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Overview for iron enhanced sand filter

Overview for iron enhanced sand filter

Iron-enhanced sand filters are filtration Best Management Practices (BMPs) that incorporate filtration media mixed
with iron. The iron removes several dissolved constituents, including phosphate, from stormwater. Iron-enhanced
sand filters may be particularly useful for achieving low phosphorus levels needed to improve nutrient impaired
waters. Iron-enhanced sand filters could potentially include a wide range of filtration BMPs with the addition of iron;
however, iron is not appropriate for all filtration practices due to the potential for iron loss or plugging in low oxygen

or persistently inundated filtration practices. Here iron-enhanced filtration is limited to two types:

» Iron-enhanced sand filter basin (analogous to surface sand or media filters)

¢ TIron-enhanced sand bench in wet ponds

Iron-enhanced sand filters may be applied in the same manner as other filtration practices and are more suited to
urban land use with high imperviousness and moderate solids loads. Iron-enhanced sand filters are more suitable to
conditions with minimal groundwater intrusion or tailwater effects. Because the primary treatment mechanisms are
filtration and chemical binding and not volume reduction, vegetating the filter is not needed and may impair the filter
function. All of the iron-enhanced sand filters require underdrains that serve to convey filtered and treated
stormwater and to aerate the filter bed between storms. The exit drain from the iron-enhanced sand filter should be

exposed to the atmosphere and above downstream high water levels in order to keep the filter bed aerated.

Iron-enhanced sand filters may be used in a treatment sequence, as a stand-alone BMP, or as a retrofit. If an
iron-enhanced sand filter basin is used as a stand-alone BMP, an overflow diversion is recommended to control the
volume of water, or more specifically, the inundation period in the BMP. As with all filters, it is important to have

inflow be relatively free of solids or to have a pre-treatment practice in sequence.

Function within stormwater treatment sequence

The iron-enhanced sand filter basin may be used in conjunction with other structural controls. The iron-enhanced
sand filter bench is constructed along the perimeter of a pond that provides pretreatment. Placement of a plunge pool
or some sort of pre-treatment upstream of an iron-enhanced sand filter basin is recommended to extend the lifespan
of the filter.

MPCA permit applicabilty

One of the goals of this Manual is to facilitate understanding of and compliance with the MPCA Construction
General Permit (CGP) [1], which includes design and performance standards for permanent stormwater management
systems. These standards must be applied in all projects in which at least 1 acre of new impervious area is being
created, and the permit stipulates certain standards for various categories of stormwater management practices.

For regulatory purposes, filtration practices fall under the “Infiltration / filtration category described in Part II1.D.1 of
the permit (11 If used in combination with other practices, credit for combined stormwater treatment can be given.
Due to the statewide prevalence of the MPCA permit, design guidance in this section is presented with the
assumption that the permit does apply. Also, although it is expected that in many cases the filtration practice will be

used in combination with other practices, standards are described for the case in which it is a stand alone practice.
The following terms are thus used in the text to distinguish various levels of filtration practice design guidance:

REQUIRED:Indicates design standards stipulated by the MPCA Permit [ (or other consistently applicable
regulations).

HIGHLY RECOMMENDED: Indicates design guidance that is extremely beneficial or necessary for proper
functioning of the filtration practice, but not specifically required by the MPCA permit.
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RECOMMENDED: Indicates design guidance that is helpful for filtration practice performance but not critical to

the design.

Of course, there are situations, particularly retrofit projects, in which an infiltration facility is constructed without

being subject to the conditions of the MPCA permit. While compliance with the permit is not required in these cases,

the standards it establishes can provide valuable design guidance to the user. It is also important to note that

additional and potentially more stringent design requirements may apply for a particular infiltration facility,

depending on where it is situated both jurisdictionally and within the surrounding landscape.

Benefits

Removal of several colloidal and dissolved constituents, including color and phosphates
High pollutant removal rates

Use as a retrofit for existing ponds and other stormwater BMPs

Good for nutrient impaired water

Could be used at sites with certain types of restrictions where infiltration is not appropriate or feasible

Limitations

New technology with somewhat limited phosphorus removal performance history

Best for urban watersheds or runoff with moderate sediment loads

Lifespan of iron-enhanced filtration practice potentially reduced by clogging or iron loss

Head required for treatment and draw down of filter between storms

Tailwater effects may restrict siting of filters

Vegetation should not be allowed to grow over the iron enhanced media. Decomposed vegetation may reduce
oxygen in the filter media and cause a chemical change in the iron resulting in filter media fouling.

Lifespan of the filter potentially limited by repeated clogging and cleaning cycles

Disposal of the iron-sand bed material will be required when the iron is consumed

Iron-sand filtration offers limited water quantity control

Accumulation of senesced and decomposed plant material in the filter bed (e.g., due to leaf litter accumulation or
if vegetation is allowed to grow on the filter bed) may cause low oxygen conditions and iron loss or fouling over

time

Retrofit suitability

All of the iron-enhanced sand filters covered here are suitable as retrofits and may be best employed downstream or

in conjunction with existing wet ponds or other settling basins. The iron-enhanced sand filter basin should not be

placed downstream of a pond or wetland that delivers an unabated flow of stormwater to the filter. If the filter bed is

not allowed to drain dry to promote bed aeration, it is possible that the bed may become anaerobic and cause

filtration bed fouling or iron loss.
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Special receiving waters suitability

The following table provides guidance regarding the use of filtration practices in areas upstream of special receiving

waters. The corresponding information about other BMPs is presented in the respective sections of this Manual.

Summary of design restrictions for special waters for iron enhanced filters.
Link to this table

BMP Group Stormwater Management Category

A Lakes B Trout Waters C Drinking Water D Wetlands E Impaired Waters

Iron enhanced filters RECOMMENDED RECOMMENDED RECOMMENDED RECOMMENDED RECOMMENDED

Cold climate suitability

The iron-enhanced sand filter basin and the iron-enhanced sand filter bench in wet ponds are both suitable for cold

climates.

Water quantity treatment

Iron-enhanced sand filters do not provide water quantity control. (Currently, no volume reduction credit is given for
iron-enhanced sand filtering systems. Volume losses through evapotranspiration and infiltration below an underdrain

are being investigated for all BMPs and will be applied if it is deemed appropriate.)

Water quality treatment

Although iron-enhanced sand filters can remove solids, the primary water quality benefit of iron-filters is the
removal of dissolved constituents. Limited solids and phosphorus removal data are available for full scale treatment
systems. Available data are provided below for an iron-enhanced sand bench that was constructed for a wet pond in
Prior Lake, Minnesota and an iron-enhanced sand filter basin constructed in Maplewood, Minnesota. The outflow
concentrations can be used to assess how well a BMP is performing and the potential benefits to down-gradient

receiving waters.

Iron-enhanced sand filters are not designed to discharge a part of the effluent to groundwater nor are they designed to
treat all runoff events. The water quality benefit of the iron-enhanced sand filter should only be accrued based on the
volume of water that is treated by the BMP.

Pollutant concentrations and removals for iron enhanced filters.
Link to this table

Practice TSS Out (mg/L) TSS removal (%) TP Out (mg/L) TP removal (%) Phosphate Out (mg/L) Phosphate removal (%)

LESFB' ND® ND ND ND 0.015 70

L-E SB? 2 92 0.025 71 0.010 50

! Parallel iron-enhanced sand filter benches in a wet pond. Values are from an average of two parallel 7.2% and
10.7% iron by weight iron-enhanced sand benches reported by Erickson et al. (2010, 2012). Averages are from a
total of five storms monitored from July through September 2010. Values reported as below the detection limit were
set equal to one-half the detection limit when calculating average phosphorus at the outlet and percent removals.

2 Iron-enhanced sand filter basin. Values are from an average of 19, 19, and 11 (for TP, TSS, and phosphate,
respectively) storm events monitored from April through September 2010. For phosphate, only storms with above
detection limit data at the inlet were used to calculate removals. Phosphate data below detection limits at the outlet
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were set equal to one-half the detection limit (0.01 mg/L) when calculating an average and removal rates. Data were
collected by the Ramsey-Washington Metro Watershed District and reported by Barr Engineering Company,
December, 2010.

3 ND is "not determined"
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e Overview for iron enhanced sand filter

* Types of iron enhanced sand filter

* Design criteria for iron enhanced sand filter

* Operation and maintenance of iron enhanced sand filter
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Iron-enhanced sand filter basin

An iron-enhanced sand filter basin is similar
to a surface sand filter with iron mixed
evenly throughout a portion of the filtration
media. Surface sand filter design and
operating parameters also applicable to

iron-enhanced sand filter basins include

* the use of a flow splitter to control inflow
volume;

* Required pre-treatment per the MPCA’s
General Construction Stormwater Permit
(11

* filtration bed depth (approximately 18

inches); and Iron enhanced sand filter basin, Maplewood, MN. Photo courtesy of
* use of perforated pipes (or other Ramsey-Washington Watershed District.

appropriate drain pipe design) in a gravel

bed to drain the filter.
To prepare the BMP for runoff from the next storm event and because the filter bed contains iron which can foul the
filter, the bed should drain within 48 hours of storm completion. If the iron-enhanced sand filter lies below the
groundwater table, an impermeable liner may be necessary to prevent groundwater inflows. The MPCA Highly
Recommends that a filtration system with less than 3 feet of separation to the seasonally saturated water table have an

impermeable liner.
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Warning: The draft MPCA Construction

Stormwater Permit Requires a filtration

Overflow outlet structure
tostorm sewer

system with less than 3 feet of separation to

seasonally saturated soils to have an
Perimeter underdrain to outlet structure

impermeable liner. (st prseal roend vt i) Fier medisdraitle

Iron-enhanced sand filter media to outlet structure

. . Iron Enh: d Sand Filter Basi
Warning: The MPCA  Construction ron Brance sand Hter e

Stormwater Permit Requires pre-treatment Iron-enhanced sand filter basin schematic showing parameters used to calculate the

treatment volume capacity.

for filtration systems.

Iron-enhanced sand bench in wet ponds

An iron-enhanced sand bench in wet ponds
consists of a wet pond with an iron-sand
trench along the perimeter of the pond. The
elevation at the top of the trench is at the
normal water elevation of the pond. During
a storm event, water rises above the trench
elevation and fills the live storage area of
the pond. Stormwater will filter through the
bench with excess stormwater bypassing the
bench. Along with watershed, storm event,

and pond geometry variables, the volume of

stormwater passing through the bench will

depend upon the outlet structure deSign' Iron enhanced sand bench, Prior Lake, MN. Photo courtesy of Ross Bintner.
Many of the design and operating

considerations of an iron-enhanced sand filter basin also apply to the iron-enhanced sand bench. In addition to the
48-hour drain dry time, to prevent pond drawdown below the normal water level and allow the trench to dry and
aerate, a geomembrane liner needs to be placed or the soils between the pond and the sand bench needs to be
prepared to inhibit infiltration from the pond into the trench.

Related pages

Overflow outlet structure
tostorm sewer

e Overview for iron enhanced sand filter
* Types of iron enhanced sand filter
° Design Criteria for iron enhanced Sand Perimeter underdrain to outlet structure

(as needed to prevent ground water intrusion)

Filter media draintile
Iron-enhanced sand filter media to outlet structure

Iron Enhanced Sand Filter Basin

* Operation and maintenance of iron
. Iron-enhanced sand filter bench schematic showing parameters used to calculate
enhanced sand filter )
the treatment volume capacity.
* Calculating credits for iron enhanced
sand filter
e References for iron enhanced sand filter

* Supporting material for iron enhanced sand filter
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Design criteria for iron enhanced sand filter

General design criteria for iron-enhanced filtration systems includes

» water quality sizing for filtration applicable to iron-enhanced sand filters;

* iron by weight no less than 5 percent but no greater than 8 percent (Erickson et al., 2012, and presentation by John
Gulliver, September 2012) of iron-sand mixture. The iron weight range is based upon high surface area iron filing
material that is approximately 90 percent elemental iron. Estimates of longevity and performance will need to be
proportionately adjusted according to the percent composition of elemental iron for alternative iron materials. The
alternative materials should not have elevated levels of other contaminants such as other metals and oils;

* filter draw down within 48 hours of storm completion to avoid filter fouling and to prepare the filter for next
storm event;

* minimal tailwater to allow aeration of filter bed between storm events;

* use of filter fabric around drain pipe or between media layers discouraged (e.g., no sock) due to clogging and
aeration suppression effects;

* head (top of filter to outlet invert) of 2 to 6 feet recommended depending upon application; and

Warning: Pre-treatment is Required for sand filtration beds.

Design elements

Physical feasibility initial check

Before deciding to use an iron-enhanced sand filter for stormwater management, the designer should consider
several items that affect the feasibility of using such a practice at a given location. The following list of
considerations will help in making an initial judgment as to whether a filtration device is the appropriate BMP for the
site.

* Drainage area: In addition to the practical size limitations of constructing a properly functioning (e.g., designing a
filter than can drain properly and can be accessed for maintenance) iron-enhanced sand filter basin or sand bench
in wet ponds, treatment objectives and credit needs will determine the drainage area that can be treated. Runoff
volume is a function of soil type and watershed imperviousness. Given space availability or other factors that will
dictate filter treatment volume capacity (Vt).

 Site topography and slopes: Sloped areas immediately adjacent to practice are Recommended to be less than 20
percent but greater than 1 percent, to promote positive flow towards the practice. Iron-enhanced sand filters do
not require any slope to promote treatment.

* Soils: No restrictions or sizing adjustments are required by soil type.

e Karst: There are no special requirements for iron-enhanced sand filters in karst terrain. All of the iron-enhanced
sand filters require underdrains that serve to convey filtered and treated stormwater and to aerate the filter bed
between storms. It is recommended that an impermeable liner along the bottom of the filtration media be used if
the filtration system is located in active karst areas.

* Depth to water table and bedrock:

Warning: The draft MPCA General Construction Stormwater Permit [ Requires that an impermeable liner be
constructed for a filtration system with less than 3 feet of separation from the seasonally saturated soils or from
bedrock.

¢ Site location/minimum setbacks:

Warning: A minimum setback of 50 feet between a stormwater pond and a water supply well is Required by the
Minnesota Department of Health Rule 4725.4350. For purposes of this guidance, a stormwater pond is assumed to

include a stormwater filtration system.
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Conveyance

Conveyance design elements for filtration are largely applicable to iron-enhanced filtration with the following

exceptions:

* When a flow splitter is not used, the maximum size of the contributing drainage area will be a function of filter
size (filter surface area and live storage) for an iron-enhanced sand filter basin, and live storage and outlet design
for an iron-enhanced sand bench in a wet pond.

» Use of permeable filter fabric around the drain pipe or between media layers is Not Recommended as the filter

fabric may clog, reduce infiltration into the drain pipe, or limit aeration of the filter media.

Pre-treatment

The pre-treatment requirements for media filters apply to iron-enhanced sand filter basins. Pre-treatment is provided

by the wet ponds associated with iron-enhanced sand filter benches.

Treatment

The treatment guidelines applicable to filtration are also applicable to iron-enhanced filtration.

Landscaping

The MPCA Recommends that the iron-sand filter surface be maintained free of vegetation or grasses. Ground cover
can be used to stabilize the banks of the live storage zone above the elevation of the sand filter surface. Shrubs or

other woody plants can be planted above live storage.

Warning: The MPCA Requires that impervious area construction be completed and pervious areas established with

dense and healthy vegetation prior to introduction of stormwater into a filtration practice.

Design

Iron-enhanced sand filtration basins

Iron-enhanced sand filtration basins are
analogous to media filters. The basic design
elements of an iron-enhanced sand filter

basin include:

* inlet that directs and controls maximum
flows to the basin;

* basin that includes a storage volume
above the filter bed;

¢ iron-sand filtration bed (iron-enhanced
sand filters should be no less than 5
percent but no greater than 8 percent iron
by weight to prevent clogging, see
Erickson et al., 2012, and presentation by
John Gulliver, September 2012). The 5 to

8 percent range is based upon iron filing

Iron enhanced sand filter basin, Maplewood, MN. Photo courtesy of Barr

. . . Engineering.
material that is approximately 90 percent

elemental iron with a size distribution approximately equal to that of sand [1];

* the iron and sand need to be thoroughly mixed. If mixing with a rototiller, 20 passes may be required;
¢ normal and flood control outlet;
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* subsurface drains at the filter bed bottom to drain the bed. The outlet of these subsurface drains should be exposed
to the atmosphere and above the downstream high water level to allow the filter to fully drain;

* the underdrain may consist of corrugated polyethylene pipe with slits not holes to prevent loss of sand and
minimize clogging. If holes are used, the pipe should be covered with pea gravel,

* filter draw down within 48 hours of storm completion to avoid filter fouling and to prepare the filter for next
storm event; and

¢ minimal tailwater to allow aeration of filter bed between storm events.

Iron-enhanced sand filtration bench in wet ponds

An iron-enhanced sand filtration bench in a
wet pond is essentially a wet extended
detention pond with a permanent pool and a
flood pool. The outlet structure of the pond
is designed such that the water in the flood
pool during and after a storm event is held
above the elevation of the iron-enhanced
sand filter bench, thereby allowing water to
filter through the bench. The basic design
elements of an iron-enhanced sand filter

basin include:

¢ iron-enhanced sand filter of desired width

and len gth sited alon g the pe rimeter of Iron enhanced sand bench, Prior Lake, MN. Photo courtesy of Ross Bintner.
the wet pond (iron-enhanced sands filters
should be no less than 5 percent but no greater than 8 percent iron by weight to prevent clogging, see Erickson et
al., 2010, 2012, and presentation by John Gulliver, September 2012). The 5 to 8 percent range is based upon iron
filing material that is approximately 90 percent elemental iron with a size distribution approximately equal to that

of C33 sand;

 outlet structure that controls the flood pool elevation and can receive the filter bed drain;

* subsurface drains at the filter bed bottom to drain the bed. The outlet of these subsurface drains should be exposed
to the atmosphere and above the downstream high water level to allow the filter to fully drain;

* impervious barrier (typically geotextile liner, for example HDPE) between the pond and the trench to minimize
seepage from the pond into the trench;

e filter draw down within 48 hours of storm completion to avoid filter fouling and to prepare the filter for next
storm event; and

* the underdrain may consist of corrugated polyethylene pipe with slits not holes to prevent loss of sand and

minimize clogging. If holes are used, the pipe should be covered with pea gravel.
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Operation and maintenance of iron enhanced
sand filter

Iron-sand filter bed clogging poses the greatest operational and maintenance challenge of all filters. Poor drainage of
the filter due to clogged filter surface, inlet, outlet, and underdrains, and persistent tailwater has the potential to cause
the iron to foul and move within or be lost from the filter bed. When the iron is completely consumed after some
time of operation, the entire iron-sand filter bed will need to be replaced. The operating life span has been estimated
using iron-enhanced sand columns for phosphate retention to be 35 years (Erickson, et al. 2012). However, this has
not been verified in the field. Currently the operating lifespan of the iron material is not known and other indicators
will need to be used to judge the filter bed condition such as reduced phosphorus removal performance or a reduction

in the clarity of the stormwater treated by the iron-sand filter bed (see discussion below).

Design phase maintenance considerations

Implicit in the design guidance in the previous section is the fact that many design elements of filtering systems can
minimize the maintenance burden and maintain pollutant removal efficiency. Key examples include

* limiting drainage area;

» providing easy site access (Required); and

* providing adequate pre-treatment (Required).

Warning: It is required that easy site access and pre-treatment exist for filtration systems

Construction phase maintenance

Proper construction methods and sequencing play a significant role in reducing problems with operation and
maintenance (O&M). In particular, with iron-enhanced sand filter construction, the most important action for
preventing operations and maintenance difficulties is to ensure that the contributing drainage area has been fully

stabilized prior to bringing the practice on line (this is a Required practice).

Inspections during construction are needed to ensure the iron-enhanced sand filter is built in accordance with the
approved design and standards and specifications. Detailed inspection checklists should be used that include
sign-offs by qualified individuals at critical stages of construction, to verify the contractor’s interpretation of the plan
is acceptable with the designer. An example construction phase inspection checklist for filtration can be found at this

link. This list is also applicable to iron-enhanced sand filters.
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Post-construction operation and maintenance

Similar to other filtration practices, iron-enhanced sand filters require maintenance. Without regular maintenance,
iron-sand filtration media can become clogged and the filter may not be able to convey water. This can lead to

stagnant water, iron fouling, and reduction or elimination of pollutant removal capacity.
Warning: A maintenance plan clarifying maintenance responsibility is Required.

Effective long-term operation of iron-sand filters necessitates a dedicated and routine maintenance schedule with
clear guidelines and schedules. Post-construction considerations for filtration BMPs are applicable to iron-enhanced

sand filters.

During the operating life of an iron-enhanced sand filter, phosphorus of several forms and other stormwater
constituents will bind to the iron. Currently the operating lifespan of the iron material is not known and other
indicators will need to be used to judge the iron-enhanced sand filter bed condition, such as reduced phosphorus
removal performance or a reduction in the clarity of the stormwater treated by the iron-enhanced sand filter. If
performance declines notably, the iron-enhanced sand media may need to be replaced. Due to iron’s capacity to bind
with several stormwater constituents (e.g., fluoride, sulfide, bicarbonate, natural organic matter, and phosphate);
analysis of the iron and phosphorus content of the iron-enhanced sand bed can only provide an approximation of the
remaining phosphate binding capacity. Total phosphorus at the outlet of the iron-sand filter that consistently exceeds
60 to 70 micrograms per liter may be used as an indicator that the phosphorus binding capacity of the iron-enhanced
sand bed has been consumed. If this condition is true, then it is recommended that samples be taken from the
iron-sand bed and analyzed for total phosphorus and total iron. Total phosphorus to total iron ratios that exceed 5
milligrams of phosphorus per gram of elemental iron (Erickson et al., 2007, 2012) indicate the phosphorus binding

capacity of the iron-sand bed is exhausted and should be replaced.

Related pages

e Overview for iron enhanced sand filter

* Types of iron enhanced sand filter

* Design criteria for iron enhanced sand filter

* Operation and maintenance of iron enhanced sand filter
e Calculating credits for iron enhanced sand filter

» References for iron enhanced sand filter

e Supporting material for iron enhanced sand filter
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Calculating credits for iron enhanced sand filter

As used in this manual, credit refers to the quantity of stormwater or pollutant reduction achieved either by an
individual BMP or cumulatively with multiple BMPs.

Volume credits

Volume credits are not applicable to iron enhanced sand filters. Some volume credit may be given for

evapotranspiration and evapotranspiration below underdrains for certain BMPs.

TSS credits
The annual TSS reduction provided by each of the filter BMPs is based on values reported in CWP & CSN, 2008.

The TSS removal from the iron-enhanced sand filter bench in wet ponds BMP is based on the annual TSS reduction
found in a stormwater pond. The TSS removal from the iron enhanced sand filter BMP is based off of values

reported for TSS removal in a sand filter.

Annual TSS removal from ponds and sand filters.
Link to this table

BMPs without iron RTSS (%)

Stormwater pond g4!

Sand filter 85!

! Source (CWP and CSN, 2008)

Phosphorus

The primary advantage of iron-enhanced filtration is that it removes dissolved constituents including phosphate,

color and some metals by chemical binding.

Warning: Dry or wet pre-treatment is Required prior to media filter treatment for all filters, unless influent is
relatively free of solids (pre-treatment volume equivalent to at least 25 percent of the computed qu is

Recommended).

Information: The dissolved phosphorus credit for an iron-enhanced sand filter is 60 percent times the fraction of

total annual runoff volume that passes through the sand filter

Iron-enhanced sand filters can be used as a retrofit to existing BMPs or in new construction. If the iron-filtration bed
remains oxygenated, iron will be retained in the bed. Iron-filtration beds that are persistently deoxygenated risk iron

loss or migration and clogging.



http://stormwater.pca.state.mn.us/index.php?title=Overview_of_stormwater_credits
http://stormwater.pca.state.mn.us/index.php?title=References_for_iron_enhanced_sand_filter
http://stormwater.pca.state.mn.us/index.php?title=Stormwater_ponds
http://stormwater.pca.state.mn.us/index.php?title=Filtration
http://stormwater.pca.state.mn.us/index.php?title=Annual_TSS_removal_from_ponds_and_filters
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Total phosphorus reduction

Annual total phosphorus (TP) reductions were divided into two components: particulate phosphorus (PP) and
dissolved phosphorus (DP). Filtering systems were assumed to provide zero DP reduction without the incorporation
of iron in the filter media. It was also assumed that of TP, 55 percent is PP and 45 percent is DP. Using these

assumptions the TP removal can be described by
RT_P = D55R_PP + D45RDP

where

R is the removal efficiency for each of the phosphorus constituents.
The removal efficiency for RPP is based on the annual TP reductions provided by each of the filtering BMPs without
the inclusion of iron in the filter media. It was assumed that all removal of phosphorus in these systems is provided
through the removal of particulate phosphorus. Therefore, the RTP reductions can be converted to RMD using the
above equation by setting RDP to 0.

Total P and particulate P removal from BMPs without iron in the filter media.
Link to this table

BMPs without iron R (%) R (%)

Stormwater pond 50! 65

Sand filter 85

45!

'Source (CWP and CSN, 2008)

Once iron is added to the media, RDP’ can be broken down into the product of the DP removal effectiveness of
iron-enhanced sand and the fraction of the annual runoff that passes through the sand filter. This assumes that the
volume of annual runoff that bypasses the sand filter and the BMP through an overflow structure receives no

treatment of the dissolved portion of the phosphorus loading. Thus, R __ can be represented by

RDP = RFE'VFJ'IVT

where

Dp

RFe is the removal efficiency of an iron-enhanced sand filter (determined by experiments and monitoring to be

approximately 60 percent);
VF is the annual volume of runoff filtered; and
VT is the total annual volume of runoff.

The ratio of VF to VT will be called F, which is the fraction of the total annual runoff volume that is filtered by the

sand filter. Therefore, the equation for total phosphorus removal can be rewritten as
RTP = D55Rpp —+ DQ?F

To calculate the total phosphorus removal efficiency for each BMP, F, or the fraction of annual runoff that passes

through the sand filter, must be calculated. This calculation is made in a two-step process.

1. Step 1: Calculate the treatment volume of the BMP based on design parameters. The treatment volume represents
the amount of water that the BMP is capable of holding at any one time.
2. Step 2: Use modeling results (i.e., from P8 modeling) to convert the treatment volume into a percent annual

runoff volume filtered.



http://stormwater.pca.state.mn.us/index.php?title=Total_P_and_particulate_P_removal_from_BMPs_without_iron_in_the_filter_media
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Treatment volume calculation

The treatment volumes of the various BMPs are defined as the amount of water that can be stored by the BMP above
the filter media at any given time. All of this water is able to pass through and be treated by the filter media.
Iron-enhanced sand filters should be designed to drain in 48 hours, so the filter media should be designed to
discharge the entire treatment volume below the outflow in no more than 48 hours (24 hours if the BMP drains into a
trout stream). The limiting factor in the discharge rate of the sand filter can be the saturated hydraulic conductivity of
the sand media, the surface area of the sand filter, or the capacity of the underlying underdrain. The designer must
consider these factors when determining the volume of potential treatment. The treatment volume calculations for
each of the three filter BMPs are described below.

Iron enhanced sand filter basin

The treatment volume capacity of the iron enhanced sand filter basin in given by
VT - Dl::lg + rl;u)f’IQ
where

VT is the treatment volume capacity of the sand filter (cubic feet);

AS is the surface area of the sand filter at the basin overflow (square feet);

AM is the surface area of filter media (square feet); and

D is the depth of water between overflow outlet structure and the sand filter media (feet).

Iron enhanced sand filter bench in wet ponds

The treatment volume capacity of the iron enhanced sand filter bench in given by

Vi = Do(Ax + Ap)/2
where
VT is the treatment volume capacity of the filter bench (cubic feet);

AN is the surface area of the pond at the normal water level (square feet);

A o is the surface area of the pond at overflow outlet structure elevation (square feet); and

D o is the depth of water between the outflow structure elevation and the normal water level (feet).

The designer must make sure that the final treatment volume is able to drain through the filter media and out the
underdrain within the required drawdown time. If this criterion is not met, the designer should redesign the system to

meet the requirement.
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Percent annual runoff volume filtered

Once the treatment volume is calculated for the BMP, this value is converted to the fraction of annual runoff volume
treated (F) using the treatment volume capacity (VT) of the iron-enhanced sand filter, tributary watershed size, soils
and imperviousness of the watershed. Below is a description of the methods employed to determine the fraction of

runoff treated.

The P8 model was used to calculate runoff

from  several  hypothetical 10-acre 90% -
80% -
70% A

Type A Soils Type B Soils
development scenarios with varying levels

of imperviousness and different soil types. 60% 1
50% -

40% -
30% -
20% A
10% -,
0%
90% -
80% -
70% -
60% -
50% -
40% A
annual volume filtered. s —30% Impervious

50% Impervious

Twenty hypothetical watersheds were
included in the P8 modeling analysis,
including type A, B, C and D soils with 10,

20, 50, 70, or 90 percent imperviousness.

Through the use of look up tables created

Type C Soils Type D Soils
from P8 modeling results, treatment

Percent of Annual Runoff Volume Filtered (F)

volumes were converted into a percent

——10% Impervious

. 20% - ——70% Impervious

Watershed runoff volumes from pervious 10% A —90% Impervious
. . 0% . - . . . T . .

areas were computed in P8 using the SCS 0 0.02 0.04 0.06 0.08 0 0.02 0.04 0.06 0.08

BMP Treatment Volume [V,] (acre-feet)/Drainage Area (acres)

Curve Number method. Pervious curve
P8 modeling results for the iron-enhanced sand filter bench. Relationships are used

numbers were selected for each hypOthetlcal to calculate annual runoff Volume filtered (F).

watershed based on soil type and an

assumption that the pervious areas within

the hypothetical development would be

90%
80%
References on SCS curve numbers provide a 70%
60%
50%
40%
30%
20%
10%

open space areas in fair to good condition. Type A Solls Type B Soils
range of curve numbers that would apply to
pervious areas in fair to good condition.
Pervious curve numbers of 39, 65, 74, and

80 were used for hydrologic soil groups A,

B, C, and D, respectively. 90%
80%
70%
60%
50%

surface wetting, and interception. As 0% S nieao
——30% Impervious
30%

previously discussed, the P8 model utilizes 50% Impervious
20%

the SCS Curve Number method to estimate 10%

Depression storage represents the initial loss TypeCsolls Typepsolls

caused by such things as surface ponding,

Percent of Annual Runoff Volume Filtered (F)
Q
X

——70% Impervious

——90% Impervious

0% -+

runoff from pervious areas. For impervious otz e Ots o o otz (o  obm s

o

areas I'unoff begins once the cumulative BMP Treatment Volume [V,] (acre-feet)/Drainage Area (acres)

. . modeling results for the iron-enhanced sand filter. Relationships are used to
storm rainfall exceeds the specified P8 modeling results for the | hanced sand filter. Relationship d
. . . P calculate annual runoff Volume filtered (F).
impervious depression storage, with the

runoff rate equal to the rainfall intensity. An

impervious depression storage value of 0.06 inches was used for the P8 simulation.

The P8 model requires hourly precipitation and daily temperature data; long-term data was used so that watersheds
and BMPs can be evaluated for varying hydrologic conditions. The hourly precipitation and average daily
temperature data were obtained from the National Weather Service site at the Minneapolis-St. Paul International
Airport. The simulation period used for the P8 analysis was January 1, 1955 through December 31, 2004 (50 years).



http://stormwater.pca.state.mn.us/index.php?title=File%3ABMP_treatment_volume_for_sand_filter_bench.jpg
http://stormwater.pca.state.mn.us/index.php?title=File%3ABMP_treatment_volume_for_sand_filter.jpg
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For the P8 analysis, the 50-year hourly dataset was modified to exclude the July 23-24, 1987 “super storm” event, in
which 10 inches of rainfall fell in 6 hours. This storm event was excluded because of its extreme nature and the
resulting skew on the pollutant loading and removal predictions. Excluding the July 23-24, 1987 “super storm”, the

average annual precipitation throughout the 50-year period used for the P8 modeling was 27.7 inches.

Infiltration basins were used to simulate the amount of water treated by each BMP. Infiltration basins were sized for
a range of treatment volumes with depths of 1.5 feet and infiltration rates of 5.3 inches per hour to simulate flow
through a sand media as reported by Rawls et al. 1998. Infiltration basins were modeled using each of the drainage
characteristic combinations of soils type and impervious surfaces. The final results from the modeling were total
runoff volume reductions based on the size of the basin and infiltration rate. This runoff reduction was converted to
percent annual reduction based on the total inflow into the system and the total overflow. The percent annual
reduction represents the annual percent runoff volume that passes through the BMP and is treated. Modeled results
are shown in the figures to the right. The figures can be used to determine the annual runoff volume filters (F) using
the BMPs treatment volume (VT):total drainage area ratio. The calculated runoff volume filtered (F) can then be
plugged into the equation to calculate RTP. Results are divided by watershed soil type and percent impervious

surfaces.

Credit calculation example
o 100%
A 2 acre site with 50 percent impervious and = 90%
. . . . [«T] 2 ‘H
hydrologic soil group B soils is routed to an - 805
il (]
iron-enhanced sand filter basin. The depth E -
between the overflow structure and the sand g ’
— 0,
filter bed (D) is 1.5 feet. The area of the 2 B0%
sand filter at the overflow structure (AS) is :é 50%
1,000 square feet and the surface area of the & 40%
sand filter (A, ) is 800 square feet. V_ is % 30%
calculated to be 1350 cubic feet or 0.031 & 20%
otree
acre-feet. ,2 10% . _
- Type B Soils 50% impervious
o
V= 1.5(1000 4 800) /2 = 1350 5| %
. A 0 0.02 0.04 0.06 0.08 0.1
The ratio between the BMP treatment BMP Treatment Volume [V;] (acre-feet)/Drainage Area (acres)

volume (VT) and the drainage area then
becomes 0.0155 feet (1350 /2 acres *
43560 /1 acre). This value can be used for a watershed with HSG B soils and 50 percent impervious to get a

percent of annual runoff volume filtered (F) of 88 percent. Using this value in the following equation

Rpp = 0.55Rpp + 0.27F = (0.55)(0.85) + (0.27)(0.88) = 0.71

results in an annual TP removal rate (RTP) of 71 percent.



http://stormwater.pca.state.mn.us/index.php?title=File%3AExample_calculation_for_iron_enhanced_sand_filter_basin_1.png
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