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Stormwater Ponds

• Wet ponds designed and constructed, or converted from a wetland (1991 and earlier) 
to retain stormwater runoff

• Popular for many reasons: flood control and presumed water quality benefits from 
settling of particulates

• Expectations
• Capture solids and associated phosphorus (P)

• Ponds are shallow, well-mixed systems

 Not stratified 
Well oxygenated over bottom sediments 

 No phosphate release from sediments 
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Why is phosphorus water quality critical?

• Excess P impairs local and downstream water quality
• eutrophication, risk of harmful algal blooms (HABs)

Image: Dr. Jennifer L. Graham, U.S. Geological 
Survey

News Article Courtesy: V. Taguchi

High Phosphorus Concentrations in Ponds

• Ponds should reduce phosphorus 
through settling

• Measured TP concentrations in 
TCMA Ponds: ~40% are above the 
observed inflow TP (~0.30 mg/L*)

• Internal P release?

205 Ponds sampled by UMN and local agencies, cities, 
consultants from 2008 – 2021 across the Twin Cities 
Metro Area (TCMA)

Are some ponds a P source, 
instead of a P sink?

TCMA: Twin Cities Metro Area
*Janke and Finlay, unpublished data from ~90 sites

Mean Inflow 
TP ~ 0.30 mg/L
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Phosphorus retention in ponds is affected by many complex processes

Graphic created by Ben Janke

Research Goals and Study Approach (2016 – Present)

Goals: 
1) Identify processes that affect phosphorus (P) 

retention in stormwater ponds
2) Identify, develop, and evaluate indicators of 

risk for poor water quality performance
3) Develop tool(s) to guide assessment, 

management, and maintenance
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Data Collection and Synthesis (2016 –present, 10+ projects)

• Comprehensive survey (50-60 sites)
• Intensive field sampling (35+ sites)
• High frequency monitoring (35+ sites)
• Laboratory studies (35+ sites)
• Existing datasets leveraged (200+ sites in TCMA)

Diverse study sites: watershed, history, location, age, size, depth, aquatic vegetation
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Primary Research Discoveries (2016 – present, 10+ projects)

• Many ponds are highly stratified, low oxygen systems
• Sediment phosphorus is released under low DO
• Dissolved oxygen (DO) affects pond water phosphorus 

concentration
• Free-floating vegetation has major impacts on pond DO 

(and P)
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Lower Dissolved Oxygen  Higher Pond Phosphorus

Each point is a site (n=18-23), averaged 
over whole record (typically 1 – 4 seasons)

Anoxic Factor:
Extent of pond sediment exposed to 
anoxic conditions (averaged over season)

Anoxia vs. Duckweed Cover

Lower Dissolved Oxygen  Higher Pond Phosphorus

Each point is a site (n=18-23), averaged 
over whole record (typically 1 – 4 seasons)

Anoxic Factor:
Extent of pond sediment exposed to 
anoxic conditions (averaged over season)

Anoxia vs. Duckweed Cover
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Accumulation of sediment and phosphorus, dense vegetation growth in and around ponds

Are aging ponds still functioning as intended for phosphorus removal?

How can we rapidly assess ponds for risk of poor phosphorus water quality?

Development of Performance Risk Indicators 
and Pond Assessment Tool

- Establish robust relationships between pond features and functionality

- Develop a toolbox to evaluate site-specific indicators of functionality (or failure) 
for performance evaluation 

Spreadsheet-based tool to assess risk of high TP and estimate TP 
concentration, anoxic extent, and sediment P release rate 

Janke, B.D., Natarajan, P., Gulliver, J.S, and Finlay, J.C. 2023. Stormwater pond maintenance, 
and wetland management for phosphorous retention. Final report to the Minnesota Department 
of Transportation, Minneapolis, MN. https://hdl.handle.net/11299/256430
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Indicator

Pond age

Pond area

Maximum depth

Mean depth

Land Cover

Land Use

Watershed area

Free floating plants (mainly duckweed)

Emergent Vegetation Cover

Anoxic Factor

Shoreline Canopy Cover

Shoreline Canopy Height

Wind Reduction

Mixing Frequency

Sediment TP

Sediment organic matter

Sediment Fe:P

Sediment Redox-P & Labile Organic P

• Pond drawings
• Aerial photos
• Site surveys
• Geospatial data

• Water quality sampling and profiling
• Sediment sampling
• Continuous monitoring

Indicators of Risk for Poor Phosphorus Removal in Ponds

Basic Site Data (Less Complex)

Sampling and Monitoring Data (More Complex)

What landscape and pond features affect the key water quality variables (TP, DO, Sediment P Release)?

Data Requirements

Tool 1-A: Risk of High Surface Water TP

Screening tool using readily-available or basic site data 
to assess risk factors related to high surface water TP

Google Earth (Imagery Date Slider)

Met Council General Land Use Layer
https://gisdata.mn.gov/dataset/us-mn-
state-metc-plan-generl-lnduse2020

TCMA Land Cover (1m Resolution)
https://gisdata.mn.gov/dataset/base-
landcover-twincities
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Tool 1-B: Estimation of TP Concentration in Pond Surface Water

Collection of linear regression models for estimating TP concentration 
using both basic and intensive data as inputs. 

Tool 3-A and 3-B: Estimation of Sediment Phosphate Release

Collection of linear regression models (simple and multiple) for estimating
sediment P release using intensive data as inputs. 

potential

adjusted
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Example Pond Assessment

Tool 3-A: Sediment Phosphate Release Rate (Potential Value)

Estimate of Anoxic P Release using Model 1: 4.67 mg/m2/d 

Interpretation: Potential sediment phosphate 
release rate is relatively high for this pond. 
Combination of anoxia and high P release 
suggest risk of internal loading.

Box plot: Lab-observed 
P flux in 20 study ponds

Tool 1-A: Medium/High Risk of High TP

Tool 1-B: Pond TP Concentration (mg/L)

Estimate of Mean TP using modeled Anoxic 
Factor (Tool 2): 0.16 mg/L

Interpretation: Predicted pond TP is 
close to average TP concentration in 
this dataset, so risk of high TP is 
likely moderate 

Box plot: Observed Mean 
TP across 25 study ponds

Screening Estimation
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Using the Tool for Managing/Maintaining Ponds

• Use Screening Tool (and Tool models) to rank and prioritize ponds 
for further monitoring or maintenance

• Address specific risk indicators using management methods to 
improve pond condition

Maintenance OptionsRisk Indicator 

Aeration; Dredging; Watershed ManagementAnoxic Factor, Water Column DO

Chemical Sediment Treatment; DredgingSediment TP, OM, Bioavailable P

Key Takeaways

• As ponds age, they may become less effective in retaining phosphorus (P)

• Stratification and low DO conditions result in sediment P release and high 
levels of P in pond water

• Risk indicators that relate to specific pond features are critical in regulating 
phosphorus release or retention

• Pond maintenance measures that address risk factors can potentially 
improve pond water quality
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• Current version of the Tool available for download at: 
https://stormwater.safl.umn.edu/pond-assessment-tool

• Project reports available at: 
https://stormwater.safl.umn.edu/publications

• Next update to the Tool will add pond vegetation assessment
(https://wrc.umn.edu/managing-veg; led by Jacques Finlay, UMN) and more to come…

wrc.umn.edu/pond-tool

Resources and Next Steps

Contact email: pnataraj@umn.edu
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