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eeoee Phosphorus as a Problem ©

« High phosphorus concentrations are a problem in many
waterbodies in Southeastern Wisconsin

» Excess phosphorus can lead to excess growth of algae and plants
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Algal mats on Lake Comus Algae covering plants in Lake Comus Filamentous Algae on Delavan Lake

 Portions or the entirety of 92 waterbodies in SEWRPC's
seven-county regions are listed as impaired due to

phosphorus on the draft 2022 303(d) list

« An additional five waterbodies are listed for phosphorus in
the portions of the Milwaukee River watershed that are in
Fond du Lac and Sheboygan Counties




eeoee Phosphorus as a Problem o

» Total phosphorus consists of two components

* Particulate phosphorus—phosphorus that is incorporated into or
adsorbed onto particles (i.e., suspended solids)

* Dissolved phosphorus—phosphorus that is in solution in the water

» The practical difference is that particulate phosphorus will be captured
by a filter, while dissolved phosphorus will pass through

Water sample containing Water sample containing Filters with sediment containing
both particulate and only dissolved phosphorus particulate phosphorus
dissolved phosphorus
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« Example: Oak Creek watershed

Figure 4.104
Concentrations of Total Phosphorus at Sites Along the Mainstem of Oak Creek: 1952-2016
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IMote: Ses Figure 4.10 for description of symibols and Table 419 for location of sample sites.

Source: LS. Genlogicol Survey, Wiconsin Department of Motural Resources, Miwouibee Metropolton Sewerage Distict, City of
Radne Publc Heatth Depgrtrrent, and SEWRPC

« 37 percent of 833 samples collected between 2007 and 2016 had total
phosphorus concentrations above the standard of 0.075 milligrams per liter




eeoee Phosphorus as a Problem o

* Dissolved phosphorus makes up a substantial portion of total
phosphorus—45 percent in Oak Creek

 The fraction of total phosphorus consisting of dissolved
phosphorus is increasing in Oak Creek

Figure 4.106
Percentage of Total Phosphorus Consisting of Dissolved Phosphorus
at Sites Along the Mainstem of Oak Creek: 2007-2016
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Iaote: See Figure 4.10 for description of symibolz and Table 4.15 for location of sample sites.
Source: U5 Geoiogical Sunvey; Wisoonsin Denartment of Natural Resowrtes, Mifnowtes Metropolton Sewerage District, and SEWRPC
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« Many stormwater best
management practices (BMPs) treat
phosphorus through settling or
filtering of particles

« These capture particulate
phosphorus but can pass dissolved
phosphorus to receiving waters

« On average, about 44 percent of
the phosphorus in stormwater is
dissolved phosphorus

* Milwaukee River Basin TMDL calls
for average MS4 phosphorus
reductions of 61 percent
(range 14-88 percent)




eooee Treating Dissolved Phosphorus o
* There is a need for a technology that will remove dissolved
phosphorus from stormwater

* |deal characteristics for this include

* Should be usable as an amendment to existing BMPs

Should be relatively inexpensive

Should be safe to place and easy to handle

Should not be fine-grained and clog filters

Should not dissolve and pass through filters

Should not have adverse chemical effects

Should not leach undesirable materials into water
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* One approach would be processes that turn dissolved
phosphorus to solid-phase forms that could be treated by
conventional stormwater management practices

 Metallic iron meets these characteristics




eeeee® How Iron-Enhanced Sand Filters Work ©

* Iron shavings form rust on their surfaces




eeeee® How Iron-Enhanced Sand Filters Work ©

* Dissolved phosphorus chemically binds to the surface of
the rust

* While the rust surface can
fill up, new rust will form as
long as

» Metallic iron is present

» Conditions remain oxidizing—
this means that media can dry
out and air can reach it

« pH in the water and filter are
within typical ranges for
stormwater




eeoee Iron-Enhanced Sand Filter Design 2

TI Design of lIron-Enhanced Sand Filters
* 18 inches of media Sand
« ASTM C22 sand with N Iron-Enhanced

pﬁrcgnt (by weight) iron Sand Media
shavings

* 2-5inches ASTM C33 sand

Sand

* Iron shavings should have a Gravel
similar size profile as the sand FE— #

* Mixed thoroughly

Impermeable Liner
* 6inches ASTM C33 sand Cloter drawing is not 1o soale

» Pea gravel with underdrain




eeoee Configuration 1: Stand-alone IESF ®

« Example: Wright County Soil and Conservation District,
Minnesota

* This treated runoff from 18 acres of farmland
* Monitored during 31 rainfall events over two years

 Reduced the mass load of
dissolved phosphorus by
an average of 64 percent

 Reductions for individual
events ranged between
9 and 87 percent

(Capital Region Water District 2017)




eooee Configuration 2: Pond Perimeter IESF  ©

Figure 6.2
General Design of Iron-Enhanced Sand Filter Stormwater Trenches

Mote: drawing is not to scale.
Sowrce: University of Minnesota Saint Anthony Ralls Loborstory and SEWRPC

* |[ESF installed as a trench next to a retention pond

* Filter trench surface is higher than the pond surface but lower
than the control weir = creates a treatment volume

* As the pond fills, stormwater flows onto the trench and through
the filter into an underdrain that connects to the outlet
structure




eeoee Configuration 2: Pond Perimeter IESF ©
» Performance — Prior Lake, Minnesota

= After installation removed 26 percent of dissolved
phosphorus mass load (28 events),

» Following removal of decomposing plants from surface of
filter, removed 43 percent of dissolved phosphorus mass
load

* Most phosphorus load
reductions occurred
during larger runoff = ==
events with relatively high S
dissolved concentrations
and mass loads

University of Minnesota Saint Anthony Falls
Laboratory (Erickson, Weiss, and Gulliver 2015)
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 Performance — William
Street Pond, Roseville, MN

* Median removal
efficiency for dissolved
phosphorus was 73.8
percent (29 samples
over four years)

* Median removal
efficiency for total
phosphorus was 67.5
percent (29 samples
over four years)

University of Minnesota Saint Anthony Falls
Laboratory (Erickson, Weiss, and Gulliver 2015)

:




eeoee Configuration 3: Ditch Check Dams

» Check dams intercept and detain
stormwater as it flows through
roadside ditches

» Particles settle behind the dam

« The dam contains an insert of a
geotextile sock filled with sand
mixed with iron filings

* Five percent iron filings by
weight

» Size distribution of the iron
filings should be similar to
that of the sand

Figure 6.3
General Design of lron-Enhanced Sand Filter Ditch Check Dams

A. Profile

B. Cross-Section (A-A)

Mote: drawing is not to scale.
Source: Uimversity of Minnescta Seint Arthony Falls Leboratony and SEWRPC



eeoee Configuration 3: Ditch Check Dams o
e Performance — Stillwater, MN
 Monitored 57 rainfall events

» Reduced dissolved phosphorus
mass by between 15 and 54
percent

» But performance dropped over
time

» Cumulative dissolved phosphorus
mass retention dropped from 42
percent to 23 percent over three
years

» Most treatment was provided by
the bottom four inches of the

filter
University of Minnesota Saint Anthony Falls

m Mixing the media m|ght extend Laborato'ry(Natarajan and Gu.IIiver 2015,
the insert's USGfU| |Ife Natarajan, Gulliver, and Weiss 2019)




eeoee Design Considerations o
* Use high purity iron containing no toxic impurities

« Assume a sorption capacity of 5 ounces of phosphorus per
ounce iron

« Assume a filtration rate of 10 centimeters per hour to
estimate surface area to treat a known peak flow rate

* The filter must be able to drain and dry out
 Surround the filter with an impermeable liner

 Qutlet underdrain must be placed above high-water elevation of
downstream conveyance system or receiving water body

» Underdrain should be large enough

* Exclude vegetation from the media

 Pores formed by roots can short circuit the media
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 Routine maintenance

* Perform about four times a year

Inspect the filter

Remove trash and debris

Remove vegetation growing on the filter surface

Remove obstructions to the underdrain

Rake the filter to break up the surface
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 Non-routine maintenance
* Perform as needed

 Break up any clumps of iron shaving conglomerates that have
formed

= Clumping is more prevalent when the filter remains submerged for
more than two days

* Remove the top 1 to 1.5 inches of sand and accumulated
solids and organics and replace with clean, washed sand

 Perform testing to determine the filtration rate

 Replace filter media when phosphorus sorption capacity is
exhausted

» Estimated media life is about 30-35 years (not field tested)




eo0e00 Costs — Stand Alone IESFs

Beam Avenue
Maplewood MN

Long Lake
Apple Valley MN

Good Lake
Scandia WA

Hansen Park
New Brighton MN

2009

2012

2018

2018

Filter Area
(square
feet)
12,000

5,400

8,751

4,800

Cost () Cost per

unit area
(S/sf)
235,000 195
136,284 25
190,000 21
440,211 92

Comments

Two filters

Four filters



eo0e00 Costs — Pond Perimeter IESFs ®

Filter Area | Cost (S) Cost per Comments
(square unit area
feet) ($/sf)
Settler’s Glen 2013 2,500 298,462 119
Stillwater MN
Centennial Green 2015 4,275 39,180 8
Blaine MIN
Wilmes 2015 1,700 140,000 82
Woodbury MN
Golden Lake 2015 4,725 171,000 36

Circle Pines MN




eeoe0e0 For More Information (2]
 Oak Creek Watershed Restoration Plan

 Description and literature review
volume 2, pages 89-95

» Design and maintenance considerations
volume 3, pages 303-306

https.//www.sewrpc.org/SEWRPC/Environment/Restoration-
Plan-Oak-Creek-Watershed.htm

* Minnesota Stormwater Manual

https://stormwater.pca.state.mn.us/index.php/lron enhanced
sand filter (Minnesota Filter)



https://www.sewrpc.org/SEWRPC/Environment/Restoration-Plan-Oak-Creek-Watershed.htm
https://stormwater.pca.state.mn.us/index.php/Iron_enhanced_sand_filter_(Minnesota_Filter)

esoee Acknowledgements

* The review of iron-enhanced sand filters was conducted as
part of the development of the Oak Creek watershed
restoration plan. That study was funded by

Fund for —
\./) Lake Michigan South
_ Milwaukee
= j'_:df’asr Promising Future

MILWAUKEE COUNTY

PARKS
A MMSD

PARTNERS FOR A CLEANER ENVIRONMENT




Thank You

Joseph Boxhorn, Ph.D.
Principal Environmental Planner

jboxhorn@sewrpc.org | 262.953.3244

3 @sew rec

SEWRPC.org -F /SEWRPC



	Slide Number 1
	Outline
	Phosphorus as a Problem
	Phosphorus as a Problem
	Phosphorus as a Problem
	Phosphorus as a Problem
	Phosphorus as a Problem
	Treating Dissolved Phosphorus
	Treating Dissolved Phosphorus
	How Iron-Enhanced Sand Filters Work
	How Iron-Enhanced Sand Filters Work
	Iron-Enhanced Sand Filter Design
	Configuration 1: Stand-alone IESF
	Configuration 2: Pond Perimeter IESF
	Configuration 2: Pond Perimeter IESF
	Configuration 2: Pond Perimeter IESF
	Configuration 3: Ditch Check Dams
	Configuration 3: Ditch Check Dams
	Design Considerations
	Maintenance
	Maintenance
	Costs – Stand Alone IESFs
	Costs – Pond Perimeter IESFs
	For More Information
	Acknowledgements
	Slide Number 26

