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Typical postTypical post--development conditionsdevelopment conditions
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Urban Urban Stormwater affects Stormwater affects 
h d l d t lith d l d t lithydrology and water qualityhydrology and water quality

•• Runoff rate & volumeRunoff rate & volume•• Runoff rate & volume Runoff rate & volume 

•• SedimentSediment

•• NutrientsNutrients

•• HydrocarbonsHydrocarbonsHydrocarbonsHydrocarbons

•• Heavy Metals: AutosHeavy Metals: Autos

•• OxygenOxygen--demanding Substancesdemanding Substances

•• BacteriaBacteriaBacteriaBacteria

•• ChlorideChloride WDNR, Bannerman
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Traditional Traditional stormwaterstormwater
managementmanagement

ConveyanceConveyance

StorageStorage





NationalNationalNational National 
Academies Academies 
2008 report2008 report2008 report2008 report

“Past “Past practices…have practices…have 
been been ineffective at ineffective at 
protecting waterprotecting waterprotecting water protecting water 
quality in receiving quality in receiving 
waters waters and only and only 

ti ll ff ti iti ll ff ti ipartially effective in partially effective in 
meeting flood control meeting flood control 
requirements”requirements”qq



“Stormwater control “Stormwater control 
measures that harvest, measures that harvest, 
infiltrate andinfiltrate andinfiltrate, and infiltrate, and 
evaportranspireevaportranspire
stormwater are stormwater are critical critical 
t d i th lt d i th lto reducing the volume to reducing the volume 
and pollutant loading and pollutant loading 
of small storms”of small storms”



How do you How do you 
make thismake thismake this… make this… 

300300--600 ppb 600 ppb TPTP

f ti likf ti likfunction like function like 
this?this? Northern MN 30-40 ppb TP

Central MN: 100Central MN: 100--125 ppb TP125 ppb TP



Stormwater ManagementStormwater Management

InfiltrationInfiltration ConveyanceConveyance

FiltrationFiltration

StorageStorage
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f lInfiltration BMPs

•Infiltration basins/trenches
•Bioretention (rain gardens)
•Permeable pavement
•Tree boxes/trenches
•Swales
•Turf management



InfiltrationInfiltration 
basin/trench/

• Pretreatment• Pretreatment 
recommended



BioretentionBioretention
(rain garden)( g )

• Organic media and• Organic media and 
vegetation enhance 
pollutantpollutant 
retardation, 
although organicalthough organic 
material may 
release phosphorusrelease phosphorus



Permeable PavementPermeable PavementPermeable PavementPermeable Pavement
• Pretreatment 

i drequired
• Regular 

maintenance



Tree trench/tree boxTree trench/tree box

• Good in high• Good in high 
impervious 
areasareas

• Need to get 
treestrees 
established



Dry swales/grass channelsy /g

• Can infiltrate• Can infiltrate 
water if soils 
are highlyare highly 
permeable



TurfTurf

• Compaction• Compaction 
issues in 
urban areasurban areas



Other practices that retainOther practices that retain 
water can also lead to increased 

i filt tiinfiltration



Use of stormwater infiltration 
l k lpractices is likely to increase



MMinimal inimal IImpact mpact DDesign esign SStandards tandards pp gg
Performance GoalPerformance Goal

“For new, nonlinear developments that 
create more than one acre of new 
impervious surface on sites without 
restrictions, stormwater runoff volumes 
will be controlled and the post-
construction runoff volume shall be 
retained on site for 1.1 inches of runoff 
from impervious surfaces statewide.”







Impacts on groundwater?p g
• Water quality – discussed by Dr. Gulliver

i• Water quantity
– Several mounding studies
– Few field studies
– Modeled up to 1.5 m long-term increase in 

WT elevation when WT is > 3 m deep 
(Philadelphia)1

f– Modeled up to 1.1 m increase after 30 years 
recharge (Syracuse)2

1 Maimone et al.; Environmental Engineer, Fall 2011
2 Endreny and Collins; Ecological Engineering, 35 (2009), 670-677



Potential restrictions on infiltration 
Groundwater considerations

• Source water protection areas
• Active karst topographyActive karst topography 
• Very high infiltrating soils  
• Confining layers thin or absent• Confining layers thin or absent
• Shallow groundwater
• Hotspots• Hotspots



What do we need?
• More data

Guidance• Guidance
• Collaboration 

between 
stormwater and 
groundwater 
professionals



Multifunctional, Multiple Benefits Multifunctional, Multiple Benefits 
f I filt tif I filt tiof Infiltrationof Infiltration

• Volume control• Volume control
• Groundwater 

rechargerecharge
• Pollutant removal

• Aesthetic value
• Civic engagement
• Vector control• Vector control
• Costs? From Ferguson et al., 

Stormwater magazine July 
2001



Questions?Q

Mike TrojanMike Trojan
mike.trojan@state.mn.us


