that
do not require extensive soil preparation - such as hydraulic mulching and seeding
applications - should be employed.

=  Consideration should be given to the type of erosion control BMP that follows surface
preparation, as some BMPs are not designed to be installed over various types of
tillage/roughening, i.e., RECPs (erosion control blankets) should not be used with soil
roughening due to a “bridging” effect, which suspends the blanket above the seed bed.

s Surface roughness has an effect on the amount of mulch material that needs to be applied,
which shows up as a general increase in mulch material due to an increase in surface area
(Topographic Index -see EC-3 Hydraulic Mulching).

Implementation

m Additional guidance on the comparison and selection of temporary slope stabilization
methods is provided in Appendix F of the Handbook.

General

A roughened surface can significantly reduce erosion. Based on tests done at the San Diego
State Erosion Research Laboratory, various roughening techniques on slopes can result in a 12 -
76% reduction in the erosion rate versus smooth slopes.

Materials

Minimal materials are required unless amendments and/or seed are added to the soil. The
majority of soil roughening/preparation can be done with equipment that is on hand at a normal
construction site, such as bull dozers and compaction equipment.

Installation Guidelines

Soil Preparation

» Where appropriate or feasible, soil should be prepared to receive the seed by disking or
otherwise scarifying the surface to eliminate crust, improve air and water infiltration and
create a more favorable environment for germination and growth.

= Based upon soil testing conducted, apply additional soil amendments (e.g. fertilizers,
additional seed) to the soil to help with germination. Follow EC-4, Hydroseeding, when
selecting and applying seed and fertilizers.

SRR
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Soil Preparation/Roug hening EC-15

Cut Slope Roughening;:

Stair-step grade or groove the cut slopes that are steeper than 3:1.

Use stair-step grading on any erodible material soft enough to be ripped with a bulldozer.
Slopes consisting of soft rock with some subsoil are particularly suited to stair-step grading.

Make the vertical cut distance less than the horizontal distance, and slightly slope the
horizontal position of the "step" in toward the vertical wall.

Do not make individual vertical cuts more than 2 feet (0.6 m) high in soft materials or more
than 3 feet (0.9 m) high in rocky materials.

Groove the slope using machinery to create a series of ridges and depressions that run across
the slope, on the contour.

Fill Slope Roughening:

Place on fill slopes with a gradient steeper than 3:1 in lifts not to exceed 8 inches (0.2 m),
and make sure each lift is properly compacted.

Ensure that the face of the slope consists of loose, uncompacted fill 4-6 inches (0.1-0.2 m)
deep.

Use grooving or tracking to roughen the face of the slopes, if necessary.

Do not blade or scrape the final slope face.

Roughening for Slopes to be Mowed:

Slopes which require mowing activities should not be steeper than 3:1.

Roughen these areas to shallow grooves by track walking, scarifying, sheepsfoot rolling, or
imprinting.

Make grooves close together (less than 10 inches), and not less than 1 inch deep, and
perpendicular to the direction of runoff (i.e., parallel to the slope contours).

Excessive roughness is undesirable where mowing is planned.

Roughening With Tracked Machinery:

Limit roughening with tracked machinery to soils with a sandy textural component to avoid
undue compaction of the soil surface.

Operate tracked machinery up and down the slope to leave horizontal depressions in the
soil. Do not back-blade during the final grading operation.

Seed and mulch roughened areas as soon as possible to obtain optimum seed germination
and growth.

L _ A
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Soil Prepa ration/Roughening EC-15

Costs

Costs are based on the additional labor of tracking or preparation of the slope plus the cost of
any required soil amendment materials.

Inspection and Maintenance

= BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weekly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

m  Check the seeded slopes for signs of erosion such as rills and gullies. Fill these areas slightly
above the original grade, then reseed and mulch as soon as possible.

= Inspect BMPs weekly during normal operations, prior to forecasted rain events, daily during
extended rain events, and after the conclusion of rain events.

References
Soil Stabilization BMP Research for Erosion and Sediment Controls: Cost Survey Technical
Memorandum, State of California Department of Transportation (Caltrans), July 2007.

Erosion and Sediment Control Manual, Oregon Department of Environmental Quality, February
2005.
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Non-Vegetative Stabilization EC-16

Categories

EC  Erosion Control v
SE  Sediment Control
TR Tracking Control

WE  Wind Erosion Control (]

NS Non-Stormwater
Management Control

Waste Management and

Wi Materials Pollution Control

Legend:
M Primary Category
[X] secondary Category

Targeted Constituents

Description and Purpose

i =i Sediment |
Non-vegetative stabilization methods are used for temporary or Nulrients
permanent stabilization of areas prone to erosion and should be Trash
used only where vegetative options are not feasible; examples it
include: GlEs
Bacteria

= Areas of vehicular or pedestrian traffic such as roads or Oil and Grease

paths; Organics

= Arid environments where vegetation would not provide

timely ground coverage, or would require excessive
irrigation; Potential Alternatives

®  Rocky substrate, infertile or droughty soils where vegetation
would be difficult to establish; and

= Areas where vegetation will not grow adequately within the
construction time frame.

None

There are several non-vegetative stabilization methods and
selection should be based on site-specific conditions.

Decomposed Granite (DG) is a permanent erosion
protection method that consists of a layer of stabilized
decomposed granite placed over an erodible surface.

Degradable Mulches of various types (see EC-3, EC-6, EC-
8) can be used for temporary non-vegetative stabilization;
examples include straw mulch, compost, wood chips or
hydraulic mulch.

Geotextiles and Mats can be used for temporary non-vegetative
stabilization (see EC-7). These BMPs are typically manufactured
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Non-Vegetative Stabilization EC-16

from degradable or synthetic materials and are designed and specified based on their functional
longevity, i.e., how long they will persist and provide erosion protection. All geotextiles and
mats should be replaced when they exceed their functional longevity or when permanent
stabilization methods are instituted.

Gravel Mulch is a non-degradable erosion control product that is composed of washed and

screened coarse to very coarse gravel, 16 mm to 64 mm (0.6” - 2.5”), similar to an AASHTO No.
3 coarse aggregate.

Rock Slope Protection consists of utilizing large rock or rip-rap (4”- 24”) to stabilize slopes
with a high erosion potential and those subject to scour along waterways.

Soil Binders can be used for temporary non-vegetative stabilization (see EC-5). The key to
their use is functional longevity. In most cases, the soil binder will need to be routinely
monitored and re-applied to maintain an erosion-resistant coverage.

Suitable Applications

Non-vegetated stabilization methods are suitable for use on disturbed soil areas and on material
stockpiles that need to be temporarily or permanently protected from erosion by water and
wind. Non-vegetated stabilization should only be utilized when vegetation cannot be established
in the required timeframe, due to soil or climactic conditions, or where vegetation may be a
potential fire hazard.

Decomposed Granite (DG) and Gravel Mulch are suitable for use in areas where
vegetation establishment is difficult, on flat surfaces, trails and pathways, and when used in
conjunction with a stabilizer or tackifier, on shallow slopes (i.e., 10:1 [H:V]). DG and gravel can
also be used on shallow rocky slopes where vegetation cannot be established for permanent
erosion control.

Degradable Mulches can be used to cover and protect soil surfaces from erosion both in
temporary and permanent applications. In many cases, the use of mulches by themselves
requires routine inspection and re-application. See EC-3 Hydraulic Mulch, EC-6 Straw Mulch,
EC-8 Wood Mulch, or EC-14 Compost Blankets for more information.

Geotextiles and Mats can be used as a temporary stand-alone soil stabilization method.
Depending on material selection, geotextiles and mats can be a short-term (3 mos - 1 year) or
long-term (1-2 years) temporary stabilization method. For more information on geotextiles and
mats see EC-7 Geotextiles and Mats.

Rock Slope Protection can be used when the slopes are subject to scour or have a high
erosion potential, such as slopes adjacent to flowing waterways or slopes subject to overflow
from detention facilities (spillways).

Soil Binders can be used for temporary stabilization of stockpiles and disturbed areas not
subject to heavy traffic. See EC-5 Soil Binders for more information.

.
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Non-Vegetative Stabilization EC-16

R

Limitations

General

m Refer to EC-3, EC-6, EC-8, and EC-14 for limitations on use of mulches. Refer to EC-7 for
limitations on use of geotextiles and mats. Refer to EC-5 for limitations on use of Soil
Binders.

Decomposed Granite
= Not available in some geographic regions.

s If not tackified, material may be susceptible to erosion even on slight slopes (e.g., 30:1

[H:V]).
= Installed costs may be more expensive than vegetative stabilization methods.

Gravel Mulch
m Availability is limited in some geographic regions.

m If not properly screened and washed, can contain fine material that can erode and/or create
dust problems.

s If inadequately sized, material may be susceptible to erosion on sloped areas.
m  Pore spaces fill with dirt and debris over time; may provide a growing medium for weeds.

Rock Slope Protection
m Installation is labor intensive.

m Installed costs can be significantly higher than vegetative stabilization methods.
= Rounded stones may not be used on slopes greater than 2:1 [H:V].

Implementation
General

Non-vegetated stabilization should be used in accordance with the following general guidance:

»  Should be used in conjunction with other BMPs, including drainage, erosion controls and
sediment controls.

= Refer to EC-3, EC-6, EC-8, and EC-14 for implementation details for mulches. Refer to EC-7
for implementation details for geotextiles and mats. Refer to EC-5 for implementation
details for soil binders.

s Non-vegetated stabilization measures should be implemented as soon as the disturbance in
the areas they are intended to protect has ceased.

= Additional guidance on the comparison and selection of temporary slope stabilization
methods is provided in Appendix F of the Handbook.

Decomposed Granite Stabilization
» If used for a road or path should be installed on a prepared base.
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Non-Vegetative Stabilization EC-16

= Should be mixed with a stabilizer if used for roads or pathways, or on slope applications.

»  Though porous it is recommended to prevent standing water on or next to a decomposed
granite road or pathway.

Gravel Mulch

»  Should be sized based on slope, rainfall, and upgradient run-on conditions. Stone size

should be increased as potential for erosion increases (steeper slopes, high intensity
rainfall).

» If permanent, a weed control fabric should be placed prior to installation.
» Should be installed at a minimum 2” depth.
s Should completely cover all exposed surfaces.

Rock Slope Protection
»  Rock slope protection installation should follow Caltrans Standard Specification 72-2: Rock

Slope Protection. Refer to the specification for rock conformity requirements and
installation methods.

m  When using rock slope protection, rock size and installation method should be specified by
an Engineer.

m A geotextile fabric should be placed prior to installation.

Costs

m Costs are highly variable depending not only on technique chosen, but also on materials
chosen within specific techniques. In addition, availability of certain materials will vary by
region/location, which will also affect the cost. Costs of mulches, geotextiles and mats, and
soil binders are presented in their respective fact sheets. Costs for decomposed granite,
gravel mulch stabilization and rock slope protection may be higher depending on location
and availability of materials. Caltrans has provided an estimate for gravel mulch of $10 -
$15/yd? in flat areas and $11 - $23/yd? on side slopes.

Inspection and Maintenance

General

s BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weeKkly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

s For permanent installation, require inspection periodically and after major storm events to
look for signs of erosion or damage to the stabilization.

= All damage should be repaired immediately.

m Refer to EC-3, EC-6, EC-8, and EC-14 for inspection and maintenance requirements for
mulches. Refer to EC-7 for inspection and maintenance requirements for geotextiles and
mats. Refer to EC-5 for inspection and maintenance requirements for soil binders.

. -
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Non-Vegetative Stabilization EC-16

Decomposed Granite and Gravel Mulch Stabilization
m Rake out and add decomposed granite or gravel as needed to areas subject to rill erosion.
Inspect upgradient drainage controls and repair/modify as necessary.

= Should remain stable under loose surface material. Any significant problem areas should be
repaired to restore uniformity to the installation.

References
Arid Zone Forestry: A Guide for Field Technicians. Food and Agriculture Organization of the
United Nations, 1989.

Design of Roadside Channels with Flexible Linings, Hydraulic Engineering Circular Number 15,
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use of Best Management Practices during Land Disturbing Activities, Tennessee Department of
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Silt Fence

SE-1

Description and Purpose

A silt fence is made of a woven geotextile that has been
entrenched, attached to supporting poles, and sometimes
backed by a plastic or wire mesh for support. The silt fence
detains sediment-laden water, promoting sedimentation
behind the fence.

Suitable Applications

Silt fences are suitable for perimeter control, placed below
areas where sheet flows discharge from the site. They could
also be used as interior controls below disturbed areas where
runoff may occur in the form of sheet and rill erosion and
around inlets within disturbed areas (SE-10). Silt fences are
generally ineffective in locations where the flow is concentrated
and are only applicable for sheet or overland flows. Silt fences
are most effective when used in combination with erosion
controls. Suitable applications include:

=  Along the perimeter of a project.

= Below the toe or down slope of exposed and erodible slopes.
m  Along streams and channels.

m  Around temporary spoil areas and stockpiles.

= Around inlets.

®  Below other small cleared areas.

Categories

EC
SE
TC
WE

NS

Erosion Control
Sediment Control
Tracking Control
Wind Erosion Control

Non-Stormwater
Management Control

Waste Management and

W Materials Pollution Control

%

Legend:
] Primary Category
Secondary Category

Targeted Constituents

Sediment
Nutrients
Trash

Metals
Bacteria

QOil and Grease
Organics

|

Potential Alternatives

SE-5 Fiber Rolls

SE-6 Gravel Bag Berm

SE-8 Sandbag Barrier

SE-10 Storm Drain Inlet Protection
SE-12 Temporary Silt Dike

SE-14 Biofilter Bags

CALIFORNIA STORMWATER

California Stormwater BMP Handbook Portal

Construction
www.casqa.org

May 2011

1of 8



Silt Ijgnce SE-1

Limitations
s Do not use in streams, channels, drain inlets, or anywhere flow is concentrated.

= Do not use in locations where ponded water may cause a flooding hazard. Runoff typically
ponds temporarily on the upstream side of silt fence.

» Do not use silt fence to divert water flows or place across any contour line. Fences not
constructed on a level contour, or fences used to divert flow will concentrate flows resulting
in additional erosion and possibly overtopping or failure of the silt fence.

» Improperly installed fences are subject to failure from undercutting, overtopping, or
collapsing.

m Not effective unless trenched and keyed in.
= Not intended for use as mid-slope protection on slopes greater than 4:1 (H:V).
» Do not use on slopes subject to creeping, slumping, or landslides.

Implementation
General

Asilt fence is a temporary sediment barrier consisting of woven geotextile stretched across and
attached to supporting posts, trenched-in, and, depending upon the strength of fabric used,
supported with plastic or wire mesh fence. Silt fences trap sediment by intercepting and
detaining small amounts of sediment-laden runoff from disturbed areas in order to promote
sedimentation behind the fence.

The following layout and installation guidance can improve performance and should be
followed:

m  Use principally in areas where sheet flow occurs.

= Install along a level contour, so water does not pond more than 1.5 ft at any point along the
silt fence.

= The maximum length of slope draining to any point along the silt fence should be 200 ft or
less.

s The maximum slope perpendicular to the fence line should be 1:1.

»  Provide sufficient room for runoff to pond behind the fence and to allow sediment removal
equipment to pass between the silt fence and toes of slopes or other obstructions. About
1200 ft? of ponding area should be provided for every acre draining to the fence.

»  Turn the ends of the filter fence uphill to prevent stormwater from flowing around the fence.

» Leave an undisturbed or stabilized area immediately down slope from the fence where
feasible.
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= Silt fences should remain in place until the disturbed area is permanently stabilized, after
which, the silt fence should be removed and properly disposed.

m  Silt fence should be used in combination with erosion source controls up slope in order to
provide the most effective sediment control.

» Be aware of local regulations regarding the type and installation requirements of silt fence,
which may differ from those presented in this fact sheet.

Design and Layout

The fence should be supported by a plastic or wire mesh if the fabric selected does not have
sufficient strength and bursting strength characteristics for the planned application (as
recommended by the fabric manufacturer). Woven geotextile material should contain ultraviolet
inhibitors and stabilizers to provide a minimum of six months of expected usable construction
life at a temperature range of o °F to 120 °F.

m Layout in accordance with attached figures.

»  For slopes steeper than 2:1 (H:V) and that contain a high number of rocks or large dirt clods
that tend to dislodge, it may be necessary to install additional protection immediately
adjacent to the bottom of the slope, prior to installing silt fence. Additional protection may
be a chain link fence or a cable fence.

m For slopes adjacent to sensitive receiving waters or Environmentally Sensitive Areas (ESAs),
silt fence should be used in conjunction with erosion control BMPs.

Standard vs. Heavy Duty Silt Fence

Standard Silt Fence
m  Generally applicable in cases where the slope of area draining to the silt fence is 4:1
(H:V) or less.

m  Used for shorter durations, typically 5 months or less

m Area draining to fence produces moderate sediment loads.
Heavy Duty Silt Fence

m Use is generally limited to 8 months or less.

s Area draining to fence produces moderate sediment loads.

m Heavy duty silt fence usually has 1 or more of the following characteristics, not
possessed by standard silt fence.

o Fence fabric has higher tensile strength.

o Fabric is reinforced with wire backing or additional support.

o Posts are spaced closer than pre-manufactured, standard silt fence products.
o Posts are metal (steel or aluminum)

Materials

Standard Silt Fence

s Silt fence material should be woven geotextile with a minimum width of 36 in. and a
minimum tensile strength of 100 Ib force. The fabric should conform to the requirements in
ASTM designation D4632 and should have an integral reinforcement layer. The
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ilt Fence_ SE-1

reinforcement layer should be a polypropylene, or equivalent, net provided by the
manufacturer. The permittivity of the fabric should be between 0.1 sec and 0.15 sec™ in
conformance with the requirements in ASTM designation D4491.

Wood stakes should be commercial quality lumber of the size and shape shown on the plans.
Each stake should be free from decay, splits or cracks longer than the thickness of the stake
or other defects that would weaken the stakes and cause the stakes to be structurally
unsuitable.

Staples used to fasten the fence fabric to the stakes should be not less than 1.75 in. long and

should be fabricated from 15 gauge or heavier wire. The wire used to fasten the tops of the
stakes together when joining two sections of fence should be 9 gauge or heavier wire.
Galvanizing of the fastening wire will not be required.

Heavy-Duty Silt Fence

Some silt fence has a wire backing to provide additional support, and there are products that
may use prefabricated plastic holders for the silt fence and use metal posts or bar
reinforcement instead of wood stakes. If bar reinforcement is used in lieu of wood stakes,
use number four or greater bar. Provide end protection for any exposed bar reinforcement
for health and safety purposes.

Installation Guidelines — Traditional Method

Silt fences are to be constructed on a level contour. Sufficient area should exist behind the fence
for ponding to occur without flooding or overtopping the fence.

A trench should be excavated approximately 6 in. wide and 6 in. deep along the line of the
proposed silt fence (trenches should not be excavated wider or deeper than necessary for
proper silt fence installation).

Bottom of the silt fence should be keyed-in a minimum of 12 in.

Posts should be spaced a maximum of 6 ft apart and driven securely into the ground a
minimum of 18 in. or 12 in. below the bottom of the trench.

When standard strength geotextile is used, a plastic or wire mesh support fence should be
fastened securely to the upslope side of posts using heavy—duty wire staples at least 1 in.
long. The mesh should extend into the trench.

When extra-strength geotextile and closer post spacing are used, the mesh support fence
may be eliminated.

Woven geotextile should be purchased in a long roll, then cut to the length of the barrier.
When joints are necessary, geotextile should be spliced together only at a support post, with
a minimum 6 in. overlap and both ends securely fastened to the post.

The trench should be backfilled with native material and compacted.

Construct silt fences with a setback of at least 3 ft from the toe of a slope. Where, due to
specific site conditions, a 3 ft setback is not available, the silt fence may be constructed at the
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toe of the slope, but should be constructed as far from the toe of the slope as practicable. Silt
fences close to the toe of the slope will be less effective and more difficult to maintain.

m  Construct the length of each reach so that the change in base elevation along the reach does
not exceed 1/3 the height of the barrier; in no case should the reach exceed 500 ft.

»  Cross barriers should be a minimum of !/; and a maximum of 2 the height of the linear
barrier.

= See typical installation details at the end of this fact sheet.
Installation Guidelines - Static Slicing Method

m  Static Slicing is defined as insertion of a narrow blade pulled behind a tractor, similar to a
plow blade, at least 10 inches into the soil while at the same time pulling silt geotextile fabric
into the ground through the opening created by the blade to the depth of the blade. Once the
gerotextile is installed, the soil is compacted using tractor tires.

s This method will not work with pre-fabricated, wire backed silt fence.

m Benefits:

o Ease of installation (most often done with a 2 person crew). In addition,
installation using static slicing has been found to be more efficient on slopes, in
rocky soils, and in saturated soils.

o Minimal soil disturbance.

o Greater level of compaction along fence, leading to higher performance (i.e.
greater sediment retention).

o Uniform installation.

o Less susceptible to undercutting/undermining.

Costs
m It should be noted that costs vary greatly across regions due to available supplies and labor
costs.

= Average annual cost for installation using the traditional silt fence installation method
(assumes 6 month useful life) is $7 per linear foot based on vendor research. Range of cost
is $3.50 - $9.10 per linear foot.

m In tests, the slicing method required 0.33 man hours per 100 linear feet, while the trenched
based systems required as much as 1.01 man hours per linear foot.

Inspection and Maintenance

» BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weeKkly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

s Repair undercut silt fences.

L __
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Silt Fence SE-1

m  Repair or replace split, torn, slumping, or weathered fabric. The lifespan of silt fence fabric
is generally 5 to 8 months. '

» Silt fences that are damaged and become unsuitable for the intended purpose should be
removed from the site of work, disposed, and replaced with new silt fence barriers.

m Sediment that accumulates in the BMP should be periodically removed in order to maintain
BMP effectiveness. Sediment should be removed when the sediment accumulation reaches
one-third of the barrier height.

s Silt fences should be left in place until the upstream area is permanently stabilized. Until
then, the silt fence should be inspected and maintained regularly.

m Remove silt fence when upgradient areas are stabilized. Fill and compact post holes and
anchor trench, remove sediment accumulation, grade fence alignment to blend with adjacent
ground, and stabilize disturbed area.
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Manual of Standards of Erosion and Sediment Control Measures, Association of Bay Area
Governments, May 1995.

National Management Measures to Control Nonpoint Source Pollution from Urban Areas,
United States Environmental Protection Agency, 2002.

Proposed Guidance Specifying Management Measures for Sources of Nonpoint Pollution in
Coastal Waters, Work Group-Working Paper, USEPA, April 1992.

Sedimentation and Erosion Control Practices, and Inventory of Current Practices (Draft),
UESPA, 1990.

Southeastern Wisconsin Regional Planning Commission (SWRPC). Costs of Urban Nonpoint
Source Water Pollution Control Measures. Technical Report No. 31. Southeastern Wisconsin
Regional Planning Commission, Waukesha, WI. 1991

Stormwater Quality Handbooks - Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), March 2003.

Stormwater Management Manual for The Puget Sound Basin, Washington State Department of
Ecology, Public Review Draft, 1991.

U.S. Environmental Protection Agency (USEPA). Stormwater Management for Industrial
Activities: Developing Pollution Prevention Plans and Best Management Practices. U.S.
Environmental Protection Agency, Office of Water, Washington, DC, 1992.

Water Quality Management Plan for the Lake Tahoe Region, Volume II, Handbook of
Management Practices, Tahoe Regional Planning Agency, November 1988.Soil Stabilization
BMP Research for Erosion and Sediment Controls: Cost Survey Technical Memorandum, State
of California Department of Transportation (Caltrans), July 2007.

Erosion and Sediment Control Manual, Oregon Department of Environmental Quality, February
2005.

May 2011 California Stormwater BMP Handbook Portal 6 of 8

Construction
www.casga.org



SE-1

Silt Fence

0} @yoL asg

‘WIUDQNISIE JO BlwY| s
uo pospq BiqIMolD 8D pup Bujuuepun so sacdlq juescid ©) peposu
8D 00UB} 3B jO OPIS IUDPLASUMOP UD JALUDQ 85049 O3 660Q H-C PPV bl

‘sdob ejoujun 0y 108)50 8q |[oys 824D} pup smos Bogpuos EI

O—0 NOWO3s *puojoso] dwns }0 padoid aq Jou [pys suo3aas buisop 2t
‘20Us) LS PUYBQ SUBWDS JUBWIREER
', N 2INSUS O} JOUUDW D U] POJANLSUOd aq |BYS sbujuadd S3uDUSIUDN i

sBoqpuog

V130 d3RIYVE SSOUD

edojs jo
-

sy s

oyep pu3

Moy Jo ualdeig
voidaup edos
(@p0q padwo)

[(XEs¥]]

;
S5
Rl

| 810N avg

PN IS

<sopLinq 100Uj| oYy jo Jyblay
By} Z/1 JO WRWXDW © Pud ¢/} }O WNWHIW D 3q j|oUS SIBLDQ $BOJD 'O

oA} 91D UMDYS SuOBURURQ "@x%0}E .6d SRS H WNUNUN 6

‘80(dDIS $ Y}M paUIrIDsS PLO WM (N GUO
SOH0IC OM) PUNC.D POPIC) 8q |DYS OMIAD; 9OLD} ‘DNDIS PUS JOd B
‘B4 YiM pOINSES 9 [I0yS
80%o}s oy jo sdoy ayl yef 1o Jusuapes jo ySnosyi—-moy
miuatod jusaaud o} Jeyjeboy AnyBly usAup 9g (Dys €9Y01S L

‘GO[IDIE § Y)W ONOIE O} Oj4QD;, VUNDSS Ny |nj ouo

908 Y509 PUNO PRJ O} 2UqD; BOUS, PJC JDHGAG O BOXOIS ‘9

‘95UD) §O OPIS WDLILLSUMOP LO pauopisod
99 |oys pUD WINUAXDW _D—8 O pPODdS oG [[DUB EANOYS G

VORIPUOD PP 3 0 Kioa Aow uoiBowaq b

[PUWCU OJD BUDIBLBWIP OXMIS T

f
- odojs jo eo|
m/.} (074

‘gdojs dn pown) aq ||oys Bou@) JO 0~8 36D} BYL T
*00G Pesoxd LBUD| UDDdS Oy} (IDYS ©SBD DU Ul “IBDq

oouyf 9y} jo WBIAY Sy} £/| PISND JOU S0P YOOI oLy BuOD LOIDARID
250q 1 2BUDD O} 10U} o8 LPOI) LPOS o LRBUI| O JeANsUC) |

S3LON

NI
TN\ _%\
4 N /.

L _ L] -] =
axnis i
pooy /ﬁ_’ duGo4 : 5

ojep Bujuado
edunuBiUOW [ouojjdp

(0; si0u 095)
souunq 68019

7 0of 8

California Stormwater BMP Handbook Portal

May 2011

Construction
WWwWw.casqga.org



SE-1

Silt Fence

(11 3LON 33S)

TIVL30 ONIN3dO FONVNILNIVN TVYNOILJO

\lmem pu3

2
)
@

(ybry ssako|-g) mmonvcowl/

adojs jo mo._.|\

25%0)s pu3l

51490 4
oIS

(6 3LON 33S)
NvL3a 3dVIS

J3j2WOIp

—

MmOy JO uonaaulQg —~
uonyosaIp 3doig
114120q padwo)

aN3937

v13Q ON3

N 4

adu3y IS

(Z aj0u 995)
%01 pu3l

(M3IA 4OL) VL3Q 3INVLS AON3

(g @i0u 295)
21GD 4

(g @jou 295) \

a%o}s poom .z x 2

(M3IA dOL) MvL3a NOILO3S ONINIOr

(zv ® £ ‘9 s3jou 933)
¥ UOI1)23S J1GD4

(z1 % ¢ "9 s9lou 89S) 8 210s
g u01123s J1QD 4

ayo)s o0OM
RSy ..Nl\

.81

(%]

o
3

V 110}3p 33§

S

(§ ® ¢ sajou 233)
OIS PoOM 2 X .2

v ivi3a

|.|,..w|l_

2 2

N

/ 214q04
22u3y 1S

V=Y NOILO3S

— =

q

L~
T

21G0 4

adojs jo 80)

(v @10u 33%) \
S3DA }20Q)8S

ado|g

8of 8

California Stormwater BMP Handbook Portal

May 2011

Construction
www.casqga.org



Sediment Basin

SE-2

Description and Purpose

A sediment basin is a temporary basin formed by excavation or
by constructing an embankment so that sediment-laden runoff
is temporarily detained under quiescent conditions, allowing
sediment to settle out before the runoff is released.

Sediment basin design guidance presented in this fact sheet is
intended to provide options, methods, and techniques to
optimize temporary sediment basin performance and basin
sediment removal. Basin design guidance provided in this fact
sheet is not intended to guarantee basin effluent compliance
with numeric discharge limits (numeric action levels or numeric
effluent limits for turbidity). Compliance with discharge limits
requires a thoughtful approach to comprehensive BMP
planning, implementation, and maintenance. Therefore,
optimally designed and maintained sediment basins should be
used in conjunction with a comprehensive system of BMPs that
includes:

= Diverting runoff from undisturbed areas away from the
basin

m Erosion control practices to minimize disturbed areas on-
site
and to provide temporary stabilization and interim sediment
controls (e.g., stockpile perimeter control, check dams,
perimeter controls around individual lots) to reduce the
basin’s influent sediment concentration.

At some sites, sediment basin design enhancements may be
required to adequately remove sediment. Traditional

Categories

EC  Erosion Control

SE  Sediment Control |

TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control
Waste Management and

WM Materials Pollution
Control

Legend:

M Primary Category
Secondary Category

Targeted Constituents

Sediment ~
Nutrients

Trash
Metals

M

Bacteria
Qil and Grease
Organics

Potential Alternatives

SE-3 Sediment Trap (for smaller

areas)
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Sediment Basin SE-2

(a.k.a. “physical”) enhancements such as alternative outlet configurations or flow deflection
baffles increase detention time and other techniques such as outlet skimmers preferentially
drain flows with lower sediment concentrations. These “physical” enhancement techniques are
described in this fact sheet. To further enhance sediment removal particularly at sites with fine
soils or turbidity sensitive receiving waters, some projects may need to consider implementing
Active Treatment Systems (ATS) whereby coagulants and flocculants are used to enhance
settling and removal of suspended sediments. Guidance on implementing ATS is provided in
SE-11.

Suitable Applications

Sediment basins may be suitable for use on larger projects with sufficient space for constructing
the basin. Sediment basins should be considered for use:

= Where sediment-laden water may enter the drainage system or watercourses
= On construction projects with disturbed areas during the rainy season

m At the outlet of disturbed watersheds between 5 acres and 75 acres and evaluated on a site by
site basis

m  Where post construction detention basins are required

= In association with dikes, temporary channels, and pipes used to convey runoff from
disturbed areas

Limitations

Sediment basins must be installed only within the property limits and where failure of the
structure will not result in loss of life, damage to homes or buildings, or interruption of use or
service of public roads or utilities. In addition, sediment basins are attractive to children and
can be very dangerous. Local ordinances regarding health and safety must be adhered to. If

fencing of the basin is required, the type of fence and its location should be shown in the SWPPP
and in the construction specifications.

m  Asa general guideline, sediment basins are suitable for drainage areas of 5 acres or more,

but not appropriate for drainage areas greater than 75 acres. However, the tributary area
should be evaluated on a site by site basis.

»  Sediment basins may become an “attractive nuisance” and care must be taken to adhere to
all safety practices. If safety is a concern, basin may require protective fencing.

»  Sediment basins designed according to this fact sheet are only effective in removing
sediment down to about the silt size fraction. Sediment-laden runoff with smaller size
fractions (fine silt and clay) may not be adequately treated unless chemical (or other
appropriate method) treatment is used in addition to the sediment basin.

= Basins with a height of 25 ft or more or an impounding capacity of 50 ac-ft or more must
obtain approval from California Department of Water Resources Division of Safety of Dams

(http://www.water.ca.gov/damsafety/).
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Sediment Basin SE-2

s Water that stands in sediment basins longer than 96 hours may become a source of
mosquitoes (and midges), particularly along perimeter edges, in shallow zones, in scour or
below-grade pools, around inlet pipes, along low-flow channels, and among protected
habitats created by emergent or floating vegetation (e.g. cattails, water hyacinth), algal mats,
riprap, etc.

= Basins require large surface areas to permit settling of sediment. Size may be limited by the
available area.

Implementation
General

A sediment basin is a controlled stormwater release structure formed by excavation or by
construction of an embankment of compacted soil across a drainage way, or other suitable
location. It is intended to trap sediment before it leaves the construction site. The basin is a
temporary measure expected to be used during active construction in most cases and is to be
maintained until the site area is permanently protected against erosion or a permanent
detention basin is constructed.

Sediment basins are suitable for nearly all types of construction projects. Whenever possible,
construct the sediment basins before clearing and grading work begins. Basins should be
located at the stormwater outlet from the site but not in any natural or undisturbed stream. A
typical application would include temporary dikes, pipes, and/or channels to convey runoff to
the basin inlet.

Many development projects in California are required by local ordinances to provide a
stormwater detention basin for post-construction flood control, desilting, or stormwater
pollution control. A temporary sediment basin may be constructed by rough grading the post-
construction control basins early in the project.

Sediment basins if properly designed and maintained can trap a significant amount of the
sediment that flows into them. However, traditional basins do not remove all inflowing
sediment. Therefore, they should be used in conjunction with erosion control practices such as
temporary seeding, mulching, diversion dikes, etc., to reduce the amount of sediment flowing
into the basin.

Planning

To improve the effectiveness of the basin, it should be located to intercept runoff from the
largest possible amount of disturbed area. Locations best suited for a sediment basin are
generally in lower elevation areas of the site (or basin tributary area) where site drainage would
not require significant diversion or other means to direct water to the basin but outside
jurisdictional waterways. However, as necessary, drainage into the basin can be improved by
the use of earth dikes and drainage swales (see BMP EC-g). . The basin should not be located
where its failure would result in the loss of life or interruption of the use or service of public
utilities or roads.

Construct before clearing and grading work begins when feasible.

m Do not locate the basin in a jurisdictional stream.
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= Basin sites should be located where failure of the structure will not cause loss of life, damage
to homes or buildings, or interruption of use or service of public roads or utilities.

= Basins with a height of 25 ft or more or an impounding capacity of 50 ac-ft must obtain
approval from the Division of Dam Safety. Local dam safety requirements may be more
stringent.

s Limit the contributing area to the sediment basin to only the runoff from the disturbed soil
areas. Use temporary concentrated flow conveyance controls to divert runoff from
undisturbed areas away from the sediment basin.

m The basin should be located: (1) by excavating a suitable area or where a low embankment
can be constructed across a swale, (2) where post-construction (permanent) detention
basins will be constructed, and (3) where the basins can be maintained on a year-round basis
to provide access for maintenance, including sediment removal and sediment stockpiling in
a protected area, and to maintain the basin to provide the required capacity.

Design

When designing a sediment basin, designers should evaluate the site constraints that could
affect the efficiency of the BMP. Some of these constraints include: the relationship between
basin capacity, anticipated sediment load, and freeboard, available footprint for the basin,
maintenance frequency and access, and hydraulic capacity and efficiency of the temporary outlet
infrastructure. Sediment basins should be designed to maximize sediment removal and to
consider sediment load retained by the basin as it affects basin performance.

Three Basin Design Options (Part A) are presented below along with a Typical
Sediment/Detention Basin Design Methodology (Part B). Regardless of the design option that is
selected, designers also need to evaluate the sediment basin capacity with respect to sediment
accumulation (See “Step 3. Evaluate the Capacity of the Sediment Basin”), and should
incorporate approaches identified in “Step 4. Other Design Considerations” to enhance basin
performance.

A) Basin Design Options:
Option 1:

Design sediment basin(s) using the standard equation:

1.20
As=_ E.l
> (Eq.1)

Where:
A = Minimum surface area for trapping soil particles of a certain size

Vs = Settling velocity of the design particle size chosen (Vs = 0.00028 ft/s for a design
particle size of 0.01 mm at 68°F)

1.2 = Factor of safety recommended by USEPA to account for the reduction in basin
efficiency caused due to turbulence and other non ideal conditions.
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Q=CIA (Eq.2)

Where

Q = Peak basin influent flow rate measured in cubic feet per second (ft3/s)
C = Runoff coefficient (unitless)

I = Peak rainfall intensity for the 10-year, 6-hour rain event (in/hr)

A = Area draining into the sediment basin in acres

The design particle size should be the smallest soil grain size determined by wet sieve
analysis, or the fine silt sized (0.01 mm [or 0.0004 in.]) particle, and the Vs used should
be 100 percent of the calculated settling velocity.

This sizing basin method is dependent on the outlet structure design or the total basin
length with an appropriate outlet. If the designer chooses to utilize the outlet structure
to control the flow duration in the basin, the basin length (distance between the inlet and
the outlet) should be a minimum of twice the basin width; the depth should not be less
than 3 ft nor greater than 5 ft for safety reasons and for maximum efficiency (2 ft of
sediment storage, 2 ft of capacity). If the designer chooses to utilize the basin length
(with appropriate basin outlet) to control the flow duration in the basin, the basin length
(distance between the inlet and the outlet) should be a specifically designed to capture
100% of the design particle size; the depth should not be less than 3 ft nor greater than 5
ft for safety reasons and for maximum efficiency (2 ft of sediment storage, 2 ft of

capacity).

Basin design guidance provided herein assumes standard water properties (e.g.,
estimated average water temperature, kinematic viscosity, etc.) as a basis of the design.
Designers can use an alternative design (Option 3) with site specific water properties as
long as the design is as protective as Option 1.

The design guidance uses the peak influent flow rate to size sediment basins. Designers
can use an alternative design (Option 3) with site specific average flow rates as long as
the design is as protective as Option 1.

The basin should be located on the site where it can be maintained on a year-round basis
and should be maintained on a schedule to retain the 2 ft of capacity.

Option 2:

Design pursuant to local ordinance for sediment basin design and maintenance,
provided that the design efficiency is as protective or more protective of water quality
than Option 1.

Option 3:

The use of an equivalent surface area design or equation provided that the design
efficiency is as protective or more protective of water quality than Option 1.
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B) Typical Sediment/Detention Basin Design Methodology:

Design of a sediment basin requires the designer to have an understanding of the site
constraints, knowledge of the local soil (e.g., particle size distribution of potentially contributing
soils), drainage area of the basin, and local hydrology. Designers should not assume that a
sediment basin for location A is applicable to location B. Therefore, designers can use this
factsheet as guidance but will need to apply professional judgment and knowledge of the site to
design an effective and efficient sediment basin. The following provides a general overview of
typical design methodologies:

Step 1. Hydrologic Design

s Evaluate the site constraints and assess the drainage area for the sediment basin. Designers
should consider on- and off-site flows as well as changes in the drainage area associated with
site construction/disturbance. To minimize additional construction during the course of the
project, the designer should consider identifying the maximum drainage area when
calculating the basin dimensions.

s If alocal hydrology manual is not available it is recommended to follow standard rational
method procedures to estimate the flow rate. The references section of this factsheet
provides a reference to standard hydrology textbooks that can provide standard
methodologies. If local rainfall depths are not available, values can be obtained from
standard precipitation frequency maps from NOAA (downloaded from

http://www.wrce.dri.edu/pepnfreg.html).
Step 2. Hydraulic Design

= Calculate the surface area required for the sediment basin using Equation 1. In which the
flow rate is estimated for a 10-yr 6-hr event using rational method procedure listed in local
hydrology manual and Vs is estimated using Stokes Law presented in Equation 3.

V.=2.81d? (Eq.3)
Where
V; = Settling velocity in feet per second at 68°F

d = diameter of sediment particle in millimeters (smallest soil grain size determined by
wet sieve analysis or fine silt (0.01 mm [or 0.0004 in.])

» In general the basin outlet design requires an iterative trial and error approach that
considered the maximum water surface elevation, the elevation versus volume (stage-
storage) relationship, the elevation verses basin outflow (a.k.a.-discharge) relationship, and
the estimated inflow hydrograph. To adequately design the basins to settle sediment, the
outlet configuration and associated outflow rates can be estimated by numerous
methodologies. The following provides some guidance for design the basin outlet:

m  An outlet should have more than one orifice.

= An outlet design typically utilizes multiple horizontal rows of orifices (approximately 3 or
more) with at least 2 orifices per row (see Figures 1 and 2 at the end of this fact sheet).

_
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m Orifices can vary in shape.

= Select the appropriate orifice diameter and number of perforations per row with the
objective of minimizing the number of rows while maximizing the detention time.

» The diameter of each orifice is typically a maximum of 3-4 inches and a minimum of
0.25-0.5 inches.

= If arectangular orifice is used, it is recommended to have minimum height of 0.5 inches
and a maximum height of 6 inches.

= Rows are typically spaced at three times the diameter center to center vertically with a
minimum distance of approximately 4 inches on center and a maximum distance of 1
foot on center.

» To estimate the outflow rate, each row is calculated separately based on the flow through
a single orifice then multiplied by the number of orifices in the row. This step is repeated
for each of the rows. Once all of the orifices are estimated, the total outflow rate versus
elevation (stage-discharge curve) is developed to evaluate the detention time within the
basin.

m Flow through a single orifice can be estimated using an Equation 4:
Q = BC' A(2gH)" (Eq.4)

Where

Q = Outflow rate in /s

C’ = Orifice coefficient (unitless)

A = Area of the orifice (ft)

g = acceleration due to gravity (ft'/s)

H = Head above the orifice (ft)

B = Anticipated Blockage or clogging factor (unitless), It is dependent on anticipated
sediment and debris load, trash rack configuration etc, so the value is dependent on
design engineers professional judgment and/or local requirements (B is never greater than
1 and a value of 0.5 is generally used)

m Care must be taken in the selection of orifice coefficient ("C™); 0.60 is most often
recommended and used. However, based on actual tests, Young and Graziano
(1989), "Outlet Hydraulics of Extended Detention Facilities for Northern Virginia
Planning District Commission", recommends the following:

s C’ = 0.66 for thin materials; where the thickness is equal to or less than the
orifice diameter, or

m C’ = 0.80 when the material is thicker than the orifice diameter

m If different sizes of orifices are used along the riser then they have to be sized such that
not more than 50 percent of the design storm event drains in one-third of the drawdown
time (to provide adequate settling time for events smaller than the design storm event)

_
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and the entire volume drains within 96 hours or as regulated by the local vector control
agency. If a basin fails to drain within 96 hours, the basin must be pumped dry.

m Because basins are not maintained for infiltration, water loss by infiltration should be
disregarded when designing the hydraulic capacity of the outlet structure.

s Floating Outlet Skimmer: The floating skimmer (see Figure 3 at the end of this fact sheet is
an alternative outlet configuration (patented) that drains water from upper portion of the
water column. This configuration has been used for temporary and permanent basins and
can improve basin performance by eliminating bottom orifices which have the potential of
discharging solids. Some design considerations for this alternative outlet device includes the
addition of a sand filter or perforated under drain at the low point in the basin and near the
floating skimmer. These secondary drains allow the basin to fully drain. More detailed
guidelines for sizing the skimmer can be downloaded from

http://www.fairclothskimmer.com/.

s Hold and Release Valve: An ideal sediment/detention basin would hold all flows to the
design storm level for sufficient time to settle solids, and then slowly release the storm
water. Implementing a reliable valve system for releasing detention basins is critical to
eliminate the potential for flooding in such a system. Some variations of hold and release
valves include manual valves, bladder devices or electrically operated valves. When a
precipitation event is forecast, the valve would be close for the duration of the storm and
appropriate settling time. When the settling duration is met (approximately 24 or 48 hours),
the valve would be opened and allow the stormwater to be released at a rate that does not
resuspend settled solids and in a non-erosive manner. If this type of system is used the valve

should be designed to empty the entire basin within 96 hours or as stipulated by local vector
control regulations.

Step 3. Evaluate the Capacity of the Sediment Basin

= Typically, sediment basins do not perform as designed when they are not properly
maintained or the sediment yield to the basin is larger than expected. As part of a good
sediment basin design, designers should consider maintenance cycles, estimated soil loss
and/or sediment yield, and basin sediment storage volume. The two equations below can be
used to quantify the amount of soil entering the basin.

s The Revised Universal Soil Loss Equation (RUSLE, Eq.5) can be used to estimate annual soil
loss and the Modified Universal Soil Equation (MUSLE, Eq.6) can be used to estimate
sediment yield from a single storm event.

A=RxKxLSxCxP (Eq.5)
Y =95(0xq, )* xKx LS xCx P (Eq.6)
Where:

A = annual soil loss, tons/acre-year

R = rainfall erosion index, in 100 ft.tons/acre.in/hr

R R
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K = soil erodibility factor, tons/acre per unit of R
LS = slope length and steepness factor (unitless)
C = vegetative cover factor (unitless)

P = erosion control practice factor (unitless)

Y = single storm sediment yield in tons

Q = runoff volume in acre-feet

qp = peak flow in cfs

Detailed descriptions and methodologies for estimating the soil loss can be obtained from
standard hydrology text books (See References section).

Determination of the appropriate equation should consider construction duration and local
environmental factors (soils, hydrology, etc.). For example, if a basin is planned for a project
duration of 1 year and the designer specifies one maintenance cycle, RUSLE could be used to
estimate the soil loss and thereby the designer could indicate that the sediment storage
volume would be half of the soil loss value estimated. As an example for use of MUSLE, a
project may have a short construction duration thereby requiring fewer maintenance cycles
and a reduced sediment storage volume. MUSLE would be used to estimate the anticipated
soil loss based on a specific storm event to evaluate the sediment storage volume and
appropriate maintenance frequency.

The soil loss estimates are an essential step in the design and it is essential that the designer
provide construction contractors with enough information to understand maintenance
frequency and/or depths within the basin that would trigger maintenance. Providing
maintenance methods, frequency and specification should be included in design bid
documents such as the SWPPP Site Map.

Once the designer has quantified the amount of soil entering the basin, the depth required
for sediment storage can be determined by dividing the estimated sediment loss by the
surface area of the basin.

Step 4. Other Design Considerations

Consider designing the volume of the settling zone for the total storm volume associated
with the 2-year event or other appropriate design storms specified by the local agency. This
volume can be used as a guide for sizing the basin without iterative routing calculations. The
depth of the settling zone can be estimated by dividing the estimated 2-yr storm volume by
the surface area of the basin.

The basin volume consists of two zones:
- A sediment storage zone at least 1 ft deep.

- A settling zone at least 2 ft deep.
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- The basin depth must be no less than 3 ft (not including freeboard).

Proper hydraulic design of the outlet is critical to achieving the desired performance of the
basin. The outlet should be designed to drain the basin within 24 to 96 hours (also referred
to as “drawdown time”). The 24-hour limit is specified to provide adequate settling time; the
96-hour limit is specified to mitigate vector control concerns.

Confirmation of the basin performance can be evaluated by routing the design storm (10-yr
6-hr, or as directed by local regulations) through the basin based on the basin volume (stage-
storage curve) and the outlet design (stage-discharge curve based on the orifice
configuration or equivalent outlet design).

Sediment basins, regardless of size and storage volume, should include features to
accommodate overflow or bypass flows that exceed the design storm event.

- Include an emergency spillway to accommodate flows not carried by the principal
spillway. The spillway should consist of an open channel (earthen or vegetated) over
undisturbed material (not fill) or constructed of a non-erodible riprap (or equivalent
protection) on fill slopes.

- The spillway control section, which is a level portion of the spillway channel at the
highest elevation in the channel, should be a minimum of 20 ft in length.

Rock, vegetation or appropriate erosion control should be used to protect the basin inlet,
outlet, and slopes against erosion.

The total depth of the sediment basin should include the depth required for sediment
storage, depth required for settling zone and freeboard of at least 1 foot or as regulated by
local flood control agency for a flood event specified by the local agency.

The basin alignment should be designed such that the length of the basin is more than twice
the width of the basin; the length should be determined by measuring the distance between
the inlet and the outlet. If the site topography does not allow for this configuration baffles
should be installed so that the ratio is satisfied. If a basin has more than one inflow point,
any inflow point that conveys more than 30 percent of the total peak inflow rate has to meet
the required length to width ratio.

An alternative basin sizing method proposed by Fifield (2004) can be consulted to estimate
an alternative length to width ratio and basin configuration. These methods can be
considered as part of Option 3 which allows for alternative designs that are protective or
more protective of water quality.

Baffles (see Figure 4 at the end of this fact sheet) can be considered at project sites where the
existing topography or site constraints limit the length to width ratio. Baffles should be
constructed of earthen berms or other structural material within the basin to divert flow in
the basin, thus increasing the effective flow length from the basin inlet to the outlet riser.
Baffles also reduce the change of short circuiting and allows for settling throughout the
basin.
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Baffles are typically constructed from the invert of the basin to the crest of the emergency
spillway (i.e., design event flows are meant to flow around the baffles and flows greater than
the design event would flow over the baffles to the emergency spillway).

Use of other materials for construction of basin baffles (such as silt fence) may not be
appropriate based on the material specifications and will require frequent maintenance
(maintain after every storm event). Maintenance may not be feasible when required due to
flooded conditions resulting from frequent (i.e., back to back) storm events. Use of
alternative baffle materials should not deviate from the intended purpose of the material, as
described by the manufacturer.

Sediment basins are best used in conjunction with erosion controls.

Basins with an impounding levee greater than 4.5 ft tall, measured from the lowest point to
the impounding area to the highest point of the levee, and basins capable of impounding
more than 35,000 ft3, should be designed by a Registered Civil Engineer. The design should
include maintenance requirements, including sediment and vegetation removal, to ensure
continuous function of the basin outlet and bypass structures.

A forebay, constructed upstream of the basin, may be provided to remove debris and larger
particles.

The outflow from the sediment basin should be provided with velocity dissipation devices
(see BMP EC-10) to prevent erosion and scouring of the embankment and channel.

The principal outlet should consist of a corrugated metal, high density polyethylene (HDPE),
or reinforced concrete riser pipe with dewatering holes and an anti-vortex device and trash
rack attached to the top of the riser, to prevent floating debris from flowing out of the basin
or obstructing the system. This principal structure should be designed to accommodate the
inflow design storm.

A rock pile or rock-filled gabions can serve as alternatives to the debris screen, although the
designer should be aware of the potential for extra maintenance involved should the pore
spaces in the rock pile clog.

The outlet structure should be placed on a firm, smooth foundation with the base securely
anchored with concrete or other means to prevent floatation.

Attach riser pipe (watertight connection) to a horizontal pipe (barrel). Provide anti-seep
collars on the barrel.

Cleanout level should be clearly marked on the riser pipe.

Installation

Securely anchor and install an anti-seep collar on the outlet pipe/riser and provide an
emergency spillway for passing major floods (see local flood control agency).

Areas under embankments must be cleared and stripped of vegetation.

R
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m  Chain link fencing should be provided around each sediment basin to prevent unauthorized
entry to the basin or if safety is a concern.

Costs

The cost of a sediment basin is highly variable and is dependent of the site configuration. To
decrease basin construction costs, designers should consider using existing site features such as
berms or depressed area to site the sediment basin. Designers should also consider potential
savings associated with designing the basin to minimize the number of maintenance cycles and
siting the basin in a location where a permanent BMP (e.g., extended detention basin) is
required for the project site.

Inspection and Maintenance

= BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level and as required by local requirements. It is recommended that at
a minimum, basins be inspected weeKkly, prior to forecasted rain events, daily during
extended rain events, and after the conclusion of rain events.

s Examine basin banks for seepage and structural soundness.

s Check inlet and outlet structures and spillway for any damage or obstructions. Repair
damage and remove obstructions as needed.

s Check inlet and outlet area for erosion and stabilize if required.
s Check fencing for damage and repair as needed.

m  Sediment that accumulates in the basin must be periodically removed in order to maintain
BMP effectiveness. Sediment should be removed when sediment accumulation reaches one-
half the designated sediment storage volume. Sediment removed during maintenance
should be managed properly. The sediment should be appropriately evaluated and used or
disposed of accordingly. Options include: incorporating sediment into earthwork on the site
(only if there is no risk that sediment is contaminated); or off-site export/disposal at an
appropriate location (e.g., sediment characterization and disposal to an appropriate landfill).

s Remove standing water from basin within 96 hours after accumulation.

= If the basin does not drain adequately (e.g., due to storms that are more frequent or larger
than the design storm or other unforeseen site conditions), dewatering should be conducted
in accordance with appropriate dewatering BMPs (see NS-2) and in accordance with local
permits as applicable.

= To minimize vector production:

- Remove accumulation of live and dead floating vegetation in basins during every
inspection.

- Remove excessive emergent and perimeter vegetation as needed or as advised by local or
state vector control agencies.

_
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Description and Purpose

A sediment trap is a containment area where sediment-laden
runoff is temporarily detained under quiescent conditions,
allowing sediment to settle out or before the runoff is
discharged by gravity flow. Sediment traps are formed by
excavating or constructing an earthen embankment across a
waterway or low drainage area.

Trap design guidance provided in this fact sheet is not intended
to guarantee compliance with numeric discharge limits
(numeric action levels or numeric effluent limits for turbidity).
Compliance with discharge limits requires a thoughtful
approach to comprehensive BMP planning, implementation,
and maintenance. Therefore, optimally designed and
maintained sediment traps should be used in conjunction with
a comprehensive system of BMPs.

Suitable Applications
Sediment traps should be considered for use:

m At the perimeter of the site at locations where sediment-
laden runoff is discharged offsite.

= At multiple locations within the project site where sediment
control is needed.

= Around or upslope from storm drain inlet protection
measures.

m  Sediment traps may be used on construction projects where
the drainage area is less than 5 acres. Traps would be

Categories

EC  Erosion Control
SE  Sediment Control |
TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

WM Waste Management and
Materials Pollution Control

Legend:
M Primary Objective
[x] Secondary Objective

Targeted Constituents

Sediment 1
Nutrients

Trash

Metals

Bacteria

Oil and Grease

Organics

Potential Alternatives

SE-2 Sediment Basin (for larger
areas)
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S_ediment Trap SE-3

placed where sediment-laden stormwater may enter a storm drain or watercourse. SE-2,
Sediment Basins, must be used for drainage areas greater than 5 acres.

m As asupplemental control, sediment traps provide additional protection for a water body or
for reducing sediment before it enters a drainage system.

Limitations
m  Requires large surface areas to permit infiltration and settling of sediment.

» Not appropriate for drainage areas greater than 5 acres.

s Only removes large and medium sized particles and requires upstream erosion control.
m Attractive and dangerous to children, requiring protective fencing.

» Conducive to vector production.

s Should not be located in live streams.

Implementation

Design

A sediment trap is a small temporary ponding area, usually with a gravel outlet, formed by
excavation or by construction of an earthen embankment. Its purpose is to collect and store
sediment from sites cleared or graded during construction. It is intended for use on small
drainage areas with no unusual drainage features and projected for a quick build-out time. It
should help in removing coarse sediment from runoff. The trap is a temporary measure with a
design life of approximately six months to one year and is to be maintained until the site area is
permanently protected against erosion by vegetation and/or structures.

Sediment traps should be used only for small drainage areas. If the contributing drainage area
is greater than 5 acres, refer to SE-2, Sediment Basins, or subdivide the catchment area into
smaller drainage basins.

Sediment usually must be removed from the trap after each rainfall event. The SWPPP should
detail how this sediment is to be disposed, such as in fill areas onsite, or removal to an approved
offsite dump. Sediment traps used as perimeter controls should be installed before any land
disturbance takes place in the drainage area.

Sediment traps are usually small enough that a failure of the structure would not result in a loss
of life, damage to home or buildings, or interruption in the use of public roads or utilities.
However, sediment traps are attractive to children and can be dangerous. The following
recommendations should be implemented to reduce risks:

» Install continuous fencing around the sediment trap or pond. Consult local ordinances
regarding requirements for maintaining health and safety.

= Restrict basin side slopes to 3:1 or flatter.

Sediment trap size depends on the type of soil, size of the drainage area, and desired sediment
removal efficiency (see SE-2, Sediment Basin). As a rule of thumb, the larger the basin volume
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the greater the sediment removal efficiency. Sizing criteria are typically established under the
local grading ordinance or equivalent. The runoff volume from a 2-year storm is a common
design criteria for a sediment trap. The sizing criteria below assume that this runoff volume is
0.042 acre-ft/acre (0.5 in. of runoff). While the climatic, topographic, and soil type extremes
make it difficult to establish a statewide standard, the following criteria should trap moderate to
high amounts of sediment in most areas of California:

m Locate sediment traps as near as practical to areas producing the sediment.

m  Trap should be situated according to the following criteria: (1) by excavating a suitable area
or where a low embankment can be constructed across a swale, (2) where failure would not
cause loss of life or property damage, and (3) to provide access for maintenance, including
sediment removal and sediment stockpiling in a protected area.

m  Trap should be sized to accommodate a settling zone and sediment storage zone with
recommended minimum volumes of 67 yd3/acre and 33 yd3/acre of contributing drainage
area, respectively, based on 0.5 in. of runoff volume over a 24-hour period. In many cases,
the size of an individual trap is limited by available space. Multiple traps or additional
volume may be required to accommodate specific rainfall, soil, and site conditions.

s Traps with an impounding levee greater than 4.5 ft tall, measured from the lowest point to
the impounding area to the highest point of the levee, and traps capable of impounding more
than 35,000 ft3, should be designed by a Registered Civil Engineer. The design should
include maintenance requirements, including sediment and vegetation removal, to ensure
continuous function of the trap outlet and bypass structures.

m The outlet pipe or open spillway must be designed to convey anticipated peak flows.
m  Use rock or vegetation to protect the trap outlets against erosion.
s Fencing should be provided to prevent unauthorized entry.

Installation

Sediment traps can be constructed by excavating a depression in the ground or creating an
impoundment with a small embankment. Sediment traps should be installed outside the area
being graded and should be built prior to the start of the grading activities or removal of
vegetation. To minimize the area disturbed by them, sediment traps should be installed in
natural depressions or in small swales or drainage ways. The following steps must be followed
during installation:

s The area under the embankment must be cleared, grubbed, and stripped of any vegetation
and root mat. The pool area should be cleared.

s The fill material for the embankment must be free of roots or other woody vegetation as well
as oversized stones, rocks, organic material, or other objectionable material. The
embankment may be compacted by traversing with equipment while it is being constructed.

m  All cut-and-fill slopes should be 3:1 or flatter.

=  When ariser is used, all pipe joints must be watertight.

L
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m  When a riser is used, at least the top two-thirds of the riser should be perforated with 0.5 in.
diameter holes spaced 8 in. vertically and 10 to 12 in. horizontally. See SE-2, Sediment
Basin.

»  When an earth or stone outlet is used, the outlet crest elevation should be at least 1 ft below
the top of the embankment.

m  When crushed stone outlet is used, the crushed stone used in the outlet should meet
AASHTO M43, size No. 2 or 24, or its equivalent such as MSHA No. 2. Gravel meeting the
above gradation may be used if crushed stone is not available.

Costs

Average annual cost per installation and maintenance (18 month useful life) is $0.73 per ft3
($1,300 per drainage acre). Maintenance costs are approximately 20% of installation costs.

Inspection and Maintenance

= Inspect BMPs in accordance with General Permit requirements for the associated project
type and risk level. It is recommended that at a minimum, BMPs be inspected weekly, prior
to forecasted rain events, daily during extended rain events, and after the conclusion of rain
events.

m Inspect outlet area for erosion and stabilize if required.
m Inspect trap banks for seepage and structural soundness, repair as needed.

» Inspect outlet structure and spillway for any damage or obstructions. Repair damage and
remove obstructions as needed.

s Inspect fencing for damage and repair as needed.

» Inspect the sediment trap for area of standing water during every visit. Corrective measures
should be taken if the BMP does not dewater completely in 96 hours or less to prevent vector
production.

» Sediment that accumulates in the BMP must be periodically removed in order to maintain
BMP effectiveness. Sediment should be removed when the sediment accumulation reaches
one-third of the trap capacity. Sediment removed during maintenance may be incorporated
into earthwork on the site or disposed of at an appropriate location.

®»  Remove vegetation from the sediment trap when first detected to prevent pools of standing
water and subsequent vector production.

= BMPs that require dewatering shall be continuously attended while dewatering takes place.
Dewatering BMPs per NS-2 shall be implemented at all times during dewatering activities.

References

Brown, W., and T. Schueler. The Economics of Stormwater BMPs in the Mid-Atlantic Region.
Prepared for Chesapeake Research Consortium, Edgewater, MD, by the Center for Watershed
Protection, Ellicott City, MD, 1997.
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Check Dams

SE-4

Description and Purpose

A check dam is a small barrier constructed of rock, gravel bags,
sandbags, fiber rolls, or other proprietary products, placed
across a constructed swale or drainage ditch. Check dams
reduce the effective slope of the channel, thereby reducing
scour and channel erosion by reducing flow velocity and
increasing residence time within the channel, allowing
sediment to settle.

Suitable Applications
Check dams may be appropriate in the following situations:

= To promote sedimentation behind the dam.

m  To prevent erosion by reducing the velocity of channel flow
in small intermittent channels and temporary swales.

m In small open channels that drain 10 acres or less.

s In steep channels where stormwater runoff velocities
exceed 5 ft/s.

= During the establishment of grass linings in drainage
ditches or channels.

m In temporary ditches where the short length of service does
not warrant establishment of erosion-resistant linings.

m To act as a grade control structure.

Categories

EC
SE
TC
WE

NS

Erosion Control
Sediment Control
Tracking Control
Wind Erosion Control

Non-Stormwater
Management Control

Waste Management and

Wia Materials Pollution Control

& &

Legend:
| Primary Category
Secondary Category

Targeted Constituents

Sediment
Nutrients
Trash

Metals
Bacteria

Oil and Grease
Organics

™

Potential Alternatives

SE-5 Fiber Rolls

SE-6 Gravel Bag Berm
SE-8 Sandbag Barrier
SE-12 Temporary Silt Dike
SE-14 Biofilter Bags
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Check Dams SE-4

Limitations
m Not to be used in live streams or in channels with extended base flows.

m Not appropriate in channels that drain areas greater than 10 acres.

m  Not appropriate in channels that are already grass-lined unless erosion potential or
sediment-laden flow is expected, as installation may damage vegetation.

m Require extensive maintenance following high velocity flows.

w Promotes sediment trapping which can be re-suspended during subsequent storms or
removal of the check dam.

» Do not construct check dams with straw bales or silt fence.

s Water suitable for mosquito production may stand behind check dams, particularly if
subjected to daily non-stormwater discharges.

Implementation
General

Check dams reduce the effective slope and create small pools in swales and ditches that drain 10
acres or less. Using check dams to reduce channel slope reduces the velocity of stormwater
flows, thus reducing erosion of the swale or ditch and promoting sedimentation. Thus, check
dams are dual-purpose and serve an important role as erosion controls as well as as sediment
controls. Note that use of 1-2 isolated check dams for sedimentation will likely result in little net
removal of sediment because of the small detention time and probable scour during longer
storms. Using a series of check dams will generally increase their effectiveness. A sediment trap
(SE-3) may be placed immediately upstream of the check dam to increase sediment removal
efficiency.

Design and Layout

Check dams work by decreasing the effective slope in ditches and swales. An important
consequence of the reduced slope is a reduction in capacity of the ditch or swale. This reduction
in capacity should be considered when using this BMP, as reduced capacity can result in
overtopping of the ditch or swale and resultant consequences. In some cases, such as a
“permanent” ditch or swale being constructed early and used as a “temporary” conveyance for
construction flows, the ditch or swale may have sufficient capacity such that the temporary
reduction in capacity due to check dams is acceptable. When check dams reduce capacities
beyond acceptable limits, either:

m  Don’t use check dams. Consider alternative BMPs, or.
m Increase the size of the ditch or swale to restore capacity.

Maximum slope and velocity reduction is achieved when the toe of the upstream dam is at the
same elevation as the top of the downstream dam (see “Spacing Between Check Dams” detail at
the end of this fact sheet). The center section of the dam should be lower than the edge sections
(at least 6 inches), acting as a spillway, so that the check dam will direct flows to the center of

May 2011 California Stormwater BMP Handbook Portal 20f7

Construction
WWW.casqa.org



Check Dams SE-4

the ditch or swale (see “Typical Rock Check Dam” detail at the end of this fact sheet). Bypass or
side-cutting can occur if a sufficient spillway is not provided in the center of the dam.

Check dams are usually constructed of rock, gravel bags, sandbags, and fiber rolls. A number of
products can also be used as check dams (e.g. HDPE check dams, temporary silt dikes (SE-12)),
and some of these products can be removed and reused. Check dams can also be constructed of
logs or lumber, and have the advantage of a longer lifespan when compared to gravel bags,
sandbags, and fiber rolls. Check dams should not be constructed from straw bales or silt fences,
since concentrated flows quickly wash out these materials.

Rock check dams are usually constructed of 8 to 12 in. rock. The rock is placed either by hand or
mechanically, but never just dumped into the channel. The dam should completely span the
ditch or swale to prevent washout. The rock used should be large enough to stay in place given
the expected design flow through the channel. It is recommended that abutments be extended
18 in. into the channel bank. Rock can be graded such that smaller diameter rock (e.g. 2-4 in) is
located on the upstream side of larger rock (holding the smaller rock in place); increasing
residence time.

Log check dams are usually constructed of 4 to 6 in. diameter logs, installed vertically. The logs
should be embedded into the soil at least 18 in. Logs can be bolted or wired to vertical support
logs that have been driven or buried into the soil.

See fiber rolls, SE-5, for installation of fiber roll check dams.

Gravel bag and sand bag check dams are constructed by stacking bags across the ditch or swale,
shaped as shown in the drawings at the end of this fact sheet (see “Gravel Bag Check Dam” detail
at the end of this fact sheet).

Manufactured products, such as temporary silt dikes (SE-12), should be installed in accordance
with the manufacturer’s instructions. Installation typically requires anchoring or trenching of
products, as well as regular maintenance to remove accumulated sediment and debris.

If grass is planted to stabilize the ditch or swale, the check dam should be removed when the
grass has matured (unless the slope of the swales is greater than 4%).

The following guidance should be followed for the design and layout of check dams:

s Install the first check dam approximately 16 ft from the outfall device and at regular
intervals based on slope gradient and soil type.

m Check dams should be placed at a distance and height to allow small pools to form between
each check dam.

s For multiple check dam installation, backwater from a downstream check dam should reach
the toes of the upstream check dam.

m A sediment trap provided immediately upstream of the check dam will help capture
sediment. Due to the potential for this sediment to be resuspended in subsequent storms,
the sediment trap should be cleaned following each storm event.
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n  High flows (typically a 2-year storm or larger) should safely flow over the check dam without
an increase in upstream flooding or damage to the check dam.

m  Where grass is used to line ditches, check dams should be removed when grass has matured
sufficiently to protect the ditch or swale.

Materials

m  Rock used for check dams should typically be 8-12 in rock and be sufficiently sized to stay in
place given expected design flows in the channel. Smaller diameter rock (e.g. 2 to 4 in) can
be placed on the upstream side of larger rock to increase residence time.

m  Gravel bags used for check dams should conform to the requirements of SE-6, Gravel Bag
Berms.

m  Sandbags used for check dams should conform to SE-8, Sandbag Barrier.
= Fiber rolls used for check dams should conform to SE-5, Fiber Rolls.
m» Temporary silt dikes used for check dams should conform to SE-12, Temporary Silt Dikes.

Installation

= Rock should be placed individually by hand or by mechanical methods (no dumping of rock)
to achieve complete ditch or swale coverage.

m Tightly abut bags and stack according to detail shown in the figure at the end of this section
(pyramid approach). Gravel bags and sandbags should not be stacked any higher than 3 ft.

m Upper rows or gravel and sand bags shall overlap joints in lower rows.
m  Fiber rolls should be trenched in, backfilled, and firmly staked in place.
» Install along a level contour.

s HDPE check dams, temporary silt dikes, and other manufactured products should be used
and installed per manufacturer specifications.

Costs

Cost consists of labor costs if materials are readily available (such as gravel on-site). If material
must be imported, costs will increase. For other material and installation costs, see SE-5, SE-6,
SE-8, SE-12, and SE-14.

Inspection and Maintenance

s BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weekly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

= Replace missing rock, bags, rolls, etc. Replace bags or rolls that have degraded or have
become damaged.

-
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m If the check dam is used as a sediment capture device, sediment that accumulates behind the
BMP should be periodically removed in order to maintain BMP effectiveness. Sediment
should be removed when the sediment accumulation reaches one-third of the barrier height.

m If the check dam is used as a grade control structure, sediment removal is not required as
long as the system continues to control the grade.

m Inspect areas behind check dams for pools of standing water, especially if subjected to daily
non-stormwater discharges.

s Remove accumulated sediment prior to permanent seeding or soil stabilization.
s Remove check dam and accumulated sediment when check dams are no longer needed.

References
Draft — Sedimentation and Erosion Control, and Inventory of Current Practices, USEPA, April
1990.

Manual of Standards of Erosion and Sediment Control Measures, Association of Bay Area
Governments, May 1995.

Stormwater Quality Handbooks - Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), March 2003.

Stormwater Management of the Puget Sound Basin, Technical Manual, Publication #91-75,
Washington State Department of Ecology, February 1992.

Erosion and Sediment Control Manual, Oregon Department of Environmental Quality, February
2005.

Metzger, M.E. 2004. Managing mosquitoes in stormwater treatment devices. University of
California Division of Agriculture and Natural Resources, Publication 8125. On-line: http://
anrcatalog.ucdavis.edu/pdf/8125.pdf
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‘L" = THE DISTANCE SUCH THAT POINTS ‘A’ AND
‘B° ARE OF EQUAL ELEVATION.
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SPACING BETWEEN CHECK DAMS
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Fiber Rolls

SE-5

Description and Purpose

A fiber roll consists of straw, coir, or other biodegradable
materials bound into a tight tubular roll wrapped by netting,
which can be photodegradable or natural. Additionally, gravel
core fiber rolls are available, which contain an imbedded ballast
material such as gravel or sand for additional weight when
staking the rolls are not feasible (such as use as inlet
protection). When fiber rolls are placed at the toe and on the
face of slopes along the contours, they intercept runoff, reduce
its flow velocity, release the runoff as sheet flow, and provide
removal of sediment from the runoff (through sedimentation).
By interrupting the length of a slope, fiber rolls can also reduce
sheet and rill erosion until vegetation is established.

Suitable Applications
Fiber rolls may be suitable:

= Along the toe, top, face, and at grade breaks of exposed and
erodible slopes to shorten slope length and spread runoff as
sheet flow.

m At the end of a downward slope where it transitions to a
steeper slope.

= Along the perimeter of a project.
m  As check dams in unlined ditches with minimal grade.
= Down-slope of exposed soil areas.

m At operational storm drains as a form of inlet protection.

Categories
EC  Erosion Control [x]
SE  Sediment Control %
TC  Tracking Control
WE  Wind Erosion Control
NS Non-Stormwater
Management Control
WM Wastg Manage_ment and
Materials Pollution Contral
Legend:

M Primary Category
Secondary Category

Targeted Constituents

Sediment
Nutrients
Trash

Metals
Bacteria

Oil and Grease
Organics

™~

Potential Alternatives

SE-1 Silt Fence

SE-6 Gravel Bag Berm
SE-8 Sandbag Barrier
SE-12 Temporary Silt Dike
SE-14 Biofilter Bags
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Fiber Rolls SE-5

Around temporary stockpiles.

Limitations

Fiber rolls are not effective unless trenched in and staked.

Not intended for use in high flow situations.

Difficult to move once saturated.

If not properly staked and trenched in, fiber rolls could be transported by high flows.
Fiber rolls have a very limited sediment capture zone.

Fiber rolls should not be used on slopes subject to creep, slumping, or landslide.

Rolls typically function for 12-24 months depending upon local conditions.

Implementation
Fiber Roll Materials

Fiber rolls should be prefabricated.

Fiber rolls may come manufactured containing polyacrylamide (PAM), a flocculating agent
within the roll. Fiber rolls impregnated with PAM provide additional sediment removal
capabilities and should be used in areas with fine, clayey or silty soils to provide additional
sediment removal capabilities. Monitoring may be required for these installations.

Fiber rolls are made from weed free rice straw, flax, or a similar agricultural material bound
into a tight tubular roll by netting.

Typical fiber rolls vary in diameter from 9 in. to 20 in. Larger diameter rolls are available as
well.

Installation

Locate fiber rolls on level contours spaced as follows:

- Slope inclination of 4:1 (H:V) or flatter: Fiber rolls should be placed at a maximum
interval of 20 ft.

- Slope inclination between 4:1 and 2:1 (H:V): Fiber Rolls should be placed at a maximum
interval of 15 ft. (a closer spacing is more effective).

- Slope inclination 2:1 (H:V) or greater: Fiber Rolls should be placed at a maximum
interval of 10 ft. (a closer spacing is more effective).

Prepare the slope before beginning installation.

Dig small trenches across the slope on the contour. The trench depth should be V4 to 1/3 of
the thickness of the roll, and the width should equal the roll diameter, in order to provide
area to backfill the trench.
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» Itis critical that rolls are installed perpendicular to water movement, and parallel to the
slope contour.

m  Start building trenches and installing rolls from the bottom of the slope and work up.

m Itis recommended that pilot holes be driven through the fiber roll. Use a straight bar to
drive holes through the roll and into the soil for the wooden stakes.

» Turn the ends of the fiber roll up slope to prevent runoff from going around the roll.
m Stake fiber rolls into the trench.
- Drive stakes at the end of each fiber roll and spaced 4 ft maximum on center.

- Use wood stakes with a nominal classification of 0.75 by 0.75 in. and minimum length of
24 in.

m If more than one fiber roll is placed in a row, the rolls should be overlapped, not abutted.
s See typical fiber roll installation details at the end of this fact sheet.

Removal

m  Fiber rolls can be left in place or removed depending on the type of fiber roll and application
(temporary vs. permanent installation). Typically, fiber rolls encased with plastic netting are
used for a temporary application because the netting does not biodegrade. Fiber rolls used in
a permanent application are typically encased with a biodegradeable material and are left in
place. Removal of a fiber roll used in a permanent application can result in greater
disturbance.

m Temporary installations should only be removed when up gradient areas are stabilized per
General Permit requirements, and/or pollutant sources no longer present a hazard. But, they
should also be removed before vegetation becomes too mature so that the removal process
does not disturb more soil and vegetation than is necessary.

Costs
Material costs for regular fiber rolls range from $20 - $30 per 25 ft roll.

Material costs for PAM impregnated fiber rolls range between 7.00-$9.00 per linear foot, based
upon vendor research.

Inspection and Maintenance

s BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weekly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

m Repair or replace split, torn, unraveling, or slumping fiber rolls.

m If the fiber roll is used as a sediment capture device, or as an erosion control device to
maintain sheet flows, sediment that accumulates in the BMP should be periodically removed
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in order to maintain BMP effectiveness. Sediment should be removed when sediment
accumulation reaches one-third the designated sediment storage depth.

s If fiber rolls are used for erosion control, such as in a check dam, sediment removal should
not be required as long as the system continues to control the grade. Sediment control
BMPs will likely be required in conjunction with this type of application.

m  Repair any rills or gullies promptly.

References

Stormwater Quality Handbooks - Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), March 2003.

Erosion and Sediment Control Manual, Oregon Department of Environmental Quality, February
2005.
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Note:
Install fiber roll
along a level conlour.

Vertical spacing
measured along the
face of the slope
varies between

L Install o fiber roll near
10" and 20

slope where it transitions
into a steeper slope

TYPICAL FIBER ROLL INSTALLATION
N.T.S.

Fiber roll
/ 8" min

3/4" 3/4"
wood stakes
max 4"
spacing

ENTRENCHMENT DETAIL
N:T.S.
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Gravel Bag Berm

SE-6

Description and Purpose

A gravel bag berm is a series of gravel-filled bags placed on a
level contour to intercept sheet flows. Gravel bags pond sheet
flow runoff, allowing sediment to settle out, and release runoff
slowly as sheet flow, preventing erosion.

Suitable Applications
Gravel bag berms may be suitable:

= As alinear sediment control measure:

]

Below the toe of slopes and erodible slopes

As sediment traps at culvert/pipe outlets

Below other small cleared areas

Along the perimeter of a site

Down slope of exposed soil areas

Around temporary stockpiles and spoil areas

Parallel to a roadway to keep sediment off paved areas

Along streams and channels
®  Asalinear erosion control measure:
- Along the face and at grade breaks of exposed and erodible

slopes to shorten slope length and spread runoff as sheet
flow.

Categories

EC  Erosion Control

SE  Sediment Control

TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and
Materials Pollution Control

NRES

WM

Legend:
|Z] Primary Category
Secondary Category

Targeted Constituents

Sediment ™
Nutrients

Trash

Metals

Bacteria

Qil and Grease

Organics

Potential Alternatives

SE-1 Silt Fence

SE-5 Fiber Roll

SE-8 Sandbag Barrier
SE-12 Temporary Silt Dike
SE-14 Biofilter Bags
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Gravel Bag Berm SE-6

A

- At the top of slopes to divert runoff away from disturbed slopes.

- As chevrons (small check dams) across mildly sloped construction roads. For use check
dam use in channels, see SE-4, Check Dams.

Limitations
m Gravel berms may be difficult to remove.

» Removal problems limit their usefulness in landscaped areas.
m  Gravel bag berm may not be appropriate for drainage areas greater than 5 acres.

= Runoff will pond upstream of the berm, possibly causing flooding if sufficient space does not
exist.

» Degraded gravel bags may rupture when removed, spilling contents.
m Installation can be labor intensive.

» Durability of gravel bags is somewhat limited and bags may need to be replaced when
installation is required for longer than 6 months.

s Easily damaged by construction equipment.
= When used to detain concentrated flows, maintenance requirements increase.

Implementation

General

A gravel bag berm consists of a row of open graded gravel-filled bags placed on a level contour.
When appropriately placed, a gravel bag berm intercepts and slows sheet flow runoff, causing
temporary ponding. The temporary ponding allows sediment to settle. The open graded gravel
in the bags is porous, which allows the ponded runoff to flow slowly through the bags, releasing
the runoff as sheet flows. Gravel bag berms also interrupt the slope length and thereby reduce
erosion by reducing the tendency of sheet flows to concentrate into rivulets, which erode rills,
and ultimately gullies, into disturbed, sloped soils. Gravel bag berms are similar to sand bag
barriers, but are more porous. Generally, gravel bag berms should be used in conjunction with
temporary soil stabilization controls up slope to provide effective erosion and sediment control.

Design and Layout
= Locate gravel bag berms on level contours.

s When used for slope interruption, the following slope/sheet flow length combinations apply:

- Slope inclination of 4:1 (H:V) or flatter: Gravel bags should be placed at a maximum
interval of 20 ft, with the first row near the slope toe.

- Slope inclination between 4:1 and 2:1 (H:V): Gravel bags should be placed at a
maximum interval of 15 ft. (a closer spacing is more effective), with the first row near the
slope toe.
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Gravel Bag Berm SE-6

Slope inclination 2:1 (H:V) or greater: Gravel bags should be placed at a maximum
interval of 10 ft. (a closer spacing is more effective), with the first row near the slope toe.

» Turn the ends of the gravel bag barriers up slope to prevent runoff from going around the
berm.

= Allow sufficient space up slope from the gravel bag berm to allow ponding, and to provide
room for sediment storage.

m For installation near the toe of the slope, gravel bag barriers should be set back from the
slope toe to facilitate cleaning. Where specific site conditions do not allow for a set-back, the
gravel bag barrier may be constructed on the toe of the slope. To prevent flows behind the
barrier, bags can be placed perpendicular to a berm to serve as cross barriers.

s Drainage area should not exceed 5 acres.
s In Non-Traffic Areas:
- Height = 18 in. maximum
- Top width = 24 in. minimum for three or more layer construction
- Top width = 12 in. minimum for one or two layer construction
- Side slopes = 2:1 (H:V) or flatter

m In Construction Traffic Areas:

Height = 12 in. maximum

Top width = 24 in. minimum for three or more layer construction.

Top width = 12 in. minimum for one or two layer construction.

Side slopes = 2:1 (H:V) or flatter.
m  Butit ends of bags tightly.

®  On multiple row, or multiple layer construction, overlap butt joints of adjacent row and row
beneath.

m  Use a pyramid approach when stacking bags.

Materials

»  Bag Material: Bags should be woven polypropylene, polyethylene or polyamide fabric or
burlap, minimum unit weight of 4 ounces/yd2, Mullen burst strength exceeding 300 Ib/inz in
conformance with the requirements in ASTM designation D3786, and ultraviolet stability
exceeding 70% in conformance with the requirements in ASTM designation D4355.

N e ]
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Gravel Bagr Berm SE-6

» Bag Size: Each gravel-filled bag should have a length of 18 in., width of 12 in., thickness of
3 in., and mass of approximately 33 Ibs. Bag dimensions are nominal, and may vary based
on locally available materials.

» Fill Material: Fill material should be 0.5 to 1in. crushed rock, clean and free from clay,
organic matter, and other deleterious material, or other suitable open graded, non-cohesive,
porous gravel.

Costs

Material costs for gravel bags are average and are dependent upon material availability. $2.50-
3.00 per filled gravel bag is standard based upon vendor research.

Inspection and Maintenance

s BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weeKkly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

= Gravel bags exposed to sunlight will need to be replaced every two to three months due to
degrading of the bags.

s Reshape or replace gravel bags as needed.
m Repair washouts or other damage as needed.

m  Sediment that accumulates in the BMP should be periodically removed in order to maintain
BMP effectiveness. Sediment should be removed when the sediment accumulation reaches
one-third of the barrier height.

= Remove gravel bag berms when no longer needed and recycle gravel fill whenever possible
and properly dispose of bag material. Remove sediment accumulation and clean, re-grade,
and stabilize the area.

References
Handbook of Steel Drainage and Highway Construction, American Iron and Steel Institute,
1983.

Stormwater Quality Handbooks - Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), March 2003.

Stormwater Pollution Plan Handbook, First Edition, State of California, Department of
Transportation Division of New Technology, Materials and Research, October 1992.

Erosion and Sediment Control Manual, Oregon Department of Environmental Quality, February
2005.
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Street Sweeping and Vacuuming SE-7

Categories

EC  Erosion Control

SE  Sediment Control

TC  Tracking Control

WE Wind Erosion Control
NS Non-Stormwater
Management Control
Waste Management and
Materials Pollution Control

& &

WM

Legend:
| Primary Objective
[5] Secondary Objective

Targeted Constituents

Description and Purpose Sediment |
Street sweeping and vacuuming includes use of self-propelled Nutrients
and walk-behind equipment to remove sediment from streets Trsish |

and roadways, and to clean paved surfaces in preparation for

3 . . i Metals
final paving. Sweeping and vacuuming prevents sediment from R
the project site from entering storm drains or receiving waters. ,
Oil and Grease |
Suitable Applications Organics

Sweeping and vacuuming are suitable anywhere sediment is

tracked from the project site onto public or private paved Potential Alternatives

streets and roads, typically at points of egress. Sweeping and
vacuuming are also applicable during preparation of paved None
surfaces for final paving.

Limitations

Sweeping and vacuuming may not be effective when sediment
is wet or when tracked soil is caked (caked soil may need to be
scraped loose).

Implementation

= Controlling the number of points where vehicles can leave
the site will allow sweeping and vacuuming efforts to be
focused, and perhaps save money.

= Inspect potential sediment tracking locations daily.

= Visible sediment tracking should be swept or vacuumed on
a daily basis.

m Do not use kick brooms or sweeper attachments. These
tend to spread the dirt rather than remove it.

CALIFORNIA STORMWATER

January 2011 California Stormwater BMP Handbook 1lof2

Construction
www.casqa.org



Street Sweeping and Vacuuming SE-7

n If not mixed with debris or trash, consider incorporating the removed sediment back into
the project

Costs

Rental rates for self-propelled sweepers vary depending on hopper size and duration of rental.
Expect rental rates from $58/hour (3 yds hopper) to $88/hour (9 yd3 hopper), plus operator
costs. Hourly production rates vary with the amount of area to be swept and amount of
sediment. Match the hopper size to the area and expect sediment load to minimize time spent
dumping.

Inspection and Maintenance

» Inspect BMPs in accordance with General Permit requirements for the associated project
type and risk level. It is recommended that at a minimum, BMPs be inspected weekly, prior
to forecasted rain events, daily during extended rain events, and after the conclusion of rain
events.

= When actively in use, points of ingress and egress must be inspected daily.

m  When tracked or spilled sediment is observed outside the construction limits, it must be
removed at least daily. More frequent removal, even continuous removal, may be required
in some jurisdictions.

» Be careful not to sweep up any unknown substance or any object that may be potentially
hazardous.

» Adjust brooms frequently; maximize efficiency of sweeping operations.
m After sweeping is finished, properly dispose of sweeper wastes at an approved dumpsite.

References
Stormwater Quality Handbooks - Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), November 2000.

Labor Surcharge and Equipment Rental Rates, State of California Department of Transportation
(Caltrans), April 1, 2002 — March 31, 2003.
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Sandbag Barrier

SE-8

Description and Purpose

A sandbag barrier is a series of sand-filled bags placed on a
level contour to intercept or to divert sheet flows. Sandbag
barriers placed on a level contour pond sheet flow runoff,
allowing sediment to settle out.

Suitable Applications
Sandbag barriers may be suitable:

m  As alinear sediment control measure:
- Below the toe of slopes and erodible slopes.
- As sediment traps at culvert/pipe outlets.
- Below other small cleared areas.
- Along the perimeter of a site.
- Down slope of exposed soil areas.
- Around temporary stockpiles and spoil areas.
- Parallel to a roadway to keep sediment off paved areas.
- Along streams and channels.
®  As linear erosion control measure:
- Along the face and at grade breaks of exposed and erodible

slopes to shorten slope length and spread runoff as sheet
flow.

Categories

EC  Erosion Control
SE  Sediment Control
TC  Tracking Control

WE  Wind Erosion Control
NS Non-Stormwater
Management Control

Waste Management and
Materials Pollution Control

S

WM

Legend:
|Z] Primary Category
[x] Secondary Category

Targeted Constituents

Sediment ™
Nutrients

Trash

Metals

Bacteria

Oil and Grease

Organics

Potential Alternatives

SE-1 Silt Fence

SE-5 Fiber Rolls

SE-6 Gravel Bag Berm
SE-12 Temporary Silt Dike
SE-14 Biofilter Bags
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Sandbag Barrier

SE-8

- At the top of slopes to divert runoff away from disturbed slopes.

- As check dams across mildly sloped construction roads.

Limitations

It is necessary to limit the drainage area upstream of the barrier to 5 acres.
Sandbags are not intended to be used as filtration devices.

Easily damaged by construction equipment.

Degraded sandbags may rupture when removed, spilling sand.

Sand is easily transported by runoff if bag is damaged or ruptured.
Installation can be labor intensive.

Durability of sandbags is somewhat limited and bags may need to be replaced when
installation is required for longer than 6 months. When used to detain concentrated flows,
maintenance requirements increase.

Burlap should not be used for sandbags.

Implementation
General

A sandbag barrier consists of a row of sand-filled bags placed on a level contour. When
appropriately placed, a sandbag barrier intercepts and slows sheet flow runoff, causing
temporary ponding. The temporary ponding allows sediment to settle. Sand-filled bags have
limited porosity, which is further limited as the fine sand tends to quickly plug with sediment,
limiting or completely blocking the rate of flow through the barrier. If a porous barrier is
desired, consider SE-1, Silt Fence, SE-5, Fiber Rolls, SE-6, Gravel Bag Berms or SE-14, Biofilter
Bags. Sandbag barriers also interrupt the slope length and thereby reduce erosion by reducing
the tendency of sheet flows to concentrate into rivulets which erode rills, and ultimately gullies,
into disturbed, sloped soils. Sandbag barriers are similar to gravel bag berms, but less porous.
Generally, sandbag barriers should be used in conjunction with temporary soil stabilization
controls up slope to provide effective erosion and sediment control.

Design and Layout

Locate sandbag barriers on a level contour.
When used for slope interruption, the following slope/sheet flow length combinations apply:

- Slope inclination of 4:1 (H:V) or flatter: Sandbags should be placed at a maximum
interval of 20 ft, with the first row near the slope toe.

- Slope inclination between 4:1 and 2:1 (H:V): Sandbags should be placed at a maximum
interval of 15 ft. (a closer spacing is more effective), with the first row near the slope toe.

Slope inclination 2:1 (H:V) or greater: Sandbags should be placed at a maximum interval
of 10 ft. (a closer spacing is more effective), with the first row near the slope toe.
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Sandbig Barrier SE-8

s Turn the ends of the sandbag barrier up slope to prevent runoff from going around the
barrier.

s Allow sufficient space up slope from the barrier to allow ponding, and to provide room for
sediment storage.

s For installation near the toe of the slope, sand bag barriers should be set back from the slope
toe to facilitate cleaning. Where specific site conditions do not allow for a set-back, the sand
bag barrier may be constructed on the toe of the slope. To prevent flows behind the barrier,
bags can be placed perpendicular to a berm to serve as cross barriers.

= Drainage area should not exceed 5 acres.

s Stack sandbags at least three bags high.

m Butt ends of bags tightly.

m  Overlap butt joints of row beneath with each successive row.

m Use a pyramid approach when stacking bags.

s In non-traffic areas
- Height = 18 in. maximum
- Top width = 24 in. minimum for three or more layer construction
- Side slope = 2:1 (H:V) or flatter

® In construction traffic areas
- Height = 12 in. maximum
- Top width = 24 in. minimum for three or more layer construction.
- Side slopes = 2:1 (H:V) or flatter.

= See typical sandbag barrier installation details at the end of this fact sheet.

Materials

» Sandbag Material: Sandbag should be woven polypropylene, polyethylene or polyamide
fabric, minimum unit weight of 4 ounces/yd2, Mullen burst strength exceeding 300 Ib/in2 in
conformance with the requirements in ASTM designation D3786, and ultraviolet stability
exceeding 70% in conformance with the requirements in ASTM designation D4355. Use of
burlap is not an acceptable substitute, as sand can more easily mobilize out of burlap.

»  Sandbag Size: Each sand-filled bag should have a length of 18 in., width of 12 in.,
thickness of 3 in., and mass of approximately 33 Ibs. Bag dimensions are nominal, and may
vary based on locally available materials.

May 2011 California Stormwater BMP Handbook Portal 30f6
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Sandbag_l_Barrier SE-8

n  Fill Material: All sandbag fill material should be non-cohesive, Class 3 (Caltrans Standard
Specification, Section 25) permeable material free from clay and deleterious material, such
as recycled concrete or asphalt..

Costs

Empty sandbags cost $0.25 - $0.75. Average cost of fill material is $8 per yd3. Additional labor
is required to fill the bags. Pre-filled sandbags are more expensive at $1.50 - $2.00 per bag.
These costs are based upon vendor research.

Inspection and Maintenance

m  BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weekly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

= Sandbags exposed to sunlight will need to be replaced every two to three months due to
degradation of the bags.

= Reshape or replace sandbags as needed.
» Repair washouts or other damage as needed.

® Sediment that accumulates behind the BMP should be periodically removed in order to
maintain BMP effectiveness. Sediment should be removed when the sediment accumulation
reaches one-third of the barrier height.

s Remove sandbags when no longer needed and recycle sand fill whenever possible and
properly dispose of bag material. Remove sediment accumulation, and clean, re-grade, and
stabilize the area.

References

Standard Specifications for Construction of Local Streets and Roads, California Department of
Transportation (Caltrans), July 2002.

Stormwater Quality Handbooks - Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), March 2003.

Erosion and Sediment Control Manual, Oregon Department of Environmental Quality, February
2005.
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SE-8

Sandbag Barrier
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SE-10

Storm Drain Inlet Protection

Categories

EC  Erosion Control

SE  Sediment Control |
TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

WM Waste Management and
Materials Pollution Control

Legend:
v Primary Category
[X] secondary Category

Description and Purpose

Storm drain inlet protection consists of a sediment filter or an
impounding area in, around or upstream of a storm drain, drop
inlet, or curb inlet. Storm drain inlet protection measures
temporarily pond runoff before it enters the storm drain,
allowing sediment to settle. Some filter configurations also
remove sediment by filtering, but usually the ponding action
results in the greatest sediment reduction. Temporary
geotextile storm drain inserts attach underneath storm drain
grates to capture and filter storm water.

Suitable Applications

Every storm drain inlet receiving runoff from unstabilized or
otherwise active work areas should be protected. Inlet
protection should be used in conjunction with other erosion
and sediment controls to prevent sediment-laden stormwater
and non-stormwater discharges from entering the storm drain
system.

Limitations
m  Drainage area should not exceed 1 acre.

= In general straw bales should not be used as inlet
protection.

= Requires an adequate area for water to pond without
encroaching into portions of the roadway subject to traffic.

Targeted Constituents

Sediment ]
Nutrients

Trash
Metals

Bacteria

Qil and Grease

Organics

Potential Alternatives

SE-1 Silt Fence

SE-5 Fiber Rolls

SE-6 Gravel Bag Berm
SE-8 Sandbag Barrier
SE-14 Biofilter Bags
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Storm Drain Inlet Protection SE-10

»  Sediment removal may be inadequate to prevent sediment discharges in high flow
conditions or if runoff is heavily sediment laden. If high flow conditions are expected, use
other onsite sediment trapping techniques in conjunction with inlet protection.

» Frequent maintenance is required.

= Limit drainage area to 1 acre maximum. For drainage areas larger than 1 acre, runoff should
be routed to a sediment-trapping device designed for larger flows. See BMPs SE-2,
Sediment Basin, and SE-3, Sediment Traps.

m  Excavated drop inlet sediment traps are appropriate where relatively heavy flows are
expected, and overflow capability is needed.

Implementation

General

Inlet control measures presented in this handbook should not be used for inlets draining more
than one acre. Runoff from larger disturbed areas should be first routed through SE-2,
Sediment Basin or SE-3, Sediment Trap and/or used in conjunction with other drainage control,
erosion control, and sediment control BMPs to protect the site. Different types of inlet
protection are appropriate for different applications depending on site conditions and the type
of inlet. Alternative methods are available in addition to the methods described/shown herein
such as prefabricated inlet insert devices, or gutter protection devices.

Design and Layout

Identify existing and planned storm drain inlets that have the potential to receive sediment-
laden surface runoff. Determine if storm drain inlet protection is needed and which method to
use.

m The key to successful and safe use of storm drain inlet protection devices is to know where
runoff that is directed toward the inlet to be protected will pond or be diverted as a result of
installing the protection device.

- Determine the acceptable location and extent of ponding in the vicinity of the drain inlet.
The acceptable location and extent of ponding will influence the type and design of the
storm drain inlet protection device.

- Determine the extent of potential runoff diversion caused by the storm drain inlet
protection device. Runoff ponded by inlet protection devices may flow around the device
and towards the next downstream inlet. In some cases, this is acceptable; in other cases,
serious erosion or downstream property damage can be caused by these diversions. The
possibility of runoff diversions will influence whether or not storm drain inlet protection
is suitable; and, if suitable, the type and design of the device.

s The location and extent of ponding, and the extent of diversion, can usually be controlled
through appropriate placement of the inlet protection device. In some cases, moving the
inlet protection device a short distance upstream of the actual inlet can provide more
efficient sediment control, limit ponding to desired areas, and prevent or control diversions.
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Storm Drain Inlet Protection SE-10

» Six types of inlet protection are presented below. However, it is recognized that other
effective methods and proprietary devices exist and may be selected.

- Silt Fence: Appropriate for drainage basins with less than a 5% slope, sheet flows, and
flows under 0.5 cfs.

- Excavated Drop Inlet Sediment Trap: An excavated area around the inlet to trap
sediment (SE-3).

- Gravel bag barrier: Used to create a small sediment trap upstream of inlets on sloped,
paved streets. Appropriate for sheet flow or when concentrated flow may exceed 0.5 cfs,
and where overtopping is required to prevent flooding.

- Block and Gravel Filter: Appropriate for flows greater than 0.5 cfs.

- Temporary Geotextile Storm drain Inserts: Different products provide different features.
Refer to manufacturer details for targeted pollutants and additional features.

- Biofilter Bag Barrier: Used to create a small retention area upstream of inlets and can be
located on pavement or soil. Biofilter bags slowly filter runoff allowing sediment to settle
out. Appropriate for flows under 0.5 cfs.

m Select the appropriate type of inlet protection and design as referred to or as described in
this fact sheet.

s Provide area around the inlet for water to pond without flooding structures and property.

m Grates and spaces around all inlets should be sealed to prevent seepage of sediment-laden
water.

m Excavate sediment sumps (where needed) 1 to 2 ft with 2:1 side slopes around the inlet.

Installation

= DI Protection Type 1 - Silt Fence - Similar to constructing a silt fence; see BMP SE-1,
Silt Fence. Do not place fabric underneath the inlet grate since the collected sediment may
fall into the drain inlet when the fabric is removed or replaced and water flow through the

grate will be blocked resulting in flooding. See typical Type 1 installation details at the end of
this fact sheet.

1. Excavate a trench approximately 6 in. wide and 6 in. deep along the line of the silt fence
inlet protection device.

2. Place 2 in. by 2 in. wooden stakes around the perimeter of the inlet a maximum of 3 ft
apart and drive them at least 18 in. into the ground or 12 in. below the bottom of the
trench. The stakes should be at least 48 in.

3. Lay fabric along bottom of trench, up side of trench, and then up stakes. See SE-1, Silt
Fence, for details. The maximum silt fence height around the inlet is 24 in.

4. Staple the filter fabric (for materials and specifications, see SE-1, Silt Fence) to wooden
stakes. Use heavy-duty wire staples at least 1 in. in length.
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Storm Drain_HnIet Protection SE-10

5. Backfill the trench with gravel or compacted earth all the way around.

DI Protection Type 2 - Excavated Drop Inlet Sediment Trap - Install filter fabric
fence in accordance with DI Protection Type 1. Size excavated trap to provide a minimum
storage capacity calculated at the rate 67 yd3/acre of drainage area. See typical Type 2
installation details at the end of this fact sheet.

DI Protection Type 3 - Gravel bag - Flow from a severe storm should not overtop the
curb. In areas of high clay and silts, use filter fabric and gravel as additional filter media.
Construct gravel bags in accordance with SE-6, Gravel Bag Berm. Gravel bags should be
used due to their high permeability. See typical Type 3 installation details at the end of this
fact sheet.

1. Construct on gently sloping street.
2. Leave room upstream of barrier for water to pond and sediment to settle.

3. Place several layers of gravel bags — overlapping the bags and packing them tightly
together.

4. Leave gap of one bag on the top row to serve as a spillway. Flow from a severe storm
(e.g., 10 year storm) should not overtop the curb.

DI Protection Type 4 — Block and Gravel Filter - Block and gravel filters are suitable
for curb inlets commonly used in residential, commercial, and industrial construction. See
typical Type 4 installation details at the end of this fact sheet.

1. Place hardware cloth or comparable wire mesh with 0.5 in. openings over the drop inlet
so that the wire extends a minimum of 1 ft beyond each side of the inlet structure. If
more than one strip is necessary, overlap the strips. Place woven geotextile over the wire
mesh.

2. Place concrete blocks lengthwise on their sides in a single row around the perimeter of
the inlet, so that the open ends face outward, not upward. The ends of adjacent blocks
should abut. The height of the barrier can be varied, depending on design needs, by
stacking combinations of blocks that are 4 in., 8 in., and 12 in. wide. The row of blocks
should be at least 12 in. but no greater than 24 in. high.

3. Place wire mesh over the outside vertical face (open end) of the concrete blocks to
prevent stone from being washed through the blocks. Use hardware cloth or comparable
wire mesh with 0.5 in. opening.

4. Pile washed stone against the wire mesh to the top of the blocks. Use 0.75 to 3 in.

DI Protection Type 5 — Temporary Geotextile Insert (proprietary) — Many types
of temporary inserts are available. Most inserts fit underneath the grate of a drop inlet or
inside of a curb inlet and are fastened to the outside of the grate or curb. These inserts are
removable and many can be cleaned and reused. Installation of these inserts differs
between manufacturers. Please refer to manufacturer instruction for installation of
proprietary devices.

November 2009 California Stormwater BMP Handbook 4 of 10

Construction
WWwWw.casqa.org



Storm Drain Inlet Protection SE-10

s DI Protection Type 6 - Biofilter bags — Biofilter bags may be used as a substitute for
gravel bags in low-flow situations. Biofilter bags should conform to specifications detailed
in SE-14, Biofilter bags.

1. Construct in a gently sloping area.

2. Biofilter bags should be placed around inlets to intercept runoff flows.
3. All bag joints should overlap by 6 in.

4. Leave room upstream for water to pond and for sediment to settle out.

5. Stake bags to the ground as described in the following detail. Stakes may be omitted
if bags are placed on a paved surface.

Costs

m Average annual cost for installation and maintenance of DI Type 1-4 and 6 (one year useful
life) is $200 per inlet.

m Temporary geotextile inserts are proprietary and cost varies by region. These inserts can
often be reused and may have greater than 1 year of use if maintained and kept undamaged.
Average cost per insert ranges from $50-75 plus installation, but costs can exceed $100.
This cost does not include maintenance.

Inspection and Maintenance

m  BMPs must be inspected in accordance with General Permit requirements for the associated
project type and risk level. It is recommended that at a minimum, BMPs be inspected
weekly, prior to forecasted rain events, daily during extended rain events, and after the
conclusion of rain events.

m  Silt Fences. If the fabric becomes clogged, torn, or degrades, it should be replaced. Make
sure the stakes are securely driven in the ground and are in good shape (i.e., not bent,
cracked, or splintered, and are reasonably perpendicular to the ground). Replace damaged
stakes. At a minimum, remove the sediment behind the fabric fence when accumulation
reaches one-third the height of the fence or barrier height.

m  Gravel Filters. If the gravel becomes clogged with sediment, it should be carefully removed
from the inlet and either cleaned or replaced. Since cleaning gravel at a construction site
may be difficult, consider using the sediment-laden stone as fill material and put fresh stone
around the inlet. Inspect bags for holes, gashes, and snags, and replace bags as needed.
Check gravel bags for proper arrangement and displacement.

m  Sediment that accumulates in the BMP should be periodically removed in order to maintain
BMP effectiveness. Sediment should be removed when the sediment accumulation reaches
one-third of the barrier height.

» Inspect and maintain temporary geotextile insert devices according to manufacturer’s
specifications.

»  Remove storm drain inlet protection once the drainage area is stabilized.
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Storm Drain Inlet Protection SE-10_

- Clean and regrade area around the inlet and clean the inside of the storm drain inlet, as
it should be free of sediment and debris at the time of final inspection.

References

Stormwater Quality Handbooks - Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), March 2003.

Stormwater Management Manual for The Puget Sound Basin, Washington State Department of
Ecology, Public Review Draft, 1991.

Erosion and Sediment Control Manual, Oregon Department of Environmental Quality, February
2005.
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Active Treatment Systems

SE-11

Trailer Mounted Tank

' Multiple Treatment Cells

l

Clean Discharge

Description and Purpose

Active Treatment Systems (ATS) reduce turbidity of
construction site runoff by introducing chemicals to stormwater
through direct dosing or an electrical current to enhance
flocculation, coagulation, and settling of the suspended
sediment. Coagulants and flocculants are used to enhance
settling and removal of suspended sediments and generally
include inorganic salts and polymers (USACE, 2001). The
increased flocculation aids in sedimentation and ability to
remove fine suspended sediments, thus reducing stormwater
runoff turbidity and improving water quality.

Suitable Applications

ATS can reliably provide exceptional reductions of turbidity
and associated pollutants and should be considered where
turbid discharges to sediment and turbidity sensitive waters
cannot be avoided using traditional BMPs. Additionally, it may
be appropriate to use an ATS when site constraints inhibit the
ability to construct a correctly sized sediment basin, when clay
and/or highly erosive soils are present, or when the site has
very steep or long slope lengths.

Limitations

Dischargers choosing to utilize chemical treatment in an ATS
must follow all guidelines of the Construction General Permit

Attachment F — Active Treatment System Requirements. General

limitations are as follows:

Categories

EC  Erosion Control
SE  Sediment Control
TC  Tracking Control

WE  Wind Erosion Control

NS Non-Stormwater
Management Control

Waste Management and

il Materials Pollution Control

Legend:
| Primary Category
Secondary Category

Targeted Constituents

Sediment
Nutrients

Trash

Metals

Bacteria

Qil and Grease

Organics

Potential Alternatives

None

CALITORNIA STORMWATER

November 2009 California Stormwater BMP Handbook

Construction
www.casqa.org

1of 8



Active Treatment Systems _SE-11

» Numeric Effluent Limit (NEL) for all discharges (10 NTU daily flow-weighted average)

» Limited availability of chemical residual testing procedures that meet permit requirements
for flow-through treatment

m  Specific field and classroom ATS training required to operate equipment
m Batch treatment requires extensive toxicity testing of effluent
= Batch treatment requires large footprint to accommodate treatment cells

m Requires additional filtration to remove residual floc and treatment chemicals prior to
discharge

m Petroleum based polymers should not be used

m Requires site-specific design and equipment

» Limited discharge rates depending on receiving water body
» Labor intensive operation and maintenance

m  ATS costs are higher on a unit basis for smaller sites that would be expected to have a lower
volume of treated runoff

m ATS costs are seasonably variable due to increases or decreases in rainfall volumes

Implementation

Turbidity is difficult to control once fine particles are suspended in stormwater runoff from a
construction site. Sedimentation ponds are effective at removing larger particulate matter by
gravity settling, but are ineffective at removing smaller particulates such as clay and fine silt.
Sediment ponds are typically designed to remove sediment no smaller than medium silt (0.02
mm). ATS may be used to reduce the turbidity of stormwater runoff. With an ATS, very high
turbidities can be reduced to levels comparable to what is found in streams during dry weather.

Criteria for ATS Product Use

Chemically treated stormwater discharged from construction sites must be non-toxic to aquatic
organisms. The following protocol should be used to evaluate chemicals proposed for
stormwater treatment at construction sites. Authorization to use a chemical in the field based
on this protocol does not relieve the applicant from responsibility for meeting all discharge and
receiving water criteria applicable to a site.

= An ATS Plan, which includes an Operation and Maintenance component, a Monitoring,
Sampling and Reporting component, a Health and Safety component, and a Spill Prevention
component must be prepared and submitted to the Regional Water Quality Control Board
(RWQCB).
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Active Treatment Systems SE-11

s Treatment chemicals should be approved by EPA for potable water use or otherwise be
demonstrated to be protective of human health and the environment. Chemical residual or
whole effluent toxicity testing is required.

= Prior to field use of chemical treatment, jar tests are to be conducted to demonstrate that
turbidity reduction necessary to meet the NELs and receiving water criteria can be achieved.
Test conditions, including but not limited to raw water quality and jar test procedures,
should be indicative of field conditions. Although these small-scale tests cannot be expected
to reproduce performance under field conditions, they are indicative of treatment capability.
A minimum of six site-specific jar tests must be conducted per chemical.

s The proposed maximum dosage should be at least a factor of five lower than the no observed
effects concentration (NOEC).

m Effluent discharge from an ATS to a receiving water is conditional upon the favorable results
of full-scale whole effluent bioassay/toxicity testing for batch treatment systems and upon
chemical residuals testing for flow-through systems.

= Contact the RWQCB for a list of treatment chemicals that may be pre-approved for use.

Active Treatment System Design Considerations

The design and operation of an ATS should take into consideration the factors that determine
optimum, cost-effective performance. While site characteristics will influence system design, it
is important to recognize the following overriding considerations:

s The right chemical must be used at the right dosage. A dosage that is either too low or too
high will not produce the lowest turbidity. There is an optimum dosage rate. Thisis a
situation where the adage “adding more is always better” is not the case.

m  The coagulant must be mixed rapidly into the water to insure proper dispersion.

m The mixing system for batch treatment must be sized to provide adequate mixing for the
design storage volume. Lack of adequate mixing during the flocculation phase results in
flocs that are too small and/or insufficiently dense. Too much mixing can rapidly destroy
floc as it is formed.

m Care must be taken in the design of the withdrawal system to minimize outflow velocities
and to prevent floc discharge. The discharge should be directed through a filtration system
such as sand, bag, or cartridge filter that would catch any unintended floc discharge.

s ATS is also regulated for pH of the discharge. A pH-adjusting chemical should be added into
the treated water to control pH if the selected coagulant requires alteration of the pH of the
discharge outside of the acceptable range.

Active Treatment System Design

ATS can be designed as batch treatment systems using either ponds or portable trailer-mounted
tanks, or as flow-through systems using any number of proprietary designed systems.

L ey
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Active Treatment Systems SE-11
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Batch Treatment

Batch Treatment systems consist of the stormwater collection system (either temporary
diversion or the permanent site drainage system); a sediment basin, trap or holding tanks;
pumps; a chemical feed system; treatment cells; and, interconnecting piping.

Batch treatment systems should use a minimum of two lined treatment cells. Multiple
treatment cells allow for clarification of treated water while other cells are being filled or
emptied. Treatment cells may be basins, traps, or tanks. Portable tanks may also be suitable for
some sites.

The following equipment should be located in a secured, covered location:

m  The chemical injector

m  Secondary contaminant for acid, caustic, buffering compound, and treatment chemical
= Emergency shower and eyewash

= Monitoring equipment which consists of a pH meter and a turbidimeter (if not already
within the instrumentation panel of the chemical injector)

Flow-through Treatment

At a minimum, a flow-through ATS system consists of the stormwater collection system (either
temporary diversion or the permanent site drainage system), an untreated stormwater storage
pond or holding tank, and a chemically enhanced filtration system.

Stormwater is collected at interception point(s) on the site and is diverted by gravity or by
pumping to an untreated stormwater storage pond or other untreated stormwater holding area.
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The stormwater is stored until treatment occurs. It is important that the holding pond be large
enough to provide adequate storage.

Stormwater is then pumped from the untreated stormwater storage pond to the chemically
enhanced filtration system where polymer is added. Adjustments to pH may be necessary
before chemical addition. The filtration system continually monitors the stormwater for
turbidity and pH. If the discharge water is out of the acceptable turbidity or pH range, the water
is recycled to the untreated stormwater pond (or holding tank) where it can be retreated. Flow
through systems must ensure that:

w  Cumulative flow volume shall be recorded daily. The data recording system shall have the
capacity to record a minimum of seven days of continuous data.

» Instrumentation systems are interfaced with system control to provide auto shutoff or
recirculation in the event that effluent measurements exceed turbidity or pH.

s Upon system upset, power failure, or other catastrophic event, the ATS will default to a
recirculation mode or safe shut down.

s The instrumentation system provides a method for controlling coagulant dose, to prevent
potential overdosing.

Sizing Criteria
An ATS shall be designed and approved by a Certified Professional in Erosion and Sediment

Control (CPESC), a Certified Professional in Storm Water Quality (CPSWQ); a California
registered civil engineer; or any other California registered engineer.

ATS must be designed to capture and treat (within 72 hours) runoff from the 10-year 24-hour
storm event. The runoff volume of the watershed area to be treated from this size storm event is
required to be calculated using the Rational Method with a runoff coefficient of 1.

If sediment basins are used to capture flow-through or batch treatment, see SE-2, Sediment
Basin, for design criteria. Bypass should be provided around the ATS to accommodate extreme
storm events. Primary settling should be encouraged in the sediment basin/storage pond. A
forebay with access for maintenance may be beneficial.

The permissible discharge rate governed by potential downstream effect should be used to
calculate the recommended size of the treatment cells. Local requirements related to Phase I or
Phase II NPDES permit thresholds should be considered in developing maximum discharge
rates the ATS Plan.

Costs

Costs for ATS may be significant due to equipment rental requirements and cost of chemicals.
ATS cost is lower on a treated unit-basis for large construction sites with large volumes of
runoff.

Inspection and Maintenance

ATS must be operated and maintained by individuals with experience in their use and trained in
accordance with training requirements below. ATS should be monitored continuously while in

L ———
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use. A designated responsible person shall be on site daily at all times during treatment
operations. Daily on-site visual monitoring of the system for proper performance shall be
conducted and recorded in the project data log. The name, phone number, and training
documentation of the person responsible for system operation and monitoring shall be included
in the project data log.

The following monitoring requirements and results should be recorded in the data log:

Operational and Compliance Monitoring

® Effluent flow rate and volume shall be continuously monitored and recorded at 15- minute
or less intervals.

® Influent and effluent pH must be continuously monitored and recorded at 15-minute or less
intervals.

®  Influent and effluent turbidity (expressed in NTU) must be continuously monitored and
recorded at 15-minute or less intervals.

®  The type and amount of chemical used for pH adjustment, if any, shall be monitored and
recorded.

®  Dose rate of chemical used in the ATS system (expressed in mg/L) shall be monitored and
reported 15-minutes after startup and every 8 hours of operation.

® Laboratory duplicates — monthly laboratory duplicates for residual coagulant analysis must
be performed and records shall be maintained onsite.

®  Effluent shall be monitored and recorded for residual chemical/additive levels.

® If a residual chemical/additive test does not exist and the ATS is operating in a batch
treatment mode of operation refer to the toxicity monitoring requirements below.

Toxicity Monitoring
Batch Treatment

Toxicity testing for systems operated in batch treatment mode should be made in accordance
with the following:

B Acute toxicity testing on effluent samples representing effluent from each batch prior to
discharge shall be undertaken. All bioassays shall be sent to a laboratory certified by the
Department of Health Services (DHS) Environmental Laboratory Accreditation Program
(ELAP). The required field of testing number for Whole Effluent Toxicity (WET) testing is
E113.

B Acute toxicity tests shall be conducted with the following species and protocols. The
methods to be used in the acute toxicity testing shall be those outlined for a 96-hour acute
test in “Methods for Measuring the Acute Toxicity of Effluents and Receiving Water to
Freshwater and Marine Organisms, USEPA-841-R-02-012” for Fathead minnow,
Pimephales promelas. Rainbow trout, Oncorhynchus mykiss, may be used as a substitute
for fathead minnow.
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All toxicity tests shall meet quality assurance criteria and test acceptability criteria in the most
recent versions of the EPA test method for WET testing.

Flow-through Treatment

Toxicity testing for systems operated in flow-through treatment mode should be made in
accordance with the following:

®  Aresidual chemical test method shall be used that has a method detection limit (MDL) of
10% or less than the maximum allowable threshold concentration (MATC) for the specific
coagulant in use and for the most sensitive species of the chemical used. The MATC is equal
to the geometric mean of the No Observed Effect Concentration (NOEC) and Lowest
Observed Effect Concentration (LOEC) Acute and Chronic toxicity results for most sensitive
species determined for the specific coagulant.

® The residual chemical test method shall produce a result within one hour of sampling.

® A California State certified laboratory shall validate the selected residual chemical test.
Specifically the lab will review the test protocol, test parameters, and the detection limit of
the coagulant. The discharger shall electronically submit this documentation as part of the
ATS Plan.

Numeric Effltuent Limit (NEL) Compliance:

All chemically treated stormwater must be sampled and tested for compliance with pH and
turbidity limits. These limits have been established by the Construction General Permit.
Sampling and testing for other pollutants may also be necessary at some sites. Turbidity limits
have been set as 10 NTU as a daily flow-weighted average or 20 NTU from a single sample. pH
must be within the range of 6.0 to 9.0 standard units. It is often possible to discharge treated
stormwater that has a lower turbidity than the receiving water and that matches the pH.

Treated stormwater samples and measurements should be taken from the discharge pipe or
another location representative of the nature of the treated stormwater discharge. Samples used
for determining compliance with the water quality standards in the receiving water should not
be taken from the treatment pond prior to decanting. Compliance with the water quality
standards is determined in the receiving water.

Operator Training:

Operators shall have training specific to using an ATS and liquid coagulants for stormwater
discharges in California. The training shall be in the form of a formal class with a certificate and
requirements for testing and certificate renewal. Training shall include a minimum of eight
hours classroom and 32 hours field training.

Standard BMPs:

Erosion and sediment control BMPs should be implemented throughout the site to prevent
erosion and discharge of sediment to the ATS. Some types of chemical coagulation and
flocculation are only achievable in water below a certain turbidity; therefore minimizing the
amount of sediment reaching the system will increase the likelihood of meeting effluent limits
and will potentially lower costs of chemical dosing.
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Sediment Removal and Disposal

® Sediment shall be removed from the storage or treatment cells as necessary to ensure that the
cells maintain their required water storage (i.e., volume) capability.

® Handling and disposal of all solids generated during ATS operations shall be done in
accordance with all local, state, and federal laws and regulations.

If sediment is determined to be non-toxic, it may be incorporated into the site away from
drainages.

References

Engineering and Design — Precipitation/Coagulation/Flocculation. United States Army Corps of
Engineers, EM 1110-1-4012, 2001.

Evaluation of Active Treatment Systems (ATS) for Construction Site Runoff. California Building
and Industry Association (prepared by Geosyntec Consultants), 2008.
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Stormwater Pollution Prevention, Washington State Department of Ecology, August 2001.

Stormwater Quality Handbooks - Construction Site Best Management Practices (BMPs) Manual,
State of California Department of Transportation (Caltrans), November 2000.
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