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1.0 Introduction 

The EPA established phosphorus Total Maximum Daily Load (TMDL) values for twelve (12) segments of 

Lake Champlain in 2016 (USEPA, 2016). The TMDLs provide a maximum phosphorus load to the Lake 

required to meet water quality standards and goals. Phosphorus loads from developed lands are a critical 

part of the TMDL. Each entity subject to a Municipal Separate Storm Sewer System (MS4) permit is 

required to meet a phosphorus load reduction for developed lands, based on the receiving lake segment. 

The Town of Williston and the Chittenden County Regional Planning Commission (CCRPC) hired Fitzgerald 

Environmental Associates (FEA) in 2019 to develop a phosphorus control plan (PCP) for the Town to meet 

these requirements for the TMDL and the Town MS4 permit.  

This report describes the phosphorus baseload calculations required to determine the PCP targets, 

accounting of all existing phosphorus reduction credits (P-credits), and recommendations for meeting the 

remaining P-credits.  

1. Baseload calculation: Using information provided by VTDEC and by the Town, we determined the 

¢ƻǿƴΩǎ ǇƘƻǎǇƘƻǊǳǎ ōŀǎŜƭƻŀŘ ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǇƘƻǎǇƘƻǊǳǎ ǊŜŘǳŎǘƛƻƴ ǊŜǉǳƛǊŜƳŜƴǘǎ ǳƴŘŜǊ 

the Lake Champlain P TMDL and the MS4 permit.  

2. Existing P-credits: We calculated existing phosphorus reduction credits (P-credit) for all Town-

owned structural stormwater best management practices (BMPs) and for a range of non-

structural practices. All Town-owned BMPs were entered into the BMP tracking table developed 

by VTDEC. We used VT59/Ωǎ ŎǳǊǊŜƴǘƭȅ ŀǇǇǊƻǾŜŘ methods for estimating phosphorus removal 

through non-structural BMPs (Massachusetts TMDL empirical equations). FEA visited all the 

existing BMPs and updated the modeling inputs as necessary based on field survey. Several of the 

BMPs changed classification which significantly increased phosphorus removal efficiency.  

3. Opportunities to meet remaining P-credits: We provide a range of structural and non-structural 

options to meet the remaining P-credits. These options include retrofits to existing BMPs, 

construction of new stormwater treatment systems that are included in the Allen Brook Flow 

Restoration Plan, floodplain reconnection projects, and enhanced street sweeping. Preliminary 

estimates of capital costs and annual maintenance requirements are included.  

Based on our review of the municipal baseload, the Town is required to provide an annual phosphorus 

reduction of 263.6 pounds. This plan documents that the existing structural and non-structural practices 

managed by the Town are providing 234.3 pounds/year of phosphorus removal. The remaining reduction 

of 29.3 lb/year can be achieved through a range of structural and non-structural practices described in 

this report. Overall, the proactive approach the Town has taken towards development of stormwater 

treatment practices has made considerable progress towards meeting the PCP.  

2.0 Municipal Baseload and P-Reduction Requirements 

2.1 Phosphorus Load for All Developed Lands in Williston 

An initial estimate for the Town-wide phosphorus baseload associated with all developed lands 

(regardless of ownership) was provided by VTDEC. A GIS shapefile was also provided for the Town which 

mapped all impervious surfaces and developed pervious areas. This data set is generated from 1-meter 

impervious land cover data classified from 2011 NAIP imagery for the Champlain Basin, intersected with 

30-meter National Land Cover Dataset (NLCD) landcover data from 2006. The data was further refined by 
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VTDEC to classify roadway imǇŜǊǾƛƻǳǎ ŀǎ άǇŀǾŜŘέ ƻǊ άƎǊŀǾŜƭέ ōŀǎŜŘ ƻƴ ǘƘŜ ǊƻŀŘ ǎǳǊŦŀŎŜ ǘȅǇŜ ƭƛǎǘŜŘ ƛƴ ǘƘŜ 

VTrans road centerline dataset.  

Phosphorus loading rates were established in the Lake Champlain P TMDL for each developed land cover 

type within each major section of Lake Champlain. The Town of Williston is predominantly located in the 

drainage area for the Winooski River (Main Lake segment), a small portion is within the LaPlatte River 

watershed (Shelburne Bay lake segment). Loading rates for the Main Lake segment are slightly higher than 

those for the Shelburne Bay Lake Segment, as shown in Table 1.  

Table 1: Town-wide phosphorus baseload (all developed lands). 

Lake Segment Land Cover Area (acres) P Loading Rate (kg/year) P Load (kg/year) 

Main Lake 

Developed Pervious 3,056.2 0.231 704.5 

Developed Impervious 1,029.5 1.117 1,149.9 

Paved Roads 277.3 0.802 222.4 

Gravel Roads 33.7 2.207 74.4 

Shelburne Bay 

Developed Pervious 38.4 0.172 6.6 

Developed Impervious 12.5 0.952 11.9 

Paved Roads 8.7 0.735 6.4 

Gravel Roads 3.1 2.075 6.4 

Town Total 2,182.5 

2.2 Municipal Phosphorus Load and Reduction Requirements 

The TMDL established P-reduction targets for the developed lands within each lake segment based on 

targets for total existing and future growth. The lake segments in Williston both have the same reduction 

requirement of 20.2%. The Town is responsible for meeting this 20.2% reduction in P-loading for 

developed lands on all municipally owned and controlled properties. A draft dataset of municipally owned 

and controlled properties and the corresponding municipal P-load and required P-reductions was 

prepared by VTDEC in 2019. FEA reviewed this dataset and developed updated mapping of municipally 

owned and controlled parcels. The FEA updates included minor updates for road right-of-way (ROW) 

mapping for areas that were misclassified as Town or private, and the addition of the new Catamount 

Family Center property as Town owned. Review of the developed pervious dataset identified several 

municipally controlled areas of meadow and forest land that were misclassified as developed. FEA 

coordinated with VTDEC to remove 18 areas of misclassified developed pervious larger than 2 acres 

(Figure 1). This land cover correction removed approximately 106 acres of developed pervious from the 

Town baseload calculation, totaling 24kg P/year. 
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Figure 1: Approximately 33 acres of forest and meadow (red hatching) that were misclassified as 

άŘŜǾŜƭƻǇŜŘ ǇŜǊǾƛƻǳǎέ ǿƛǘƘƛƴ ǘƘŜ .ǊŜƴƴŀƴ ²ƻƻŘǎ ƴŜƛƎƘōƻǊƘƻƻŘΣ ŀ о-acre site that is under municipal 

control.  

The ¢ƻǿƴ Ƙŀǎ ŜȄƛǎǘƛƴƎ ƻǊ ǇŜƴŘƛƴƎ ŀƎǊŜŜƳŜƴǘǎ ǿƛǘƘ мн άо-acre sƛǘŜǎέ ǘƻ ƳŀƴŀƎŜ ǘƘŜ ǎǘƻǊƳǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ 

systems once they are upgraded to required standards. Properties and units of development with more 

than 3 acres of impervious surfaces, and that do not meet the 2002 Stormwater Management Manual 

treatment standards are defined by VTDEC as 3-acre sites are subject to the General Permit 3-9050. The 

3-acre sites are required to provide stormwater treatment for 50% of the 1-inch rain event (50% of water 

quality volume). VTDEC estimated that providing this treatment volume would result in an average P-

removal efficiency of 35%. As a result, all P-loads from 3-acre sites under MS4 control have a requirement 

of 35% P-removal. 

FEA reviewed the parcel mapping, neighborhood plans, and other documents provided by the Town to 

identify the boundaries of each 3-acre site. Table 2 summarize the P-loads associated with the 3-acre sites 

under municipal control and Table 3 summarizes all municipally owned and controlled sites (municipal 

parcels and Town road ROW).  
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Table 2: Baseload summary for 3-acre sites (non-Municipal) covered under the Williston MS4 permit. 

  Area (acres) Load (kg/year) 

3-acre Site 

Expired 

Permit 

Dev 

Imp. 

Dev 

Pervious 

Paved 

Road 

Unpaved 

Road Total 

Dev 

Imp. 

Dev 

Pervious Road Total 

Brennan 

Woods 
1-1272 16.2 73.2   89.3 18.06 16.90  34.96 

Coyote Run 1-1507 4.2 12.0 0.1  16.4 4.74 2.78 0.09 7.60 

Golf Links 2-1180 5.6 13.6 0.0  19.2 6.20 3.15 0.02 9.37 

Heritage 

Meadows 
1-1258 4.5 12.2 0.0  16.7 5.05 2.81 0.00 7.86 

Indian Ridge 

(Taft Farms) 
1-1217 4.7 23.8   28.5 5.25 5.49  10.75 

Meadow Run 

and Forest Run 
2-1190 7.9 24.3 0.4  32.7 8.87 5.62 0.35 14.84 

Meadowridge 2-1107 8.6 32.1 0.3 0.1 41.0 9.65 7.41 0.41 17.47 

Old Stage 

Estates 
2-1146 4.5 14.0   18.5 5.04 3.23  8.27 

Pinecrest 1-1047 3.6 2.3 1.9  7.9 4.03 0.54 1.55 6.11 

South Ridge 1-0664 12.2 35.3 0.0  47.5 13.60 8.16 0.02 21.79 

Taft Farms 

Condominiums 
1-0513 2.7 11.2 1.7  15.7 3.07 2.59 1.38 7.04 

Williston 

Commons 
1-1052 3.0 19.4 0.9 0.1 23.4 3.32 4.49 1.01 8.82 

     Total 353.9   Total 154.2 

 

 

Table 3: Baseload summary for municipally owned sites (ROW and properties)  

  Area (acres) Load (kg/year) 

Municipally 

Owned/Controlled Permit 

Dev 

Imp. 

Dev 

Pervious 

Paved 

Road 

Unpaved 

Road Total 

Dev 

Imp. 

Dev 

Pervious Road Total 

Road/ROW N/A 28.1 160.3 216.7 27.3 432.4 31.3 36.8 233.4 301.5 

Municipal Property N/A 9.8 49.2 2.3 0.0 61.4 11.0 11.4 1.9 24.3 

     Total 493.8   Total 325.8 
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FEA created a baseload shapefile by intersecting town parcel data with the lake segment boundaries and 

the developed land cover dataset. Municipal ownership/control is included to identify the parcels subject 

to the PCP. Based on guidance from VTDEC, the P-reduction requirements must be met for each lake 

segment, however, the Main Lake and Shelburne Bay segments may be combined for this PCP. The 

municipal P baseload and P-reduction requirements are shown for each lake segment in Tables 4 and 5. 

Based on the loading rates and land use classifications provided by VTDEC, and our updated mapping of 

municipally owned and controlled parcels, the municipal P-baseload from developed lands is 480.0 kg/yr 

(1,056 lb/yr) , and the reduction required by the TMDL is 119.8 kg/yr (263.6 lb/yr ). 

 

Table 4. Area and P-loads of municipally owned and controlled developed lands in the Main 

Lake segment (Winooski River) with P load reductions required by the TMDL. 

 Municipally Owned Municipally Controlled 3-Acre 

Land Cover 

Area 

(acres) 

P-Load 

(kg/yr) 

P-Reduction 

(kg/yr) 

Area 

(acres) 

P-Load 

(kg/yr) 

P-Reduction 

(kg/yr) 

Developed Impervious 37.5 41.8 8.5 77.8 86.9 30.4 

Developed Pervious 205.8 47.5 9.6 270.5 62.5 21.9 

Paved Roads 211.4 169.5 34.2 5.4 4.3 1.5 

Unpaved Roads 26.5 58.4 11.8 0.2 0.5 0.2 

Developed Lands Total 481.1 317.3 64.1 353.9 154.2 54.0 

Table 5. Area and P loads of municipally owned in in the Shelburne Bay segment (LaPlatte 

River) with P load reductions required by the TMDL.  

 Municipally Owned Municipally Controlled 3-Acre 

Land Cover 

Area 

(acres) 

P-Load 

(kg/yr) 

P-Reduction 

(kg/yr)  

Area 

(acres) 

P-Load 

(kg/yr) 

P-Reduction 

(kg/yr) 

Developed Impervious 0.48 0.46 0.092 

No 3-acre sites 
Developed Pervious 3.75 0.65 0.13 

Paved Roads 7.67 5.63 1.14 

Unpaved Roads 0.85 1.75 0.35 

Developed Lands Total 12.73 8.49 1.71    

 

3.0 Existing P-Reduction Credits for Non-Structural BMPs 

Routine road/stormwater maintenance activities completed by the Town are considered non-structural 

BMPs and are counted towards the municipal P-reduction target. VTDEC has identified standard methods 

for estimating P-reduction credits for some of these activities (VTDEC, 2020). This PCP includes 

calculations for street sweeping, catch basin cleaning, and road erosion improvements required under the 

Municipal Roads General Permit (MRGP) as specified in the guidance documents distributed by VTDEC in 

June 2020.  
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3.1 Street Sweeping 

P-Credit Method (Existing Practices) 

Existing street sweeping routes were provided as a line shapefile by the Town of Williston. FEA created a 

60-ft buffer (30-ft on either side of the road centerline) with a flat end cap to encompass the swept area. 

FEA examined the resulting polygons to verify the polygons overlapped the full swept roadway and did 

not overlap large portions of roadways that are not swept, making minor edits to the buffer shapefile 

where these criteria were not met. 

The roadway buffers were then intersected with the town-wide developed lands layer. Based on spot 

comparison of the developed lands layer with the UVM 2016 land cover layer, the developed lands layer 

did a better job of capturing the paved roadway. The UVM 2016 land cover layer does not consider the 

road surface underneath tree canopy and appeared to overestimate the road width in some areas, 

perhaps due to road shoulders classified as impervious. 

During this exercise, we noticed that Winter Sport Lane, Merchants Row, and Spruce Lane were 

misclassified as unpaved roads or had been paved since the creation of the developed lands layer. We 

revised the loading rates to that of paved roads for this analysis.  

All roadways swept by the Town of Williston are within the Winooski River (Main Lake) drainage (Appendix 

A). All swept roads are Town owned. There are 98.2 acres of paved roadway in the sweeping area. The 

loading rate for paved roads in this lake segment is 0.802 kg/ac/year. Therefore, the total P-load of swept 

impervious is 78.8 kg/year (173.6 lb/yr). The TownΩǎ {ǘƻrmwater Program has no records of street 

sweeping prior to 2010, therefore we are assuming that full credit is appropriate for the current street 

sweeping practices.  

Estimated P-Credit (Existing Practices) 

VTDEC currently accepts P-reduction credits following the Massachusetts TMDL method (US EPA, 2016 

and VTANR, 2020) using a simple reduction factor for an enhanced sweeping program based on the type 

of street sweeper and the frequency of sweeping. This reduction factor is applied to the total P load from 

swept roads. For biannual sweeping, Creditsweeping is defined as the product of the phosphorus load from 

swept impervious surfaces (swept impervious area multiplied by P load export rates based on land use) 

and the phosphorus reduction factor based on sweeper type and frequency (0.02 efficiency factor for a 

vacuum assisted sweeper per MA Method Table 2-3). 

¶ Town of Williston Swept Paved Road Load: 78.8 kg/year (173.6 lb/yr) 

¶ Annual Street Sweeping Credit = Annual Load * 0.02 

¶ All curbed roads are swept twice per year 

¶ P-reduction Credit Based on Existing Sweeping of Paved Roads: 1.6 kg/yr (3.5 lb/year) 
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MA Method Appendix F Table 2-3 (US EPA 2016): Phosphorus reduction efficiency factors 

(PRFsweeing) for sweeping impervious areas. 

Frequency Sweeper Technology PRFsweeping 

2/year (spring and fall) Mechanical Broom 0.01 

2/year (spring and fall) Vacuum Assisted 0.02 

2/year (spring and fall) High-Efficiency Regenerative Air Vacuum 0.02 

Monthly Mechanical Broom 0.03 

Monthly Vacuum Assisted 0.04 

Monthly High Efficiency Regenerative Air-Vacuum 0.08 

Weekly Mechanical Broom 0.05 

Weekly Vacuum Assisted 0.08 

Weekly High-Efficiency Regenerative Air Vacuum 0.10 

3.2 Catch Basin Cleaning Credit 

P-Credit Methods 

The catch basin cleaning credit is based on the P-load from impervious surfaces within the area draining 

to catch basins and the cleaning frequency. To simplify the analysis, we assumed that all the area within 

the Town ROW drained to catch basins, and that routine catch basin cleanouts occurred within the street 

sweeping zones provided by the Town. The roads, buildings, and other impervious land cover classes 

within ROW were used to determine the total impervious area draining to catch basins within the street 

sweeping zones. The total impervious and paved road area in street sweeping zones is 102 acres. This 

analysis assumes that the catch basin cleaning program was started after 2010. Any years of catch basin 

cleaning between 2000 and 2010 will reduce the P-credit.  

Estimated P-Credit (Existing Practices) 

The MS4 stormwater SOP document (VTANR 2020) uses a simple reduction factor (0.02) based on an 

assumption of annual catch basin cleaning (Table 6). The Town cleans catch basins on a 5-year rotation; 

therefore a 20% scaling factor was applied to the reduction.  

MA Method Appendix F Table 2-4 (US EPA 2016): Phosphorus reduction efficiency factor (PRFCB) for 

semi-annual catch basin cleaning. 

Frequency Practice PRFCB 

Annual Catch Basin Cleaning 0.02 

5 year Catch Basin Cleaning 0.004 

Table 6: Paved Road and Impervious Loading and Catch Basin P-Credit by Lake Segment. 

Lake 

Segment 

Roadway 

(acres) 

Other 

Impervious 

(acres) 

Paved Road 

Loading Rate 

(kg/ac/yr) 

Other Impervious 

Loading Rate 

(kg/ac/yr) 

P Load 

(kg/yr) 

Amount of P Load 

Removed by Catch 

Basin Cleaning (kg/yr) 

Main Lake 

(Winooski) 
87.3 14.4 0.80 1.12 85.97 0.34 

 

¶ Existing P-Reduction Credit with Cleaning of All Catch Basins in Street Sweeping Zones Semi-

Annually: 0.34 kg/year (0.75 lb/year) 
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3.3 Municipal Roads General Permit Upgrades ς Gravel Roads 

VTDEC developed guidance for calculating P-credits for road improvements required to meet the MRGP 

standards (VTDEC, 2020). The deadline for completing all work required by the MRGP work is the same or 

earlier than the PCP deadline (2036), therefore we are considering the P-credits in the following section 

ŀǎ άŜȄƛǎǘƛƴƎέΣ i.e., the Town is obligated to meet these P reductions.  

The 2017/2018 road erosion inventory (REI) conducted by CCRPC identified 26 gravel road segments and 

2 non-curbed paved road segments that did not meet (DNM) MRGP standards. An additional 37 gravel 

road segments partially met (PM) the MRGP standards.  The Town of Williston completed the required 

improvements to meet MRGP standards on 13 segments on Butternut Road and Governor Chittenden 

Road in 2017 and 2019 using funding from the VTDEC Grants in Aid Program. All road segments that 

partially meet or do not meet the MRGP are shown in Appendix A and described in Appendix B. 

VTDEC has released loading rates based on MRGP status, road type, hydrologic connectivity, and road 

slope expressed in kg-P/km/yr. RƻŀŘǎ ƳŀǇǇŜŘ ŀǎ άŘƛŘ ƴƻǘ ƳŜŜǘέ ǊŜŎŜƛǾŜ ŀƴ ул҈ t-reduction credit and 

ǊƻŀŘǎ ƳŀǇǎ ŀǎ άǇŀǊǘƛŀƭƭȅ ƳŜŜǘέ ǊŜŎŜƛǾŜ ŀ пл҈ t-reduction credit, when brought up to MRGP compliance. 

Appendix B provides a summary of noncompliant gravel and paved segments with planned upgrades and 

already upgraded segments (highlighted) with calculated P load and reduction credits. Based on current 

guidance, P-credits for completed and planned MRGP upgrades to road segments total 28.8 kg/yr. 

3.4 Municipal Roads General Permit Upgrades ς Paved Roads 

Paved road segments with catch basins, defined as high priority due to hydrologically connected drainage 

outlets with 3 or more cubic yards of erosion, must be stabilized by December 31, 2025. The 2019 

inventory data documented 3 high-priority outlets with more than 3 cubic yards of erosion (Appendix A). 

Two of the gullies, Stonybrook Drive and Marshall Avenue at East Commerce Park, had erosion volumes 

listed as 9CY and 150CY respectively. FEA visited both these sites and determined that the erosion volumes 

in the REI were incorrectly calculated (dimension units were changed for later versions of REI). The current 

erosion volumes for the sites are approximately 5CY for 

Stonybrook and 10CY for Marshall Avenue at East 

Commerce Park. Erosion volume and dimensions were not 

listed for the gully at the Taft Farms Senior Center. FEA 

visited this gully and we estimated an erosion volume of 

250CY. We observed a recently repaired gully at an outlet 

southeast of the intersection of Stillwater Lane and Talcott 

Road. Williston DPW repaired this gully after 2010 and 

before the REI (estimated 2014). We estimated that 

approximately 50CY of rock was used to fill the eroded bank. 

VTDEC has provided guidance on estimating P-reduction credit for stabilizing outfall erosion. The required 

inputs are the erosion volume and the estimated duration of the erosion (to estimate annual erosion 

volume). Based on guidance from VTDEC we assume that the gullies formed over a 30-year period. This 

volume is then used to calculate the annual P load associated with the erosion. The Town has a total of 

315CY of gully erosion that is required to be stabilized (MRGP).  

Following the VTDEC calculations, these gully stabilization projects represent a total post-mitigation P-

credit of 4.9kg P/year.  

Gully erosion at the Stonybrook outlet 






















