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Impact of Impervious Runoff

e Most urban runoff comes from impervious surfaces

Figure 2.1 Differences in Annual Water Budget from Natural Land Cover to Urbanized Land

Cover (Source: May, University of Washington)
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Impact of Impervious Runoff

* Most urban runoff comes from impervious
surfaces

* Runoff contains washoff pollutants
— Nutrients from leaves, grass clippings, tree flowers, etc

— Metals such as copper, zinc, chromium and lead
— Petroleum Hydrocarbons
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Impact of Impervious Runoff
Most urban runoff comes from impervious
surfaces
Runoff contains washoff pollutants
Increased stream bank erosion

Increasing
Impervious Cover => F@aa
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Impact of Impervious Runoff

* Most urban runoff comes from impervious
surfaces

* Runoff contains washoff pollutants

* Increased stream bank erosion

 Combined sewer overflows

Flickr.com
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Impact of Impervious Runoff
Most urban runoff comes from impervious
surfaces
Runoff contains washoff pollutants
Increased stream bank erosion
Combined sewer overflows
Flooding during extreme events
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Evolution of Stormwater Terminology
(in the U.S.A))

Stormwater Best Management Practices (BMPs)

— All infrastructure used to treat quantity and quality of
stormwater

Low Impact Development (LID)
— Evapotranspiration and infiltration

Stormwater Control Measures (SCMs)
— SCMs = Stormwater BMPs

Green Infrastructure (Gl)

— Started with stormwater but currently is an ecological
framework for social, economic and environmental health

Green Stormwater Infrastructure (GSI)
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U.S. EPA Definition of
Green Infrastructure (November 2020)

 All about Stormwater Volume Control

— Section 502 of the Clean Water Act defines green
infrastructure as "...the range of measures that use
plant or soil systems, permeable pavement or
other permeable surfaces or substrates,
stormwater harvest and reuse, or landscaping
to store, infiltrate, or evapotranspirate
stormwater and reduce flows to sewer systems or
to surface waters.”

A portion of an ecological framework for
social, economic and environmental health

M UNIVERSITY OF MINNESOTA
: Driven to Discover:




5. Green to Gray Continuum in

Stormwater Infrastructure
(Vinicius Taguchi, et al. 2020)

PRy it:;"‘:n‘\’

"GREEN" INFRASTRUCTURE "GRAY" INFRASTRUCTURE
STORMWATER FILTRATION + TEMPORARY  UNDER-
NATURAL PONDS + RAIN  INFILTRATION  FLOOD GROUND CONVENTIONAL
AREAS WETLANDS  GARDENS BASINS STORAGE STORAGE  DRAINAGE

Intact forests, SCMs capable Vegetated Surface SCMs Surface SCMs Underground Urban drainage
wetlands, and of providing SCMs in urban like sand filters like dry ponds SCMs, potentially strategies,
other habitat and or suburban with minimal with minimal including primarily concrete-
undeveloped resembling settings vegetation vegetation or storage, based with limited
areas natural areas infiltration filtration, or infiltration or
infiltration storage
4 A

STORMWATER CONTROL MEASURES (SCMs)

SCMs = Stormwater BMPs
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Benefits of Infiltration

* VVolume Reduction — a high % of the WQ storm and
smaller can be infiltrated.

e Reduced Peak Flow

* Filtration through soil — remove solids, bacteria and
phosphorus and metals associated with solids.

* Temperature control through GW recharge —
iImportant for trout streams

* |ncrease base flow in streams

« The MPCA recommends infiltration when reasonable
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Infiltration Practices

* Infiltration Basins =
» Underground Infiltration Chambers | =
+ Infiltration Trenches oo |
. Swales e o
* Filter Strips
 Bio-infiltration Practices
* Tree Trenches
Permeable Pavement
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Challenges to Infiltration

2014 Metro Chloride Assessment

« Can pollute Groundwater | "™

*  Impaired Hasth
e

CI_ Not Impaired, High Risk =
®  Not Impaired i

*  Not Enough Data

Streams
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Challenges to Infiltration

» Can pollute Groundwater

 Failure to Infiltrate (~30% of practices)
— High spatial variability

— Need expertise in soil profiling

— Different kind of excavation and grading
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Challenges to Infiltration

e Can pollute Groundwater
 Failure to Infiltrate (~30% of practices)
 Clogging of Pores

— Important when plants are not present
 Permeable pavement
« Underground infiltration chambers

- ——_
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A Partial Solution to Failure to Infiltrate
Spatial Variability in Infiltration Rates

* Need multiple infiltration Collaborators: Co-PI John Nieber,
measurements Rebecca Nestigen, Brooke Asleson
— To characterize infiltration rate
— 10 — 20 measurements [

* Modified Phillip-Dunne
Infiltrometer (2007)
— Relatively quick
— Requires less water
— Easy to install

 Licensed to Upstream
Technologies
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Compact Soil in Rain Gardens

(Bioinfiltration practices) _

Collaborators: Dr. John Nieber, Brooke
Asleson and Rebecca Nestingen é
Funding: Metropolitan Council

METROPOLITAN
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* What we don’t want: ---------------- d

* What we do want; --------------———- — 5
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Variation of Infiltration Rates

University of Minnesota-St. Paul Campus
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Infiltration Capacity Test Results

Distribution of K.,; in Rain Gardens
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Chart1

		0.0005539943		0.0040316668		0.0000088107		0.0000005765		0		0

		0.0024410701		0.0052041754		0.0001777085		0.0000006582		0.0001369898		0.0003149934

		0.0037839864		0.0133513271		0.0001883329		0.0000264362		0.0003330992		0.0004976341

		0.0048638025		0.0137721545		0.0002387201		0.0002329054		0.0004021186		0.0006397514

		0.0054809234		0.015215361		0.0002632763		0.0003321139		0.0005501107		0.0011910333

		0.0062377338		0.0173057707		0.0002745273		0.0006077758		0.0006868326		0.0012370428

		0.0082292743		0.0175619912		0.0006932068		0.0007547075		0.0007429347		0.0012556545

		0.0085322758		0.01853234		0.0007320173		0.0014801364		0.0008889303		0.0014145042

		0.0086795216		0.0187928596		0.0008129156		0.0019189468		0.0009437387		0.0014168375

		0.009137002		0.0191609603		0.0008183279		0.0021277881		0.0009513739		0.0014635909

		0.0096790948		0.0200031252		0.0013654555		0.0029100475		0.0009745483		0.0014918342

		0.0129332242		0.0204609129		0.0015062526		0.0037723105		0.0010365738		0.0015353834

		0.0133631632		0.0213535097		0.0016457559		0.0040098114		0.001085531		0.0016175057

		0.0144060822		0.0219992616		0.0022068507		0.0044061112		0.0013310587		0.0016567769

		0.0154828215		0.0286954318		0.0023940389		0.0050040878		0.0013897193		0.0016611974

		0.019261484		0.0319535557		0.003820101		0.0056106973		0.0015173257		0.0017463729

		0.0211164055		0.0398828041		0.0038759063		0.0062754301		0.0015458162		0.0017936826

		0.0213802451		0.045518429		0.0041938844		0.0068825254		0.001633875		0.0025953676

		0.0328258725		0.0486681025		0.0042920624		0.0113833235		0.0017301849		0.0027553307

		0.035210024		0.0535778221		0.0044308495		0.0131652901		0.0019992383		0.0028780812

		0.0355263921				0.004668005		0.0155000833		0.0023008638		0.0028780812

		0.0382005504				0.0048136776		0.0161396392		0.0025460787		0.0029879379

		0.081481621				0.0062691507		0.0187140414		0.0026273181		0.0037820287

						0.0072131743		0.0226969778		0.0054396758		0.0040834913
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		Burnsville						Cottage Grove						RWMWD #1						RWMWD #4						RWMWD #5						Thompson Lake						U of M, Duluth						U of M, St. Paul

		ID		Ks (cm/s)		plotting position (n/N+1)		ID		Ks (cm/s)		plotting position (n/N+1)		ID		Ks (cm/s)		plotting position (n/N+1)		ID		Ks (cm/s)		plotting position (n/N+1)		ID		Ks (cm/s)		plotting position (n/N+1)		ID		Ksat (cm/s)		plotting position (n/N+1)		ID		Ks (cm/s)		plotting position (n/N+1)		ID		Ksat (cm/s)		plotting position (n/N+1)

		12		5.53994E-04		4.1667		CG_3		4.03E-03		4.7619		1C		8.18E-04		7.69		4A		8.81E-06		20.00		5L		1.78E-04		6.25		9		0.0000005765		3.2258		W35		0		2.8571		07-13-06UMd1C		0		2.3810

		7		2.44E-03		8.3333		CG_20		5.20E-03		9.5238		1E		1.51E-03		15.38		4B		3.82E-03		40.00		5i		1.88E-04		12.50		5		0.0000006582		6.4516		W4		0.0001369898		5.7143		07-28-06UMd5B		3.15E-04		4.7619

		21		3.78E-03		12.5000		CG_5		1.34E-02		14.2857		1A		2.39E-03		23.08		4D		4.19E-03		60.00		5E		2.39E-04		18.75		13		0.0000264362		9.6774		W19		0.0003330992		8.5714		07-26-06UMd5C		4.98E-04		7.1429

		6		4.86E-03		16.6667		CG_15		1.38E-02		19.0476		1F		3.88E-03		30.77		4C		4.67E-03		80.00		5N		2.63E-04		25.00		25		0.0002329054		12.9032		W22		0.0004021186		11.4286		07-26-06UMdM8		6.40E-04		9.5238

		15		5.48E-03		20.8333		CG_9		1.52E-02		23.8095		1L		4.29E-03		38.46								5B		2.75E-04		31.25		17		0.0003321139		16.1290		W31		0.0005501107		14.2857		07-27-06UMd3C		1.19E-03		11.9048

		1		6.24E-03		25.0000		CG_8		1.73E-02		28.5714		1B		4.43E-03		46.15								5M		6.93E-04		37.50		4		0.0006077758		19.3548		W9		0.0006868326		17.1429		07-26-06UMdM6		1.24E-03		14.2857

		3		8.23E-03		29.1667		CG_7		1.76E-02		33.3333		1J		6.27E-03		53.85								5G		7.32E-04		43.75		8		0.0007547075		22.5806		W20		0.0007429347		20.0000		07-20-06UMd4B		1.26E-03		16.6667

		11		8.53E-03		33.3333		CG_6		1.85E-02		38.0952		1i		7.21E-03		61.54								5O		8.13E-04		50.00		19		0.0014801364		25.8065		W7		0.0008889303		22.8571		07-28-06UMdM7		1.41E-03		19.0476

		24		8.68E-03		37.5000		CG_14		1.88E-02		42.8571		1K		7.23E-03		69.23								5A		1.37E-03		56.25		10		0.0019189468		29.0323		W23		0.0009437387		25.7143		07-26-06UMdM3		1.42E-03		21.4286

		9		9.14E-03		41.6667		CG_19		1.92E-02		47.6190		1H		1.02E-02		76.92								5H		1.65E-03		62.50		23		0.0021277881		32.2581		W5		0.0009513739		28.5714		07-18-06UMd2C		1.46E-03		23.8095

		16		9.68E-03		45.8333		CG_11		2.00E-02		52.3810		1G		1.57E-02		84.62								5D		2.21E-03		68.75		18		0.0029100475		35.4839		W1		0.0009745483		31.4286		07-26-06UMdM5		1.49E-03		26.1905

		23		1.29E-02		50.0000		CG_12		2.05E-02		57.1429		1D		2.58E-02		92.31								5C		4.81E-03		75.00		2		0.0037723105		38.7097		W17		0.0010365738		34.2857		07-26-06UMdM2		1.54E-03		28.5714

		14		1.34E-02		54.1667		CG_1		2.14E-02		61.9048														5J		8.41E-03		81.25		24		0.0040098114		41.9355		W2		0.001085531		37.1429		07-20-06UMd6A		1.62E-03		30.9524

		19		1.44E-02		58.3333		CG_4		2.20E-02		66.6667														5K		1.19E-02		87.50		6		0.0044061112		45.1613		W34		0.0013310587		40.0000		07-26-06UMdM9		1.66E-03		33.3333

		8		1.55E-02		62.5000		CG_10		2.87E-02		71.4286														5F		1.57E-02		93.75		15		0.0050040878		48.3871		W32		0.0013897193		42.8571		07-21-06UMd4C		1.66E-03		35.7143

		22		1.93E-02		66.6667		CG_17		3.20E-02		76.1905																				20		0.0056106973		51.6129		O27		0.0015173257		45.7143		07-27-06UMdM4		1.75E-03		38.0952

		17		2.11E-02		70.8333		CG_13		3.99E-02		80.9524																				14		0.0062754301		54.8387		W11		0.0015458162		48.5714		07-26-06UMdM1		1.79E-03		40.4762

		10		2.14E-02		75.0000		CG_16		4.55E-02		85.7143																				1		0.0068825254		58.0645		O26		0.001633875		51.4286		07-18-06UMd3D		2.60E-03		42.8571

		18		3.28E-02		79.1667		CG_2		4.87E-02		90.4762																				11		0.0113833235		61.2903		W3		0.0017301849		54.2857		07-24-06UMd6C		2.76E-03		45.2381

		2		3.52E-02		83.3333		CG_18		5.36E-02		95.2381																				3		0.0131652901		64.5161		W16		0.0019992383		57.1429		07-21-06UMd4D		2.88E-03		47.6190

		20		3.55E-02		87.5000																										28		0.0155000833		67.7419		O29		0.0023008638		60.0000		07-28-06UMd4D		2.88E-03		50.0000

		5		3.82E-02		91.6667																										30		0.0161396392		70.9677		W13		0.0025460787		62.8571		07-26-06UMd5D		2.99E-03		52.3810

		4		8.15E-02		95.8333																										22		0.0187140414		74.1935		W18		0.0026273181		65.7143		07-26-06UMd5B		3.78E-03		54.7619

																																16		0.0226969778		77.4194		W10		0.0054396758		68.5714		07-24-06UMd6B		4.08E-03		57.1429

																																12		0.0230423194		80.6452		W14		0.0065100493		71.4286		07-21-06UMd2D		4.27E-03		59.5238

																																21		0.024707700		83.8710		O30		0.009049899		74.2857		07-12-06UMd2B		4.66E-03		61.9048

																																29		0.025354332		87.0968		W15		0.0096199219		77.1429		07-20-06UMd5A		4.86E-03		64.2857

																																27		0.0433322448		90.3226		W24		0.0164650586		80.0000		07-13-06UMd1B		4.91E-03		66.6667

																																26		0.0478992275		93.5484		W12		0.0166125178		82.8571		07-21-06UMd6E		5.12E-03		69.0476

																																7		0.0540511557		96.7742		W8		0.0288195599		85.7143		07-13-06UMd2A		5.39E-03		71.4286

																																						W33		0.0304939056		88.5714		07-20-06UMd4A		5.67E-03		73.8095

																																						W21		0.0348441501		91.4286		07-18-06UMd3B		6.64E-03		76.1905

																																						O28		0.0592322652		94.2857		07-24-06UMd6D		6.66E-03		78.5714

																																						W25		0.0636298464		97.1429		07-21-06UMd3E		7.15E-03		80.9524

																																												07-19-06UMd3A		7.49E-03		83.3333

																																												07-21-06UMd4E		8.89E-03		85.7143

																																												07-21-06UMd5E		9.11E-03		88.0952

																																												07-13-06UMd1E		1.05E-02		90.4762

																																												07-13-06UMd1A		1.27E-02		92.8571

																																												07-21-06UMd2E		1.33E-02		95.2381

																																												07-12-06UMd1D		0.0151528609		97.6190
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Cummulative Distribuition
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6 sites

		

		Burnsville						Cottage Grove						RWMWD								Thompson Lake						U of M, Duluth						U of M, St. Paul

		ID		Ks (cm/s)		plotting position (n/N+1)		ID		Ks (cm/s)		plotting position (n/N+1)		ID		Ks (cm/s)				plotting position (n/N+1)		ID		Ksat (cm/s)		plotting position (n/N+1)		ID		Ks (cm/s)		plotting position (n/N+1)		ID		Ksat (cm/s)		plotting position (n/N+1)

		b12		5.54E-04		4.1667		CG_3		4.03E-03		4.7619		4A		8.81E-06		1		3.13		9		5.76E-07		3.2258		W35		0.00E+00		2.8571		07-13-06UMd1C		0		2.3810

		b7		2.44E-03		8.3333		CG_20		5.20E-03		9.5238		5L		1.78E-04		2		6.25		5		6.58E-07		6.4516		W4		1.37E-04		5.7143		07-28-06UMd5B		3.15E-04		4.7619

		b21		3.78E-03		12.5000		CG_5		1.34E-02		14.2857		5i		1.88E-04		3		9.38		13		2.64E-05		9.6774		W19		3.33E-04		8.5714		07-26-06UMd5C		4.98E-04		7.1429

		b6		4.86E-03		16.6667		CG_15		1.38E-02		19.0476		5E		2.39E-04		4		12.50		25		2.33E-04		12.9032		W22		4.02E-04		11.4286		07-26-06UMdM8		6.40E-04		9.5238

		b15		5.48E-03		20.8333		CG_9		1.52E-02		23.8095		5N		2.63E-04		5		15.63		17		3.32E-04		16.1290		W31		5.50E-04		14.2857		07-27-06UMd3C		1.19E-03		11.9048

		b1		6.24E-03		25.0000		CG_8		1.73E-02		28.5714		5B		2.75E-04		6		18.75		4		6.08E-04		19.3548		W9		6.87E-04		17.1429		07-26-06UMdM6		1.24E-03		14.2857

		b3		8.23E-03		29.1667		CG_7		1.76E-02		33.3333		5M		6.93E-04		7		21.88		8		7.55E-04		22.5806		W20		7.43E-04		20.0000		07-20-06UMd4B		1.26E-03		16.6667

		b11		8.53E-03		33.3333		CG_6		1.85E-02		38.0952		5G		7.32E-04		8		25.00		19		1.48E-03		25.8065		W7		8.89E-04		22.8571		07-28-06UMdM7		1.41E-03		19.0476

		b24		8.68E-03		37.5000		CG_14		1.88E-02		42.8571		5O		8.13E-04		9		28.13		10		1.92E-03		29.0323		W23		9.44E-04		25.7143		07-26-06UMdM3		1.42E-03		21.4286

		b9		9.14E-03		41.6667		CG_19		1.92E-02		47.6190		1C		8.18E-04		10		31.25		23		2.13E-03		32.2581		W5		9.51E-04		28.5714		07-18-06UMd2C		1.46E-03		23.8095

		b16		9.68E-03		45.8333		CG_11		2.00E-02		52.3810		5A		1.37E-03		11		34.38		18		2.91E-03		35.4839		W1		9.75E-04		31.4286		07-26-06UMdM5		1.49E-03		26.1905

		b23		1.29E-02		50.0000		CG_12		2.05E-02		57.1429		1E		1.51E-03		12		37.50		2		3.77E-03		38.7097		W17		1.04E-03		34.2857		07-26-06UMdM2		1.54E-03		28.5714

		b14		1.34E-02		54.1667		CG_1		2.14E-02		61.9048		5H		1.65E-03		13		40.63		24		4.01E-03		41.9355		W2		1.09E-03		37.1429		07-20-06UMd6A		1.62E-03		30.9524

		b19		1.44E-02		58.3333		CG_4		2.20E-02		66.6667		5D		2.21E-03		14		43.75		6		4.41E-03		45.1613		W34		1.33E-03		40.0000		07-26-06UMdM9		1.66E-03		33.3333

		b8		1.55E-02		62.5000		CG_10		2.87E-02		71.4286		1A		2.39E-03		15		46.88		15		5.00E-03		48.3871		W32		1.39E-03		42.8571		07-21-06UMd4C		1.66E-03		35.7143

		b22		1.93E-02		66.6667		CG_17		3.20E-02		76.1905		4B		3.82E-03		16		50.00		20		5.61E-03		51.6129		O27		1.52E-03		45.7143		07-27-06UMdM4		1.75E-03		38.0952

		b17		2.11E-02		70.8333		CG_13		3.99E-02		80.9524		1F		3.88E-03		17		53.13		14		6.28E-03		54.8387		W11		1.55E-03		48.5714		07-26-06UMdM1		1.79E-03		40.4762

		b10		2.14E-02		75.0000		CG_16		4.55E-02		85.7143		4D		4.19E-03		18		56.25		1		6.88E-03		58.0645		O26		1.63E-03		51.4286		07-18-06UMd3D		2.60E-03		42.8571

		b18		3.28E-02		79.1667		CG_2		4.87E-02		90.4762		1L		4.29E-03		19		59.38		11		1.14E-02		61.2903		W3		1.73E-03		54.2857		07-24-06UMd6C		2.76E-03		45.2381

		b2		3.52E-02		83.3333		CG_18		5.36E-02		95.2381		1B		4.43E-03		20		62.50		3		1.32E-02		64.5161		W16		2.00E-03		57.1429		07-21-06UMd4D		2.88E-03		47.6190

		b20		3.55E-02		87.5000								4C		4.67E-03		21		65.63		28		1.55E-02		67.7419		O29		2.30E-03		60.0000		07-28-06UMd4D		2.88E-03		50.0000

		b5		3.82E-02		91.6667								5C		4.81E-03		22		68.75		30		1.61E-02		70.9677		W13		2.55E-03		62.8571		07-26-06UMd5D		2.99E-03		52.3810

		b4		8.15E-02		95.8333								1J		6.27E-03		23		71.88		22		1.87E-02		74.1935		W18		2.63E-03		65.7143		07-26-06UMd5B		3.78E-03		54.7619

														1i		7.21E-03		24		75.00		16		2.27E-02		77.4194		W10		5.44E-03		68.5714		07-24-06UMd6B		4.08E-03		57.1429

														1K		7.23E-03		25		78.13		12		2.30E-02		80.6452		W14		6.51E-03		71.4286		07-21-06UMd2D		4.27E-03		59.5238

														5J		8.41E-03		26		81.25		21		2.47E-02		83.8710		O30		9.05E-03		74.2857		07-12-06UMd2B		4.66E-03		61.9048

														1H		1.02E-02		27		84.38		29		2.54E-02		87.0968		W15		9.62E-03		77.1429		07-20-06UMd5A		4.86E-03		64.2857

														5K		1.19E-02		28		87.50		27		4.33E-02		90.3226		W24		1.65E-02		80.0000		07-13-06UMd1B		4.91E-03		66.6667

														5F		1.57E-02		29		90.63		26		4.79E-02		93.5484		W12		1.66E-02		82.8571		07-21-06UMd6E		5.12E-03		69.0476

														1G		1.57E-02		30		93.75		7		5.41E-02		96.7742		W8		2.88E-02		85.7143		07-13-06UMd2A		5.39E-03		71.4286

														1D		2.58E-02		31		96.88								W33		3.05E-02		88.5714		07-20-06UMd4A		5.67E-03		73.8095

																												W21		3.48E-02		91.4286		07-18-06UMd3B		6.64E-03		76.1905

																												O28		5.92E-02		94.2857		07-24-06UMd6D		6.66E-03		78.5714

																												W25		6.36E-02		97.1429		07-21-06UMd3E		7.15E-03		80.9524

																																		07-19-06UMd3A		7.49E-03		83.3333

																																		07-21-06UMd4E		8.89E-03		85.7143

																																		07-21-06UMd5E		9.11E-03		88.0952

																																		07-13-06UMd1E		1.05E-02		90.4762

																																		07-13-06UMd1A		1.27E-02		92.8571

																																		07-21-06UMd2E		1.33E-02		95.2381

																																		07-12-06UMd1D		1.52E-02		97.6190





6 sites

		0.0005539943		0.0040316668				0.0000005765		0		0

		0.0024410701		0.0052041754				0.0000006582		0.0001369898		0.0003149934

		0.0037839864		0.0133513271				0.0000264362		0.0003330992		0.0004976341

		0.0048638025		0.0137721545				0.0002329054		0.0004021186		0.0006397514

		0.0054809234		0.015215361				0.0003321139		0.0005501107		0.0011910333

		0.0062377338		0.0173057707				0.0006077758		0.0006868326		0.0012370428

		0.0082292743		0.0175619912				0.0007547075		0.0007429347		0.0012556545

		0.0085322758		0.01853234				0.0014801364		0.0008889303		0.0014145042

		0.0086795216		0.0187928596				0.0019189468		0.0009437387		0.0014168375

		0.009137002		0.0191609603				0.0021277881		0.0009513739		0.0014635909

		0.0096790948		0.0200031252				0.0029100475		0.0009745483		0.0014918342

		0.0129332242		0.0204609129				0.0037723105		0.0010365738		0.0015353834

		0.0133631632		0.0213535097				0.0040098114		0.001085531		0.0016175057

		0.0144060822		0.0219992616				0.0044061112		0.0013310587		0.0016567769

		0.0154828215		0.0286954318				0.0050040878		0.0013897193		0.0016611974

		0.019261484		0.0319535557				0.0056106973		0.0015173257		0.0017463729

		0.0211164055		0.0398828041				0.0062754301		0.0015458162		0.0017936826

		0.0213802451		0.045518429				0.0068825254		0.001633875		0.0025953676

		0.0328258725		0.0486681025				0.0113833235		0.0017301849		0.0027553307

		0.035210024		0.0535778221				0.0131652901		0.0019992383		0.0028780812

		0.0355263921						0.0155000833		0.0023008638		0.0028780812

		0.0382005504						0.0161396392		0.0025460787		0.0029879379

		0.081481621						0.0187140414		0.0026273181		0.0037820287

								0.0226969778		0.0054396758		0.0040834913

								0.0230423194		0.0065100493		0.0042691336

								0.0247076995		0.009049899		0.0046644666

								0.025354332		0.0096199219		0.0048638707

								0.0433322448		0.0164650586		0.0049146806

								0.0478992275		0.0166125178		0.005124629

								0.0540511557		0.0288195599		0.0053938187

										0.0304939056		0.0056721508

										0.0348441501		0.006641822

										0.0592322652		0.0066553599

										0.0636298464		0.0071496778

												0.0074920222

												0.0088868974

												0.0091100615

												0.010484599

												0.0127428463

												0.0133451629

												0.0151528609
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		CG_16		172		4.55E-02
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		CG_2		174		4.87E-02
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Infiltration iIn MNDOT
Drainage Ditches => Grassed Swales

Collaborators: Dr. John Nieber, Farzana Ahmed,
Maria Garcia-Serrana and Nicholas Tecca
Funding: MnDOT and Local Road Research Board

> m

DEPARTMENT OF
LRRB  TRANSPORTATION

* Detailed design
specifications: s
— 12 in. of top soil with ~20% ="

grade 2 compost. 1 A

— Allow for plant growth N
« Deep rooted grasses

UNIVERSITY OF MINNESOTA
Driven to Discover*



Infiltration in MNDOT Swales

« Successful at infiltrating
— Except where groundwater
is high
— Plants are the reason
(macropores)

« Minimal maintenance

o j

Photo: John Gulliver -

[UNIVERSITY OF MINNESOTA
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Hwy 51

Hwy 77

Hwy 47

Hwy 13

Infiltration iIn MNDOT Swales
(HSG = NCRS Hydrologic Soil Group (A — D))

Soil Texture

Loam /
Sandy Loam

Loamy Sand

Loamy Sand /
Sandy Loam

Loam / Sandy
Clay Loam

HSG based Ksat (cm/h) HSG based Porosity

on Soil from field on Ksat (%)
Texture meas.
(CV)
3.5
A/B (1.4) 56
5.7
A (0.9) 56
3.5
A (1.3) 54
4 1
B/C (1.9) 58
5

Influence of plants
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Benefits of Filtration Practices

ol

* Filter water to improve
water quality by filtering
particles

Challenges:

* Does not have the multiple

benefits of infiltration

— Small reduction in Peak Flow
— No volume reduction

— Minimal temperature control

— Base flow in streams is not
increased

* Does not remove dissolved Phosphate is the primary cause
contaminants like phosphate ¢ 2-mf,/ algae blooms

— ~45% of pollutants
M UNIVERSITY OF MINNESOTA
Driven to Discover*

uuuuu




A Partial Solution

(Phosphate Retention)
e Iron Enhanced Sand Collaborators: Pete Weiss and

Filter to remove AndY Erickson
phosphate ’/‘ Funding: Local Road Research

LRRB  Board

Overflow Grate

by Filter

—5-10% iron filings Volume Treated N

— 95 -90% sand

— Oxidized iron filings
capture phosphate

— Retention of 70 - 90%of pren e
phosphate when

designed and
maintained properly

Compost Amended Sand

Iron Enhanced Sand

Natural Soil

Drain tile

M UNIVERSITY OF MINNESOTA
. Driven to Discover*




Photo courtesy Ross Bi

~170 IESF Installations

UNIVERSITY OF MINNESOTA
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- Settle particulates and —

associated pollutants

Convert phosphate to
particulate phosphorus

Provide wildlife habitat

* Amenity in urban
neighborhoods

Challenges
 Need maintenance
* Expensive to dredge

M UNIVERSITY OF MINNESOTA
. Driven to Discover*




High Phosphorus Concentration in Ponds

Riley Purgatory Bluff Creek Watershed District
98 Ponds — 32% had total phosphorus
above 97.5% of inflow concentrations

10.00
. - 97 5% Stormwater, 0.38 mg/| Janke etal. 2017
500 — - Duckweed, 0.17 mg/L Giblin et al. 2013
|,‘ - Impaired Waters, 0.10 mg/L Anderson et al. 2018
200 [l |
—_ Iyt 1Y)
= 100 - ‘ Il |||
= [T ] ‘ ﬂ |
£ 050 - ,Jmﬂhﬂm% ol Ly
I- 1 |
~ 020 - [ s |
) |I ! I' | | | ! Illr I hi“l. ii:ll. |I| |
sl
0.10 Ll | |||-;':||
005 - | ﬂ

98 Ponds
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Processes that Affect Phosphorus Retention are Complex

Y
N i =

Watershed Inputs
Watershed Size Tree Canopv

Volume, Discharge * Pond Water Balance (ET)
Form & Amount of P L ' Wind Sheltering (vs. Mixing)
‘ ”, Nutrient Inputs
Aquatic Vegetation “ ' \ m
Uptake/Release of Nutrients . “ M \ W' ", r" W
Shading/Sheltering -
\.

—=
Stratification vs. Mixing/Aeration

Settling and Resuspension Dissolved Oxygen
Sediment Interaction (metals, ions) Temperature

gy Ay

Internal Processes

o

Pond Outputs

Volume
Form & Amount of P

Sediment Characteristics X e A

Phosphorus Forms Internal Loading
8rgamc Matter Groundwater Interaction
Xygen Demand Gain or loss of P? DO
Pond water balance Soluble P ?ﬁ

UNIVERSITY OF MINNESOTA
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Discoveries
1.

. Duckweed has major impacts
. Low oxygen results in sediment

retention
B ‘é' ! ..

MINNESOTA POLLUTION
CONTROL AGENCY

Research ™
(b

LRRB

Ponds are highly stratified, low
oxygen systems

phosphate release
Pond hydrology affects P

-1

ST. ANTHONY FALLS LABORATORY

RPBCWD, RWMWD, LRRB

Collaborators: Co-PI Jacques Finlay,
Ben Janke, Poornima Natarajan,
Vini Taguchi, Paliza Shrestha
Funding: MPCA, Minnesota
Stormwater Research Council,

UNIVERSITY OF MINNESOTA
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Risk Factors of Reduced P Retention in
Ponds

Importance of
Wind Sheltering

Topography Canopy Height, Density Canopy Extent
SR Sl i o 0.14
b fE 4 g = -0.00x + 0.09
TS = 0.12 g R?=0.23
- . . )
£ 0.10 .
S
g 008 | . .
w LSO .
o 0.06 .
£ LR
g 0.04 .. I
kasota_east_pond| . ?:‘:;ermw 2 - E 002 L
Elevation, m .o ' B oot =
alue osss: o bl [ Paved / Impervi8 0.00
- High : 282,209 0328 0. ot [ | open water e 0 5 10 15
Low - 262 485 022-0008 22 =Ev:|g:‘::: = Mean Canopy Height (m)

- -0648--0322 Cam—
I | Emergent Veg / Wetland

- -148.411 - -0.848
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Risk Factors of Reduced P

Retention in Ponds
» Importance of wind sheltering

» Duckweed coverage during summer months
— Stratification => Low DO near sediments

UNIVERSITY OF MINNESOTA
Driven to Discover*




Risk Factors of Reduced P

Retention in Ponds
* Wind sheltering (How much sheltering is sufficient?)
* Duckweed coverage during summer months

* Documented phosphate release due to low DO near
the bqttom

UNIVERSITY OF MINNESOTA
Driven to Discover=



Risk Factors of Reduced P

~ Retention in Ponds (Volume Released)

How rapidly / how far does water level decrease
during dry periods?

Water Level Relative to Elevation at Which Discharge Begins (d=0)

__100

E 2.0 Shoreview Commons
T 6.0
. 2 40

-

Low Retention z 20 Pov—

. . ‘.-'.f 0.0 f

= High Risk 2 20
: -4.0
% -6.0
e 5]9}’20 5,!29}20 5!18_!10 UB,-'EU ?}23!20 3!1?{20 9!5,1’20 9{25{20 10!151’20

10.0

Minnetonka Pond 849W

0.0 -0.40 cm/ -0.86 cm/d

High Retention
=Low Risk 100

5/29/20 6/18/20 7/8/20 7/28/20 8/17/20 9/6/20 9/26/20 10/16/20 11/5/20
Date
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Take Home Messages

* |nfiltration has many benefits

— Volume Reduction — a high % of the WQ storm and smaller
can be infiltrated.

— Reduced Peak Flow

— Filtration through soil — remove solids, bacteria and nutrients
and metals associated with solids.

— Temperature control through GW recharge — important for
trout streams

— Increase base flow in streams

« Challenges of infiltration
— Can pollute Groundwater

— Failure to Infiltrate
* Need expertise in soil profiling
+ Different kind of excavation and grading

* Plants will help infiltrate and reduce maintenance

M UNIVERSITY OF MINNESOTA
: Driven to Discover:



Take Home Messages

* Filtration is very good at retaining particulates
— Plants help reduce clogging (biofiltration facilities)
— Do not retain dissolved contaminants
— Additives like iron filings can help

* Need to look after our stormwater ponds
— Many are stratified and releasing phosphate
— Wind sheltering => more stratified days
— Solutions are currently being researched

— These systems are complex — solutions will take time
and effort

M UNIVERSITY OF MINNESOTA
: Driven to Discover:




Questions?

UNIVERSITY OF MINNESOTA
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