Soil Stability and Water Quality
within Constructed Wetland Treatment Swales

Stephanie G. Prellwitz
2013 Wisconsin AWRA Annual Conference

Anita Thompson, Advisor
March 7, 2013

THE UNIVERSITY

WISCONSIN

MADISON

Great Lakes -
RESTORATION ’4-'

0




lon

1zat

Regional Urban

(USDA, 2083)



Stormwater Impacts

Carpeter et al. (1998)

ol
“.dw.w-'nﬁ »

Allen et al. (2008)



Project Location

.+ |BAYFIELD
DOUGLAS o
— - -
.* =
K - "~y = K N ._-.
B, W f“ A ‘s\fm -t
L AsHmJFF_., % Thi :
BURNETT | . )” Ao gLoRene
. -I o - v
- ‘price | A ONEIDA - | poremT
{ . . -
Lo ™ ;
m BARR RUSK
. o
R TAYLOR
INT CROI _ |oHiPPEwa
DUNN .
IERCE AU CLAIRE | cLARK
H
J AU
FEAL
JACKSON
MONROE |
VERN
ICHLAND SAUK
AWE
WALKESHR
IO A
GRANT ERSON i
: B RACINE
AP AYETTE GREEN | ROCK WRLWOR
— CHEH

(DNR, 2012)



Regional Urbanization

(USDA, 2005)



Aerial View of SMRF

Stormwater Management Research Facility (SMRF)

'A.g Forebay +
Retention Pond / Collection Swale

(Google Maps, 2008)



Research Objective

Question Hypothesis
How does hydroperiod and A combination of a fluctuating
vegetation diversity influence hydroperiod and diverse
stormwater treatment and soil vegetation will be the most
stability in a constructed wetland? effective at stormwater treatment

(TSS, N, and P) and soil stabilization.

This is one component of a joint project between BSE, Botany, and Civil-
Environmental Engineering departments aimed at testing relationships between
native plant diversity, hydrology, and a range of ecosystem services over multiple
growing seasons.
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Wetland Swale Plots

Plots seeded November 2009 with 3 or 9 species of native plants



Subsurface Heterogeneity

Thickness [m]

* 95soil borings taken in
2006 & 2007

e Clay layer discontinuities

e Thicker clay in Swale Il

Jeff Miller, unpublished
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Water Level Recession Rate
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Water Level Recession Rate
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Plant Productivity

Swale Il was consistently

the most productive
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Doherty and Zedler, in review
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Plant Diversity

Swale Il was consistently the
most diverse
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Results | Soil Stability
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Cohesive Strength Meter (CSM
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Soil Sub
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Critical Shear Stress by Substrate
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Frequency of Soil Substrate

Low to Moderate Resistance Substrace
Frequency of Occurence (%)
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1. (Pa)

Soil Stability by Swale
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Results | Water Quality
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Pretreatment in Retention Pond

Removal Efficiency (%)

100

TSS

Based on a discrete nutrient
concentrations at a fixed depth

TN TP

TDP
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Stormwater Sampling Regime

 Multiple samples over
storm hydrograph

e 13 select storms

— September 18, 2011 to
October 13, 2012

— 6 to 65 mm of precipitation

S — e
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ISCO Sampler Locations
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Removal Efficiency (%)
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Conclusions
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Influence of Hydrology

Fluctuating Hydroperiod

— Promoted establishment of
highly-resistant, biotic
assemblages

— Enhanced nutrient removal

Inundated Hydroperiod

— Facilitated the development
of highly-erodible, abiotic
substrates

— Contributed to the mass
export of nutrients

Conclusions 28



Influence on Vegetation

Swale lll

J' Biomass production M Biomass production
™ Soil stability J Soil stability
™ Nutrient removal J Nutrient removal
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Conclusions

 Macrophyte productivity # Stormwater treatment

* Need direct assessment, not rapid assessment

Conclusions 30
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Questions?

Photo by Jim Doherty
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Additional Material

Untreated
Stormwater Cover

Bryophyte CSM
Operation

Low Abiotic vs.
Nutrient Biotic
Removal Substrate

Swale
Treatments

TP Removal
Mechanisms

TN Removal
Mechanisms

Development
of Substrate

TSS Removal
Mechanisms
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Wetland Swale Treatments

Swale | Swale Il Swale lll
recession rate High recession rate Low recession rate
Moderate plant biomass Lowest plant biomass Highest plant biomass
Moderate plant diversity Highest plant diversity Lowest plant diversity

Doherty and Zedler, in review; Jeff Miller, unpublished [ Additional Material J 34



Nutrient Concentration (mg L'1)
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Bryophyte Cover (cm/40 cm)
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Swale Il
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Cohesive Strength Meter

Results | Soil Stability



Cohesive Strength Meter




Critical Shear Stress (t.) Estimation
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Development of Substrate

e Swales | andll

— More open canopies = Surface
light penetration (Timofeev 1959)

— Fluctuated between wet and dry
conditions
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— Inundation = Anaerobic
conditions

— Inhibited establishment of moss

and algae (viller and Zedler 2003, Day
and Megonigal 1993)

— Supported accumulation of OM
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Low Nutrient Removal

Facilities in series (Hathaway and Hunt 2010)

Irreducibly low concentrations (schueler and Holland 2000)
Baseline concentration of nutrients (voore et al. 2011)
Nutrient-rich topsoil

RE as a metric for treatment (strecker et al. 2001, Lenhart and Hunt 2011)

[ Additional Material J Discussion 41



Stabilization by Soil Substrate

e Biotic > Abiotic Substrate

— Biotic: Physical, biological,
chemical processes

(Paterson et al. 2000, Whitehouse et al.
2000)

— Abiotic: Physical mechanisms
(Lundkvist et al. 2007)

e Algae: Extracellular
Polymeric Substances (EPS)

(Sutherland et al. 1998)

[ Additional Material } Discussion 42



Removal of Total Nitrogen

e Removal mechanisms:
— Mineralization: organic nitrogen - ammonia
— Volatilization: ammonia - atmospheric N,
— Denitrification: nitrate - atmospheric N,
— Plant uptake
— Particulate Settling

 Export mechanisms:
— Nitrogen fixation: atmospheric N, > ammonia

— Particulate resuspension
— Diffusion of dissolved forms

[ Additional Material }
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Removal of TSS

e Deeper inundation, 30
greater settling (vichols 1983) sl
259 y  swalelll

e Swale lll

— Frequent inundation,
greater TSS export

— Resuspension of OM

— High soil moisture
(Grabowski et al. 2011)

e Swales|andll
— Moss and algal mats

Cumulative Effluent TSS Load (k@)

(Turetsky 2003)

— Diverse stem architecture
(Vermaat et al. 2000) Cumulative Influent TSS Load (kQ)

[ Additional Material }
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Removal of TN

 Highest removal with S P ——
fluctuating hydroperiod 2 ,. | % 2ve.
(Busnardo et al. 1992, Jordan et al. 2011) = v =
. N o) . . o
— Nitrification (aerobic) + Z 20 6
denitrification (anaerobic) = 7
e
® 15 4
« Swale lll 2 e e
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average export of TN (—é . s Q"
. =5 v
— Increased particulate 3 'Qo
resuspension 0.0 | | | | |
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— OM accumulation,

increases TN export
(Thoren et al. 2004)

Cumulative Influent TN Load (kg)
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Cumulative Effluent TP Load (kg)
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Fischer (2004): 10%-25%
of studied wetlands
exported P

Highest removal with
fluctuating hydroperiod

(Busnardo et al. 1992)

— Increased oxygen sediment

concentrations (Fisher and
Acreman 2004)

Prolonged inundation:

mobilization of Fe and Al
(Boers and Zedler 2008)
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TDP : TP

e TDP:TP =42% — 52% over retention pond
e Good et al. (2012)

— Phosphorus solubilization can be described as a
linear relationship between soil phosphorus
concentration and an extraction coefficient

(0.006)
— Average soil phosphorus =49.1 mg L
— Dissolved phosphorus loss (DP,_,) = 0.03 mg L

[ Additional Material ]



Works Cited

Allen, P. M., J. G. Arnold, and W. Skipwith. 2008. Prediction of channel degradation rates in urbanizing watersheds. Hydrological
Sciences Journal-Journal Des Sciences Hydrologiques 53:1013-1029.

Boers, A. M., R. L. D. Veltman, and J. B. Zedler. 2007. Typha x glauca dominance and extended hydroperiod constrain restoration of
wetland diversity. Ecological Engineering 29.

Boers, A. M., and J. B. Zedler. 2008. Stabilized water levels and Typha invasiveness. Wetlands 28.

Busnardo, M. J., R. M. Bersberg, R. Langis, T. L. Sinicrope, and J. B. Zedler. 1992. Nitrogen and phosphorus removal by wetland
mesocosms subjected to different hydroperiods. Ecological Engineering 1:287-300.

Carpenter, S. R., N. F. Caraco, D. L. Correll, R. W. Howarth, A. N. Sharpley, and V. H. Smith. 1998. Nonpoint pollution of surface
waters with phosphorus and nitrogen. Ecological Applications 8.

Day, F. P, and J. P. Megonigal. 1993. The relationship between variable hydroperiod, production allocation, and belowground
organic turnover in forested wetlands. Wetlands 13.

Doherty, J. M., and J. B. Zedler. In review. Dominant graminoids support restoration of productivity but not diversity in urban
wetlands. Ecological Engineering.

Fisher, J., and M. C. Acreman. 2004. Wetland nutrient removal: a review of the evidence. Hydrology and Earth System Sciences 8.
Google Maps. 2008. Aerial map of Madison, Wisconsin. Available at: www. Google.com/maps. Accessed16 July 2012.

Grabowski, R. C., I. G. Droppo, and G. Wharton. 2011. Erodibility of cohesive sediment: The importance of sediment properties.
Earth-Science Reviews 105.

Hathaway, J. M., and W. F. Hunt. 2010. Evaluation of Storm-Water Wetlands in Series in Piedmont North Carolina. Journal of
Environmental Engineering-Asce 136.

Jordan, S. J., J. Stoffer, and J. A. Nestlerode. 2011. Wetlands as Sinks for Reactive Nitrogen at Continental and Global Scales: A
Meta-Analysis. Ecosystems 14:144-155.

Lenhart, H. A., and W. F. Hunt, Ill. 2011. Evaluating Four Storm-Water Performance Metrics with a North Carolina Coastal Plain
Storm-Water Wetland. Journal of Environmental Engineering-Asce 137.

Lundkvist, M., M. Grue, P. L. Friend, and M. R. Flindt. 2007. The relative contributions of physical and microbiological factors to
cohesive sediment stability. Continental Shelf Research 27.

Miller, R. C., and J. B. Zedler. 2003. Responses of native and invasive wetland plants to hydroperiod and water depth. Plant
Ecology 167.

Moore, T. L. C., W. F. Hunt, M. R. Burchell, and J. M. Hathaway. 2011. Organic nitrogen exports from urban stormwater wetlands in
North Carolina. Ecological Engineering 37.

Nichols, D. S. 1983. Capacity of natural wetlands to remove nutrients from wastewater. Journal Water Pollution Control Federation
55.



Works Cited

Paterson, D. M., T. J. Tolhurst, J. A. Kelly, C. Honeywill, E. de Deckere, V. Huet, S. A. Shayler, K. S. Black, J. de Brouwer, and .
Davidson. 2000. Variations in sediment properties, Skeffling mudflat, Humber Estuary, UK. Continental Shelf Research 20.

Quijas, S., B. Schmid, and P. Balvanera. 2010. Plant diversity enhances provision of ecosystem services: A new synthesis. Basic and
Applied Ecology 11.

Schueler, T. R., and H. K. Holland. 2000. Article 65: Irreducible pollutant concentrations discharged from stormwater practices.
Watershed Protection Techniques 2:377-380.

Strecker, E. W., M. M. Quigley, B. R. Urbonas, J. E. Jones, and J. K. Clary. 2001. Determining urban storm water BMP effectiveness.
Journal of Water Resources Planning and Management-Asce 127.

Sutherland, T. F,, C. L. Amos, and J. Grant. 1998. The effect of buoyant biofilms on the erodibility of sublittoral sediments of a
temperate microtidal estuary. Limnology and Oceanography 43.

Thoren, A. K., C. Legrand, and K. S. Tonderski. 2004. Temporal export of nitrogen from a constructed wetland: influence of
hydrology and senescing submerged plants. Ecological Engineering 23.

Timofeev, A. F. 1959. Shading drainage ditches to control overgrowing by ground vegetation. Lesnoe Khozyaistvo 12.
Turetsky, M. R. 2003. The role of bryophytes in carbon and nitrogen cycling. Bryologist 106.

USDA. 1937. Orthorectified mosaic of 1937 (spring) aerial photos.

USDA. 2005. Wisconsin NAIP digital aerial photography. National Agricultural Imagery Program.

UW-Madison. Curtis Prairie Rock. 2008. University Communications. Photo by Jeff Miller.

Vermaat, J. E., L. Santamaria, and P. J. Roos. 2000. Water flow across and sediment trapping in submerged macrophyte beds of
contrasting growth form. Archiv Fur Hydrobiologie 148.

Whitehouse, R. J. S., P. Bassoullet, K. R. Dyer, H. J. Mitchener, and W. Roberts. 2000. The influence of bedforms on flow and
sediment transport over intertidal mudflats. Continental Shelf Research 20.

Zedler, J. B., and S. Kercher. 2004. Causes and consequences of invasive plants in wetlands: Opportunities, opportunists, and
outcomes. Critical Reviews in Plant Sciences 23.



