Fairfax County – LID BMP Fact Sheet – Surface Sand Filters  February 28, 2005

Summary Fact Sheet 

Category:  
2.0  Filtering Technologies
Practice: 
2.6  Surface Sand Filters
General Description:  A sand filter is a flow-through system designed to improve water quality from impervious drainage areas by slowly filtering runoff through sand.  It consists of one or more sedimentation and filtration chambers or areas to treat runoff.  Pollutant removal in sand filters occurs primarily through straining and sedimentation.  Treated effluent is collected by underdrain piping and discharged to the existing stormwater collection system.  A sand filter occupies a small footprint compared to its drainage area.  Surface and underground sand filters function similarly.
Water Quantity Controls
Sand filters reduce the runoff peak discharge rate by detaining the water quality volume (WQV), which is equal to the first 0.5” of runoff from impervious areas.  Additional detention facilities may be required for peak control of larger storms, such as the 10-year storm, if necessary.
Water Quality Controls
Fairfax County has set a technology-based 60% target phosphorus removal efficiency for intermittent sand filters that treat 0.5” of impervious runoff from their drainage area (i.e. the WQV.)
Sand filter pollutant removal performance can also be described using the following monitoring data for a Delaware sand filter in Alexandria, taken from the Virginia Stormwater Management Handbook.  Sand filters can remove a variety of constituents; only removals related to phosphorus and nitrogen are given here.
	Pollutant
	% Removal

	Ammonia Nitrogen
	
>39%

	Nitrite Nitrogen
	
>46%

	Nitrate Nitrogen*
	
-63%

	NOx*
	
-53%

	Total Kjeldahl Nitrogen
	
71%

	Total Phosphorus
	
63%

	Ortho-Phosphorus
	
>68%


* Nitrate and NOx are exported because of conversion of ammonia by bacteria in an aerobic environment.
Location:  
Sand filters are suitable for placement in densely developed, highly impervious areas, especially those in which the construction of vegetated BMPs or detention basins is not practical.  Do not allow pollutant hotspots (e.g. a service station) to drain directly to sand filters without providing pretreatment.  Also, avoid placing sand filters in areas with potentially high sediment loadings unless significant pretreatment is provided.  The maximum flow rate through the sand filter will be greatly attenuated by sediment deposition on the surface.

To avoid clogging from sediment, impervious cover in the drainage area should be 65% or greater.  Minimize the amount of pervious surfaces that drain to a sand filter by carefully delineating the sand filter drainage area or the flow paths within the drainage area.
Do not allow chlorinated flows to enter the sand filter.  Flows should be intermittent.  If flows are continuous, over time phosphorus will be exported instead of removed.
Drainage area size varies by filter design.  Guidelines are given below per VDCR standards.  The Northern Virginia Planning District Commission recommends that sand filters be used only for areas of 1.5 acres or less, however.
	Filter type
	Appropriate drainage area size

	Delaware
	Small to medium (≤ 1.25 impervious ac.)

	Austin full sedimentation filter (surface or vault)
	Large (≥ 1.25 impervious acres)

	Austin partial sedimentation filter (surface)
	Medium to large 

	Austin partial sedimentation filter (underground)
	Medium (0.25 to 1.25 impervious acres)


Design Construction and Materials:  
Most sand filters rely on gravity flow, and therefore the elevation difference between the inflow and outflow points is a critical design parameter.  This elevation difference will influence the maximum allowable ponding depth.  The designer should maximize the distance between the sand filter’s inflow and outflow points to provide the greatest amount of water quality treatment.

Flow splitters (see fact sheet 4.2) are used to direct the WQV to off-line sand filters.  Bypass conveyances will be required to pass the peak discharge from a given design storm (e.g. the 10‑year, 5-minute storm).  
The filter media (with a given hydraulic conductivity) and filter surface area should be selected so that the filter fully drains within 40 hours (NVPDC).  

The bottom of the sand filter should be 2 to 4’ above the seasonally high groundwater table.  If it must be located below that elevation, extra weight must be added to the filter in order to counteract buoyancy.

Each sand filter design (e.g. Austin) has its own standard dimensions and sizing methods, which can be found in the in the references given below.  Depending on filter type and location, sand filters can be open or closed vaults.  Precast concrete vaults may be available.  A sand filter should be designed to maximize ease of regular maintenance, including foot and vehicle access.  Underground sand filters may be especially suitable for areas with high real estate values.  In that case, however, the concrete vault may require a higher load bearing capacity.
Runoff must be pretreated by a sedimentation chamber to reduce sediment loads entering the sand filter and thereby reduce the required maintenance frequency.  “Full sedimentation” sand filters have pretreatment basins which detain the full WQV and release it to the filter over a given time period.  “Partial sedimentation” sand filters, used when space constraints limit design options, do not detain the entire WQV.  More frequent maintenance, and a larger filter area, are required as a result.
Sand filters consist of the following cost components:
	Item
	Unit
	Estimated unit cost (2005 dollars)

	Pre-cast reinforced concrete structure (3000 psi)
	C.Y. concrete
	$125 - $175

	12 to 24” wide metal inlet grate (if applicable)
	L.F.
	$75 - $150

	#4 and #8 gravel for top layer (optional)
	C.Y.
	$30 - $35

	Coarse aggregate for underdrain layer
	C.Y.
	$30 - $35

	Fine aggregate concrete sand
	C.Y.
	$15 - $25

	Perforated underdrain pipe
	L.F.
	$8 - $15

	Filter fabric
	S.Y.
	$1 - $5


Observation/cleanout wells may be provided, depending on the design.  Sand and gravel will eventually require partial or complete replacement, recurring over the life of the filter.
Cost: The cost for a sand filter to treat runoff from ½ impervious acre is comprised of both the installation cost and annualized costs. A sand filter is assumed to have a lifespan of 25 years, at which point it will be removed and replaced.

	Item
	Required Cost per Year (2005 Dollars)

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	…
	25

	Installation1
	30,000
	
	
	
	
	
	
	
	
	
	
	
	

	Sediment and
Debris Removal
	
	600
	600
	600
	600
	600
	600
	600
	600
	600
	600
	
	

	Concrete Repair
	
	
	
	
	
	1500
	
	
	
	
	1500
	
	

	Replace Top Layer2
	
	
	
	2500
	
	
	2500
	
	
	2500
	
	
	

	Remove & Replace
	
	
	
	
	
	
	
	
	
	
	
	
	30,000

	Total Cost
	30,000
	600
	600
	3100
	600
	2100
	3100
	600
	600
	3100
	2100
	
	30,000

	Annualized Cost
	$2,800 / year (includes replacement in year 25)


1Developer Cost.  Not included in annualized cost.

2Top 1 to 6 inches of sand, or top gravel layer and filter fabric.

Maintenance:  
The primary maintenance concern for sand filters is the removal of trash and accumulated sediment and hydrocarbons.  If the filter does not drain within the design drawdown time, the top layer of sand or gravel should be replaced.  The color of the sand through the cross-section will help to determine the required depth of sand replacement.  Hydrocarbon-contaminated sand will require special handling and disposal measures.
Accumulated trash and large debris should be removed every 7 to 14 days.  Rake the top layer to break up surface clogging four (4) times per year.  Vacuum accumulated sediment from the sand filter surface two (2) times per year.  Inspect the concrete structure for cracking and spalling annually in the spring.
Performance and Inspection:  Monitor and record the water level periodically to ensure proper drainage through the sand filter.  For the first year, monitor quarterly and after every large storms.  If the sand filter is performing as designed, monitor twice yearly.  If not, see maintenance section above.
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Surface Sand Filter with Stone Filter
Source: Portland BES
Potential LEED Credits:
Primary:
N/A

Other:
Innovation & Design Process (1-4 Points)

Links to Additional Information:

Barrett, M.E. 2003.  Performance, cost and maintenance requirements of Austin sand filters.  Journal of Water Resources Planning and Management.  May/June 2003: 234-242.
Naval Facilities Engineering Service Center. 2004. “Sand filter for treating storm water runoff.” Joint Service Pollution Prevention Opportunity Handbook. Available at http://p2library.nfesc.navy.mil/P2_Opportunity_Handbook/10-1.html
Northern Virginia Planning District Commission. 1996. Northern Virginia BMP Handbook Addendum: Sand Filtration Systems. Available at http://www.novaregion.org/pdf/NVBMP-SandFilterAdd.pdf

U.S. Environmental Protection Agency. 1999. Storm Water Technology Fact Sheet: Sand Filters.  Available at http://www.epa.gov/owm/mtb/sandfltr.pdf

Virginia Department of Conservation and Recreation. 1999. “General intermittent sand filters.” Virginia Stormwater Management Handbook, 3-12.  Available at http://www.dcr.virginia.gov/sw/docs/swm/Chapter_3-12.pdf
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