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Project Overview

• Crosby Brook is located in 
Brattleboro, VT.

• On the 303(d) list and is impaired 
for sediment pollution and habitat 
alteration due sedimentation, 
channelization and buffer loss.

• Identified as a Class B/Coldwater 
Fish Habitat

• An extension of prior work 
performed by the Windham County 
Conservation District (Stream 
Geomorphic Assessment)



Project Goals
1. Identify potential build-out areas thorough-out the Putney Road 

corridor.

2. Identify potential stormwater treatment practices (STPs) for the 
Putney Road corridor and associated NPS pollution with a target 
on sediment.

3. Properly size STPs for Putney Road based on potential future 
build-out and proposed Putney Road Master Plan.

4. Identify and size potential STPs for the Interstate Route 91 
corridor.

5. Identify potential STPs in the upper watershed to minimize 
sedimentation, buffer loss and to stabilize the channel and banks.  



Crosby Brook

• Coldwater fish habitat (brook 
trout). 

• Two separate branches; 
• North main branch is approx. 2 

miles long;
• South main branch is approx. 4 

miles long;
• The two branches join, to the 

west of the Route 9 and Route 5 
round-about;

• The last leg of the brook flows 
through a busy urbanized area for 
approx. ½ mile prior to discharge 
into the Connecticut River;



Crosby Brook Watershed

• 6 square miles;
• Lower watershed highly 

developed with a mix of 
residential and commercial 
properties;

• Upper watershed mainly 
forested with some agricultural 
and residential land uses;

• This study primarily focused on 
a 350 acre portion of the 
watershed.



Crosby Brook Project Areas

• Project Area 1 – Putney Road 
Corridor (Routes 5 & 9)

• Project Area 2 – Interstate Route 
91 Corridor

• Project Area 3 – Upper 
Watershed



Crosby Brook Project Area 1

• Route 5 & Route 9

• Approx. 240 acres

• Urbanized with commercial 
properties

• Approx. 40% impervious



Crosby Brook Project Area 2

• Interstate Route 91

• Approx. 110 acres

• Mainly paved roads with 
grassed areas

• Approx. 15% impervious



Crosby Brook Project Area 3

• Route 9, Black Mountain Road 
and Middle Road

• Approx. 750 acres

• Low density residential, 
meadows, agriculture and 
forested areas

• Less than 1% impervious 



Targeted Pollutants and Sources

Project Area 1

• Sediment loading from parking lots and roadways
• Loss of buffers due to encroachment and development 
• Control of peak flows and high velocity runoff from large impervious areas to minimize erosion 

Project Area 2 

• Sediment & salt loading from the highway
• Control of peak flows and high velocity runoff from large impervious areas to minimize erosion 

Project Area 3

• Sediment loading from bank erosion and mass failures
• Sediment loading from local roadway drainage
• Sediment loading and channel degradation due to culvert restrictions
• Loss of wildlife passage and limited buffers



STP Overview

1.STP Identification – Location and Type
2.STP Sizing & Pollutant Reductions
3.STP Selection – Ranking Process
4.STP Recommendations – Highest Ranked Sites



STP Identification

• STPs were identified for each of the three project areas and STP type, sizing and selection 
process based on the project area:

1. Project Area 1 - Highly urbanized – large open areas

STP Types – Infiltration basins, gravel wetlands & treatment trains

STP Sizing – VT Stormwater Manual

STP Ranking – Feasibility & Cost Effectiveness of TSS Removal

2. Project Area 2 – Linear transportation corridor – lots of wet areas & narrow open areas

STP Types – Infiltration swales,  wet ponds & filtering systems

STP Sizing  – VT Stormwater Manual

STP Ranking – Feasibility & Cost Effectiveness of TSS Removal

3. Project Area 3 – Highly un-developed – encroachment on buffers at crossings & erosion

STP Types – Culvert improvements, buffer zones & stabilization

STP Sizing  – Based on channel width or size of erosion / issue

STP Ranking – Size and Scale of the project 



STP Identification

STP potential locations and types were selected based on available 
information:

• Field Reviews

• Resource Area Reviews

• Detailed Plan Reviews



STP Identification
STP Types & Constraints

STP types were selected based on the potential location and 
any site constraints observed during field investigations & plan 
reviews:

• Land use
• Available Space

• Potential utility conflicts
• Location of bedrock
• Underlying Soils

• Shallow groundwater
• Maintenance access issues



STP Identification

STP Location based on Available Space & 
Existing Town / Private Infrastructure



STP Identification

STP Location based on Existing Highway 
Infrastructure



STP Identification

STP Location and Type based on:

• Proposed Roadway Infrastructure 

• Putney Road Master Plan



STP Identification

STP Location based on Potential Build-out Areas



STP Identification

STP Location and Type based on Resource Area Delineations & Potential Impacts 



STP Identification
STP Location and Type based on Subwatershed Delineations & Potential Drainage Connections

• Potential for a sub-watershed 
area to drain to an STP site;

• Potential for drainage 
systems to be diverted;

• Review of existing drainage 
connections

• Locations of outfalls 



STP Identification
Culvert replacements & stabilization areas in Study Area 3 were based on information 
from previous geomorphic assessments 



STP Sizing – Project Areas 1 & 2

Stormwater Management Manual STP Sizing Standards

Volume Sizing for Peak Flow Attenuation

• Channel Protection 

• Overbank Protection

• Spillway sized for 100-year

Volume Sizing for Stormwater Treatment

• Water Quality Volume

• Pre-Treatment Volume

• Recharge Volume



STP Sizing– Project Areas 1 & 2
Autodesk Storm & Sanitary Analysis (SSA) Model



STP Sizing– Project Areas 1 & 2
Peak Flows

• Determine Weighted Curve Number (CN)

• Determine Time of Concentration (Tc)

• Determine Impervious Area (IA)

• Used Higher Precipitation Design Storms 



STP Sizing– Project Areas 1 & 2
Peak Flow Criteria

• CPV – Channel Protection Volume 

• OBV – Overbank Protection Volume



STP Sizing– Project Areas 1 & 2
Basin Volumes

Based on the VT Manual, peak flow model estimates, (USDA TR-55)  and Harrington methods  were used to estimate basin volumes 



STP Sizing– Project Areas 1 & 2
Basin Volumes



STP Sizing– Project Areas 1 & 2
Channel Protection Volume (CPv)

CPV –12-hr detention of 1-yr, 24-hr storm completed for each Sub-watershed



STP Sizing– Project Areas 1 & 2
Overbank Protection Volume (OBv)

ObV – 10yr – 24hr storm completed for each Sub-watershed



STP Sizing– Project Areas 1 & 2
Water Quality Volume (WQv)



STP Sizing– Project Areas 1 & 2
Pre-Treatment Volume (Prev)

• Pre-treatment volume varies based 
on STP type

• For conceptual sizing purposes, 
used 10% of the water quality 
volume.



STP Sizing– Project Areas 1 & 2
Recharge Volume (Rev)



STP Sizing– Project Areas 1 & 2
Results

Available STP volume versus Sizing Criteria

STPv meets REv

STPv meets WQv, CPv

STPv falls shy of Obv



STP Sizing– Project Areas 1 & 2

Treated areas and associated property owners:

Treat a mix of 
public and 
private lands



STP Pollutant Reduction – Project Areas 1 & 2
STP Pollutant Removal



STP Pollutant Reduction – Project Areas 1 & 2
Pollutant Load



STP Pollutant Reduction – Project Areas 1 & 2
Pollutant Removal



STP Sizing– Project Area 3

Culvert Re-sizing
• Conceptual for cost 

purposes
• Meet ~75% of bank-full 

width
• More detailed study 

required for final sizing
• Culvert design should follow 

Guidelines for the Design of 
Stream/Road Crossings for 
Passage of Aquatic 
Organisms in VT prepared by 
the VT Department of Fish 
and Game 

Sizing to Address Channel Erosion



STP Sizing– Project Area 3

Based on size of impacted area or erosion extent measured in the field

Sizing to Address Bank Erosion



STP Ranking - Project Areas 1 & 2

Two Phased Ranking Process:

The intent was to use model results to prioritize 
sites based on feasibility and then rank those 
sites based on a more refined cost and pollutant 
removal estimate. 

• 1st round ranked the potential 
STP sites based on feasibility, 
location and ability to meet 
stormwater standards.

• 2nd round ranked the STP sites 
based on cost-effectiveness 
and removal of sediment.



STP Ranking Project Areas 1 & 2
Phase 1 Ranking Criteria

Proximity to Brook

Sediment Accumulation & Removal

Ease of Implementation

Land Use

Land Owner

STP Sizing & Standards Compliance

Maintenance Requirements

Permitting Requirements



STP Ranking - Project Areas 1 & 2
Phase 1 Ranking Criteria

Each criterion was given a range of priority points based on the importance of that criteria: 



STP Ranking - Project Areas 1 & 2
Phase 1 Ranking Process

Raw data was entered into a 
matrix for each potential STP 
location.



STP Ranking - Project Areas 1 & 2
Phase 1 Ranking Process

STP sizing and pollutant 
reduction information was 
also entered into the matrix 
to be used for ranking analysis



STP Ranking - Project Areas 1 & 2
Ranking Costs

The detailed cost estimates included:

Construction costs 

• Piping

• Structures

• Excavation and grading 

• STP installation
Planning & Engineering costs 

• Survey

• Permitting

• Design

• Bid and Construction Oversight

Conceptual costs were prepared and entered into the matrix to be used for ranking analysis

Annual Maintenance Costs

• Applied for 10 years+



STP Ranking - Project Areas 1 & 2
Ranking Costs



STP Ranking - Project Areas 1 & 2
Phase 1 Ranking Results

Once criteria for each STP was 
complied, the priority point 
scores were applied and tallied 
to select STPs with the highest 
total score  



STP Ranking - Project Areas 1 & 2
Phase 2 Ranking Criteria

Permitting
Design

Construction
Annual Maintenance

Land Type
Land Area

TSS Applied
Removal Efficiency

Annual TSS Removed 

BMP Costs divided by Pollutants Removed

A second ranking phase was completed to compare similar STPs and potential long-term costs and benefits: 



STP Ranking - Project Areas 1 & 2
Phase 2 Ranking Process

Use Ranking Criteria: 

 BMP Drainage Area
 Percent Impervious
 Land Use Types
 10 yr. Pollutant Removal 
 BMP Cost
 10 yr. BMP Maintenance 

Cost 

$ per ton of 
sediment (TSS) 
removed

(over 10 year period)

Top 2 BMPs per Area = Most Cost Effective

To Estimate: 

To Select: 

On average over a 10 year period 
~ $4,000 - $5,000 per ton



STP Ranking - Project Areas 1 & 2
Phase 2 Ranking Results

Project Area 1 

Project Area 2 



STP Ranking - Project Area 3
Undersized Culverts

Culverts with widths less than bank-full width 
were reviewed:

• Any undersized culverts should eventually be 
replaced. 

• For ranking purposes, culvert projects with widths 
less than  33% of the bank-full channel width were 
selected as the highest priority to be completed 
under a first phase.

• Remaining undersized culverts could be replaced in 
2 additional phases based on similar criteria (e.g. 
under 67% and remainder less than bank-full 
width).

Cost estimates 
were preformed for 
the top 4:



STP Ranking - Project Area 3
Erosion & Mass Failures

Stabilization ranking was 
based on repair of the top 6 
largest problem areas 
identified in the field

Cost estimates 
were performed:



STP Recommendations
Project Area 1

• Infiltration basins

• Stormwater wetlands

• Wet ponds / multi-pond systems

Project Area 1



Site 1.1 – Putney Road & Private Properties

• Located on private property behind the America’s Best 
Inn

• Re-direct runoff from an existing drainage system on 
Putney Road, Hardwood Way and a Private Drive

Project Area 1 – Routes 5 & 9

Site 1.4 – Putney Road & Route 9

• Located on private property next to the old Bickford’s 
restaurant 

• Re-direct runoff from an existing drainage system on Routes 5 
and 9 that discharges at the Crosby Brook / Putney Rd  bridge 
crossing

STP Recommendations
Project Area 1



Site 1.1

• Drainage diversion

• Stormwater wetland 

• Multi-pond system

STP Recommendations
Project Area 1



STP Recommendations
Project Area 1

Site 1.4

• Drainage diversion

• Infiltration basin



STP Recommendations
Project Area 2

• Infiltration swales
• Stormwater wetlands
• Wet swales / dry swales
• Sand Filters

Project Area 2 – Interstate Route  91



STP Recommendations
Project Area 2

Site 2.4 – Interstate Route 91 at Exit 3

• Located in VTrans Right of Way 

• Use low-points and large available space 
along the exit ramp to install larger STPs

• Retrofit existing drainage systems on highway 
medians to provide linear STPs

Project Area 2

Site 2.1 – Interstate Route 91 at Black Mtn. Rd

• Located in VTrans Right of Way 

• Retrofit existing drainage systems on shoulders and 
medians



STP Recommendations
Project Area 2

Site 2.1

• Infiltration swales

• Dry swales with sand filters



STP Recommendations
Project Area 2

Site 2.4

• Stormwater wetlands

• Wet swales and sand filters



STP Recommendations
Project Area 3

Culvert Replacement Locations
• Ryan Rd
• Middle Rd
• Black Mountain Rd
• Dickinson Rd



STP Recommendations
Project Area 3

Culvert Replacement Designs

• Proper widths

• Proper substrate material

• Embedded or open bottom

• Roadway drainage treatment at crossings

• Improve Wildlife Passage



STP Recommendations
Project Area 3

Stabilization / Erosion Repair STPs

• Mass Failures or Large Bank Erosion

• 6 locations

• 4 on the Northern Branch

• 1 on the Southern Branch

• 1 on the Main (lower) Branch



STP Recommendations
Project Area 3

Stabilization Techniques

• Bio-engineered slope treatment

• Riprap, vegetation and coir logs

• Proper toe-of-slope selection

• Proper anchoring

• Proper reinforcement materials



We’ve crossed the bridge(s)!!  



Questions
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