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Why IESF?/What 
is IESF?

Polluted Surface Water

Approximately 60% of Wisconsin’s lakes 
and river segments impaired statuses are 
due to excessive phosphorus loading (WI-
DNR 2025).

TMDLs target (often large) phosphorus 
load reduction.

Limited funds demand due diligence when 
selecting and designing BMPs to achieve 
greatest return on investment.

Stormwater Runoff Treatment Mechanisms

Non-structural

Better Site Design 
(low impact design)

Pre-treatment and 
Treatment Trains

Infiltration

Filtration (e.g. IESF)

Sedimentation

Chemical

History of IESF

• IESF research and development first 
started at the SAFL in 2007.

• John Gulliver and Andy Erickson 
drove its development.

• The first field-derived performance 
analyses were published in 2010.

• Several innovations and many 
installations, primarily in the Twin 
Cities, MN, have occurred since.

• A comprehensive analysis 
publication is close to publication, 
which will help further refine and 
improve the system.

• Visit https://cse.umn.edu/safl for 
more information and full 
documentation.
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Iron-Enhanced Sand Filters (IESF)

• A filtration BMP incorporating sand mixed with 
reactive, elemental iron

• Iron removes dissolved constituents (phosphate)

• Useful for achieving increased TP removal

• Best suited to locations with no tailwater effects 
or groundwater influence

• Requires pre-treatment

• Potential for 90% TP removal of influent

• Generally, comes in two forms:

• IESF Basin (standalone)

• IESF Bench aside dead storage area in Wet 
Ponds

Photo Source: Minnesota Stormwater Manual

How IESF Works
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Source (adapted from): Pitt, et al. (2005).

Treatment Efficacies of Green Stormwater Infrastructure BMPs

Source (adapted from): Weiss, Erickson & Gulliver, 2007. 

Sedimentation methods are not enough!!

Phosphate Sorption with Iron

1. Sand Filtration

– Particulate-bound P-capture only

versus

2. Iron Enhanced Sand Filtration 

– Iron increases TP-capture
via phosphate surface sorption to 
iron oxide

Source: Adapted from Andy Erickson, Saint Anthony Falls Laboratory

Laboratory Results: SAFL

0

50

100

150

200

250

300

350

400

Influent 100% Sand 0.3% Iron 2% Iron 5% Iron

P
h

o
s

p
h

a
te

 C
o

n
ce

n
tr

a
ti

o
n

 (
μ

g
/L

)

75th %tile

25th %tile

Median

Average

95th C.I.

95th C.I.

19% ⇩

79% ⇩
88% ⇩

Source: Andy Erickson, Saint Anthony Falls Laboratory

7

8

9

10

11

12



Iron-Enhanced Sand Filters for Urban Stormwater 
Water Quality Management, Tracy, Henery

2/5/2025

3

Design Options 

Two basic approaches

IESF Basin, Maplewood, MN

Photo Source: Minnesota Stormwater Manual

Perforated 
Underdrain

IESF (Sand + Iron Filings)

Overflow GrateLive Storage 
Volume Treated 

by IESF

Source: Andy Erickson, Saint Anthony Falls Laboratory

IESF Basin, Maplewood, MN
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IESF Bench, Maplewood, MN

Source: Andy Erickson, Saint Anthony Falls Laboratory

IESF Bench, Maplewood, MN

Source: Andy Erickson, Saint Anthony Falls Laboratory

Dead Storage 
Elevation

Iron Enhanced Sand Filter

Water Level 
Control Weir

Overflow 
Grate

Underdrain 
Outlet

Live Storage Treated by 
IESF Trench

Impermeable Liner

Perforated 
Underdrain Inlet
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IESF Bench, Maplewood, MN
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Source: Andy Erickson, Saint Anthony Falls Laboratory

Design 
Approach

Getting it correct, out of 
the gate

Design Resources

https://stormwater.pca.state.mn.us/index.php?title=Iron_enhanced_sand_filter_(Minnesota_Filter)

Design “Must-do’s”

• Measure runoff phosphate concentration - install in watersheds/locations with 
significant phosphate fraction.

• Site IESF in locations of intermittent flow so that (1) it adequately dries out between 
storm events and (2) underdrain does not experience tailwater (<48-hr drawdown).

• Mineral and contaminant analysis of sourced iron-based material.
• Bench-test adsorption of iron material to a solution of soluble phosphate to measure 

adsorption.
• Use high purity iron (90%+ elemental iron) with non-toxic impurities.
• Size IESF to the water quality runoff event (e.g. 1-in event for the contributing area).
• Design IESF with the appropriate amount of iron (3-5% of iron by weight).
• Provide effective pretreatment in the design.
• If mixing on site, mix several times to ensure a homogenous mixture is achieved.
• Inspect and maintain IESFs.

Source: Minnesota Stormwater Manual

Not all iron is created equally

• Iron content (can range 30% – 90+%) 

• Unwanted impurities (e.g., Cd, Cu, Cr, 

lubricants)

• Adverse effects to water quality (e.g., pH) 

• Reactivity

• Unwanted fines (clays, silts, sands)

Courtesy: 
periodictable.comSource: Andy Erickson, Saint Anthony Falls Laboratory

Using WinSLAMM for Credits

19

20

21

22

23

24



Iron-Enhanced Sand Filters for Urban Stormwater 
Water Quality Management, Tracy, Henery

2/5/2025

5

Using WinSLAMM for Credits

Using WinSLAMM for Credits

WinSLAMM Developer Contact: 
John Voorhees
Senior Water Resources Engineer
AECOM - Wisconsin
John.Voorhees@aecom.com
608.828.8170

Example 
Installation

What it looks like and 
what to look for while it’s 

being constructed.

Example Retrofit Installation:
Longville, MN (Fall 2024)

Duluth

Twin Cities

Example Retrofit Installation: 
Longville, MN (Fall 2024)

Existing Infiltration Basin: Outlet (above); Inlet (right)

Example Retrofit Installation: 
Longville, MN (Fall 2024)
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Example Retrofit Installation: 
Longville, MN (Fall 2024)

Example Retrofit Installation: 
Longville, MN (Fall 2024)

Example Retrofit Installation: 
Longville, MN (Fall 2024)

Existing Outlet Pipe Exposed (above); Placement of 
Outlet Structure with Weir Wall (right)

Example Retrofit Installation: 
Longville, MN (Fall 2024)

Continued Basin Excavation (above); Outlet intake 
and IESF underdrain outlet installed (right)

Example Retrofit Installation:
Longville, MN (Fall 2024)

Retaining wall, impermeable liner and underdrains 
in place (above); Adding in the IESF media (right)

Example Retrofit Installation:
Longville, MN (Fall 2024)

Outlet intake, overflow outlet and IESF (above); Inflow, 
infiltration channel, and IESF with cleanouts (right); 
photos taken as erosion control was being laid out
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Example Retrofit Installation:
Longville, MN (Fall 2024)

IESF bench and coir matting prior 
to stapling for erosion control

Maintenance
Preserve and Restore 

Efficacy

• Inspect at least annually; monthly or 

quarterly recommended

• Remove accumulated sediment, as needed

• Remove vegetation, as needed

• Rake (steel) surface to break up 

oxidized iron clumps or crust 

• (IESF Benches) remove 

duckweed, algae, and other organic 

material weekly, or as buildup occurs

Inspection & Maintenance for Iron-Sand Filters 

Source: Andy Erickson, Saint Anthony Falls Laboratory

– If clumping of iron media is noticed, it needs to be broken up and raked out. This 
may be an indication that the media is not dewatering between events as 
desired.

– Over the first couple of seasons, observe and maintain vegetation that takes 
root in and around the basin for diversity. Removing any invasives or undesired 
species. Once established, it should become stable and keep out invasives.

– Test inflow and outflow concentrations of phosphorous to understand current 
efficacy is recommended at a level funding supports. If signs of phosphorous 
accumulation within the basin or in downstream waterways becomes apparent, 
likely need to replace media mixture or implement testing regimen.

– Visually inspect the basin and/or treatment bed for signs of erosion, sediment 
accumulation that may be detrimental to function or stability.

– Remove trash and other debris. Maintain aesthetic appeal so as not to be seen 
as a nuisance or eyesore.

Monitor and Evaluate 

Acknowledgement
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SAFL Stormwater UPDATES Newsletter 

Signup at http://stormwater.safl.umn.edu/
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YouTube Channel: 

http://z.umn.edu/swsrecord or https://www.youtube.com/@MNStormwaterSeminar/videos

Past National Speakers:

Thank you NASECA 2025!
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