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Figure 1: Tisbury, MA watersheds of the completed conceptual BMP designs as numbered in this report. 
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BMP 1: Beach Street Extension 
Beach Street Extension was the site described by town and public works staff as top priority. The 

intersection of Five Corners just west of the outfall saw frequent nuisance flooding due to high 

volumes of runoff, steep slopes, and high impervious cover upstream in the watershed, as well as 

a frequently clogged or submerged tidal outfalls. The public works staff stated that maintenance 

before storms included digging into the sand with a backhoe to clear the outfalls. They were 

nearly completely filled with sand during every site visit during high and low tides. One of the 

three outfall pipes was never located under the sand. The proposed concept design’s objective 

was to reduce the clogging of tidal sand and backpressure during high tides as well as give an 

easy access point for maintenance on the street instead of the beach. The watershed, as calculated 

in GIS, was very large due to storm sewer network which extended up gradient. 

 

 

 

 

Figure 2: Watershed with impervious cover shown in red to Five Corners intersection upstream of BMP 1. 

Figure 2 shows the large watershed and great areas of impervious cover (IC) contributing to Five 

Corners. While BMPs 2-3 aim to reduce the volume of runoff that reaches the intersection, BMP 

1 was designed to reduce the clogging and keep the outfall clear and free-flowing. The following 

three design pages show the conceptual designs developed by UNHSC and given to MA DOT as 

the owners of this road and storm sewer system. 
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The watershed summary and export loads of the watershed are summarized in Table 1. 

 
Table 1: Summary of watershed characteristics and loading for BMP 1. 

Parameter Units Value 

Watershed ac 22 

Percent Impervious Cover - 68% 

Water Quality Volume cf 54,220 

P - Pre-BMP export lb/yr 30 

N - Pre-BMP export lb/yr 216 

TSS - Pre-BMP export lb/yr 6,738 
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BMP 2 & 3: Municipal Lot & Veterans Memorial Park 
The municipal gravel parking lot and Veterans Memorial Park were identified as large parcels 

owned by the town where BMPs could be installed to reduce the pressure on Five Corners 

intersection. The proposed design would install catch basin on the south side of Beach Street just 

upgradient of the parking lot and tie into the existing storm sewer. The parking lot would be 

retrofitted with a stone infiltration basin (BMP 2) to hold runoff, infiltrate the water, and 

provided treatment. The effluent would be piped subsurface south to a linear subsurface gravel 

wetland (SGW) (BMP 3) along the eastern sidewalk swale of Veterans Memorial Park. After 

discussions with EPA, the town, and public works staff, the SGW was to be completely 

subsurface to not interfere with the functionality or maintenance of the existing park. 

 

Figure 3: Watershed with impervious cover shown in red to BMPs 2 & 3. 
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The watershed summary is shown in Table 2 for BMPs 2 and 3. 

 

Table 2: Summary of watershed characteristics and for BMP 2 & 3. 

Parameter Units Value 

Watershed ac 6.5 

Percent Impervious Cover - 38% 

Water Quality Volume cf 9,270 

P - Pre-BMP export lb/yr 4.9 

N - Pre-BMP export lb/yr 35.0 

TSS - Pre-BMP export lb/yr 1088 

 

BMP 2 was sized to have a Design Storage Volume (DSV) capable of treating 0.31 inches of 

direct runoff. BMP 2 was sized to leave about 20 ft. of space on the side edges to protect 

neighboring structures. 
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Figure 4: UNHSC generic design detail for an infiltration trench. 
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The individual BMP design and performance of BMP 2 and 3 are summarized in Table 3. 

Table 3: Watershed characteristics, design, and performance for BMP 2 and 3. 

Parameter Abbrev. Units BMP 2 BMP 3 

BMP ID/Name     Veteran's Park 1 Veteran's Park 2 

Description/Notes     
Parking lot SGF + 2' 

pipes 6" spacing 
Park linear SGW 

Watershed DA ac 6.5 6.5 

Percent Impervious Cover %IC - 38% 38% 

Impervious Cover IA ac 2.5 2.5 

Land Use LU - 
Medium-Density 

Residential 
Medium-Density 

Residential 

Design Precipitation P in 1 1 

BMP - - Subsurface Infiltration   Gravel Wetland 

Infiltration Rate (Choose next 
lowest) 

IR in/hr 2.41   

Area footprint of pretreatment Apretreatment sf   2,400 

Depth of pretreatment Dpretreatment ft   1.2 

Area footprint of ISR AISR sf   330 

Depth of gravel/stone Dgravel ft   3 

Porosity of gravel/stone 
(typical 0.4) 

ηgravel - 0.4 0.4 

Depth BMP D ft 3   

Width BMP W ft 30 6 

Length BMP L ft 80 55 

Water Quality Volume WQV cf 9,270 9,270 

Design Storage Volume DSV cf 2,880 3,276 

Infiltration Rate IR in/hr 2.41 - 

BMP Capacity: Depth of Runoff  
from Impervious Area 

PSC in 0.31 0.35 

Runoff Volume Reduction Volume - 68% 0% 

Phosphorus Load Reduction TP - 69% 38% 

Nitrogen Load Reduction TN - 90% 45% 

Cumulative TSS Load Reduction TSS - 88% 77% 

Cumulative Zinc Load 
Reduction 

TZn - 99% 80% 
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Table 3 Continued: Watershed characteristics, design, and performance for BMP 2 and 3. 

P - Pre-BMP export PPre lb/yr 4.86 4.86 

P - Post-BMP export PPost lb/yr 1.49 3.02 

N - Pre-BMP export NPre lb/yr 34.95 34.95 

N - Post-BMP export NPost lb/yr 3.62 19.39 

TSS - Pre-BMP export TSSPre lb/yr 1,088.04 1,088.04 

TSS - Post-BMP export TSSPost lb/yr 129.86 249.13 

P Reduction PRed lb/yr 3.37 1.84 

N Reduction NRed lb/yr 31.33 15.55 

TSS Reduction TSSRed lb/yr 958.17 838.91 

Volume Reduction (depth on 
IA) 

PrecipRed in/yr 31 0 

Volume Reduction VolRed cf/yr 274,950 0 

 

Table 3 shows the individual performance for BMP 2 and 3. They are designed to be in series. 

Therefore, the combined removal efficiency (RE) of the treatment train is a combination of the 

two systems. The total RE of the train is calculated using Equation (1). 

 𝑅𝐸𝑇 = 𝑅𝐸1 + (1 − 𝑅𝐸1)𝑅𝐸2 (1) 

 

 Note that the individual RE for the second system in series is higher than the total RE. In this 

case, the individual Post-BMP export rate of the second system is not accurate as it is not 

operating individually. These values have been italicized in Table 3 to indicate they do not apply 

in this scenario. The total RE efficiency (also called reduction here) of the treatment series is 

shown in Table 4. 
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Table 4: Combined performance for BMP 2 and 3 series. 

Parameter Abbrev. Units Value 

Runoff Volume Reduction Volume - 68% 

Phosphorus Load Reduction TP - 81% 

Nitrogen Load Reduction TN - 94% 

Cumulative TSS Load Reduction TSS - 97% 

Cumulative Zinc Load Reduction TZn - 100% 

P - Pre-BMP export PPre lb/yr 4.86 

P - Post-BMP export PPost lb/yr 0.92 

N - Pre-BMP export NPre lb/yr 34.95 

N - Post-BMP export NPost lb/yr 2.01 

TSS - Pre-BMP export TSSPre lb/yr 1,088.04 

TSS - Post-BMP export TSSPost lb/yr 29.74 

P Reduction PRed lb/yr 3.93 

N Reduction NRed lb/yr 32.94 

TSS Reduction TSSRed lb/yr 1,058.30 

Volume Reduction (depth on IA) PrecipRed in/yr 31 

Volume Reduction VolRed cf/yr 274,950 
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BMP 4 & 5: Grove Ave. 
The end of the street on Grove Ave. was observed by municipal staff as a problem area and as a 

typical example of the end-of-road issues common to neighboring roads. The steep slopes 

produce very high-velocity runoff that dead-ends into sandy beaches, causing erosion. At this 

location, there was an older open-bottom, leaching catch basin originally installed to enhance 

infiltration. UNHSC proposed rehabilitating and enhancing this structure with a closed bottom 

leaching catch basin. The closed sump would provide a maintenance point where sediment and 

trash could be vactored and disposed of. The upper portion of the structure would be perforated 

and infiltrate into the surrounding sandy soils. The area around the basin could be backfilled with 

gravel as available to enhance the storage and infiltration capacities. This practice could replace 

typical solid catch basins as a standard installation where infiltration is judged acceptable and 

will not damage or jeopardize other subsurface infrastructure or building foundations and 

basements. 

 

Figure 5: Watershed with impervious cover shown in red to BMPs 4 & 5. 

In addition to the standard closed-bottom leaching catch basin, this location could be enhanced 

by the addition of a subsurface gravel filter in the road. This infiltration trench would provide 
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additional storage and infiltration to the runoff, therefore reducing the volume and energy of the 

runoff currently degrading the beach entrance. The proposed system would include another 

leaching catch basin as described with inlet protection such as hood or other inlet protection 

device. Inlet protection devices are relatively inexpensive and can be chosen to suit the 

municipal maintenance preferences.  They can vary between outlet inserts such as snouts or 

eliminators, or inlet inserts. Details of common inlet protection devices are shown in Figure 6 

through Figure 9. The catch basin inlet would feed a subsurface gravel filter via a slotted or 

perforated pipe before exiting into another leaching basin. The effluent and bypass would 

continue to the existing outlet east of the edge of pavement where the pipe would daylight into a 

rip-rap armoring pad. This design would enhance infiltration, treatment of runoff, armor the 

current high erosion area, and not lose any area for parking or public use. The following page 

shows the concept design of the leaching basins and the subsurface gravel filter.  Leaching 

catchbasins are not unique and should be able to be provided by local precasters. The 

configuration here is recommended for ease of maintenance and provides for a solid 2-4’ base, a 

perforated middle and a standard top with frame and grate suitable to the town.  The solid base 

allows for sediment accumulation and routine removal with a vactor truck. The generic details 

shown in Figure 10 and Figure 11 are examples of configurations and details may be altered 

according to the precaster’s capacity. For example, the weir wall may be replaced by a cap and 

orifice on the underdrain pipe. See the detail notes for more information. 
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Figure 6: The Eliminator specifications for inlet protection. 



21 

 

 

Figure 7: The Eliminator specifications for inlet protection. 
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Figure 8: Hood specifications for inlet protection. 
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Figure 9: Philadelphia Water Department specifications for green inlet with protection.
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Figure 10: UNHSC generic design detail for a leaching catch basin with a sump. 
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Figure 11: UNHSC generic design detail for a subsurface gravel filter. 
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The individual BMP design and performance for BMP 4 and 5. As they form a treatment train, 

the Post-BMP export rates do not apply to the train. 

Table 5: Watershed characteristics, design, and performance for BMP 4 and 5. 

Parameter Abbrev. Units BMP 4 BMP 5 

BMP ID/Name   Grove Ave 1 Grove Ave 2 

Description/Notes   
Leaching CB + 32" 

stone 
SGF at end of road 

Watershed DA ac 0.79 6.0 

Percent Impervious Cover %IC - 53% 24% 

Impervious Cover IA ac 0.42 1.42 

Land Use LU - 
Medium-Density 

Residential 
Medium-Density 

Residential 

Design Precipitation P in 1 1 

BMP - - Subsurface Infiltration Gravel Wetland 

Infiltration Rate (Choose next 
lowest) 

IR in/hr 8.27 8.27 

Depth of gravel/stone Dgravel ft  4 

Porosity of gravel/stone 
(typical 0.4) 

ηgravel - 0.4 0.4 

Area footprint of bed Abed Sf 76 360 

Depth BMP D ft 5  

Width BMP W ft 8.7 10 

Length BMP L ft 8.7 36 

Water Quality Volume WQV cf 1,519 5,713 

Design Storage Volume DSV cf 152 576 

Infiltration Rate IR in/hr 8.27 8.27 

BMP Capacity: Depth of Runoff  
from Impervious Area 

PSC in 0.10 0.10 

Runoff Volume Reduction Volume - 54% 54% 

Phosphorus Load Reduction TP - 50% 50% 

Nitrogen Load Reduction TN - 76% 76% 

Cumulative TSS Load Reduction TSS - 98% 98% 

Cumulative Zinc Load 
Reduction 

TZn - 93% 93% 
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Table 5 Continued: Watershed characteristics, design, and performance for BMP 4 and 5. 

P - Pre-BMP export PPre lb/yr 0.82 2.77 

P - Post-BMP export PPost lb/yr 0.41 1.38 

N - Pre-BMP export NPre lb/yr 5.93 19.96 

N - Post-BMP export NPost lb/yr 1.42 4.75 

TSS - Pre-BMP export TSSPre lb/yr 184.77 621.47 

TSS - Post-BMP export TSSPost lb/yr 3.70 12.87 

P Reduction PRed lb/yr 0.41 1.40 

N Reduction NRed lb/yr 4.51 15.21 

TSS Reduction TSSRed lb/yr 181.07 608.60 

Volume Reduction (depth on 
IA) 

PrecipRed in/yr 23 26 

Volume Reduction VolRed cf/yr 35,650 134,686 
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The combined removal efficiency of the treatment series including two leaching catch basins 

immediately upstream and downstream of the subsurface gravel filter for maintenance is shown 

in Table 6. 

Table 6: Combined performance for BMP 4 and 5 series. 

Parameter Abbrev. Units Value 

Runoff Volume Reduction Volume - 95% 

Phosphorus Load Reduction TP - 94% 

Nitrogen Load Reduction TN - 100% 

Cumulative TSS Load Reduction TSS - 100% 

Cumulative Zinc Load Reduction TZn - 100% 

P - Pre-BMP export PPre lb/yr 2.77 

P - Post-BMP export PPost lb/yr 0.17 

N - Pre-BMP export NPre lb/yr 19.96 

N - Post-BMP export NPost lb/yr 0.07 

TSS - Pre-BMP export TSSPre lb/yr 621.47 

TSS - Post-BMP export TSSPost lb/yr 0.00 

P Reduction PRed lb/yr 2.60 

N Reduction NRed lb/yr 19.90 

TSS Reduction TSSRed lb/yr 621.47 

Volume Reduction (depth on IA) PrecipRed in/yr 46 

Volume Reduction VolRed cf/yr 238,583 
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BMP 6: Spring St. and Pine Tree Rd. 
Another location of concern for occasional hazard flooding was at the intersection of Spring St. 

and Pine Tree Rd. near the Vineyard Haven Fire Department. The best proposed site is in the 

right of way on Pine Tree Rd. at the existing curb inlet. Because of the small watershed area and 

busy intersection, UNHSC proposes installing a pre-cast media filter under the roadway to 

enhance the treatment of runoff. Maintenance is similar to that of typical catch basins. This was 

discussed during meetings with municipal public works staff and viewed favorably by them. 

  

Figure 12: Watershed with impervious cover shown in red to BMP 6. 

With a watershed area of about 2.8 acres and 52% impervious cover, the media box filter is far 

too small to adequately treat the runoff, but it is a simple measure by replacing a standard catch 

basin to improve water quality by filtration. Additional center sections may be added to the box 

to have a larger filter area and increase treatment capacity. See Figure 13 for the design detail. 

As this media box filter is designed as shown to treat 0.25 ac impervious cover, to fully treat the 

Spring St. watershed, 10 extendable sections would be needed. This makes the filter area 

impractically large to install under the road. We would suggest installing as many sections as 

practicable for improved treatment over current conditions.  
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Figure 13: UNHSC generic design detail for a sectional media box filter. 
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BMP 7: Vineyard Haven Terminal Traffic Circle 
The traffic circle near the Vineyard Haven Terminal parking lot was identified as a potential 

location for a rain garden. While there are municipal basins near the parking lot and on Water 

Street, runoff from the traffic circle could be routed to a small rain garden for treatment. See 

Figure 10 for a standard detail of a bioretention design. The bioretention has a high flow bypass 

and a perforated underdrain that would be plumbed into the nearby stormwater sewer system. If 

the underdrain is not desired, it may be removed along with the gravel layer to be replaced with 

bioretention soil mix. This would be a simpler installation and would perform very well as the 

subsoils are very sandy with high hydraulic conductivity.

 
Figure 14: Watershed with impervious cover shown in red to BMP 7. 
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Figure 15: UNHSC standard detail of a bioretention filter. 

The watershed of the traffic circle was estimated to be about 0.16 acres of impervious cover. A 

rain garden (without an underdrain) could be constructed from standard details with a depth of 

ponding of 6 in., 3 ft. of bioretention soil media, and a footprint of about 130 sq. ft. 

The watershed characteristics and BMP performance are described in Table 7.  
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Table 7: Watershed characteristics, design, and performance for BMP 7. 

Parameter Abbrev. Units BMP 7 

BMP ID/Name   
Vineyard Haven 

Terminal 

Description/Notes   Traffic Circle 

Watershed DA ac 0.16 

Percent Impervious Cover %IC - 100% 

Impervious Cover IA ac 0.16 

Land Use LU - 
Commercial and 

Industrial 

Design Precipitation P in 1 

BMP - - Subsurface Infiltration 

Infiltration Rate (Choose next 
lowest) 

IR in/hr 2.41 

Area footprint of pond Apond ft 130 

Depth of ponding Dponding - 0.5 

Area footprint of soil (BMP 
media) 

Asoil Sf 130 

Depth of soil (BMP media) Dsoil ft 3 

Porosity of soil (BMP media) 
(typical 0.2) 

ηsoil ft 0.2 

Water Quality Volume WQV cf 562 

Design Storage Volume DSV cf 143 

Infiltration Rate IR in/hr 2.41 

BMP Capacity: Depth of Runoff  
from Impervious Area 

PSC in 0.25 

Runoff Volume Reduction Volume - 60% 

Phosphorus Load Reduction TP - 72% 

Nitrogen Load Reduction TN - 86% 

Cumulative TSS Load Reduction TSS - 91% 

Cumulative Zinc Load 
Reduction 

TZn - 96% 
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Table 7 Continued: Watershed characteristics, design, and performance for BMP 7. 

P - Pre-BMP export PPre lb/yr 0.29 

P - Post-BMP export PPost lb/yr 0.08 

N - Pre-BMP export NPre lb/yr 2.44 

N - Post-BMP export NPost lb/yr 0.35 

TSS - Pre-BMP export TSSPre lb/yr 61.46 

TSS - Post-BMP export TSSPost lb/yr 5.70 

P Reduction PRed lb/yr 0.21 

N Reduction NRed lb/yr 2.09 

TSS Reduction TSSRed lb/yr 55.76 

Volume Reduction (depth on 
IA) 

PrecipRed in/yr 25 

Volume Reduction VolRed cf/yr 14,835 
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BMP 8 & 9: Lake Street 
The boat launch on the western end of the road on Lake Street was identified as an area with 

high volume and velocity of runoff, causing erosion to the gravel lot and boat launch. A 

combination of BMPs proposed at Grove Ave. and Spring St. would be suggested here to 

mitigate the volume and energy of the runoff in this area. A leaching catch basin would intercept 

runoff to provide a deep sump for some removal of TSS and provide some infiltration. It would 

be too small to be credited for removal, however. The overflow would be piped to a subsurface 

gravel filter as described in BMP 5 for enhanced filtration, storage, and infiltration. This would 

be sized to treat the 0.1 inches of runoff from impervious cover. 

The watershed was estimated to be 13.8 acres and 19% impervious cover as shown in Figure 16. 

 

 

 

Figure 16: Watershed with impervious cover shown in red to BMPs 8 & 9. 
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Table 8: Watershed characteristics, design, and performance for BMP 8 and 9. 

Parameter Abbrev. Units BMP 8 BMP 9 

BMP ID/Name   Lake St Lake St 

Description/Notes   
Leaching CB + 32" 

stone 
SGF at end of road 

Watershed DA ac 13.81 13.81 

Percent Impervious Cover %IC - 19% 19% 

Impervious Cover IA ac 2.64 2.64 

Land Use LU - 
Medium-Density 

Residential 

Medium-Density 

Residential 

Design Precipitation P in 1 1 

BMP - - Subsurface Infiltration Infiltration Trench 

Infiltration Rate (Choose next 
lowest) 

IR in/hr 8.27 8.27 

Depth of gravel/stone Dgravel ft - 4 

Porosity of gravel/stone 
(typical 0.4) 

ηgravel - 0.4 0.4 

Area footprint of bed Abed Sf 76 700 

Depth BMP D ft 5 - 

Width BMP W ft 8.7 20 

Length BMP L ft 8.7 35 

Water Quality Volume WQV cf 11,119 11,119 

Design Storage Volume DSV cf 152 1,120 

Infiltration Rate IR in/hr 8.27 8.27 

BMP Capacity: Depth of Runoff  
from Impervious Area 

PSC in 0.01 0.10 

Runoff Volume Reduction Volume - 0% 54% 

Phosphorus Load Reduction TP - 0% 50% 

Nitrogen Load Reduction TN - 0% 76% 

Cumulative TSS Load Reduction TSS - 0% 98% 

Cumulative Zinc Load 
Reduction 

TZn - 0% 93% 
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Table 8 Continued: Watershed characteristics, design, and performance for BMP 8 and 9. 

P - Pre-BMP export PPre lb/yr 5.17 5.17 

P - Post-BMP export PPost lb/yr 5.17 2.57 

N - Pre-BMP export NPre lb/yr 37.17 37.17 

N - Post-BMP export NPost lb/yr 37.17 8.88 

TSS - Pre-BMP export TSSPre lb/yr 1,157.28 1,157.28 

TSS - Post-BMP export TSSPost lb/yr 1,157.28 23.65 

P Reduction PRed lb/yr 0.00 2.59 

N Reduction NRed lb/yr 0.00 28.29 

TSS Reduction TSSRed lb/yr 0.00 1,133.63 

Volume Reduction (depth on 
IA) 

PrecipRed in/yr 0 27 

Volume Reduction VolRed cf/yr 0 261,654 

 

The combined removal efficiency of the treatment series is the same as BMP 9. See Figure 10 

and Figure 11 for the generic design details. 

 




