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I. Disclaimer 
 

The intent of this report is to present the data collected, evaluations, analysis, designs, and cost 
estimates for the subwatershed in Middlebury’s downtown area draining to an outfall on 
Buttolph Drive (VT DEC IDs 74, 103,104, and 106) under a contract between the Addison County 
Regional Planning Commission and Watershed Consulting Associates, LLC. Funding for the project 
was provided from the Vermont Ecosystem Restoration Program (ERP). The plan presented is 
intended to provide the watershed’s stakeholders a means by which to identify and prioritize 
future stormwater management efforts. This planning study presents a recommended potential 
collection of Best Management Practices (BMPs) that would address specific concerns that have 
been raised for this watershed, in particular the need to reduce phosphorus from stormwater 
runoff to the Otter Creek in light of future regulation under the Lake Champlain Total Maximum 
Daily Load (TMDL). There are certainly other BMP strategies that could be implemented in the 
watershed, but these are the sites and practices that project stakeholders felt would have the 
greatest impact and the greatest probability of implementation. These practices do not 
represent a regulatory obligation of any type, nor is any property owner within the watershed 
obligated to implement them. 

1 Project Overview 
 
In May 2013, the State of Vermont Department of Environmental Conservation (VTDEC) issued a 
document titled “Vermont Stormwater Master Planning Guidelines”. This document is designed 
to provide communities in Vermont with a standardized guideline and series of templates to 
assist them in planning for future stormwater management practices and programs. Vermont has 
had stormwater regulations in place since 1978, with updates concerning unified sizing criteria 
made in 2002. Currently, the State is re-writing the stormwater manual to reflect new priorities. 
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The State recognizes that managing stormwater can be a costly endeavor. As such, the guidelines 
are written to help identify the appropriate practices for each watershed, community, and site in 
order to maximize the use of funds.  
 
The guidelines encourage each stormwater master plan (SWMP) to follow the same procedures. 
They are: 

• Problem Definition 
• Collection of Existing Data 
• Development of New Data 
• Existing and Proposed Program, Procedure, or Practice Evaluation 
• Summary and Recommendations 

 
In keeping with these guidelines, we have prepared the following report.  

2 Background 

2.1 Problem Definition 
The subwatersheds of concern in this study are located in Middlebury’s downtown area draining 
a portion of Chipman Hill. This area drains to a small tributary of the larger Otter Creek, which 
flows through the center of Middlebury. The VT DEC’s Otter Creek Basin Management Plan 
identifies sediment and nutrient loading (in particular phosphorus) to the Otter Creek to be 
particular stressors to water quality in that watershed. Of note – this section of the Otter Creek 
watershed is not classified as ‘impaired’ according to the State’s 303(d) list, but is officially 
categorized as ‘stressed’. The State 2012 Otter Creek Basin Stormwater Infrastructure Mapping 
Project identified Subwatersheds 74, 103, 104, and 106 as potential priority areas due to high 
percentage of impervious cover, field observations of drainage issues, sediment carrying 
problems, and the potential for retrofitting within this area, particularly a stormwater pond 
which was designed to outdated standards and is no longer functioning properly. This pond is 
located on public property.  
 
Additionally, the Otter Creek Tactical Basin Plan identified the need to develop and showcase 
various Green Stormwater Infrastructure and Low-Impact Development practices throughout the 
entire basin. This watershed has numerous opportunities to do that and was a priority 
throughout this project.  

2.2 Middlebury Subwatersheds – Existing Conditions 
 
An initial effort undertaken for this project was to field verify drainage area delineations and 
stormwater infrastructure position and routing. This was done as part of Task 2 – Field 
Assessment. During this assessment, it was found that an additional 18.18 acres of drainage 
actually flows the final outfall point at the Pond on Buttolph Drive. Additionally, a significant 
drainage area flowing down from the Chipman Hill neighborhood off Springside Drive was found 
to not drain to the final pond outlet, but rather to an outfall off Washington Street on to 
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Middlebury Town-owned property. These drainage area/stormwater infrastructure changes are 
summarized and can be seen on the memorandum and materials provided in fulfillment of Task 
2. Also of note is a higher-flow bypass at the intersection of Stewart Lane and High Street, though 
according to Town staff, this bypass was not designed to any particular runoff volume.  
 
Additionally, soil conditions were assessed at this time from mapped NRCS soil units. That 
information is included under that Task as well. These materials can all be found in Appendix 1 - 
Drainage Area Delineation Revisions and Preliminary Soils Memo.  
 
As originally specified by VT DEC, the project subwatersheds 74, 103, 104, and 106 totaled 
approximately 24.5 acres, of which nearly 9.5 acres could be classified as impervious (roofs, 
roads, and driveways). As re-delineated by this study, the area draining to the existing 
stormwater pond on Buttolph Drive is approximately 37.1 acres of which 12.5 are impervious 
surfaces, with an additional 5.8 acres draining to an outfall to the East of Washington Street of 
which 2.25 acres are impervious surfaces. Together these drainage areas contain nearly 15 acres 
of impervious surfaces.  
 
Development within the watershed is primarily residential, with some commercial in the lower, 
flatter areas near Washington Street. There are no significant perennial streams within the 
watershed.  
 

2.2.1 Primary Concerns within the Watershed: 
 
The primary concerns within the watershed are the development of additional residential house 
lots on steeper slopes and the increase of impervious surfaces in the commercial area. Soils in 
the watershed are not typically well-suited to handle runoff from impervious surfaces, so the 
natural retention capacity of soils is low. Additional impervious surfaces will stress that capacity 
further.  
 
Also of concern is the prevalence of largely sub-jurisdictional development – few developments, 
if any, within the watershed are likely to be subject to new stormwater permitting requirements, 
and fewer still are likely to be subject any retroactive stormwater permitting requirements. 
Therefore, the opportunities for jurisdictional projects to curb pollution related to stormwater 
pollution are limited. As the watershed directly impacts water quality in the Otter Creek and 
eventually Lake Champlain, curbing pollution, particularly phosphorus, is critical.   

3 Proposed Best Management Practices 
 

3.1 Phase I – Identification of All Opportunities 
As part of project Performance Measure 4 (VT DEC PM5) we identified 23 potential sites for 
various types of retrofits, from more traditional end-of-pipe practices to smaller-scale distributed 
green stormwater infrastructure (GSI) practices focused primarily on pollutant reduction versus 
larger runoff event control. This list can be seen in Appendix 2 – Retrofit Options Assessment.  
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In order to generate this list, we broke the larger subwatersheds into smaller drainage areas for 
more discrete units of analysis. We also partnered with Urban Rain | Design to identify a host of 
GSI practices. This analysis resulted in a four (4) general scenarios that we felt it was wise to 
pursue given the goals of the project.  

Scenario I: The existing pond could be modified with a flow-control structure, consisting of a riser 
structure fitted to the existing culvert drain to provide for additional settling beyond the pond’s 
current configuration. Modeling indicates that the existing pond fitted with such a structure 
would not work very well due to high runoff peak discharge rate and volume. It would not provide 
flow control for the 1-year channel protection storm. Sediment and nutrient removal rates would 
not be high as flow-control ponds don’t typically provide a high-level of treatment for nutrients. 
Some sediment settling would occur, but as the pond would be undersized with respect to larger 
flows, there is the risk of these settled materials being scoured out and mobilizing downstream. 

Scenario II: The existing pond could be modified into a gravel wetland to provide additional water 
quality benefits. Gravel wetlands typically provide a high level of treatment for nutrients and 
sediment in comparison to wet ponds, which are not typically very effective for managing these 
pollutants, especially phosphorus. A gravel wetland that utilizes the existing pond’s footprint 
would only provide treatment for the 0.9” ‘water quality’ storm and a flow splitter might have to 
be installed upstream of the wetland to bypass larger flows. 

Scenario III: The existing pond’s footprint could be significantly expanded into a larger gravel 
wetland. This larger wetland would provide water quality treatment for the 0.9” ‘water quality’ 
storm while also providing some measure of channel protection due to the larger storage volume 
and flow control outlet. However, initial modeling indicates that achieving true channel 
protection storage is not feasible even within the expanded footprint of the wetland. 

Scenario IV: The fourth option consists of pursuing a mix of spatially distributed GSI practices 
throughout the project subwatersheds. Our modeling analysis indicates that, even with the 
relatively low soil infiltration rates in the area, infiltrating the 0.9” water quality volume is feasible 
in certain situations.  

The ranking criteria and scoring matrix as well as the results for each of the individual practices 
can be seen in Appendix 2 in detail. This appendix also contains a map showing locations and 
conceptual layouts prepared for a variety of sites by Urban Rain | Design.  

3.1.1 Scenario Selection – Stakeholder Meeting: 
The final step in this task was a meeting held with the project stakeholders, specifically the 
Addison County Regional Planning Commission, the Town of Middlebury’s Dept. of Public Works, 
and the Town of Middlebury’s Planning and Zoning Coordinator to discuss these options. This 
discussion informed the development of the options presented in Phase II.  

3.2 Phase II – Selection of 3 BMP Priority Scenarios 
The conclusion of the discussion concerning the above scenarios was that first scenario (a water-
quality gravel wetland in the existing Buttolph Drive pond) and the fourth scenario (a mix of 
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distributed GSI practices) were the desired Design Alternatives. The specific process and analysis 
for this phase of the project can be seen in Appendix 3 – Retrofit Alternatives and Feasibility 
Analysis, originally submitted as Performance Measure Deliverable 5 (VT DEC PM6).  
 
The three scenarios proposed under Phase II of the project are as follows: 
 
Scenario 1) Design a gravel wetland in existing pond footprint (pond on Buttolph Drive) combined 
with Gravel Wetland S28 – S3 (Washington Street Outfall). 
 
Scenario 2) Combine retrofits from Scenario 1 with Bioretention S10/S11 and Bioretention 
S12/S14 (public ROW on the corner of Washington and Seminary Streets). 
 
Scenario 3) Combine retrofits from Scenarios 1 and 2 with Bioretention 17 (parking lot of the VT 
Federal Credit Union). 
 
Evaluation methods for each of these scenarios was conducted using SWMM modeling for peak 
discharge rate reductions, WinSLAMM modeling for pollutant load reduction, and HydroCAD for 
sizing and general design of inlet/outlet structures.  
 
Table 1 –  Preliminary SWMM Model Results – Percent Reductions in Volume and Peak Discharge for Design 
Scenarios: 

Scenario BMP Benefit from Previous Scenario 
% Reduction 

Volume Peak 
Discharge 

Scenario 1 Washington St. Gravel 
Wetland 

WQ, no volume reduction, slight 
peak discharge reduction 0% -4% 

Scenario 1 Buttolph Dr. Gravel Wetland- 
Pond Retrofit 

Reduced volume capacity, 
Extended detention for WQ event  0% -92% 

Scenario 1 ‘Pond’ Outfall Reduced peak discharge, no volume 
reduction 0% -76% 

Scenario 2 Seminary St./High St. S10/S11 
Bioretention Volume reduction -27% 0% 

Scenario 2 Seminary St. S12/S14 
Bioretention Volume reduction -21% 0% 

Scenario 2 ‘Pond’ Outfall Volume reduction -5% -76% 

Scenario 3 VTFCU Parking Lot- S17 
Outlet- Volume reduction -21% 0% 

Scenario 3 ‘Pond’ Outfall Volume reduction -8% -76% 
 
The Washington Street gravel wetland has no effect on the overall volume as it does not infiltrate 
stormwater but rather filters it only. It does reduce the peak discharge slightly by 4% but as the 
practice is not design for flow control, this effect is negligible. 
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The gravel wetland on Buttolph Drive also does not affect the overall volume, but it does have a 
higher ponding capacity, which does control the peak discharge for the WQ storm, resulting in a 
92% reduction overall.  
 
The bioretention filters proposed along High Street/Seminary St. (S10/S11) and just up Seminary 
St (S12/S14) will provide volume reductions of 27% and 21%, respectively. There is an estimated 
5% reduction in the total outflow at the Buttolph Dr. culvert (‘Pond’ Outfall) as a result of the two 
GSI BMPs. However, as these are small practices, they show no modeled effect on the overall 
peak discharge at the ‘Pond’ outfall. They may have some effect in reality, but the model was 
unable to account for them.  
 
The bioretention and grass filter strip proposed for the VT Federal Credit Union parking lot 
(VTFCU Parking Lot – S17) was estimated to provide a 21% reduction in volume from the existing 
condition, and an overall 8% reduction in volume at the ‘Pond’ outfall on Buttolph Dr. Similarly 
to the practices in Scenario 2, the VTFCU Parking Lot Bioretention is too small to have a modeled 
effect on the peak discharge at the ‘Pond’ outfall, though in reality there may be some effect, 
however slight.  
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Table 2 – Pollutant Reduction, including other ranking criteria, for Proposed BMP Scenarios 

 
 
Note: The Volume Treated Annually for the S28-S3 and Existing Pond Footprint gravel wetlands 
is lower relative to the Bioretention due to the way WinSLAMM accounts for BMPs – typically the 
volume treated is the amount of runoff infiltrated or otherwise lost from the BMP over the course 
of a year. As gravel wetlands do not infiltrate runoff and only lose runoff through evaporation, 
these numbers are lower in this instance than for the other Bioretention practices which are 
much smaller. This is known modeling error and not a real indicator of the amount of runoff that 
these gravel wetlands would treat.  
  
Please note that for the modeled gravel wetlands the phosphorus removal efficiencies are based 
on modeled efficiencies from the WinSLAMM model. This model reports an approximately 5.5% 
removal rate for the gravel wetland on Buttolph Drive, while it reports an 11.5% rate for the S28-
S3 gravel wetland. This is related to the way in which WinSALMM models gravel wetland – there 
is currently no way to account for the removal efficiencies found in gravel wetland in the bio-
filtration practices that are typically modeled with WinSLAMM. However, studies conducted on 
similarly constructed gravel wetlands at the UNH Stormwater Center show total phosphorus 
removal rates of nearly 60%. Using that rate, the potential expected total phosphorus removal 
amount would increase substantially to approximately 3.16 lbs. for the S28-S3 gravel wetland 

Gravel Wetland in Existing 
Pond Footprtint

12.50 $249,974 50,000 6466 8.31* 9% 24

Gravel Wetland - S28 - S3 0.66 $121,540 972 2200 1.5* 2% 15

Bioretention - S10 - S11 2.14 $167,037 79,181 4767 5.48 48% 25

Bioretention - S12 - S14 0.32 $43,557 18,356 765 0.74 62% 20

Bioretention 17 0.34 $25,118 13,490 7009 0.20 63% 20

Scenario 1

Scenario 2

Scenario 3

Annual Fecal 
Coliforms 

Reduced (%)

Site ID

Ranking Criteria

Total Score
Impervious 

Acres 
Managed (ac)

Project Cost

Volume 
Treated 

Annually       
(cu. Ft.)

Annual TSS 
Load Reduced 

(lbs)

Annual P 
Load 

Reduced 
(lbs)
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and 81.36 lbs. for the gravel wetland on Buttolph Drive.  For this reason, those practices, 
particularly the gravel wetland on Buttolph Drive, are considered to be of particularly high 
priority. 
 
In order to verify the modeling accuracy for each of these practices, a detailed geotechnical 
survey was done for each of these sites to assess soil conditions and infiltration rates. A notable 
exception are the Buttolph Drive gravel wetland and Washington Street outfall sites. As neither 
of these sites are to use infiltration and the presence of seasonally high groundwater will not 
particularly affect the practices proposed there, it was determined that there was no need to 
perform a geotechnical assessment in these locations. 
 
The detailed results of this survey can be seen in Appendix 3. The general conclusions are as 
follows: 
 
Scenario 2 Site (corner of High and Seminary Streets): Soils analysis showed that this site contains 
predominantly clayey soil with some sand present, consistent with the mapped soil unit of 
Vergennes clay. Infiltration testing showed a rate of 1.44”/hour. Note – the modeled rate used 
was 50% of that observed during testing (0.77”/hour) in order to provide a conservative estimate 
of infiltration capacity.  
 
Scenario 3 Site (Vermont Federal Credit Union): Soils analysis indicate that this site also contains 
predominantly clays with some sand. This is consistent with its mapped soil type (Vergennes 
clay). Infiltration testing indicates that this site has a capacity of 1.76”/hour, which was modeled 
at 50% or 0.88”/hour.  
 
Using this data, final conceptual models were prepared to determine approximate sizing for each 
practice in order to aid with layout. These concepts can be seen on the final map in Appendix 3 
– Retrofit Alternatives and Feasibility Analysis. 
 

3.3 Phase III – Design of Selected Scenario Practices 
The practices outlined in this section are divided into three different scenarios representing 
possible phasing of implementation.  
 
30% Design plans for each scenario practice can be seen in Appendix 5 – 30% Design Plans. An 
overall layout of all proposed BMPs, along with drainage areas managed, can be seen in Appendix 
6 – Final BMP Scenario Display Map. 
 

3.3.1 Scenario 1 – Gravel Wetland on Buttolph Drive and at Washington Street Outfall 
There are two distinct practices involved in this scenario, each of which was initially envisioned 
as a gravel wetland as these practices are effective at reducing pollutant loading and do not 
require soils with good infiltration rates or separation from groundwater.  
 
Buttolph Drive Gravel Wetland: 
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Proposed Condition: 
This practice is envisioned in the 30% concept plan as containing six separate wetland cells 
separated by soil berms to encourage horizontal flow through each of the cells. The gravel 
wetland has an overall footprint of 0.4 acres or ~17,500 square feet, with ponding limited to 30”.  
 
The soil berms separating each cell do not extend above the gravel/muck soil substrate surface - 
the surface of the wetland will appear as one large, shallow ponded area, with ponding extending 
to 30” above the muck soil surface. The substrate of the wetland will consist of 36” of small 
crushed stone, overlain by 4” of pea stone and 8” of muck soil. Horizontal flow of runoff water 
will occur through the crushed stone layer. The pea stone will prevent incursion of the muck soils 
into the crushed stone layer, leading to clogging.  
 
A shallow forebay will be located close to the road to provide for initial sediment settling. Its 
location will make it easy for regular annual cleanouts.  
 
There is no flow-splitter proposed for this practice as initially planned. Routing the entire runoff 
volume to this site will provide the additional opportunity for treatment for volumes larger than 
the water quality volume, as well as provide some detention for the Channel Protection volume.  
 
Outlet control will be provided by a 48” concrete structure with a solid cover and a rectangular 
inlet 30” above the invert of the gravel wetland’s muck soils to provide for routing of larger flows. 
This outlet will cross Buttolph Drive to the existing swale outfall there. Larger flows will exit the 
gravel wetland via a stone-armored weir that will spill water into the low-gradient vegetated area 
on the same side of Buttolph Drive as the wetland.  
 
Pollutant Load Reductions Possible: 
WinSLAMM modeling indicates that this gravel wetland will remove approximately 6,466 lbs. of 
total suspended solids (TSS) and 8.31 lbs. of total phosphorus annually (TP) – however these 
results seem to be the result of modeling error due to WinSLAMM’s bias toward infiltration 
practices. As gravel wetlands are filtration practices, their removal rates don’t seem to be 
represented accurately. Instead, we prefer to use the pollutant loads generated in WinSLAMM 
via the drainage area inputs and apply removal rates as published by the University of New 
Hampshire Stormwater Center. Research conducted by that organization indicates that gravel 
wetlands typically remove 96% TSS and 58% TP. Annual pollutant load generation for the 
watershed draining to this site indicate that 135,555 lbs. TSS and 135.6 lbs. TP will be generated. 
Using the UNH removal rates, a total of 130,132 lbs. TSS and 78.65 lbs. TP could potentially be 
prevented from reaching the Otter Creek annually.  
 
Cost Estimation: 
A detailed cost estimate was prepared for the Gravel Wetland on Buttolph Drive using excavation 
and material costs developed in Vermont by VTrans. In past estimates, this method of calculating 
costs has proved to be more effective than using cost calculators designed for smaller BMPs. 
Additionally, we have added a 5% Trucking Contingency fee for moving excavated material off-
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site, as well as an overall 10% Contingency fee for unforeseen circumstances. The total cost for 
this project is estimated to be approximately $175,475.  
Table 3 – Buttolph Drive Gravel Wetland – Cost Estimate 

 
 
Washington Street Outfall Conservation: 
Proposed Condition: 
Initially, this practice was conceived of as a gravel wetland similar to the one designed for the 
existing stormwater pond on Buttolph Drive. However, in looking at the current land use, as well 
as potential future land use on the Town-owned parcel where the outfall is located, it was 
decided that incurring the expense of creating a formal treatment structure made less sense than 
preserving the existing condition. The only changes that should be made are minor – the existing 
outfall channel should be armored with stone to prevent further erosion. The stone will also serve 
as a marker for the outfall. Additionally, the land where the outfall is located has already been 
identified on the State’s wetlands advisory mapping layer as potential wetlands. While this does 
not necessarily represent a jurisdictional designation, this could serve as the basis for placing a 
permanent easement on this section of the Town-owned parcel to provide for stormwater runoff 
settling and infiltration. In its current condition, stormwater runoff is settling and infiltrating into 
the soil – in essence the area is a large Bioretention basin. By preserving this area under an 
easement, it will ensure that stormwater runoff is treated here, and not piped or channeled to a 
natural stream.  
 
In addition to preserving the land at this outfall, pursuing other distributed green stormwater 
infrastructure strategies within that outfall’s drainage area is encouraged to lessen the overall 
impact of runoff on the land at the outfall.  
 

 
3.3.2 Scenario 2 – Scenario 1 Combined with Three Bioretention Practices as the Corner 

of High and Seminary Streets 
This scenario consists of combining the treatments proposed in Scenario 1 with a collection of 
three small bioretention practices located on either side of High Street at the corner of Seminary 

Item Qty Unit Cost/Unit Subtotal Notes
General Conditions/Mobilization/Misc Site Work 10 % 13,811.55$   13,812$             
Excavation 5,077      c.y. 4.50$           22,847$             
Type I or II Stone 21          s.y. 80.00$         1,680$               For final pipe outfall
Conc. Storm Structures 1            ea. 3,000.00$     3,000$               
HDPE Storm Pipe (sm.) 190         l.f. 20.00$         3,800$               
HDPE Risers 7            ea. 500.00$        3,500$               

3/4" Gravel & Pea Stone 2,095      c.y. 35.00$         73,325$             
36" crushed stone, 4" pea stone, 
8" muck soil

Erosion Control Blanket 6,000      s.y. 1.50$           9,000$               For 'soft armored' slopes
Wetland Plants 13,000    ea. 1.50$           19,500$             Wetland plugs
Seed/mulch (wetlands) 20.0 lbs. 45.00$         900$                  
Seed/mulch (upland) 30.0        1000 s.f. 18.80$         564$                  

5% Trucking Contingency 5.0         % 7,596.35$     7,596$               
Trucking cost for moving 
excavated material

10% General Contingency 10.0        % 15,952.34$   15,952$             

Grand Total: 175,475.74$       
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and High Streets. These practices are designed to handle runoff from the water quality (WQv) 
storm only. They are located within the existing Town road right-of-way.  
 
There are two bioretention cells proposed for the east side of High Street – Seminary East Basin 
and Northeast Corner Basin, and one proposed for the west side of High Street, Seminary West 
Basin.  
 
Seminary East Basin: 
Proposed Condition: 
The Seminary East Basin is approximately 1,900 square feet with 2’ of ponding before reaching a 
12” overflow outlet (and existing yard drain). The cell will fully infiltrate the 0.9” water quality 
volume storm. Larger storms will either bypass via the 12” overflow and be directed to the 
Seminary West Basin via the catch basin on the corner of Seminary and High Streets or backflow 
into the street during large events and be directed into the Northeast Corner Basin via a low-
gradient grassed swale.  
 
Pollutant Load Reductions Possible: 
WinSLAMM modeling indicates that this cell by itself will remove approximately 1,978 lbs. TSS 
and 3.21 lbs. TP annually, though actual removal rates may ultimately be higher than this as 
additional modeling (HydroCAD, SWMM) indicate that the full WQv would be infiltrated, leading 
to a higher removal rate for pollutants than indicated by WinSLAMM.  
 
Additionally, any runoff not captured by this basin will be subsequently routed to other treatment 
practices where pollutants will have an additional opportunity to be sequestered.  
 
Cost Estimation: 
The approximate cost for the Seminary East Basin is estimated at $20,270, inclusive of excavation, 
labor, planting, and final design and permitting. For detailed information on how these costs were 
calculated, please see section 3.5 – Explanation of Cost Estimation. 
 
Northeast Corner Basin and Seminary West Basin: 
Proposed Conditions: 
The Northeast Corner Basin is approximately 900 square feet with 3.5’ of ponding total prior to 
overflow. Overflow will be handled by the rim of an existing catchbasin located in the road right 
of way on High Street at the northern edge of the basin. In larger storms, runoff will overflow 
both to this catchbasin and over the existing street curb and into the catchbasin on the corner of 
High and Seminary Street, where a new 6” pipe is proposed to route water to the Seminary West 
Basin. The Seminary West Basin will provide another opportunity for runoff to be treated prior 
to discharge. Once this 6” pipe is surcharged and water floods up into the catchbasin sump, runoff 
will continue down High Street towards Washington Street via the existing 18” concrete pipe. 
That runoff will ultimately enter the gravel wetland where it will be treated.  
 
The Seminary West Basin is approximately 950 square feet with 4’ of ponding at capacity. 
Overflow is managed by the existing catchbasin rim in the Seminary Street right of way. Larger 
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storms may flood up out of the basin entirely and on to the street, where the next downstream 
catchbasin will receive this flow. Please note that the 6” proposed pipe that would allow water 
to enter the Seminary West Basin would remove a small volume of water from the final outfall 
at Buttolph Drive.  
 
Pollutant Load Reductions Possible: 
These two practices operating in tandem would remove approximately 2,339 lbs. TSS and 2.62 
lbs. TP annually. Additionally, the drainage areas on upper High Street are routed through the 
catchbasin on the corner of High and Seminary Streets, where flows from that pipe would be 
routed to the Seminary West Basin.  
 
Modeling in HydroCAD, which can account for both hydrologic and hydraulic conditions, indicates 
that the Seminary West Basin would fully infiltrate 50% of the water quality storm from those 
drainage areas, as well as any additional overflow from the Northeast Corner and Seminary East 
Basins. WinSLAMM modeling indicates that a total of 22,180 lbs. TSS and 28.28 lbs. TP would be 
generated from these watersheds. If half these amounts are theoretically removed, then the 
practices operating in tandem would remove a total of 13,429 lbs. TSS and 16.76 lbs. TP.  
 
Cost Estimation: 
The approximate cost for the Northeast Corner Basin is estimated at $15,181, inclusive of 
excavation, labor, planting, and final design and permitting.  
 
The approximate cost for the Seminary West Basin is estimated at $16,811, inclusive of 
excavation, labor, planting, and final design and permitting.  
 
For detailed information on how these costs were calculated, please see section 3.5 – Explanation 
of Cost Estimation. 
 
 

3.3.3 Scenario 3 
The final scenario consists of implementing the first two scenarios and adding a third bioretention 
basin on property owned by the Vermont Federal Credit Union. This practice has been sized such 
that it will not interfere with the Credit Union’s traffic patterns and will only require removing 
one parking space to allow for infiltration of 50% of the water quality volume.  
 
VT Federal Credit Union – Bioretention Basin: 
Proposed Condition: 
The bioretention basin will have a footprint of approximately 977 square feet at 3.5’ deep. 
Overflow will be managed by an existing 24” catchbasin grate re-set to be 2.5’ above the invert 
of the basin. This is the primary outlet for larger storms. Larger storms will either flow out this 
grate, or will have the opportunity to outflow via a weir at 3.3’ above the invert of the basin. 
Modeling indicates that this practice will fully infiltrate 50% of the water quality storm and will 
only slightly overflow during the full water quality storm.  
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The basin will rely on existing curbing to route parking lot sheet flow to it, with the addition of a 
short stone or grassed swale. This swale would be located in an area currently taken up by the 
footings for a wooden barrier fence. The fence would be temporarily removed to allow for the 
excavation of the swale. The fence could then be replaced. The creation of this swale would not 
impact parking stalls. The basin itself would only require taking one parking stall out of use.  
 
The edges of the basin facing the parking lot would not be surrounded by any curbing or fencing 
to allow for ease of plowing during winter. Plantings for the basin would be design to withstand 
snow piling and snow melting during the spring and would allow for ease of maintenance.  
 
Potential Pollutant Load Removal: 
The bioretention basin will fully treat 50% of the water quality volume. Modeling in WinSLAMM 
indicates that 511 lbs. TSS and 0.14 lbs. TP will be removed.  
 
Cost Estimation: 
The approximate cost for the Vermont Federal Credit Union Bioretention Basin is estimated at 
$10,794, inclusive of excavation, labor, planting, and final design and permitting. For detailed 
information on how these costs were calculated, please see section 3.5 – Explanation of Cost 
Estimation. 

3.4 SWMM Modeling Results: 
Using the refined 30% Concept Designs generated during this phase of work for the practices 
listed in the scenarios above, we were able to further refine our SWMM model to assess 
hydrologic and hydraulic conditions within the watershed, particularly as they relate to peak 
discharge reduction and infiltration (where applicable).  
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Table 4 – Final SWMM Modeling Results – Overall Results  

 
 

Outfall Node BMP Storm Event
Peak 

Discharge 
(cfs)

Total Volume 
(cu. Ft.)

Peak Discharge 
(% Change)

Volume (% 
Change)

Seminary St./High St. -
Junction F3

WQ (0.9") 1.8 111,466,991  

Seminary St.  -Junction 
F6

WQ (0.9") 0.21 10,693,414    

Seminary St. - Junction 
F7

Downstream of 
proposed 
Seminary St.  
BMPs

WQ (0.9") 2.14 126,301,784  

VTFCU Parking Lot- 
Junction A12

WQ (0.9") 2.26 97,456,352    

Washington St. Outfall  
"OF1"

WQ (0.9") 2.05 100,959,012  

Pond Outlet "Pond" WQ (0.9") 9.43 533,640,492  

Washington St. Gravel 
Wetland - Outlet "OF1"

Washington St. 
Conservation WQ (0.9")

1.96
100,959,012  -4%

Gravel Wetland Pond 
Retrofit -Outlet "Pond"

Buttoloph Dr.  
Gravel 
Wetland 

WQ (0.9") 0.28 502,734,672  -97% -6%

Seminary St./High St. 
S10/S11 Outlet- 
Junction F3

Northeast 
Corner Basin WQ (0.9") 1.11 80,973,248    -38% -27%

Seminary St. S12/S14 
Outlet- Junction F6

Seminary East 
Basin

WQ (0.9") 0.16 8,447,591      -24% -21%

Seminary St.West Basin 
Outlet - "OF_BMP_S11"

Seminary West 
Basin WQ (0.9") 0.048 66,550,532    

Seminary St. - Junction 
F7

Downstream of 
proposed 
Seminary St.  

WQ (0.9") 0.96 29,257,510    -55% -77%

Gravel Wetland Pond 
Retrofit -Outlet "Pond"

Buttoloph Dr.  
Gravel 
Wetland 

WQ (0.9") 0.28 432,063,364  -97% -19%

Seminary St./High St. 
S10/S11 Outlet- 
Junction F3

Northeast 
Corner Basin WQ (0.9") 1.11 80,973,248    -27%

Seminary St. S12/S14 
Outlet- Junction F6

Seminary East 
Basin

WQ (0.9") 0.16 8,447,591      -21%

Seminary St.West Basin 
Outlet - "OF_BMP_S11"

Seminary West 
Basin WQ (0.9") 0.048 66,550,532    

VTFCU Parking Lot- S17 
Outlet-Junction A12

VTFCU 
Bioretention

WQ (0.9") 1.77 76,646,434    -22% -21%

Gravel Wetland Pond 
Retrofit -Outlet "Pond"

Buttoloph Dr.  
Gravel 

WQ (0.9") 0.28 411,459,484  -97% -23%

Baseline Model 

Scenario 1

Scenario 2

Scenario 3

N/A
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Model Summary: 
Scenario 1: 
SWMM modeling shows that using the BMPs proposed under Scenario 1 there is a 97% decrease 
in the peak discharge rate for the 0.9”/24 hour water quality volume (WQv) storm. For this same 
event, the model predicts a 6% decrease in the total volume leaving the watershed at this outfall, 
though this may not be entirely accurate as the gravel wetland is not designed to infiltrate water. 
Some runoff may be lost due to evaporation or incidental infiltration along the edges of the 
wetland, but these effects are difficult to determine. The model also shows a 4% decrease in peak 
discharge rate for the Washington Street Outfall (‘OF1’). This may be due to modeling variability 
versus any explicit changes due to design.  
 
Scenario 2: 
Adding the BMPs at the corner of Seminary and High Streets to the watershed result in net 
decreases in peak discharge rates at those discrete discharge points during the WQv storm 
between 24 and 55% of baseline rates, as well as net volume storage of runoff water due to the 
modeled infiltration capacity for each of those practices. As these practices are relatively small, 
the net decrease in peak discharge rate as modeled has little effect on the final peak discharge 
rate at the final outlet on Buttolph Drive (outfall ‘Pond’). However, the runoff storage provided 
does serve to decrease the volume discharged at outfall ‘Pond’ by 13% - from 6% to 19%. Some 
of this volume reduction may also be due to routing runoff out of the watershed via the water 
quality bypass from the Northeast Corner Basin to the Seminary West Basin.  
 
Scenario 3: 
Adding the small bioretention on the Vermont Federal Credit Union site reduces the peak 
discharge rate from that site by 22% and increases on-site storage of runoff by 21%. As this 
practice is smaller, it does not have a modeled effect on the peak discharge rate at the ‘Pond’ 
outfall, but does serve to increase the modeled storage for the entire watershed by 4% - from 
19% to 23%.  
 
Summary: 
Implementing all practices detailed under the proposed Scenarios would have an overall net 
benefit to the watershed by reducing peak discharge rate during the WQv storm by 97% and 
increasing on-site storage within the watershed by 23% over the baseline model. Modeling for 
larger storms (i.e. 1-year, 10-year, etc) does not show that these small practices have an overall 
net benefit. Managing flows from those storms will likely require the application of more small- 
and large-scale practices throughout the watershed.  

3.5 Explanation of Cost Estimation: 
For all projects excluding the Buttolph Drive Gravel Wetland, a rough cost estimate was 
developed that takes into account the following: 
 
 Base cost (based on a cost estimate for each cubic foot of BMP, where applicable) 
 Labor cost (which is calculated but not added to the final project cost) 
 Planting cost 
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 Final design and permitting cost 
 Implementation cost 

 
 Base Cost Estimation: 

This amount is derived from the following calculation: 
BMP volume (ft3) X $5.30/ft3 (2006 EPA Estimate) X 3% annual inflation (2006-2016) 
 
 Labor Cost Estimation: 

This amount is split out from the base cost and represents roughly 75% of the base cost total. 
This is presented to show estimated cost of labor, a source of potential savings for some projects 
where labor will be performed by municipal crews as ‘in-kind’ labor donation. 
Base Cost X 1.75 
 
 Planting Cost Estimation: 

This amount is based on plant costs for perennial flower and grass plugs typically used in 
stormwater retrofit applications. Some costs could be saved using seeds instead of the more 
mature plugs. However, plugs are hardier and will likely have a higher survival rate.   
BMP ft2 X $1.39/ft2 

 

 Final Design and Permitting Cost Estimation: 
This cost is based largely on the base and planting costs, as these are the aspect of a project most 
likely to change as the project moves toward implementation.  
(Base Cost + Planting Cost) X 30% 
 
 Implementation Cost Estimation: 

This represents the basic, no-contingency cost to put the BMP in the ground. It’s simply the sum 
of base, planting, and design and permitting Costs. 
 
Table 5 – Scenarios 2 and 3 – BMP Costs 

  

BMP ID
BMP 

Volume 
(cu. Ft)

Base cost (EPA 
2006 - 

$5.30/cu. Ft)

Inflation 
(3%/yr 2006-

2016)

2016 Base 
Construction 

Cost

Estimated Labor 
(75% Base Cost)

Plantings 
($1.39/sq. ft.)

Final Design 
and Permitting

Total Implementation 
Cost Estimate

VT FCU 
Bioretention

1008 5,342.40$       1,602.72$      6,945.12$      3,968.64$          1,358.03$        2,490.95$       10,794.10$                 

Seminary East 
Basin

2023 10,721.90$     3,216.57$      13,938.47$    7,964.84$          1,654.10$        4,677.77$       20,270.34$                 

Seminary West 
Basin

1684 8,925.20$       2,677.56$      11,602.76$    6,630.15$          1,328.84$        3,879.48$       16,811.08$                 

Northeast Corner 
Basin

1513 8,018.90$       2,405.67$      10,424.57$    5,956.90$          1,253.78$        3,503.51$       15,181.86$                 

Buttolph Grave 
Wetland 42535 225,435.50$  67,630.65$    293,066.15$ 167,466.37$     26,410.00$     95,842.85$     415,319.00$               
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4 Final Recommendations: 

4.1 Implementation Recommendations: 
The practices proposed in this study all stand to have a substantial impact on abating water 
pollution and setting a precedent for integrating green stormwater infrastructure in Middlebury’s 
landscape. It is our recommendation that the Town, in partnership with the Addison County 
Regional Planning Commission, move to implement these practices. As these practices are the 
result of a stormwater master planning effort under a VT DEC Clean Water Fund grant, they are 
well-suited as candidates for an implementation grant from this same source. We recommend 
the following steps in proceeding with this: 
 
 Implement the Buttolph Drive gravel wetland as part of a Clean Water Fund grant. 

Establish a clear Memorandum of Understanding with the Shaw’s Supermarket as they 
share in the existing permitted structure. Establish with the VT DEC how Shaw’s 
Supermarket’s future permit requirements will be impacted by developing this practice. 
A potential financial partnership between the Town and Shaw’s is possible for this 
practice.  

 
 Conserve the land surrounding the Washington Street outfall. Use existing 2’ LiDAR 

derived contours in consultation with a wetlands specialist to determine the optimal area 
for conservation. Consider armoring the outfall to prevent additional erosion. Codify the 
conservation easement and record it on the land record.  

 
 Implement the practices on Seminary and High Streets within the Town right-of-way. 

Conduct outreach with the neighboring homeowners to clarify major design elements. 
Establish a clear understanding of maintenance needs, desires, and responsibilities. Once 
established, submit an application for an implementation grant under the Clean Water 
Fund (or similar) outlining the initial design work already completed along with letters of 
support from the neighboring property owners.  

 
 Continue working with the Vermont Federal Credit Union to gauge willingness to have a 

practice as designed in this study on-site. The chief concerns outlined by the VT FCU are 
maintenance responsibility, financial burden, and additional regulatory oversight. If an 
agreement can be reached with them regarding these elements, it’s possible that the 
entity would be willing to implement the practice on-site. This would set a good precedent 
and framework for future projects like this.  

4.2 Additional Practice Recommendations: 
The results of this Stormwater Master Plan have identified a number of additional sites and 
practices that could potentially have an impact on water quality. Though many of them would be 
located upstream from the Buttolph Drive Gravel Wetland, they would serve to prolong the 
expected lifespan of that practice, reduce pollutant loading to that structure and thereby reduce 
annual maintenance required there, as well as provide more stormwater management capacity 
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to offset potential future development growth in the watershed. We have divided these into 
structural and non-structural measures.  
 

4.2.1 Priority Structural Projects to Design and Implement 
 
4.2.1.1 Buried Perforated Pipes for High Street 
During the development of the initial Retrofit Options Assessment, two similar projects were 
identified for the drainage areas ending at High Street. The management practices were 
conceptualized of as buried stone galleries with 24” perforated pipes embedded in them to allow 
for stormwater runoff storage and infiltration. These pipes can be installed in-line with the 
regular storm line and provide runoff conveyance during higher flows. The benefit of structures 
such as these is that they can easily be integrated into the streetscape without affecting traffic 
or parking. As much of High Street is already constrained by topography, practices such as these 
would be preferable to street-level basins, etc.  
 
The drainage areas involved are S5-S6-S7-S8-S9. These areas are primarily low-density residential 
but can experience higher runoff conditions as the soils in that area do not allow for infiltration. 
These drainage areas and the approximate locations can be seen in Appendix 2 – Retrofit Options 
Assessment.  
 
4.2.1.2 Bioretention S27 – Corner of Seminary and Springside Streets 
At the corner of Springside Road and Seminary Street there is an existing informal basin that 
collects runoff from a portion of Seminary as well as the majority of Springside down from 
Chipman Heights. Expanding this existing basin, amending the soils to allow for greater 
infiltration and storage, as well as adding a flow-control outlet will potentially allow for 
infiltration of runoff before entering the pipes that ultimately outfall at the Washington Street 
Outfall. This project was not scoped beyond the initial sketch concept phase, however the size of 
the drainage areas, the potential BMP’s location within the Town road right-of-way, and the 
prevalence of high flows coming down the steep slopes of Springside Road make this a potential 
future priority.  
 
The drainage areas and location for this practice can be seen in Appendix 2 – Retrofit Options 
Assessment. 
 
4.2.1.3 Cisterns – Shaw’s and Middlebury Co-op Roofs 
There are two roofs in the study area that are outfitted with roof drains that currently feed 
directly into the municipal stormwater system. Roof runoff, which is relatively clean in 
comparison to road or parking lot runoff, can more easily be re-used for interior plumbing uses 
like sanitary system flushing or landscape watering.  
 
The Middlebury Co-op, during initial public outreach, expressed a desire to be proactively 
included in finding solutions to curbing their own stormwater runoff. While the overall site, 
excluding the roof, was found to drain out of the project study area, the roof could be equipped 
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with an approximately 3,000-gallon cistern. The water collected could be re-used with something 
as simple as a sediment filter prior to be used in sanitary flushing.  
 
The Shaw’s Supermarket roof also has roof drains and is significantly larger than the Co-op. 
Additionally, Shaw’s shares a permit with the Town of Middlebury for the existing pond on 
Buttolph Drive under an older permit requirement. However, it is likely that they will need to 
upgrade their permit in the future to comply with new permit regulations. Participating in the 
upgrade of the existing pond to a gravel wetland will play a part in that compliance, but installing 
a cistern would also assist in that effort. A 12,500-gallon cistern linked to the roof drainage would 
manage a large portion of the shopping center’s runoff. This water could be re-used in a similar 
manner to that described for the Co-op. 
 
Sketch-level specifications and locations for each of these can be seen in Appendix 2 – Retrofit 
Options Assessment.  
 
4.2.1.4 Curb Extensions on Washington Street 
During the initial retrofit scoping phase, a number of small stormwater curb extensions were 
identified along Washington Street. There are numerous opportunities for these within the 
Washington Street right-of-way. They can be seen in Appendix 2 – Retrofit Options Assessment 
and are labeled as 18/19, 21/22, and 26/27 on the map sheet titled ‘Potential BMP Locations – 
10-2-15 – Sheet 1 of 2. They are also shown on the concept plan provided by Urban Rain | Design 
under Washington Street: Site and Stormwater Improvements. They are listed in the ranking 
table in that Appendix as ‘Stormwater Curb Extension #’. These practices could easily be grouped 
together and form a single ‘practice’ that could be designed together for implementation in a 
phased approach. They would have an appreciable impact on both stormwater runoff pollution 
abatement to the outfall on Buttolph Drive as well as serve as traffic-calming devices and provide 
a measure of aesthetic enhancement along the busy, commercial area that is Washington Street.  
 

4.2.2 Priority Non-Structural Measures to Consider: 
Though many stormwater management measures are necessarily structural, there are a number 
of measures that can be undertaken that are programmatic or behavioral in nature. Some non-
structural measures such as street-sweeping and catchbasin cleaning are already being 
performed by the Town. Street sweeping occurs several times a year. Catchbasin cleaning is 
performed on rotating 3-4-year cycle using a contractor. 
 
Below is a small sample of a few additional non-structural measures that could have a positive 
impact on stormwater pollution levels.  
 
4.2.2.1 Washington Street Outfall – Land Conservation 
As described in Section 3.3.1, there is no specific structural practice proposed for the outfall off 
Washington Street as runoff is currently being filtered and attenuated in a natural settling area 
there. However, this does not mean that there should be no action related to this outfall. In 
addition to adopting stormwater management practices upstream of this site, the area around 
this outfall should be formally conserved under an easement held by the Town. As this property 
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is Town-owned, the barriers to establishing an easement are relatively few. Establishing an 
easement would ensure that if and when development does occur on this parcel, the particular 
area would be protected and the valuable function that it currently serves would be maintained.  
 
4.2.2.2 Adopt Town-specific Stormwater Bylaws 
Many towns in Vermont are considering adopting Town-specific stormwater bylaws, whether as 
part of an MS4 permit or as an initiative to preserve water quality and protect infrastructure 
within their jurisdiction. These bylaws are meant to complement the VT DEC stormwater 
regulations for ‘sub-jurisdictional’ development (essentially any development that would not be 
covered under a State stormwater permit). 
 
In order to encourage the adoption of such practices, the Vermont League of Cities and Towns 
(VLCT) has created a set of model bylaws addressing site development during all phases of 
construction: pre-, during, and post-construction stormwater management practices designed to 
minimize soil disturbance, reduce or eliminate sediment-laden runoff, and manage site-specific 
stormwater after construction has finished. These bylaws are intended to be modified by each 
municipality to fit their desired goals.  
 
To support adoption of these bylaws, the VLCT has also prepared a manual and sizing tool titled 
the Vermont Green Stormwater Infrastructure Simplified Sizing Tool for Small Projects. Debuted 
in October, 2015, this manual and tool are specifically aimed at small, sub-jurisdictional sites in 
Vermont.  
 
Adopting bylaws and encouraging the use of the simplified small sites sizing tool in Middlebury 
could have a net benefit for the Town in terms of reduction of load on existing stormwater 
infrastructure and enhancing pollutant removal to ensure compliance with the Lake Champlain 
TMDL. This last is important in that jurisdictional stormwater regulations may not guarantee that 
cleanup goals are met – and not meeting those goals could lead to stricter regulations across a 
broader array of sites. Enacting a Town-specific program now could potentially prevent further 
regulations in the future. A model for this program and tools potentially useful in implementing 
it can be found in the folder Appendix 4 – Town Specific Stormwater Program Model, which 
contains the aforementioned model bylaws and small-sites sizing guide and tool.  
 
4.2.2.3 Enact Town-wide Illicit Discharge Detection and Elimination Program 
The Town of Middlebury was the beneficiary of a grant through the VT DEC that investigated the 
presence of illicit discharges in and around the Town. Several illicit discharges were found 
throughout the Town and three were within the watershed studied under this Master Plan. Those 
systems, as reported in the Otter Creek Basin Illicit Discharge Detection and Elimination (IDDE) 
Project Final Report from May 31, 2014, are systems MB230, MB330, and MB350.  
 
The Town has looked into these issues. In the case of MB230, where suspected illicit dumping of 
washwater was the issue, the Town has followed up at the site and seen no evidence of dumping 
and considers the matter resolved.  
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Though the Town does conduct sump pump inspections prior to the sale of homes to ensure that 
there are no illicit connections from appliances within the home, the Town does not have its own 
IDDE program. As many illicit discharges are the result of broken sanitary or stormwater 
infrastructure (sagging or broken pipes, leaks in old clay-tile pipe joints, etc.), it is recommended 
that that Town adopt a town-specific IDDE program that conducts an annual dry weather outfall 
survey to look for water flowing during periods of no precipitation. This could lead to the regular 
detection of potential illicit discharges, dumping, or other issues. Now that the Town possesses 
updated stormwater system mapping information, as well as sanitary sewer mapping 
information, this process could be relatively economical.  
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