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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
ST. ANTHONY FALLS LABORATORY
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Development and Application of a 2/4/2026
Stormwater Pond Assessment Tool for
Evaluating Water Quality

Why is phosphorus water quality critical?

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

A North Carolina woman took her three
dogs to a pond to play. Within hours,
her pups had died from toxic algae

A dog died after swimming in a Texas
lake. Should Michigan pet owners be

i : ?
Marietta couple shares warning on concerned?
Where does that blue-green algae come from, and can it form in

toxic algae after dog dies less than an b
hour after visit to Lake Allatoona )

This was the first time they had taken their border collie, Arya, to the
lake. It would be the dog's last

News Article Courtesy: V. Taguchi
https: 3.

15-471-8b97-4' 7
ps:/Aww. cnn. /0811 htmi
11ali
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High Phosphorus Concentrations in Ponds
* Ponds should reduce phOSphorUS 205 Ponds sampled by UMN and local agencies, cities,
H consultants from 2008 — 2021 across the Twin Cities
through Settllng Metro Area (TCMA)
* Measured TP concentrations in 100
TCMA Ponds: ~40% are above the s
observed inflow TP (~0.30 mg/L*) £
2 10
* Internal P release? £
s S
Are some ponds a P source, g o roesomad
instead of a P sink? 2 °
0.0 : : : :
ST. ANTHONY FALLS LABORATORY Janke and Finlay, unpubished data from +90 ses
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Stormwater Pond Assessment Tool for
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Phosphorus retention in ponds is affected by many complex processes
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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

ST. ANTHONY FALLS LABORATORY
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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, hlstory, location, age, size, depth, aquatic vegetation

7
Primary Research Discoveries (2016 - present, 10+ projects)
. . pe - 0.6
* Many ponds are highly stratified, low oxygen systems 2 | R
. . o
* Sediment phosphorus is released under low DO s 04t n=23sites
» Dissolved oxygen (DO) affects pond water phosphorus 3 * 'r s .
concentration 2 ey
g 0.1 o °
* Free-floating vegetation has major impacts on pond DO & , *
(a nd P) GIOWalerCqumn :lll?eanDO[mgtLlw.o
Low O, High O,
[ g of
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2 g o s
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Lower Dissolved Oxygen = Higher Pond Phosphorus

Anoxic Factor:
Extent of pond sediment exposed to

anoxic conditions (averaged over season) )
Anoxia vs. Duckweed Cover
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Each point is a site (n=18-23), averaged
over whole record (typically 1 — 4 seasons)
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Lower Dissolved Oxygen = Higher Pond Phosphorus

Anoxic Factor:

Extent of pond sediment exposed to

anoxic conditions (averaged over season) )

Anoxia vs. Duckweed Cover
E Stratified & densely covered by floating vegetation & sheltered o
o »' @
2 ¥ ;
§ Low DO over bottom sediments )
5
n
g Phosphate release from sediments
=
8 .
3 Higher pond TP levels
00 02 04 06 08 1.0 o Vv g‘ = 2=0 4’0 e:o 8=0 150
Season Mean Anoxic Factor = Summer Mean Duckweed Cover (%)
High O, Low O,
Each point is a site (n=18-23), averaged
ST. ANTHONY FALLS LABORATORY over whole record (typically 1 — 4 seasons)
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Are aging ponds still functioning as intended for phosphorus removal?

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

ST. ANTHONY FALLS LABORATORY
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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

ST. ANTHONY FALLS LABORATORY
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Indicators of Risk for Poor Phosphorus Removal in Ponds

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

Pond age
Pond area
Maximum depth Basic Site Data (Less Complex)
Mean depth « Pond drawings
Land Cover B  Aerial photos
Land Use » Site surveys

Watershed area * Geospatial data
Free floating plants (mainly duckweed)

Emergent Vegetation Cover

N

Anoxic Factor
Shoreline Canopy Cover

Shoreline Canopy Height

Wind Reduction Sampling and Monitoring Data (More Complex)
Mixing Frequency = »  Water quality sampling and profiling
Sediment TP » Sediment sampling

Sediment organic matter + Continuous moni tormg

Sediment Fe:P

Sediment Redox-P & Labile Organic P

ST. ANTHONY FALLS LABORATORY
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. . Google Earth (Imagery Date Slider
Tool 1-A: Risk of High Surface Water TP (= I » P
Screening tool using readily-available or basic site data
to assess risk factors related to high surface water TP
Site name: Ala| Indicator Level (Risk of High TP)
Level Score. i 2 3 0
Indicator ";5:;;3' Low Medium High Unknown M{;g:’:’
Duckweed Cover 08 £ 24
0-50% NA >50%
Emergent Vegetation Cover 07 X
0-50% NA >50%
Construction Year 04 & na
After 2010 | Before 1990 | 1990-2010
Shoreline Tree Canopy 04 X 1.2
<20% 20% - 60% > 60%
Dominant Watershed Land Use 04 LS 12
Comm Ind/Transp Res
Underlying or Nearby Hydric Soils 0.2 - 4):3% A 01007 0.2
Historic Wetland 02 K 06
No NA Yes
Raw Total:] 7.10
|Normalized Total
ST. ANTHONY FALLS LABORATORY
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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.

Wodel
Model Vale | Name Modeled Value| Sd_Emor | agj R? palue
[TP] = A'[OW] + B'[EMERG] + C [¥7} 0.061 069 <00001 |
gl 2 DW: Duckweed Cover
3 EMERG: Emergent Veg Cover
[TP] = A'DW] + 6 DMAX] + C ] 0.26 0.074 055 0.0001
1 80 DW: Duckweed Cover
15 DMAX: Pond Max Depth
[TP] = A'[CPY50] + BYEMERG] + C | 0.21 0.067 [E <00001 |
8 CPY50: Canopy Cover, 50m Buffer
3 EMERG: Emergent Veg Cover
[TF] = A'[AF] + B'[OMAX] + C ] 012 0.068 062 <0.0001
072 AF: Anoxic Factor
3.02 DDMAX: Pond Max Depth
7] = A'JAF] ¥ B'EMERG] + C 018 0.055 076 00001 | |Parameter Definitions
02 AF: Anoxic Factor AF Anoxic Factor
DMEAN Mcan Depth, m
2 EMERG: Emergent Veg Cover X
i DMAX Pond Max Depth, m
[TP] = A'[DO_WC] + B'[EMERG] + C 0.14 0.065 0.66 <00001 | | SAREA pond Surface Arca, m"
1 326 DO_WC: Water Column DO EMERG Percent Pond Covered by Emergent Veg
DW Percent Pond Arca Covered by Duckweed
CPYCVR Percent of Pond Shore Covered by Canopy (LIDAR)
ST. ANTHONY FALLS LABORATORY DO_WC Water Cokim DO, Mean over Season (May - Oct), mglL
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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
Model value | Name Modeied Value| Std Eror+| agj RZ | paalue
1 [(PFLUX] = A'[OM] + B*[SEDTP] + C 467 136 055 0.0007
1 28 OM: Organic matter content >
129 SEDTP: Sediment TP
2 [(PFLUX] = A'[REDOXP] + B 1330 149 0.42 0.0007
OM Sediment Organic Matter, %
098 REDOXP: Redox P =
SEDTP Sediment TP, mg's
‘ REDOXP Sediment Redox P, mg/g
5 |[REDOX P] = AY[SED_FEP] + B 0.13 0.09 056 0.0007 MOBP Sediment Mobile P, mg's
ki SED_FE:P: Sediment Fe:P LABORGP Sediment Labie Organic P, mg/g
FE:P Sediment FeP (mass ratio)
$3 [(PFLUX] = AMOBP] + B 447 1.52 0.40 0.0009
055 MOBP: Mobile P
7 [(MOBP] = A"(OM] + BY[SEDTP] + C 0.65 0.07 086 | 1.63E-08
£ OM: Organic matter content
1.50 SEDTP: Sediment TP adjusted
Model vaie | Name
035 011 074 | 9.736-06

[PFLUX_ADJ) = [AF) [PFLUX]

ST. ANTHONY FALLS LABORATORY

AF: Anoxi¢ Factor

PFLUX: Phosphate fiux

18
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Stormwater Pond Assessment Tool for
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Example Pond Assessment

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

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

06

05

14
»

o

.2

Season Mean TP, mg/L
o
w

0.1

@ Estimate of Mean TP using modeled Anoxic

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

0

’ Box plot: Observed Mean

Alameda Inidcator Level (Risk of High TP)
Level Score 2 E )
" Indicator Weghted
Indicator Wesght Medium Hgh Unknown

Duckweed Cover 08
Emergent Vegetation Cover 07
Construction Year 04
Shoreline Tree Canopy 04
Dominant Watershed Land Use 04
Underlying or Nearby Hydric Sols 02
Htoric Wetland 02

Raw Totat|_7.10

Normalized Total (Score): _ 6.81

Factor (Tool 2): 0.16 mglL .
Interpretation: Predicted pond TP is o7
close to average TP concentration in S 6
this dataset, so risk of high TP is g;‘; 5
likely moderate 35
25,

£

1

o

@ Estimate of Anoxic P Release using Model 1: 4.67 mg/m?/d

suggest risk of internal loading.

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

Box plot: Lab-observed

P flux in 20 study ponds

TP across 25 study ponds
[ What s the Goal of the Stormwater Pond Assessment? |
S(;reening Estimation .
Goal: Screening Goal: Prediction
. ; ; Estimating water quality indicators of risk for poor P retention in
Hi J i r P nin
rgh:ave assessment of risk for poor P retention in ponds 0 TP, anoxia, s6d P £
Outcomes: m:“.:
(1) Ranking ponds by potential risk levels (scoring) (1) Identify ponds at high risk for sediment P release
(2) Prioritizing ponds for further assessment or monitoring @) ponds for or
2
Prediction of pond TP, anoxia, and/or sediment SRP release
I Screening Ponds for Risk of High TP Concentrations (1) Input Data Gathering
(1) iﬂPUT Data Gﬂihel’?ﬂg Basic and Spatial Data Depth, Surface Area, Osgood Index, Parcel
drawings, surveys, GIS Age, Shoreline Canopy, Emergent Veg. Cover
Basic Metadata Age, Watershed Land Use,
drawings, maps, surve, Duckweed Cover, Emergent
INgs, map: Vs Vegetation |'(2) Field Data Collection (Optional but Recommended) |
. i liny
tial Data Duckweed Cover, Emergent WQ Profiles (DO, T Duckweed Cover; Dissolved Oxygen; Anoxic
GIS, Aerial/Satellite Photos | Vegetation, Shoreline Tree Satﬁmr:n!;afnples emp) Factor; Sedl.ment OM, TP, Redox P, Mobile P,
Canopy, Hydric Soils, Historic Duckweed Cover Latent P, Fe:P
Wetland or Lake
Cont Monitari
T Water Temp. Profiles Water Column Mixing; Wind Sheltering
(2) Apply Tool 1-A to each pond by assigning Windspeed
High/Med/Low for each Risk Indicator I
Quiput: TP Risk Score of 1-10 for each pond [(3A) Use Tool 2 to predict Anoxic Factor if not available from data collection
(3B) Use Tool 1-B to predict TP concentration in ponds
Apply as many sub-models as possible and average together
(3) Bostp ssing - . - - (4A) Use Tool 3-A to predict sediment SRP Release
+ Rank all ponds from highest risk (highest score) to lowest risk (4B) Use Tool 3-B to adjust sediment SRP Release by pond's Anoxic Factor
(lowest score) Apply as many sub-models as possible and average together
« Target highest risk ponds for field data collection or monitoring,
and/or prediction of water quality indicators with other Tool
components (5) Post-processing
- Target highest risk ponds for further study or to consider for
maintenance actions such as dredging or sediment treatment

2/4/2026
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Development and Application of a 2/4/2026
Stormwater Pond Assessment Tool for
Evaluating Water Quality

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

Risk Indicator Maintenance Options

Anoxic Factor, Water Column DO Aeration; Dredging; Watershed Management

Sediment TP, OM, Bioavailable P Chemical Sediment Treatment; Dredging

ST. ANTHONY FALLS LABORATORY
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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

ST. ANTHONY FALLS LABORATORY
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Stormwater Pond Assessment Tool for
Evaluating Water Quality

Resources and Next Steps

wrc.umn.edu/pond-tool

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...

ST. ANTHONY FALLS LABORATORY  [RNCMAINEN ~ Contact email: pnataraj@umn.edu

Driven to Discover

23

12



