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CBWM  Chesapeake Bay Watershed Model 
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STAC   Scientific and Technical Advisory Committee 
TMDL   Total Maximum Daily Load 
TN or N  Total Nitrogen 
TOC   Total Organic Carbon 
TP or P  Total Phosphorus 
TSS   Total Suspended Solids 
USWG  Urban Stormwater Work Group 
WIP   Watershed Implementation Plan 
WQGIT  Water Quality Goal Implementation Team 
WQv   Water Quality Volume 
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Summary of Panel Recommendations 
 

Floating treatment wetlands (FTWs) are rafts of wetland vegetation that are deployed in 
stormwater ponds with a permanent pool of water. The panel classified them as a 
variant of the BMP enhancement retrofit category, as defined by the retrofit expert 
panel. FTW retrofits can be installed on existing wet ponds with a contributing drainage 
area of 400 acres or less. The panel also defined general performance criteria for FTW 
retrofits that need to be met to earn credit. 
 
The panel reviewed FTW research which included field monitoring studies, mesocosm 
studies, and engineering models. In general, the three research areas were generally 
consistent and reinforced each other. Key findings included: 
 

 FTWs have a modest capability to incrementally improve the sediment and 
nutrient removal performance of existing stormwater wet ponds.   

 

 Much of the improved performance was due to improved settling conditions in 
the pond after the FTW retrofit, especially by the underwater root network. Some 
denitrification was also observed within the rafts. Nutrient uptake by the plants 
themselves, however, was found to not be a significant pollutant removal 
mechanism. Pond removal rates also increased when more raft coverage was 
added. 

 

 The panel developed a series of curves to estimate pollutant removal as a function 
of FTW raft coverage, based on an engineering model developed by one of the 
panelists. The recommended removal rates are shown in the table below:    

 
Incremental Pollutant Removal Rates for FTW Pond Retrofits 

Pollutant 
Raft Coverage in Pond 

10% 20% 30% 40% 50% 
TN 0.8% 1.7% 2.5% 3.3% 4.1% 
TP 1.6% 3.3% 4.9% 6.5% 8.0% 
TSS 2.3% 4.7% 7.0% 9.2% 11.5% 

 
 Frequent operation and maintenance are critical to ensure FTW performance, 

and the panel outlined some important tasks to maintain their function. 
Consequently, FTWs have a shorter longevity compared to other retrofits. The 
panel recommended a three year credit duration (with an approved maintenance 
plan), which is renewable if a field inspection confirms that the retrofit is still 
meeting its FTW performance criteria.        

 

 The panel outlined the units needed to report the practice to the state, which are 
consistent with the prior retrofit report. The panel also recommended several 
priority research projects, and made several suggestions on how this type of 
retrofit could be delivered on a more widespread basis.  
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Section 1. Charge and Membership of Expert Panel 
 

EXPERT BMP REVIEW PANEL:   
Floating Treatment Wetlands 

Panelist Affiliation 
Sarah Lane (Panel chair) Maryland Department of Natural Resources 
David Sample Virginia Polytechnic Institute 
Andy Lazur University of Maryland 

Ryan Winston Ohio State University 
Chris Streb Biohabitats, Inc. 
Drew Ferrier Hood College 
Lewis Linker U.S. EPA, Chesapeake Bay Program Office 
Kevin Brittingham Baltimore County Department of Environmental Protection & 

Sustainability 
Tom Schueler 
Cecilia Lane  
(Panel co-facilitators) 

Chesapeake Stormwater Network  
 

Non-panelists that contributed to the panel’s discussions: Peter May, Biohabitats, Inc.; 
Sarah White, Clemson University; Randy Chambers, College of William & Mary; Karen 
Duhring, Virginia Institute of Marine Science; Chih-yu Wang, Virginia Polytechnic 
Institute. Special thanks to David Wood (CRC) for his contributions to finalizing the 
panel report. 
 
Floating Treatment Wetlands (FTW) have been implemented in open-water systems, 
stormwater ponds, farm ponds CAFO lagoons and aquatic nursery operations. In 
keeping with its established policy, an expert panel was formed in 2013 to evaluate all of 
the available science on the nutrient and sediment removal performance associated with 
FTW design applications. The panel was encouraged to evaluate performance research 
on proprietary FTW designs, but was not asked to endorse or recommend any specific 
proprietary design. 
 
In doing so, the Urban Stormwater Working Group (USWG) specifically requested that 
the Panel investigate the following variables that may influence the performance of 
FTWs: 
 

 A clear and operational definition of the various classes and applications of FTW 
technology that explicitly references general design and performance 
specifications 

 

 Determine the primary modes of nutrient removal by FTW (e.g., plant uptake, 
denitrification or other mechanisms), and whether unit rate(s) can be assigned 
based on the FTW dimensions or design factors 

   

 Investigate whether the overall rates are permanent, seasonal, or temporary, and 
how maintenance, harvesting and/or vegetation disposal influence long-term 
FTW performance 
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 Check whether the choice of different aquatic plant species can influence FTW 
removal modes or rates 

 

 Assess possible environmental risks (e.g., invasive species, benthic shading, DO 
depletion) and benefits (fish habitat, etc.) of FTW, and provide general 
permitting guidance to the regulatory community on how to maximize benefits 
and minimize risk 

 

 Look at long-term maintenance, replacement frequency, life-cycle costs and 
potential applicability for offset/trading 

 

 Define the qualifying conditions under which a locality can receive a nutrient 
and/or sediment reduction credit 

 

 Recommend appropriate procedures and units for reporting, tracking, and 
verification of the FTW practice 

 
Beyond this specific charge, the panel was asked to: 
 

 Take an adaptive management approach to refine the accuracy of its removal rate 
protocol, including any recommendations for further monitoring research that 
would fill critical management gaps 

 

 Critically analyze any unintended consequences associated with the nutrient 
management credit and any potential for double or over-counting of the credit  

 
While conducting its review, the panel followed the procedures outlined in the BMP 
review protocol, as amended (WQGIT, 2014). The process begins with BMP expert 
panels that evaluate existing research and make initial recommendations on removal 
rates. These, in turn, are reviewed by the Urban Stormwater Workgroup, and other 
Chesapeake Bay Program (CBP) committees, to ensure they are accurate and consistent 
with the Chesapeake Bay Watershed Model (CBWM) and the Scenario Builder tool. 
 
Appendix C describes this report’s conformity with the BMP review protocol (WQGIT, 
2014). Minutes from the Panel’s conference calls are provided as Appendix E.  
 
  



Panel Report on Floating Treatment Wetlands in Existing Wet Ponds 
 

7 P a g e  

 

Section 2. Key Definitions and Qualifying Conditions 
 
2.1  Definition of the Practice  
 
The panel classified floating treatment wetlands (FTW) as a variant of the BMP 
enhancement retrofit category, as defined by the stormwater retrofit expert panel (SR 
EPR, 2013). A more specific definition of the practice is provided below. 
 
Wet Pond (aka stormwater retention pond, wet extended detention pond): an existing 
pond with a permanent pool of water that has an average depth of 3.5 to 8 feet and 
meets performance criteria for an effective FTW retrofit application.     
 
Floating Treatment Wetlands: A proprietary or non-proprietary floating island design 
that incorporates the following general elements:  
 

 A buoyant artificial raft that floats on the surface  

 Constructed from non-toxic materials such as, but not limited to, HDPE plastic, 
marine grade polystyrene foam and PVC pipe   

 Containing growing media planted with aquatic macrophytes whose roots extend 
well below the water surface.  

 
The FTW design must also meet or exceed the following general performance criteria, 
derived from Headley and Tanner (2012), Borne et al (2015) and Wanielista (2012).  
 
The FTW application within an existing pond must: 
 

 Achieve a minimum pond surface coverage of 10% and a maximum cover of no 
more than 50%  

 Have an initial planting density of 2 plugs per square foot and attain a 80% plant 
coverage on the raft by the end of the growing season 

 The raft should be placed perpendicular to the stormwater flow path and be at 
least 3.5 feet above the bottom of the pond 

 Be adequately anchored or tethered in the pond to protect its flood control 
function during major storms and enable retrieval for periodic maintenance, yet 
anchoring should not be too taut to inundate the surface and flood the raft 

 Not be infested with invasive plants and should be initially protected with netting 
from geese and turtles during plant establishment 

 Use native wetland plant species that meet the five criteria laid out in Wang and 
Sample (2014) which are appropriate for the ecoregion (Section 3.5) 

 
2.2  Additional Qualifying Condition and Practice Limitations   
 
The upper limit for wet pond drainage area should be no more than 400 acres for this 
retrofit, as there is no operational experience with FTW applications on lakes, larger 
reservoirs or flood control facilities (dam safety issues are also a concern). 
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The expert panel does not recommend deploying FTWs in open water systems as a 
water quality improvement mechanism. In an open water deployment the FTW does not 
have the ability to intercept a high proportion of water volume and thus is not providing 
a measurable water quality benefit. Also, FTW systems become appealing habitat to 
wildlife that then populate the FTW providing a direct source of fecal coliform and 
nutrients, potentially negating the benefits of the FTW. 
 
2.3  Potential Benefits of the Retrofit Practice 
 
The deployment of FTWs within existing stormwater wet ponds has several potential 
benefits to potentially provide cost effective nutrient reduction for Chesapeake Bay 
communities. These include: 
 

 Retrofits occur with existing private or public stormwater infrastructure, which 
means there are no land acquisition costs, and the FTWs require no major 
excavation or re-plumbing of the facility. The FTW rises and falls in response to 
pulses of stormwater runoff that change the pool elevations of the wet pond. 

 

 The retrofit may enhance the wetland habitat and aesthetic qualities of existing 
stormwater wet ponds which may attract birds and waterfowl. Being located in 
the middle of the pool, the FTW raft provides a habitat refuge away from the 
pond shoreline or aquatic benches.     

 

 At this point in time, there are no known environmental permitting requirements 
restricting the application of this retrofit (although it is recommended that state 
stormwater and wetland permitting agencies establish their own guidelines if 
FTWs are deployed on a more widespread basis). 

 

 Potential third party private sector FTW operators can deploy and sustain FTWs 
over time. Several researchers are looking to see whether FTWs are an effective 
technique to grow wetland plant species used for "pond-scaping" efforts or 
plantings for freshwater wetland establishment.    

 
2.4  Potential Scope of FTW Retrofits in Bay Watershed 
 
According to CBPO staff, approximately 346,000 acres are currently treated by wet 
ponds in the Chesapeake Bay watershed (or roughly 540 square miles). On average, wet 
pond surface area comprises about 3% of their contributing drainage area (Schueler, 
1987), so that a maximum of about 10,000 surface acres of wet pond could potentially 
be retrofit in the watershed. Other state-wide BMP databases suggest that this a 
conservative estimate of wet pond surface acreage in the Chesapeake Bay watershed 
(Lazur, pers. comm, 2016). 
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Section 3. Review of the Available Science  
 
3.1  Summary of Available Research 
 
More than 100 papers and reports were discovered on floating treatment wetlands, 
although the panel only found about 25 that directly pertained to pond retrofit 
applications. Many papers were excluded from the research review because they were 
not peer reviewed or involved non-stormwater FTW applications (e.g., wastewater 
treatment, discharges from animal feeding operations or acid mine drainage 
mitigation). A list of the full research citations evaluated by the panel can be found in 
Appendix A.  
 
The panel would like to acknowledge an important climatic/geographic limitation to its 
research review. Nearly all the pond FTW retrofit studies were conducted in humid or 
sub-tropical climates, and only a few studies evaluated the capability of FTWs to "over-
winter" within a pond (i.e., for either the raft or the plants to effectively withstand thick 
pond icing conditions which are commonly experienced in the northern portion of the 
Bay watershed). The implications of this limitation on FTW maintenance operations and 
overall longevity are further discussed in Section 5.  
 
Lastly, the panel notes that some FTW technologies are proprietary and others are not. 
The panel could not find enough peer-reviewed research studies to effectively compare 
FTW technologies. Consequently, it does not endorse any particular FTW technology 
over another, as long as they meet the general performance criteria for FTW pond 
retrofits outlined in Section 2.1 of this report.    
 
3.2 Summary of Monitoring Data from FTW Pond Retrofits  
 
The Panel placed a strong emphasis on field studies that monitored how pond pollutant 
removal changed in response to the FTW deployment. The five key monitoring studies 
reviewed by the panel are profiled below.  
 
North Carolina Piedmont 
 
Winston et al (2013) monitored two retention ponds that were retrofit with FTWs that 
covered 9% and 18% of their respective surface area. The study utilized a before and 
after study design to evaluate the impact of the FTW retrofits, with at least 16 storm 
events sampled during each phase of the study. The FTW rafts were proprietary, and 
were planted with five wetland species (Juncus effusus, Carex stricta, Spartina 
pectinata, Hibiscus moscheutos and Pontederia cordata). 
 
The first wet pond was known as the Highway pond which drained about 32.3 acres of 
roadway (88% impervious cover) and had a permanent pool surface area of 0.74 acres 
(9% of which was covered by FTW). The second wet pond was known as the Museum 
pond which drained about 5.9 acres of buildings and parking lots (54% impervious 
cover) and had a permanent pool surface area of 0.12 acres (18% of which was covered 
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by FTW). An overhead photo of both ponds with their FTWs deployed is shown in 
Figure 1.  
 

 
Figure 1. Overhead Shot of FTWs Deployed in Two North Carolina Wet Ponds 

(Winston et al, 2013) 

 
Both wet ponds were found to be effective at removing most forms of nitrogen and 
phosphorus prior to the FTW retrofit, but their performance improved further after the 
FTW retrofit on a mass load basis (See Table 1).  
 

Table 1. Pollutant Removal Performance for NC Pond FTW Retrofits 1 
 TN TP TSS 
Highway Pond, Pre-Retrofit 36% 36% 92% 
Highway Pond, FTW Retrofit2 48% 39% 78% 
Museum Pond, Pre Retrofit 59% 57% 89% 
Museum Pond, FTW Retrofit 3 88% 88% 95% 
1 Winston et al, 2013 
2 9% FTW coverage in Pond 
3 18% FTW coverage in Pond 
 
Winston also analyzed the median nutrient and sediment EMCs in pond effluent after 
the FTW retrofit, and reported modest reductions for most nutrient forms, as shown in 
Table 2. 
 

Table 2. Change in Median EMC in Pond Effluent Following FTW Retrofits (mg/l) 1 
Monitoring 

Site 
Nitrogen Phosphorus Sediment 

TKN NO3-N TN OP TP TSS 
Highway Pond 0.05 0 0.05 0.03 0 8 
Museum Pond -0.05 0 -0.05 0.05 0.07 8 
1 Winston et al, 2013. Positive values represent a decrease in pollutant concentration 
 
Most of the increased pond pollutant removal was attributed to improved settling of 
particulate nutrients, especially near the underwater root network below the FTW. In a 
follow-up study, Borne et al (2015) measured dissolved oxygen levels at various 
locations within the Museum Pond in August (Figure 2). The roots below the FTW rafts 
were found to depress oxygen levels below the FTWs, and produce hypoxia in the 
underlying water column. The FTW rafts also appeared to slightly depress pH levels in 
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the pond water column. At the end of the study, FTWs were harvested to measure 
nutrient uptake in the plant biomass. Based on the results, Winston et al (2013) 
concluded that plant nutrient uptake contributed very little to overall nutrient removal 
rates.   
 

 
Figure 2. Summer DO Plot for Museum Pond in NC 

(Borne et al, 2015). 
 

New Zealand 
 
Karine Borne and her colleagues reported on the nutrient removal performance of an 
experimental FTW pond retrofit near Auckland, New Zealand (Borne et al, 2013 and 
Borne, 2014). The pond served a 4.2 acre drainage area that was 75% impervious. The 
study utilized a side by side study design. After runoff entered into a common forebay, 
flows were split between two equal wet pond cells. One cell served as a control and was 
not planted, while the second was retrofit with a FTW that covered 50% of the cell's 
surface area. Seventeen paired storm events were sampled in the experimental pond 
over about a year. Some of the key results are shown in Table 3.     
 

Table 3. Median EMCs for Pond Influent and Effluent Following FTW Retrofit1 
 
Monitoring Location 

TN TP TSS 
mg/l 

Pond Inlet 0.99 0.09 32 
Pond Outlet -Control 0.82 0.07 25 
Pond Outlet -FTW Retrofit 2 0.71 0.04 18 
1 Sources: Borne et al, 2013 and Borne, 2014.   
2 The FTW retrofit covered 50% of pond surface area 
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Borne et al (2013) summarized the nitrogen removal associated with the FTW retrofit. 
The FTW retrofit was found to have a mean mass reduction rate for TN that was 12% 
greater than the no-FTW control. Borne et al (2013) observed that most of the TN 
removal was associated with the organic nitrogen fraction, which was attributed to 
enhanced settling characteristics associated with the FTW. The highest nitrogen 
removal rate was reported during the peak of the growing season. FTW root biofilms 
were observed to increase the N mineralization rate. Indirect evidence suggested that 
the high nitrate removal was due to denitrification within the FTW. Borne et al (2013) 
observed DO depletion and frequent anoxia underneath the FTW cell. As with other 
studies, Borne found that plant uptake of nitrate did not play a major role in the overall 
nitrogen removal achieved by the FTW pond retrofit.  
 
Borne et al (2014) reported on phosphorus removal achieved by the FTW retrofit. The 
FTW retrofit was observed to have a mean mass TP reduction rate that was 27% greater 
than the no-FTW control. Once again, the bulk of the removal was due to soluble 
phosphorus sorbing to the FTW root network and subsequent particulate settling. Plant 
uptake of total phosphorus was not considered an important removal mechanism in the 
study.  
 

 
Figure 3. Below Mat Root Biomass Accumulated on a FTW on MD's Eastern Shore 

(Photo Credit: Sarah Lane, MD DNR). 

 
Central Florida  
 
Wanielista et al (2012) and Chang et al (2012) reported on the nutrient removal 
achieved by FTW retrofits at two wet ponds located near the campus of the University of 
Central Florida. The first pond, known as pond 4M, had a 13 acre drainage area and a 
0.6 acre surface area, was not aerated and had about 5% FTW cover. The second pond, 
termed pond 5, had a 1.64 acre drainage area, 0.09 acre surface area, a fountain for 
aeration and an estimated 9% FTW cover.  
 
The two ponds utilized different FTW raft technology and planting media, but were 
planted with the same species --soft-stem bulrush and pickerelweed. Both ponds were 
heavily influenced by groundwater, which produced significant pond outflows during 
non-storm periods.    
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The two ponds were monitored before and after FTWs were deployed, and then the FTW 
plants were harvested at the end of the experiment. Sampling was limited to 3 storms 
prior to FTW deployment and 7 storms afterwards (although some non-storm pond 
outflow samples were also collected). The researchers also noted that nutrient EMCs in 
the inflows to both ponds were much lower than typical stormwater runoff.   
 
The estimated nutrient removal was slightly lower in Pond 4M, which may reflect its 
lower FTW surface cover of 5%. Wanielista et al (2012) reported 1 to 4% additional 
nutrient removal for Pond 4M during storm events, and about 12% during non-storm 
periods.  
 
Chang et al (2012) reported that Pond 5, with its greater FTW coverage (9%) and 
fountain, had higher estimated TP and TN removal rates, particularly during non-storm 
outflows. Chang estimated that TP removal was 48% and TN removal was 16%, but it 
was not clear how these rates were calculated.  
 
While the Florida study generally reinforces other research that pond FTW retrofits can 
incrementally remove nutrients, the Panel did not think that its specific removal rates 
were as relevant to the Chesapeake Bay as other studies. First, the number of storms 
sampled was limited. Second, the ponds were located in a sub-tropical climate with a 
year round growing season, which is not representative of conditions in the Chesapeake 
Bay watershed where the growing season is only 240 days. Third, the ponds were 
extensively influenced by groundwater, which made it difficult to isolate the FTW effect 
during storm runoff events. Lastly, the nutrient concentrations measured in the inflow 
to both ponds were extremely low in comparison to those observed in the Bay 
watershed.  
 
Maryland Coastal Plain  
 
Two studies investigated nutrient uptake and denitrification rates for FTWs deployed in 
ponds in the Maryland coastal plain (Lowman, 2013 and Lazur et al, 2013). Both studies 
confirm that FTWs can grow vigorously in our region and provide strong evidence that 
FTWs are a hotspot for denitrification, which may help improve their overall nitrogen 
removal rate.  
 
Lowman (2013) investigated two ponds that had been recently built to control 
stormwater runoff generated by poultry production facilities on the Maryland eastern 
shore. Three FTW units were installed in each pond during the year-long study. Sub-
sample cores were taken from each FTW unit and sampled for oxidation-reduction 
potential (ORP) and denitrification potential throughout the growing season. Lowman 
also sampled the same parameters in the sediment and water column of the ponds, and 
measured the rate of nutrient uptake that occurred on the rafts. Lowman (2013) 
observed denitrification potential within the FTW matrix that was 5 to 7 times higher 
than that measured in pond sediments. The highest denitrification rates were observed 
at the edge of the FTW rafts as compared to the center of the FTW.  
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Lowman (2013) concluded that the plant nutrient uptake rates he measured were 
consistent with other researchers, and that harvesting of plant material, while difficult, 
could optimize nutrient removal within these rural ponds.  
 
Lazur et al (2013) investigated nutrient uptake rates by six different wetland plant 
species and two commercially available FTW raft technologies in three ponds located 
near Easton, MD. 36 FTW units were deployed in the three ponds, and plant material 
was measured at the beginning and the end of the growing season to determine nutrient 
uptake rates over time. The FTWs were deployed over the winter, and monitored during 
the next growing season (one of the only examples of over-wintering reported in the 
literature).  
 
Lazur et al (2013) concluded that FTWs were an excellent growing medium for most of 
the plant species, with best results obtained for Decodon, Justica and Hibiscus. Asclepia 
and Pontederia appeared to be subject to herbivory by waterfowl and did not grow as 
well. Measured N uptake rates ranged from 0.2 to 6.7 mg N/sf FTW/day, whereas 
denitrification rates ranged from 1.28 to 4.06 mg N/sf FTW/day. The highest rates of 
both N uptake and denitrification were associated with higher pond nitrate 
concentrations. Denitrification occurred in both the FTW rafts and in pond sediments. 
 
3.3  Summary of FTW Mesocosm Research 
 
The next set of research studies considered by the Panel were FTW mesocosm 
experiments (Tanner and Headley, 2011, Chang et al, 2012, Van de Moortel et al, 2012, 
White and Cousins, 2013, Khan et al, 2013, Keizer-Vlek et al, 2014 and Wang and 
Sample, 2014). Mesocosms provide much greater experimental control and replication 
and can help isolate key mechanisms involved in nutrient dynamics. The drawback of 
most mesocosm studies is that they do not realistically portray conditions that are 
encountered in the field (e.g., variability in rainfall events and inflow concentrations). In 
particular, it is hard to "scale up" the pond elements such as pool depth and pond 
sediments in FTW mesocosm studies. As a group, mesocosms are hard to compare, due 
to inherent differences in their set up and experimental design. 
 
The following summarizes some of the key findings and insights achieved in the 
mesocosm research studies: 
 

 FTWs and Pond Hydraulic Performance: Khan et al (2013) conducted a lab 
study that evaluated how FTW placement within an experimental pond 
influenced its hydraulic performance and overall settling conditions. The 
experimental pond was a 1:10 scale replica with the dimensions of a typical wet 
pond which allowed testing of a wide range of inflow conditions. FTWs with 
artificial roots were added to the pond in various configurations. Rhodamine dye 
was used as a tracer to measure residence time distributions and develop an 
index of short circuiting. Khan et al (2013) concluded that FTWs improved the 
hydraulic performance of ponds compared to non-FTW controls. They also noted 
that one large FTW unit performed better than several smaller units. Short 
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circuiting was reduced when an FTW was placed across the entire width of the 
experimental pond, and when they were located closer to the inlet than the outlet.  

  

 FTW Performance as a function of Pond Water Temperature: Wang and Sample 
(2014) conducted a six month mesocosm study using natural stormwater 
obtained from an adjacent wet pond located near Fairfax City, Virginia. Wang 
and Sample (2014) looked at nutrient uptake under four different treatments: 
pond water only, unplanted rafts, and rafts planted with pickerelweed 
(Pontederia cordata L.), and softstem bulrush (Schoenoplectus 
tabernaemontani). TP and TN were reduced by 8.2% and 18.2% in the FTW 
treatments planted with the pickerelweed and softstem bulrush, respectively. 
Additionally, the researchers observed a strong relationship between pond water 
temperature and FTW removal rates, with a decline in efficiency occurring when 
temperatures were lower than 15 degrees Celsius (e.g., Pickerelweed’s removal for 
both N and P is negligible below 15 degrees Celsius). Peak efficiency occurred 
when pond temperatures exceeded 25 degrees C. The temperature response was 
generally greater for P removal than N removal, and differed somewhat among 
the two plant species tested.  

 

 FTW and Nutrient Removal: Tanner and Headley (2011) reported on a New 
Zealand mesocosm study that investigated nutrient removal associated with 
FTWs planted with four different species of emergent wetland plants. The short-
term experiments used synthetic stormwater runoff to measure FTW nutrient 
uptake within the tanks.  

 
Overall, Tanner and Headley (2011) noted that nutrient removal rates were 
greater for tanks with planted FTWs compared to unplanted control rafts. Plant 
nutrient uptake was responsible for only a small fraction of the overall TP 
removal -- most was due to particulate settling. Tanner and Headley (2011) also 
reported that FTWs reduced DO levels in the tanks, primarily due to root 
respiration. The authors acknowledged that their experimental design was not 
intended to measure the pond contribution to overall nutrient removal.  

 

 Below-Mat Biomass Important to Nutrient Removal: Several mesocosm 
experiments observed that the below- mat plant biomass, and in particular, the 
dense root network that often extends as much as three feet below the mats, 
appears to be responsible for most of the nutrient reduction.  

 
For example, Wang and Sample (2013) observed that microbes in the underwater 
mat and plant roots were the most likely mechanism for nutrient removal in his 
Virginia mesocosm experiments. Tanner and Headley (2011) also concluded that 
biofilms on plant roots were a major source of both TSS and TP removal and 
improved settling conditions within the mesocosms for very fine sediment 
particles that are often enriched with organic phosphorus. White and Cousins 
(2013) found that most of the nutrients in their mesocosm experiments were 
measured in below-mat biomass rather than above-mat biomass, which 
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reinforces the same finding observed in field scale monitoring (Winston et al, 
2013).  

 

 Differential Nutrient Uptake by Different Plant Species: White and Cousins 
(2013) reported on mesocosm experiments conducted over two growing seasons 
in South Carolina. The outdoor trough experiments looked at FTW nutrient 
uptake and removal for two stormwater nutrient loading rates and two different 
plant species (Juncus effusus and Canna flaccida). While White and Cousins 
(2013) found the FTWs were able to achieve reasonably low N and P 
concentrations in stormwater effluent, there were significant differences in aerial 
nutrient uptake rates between the two species -- on average, nutrient uptake by 
Juncus was 60% higher than Canna.  

 
Other mesocosm experiments have yielded the same conclusion. For example, 
Keizer-Vlek et al (2014) used mesocosms to compare nutrient uptake of two plant 
species (Typha augustifolia and Iris psuedoacorus) under two simulated 
nutrient loading rates. The N and P uptake rates for Iris were found to be 
significantly higher than Typha under both nutrient loading rates. Wang and 
Sample (2014) reported that N and P uptake rates were higher for Pontederia 
cordata than Schoenoplectus tabernaaemontani. 
 
The mesocosm experiments reinforce the findings from larger field-scale 
monitoring studies profiled in Section 3 (see especially Lazur et al, 2013). Overall, 
the panel concluded that the number of plant uptake studies were so small that 
no particular wetland plant species could be recommended for FTWs solely based 
on nutrient uptake. 
 

 Plant Senescence and Potential Nutrient Leaching from FTW Detritus: A few 
researchers have looked at the potential risk that nutrients might leach from FTW 
plant detritus at the end of the growing season. Wang and Sample (2014) noted 
that above mat growth of Pontederia cordata stopped in the early Fall as 
temperatures began to decline. The nutrient uptake rates declined as the plants 
died back, and Wang and Sample (2014) surmised that some nitrogen and 
phosphorus may have been released from the FTWs later in the fall. On the other 
hand, no senescence occurred in the other FTW plant species Schoenoplectus 
tabernaaemontani, during the course of the study. Despite the fact that some 
nutrients might be released back into the pond when plants die-back and 
decompose, Wang and Sample (2014) concluded that FTWs "should provide net 
nutrient removal on an annual basis if harvested at the appropriate time".  

 
Van de Mortel et al (2012) researched leaching from FTWs in a series of 
laboratory in-situ litter bag experiments. The FTW detritus was obtained from 
FTW planted with Carex species deployed in the field in a Belgian study. They 
found that 13% of FTW detritus biomass (dry weight) was lost in 24 hours after 
immersion in water, and that 23% was lost within 3 days. The relatively rapid loss 
was primarily attributed to leaching of soluble organic compounds from the 
detritus. The research team also noted that the decomposition of detritus 
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provided a critical carbon source to promote denitrification within the FTW. The 
litterbag experiments indicated that about 60% of the mass of FTW detritus was 
lost within a year under field conditions (i.e., 40% of the mass was still present in 
the bags immersed in pond water).   
 

3.4  Review of FTW Modeling Studies  
 
Wang and Sample (2013) developed a model for predicting nutrient removal 
performance of floating treatment wetlands that integrates effects of the raft and 
associated plants with that of the water body that the FTW raft floats on. This integrated 
model (the i-FTW model) is based upon first-order reaction kinetics. Parameters of the 
model include water reaction rate of the water body, and apparent uptake velocity  of the 
FTW; which is a function of the vegetation and the raft materials. Additional parameters 
in the model include the area of the raft(s) and the volume of the water body.  
 
A literature review was conducted, and 14 FTW studies worldwide were selected that 
contained information sufficient to fit the i-FTW model. The i-FTW model was found to 
be more predictive than other engineering models used to estimate removal efficiency 
(Wang and Sample, 2013). A bootstrap method was used to generate uncertainty and 
provide robust predictions of performance.  
 
The best estimation of median and expected range (95% confidence interval) of the 
apparent uptake velocity were 0.048 (0.018–0.059) and 0.027 (0.016–0.040) m/day 
for TP and TN, respectively. The goodness of fit (r2) of the i-FTW model on water 
concentration time series data of the i-FTW experiments was 0.92 ± 0.30 for TP and 
0.86 ± 0.38 for TN data (mean ± standard deviation).  
 
The i-FTW model was specifically adapted to predict the effect of FTW raft coverage on  
nutrient removal rates for pond retrofits in the Chesapeake Bay watershed. The model 
was applied to a pond in Fairfax, Virginia using a series of engineering models and a ten 
year rainfall time series. The technical assumptions used in this modeling analysis are 
described in detail in Appendix B. 
 
3.5  Research on FTW Operational and Maintenance Issues 
 
Most of the field studies involved demonstration projects to test how FTW pond retrofits 
function under real world conditions. This section summarizes some of the more 
pertinent FTW operation and maintenance issues. Readers who want more detail on 
these issues should consult Borne et al (2015).  
 
Annual Harvesting 
 
Most practitioners recommend that a portion of the FTW should be harvested or at least 
thinned at the end of the growing season or upon plant senescence (Wang and Sample, 
2014). The primary purpose of this maintenance task is to prevent the FTW from 
becoming overgrown but leave enough wetland plant material to propagate during the 
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next growing season. While harvesting removes biomass and nutrients from ponds, the 
ultimate removal pathway associated with maintenance are pond sediment cleanouts.  
At the same time, practitioners also acknowledge that harvesting operations are very 
difficult to perform in the field (Winston et al, 2013, Lowman, 2013). A complete harvest 
of all biomass within a FTW is not practical given the weight and configuration of the 
FTW rafts (and the fact most of the biomass is either intertwined within the raft 
structure or located underwater). Several researchers have looked at where biomass and 
nutrients are stored within the FTW mats (Beery, 2013, Borne et al, 2015, Winston et al, 
2013). In general, about a third of biomass/nutrients are found above the mat, a third 
are found in the mat itself, and the remaining third are located in the root network 
below the mat.   
 
The panel recommends that above the mat plant material be thinned at the end of the 
growing season or upon plant senescence, whichever comes first. The harvested plant 
material should be composted or land-filled.   
 
Over-Wintering vs. Fall Retrieval 
 
It was noted in Section 1 that the research review found little data that evaluated the 
capability of FTWs to "over-winter" within a pond in northern climates (i.e., for either 
the raft or the plants to effectively withstand thick pond icing conditions, or for that 
matter, exposure to extremely high chloride levels). Over-wintering strategies should be 
tested in the field to see which ones are practical and cost-effective. For example, one 
strategy is to deploy the pond FTW over the entire winter season, and making any 
repairs/plant reinforcement during the following spring.  
 
Downstream Discharges 
 
There have been environmental concerns about the discharges from stormwater 
retention ponds for many years related to stormwater temperature and hypoxic 
discharges (Schueler, 1996). For these reasons, most states prohibit or discourage their 
use in sensitive or high quality streams (e.g., trout waters). The panel investigated 
whether FTW pond retrofits would mitigate or aggravate these downstream concerns.  
 
Borne et al, 2015 observed that FTWs can further decrease DO levels within stormwater 
ponds, although the effect appears to be localized in close proximity to the FTW raft. No 
data was available on whether FTW retrofits modified the DO levels discharged from 
ponds, but the panel recommends that FTW retrofits be accompanied by a suitable 
aeration method to minimize the risk of anoxic pond discharges during the summer 
months.  
 
Winston et al (2013) sampled water temperature profiles in FTW retrofit ponds to 
determine whether their shading might cool temperatures in the water column and thus 
reduce downstream thermal discharges. While they found some minor differences in 
temperature profiles below FTW rafts compared to open water areas, they were not 
sufficient to reduce thermal discharges from the pond. Given that Borne et al (2015) also 
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came to the same conclusion, the panel was doubtful whether FTW retrofits would be a 
viable mitigation strategy for stream warming.  
 
FTW Plant Species 
 
To date, a relatively small number of aquatic macrophytes species have been planted 
within FTWs. Table 4 summarizes the plant species that have been most frequently 
planted in east coast FTW demonstration projects. Each of the species meet the criteria 
of Wang and Sample (2014) for FTW plant selection: native to the region and non-
invasive, perennial, ability to thrive in a hydroponic environment, and ability to aerate 
the root network by transporting oxygen from above-water biomass.   
 

Table 4. Plant Species That Have Frequently Been Planted in FTWs 1 
Common Name Latin Name 

Pickerelweed Pontederia cordata 
Softstem Bulrush Schoenoplectus tabernaemontani 
Blue Flag Iris versicolor 
Swamp Rosemallow Hibiscus moscheutos 
Soft Rush Juncus effusus 
Tussock Sedge Carex stricta  
Swamp Milkweed Asclepia incarnata 
Swamp Loosestrife Decodon verticillatus 
Water Willow Justica americana 
1 North American species planted on east coast FTW demonstration projects 

 
The panel does not recommend any particular plant species but suggests that a qualified 
wetland scientist be involved in plant selection and that they should be procured from 
regional wetland nurseries. 
 
FTW Plant Mortality 
 
Several researchers have documented plant mortality in FTW systems for a variety of 
reasons (e.g., dessication, anoxia, poor post-nursery care, herbivory). While mortality 
has been observed in individual species, total FTW planting failures are fairly 
uncommon as long as multiple species are planted on the same raft (i.e., at least a few 
species will do well enough to ensure adequate FTW plant coverage by the middle of the 
growing season).  
 
Numerous practitioners have reported that FTWs can be subject to considerable 
herbivory by geese, waterfowl or turtles, especially during their initial establishment 
phase (Nemerson et al, 2011, Lazur et al, 2013 and Winston et al, 2013). Borne et al 
(2015) recommend that plants be protected by plastic netting during this critical phase 
of plant growth.  
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Spread of Invasive Species 
 
Several aquatic macrophytes rank among the most aggressive and invasive plant species 
in the region, so care needs to be taken to select native plant species when planting 
FTWs. Winston et al (2013) noted the invasive species creeping water primrose 
(Ludwigia hexapetala) was present in one of the NC wet ponds prior to a FTW retrofit. 
The FTW rafts appeared to provide a foothold for the plants to colonize the better part of 
the wet pond during the next growing season. Based on this experience, Borne et al 
(2015) recommends that FTW should not be deployed in ponds that contain invasive 
plant species or at least invasive species should be eradicated prior to FTW deployment 
whenever possible.   
 
Tethering and Retrieval  
 
FTWs will rise and fall as pond water levels fluctuate from storm to storm, but they need 
to be kept in the same general location in the pond to promote settling of solids. In 
particular, they need to be anchored so they cannot move around the pond during 
extreme storm events and possibly obstruct risers and spillways. The proposed FTW 
operations regime requires the ability to safely retrieve a very bulky and heavy raft to 
perform maintenance. Therefore, the raft needs to be securely anchored within the pond 
but also easily retrievable from the pond shoreline or a small boat. Furthermore, 
anchoring should not be so restrictive that the raft is pulled below the surface of the 
water allowing it to become inundated. If the raft becomes flooded any protective 
fencing or netting will become obsolete and give wildlife access to the FTW structure. 
 
3.6  Overall Findings on Pollutant Removal   
 
Based on its review of the literature, the panel agreed on the following findings on the 
pollutant removal capability of FTW retrofits in stormwater ponds:  
 

 While the number of field monitoring and lab mesocosm studies on FTWs was 
fairly limited, most of the research findings were internally consistent and 
reinforced one another.  

 

 The incremental effect of FTWs in boosting pond pollutant removal was modest 
(+5 to 20%), but was consistently positive in the monitoring studies where it was 
evaluated. In general, TP removal was consistently higher than TN removal in 
FTW pond retrofits.  

 

 The majority of the FTW nutrient removal occurs underneath the FTW in the 
biofilms associated with its dense root network that collectively act as a:  
 

o Physical filter to decrease flow velocity, enhancing settling of particulate 
pollutants. 
 

o Biosorbent for phosphorus and dissolved metals under the neutral pH 
induced by the FTW. 
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o Favorable environment for microbial growth which enhances N 

mineralization, nitrification and denitrification rates. 
 

o Net source of organic matter from the roots that promotes the formation 
of flocs, increasing settling of particulate pollutants. 

 

 
Figure 4. Schematic of FTW root zone treatment pathways (Borne et al 2015) 

 

 Improved settling of particulate nutrients appears to be the dominant removal 
mechanism in pond FTW retrofit applications. The placement of the FTW acts to 
improve the hydraulic performance of the pond, reducing flow velocities and 
improving the overall settling environment. Studies suggest that this effect occurs 
underneath the FTW and extends all the way to the pond outlet. FTWs should be 
located closer to the inlet (but outside of the forebay) and be placed 
perpendicular to the flow path to maximize settling performance.    

 

 FTWs have a strong local influence on dissolved oxygen dynamics within 
stormwater ponds, and can create hypoxic and/or anoxic conditions below and 
within FTWs during the growing season. These conditions can promote 
denitrification within both the FTW mat and the underlying pond sediments.  

 

 Two Maryland research studies confirm that denitrification occurs within the 
FTW mat, especially near its outer edges where more surface area exists. The 
contribution of denitrification to overall nitrogen removal appears to be modest. 

 

 Plant uptake of nutrients is not thought to play a major role in the overall 
nutrient reduction achieved by FTW pond retrofits, although most researchers 
observe significant differences in uptake rates among different plant species.  
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 FTWs need to cover at least 10% of a pond's surface area (Borne et al, 2015 and 
Winston, 2016) to improve their nutrient and sediment removal function. On the 
other hand, covering more than half of the pond surface area is often impractical 
due to cost and geometrical concerns. Ratios in excess of 50% may negatively 
impact pond biologic processes.  

 

 While FTW provide a shading effect, they are not capable of reducing thermal 
load or average discharge temperature from wet ponds. This shading does not 
appear to harm existing underwater vegetation since FTWs are deployed at water 
depths that preclude the growth of any underwater vegetation. 

 

 Given that the monitoring studies and engineering models were in close 
agreement, the panel elected to use the i-FTW model to predict the effect of raft 
coverage on nutrient removal rates for FTW pond retrofits. The panel estimated 
incremental TSS removal rates for FTW retrofits, based on pond sedimentation 
theory, using relationships between TSS and TP (See Appendix B).  
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Section 4. Recommended Protocol for FTW Pond Retrofits 
 

4.1  Proposed Nutrient Removal Credits in Other States 
 
Two states have proposed nutrient removal credits for FTW pond retrofits but no credits 
have been yet officially adopted in either state.  
 
Florida: FDEP (2010) proposed a 20 to 40% incremental removal credit for both 
nitrogen and phosphorus for "Managed Aquatic Plant Systems" or MAPs that are added 
to existing wet detention ponds. The draft removal credit was developed to support new 
stormwater nutrient rules for Florida waters, which were introduced in 2010 but have 
not been approved to date.  
 
The technical basis for the removal credit appears to be loosely based on the Florida 
FTW research profiled in Section 3 of this report, although Wanielista (2012) 
recommended a 12% FTW wet pond retrofit credit for TN and TP in his 
recommendations. The draft technical criteria presented for FTW retrofits in FDEP 
(2010) was fairly minimal, but did require a minimum 5% FTW coverage and annual 
harvesting of plant biomass.   
 
North Carolina: For several years, North Carolina has been drafting new stormwater 
rules to protect nutrient-sensitive waters of the State such as Jordan Lake and Falls 
Lake. The rules require pollutant reductions for existing and new development to 
prevent eutrophication, and they are developing nutrient accounting protocols that are 
similar to those being crafted in the Chesapeake Bay. 
 
Winston (2016) drafted a recommended protocol for crediting incremental pollutant 
reduction by FTW pond retrofits in North Carolina, which is summarized in Table 5.  
 

Table 5. Summary of Proposed NC Credit for FTW Pond Retrofits 1 
Pollutant Range of FTW Coverage 2 Proposed Pollutant Reduction Credit 

TP Min of 10% SA Cover 3 Pond effluent concentration reduced by 0.03 
mg/l (or about 10% of pond TP inflow EMC) 

TN Min of 10% and Max of 50% Pond effluent concentration reduced on 
sliding scale (0.00 mg/l for 10% FTW up to 
0.11 mg/l for 50% FTW (or about 5% of 
typical pond inflow EMC for TN)  

TSS Min of 10% SA Cover 3 TSS removal rate for wet ponds increased 
from 85 to 90% 

1 Draft recommendations to NC DEQ that have not been officially approved (Winston, 
pers. comm.) 
2 All FTWs must achieve 80% plant coverage on the raft and must be placed 
perpendicular to the primary flow path of the pond 
3 No additional credit beyond 20% FTW cover  
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4.2  Protocol to Define the Pond Baseline Removal Rate  
 
Table 6 presents the various methods that have been used to define removal rates for 
wet ponds in the Chesapeake Bay watershed. A conservative estimate for wet pond 
removal rates was adopted by the Chesapeake Bay Program (CBP) in 2003. The 
estimates were about 7 to 13% lower than the median removal rates derived from an 
analysis of 45 wet pond research studies by the Center for Watershed Protection (CWP, 
2007). The CBP acknowledges that it discounted the removal rates to reflect concerns 
about wet pond maintenance over time.  
 
The removal rates for wet ponds and other stormwater treatment practices were 
revisited by a new CBP expert panel in 2013. By that time, each Bay state had increased 
their water quality sizing requirements and strengthened their design specifications. 
The new expert panel produced a series of curves to estimate removal rates for total 
phosphorus, total nitrogen and total suspended solids based on the degree of runoff 
storage volume they provided (Figures 5, 6 & 7).  
 
Most states began actively discouraging or even prohibiting the use of wet ponds after 
2005 due to stream warming and other environmental permitting concerns. The 
removal rates for existing wet ponds constructed in earlier eras, however, can be readily 
estimated from the adjustor curves -- most were designed using a water quality sizing 
rule of 0.5 or 1.0 inches of pool storage per contributing impervious acre. The 
corresponding removal rates for wet ponds designed to these sizing criteria are shown in 
Table 6.  
 

Table 6. Wet Pond Pollutant Removal Rates Over Time 
Pollutant  CBP (2003) 1 CWP (2007)2 EPR (2013) 3 75% NPRD 4 

TSS 60 73 50 - 70 88 
TP  45 52 40 - 52 75 
TN 20 31 25 - 35 40 
1 First CBP estimate of wet pond removal rates 
2 National Pollutant Removal Database, 3rd edition (CWP, 2007)  
3 Expert Panel Report for Stormwater Treatment Practices, 0.5 to 1.0 inch sizing 
assumed (SSPS EP, 2013) 
4 75th percentile removal rate from NPRD (CWP, 2007) 
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Figure 5. Retrofit Removal Rate Adjustor Curve for Total Phosphorus 

 

 
Figure 6. Retrofit Removal Rate Adjustor Curve for Total Nitrogen 
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Figure 7. Retrofit Removal Rate Adjustor Curve for Total Suspended Solids 

 
4.3  Protocol to Define FTW Incremental Removal Rate  
 
The Panel developed a simple protocol to compute the incremental removal rate based 
on the FTW coverage achieved in the wet pond, using the i-FTW model adapted for 
Chesapeake Bay watershed conditions (Wang and Sample, 2013 and Section 3.4). The 
incremental removal credit is calculated in three simple steps.  
 
Step 1: Confirm that the wet pond and FTW design conform to the performance criteria 
for the retrofit installation outlined in Section 2.1.      
 
Step 2: Measure the surface area of the pond and the FTW rafts to determine the 
percent raft coverage for the pond. 
 
Step 3: Go to Table 7, and find the removal rates that correspond to the percent raft 
coverage achieved (interpolating if needed). 
 

Table 7. Incremental Pollutant Removal Rates for FTW Pond Retrofits 

Pollutant 
Raft Coverage in Pond 

10% 20% 30% 40% 50% 
Total Nitrogen 0.8% 1.7% 2.5% 3.3% 4.1% 
Total Phosphorus 1.6% 3.3% 4.9% 6.5% 8.0% 
Total Suspended Solids 2.3% 4.7% 7.0% 9.2% 11.5% 

 
The next section provides a design example to show how both the baseline and 
incremental removal rates are calculated. 
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4.4  Pond FTW Retrofit Design Example  

 
A Bay community is looking to retrofit an existing wet pond that was built in 1990 and 
that serves a 100-acre site developed with a mix of single family homes, apartments and 
townhouses resulting in a total of 90 impervious acres. The wet pond was designed to 
provide a water quality volume (WQv) of 1 inch per impervious acre in the contributing 
drainage area. The community is looking to retrofit the existing wet pond with a 
Floating Treatment Wetland in order to increase the water quality benefits of the 
facility.  
 
In order to calculate the increased pollutant reduction, the community must first 
calculate the amount of pollutant reduction provided by the existing wet pond. 
 
Step 1. Calculate the removal rate of the existing wet pond. 
 
In order to determine the runoff volume treated by a practice, the designer must first 
estimate the Runoff Storage volume (RS) provided by the existing practice. This, along 
with the Impervious Area (IA) in acres, is used in the standard retrofit equation to 
determine the amount of runoff volume in inches treated at the site: 
 

=
(𝑅𝑆)(12)

(𝐼𝐴)
 

 
Where:  

RS = Runoff Storage Volume (acre-feet)  
IA = Impervious Area (acres) 

 
Once the amount of runoff volume in inches treated at the site is determined, the 
designer references the retrofit removal adjustor curves (Figures 5–7) to determine the 
pollutant removal rates for the existing wet pond. Wet ponds are classified as a 
stormwater treatment (ST) practice by the Urban Stormwater Retrofits Expert Panel 
report (SR EPR, 2013).  
 
The designer finds the amount of runoff depth captured on the x-axis of the retrofit 
removal rate adjustor curves and goes upward to the ST curve. The designer then moves 
to the left to find the corresponding removal rate on the y-axis.  
 
In this example, the runoff storage volume (RS) for the wet pond is 7.5 acre-feet and the 
impervious area (IA) treated by the pond is 90 acres. The local designer inputs that 
information into the retrofit storage equation above to determine the runoff depth 
captured per impervious acre to be 1.00”. 
 
The designer then finds the 1” runoff depth captured per impervious acre on the x-axis 
of the retrofit removal rate adjustor curves and determines the removal rates of the 
existing pond to be as follows: 
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Removal Rate TP TN TSS 
Baseline Pond Removal 55% 35% 70% 

 
Once the designer has calculated the existing removal rates of the wet pond, the next 
step is to determine the additional removal due to the FTW retrofit.  
 
Step 2. Calculate the incremental removal rate due to the FTW retrofit. 
 
The designer calculates that 30% of the surface area of the pond is going to be covered 
by the FTW rafts. The designer then consults Table 7 to determine the additional 
removal benefit from the FTW retrofit. Based on the table, the designer determines that 
the FTW retrofit gives the pond an additional removal of 2.5% Total Nitrogen, 4.9% 
Total Phosphorus and 7.0% Total Suspended Solids. 
 

Removal Rate TP TN TSS 
Baseline Pond Removal 55% 35% 70% 
FTW Incremental Removal Rate 2.5% 4.9% 7.0% 
Total Pond and FTW Removal  58% 40% 77% 
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Section 5. Accountability Mechanisms for the Practice 
 
5.1  General Issues on Practice Reporting and Verification 

 
The panel relied on the general principles for urban BMP verification that were 
established by the Urban Stormwater Workgroup (USWG, 2014) and approved by the 
CBP partnership as a whole.  
 
The expert panel concluded that FTW pond retrofits should be subject to all of the  
accountability procedures established for stormwater retrofit practices, as defined in 
Section 6 of the stormwater retrofit expert panel report (SR EPR, 2013) including:  
 

 No double counting 

 Initial certification of adequate FTW installation 

 Retrofit reporting units to state stormwater agency 

 Local recordkeeping requirements 

 Field verification procedures 
 

Stormwater retrofits are granted a 10 year credit duration which can be renewed for 
another ten years if a field inspection verifies that the retrofit still exists, is functioning 
as originally designed and is adequately maintained (SR EPR, 2013). The Panel did note 
that there are some unique verification issues associated with pond FTW retrofits, most 
notably their shorter credit duration, as described in the next section.    

 
5.2  Overall Estimate of FTW Longevity  
 
For several reasons, it is anticipated that FTW pond retrofits will have a shorter 
longevity than other types of stormwater retrofits. First, FTW pond retrofits to date have 
involved relatively short-term research or demonstration projects -- the panel could find 
no evidence of any FTW pond retrofits that were operated for longer than three years. 
Second, FTWs require frequent inspections and maintenance during the growing season 
to maintain their pollutant removal function (see Section 5.3). Experience has shown 
that if these maintenance tasks are not regularly performed, the FTW retrofit will 
ultimately fail. Given these longevity issues, the panel concluded that the duration of the 
pollutant reduction credit should be substantially shorter than the ten years allowed for 
standard retrofits.    
 
The panel estimated that the longevity of a FTW pond retrofit system is three years, if a 
responsible party exists to inspect and maintain the facility (i.e., an enforceable and 
funded maintenance plan). The credit can be renewed for an additional three years if 
field inspections demonstrate that the FTW is in operable condition and meets plant 
coverage requirements. If an enforceable operation and maintenance plan is lacking for 
the FTW pond retrofit, the panel recommends the credit duration be restricted to a 
single year. 
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5.3  Unique FTW Operation and Maintenance Criteria 
 
The panel notes that regular operation and maintenance are essential to maintain the 
performance of FTW retrofits over time -- communities should not expect that they can 
simply deploy FTWs and walk away. While the specific maintenance tasks for FTW 
retrofits depend on the specific pond environment and FTW technology used, the panel 
generally concurs with the FTW operation and maintenance recommendations 
established by Borne et al (2015). These activities may entail:  
 

 Quarterly inspections of the FTW retrofit throughout the year  

 Shoot trimming in the early summer, if needed (FTW harvesting is extremely 
difficult and is usually confined to biomass above the surface of the raft) 

 Reinforcement plantings if the end of season 80% plant coverage threshold is not 
achieved over the raft 

 Immediate removal of any invasive macrophyte species that colonize the FTW 
raft  

 Repairs to tethering and/or anchoring systems to ensure the FTW is properly 
placed within the pond 

 Other operations, as needed to maintain the function and performance of the 
FTW pond retrofit 

 Implementation of herbivory prevention devices during planting 

 Removal of herbivory prevention devices once plants are successfully established 
 
5.4  Reporting, Tracking and Verifying the Practice 
 
Reporting FTW Pond Retrofits 
 
FTW pond retrofits fall within an existing category of stormwater retrofits -- 
Enhancements to Existing BMPs - so communities should report the following data as 
outlined by the retrofit expert panel (SR EPR, 2013) or otherwise required by your state 
stormwater agency: 
 

 Retrofit class (i.e., Enhancement of existing BMP)  

 GPS coordinates for the wet pond (lat/long)  

 Year of installation (and year credit lapses)  

 12 digit watershed in which it is located  

 Total drainage area and impervious cover area treated by the wet pond  

 Runoff volume treated by the wet pond 

 Percent FTW coverage over pond surface area 

 Incremental sediment, nitrogen and phosphorus removal rates, based on 
FTW pond coverage in Table 7. 

 
 
 
 



Panel Report on Floating Treatment Wetlands in Existing Wet Ponds 
 

31 P a g e  

 

Tracking FTW Retrofits Over Time 
 
Given the relatively short credit duration for FTW retrofits, communities should develop 
a local tracking system to record FTW installation and subsequent operation and 
maintenance activities over the year. In general, communities have a one-year time 
frame to bring them back into compliance should they not pass the field verification 
inspection. This grace period is waived, however, if the FTWs are removed from the 
pond.      
 
Localities can renew the credit for an additional three years if they can report to the 
state that the retrofit has passed the field inspection. Otherwise, the credit is 
automatically terminated by the state when its initial credit duration expires.   
 
Verification for FTW Pond Retrofits 
 
Verification of the FTW pond retrofit is straight forward. Communities conduct a field 
inspection of the retrofit at the end of its third growing season to assess the structural 
integrity of the FTW raft and to ensure that it still meets the performance criteria 
outlined in Section 2.1. These criteria are relatively easy to assess in the field, and 
include: 
 

 Minimum pond surface coverage by FTW 

 80% plant coverage within the FTW rafts 

 Native plant species are maintained 

 FTW units are placed perpendicular to flow path, and are adequately 
tethered/anchored 

 Depth from FTW raft to pond bottom is 3.5 feet or greater 

 Other criteria, as established by the appropriate state stormwater agency    
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Section 6. Future Research and Management Needs 
 
6.1 Panel's Confidence in its Recommendations  
 
One of the key elements of the CBP BMP Review Protocol is that each expert panel 
should express its confidence in the removal rates that they ultimately recommend 
(WQGIT, 2014). While the available research on FTW retrofit performance was fairly 
limited, the panel concluded that the studies were internally consistent and tended to 
reinforce each other. Numerous lines of evidence indicated that FTWs improved pond 
settling conditions, thereby enhancing overall pollutant removal. Consequently, the 
panel was reasonably confident that the modest incremental FTW pollutant reductions 
it recommends are reliable and technically supported. 
 
The panel also concluded that its recommendations should be re-visited within five 
years if more FTW monitoring research and operational experience become available. 
This panel should be reconvened sooner if more compelling research is published on 
FTW applications within tidal waters. 
 
6.2 High Priority Research Recommendations 
 
The panel recommended several priority research studies that would increase 
understanding about the long term performance of FTW pond retrofits, such as:   
 

 Field testing to determine the best FTW over-wintering strategy  
 

 Denitrification measurements within both the FTW matrix and wet pond 
sediments underneath the raft, in order to develop a better nitrogen mass balance 
for the interaction of FTWs and ponds 

 

 Field monitoring studies on the pollutant removal performance of FTW 
applications in a broader range of aquatic settings, especially for sediment   

 

 Modeling work to develop design tools to optimize nutrient and sediment 
removal by adjusting FTW surface area and configuration within ponds 

 

 Plant research to identify which FTW plant species maximize coverage, nutrient 
uptake, habitat value and aesthetics 
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6.3  Future Implementation Considerations 
 
The panel identified several priorities to improve local capability to employ FTW pond 
retrofits in their communities to maximize pollutant reduction to local waterways and 
the Chesapeake Bay: 
 

 More training and outreach to MS4s to determine which legacy wet ponds within 
their local stormwater BMP inventory are the best candidates for this class of 
retrofits. 

 

 Work with private sector companies who manage and maintain ponds and 
wetlands to see if there is a broader private sector market to deploy and operate 
the practice on a more widespread basis. 

 

 Evaluate whether economic incentives and/or public/private partnerships could 
expand the delivery of FTW retrofits within individual communities, especially 
for privately-owned ponds that are managed by cash-strapped homeowner 
associations.  
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