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BMP C101: Preserving Natural Vegetation

Purpose

Conditions of Use

Design and
Installation
Specifications

The purpose of preserving natural vegetation is to reduce erosion wherever
practicable. Limiting site disturbance is the single most effective method
for reducing erosion. For example, conifers can hold up to about 50
percent of all rain that falls during a storm. Up to 20-30 percent of this rain
may never reach the ground but is taken up by the tree or evaporates.
Another benefit is that the rain held in the tree can be released slowly to
the ground after the storm.

Natural vegetation should be preserved on steep slopes, near perennial
and intermittent watercourses or swales, and on building sites in wooded
areas.

e Asrequired by local governments.

« Phase construction to preserve natural vegetation on the project site for
as long as possible during the construction period.

Natural vegetation can be preserved in natural clumps or as individual
trees, shrubs and vines.

The preservation of individual plants is more difficult because heavy
equipment is generally used to remove unwanted vegetation. The points
to remember when attempting to save individual plants are:

 Isthe plant worth saving? Consider the location, species, size, age, vigor,
and the work involved. Local governments may also have ordinances to
save natural vegetation and trees.

o Fence or clearly mark areas around trees that are to be saved. It is
preferable to keep ground disturbance away from the trees at least as
far out as the dripline.

Plants need protection from three kinds of injuries:

« Construction Equipment - This injury can be above or below the
ground level. Damage results from scarring, cutting of roots, and
compaction of the soil. Placing a fenced buffer zone around plants to
be saved prior to construction can prevent construction equipment
injuries.

o Grade Changes - Changing the natural ground level will alter grades,
which affects the plant's ability to obtain the necessary air, water, and
minerals. Minor fills usually do not cause problems although
sensitivity between species does vary and should be checked. Trees
can typically tolerate fill of 6 inches or less. For shrubs and other
plants, the fill should be less.

When there are major changes in grade, it may become necessary to
supply air to the roots of plants. This can be done by placing a layer of
gravel and a tile system over the roots before the fill is made. A tile



system protects a tree from a raised grade. The tile system should be
laid out on the original grade leading from a dry well around the tree
trunk. The system should then be covered with small stones to allow air
to circulate over the root area.

Lowering the natural ground level can seriously damage trees and
shrubs. The highest percentage of the plant roots are in the upper 12
inches of the soil and cuts of only 2-3 inches can cause serious injury.
To protect the roots it may be necessary to terrace the immediate area
around the plants to be saved. If roots are exposed, construction of
retaining walls may be needed to keep the soil in place. Plants can also
be preserved by leaving them on an undisturbed, gently sloping mound.
To increase the chances for survival, it is best to limit grade changes and
other soil disturbances to areas outside the dripline of the plant.

Excavations - Protect trees and other plants when excavating for
drainfields, power, water, and sewer lines. Where possible, the trenches
should be routed around trees and large shrubs. When this is not
possible, it is best to tunnel under them. This can be done with hand
tools or with power augers. If it is not possible to route the trench
around plants to be saved, then the following should be observed:

Cut as few roots as possible. When you have to cut, cut clean. Paint cut
root ends with a wood dressing like asphalt base paint if roots will be
exposed for more than 24-hours.

Backfill the trench as soon as possible.

Tunnel beneath root systems as close to the center of the main trunk to
preserve most of the important feeder roots.

Some problems that can be encountered with a few specific trees are:

Maple, Dogwood, Red alder, Western hemlock, Western red cedar,
and Douglas fir do not readily adjust to changes in environment and
special care should be taken to protect these trees.

The windthrow hazard of Pacific silver fir and madrona is high, while
that of Western hemlock is moderate. The danger of windthrow
increases where dense stands have been thinned. Other species (unless
they are on shallow, wet soils less than 20 inches deep) have a low
windthrow hazard.

Cottonwoods, maples, and willows have water-seeking roots. These
can cause trouble in sewer lines and infiltration fields. On the other
hand, they thrive in high moisture conditions that other trees would
not.

Thinning operations in pure or mixed stands of Grand fir, Pacific silver
fir, Noble fir, Sitka spruce, Western red cedar, Western hemlock, Pacific
dogwood, and Red alder can cause serious disease problems.



Maintenance
Standards

Disease can become established through damaged limbs, trunks, roots,
and freshly cut stumps. Diseased and weakened trees are also susceptible
to insect attack.

Inspect flagged and/or fenced areas regularly to make sure flagging or
fencing has not been removed or damaged. If the flagging or fencing has
been damaged or visibility reduced, it shall be repaired or replaced
immediately and visibility restored.

If tree roots have been exposed or injured, “prune” cleanly with an
appropriate pruning saw or loppers directly above the damaged roots and
recover with native soils. Treatment of sap flowing trees (fir, hemlock,
pine, soft maples) is not advised as sap forms a natural healing barrier.



BMP C102: Buffer Zones

Purpose

Conditions of Use

Design and
Installation
Specifications

Maintenance
Standards

Creation of an undisturbed area or strip of natural vegetation or an
established suitable planting that will provide a living filter to reduce
soil erosion and runoff velocities.

Natural buffer zones are used along streams, wetlands and other bodies
of water that need protection from erosion and sedimentation.
Vegetative buffer zones can be used to protect natural swales and can
be incorporated into the natural landscaping of an area.

Critical-areas buffer zones should not be used as sediment treatment
areas. These areas shall remain completely undisturbed. The local
permitting authority may expand the buffer widths temporarily to allow
the use of the expanded area for removal of sediment.

o Preserving natural vegetation or plantings in clumps, blocks, or strips
is generally the easiest and most successful method.

o Leave all unstable steep slopes in natural vegetation.

o Mark clearing limits and keep all equipment and construction debris
out of the natural areas and buffer zones. Steel construction fencing
is the most effective method in protecting sensitive areas and
buffers. Alternatively, wire-backed silt fence on steel posts is
marginally effective. Flagging alone is typically not effective.

o Keep all excavations outside the dripline of trees and shrubs.

o Do not push debris or extra soil into the buffer zone area because
it will cause damage from burying and smothering.

o Vegetative buffer zones for streams, lakes or other waterways shall
be established by the local permitting authority or other state or
federal permits or approvals.

Inspect the area frequently to make sure flagging remains in place
and the area remains undisturbed. Replace all damaged flagging
immediately.



BMP C122: Nets and Blankets

Purpose

Conditions
of Use

Erosion control nets and blankets are intended to prevent erosion and hold
seed and mulch in place on steep slopes and in channels so that vegetation
can become well established. In addition, some nets and blankets can be used
to permanently reinforce turf to protect drainage ways during high flows.
Nets (commonly called matting) are strands of material woven into an open,
but high-tensile strength net (for example, coconut fiber matting). Blankets
are strands of material that are not tightly woven, but instead form a layer of
interlocking fibers, typically held together by a biodegradable or
photodegradable netting (for example, excelsior or straw blankets). They
generally have lower tensile strength than nets, but cover the ground more
completely. Coir (coconut fiber) fabric comes as both nets and blankets.

Erosion control nets and blankets should be used:

o To aid permanent vegetated stabilization of slopes 2H:1V or greater
and with more than 10 feet of vertical relief.

« For drainage ditches and swales (highly recommended). The application
of appropriate netting or blanket to drainage ditches and swales can
protect bare soil from channelized runoff while vegetation is
established. Nets and blankets also can capture a great deal of sediment
due to their open, porous structure. Nets and blankets can be used to
permanently stabilize channels and may provide a cost- effective,
environmentally preferable alternative to riprap. 100 percent synthetic
blankets manufactured for use in ditches may be easily reused as
temporary ditch liners.

Disadvantages of blankets include:
o Surface preparation required.

e On slopes steeper than 2.5H:1V, blanket installers may need to be
roped and harnessed for safety.

e They cost at least $4,000-6,000 per acre installed.
Advantages of blankets include:

« Installation without mobilizing special equipment.

« Installation by anyone with minimal training

« Installation in stages or phases as the project progresses.

o Installers can hand place seed and fertilizer as they progress down the
slope.

« Installation in any weather.

o There are numerous types of blankets that can be designed with various
parameters in mind. Those parameters include: fiber blend, mesh
strength, longevity, biodegradability, cost, and availability.



Design and
Installation
Specifications

See Figure 4.1.3 and Figure 4.1.4 for typical orientation and installation
of blankets used in channels and as slope protection. Note: these are
typical only; all blankets must be installed per manufacturer’s installation
instructions.

Installation is critical to the effectiveness of these products. If good
ground contact is not achieved, runoff can concentrate under the
product, resulting in significant erosion.

Installation of Blankets on Slopes:
1. Complete final grade and track walk up and down the slope.
2. Install hydromulch with seed and fertilizer.

3. Digasmall trench, approximately 12 inches wide by 6 inches deep
along the top of the slope.

4. Install the leading edge of the blanket into the small trench and
staple approximately every 18 inches. NOTE: Staples are metal,
“U”-shaped, and a minimum of 6 inches long. Longer staples are
used in sandy soils. Biodegradable stakes are also available.

5. Roll the blanket slowly down the slope as installer walks backwards.
NOTE: The blanket rests against the installer’s legs. Staples are
installed as the blanket is unrolled. It is critical that the proper staple
pattern is used for the blanket being installed. The blanket is not to be
allowed to roll down the slope on its own as this stretches the blanket
making it impossible to maintain soil contact. In addition, no one is
allowed to walk on the blanket after it is in place.

6. If the blanket is not long enough to cover the entire slope length, the
trailing edge of the upper blanket should overlap the leading edge of
the lower blanket and be stapled. On steeper slopes, this overlap
should be installed in a small trench, stapled, and covered with soil.

With the variety of products available, it is impossible to cover all the
details of appropriate use and installation. Therefore, it is critical that the
design engineer consult the manufacturer's information and that a site
visit takes place in order to ensure that the product specified is
appropriate. Information is also available at the following web sites:

1. WSDOT (Section 3.2.4):

http://www.wsdot.wa.qov/NR/rdonlyres/3B41E087-FA86-4717-
932D-D7A8556CCD57/0/ErosionTrainingManual.pdf

2. Texas Transportation Institute:

http://www.txdot.gov/business/doing_business/product_evaluation/
grosion control.htm

Use jute matting in conjunction with mulch (BMP C121). Excelsior,
woven straw blankets and coir (coconut fiber) blankets may be installed
without mulch. There are many other types of erosion control nets and
blankets on the market that may be appropriate in certain circumstances.

In general, most nets (e.g., jute matting) require mulch in order to
prevent erosion because they have a fairly open structure. Blankets
typically do not require mulch because they usually provide complete
protection of the surface.


http://www.wsdot.wa.gov/NR/rdonlyres/3B41E087-FA86-4717-932D-D7A8556CCD57/0/ErosionTrainingManual.pdf
http://www.wsdot.wa.gov/NR/rdonlyres/3B41E087-FA86-4717-932D-D7A8556CCD57/0/ErosionTrainingManual.pdf
http://www.wsdot.wa.gov/NR/rdonlyres/3B41E087-FA86-4717-932D-D7A8556CCD57/0/ErosionTrainingManual.pdf
http://www.txdot.gov/business/doing_business/product_evaluation/erosion_control.htm
http://www.txdot.gov/business/doing_business/product_evaluation/erosion_control.htm
http://www.txdot.gov/business/doing_business/product_evaluation/erosion_control.htm

Maintenance
Standards

Extremely steep, unstable, wet, or rocky slopes are often appropriate
candidates for use of synthetic blankets, as are riverbanks, beaches and
other high-energy environments. If synthetic blankets are used, the soil
should be hydromulched first.

100-percent biodegradable blankets are available for use in sensitive
areas. These organic blankets are usually held together with a paper or
fiber mesh and stitching which may last up to a year.

Most netting used with blankets is photodegradable, meaning they break
down under sunlight (not UV stabilized). However, this process can take
months or years even under bright sun. Once vegetation is established,
sunlight does not reach the mesh. It is not uncommon to find non-degraded
netting still in place several years after installation. This can be a problem if
maintenance requires the use of mowers or ditch cleaning equipment. In
addition, birds and small animals can become trapped in the netting.

Maintain good contact with the ground. Erosion must not occur
beneath the net or blanket.

Repair and staple any areas of the net or blanket that are damaged or not
in close contact with the ground.

Fix and protect eroded areas if erosion occurs due to poorly controlled
drainage
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L. Check slots to be constructed per manufacturers specifications,
2. Staking or stapling layout per manufacturers specifications.

Figure 4.1.3 — Channel Installation

Slope surface shall be smooth before

placement for proper soil contact. If there is a berm at the

top of slope, anchor
upslope of the berm.

Min. 2“
Overlap

Anchor in 6"x6" min. Trench
and staple at 12" intervals.

Min 2" Avnarlan

Staple overlaps
max. 5" spacing.

Bring material down to a level area, turn

Do not stretch blankets/mattings tight -
allow the rolls to mold to any irregularities.

For slopes less than 3H:1V, rolls Lime, fertilize, and seed before installation.

mav be placed in horizontal strips. Planting of shrubs, trees, etc. Should occur

Figure 4.1.4 — Slope Installation




BMP C124: Sodding

Purpose

Conditions of
Use

Design and
Installation
Specifications

Maintenance
Standards

The purpose of sodding is to establish permanent turf for immediate erosion
protection and to stabilize drainage ways where concentrated overland flow
will occur.

Sodding may be used in the following areas:
o Disturbed areas that require short-term or long-term cover.
« Disturbed areas that require immediate vegetative cover.

o All waterways that require vegetative lining. Waterways may also be
seeded rather than sodded, and protected with a net or blanket.

Sod shall be free of weeds, of uniform thickness (approximately 1-inch
thick), and shall have a dense root mat for mechanical strength.

The following steps are recommended for sod installation:

« Shape and smooth the surface to final grade in accordance with the
approved grading plan. The swale needs to be overexcavated 4 to 6
inches below design elevation to allow room for placing soil
amendment and sod.

e Amend 4 inches (minimum) of compost into the top 8 inches of the soil
if the organic content of the soil is less than ten percent or the
permeability is less than 0.6 inches per hour.

See http://www.ecy.wa.gov/programs/swfa/organics/soil.html for further
information.

« Fertilize according to the supplier's recommendations.

o Work lime and fertilizer 1 to 2 inches into the soil, and smooth the
surface.

o Lay strips of sod beginning at the lowest area to be sodded and
perpendicular to the direction of water flow. Wedge strips securely into
place. Square the ends of each strip to provide for a close, tight fit. Stagger
joints at least 12 inches. Staple on slopes steeper than 3H:1V. Staple the
upstream edge of each sod strip.

o Roll the sodded area and irrigate.

e When sodding is carried out in alternating strips or other patterns, seed the
areas between the sod immediately after sodding.

If the grass is unhealthy, the cause shall be determined and appropriate
action taken to reestablish a healthy groundcover. If it is impossible to
establish a healthy groundcover due to frequent saturation, instability, or
some other cause, the sod shall be removed, the area seeded with an
appropriate mix, and protected with a net or blanket.


http://www.ecy.wa.gov/programs/swfa/organics/soil.html

BMP C125: Topsoiling / Composting

Purpose

Conditions of Use

Topsoiling and composting provide a suitable growth medium for final site
stabilization with vegetation. While not a permanent cover practice in itself,
topsoiling and composting are an integral component of providing
permanent cover in those areas where there is an unsuitable soil surface for
plant growth. Use this BMP in conjunction with other BMPs such as
seeding, mulching, or sodding. Note that this BMP is functionally the same
as BMP T5.13 (see Chapter 5 of Volume V of this manual) which is
required for all disturbed areas that will be developed as lawn or landscaped
areas at the completed project site.

Native soils and disturbed soils that have been organically amended not only
retain much more stormwater, but they also serve as effective biofilters for
urban pollutants and, by supporting more vigorous plant growth, reduce the
water, fertilizer and pesticides needed to support installed landscapes.
Topsoil does not include any subsoils but only the material from the top
several inches including organic debris.

o Permanent landscaped areas shall contain healthy topsoil that reduces
the need for fertilizers, improves overall topsoil quality, provides for
better vegetal health and vitality, improves hydrologic characteristics,
and reduces the need for irrigation.

e Leave native soils and the duff layer undisturbed to the maximum
extent practicable. Stripping of existing, properly functioning soil
system and vegetation for the purpose of topsoiling during
construction is not acceptable. Preserve existing soil systems in
undisturbed and uncompacted conditions if functioning properly.

« Areas that already have good topsoil, such as undisturbed areas, do not
require soil amendments.

e Restore, to the maximum extent practical, native soils disturbed during
clearing and grading to a condition equal to or better than the original site
condition’s moisture-holding capacity. Use on-site native topsoil,
incorporate amendments into on-site soil, or import blended topsoil to
meet this requirement.

o Topsoiling is a required procedure when establishing vegetation on
shallow soils, and soils of critically low pH (high acid) levels.

o Beware of where the topsoil comes from, and what vegetation was on site
before disturbance, invasive plant seeds may be included and could cause
problems for establishing native plants, landscaped areas, or grasses.

o Topsoil from the site will contain mycorrhizal bacteria that are
necessary for healthy root growth and nutrient transfer. These native
mycorrhiza are acclimated to the site and will provide optimum
conditions for establishing grasses. Use commercially available
mycorrhiza products when using off-site topsoil.



Design and
Installation
Specifications

Meet the following requirements for disturbed areas that will be
developed as lawn or landscaped areas at the completed project site:

Maximize the depth of the topsoil wherever possible to provide the
maximum possible infiltration capacity and beneficial growth
medium. Topsoil shall have:

A minimum depth of 8-inches. Scarify subsoils below the topsoil layer
at least 4-inches with some incorporation of the upper material to avoid
stratified layers, where feasible. Ripping or re- structuring the subgrade
may also provide additional benefits regarding the overall infiltration
and interflow dynamics of the soil system.

A minimum organic content of 10% dry weight in planting beds, and 5%
organic matter content in turf areas. Incorporate organic amendments to a
minimum 8-inch depth except where tree roots or other natural features
limit the depth of incorporation.

A pH between 6.0 and 8.0 or matching the pH of the undisturbed soil.

If blended topsoil is imported, then fines should be limited to 25
percent passing through a 200 sieve.

Mulch planting beds with 2 inches of organic material

Accomplish the required organic content, depth, and pH by returning
native topsoil to the site, importing topsoil of sufficient organic content,
and/or incorporating organic amendments.

When using the option of incorporation amendments to meet the organic
content requirement, use compost that meets the compost specification
for Bioretention (See BMP T7.30 in Chapter 7 of Volume V of this
manual), with the exception that the compost may have up to 35% bio
solids of manure.

Sections three through seven of the document entitled, Guidelines and
Resources for Implementing Soil Quality and Depth BMP T5.13 in WDOE
Stormwater Management Manual for Western Washington, provides
useful guidance for implementing whichever option is chosen. It includes
guidance for pre-approved default strategies and guidance for custom
strategies. Check with your local jurisdiction concerning its acceptance of
this guidance. It is available through the organization, Soils for Salmon.
As of this printing the document may be found

at: http://www.soilsforsalmon.org/pdf/Soil_BMP_Manual.pdf.

The final composition and construction of the soil system will result in
a natural selection or favoring of certain plant species over time. For
example, incorporation of topsoil may favor grasses, while layering
with mildly acidic, high-carbon amendments may favor more woody
vegetation.

Allow sufficient time in scheduling for topsoil spreading prior to
seeding, sodding, or planting.



http://www.soilsforsalmon.org/pdf/Soil_BMP_Manual.pdf

Take care when applying top soil to subsoils with contrasting textures.
Sandy topsoil over clayey subsoil is a particularly poor combination, as
water creeps along the junction between the soil layers and causes the
topsoil to slough. If topsoil and subsoil are not properly bonded, water
will not infiltrate the soil profile evenly and it will be difficult to
establish vegetation. The best method to prevent a lack of bonding is to
actually work the topsoil into the layer below for a depth of at least 6
inches.

Field exploration of the site shall be made to determine if there is
surface soil of sufficient quantity and quality to justify stripping.
Topsoil shall be friable and loamy (loam, sandy loam, silt loam, sandy
clay loam, and clay loam). Avoid areas of natural ground water
recharge.

Stripping shall be confined to the immediate construction area. A 4-
inch to 6-inch stripping depth is common, but depth may vary
depending on the particular soil. All surface runoff control structures
shall be in place prior to stripping.

Do not place topsoil while in a frozen or muddy condition, when the
subgrade is excessively wet, or when conditions exist that may
otherwise be detrimental to proper grading or proposed sodding or
seeding.

In any areas requiring grading remove and stockpile the duff layer and
topsoil on site in a designated, controlled area, not adjacent to public
resources and critical areas. Stockpiled topsoil is to be reapplied to
other portions of the site where feasible.

Locate the topsoil stockpile so that it meets specifications and does not
interfere with work on the site. It may be possible to locate more than
one pile in proximity to areas where topsoil will be used.

Stockpiling of topsoil shall occur in the following manner:
o Side slopes of the stockpile shall not exceed 2H:1V.
o Between October 1 and April 30:

o Aninterceptor dike with gravel outlet and silt fence shall
surround all topsoil.

e Within 2 days complete erosion control seeding, or covering
stockpiles with clear plastic, or other mulching materials.

o Between May 1 and September 30:

o Aninterceptor dike with gravel outlet and silt fence shall
surround all topsoil if the stockpile will remain in place for a
longer period of time than active construction grading.

e Within 7 days complete erosion control seeding, or covering
stockpiles with clear plastic, or other mulching materials.



e When native topsoil is to be stockpiled and reused the following should
apply to ensure that the mycorrhizal bacterial, earthworms, and other
beneficial organisms will not be destroyed:

1. Re-install topsoil within 4 to 6 weeks.
2. Do not allow the saturation of topsoil with water.
3. Do not use plastic covering.

Maintenance  Inspect stockpiles regularly, especially after large storm events.
Standards Stabilize any areas that have eroded.
« Establish soil quality and depth toward the end of construction and
once established, protect from compaction, such as from large
machinery use, and from erosion.

¢ Plant and mulch soil after installation.

o Leave plant debris or its equivalent on the soil surface to replenish
organic matter.

e Reduce and adjust, where possible, the use of irrigation, fertilizers,
herbicides and pesticides, rather than continuing to implement
formerly established practices.



BMP C126: Polyacrylamide (PAM) for Soil Erosion Protection

Purpose

Conditions of Use

Design and
Installation
Specifications

Polyacrylamide (PAM) is used on construction sites to prevent soil
erosion.

Applying PAM to bare soil in advance of a rain event significantly reduces
erosion and controls sediment in two ways. First, PAM increases the soil’s
available pore volume, thus increasing infiltration through flocculation and
reducing the quantity of stormwater runoff. Second, it increases flocculation
of suspended particles and aids in their deposition, thus reducing stormwater
runoff turbidity and improving water quality.

PAM shall not be directly applied to water or allowed to enter a water
body.

In areas that drain to a sediment pond, PAM can be applied to bare soil
under the following conditions:

» During rough grading operations.

* In Staging areas.

» Balanced cut and fill earthwork.

e Haul roads prior to placement of crushed rock surfacing.

» Compacted soil roadbase.

» Stockpiles.

» After final grade and before paving or final seeding and planting.
e Pitsites.

» Sites having a winter shut down. In the case of winter shut down, or
where soil will remain unworked for several months, PAM should be
used together with mulch.

PAM may be applied with water in dissolved form. The preferred application
method is the dissolved form.

PAM is to be applied at a maximum rate of 2/3 pound PAM per 1,000 gallons
water (80 mg/L) per 1 acre of bare soil. Table 4.1.9 can be used to determine
the PAM and water application rate for a disturbed soil area.

Higher concentrations of PAM do not provide any additional effectiveness.

Table 4.1.9
PAM and Water Application Rates
Disturbed Area (ac) PAM (lbs) Water (gal)
0.50 0.33 500

1.00 0.66 1,000




1.50 1.00 1,500
2.00 1.32 2,000
2.50 1.65 2,500
3.00 2.00 3,000
3.50 2.33 3,500
4.00 2.65 4,000
4.50 3.00 4,500
5.00 3.33 5,000
4.50 3.00 4,500

The Preferred Method:

Pre-measure the area where PAM is to be applied and calculate the
amount of product and water necessary to provide coverage at the
specified application rate (2/3 pound PAM/1000 gallons/acre).

PAM has infinite solubility in water, but dissolves very slowly. Dissolve
pre-measured dry granular PAM with a known quantity of clean water in
a bucket several hours or overnight. Mechanical mixing will help
dissolve the PAM. Always add PAM to water - not water to PAM.

Pre-fill the water truck about 1/8 full with water. The water does not
have to be potable, but it must have relatively low turbidity — in the
range of 20 NTU or less.

Add PAM /Water mixture to the truck
Completely fill the water truck to specified volume.

Spray PAM/Water mixture onto dry soil until the soil surface is
uniformly and completely wetted.

An Alternate Method:

PAM may also be applied as a powder at the rate of 5 Ibs. per acre.
This must be applied on a day that is dry. For areas less than 5-10
acres, a hand- held “organ grinder” fertilizer spreader set to the
smallest setting will work. Tractor-mounted spreaders will work for
larger areas.

The following shall be used for application of powdered PAM:

» Powered PAM shall be used in conjunction with other BMPs and
not in place of other BMPs.

* Do not use PAM on a slope that flows directly into a stream or
wetland. The stormwater runoff shall pass through a sediment
control BMP prior to discharging to surface waters.

» Do not add PAM to water discharging from site.




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

Areas less than 5 acres shall drain to sediment control BMPs,
such as a minimum of 3 check dams per acre. The total number
of check dams used shall be maximized to achieve the greatest
amount of settlement of sediment prior to discharging from the
site. Each check dam shall be spaced evenly in the drainage
channel through which stormwater flows are discharged off-site.

On all sites, the use of silt fence shall be maximized to limit the
discharges of sediment from the site.

All areas not being actively worked shall be covered and
protected from rainfall. PAM shall not be the only cover BMP
used.

PAM can be applied to wet soil, but dry soil is preferred due to
less sediment loss.

PAM will work when applied to saturated soil but is not as
effective as applications to dry or damp soil.

Keep the granular PAM supply out of the sun. Granular PAM
loses its effectiveness in three months after exposure to sunlight
and air.

Proper application and re-application plans are necessary to
ensure total effectiveness of PAM usage.

PAM, combined with water, is very slippery and can be a safety
hazard. Care must be taken to prevent spills of PAM powder onto
paved surfaces. During an application of PAM, prevent over-
spray from reaching pavement as pavement will become slippery.
If PAM powder gets on skin or clothing, wipe it off with a rough
towel rather than washing with water-this only makes cleanup
messier and take longer.

Some PAMs are more toxic and carcinogenic than others. Only
the most environmentally safe PAM products should be used.

The specific PAM copolymer formulation must be anionic.
Cationic PAM shall 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, will be used for soil
applications. Recent media attention and high interest in PAM
has resulted in some entrepreneurial exploitation of the term
"polymer.” All PAM are polymers, but not all polymers are
PAM, and not all PAM products comply with ANSI/NSF
Standard 60. PAM use shall be reviewed and approved by the
local permitting authority.



Maintenance
Standards

PAM designated for these uses should be "water soluble” or
"linear" or "non-crosslinked". Cross-linked or water absorbent
PAM, polymerized in highly acidic (pH<2) conditions, are used
to maintain soil moisture content.

The PAM anionic charge density may vary from 2-30 percent; a
value of 18 percent is typical. Studies conducted by the United
States Department of Agriculture (USDA)/ARS demonstrated
that soil stabilization was optimized by using very high molecular
weight (12- 15 mg/mole), highly anionic (>20% hydrolysis)
PAM.

PAM tackifiers are available and being used in place of guar and
alpha plantago. Typically, PAM tackifiers should be used at a
rate of no more than 0.5-1 Ib. per 1000 gallons of water in a
hydromulch machine. Some tackifier product instructions say to
use at a rate of 3 -5 Ibs. per acre, which can be too much. In
addition, pump problems can occur at higher rates due to
increased viscosity.

PAM may be reapplied on actively worked areas after a 48-hour
period.

Reapplication is not required unless PAM treated soil is disturbed or
unless turbidity levels show the need for an additional application. If
PAM treated soil is left undisturbed a reapplication may be necessary
after two months. More PAM applications may be required for steep
slopes, silty and clayey soils (USDA Classification Type "C" and "D"
soils), long grades, and high precipitation areas. When PAM is applied
first to bare soil and then covered with straw, a reapplication may not be

necessary for several months.
Iggisso(]; 8s((;diment and PAM may be a basis for penalties per RCW


http://apps.leg.wa.gov/rcw/default.aspx?cite=90.48.080
http://apps.leg.wa.gov/rcw/default.aspx?cite=90.48.080
http://apps.leg.wa.gov/rcw/default.aspx?cite=90.48.080

BMP C131: Gradient Terraces

Purpose

Conditions of Use

Design and
Installation
Specifications

Gradient terraces reduce erosion damage by intercepting surface runoff and
conducting it to a stable outlet at a non-erosive velocity.

Gradient terraces normally are limited to denuded land having a water
erosion problem. They should not be constructed on deep sands or on soils
that are too stony, steep, or shallow to permit practical and economical
installation and maintenance. Gradient terraces may be used only where
suitable outlets are or will be made available. See Figure 4.1.6 for gradient
terraces.

The maximum vertical spacing of gradient terraces should be determined
by the following method:

VI =(0.8)s+y

Where: VI  =vertical interval in feet
S = land rise per 100 feet, expressed in feet
y =a soil and cover variable with values from 1.0 to 4.0

Values of “y” are influenced by soil erodibility and cover practices. The

lower values are applicable to erosive soils where little to no residue is left

on the surface. The higher value is applicable only to erosion-resistant soils
where a large amount of residue (1% tons of straw/acre equivalent) is on the
surface.

The minimum constructed cross-section should meet the design
dimensions.

The top of the constructed ridge should not be lower at any point than
the design elevation plus the specified overfill for settlement. The
opening at the outlet end of the terrace should have a cross section
equal to that specified for the terrace channel.

Channel grades may be either uniform or variable with a maximum
grade of 0.6 feet per 100 feet length (0.6%). For short distances,
terrace grades may be increased to improve alignment. The channel
velocity should not exceed that which is nonerosive for the soil type.

All gradient terraces should have adequate outlets. Such an outlet may
be a grassed waterway, vegetated area, or tile outlet. In all cases the
outlet must convey runoff from the terrace or terrace system to a point
where the outflow will not cause damage. Vegetative cover should be
used in the outlet channel.

The design elevation of the water surface of the terrace should not be
lower than the design elevation of the water surface in the outlet at their
junction, when both are operating at design flow.

Vertical spacing determined by the above methods may be increased as



Maintenance
Standards

much as 0.5 feet or 10 percent, whichever is greater, to provide better
alignment or location, to avoid obstacles, to adjust for equipment size, or
to reach a satisfactory outlet. The drainage area above the terrace should
not exceed the area that would be drained by a terrace with normal
spacing.

The terrace should have enough capacity to handle the peak runoff
expected from a 2-year, 24-hour design storm without overtopping.

The terrace cross-section should be proportioned to fit the land slope. The
ridge height should include a reasonable settlement factor. The ridge
should have a minimum top width of 3 feet at the design height. The
minimum cross-sectional area of the terrace channel should be

8 square feet for land slopes of 5 percent or less, 7 square feet for slopes
from 5 to 8 percent, and 6 square feet for slopes steeper than 8 percent.
The terrace can be constructed wide enough to be maintained using a
small vehicle.

Maintenance should be performed as needed. Terraces should be
inspected regularly; at least once a year, and after large storm events.

Slope to adequate outlet_j

Figure 4.1.6 — Gradient Terraces



BMP C201: Grass-Lined Channels

Purpose

Conditions of Use

Design and
Installation
Specifications

To provide a channel with a vegetative lining for conveyance of runoff.
See Figure 4.2.1 for typical grass-lined channels

This practice applies to construction sites where concentrated runoff needs
to be contained to prevent erosion or flooding.

When a vegetative lining can provide sufficient stability for the channel
cross section and at lower velocities of water (normally dependent on
grade). This means that the channel slopes are generally less than 5
percent and space is available for a relatively large cross section.

Typical uses include roadside ditches, channels at property boundaries,
outlets for diversions, and other channels and drainage ditches in low

areas.

Channels that will be vegetated should be installed before major earthwork
and hydroseeded with a bonded fiber matrix (BFM). The vegetation should
be well established (i.e., 75 percent cover) before water is allowed to flow
in the ditch. With channels that will have high flows, erosion control
blankets should be installed over the hydroseed. If vegetation cannot be
established from seed before water is allowed in the ditch, sod should be
installed in the bottom of the ditch in lieu of hydromulch and blankets.

Locate the channel where it can conform to the topography and other
features such as roads.

Locate them to use natural drainage systems to the greatest extent
possible.

Avoid sharp changes in alignment or bends and changes in grade.
Do not reshape the landscape to fit the drainage channel.

The maximum design velocity shall be based on soil conditions, type of
vegetation, and method of revegetation, but at no times shall velocity
exceed 5 feet/second. The channel shall not be overtopped by the peak
volumetric flow rate calculated using a 10-minute time step from a 10-
year, 24-hour storm, assuming a Type 1A rainfall distribution.
Alternatively, use 1.6 times the 10-year, 1-hour flow indicated by an
approved continuous runoff model to determine a flow rate which the
channel must contain.

Where the grass-lined channel will also function as a permanent
stormwater conveyance facility, consult the drainage conveyance
requirements of the local government with jurisdiction.

An established grass or vegetated lining is required before the channel
can be used to convey stormwater, unless stabilized with nets or blankets.

If design velocity of a channel to be vegetated by seeding exceeds 2
ft/sec, a temporary channel liner is required. Geotextile or special mulch
protection such as fiberglass roving or straw and netting provides
stability until the vegetation is fully established. See Figure 4.2.2.



Maintenance
Standards

Check dams shall be removed when the grass has matured sufficiently to
protect the ditch or swale unless the slope of the swale is greater than 4
percent. The area beneath the check dams shall be seeded and mulched
immediately after dam removal.

If vegetation is established by sodding, the permissible velocity for
established vegetation may be used and no temporary liner is needed.

Do not subject grass-lined channel to sedimentation from disturbed
areas. Use sediment-trapping BMPs upstream of the channel.

V-shaped grass channels generally apply where the quantity of water is
small, such as in short reaches along roadsides. The V-shaped cross
section is least desirable because it is difficult to stabilize the bottom
where velocities may be high.

Trapezoidal grass channels are used where runoff volumes are large and
slope is low so that velocities are nonerosive to vegetated linings. (Note:
it is difficult to construct small parabolic shaped channels.)

Subsurface drainage, or riprap channel bottoms, may be necessary on sites
that are subject to prolonged wet conditions due to long duration flows or
a high water table.

Provide outlet protection at culvert ends and at channel intersections.

Grass channels, at a minimum, should carry peak runoff for temporary
construction drainage facilities from the 10-year, 24-hour storm without
eroding. Where flood hazard exists, increase the capacity according to the
potential damage.

Grassed channel side slopes generally are constructed 3H:1V or flatter to
aid in the establishment of vegetation and for maintenance.

Construct channels a minimum of 0.2 foot larger around the periphery to
allow for soil bulking during seedbed preparations and sod buildup.

During the establishment period, check grass-lined channels after every
rainfall.

After grass is established, periodically check the channel; check it after
every heavy rainfall event. Immediately make repairs.

It is particularly important to check the channel outlet and all road
crossings for bank stability and evidence of piping or scour holes.

Remove all significant sediment accumulations to maintain the designed
carrying capacity. Keep the grass in a healthy, vigorous condition at all
times, since it is the primary erosion protection for the channel.
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Figure 4.2.1 — Typical Grass-Lined Channels
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Figure 4.2.2 — Temporary Channel Liners



BMP C203: Water Bars

Purpose

Conditions of use

Design and
Installation

Specifications

Maintenance
Standards

A small ditch or ridge of material is constructed diagonally across a road or
right-of-way to divert stormwater runoff from the road surface, wheel tracks,
or a shallow road ditch. See Figure 4.2.3.

Clearing right-of-way and construction of access for power lines, pipelines,
and other similar installations often require long narrow right-of-ways over
sloping terrain. Disturbance and compaction promotes gully formation in
these cleared strips by increasing the volume and velocity of runoff. Gully
formation may be especially severe in tire tracks and ruts. To prevent
gullying, runoff can often be diverted across the width of the right-of-way to
undisturbed areas by using small predesigned diversions.

« Give special consideration to each individual outlet area, as well as to
the cumulative effect of added diversions. Use gravel to stabilize the
diversion where significant vehicular traffic is anticipated.

Height: 8-inch minimum measured from the channel bottom to the ridge top.
o Side slope of channel: 2H:1V maximum; 3H:1V or flatter when vehicles
will cross
Base width of ridge: 6-inch minimum.

o Locate them to use natural drainage systems and to discharge into
well vegetated stable areas.
e Guideline for Spacing:

Slope % Spacing (ft)
<5 125
5-10 100
10 - 20 75
20-35 50
>35 Use rock lined ditch

o Grade of water bar and angle: Select angle that results in ditch slope
less than 2 percent.

o Install as soon as the clearing and grading is complete. Reconstruct
when construction is complete on a section when utilities are being
installed.

o Compact the ridge when installed.

« Stabilize, seed, and mulch the portions that are not subject to traffic.
Gravel the areas crossed by vehicles.

Periodically inspect right-of-way diversions for wear and after every heavy
rainfall for erosion damage.

o Immediately remove sediment from the flow area and repair the dike.



Check outlet areas and make timely repairs as needed.

When permanent road drainage is established and the area above the
temporary right-of-way diversion is permanently stabilized, remove the
dikes and fill the channel to blend with the natural ground, and

appropriately stabilize the disturbed area.

sematerm mmmrated
um dipto uunst ct

DEEP WATER BAR
A =24 to 30 inches
B=61to0 10 feet

SHALLOW WATER BAR
A =8to12inches
B=61t0 12 feet

Figure 4.2.3 — Water Bar



BMP C204: Pipe Slope Drains

Purpose To use a pipe to convey stormwater anytime water needs to be diverted away
from or over bare soil to prevent gullies, channel erosion, and saturation of
slide-prone soils.

Conditions of Use  Pipe slope drains should be used when a temporary or permanent stormwater
conveyance is needed to move the water down a steep slope to avoid erosion

(Figure 4.2.4).

On highway projects, pipe slope drains should be used at bridge ends to
collect runoff and pipe it to the base of the fill slopes along bridge approaches.
These can be designed into a project and included as bid items. Another use
on road projects is to collect runoff from pavement and pipe it away from side
slopes. These are useful because there is generally a time lag between having
the first lift of asphalt installed and the curbs, gutters, and permanent drainage
installed. Used in conjunction with sand bags, or other temporary diversion
devices, these will prevent massive amounts of sediment from leaving a
project.

Water can be collected, channeled with sand bags, Triangular Silt Dikes,
berms, or other material, and piped to temporary sediment ponds.

Pipe slope drains can be:

e Connected to new catch basins and used temporarily until all
permanent piping is installed;

o Used to drain water collected from aquifers exposed on cut slopes and
take it to the base of the slope;

e Used to collect clean runoff from plastic sheeting and direct it away
from exposed soil;

« Installed in conjunction with silt fence to drain collected water to a
controlled area;

o Used to divert small seasonal streams away from construction. They
have been used successfully on culvert replacement and extension jobs.
Large flex pipe can be used on larger streams during culvert removal,
repair, or replacement; and,

o Connected to existing down spouts and roof drains and used to divert
water away from work areas during building renovation, demolition, and
construction projects.

There are now several commercially available collectors that are attached to
the pipe inlet and help prevent erosion at the inlet.

Design and Size the pipe to convey the flow. The capacity for temporary drains shall be
Installation sufficient to handle the peak volumetric flow rate calculated using a 10-
Specifications minute time step from a 10-year, 24-hour storm event, assuming a Type 1A

rainfall distribution. Alternatively, use 1.6 times the 10-year, 1-hour flow
indicated by an approved continuous runoff model.

Consult local drainage requirements for sizing permanent pipe slope drains.



e Use care in clearing vegetated slopes for installation.

e Re-establish cover immediately on areas disturbed by installation.

o Use temporary drains on new cut or fill slopes.

« Use diversion dikes or swales to collect water at the top of the slope.

o Ensure that the entrance area is stable and large enough to direct flow
into the pipe.

o Piping of water through the berm at the entrance area is a common
failure mode.

o The entrance shall consist of a standard flared end section for culverts 12
inches and larger with a minimum 6-inch metal toe plate to prevent runoff
from undercutting the pipe inlet. The slope of the entrance shall be at least
3 percent. Sand bags may also be used at pipe entrances as a temporary
measure.

e The soil around and under the pipe and entrance section shall be
thoroughly compacted to prevent undercutting.

o The flared inlet section shall be securely connected to the slope drain
and have watertight connecting bands.

« Slope drain sections shall be securely fastened together, fused or have
gasketed watertight fittings, and shall be securely anchored into the soil.

e Thrust blocks should be installed anytime 90 degree bends are utilized.
Depending on size of pipe and flow, these can be constructed with sand
bags, straw bales staked in place, “t” posts and wire, or ecology blocks.

o Pipe needs to be secured along its full length to prevent movement.
This can be done with steel “t” posts and wire. A post is installed on
each side of the pipe and the pipe is wired to them. This should be
done every 10-20 feet of pipe length or so, depending on the size of the
pipe and quantity of water to divert.

o Interceptor dikes shall be used to direct runoff into a slope drain. The
height of the dike shall be at least 1 foot higher at all points than the top
of the inlet pipe.

o The area below the outlet must be stabilized with a riprap apron (see BMP
C209 Outlet Protection, for the appropriate outlet material).

« If the pipe slope drain is conveying sediment-laden water, direct all
flows into the sediment trapping facility.

o Materials specifications for any permanent piped system shall be set by
the local government.
Maintenance

Check inlet and outlet points regularly, especially after storms.
Standards P g Y. esp y

The inlet should be free of undercutting, and no water should be going
around the point of entry. If there are problems, the headwall should be
reinforced with compacted earth or sand bags.



The outlet point should be free of erosion and installed with
appropriate outlet protection.

For permanent installations, inspect pipe periodically for vandalism and
physical distress such as slides and wind-throw.

Normally the pipe slope is so steep that clogging is not a problem with
smooth wall pipe, however, debris may become lodged in the pipe.

Dike material compacted
90% modified proctor

CPEP or equivalent pipe

Provide riprap pad ——— ]__
or equivalent energy
dissipation

Discharge to a stabilized
watercourse, sediment retention
facility, or stabilized outlet

tandard flared
end section

Inlet and all sections must be
securely fastened together
with gasketed watertight fittings

.........
= i

Figure 4.2.4 — Pipe Slope Drain




BMP C205: Subsurface Drains

Purpose

Conditions of Use

Design and
Installation
Specifications

To intercept, collect, and convey ground water to a satisfactory outlet, usinga
perforated pipe or conduit below the ground surface. Subsurface drains are
also known as “french drains.” The perforated pipe provides a dewatering
mechanism to drain excessively wet soils, provide a stable base for
construction, improve stability of structures with shallow foundations, or to
reduce hydrostatic pressure to improve slope stability.

Use when excessive water must be removed from the soil. The soil
permeability, depth to water table and impervious layers are all factors which
may govern the use of subsurface drains.

Relief drains are used either to lower the water table in large, relatively flat
areas, improve the growth of vegetation, or to remove surface water. Relief
drains are installed along a slope and drain in the direction of the slope.

They can be installed in a grid pattern, a herringbone pattern, or a random
pattern.

« Interceptor drains are used to remove excess ground water from a slope,
stabilize steep slopes, and lower the water table immediately below a
slope to prevent the soil from becoming saturated.

Interceptor drains are installed perpendicular to a slope and drain to the side
of the slope.

They usually consist of a single pipe or series of single pipes instead of a
patterned layout.

o Depth and spacing of interceptor drains --The depth of an interceptor
drain is determined primarily by the depth to which the water table is to be
lowered or the depth to a confining layer. For practical reasons, the
maximum depth is usually limited to 6 feet, with a minimum cover of 2
feet to protect the conduit.

o The soil should have depth and sufficient permeability to permit
installation of an effective drainage system at a depth of 2 to 6 feet.

o An adequate outlet for the drainage system must be available either by
gravity or by pumping.

o The quantity and quality of discharge needs to be accounted for in the
receiving stream (additional detention may be required).

« This standard does not apply to subsurface drains for building
foundations or deep excavations.

e The capacity of an interceptor drain is determined by calculating the
maximum rate of ground water flow to be intercepted. Therefore, it is good
practice to make complete subsurface investigations, including hydraulic
conductivity of the soil, before designing a subsurface drainage system.

o Size of drain--Size subsurface drains to carry the required capacity
without pressure flow. Minimum diameter for a subsurface drain is 4
inches.



o The minimum velocity required to prevent silting is 1.4 ft./sec. The line
shall be graded to achieve this velocity at a minimum. The maximum
allowable velocity using a sand-gravel filter or envelope is 9 ft/sec.

« Filter material and fabric shall be used around all drains for proper
bedding and filtration of fine materials. Envelopes and filters should
surround the drain to a minimum of 3-inch thickness.

e The outlet of the subsurface drain shall empty into a sediment pond
through a catch basin. If free of sediment, it can then empty into a
receiving channel, swale, or stable vegetated area adequately protected
from erosion and undermining.

e The trench shall be constructed on a continuous grade with no reverse
grades or low spots.

« Soft or yielding soils under the drain shall be stabilized with gravel or
other suitable material.

o Backfilling shall be done immediately after placement of the pipe. No
sections of pipe shall remain uncovered overnight or during a rainstorm.
Backfill material shall be placed in the trench in such a manner that the
drain pipe is not displaced or damaged.

« Do not install permanent drains near trees to avoid the tree roots that tend
to clog the line. Use solid pipe with watertight connections where it is
necessary to pass a subsurface drainage system through a stand of trees.

o Outlet--Ensure that the outlet of a drain empties into a channel or
other watercourse above the normal water level.

e Secure an animal guard to the outlet end of the pipe to keep out
rodents.

o Use outlet pipe of corrugated metal, cast iron, or heavy-duty plastic
without perforations and at least 10 feet long. Do not use an envelope or
filter material around the outlet pipe, and bury at least two-thirds of the
pipe length.

« When outlet velocities exceed those allowable for the receiving stream,
outlet protection must be provided.

Maintenance Subsurface drains shall be checked periodically to ensure that they are free-
Standards flowing and not clogged with sediment or roots.

o The outlet shall be kept clean and free of debris.
« Surface inlets shall be kept open and free of sediment and other debris.

e Trees located too close to a subsurface drain often clog the system with
their roots. If a drain becomes clogged, relocate the drain or remove the
trees as a last resort. Drain placement should be planned to minimize this
problem.

o Where drains are crossed by heavy vehicles, the line shall be checked to
ensure that it is not crushed.



BMP C206: Level Spreader

Purpose

Conditions of Use

Design and
Installation
Specifications

To provide a temporary outlet for dikes and diversions consisting of an
excavated depression constructed at zero grade across a slope. To convert
concentrated runoff to sheet flow and release it onto areas stabilized by
existing vegetation or an engineered filter strip.

Used when a concentrated flow of water needs to be dispersed over a large
area with existing stable vegetation.

o ltems to consider are:

1. What is the risk of erosion or damage if the flow may become
concentrated?

Is an easement required if discharged to adjoining property?

Most of the flow should be as ground water and not as surface
flow.

4. s there an unstable area downstream that cannot accept additional
ground water?

o Use only where the slopes are gentle, the water volume is relatively low,
and the soil will adsorb most of the low flow events.

Use above undisturbed areas that are stabilized by existing vegetation.

If the level spreader has any low points, flow will concentrate, create channels
and may cause erosion.

o Discharge area below the outlet must be uniform with a slope flatter
than 5H:1V.

o Outlet to be constructed level in a stable, undisturbed soil profile (not
on fill).

« The runoff shall not re-concentrate after release unless intercepted by
another downstream measure.

e The grade of the channel for the last 20 feet of the dike or interceptor
entering the level spreader shall be less than or equal to 1 percent. The
grade of the level spreader shall be 0 percent to ensure uniform
spreading of storm runoff.

e A 6-inch high gravel berm placed across the level lip shall consist of
washed crushed rock, 2- to 4-inch or 3/4-inch to 1%-inch size.

o The spreader length shall be determined by estimating the peak flow
expected from the 10-year, 24-hour design storm. The length of the
spreader shall be a minimum of 15 feet for 0.1 cfs and shall increase
by 10 feet for each 0.1 cfs thereafter to a maximum of 0.5 cfs per
spreader. Use multiple spreaders for higher flows.

o The width of the spreader should be at least 6 feet.

e The depth of the spreader as measured from the lip should be at least 6
inches and it should be uniform across the entire length.



o Level spreaders shall be setback from the property line unless there is
an easement for flow.

o Level spreaders, when installed every so often in grassy swales, keep the
flows from concentrating. Materials that can be used include sand bags,
lumber, logs, concrete, and pipe. To function properly, the material
needs to be installed level and on contour. Figures 4.2.5Figure425 and
4.2.6 provide a cross-section and a detail of a level spreader. A capped
perforated pipe could also be used as a spreader.

Maintenance The spreader should be inspected after every runoff event to ensure that it is

Standards

functioning correctly.

o The contractor should avoid the placement of any material on the
structure and should prevent construction traffic from crossing over the
structure.

o If the spreader is damaged by construction traffic, it shall be
immediately repaired.
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Figure 4.2.5 — Cross Section of Level Spreader
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Figure 4.2.6 — Detail of Level Spreader




BMP C208: Triangular Silt Dike (TSD) (Geotextile Encased Check Dam)

Purpose

Conditions of use

Design and
Installation
Specifications

Maintenance
Standards

Triangular silt dikes may be used as check dams, for perimeter protection, for
temporary soil stockpile protection, for drop inlet protection, or as a
temporary interceptor dike.

May be used on soil or pavement with adhesive or staples.

TSDs have been used to build temporary:
sediment ponds;

diversion ditches;

concrete wash out facilities;

curbing;

water bars;

level spreaders; and, berms

S~ wn P

Made of urethane foam sewn into a woven geosynthetic fabric.

It is triangular, 10 inches to 14 inches high in the center, with a 20-inch to 28-
inch base. A 2—foot apron extends beyond both sides of the triangle along its
standard section of 7 feet. A sleeve at one end allows attachment of additional
sections as needed.

Install with ends curved up to prevent water from flowing around the
ends.

The fabric flaps and check dam units are attached to the ground with wire
staples. Wire staples should be No. 11 gauge wire and should be 200 mm
to 300 mm in length.

When multiple units are installed, the sleeve of fabric at the end of the
unit shall overlap the abutting unit and be stapled.

Check dams should be located and installed as soon as construction

will allow.

Check dams should be placed perpendicular to the flow of water.

When used as check dams, the leading edge must be secured with

rocks, sandbags, or a small key slot and staples.

In the case of grass-lined ditches and swales, check dams and
accumulated sediment shall be removed when the grass has matured
sufficiently to protect the ditch or swale unless the slope of the swale is
greater than 4 percent. The area beneath the check dams shall be seeded
and mulched immediately after dam removal.

Triangular silt dams shall be inspected for performance and sediment
accumulation during and after each runoff producing rainfall.

Sediment shall be removed when it reaches one half the height of the dam.
Anticipate submergence and deposition above the triangular silt dam and
erosion from high flows around the edges of the dam. Immediately repair
any damage or any undercutting of the dam.



BMP C231: Brush Barrier

Purpose

Conditions of Use

Design and
Installation
Specifications

Maintenance
Standards

The purpose of brush barriers is to reduce the transport of coarse sediment
from a construction site by providing a temporary physical barrier to
sediment and reducing the runoff velocities of overland flow.

Brush barriers may be used downslope of all disturbed areas of less
than one-quarter acre.

o Brush barriers are not intended to treat concentrated flows, nor are they
intended to treat substantial amounts of overland flow. Any concentrated
flows must be conveyed through the drainage system to a sediment pond.
The only circumstance in which overland flow can be treated solely by a
brush barrier, rather than by a sediment pond, is when the area draining to
the barrier is small.

o Brush barriers should only be installed on contours.

o Height 2 feet (minimum) to 5 feet (maximum).
o Width 5 feet at base (minimum) to 15 feet (maximum).

« Filter fabric (geotextile) may be anchored over the brush berm to
enhance the filtration ability of the barrier. Ten-ounce burlap is an
adequate alternative to filter fabric.

o Chipped site vegetation, composted mulch, or wood-based mulch (hog
fuel) can be used to construct brush barriers.

o A 100 percent biodegradable installation can be constructed using 10-
ounce burlap held in place by wooden stakes. Figure 4.2.11 depicts a
typical brush barrier.

o There shall be no signs of erosion or concentrated runoff under or
around the barrier. If concentrated flows are bypassing the barrier, it
must be expanded or augmented by toed-in filter fabric.

e The dimensions of the barrier must be maintained.

If required, drape filter fabric

over brush and secure in 4"x4"
min. trench with compacted
backfill. S

7 e ;
ez ZZ 7S 25 77 X
~~ . EEETETRLLEK == Anchor downhill edge of
e Y e, 2L //,/ 0 . .
- T LI LAATLARRRS T~ filter fabric with stakes,
L = SRR sandbags, or equivalent.

max. 6" diameter woody debris.
Alternatively topsoil strippings
may be used to form the barrier.

Figure 4.2.11 — Brush Barrier



BMP C232: Gravel Filter Berm

Purpose

Conditions of Use

Design and
Installation
Specifications

Maintenance
Standards

A gravel filter berm is constructed on rights-of-way or traffic areas within a

construction site to retain sediment by using a filter berm of gravel or
crushed rock.

Where a temporary measure is needed to retain sediment from rights-of-
way or in traffic areas on construction sites.

Berm material shall be % to 3 inches in size, washed well-grade gravel or
crushed rock with less than 5 percent fines.

Spacing of berms:

o Every 300 feet on slopes less than 5 percent

o Every 200 feet on slopes between 5 percent and 10 percent
o Every 100 feet on slopes greater than 10 percent

Berm dimensions:

o 1 foot high with 3H:1V side slopes

o 8 linear feet per 1 cfs runoff based on the 10-year, 24-hour design
storm

Regular inspection is required. Sediment shall be removed and filter
material replaced as needed.



BMP C234: Vegetated Strip

Purpose

Design and
Installation
Specifications

Maintenance
Standards

Vegetated strips reduce the transport of coarse sediment from a construction
site by providing a temporary physical barrier to sediment and reducing the
runoff velocities of overland flow.

Vegetated strips may be used downslope of all disturbed areas.

Vegetated strips are not intended to treat concentrated flows, nor are they
intended to treat substantial amounts of overland flow. Any concentrated
flows must be conveyed through the drainage system to a sediment pond.
The only circumstance in which overland flow can be treated solely by a
strip, rather than by a sediment pond, is when the following criteria are met
(see Table 4.2.4):

Table4.2.4
Contributing Drainage Areafor Vegetated Strips

Average Contributing Average Contributing area Max Contributing area
area Slope Percent Slope Flowpath Length
1.5H:1V or flatter 67% or flatter 100 feet

2H:1V or flatter 50% or flatter 115 feet

4H:1V or flatter 25% or flatter 150 feet

6H:1V or flatter 16.7% or flatter 200 feet

10H:1V or flatter 10% or flatter 250 feet

The vegetated strip shall consist of a minimum of a 25-foot flowpath
length continuous strip of dense vegetation with topsoil. Grass-
covered, landscaped areas are generally not adequate because the
volume of sediment overwhelms the grass. Ideally, vegetated strips
shall consist of undisturbed native growth with a well-developed soil
that allows for infiltration of runoff.

The slope within the strip shall not exceed 4H:1V.

il_'he_ uphill boundary of the vegetated strip shall be delineated with clearing
imits.

Any areas damaged by erosion or construction activity shall be

seeded immediately and protected by mulch.

If more than 5 feet of the original vegetated strip width has had
vegetation removed or is being eroded, sod must be installed.
If there are indications that concentrated flows are traveling across the

buffer, surface water controls must be installed to reduce the flows
entering the buffer, or additional perimeter protection must be installed.




BMP C236: Vegetative Filtration

Purpose

Conditions of Use

Design Criteria

Vegetative Filtration may be used in conjunction with BMP C241
Temporary Sediment Ponds, BMP C206 Level Spreader and a pumping
system with surface intake to improve turbidity levels of stormwater
discharges by filtering through existing vegetation where undisturbed forest
floor duff layer or established lawn with thatch layer are present. Vegetative
Filtration can also be used to infiltrate dewatering waste from foundations,
vaults, and trenches as long as runoff does not occur.

For every five acre of disturbed soil use one acre of grass field, farm
pasture, or wooded area. Reduce or increase this area depending on
project size, ground water table height, and other site conditions.

Wetlands shall not be used for filtration.

Do not use this BMP in areas with a high ground water table, or in
areas that will have a high seasonal ground water table during the use
of this BMP.

This BMP may be less effective on soils that prevent the infiltration of
the water, such as hard till.

Using other effective source control measures throughout a construction
site will prevent the generation of additional highly turbid water and
may reduce the time period or area need for this BMP.

Stop distributing water into the vegetated area if standing water or
erosion results.

Find land adjacent to the project that has a vegetated field, preferably a
farm field, or wooded area.

If the project site does not contain enough vegetated field area
consider obtaining permission from adjacent landowners (especially
for farm fields).

Install a pump and downstream distribution manifold depending on the
project size. Generally, the main distribution line should reach 100 to
200-feet long (many large projects, or projects on tight soil, will require
systems that reach several thousand feet long with numerous branch
lines off of the main distribution line).

The manifold should have several valves, allowing for control over the
distribution area in the field.

Install several branches of 4” schedule 20, swaged-fit common septic
tight-lined sewer line, or 6” fire hose, which can convey the turbid
water out to various sections of the field. See Figure 4.2.15.

Determine the branch length based on the field area geography and
number of branches. Typically, branches stretch from 200-feet to several
thousand feet. Always, lay branches on contour with the slope.

On uneven ground, sprinklers perform well. Space sprinkler heads so



that spray patterns do not overlap.

On relatively even surfaces, a level spreader using 4-inch perforated
pipe may be used as an alternative option to the sprinkler head setup.
Install drain pipe at the highest point on the field and at various lower
elevations to ensure full coverage of the filtration area. Pipe should be
place with the holes up to allow for a gentle weeping of stormwater
evenly out all holes. Leveling the pipe by staking and using sandbags
may be required.

To prevent the over saturation of the field area, rotate the use of
branches or spray heads. Do this as needed based on monitoring the
spray field.

Monitor the spray field on a daily basis to ensure that over saturation of
any portion of the field doesn’t occur at any time. The presence of
standing puddles of water or creation of concentrated flows visually
signify that over saturation of the field has occurred.

Since the operator is handling contaminated water, physically monitor

the vegetated spray field all the way down to the nearest surface water, or
furthest spray area, to ensure that the water has not caused overland or
concentrated flows, and has not created erosion around the spray nozzle.

Monitoring usually needs to take place 3-5 times per day to ensure sheet-
flow into state waters. Do not exceed water quality standards for
turbidity.

Ecology strongly recommends that a separate inspection log be
developed, maintained and kept with the existing site logbook to aid
the operator conducting inspections. This separate “Field Filtration
Logbook™ can also aid the facility in demonstrating compliance with
permit conditions.



Maintenance e Inspect the spray nozzles daily, at a minimum, for leaks and plugging

Standards from sediment particles.

e |f erosion, concentrated flows, or over saturation of the field occurs, rotate
the use of branches or spray heads or move the branches to a new field

location.

e Check all branches and the manifold for unintended leaks.

Flowpath Guidelines for Vegetative Filtration

Average Slope

Average Area % Slope

Estimated Flowpath

Length (ft)
1.5H:1V 67% 250
2H:1V 50% 200
4H:1V 25% 150
6H:1V 16.7% 115
10H:1V 10% 100

Figure 4.2.15 — Manifold and Braches in awooded, vegetated spray field




BMP C240: Sediment Trap

Purpose

Conditions of
Use

A sediment trap is a small temporary ponding area with a gravel outlet used
to collect and store sediment from sites cleared and/or graded during
construction. Sediment traps, along with other perimeter controls, shall be
installed before any land disturbance takes place in the drainage area.

Prior to leaving a construction site, stormwater runoff must pass through a
sediment pond or trap or other appropriate sediment removal best
management practice. Non-engineered sediment traps may be used on-site
prior to an engineered sediment trap or sediment pond to provide additional
sediment removal capacity.

It is intended for use on sites where the tributary drainage area is less than 3
acres, with no unusual drainage features, and a projected build-out time of six
months or less. The sediment trap is a temporary measure (with a design life
of approximately 6 months) and shall be maintained until the site area is
permanently protected against erosion by vegetation and/or structures.

Sediment traps and ponds are only effective in removing sediment down to
about the medium silt size fraction. Runoff with sediment of finer grades (fine
silt and clay) will pass through untreated, emphasizing the need to control
erosion to the maximum extent first.

Whenever possible, sediment-laden water shall be discharged into on-site,
relatively level, vegetated areas (see BMP C234 — Vegetated Strip). This is
the only way to effectively remove fine particles from runoff unless chemical
treatment or filtration is used. This can be particularly useful after initial
treatment in a sediment trap or pond. The areas of release must be evaluated
on a site-by-site basis in order to determine appropriate locations for and
methods of releasing runoff. VVegetated wetlands shall not be used for this
purpose. Frequently, it may be possible to pump water from the collection
point at the downhill end of the site to an upslope vegetated area. Pumping
shall only augment the treatment system, not replace it, because of the
possibility of pump failure or runoff volume in excess of pump capacity.

All projects that are constructing permanent facilities for runoff quantity
control should use the rough-graded or final-graded permanent facilities for
traps and ponds. This includes combined facilities and infiltration facilities.
When permanent facilities are used as temporary sedimentation facilities, the
surface area requirement of a sediment trap or pond must be met. If the
surface area requirements are larger than the surface area of the permanent
facility, then the trap or pond shall be enlarged to comply with the surface
area requirement. The permanent pond shall also be divided into two cells as
required for sediment ponds.

Either a permanent control structure or the temporary control structure
(described in BMP C241, Temporary Sediment Pond) can be used. If a
permanent control structure is used, it may be advisable to partially restrict the
lower orifice with gravel to increase residence time while still allowing
dewatering of the pond. A shut-off valve may be added to the control
structure to allow complete retention of stormwater in emergency situations.



Design and
Installation
Specifications

Maintenance
Standards

In this case, an emergency overflow weir must be added.

A skimmer may be used for the sediment trap outlet if approved by the Local
Permitting Authority.

See Fiqures 4.2.16 and 4.2.17 for details.

If permanent runoff control facilities are part of the project, they
should be used for sediment retention.

To determine the sediment trap geometry, first calculate the design
surface area (SA) of the trap, measured at the invert of the weir. Use the
following equation:

SA = FS(Q2/Vs)
where
Q2 = Design inflow based on the peak discharge from the developed

2-year runoff event from the contributing drainage area as
computed in the hydrologic analysis. The 10-year peak flow
shall be used if the project size, expected timing and duration
of construction, or downstream conditions warrant a higher
level of protection. If no hydrologic analysis is required, the
Rational Method may be used.

Vs = The settling velocity of the soil particle of interest. The
0.02 mm (medium silt) particle with an assumed density of

2.65 g/cm3 has been selected as the particle of interest and has
a settling velocity (Vs) of 0.00096 ft/sec.

FS = A safety factor of 2 to account for non-ideal settling.
Therefore, the equation for computing surface area becomes: SA
= 2 x Q2/0.00096 or

2080 square feet per cfs of inflow

Note: Even if permanent facilities are used, they must still have a surface
area that is at least as large as that derived from the above formula. If
they do not, the pond must be enlarged.

To aid in determining sediment depth, all sediment traps shall have a staff
gauge with a prominent mark 1-foot above the bottom of the trap.

Sediment traps may not be feasible on utility projects due to the limited
work space or the short-term nature of the work. Portable tanks may be
used in place of sediment traps for utility projects.

Sediment shall be removed from the trap when it reaches 1-foot in depth.
Any damage to the pond embankments or slopes shall be repaired.



Surface area determined
at top of weir :
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Figure 4.2.16 — Cross Section of Sediment Trap
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Figure 4.2.17 — Sediment Trap Outlet




BMP C252: High pH Neutralization Using CO;

Purpose

Conditions of Use

When pH levels in stormwater rise above 8.5 it is necessary to lower the
pH levels to the acceptable range of 6.5 to 8.5, this process is called pH
neutralization. pH neutralization involves the use of solid or compressed
carbon dioxide gas in water requiring neutralization. Neutralized
stormwater may be discharged to surface waters under the General
Construction NPDES permit.

Neutralized process water such as concrete truck wash-out, hydro-
demolition, or saw-cutting slurry must be managed to prevent discharge to
surface waters. Any stormwater contaminated during concrete work is
considered process wastewater and must not be discharged to surface waters.

Reason for pH Neutralization:

A pH level range of 6.5 to 8.5 is typical for most natural watercourses, and
this neutral pH is required for the survival of aquatic organisms. Should the
pH rise or drop out of this range, fish and other aquatic organisms may
become stressed and may die.

Calcium hardness can contribute to high pH values and cause toxicity that is
associated with high pH conditions. A high level of calcium hardness in
waters of the state is not allowed.

The water quality standard for pH in Washington State is in the range of

6.5 to 8.5. Ground water standard for calcium and other dissolved solids in
Washington State is less than 500 mg/I.

Causes of High pH:

High pH at construction sites is most commonly caused by the contact of
stormwater with poured or recycled concrete, cement, mortars, and other
Portland cement or lime containing construction materials. (See BMP C151:
Concrete Handling for more information on concrete handling procedures).
The principal caustic agent in cement is calcium hydroxide (free lime).

Advantages of CO2 Sparging:

o Rapidly neutralizes high pH water.
o Cost effective and safer to handle than acid compounds.

e CO2 is self-buffering. It is difficult to overdose and create harmfully
low pH levels.

o Material is readily available.
The Chemical Process:

When carbon dioxide (CO2) is added to water (H20), carbonic acid
(H2CO3) is formed which can further dissociate into a proton (H+) and a

bicarbonate anion (HCO3~) as shown below:

CO2 + H20 «+» H2C0O3 < H+ + HCO3"
The free proton is a weak acid that can lower the pH. Water temperature has



Design and
Installation
Specifications

an effect on the reaction as well. The colder the water temperature is the
slower the reaction occurs and the warmer the water temperature is the
quicker the reaction occurs. Most construction applications in Washington
State have water temperatures in the 50°F or higher range so the reaction is
almost simultaneous.

Treatment Process:

High pH water may be treated using continuous treatment, continuous
discharge systems. These manufactured systems continuously monitor
influent and effluent pH to ensure that pH values are within an acceptable
range before being discharged. All systems must have fail safe automatic
shut off switches in the event that pH is not within the acceptable discharge
range. Only trained operators may operate manufactured systems. System
manufacturers often provide trained operators or training on their devices.

The following procedure may be used when not using a continuous
discharge system:

1. Prior to treatment, the appropriate jurisdiction should be notified in
accordance with the regulations set by the jurisdiction.

2. Every effort should be made to isolate the potential high pH water in
order to treat it separately from other stormwater on-site.

3. Water should be stored in an acceptable storage facility, detention
pond, or containment cell prior to treatment.

4. Transfer water to be treated to the treatment structure. Ensure that
treatment structure size is sufficient to hold the amount of water that is to
be treated. Do not fill tank completely, allow at least 2 feet of freeboard.

5. The operator samples the water for pH and notes the clarity of the water.
As a rule of thumb, less CO2 is necessary for clearer water. This
information should be recorded.

6. Inthe pH adjustment structure, add CO2 until the pH falls in the range
of 6.9-7.1. Remember that pH water quality standards apply so adjusting
pH to within 0.2 pH units of receiving water (background pH) is
recommended. It is unlikely that pH can be adjusted to within 0.2 pH
units using dry ice. Compressed carbon dioxide gas should be introduced
to the water using a carbon dioxide diffuser located near the bottom of
the tank, this will allow carbon dioxide to bubble up through the water
and diffuse more evenly.

7. Slowly discharge the water making sure water does not get stirred up in
the process. Release about 80% of the water from the structure leaving
any sludge behind.

Discharge treated water through a pond or drainage system.

Excess sludge needs to be disposed of properly as concrete waste. If
several batches of water are undergoing pH treatment, sludge can be left
in treatment structure for the next batch treatment. Dispose of sludge
when it fills 50% of tank volume.



Maintenance
Standards

Sites that must implement flow control for the developed site must also
control stormwater release rates during construction. All treated
stormwater must go through a flow control facility before being released to
surface waters which require flow control.

Safety and Materials Handling:

« All equipment should be handled in accordance with OSHA rules and
regulations.

o Follow manufacturer guidelines for materials handling.
Operator Records:

Each operator should provide:

« A diagram of the monitoring and treatment equipment.

e A description of the pumping rates and capacity the treatment
equipment is capable of treating.

Each operator should keep a written record of the following:

e Client name and phone number.

o Date of treatment.

o Weather conditions.

« Project name and location.

e Volume of water treated.

e pH of untreated water.

e Amount of CO2 needed to adjust water to a pH range of 6.9-7.1.
e pH of treated water.

« Discharge point location and description.

A copy of this record should be given to the client/contractor who should
retain the record for three years.
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