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PROJECT OVERVIEW

• CROSBY BROOK IS LOCATED IN 
BRATTLEBORO, VT.

• PROJECT WAS AN EXTENSION OF PRIOR WORK 
PERFORMED BY THE WINDHAM COUNTY 
CONSERVATION DISTRICT (STREAM 
GEOMORPHIC ASSESSMENTS)

• TRIBUTARY TO THE CONNECTICUT RIVER 
(NUTRIENT LOADING IS A CONCERN)

• 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 (TEMPERATURE CONCERNS)

• IMPROVE FLOW CONDITIONS, TEMPERATURE 
/ DO AND PREVENT FURTHER DEGRADATION

• STREAM RESTORATION IS A UNIQUE 
COMBINATION OF PEAK FLOW CONTROLS, 
STORMWATER TREATMENT, GEOMORPHIC 
IMPROVEMENTS AND BUFFER 
ENHANCEMENTS 



CROSBY BROOK

• COLDWATER FISH HABITAT (BROOK 
TROUT). 

• TWO SEPARATE BRANCHES; 

• NORTH MAIN BRANCH IS APPROX. 4 
MILES LONG;

• SOUTH MAIN BRANCH IS APPROX. 2 
MILES LONG;

• THE TWO BRANCHES JOIN, TO THE 
WEST OF THE ROUTE 9 AND ROUTE 5 
ROUND-ABOUT (EXIT 3);

• THE LAST LEG OF THE BROOK FLOWS 
THROUGH A BUSY URBANIZED AREA 
FOR APPROX. ½ MILE PRIOR TO 
DISCHARGE INTO THE CONNECTICUT 
RIVER;

SOUTH BRANCH

NORTH BRANCH

SOURCE: BING MAPS



CROSBY BROOK
WATERSHED

• 6 SQUARE MILES;

• LOWER WATERSHED HIGHLY DEVELOPED 
WITH A MIX OF RESIDENTIAL AND 
COMMERCIAL PROPERTIES;

• STEEP UPPER WATERSHED MAINLY 
FORESTED WITH SOME AGRICULTURAL 
AND RESIDENTIAL LAND USES;

• THIS STUDY PRIMARILY FOCUSED ON A 
350 ACRE HIGHLY DEVELOPED PORTION 
OF THE WATERSHED.

• GENERALLY HSG-B SOILS



CROSBY BROOK 
PROJECT AREA 1

• SEDIMENT LOADING FROM 
PARKING LOTS AND 
ROADWAYS

• HIGH PEAK FLOWS AND HIGH 
VELOCITY RUNOFF FROM 
LARGE IMPERVIOUS AREAS

• REQUIRES TREATMENT FOR 
SEDIMENT, FLOATABLES 
(SPILLS) AND NUTRIENTS

• IMPACTED BASEFLOW AND 
HIGHER RUNOFF 
TEMPERATURES

Route 5 & Route 9 – (Green Area)
• Approx. 240 acres
• Urbanized with commercial & 

industrial properties
• Approx. 40% impervious

SOURCE: BING MAPS



CROSBY BROOK
PROJECT AREA 2

• SEDIMENT & SALT LOADING 
FROM THE HIGHWAY

• HIGH VELOCITY RUNOFF 
FROM LONG LINEAR 
IMPERVIOUS AREAS LEADS 
TO EROSION

• HIGHWAY DRAINAGE = 
MANY UNTREATED DIRECT 
DISCHARGES 

Interstate Route 91 – (Pink Area)
• Approx. 110 acres
• Mainly paved roads with linear 

grassed areas
• Approx. 15% impervious

SOURCE: BING MAPS



CROSBY BROOK
PROJECT AREA 3

• SEDIMENT LOADING FROM 
BANK EROSION AND MASS 
FAILURES

• SEDIMENT LOADING FROM 
STEEP GRAVEL ROADWAY 
DRAINAGE

• CHANNEL DEGRADATION 
(STREAM  MORPHOLOGY) 

• IMPACTS TO WILDLIFE 
PASSAGE AND NATURAL 
BUFFERS

Route 9, Black Mountain Road and Middle 
Road – (Yellow Area)
• Approx. 750 acres
• Low density residential, meadows, 

agriculture and forested areas
• Less than 1% impervious but many steep 

slopes

SOURCE: BING MAPS



STP OVERVIEW

• STP Identification – Location and Type

Project Goals

1. Identify potential stormwater treatment practices (STPs) for the Putney Road corridor with a 
target on sediment/temperature. Properly size STPs based on diverting drainage to open 
available space (future build‐out and proposed Putney Road Master Plan).

2. Identify and size potential STPs for the Interstate Route 91 corridor with a target on retrofit 
projects to provide improved treatment within linear corridors.

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

• STP Sizing – VT Stormwater Standards

• STP Selection – Ranking Process

• STP Recommendations – Most Effective



STP IDENTIFICATION

STP POTENTIAL LOCATIONS AND TYPES WERE SELECTED BASED ON 
AVAILABLE INFORMATION:
• FIELD REVIEWS (GEOMORPHIC ASSESSMENT & WATERSHED REVIEW)

• RESOURCE AREA REVIEWS (IDENTIFY PERMITTING)

• DETAILED PLAN REVIEWS (VTRANS AND BRATTLEBORO PLANNING)

• STPS WERE IDENTIFIED FOR EACH OF THE THREE PROJECT AREAS AND STP TYPE, 
SIZING AND SELECTION PROCESS WERE ALL BASED ON THE POTENTIAL 
POLLUTANT SOURCES AND SPECIFIC SITE CONSTRAINTS



STP IDENTIFICATION
STP TYPES & CONSTRAINTS

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

• Land use – Potential pollutants & Sources (VT SMM)

• Available Space – Existing & Future Development

• Potential Build‐out 

• Potential utility conflicts

• Location of bedrock

• Underlying Soils

• Shallow groundwater

• Maintenance access issues



STP IDENTIFICATION
PROJECT AREAS 1 & 2

• Identify available space;

• Detailed subwatershed 
delineation (property level); 

• Potential for drainage system 
/ subwatershed to be 
diverted;

• Review of existing drainage 
interconnections;

• Locations of outfalls 

STP LOCATIONS



STP IDENTIFICATION

CULVERT REPLACEMENTS & STABILIZATION AREAS WERE IDENTIFIED 
BASED ON INFORMATION FROM PREVIOUS GEOMORPHIC ASSESSMENTS 

PROJECT AREA 3



STP SIZING
PROJECT AREAS 1 & 2

VT STORMWATER MANAGEMENT MANUAL STP SIZING STANDARDS
Volume Sizing for Peak Flow Attenuation           
(More Extreme Storms)

• Channel Protection ~ 1‐year

• Overbank Protection ~ 10‐year 

• Spillway sized for 100‐year

Volume Sizing for Stormwater Treatment

• Water Quality Volume

• Pre‐Treatment Volume

• Recharge Volume



PEAK FLOW CRITERIA
CPV – CHANNEL PROTECTION VOLUME

OBV – OVERBANK PROTECTION VOLUME

EXTREME STORM PRECIPITATION DATA 

NY & NE (NRCC & NRCS)

STP SIZING
PROJECT AREAS 1 & 2



VT SM Manual – Peak flow basin volumes 
were estimated using (USDA TR-55) and 
Harrington methods

PEAK FLOW - BASIN VOLUMES

STP SIZING
PROJECT AREAS 1 & 2



• 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

VT STANDARDS - TREATMENT STP VOLUMES



Available STP volume versus Sizing Criteria

STPv meets REv

STPv meets WQv, CPv

STPv falls shy of 
Obv

STP SIZING
PROJECT AREAS 1 & 2

MODELING RESULTS



Treated areas and associated property owners:

Treat a mix 
of public and 
private lands

STP SIZING
PROJECT AREAS 1 & 2

MODELING RESULTS



Main Channel STPs
• Culverts should meet ~75% 

to 100+%  of bank‐full width 
(up / downstream effects)

• More detailed study 
required for final sizing –
length, slope, skew, depth, 
etc.

• Culvert designs 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 of stabilization and 
natural buffers ‐ based on 
field measurements and 
observations

Sizing to Address Channel Erosion

STP SIZING
PROJECT AREAS 3



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 phase ranked the 
potential STP sites based on 
feasibility, location and 
ability to meet stormwater 
standards.

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

STP SELECTION
PROJECT AREAS 1 & 2



• Specific criteria was used to 
determine feasibility of the STPs

• Each criterion was given a range of 
priority points based on importance

Proximity to Brook

Sediment Accumulation & Removal

Ease of Implementation

Land Use

Land Owner

STP Sizing & Standards Compliance

Maintenance Requirements

Permitting Requirements

STP PHASE 1RANKING
PROJECT AREAS 1 & 2



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

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

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

STP PHASE 1RANKING
PROJECT AREAS 1 & 2



POLLUTANT LOADS & REDUCTIONS

STP PHASE 2 RANKING
PROJECT AREAS 1 & 2

• Simple Method

• STPs – Treatment trains (in series)



Use Specific 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 PHASE 2 RANKING
PROJECT AREAS 1 & 2



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 SELECTION
PROJECT AREA 3



Bank stabilization and buffer development selection:  

• Based on the repair of the top 6 largest problem 
areas  identified in the field

• Cost estimates were performed:

STP SELECTION
PROJECT AREA 3



Project Area 1 – Routes 5 & 9

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

• Located away from brook – Storage pond followed by gravel 
wetlands for nutrient treatment / temperature reduction and 
good baseflow to the brook

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 Putney Rd  bridge crossing. 
Located closer to the brook ‐ infiltrate

STP Recommendations
Project Area 1

• Peak flow controls maximized based on largest potential 
impervious area treated. Treatment trains used to meet goals 

• Located in undeveloped space that is currently available with 
no future plans for development

• Designed to handle both VTrans and Town drainage with 
minimal encroachment on future transportation 
enhancement / development



Project Area 2 – Route I‐91

Site 2.1 – Interstate Route 91 at Black Mtn. Rd

• Located in Right of Way near Bridge Overpass  

• Retrofit existing drainage systems on shoulders 
and medians – infiltration near stream crossing

Site 2.4 – Interstate Route 91 at Exit 3

• Located in Right of Way within on/off ramps

• Use low‐points and large available space along the 
exit ramp to install larger STPs – peak flow controls

• Retrofit existing drainage systems on highway 
medians to provide linear STPs – treatment with 
filters

STP Recommendations
Project Area 2

• STPs designed to meet topography, fit linear corridors and provide treatment for 
the longest lengths of untreated roadway.

• Designed with shallow depths, minimal standing water and limited encroachment 
on safety clear zones to provide treatment and/or elimination of direct discharges.

• Based on soils / hydric conditions, designs use a mixture of Infiltration Swales, 
Stormwater Wetlands, Wet / Dry Swales and Sand Filters.



Culvert Designs Provide:

• Roadway drainage treatment at crossings
• Proper widths
• Proper substrate material
• Proper Embedment or open bottoms
• Improved Wildlife Passage

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

STP Recommendations
Project Area 3



STP Recommendations
Project Area 3

Stabilization Techniques:
• Bio‐engineered slope treatment
• Combine  ‐riprap, vegetation, fabrics and coir logs
• Proper toe‐of‐slope selection
• Proper anchoring
• Proper reinforcement materials

Crosby Stabilization:
• 6 locations
• 4 on the Northern Branch
• 1 on the Southern Branch
• 1 on the Main (lower) Branch



CROSBY BROOK 
POINTS TO PONDER

• BASED ON RECENT HISTORY, THE USE OF EXTREME STORM PRECIPITATION IS RECOMMENDED FOR 
STP SIZING AND CULVERT DESIGN. 

• TREATMENT TRAINS – A GOOD METHOD FOR MEETING SEVERAL PROJECT TARGETS (PEAK FLOW 
CONTROL, NUTRIENT REMOVAL, SEDIMENT REMOVAL AND TEMPERATURE CONTROLS). 

• A BLEND OF HARD STRUCTURE AND NATURALIZED TREATMENTS HAS PROVEN TO BE VERY 
EFFECTIVE STABILIZATION METHOD. 

• ALL LEAD TO HIGHER COST PROJECTS – CROSBY BROOK 7 MILES ~ $400,000 PER MILE OF STREAM

• HOW DO YOU PRIORITIZE WHERE TO USE THE AVAILABLE LIMITED FUNDING? WHICH PROJECTS TO 
TARGET FIRST AND CAN YOU MEET THESE HIGHER STANDARDS?  

• ACCORDING TO EPA, THERE IS APPROXIMATELY 
65,000 MILES OF STREAMS AND RIVERS IN NEW 
ENGLAND. THERE ARE LIKELY HUNDREDS OF 
SMALL STREAMS THROUGH-OUT NEW ENGLAND 
WITH SIMILAR ISSUES AS CROSBY BROOK



QUESTIONS


