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Upstream view of the Brook along Clesson Brook Road. 
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Climate Change Context

Climate change increases existing risks already present in 
the Clesson Brook Watershed



Project Background

Why are we concerned about climate change in the Clesson Brook Watershed? 

Observed increase in heavy precipitation 
is highest in the Northeast

“Relentless rainfall” during the 
summer of 2021 highlights how 
local communities continue to be 
impacted by heavy flood events 
due to climate change 

Photo courtesy of the Greenfield Recorder/Paul Franz

During Tropical Storm Irene, 
Clesson Brook overflowed its 
banks, adjacent roads, and farm 
fields, wiping out crops and 
washing away agricultural soils



Project Background

Concerns Raised in Buckland’s 2018 Municipal Vulnerability Preparedness Plan

• Undersized and failing culverts in the Clesson Brook 
Watershed
• These pose a current and future risk to 

transportation and emergency response

• Flooding and fluvial erosion along Clesson Brook
• Areas damaged by TS Irene are still experiencing 

severe erosion that threatens roads and bridges

• The Buckland Recreation Area is plagued by chronic 
flooding and erosion



Project Background

Concerns Raised in the 2017 Watershed-Based Plan to Maintain the Health and Improve 
the Resiliency of the Deerfield River Watershed 

• Very little protected land in the upland tributary areas 
and the watershed as a whole

• Agricultural uses along the stream corridors

• Stormwater runoff from Route 112 and other roads 
that are adjacent to Clesson Brook and its tributaries
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Project Background

Buckland received a $100,117 grant from the state’s 
Municipal Vulnerability Preparedness (MVP) program 
for a project to develop a Watershed-Based Assessment 
and Climate Resiliency Plan for the Clesson Brook 
Watershed. 

An additional $38,500 grant awarded to the Franklin 
Regional Council of Governments by the MassDEP’s 
604b Water Quality Management Grant Program will 
be used to develop this comprehensive plan. 



Project Goals & Outcomes

1. Fluvial geomorphic assessment of the Clesson 
Brook watershed to provide information on the 
causes of erosion, channel instability, and habitat 
degradation

2. Prepare a Hydrologic and Hydraulic Model of the 
Clesson Brook to estimate peak flow rates and 
evaluate flood water surface elevations and flow 
paths under current conditions and projected 
future conditions considering climate change

3. Develop a database of road-stream crossings 
along the Clesson Brook to be used for prioritizing 
replacements

Example of a fluvial geomorphic assessment completed for the South River 
Watershed in Ashfield and Conway



Project Goals & Outcomes (cont.)

4. Prioritize parcels within the Clesson Brook watershed for conservation

5. Identify restoration projects and prepare proposed conceptual designs 

6. Complete Watershed-Based Plan for Clesson Brook

7. Community engagement

Example of a completed restoration project: boulder 
deflectors positioned in stream to help slow the flow



Project Findings – Road Stream Crossing

Stream crossing assessment
 Prioritized 152 culverts and bridges in watershed

Results published to Clesson Brook Watershed Crossing 
App, which is available to town staff

 Final app includes priority projects, vulnerable river 
segments, and prioritized parcels for conservation



Project Findings – Road Stream Crossing



Hydraulic modeling of Clesson Brook
 2D HEC-RAS model

Project Findings – Hydraulic modeling
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Project Findings – Hydraulic modeling



Project Findings – Fluvial Geomorphic Assessment

Headcuts (knickpoints)
 87 headcuts mapped along Clesson Brook

 Headcuts migrate upstream leaving a deeper channel (ie. more flow contained 
within channel and impaired floodplain connection)

 Vertical instability leads to lateral instability and potential undermining of 
infrastructure



Project Findings – Fluvial Geomorphic Assessment

Bank stability
 Eroding banks – 20%

 Armored banks – 15%

Looking at a deposit of glacial till on the right bank of the brook, which is a 
source of sedimentation 



Mass failures (landslides)
 Major sediment source – sediment loading and 

water quality impairments

 28 mapped – largest ~180 feet long and 40 feet high

Project Findings – Fluvial Geomorphic Assessment



Channel straightening
 Long segments of stream are artificially straightened

 Increased slope = increased velocities and capacity to transport sediment

 Wood is unevenly distributed

Project Findings – Fluvial Geomorphic Assessment



Individual pieces of wood and log jams mapped
 1062 pieces

 97 pcs/mile

 Natural conditions = 175 to 225 pcs/mile

(McKinley et al., undated)

Wood provides geomorphic and habitat 
benefits

 Increased flow complexity

 Sediment sorting and storage

 Pool creation and maintenance

 Provide cover habitat

Project Findings – Fluvial Geomorphic Assessment



What is a Restoration Project?

Address local site-specific concerns such as stabilizing an eroding 
bank or reducing threats to infrastructure

While addressing sediment transport and storage, water quality, 
habitat, climate change and other concerns

Address causes of channel instability in order to reduce stresses on 
adjacent stream segments

Move stream towards an equilibrium condition



Restoration Projects – Examples

 Store sediment and water in the headwaters (chop and drop wood 
additions, wetland restoration)

Floodplain reconnection (floodplain lowering, berm breaching/removal, 
side channel activation)

Riparian buffer establishment/enhancement

Removing constraints (upsizing bridges and culverts, dam removal)

Flow deflection techniques as alternative to hard armoring



Restoration Projects – Examples

Uplands / headwaters –
 Wood additions, wetland restoration, culvert upgrades/crossing removal

 Limit sediment mobilization/maximize storage (ie. stabilize mass failures)

 Land conservation

Valley bottom (agricultural, residential, commercial land uses) –
 Floodplain reconnection (floodplain lowering, berm breaching/removal)

 Removing constraints (bridge and culvert upgrades, dam removal)

 Riparian buffer establishment/enhancement (invasive species mitigation)

 Encourage meanders and complexity with instream structures

 Flow deflection as alternative to hard armoring

 Land conservation (and soon…River Corridor Easements)



Wood additions - Chop and drop



Wood additions - Chop and drop



Horseshoe Brook culvert replacement
May 6—10, 2013

Courtesy of Jim MacCartney



Horseshoe Brook culvert replacement

Before – October 2012 (looking upstream)

4’ diameter CMP; 0.6’ drop

After – July 2013 (looking upstream)

10.75’ embedded aluminum arch 

Courtesy of Jim MacCartney



Middle Columbia Rd. culvert remediation
September 5—11, 2014

Before – Nov. 2013 (looking upstream)

6.25’ diameter steel culvert; 40° skew

After – Oct. 2014 (looking upstream)
46’ clear span; steel beam bridge

Before (looking downstream) After (looking downstream)
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Courtesy of Jim MacCartney



Middle Farrer Brook culvert removal
November 6—7, 2007

Before (looking upstream)

5’ diameter CMP; 2.8’ drop

After (looking downstream)

After (looking upstream)

Road retired; valley fill removed

Before (looking downstream)
Courtesy of Jim MacCartney



Prioritized List of Restoration Projects – Culvert upgrade



Prioritized List of Restoration Projects – Culvert upgrade



Prioritized List of Restoration Projects – Remove constraints



Mass failure stabilization



Prioritized List of Restoration Projects – Mass failure stabilization



Floodplain reconnection



Prioritized List of Restoration Projects – Floodplain reconnection



Riparian buffer enhancement



Riparian buffer enhancement



Prioritized List of Restoration Projects – Buffer enhancement



Log jams – Flow deflection



Wood buttress – Flow deflection



Before…

…and after

Wood buttress – Flow deflection



Prioritized List of Restoration Projects – Flow deflection



River Corridor Easement – Bristol, VT

• 40.1 acres on New Haven River

• 3,900 ft river frontage

• Managed hayfield, floodplain forest and 
actively meandering, avulsing stream 
channel

• Landowner, who had farmed land for 
generations, pursued easement after 
damages from Tropical Storm Irene

• Town has protected land with goals of 
building flood resiliency and providing 
public river recreation



Prioritized List of Restoration Projects – River Corridor Easement



Project Findings – Parcel Prioritization



Project Findings – Conceptual Designs



Project Findings – Conceptual Designs



Project Findings – Conceptual Designs



Project Findings – Conceptual Designs



Next Steps

• FY24 MVP Action Grant
• Seeking funding to implement recommended 

projects & continue landowner outreach

• River Corridor Mapping

• Develop 25%-level designs for the Route 112 
Bridge enlargement 
• Includes preliminary subsurface 

explorations to establish design 
parameters for bridge foundations, 
wetland resource delineation, and 
summary of permitting needs and costs 

• Develop 25%-level designs for the Clessons
River Farm Bank Stabilization Project

Light blue = 100-
year floodplain

Dark blue = mapped River 
Corridor in Ashfield

The mapped river corridor shows the room a river needs and the land vulnerable to 
flooding and fluvial erosion. The 100-year floodplain maps produced by FEMA do not 
address fluvial erosion hazards.



Next Steps

• FY24 MVP Action Grant (Cont.)

• Reach out to landowners who own the land 
included in the priority projects/restoration 
designs

• Engage private landowners in discussions and 
demonstrations of climate resilient 
management practices for private lands

• Community Open House to share lessons 
learned

• Continue working with MTRS students

Outreach in FY24 will focus on landowners who own the Priority Conservation 
Parcels highlighted in purple and brown on the Watershed Vulnerabilities and 
Conservation Priorities map produced by GZA GeoEnvironmental. Outreach in 
FY25 will focus on the wider community. 



Next Steps

• Finalize Climate Resilient Watershed Based Plan
• WBP will meet EPA’s recommended format and 

incorporate the road-stream crossing study, 
H&H model, and the fluvial geomorphic 
assessment

• This will be available for public review later this 
summer

Downstream view of the Clesson Brook, September 2022

Questions?

Project website: bit.ly/clessonbrookmap


