General Application
Activity: Sheet Flow GIP-09

Description: Impervious areas are disconnected and runoff is routed
over a level spreader to sheet flow over adjacent vegetated areas. This
slows runoff velocities, promotes infiltration, and allows sediment
and attached pollutants to settle and/or be filtered by the vegetation.

Variations:
1) Disconnection to vegetated filter strips
2) Disconnection to conserved open space

Components: Selection Criteria:
e Level spreader — creates sheet flow

i ) . - 50%-75% Runoff Reduction Credits
e Vegetated filter strip or open space with minimal slope

Advantages/Benefits: SESEbIEE
e Cost effective
e  Wildlife habitat potential Land Use Considerations:

e High community acceptance Residential
X

Disadvantages/Limitations:

e Small drainage area ¥ | Commercial

e Sheet flow must be maintained to achieve design goals

e  Often requires additional SCMs to achieve runoff reduction X | Industrial (with MWS approval)
goals

Design considerations:
e  Must have slopes between 2% and 6%
e  Filter strips and conservation areas may be adjacent to and

) ) Maintenance:
discharge to water quality buffers

e Maintain dense, healthy vegetation to
ensure sheet flow
e Inspect regularly for signs of erosion

v | Maintenance Burden
L=Low M = Moderate H =High
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General Application
Activity: Sheet Flow GIP-09

SECTION 1. DESCRIPTION

Filter strips are vegetated areas that treat sheet flow delivered from adjacent impervious areas by slowing runoff
velocities and allowing sediment and attached pollutants to settle and/or be filtered by the vegetation. The two design
variants of filter strips are (1) Conserved Open Space and (2) designed VV'egetated Filter Strips. The design, installation, and
management of these design variants are quite different, as outlined in this specification.

In both instances, stormwater must enter the filter strip or conserved open space as sheet flow. If the inflow is from a
pipe or channel, an engineered level spreader must be designed in accordance with the criteria contained herein to
convert the concentrated flow to sheet flow.

SECTION 2. PERFORMANCE

With proper design and maintenance, these practices can provide relatively high runoff reduction as shown in Table
9.1

Table 9.1: Runoff Volume Reduction Provided by Filter Strips

Conservation Area Vegetated Filter Strip
HSGSoils = HSGSoils | HSG Soils :EGCS::;
Stormwater Function AandB Cand D A ! D

Assume no CA” in

Conservation Area
Runoff Vol. Reduction (RR) 75% ‘ 50% 50% 50%

* CSN (2008); CWP (2007)

>CA= Compost Amended Soils

} Compost amendments are generally not applicable for undisturbed A soils, although it may be
advisable to incorporate them on mass-graded A or B soils and/or filter strips on B soils, in order to maintain runoff
reduction rates.

No CA? With CA?

SECTION 3. DESIGN TABLE

Conserved Open Space and Vegetated Filter Strips do not have two levels of design. Instead,
each must meet the appropriate minimum criteria outlined in Table 9.2 and Section 6 to qualify for the indicated level
of runoff reduction. In addition, designers must conduct a site reconnaissance prior to design to confirm topography
and soil conditions.
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Activity: Sheet Flow

Table 9.2. Filter Strip Design Criteria \

General Application

(Sections 6.1 and 6.2)

Design Issue Conserved Open Space Vegetated Filter Strip
Soil and Vegetative Amended soils and dense turf cover
Cover Undisturbed soils and native vegetation | or landscaped with herbaceous

cover, shrubs, and trees

Overall Slope and
Length (parallel to
flow)

(Section 5)

0.5% to 3% Slope — Minimum 35 ft
length

3% to 6% Slope — Minimum 50 ft length
The first 10 ft. of filter must be 2% or less

q 2
in all cases

1% " to 4% Slope — Minimum 35 ft.

length
4% to 6% Slope — Minimum 50 ft.
length
6% to 8% Slope — Minimum 65 ft.
length

The first 10 ft. of filter must be 2% or
less in all cases

Width (perpendicular to

Equal to the width of the contributing drainage area. When this is not practical, a

flow) level spreader should be used to reduce the flow width to that of the filter strip.
Sheet Flow Maximum flow length of 150 ft. from adjacent pervious areas; Maximum flow
(Section 5) length of 75 ft. from adjacent impervious areas

Concentrated Flow and
Level Spreaders
(Section 6.3)

Length of ELS 6 Lip = 13 lin. ft. per each 1
cfs of inflow if area has 90% Cover®
Length = 40 lin. ft. per 1 cfs for*

forested or re-forested areas (ELS®
length = 13 lin.ft. min; 130 lin.ft. max.)

Length of ELS® Lip = 13 lin.ft. per each
1 cfs of inflow (13 lin.ft. min; 130
lin.ft. max.)

Construction Stage
(Section 7)

Located outside the limits of disturbance
and protected by EPSC controls

Prevent soil compaction by heavy
equipment

Typical Applications

Adjacent to stream or wetland buffer or
forest conservation area

Treat small areas of Impervious Cover
(e.g., 5,000 sf) close to source

Compost
Amendments (Section
6.1)

No

Yes (B, C, and D soils)’

Boundary Spreader
(Section 6.3)

GD° at top of filter

GD® at top of filter
PB® at toe of filter

1 .. . ey .
A minimum of 1 % is recommended to ensure positive drainage.

? For Conservation Areas with a varying slope, a pro-rated length may be computed only if the first 10 ft. is 2% or

less.

3 Vegetative Cover is described in Section 6.2.

GIP-09

* Where the Conserved Open Space is a mixture of native grasses, herbaceous cover and forest (or re-forested area), the
length of the ELS 6 Lip can be established by computing a weighted average of the lengths required for each vegetation
type. Refer to Section 6.3 for design criteria

> MWS may waive the requirement for compost amended soils for filter strips on B soils under certain conditions

(see Section 6.1).

*ELS = Engineered Level Spreader; GD = Gravel Diaphragm; PB = Permeable Berm.
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General Application
Activity: Sheet Flow GIP-09

SECTION 4. TYPICAL DETAILS

__mpeRvious , PERMEABLE

-ROADWAY OR BERM (SEC. 6.3)
PARKING
VEGETATED FILTER N MAXIMUM SLOPE AS
DIAPHRAGM STRIP OR PROVIDED IN TABLE 2.2.
(FIGURE 2.2) CONSERVED OPEN
SPACE

LENGTH %I

Figure 9.1. Typical Configuration of Sheet Flow to Filter Strip or Conserved Open Space
(Source: VA, 2013)
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General Application

Activity: Sheet Flow GIP-09
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General Application

Activity: Sheet Flow GIP-09
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Figure 9.4: Section - Level Spreader with Rigid Lip (source: VADCR, 2011)
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General Application

Activity: Sheet Flow GIP-09

PROPOSED PRESERVED OPEN
SPACE VEGETATED FILTER STRIP A

SIMPLE
DISCONNECTION
TO FILTER STRIP
OR CONSERVED
OPEN SPACE

PLAN VIEW

CONSERVED OPEN SPACE OR
VEGETATED FILTER STRIP

PROPOSED LEVEL SPREADER
SECTION A-A OR GRAVEL DIAPHRAGM
(IF NECESSARY)

Figure 9.7: Simple Disconnection to downstream Preserved Open Space
or Vegetated Filter Strip (source: VADCR, 2011)
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General Application

Activity: Sheet Flow GIP-09

SECTION 5. PHYSICAL FEASIBILITY & DESIGN APPLICATIONS

5.1 Conserved Open Space

Designers may apply a runoff reduction credit to any impervious that is hydrologically connected and effectively
treated by a protected Conserved Open Space that meets the following eligibility criteria:

e No major disturbance may occur within the conserved open space during or after construction (i.e., no clearing
or grading is allowed except temporary disturbances associated with incidental utility construction, restoration
operations, or management of nuisance vegetation). The Conserved Open Space area shall not be stripped of
topsoil. Some light grading may be needed at the boundary using tracked vehicles to prevent compaction.

e The limits of disturbance should be clearly shown on all construction drawings and protected by acceptable
signage and erosion control measures.

e Along term vegetation management plan must be prepared to maintain the Conserved Open Space in a natural
vegetative condition. Generally, Conserved Open Space management plans do not allow any active
management. However, a specific plan should be developed to manage the unintended consequences of passive
recteation, control invasive species, provide for tree and understory maintenance, etc.

e The Conserved Open Space must be protected by a perpetual easement or deed restriction that assigns the
responsible party to ensure that no future development, disturbance, or clearing may occur within the area.

e The practice does ot apply to jurisdictional wetlands that are sensitive to increased inputs of stormwater runoff.

5.2 Vegetated Filter Strips

Vegetated Filter Strips are best suited to treat runoff from small segments of impervious cover (usually less than
5,000 sq. ft) adjacent to road shoulders, small parking lots and rooftops. Vegetated Filter Strips may also be used as
pretreatment for another stormwater practice such as a dry swale, bioretention, or infiltration areas. If sufficient
pervious area is available at the site, larger areas of impervious cover can be treated by vegetated filter strips, using
an engineered level spreader to recreate sheet flow.

Conserved Open Space and Vegetated Filter Strips can be used in a variety of situations; however there are several
constraints to their use:

e  Filter Slopes and Lengths. Maximum slope for both Conserved Open Space and Vegetated Filter Strips is
6%, in order to maintain sheet flow through the practice. In addition, the overall contributing drainage area
must likewise be relatively flat to ensure sheet flow draining into the filter. Where this is not possible, alternative
measures, such as an engineered level spreader, can be used. Minimum lengths (flow path) for Conserved Open
Space and Vegetated Filter Strips are dependent on slope, as specified in Table 9.2.

e Soils. Vegetated Filter Strips are appropriate for all soil types, except fill soils. The runoff reduction rate,
however, is dependent on the undetlying Hydrologic Soil Groups (see Table 9.1) and whether soils receive
compost amendments.

e  Contributing Flow Path to Filter. Vegetated Filter Strips are used to treat very small drainage areas of a few
acres or less. The limiting design factor is the length of flow directed to the filter. As a rule, flow tends to
concentrate after 75 feet of flow length for impervious surfaces, and 150 feet for pervious surfaces (Claytor,
1996). When flow concentrates, it moves too rapidly to be effectively treated by a Vegetated Filter Strip, unless
an engineered level spreader is used. When the existing flow at a site is concentrated, a grass channel or a water
quality swale should be used instead of a Vegetated Filter Strip (Lantin and Barrett, 2005).
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General Application

Activity: Sheet Flow GIP-09

e Hotspot Land Uses. Vegetated Filter Strips should not receive hotspot runoff, since the infiltrated runoff
could cause groundwater contamination.

e Proximity of Underground Utilities. Underground pipes and conduits that cross the Vegetated Filter Strip
are acceptable.

SECTION 6. DESIGN CRITERIA

6.1 Compost Soil Amendments

Compost soil amendments will enhance the runoff reduction capability of a vegetated filter strip when located on
hydrologic soil groups B, C, and D, subject to the following design requirements:

e The compost amendments should extend over the full length and width of the filter strip.

e The amount of approved compost material and the depth to which it must be incorporated is outlined in
Appendix 9-A.

e The amended area will be raked to achieve the most level slope possible without using heavy construction
equipment, and it will be stabilized rapidly with perennial grass and/or herbaceous species.

e If slopes exceed 3%, a protective biodegradable fabric or matting should be installed to stabilize the site prior to
runoff discharge.

e Compost amendments should not be incorporated until the gravel diaphragm and/or engineered level spreader
are installed (see Section 6.3).

e MWS may waive the requirement for compost amendments on HSG-B soils in order to receive credit as a filter
strip if (1) the designer can provide verification of the adequacy of the on-site soil type, texture, and profile to
function as a filter strip, and (2) the area designated for the filter strip will not be disturbed during construction.

6.2 Planting and Vegetation Management

Conserved Open Space . No grading or clearing of native vegetation is allowed within the Conserved Open Space.

Reforested Conserved Open Space. At some sites, the Conserved Open Space may be in turf or meadow cover,
or overrun with invasive plants and vines. In these situations, a landscape architect should prepare a reforestation
plan for the Conserved Open Space utilizing the reforestation specifications as described under GIP-10,
Reforestation, with any credits and associated plans receiving approval by MWS.

Vegetated Filter Strips. Vegetated Filter Strips should be planted at such a density to achieve a 90%
grass/herbaceous cover after the second growing season. Performance has been shown to fall rapidly as vegetative
cover falls below 80%. Filter strips should be seeded, not sodded, whenever possible. Seeding establishes deeper
roots, and sod may have muck soil that is not conducive to infiltration (Storey et. al., 2009). The filter strip
vegetation may consist of turf grasses, meadow grasses, other herbaceous plants, shrubs, and trees, as long as the
primary goal of at least 90% coverage with grasses and/or other herbaceous plants is achieved. Designers should
choose vegetation that stabilizes the soil and is salt tolerant. Vegetation at the toe of the filter, where temporary
ponding may occur behind the permeable berm, should be able to withstand both wet and dry periods. The planting
areas can be divided into zones to account for differences in inundation and slope.

6.3 Diaphragms, Berms and Level Spreaders
Gravel Diaphragms: A pea gravel diaphragm at the top of the slope is required for both Conserved Open Space
and Vegetated Filter Strips that receive sheetflow. The pea gravel diaphragm is created by excavating a 2-foot wide

and 1-foot deep trench that runs on the same contour at the top of the filter strip. The diaphragm serves two
purposes. First, it acts as a pretreatment device, settling out sediment particles before they reach the practice.
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Second, it acts as a level spreader, maintaining sheet flow as runoff flows over the Filter Strip. Refer to Figure 9.2.

e The flow should travel over the impervious area and to the practice as sheet flow and then drop at least 2 to 3
inches onto the gravel diaphragm. The drop helps to prevent runoff from running laterally along the pavement
edge, where grit and debris tend to build up (thus allowing by-pass of the Filter Strip).

e A layer of filter fabric should be placed between the gravel and the underlying soil trench.

e If the contributing drainage area is steep (6% slope or greater), then larger stone (clean bank-run gravel that
meets TDOT #57 grade) should be used in the diaphragm.

Permeable Berm: Vegetated Filter Strips should be designed with a permeable berm at the toe of the Filter Strip to
create a shallow ponding area. Runoff ponds behind the berm and gradually flows through outlet pipes in the berm
or through a gravel lens in the berm with a perforated pipe. During larger storms, runoff may overtop the berm
(Cappiella ez al, 20006). The permeable berm should have the following properties:

¢ A wide and shallow trench, 6 to 12 inches deep, should be excavated at the upstream toe of the berm, parallel
with the contours.

e Media for the berm should consist of 40% excavated soil, 40% sand, and 20% pea gravel.

e The berm 6 to 12 inches high should be located down gradient of the excavated depression and should have
gentle side slopes to promote easy mowing (Cappiella ez a., 2000).

e Stone may be needed to armor the top of berm to handle extreme storm events.

e A permeable berm is not needed when vegetated filter strips are used as pretreatment to another stormwater
practice.

Engineered Level Spreaders. The design of engineered level spreaders should conform to the following design
criteria based on recommendations of Hathaway and Hunt (2000) in order to ensure non-erosive sheet flow into the
vegetated area. Figure 9.3 represents a configuration that includes a bypass structure that diverts the design storm
to the level spreader, and bypasses the larger storm events around the Conserved Open Space or Vegetated Filter
Strip through an improved channel.

An alternative approach involves pipe or channels discharging at the landward edge of a floodplain. The entire flow
is directed through a stilling basin energy dissipater and then a level spreader such that the entire design storm for
the conveyance system (typically a 10-year frequency storm) is discharged as sheet flow through the floodplain.

Key design elements of the engineered level spreadet, as provided in Figures 9.3 to 9.6, include the following:

e High Flow Bypass provides safe passage for larger design storms through the filter strip. The bypass channel
should accommodate all peak flows greater than the water quality design flow.

e A Forebay should have a minimum depth of 12 inches and gradually transition to a depth of 1 foot at the level
spreader lip (Figure 9.6). The forebay is sized such that the surface area is 0.2% of the contributing impervious
area. (A forebay is not necessary if the concentrated flow is from the outlet of an extended detention basin or
similar practice).

e The length of the level spreader should be determined by the type of filter area and the design flow:

o 13 feet of level spreader length per every 1 cubic foot per second (cfs) of inflow for discharges to a
Vegetated Filter Strip or Conserved Open Space consisting of native grasses or thick ground cover;

o 40 feet of level spreader length per every 1 cfs of inflow when the spreader discharges to a Conserved
Open Space consisting of forested or reforested area (Hathaway and Hunt, 2006).

o  Where the Conserved Open Space is a mix of grass and forest (or re-forested), establish the level spreader
length by computing a weighted average of the lengths required for each vegetation type.

o The minimum level spreader length is 13 feet and the maximum is 130 feet.

o For the purposes of determining the Level Spreader length, the peak discharge shall be determined using
the Rational Equation with an intensity of 1-inch/hour.
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e The level spreader lip should be concrete, wood or pre-fabricated metal, with a well-anchored footer, or other
accepted rigid, non-erodible material.

e The ends of the level spreader section should be tied back into the slope to avoid scouring around the ends of
the level spreader; otherwise, short-circuiting of the facility could create erosion.

e The width of the level spreader channel on the up-stream side of the level lip should be three times the
diameter of the inflow pipe, and the depth should be 9 inches or one-half the culvert diameter, whichever is
greater.

e The level spreader should be placed 3 to 6 inches above the downstream natural grade elevation to avoid turf
buildup. In order to prevent grade drops that re-concentrate the flows, a 3-foot long section of course
aggregate, underlain by filter fabric, should be installed just below the spreader to transition from the level
spreader to natural grade.

Vegetated receiving areas down-gradient from the level spreader must be able to withstand the force of the flow
coming over the lip of the device. It may be necessary to stabilize this area with temporary or permanent materials
in accordance with the calculated velocity (on-line system peak, or diverted off-line peak) and material
specifications, along with seeding and stabilization in conformance with the Tennessee Erosion and Sediment
Control Handbook.

6.4 Filter Design Material Specifications

Table 9.3 describes materials specifications for the primary treatment within filter strips.

Table 9.3. Vegetated Filter Strip Materials Specifications \

Material Specification Quantity
Pea Gravel (#8 or ASTM equivalent) or where | Diaphragm should be 2 feet wide, 1 foot

| .
DiaGrE:: m steep (6% +) use clean bank-run TDOT #57 or | deep, and at least 3 inches below the
phrag ASTM equivalent (1-inch maximum). edge of pavement.
Permeable 40% excavated soil, 40% sand, and 20% pea gravel to serve as the media for the berm.
Berm

Needled, non-woven, polypropylene geotextile meeting the following specifications:
Grab Tensile Strength (ASTM D4632): > 120 lbs.

Geotextile Mullen Burst Strength (ASTM D3786): > 225 lbs./sq. in.

Flow Rate (ASTM D4491): > 125 gpm/sq. ft.
Apparent Opening Size (ASTM D4751): US #70 or #80 sieve
Engineered Level Spreader lip should be concrete, metal, timber, or other rigid material; Reinforced

Level channel on upstream of lip.
Spreader See Hathaway and Hunt (2006)
Erosion

Where flow velocities dictate, use woven biodegradable erosion control fabric or mats

Control that are durable enough to last at least 2 growing seasons.

Fabric or
Matting

If existing topsoil is inadequate to support dense turf growth, imported top soil (loamy
sand or sandy loam texture), with less than 5% clay content, corrected pH at 6 to 7, a
Topsoil soluble salt content not exceeding 500 ppm, and an organic matter content of at least
2% shall be used. Topsoil shall be uniformly distributed and lightly compacted to a
minimum depth of 6 to 8 inches

Compost shall be derived from plant material and provided by a member of the U.S.
Composting Seal of Testing Assurance (STA) program, as outlined in Appendix 9-A.

Compost
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SECTION 7: CONSTRUCTION

7.1 Construction Sequence for Conserved Open Space Areas

The Conserved Open Space must be fully protected during the construction stage of development and kept
outside the limits of disturbance on the Erosion Prevention and Sediment Control (EPSC) Plan.

e No clearing, grading or heavy equipment access is allowed except temporary disturbances associated with
incidental utility construction, restoration operations or management of nuisance vegetation.

e The perimeter of the Conserved Open Space shall be protected by a silt fence, chain link fence, orange safety
fence, or other measures in order to meet stormwater pollution prevention sediment discharge requirements.

e The limits of disturbance should be clearly shown on site development plans, Grading Permit applications
and/or concept plans and identified and shall be clearly marked in the field.

e Construction of the gravel diaphragm or engineered level spreader shall not commence until the contributing
drainage area has been stabilized and perimeter EPSC has been removed and cleaned out.

e Some light grading may be needed at the Filter Strip boundary; this should be done with tracked vehicles to
prevent compaction.

e  Stormwater should not be diverted into the Vegetated Filter Strip until the gravel diaphragm and/or level
spreader are installed and stabilized.

7.2 Construction Sequence for Vegetated Filter Strips

Vegetated Filter Strips can be within the limits of disturbance during construction. The following procedures
should be followed during construction:

e Before site work begins, Vegetated Filter Strip boundaries should be clearly marked.

e Only vehicular traffic used for Filter Strip construction should be allowed within 10 feet of the Filter Strip
boundary (City of Portland, 2004).

e If existing topsoil is stripped during grading, it shall be stockpiled for later use.

e Construction runoff should be directed away from the proposed Filter Strip site, using perimeter silt fence, or,
preferably, a diversion dike.

e Construction of the gravel diaphragm or engineered level spreader shall not commence until the contributing
drainage area has been stabilized and perimeter EPSC has been removed and cleaned out.

e Vegetated Filter Strips require light grading to achieve desired elevations and slopes. This should be done with
tracked vehicles to prevent compaction. Topsoil and or compost amendments should be incorporated evenly
across the filter strip area, stabilized with seed, and protected by biodegradable erosion control matting or
blankets.

e Stormwater should not be diverted into the Filter Strip until the turf cover is dense and well established.

7.3 Construction Inspection

Construction inspection is critical to obtain adequate spot elevations, to ensure the gravel diaphragm or
Engineered Level Spreader (ELS) is completely level, on the same contour and constructed to the correct design
elevation. As-built certification is required to ensure compliance with design standards. Inspectors should evaluate
the performance of the Filter Strip after the first big storm to look for evidence of gullies, outflanking,
undercutting or sparse vegetative cover. Spot repairs should be made, as needed.
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SECTION 8. AS-BUILT REQUIREMENTS

After the filter strip has been constructed, the developer must have an as-built certification of the filter strip
conducted by a registered Professional Engineer. The as-built certification verifies that the SCM was installed as
designed and approved. The following components must be addressed in the as-built certification:

Ensure level spreader is properly installed to create sheet flow.

Ensure vegetated filter strip or open space that receives sheet flow has minimal slope.

Ensure paved area drains towards pervious area.

Ensure the proper vegetation has been established or protected.

If using amended soils ensure proper installation by digging a test pit to verify the depth of mulch,
amended soil and scarification.

ARE Rl S

SECTION 9. MAINTENANCE

9.1 Maintenance Document

The Sheet Flow GIP must be covered by a drainage easement to allow inspection and maintenance and be
included in the site’s Maintenance Document. If the filter area is a natural Conserved Open Space, it must be
protected by a perpetual easement or deed restriction that assigns the responsible patty to ensure that no future
development, disturbance or clearing may occur within the area, except as stipulated in the vegetation maintenance
plan.

The requirements for the Maintenance Document are in Appendix C of Volume 1 of the Manual. They include
the execution and recording of an Inspection and Maintenance Agreement or a Declaration of Restrictions and
Covenants, and the development of a Long Term Maintenance Plan (LTMP) by the design engineer. The LTMP
contains a description of the stormwater system components and information on the required inspection and
maintenance activities. The property owner must submit annual inspection and maintenance reports to MWS.

9.2 Maintenance Inspections

Annual inspections are used to trigger maintenance operations such as sediment removal, spot re-vegetation and
level spreader repair. Ideally, inspections should be conducted in the non-growing season when it easier to see the
flow path.

Inspectors should check to ensure that:

e Flows through the Filter Strip do not short-circuit the overflow control section;
e Debris and sediment does not build up at the top of the Filter Strip;
Foot or vehicular traffic does not compromise the gravel diaphragm;

Scour and erosion do not occur within the Filter Strip;
Sediments are cleaned out of Level Spreader forebays and flow splitters; and

Vegetative density exceeds a 90% cover in the boundary zone or grass filter.
9.3 Ongoing Maintenance

Once established, Vegetated Filter Strips have minimal maintenance needs outside of the spring clean up, regular
mowing, repair of check dams and other measures to maintain the hydraulic efficiency of the strip and a dense,
healthy grass cover. Vegetated Filter Strips that consist of grass/turf cover should be mowed at least twice a year to
prevent woody growth.
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Filter strip surrounng bortention cell, ort Bragg, NC.
(Source: N.Weinstein, LIDC)
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APPENDIX 9-A

DESIGN CRITERIA FOR
AMENDING SOILS WITH COMPOST

SECTION 1: DESCRIPTION

Soil restoration is a practice applied after construction, to deeply till compacted soils and restore their porosity by
amending them with compost. These soil amendments can reduce the generation of runoff from compacted
urban lawns and may also be used to enhance the runoff reduction performance of downspout disconnections,
grass channels, and filter strips.

SECTION 2: PHYSICAL FEASIBILITY & DESIGN APPLICATIONS

Compost amended soils are suitable for any pervious area where soils have been or will be compacted by the
grading and construction process. They are particularly well suited when existing soils have low infiltration rates
(HSG C and D) and when the pervious area will be used to filter runoff (downspout disconnections and grass
channels). The area or strip of amended soils should be hydraulically connected to the stormwater conveyance
system. Soil restoration is recommended for sites that will experience mass grading of more than a foot of cut and
fill across the site.

Compost amendments are not recommended where:

e  Existing soils have high infiltration rates (e.g., HSG A and B), although compost amendments may be needed
at mass-graded B soils in order to maintain runoff reduction rates.

e The water table or bedrock is located within 1.5 feet of the soil surface.

e Slopes exceed 10%.

e  Existing soils are saturated or seasonally wet.

e They would harm roots of existing trees (keep amendments outside the tree drip line).
e The downhill slope runs toward an existing or proposed building foundation.

e The contributing impervious surface area exceeds the surface area of the amended soils.

Compost amendments can be applied to the entire pervious atea of a development or be applied only to select
areas of the site to enhance the performance of runoff reduction practices. Some common design applications
include:

e Reduce runoff from compacted lawns.

e Enhance rooftop disconnections on poor soils.

e Increase runoff reduction within a grass channel.

e Increase runoff reduction within a vegetated filter strip.

e Increase the runoff reduction function of a tree cluster or reforested area of the site.

SECTION 3: DESIGN CRITERIA

3.1 Soil Testing

Soil tests are required during two stages of the compost amendment process. The first testing is done to ascertain
pre-construction soil properties at proposed amendment areas. The initial testing is used to determine soil
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properties to a depth 1 foot below the proposed amendment area, with respect to bulk density, pH, salts, and soil
nutrients. These tests should be conducted every 5000 square feet, and are used to characterize potential drainage
problems and determine what, if any, further soil amendments are needed.

The second soil test is taken at least one week after the compost has been incorporated into the soils. This soil
analysis should be conducted by a reputable laboratory to determine whether any further nutritional requirements,
pH adjustment, and organic matter adjustments are necessary for plant growth. This soil analysis should be
done in conjunction with the final construction inspection to ensure tilling or subsoiling has achieved
design depths.

3.2 Determining Depth of Compost Incorporation

The depth of compost amendment is based on the relationship of the surface atea of the soil amendment to the
contributing area of impervious cover that it receives. Table 9-A.1 presents some general guidance derived from
soil modeling by Holman-Dodds (2004) that evaluates the required depth to which compost must be
incorporated. Some adjustments to the recommended incorporation depth were made to reflect alternative
recommendations of Roa Espinosa (20006), Balousek (2003), Chollak and Rosenfeld (1998) and others.

Table 9-A.1. Short-Cut Method to Determine Compost and Incorporation Depths

Contributing Impervious Cover to Soil Amendment Area Ratio

IC/SA=02 IC/SA=0.5 IC/SA=0.75 IC/SA=1.0°
Compost(in)4 2to4° 3t06° 4to08° 6to 10°
Incorporation Depth (in)| 6to 10° 8t012° 15t0 18> 18t024°
Incorporation Method | Rototiller Tiller Subsoiler Subsoiler

Notes:

11C = contrib. impervious cover (sq. ft.) and SA = surface area of compost amendment (sq. ft.)
% For amendment of compacted lawns that do not receive off-site runoff

®In general, IC/SA ratios greater than 1 should be avoided

* Average depth of compost added

> Lower end for B soils, higher end for C/D soils

Once the area and depth of the compost amendments are known, the designer can estimate the total amount of
compost needed using the following estimator:

Equation 8.1. Compost Quantity Estimation

C=A*D*0.0031

Where:
C = compost needed (cu. yds.)
A = area of soil amended (sq. ft.)
D = depth of compost added (in.)
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3.3 Compost Specifications

The basic material specifications for compost amendments are outlined below:

e The compost shall be the result of the biological degradation and transformation of plant-derived materials
under conditions that promote anaerobic decomposition. The material shall be well composted, free of viable
weed seeds, and stable with regard to oxygen consumption and carbon dioxide generation. The compost shall
have a moisture content that has no visible free water or dust produced when handling the material. It shall
meet the following criteria:

100% of the material must pass through a half inch screen

The pH of the material shall be between 6 and 8

Manufactured inert material (plastic, concrete, ceramics, metal, etc.) shall be less than 1.0% by weight
The organic matter content shall be between 35% and 65%

Soluble salt content shall be less than 6.0 mmhos/cm

Maturity should be greater than 80%

Stability shall be 7 or less

Carbon/nitrogen ratio shall be less than 25:1

Trace metal test result = “pass”
The compost must have a dry bulk density ranging from 40 to 50 Ibs./cu.ft.

TSR e 0 TP

SECTION 4: CONSTRUCTION

4.1 Construction Sequence

The construction sequence for compost amendments differs depending whether the practice will be applied to a
large area or a narrow filter strip, such as in a rooftop disconnection or grass channel. For larger areas, a typical
construction sequence is as follows:

Step 1. Prior to building, the proposed area should be deep tilled to a depth of 2 to 3 feet using a tractor and sub-
soiler with two deep shanks (curved metal bars) to create rips perpendicular to the direction of flow. (This step is
usually omitted when compost is used for narrower filter strips.)

Step 2. A second deep tilling to a depth of 12 to 18 inches is needed after final building lots have been graded.

Step 3. 1t is important to have dry conditions at the site prior to incorporating compost.

Step 4. An acceptable compost mix is then incorporated into the soil using a roto-tiller or similar equipment at
the volumetric rate of 1 part compost to 2 parts soil.

Step 5. The site should be leveled and seeds or sod used to establish a vigorous grass cover. Lime or irrigation
may initially be needed to help the grass grow quickly.

Step 6. Areas of compost amendments exceeding 2500 square feet should employ simple erosion control
measures, such as silt fence, to reduce the potential for erosion and trap sediment.
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