EGETATED FILTER STRIPS provide

biofiltration of runoff as the water

flows across a surface. A filter strip

alone generally cannot meet the total

solid suspended removal performance
goal, so it should be used as either a pretreatment
measure or as part of a treatment plan. It may also

help recharge groundwater.

A filter strip can be used as part of the runoff conveyance system to provide pretreatment. It should be designed
so runoff from the adjacent impervious area is evenly distributed as sheet flows across the strip. Filter strips
are well suited for treating runoff from roads, parking lots, and roof downspouts.

Additional Resources

Please see the links below for more information regarding
the following:

Filter Strips Minimum Construction Standards \M

Fact Sheet:
A&M AgriLife Extension: Vegetated Filter Strips @
Maintenance:

iSWM_Technical Manual| [Filter Strips 14.4 Inspection and|

Maintenance Requirements| || D
The designer shall include information on long-term maintenance activities, and
in some cases the owner of the device shall enter into a maintenance agreement

~

& | = .
v ‘\ g Depth above base
Base width ~

with the City.

Photos: Vegetated Filter Strips — Image Results (Public Images)
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13.0  Filter Strip

Structural Stormwater Control

Description: Filter strips are uniformly graded and
densely vegetated sections of land engineered and
designed to treat runoff from and remove pollutants
through vegetative filtering and infiltration.

KEY CONSIDERATIONS

DESIGN CRITERIA:

o Runoff from an adjacent impervious area must be evenly
distributed across the filter strip as sheet flow

ADVANTAGES / BENEFITS:

e Can be used as part of the runoff conveyance system to
provide pretreatment

e Can provide groundwater recharge

e Reasonably low construction cost

DISADVANTAGES / LIMITATIONS:
e Cannot alone achieve the 80% TSS removal target

e Large land requirement
MAINTENANCE REQUIREMENTS:

e Requires periodic repair, regrading, and sediment
removal to prevent channelization

STORMWATER
MANAGEMENT SUITABILITY

El Water Quality Protection
|:| Streambank Protection
|:| On-Site Flood Control

|:| Downstream Flood Control

POLLUTANT REMOVAL

Total Suspended Solids
20/20% [ Nutrients - Total Phosphorus / Total Nitrogen removal

Metals - Cadmium, Copper, Lead, and Zinc removal
Pathogens - Coliform, Streptococci, E.Coli removal

IMPLEMENTATION CONSIDERATIONS

El Land Requirement

Capital Cost

@ Maintenance Burden

Residential Subdivision Use: Yes
High Density/Ultra-Urban: No
Drainage Area: 2 acres max.
Soils: No restrictions

Other Considerations:

e Use in buffer system
e Treating runoff from pervious
areas

L=Low M=Moderate H=High
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13.1 General Description

Filter strips are uniformly graded and densely vegetated sections of land engineered and designed to
treat runoff and remove pollutants through vegetative filtering and infiltration. Filter strips are best suited
to treating runoff from roads and highways, roof downspouts, very small parking lots, and pervious
surfaces. They are also ideal components of the "outer zone" of a stream buffer, or as pretreatment for
another structural stormwater control. Filter strips can serve as a buffer between incompatible land uses,
be landscaped to be aesthetically pleasing, and provide groundwater recharge in areas with pervious
soils. Filter strips are often used as an integrated site design reduction credit (see Section 13.0 for more
information).

Filter strips rely on the use of vegetation to slow runoff velocities and filter out sediment and other pollutants
from urban stormwater. There can also be a significant reduction in runoff volume for smaller flows that
infiltrate pervious soils while contained within the filter strip. To be effective, however, sheet flow must be
maintained across the entire filter strip. Once runoff flow concentrates, it effectively short-circuits the filter
strip and reduces any water quality benefits. Therefore, a flow spreader must normally be included in the
filter strip design.

There are two different filter strip designs: a simple filter strip and a design that includes a permeable berm at
the bottom. The presence of the berm increases the contact time with the runoff, thus reducing the overall
width of the filter strip required to treat stormwater runoff. Filter strips are typically an on-line practice, so they
must be designed to withstand the full range of storm events without eroding.

13.2 Pollutant Removal Capabilities

Pollutant removal from filter strips is highly variable and depends primarily on density of vegetation and
contact time for filtration and infiltration. These, in turn, depend on soil and vegetation type, slope, and
presence of sheet flow.

The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes derived from sampling data, modeling and professional judgment.

e Total Suspended Solids — 50%

e Total Phosphorus — 20%

e Total Nitrogen — 20%

e Fecal Coliform — insufficient data
e Heavy Metals — 40%

13.3 Design Criteria and Specifications

General Criteria

Filter strips should be used to treat small drainage areas. Flow must enter the filter strip as sheet flow
spread out over the width (long dimension normal to flow) of the strip, generally no deeper than 1 to 2
inches. As a rule, flow concentrates within a maximum of 75 feet for impervious surfaces, and 150 feet
for pervious surfaces (CWP, 1996). For longer flow paths, special provision must be made to ensure
design flows spread evenly across the filter strip, instead of becoming concentrated.

Filter strips should be integrated within site designs.

Filter strips should be constructed outside the natural stream buffer area whenever possible to maintain a
more natural buffer along the streambank.

Filter strips should be designed for slopes between 2% and 6%. Greater slopes than this would
encourage the formation of concentrated flow. Flatter slopes would encourage standing water.

Filter strips should not be used on soils that cannot sustain a dense grass cover with high retardance.
Designers should choose a grass that can withstand relatively high velocity flows at the entrances, and
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both wet and dry periods. See Section 1.0 of the Landscape Technical Manual for a list of appropriate
grasses for use in North Central Texas.

The flow path should be at least 15 feet across the strip to provide filtration and contact time for water
quality treatment. Twenty-five (25) feet is preferred (where available), though the length of the flow path
will normally be dictated by design method.

Both the top and toe of the slope should be as flat as possible to encourage sheet flow and prevent
erosion.

An effective flow spreader is a pea gravel diaphragm at the top of the slope (ASTM D 448 size no. 6, 1/8”
to 3/8”). The pea gravel diaphragm (a small trench running along the top of the filter strip) serves two
purposes. First, it acts as a pretreatment device, settling out sediment particles before they reach the
practice. Second it acts as a level spreader, maintaining sheet flow as runoff flows over the filter strip.
Other types of flow spreaders include a concrete sill, curb stops, or curb and gutter with “sawteeth” cut
into it.

Ensure that flows in excess of design flow move across or around the strip without damaging it. Often a
bypass channel or overflow spillway with protected channel section is designed to handle higher flows.

Pedestrian traffic across the filter strip should be limited through channeling onto sidewalks.

Maximum discharge loading per foot of filter strip width (perpendicular to flow path) is found using the
Manning’s Equation:

1
Y3 S§?

q=0.023 ° 1 (13.1)

where:
g = discharge per foot of width of filter strip (cfs/ft)
Y = allowable depth of flow (inches)
S = slope of filter strip (percent)
N = Manning’s “n” roughness coefficient
(use 0.15 for medium grass, 0.25 for dense grass, and 0.35 for very dense Bermuda-type grass)

The minimum width of a filter strip is:

Q

Wmn = —
. (13.2)

where:
Wmin = minimum filter strip width perpendicular to flow (feet)

Filter without Berm

Size filter strip (parallel to flow path) for a contact time of 5 minutes minimum
Equation for filter length is based on the SCS TR55 travel time equation (SCS, 1986):
(T0)125 (Py.24)2625 (S) 172

Li= (13.3)
: 3.34n

Lt = length of filter strip parallel to flow path (ft)

Tt = travel time through filter strip (minutes)

P2.24 = 2-year, 24-hour rainfall depth (inches)

S = slope of filter strip (percent)

n = Manning’s “n” roughness coefficient

(use 0.15 for medium grass, 0.25 for dense grass, and 0.35 for very dense Bermuda-type grass)
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Filter Strips with Berm

Size outlet pipes to ensure that the bermed area drains within 24 hours.
Specify grasses resistant to frequent inundation within the shallow ponding limit.

Berm material should be of sand, gravel and sandy loam to encourage grass cover (Sand: ASTM C-33
fine aggregate concrete sand 0.027-0.04”, Gravel: AASHTO M-43 75" to 17).

Size filter strip to contain the WQv within the wedge of water backed up behind the berm.
Maximum berm height is 12 inches.

Filter Strips for Pretreatment

A number of other structural controls, including bioretention areas and infiltration trenches, may utilize a
filter strip as a pretreatment measure. The required length of the filter strip flow path depends on the
drainage area, imperviousness, and the filter strip slope. Table 13.1 provides sizing guidance for
bioretention filter strips for pretreatment.

Table 13.1 Bioretention Filter Strip Sizing Guidance

Parameter Impervious Areas Pervious Areas (Lawns, etc)

Maximum inflow approach

length (feet) 35 75 75 100

Filter strip slope

(max = 6%) <2% | >2% | <2% | >2% | <2% | >2% | <2% | > 2%

Filter strip minimum length
(feet)

(Source: Claytor and Schueler, 1996)

10 15 20 25 10 12 15 18

Filter Strip SD-95
April 2010, Revised 9/2014





iISWM™ Technical Manual Site Development Controls

13.4 Inspection and Maintenance Requirements

Table 13.2 Typical Maintenance Activities for Filter Strips
Activity Schedule

e Mow grass to maintain a 2 to 4 inch height. Regularly (frequently)
e Inspect pea gravel diaphragm for clogging and remove built-

up sediment.
e Inspect vegetation for rills and gullies and correct. Seed or Annual Inspection

sod bare areas. (Semi-annual first year)
e Inspect to ensure that grass has established. If not, replace

with an alternative species.

(Source: CWP, 1996)
If berm is used per example, inspect outlet pipes for clogging

Additional Maintenance Considerations and Requirements

Filter strips require similar maintenance to other vegetative practices. Maintenance is very important for
filter strips, particularly in terms of ensuring that flow does not short circuit the practice.
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13.5 Example Schematic
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Figure 13.1 Schematic of Filter Strip (with Berm)
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13.6 Design Example

Basic Data

Small commercial lot 150 feet deep x 100 feet wide located in Denison
e Drainage area (A) = 0.34 acres

e Impervious percentage (l) = 70%

e Slope equals 4%, Manning’s n = 0.25

Calculate Maximum Discharge Loading Per Foot of Filter Strip Width

Using Equation 13.1:
g =0.0237/0.25 * (1.0)%3 * (4)"2 = 0.19 cfs/ft
Water Quality Peak Flow

See Section 1.4 of the Water Quality Technical Manual for details

Compute the Water Quality Volume in inches:

WQv = 1.5 (0.05 + 0.009 * 70) = 1.02 inches
Compute modified CN for 1.5-inch rainfall (P=1.5):

CN = 1000/[10+5P+10Q-10(Q2+1.25*Q*P)"%]
1000/[10+5%1.5+10*0.82-10(0.822+1.25%0.82*1.5) V%]
92.4 (Use CN =92)

For CN = 92 and an estimated time of concentration (Tc) of 8 minutes (0.13 hours), compute the Quq for a
1.5-inch storm.

From Table 1.11 in the Hydrology Technical Manual, la = 0.174, therefore 1a/P = 0.174/1.5 = 0.116.

From Figure 1.10 in the Hydrology Technical Manual for a Type Il storm (using the limiting values) qu =
950 csm/in, and therefore:

Quwg = (950 csm/in) (0.34ac/640ac/mi?) (1.02") = 0.51 cfs
Minimum Filter Width
Using Equation 13.2:
Wmin = Q/q = 0.51/0.19 = 2.7 feet

Since the width of the lot is 100 feet, the actual width of the filter strip will depend on site grading and the
ability to deliver the drainage to the filter strip in sheet flow through a pea gravel filled trench.

Filter without Berm

e 2-year, 24-hour storm (see Section 5.0 of the Hydrology Technical Manual) = 0.17 in/hr or 0.17*24=
4.08 inches

e Use 5 minute travel (contact) time
Using Equation 13.3:
L= (5)1.25 * (4.08)0.625 * (4)0.5/(3.34 * 0.25) = 43 feet

Note: Reducing the filter strip slope to 2% and planting a denser grass (raising the Manning n to 0.35) would
reduce the filter strip length to 22 feet. Sensitivity to slope and Manning’s n changes are illustrated for this example
in Figure 13.2.
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Example Problem
100 |

90
80
70
60
50
40
30 n=035"
20
10

- n=0.25

Filter Strip Length (ft)

2 25 3 3.5 4 4.5 5 5.5 6
Filter Strip Slope (%)

Figure 13.2 Example Problem Sensitivity of Filter Strip Length to Slope and Manning’s n Values

Filter With Berm
e Pervious berm height is 6 inches
Compute the Water Quality Volume in cubic feet:
WQv =Rv *1.5/12* A =(0.05+0.009 * 70) * 1.5/12 * 0.34 = 0.029 Ac-ft or 1,259 ft3
For a berm height of 6 inches the “wedge” of volume captured by the filter strip is:
Volume = Wf * 0.5 * Lf * 0.5 = 0.25WHfLf = 1,259 ft3
For a maximum width of the filter of 100 feet, the length of the filter would then be 50 feet.

For a 1-foot berm height, the length of the filter would be 25 feet.
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14.0 Organic Filter

Structural Stormwater Control

Description: Design variant of the surface sand
filter using organic materials in the filter media.

KEY CONSIDERATIONS

DESIGN CRITERIA:
e Minimum head requirement of 5 to 8 feet

ADVANTAGES / BENEFITS:

¢ High pollutant removal capability
e Removal of dissolved pollutants is greater than sand
filters due to cation exchange capacity

DISADVANTAGES / LIMITATIONS:

e Severe clogging potential if exposed soil surfaces exist
upstream

¢ Intended for hotspot or space-limited applications, or for
areas requiring enhanced pollutant removal capability

¢ High maintenance requirements

o Filter may require more frequent maintenance than most
of the other stormwater controls

STORMWATER
MANAGEMENT SUITABILITY

IEI Water Quality Protection
I:l Streambank Protection
I:l On-Site Flood Control

|:| Downstream Flood Control

POLLUTANT REMOVAL

Total Suspended Solids

60/40% | Nutrients - Total Phosphorus / Total Nitrogen removal
Metals - Cadmium, Copper, Lead, and Zinc removal
Pathogens - Coliform, Streptococci, E.Coli removal

IMPLEMENTATION CONSIDERATIONS

Land Requirement

E Capital Cost
E Maintenance Burden

Residential Subdivision Use: No
High Density/Ultra-Urban: Yes
Drainage Area: 10 acres max.
Soils: No restrictions

Other Considerations:

e Hotspot areas

L=Low M=Moderate H=High
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14.1 General Description

The organic filter is a design variant of the surface sand filter, which uses organic materials such as leaf
compost or a peat/sand mixture as the filter media. The organic material enhances pollutant removal by
providing adsorption of contaminants such as soluble metals, hydrocarbons, and other organic chemicals.

As with the surface sand filter, an organic filter consists of a pretreatment chamber, and one or more filter
cells. Each filter bed contains a layer of leaf compost or the peat/sand mixture, followed by filter fabric and a
gravel/perforated pipe underdrain system. The filter bed and subsoils can be separated by an impermeable
polyliner or concrete structure to prevent movement into groundwater.

Organic filters are typically used in high-density applications, or for areas requiring enhanced pollutant
removal ability. Maintenance is typically higher than the surface sand filter facility due to the potential for
clogging. In addition, organic filter systems have a higher head requirement than sand filters.

14.2 Pollutant Removal Capabilities

Peat/sand filter systems provide good removal of bacteria and organic waste metals. The following
design pollutant removal rates are conservative average pollutant reduction percentages for design
purposes derived from sampling data, modeling and professional judgment. (Note: In some cases,
organic materials may be a source of soluble phosphorus and nitrates.)

e Total Suspended Solids — 80%
e Total Phosphorus — 60%

e Total Nitrogen — 40%

e Fecal Coliform — 50%

e Heavy Metals — 75%
14.3 Design Criteria and Specifications

Organic filters are typically used on relatively small sites (up to 10 acres), to minimize potential clogging.

The minimum head requirement (elevation difference needed at a site from the inflow to the outflow) for
an organic filter is 5 to 8 feet.

Organic filters can utilize a variety of organic materials as the filtering media. Two typical media bed
configurations are the peat/sand filter and compost filter (see Figure 14.1). The peat filter includes an 18-
inch 50/50 peat/sand mix over a 6-inch sand layer and can be optionally covered by 3 inches of topsoil
and vegetation. The compost filter has an 18-inch compost layer. Both variants utilize a gravel
underdrain system.

The type of peat used in a peat/sand filter is critically important. Fibric peat in which undecomposed
fibrous organic material is readily identifiable is the preferred type. Hemic peat containing more
decomposed material may also be used. Sapric peat made up of largely decomposed matter should not
be used in an organic filter.

Typically, organic filters are designed as "off-line" systems, meaning that the water volume (WQy) is
diverted to the filter facility through the use of a flow diversion structure and flow splitter. Stormwater
flows greater than the WQy are diverted to other controls or downstream using a diversion structure or
flow splitter.

Consult the design criteria for the surface sand filter (see Section 16.0 on Sand Filters) for the organic
filter sizing and design steps.

14.4 Inspection and Maintenance Requirements

The inspection and maintenance requirements for organic filters are similar to those for surface sand filter
facilities (see Section 16.0 on Sand Filters)
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14.5 Example Schematic
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Figure 14.1 Schematic of Organic Filter
(Source: Center for Watershed Protection)
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VEGETATED FILTER STRIPS

Management Practices

What is a vegetated filter
strip?

Vegetated filter strips are vegetated
areas that slow and treat sheet flow from
stormwater runoff. Typically they are
rectangular but can be constructed in
almost any shape. Vegetated filter strips
are typically installed along the sides of
roads and highways, near roof
downspouts, and around parking lots.
They require a large amount of space
and are not normally seen in ultra-urban
areas. Vegetated filter strips were
originally an agricultural best
management practice but have slowly
caught on in urban areas. The main
difference between a swale and a filter
strip is that filter strips receive evenly
distributed flows but do not direct water
off site, whereas swales receive
concentrated flows and direct these
flows.

i

Source: http://www.smcog.org/datallld.report.’cfm?lld=170

Are there other names for

this type of system?

Yes. Vegetated filter strips are also
known as grassed filter strips, filter strips,
and grassed filters.

Stormwater Best

16

How does a vegetated filter

strip work?

Vegetated filter strips work by slowing
the stormwater runoff. Slowing the
runoff velocity allows larger particles to
settle out of the water and into the filter
strip. The vegetation is able to filter out
many of the smaller particles. Slowing
the water allows some of the water to
infiltrate into the underlying soils which
filters out more pollutants. Vegetated
filter strips are used to treat small
drainage areas, typically less than 1
acre.

How is a vegetated filter

strip designed?

A small pea gravel trench runs along
the top edge of the strip so flows can
spread out along the length of the strip
as well as for pretreatment. The bottom
of the strip should contain a small area
for ponding. Most filter strips are at
least 25 ft. long and are built on land
with a slope between 2 and 6 percent.
The plant material used to fill the filter
strip should be able to withstand both
dry and wet conditions. Highly clayey
soils may limit infiltration performance.

Texas Coastal Watershed Program
Texas A&M University System
Authors: Derek Morrison and Steven Mikulencak

For sources and citations on this Fact Sheet, please visit:

www.urban-nature.org
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How much does it cost to

) . . Are there any special
install and maintain a Y sp

considerations?

vegetated filter strip? . In determining if a vegetated filter strip is
The average cost of a vegetated filter appropriate, remember that the

strip in 2001 was around $13,000- vegetation is important to the success of
$30,000 per acre. Filter strips have the water filtration. This means that the
similar maintenance reqUIrementS as Vegetation needs to be proper|y

other vegetative practices, such as maintained and watered during periods of
grassed swales. The biggest drought or in arid regions of the country.
maintenance concern is making sure Also, holding too much water may cause
that the water flow does not get issues and breed pests.

concentrated in channels allowing it to
bypass the filter.
Who should use a vegetated filter strip?

Vegetated filter strips are best suited for treating runoff from roads and highways, roof
downspouts, very small parking lots, and pervious surfaces. Vegetated filter strips are also
occasionally used as the outer zone of a forested riparian buffer. They can also be used as

pretreatment for other structural BMPs.

How effective is a vegetated filter strip at removing pollutants?
The data shown in the following table and graph were obtained from 19 separate studies.
Vegetated filter strips are able to remove approximately 24% of the nitrogen, 19% of the

phosphorus, 65% of the TSS and 33% of the bacteria from stormwater runoff.

Percent Removal of Pollutants
100%
80%
60% 65%
51%
40% - _ Only 1 |
Data Point

33%
20% -

0% -
-20% -
-40%
-60%
-80%

-100%

The top of the line represents the maximum value found and the bottom of the line represents the
minimum value found. The white point signifies the average of all the found values, also shown
numerically next to the white point. The solid colored box represents one standard deviation plus or
minus the average. This means 68% of the found values lie within the range of the solid colored box.

Content in this fact sheet was extracted from U.S. EPA National Menu of

/‘\ Best Management Practices
AgriLIFE EXTENSION S&‘l
Texas

Texas NEMO is an educational program of Texas A&M University, Texas
Sea Grant and the Texas AgriLife Extension service, and is an official
partner of the National NEMO Network. In addition to support from TAMU,

< |
AT NEMO is funded by grants from the EPA, TCEQ and GBEP.
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16.1 General Description

Sand filters (also referred to as filtration basins) are structural stormwater controls that capture and
temporarily store stormwater runoff and pass it through a filter bed of sand. Most sand filter systems
consist of two-chamber structures. The first chamber is a sediment forebay or sedimentation chamber,
which removes floatables and heavy sediments. The second is the filtration chamber, which removes
additional pollutants by filtering the runoff through a sand bed. The filtered runoff is typically collected and
returned to the conveyance system, though it can also be partially or fully infiltrated into the surrounding
soil in areas with porous soils.

Because they have few site constraints beside head requirements, sand filters can be used on
development sites where the use of other structural controls may be precluded. However, sand filter
systems can be relatively expensive to construct, install, and maintain.

There are two primary sand filter system designs, the surface sand filter and the perimeter sand filter.
Below are descriptions of these filter systems:

e Surface Sand Filter — The surface sand filter is a ground-level open air structure that consists of a
pretreatment sediment forebay and a filter bed chamber. This system can treat drainage areas up to
10 acres in size and is typically located off-line. Surface sand filters can be designed as an
excavation with earthen embankments or as a concrete or block structure.

e Perimeter Sand Filter — The perimeter sand filter is an enclosed filter system typically constructed
just below grade in a vault along the edge of an impervious area such as a parking lot. The system
consists of a sedimentation chamber and a sand bed filter. Runoff flows into the structure through a
series of inlet grates located along the top of the control.

A third design variant, the underground sand filter, is intended primarily for extremely space limited and
high density areas and is thus considered a limited application structural control. See Section 16.0 on
Underground Sand Filters for more details.

Surface Sand Filter Perimeter Sand Filter

Figure 16.1 Sand Filter Examples

Sand Filters SD-108
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16.2 Stormwater Management Suitability

Sand filter systems are designed primarily as off-line systems for stormwater quality (i.e., the removal of
stormwater pollutants) and will typically need to be used in conjunction with another structural control to
provide downstream streambank protection, on-site flood control, and downstream flood control, if
required. However, under certain circumstances, filters can provide limited runoff quantity control,
particularly for smaller storm events.

Water Quality

In sand filter systems, stormwater pollutants are removed through a combination of gravitational settling,
filtration, and adsorption. The filtration process effectively removes suspended solids and particulates,
biochemical oxygen demand (BOD), fecal coliform bacteria, and other pollutants. Surface sand filters
with a grass cover have additional opportunities for bacterial decomposition as well as vegetation uptake
of pollutants, particularly nutrients. Section 16.3 provides pollutant removal efficiencies that can be used
for planning and design purposes.

Streambank Protection

For smaller sites, a sand filter may be designed to capture the entire streambank protection volume SPy in
either an off- or on-line configuration. Given that a sand filter system is typically designed to completely
drain over 40 hours, the requirement of extended detention of the 1-year, 24-hour storm runoff volume will
be met. For larger sites or where only the WQy is diverted to the sand filter facility, another structural
control must be used to provide SPy extended detention.

On-Site Flood Control

Another structural control must be used in conjunction with a sand filter system to reduce the post-
development peak flow to pre-development levels (detention) if needed.

Downstream Flood Control

Sand filter facilities must provide flow diversion and/or be designed to safely pass extreme storm flows
and protect the filter bed and facility.

The volume of runoff removed and treated by the sand filter may be taken in the on-site flood control and
downstream flood control calculations (see Section 1.0).

16.3 Pollutant Removal Capabilities

Both the surface and perimeter sand filters are presumed to be able to remove 80% of the total
suspended solids load in typical urban post-development runoff when sized, designed, constructed and
maintained in accordance with the recommended specifications. Undersized or poorly designed sand
filters can reduce TSS removal performance.

The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes derived from sampling data, modeling, and professional judgment. In a situation where a
removal rate is not deemed sufficient, additional controls may be put in place at the given site in a series or
“treatment train” approach.

e Total Suspended Solids — 80%
e Total Phosphorus — 50%

e Total Nitrogen — 25%

e Fecal Coliform —40%

e Heavy Metals — 50%

Sand Filters SD-109
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For additional information and data on pollutant removal capabilities for sand filters, see the National
Pollutant Removal Performance Database (2nd Edition) available at www.cwp.org and the National
Stormwater Best Management Practices (BMP) Database at www.bmpdatabase.org

16.4 Application and Site Feasibility Criteria

Sand filter systems are well suited for highly impervious areas where land available for structural controls
is limited. Sand filters should primarily be considered for new construction or retrofit opportunities for
commercial, industrial, and institutional areas where the sediment load is relatively low, such as: parking
lots, driveways, loading docks, gas stations, garages, airport runways/taxiways, and storage yards. Sand
filters may also be feasible and appropriate in some multi-family or higher density residential
developments.

To avoid rapid clogging and failure of the filter media, the use of sand filters should be avoided in areas
with less than 50% impervious cover, or high sediment yield sites with clay/silt soils.

The following basic criteria should be evaluated to ensure the suitability of a sand filter facility for meeting
stormwater management objectives on a site or development.

General Feasibility

e Suitable for Residential Subdivision Usage — NO

e Suitable for High Density/Ultra Urban Areas — YES

e Regional Stormwater Control — NO

Physical Feasibility - Physical Constraints at Project Site

o Drainage Area — 10 acres maximum for surface sand filter; 2 acres maximum for perimeter sand filter
e Space Required — Function of available head at site

e Site Slope — No more than 6% slope across filter location

¢ Minimum Head — Elevation difference needed at a site from the inflow to the outflow: 5 feet for
surface sand filters; 2 to 3 feet for perimeter sand filters

e Minimum Depth to Water Table — For a surface sand filter with infiltration (earthen structure), 2 feet
are required between the bottom of the sand filter and the elevation of the seasonally high water table

e Soils — No restrictions; Group “A” soils generally required to allow infiltration (for surface sand filter
earthen structure)

o Downstream Water Surface - Downstream flood conditions need to be verified to avoid surcharging
and back washing of the filter material.

Other Constraints / Considerations

o Agquifer Protection — Do not allow infiltration of filtered hotspot runoff into groundwater

16.5 Planning and Design Criteria

The following criteria are to be considered minimum standards for the design of a sand filter facility.
Consult with the local review authority to determine if there are any variations to these criteria or
additional standards that must be followed.

A. Location and Siting

Surface sand filters should have a contributing drainage area of 10 acres or less. The maximum drainage
area for a perimeter sand filter is 2 acres.

Sand filter systems are generally applied to land uses with a high percentage of impervious surfaces.
Sites with less than 50% imperviousness or high clay/silt sediment loads must not use a sand filter
without adequate pretreatment due to potential clogging and failure of the filter bed. Any disturbed areas

Sand Filters SD-110
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within the sand filter facility drainage area should be identified and stabilized. Filtration controls should
only be constructed after the construction site is stabilized.

Surface sand filters are generally used in an off-line configuration where the water quality volume (WQv)
is diverted to the filter facility through the use of a flow diversion structure and flow splitter. Stormwater
flows greater than the WQy are diverted to other controls or downstream using a diversion structure or
flow splitter.

Perimeter sand filters are typically sited along the edge, or perimeter, of an impervious area such as a
parking lot.

Sand filter systems are designed for intermittent flow and must be allowed to drain and reaerate between
rainfall events. They should not be used on sites with a continuous flow from groundwater, sump pumps,
or other sources.

B. General Design
Surface Sand Filter

A surface sand filter facility consists of a two-chamber open-air structure, which is located at ground-level.
The first chamber is the sediment forebay (a.k.a sedimentation chamber) while the second chamber
houses the sand filter bed. Flow enters the sedimentation chamber where settling of larger sediment
particles occurs. Runoff is then discharged from the sedimentation chamber through a perforated
standpipe into the filtration chamber. After passing though the filter bed, runoff is collected by a
perforated pipe and gravel underdrain system. Figure 16.6 provides plan view and profile schematics of a
surface sand filter.

Perimeter Sand Filter

A perimeter sand filter facility is a vault structure located just below grade level. Runoff enters the device
through inlet grates along the top of the structure into the sedimentation chamber. Runoff is discharged
from the sedimentation chamber through a weir into the filtration chamber. After passing through the filter
bed, runoff is collected by a perforated pipe and gravel underdrain system. Figure 16.7 provides plan
view and profile schematics of a perimeter sand filter.

C. Physical Specifications / Geometry
Surface Sand Filter

The entire treatment system (including the sedimentation chamber) must temporarily hold at least 75% of
the WQy prior to filtration. Figure 16.2 illustrates the distribution of the treatment volume (0.75 WQ.)
among the various components of the surface sand filter, including:

e Vs —volume within the sedimentation basin

e Vi—volume within the voids in the filter bed

e Vitemp — temporary volume stored above the filter bed

o As—the surface area of the sedimentation basin

o Ar— surface area of the filter media

e hs — height of water in the sedimentation basin

e  htemp - depth of temporary volume

e hi— average height of water above the filter media (1/2 htemp)
e dr— depth of filter media

The sedimentation chamber must be sized to at least 25% of the computed WQy and have a length-to-
width ratio of at least 2:1. Inlet and outlet structures should be located at opposite ends of the chamber.

Sand Filters SD-111
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The filter area is sized based on the principles of Darcy’'s Law. A coefficient of permeability (k) of 3.5
ft/day for sand should be used. The filter bed is typically designed to completely drain in 40 hours or less.

Sedimentation Sand filter
basin area: bed area
As As
PLAN
Inflow —1
pipe — 2= =
T v
hy Vs il
l Vi - temp 2 h
V, f
o8
Sand
SECTION bed

Figure 16.2 Surface Sand Filter Volumes
Source: Claytor and Schueler, 1996

The filter media consists of an 18-inch layer of clean washed medium sand (meeting ASTM C-33
concrete sand or TxDOT Fine Aggregate Grade No. 1) on top of the underdrain system. Three inches of
topsoil are placed over the sand bed. Permeabile filter fabric is placed both above and below the sand
bed to prevent clogging of the sand filter and the underdrain system. A proper fabric selection is critical.
Choose a filter fabric with equivalent pore openings as to prevent clogging by sandy filler material. Figure
16.4 illustrates a typical media cross section.

The filter bed is equipped with a 6-inch perforated PVC pipe (AASHTO M 252) underdrain in a gravel
layer. The underdrain must have a minimum grade of 1/8-inch per foot (1% slope). Holes should be 3/8-
inch diameter and spaced approximately 6 inches on center. Gravel should be clean washed aggregate
with a maximum diameter of 3.5 inches and a minimum diameter of 1.5 inches with a void space of about
40% meeting the gradation listed below. Aggregate contaminated with soil shall not be used.

Gradation
Sieve Size % Passing
2 100
27 90 - 100
1% 35-70
1” 0-15
V23 0-5

The structure of the surface sand filter may be constructed of impermeable media such as concrete, or
through the use of excavations and earthen embankments. When constructed with earthen
walls/embankments, filter fabric should be used to line the bottom and side slopes of the structures before
installation of the underdrain system and filter media.

Sand Filters SD-112
April 2010, Revised 9/2014





iISWM™ Technical Manual Site Development Controls

Perimeter Sand Filter

The entire treatment system (including the sedimentation chamber) must temporarily hold at least 75% of
the WQy prior to filtration. Figure 16.3 illustrates the distribution of the treatment volume (0.75 WQ.)
among the various components of the perimeter sand filter, including:

o Vuw— wet pool volume within the sedimentation basin

e Vi—volume within the voids in the filter bed

e Viemp — temporary volume stored above the filter bed

e As—the surface area of the sedimentation basin

e Ar— surface area of the filter media

e hi— average height of water above the filter media (1/2 htemp)
e  htemp - depth of temporary volume

e dr— depth of filter media

The sedimentation chamber must be sized to at least 50% of the computed WQu.

The filter area is sized based on the principles of Darcy’s Law. A coefficient of permeability (k) of 3.5
ft/day for sand should be used. The filter bed is typically designed to completely drain in 40 hours or less.

The filter media should consist of a 12- to 18-inch layer of clean washed medium sand (meeting ASTM C-
33 concrete sand or TxDOT Fine Aggregate Grade No. 1) on top of the underdrain system. Figure 16.4
illustrates a typical media cross section.

The perimeter sand filter is equipped with a 4 inch perforated PVC pipe (AASHTO M 252) underdrain in a
gravel layer. The underdrain must have a minimum grade of 1/8 inch per foot (1% slope). Holes should
be 3/8-inch diameter and spaced approximately 6 inches on center. A permeabile filter fabric should be
placed between the gravel layer and the filter media. Gravel should be clean washed aggregate with a
maximum diameter of 3.5 inches and a minimum diameter of 1.5 inches with a void space of about 40%
meeting the following gradation. Aggregate contaminated with soil shall not be used.

Gradation
Sieve Size % Passing
2" 100
2’ 90 - 100
1% 35-70
17 0-15
V23 0-5
Outlet
chamber
. : b H a: ‘/ :;'— A
Sedmentat&n asin area: 2% '/—‘Vtemp = a ! htemp (2Xhy)
7 VY ==
Sand filter bed area d /?Vf // . d
A s /// -

PLAN SECTION GDS 0008

Figure 16.3 Perimeter Sand Filter Volumes
(Source: Claytor and Schueler, 1996)
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D. Pretreatment / Inlets
Pretreatment of runoff in a sand filter system is provided by the sedimentation chamber.

Inlets to surface sand filters are to be provided with energy dissipaters. Exit velocities from the
sedimentation chamber must be nonerosive.

Figure 16.5 shows a typical inlet pipe from the sedimentation basin to the filter media basin for the
surface sand filter.

E. Outlet Structures

Outlet pipe is to be provided from the underdrain system to the facility discharge. Due to the slow rate of
filtration, outlet protection is generally unnecessary (except for emergency overflows and spillways).

F. Emergency Spillway

An emergency or bypass spillway must be included in the surface sand filter to safely pass flows that
exceed the design storm flows. The spillway prevents filter water levels from overtopping the
embankment and causing structural damage. The emergency spillway should be located so that
downstream buildings and structures will not be impacted by spillway discharges.

Horizonal

/ ;
A 3" topsoil
layer
3 ';.'; ST, (D DT TR ETIL . (pea gravel

;  (ASTM C-33 Medium
: aggregate concrete sand

18"-24"

0 E0 A . V{{ /./(/, 7 4{&./«.{; 3<__ 2n
& .90 LR A .9-@ @ .*+_ .90. .’o_ .*o_ ke '.90. .:o. .:o_ .:o_ ii 2 | — Gravel
B <& .’o ?o- .’o .90 B < .90 .yo .’# .9¢ . .’o S e |ayer

Filter fabric Impermeable liner \
where necessary

Perforated 6" PVC pipe
(lateral spaces at 10' O.C.)

3" topsoil
layer with
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surface \ } sand filter only)
K 23 :'
}". 12"-18"
18"-24"  phriviini 9 S i 3
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where necessary
GDS 0048 h Max. 10' O.C. g
Figure 16.4 Typical Sand Filter Media Cross Sections
(Source: Claytor and Schueler, 1996)
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G. Maintenance Access

Adequate access must be provided for all sand filter systems for inspection and maintenance, including
the appropriate equipment and vehicles. Access grates to the filter bed need to be included in a

perimeter sand filter design. Facility designs must enable maintenance personnel to easily replace upper
layers of the filter media.

H. Safety Features

Surface sand filter facilities can be fenced to prevent access. Inlet and access grates to perimeter sand
filters may be locked.

. Landscaping

Surface filters can be designed with a grass cover to aid in pollutant removal and prevent clogging. The
grass should be capable of withstanding frequent periods of inundation and drought.

Solid cap
Trash rack,
min. opening . .
size = ..t | 1" diameter perforations
3 x perforation @ s spaced vertically
diameter o | 1 at21/2" centers
\7 Pipe hangers
o Concrete wall
q K/
0] Cap with low
Q 2"+ flow orifice
T ¢ sized for
i e _Flow 24 hour detention
b -8 distribution
Bottom of 5 vault quag c'rested
sedimentation chamber @ weir, "V" notch
weir or
“a, T/ multiple oriﬁo'gs
@ constant elev.
< g —
g J aner,
Partially submerged | <:7- & j i g
outlet 12" z
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at il min.
Pipe #or * 8 e
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Figure 16.5 Surface Sand Filter Perforated Stand-Pipe
(Source: Claytor and Schueler, 1996)
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J Additional Site-Specific Design Criteria and Issues
Physiographic Factors - Local terrain design constraints

o Low Relief — Use of surface sand filter may be limited by low head

e High Relief — Filter bed surface must be level

e Karst — Use polyliner or impermeable membrane to seal bottom of earthen surface sand filter or use
watertight structure

Soils

e No restrictions

Special Downstream Watershed Considerations

e Stream Warming — Consideration should be given to the thermal influence on potential fish habitats
downstream. If stream warming is significant, use shorter drain time (24 hours)

o Aguifer Protection — Use polyliner or impermeable membrane to seal bottom of earthen surface sand
filter or use watertight structure; no infiltration of filter runoff into groundwater

16.6 Design Procedures

Step1  Compute runoff control volumes from the integrated Design Focus Areas

Calculate the Water Quality Volume (WQy), Streambank Protection Volume (SPv), On-Site
Flood Control Volume (Qp), and the Downstream Flood Control Volume (V).

Details on the integrated Design Focus Areas are found in Section 1.0 of the Planning
Technical Manual.

Step2 Determine if the development site and conditions are appropriate for the use of a surface or
perimeter sand filter.

Consider the Application and Site Feasibility Criteria in Sections 16.4 and16.5 (A) (Location and
Siting).

Step 3  Confirm local design criteria and applicability

Consider any special site-specific design conditions/criteria from Section 16.5 (J) (Additional
Site-Specific Design Criteria and Issues).

Check with local officials and other agencies to determine if there are any additional restrictions
and/or surface water or watershed requirements that may apply.

Step4  Compute WQy peak discharge (Quq)

The peak rate of discharge for water quality design storm is needed for sizing of off-line
diversion structures (see Section 1.0 of the Water Quality Technical Manual).

(a) Using WQv, compute CN

(b) Compute time of concentration using TR-55 method

(c) Determine appropriate unit peak discharge from time of concentration
(d) Compute Quwq from unit peak discharge, drainage area, and WQu.

Step5  Size flow diversion structure, if needed

A flow regulator (or flow splitter diversion structure) should be supplied to divert the WQy to the
sand filter facility.
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Size low flow orifice, weir, or other device to pass Qug.
Step 6  Size filtration basin chamber

The filter area is sized using the following equation (based on Darcy’s Law, Equation 2.1):

Ar = (WQ) (dr) / [(k) (hs + d) (t)]
where:
As = surface area of filter bed (ft?)
dr = filter bed depth
(typically 18 inches, no more than 24 inches)
k = coefficient of permeability of filter media (ft/day)
(use 3.5 ft/day for sand)
hs = average height of water above filter bed (ft)
(1/2 hmax, which varies based on site but hmax is typically < 6 feet)
tt = design filter bed drain time (days)

(1.67 days or 40 hours is recommended maximum)
Set preliminary dimensions of filtration basin chamber.
See Section 16.5 (C) (Physical Specifications/Geometry) for filter media specifications.
Step 7  Size sedimentation chamber

Surface sand filter: The sedimentation chamber should be sized to at least 25% of the
computed WQv and have a length-to-width ratio of 2:1. The Camp-Hazen equation is used to
compute the required surface area:

As = — (Qo/w) * Ln (1-E) (16.1)

=
=3
@
F3

sedimentation basin surface area (ft?)

rate of outflow = the WQy over a 24-hour period
particle settling velocity (ft/sec)

trap efficiency

o

ms QO

Assuming:

e 90% sediment trap efficiency (0.9)

e particle settling velocity (ft/sec) = 0.0033 ft/sec for imperviousness < 75%
e particle settling velocity (ft/sec) = 0.0004 ft/sec for imperviousness > 75%
e average of 24 hour holding period

Then:
As = (0.066) (WQu) ft2 for | < 75%
As (0.0081) (WQv) ft2 for | > 75%

Set preliminary dimensions of sedimentation chamber.

Perimeter sand filter: The sedimentation chamber should be sized to at least 50% of the
computed WQv. Use same approach as for surface sand filter.

Step 8 Compute Vmin
Vmin = 0.75 * WQy

Step9 Compute storage volumes within entire facility and sedimentation chamber orifice size
Surface sand filter:

Vmin =0.75 WQV = Vs + Vf + Vf-temp (162)

(1) Compute Vi = water volume within filter bed/gravel/pipe = As* d¢ * n

where: n = porosity = 0.4 for most applications
(2) Compute Vitemp = temporary storage volume above the filter bed = 2 * hi * As
(3) Compute Vs = volume within sediment chamber = Vmin - V - Vitemp
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(4)
(5)

(6)

(7)
(8)

Compute hs = height in sedimentation chamber = Vs/As

Ensure hs and ht fit available head and other dimensions still fit — change as necessary in
design iterations until all site dimensions fit.

Size orifice from sediment chamber to filter chamber to release Vs within 24-hours at
average release rate with 0.5 hs as average head.

Design outlet structure with perforations allowing for a safety factor of 10 (see example)
Size distribution chamber to spread flow over filtration media — level spreader weir or
orifices.

Perimeter sand filter:

(1)

(2)
(3)
(4)
(®)

(6)

Compute Vr = water volume within filter bed/gravel/pipe = As* df * n

where: n = porosity = 0.4 for most applications

Compute Vw = wet pool storage volume As * 2 feet minimum

Compute Viemp = temporary storage volume = Vmin — (Vi + V)

Compute htemp = temporary storage height = Viemp/ (Ar + As)

Ensure htemp > 2 * hy, otherwise decrease hr and re-compute. Ensure dimensions fit
available head and area — change as necessary in design iterations until all site
dimensions fit.

Size distribution slots from sediment chamber to filter chamber.

Step 10 Design inlets, pretreatment facilities, underdrain system, and outlet structures
See Section 16.5 (D) through (H) for more details.

Step 11 Compute overflow weir sizes

Surface sand filter:

(1)

()

Size overflow weir at elevation hs in sedimentation chamber (above perforated stand
pipe) to handle surcharge of flow through filter system from storms producing more than
1.5 inches (see example in Section 29.3).

Plan inlet protection for overflow from sedimentation chamber and size overflow weir at
elevation hr in filtration chamber (above perforated stand pipe) to handle surcharge of
flow through filter system from storms producing more than 1.5 inches (see example).

Perimeter sand filter: Size overflow weir at end of sedimentation chamber to handle excess
inflow, set at WQy elevation.

See Section 29.3 for a Sand Filter Design Example

Sand Filters
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16.7 Inspection and Maintenance Requirements

Table 16.1 Typical Maintenance Activities for Sand Filters
(Source: WMI, 1997; Pitt, 1997)

Activity Schedule

e Ensure that contributing area, facility, inlets, and outlets are clear of debris.

o Ensure that the contributing area is stabilized and mowed, with clippings
removed.

e Remove trash and debris.
o Check to ensure that the filter surface is not clogging (also check after moderate

and major storms). Monthly
o Ensure that activities in the drainage area minimize oil/grease and sediment entry
to the system.
e If permanent water level is present (perimeter sand filter), ensure that the
chamber does not leak and normal pool level is retained.
e Check to see that the filter bed is clean of sediment, and the sediment chamber is
not more than 50% full or 6 inches, whichever is less, of sediment. Remove
sediment as necessary.
e Stabilize disturbed area contributing to the heavy sediment load.
e Make sure that there is no evidence of deterioration, spalling, or cracking of
concrete.
e Inspect grates (perimeter sand filter). Annually

e Inspect inlets, outlets, and overflow spillway to ensure good condition and no
evidence of erosion.

o Repair or replace any damaged structural parts.

e Stabilize any eroded areas.

o Ensure that flow is not bypassing the facility.

e Ensure that no noticeable odors are detected outside the facility.

o If filter bed is clogged or partially clogged, manual manipulation of the surface
layer of sand may be required. Remove the top few inches of sand, roto-till or
otherwise cultivate the surface, and replace media with sand meeting the design As needed
specifications.

e Replace any filter fabric that has become clogged.

Additional Maintenance Considerations and Requirements

e A record should be kept of the dewatering time for a sand filter to determine if maintenance is
necessary.

¢ When the filtering capacity of the sand filter facility diminishes substantially (i.e., when water ponds on
the surface of the filter bed for more than 48 hours), then the top layers of the filter media (topsoil and
2 to 3 inches of sand) will need to be removed and replaced. This will typically need to be done every
3 to 5 years for low sediment applications, more often for areas of high sediment yield or high oil and
grease.

e Removed sediment and media may usually be disposed of in a landfill.

designed. Maintenance responsibility for a sand filter system should be vested with a responsible
authority by means of a legally binding and enforceable maintenance agreement that is executed as a
condition of plan approval.

: Regular inspection and maintenance is critical to the effective operation of sand filter facilities as
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16.8 Example Schematics
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Figure 16.6 Schematic of Surface Sand Filter
(Source: Center for Watershed Protection)
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16.9 Design Forms

Design Procedure Form: Sand Filters

PRELIMINARY HYDROLOGIC

1a. Compute WQ, volume requirements

Copute Runoff Coefficient, R, R, =

Compute WQ, waQ, = acre-ft
1b. Compute SP, SP, = acre-ft

Copute average release rate release rate = cfs

Compute Q, (100-year detention volume required) Q= acre-ft

Compute (as necessary) Qs Qs = cfs

SAND FILTER DESIGN

2. Is the use of a sand fiilter appropriate?

Low Point in development area =

Low Point at stream invert =

Total available head =

Average depth, h; =
See subsections 5.2.15.4 and 5.2.15.5-A
3. Confirm localdesign criteria and applicability. See subsection 5.2.15.5-J

4. Compute WQ, peak discharge (Q.q)

Compute Curve Number CN =
Compute Time of Concentration t. tc= hour
Compute Quq Quq = cfs
5. Size flow diversion structure
Low flow orifice - Orifice equation A= 2
diameter=___ in
Overflow weir - Weir equation Length = ft
6. Size filtration bed chamber
Compute area from Darcy’s Law As= 2
Using length to width (2:1) ratio L= ft
w ft

7. Size seidmentation chamber
Compute area from Camp-Hazen equation A= ft?
Given W from step 5, compute Length L=

8. Compute Vpin Vinin = ft*

9. Compute volume within practice

Surface sand filter

Volume within filter bed Vi = ft°
Temporary storage above filter bed Vstemp = ft*
Sedimentation chamber (remaining volume) Ve = 3
Height in sedimentation chamber hs = ft
Perforated stand pipe - Orifice equation A= 2
diameter = in
Perimeter sand filter
Compute volume in filter bed Vi = ft>
Compute wet pool storage Vy = i
Compute temporary storage Viemp = ft®
htemp = ft
10. Compute overflow weir sizes
Compute overflow - Orifice equation Q= cfs
Weir from sedimentation chamber - Weir equation Length = ft
Weir from filtration chamber - Weir equation Length = ft
Notes:
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