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Executive Summary 

 

 

In 2012, the Massachusetts Department of Environmental Protection (MassDEP) awarded the 

Franklin Regional Council of Governments a $61,200 604b Water Quality Management 

Planning Grant to implement a Fluvial Geomorphic and Habitat Assessment of the East Branch 

North River Watershed.  The Scope of Work for the Fluvial Geomorphic and Habitat 

Assessment project had four main components:  prepare a Quality Assurance Project Plan 

(QAPP), conduct physical and biological habitat assessments, conduct a fluvial geomorphic 

assessment, and public outreach.  FRCOG used project funds to hire Field Geology Services, Inc. 

to conduct a Fluvial Geomorphic Assessment and Cole Ecological, Inc. to prepare the QAPP and 

conduct the physical and biological habitat assessments of the East Branch North River 

Watershed.  

 

River channels adjust in response to natural events, such as floods, that result in changes in flow 

velocities, sediment loading, and the amount of wood in the river.  Rivers also adjust their 

channels in response to human events, such as changes in land use that increase/decrease runoff 

or result in structures like roads, bridges, and dams that modify the channel and the watershed.  

Several centuries of human settlement of the watershed that included mills, dams, land clearance 

and modification of the river channel itself have had a significant historical and current impact 

on the river’s morphology and aquatic habitat.  Human efforts to control flooding have also left 

their mark on the river.  Currently, roads, bridges, public water supply wells, homes and 

important agricultural lands have been damaged or are threatened by the major bank erosion 

occurring in the watershed.  Eroding river banks also deposit sediment into the water, impact 

aquatic habitat, and result in the loss of riparian vegetation.   

 

The East Branch North River watershed has a long history of human land use, including 

significant manipulation and straightening of the river channel, the removal of wood and 

boulders in response to flood events, and the construction of numerous dams to provide power to 

the mills that were active in the watershed during the 18th and 19th century.  At least 71 percent 

of the river’s length was artificially straightened prior to 1886-1887.   

  

Bank armoring is present on 14 percent of the banks.  This armoring may prevent natural channel 

adjustments from occurring and transfer erosive forces downstream, thereby delaying the process 

of natural channel evolution that leads to improvements in channel stability and aquatic habitat.  

However, bank armoring is often seen as necessary to protect infrastructure.  The high, unstable 

glacial banks in the watershed are not only a threat to infrastructure but also a significant source 

of sediment loading.  Nearly 30 percent of the river banks are eroding.  In places where the river 

flows against the valley sides and encounters high banks of glacial sediments, the erosive forces 
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of the river are able to initiate large scale mass failures that can rapidly introduce great quantities 

of sediment and wood into the channel.  This study mapped 24 mass failures in the project area. 

 

There are 10 bridges that cross the East Branch North River and mainstem North River.  There is 

deposition immediately upstream and around three of the bridges, which suggests that the 

bridges are constricting the channel and that sediment-laden flows are very sensitive to even 

minor reductions in sediment transport capacity caused by decreases in flow velocity. 

 

Physical habitat conditions in the North River and its East Branch were found to be variable.  

Unconfined sections of the river occurring on valley floors were consistently more degraded and 

supported lower habitat quality than did confined sections of the river system. Limiting factors in 

the river system include a lack of instream complexity and cover complexity (lack of deep pools, 

instream boulders and large wood, clean gravels, etc.) and elevated sediment loading. Certain 

sections of the river suffer from localized effects of channel straightening and increased sediment 

production, and also from cumulative effects from upriver impacts. These attributes create 

conditions that are likely also potentially allowing juvenile Atlantic salmon to out-compete 

native brook trout.  Cole Ecological, Inc. provided the following recommendations: 

 

 The river system would benefit from restoration projects recommended by Field Geology 

Services that would help restore a more natural planform to the river and promote the 

creation of habitat features conducive to supporting wild fish.   

 Further assessment of summertime trout distribution over a wider range of summer 

conditions and water temperatures will assist with further determining distribution and 

abundance of wild trout in the river system and further identify limiting factors. 

 Reassessing wild brook trout abundance and distribution by the Massachusetts Division 

of Fish & Wildlife a few years following discontinuation of the salmon stocking program 

would provide useful information. 

 Restoration and protection of riparian areas along the entire river is highly recommended 

and will be critical to the long-term improvement of habitat conditions in the river 

system. 

 

Field Geology Services developed 20 restoration project concepts from the fluvial geomorphic 

and habitat assessment results and the restoration planning process.  Stakeholders identified 5 of 

the 20 restoration projects as priority sites.  Of these five sites, stakeholders identified the 

Shelburne Falls Fire District wells site as the highest priority site.  As a result, this site was 

advanced further in the design phase with design drawings, materials list, and cost estimates 

developed by Field Geology Services.  

 

Tropical Storm Irene widened North River at the Shelburne Falls Water District site with a 

greater than 50 percent increase in the channel’s width as a result of the flooding. Continued 

widening could threaten the town’s wells, so the project envisions restoring and stabilizing a 

portion of the bank while installing instream boulder and log structures to enhance habitat, 

encourage sediment deposition, and narrow the channel back to its pre-flood width. The project’s 

estimated cost, including design, permitting, and implementation, is $460,000 for the 700-foot 

long project area.  
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Conceptual designs and cost estimates were provided by Field Geology Services for the 

remaining 4 sites.  The design for the Colrain Fire District well site includes breaching of an 

instream berm, reactivation of side channels through the construction of log jams and the partial 

removal of the elevated road approaches to an old bridge.  These techniques will: 1) reduce flow 

velocities through increased channel complexity and floodplain access, 2) increase sediment 

storage over the length of the project reach, and 3) improve aquatic habitat by creating rearing 

areas in side channels and cover habitat under log jams and other structures to be constructed in 

the channel.    

 

Two of the top five restoration projects address sediment accumulation upstream of bridges, the 

Route 112 Bridge being replaced by MassDOT in Colrain Center and the Route 112 Bridge 

downstream from Barnhardt Manufacturing. Bank stabilization using log jams along the banks 

will be used in both projects to enhance habitat while reducing the volume of sediment delivered 

to the bridges. Rock weirs are proposed at both bridges to enhance sediment transport through 

the bridge areas while reducing scour of the bridge abutments and piers.  

 

The conceptual design for the last of the five priority restoration sites, the Foundry Village 

Impoundment site, is designed to reduce sediment loading from the erosion of impoundment 

sediments behind a former dam.  Removal of a portion of the impoundment sediment will restore 

floodplain access and reduce flow velocities, thus reducing erosive forces and sediment transport 

while improving habitat complexity. 

 

Taken together, the five conceptual designs developed as part of this project demonstrate 

multiple methods for protecting infrastructure while improving problems associated with channel 

instability, degraded habitat, and elevated sediment loading that could be applied to similar 

issues observed elsewhere along the river.  River restoration efforts that simultaneously address 

these issues of increased sediment loading, exacerbated flooding and erosion, and degraded 

aquatic habitat have the greatest chance of long-term success. 



 

 

 



1-1 

 

 

Section 1: Project Overview 

 

 

Background 

Rivers and streams alter their course by erosion of their banks and the deposition of sediments.  

This natural process can be accelerated and exacerbated by human activities that increase the 

velocity and volume of stormwater runoff, alter the structure of the river banks, or destroy the 

vegetation that helps to stabilize the soil of the banks.  Eroding banks deposit sediment into the 

water, impact aquatic habitat, and result in the loss of riparian vegetation.  Valuable farmland 

and infrastructure, such as bridges, roads and houses, can be threatened by eroding river banks.   

 

The watershed of the North River is the largest of the Deerfield River’s 11 main tributary 

subwatersheds.  The North River has two branches – the East Branch, which is 7.6 miles long, 

and the West Branch, which is 7.1 miles long.  The North River is formed at the confluence of 

the East and West Branches in Colrain, Massachusetts and flows approximately 3 miles through 

Shelburne, Massachusetts to its confluence with the Deerfield River.  The North River and its 

two branches are classified as Class B, Cold Water Fisheries.  The Massachusetts portion of the 

North River watershed is approximately 48 mi
2
 in size.  The banks and riparian vegetation in the 

watershed are being lost due to the significant and widespread problem of streambank erosion.  

According to the Nonpoint Source Pollution Assessment for the Deerfield River Watershed 

(Project 04-02/604) prepared by the Franklin Regional Council of Governments (2008), areas of 

significant streambank erosion extend for hundreds of feet along the East Branch North River, 

West Branch North River and the North River.  Sediment from the eroding banks is likely a 

significant source of nonpoint pollution to the North River watershed.  Pollutants such as 

pathogens, heavy metals, fertilizers and pesticides can bind to soil particles.  Excessive sediment 

also compromises fisheries and macroinvertebrate habitat.  Because water quality data gaps exist 

for the North River watershed, further data is needed to determine whether ongoing sediment 

loading from eroding streambanks is resulting in water quality impairment.   

 

Roads, bridges, public water supply wells, homes and important agricultural lands have been 

damaged or are threatened by the major streambank erosion occurring in the watershed.  

Significant amounts of Federal, State and local money have already been spent to protect and/or 

repair damaged infrastructure.  Agricultural activities are common along the North River and its 

East Branch - in many cases crops are planted immediately adjacent to the river.  A narrow or 

nonexistent riparian buffer provides little or no pollutant removal capacity for stormwater runoff 

from roads and adjacent land uses.  Due to the topography of the project area, most of the roads 

in the watershed occur within the 200 foot riparian buffer.  Roadways adjacent to rivers can 

impact water quality and riparian habitat through increased streambank erosion.  The final report 

for Project 04-02/604 included the following recommendation for the North River - hire a fluvial 

geomorphologist to assess the types and causes of the erosion and recommend appropriate bank 

stabilization techniques and flow management techniques.   
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In 2012, the Massachusetts Department of Environmental Protection (MassDEP) awarded the 

Franklin Regional Council of Governments a $61,200 604b Water Quality Management 

Planning Grant to implement a Fluvial Geomorphic and Habitat Assessment of the East Branch 

North River Watershed.  Due to the size of the North River watershed and the funding 

constraints of the 604b program, this project was envisioned to be completed in two phases.  The 

work funded under this current grant is for Phase I of the project, which includes the HUC-12 

watershed of the East Branch North River (ID: 010802030301) in MA and VT, and a portion of 

the HUC-12 watershed for the North River mainstem (ID: 010802030302) downstream and west 

of the confluence of the East and West Branches in MA.  The Phase I project area is referred to 

as the East Branch North River.  A separate proposal will be submitted to a subsequent 604b 

funding round for Phase 2, which will cover work in the West Branch North River.   

 

The goals of this project were to: 

1. Provide information on the causes of erosion, channel instability and habitat degradation;  

2. Provide sufficient technical information and design specifications to secure funding from 

the s.319 program and other sources to implement water quality improvement projects in 

the East Branch North River HUC 12 watersheds;   

3. Support the MassDEP’s water quality monitoring efforts in the Deerfield Basin; 

4. Conduct assessment work recommended in the Nonpoint Source Pollution Assessment 

for the Deerfield River Watershed (Project 04-02/604); 5-Year Watershed Action Plan 

for the Deerfield River (2004); the Nonpoint Source Action Strategy for the Deerfield 

River Basin (MassDEP, 2003); and the Deerfield River Watershed 2000 Water Quality 

Assessment Report (MassDEP, 2003). 

 

Project Scope of Work 

The Scope of Work for the Fluvial Geomorphic and Habitat Assessment project had four main 

components:  prepare a Quality Assurance Project Plan (QAPP), conduct physical and biological 

habitat assessments, conduct a fluvial geomorphic assessment, and public outreach.  FRCOG 

used project funds to hire a qualified consultant to conduct a Fluvial Geomorphic Assessment 

and to prepare the QAPP and conduct the physical and biological habitat assessments of the East 

Branch North River Watershed.  FRCOG issued a Request for Proposals (RFP) and hired Field 

Geology Services of Farmington, ME.  Field Geology Services subcontracted the QAPP and 

habitat assessment work to Cole Ecological, Inc.  Both Field Geology Services and Cole 

Ecological, Inc. assisted the FRCOG with the public outreach tasks. 

 

Quality Assurance Project Plan 

 

Dr. Michael B. Cole of Cole Ecological, Inc. prepared a Quality Assurance Project Plan (QAPP) 

for the physical habitat and fish survey tasks.  The QAPP was approved by the MassDEP and the 

U.S. Environmental Protection Agency (EPA).  The approved QAPP is included as Appendix A.  
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The QAPP describes the sampling, processing, and analytical methodologies, the areas to be 

sampled, the sample station locations, and the sampling frequency and timing.   

 

Physical Habitat and Biological Assessments 

 

Five (5) fish and habitat survey reaches were selected following reconnaissance surveys of the 

project watershed and consultation with the geomorphic assessment consultant (Field Geology 

Services). Reaches were selected to represent the range of channel types and conditions 

occurring along the length of the North River and its East Branch. Four reaches were selected 

from the East Branch of the North River and one reach from the North River. Two reaches 

occurred within confined sections of the river system, two reaches occurred within unconfined 

sections of the river system, and one reach occurred in a transitional zone from a confined to an 

unconfined channel type.  

 

Physical habitat, fish communities, and water chemistry were sampled from the 5 survey reaches 

in the early fall of 2013. Physical habitat surveys were performed in accordance with the 

Physical Habitat Characterization protocols of the US Environmental Protection Agency’s 

Wadeable Streams Assessment Field Operations Manual. Fish community surveys followed 

Massachusetts Division of Fisheries and Wildlife stream electrofishing surveys protocols. Dr. 

Cole’s field investigations were supported by several trained volunteers from the Deerfield River 

Watershed Chapter of Trout Unlimited, including: Rob Creamer, Bob Anderson, Nikos 

Marmaras, and Per Brandin.  

 

Assessments of fish communities and physical habitat conditions were conducted as specified in 

the EPA/DEP approved QAPP.   Cole Ecological’s report, which is included as Appendix B, 

includes concise summaries of the current biological and physical habitat conditions in the East 

Branch North River watershed and compares these conditions in less stable reaches to those in 

more stable river/stream reaches, and provides an assessment of the likely causes of any 

measured impairments to these communities.  These data will serve as a baseline for determining 

long-term improvements in ecological conditions in the East Branch North River watershed and 

will help establish benchmarks for the expected recovery of physical and biological conditions in 

the watershed after restoration project implementation.   

 

 

 

Fluvial Geomorphic Assessment
1
 

 

A fluvial geomorphic assessment provides information about how the natural setting and history 

of human land use in a watershed affect river channel processes and form (i.e., channel 

dimensions and shape).  Geomorphology assessments are essential to the process of identifying 

sustainable management solutions related to channel instability, habitat degradation, and 

downstream sediment loading. River restoration projects are more likely to succeed with a 

thorough understanding of how the channel is responding to natural conditions and human 

                                                           
1
 Information for this section is excerpted from sections of the 2015 final report prepared by Field Geology Services 

for the FRCOG (see Appendix C). 

 



1-4 

 

activities in the basin and how the channel may respond to future management efforts.  

Identifying how conditions in one part of the watershed are linked to channel adjustments 

elsewhere along the river is essential for developing restoration options that not only reduce 

hazards and improve habitat conditions at the site of restoration but also promote equilibrium 

conditions throughout the watershed.  

 

Field Geology Services conducted the fluvial geomorphic assessment of the East Branch North 

River.  The specific objectives of the geomorphic assessment were to:  

 

1. characterize past and current channel conditions; 

2. determine past and current human land uses that have resulted in ongoing channel 

adjustments; and  

3. identify natural watershed conditions that control the character and rates of channel 

adjustment.  

 

The work conducted as part of the geomorphic assessment had seven main components: 

 

1. reach and segment delineation;  

2. watershed history; 

3. watershed characterization;  

4. analysis of historical aerial photographs and topographic maps;  

5. mapping channel features; 

6. topographic surveys and substrate particle size analysis;  

7. channel classification; and  

8. reach description. 

 

Different parts of a river can have different responses to the same natural and human influences 

in a watershed.  Fluvial geomorphologists can identify sections of a river, called a reach, which 

will have the same response to changing watershed conditions, while adjacent upstream or 

downstream reaches may respond differently to changing watershed conditions.  Field Geology 

Services identified fifteen (15) reaches in the project area using topographic maps and aerial 

photographs. The 15 reaches were then subdivided into 69 segments based on the location and 

occurrence of various human impacts identified during the field work, such as channel 

straightening and dams, and the river’s responses to these human manipulations of the channel, 

including the development of a braided channel, bar deposition, and/or redeveloping meanders. 

Dividing the river into these smaller impact/response segments serves as the basis for identifying 

and prioritizing restoration options at various points along the river.  

 

Field Geology Services identified the specific geomorphic and habitat needs that could be 

addressed by restoration projects for each of the 69 discreet channel segments identified during 

the assessment work.  Design typicals were provided for 13 treatment options (not including a 

“do nothing” option) that each address a unique suite of geomorphic needs and cover the 

geomorphic and habitat needs identified during the assessment.  An eight-step restoration 

planning process was developed to link appropriate cost-effective restoration treatments with the 

geomorphic and habitat needs of priority segments. The restoration planning process was 

instrumental in developing a list of 20 restoration project concepts that, if implemented over 
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time, will lead to long-term improvements in flood and erosion control, enhancements in aquatic 

habitat, and reductions in downstream sediment loading.   

 

The full benefits of river restoration will begin to be realized after several projects are 

implemented in the watershed.  Field Geology Services provided conceptual project designs for 5 

sites where restoration will protect infrastructure along the river while simultaneously improving 

aquatic habitat and reducing downstream sediment loading. Taken together, the five conceptual 

designs and cost estimates developed as part of the East Branch North River fluvial geomorphic 

assessment demonstrate multiple methods for protecting infrastructure while improving 

problems associated with channel instability, degraded habitat, and elevated sediment loading. 

While these five projects alone will not address all of the riverine problems in the East Branch 

North River watershed, they do exemplify a range of techniques that could apply to similar 

issues observed elsewhere along the river. The results of the geomorphic assessment and 

restoration planning process for East Branch North River will remain useful in the coming years 

by targeting restoration treatments to the site-specific needs of the various identified channel 

segments on the East Branch North River.  Field Geology Services’ report is included as 

Appendix C. 

 

Public Outreach   

 

The goals of the public outreach tasks were to inform residents who live in the North River 

Watershed about the relationship between river channel dynamics, land use activities, and water 

quality to generate community cooperation and support for future restoration and river bank 

stabilization projects.    FRCOG used direct mailings and meetings with the Colrain Select Board 

and other representatives of town boards and committees to keep them informed.  To inform and 

involve residents, FRCOG prepared flyers and press releases and distributed them to the Colrain 

Clarion, West County News and The Recorder.  Project information was also posted at Town Hall 

and on the Colrain and FRCOG websites.  A project kick-off meeting was held on October 17, 

2013 to introduce the project and provide attendees with updates on the work completed to date by 

Field Geology Services and Cole Ecological, Inc.  This meeting, and the subsequent project update 

meeting held on September 29, 2014, was widely publicized and invitations were emailed to the 

attendees of the first meeting as well as Colrain Select Board, Conservation Commission, 

Agricultural Commission and Planning Board members. 

 

The purpose of the September 29, 2014 meeting was to discuss and solicit feedback on the 

assessment data used to develop the draft list of priority restoration sites, the proposed treatment 

options and design typicals for the draft list of 20 priority reaches.  On March 9, 2015, another 

meeting was convened to continue discussing the priority reaches and select the top five restoration 

sites so that Field Geology Services could prepare conceptual designs and cost estimates.  Please 

see Appendix D for copies of the materials used for public outreach. 
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Section 2: Conclusions and Recommendations 

 

 

 

Fluvial Geomorphic Assessment
2
 

River channels adjust in response to natural events, such as floods, that result in changes in flow 

velocities, sediment loading, and the amount of wood in the river.  Rivers also adjust their 

channels in response to human events, such as changes in land use that increase/decrease runoff 

or result in structures like roads, bridges, and dams that modify the channel and the watershed.  

Several centuries of human settlement of the North River watershed that included mills, dams, 

land clearance and modification of the river channel itself have had a significant historical and 

current impact on the river’s morphology and aquatic habitat.  Human efforts to control flooding 

have also left their mark on the river.   

 

Basic morphometric measurements such as channel gradient, valley confinement, and watershed 

size provide a framework for interpreting the fluvial geomorphic assessment information 

gathered for the project area.  This data can also be used to determine whether the existing 

channel morphology is consistent with natural conditions or reflects adjustments that have 

resulted from human impacts.  Identifying existing channel conditions and what might be 

expected under natural conditions with minimal human influence is important for designing 

sustainable restoration projects that restore river geomorphic function, reduce flood hazards, 

effectively manage downstream sediment loading, and improve aquatic habitat.   

 

The East Branch North River watershed has a long history of human land use, including 

significant manipulation and straightening of the river channel, the removal of wood and 

boulders in response to flood events, and the construction of numerous dams to provide power to 

the mills that were active in the watershed during the 18th and 19th century.  At least 71 percent 

of the river’s length was artificially straightened prior to 1886-1887.  This was a common 

practice in New England, especially on rivers with numerous dams and mills like the North 

River.  Impoundment sediments deposited behind dams are exposed along 11 percent of the 

channel’s banks in areas where the dams are now breached. 

 

The Kendall Company No. 1 Dam at Griswoldville is the only remaining dam along the river.  

However, this dam was damaged during Tropical Storm Irene and is currently being repaired.  

Tropical Storm Irene resulted in significant channel changes on many sections of the river.  The 

flooding deposited large gravel bars, widened the channel, and caused dramatic channel 

migration and bank erosion.  Using aerial photographs, a comparison of post-Irene conditions to 

past conditions show gravel bar deposition, bank erosion and channel migration, in some cases in 

                                                           
2
 Excerpted from sections of the 2015 final report prepared by Field Geology Services for the FRCOG (see 

Appendix C). 



2-2 

 

the same locations as during Tropical Storm Irene.  This indicates that the high sediment loads 

associated with these river processes have persisted in the watershed for decades.  The following 

two images from Google Earth illustrate how Tropical Storm Irene deposited large gravel bars, 

widened the channel and caused significant bank erosion.  The historic aerial photographs show 

similar processes occurring on the river almost 60 years ago. 

 

  

July 2009 September 2011 
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The historic aerial photographs from 1952 show a mass failure that is still present today (left) 

and large bars, a recently abandoned meander and a length of eroding bank (right). 

 

Bank armoring is present on 14 percent of the banks.  This armoring may prevent natural channel 

adjustments from occurring and transfer erosive forces downstream, thereby delaying the process 

of natural channel evolution that leads to improvements in channel stability and aquatic habitat.  

However, bank armoring is often seen as necessary to protect infrastructure, as shown in the 

figure below.  The high, unstable glacial banks in the watershed are not only a threat to 

infrastructure but also a significant source of sediment loading.  Nearly 30 percent of the river 

banks are eroding.  In places where the river flows against the valley sides and encounters high 

banks of glacial sediments, the erosive forces of the river are able to initiate large scale mass 

failures that rapidly introduce great quantities of sediment and potentially wood into the channel.  

Field Geology Services mapped 24 mass failures in the project area. 

 

 
A comparison of bank height, composition, and stability on the North River that illustrates how 

high banks of glacial sediments are a significant source of sediment to the river. 
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Mass failure 

 

Other human alterations that impact river channel processes include bridges, bank armoring and 

berming.  There are 10 bridges that cross the East Branch North River and mainstem North 

River.  There is deposition immediately upstream and around three of the bridges, which 

suggests that the bridges are constricting the channel and that sediment-laden flows are very 

sensitive to even minor reductions in sediment transport capacity caused by decreases in flow 

velocity. 
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Deposition upstream of the covered bridge is caused by flow confinement at the structure and 

high sediment loading during flood flows. 

   

The legacy of human manipulation of the river, both past and present, continues to impact river 

function, habitat, and public safety in at least three important ways. First, the erosion of silt- and 

clay-rich impoundment sediments accumulated behind the now breached mill dams increases 

downstream sediment delivery to water bodies already impaired by excess sediment loading. 

Second, damaging flood flows passing through previously straightened water courses are unable 

to spread out across adjacent floodplains due to channel incision or confining berms, further 

enhancing downstream sediment transport.  Finally, the quality of aquatic habitat is poor for 

great lengths of the river, because the river channel remains largely devoid of the pools, cover, 

and flow complexity created when large boulders and wood are present in the channel. River 

restoration efforts that simultaneously address these issues of increased sediment loading, 

exacerbated flooding and erosion, and degraded aquatic habitat have the greatest chance of long-

term success. 
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Field Geology Services used historical aerial photographs and maps, surveyed cross sections, and 

mapping of erosion, bars, channel straightening, and other channel features to delineate and 

characterize 69 discreet channel segments along the river. The need for restoration within each 

segment was quantified by ranking the degree to which segments possessed ten geomorphic and 

habitat features (e.g., pools, wood and riparian vegetation) typically associated with rivers that 

have reached a stable geomorphic state and possess high quality habitat.  With the needs 

identified, design typicals for 13 restoration treatments (e.g., berm removal, riparian 

improvements, flow diversion) were developed and rated along with a “do nothing” option for 

their ability to address the highest priority needs in each segment, so the best approaches for 

restoring each segment could be identified (see pages 75-88 of the Field Geology Services 

Report in Appendix C).  Several of the design typicals are shown at the end of this section. 

 

Twenty restoration project concepts were developed from the assessment results and restoration 

planning process.  For each of these projects, Field Geology Services provided the following:  a 

site description, project description, ranking of the technical feasibility of the project, the 

segment total needs score, project benefits, stakeholders, project costs, comments/next steps and 

a site photo.  See the table at the end of this section and Table 4 on pages 59-64 of the Field 

Geology Services report.   

 

Stakeholders identified 5 of the 20 restoration projects as priority sites.  For these sites, Field 

Geology Services prepared conceptual designs and cost estimates (see pages 89-111 of the Field 

Geology Services report in Appendix C).  Of these 5 sites, stakeholders identified the highest 

priority site to be the Shelburne Falls Fire District wells site.  This site was advanced further in 

the design phase than the other sites with design drawings, materials list, and cost estimates 

developed. The information for these 5 sites is included at the end of this section. 

 

Tropical Storm Irene widened North River at the Shelburne Falls Water District site with a 

greater than 50 percent increase in the channel’s width as a result of the flooding. Continued 

widening could threaten the town’s wells, so the project envisions restoring and stabilizing a 

portion of the bank while installing instream boulder and log structures to enhance habitat, 

encourage sediment deposition, and narrow the channel back to its pre-flood width. The project’s 

estimated cost, including design, permitting, and implementation, is $460,000 for the 700-foot 

long project area.  

 

Field Geology Services provided conceptual designs and cost estimates for the remaining 4 sites.  

The design for the Colrain Fire District well site includes breaching of an instream berm, 

reactivation of side channels through the construction of log jams and the partial removal of the 

elevated road approaches to an old bridge.  These techniques will: 1) reduce flow velocities 

through increased channel complexity and floodplain access, 2) increase sediment storage over 

the length of the project reach, and 3) improve aquatic habitat by creating rearing areas in side 

channels and cover habitat under log jams and other structures to be constructed in the channel.    

 

Two of the top 5 restoration projects address sediment accumulation upstream of bridges, the 

Route 112 Bridge being replaced by Mass DOT in Colrain Center and the Route 112 Bridge 

downstream from Barnhardt Manufacturing. Bank stabilization using log jams along the banks 

will be used in both projects to enhance habitat while reducing the volume of sediment delivered 
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to the bridges. Rock weirs are proposed at both bridges to enhance sediment transport through 

the bridge areas while reducing scour of the bridge abutments and piers.  

 

The conceptual design for the last of the five priority restoration sites, the Foundry Village 

Impoundment site, is designed to reduce sediment loading emanating from the erosion of 

impoundment sediments behind a former dam.  Removal of a portion of the impoundment 

sediment will restore floodplain access and reduce flow velocities, thus reducing erosive forces 

and sediment transport while improving habitat complexity. 

 

Taken together, the five conceptual designs developed as part of the North River fluvial 

geomorphic assessment demonstrate multiple methods for protecting infrastructure while 

improving problems associated with channel instability, degraded habitat, and elevated sediment 

loading. While these five projects alone will not address all of the riverine problems in the North 

River watershed, they do exemplify a range of techniques that could apply to similar issues 

observed elsewhere along the river. 

 

Summary List and Plans for the Five Priority Restoration Sites 

 

The existing conditions and proposed treatments plans prepared by Field Geology Services for 

each of the five priority sites are listed below and shown on the following pages (2-8 through 2-

12). 

 

 

 Shelburne Falls Fire District Wells (page 2-8) 

 Colrain Fire District Well (page 2-9) 

 Route 112 Bridge being replaced by Mass DOT in Colrain Center (page 2-10) 

 Route 112 Bridge downstream from Barnhardt Manufacturing (page 2-11) 

 Foundry Village Impoundment (page 2-12) 
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Physical and Biological Habitat Assessments
3
 

 

In order to inform the development of river restoration projects that will improve both the 

geomorphic function and aquatic habitat of the North River, Cole Ecological, Inc. conducted an 

assessment of river habitat and fish communities. This study serves as a benchmark for future 

evaluations of both the potential success of restoration efforts, as well as of any further 

degradation.  

 

Survey reaches were selected following reconnaissance surveys of the entire watershed and 

consultation with the geomorphic assessment consultant (Field Geology Services). Fish and 

habitat survey reaches were selected to represent a range of geomorphic conditions and habitat 

impact levels along the length of the North River and its East Branch. Four (4) reaches were 

selected along the East Branch and one reach from the North River.  Two reaches occurred 

within confined sections of the river system, two reaches occurred within unconfined sections of 

the river system, and one reach, NRF5, occurred in a transitional zone from a confined to an 

unconfined channel type. The reaches were distributed throughout the North River and its East 

Branch from river mile 1.9 to river mile 10.9. Physical habitat, fish communities, and water 

chemistry were sampled from the 5 survey reaches in the early fall of 2013. Physical habitat 

surveys were performed in accordance with the Physical Habitat Characterization protocols of 

the US Environmental Protection Agency’s Wadeable Streams Assessment Field Operations 

Manual. Fish community surveys followed Massachusetts Division of Fisheries and Wildlife 

stream electrofishing surveys protocols.  Reach Assessment Summaries, like the one at the end 

of this section, were prepared for each of the five reaches (see Appendix 1 of the Cole 

Ecological, Inc. report). 

 

The study results indicate that physical habitat conditions in the North River and its East Branch 

are variable, and conditions did not correlate with longitudinal position along the river. Instead, 

unconfined sections of the river that are characterized by wide valley floors were consistently 

more degraded and supported lower habitat quality than did confined sections of the river 

system. Limiting factors in the river system include a lack of instream habitat complexity and 

cover (lack of deep pools, instream boulders or wood, clean gravels, etc.), elevated sediment 

loading, and inadequate riparian buffers. This degradation was generally more severe in 

unconfined sections of the river that had historically been channelized and straightened. 

 

                                                           
3
 Excerpted from the Executive Summary and other sections of the final project report prepared by Cole Ecological, 

Inc. for Field Geology Services and FRCOG (see Appendix B). 
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Fish communities in the 

North River are 

comprised of a mixed 

assemblage of disturbance 

tolerant and intolerant 

species across all sites 

without showing any 

notable differences in 

composition between 

reach types. As shown in 

the following pictures, 11 

species were sampled.  

Communities were 

dominated by dace and 

other minnow species 

across all sites. 

Continuous temperature 

monitoring data collected 

for this study suggest that 

the summertime 

temperatures in the lower 

East Branch and North 

rivers may limit use by 

cold-water obligate fish 

such as brook trout and 

slimy sculpin.  However, 

unlike the results for a 

recent study of fish 

communities completed 

for the South River (Project 2010-01/604), trout and salmon in the North River and its East 

Branch did not show any strong longitudinal trends in abundance or distribution, likely because 

of generally similar water temperature regimes among the reaches included in this study.  

 

Brook trout were found in low abundance in the lower East Branch and in the mainstem North 

River, yet went none were found upriver of Colrain center. Competitive exclusion by juvenile 

Atlantic salmon and unsuitably warm summertime water temperatures are potential explanations 

(among others) of the limited abundance and distribution of brook trout in the river. 

 

In their present condition, the North River and the East Branch North River suffer from legacy 

effects of past land uses and from a current lack of attention to improving these conditions. The 

results of the present study suggest that unconfined sections of the river, in particular, would 

benefit from riparian, bank, and in-river restoration activities. Improvement of riparian 

conditions and attendant stream shading may reduce summertime water temperatures, thereby 

improving the ability of the river system to support cold-water fish species. Projects that seek to 

improve river functioning and help return the river to a more natural geomorphic state would 

also benefit these sections of the river system; these efforts would produce habitat elements such 
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as deep pools and instream cover required to support healthy fish communities and also provide 

the capacity to support larger numbers of trout.  
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The study concluded that physical habitat conditions in the North River and its East Branch were 

variable.  Unconfined sections of the river occurring on valley floors were consistently more 

degraded and supported lower habitat quality than did confined sections of the river system. 

Limiting factors in the river system include a lack of instream complexity and cover complexity 

(lack of deep pools, instream boulders and large wood, clean gravels, etc.) and elevated sediment 

loading. Certain sections of the river suffer from localized effects of channel straightening and 

increased sediment production, and also from cumulative effects from upriver impacts. These 

attributes create conditions that are likely also potentially allowing juvenile Atlantic salmon to 

out-compete native brook trout. 

 

Cole Ecological, Inc. provided the following recommendations: 

 

 The river system would benefit from restoration projects recommended in the 

Geomorphic Assessment (Field 2015) that would help restore a more natural planform to 

the river and promote the creation of habitat features conducive to supporting wild fish.   

 Further assessment of summertime trout distribution over a wider range of summer 

conditions and water temperatures will assist with further determining distribution and 

abundance of wild trout in the river system and further identify limiting factors. 

 Reassessing wild brook trout abundance and distribution by MDFW a few years 

following discontinuation of the salmon stocking program would provide useful 

information. 

 Restoration and protection of riparian areas along the entire river is highly recommended 

and will be critical to the long-term improvement of habitat conditions in the river 

system. 

 

 

 

 



2-18 

 

  



3-1 

 

Section 3: Future Projects and Potential Funding Sources 

 

 

Taking a holistic, watershed approach to river assessment and restoration projects provides many 

benefits, not only to the river and the fish and other wildlife that depend upon the river for 

habitat but also to the buildings, roads, bridges and green infrastructure (the interconnected 

network of open spaces and natural areas, such as wetlands, forests preserves and native plant 

vegetation that naturally manages stormwater, reduces flooding risk and improves water quality) 

that humans rely upon.  Over time, the implementation of the restoration projects identified in 

the fluvial geomorphic assessment report and the physical and biological habitat assessment 

report will improve the water quality and habitat values of the North River and its East Branch.   

 

This project, and a similar one completed for the South River watershed (Project 2010-01/604) 

provide a robust list of potential projects at a time when a great deal of attention is focused on 

the Deerfield River watershed at the Federal, State and local level.  The NRCS recently awarded 

$10M to the Long Island Sound Regional Conservation Partnership Program (LI RCPP), which 

includes the Franklin Regional Council of Governments (FRCOG) and the Connecticut River 

Watershed Council (CRWC) as project partners.  Approximately $1.4M is earmarked for 5 river 

restoration/resiliency projects in Franklin County.  FRCOG has been working with the NRCS 

State Conservationist to select five projects from the project lists developed for 2010-01/604 and 

this current study.  Trout Unlimited recently contacted FRCOG about culvert and river resiliency 

projects for the North River watershed.  TU is seeking grant funding to implement projects in 

both the Vermont and Massachusetts portions of the watershed and requested our top 20 project 

list.  Both MassDOT and UMass-Amherst have several active projects in the Deerfield River 

watershed that the findings of this study will help to inform.   

 

FRCOG participates in the Creating Resilient Communities group convened by the Franklin 

Conservation District following Tropical Storm Irene.  This group includes stakeholders from the 

Vermont portion of the watershed, too.  Having conceptual designs, preliminary cost estimates 

for a total of 38 projects in two major tributary watersheds of the Deerfield River means that we 

are in a strong position to respond to funding opportunities.  The CRWC has been a great 

advocate for getting funding for these projects and is currently working with TransCanada to 

secure $100,000 in funding for a habitat restoration project identified on the East Branch North 

River.  Remaining funding for the project will likely come from the LI RCPP.  FRCOG was 

contacted by EEA in 2015 to discuss projects for a Phase 1 grant application the agency 

submited to the HUD National Disaster Resilience Competition.  The Shelburne Falls Fire 

District well site, identified as the #1 priority site by this study, was submitted as an eligible 

project for the HUD grant application. 

 

In addition to the work that the FRCOG and other stakeholders are doing to secure project 

funding, there are several programs that the Town of Colrain and interested private landowners, 
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who own most of the riparian land along the rivers, could use to help fund eligible projects.  See 

summary table on page 3-3. 

Most, if not all, of the restoration projects identified by Field Geology Services for the East 

Branch North River and the mainstem North River would likely be eligible projects for funding 

under the s.319 program.
4
  This program funds implementation projects that address the 

prevention, control, and abatement of nonpoint source (NPS) pollution. Sediment loading to the 

river from eroding river banks, a common and widespread problem in the watershed, is 

considered NPS pollution.    Proposals may be submitted by any interested Massachusetts public 

or private organization. To be eligible to receive funding, a 40% non-federal match is required 

from the grantee.   

Other sources of funding include the Massachusetts Environmental Trust
5
 (MET), and FEMA’s 

Hazard Mitigation Grant Program
6
 (HMGP), which is administered by the Massachusetts 

Emergency Management Agency (MEMA).  The USDA Natural Resource Conservation 

Service
7
 has several programs that might fund the projects identified in Field Geology Services 

and Cole Ecological, Inc. reports, including: 

 Agricultural Management Assistance – which funds practices to control erosion and 

improve water quality  

 Conservation Stewardship Program – which funds the installation of new or existing 

conservation activities and systems 

 Environmental Quality Incentives Program – which funds implementation of 

conservation practices to address natural resource concerns 

For more information about the NRCS programs, contact the NRCS Massachusetts Field Office 

in Greenfield, which serves Franklin County towns.
8
 

The successful implementation of the restoration projects described in this report will take time, 

perseverance and communication and collaboration among stakeholders at the Federal, State and 

local level.  The process to apply for and be awarded funding for river restoration projects can 

take 12 to 24 months.  Many grant programs require a match of cash or in-kind services.  The 

restoration of the East Branch North River and the North River is a long-term project that has 

potential ecological and economic benefits that will far exceed the timeframe of restoration 

project implementation.  The ultimate success of the restoration projects will depend upon the 

successful partnerships that are formed between riparian landowners, towns, advocacy groups, 

and local, state and Federal agencies. 

 

                                                           
4
 http://www.mass.gov/eea/agencies/massdep/water/grants/watersheds-water-quality.html#2  

5
 http://www.mass.gov/eea/grants-and-tech-assistance/grants-and-loans/mass-enviro-trust/  

6
 http://www.mass.gov/eopss/agencies/mema/hazard-mitigation/grants/hazard-mitigation-grant-program-hmgp.html   

7
 http://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/?cid=stelprdb1048817  

8
 Offices are located at 55 Federal Street, Greenfield, MA 01301 413-772-0384 ext. 3 

http://www.mass.gov/eea/agencies/massdep/water/grants/watersheds-water-quality.html#2
http://www.mass.gov/eea/grants-and-tech-assistance/grants-and-loans/mass-enviro-trust/
http://www.mass.gov/eopss/agencies/mema/hazard-mitigation/grants/hazard-mitigation-grant-program-hmgp.html
http://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/?cid=stelprdb1048817
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Potential Sources of Funding for River Restoration Projects 

Program Eligible Projects Match Requirements Project Partners (L=Lead) 

MassDEP s.319. Implementation projects that address the prevention, 

control, and abatement of nonpoint source (NPS) 

pollution. 

40% match can be cash or in-kind 

services. 

FRCOG (L), Town of Colrain, 

landowners, CT River Watershed 

Council, Trout Unlimited. 

Massachusetts 

Environmental Trust. 

Innovative projects that protect and restore natural 

resources. MET is one of the largest sources of grant 

funds for water resources in the Commonwealth. 

None required but a match will 

strengthen the grant application. 

FRCOG (L), Town of Colrain, 

landowners. 

FEMA-funded Hazard 

Mitigation grants.  

Includes Pre-Disaster 

Mitigation (PDM) Grant 

Program and Hazard 

Mitigation Grant Program 

(HMGP). 

PDM funds the implementation of mitigation 

projects prior to a disaster event.  HMGP fund long-

term hazard mitigation projects. 

A 25% match is required. Can be 

cash or in-kind services.  A Benefit 

Cost Analysis is also required for 

HMGP projects. 

Town of Colrain (L), landowners, 

FRCOG. 

US Dept. of Agriculture, 

NRCS, Agricultural 

Management Assistance 

(AMA). 

Funds practices to control erosion and improve 

water quality. 

25% cost share required.  Landowner 

must be registered with NRCS as an 

agricultural producer. 

Landowner (L), NRCS Field Office, 

Greenfield. 

US Dept. of Agriculture, 

NRCS, Conservation 

Stewardship Program 

(CSP). 

Funds practices that improve natural resource 

conditions on agricultural land—including soil, 

habitat quality, and water quality and quantity. 

None.  Landowner must be registered 

with NRCS as an agricultural 

producer.  CSP provides two types of 

payments through five-year 

contracts: annual payments and 

supplemental payments. 

Landowner (L), NRCS Field Office, 

Greenfield. 

US Dept. of Agriculture, 

NRCS, Environmental 

Quality Incentives 

Program (EQIP)  

Funds technical and financial assistance to plan and 

install conservation practices that benefit soil, water, 

plants and animals, including improvement of water 

quality degradation, improving wildlife habitat, and 

controlling invasive plant species. 

None.  EQIP reimburses costs 

according to a payment schedule that 

lists practice type and reimbursement 

amount. 

Landowner (L), NRCS Field Office, 

Greenfield. 
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3.  Distribution List 

 

Names and telephone numbers of those receiving copies of this QAPP. 
 

   

i. Kimberly Noake MacPhee 

 Franklin Regional Council of Governments 

 12 Olive Street, Suite 2, Greenfield, MA  01301 

Telephone: (413) 774.3167 x130, fax: 413.774.3169 

 

ii. Michael Cole, Cole Ecological, Inc. 

 15 Bank Row, Suite B 

 Greenfield, MA 01301 

 Telephone: (413)774-5515, fax: (413) 774-5515 

 

iii. Richard Chase, DEP    

 627 Main St., 2
nd

 floor 

 Worcester, MA 01608 

 Telephone (508) 767-2859, fax (508) 791-4131 

 

vi.  MaryJo Feuerbach, USEPA 

 USEPA Region 1 Office (OEP06-1), 5 Post Office Square-Suite 100 

 Boston, MA 02109-3912 

 Telephone 617-918-1578, fax 617-918-0758 

 

v. Steve DiMattei, EPA QA Chemist 

USEPA New England Regional Lab, 11 Technology Drive 

North Chelmsford, MA 01863 

Telephone 617-918-8369, fax: 617-918-8397 

 

vi. Gary Gonyea, DEP 604(b) Program Coordinator 

 MassDEP, One Winter Street – 5th Floor, Boston, MA 02108 

 Telephone (617) 556-1152 

 

 

 

 

  



North River Fish & Physical Habitat Surveys QAPP                                                                      05/26/15 
 
    

 
 

 
 

3 

4.  Project/Task Organization 

 

Key project personnel and their corresponding responsibilities: 
 

 

Name 

 

Project Title/Responsibility 

Michael Cole, Kimberly Noake 

MacPhee, Bob Nuzzo, Peter Mitchell, 

Bob Maietta 

Technical Advisory Committee 

Michael Cole Project Coordinator/QC Officer. 

Kimberly Noake MacPhee Project Manager 

DRWA Volunteers 
Volunteers will assist Dr. Cole with collecting 

physical habitat data in the field 

Richard Chase DEP QA Officer: Reviews QAPP 

Bob Nuzzo, Peter Mitchell, Bob Maietta DEP Technical Reviewer 

Gary Gonyea 
DEP: Oversees grant administration and ensures 

reporting requirements are met 

MaryJo Feuerbach 
EPA: Responsible for providing final approval of the 

project QAPP 
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5.  Problem Definition/Background 

 

A.  Problem Statement 

 

The Nonpoint Source Pollution Assessment for the Deerfield River Watershed (Project Number 

04-02/604) identified areas of significant streambank erosion in the North River watershed.  

Because these eroding banks extend for hundreds of feet, the nonpoint pollutant loading is likely to 

be significant due to the sheer size and extent of the problem.  Significant amounts of local and 

state money have already been spent to repair damaged infrastructure and these repairs are not 

always successful. 

 

The Franklin Regional Council of Governments (FRCOG) has hired Field Geology Services and 

subcontractor Cole Ecological, Inc. to complete this project.  As part of the project requirements, 

Dr. Michael B. Cole of Cole Ecological, Inc. will perform fish community and physical habitat 

surveys in the North River to characterize the current habitat conditions and provide data that will 

inform the work of the fluvial geomorphologist.  The fluvial geomorphologist will conduct a 

geomorphic assessment of the North River to provide information on the causes of erosion, 

channel instability and habitat degradation.  Once the causes for channel instabilities are 

understood, long-term cost-effective solutions can be identified that will minimize the need for 

further costly repairs in adjacent reaches while improving aquatic habitat.  This project will also 

help fill significant water quality data gaps for the North River watershed and provide conceptual 

restoration designs for several reaches and a final engineering design for the highest priority 

restoration site. 

 

Cole Ecological, Inc. will perform fish community and physical habitat surveys in the North 

River project area.  This area encompasses the East Branch of the North River from the MA/VT 

border downriver to the confluence with the West Branch, as well as the mainstem of the North 

River from this same confluence point downriver to the confluence with the Deerfield River.  

Assessments of fish communities in the watershed will establish a baseline of current ecological 

conditions and characterize the spatial variability in these conditions in relation to natural and 

human-caused changes in physical habitat conditions.  Fish community surveys and physical 

habitat surveys will further inform restoration planning efforts by identifying sections of the 

North River that are most affected by habitat degradation.  Fish community and habitat surveys 

will be performed in both unstable, degraded reaches and stable river sections to compare 

compromised geomorphic conditions with unimpaired conditions in the North River.  Such 

information provides insight into the expected benefits of improving geomorphic conditions, 

provides a baseline for current conditions, and helps establish benchmarks for the expected 

recovery of physical and biological conditions in the watershed after project implementation. 

 

 

Field Geology Services will conduct a fluvial geomorphic assessment of the watershed to 

provide information on the causes of erosion, channel instability, and habitat degradation.  A 

fluvial geomorphic assessment provides a temporal and spatial understanding of river 

instabilities throughout a specific river reach.  This allows bank stabilization and river restoration 
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projects to be designed and implemented within a framework that anticipates the potential 

impacts of a given project on adjacent sections of the river.  As a result, despite the upfront 

investment required, geomorphic assessments, in the long term, result in significant cost savings 

through the implementation of less expensive yet more effective projects.  Such projects often 

result in improved aquatic habitat.  The geomorphic assessment of the North River will: 1) 

document current and past human activities in the river channel and watershed; 2) determine how 

the channel has responded and continues to respond to these activities; 3) prioritize the location 

and types of restoration that will best reverse the impacts channel instabilities have had on 

flooding, erosion, and habitat degradation; and 4) develop conceptual restoration designs for 

several reaches and a final engineering design plan for one high priority site in the watershed. 

 

B.  Intended Usage of Data 

 

These fish community and physical habitat data will inform the restoration and planning work of 

the fluvial geomorphologist, as very little cross-over in parameters assessed/data collected occurs 

between the physical habitat and geomorphic assessments.  Assessments of fish communities in 

the watershed will establish a baseline of current ecological conditions and characterize the 

spatial variability in these conditions in relation to natural and human-caused changes in physical 

habitat conditions.  Fish community surveys and physical habitat surveys will further inform 

restoration planning efforts by identifying sections of the Noth River and its tributaries that are 

most affected by habitat degradation.  Fish community and habitat surveys will be performed in 

both unstable, degraded reaches and stable river sections to compare compromised geomorphic 

conditions with unimpaired conditions in the North River and its tributaries.  Such information 

provides insight into the expected benefits of improving geomorphic conditions, provides a 

baseline for current conditions, and helps establish benchmarks for the expected recovery of 

physical and biological conditions in the watershed after project implementation.   

 

Data collected under this project will also be shared with watershed stakeholders, including the 

Deerfield Watershed Assoication and MassDEP.  Another goal of this project is to support the 

ongoing outreach efforts and expand the water quality monitoring capacity of the Deerfield River 

Watershed Association.   
 

6.  Project/Task Description 

 

A.  Project Scope of Work 

 

OBJECTIVE/TASK 1:  Conduct a fluvial geomorphic assessment of the North River Watershed to 

provide information on the causes of erosion, channel instability, and habitat degradation.  Provide 

conceptual restoration designs for 4 priority sites.  Provide final designs and cost estimates for 

highest ranked priority site.   
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1. FRCOG has hired a qualified consultant to conduct a Fluvial Geomorphic Assessment of the 

North River Watershed.  The issuance of the RFP, consultant selection, and contract award 

process adhered to M.G.L. Ch.30B requirements. 

The Scope of Work for the Fluvial Geomorphic Assessment consists of the following tasks: 

a) Review of existing studies:  Review previous studies on the soil, surficial geology, and flood 

history of the watershed to provide information on the natural factors influencing channel 

stability and the potential impacts of human activities such as dam construction.  A review of 

past studies on the soils and geology of the area will be important for determining the 

composition and potential erodibility of bank material.  
b) Bank mapping:  Bank mapping will allow for the development of a map showing the precise 

location of current bank erosion and past projects to stabilize eroding banks (i.e., riprap).  

Several other bank features will also be mapped including bank stability, bank height, and 

bank composition.  The completed map will enable: 1) an analysis of the relationship of past 

stabilization efforts to current instabilities; 2) a comparison of current erosion relative to low 

areas along the bank that could potentially lead to a shift in the location of the channel or an 

increased frequency of flooding; and 3) a determination of how the location of erosion relates 

to certain soil types, bedrock outcrops, or artificial hardening of the bank (e.g., riprap).  The 

results of the mapping will identify the most likely locations of future erosion and potential 

actions that could be taken to reduce those threats. 

c) Historical maps and aerial photographs:  An analysis of historical maps and aerial 

photographs will provide information on the position of the river channel in the past, the rates 

of channel migration, the impact of large floods, and human activities that have altered the 

channel.  A preliminary analysis of topographic maps indicates that much of the channel was 

artificially straightened at some point in the past (possibly in the 1800s) and that the channel 

has reestablished meanders along certain sections during large floods.  Straightened channels 

are typically unstable during large floods and are prone to the development of meanders 

along their length.  The historical maps and aerial photographs can document this past 

straightening and in conjunction with the bank mapping can identify potential locations 

where future meanders might be likely to develop along these straightened channels.  

Identifying sections along the river where meanders could be encouraged to form could help 

create aquatic habitat in selected areas while reducing the threat of meander development in 

areas near highly valued infrastructure. 

d) Archives:  An archival search will supplement the historical and aerial photograph analysis 

with maps older than the earliest photographs and topographic maps.  Additional information 

on the location of old dams and other old improvements along the river will provide 

additional information on the location of the river channel in the past, the timing of channel 

straightening, and the location of artificial fill along the channel banks.  The archival 

information can provide valuable insights into the potential location of future erosion and 

channel migration. 

e) Discharge records and stages:  An analysis of historical discharges and stages recorded by 

the USGS river gauge on the North River will provide information on the size of past 

discharges potentially responsible for channel changes observed on the historical aerial 

photographs and topographic maps.  This will help identify potential thresholds at which 

severe bank erosion and rapid channel migration might be expected to occur.  Consequently, 

restoration strategies could be designed to provide floodplain relief along portions of the river 

to reduce river stages below the threshold value at which dramatic channel changes might 

occur. 
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f) Watershed characterization:  The size and shape of the watershed along with natural 

constrictions along the river can influence the types of channel changes that occur and the 

river’s sensitivity to change.  A stratigraphic analysis of bank sediments can provide clues to 

the origin of the sediments whether it be glacial, floodplain, or artificial fill.  Identifying the 

origin of sediments is important in determining the past position of the river channel.  If 

artificial fill is increasing the bank height artificially then these locations might be ideal spots 

for lowering the bank to allow the river to access floodplain locations historically available.  

Providing additional floodplain access should reduce flood heights at other locations where 

infrastructure might be at risk. 

g) Survey:  Topographic surveying will characterize the dimensions of the channel, which is 

important in determining how the channel is adjusting to past human activities along the 

river.  By pairing survey sites (e.g., surveying adjacent straightened and meandering reaches), 

the impact of certain activities can be more definitively established.  Surveys will also enable 

the creation of base maps for the design of restoration projects and provide the necessary 

information (e.g., channel slope, width, depth) to properly size structures for restoration 

projects (e.g., size of rocks to use) and to determine the stability of proposed projects. 

h) Restoration Designs:  The geomorphic data will be used to determine how each identified 

reach and channel segment has been impacted geomorphically and ecologically by human 

activities.  This will allow for a ranking of reaches by the degree of impact and enable the 

selection of restoration options best suited to address these impacts and to bring the stream 

back into an equilibrium condition.  By identifying reaches throughout the watershed that are 

similar to others (i.e., like reaches), conceptual designs developed for 4 reaches will provide 

design options for almost all reaches in the watershed.  The target number of 4 reaches was 

selected to fit the anticipated funding available to the project.  The highest priority site will be 

selected for the creation of a final engineering design that will be useful in securing 

implementation funds at a later date. 

i) Project management:  A final report and public presentation will be prepared that details the 

results of the assessment work tasks described above and will identify locations along the 

project site where future bank erosion or rapid channel migration might be expected.  The 

report will also detail potential areas for restoring floodplain access without compromising 

infrastructure.  By restoring floodplain access upstream of areas believed to be at risk for 

erosion or channel migration, the potential threat to these sites can be reduced.  The potential 

location of floodplain restoration will be indicated on a map and conceptual designs showing 

the extent of the proposed restoration will be provided with an estimate of the cost and 

amount of sediment that may need to be removed to accomplish the task.  The restoration of 

floodplain access in undeveloped areas will not only reduce the threat to infrastructure 

elsewhere but will also improve aquatic habitat and recreational access to certain sites for 

fishing. 

 

3. FRCOG staff will compose working maps for the consultant using available GIS mapping and 

Pictometry aerial photographs of the watershed to assist with the geomorphic assessment.   

 

4. FRCOG staff will provide field assistance to the consultant, which will lower costs and provide 

useful training to the FRCOG Natural Resources Program Manager, who is a Registered 

Professional Geologist, and enable FRCOG staff to provide higher quality public education and 

outreach. 

DELIVERABLES:   
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1. Working GIS maps for the consultant. 

2. Field assistance to the consultant. 

3. A Final Report for the Geomorphic Assessment of the North River Watershed. 

4. Conceptual designs developed for 4 reaches. 

5. Final engineering design for the highest priority site. 

6. One (1) public meeting to explain the assessment results to stakeholders and solicit feedback on 

the conceptual designs for the 4 reaches and highest priority site. 

 

OBJECTIVES / TASK 2:  To develop a baseline of physical habitat and biological conditions in the 

North River and Massachusetts portion of the East Branch of the North River.  Physical habitat 

assessments and fish community surveys will be performed in up to five (5) reaches of the North 

River watershed.  Dr. Michael B. Cole and, where appropriate, trained volunteers from the 

Deerfield River Watershed Association will complete the following tasks: 
 

1. Prepare a Quality Assurance Project Plan (QAPP) for the physical habitat and fish survey work. 

2. Dr. Cole will use his experience with recruiting, training and coordinating volunteer monitors to 

assemble a team to assist with the physical habitat surveys, where appropriate.  These volunteers 

will assist Dr. Cole with the surveys, rather than perform them on their own. 

3. Assessments of fish communities and physical habitat conditions, will be conducted in early fall 

(September to October 2013).  Site selection will occur following reconnaissance surveys of the 

entire watershed.  The following criteria will be used to evaluate and select the physical habitat 

and fish community assessment sites: 

 

 Sites will be selected from both unstable reaches with degraded habitat (channelized, 

modified reaches with heavy bank erosion and/or sand/gravel deposits) and stable reaches 

with intact aquatic habitat. 

 To the extent possible, unstable and stable reaches will be paired to facilitate statistical 

comparisons of conditions between these reach types.  Reaches will also be selected to 

overlap with reaches within which geomorphic surveys will occur. 

 

 

4. Fish Community Surveys:  Fish communities will be surveyed in each 150-m reach using 

backpack electrofishing equipment.  Standard single-pass surveys will be performed in each reach 

using procedures used by the MA DEP (MA DEP 2002, attached as Appendix A), as modified 

from Rapid Bioassessment Protocol V (RBPV), originally described by Plafkin (1989) and later 

Barbour et al. (1999).  All fish sampling and processing procedures will follow these standard 

techniques.  Each reach of stream or river will be sampled in an upstream direction, passing the 

electrofishing anode pole from side to side (one back to the other) and in and around all likely 

holding areas and cover for fish.  All netted fish will be held in buckets until completion of the 

sampling run, at which time all fish will be identified to species, measured, and released back into 

the reach from they were captured.  Electrofishing will be performed by a staff of three with 

electrofishing experience to minimize risk of injury or mortality to fish. 

 

5. Physical Habitat Surveys:  Physical habitat surveys will be performed in accordance with the 

Physical Habitat Characterization protocols of the EPA’s Wadeable Streams Assessment Field 

Operations Manual (EPA 2004).  Each selected reach will measure 150-m or 40 times the 

channel’s average wetted width (whichever is greater).  The physical habitat assessment will 

consist of three components: channel and riparian cross-sectional characterizations, a thalweg 
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profile, and a woody debris tally (Standarad EPA data forms to be used for the project are 

attached in Appendix B).  

 

 

At each of 12 channel cross sections within each monitoring reach, channel dimensions, bank 

height, and riparian overhead cover (densiometer) will be measured to determine the amount of 

shading provided by riparian cover.  A thorough characterization of the streambed substrate will 

be performed along these cross sections.  Substrate size and embeddedness of particles will be 

measured at five evenly-spaced locations on each cross section to quantify substrate conditions in 

each reach in relation to its potential to support a diverse benthic community.  Riparian vegetation 

attributes will also be recorded on each cross section.  The thalweg profile will consist of 

measuring water depths and classifying habitat units at 10–15 equally-spaced intervals between 

each pair of cross sections to produce comprehensive descriptions of the types, sizes, and quality 

of aquatic habitats occurring in each reach.  A Rapid Habitat Assessment will also be performed 

in each reach, including ocular estimates of a number of habitat parameters. 

 

6. Data Analysis:   Fish community and physical data will be entered into Excel spreadsheets and 

summarized using descriptive statistics and graphical summaries.  Fish community data will be 

summarized in a manner similar to those employed by MA DEP in their evaluation of fish 

community conditions in Massachusetts streams.  This approach focuses descriptingthe fish 

community based on overall species richness and total fish abundance, collective community 

tolerance to disturbance, and relative abundance of different trophic classes and microhabitat-use 

assemblages.   

 

Regression and correlation analysis will be used to examine the data for relationships between 

physical and biological conditions.  Multivariate techniques such as ordination and cluster 

analyses, as well as correlation and regression analyses, may also be used to examine 

relationships between environmental and biological conditions.  The results of the data analysis 

will include concise summaries of the current biological and physical habitat conditions 

throughout the North River watershed, comparisons of these conditions in less stable reaches to 

those in more stable river/stream reaches, and inferences regarding the likely causes of any 

measured impairments to these communities.  Importantly, these data will serve as a baseline for 

determining long-term improvements in ecological conditions in the North River watershed. 

 

DELIVERABLES: 

 

1. A final report will be written and submitted for use by the assessment team by January 2014.  The 

findings contained in the report will be used to further inform restoration prioritization and 

planning efforts for the watershed by improving our understanding of where physical habitat and 

biological communities are most impaired and which could best benefit from restoration and 

other protective measures.  These data would represent the most comprehensive description of 

these conditions in the North River watershed to date and will also serve as a benchmark for 

future evaluations of both the potential success of restoration efforts, as well as any further 

degradation. 

 

B. Analytical Parameters 

Data for the analysis of fish community composition will be collected in the field and recorded 

on paper data sheets, water and air temperature will be field-measured, and physical habitat 

conditions will be measured and recorded according to protocols referenced herein.   
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C. Sampling Sites 

 

At this present time (August 2013), we are unable to provide site-specific sample location 

information because the sample reaches will be determined after the geomorphologic assessment 

team performs reconnaissance surveys of the project area.  We expect that their work needed to 

inform our choice of sample sites will occur in late August 2013; a QAPP addendum containing 

detailed site information shall be submitted when available.  The following criteria will be used 

to evaluate and select the physical habitat and fish community assessment sites: 

 

 Sites will be selected from both unstable reaches with degraded habitat (channelized, 

modified reaches with heavy bank erosion and/or sand/gravel deposits) and stable reaches 

with intact aquatic habitat, as identified by the geomorphic survey team. 

 To the extent possible, unstable and stable reaches will be paired to facilitate statistical 

comparisons of conditions between these reach types.  Site pairs will be selected  to occur 

upstream of and within major erosional areas. 

 Reaches will also be selected to overlap with reaches within which geomorphic surveys 

will occur. 

 

Up to five sites will be selected within the watershed.  Emphasis will be placed on selecting site 

pairs that represent degraded and stable conditions to allow physical and biological responses to 

restoration activities to be evaluated in the future.   

 

D.  Project Timetable 
 

Activity 
 

Projected Start Date 
 

Anticipated Date of 

Completion 
 
Write QAPP 

 
August 2013 

 
August 2013 

 
Reconnaisance surveys of the 

watershed and site selection 

 
August 2013 

 
August 2013 

 
Recruit participants 

 
August 2013 

 
August 2013 

 
2013 Volunteer Training & 

Field sampling 

September 2013 October 2013 

 
Quality Control procedures 

conducted (includes field 

audits and data review) 

 
September 2013 

 
October 2013 

 
Data analysis 

 
November 2013 

 
January 2014 

 
Write and Distribute Report 

 
January 2014 

 
February 2014 
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7.  Measurement Quality Objectives 

 

A.  Data Precision, Accuracy, Measurement Range 
 

Indicator Units Accuracy/Bias Overall 

Precision 

Approximate 

Potential Range 

Water 

Temperature 
C +/- 0.5 C in 

comparison to 

NIST-traceable 

thermometer 

+/- 0.5 C 0.0-30.0 

Air Temperature C +/- 0.5 C in 

comparison to 

NIST-traceable 

thermometer 

+/- 0.5 C 0.0-30.0 

Electrofishing 

Precision 

n/a Qualatitative 

assessment based on 

2
nd

-pass survey of 

sample reach 

Qualitative 

evaluation of 

data 

n/a 

Fish Identification n/a Qualitative 

assessment based on 

re-examination and 

validation of fish 

identifications from 

digital photographs 

n/a n/a 

Physical Habitat 

Assessment 

various N/A 90% similarity 

of mean values 

of measured 

attributes 

between 

replicate 

samples 

various 

 

These objectives will be measured as follows: 

 

Temperature: All thermometers will be calibrated against the Standard NIST thermometer kept at 

the Environmental Analysis Lab at UMass Amherst. Only thermometers that agree within 1C of 

the NIST thermometer will be used.  Thermometers that do not meet the objective will not be 

used.  Collectors will be trained by the DRWA QC Officer and the Project Coordinator on how 

to use the thermometer and how to read it at a training session before the project begins. 

Volunteers will be provided with written instructions describing how to record water and air 

temperatures.  The Project Coordinator will accompany each crew in the field and will also take 

air and water temperature readings in addition to those taken by volunteers.  If the volunteer’s 
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readings do not agree within 1C of the trainer’s reading, the volunteer's readings will be 

censored and the volunteer will be retrained at that time. 

 

Electrofishing Efficacy:  Field validation of electrofishing efforts will be conducted at one of 

sample sites.  Field validation will involve performing a second electrofishing “pass” through the 

original sample reach to ascertain the capture efficiency of the first pass.  This second pass will 

occur one day following the first pass.  Block nets will remain in place between the two passes to 

prevent movement into or out of the sample reach.  Fish abundance and richness data from the 

original sample site will be compard to the QC data and measures of variability will be 

calculated. 

 

Fish Identification:  All field identification of fish will be conducted by a qualified taxonomist, 

Dr. Michael Cole.  Questionable records will be prevented by photographing specimens for 

which a definitive identification can not be made in the field. Specimens will be identified on a 

measuring board without the use of an anesthetic, as previous experience of the collectors 

suggests such measures are uneccesary. Representative specimens of each species identified in 

the field will be photographed and sent to a second fish taxonomist for verification of 

identifications.  Voucher specimens of 1-3 representative specimens of any indeterminate species 

will be preserved in ETOH for later lab identification and verification a fish taxonomist. 

 

Accuracy of electronic taxonomic data will be checked for transcription errors against the 

original data sheets and additional quality control checks will be performed on summarized and 

analyzed data. 

 

Physical Habitat Measurements:  

 

Precision of physical habitat surveys will be evaluated by performing replicated physical habitat 

sampling and will occur at one randomly selected survey site.  Summarized results (mean wetted 

width, mean thalweg depth, mean percent canopy cover, mean percent substrate embeddedness, 

mean percent fines, large-woody-debris tallies, mean percent coarse substrate, etc.) will be 

compared between the original and replicate surveys to ascertain precision of the initial survey. 

 

B.  Data Representativeness 

Representativeness refers to the extent to which measurements represent the true environmental 

condition.  Sampling stations will be selected to ensure that the sample sites are representative of 

local conditions at the stream reach scale within each stream.  The data obtained from this 

project will be representative of the stream and river reaches selected for monitoring; volunteer 

training will emphasize taking accurate measurements.  Results will not be extrapolated to other 

unsurveyed portions of the watershed. 

 

C.  Data Comparability 

Comparability refers to the extent to which the data from this study are comparable to other 

studies conducted in the past or from other areas of the Deerfield River watershed.  This program 

will use standardized sampling and analytical methods, consistent timing of field sampling, and 
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consistent units of reporting to ensure comparability of these data to those from MassDEP. 

 

D.  Data Completeness 

Completeness refers to the amount of valid data collected using a measurement system.  It is 

expressed as a percentage of the number of valid measurements that should have been collected. 

We will collect fish community data using a single-pass sample from our ten sites in the North 

River subwatershed.  At one site, we will collect a replicate sample immediately upstream of the 

original sample reach.   

 

We will collect physical habitat data from five sites and will collect a duplicate set of physical 

habitat data from one of these sites (will be performed on a different sampling day than the first 

event and without referencing the original survey data).   

 

We expect that 100% of samples planned for collection to be collected and analyzed.  We will 

also have one reading for air temperature and water temperature from each of the five sites. 

 
 
Parameter 

 
No. 2013 Valid Samples Anticipated 

 
Air and Water Temperature (hand-held) 

 
5 

 
Physical Habitat 

 
6 (includes one replicate data set) 

Fish Community 
 

6 (includes 1 replicate data set) 

 

These data will be provided to MassDEP to use for their own programmatic purposes and at their 

discretion. 

 

 

8.  Training Requirements and Certification 

 

A.  Training Logistical Arrangements 

 
 

Type of Training 
 

Frequency of Training/Certification 
 
Review and briefing of all electrofishing 

safety precautions and procedures 

recommended by NOAA. 

 
September 2013.  Project field staff (2 

technicians) will receive training from Dr. 

Cole prior to the commencement of the first 

day of field sampling. 
 
CPR Certification 

 
August 2013.  Dr. Cole and field technicians 

performing electrofishing will have adult 

CPR certification prior to commencement of 

field sampling. (no field AED unit) 
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Group Training Session for Physical Habitat 

Sampling: lecture and demonstration 

To be taught by Dr. Cole at one of the sample 

sites in September.  Attendance by all 

volunteers is mandatory. 

 

 

B.  Description of Training and Trainer Qualifications 

 

Volunteer monitors will be trained by the Project Coordinator in physical habitat data collection 

on the first day of field sampling.  Attendance of this training is not optional and volunteers not 

attending the training will not be permitted to participate in sampling or other data-collection 

activities.  Safety considerations for wading in streams and handling field equipment will be 

covered.  Field measurement of water temperature and physical habitat (channel dimensions, 

substrate composition, bank conditions, and riparian conditions) will be included in this training. 

 

All volunteers will accompany the Project Coordinator for physical habitat assessments.  

Volunteers will work under the constant direction and supervision of the the Project Coordinator.  

The Project Coordinator or a staff technician will record all field data. 

 

The Project Coordinator and QC Officer, Dr. Michael Cole, is a professional aquatic biologist.  

Dr. Cole has taught professionals, volunteers, and watershed groups the physical habitat 

assessment methods that will be used in this work.  Most recently, Dr. Cole taught physical 

habitat assessment methods to watershed council staff, professionals, and volunteers during a 

two-day training session in Corvallis, Oregon.  Dr. Cole also has thousands of hours of backpack 

electrofishing experience and has taught on numerous occasions the proper and safe use of 

electrofishing equipment in streams. 

9.  Documentation and Records 

 

Records of all volunteers trained in field protocols will be maintained.  These records will 

include names and contact information of volunteers, date and location of training session, 

instructor(s) name(s), and a brief description of the protocols covered. 

 

Field data sheets for fish communities and physical habitat conditions (See Appendices A and C) 

will be completed on-site at the time of sampling.  The field crew will record the date and time of 

measuring air temperature, water temperature, physical habitat data, the name and number of the 

site, weather and river conditions, and field crew names. 

 

Fish voucher samples will include both internal and external labels.  Internal labels will be 

written in pencil on paper and will include the date, waterbody name and site identification code, 

the identification of number of fish within the sample bottle, and the initials of the crew 

members.  The external label, written in China marker or grease pencil on labeling tape, will 

include the same information as that on the internal label.  Internal labels will be pre-printed to 

ensure a complete entry of the sample information. 
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The Project Coordinator will enter the raw fish community and physical habitat data into a MS 

Excel spreadsheet.  Before entering the data into Excel, all data sheets (fish data sheets and 

physical habitat field sheets) will be inspected by the QC Officer for errors.  The QC Officer will 

also check the electronic data for transcription errors and errors in the formulae used.  The 

computer files will be stored on the Project Coordinator’s computer and will be backed up on CD 

each time new data are entered. Finally all paper forms will be filed indefinitely in a filing 

cabinet. 
 

10.  Sampling Process Design 

 

A.  Rationale for Selection of Sampling Sites 

 

Our general approach for site selection will be to provide a representative sample of degraded 

and intact riparian and channel conditions within the North River watershed (map of watershed 

provided in Figure 1).  Sites will also be selected to overlap with areas initially identified by the 

project geomorphologist (as yet to be determined) as priority reaches in which to focus 

restoration planning efforts.  Site selection will occur following reconnaissance surveys of the 

project area within the watershed.  As stated earlier, the following criteria will be used to 

evaluate and select the physical habitat and fish community assessment sites:  

 

 Sites will be selected from both unstable reaches with degraded habitat 

(channelized, modified reaches with heavy bank erosion and/or sand/gravel 

deposits) and stable reaches with intact aquatic habitat. 

 To the extent possible, unstable and stable reaches will be paired to facilitate 

statistical comparisons of conditions between these reach types.  Reaches will also 

be selected to overlap with reaches within which geomorphic surveys will occur. 
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Figure 1. Map of the North River watershed and its location within the Deerfield River 

watershed (inset).  Yellow and red points indicate where the Deerfield River Watershed 

Assocation sampled macroinvertebrate communities in 2007. 

 

 

 

 

B.  Sample Design Logistics  

 

 
Type of Sample/ 

Parameter 

 
Number of 

Sample 

Sites 

 
Sampling 

Frequency 
Total Number of 

2011 Samples 

 
Sampling Period 

 
Fish Communities 5 1X 6 Sept-Oct 2013 

Physical Habitat 5 1X 6 Sept-Oct 2013 
 
Air Temperature 5 1X 5 Sept-Oct 2013 

 
Water Temperature 5 1X 5 Sept-Oct 2013 

 
One crew of three staff (Dr. Cole and two biological technicians) will complete electrofishing 

surveys at a rate of two sites per day in September/October 2013.  The crew will first hang their 

thermometer in the shade on a tree alongside the stream to measure air temperature. To the 

extent possible, air and water temperatures will be recorded at each site in mid-to-late afternoon 

to promote daa consistency.  While the thermometer is reaching equilibrium, the crews will 
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begin to fill out the fish community data form.  They will then read the thermometer for air 

temperature and then hold the thermometer in the water for two minutes to obtain a water 

temperature reading.   They will then perform the fish survey.  Following the fish survey, the 

field crew, accompanied by any volunteers present, will perform the physical habitat assessment 

through the reach.  The Project Coordinator will lead this assessment, directing volunteer and 

staff workflow and measurements, while one of the team members records field data. 
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11.  Sampling Method Requirements 
 
 

Parameter 
 

Sampling Equipment 
 

Sampling Method* 
 
Air Temperature 

 
Hand-held Alcohol 

Thermometer 

 
MassWWP Standard 

Operating Procedures Rivers-

1 for Temperature, Revision 

0 
 
Water Temperature 

 
Hand-held Alcohol 

Thermometer 

 
MassWWP Standard 

Operating Procedures Rivers-

1 for Temperature, Revision 

0 
 
Fish Communities 

 
Backpack electrofishing unit 

and peripheral gear (nets, 

buckets, anode pole, cathode, 

etc.) 

1-L Polyethylene sample 

bottles for voucher specimens 

 
MassDEP SOPs, 2006 

version. 

 

Physical habitat 
Fiberglass measuring tape 

Surveyors rod 

Clinometer 

Densiometer 

 
EPA’s Wadeable Streams 

Assessment Field Operations 

Manual (EPA 2004) 

* These MassWWP Protocols are DEP-approved and can be found at 

http://www.umass.edu/tei/mwwp/protocols.html 

12.  Sample Handling and Custody Procedures 

Fish voucher samples will be collected and labeled by the crew performing the sampling and 

taken the day of sampling in a cooler to the Project Coordinator’s office at 15 Bank Row, Suite B 

in Greenfield, MA.  Any samples sent for outside verification will be accompanied by a Chain-

of-Custody form. 

13.  Analytical Methods Requirements 

 

Analytical methods are not applicable in this QAPP. 
 

14.  Quality Control Requirements 

 

A. Fish Community Surveys – Field QC Check 

 

As stated earlier, field validation of electrofishing results will be conducted at 10% of sample 
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sites.  Field validation will involve performing a second electrofishing “pass” through the 

original sample reach to ascertain repeatability (precision) of the survey.  Fish abundance and 

richness data from the original sample site will be compard to the QC data and measures of 

variability will be calculated. 

 

B.  Physical Habitat Assessments – Field QC Check 

 

Replicate physical habitat sampling will occur at one randomly selected survey site.  

Summarized results (mean wetted width, mean thalweg depth, mean percent canopy cover, mean 

percent substrate embeddedness, mean percent fines, mean percent coarse substrate, etc.; as 

calculated from numerous measurements of each parameter within the reach) will be compared 

between the original and replicate surveys to ascertain precision of the initial survey. 

 

C.  Data Analysis QC Checks 

 

All fish and physical habitat data will be reviewed by the Project Coordinator as soon as they are 

generated or collected.  QC data will be compared to quality objectives where applicable.  All 

electronic data will be checked for transcription errors before data analysis occurs.  Following 

data analysis, all formulae used will be checked for accuracy. 
 

Quality Control Checks by Parameter. 

Parameter Accuracy Precision Quality Control 

Samples 

Fish Community - 

Identifications 

Verification of 

identifications from 

photos and voucher 

specimens 

N/A All photos and all 

voucher specimens 

Fish Community 

Sampling  

N/A Replicate sampling by 

Project Coordinator and 

field crew (2
nd 

pass in 

same reach) 

1 site per year 

Habitat Conditions N/A Replicate sampling by 

Project Coordinator and 

field crew 

1 site per year 

Temperature (grab) Once per year, all 

thermometers will be 

collected and calibrated 

with DRWA’s NIST 

calibrated digital 

thermometer at room 

temperature and ice 

water by the DRWA.  

Data will be adjusted 

based on the calibration 

Field duplicates 

collected by the Project 

Coordinator 

1 site per year 
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factors for each 

thermometer.  If the 

data undergo 

adjustment based on 

NIST QC, the mean 

deviation for each 

thermometer, as 

determined by pre- and 

post-season QC checks, 

will be used as the basis 

for the adjustment.  

Thermometers that do 

not meet calibration 

standards will be 

replaced. 

 

.   

15.  Instrument/Equipment Testing, Inspection, and Maintenance Requirements 

An equipment checklist is included in the RiverWatch Monitoring Manual. 

 

Equipment Inspection and Maintenance Plan. 

Equipment Type Inspection 

Frequency 

Type of 

Inspection 

Available Parts Maintenance, 

Corrective 

Action, and 

Record 

Keeping 

Packpack 

electrofisher, 

battery, nets, fish 

board, anode, 

cathode, field 

AED unit if 

available 

Before each 

sampling date 

Visual inspection 

to ensure no 

visible damage 

and testing to 

ensure proper 

functioning 

Spare nets located 

with Project 

Coordinator, 

spare 

electrofisher and 

parts available 

Record 

problems on 

monitoring 

data sheet and 

submit to 

monitoring 

coordinator for 

corrective 

action. All 

data sheets are 

maintained 

with Project 

Coordinator 

Phyiscal Habitat 

Sampling: 

Measuring Tapes, 

Suveryors Rod, 

Before each 

sampling date 

Visual inspection  Spare tapes 

located with 

Project 

Coordinator 

Record 

problems on 

monitoring 

data sheet and 
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Clinometer, 

Densiometer 

submit to 

monitoring 

coordinator for 

corrective 

action.  All 

data sheets are 

maintained 

with Project 

Coordinator 

Pocket 

Thermometers 

(Hach product 

2676300 ) 

Before each 

sampling date 

Visual inspection 

for cracking or 

fluid separation 

Spare 

thermometers 

available at 

DRWA WQ Lab 

Record 

problems on 

monitoring 

data sheet and 

submit to 

monitoring 

coordinator for 

corrective 

action.  All 

data sheets are 

maintained 

with Project 

Coordinator 

95% Denatured 

Ethanol (for fish 

preservation) 

Before each 

sampling date 

Visual inspection Spare alcohol at 

lab 

Record 

problems on 

monitoring 

data sheet and 

submit to 

monitoring 

coordinator for 

corrective 

action.  All 

data sheets are 

maintained 

with Project 

Coordinator 

 

 

 

16.  Instrument Calibration and Frequency 

 
Table 11. Instrument Maintenance Plan. 

Equipment Type Calibration 

Frequency 

Standard of 

Calibration 

Corrective 

Action 
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Instrument Used 

Thermometers 

(hand-held) 

Twice a year: 

Before and after 

sampling season 

NIST 

Thermometer at 

EAL, 

putting 

thermometers in 

ice water and 

tepid water 

Replace if diff. is 

>0.5
o
C 

 
 

17.  Inspection/Acceptance Requirements for Supplies 

 

The Project Coordinator will perform an inventory of equipment prior to commencement of field 

activities and order additional equipment as necessary. 

 

Supply Maintenance and Inspection Plan. 

Supplies Inspection 

Frequency 

Inspection Type Available Parts Maintenance 

Thermometers Before each 

sampling date 

Integrity of 

column 

Spare 

thermometers 

Annual 

calibration and 

replacement as 

needed 

Measuring tapes Before each 

sampling date 

Visual inspection 

for damage 

Spare tapes and 

sticks 

As needed 

Habitat 

assessment and 

fish community 

data sheets 

Before each 

sampling date 

Visual Additional copies As needed 

Fish Sampling 

supplies: Buckets, 

nets, gloves, 

boots, and forceps 

Before each 

sampling date 

Visual Spares of all As needed 

 
 

18.  Data Acquisition Requirements 

 

Streamflow data will be obtained from USGS gauge number 011699000 in the North River 

during the entire sampling period (August through October) to document streamflow conditions 

in the watershed at the time of sampling.  Sampling will occur during baseflow conditions and 

will be avoided when streamflows produce turbid water and high flows that may preclude 

effective sampling. 
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19.  Data Management 

Field data sheets will be inspected for omissions and errors by the Project Coordinator 

immediately upon receipt.  If errors or omissions are found, field sites will be revisited (if 

necessary) to rectify the problem.  If necessary, the Project Coordinator will return to the 

sampling site that same day to collect missing data or correct inaccurate measurements or 

estimates.  The Project Coordinator will determine when the data meet the project requirements, 

at which point the data will be entered into MS Excel. 

 

A final report summarizing the survey’s results will be written after the conclusion of sampling.  

The reports will be distributed to volunteers, local, regional, and state officials as well as other 

concerned parties and will detail the project’s goals, methods, results, data interpretation, and 

recommendations.  MassDEP will receive electronic and hard-copies of the report which will 

include all raw data and QC results in tabular form.  

 

The data will be stored in the Project Coordinator’s computer and backed up on a second hard 

disk. Paper forms will be stored indefinitely in a file cabinet at the Project Coordinator’s office. 
 

20.  Assessment and Response Actions 

 

As described above, review of field data sheets and QC data will occur immediately after each 

collection.  

 

When an error is discovered, it will be corrected if possible. If no correction is possible, or if 

quality control objectives are not met, the data will be discarded. 

 

The Project Coordinator will train new volunteers and will be responsible for ensuring that all 

data collected by volunteers meet data quality objectives.  Any volunteer not performing to 

project specifications will be immediately retrained. Specifications include reading the 

thermometer accurately and following proper procedures for physical habitat sampling.  Any 

identified problems or shortcomings will be rectified promptly.  If it is determined that identified 

problems may invalidate data, then those specific data will be discarded.  The Program 

Coordinator will document problems identified and corrective actions and will include these 

findings in the annual report. 

 

 21.  Reports 

 

A final report will be written by the Project Coordinator and filed with FRCOG documents as 

well as sent to MassDEP, and other interested parties. The final report will describe the project 

objectives, methods, results, quality control results, data interpretation, and recommendations as 

they relate to improving stream conditions in the North River watershed.   
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22.  Data Review, Validation, and Verification 

 

Data will be reviewed for consistency and errors initially by the Project Coordinator and then by 

the Technical Advisory Committee. This review includes a confirmation of the preliminary 

quality control results (field sheets and QC results).  The reviewers will determine what actions 

are necessary should any problems be encountered.   

 

23.  Validation and Verification Methods 

 

The following validation procedures will be established throughout the project: Equipment will 

be inspected and calibrated at the start of the season and checked before each collection; 

replicate fish and physical habitat sampling will occur at one randomly chosen site; volunteers 

will be evaluated during the project; field sheets and data entry will be checked by the Project 

Coordinator; quality of fish taxonomic data will be verified by an second fish taxonomist; 

descriptive statistics and graphs will be produced; and review by the technical advisory 

committee will occur following completion of data analysis. 
 

24.  Reconciliation with DQOs 

 

Whenever feasible, precision and accuracy of our data will be determined.  Any corrective 

actions will be noted and initialized by the Project Coordinator/QC Officer (Dr. Cole).  If data 

quality indicators do not meet the project’s quality objectives, then data may be censored or 

flagged.  We will investigate any such occurrences and document any causes revealed and 

corrective actions taken. 
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APPENDIX A: FISH COLLECTION PROCEDURES FOR 

EVALUATION OF RESIDENT FISH POPULATIONS 
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Division of Watershed Management 

Department of Environmental Protection 

627 Main Street, Second Floor 

Worcester, MA 

 

 

Standard Operating Procedure 
 

 

 

Title:   FISH COLLECTION PROCEDURES FOR EVALUATION OF RESIDENT FISH 

POPULATIONS (Method 003/11.20.95) 

 

CN:  75.1  

 

Date:   January, 2006 

 

 

 

 

Prepared By:    _____________________________________________ 

      (Bob Maietta and Greg Decesare)  

   

Monitoring Coordinator:                 _____________________________________________                                                         

(Arthur Johnson) 

 

QA/QC Analyst:                         _____________________________________________ 

                                                         (Richard Chase)    

 

Assessment Coordinator                   _____________________________________________ 

                                                                    (Richard McVoy)  

  

Program Director:                         _____________________________________________  

                                                            (Dennis Dunn)    

 

 

 

1.0 SCOPE AND APPLICATION 

 

This SOP is intended to document and guide field procedures necessary for the collection, enumeration 

and speciation of fish assemblages in streams, rivers and lakes, as monitored by MADEP-DWM. 
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2.0 SUMMARY 

 

Monitoring of the fish assemblage is an integral component of the Massachusetts DEP water quality 

management program, and its importance is reflected in state stream class and use-support designations.  

Assessments of the fish assemblage must measure the overall structure and function of the ichthyofaunal 

community to adequately evaluate biological integrity and protect surface water resource quality.   

 

3.0 SAFETY CONSIDERATIONS 

 

The safety of all personnel involved is ensured through the adequate education, training, and experience 

of all members of the fish collection team.  At least one biologist with training and experience in 

electrofishing techniques and fish taxonomy is involved in each sampling event.  Staff and assistants are 

trained in proper field safety techniques.  Any lab work with alcohol preservative is consistent with the 

intent and provisions of  DWM’s Lab Safety Plan. 

 

4.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

 

See Section 8.0. 

 

5.0 APPARATUS, EQUIPMENT AND MATERIALS 

 

Equipment 

 Backpack electrofishers (battery and gas-powered; e.g. Smith Root Model 12/15, Coffelt Mark 

10.BP4, or equivalent)1  

 Dip nets 

 Block nets (i.e., seines) 

 Arm-length insulated waterproof gloves 

 Chest wader equipped with wading cleats 

 Polarized sunglasses 

 Buckets/live wells 

 Jars for voucher/reference specimens 

 10% buffered fomalin (formaldehyde solution) 

 Ethanol or isopropanol (for long term storage of voucher specimens) 

 Measuring board (500 millimeter minimum, with 1 millimeter increments) 
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 Balance (gram scale) 

 Tape measure (100 meter minimum) 

 Fish survey data forms 

 Habitat survey data forms and protocols 

 Pencils 

 Waterproof labels 

 Clipboard 

 First aid kit 

1 A sportyak or tote barge electofishing unit may be used if the stream is sufficiently large but wadable. 

 

 
6.0 REAGENTS 

 

NA 

 

7.0 CALIBRATION 

 

NA 

 

8.0 PROCEDURE 

 

Massachusetts DEP has chosen to use a consistent, standardized method based on U.S. EPA Rapid 

Bioassessment Protocol V (Barbour, Michael; Gerritsen, Jeroen; Snyder, Blaine; and Stribling, James.  

1999.  Rapid bioassessment protocols for use in streams and wadeable rivers: Periphyton, benthic 

macroinvertebrates and fish.  U.S. Environmental Protection Agency, Washington, D.C.  EPA 841-B-99-

002), to improve data comparability among wadeable sampling sites throughout the state. 

 

Fish collection procedures should focus on a multihabitat approach, allowing the sampling of habitats in 

relative proportion to their local availability.  Each sample reach should contain riffle, run and pool 

habitat, when available.  Whenever possible, the sample reach should be sampled sufficiently upstream of 

any bridge or road crossing to minimize the hydrological effect on overall habitat quality.  Waddability 

and accessibility may ultimately govern the exact placement of the sample reach.  A habitat assessment is 

performed and physical/chemical parameters measured concurrently with fish sampling to document and 

characterize available habitat specifics within the sample reach (see Method 004: Habitat Assessment). 
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All fish sampling gear types are generally considered selective to some degree; however, electofishing has 

proven to be the most comprehensive and effective single method for collecting stream fishes.  Pulsed DC 

electrofishing is the method of choice to obtain a representative sample of the fish community at each 

Massachusetts sampling station.  The accurate identification of each fish collected is essential, and 

species-level identification is required.  Field identifications are acceptable; however, voucher specimens 

must be retained for laboratory identification if there is any doubt about the correct identity of the 

specimen.  Because the collection methods used are not consistently effective for young-of-the-year fish 

or fish less than 20 millimeters total length, and because the inclusion of young-of-the-year fish may 

seasonally skew bioassessment results, they will not be identified or included in standards samples. 

 

Laboratory analyses are conducted and/or supervised by a fisheries professional trained in fish taxonomy.  

Quality assurance and quality control must be a continuous process in fisheries monitoring and 

assessment, and must include all program aspects (i.e., field sampling, habitat measurement, laboratory 

processing, and data recording).  

 

Procedures 

1. A representative 100-meter stream reach is selected and measured such that primary physical 

habitat characteristics of the stream are included within the reach (i.e., riffle, run, and pool 

habitats, when available). The sample reach should be located away from the influences of major 

tributaries and bridge/road crossing (e.g., sufficiently upstream to decrease influences on overall 

habitat quality).  A habitat assessment and physical /chemical characterization of water quality 

should be performed within the same 100-meter sample reach. 

 

2. Collection via electrofishing begins at a shallow riffle, or other physical barrier at the downstream 

limit of the sample reach, and terminates at a similar barrier at the upstream end of the reach.  In 

the absence of physical barrier, block nets should be set at the upstream and downstream ends of 

the reach prior to the initiation of any sampling activities. 
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3. Fish collection procedures commence at the downstream barrier.  A minimum 3-person fisheries 

crew proceeds to electrofish in an upstream direction using side-to-side or bank-to-bank sweeping 

technique to maximize area coverage.  All wadeable habitats within the reach are sampled via a 

single pass, which terminates at the upstream barrier.  At sites where estimated pick-up of 

observed fish is less that approx. 75%, a second pass will be done.  Fish are held in live wells (or 

buckets) for subsequent identification an enumeration. 
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All field team members must be trained or briefed in the electrofishing safety precautions and unit 

operation procedures identified by the electrofishing unit manufacturer. It is recommended that at least 

two fish collection team member be certified in CPR. 

 

4. Sampling efficiency is dependent, at least in part, on the field team’s ability to see and net the 

stunned fish.  Therefore, each team member should wear polarized sunglasses, and sampling 

should only be conducted during periods of optimal water clarity and flow.  

 

5. Fish (except young-of-the-year) collected within the sample reach must be identified to species (or 

subspecies). Fish which cannot be positively identified in the field, are brought back to the 

laboratory for identification. At least three individuals (when available) of each questionable type 

should be retained. Fish which could be State or Federally-listed as special concern, threatened or 

endangered are photographed and released unharmed.   Fish which are retained as voucher 

specimens are immediately placed in HPDE jars which contain a 10 to 20 percent well buffered 

formalin solution. The fish should be completely immersed in the solution and the jar should 

contain a label that includes station number and/or location information, collection date, and 

collectors name. The label should be filled out in pencil. Long term preservation of voucher 

samples requires a switch to ethanol or isopropanol. After three days, fish which are to be 

Several options exist for electofisher configuration and field team organization; however, 
procedures will always involve pulsed DC electofishing and a minimum 3-person team.  
 
EXAMPLES INCLUDE: 

 Backpack electrofisher with two hand-held electrodes mounted on fiberglass poles, one 
positive (anode_ and one negative (cathode).  One crew member, identified as the 
electrofisher unit operator, carries the backpack unit and manipulates both the anode and 
cathode poles.  The remaining tow team members net all fish with dip nets and are 
responsible for specimen transport to bucket or livewells. 

 

 Backpack electrofisher with on hand-held anode pole and a trailing or floating cathode.  
The electrofisher unit operator manipulates the anode with one hand, and has a second 
had free for use of a dip net.  The remaining tow team members also aid in the netting of 
specimens, and in addition are responsible for specimen transport to buckets or livewells. 

 

 Tote barge electrofisher with two hand-held anode poles and a trailing/floating cathode.  
Two team members are each equipped with an anode pole and a dip net.  Each is 
responsible for electrofishing and the netting specimens.  The remaining team member will 
follow, pushing or pulling the barge through the sample reach. 
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preserved long term should be removed from the formalin solution and soaked in water for 24 

hours. Specimens are then placed in 50 percent strength isopropanol (or ethanol) for long-term 

storage. Voucher specimens are stored in a flammables cabinet.  When vouchers are no longer 

needed, they can be offered to museums, universities, other agencies, volunteer groups or other.  If 

no group wants them, the jars contents are emptied into a 5 gallon bucket in the sink (not to 

exceed about ½ gallon), the fish removed and disposed as trash, and the bucket filled with tap 

water until it overflows into the sink.  The diluted alcohol in the bucket is then carefully emptied 

down the drain.    

 

6. Young-of-the year fish less than twenty millimeters (total length) are not identified or included in 

the sample, and are released on site.  Specimens that can be identified in the field are counted, 

examined for external anomalies, (i.e., deformities, eroded fins, lesions, and tumors) and recorded 

on field data sheets. A subsample (to a maximum 25 specimens) of each species is measured 

(nearest millimeter total length) weighed (nearest gram) and recorded on field data sheets. 

 

7. Field notes and a general site diagram are recorded on the “Field Data Sheet: Fish.”  The stream 

name, station identification code (watershed number and station number separated by a dash), 

names of field team members (“investigators”), location description (e.g., upstream of a road 

crossing), river mile, municipality, county and stat information should be recorded on this sheet.  

Also record the date, start time, ending time, duration of sampling, and maximum and mean 

stream widths.   

 

Record the weather condition at the time of collection and for the past 24 hours, and measure the 

air temperature in C.  Note the percent of the reach with instream vegetative cover, Circle the 

dominant group of vegetation (e.g., trees, submerged macrophytes) and record the dominant type 

of riparian and aquatic vegetation.  Also include observations on condition of the fish and 

macroinvertebrate communities, and other biota observed.  

 

Draw a map of the location on the Field Data Sheet.  This map should include in-stream attributes 

(e.g., rifles, fall, fallen trees, pools, bends) and important structures, plants, and attributes of the bank 

and near stream areas.  Use an arrow to indicate the direction of flow (Q).  
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Note general condition of the habitat and the habitats sampled (e.g., vegetation, proportion of habitat 

types, depth, weight) on the Field Data Sheet.  Visual habitat assessment, physical characterization, a 

general water quality assessment will also be completed (See Habitat Assessment SOPs). 

 

 

9.0 QUALITY CONTROL 

 

Fish bioassessment data quality and comparability are assured through the utilization of qualified fisheries 

professionals and consistent methods.   

 

1. Quality control must be a continuous process in fish bioassessment that includes all program aspects, 

form field collection and preservation to habitat assessment, sample processing, and data recording.  

Field validation should be conducted at selected sites and will involve the collection of a replicate 

sample taken from an adjacent reach upstream of the initial sampling site. The adjacent reach should 

be similar to the initial site with respect to habitat and stressors.  

  

 Sampling QC data should be evaluated following the first year of replicate in order to determine a 

level of acceptable variability and the appropriate replication frequency. 

 

2. Field identification of fish must be conducted by qualified/trained fish taxonomists, familiar with 

Massachusetts ichthyofauna.  Questionable records are prevented by preserving select specimens 

and those that cannot be readily identified in the field for laboratory verification and /or 

examination by a second qualified fish taxonomist.  Specimens must be properly preserved and 

labeled (refer to procedure no. 5).  When needed, chain-of-custody forms must be initiated 

following sample preservation, and must include the same information as the sample container 

labels.   

 

3. All field equipment must be in good operating condition, and a plan of routine inspection, 

maintenance and/or calibration must be developed to ensure consistency and quality of field date.  

Field data must be complete and legible, and should be entered on standardized field data forms 

and chains-of custody for all anticipated sampling site, as well as copies of all applicable SOPs.  

 

10.0 INTERFERENCES:   NA 
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11.0 PREVENTIVE MAINTENANCE 

 

11.1  Electrofishing (boat) 

The Honda™ generator oil needs to be changed once per year.  All items should be checked for tightness  

(tightened if necessary) prior to each survey. The mercury outboard should be winterized with engine fogger 

each winter. The electrofishing control box should be stored in the fish preparation laboratory when not in 

use. The hull of the electrofishing boat and anode ring/droppers should be cleaned with steel wool once per 

year.     

 

11.2 Backpack electrofishing gear 

Smith Root Model 20™ batteries should be re-charged immediately after use. The electrode ring and rat 

tail cathode should be cleaned with steel wool twice per year or as needed to keep them shiny and bright. 

The gas powered electrofisher should be winterized by adding gas stabilizer to the main and spare fuel 

tanks each winter. The anode ring and rat tail cathode should be cleaned with steel wool once per year or as 

needed to keep them shiny and bright. 

 

 

12.0 CORRECTIVE ACTIONS 

 

Coorective actions to ensure safety and data quality include: 

 

 On-site field direction by the crew leader during the survey.   In addition to pre-training, on-the-

job direction is practiced as needed to ensure capture efficiency and safe working conditions. 

 

 Review of data package by crew leader following survey.   This ensures that all data forms are 

complete and accurate. 

 

 

13.0 WASTE AND POLLUTION PREVENTION:  

 

Wherever possible, waste is minimized.   Voucher collection (and associated formalin and alcohol 

use/eventual disposal) is only done when needed to fill gaps in the collections.   Fish which could be State 

or Federally-listed as species of special concern, threatened or endangered are photographed and released 

unharmed.  

 

NOTE:   For all equipment, care must be taken to avoid transporting aquatic vegetation to other locations 

within waterbodies and to other waterbodies.  This is done by thoroughly inspecting and cleaning boats 

and equipment of all plant fragments both before launching and after take out.   This is standard DWM 

practice. 

 

 

14.0 REFERENCES 

 

Nielson, L. A;  Johnson, D. L., Editors. Fisheries Techniques.  Bethesda, MD: American Fisheries 

Society; 1983 
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Barbour, Michael; Gerritsen, Jeroen; Snyder, Blaine; and Stribling, James.  1999.  Rapid bioassessment 

protocols for use in streams and wadeable rivers: Periphyton, benthic macroinvertebrates and fish.  U.S. 

Environmental Protection Agency, Washington, D.C.  EPA 841-B-99-002.   

 

Tetra Tech, Inc. 1995. Massachusetts DEP Preliminary Biological Monitoring and Assessment Protocols 

for Wadeable Rivers and Streams. Method 003: Preliminary biological monitoring and assessment 

protocols for pulsed DC electrofishing. Prepared for Massachusetts Department of Environmental 

Protection, Division of Watershed Management.  Worcester, MA. 7 p. 

 

 

15.0 DEFINITIONS/ACRONYMS:  NA  

 

16.0 APPENDICES (field sheets) 
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FISH FIELD DATA SHEET      (FRONT SHEET) 

Site/Project#      Sample ID Code     
Location       Waterbody Name     
Type of Sample (Gear)     Date Sampled     
Fish Identified by      Page   of     
 

SPECIES TOTAL LENGTH (mm) /WEIGHT (g) ANOMALIES* 

  (COUNT) (25 SPECIMEN MAX SUBSAMPLE) D E F L M S T Z 
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Anomaly Codes; D = deformities; E= erodes fins; F = fungus; L = lesions; M = multiple DELT 

anomalies; S= Emaciated; T = tumors; Z= other 
 
FISH FIELD DATA SHEET      (BACK SHEET) 

Site/Project#      Date Sampled     

SPECIES TOTAL LENGTH (mm) /WEIGHT (g) ANOMALIES* 

  (COUNT) (25 SPECIMEN MAX SUBSAMPLE) D E F L M S T Z 

                             

                              

                              

                              

                              

               

                              

                              

                              

                              

                              

               

                              

                              

                              

                              

                              

               

                              

                              

                              

                              

                              

               

                              

                              

                              

                              

                              

Anomaly Codes; D = deformities; E= erodes fins; F = fungus; L = lesions; M = multiple DELT 

anomalies; S= Emaciated; T = tumors; Z= other
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FIELD DATA SHEET: Fish  

Stream Name:                                                               Station: SITE / LOCATION MAP (Indicate the areas sampled) 

River Basin:                                                                   River Mile:    

Location:   

Municipality:                                                      County:                 State:   

Investigators:   

Date:                                   Start Time:             End Time:            Duration:   

Stream width (m):                Max:                      Mean:     

Weather Conditions   

   

Now:       0 storm (heavy rain)            Past 24 hours:     0 storm (heavy rain)      

               0 rain (steady rain)                                           0 rain (steady rain)      

               0 showers (intermittent)                                   0 showers (intermittent)                                       

               0 cloud cover (%) ___                                      0 cloud cover (%) ___   

               0clear/sunny                                                     0 clear/sunny   

Has there been a heavy rain in the past 7 days?  Y___ N___   

Air Temperature: ___C   

Riparian Vegetation (18 meter buffer)  Circle the dominant type   

and record the dominant species present   

                                     Trees   

                                     Shrubs   

                                     Grasses   

                                     Herbaceous   

Aquatic Vegetation (% reach with vegetative cover ___). Circle the  Method of capture:     backpack      tote barge 

dominant type and record the dominant species present:   

                                      Rooted emergent   

                                      Rooted submergent   

                                      Rooted floating General comments: 

                                      Free floating   

                                       Algae   

                                              Floating    
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EXECUTIVE SUMMARY 

The Franklin Regional Council of Governments was awarded a 604b grant to perform a 

comprehensive assessment of the North River and the Massachusetts portion of the East Branch 

of the North River to provide information on the causes of erosion, channel instability, and 

habitat degradation.  This assessment included a geomorphic study that resulted in the 

development of conceptual restoration designs for several highest-ranked priority sites and final 

designs and cost estimates for the highest ranked restoration priority site.  In order to inform the 

development of projects that seek to benefit both landowner property and river health, an 

assessment of river habitat and fish communities was performed as an attendant study to the 

geomorphic assessment.  This study serves as a benchmark for future evaluations of both the 

potential success of restoration efforts, as well as of any further degradation.  This report details 

the methods, findings, and recommendations of this study. 

Fish and habitat survey reaches were selected following reconnaissance surveys of the entire 

watershed and consultation with the geomorphic assessment consultant (Field Geology 

Services).  Reaches were selected to represent the range of channel types and conditions 

occurring along the length of the North River and its East Branch.  Four reaches were selected 

from the East Branch of the North River and one reach from the North River.  Two reaches 

occurred within confined sections of the river system, two reaches occurred within unconfined 

sections of the river system, and one reach, NRF5, occurred in a transitional zone from a 

confined to an unconfined channel type.  The reaches were distributed throughout the North 

River and its East Branch from river mile 1.9 to river mile 10.9.  Physical habitat, fish 

communities, and water chemistry were sampled from the 5 survey reaches in the early fall of 

2013.  Physical habitat surveys were performed in accordance with the Physical Habitat 

Characterization protocols of the US Environmental Protection Agency’s Wadeable Streams 

Assessment Field Operations Manual.  Fish community surveys followed Massachusetts 

Division of Fisheries and Wildlife stream electrofishing surveys protocols. 

Physical habitat conditions in the North River and its East Branch were variable, and 

conditions did not correlate with longitudinal position along the river.  Rather, unconfined 

sections of the river occurring on wide valley floors were consistently more degraded and 

supported lower habitat quality than did confined sections of the river system.  Limiting factors 

in the river system include a lack of instream habitat complexity and cover (lack of deep pools, 

instream boulders or wood, clean gravels, etc.), elevated sediment loading, and inadequate 

riparian buffers.  This degradation was generally more severe in unconfined sections of the river 

that had historically been channelized and straightened.  

Fish communities in the North River comprised a mixed assemblage of disturbance tolerant 

and intolerant species across all sites without showing any notable differences in composition 

between reach types.  Communities were dominated by dace and other minnow species across all 

sites.  Continuous temperature monitoring data collected for this study suggest that the 

summertime temperatures in the lower East Branch and North rivers may limit use by cold-water 

obligate fish such as brook trout and slimy sculpin.  However, unlike in a recent study of fish 

communities in the South River (Cole 2013), trout and salmon did not show any strong 

longitudinal trends in abundance or distribution, likely because of generally similar water 

temperature regimes among the reaches included in this study.  Brook trout were sampled in low 
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abundance in the lower East Branch and in the mainstem North River, yet went unsampled 

upriver of Colrain center.  Competitive exclusion by juvenile Atlantic salmon and unsuitably 

warm summertime water temperatures are potential explanations (among others) of the limited 

abundance and distribution of brook trout in the river. 

In their present condition, the North River and the East Branch North River suffer from 

legacy effects of past land uses and from a current lack of attention to improving these 

conditions.  The results of the present study suggest that unconfined sections of the river, in 

particular, would benefit from riparian, bank, and in-river restoration activities.  Improvement of 

riparian conditions and attendant stream shading may reduce summertime water temperatures, 

thereby improving the ability of the river system to support cold-water fish species.  Projects that 

seek to improve river functioning and help return the river to a more natural geomorphic state 

would also benefit these sections of the river system; these efforts would produce habitat 

elements such as deep pools and instream cover required to support healthy fish communities 

and also provide the capacity to support larger numbers of trout.  The Geomorphic Assessment 

completed by Field Geology Services (Field 2014) provides a road map for such efforts.  This 

study helps inform the virtue and necessity of those proposed efforts, and also serves as a 

baseline against which progress towards improving ecological conditions in the North River 

watershed can be measured. 
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INTRODUCTION 

Historic and contemporary modifications to the North River and its major branches have 

included construction of dams, channel straightening, and riparian tree removal.  Their effects 

persist into the present, as banks and riparian vegetation in the watershed are being lost due to 

the significant and widespread problem of river bank erosion. These effects can have 

consequences for both landowners and native fish.  Accelerated bank erosion and channel 

migration lead to loss of property and occasionally threaten homes and infrastructure, and also 

deleteriously affect native fish communities by reducing river habitat quality and complexity.  

According to the Nonpoint Source Pollution Assessment for the Deerfield River Watershed 

(Project 04-02/604) prepared by the Franklin Regional Council of Governments (2008), areas of 

significant river bank erosion extend for hundreds of feet along the East Branch North River, 

West Branch North River, and the North River. Sediment from the eroding banks is likely a 

significant source of nonpoint pollution to the North River watershed. Pollutants such as 

pathogens, heavy metals, fertilizers and pesticides can bind to soil particles. Excessive sediment 

also compromises fisheries and macroinvertebrate habitat. Because water quality data gaps exist 

for the North River watershed, further information is needed to determine whether ongoing 

sediment loading from eroding river banks is resulting in water quality impairment. 

In 2013, The Franklin Regional Council of Governments was awarded a 604b Water Quality 

Management Planning Grant from the MassDEP to perform a comprehensive assessment of the 

North River to provide information on the causes of erosion, channel instability, and habitat 

degradation.  The project area includes the HUC-12 watershed of the East Branch North River 

(ID: 010802030301) in MA and VT, and a portion of the HUC-12 watershed for the North River 

mainstem (ID: 010802030302) downstream and west of the confluence of the East and West 

Branches in MA. This assessment included a geomorphic study that provides conceptual 

restoration designs for several highest-ranked priority restoration sites in the project area and 

final designs and cost estimates for the highest ranked restoration priority site (Field 2014).  

These restoration efforts intended to reduce erosion and improve channel stability can also 

benefit river habitat by halting or reversing the deleterious processes discussed above.  

Consequently, restoration actions implemented in the North River watershed may potentially 
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benefit both landowners and the river habitat, alike.  In order to inform the development of 

projects that seek this dual bottom line, a comprehensive assessment of river habitat and fish 

communities was performed as an attendant study to the geomorphic assessment  This study was 

performed to help identify potential opportunities to both improve geomorphic condition for 

protection of property and infrastructure and improve habitat for native fish communities.  This 

study represents the most comprehensive description of these conditions in the North River 

watershed to date and also serves as a benchmark for future evaluations of both the potential 

success of restoration efforts, as well as of any further degradation.  This report details the 

methods, findings, and recommendations of this study. 

STUDY AREA 

The North River watershed is the largest of the Deerfield River’s eleven main tributary 

subwatersheds. The North River has two branches - the East Branch, which is 7.6 miles long in 

Massachusetts, and the West Branch, which is 7.1 miles long. The East Branch flows south from 

southern Vermont into Massachusetts, while the West Branch is occurs wholly within 

Massachusetts.  The North River is formed at the confluence of the East and West Branches in 

Colrain, Massachusetts and flows 3.9 miles through Shelburne, Massachusetts to its confluence 

with the Deerfield River. The North River and its two branches are classified as Class B, Cold 

Water Fisheries. The Massachusetts portion of the North River watershed is approximately 48 

mi
2
 in size.  Along its course to the Deerfield River, the North River flows through various 

valley topographies exhibiting a range of gradients and valley widths.  Consequently, the river 

exhibits a range of natural channel morphologies and attendant habitat conditions; this range of 

conditions was expanded upon Euro-American settlement and industrialization of the watershed. 
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METHODS 

SURVEY REACHES 

Survey reaches were selected following reconnaissance surveys of the entire watershed and 

consultation with the geomorphic assessment consultant (Field Geology Services).  The 

following criteria were also used to select the physical habitat and fish community assessment 

reaches: 

• Reaches were distributed throughout the North River and the East Branch of the 

North River. 

• Reaches occurred in both unstable reaches with degraded habitat (channelized, 

modified reaches with heavy bank erosion and/or sand/gravel deposits) and stable 

reaches with intact aquatic habitat. 

Four reaches were selected from the East Branch of the North River and one reach from the 

lower North River.  Reaches were selected following field visits to ascertain the range of channel 

types and conditions occurring along the length of the North River and its East Branch.  Two 

reaches occurred within confined sections of the river, two reaches occurred within unconfined 

sections of the river, and one reach, NRF5, occurred in a transitional zone from a confined to an 

unconfined channel type (Table 1).  Reaches were selected across most of the length of the 

Massachusetts portion of the East Branch of the North River to examine the relative influence of 

major longitudinal gradients in river conditions on fish communities versus local variation in 

habitat conditions.  Accordingly, reaches were distributed throughout the North River and its 

East Branch from river mile 1.9 to river mile 10.9.  As access was also an important determinant 

in site selection, survey reaches occurred in close proximity to roadways or road crossings. 

 

FIELD ASSESSMENT 

Physical habitat, fish communities, and water chemistry were sampled from the five survey 

reaches in September and October 2013.  First, each survey reach was marked and the reach 

length was measured.  Waypoints were acquired for the start and end of each reach using a GPS 

unit.  All fish and habitat surveys were conducted during summertime baseflow conditions. 
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INSTREAM PHYSICAL HABITAT AND RIPARIAN ASSESSMENT 

Instream and riparian field data collection was performed between October 10 and 15, 2013.  

Physical habitat surveys were performed in accordance with the Physical Habitat 

Characterization protocols of the EPA’s Wadeable Streams Assessment Field Operations Manual 

(EPA 2004).  Each selected reach measured between 235 and 400-m.  The physical habitat 

assessment consisted of three components: channel and riparian cross-sectional characterizations, 

a thalweg profile, and a woody debris tally.  At each of 11 channel cross sections within each 

monitoring reach, channel dimensions, bank height, and riparian overhead cover (densiometer) 

were measured to determine the amount of shading provided by riparian cover.   

A thorough characterization of the streambed substrate was performed along these cross 

sections.  Substrate size and embeddedness of particles were measured on each cross section to 

quantify substrate conditions in each reach in relation to its potential to support a diverse benthic 

community.  Riparian vegetation attributes were also recorded on each cross section.  The 

thalweg profile consisted of measuring water depths and classifying habitat units at 10 equally-

spaced intervals between each pair of cross sections to produce comprehensive descriptions of 

the types, sizes, and quality of aquatic habitats occurring in each reach.  A Rapid Habitat 

Assessment was also performed in each reach, including ocular estimates of a number of habitat 

parameters. 

TEMPERATURE MONITORING 

To determine whether water temperature is a potentially limiting factor to aquatic life in the 

North River watershed, six temperature loggers were deployed.  Logger locations were largely 

selected to overlap with physical and biological sampling reaches.  In addition to loggers located 

at sample reaches NRF1, NRF2, NRF3, and NRF5, loggers were also deployed at the lower ends 

of the North River and West Branch of the North River.  Loggers were deployed in early August 

2013 and retrieved in October 2013.  Temperature logger deployment and retrieval protocols 

followed Continuous Temperature Monitoring Standard Operating Procedures described by 

MassDEP (MassDEP 2005). 
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FISH COMMUNITY ASSESSMENT 

Fish communities were surveyed from each reach using backpack electrofishing equipment.  

Owing to the large channel dimensions of the survey reaches and the use of a single 

electrofishing unit, electrofishing surveys were used to determine fish community composition 

and relative abundance only and were not used to estimate total abundance within each reach.  

Fish were sampled by pulsed DC current electrofishing.  Crews of three to four people conducted 

single pass electrofishing surveys through each sample reach using protocols employed by the 

MA Division of Fisheries and Wildlife (Alicia Norris, MDFW, personal communication).  The 

crew member wearing the backpack used two ring probes to electroshock fish. The rest of the 

crew members carried buckets and/or dipnets to collect fish that are influenced by the electric 

current.  All portions and habitats in the stream were sampled, including habitat features such as 

woody debris, submerged aquatic vegetation, undercut banks, and overhanging vegetation.  All 

netted fish were held in buckets until completion of the sampling run, at which time all fish were 

identified to species, measured to the nearest millimeter, and released back into the reach from 

they were captured.   

WATER CHEMISTRY SAMPLING 

Water temperature (°C), dissolved oxygen saturation (percent), dissolved oxygen 

concentration (mg/L), conductivity (µS/cm), and specific conductance (µS/cm) were measured at 

each reach at the time of fish community. Water temperature, dissolved oxygen, conductivity, 

and specific conductance were measured in situ with a multi-parameter YSI Pro Model 2030 

water chemistry meter. Specific conductance is conductivity normalized to 25°C, thereby 

allowing more direct comparison of conductivity between water bodies or within a particular 

waterbody at different times. 

 

DATA ANALYSIS 

Physical habitat data were summarized for each site by calculating reach-wide means for a 

large number of physical habitat attributes.  Water temperature data were summarized from each 

location using several metrics: mean daily water temperature, maximum daily water temperature, 

average 7-day average maximum water temperature, and maximum 7-day average maximum 
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water temperature.  Each temperature metric was calculated for each location using the same 

range of monitoring dates (August 8 through September 26, 2012). 

Fish community and physical data were entered into Excel spreadsheets and summarized 

using descriptive statistics and graphical summaries.  Fish community data were summarized in a 

manner similar to those employed by MassDEP in their evaluation of fish community conditions 

in Massachusetts streams.  This approach focuses on a more qualitative description of the general 

condition of the fish community as a function of overall species richness and total fish 

abundance, collective community tolerance to disturbance, and relative abundance of different 

trophic classes and microhabitat-use assemblages.   

The results of the data analysis include concise summaries of the current biological and 

physical habitat conditions throughout the North River and the East Branch of the North River, 

comparisons of these conditions in less stable reaches to those in more stable river/stream 

reaches, and inferences regarding the likely causes of any measured impairments to these 

communities.  Importantly, these data will serve as a baseline for determining long-term 

improvements in ecological conditions in the North River and East Branch of the North River. 

 

RESULTS 

PHYSICAL HABITAT CONDITIONS 

Physical habitat conditions varied among reaches and resulted from both natural variation in 

geomorphic character and the level of impact to the reach (Table 2).  Wetted and bankfull widths 

increased predictably from upriver to downriver (Figure 2).  Wetted width averaged 16.2 m 

across all reaches and ranged from 14.7 m at NRF5 above the uppermost Rte. 112 crossing in 

MA to 17.7 m upriver at NRF3 upstream of Riel Lane.  Bankfull widths averaged 27.8 m and 

ranged from 23.5 m to 35.0 m (Table 2).  Mean water depth s were generally shallow and 

showed little variation among reaches, averaging 0.2 m across 4 of the 5 reaches.  Width-to-

depth ratios were generally high, averaging 72.6 and ranging from 53.3 to 84.3 (Table 2).   

Frequencies of riffle, pool, and glide habitats also varied among reaches (Table 2).  Percent glide 

habitat ranged from 6 to 42% and was higher in unconfined channels than in confined channels. 
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Substrate composition exhibited some variation among reaches (Figure 3), but was generally 

dominated by cobble substrate throughout all reaches.  Coarse substrates comprising gravels, 

cobbles, and boulders averaged 84% streambed coverage across the five reaches.  Mean particle 

size averaged 288 mm and ranged from 113 mm in the unconfined NRF1 reach to 544 mm in the 

highly confined NRF2 reach.  The NRF2 reach was characterized as having a steeper gradient 

and a highly confined channel (Table 3).  This geomorphic condition produces a higher stream 

power, which mobilizes and transports smaller sediment through this reach to lower-gradient 

downriver sections. 

Substrate embeddedness was generally high throughout the river, averaging 39.9%.  

Embeddedness values were similar among reaches, ranging from 34.5% to 45.4% (Table 2).  

Embeddedness was lowest in reach NRF2, where stream power would be highest among the 

assessment reaches and better able to entrain and transport smaller sediments. Substrate 

embeddedness was highest in reach NRF1, where habitat conditions were generally most 

degraded among the five study reaches.   This reach was historically channelized and is currently 

dominated by shallow glide habitat with little instream cover or habitat complexity.  The right 

bank riparian zone has been cleared of trees through most of this reach; resulting in bank 

slumping, channel widening, and loss of habitat complexity. 

Habitat characteristics related to streambank condition and erosion, including bank stability 

and vegetative cover also varied among reaches (Figure 2).  The bank stability index, rated 

between 0 (poor) to 20 (optimal), averaged 12.8 across all study reaches.  Bank stability was 

lowest in reach NRF1, receiving a score of 8, corresponding to marginal bank conditions.  Bank 

vegetative protective cover (also rated on a scale of 0 to 20) also received a moderate mean 

rating across all study reaches (12.2), and ranged from a low of 8 (marginal) in reach NRF1 to 14 

(sub-optimal) in reaches NRF2, NRF3, and NRF4. 

Canopy cover was moderate to low across the study reaches, averaging 43.2% (Table 2).  

Canopy cover was lowest in reaches NRF1 and NRF5; the right-bank in both reaches was largely 

lacking mature trees in the riparian zone.   

Large woody debris (LWD) was generally scarce to absent from the river channel among the 

five reaches (Figure 2). Reaches NRF2 and NRF3 averaged only one piece of large woody debris 
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per every 200 m of river length.  Instream cover for fish in the form of LWD, boulders, root 

wads, undercut banks, and overhanging vegetation was generally low across the reaches (Figure 

4).  Excepting boulder cover, fish cover indexes (rated from 0 to 4) for each of these elements 

were less than 1 across all reaches, suggesting that a lack of available cover is a potential limiting 

factor to native fish throughout much the North River and its East Branch. 

 

WATER TEMPERATURE 

Average daily water temperatures for the period August 8 through September 26 ranged 

from 61.7
o
F (16.5

o
C) at the uppermost station to 65.2

o
F (18.4

o
C) at the lowermost station (Table 

4).  Average daily maximum water temperatures ranged from 65.5
o
F (18.6

o
C) to 70.0

o
F (21.1

o
C).  

Maximum 7-day-average maximum temperatures ranged from 71.4
o
F (21.9

o
C) at the uppermost 

station to 75.8
o
F (24.3

o
C) at station NRF1 at river mile 2.2.  River water temperatures exhibited a 

general longitudinal trend; this trend was most evident in the mean daily water temperature 

metric (Figure 5).  Warming rates of river water temperatures were highest in the upper river 

between temperature monitoring stations NRF5 and NRF3 (Figure 6).  Average daily maximum 

water temperatures increased by a rate of 1.15
o
F per river mile between these two locations, a 

distance spanning 3.3 miles (Figure 6).  Warming rates (based on avg daily max data) were also 

high between NRF2 and NRF1, averaging 0.58
o
F per river mile (Figure 6).  In contrast, daily 

maximum water temperatures decreased in river sections between NRF3 and NRF2 (Reil Lane to 

Foundry Village Road bridge) and between NRF1 and NORM1 (along Call Road to immediately 

upriver of the confluence with the Deerfield), while daily mean water temperatures slightly 

increased (Figure 6).  These results suggest the potential influence of cool-water inputs from 

springs or tributaries in these sections of river where the warming rate is abated. 

 

FISH COMMUNITY CONDITIONS 

Eleven fish species were sampled from across the five reaches assessed in this survey.  The 

number of species sampled among reaches ranged from 7 to 8.  Total number of fish sampled 

ranged between 66 from reach NRF5 to 166 from reach NRF3 (Table 5).  Three coldwater-
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obligate and pollution intolerant species were sampled during the survey, including brook trout, 

juvenile Atlantic salmon, and slimy sculpin. 

The number of salmonid species captured was highest in the lower-most reach, NRF1, 

where rainbow trout, brook trout, and juvenile Atlantic salmon were all captured (Table 6).  

Rainbow trout were only captured or observed in this lower reach, while brook trout were 

captured or observed only in reaches NRF1 and NRF2.  Except in reach NRF1, Juvenile Atlantic 

salmon were the numerically dominant salmonid in all reaches (Table 5).  Furthermore, Juvenile 

Atlantic salmon were the only salmonid captured upriver of Colrain center, where they were the 

second most abundant fish species in reaches NRF4 and NRF5. 

COMPREHENSIVE REACH DESCRIPTIONS 

REACH NRF1: NORTH RIVER  (RIVER MILE 2.6) - UNCONFINED 

 
Downriver end of NRF1 facing upriver through reach 

Reach NRF1 occurs on the North River along Call Road at river mile 1.9.  This reach occurs 

within Geomorphic Assessment Segment 4C and is the only reach that is situated downriver of 

the confluence of the East and West Branches of the North River.  The reach exemplifies channel 

conditions in areas along the North River and its East Branch where channelization and riparian 

vegetation removal have occurred.  While the longer Geomorphic Segment received a total needs 

score of only 13 (see Field 2014), the reach selected for habitat sampling occurs along a 

channelized section of river that has experienced significant recent bank erosion on the river 



Cole Ecological, Inc.  North River Fish & Habitat Assessment 10

right side.  Consequently, this reach has likely widened, as evidenced by its wide bankfull 

dimension (35 m).   The reach averages only 0.2 m in depth and is dominated by shallow riffle 

and glide habitat.  The standard deviation of the thalweg depth (see Appendix 2), which provides 

a measure of the variability of depths within the reach, was lowest among the five reaches 

assessed.  

While all reaches were dominated by coarse bed substrates, this reach showed the smallest 

mean substrate particle size of 113 mm and the highest percent embeddedness of coarse 

substrates by sand and fines (45%), both likely the consequence of decreased sediment transport 

capacity that results partially from channel widening (also attributable to the lower gradient in 

this section of river, which would have been even more so had the channel retained its original, 

more sinuous plan form).  Bank stability ratings were lowest in this reach among all five 

assessed, as was the bank vegetation index.  Mature trees occur in the riparian zone along river 

left, but Call Road significantly constrains the width of this buffered zone.  Trees are absent from 

most of the length of reach on the river right bank, as row crops are planted nearly to the edge of 

the high eroding bank. 

Large woody debris was most abundant in this reach and provided cover for several rainbow 

trout captured during electrofishing.  Otherwise, fish cover (in the form of large boulders, 

undercut banks, or deep water) was sparse in this reach.  While 8 fish species were sampled from 

this reach, abundance of each species was generally low to modest.  Blacknose dace was the 

most abundant species in the reach; all other 7 species occurred in low abundance.  Rainbow 

trout (almost certainly of stocked origin) were sampled only from this reach, and one brook trout 

(wild) was sampled in this reach; while Atlantic salmon occurred in this reach, their abundance 

here was significantly lower than in any other reach sampled (all other reaches occurring on the 

East Branch North River and upriver of the Barnhardt plant dam).   
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REACH NRF2: EAST BRANCH NORTH R. (R. MILE 5.2) - CONFINED 

 
Downriver end of NRF2 facing upriver through reach 

 Reach NRF2 occurred on the East Branch of the North River immediately upriver of an 

existing low-head dam upriver of the Foundry Village Road Bridge at river mile 4.8 (as 

measured from the confluence of the North River with the Deerfield River).  This reach occurs 

within Geomorphic Assessment Segment, 8A.  This section of river is confined by steeper valley 

walls and has therefore maintained its historic channel pattern and more habitat complexity than 

other less confined sections of the river.  Bankfull widths averaged 28 m through the 400-m 

reach.  Both water depths and variation in depths were highest in this reach among the five 

reaches assessed, indicating better-than-average habitat variability within this reach.  Width-to-

depth ratios were lowest in this reach.  Riffles and pools were dominant habitat types in this 

steeper, more confined section of river.   

Mean bed substrate particle size was highest in this reach (543 mm), as boulders were co-

dominant with cobbles (Figure 3).  Substrate embeddedness was marginally lower in this reach 

than in the other reaches, averaging 34%.  Bank stability and the bank vegetation index were 

both highest in this reach.  Aside from low woody debris index scores, habitat assessment results 

generally suggest that this reach supports habitat of sufficient quality and complexity for 

supporting a range of native fish species, including wild salmonids.  A single brook trout was 

sampled from this reach, and juvenile Atlantic salmon were less abundant than only blacknose 

and longnose dace (Table 5).  A total of 7 fish species were sampled from this reach at river mile 
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4.8, including a single slimy sculpin, noteworthy only because none were sampled from reach 

NRF1 at river mile 1.9 

 

REACH NRF3: EAST BRANCH NORTH R. (R. MILE 7.8) - UNCONFINED 

 
Downriver end of NRF3 facing upriver through reach 

Reach NRF3 occurred on the East Branch of the North River immediately upriver of the 

Riel Lane Bridge at river mile 7.6 (as measured from the confluence of the North River with the 

Deerfield River).  This reach occurs within Geomorphic Assessment Segment, 11A.  While the 

longer Geomorphic Segment received a total needs score of only 10 (see Field 2014), the reach 

selected for habitat sampling occurs along an historically channelized section of river that has 

resulted in dominance by shallow glide habitat with little instream cover.  The reach occurs in an 

unconfined valley and is entirely disconnected from its historic floodplain.  Bankfull channel 

width was 26 m, while the wetted channel width was 17.7 m, the widest wetted channel 

dimension among the 5 reaches.  Habitat was equally dominated by riffle and glides, owing to 

the inclusion of a meander at the lower end of the assessment reach.  Standard deviation of the 

thalweg depth was an intermediate 23.6, indicating a moderate range of water depths within the 

reach. 

Substrate in this reach was dominated by coarse gravels and cobbles (Figure 3), and 

substrate embeddedness averaged 40.7%.  Stream banks in this reach were moderately stable, 
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receiving an overall stability rating of 14 out of 20.  Habitat complexity and cover in this reach 

were generally low, as the reach received an overall fish cover index rating of 0.4 out of 4.  This 

reach also received the lowest woody debris rating of 0.5 pieces of wood per 100 m of river.  

Eight fish species were sampled from this reach, but this list included only one salmonid 

species – stocked juvenile Atlantic salmon – which was also the only fish species classified as 

“intolerant” to disturbance.  This reach was dominated by small minnows belonging to the 

family Cyprinidae, including blacknose dace, longnose dace, and common shiners (Table 5).  

Notably absent were the cold-water obligate species slimy sculpin and brook trout.  Sixteen 

juvenile Atlantic salmon were sampled from this reach.  

 

REACH NRF4: EAST BRANCH NORTH R. (R. MILE 9.2) - CONFINED 

 
Downriver end of NRF4 facing upriver through reach 

Reach NRF4 occurred immediately downriver of Franklin Hill Road Bridge at river mile 9.1 

(as measured from the confluence of the North River with the Deerfield River).  This reach 

occurs within Geomorphic Assessment Segment, 13A.  The longer Geomorphic Segment 

received a total needs score of 10 (see Field 2014).  This section of river is confined by steeper 

valley walls and has therefore maintained its historic channel pattern and more habitat 

complexity than other less confined sections of the river.  This section of river is also more 

influenced by bedrock features, which contribute to adding habitat complexity and cover within 
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the reach.  Channel dimensions were similar to those in most of the other reaches (see Appendix 

2).  Notably, the width-to-depth ratio was the second lowest only to reach NRF2, likely the result 

of the confined valley within which this reach occurs.  Habitat in this reach was co-dominated by 

riffles and pools. 

 Substrate in this reach was dominated by cobble substrate and secondarily by coarse 

gravel and small boulders (Figure 3).  Substrate embeddedness was again high in this reach, 

averaging 38.9% throughout.   Bank stability was moderate, as was the bank vegetative cover 

index.  Frequency of large woody debris (2.5 pieces/100 m) and the overall fish cover index 

score (0.4 of 4) were both low.  Mature riparian forest occurred on both sides of this reach, yet 

this buffer was narrow along the river right bank and altogether lacking in places immediately 

upriver. 

 Seven fish species were sampled from this reach.  While this reach was also dominated 

by blacknose dace, both slimy sculpin and juvenile Atlantic salmon – each cold-water obligate 

species – occurred in this reach in modest abundance (Table 5).  Also present were white 

suckers, which were sampled from every East Branch sample reach, yet not present in the 

mainstem North River sample. 

 

REACH NRF5: EAST BRANCH NORTH R. (R. MILE 10.95) – C/U 

 
Downriver end of NRF4 facing upriver through reach 
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Reach NRF5 occurred immediately upriver of the uppermost Rte. 112 bridge crossing in 

Massachusetts at river mile 10.9.  This reach occurs within Geomorphic Assessment Segment, 

15A and received the highest total needs score (17) among the five reaches selected for fish and 

habitat sampling.  This reach occurred in a transitional area between confined and unconfined 

channel types.  Immediately upriver the channel is well confined by a tight valley, but the reach 

primarily flows through the upper end of an historic floodplain from which the river has long 

since been disconnected.  Significant bank erosion has occurred on river right, where riparian 

vegetation was historically removed for agriculture (see photo above).  As the farthest reach 

upriver, both wetted and bankfull widths were narrowest in this section of river (see Appendix 

2).   The reach was dominated by shallow riffle habitat.  Water depths and variation in water 

depth were the lowest here among the five study reaches (see Appendix 2).  An active beaver 

dam occurred at the upper end of this reach, creating a wide and shallow pool for a significant 

distance upriver of the sample reach. 

Substrate within this reach was once again dominated by cobbles (Figure 3) with a mean 

particle size of 245 mm.  Substrate embeddedness averaged 39.8%.  Bank stability received the 

second lowest rating of 12, primarily the result of the severe lateral erosion occurring along 

much of the length of the right bank.  Instream woody debris cover was once again low, 

averaging 3 pieces per 100 m of river.  The overall fish cover index score in this reach was the 

lowest among the five study reaches. 

Seven species of fish were sampled from this reach, the same seven species sampled from 

reach NRF4.  Accordingly, slimy sculpin appear to be more abundant in these upper sections of 

the East Branch of the North River than they are downriver.  Both daily maximum and maximum 

7-day avg. maximum water temperatures were nearly 4
o
F cooler in this reach than at NRF3, 

suggesting the possibility that warmer water in reaches NRF3 and below may be limiting use by 

sculpin of the lower East Branch and the North River.  This reach was also numerically 

dominated by blacknose dace, and juvenile Atlantic salmon were once again moderately 

abundant.  
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DISCUSSION 

The North River and its East Branch are a dynamic system, whose tendency to migrate, 

erode banks, and threaten property and infrastructure has only increased with past management 

of the river and its floodplain.  Much of the North River/East Branch North River corridor has 

been developed for agriculture or rural residential land uses, and the river continues to adjust to 

legacy effects of past uses.  This study sought to sample from a range of channel stability 

conditions throughout the river system in order to characterize river habitat and fish communities 

across this range of conditions.  Immediately evident in the results was the difference in habitat 

quality and condition between confined and unconfined river sections.  Generally, confined 

sections of the North and East Branch North rivers have been less responsive to changes in 

hydrology than have been unconfined sections.  Unconfined sections of river occur on wide 

floodplains, where the river channel would have historically taken a sinuous course, meandering 

through the alluvial deposits forming the valley-bottom.  However, settlement and development 

of the valley floors for agriculture resulted in clearing trees and re-aligning river channels to one 

side of the valley in order to put more land into agricultural production.  Consequences of these 

long-past activities are evident to this day, including channel straightening, widening, 

simplification of habitat, and loss of instream cover.    Accordingly, the most notable differences 

in habitat occurred between confined and unconfined channel groups, a result of both their 

different histories of alteration and their responsiveness to change. 

In their current condition, much of the North River and its East Branch generally lack large 

woody debris and other instream cover elements, exhibit a wide channel that supports primarily 

shallow habitats at baseflows and lacks deeper pools, particularly in unconfined sections of the 

river.  Wide and shallow channels likely increase rates of warming of water during hot summer 

days, creating higher water temperatures in the lower sections of the East Branch and in the 

North River.  Inadequate shading and bank stabilization in sections of the river system only 

exacerbate these problems.  Interestingly, some sections of river showed significant rates of 

warming (for example, NRF5 to NRF3), while others exhibited very modest rates.  Tributary and 

groundwater inputs may be playing a role in the moderation of warming rates in some sections of 

river.  The locations and effects of these potential sources of cool water may warrant further 
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investigation, particularly as fish habitat enhancement projects are considered in the North River 

system. 

Fish communities in the North River comprised a mixed assemblage of disturbance tolerant 

and intolerant species across all sites without showing any notable differences between reach 

types.  Communities were dominated by dace and other minnow species across all sites.  In 

contrast to a recent study of fish communities in the South River (Cole 2013), trout and salmon 

abundance did not show any strong longitudinal trends in abundance across the length of river 

encompassed in this study.  Brook trout were sampled in very low abundance in the lower East 

Branch and in the mainstem North River, yet went unsampled upriver of Colrain center.  As fish 

sampling on the North River occurred in the fall after summertime water temperatures had 

peaked, those brook trout captured in the lower sections of the river system during this study 

may have been using this section of the system only seasonally.   

Our data suggest that summertime water temperatures in the lower sections of the North 

River may at least occasionally approach or exceed the thermal tolerance limits of brook trout, 

potentially precluding their use of the lower river during summertime.  Brook trout were absent 

from samples collected upriver of river mile 4.8.  Their presence in the two downriver reaches 

suggests that environmental conditions such as habitat or water temperature regime should not 

preclude their use of the river farther upriver, at least during the fall, as conditions were similar, 

if not more favorable than those in the lower river sections.  MDFW summer 2013 fish surveys 

of two reaches in the East Branch of the North River found brook trout co-occurring with 

juvenile Atlantic salmon at river mile 16 but not from river mile 10 (Leanda Fontaine Gagnon, 

MDFW, personal communication), lending support to the hypothesis that summertime 

temperature conditions in the lower river are not conducive to supporting brook trout.   

Our data suggest the possibility that stocked juvenile Atlantic salmon may be a factor in the 

absence or low abundance of brook trout in the lower East Branch, as Atlantic salmon were most 

abundant in reaches from which no brook trout were sampled in our study.  Furthermore, both 

Atlantic salmon and brook trout occurred in the 2013 MDFW sample at river mile 16, where 

water temperature conditions that far upriver are likely more suitable for brook trout.  MDFW 

found only Atlantic salmon (in high abundance) at river mile 10, where temperatures would be 
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expected to be warmer than at river mile 16, suggesting a potential interplay between biotic 

(inter-specific competition) and abiotic (water temperature) factors.   

Competition with and displacement of brook trout by river-dwelling Atlantic salmon has 

been previously documented (Jackson and Zydlewski 2009).  Brook trout have co-evolved with 

Atlantic salmon in their native ranges, so under favorable environmental conditions, the two 

species should be expected to co-exist.  However, as juvenile Atlantic salmon have a higher 

tolerance for elevated water temperatures than do brook trout, under temperature duress and 

sufficient Atlantic salmon densities, brook trout may be at a competitive disadvantage.  

MassDEP’s 2000 Deerfield River Watershed Assessment also calls into question the potential 

effect of juvenile Atlantic salmon on native brook trout and other fishes (MassDEP 2004).  Most 

likely, an interplay between unfavorable habitat conditions and some inter-specific competition 

precludes regular use of the North River and lower East Branch of the North River by brook 

trout.  The discontinuation of the Atlantic salmon stocking program in Massachusetts as of 2013 

offers a unique opportunity to more closely examine this potential interplay between the species; 

additional fish community surveys in the North River and other locations (potentially by 

MDFW) where salmon stocking has recently been discontinued may reveal what, if any, 

suppressive effects juvenile Atlantic salmon have had on native brook trout distribution and 

abundance. 

Among the fish species, slimy sculpin showed the strongest longitudinal trends in 

abundance.  Sculpins were sampled in modest numbers in both reaches NRF4 and NRF5, yet 

only one individual was sampled across reaches NRF1 through NRF3.  Also a cold-water 

obligate, summertime use of the lower North River system by slimy sculpin may be limited by 

high water temperatures.  Moreover, slimy sculpin, both in the North River and South River 

(Cole 2013) systems, were sampled alongside juvenile Atlantic salmon, suggesting the same 

potential competitive displacement does not occur between these two species as may occur 

between the salmon and brook trout. 

In their present condition, the North River and the East Branch suffer from legacy effects of 

past land uses and from current lack of attention to improving these conditions.  The results of 

the present study suggest that unconfined sections of the river, in particular, would benefit from 

riparian, bank, and in-river restoration activities.  Improvement of riparian conditions and 
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attendant stream shading may reduce river warming rates, thereby improving the ability of the 

system to support cold-water fish species.  Projects that seek to improve river functioning and 

help return the river to more natural geomorphic state would also benefit these sections of the 

river system; these efforts would produce habitat elements such as deep pools and instream cover 

that are requisite for healthy fish communities and also provide capacity to support larger 

numbers of trout.  The Geomorphic Assessment completed by Field Geology Services (Field 

2014) provides a road map for such efforts.  This study helps inform the virtue and necessity of 

those proposed efforts, and also serves as a baseline against which progress towards improving 

ecological conditions in the North River watershed can be measured. 

 

CONCLUSIONS AND RECOMMENDATIONS: 

• Physical habitat conditions in the North River and its East Branch  were variable.   

Unconfined sections of the river occurring on valley floors were consistently more 

degraded and supported lower habitat quality than did confined sections of the river 

system.  Limiting factors in the river system include a lack of instream complexity and 

cover complexity (lack of deep pools, instream boulders and large wood, clean gravels, 

etc.) and elevated sediment loading.  Certain sections of the river suffer from localized 

effects of channel straightening and increased sediment production, and also from 

cumulative effects from upriver impacts.  These attributes create conditions that are likely 

also potentially allowing juvenile Atlantic salmon to out-compete native brook trout. 

• The river system would benefit from restoration projects recommended in the 

Geomorphic Assessment (Field 2014) that would help restore a more natural planform to 

the river and promote the creation of habitat features conducive to supporting wild fish. 

• Further assessment of summertime trout distribution over a wider range of summer 

conditions and water temperatures will assist with further determining distribution and 

abundance of wild trout in the river system and further identify limiting factors.  Re-

assessing wild brook trout abundance and distribution by MDFW a few years following 

discontinuation of the salmon stocking program is also warranted. 
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• Restoration and protection of riparian areas along the entire river is highly recommended 

and will be critical to the long-term improvement of habitat conditions in the river 

system. 
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Table 1.2013 North River and East Branch of the North River fish and physical habitat sample reaches. 

 

Reach 

Code 

River 

Mile 
Water-body Location Description 

Geomorph 

Segment 

Total Needs 

Score 
Channel Type Lat Long 

         NRF1 1.9 North River Call Road , DS Rt 112 Xing 4C 13 Unconfined 42.644277 -72.715355 

NRF2 4.8 East Br. North R. US side Foundry Village Rd 8A 15 Confined 42.6765 -72.71316 

NRF3 7.6 East Br. North R. Upstream Riel Lane 11A 10 Unconfined 42.69062 -72.69264 

NRF4 9.1 East Br. North R. DS Franklin Hill Road 13A 10 Confined 42.7086 -72.69973 

NRF5 10.9 East Br. North R. US last Rt 112 Xing in MA 15A 17 Confined/Unconfiend 42.728787 -72.714288 

Channel type: Classified according to major North River channel types identified in Field 2014: C = confined, U = unconfined 
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Table 2. Mean, minimum, and maximum values of physical habitat attributes measured from 

five reaches in North River and East Branch of the North River in fall 2013. 

 

Variable Mean Min Max 

Mean Water Depth (m) 0.23 0.18 0.31 

Wetted Width (m) 16.2 14.7 17.7 

W:D Ratio 72.6 53.3 84.3 

Bankfull Width (m) 27.8 23.5 35.1 

Bankfull Height (m) 0.6 0.6 0.8 

Bankfull W:D Ratio 42.8 37.4 46.1 

SD Thalweg Depth (cm) 21.2 10.2 28.9 

Percent Glide Habitat 24.8 5.8 42.0 

Percent Riffle Habitat 45.5 39.1 55.0 

Percent Pool Habitat 23.5 7.0 49.3 

Percent Cascade Habitat 0.0 0.0 0.0 

Percent Rapid Habitat 6.3 0.0 16.2 

Embeddedness 39.9 34.5 45.4 

% Sand/Fines 9.6 6.0 13.3 

% Coarse Substrate 84.7 77.1 90.0 

Mean Particle Size (mm) 288.1 113.1 543.8 

Fish Cover Index (0-4) 0.4 0.3 0.5 

Bank Stability Index (0-20) 12.8 8.0 16.0 

Bank Veg Prot Index (0-20) 12.2 8.0 14.0 

% Canopy Cover 43.2 31.4 53.8 

Mid-Stream Can Cover 32.4 24.0 42.5 

Rip Veg Zone Width Index 12.4 5.0 17.0 

Pieces LWD/100 m 2.0 0.5 3.3 

Rapid Hab Assess 141.2 110.0 172.0 
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Table 3.  Confined and unconfined reach group means of physical habitat attributes measured 

from five reaches in the North River and East Branch of the North River in fall 2013. 

 

Confined (n = 2) Unconfined (n = 3) 

Habitat Variable Mean SD Mean SD 

MeanWaterDepth 0.3 0.0 0.2 0.0 

WettedWidth 15.5 0.3 16.6 1.7 

WDRatio 58.0 6.6 82.3 2.0 

BankfullWidth 27.3 0.4 28.0 6.2 

BankfullHeight 0.6 0.0 0.7 0.1 

BankfullWDRatio 46.0 0.1 40.7 2.9 

SDThalwegDepth 27.8 1.6 16.8 6.7 

PercentGlideHabitat 11.7 8.3 33.5 11.4 

PercentRiffleHabitat 40.7 2.2 48.7 7.1 

PercentPoolHabitat 40.1 13.0 12.4 5.1 

PercentCascadeHabitat 7.5 2.5 5.4 9.3 

Embeddedness 36.7 3.1 42.0 3.0 

Sand/Fines 9.5 2.7 9.6 3.7 

CoarseSubstrate 82.4 7.4 86.2 4.1 

MeanParticleSize 424.8 168.4 196.9 72.8 

FishCoverIndex 0.5 0.1 0.4 0.1 

BankStabilityIndex 15.0 1.4 11.3 3.1 

BankVegProtIndex 14.0 0.0 11.0 3.0 

IncisedHeight 51.9 2.8 37.5 6.9 

CanopyCover 38.7 5.4 28.3 4.1 

Mid-StreamCanCov 16.5 0.7 9.7 6.4 

RipZoneWidthIndex 1.5 1.4 2.3 1.5 

PiecesLWD 161.5 14.8 127.7 18.0 

RapidHabAssess 12.0 4.4   10.0 1.6 
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Table 4. Water temperature metrics calculated from six temperature monitoring stations in the 

North River watershed, August to October 2013.  River mile in parentheses indicates the 

distance between the mouth of the North River and the confluence of the East and West 

Branches. 

Station 

Habitat 

Reach River Mile 

Avg Daily 

Mean (
o
F) 

Avg Daily 

Max (
o
F) 

Max 7D 

Avg Max 

(
o
F) 

NORM1 NA 0.1 65.2 69.1 74.3 

NRF1 NRF1 2.2 65.1 70.0 75.8 

WBNM1 NA 0.5 (3.6) 62.9 68.5 73.9 

NRF2 NRF2 4.8 64.5 68.5 74.1 

NRF3 NRF3 7.6 63.4 69.3 75.0 

NRF5 NRF5 10.9 61.7 65.5 71.4 
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Table 5.  Fish community composition from five reaches sampled in the North River and East 

Branch of the North River, fall 2013. 

 

      Reach Code   

Common Name PT Temp NRF1 NRF2 NRF3 NRF4 NRF5 Total 

Atlantic salmon I C 1 12 16 17 12 58 

Blacknose dace T CW 53 28 86 40 35 242 

Brook trout I C 1 1 

   

2 

Common Shiner M CW 2 6 34 5 4 51 

Creek chub T CW 1 

 

6 2 2 11 

Longnose dase M CW 6 18 15 4 3 46 

Brown bullhead 

    

1 

  

1 

Rainbow Trout 

  

2 

    

2 

Slimy sculpin I C 

 

1 

 

8 6 15 

Tesselated darter M CW 2 

 

1 

  

3 

White sucker T CW   2 7 6 4 19 

Total     68 68 166 82 66 450 
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Table 6.  Fish community attributes calculated from fish surveys in the North River and East 

Branch of the North River in fall 2013. 

      Reach Code 

Community Attribute NRF1 NRF2 NRF3 NRF4 NRF5 Total 

# Salmonid Species 

  

3 2 1 1 1 3 

# Coldwater/Intolerant 

Species 

  

2 3 1 2 2 3 

# Salmon/Trout Sampled     4 13 16 17 12 62 



M.B. Cole                                  North River Fish & Habitat Assessment 28

 

Figure 1.  Map of 2013 fish and physical habitat sampling stations (black and red labeled bulls 

eyes) and temperature logger location (yellow Ts) in the North River and East Branch of the 

North River.
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Figure 2. Selected habitat attributes measured the North River and East Branch of the North 

River in fall 2013 



M.B. Cole                            North River Fish & Habitat Assessment 30

 

Reach NRF1

FN SA GF GC CB SB XB BR
0

20

40

60

Particle Size Class

F
re

q
u
e
n
c
y
 (

%
)

Reach NRF2

FN SA GF GC CB SB XB BR
0

10

20

30

40

Particle Size Class

F
re

q
u
e
n
c
y
 (

%
)

Reach NRF3

FN SA GF GC CB SB XB BR
0

20

40

60

Particle Size Class

F
re

q
u
e
n
c
y
 (

%
)

Reach NRF4

FN SA GF GC CB SB XB BR
0

10

20

30

40

50

Particle Size Class

F
re

q
u
e
n
c
y
 (

%
)

Reach NRF5

FN SA GF GC CB SB XB BR
0

20

40

60

Particle Size Class

F
re

q
u
e
n
c
y
 (

%
)

 

Figure 3. Substrate size class frequencies measured during habitat assessments of the North 

River and East Branch of the North River in fall 2013.
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Figure 4. Fish cover index ratings for six cover elements assessed during physical habitat 

assessments of the North River and East Branch of the North River in fall 2013.   
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Figure 5.  Water temperature metrics by river mile along the North River and East Branch North 

River, summer 2013. 

 

 
Figure 6. Summer 2013 water temperature warming rates calculated between temperature 

monitoring stations on the North River and East Branch of the North River. 
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Figure 7. Fish metrics calculated from fish surveys performed in five reaches in the North River 

and East Branch of the North River in fall 2013. 
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Figure 8.  Length frequencies of Atlantic salmon (AS) sampled from the North 

River and the East Branch of the North River in fall 2013.
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Appendix 1. Reach Assessment Summaries 
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Reach Assessment Summary

Stream Name: North River

Location: Call Road Reach ID: NRF1

County, State: Franklin, MA Latitude: 42.644277

Date sampled: 10/14/2013 Longitude: -72.715355
Field Lead: M Cole Reach Length: 400 m

Physical and Chemical Conditions Summary

Instream Physical Characteristics

Wetted Width (m) 17.5 Downstream End - Facing Upstream

Bankfull Width (m) 35.1 1.3

Wetted W/D Ratio 84.3 2.4

Mean Water Depth (m) 0.2

% Riffles 55.0

% Glides/Runs 38.0

% Pools 7.0

% Other 0

Fish Cover Rating (0-4) 0.4

Substrate

% Fines (FN) 0.0

% Sand (SA) 9.5

% Gravel, Fine (GF) 3.8

% Gravel, Coarse (GC) 27.6

% Cobble (CB) 57.1

% Boulder (BL) 1.9

% Bedrock (BR) 0.0

% Wood (WD) 0.0

% Hardpan (HP) 0.0 Upstream End - Facing Downstream

% Embeddedness 45.4

Mean Particle Size (mm) 113.1

Large Wood Tally (pieces/100 m) 3.25

Bank Conditions

Bank Stability Rating (1-20) 8

Bank Protective Veg Rating (1-20) 0 Embeddedness

Incised Bank Height (m) 0

Riparian Zone Characteristics

Overhead Cover (%) 31

Mid Channel Overhead Cover (%) 24

Riparian Buffer Width (m) 5

Chemical Characteristics

Water Temperature (°C) 9.1 Canopy Cover

Specific Conductance (µS/cm) 66.8

Dissolved Oxygen (mg/L) 11.1

Time of measurement 1130

F is h  C o m m un ity S urv e y S um m a ry

C o m m o n Listed E-f is hing

N a m e F u nc t io n P T Te m p S ta tus C o u nt

Atlantic  s a lmo n I C No t Lis ted To p Carnivo re 1

Blackno s e  dace T CW No t Lis ted Genera lis t F eeder 53

Bro o k tro ut I C No t Lis ted To p Carnivo re 1

Co mmo n Shiner M CW No t Lis ted Genera lis t F eeder 2

Creek chub T CW No t Lis ted Genera lis t F eeder 1

Lo ngno s e  das e M CW No t Lis ted Benthic  Ins ec tivo re 6

Bro wn bullhead No t Lis ted Genera lis t F eeder

Rainbo w Tro ut No t Lis ted To p Carnivo re 2

Slimy s culpin I C No t Lis ted Benthic  Ins ec tivo re

Tes s e la ted darte r M CW No t Lis ted Benthic  Ins ec tivo re 2

White  s ucker T CW No t Lis ted Genera lis t F eeder

#  S a lm o nid S pe c ie s 3

#  C o ldwa te r/ Into le ra nt  S p e c ie s 2

#  S a lm o n/ Tro ut  S a m ple d 4
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Reach Assessment Summary

Stream Name: East Branch North River

Location: US side Foundry Village Rd Reach ID: NRF2

County, State: Franklin, MA Latitude: 42.6765

Date sampled: 9/27/2013 Longitude: -72.71316
Field Lead: M Cole Reach Length: 400 m

Physical and Chemical Conditions Summary

Instream Physical Characteristics

Wetted Width (m) 15.3 Downstream End - Facing Upstream

Bankfull Width (m) 27.6 1.3

Wetted W/D Ratio 53.3 2.4

Mean Water Depth (m) 0.3

% Riffles 42.3

% Glides/Runs 17.5

% Pools 30.9

% Rapid 9

Fish Cover Rating (0-4) 0.5

Substrate

% Fines (FN) 0.0

% Sand (SA) 7.6

% Gravel, Fine (GF) 3.8

% Gravel, Coarse (GC) 15.2

% Cobble (CB) 37.1

% Boulder (BL) 35.2

% Bedrock (BR) 1.0

% Wood (WD) 0.0

% Hardpan (HP) 0.0 Upstream End - Facing Downstream

% Embeddedness 34.5

Mean Particle Size (mm) 543.8

Large Wood Tally (pieces/100 m) 0.50

Bank Conditions

Bank Stability Rating (1-20) 16

Bank Protective Veg Rating (1-20) 0 Embeddedness

Incised Bank Height (m) 0

Riparian Zone Characteristics

Overhead Cover (%) 54

Mid Channel Overhead Cover (%) 43

Riparian Buffer Width (m) 16

Chemical Characteristics

Water Temperature (°C) 11.5 Canopy Cover

Specific Conductance (µS/cm) 73.6

Dissolved Oxygen (mg/L) 10.2

Time of measurement 1000

F is h  C o m m unity S urv e y S um m a ry

C o m m o n Listed E -f is h ing

N a m e F unc t io n P T Te m p S ta t us C o unt

Atlantic  s a lmo n I C No t Lis ted To p Carnivo re 12

Blackno s e  dace T CW No t Lis ted Generalis t Feede r 28

Bro o k tro ut I C No t Lis ted To p Carnivo re 1

Co mmo n Shiner M CW No t Lis ted Generalis t Feede r 6

Creek chub T CW No t Lis ted Generalis t Feede r

Lo ngno s e  das e M CW No t Lis ted Benthic  Ins ectivo re 18

Bro wn bullhead No t Lis ted Generalis t Feede r

Ra inbo w Tro ut No t Lis ted To p Carnivo re

Slimy s culpin I C No t Lis ted Benthic  Ins ectivo re 1

Tes s e lated da rter M CW No t Lis ted Benthic  Ins ectivo re

White  s ucke r T CW No t Lis ted Generalis t Feede r 2

#  S a lm o nid  S pe c ie s 2

#  C o ldwa te r/ Into le ra nt  S pe c ie s 3

#  S a lm o n/ Tro ut  S a m ple d 13
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Reach Assessment Summary

Stream Name: East Branch North River

Location: Upstream Riel Lane Reach ID: NRF3

County, State: Franklin, MA Latitude: 42.69062

Date sampled: 9/27/2013 Longitude: -72.69264
Field Lead: M Cole Reach Length: 375 m

Physical and Chemical Conditions Summary

Instream Physical Characteristics

Wetted Width (m) 17.7 Downstream End - Facing Upstream

Bankfull Width (m) 25.5 1.3

Wetted W/D Ratio 80.3 2.4

Mean Water Depth (m) 0.2

% Riffles 41.0

% Glides/Runs 42.0

% Pools 17.0

% Other 0

Fish Cover Rating (0-4) 0.4

Substrate

% Fines (FN) 1.9

% Sand (SA) 11.4

% Gravel, Fine (GF) 4.8

% Gravel, Coarse (GC) 21.9

% Cobble (CB) 48.6

% Boulder (BL) 11.4

% Bedrock (BR) 0.0

% Wood (WD) 0.0

% Hardpan (HP) 0.0 Upstream End - Facing Downstream

% Embeddedness 40.7

Mean Particle Size (mm) 232.9

Large Wood Tally (pieces/100 m) 0.53

Bank Conditions

Bank Stability Rating (1-20) 14

Bank Protective Veg Rating (1-20) 0 Embeddedness

Incised Bank Height (m) 0

Riparian Zone Characteristics

Overhead Cover (%) 45

Mid Channel Overhead Cover (%) 32

Riparian Buffer Width (m) 17

Chemical Characteristics

Water Temperature (°C) 11.4 Canopy Cover

Specific Conductance (µS/cm) 75.4

Dissolved Oxygen (mg/L) 10.3

Time of measurement 1030

F is h  C o m m unity S urv e y S um m a ry

C o m m o n Listed E-f is h ing

N a m e F unc t io n P T Te m p S ta t us C o unt

Atlantic  s almo n I C No t Lis ted To p Carnivo re 16

Blackno s e  dace T CW No t Lis ted Genera lis t Feede r 86

Bro o k tro ut I C No t Lis ted To p Carnivo re

Co mmo n Shine r M CW No t Lis ted Genera lis t Feede r 34

Creek chub T CW No t Lis ted Genera lis t Feede r 6

Lo ngno s e  das e M CW No t Lis ted Benthic  Ins ec tivo re 15

Bro wn bullhead No t Lis ted Genera lis t Feede r 1

Rainbo w Tro ut No t Lis ted To p Carnivo re

Slimy s culpin I C No t Lis ted Benthic  Ins ec tivo re

Tes s ela ted da rter M CW No t Lis ted Benthic  Ins ec tivo re 1

White s ucker T CW No t Lis ted Genera lis t Feede r 7

#  S a lm o nid  S pe c ie s 1

#  C o ldwa t e r/ Into le ra nt  S pe c ie s 1

#  S a lm o n/ Tro ut  S a m ple d 16
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Reach Assessment Summary

Stream Name: East Branch North River

Location: DS Franklin Hill Road Reach ID: NRF4

County, State: Franklin, MA Latitude: 42.7086

Date sampled: 9/27/2013 Longitude: -72.69973
Field Lead: M Cole Reach Length: 280 m

Physical and Chemical Conditions Summary

Instream Physical Characteristics

Wetted Width (m) 15.6 Downstream End - Facing Upstream

Bankfull Width (m) 27.0 1.3

Wetted W/D Ratio 62.6 2.4

Mean Water Depth (m) 0.2

% Riffles 39.1

% Glides/Runs 5.8

% Pools 49.3

% Rapid 6

Fish Cover Rating (0-4) 0.4

Substrate

% Fines (FN) 1.0

% Sand (SA) 10.5

% Gravel, Fine (GF) 6.7

% Gravel, Coarse (GC) 21.0

% Cobble (CB) 39.0

% Boulder (BL) 17.1

% Bedrock (BR) 4.8

% Wood (WD) 0.0

% Hardpan (HP) 0.0 Upstream End - Facing Downstream

% Embeddedness 38.9

Mean Particle Size (mm) 305.8

Large Wood Tally (pieces/100 m) 2.50

Bank Conditions

Bank Stability Rating (1-20) 14

Bank Protective Veg Rating (1-20) 0 Embeddedness

Incised Bank Height (m) 0

Riparian Zone Characteristics

Overhead Cover (%) 50

Mid Channel Overhead Cover (%) 35

Riparian Buffer Width (m) 17

Chemical Characteristics

Water Temperature (°C) 13.1 Canopy Cover
Specific Conductance (µS/cm) 78.7

Dissolved Oxygen (mg/L) 10.1

Time of measurement 1300

F is h  C o m m unity S urv e y S um m a ry

C o m m o n Listed E -f is h ing

N a m e F unc t io n P T T e m p S ta t us C o unt

Atlantic  s a lmo n I C No t Lis ted To p Carnivo re 17

Blackno s e dace T C W No t Lis ted Generalis t Feede r 40

Bro o k tro ut I C No t Lis ted To p Carnivo re

Co mmo n Shine r M C W No t Lis ted Generalis t Feede r 5

Creek chub T C W No t Lis ted Generalis t Feede r 2

Lo ngno s e das e M C W No t Lis ted Benthic  Ins ec tivo re 4

Bro wn bullhead No t Lis ted Generalis t Feede r

Ra inbo w Tro ut No t Lis ted To p Carnivo re

Slimy s culpin I C No t Lis ted Benthic  Ins ec tivo re 8

Tes s elated darte r M C W No t Lis ted Benthic  Ins ec tivo re

White  s ucke r T C W No t Lis ted Generalis t Feede r 6

#  S a lm o nid  S pe c ie s 1

#  C o ldwa te r/ Int o le ra nt  S pe c ie s 2

#  S a lm o n/ T ro ut  S a m ple d 17
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Reach Assessment Summary

Stream Name: East Branch North River
Location: US last Rte. 112 Xing in MA Reach ID: NRF5

County, State: Franklin, MA Latitude: 42.72878

Date sampled: 10/14/2013 Longitude: -72.714288
Field Lead: M Cole Reach Length: 235 m

Physical and Chemical Conditions Summary

Instream Physical Characteristics

Wetted Width (m) 14.7 Downstream End - Facing Upstream

Bankfull Width (m) 23.5 1.3

Wetted W/D Ratio 82.2 2.4

Mean Water Depth (m) 0.2

% Riffles 50.0

% Glides/Runs 20.6

% Pools 13.2

% Rapids 16

Fish Cover Rating (0-4) 0.3

Substrate

% Fines (FN) 0.0

% Sand (SA) 6.0

% Gravel, Fine (GF) 4.0

% Gravel, Coarse (GC) 20.0

% Cobble (CB) 55.0

% Boulder (BL) 15.0

% Bedrock (BR) 0.0

% Wood (WD) 0.0

% Hardpan (HP) 0.0 Upstream End - Facing Downstream

% Embeddedness 39.8

Mean Particle Size (mm) 244.8

Large Wood Tally (pieces/100 m) 2.98

Bank Conditions

Bank Stability Rating (1-20) 12

Bank Protective Veg Rating (1-20) 0 Embeddedness

Incised Bank Height (m) 0

Riparian Zone Characteristics

Overhead Cover (%) 36

Mid Channel Overhead Cover (%) 29

Riparian Buffer Width (m) 7

Chemical Characteristics

Water Temperature (°C) 10.5 Canopy Cover
Specific Conductance (µS/cm)

Dissolved Oxygen (mg/L) 10.6

Time of measurement 1400

F is h  C o m m unity S urv e y S um m a ry

C o m m o n Listed E-f is h ing

N a m e F unc t io n P T Te m p S ta t us C o unt

Atlantic  s almo n I C No t Lis ted To p Carnivo re 12

Blackno s e  dace T CW No t Lis ted Genera lis t Feede r 35

Bro o k tro ut I C No t Lis ted To p Carnivo re

Co mmo n Shine r M CW No t Lis ted Genera lis t Feede r 4

Creek chub T CW No t Lis ted Genera lis t Feede r 2

Lo ngno s e  das e M CW No t Lis ted Benthic  Ins ec tivo re 3

Bro wn bullhead No t Lis ted Genera lis t Feede r

Ra inbo w Tro ut No t Lis ted To p Carnivo re

Slimy s culpin I C No t Lis ted Benthic  Ins ec tivo re 6

Tes s ela ted da rter M CW No t Lis ted Benthic  Ins ec tivo re

White  s ucker T CW No t Lis ted Genera lis t Feede r 4

#  S a lm o nid S pe c ie s 1

#  C o ldwa t e r/ Into le ra nt  S pe c ie s 2

#  S a lm o n/ Tro ut  S a m ple d 12
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Appendix 2. Summary of habitat attributes measured from the North River and East Branch of 

the North River in fall 2013. 

 

Site Code 

Variable NRF1 NRF2 NRF3 NRF4 NRF5 

Mean Water Depth 0.2 0.3 0.2 0.2 0.2 

Wetted Width 17.5 15.3 17.7 15.6 14.7 

W:D Ratio 84.3 53.3 80.3 62.6 82.2 

Bankfull Width 35 28 26 27 24 

Bankfull Height 0.8 0.6 0.6 0.6 0.6 

Bankful W:D Ratio 43 46 42 46 37 

SD Thalweg Depth 17 29 24 27 10 

Percent Glide Habitat 38 18 42 6 21 

Percent Riffle Habitat 55 42 41 39 50 

Percent Pool Habitat 7 31 17 49 13 

Percent Cascade Habitat 0.0 0.0 0.0 0.0 0.0 

Percent Rapid Habitat 0.0 9.3 0.0 5.8 16.2 

Embeddedness 45.4 34.5 40.7 38.9 39.8 

% Sand/Fines 9.5 7.6 13.3 11.4 6.0 

% Coarse Substrate 86.7 87.6 81.9 77.1 90.0 

Mean Particle Size 113.1 543.8 232.9 305.8 244.8 

Fish Cover 0.4 0.5 0.4 0.4 0.3 

Bank Stability 8 16 14 14 12 

Bank Vegetative Prot 8.0 14.0 14.0 14.0 11.0 

% Canopy Cover 31.4 53.8 45.0 49.9 36.1 

Mid-Stream Can Cov 24.0 42.5 32.2 34.9 28.6 

Riparian Veg Zone Width 5.0 16.0 17.0 17.0 7.0 

Pieces LWD/100 m 3.25 0.5 0.5 2.5 3.0 

Rapid Hab Assess 110.0 172.0 146.0 151.0 127.0 

 

 

 



M.B. Cole                            North River Fish & Habitat Assessment 42

Appendix 3.  Fish species sampled from the North River and East Branch of the North River 

 Brook trout (Salvelinus fontinalis) 

 Atlantic salmon (Salmo salar) 

 Blacknose dace (Rhinichthys atratulus) 
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 Longnose dace (Rhinichthys cataractae) 

 Brown bullhead (Ameiurus nebulosus) 

 Common shiner (Luxillus cornutus)  

Not pictured: creek chub (Semotilus atromaculatus) 
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Slimy sculpin (Cottus cognatus) 

 Tesellated darter 

 White sucker (Catostomus commersoni) 

 Rainbow trout (Oncorhynchus mykiss)  
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EXECUTIVE SUMMARY 
 

A fluvial geomorphology assessment was conducted on North River in Franklin 
County, Massachusetts to determine the causes of channel instability and identify 
restoration options to better manage riverine problems.  The North River watershed has a 
long history of human land use, including significant manipulation of the river channel 
itself.  Numerous mills were active in the watershed during the 18th and 19th century with 
many associated with dams built across the river to provide water for powering the 
structures.  Considerable lengths of the channel were also straightened and cleared of 
boulders and wood as part of this process and associated with efforts to reduce flooding.  
While these numerous mills, cornerstones of the watershed’s proud history, are no longer 
in use today, save one, the legacy of this period continues to impact river function, 
habitat, and public safety in at least three important ways.  First, the erosion of silt- and 
clay-rich impoundment sediments accumulated behind the now breached mill dams 
increases downstream sediment delivery to water bodies already impaired by excess 
sediment loading.  Second, damaging flood flows passing through previously 
straightened water courses are unable to spread out across adjacent floodplains due to 
channel incision or confining berms, further enhancing downstream sediment transport.  
Finally, the quality of aquatic habitat is poor for great lengths of the river, because the 
river channel remains largely devoid of the pools, cover, and flow complexity created 
when large boulders and wood are present in the channel.  River restoration efforts that 
simultaneously address these issues of increased sediment loading, exacerbated flooding 
and erosion, and degraded aquatic habitat have the greatest chance of long-term success. 

 
Analysis of historical aerial photographs and maps, surveying of cross sections, 

and mapping of erosion, bars, channel straightening, and other channel features were 
used to delineate and characterize 69 discreet channel segments along the river.  The 
condition of 10 geomorphic and habitat features, including pools, wood, and riparian 
vegetation, were used to identify and quantify the need for restoration in each.  With the 
needs identified, typical designs for 13 restoration treatments (e.g., berm removal, 
riparian improvements, flow diversion) were developed and rated along with a “Do 
nothing” option for their ability to address the highest priority needs in each segment, so 
the best approaches for restoring each segment could be identified.  Twenty restoration 
project concepts were developed from the assessment results and restoration planning 
process. 

 
While the full benefits of river restoration will be realized after several projects 

are implemented, conceptual project designs were developed for 5 sites where restoration 
will protect infrastructure along the river while simultaneously improving aquatic habitat 
and reducing downstream sediment loading.  At the Colrain Fire District site, breaching 
of an instream berm, reactivation of side channels through the construction of log jams 
and the partial removal of the elevated road approaches to an old bridge will: 1) reduce 
flow velocities through increased channel complexity and floodplain access, 2) increase 
sediment storage over the length of the project reach, and 3) improve aquatic habitat by 
creating rearing areas in side channels and cover habitat under log jams and other 
structures to be constructed in the channel.  Two of the restoration projects address 
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sediment accumulation upstream of bridges, the Route 112 Bridge being replaced by 
Mass DOT in Colrain Center and the Route 112 Bridge downstream from Barnhardt 
Manufacturing.  Bank stabilization using log jams along the banks will be used in both 
projects to enhance habitat while reducing the volume of sediment delivered to the 
bridges.  Rock weirs are proposed at both bridges to enhance sediment transport through 
the bridge areas while reducing scour of the bridge abutments and piers.  One of the 
restoration sites, the Foundry Village Impoundment site, is designed to reduce sediment 
loading emanating from the erosion of impoundment sediments behind a former dam.  
Removal of a portion of the impoundment sediment will restore floodplain access and 
reduce flow velocities, thus reducing erosive forces and sediment transport while 
improving habitat complexity. 

 
The fifth project concept, for the Shelburne Falls Water District site, was 

advanced further in the design phase than the other sites with design drawings, materials 
list, and cost estimates developed.  Tropical Storm Irene widened North River at the 
Shelburne Falls Water District site with a greater than 50 percent increase in the 
channel’s width as a result of the flooding.  Continued widening could threaten the 
town’s wells, so the project envisions restoring and stabilizing a portion of the bank while 
installing instream boulder and log structures to enhance habitat, encourage sediment 
deposition, and narrow the channel back to its pre-flood width.   The project’s estimated 
cost, including design, permitting, and implementation, is $460,000 for the 700-foot long 
project area.  Taken together, the five conceptual designs developed as part of the North 
River fluvial geomorphic assessment demonstrate multiple methods for protecting 
infrastructure while improving problems associated with channel instability, degraded 
habitat, and elevated sediment loading.  While these five projects alone will not address 
all of the riverine problems in the North River watershed, they do exemplify a range of 
techniques that could apply to similar issues observed elsewhere along the river. 
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1.0 INTRODUCTION 
 

This report describes a fluvial geomorphology assessment completed by Field 
Geology Services, LLC along North River in Franklin County, Massachusetts (Figure 1). 
North River is divided into two main branches.  The East Branch begins in Whitingham, 
Vermont and flows through the steep, narrow Halifax gorge before crossing into 
Massachusetts in Colrain; the West Branch joins the East Branch at the Kendall 
Company No. 1 Dam to form the mainstem that extends 3.2 mi to the confluence with the 
Deerfield River.  The West Branch was not included in the field portions of the 
assessment or restoration prioritization, but a limited analysis of aerial photographs and 
historical archives was completed.  The North River drains a total watershed area of 93 
mi2.  Land use in the watershed is mixed with some agricultural and residential use on the 
valley bottom but largely forested uplands.  Buildings and other human developments on 
the river’s floodplain are concentrated in the historic mill villages of Elm Grove, Colrain 
City, Foundry Village, Lyonsville, Griswoldville, and Shattuckville.  In addition, 
agricultural fields border much of the river’s length, Route 112 approaches close to the 
stream at several locations, a total of 10 bridges cross the river channel, and one dam, the 
aforementioned  Kendall Company No. 1 Dam, is still extant. 
 

North River has a long history of mills that were built along its banks.  A 
considerable length of channel has been manipulated with numerous dams, most now in 
ruins, constructed across the river and the channel realigned and straightened for much of 
its length.  These alterations were likely accompanied with the removal of wood, 
boulders, and other obstructions in the channel.  The history of land use along and within 
the river has created a legacy of channel instability, accelerated rates of sediment 
production, and degraded physical habitat (e.g., limited pools, low quality cover, little 
channel complexity) for brook trout and other aquatic species. 

 
The geomorphic assessment of North River, including the development of 

restoration options, was undertaken to better understand the continuing channel changes 
resulting from historic land use activities and to identify restoration techniques that will 
lead to stream channel equilibrium and associated improvements in physical habitat and 
sediment loading.  The results of the geomorphic assessment are presented below before 
discussing the restoration planning process, a process that utilizes the assessment 
findings.  The assessment and restoration planning efforts are designed to fulfill the long-
term project goals of increasing channel stability, enhancing physical habitat, improving 
water quality, and reducing downstream sediment loading. 

 
2.0 FLUVIAL GEOMORPHIC ASSESSMENT 

 
Fluvial geomorphic assessments are devoted to understanding how the natural 

setting and history of human land use in a watershed effect river channel processes and 
form (i.e., channel dimensions and shape).  River channels are in constant adjustment as 
watershed conditions change, but eventually, absent a significant watershed perturbation, 
approach an equilibrium channel form where the channel’s dimensions, although not 
necessarily its position, remain constant.  River channel adjustments may persist for 
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thousands of years when responding to climatic influences (e.g., deglaciation in New 
England), so river channel changes may be ongoing throughout the design life of flood 
control, bank protection, and river restoration projects.  Channels can also respond 
quickly to a single large flood or to direct human activities in the stream channel such as 
the construction of a dam across the river.  Furthermore, rivers can experience rapid bank 
erosion and changes in channel position even while maintaining an equilibrium condition 
by balancing erosion on the outside of a meander bend with an equivalent amount of 
sediment deposition on the inside of the bend.  Consequently, geomorphology 
assessments are essential for identifying sustainable management solutions related to 
channel instability, habitat degradation, and downstream sediment loading.  River 
restoration projects are more likely to succeed when informed by a thorough 
understanding of how the channel is responding to natural conditions and human 
activities in the basin and how the channel may respond to future management efforts.  
Therefore, geomorphic assessments must focus on both the natural and human conditions 
in the watershed that engender channel adjustments and describe the current channel 
conditions that reflect the ongoing evolution of the channel. 

 
Identifying how conditions in one part of the watershed are linked to channel 

adjustments elsewhere are essential for developing restoration options that not only 
reduce hazards and improve habitat conditions at the site of restoration but also promote 
equilibrium conditions throughout the watershed.  Within this context, the specific 
objectives of the North River geomorphic assessment are to: 1) characterize past and 
current channel conditions; 2) determine past and current human land uses that have 
resulted in ongoing channel adjustments; and 3) identify natural watershed conditions 
that control the character and rates of channel adjustment.  The geomorphic assessment 
presented below consisted of eight parts: 1) reach and segment delineation; 2) watershed 
history; 3) watershed characterization; 4) analysis of historical aerial photographs and 
topographic maps; 5) mapping channel features; 6) topographic surveys and substrate 
particle size analysis; 7) channel classification; and 8) reach descriptions.  
 
2.1 Reach and segment delineation 
 

Since different portions of a river can respond differently to the same natural and 
human influences, the first assessment task is to subdivide the river into distinct reaches 
of varying length (Figure 2 and Appendix 1).  Within a given reach, the river is likely to 
respond similarly to changing watershed conditions, while adjacent reaches may respond 
differently.  Reaches that share similar traits are referred to as “like-reaches” and an 
understanding of channel response or effective restoration techniques gained in one reach 
may apply to other “like-reaches”.  The break points between different reaches are 
located at: a) large tributary confluences, b) grade controls (e.g., ledge across the 
channel), or c) abrupt changes in channel slope or valley confinement.  The influence of 
human factors (e.g., berms, riprap) is generally ignored when defining reach breaks, but 
sometimes defines reach breaks when such factors significantly impact the stream such as 
at dams.  Less significant human influences are important when subdividing the reaches 
into shorter segments (see Section 3.1 below; Appendix 1). 
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Reaches downstream of valley constrictions occupy more confined valleys where 
the river channel has a greater likelihood of flowing against glacial sediments that may be 
exposed along the high valley walls.  The potential for high rates of sediment production 
in these locations can affect channel morphology differently than less confined reaches 
(i.e., in wider portions of the valley) where the channel will predominantly encounter low 
banks of floodplain sediments.  Reaches downstream of tributary confluences will 
generally have morphologies different than reaches immediately upstream of the 
confluence because of the higher discharge and input of sediment.  The morphological 
impacts of tributary confluences, as well as valley constrictions and expansions, are 
generally most noticeable at or near the reach breaks themselves.  Consequently, the 
locations of the reach breaks are often points of the greatest channel instability where 
active bar formation, bank erosion, and channel migration are more likely.  For example, 
mid-channel bars typically form just downstream of valley expansions where the stream 
power to carry the sediment is lost with flow expansion.  Bars are also commonly 
observed downstream from tributaries because of the excess sediment added at the 
confluence.  Delineating the reach breaks and characterizing the morphological 
conditions present in each reach are critical for identifying the natural and human factors 
leading to channel instability and degraded aquatic habitat. 

 
The identified reaches are further subdivided into shorter “segments” (Appendix 

1), reflecting the location and occurrence of various human impacts (e.g., channel 
straightening, dams) and channel responses to those impacts (e.g., braided channel, bar 
deposition, redeveloping meanders).  Segmenting the stream into smaller sections based 
on human impacts and channel response serves as the basis for identifying and 
prioritizing restoration options at various points along the stream.  The reaches and 
segments are of uneven length and the breaks between each occur where there are 
observable changes resulting from various natural and human conditions, respectively. 

 
Fifteen reaches were identified along North River using topographic maps and 

aerial photographs (Figure 2 and Appendix 1).  Among the 15 reaches, one of the reach 
breaks occurs at a tributary confluence, four occur at valley expansions, and five at valley 
constrictions (Table 1).  The 15 reaches were later subdivided into 69 segments as 
described further in Section 3.1 below. 

 
2.2 Human history of the watershed 
 

Human settlement of the watershed has been closely linked to the river with a 
long history of mills, dams, land clearance, and human modification of the channel.  The 
town of Colrain was officially incorporated in 1761, but European settlement of the area 
had occurred as early as 1732 (Web citation 1).  The first dam in town was built across 
the West Branch in 1742 by James Fairservice to power a grist mill (Patrie, 1974) with at 
least 10 more dams to follow.  The Kendall Company No. 1 Dam at Griswoldville is the 
only extant dam, although it was damaged in Tropical Storm Irene and is currently being 
repaired.  The first bridge to cross the river was authorized for construction in 1789 near 
Elm Grove (McClellan, 1885); currently 8 bridges cross the river on the East Branch and 
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mainstem, but as many as 11 covered bridges were present in the watershed in earlier 
times (Web citation 1). 

 
The need for dams and other human alterations of the river was most pronounced 

in the 1800’s when Colrain was a center of manufacturing.  By 1840, Colrain was the 
most populous town in Franklin County and in the early part of the 19th century boasted a 
furniture factory, cotton mill, distillery, iron foundry, potash works, sash and blinds 
works, tanneries, and numerous saw and grist mills powered by North River (Web 
citation 2).  The town’s manufacturing history also altered the river through the 
construction of canals, one of which is still used by the Barnhardt manufacturing plants.  
In addition to manufacturing, substantial sheep raising occurred on the hilly terrain of the 
watershed before the Merino sheep market collapsed in the latter half of the 19th century 
(Web citation 2).  As elsewhere in New England, sheep farming likely resulted in 
significant land clearance in the watershed with the forests seen today largely regrowing 
through the 20th century. 

 
Despite the significant alterations of the river throughout Colrain’s history, North 

River has also impacted Colrain’s residents as the result of several significant floods.  
The 1869 flood destroyed numerous mills, bridges, and homes, causing hardship in the 
town for several years (Web citation 2).  Residents purposefully set afire the old covered 
bridge at “Four Mile Square” during the 1938 flood for fear that the bridge would wash 
away and destroy the famous Bridge of Flowers downstream in Shelburne Falls (Web 
citation 3).  Most recently, flooding in 2011 during Tropical Storm Irene damaged 
bridges, homes, and the Kendall Company No. 1 Dam.  Flooding generated by Tropical 
Storm Irene has been by far the largest discharge on North River since stream gauging 
began in 1940 with other notable, but far smaller, events in 1987 and 2005 (Figure 3).  As 
discussed further below, the history of human alterations of the river, past flooding, and 
human efforts to control that flooding (Figure 4) have all had a significant impact on the 
river’s morphology and aquatic habitat that are still manifest to this day. 
 
2.3 Watershed characterization 
 

River channels adjust to changes in water discharge, sediment loading, and wood 
inputs brought about by natural conditions (e.g., floods, landslides) and human activities 
(desnagging of wood, dams) in the watershed.  Basic morphometric measurements such 
as channel gradient, valley confinement, and watershed size provide a framework for 
interpreting the assessment information and determining whether the existing channel 
morphology is consistent with natural conditions or reflects adjustments that have 
resulted from human impacts.  Ascertaining the difference between the existing channel 
conditions and what might be expected under natural conditions with minimal human 
influence is important for implementing sustainable restoration projects that reduce flood 
hazards, effectively manage downstream sediment loading, and improve aquatic habitat. 

 
As a whole, the watershed area of North River is 93 mi2 and the river’s gradient in 

the study area averages 0.0058 ft/ft.  With a relief of 1,916 ft between the watershed’s 
highest point and the river’s outlet to the Deerfield and the fairly steep gradient, severe 
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flooding is possible in response to intense rainfall such as during Tropical Storm Irene.  
Mass failures in glacial sediment on steep slopes (Figure 5) and channel incision through 
valley-bottom impoundment sediments (see Section 2.5 below) result in high sediment 
loads on North River.  While rivers often display a steady decrease in slope and valley 
confinement downstream, the complex geology and glacial history of North River gives 
rise to abrupt changes in slope, confinement, and watershed area (Figure 6).  Although 
the channel slope increases slightly at the river’s downstream, the gradient changes are 
subtle (Figure 6a).  In contrast, watershed area dramatically increases downstream of the 
West Branch confluence (Figure 6c) while valley confinement varies abruptly at several 
points along the river (Figure 6b).  As discussed in Section 2.1 above, many of the reach 
breaks are located at these areas of rapid change.  Identifying where rapid changes in 
valley confinement, channel gradient, and drainage area occur is critical for 
understanding the distribution of gravel bars, bank erosion, and areas of rapid channel 
migration.  The location, extent, and character of erosion, deposition, and channel 
migration on North River have been further characterized through an analysis of 
historical aerial photographs and topographic maps (Section 2.4 below), channel features 
mapping (Section 2.5 below), and topographic surveying and substrate particle size 
analysis (Section 2.6 below). 
 
2.4 Historical aerial photographs and topographic maps 
 
 Historical aerial photographs and topographic maps can be an important tool for 
studying changes in channel morphology through time.  Visual inspection of changes on 
North River was made by comparing aerial photographs from 1952, 1958, 1980, 1992, 
2009, and 2011 following Tropical Storm Irene (Appendix 2).  Historic topographic maps 
from 1894 and 1941 were also consulted for further evidence of channel changes 
(Appendix 2).  The history of North River’s channel position was further extended and 
refined by consulting the 1871 Beers Atlas (Appendix 2). 
 

At least 71 percent of North River’s length was artificially straightened prior to 
1886-7 (Appendix 1), the year of surveying for the earliest topographic map available 
(Web citation 4).  Artificial channel straightening was a common practice on New 
England’s streams in the 19th century, especially those with numerous dams and mills 
constructed on them such as North River.  Sometimes the straightening can be 
demonstrated by comparing channel positions on maps or aerial photographs from 
different years.  Artificial straightening that occurred prior to the earliest maps of a given 
area can usually be verified by the presence of one or more of three tell-tale features: 1) 
straight segments longer than the wavelength of adjacent meanders; 2) straight reaches 
that “hug” the valley sides despite an adjoining wide floodplain on which meanders could 
form; and 3) the presence of former meanders adjacent to the straightened channel 
(Figure 7).  Such evidence exists on North River, but former meanders are less commonly 
observed due to infilling for agricultural development and impoundment sedimentation 
upstream of mill dams. 
 
 Meanders have subsequently reformed naturally along many artificially 
straightened channel segments on North River (Figure 8).  In New England, two primary 
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mechanisms, referred to as breakouts and buildouts, are responsible for the natural 
reformation of meanders along artificially straightened channels (Field, 2007).  Breakouts 
occur where log jams, ice, or sediment clog the channel and force floodwaters to breakout 
onto the floodplain with enough stream power to scour a new meander across the 
floodplain surface.  Breakout meanders typically form where flow can more easily 
overtop the channel banks such as in backwater areas behind constrictions or very low 
gradient reaches as behind (former) dams.  Buildout meanders, in contrast, form as the 
stream is diverted around sediment building out into the channel at the confluence of 
tributaries (or otherwise preferentially being deposited along one side of a river channel).  
Erosion of the bank opposite from the location of sediment accretion leads to the 
formation of a new meander over time.  Meander reformation on North River occurs by a 
combination of these processes and continues today in many areas, although artificially 
straight segments persist in others.  Understanding how meanders reform can help predict 
which portions of the remaining straightened segments may be prone to severe erosion.  
Rapid meander formation by either the breakout or buildout process can result in a shift 
in river position of tens of feet across the floodplain in a single flood event.  Rapid 
meander reformation tends to take place at reach breaks where abrupt changes in valley 
width, gradient, or sediment loading (from tributaries) occur (Figure 6). 
 
 Significant channel changes occurred on many sections of North River as a result 
of Tropical Storm Irene in August 2011.  Comparisons of Google Earth images from 
September 2011 and July 2009 demonstrate that the flood deposited large gravel bars, 
widened the channel, and caused dramatic channel migration and bank erosion (Figure 9).  
Earlier aerial photographs also show signs of gravel bar deposition, bank erosion, and 
channel migration, in some instances in the same locations as during Tropical Storm 
Irene, indicating that the high sediment loads associated with these processes have 
persisted on North River for decades (Figure 10). 
 
2.5 Mapping of channel features 
 

Several channel features were mapped continuously along North River in order 
to: 1) identify locations of channel instability and sensitivity; 2) characterize physical 
habitat conditions; and 3) document the impacts of past human activities on channel 
morphology and evolution (e.g., channel straightening and dam construction).  The 
mapped features include: 1) bank height (to determine areas of confinement and assess 
the potential for mass failures along the river); 2) bank stability (e.g., eroding areas); 3) 
bank composition (e.g., alluvial floodplain sediments, impoundment sediments, bedrock); 
4) grade controls (e.g., dams, waterfalls); 5) past management activities (e.g., former mill 
dams, location of berming, channel straightening); 6) bar types (e.g., point bars, mid-
channel bars); and 7) habitat features (e.g., woody material, log jams, deep pools).  The 
mapping was completed using a hand-held Trimble computer with an embedded GPS and 
loaded with 2009 digital orthophotos as a base map.  The beginning and end points of 
mapped features (e.g., an eroding bank) were recorded, so GIS shapefiles could be 
created and analyzed (Appendix 1 and Table 2). 
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The ArcView GIS shapefiles of the mapped features detail the character of the 
channel bed and banks for all points along North River (Appendix 1).  The GIS shapefiles 
can be used to compare the location and distribution of multiple mapped features.  For 
example, bank height, composition, and stability for a given section of river can be 
viewed simultaneously, helping to demonstrate how erosion of glacial sediments can be a 
significant source of sediment contributing to the high sediment loads in the river (Figure 
11).  Based on an analysis of the GIS shapefiles, a statistical summary was produced to 
reveal the percentage of stream length along which certain conditions are found (e.g., 
percentage of eroding banks) (Table 2).  The significant channel instabilities resulting 
from natural channel conditions and human impacts along North River are manifest in the 
43 percent of the channel banks that are either eroding or armored to prevent erosion.  
(The mapping was conducted shortly after Tropical Storm Irene flooding, so the amount 
of bank erosion mapped is likely higher than was present prior to the storm, but the 
mapping does accurately reveal the potential for significant erosion during large flood 
events.)  The channel features mapping data were also used to establish and characterize 
the segments described in Section 3.0 below.  The several mapped features document 
bank erosion, gravel bar deposition, wood accumulation, human alterations of the 
channel, and other features that relate to channel stability and aquatic habitat issues as 
described in further detail below. 
 
2.5a Human alterations of the channel 
 
 In addition to the significant artificial channel straightening mapped largely from 
aerial photographs and topographic maps (see Section 2.4 above), other human 
alterations of the channel were revealed through the channel features mapping on the 
ground.  Impoundment sediments deposited behind dams are exposed along 11 percent of 
the channel’s banks (Table 2) where the dams are now breached.  The impoundment 
sediments are characterized by thinly laminated dark brown organic-rich silts and sands 
with numerous logs sometimes concentrated near the base.  The channels incising 
through the former impoundments are still evolving towards an equilibrium channel 
condition, so bank erosion during incision and subsequent widening is likely to continue 
for an extended period of time and lead to high sediment loading downstream. In 
contrast, in the one location where a dam is still extant at the confluence of the West 
Branch and East Branch, the low velocity impounded area upstream is characterized by 
wide shallow channels prone to rapid deposition and channel migration. 
 
 Other human alterations impacting channel processes include bridges, bank 
armoring, and berming.  Three out of the 10 bridges on the East Branch and mainstem 
show deposition immediately upstream and around the structures, suggesting that not 
only are the bridges constricting the channel but that sediment-laden flood flows on 
North River are very sensitive to even minor reductions in sediment transport capacity 
caused by decreases in flow velocity (Figure 12).  Bank armoring occurs on 14 percent of 
the banks (Table 2), but may prevent natural channel adjustments from occurring and 
transfer erosive forces downstream, thereby delaying the process of natural channel 
evolution that leads to improvements in channel stability and aquatic habitat.  Berming on 
the East Branch following Tropical Storm Irene was completed within the channel, 
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blocking access to large meanders carved out during the flood.  This has confined flow to 
the inside of meander bends, thus creating artificially sharp bends along the berms as 
flow is prevented from passing through the entire broad meander (Figure 13).  Although 
only two locations were bermed in this manner, representing only two percent of the 
river’s length (Table 2), future flood flows will be confined to a narrower area, so, over 
time, the impacts may extend over a longer length of river as adjacent upstream and 
downstream segments adjust to the higher velocities and sediment loading passing 
through the bermed areas. The meanders blocked by the berming appear to represent 
breakout meanders formed along artificially straightened sections of channel (see Section 
2.4 above), so the berming has disrupted the river’s natural recovery process (i.e., 
reformation of meanders) that typically follows artificial straightening.  (More traditional 
berming at the floodplain level was completed upstream of the Kendall Company No. 1 
Dam on the West Branch [Figure 4c], so was not included as part of the channel features 
mapping.) 
 
2.5b Bar deposition 
 

In addition to sediment generated from incision through impoundment sediments 
upstream of breached dams, another significant source of excess sediment is from erosion 
of high banks of glacial sediments (Figure 5) along the assessed portion of the river as 
well as upstream in Vermont and on the West Branch.  As a result of the high sediment 
loading derived from these and other sources, sand and gravel moving through the 
channel is accumulating in the form of numerous bars that are found along more than 40 
percent of the channel’s length (Table 2).  The bar deposition is largely concentrated in 
unconfined reaches, particularly where transport capacity rapidly declines such as 
upstream of bridges, valley constrictions, or on the inner portion of meander bends.  Bars 
are generally absent from the straighter confined reaches, since the sediment transport 
capacity is high enough to prevent sediment accumulation.  Point bars are the most 
common bar type on North River and are sometimes quite large, forming along the low-
velocity inside bends of meanders (Figure 14), but mid-channel bars are nearly as 
common (Table 2).  The bars can reach widths greater than the width of the low flow 
channel and grow fast enough that the bars remain largely unvegetated (Figure 14).  
When bars grow faster than the rate at which vegetation can encroach on the bars, the 
river is left unshaded by a forest canopy.  Rapid bar deposition also tends to infill deep 
pools.  Without the sediment generated from the reworking of the valley-bottom 
impoundment sediments or erosion of high banks of glacial sediments, North River 
would likely have fewer, smaller, and more vegetated bars, conditions that would lead to 
better shading and improved habitat conditions. 
 
2.5c Bank erosion, mass wasting, and bank armoring 
 
 Nearly 30 percent of the river banks on North River are eroding (Table 2).  Where 
the river flows against the valley sides and encounters high banks of glacial deposits, the 
river is capable of initiating larger scale mass failures that rapidly introduce great 
volumes of sediment and potentially wood into the channel (Figure 5).  Twenty-four mass 
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failures are present on North River with many of these found in more confined reaches 
where the river is more likely to flow against the valley sides (Table 2 and Appendix 1). 
 

The sediment generated from high banks and incision through former 
impoundment sediments represents excess sediment that the river does not have the 
capacity to move through the river system.  This excess sediment can generally pass 
through naturally steep confined reaches or artificially straightened channels (where slope 
and flow confinement tend to be greater), but tends to accumulate at points of decreasing 
sediment transport capacity such as at points of valley expansion, natural or artificial 
constriction of the channel or valley, decreasing channel gradient, or channel blockage 
(i.e., log or ice jams).  The bars deposited at these locations deflect flow into the adjacent 
banks and cause further erosion, setting in motion a series of channel adjustments that 
can lead to the reformation of meanders along artificially straightened channels (Figure 
8).  While the dynamic channel conditions created by the bar deposition can increase 
flow complexity and aquatic habitat, the associated bank erosion also, unfortunately, 
results in the loss of valuable agricultural land and presents a public safety hazard when 
occurring near human infrastructure such as bridges. 
 
2.5d Wood and pools 
 

North River is dominated by a pool-riffle morphology in unconfined meandering 
segments of the river with a plane-bed channel characterizing confined reaches and 
artificially straightened segments where flow energy is high.  Deep pools are uncommon 
in confined reaches and straightened segments, but are sometimes associated with the 
outside bends of meanders.  Bedrock or otherwise hardened banks can result in adjacent 
deep pools as the river’s erosive energy is focused on the channel bottom.  As meanders 
continue to develop along artificially straightened segments of the channel, more pools 
are likely to develop as the plane-bed morphology is transformed to pools and riffles. 

 
Large pieces of wood (greater than 0.5 ft diameter and 6.0 ft in length) are found 

on average every 35 ft along the river (153 pieces/mi) (Table 2).  While this figure is 
below the 175-225 pieces/mi believed to have occurred naturally on northeastern rivers 
(McKinley et al., no date), the amount of wood in the channel is considerable given the 
long history of sawmills, logging in the watershed, and wood removal accompanying 
channel straightening.  Tropical Storm Irene likely introduced significant amounts of 
wood in the channel in 2011 through mass failures of high banks and, perhaps less 
importantly, by erosion of low banks. 

 
The wood in the channel of North River is unevenly distributed with a spacing as 

great as 1,500 ft between logs despite an average spacing of 35 ft; many of the logs occur 
together in jams of several pieces each.  Much of the wood along the river was likely 
emplaced by Tropical Storm Irene flooding and, as such, much of the wood tends to be 
located on high bars, heads of islands, and on the tops of banks.  Wood present lower in 
the channel is important for creating flow complexity, scouring pools, providing cover, 
and segregating particle sizes such that fines are removed from spawning gravels.  The 
uneven distribution of wood along North River and its limited presence in the low flow 
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portion of the channel means that these habitat benefits of wood are lacking for long 
lengths of river despite the numerous large pieces of wood mapped along the channel. 

 
2.6 Topographic surveys and substrate particle size analysis 
 

The topographic surveys and substrate particle size analysis had two objectives: 
1) characterize the variety of channel conditions present on North River; and 2) guide 
future restoration designs.  Detailed topographic surveys were completed with a Sokkia 
Set 5 total station at 5 sites on North River (Appendix 3).  At each site, plan views of 
bank positions, cross sections, and longitudinal profiles of the thalweg (i.e., deepest part 
of the channel) were surveyed.  Channel cross sections were used to establish the 
bankfull channel width, mean and maximum depth, and width:depth ratio (Table 3).  The 
data were also used to classify the channel type using Rosgen’s (1996) channel 
classification system, Montgomery and Buffington’s (1997) channel-reach morphology 
method, and Schumm et al.’s (1984) channel evolutionary model.  The gradient of the 
stream bed and water surface were measured along the channel’s thalweg as part of a 
longitudinal profile at each survey site.  The substrate particle size data presented in 
Appendix 4 were collected at each survey site using standard pebble count procedures 
(Wolman, 1954) and were used to determine the D50 particle size class (Table 3).  The 
data from the longitudinal profiles and substrate particle size analyses can also be used to 
calculate bankfull shear stress and sediment entrainment thresholds, essential values for 
determining stream sensitivity, guiding restoration design, and sizing in-stream habitat 
improvement structures. 
 
2.7 Channel classification 
 

Three primary channel types have been identified as a result of the geomorphic 
assessment tasks described above: 1) confined channels; 2) unconfined channels; and 3) 
channels within impounded areas (Appendix 5).  The channel types, as described below, 
share many of the same characteristics of widely used channel classification systems 
(Schumm et al., 1984; Rosgen, 1996; Montgomery and Buffington, 1997), but also 
encompass the unique conditions, history, and long-term evolution of North River. 

 
2.7a Confined channels 
 

Confined channels are those where the channel is near, or flows against, high 
banks on both sides of the river.  Although a narrow floodplain may be present along 
some of the confined channel reaches, flood flows cannot spread out over a wide area, 
allowing stream power to increase in the channel even when flows exceed bankfull stage 
(i.e., river level that is reached or exceeded on an annual basis and generally equates to 
the level of the floodplain).  The high surfaces adjacent to confined channels are typically 
composed of glacial deposits, but in some cases are composed of bedrock.  Mass wasting 
of high banks of glacial deposits is more likely in confined channels and leads to the 
recruitment of wood and sediment into the river that tends to pass through the confined 
channels due to the high stream power.  The confined channels of North River represent 
Rosgen B-type and F-type streams (Rosgen, 1996) and have a plane-bed or step-pool 
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channel reach morphology (Montgomery and Buffington, 1997).  Channel evolution in 
confined channels occurs very slowly, so classification using the channel evolution model 
of Schumm et al. (1984) is not appropriate.  However, the high stream power can lead to 
severe scour and undermining of structures built in such channels.  Consequently, habitat 
restoration and bank protection efforts in confined channels will require construction of 
robust structures (i.e., use of large boulders and anchored logs). 

 
2.7b Unconfined channels 
 
Unconfined channels are the predominant channel type on North River and are free 
flowing channels bordering a wide floodplain.  Finer sediment and wood is more likely to 
be retained for longer periods of time in unconfined channel segments than in confined 
channels due to the lower stream powers generated.  (Where the channel is able to access 
a wide floodplain, stream power in the channel essentially reaches a maximum once 
flows reach the floodplain level since river stage increases only slowly, even with large 
increases in discharge, after flow overtops the banks and spreads out over a wide area.)  
The unconfined channels are alluvial channels or channels that flow through erodible 
floodplain sands and silts.  Alluvial channels are capable of freely adjusting the position 
of the bed and banks in response to the accumulation of wood and sediment (or even ice) 
in the channel.  The unconfined channels classify as Rosgen C-type or E-type channels 
depending on the width:depth ratios observed.  A plane-bed morphology predominates in 
straightened segments while pools and riffles are found in meandering sections. 

 
Nearly the entire length of the unconfined channel segments on North River were 

artificially straightened in the past (see Section 2.4 above and Appendix 1).  Artificially 
straightened channels in alluvial reaches are inherently unstable due to the increase in 
channel gradient and stream power associated with the shortened stream length.  Over 
time, straightened stream channels undergo a series of channel adjustments that 
ultimately lead to the return of a stable, yet continually shifting, meandering planform 
that approximates the pre-straightening condition.  As described in Section 2.4 above, the 
first stage in the evolution of straightened channels is the formation of an initial meander 
by either the buildout or breakout process with breakouts being the predominant process 
on North River.  Sediment accumulation is likely the main driving force of meander 
reformation on North River, although wood and ice likely play an important role as well.  
The straightened channel configuration persists on many sections of North River and 
such segments remain prone to future meander formation with the potential for tens of 
feet of channel migration in a single flood (Figure 8).  The initial meanders to form are 
single bends that initially break away from the straightened channel but ultimately 
reconnect to the straightened channel downstream (Figure 8).  Breakout meanders most 
readily develop where flows can easily overtop the channel banks such as in backwater 
areas behind constrictions (such as dams), low gradient reaches, or where bank heights 
are lowered through sediment deposition in the channel.  Once meander development 
begins, further sediment deposition occurs on point bars in response to the increasing 
stream length.  Through this process, meanders continue to grow and an equilibrium 
planform can slowly redevelop. 
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The recreation of meanders leads to improved aquatic habitat and decreased 
sediment loading downstream in unconfined channel segments.  The plane-bed channel 
morphology associated with straightened segments has uniform flow velocities across the 
channel, embedded substrate (i.e., fines covering or mixed in with coarse sediment), and 
shallow pool depths; all of these conditions are vastly improved in the pool-riffle 
dominated meandering sections.  The point bars that develop along the reformed 
meanders are locations of long-term sediment storage that decrease downstream sediment 
loading, although a portion of this sediment is replaced by erosion on the outside bends of 
the meanders.  Despite the erosion on the outside bends of the developing meanders, the 
potential for rapid and extreme bank erosion must be considered lessened by the 
reformation of meanders.  The initial breakout along a straightened meander has the 
potential to suddenly shift the location of the channel tens of feet during a single flood 
with the location of such an event along a long straightened segment somewhat 
unpredictable.  In contrast, the location of erosion in meandering sections of the river can 
more confidently be expected on the outside bend of meanders and while tens of feet of 
bank might be lost to erosion over several years the potential for extreme bank loss 
during a single flood is greatly diminished once meander reformation begins. 
 
2.7c Channels within impounded areas 
 

If the downstream dam is still intact as at the Kendall Company No. 1 Dam, the 
channel within the upstream impoundment is unconfined with a high width:depth ratio, 
large gravel bars present, and flow sometimes split into multiple flow paths (Appendix 
5).  Given the loss of stream power as flows enter the impoundment area, the rates of bar 
formation, channel migration, and meander formation are all accelerated compared to the 
unconfined channels described above.  As a result meander formation evolves to a point 
where cutoffs may develop and oxbows formed.   At this climactic stage of channel 
evolution, meander growth will continue to occur but the overall channel sinuosity will 
fluctuate around an equilibrium value with the increasing channel length created by 
meander growth offset by the channel shortening associated with cutoffs.  The 
unconfined channel within the impounded area upstream of the Kendall Company No. 1 
Dam classifies as a Rosgen C-type channel and is characterized by a pool-riffle channel 
morphology. 

 
Where old dams on North River are breached, the channels within the upstream 

impoundment areas are adjusting to the lower base level (i.e., the channels are regrading 
themselves to the base of the dam as opposed to the top of the formerly intact dam).  This 
regrading process consists of a series of sequential channel adjustments akin to the 
channel evolutionary stages described by Schumm et al. (1984).  First, the channel incises 
a deep narrow channel through the impoundment sediment to create banks of fine-grained 
sediment.  The banks are highest just upstream of the former dam and become 
progressively lower further upstream as a sloping regraded channel is created through the 
former flat impoundment surface.  The incised channel at this stage would be 
characterized as a Rosgen G-type channel or in Stage II of Schumm’s et al. (1984) 
channel evolution.  Once the channel has regraded its slope, the stream power contained 
within the incised channel begins to act on the banks and a phase of channel widening 
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begins.  Considerable sediment is generated during this phase of channel evolution as the 
erodible banks of fine impoundment sediments collapse into the channel.  The channel in 
this widening phase would classify as a Rosgen F-type channel and Schumm’s et al. 
(1984) Stage III of channel evolution.  The channels in impounded areas on North River 
are currently in this phase of evolution and could be generating excess sediment that can 
be transported through the incised channel to downstream locations, because stream 
power remains high in the still confined, albeit widened, channel.  Widening continues 
until stream power declines to a point where the sediment generated from bank erosion 
can no longer be transported through the reach and sediment begins to accumulate on 
bars in the channel.  This begins a process of meander formation as described in Section 
2.7b above and could ultimately culminate in a fully meandering channel planform.  
Initially, the outer bends of the meanders continue to impinge on the high banks of 
impoundment sediments, but eventually the banks recede to the point where flows are no 
longer confined by the incised impoundment sediments and a new lower floodplain 
develops below the old impoundment surface.  This final stage of channel evolution is 
equivalent to Stage IV of Schumm’s et al. (1984) channel evolution model and results in 
a Rosgen C-type or E-type channel.  The high downstream sediment loading associated 
with incision and widening of impoundment sediments may eventually give way to long-
term sediment storage on the redeveloped floodplain within the impounded areas, but 
such conditions have not yet developed on North River. 

 
Different stages of channel evolution can be identified today at various points 

along North River.  Some areas progress through the stages of evolution much faster than 
others, explaining why meanders have reformed in some areas while other locations 
remain in an artificially straightened condition.  In general, evolution progresses faster 
where the channel has a lower gradient, lower banks, or where sediment accumulation is 
most rapid (i.e., at points of valley expansion or constriction).  Classifying the channel 
type present in each reach along with an understanding of channel evolution processes is 
essential for anticipating the types, rates, and location of future channel adjustments, thus 
playing an important role in the restoration planning process (see Section 3.0 below). 
 
2.8 Reach descriptions 
 
 Geomorphic assessment information was collected on each of the 15 identified 
reaches (Figure 2).  In many cases, two or more reaches are closely interconnected such 
that conditions in one reach may influence morphological conditions in another.  
Consequently, the summary discussion below of the geomorphic reaches is subdivided 
into groups of reaches within the same zone of influence.  Each zone of influence is 
generally bounded by grade controls (e.g., bedrock ledge, dam) on both the upstream and 
downstream end; such grade controls tend to limit the upstream and downstream extent 
of channel adjustments occurring in response to various human activities. 
 
2.8a State line (Reach 15) 
 
 From the Vermont state line downstream to the first Route 112 bridge, Reach 15 
flows through a narrow valley that is further confined by Route 112.  The largely cobble 
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bed channel has a step-pool morphology in steeper sections.  Several large bank failures 
are found along the right bank (looking downstream) with the longest measuring 270 ft in 
length; the left bank is largely armored along the road grade of Route 112.  Very little 
sediment deposition occurs in the reach with sediment transport downstream aided by the 
channel confinement and limited floodplain access. 
 
2.8b Elm Grove (Reaches 14-12) 
 
 In reaches 14 and 13, the valley widens and the river has access to a floodplain.  
The channel has a cobble substrate with numerous large sand/gravel bars, leading to 
significant bank widening and bank erosion.  The two reaches also include the sites of 
several historic dams and mills that may be contributing to the high sediment loading 
along this section of river.  Currently, agricultural land use predominates, so the potential 
for conflicts between land use and active erosional processes exist.  The dynamic nature 
of Reaches 14 and 13, particularly at least at the downstream end, might be enhanced by 
the valley constriction that occurs at the break between Reaches 13 and 12.  Reach 12 
flows through a very confined bedrock-controlled channel downstream of an historic 
sawmill. 
 
2.8c Fort Morrison to Colrain center (Reaches 11-9) 
 
 Reaches 11-9 have a relatively low gradient and pass through a wide agricultural 
valley.  Sediment tends to accumulate in these reaches, creating a very dynamic channel 
with significant bank erosion.  Nearly the entire length of these 3 reaches was artificially 
straightened in the past, likely in the 19th century.  The dynamic nature of the channel and 
the propensity for meander reformation along previously straightened reaches has 
resulted in recent avulsions (i.e., rapid changes in channel position).  During Tropical 
Storm Irene, the channel infilled with sediment in some of areas and the river flowed 
across the low floodplain with no well-defined channel present.  Emergency work after 
the flooding reestablished a straightened channel in some areas by pushing up cobble and 
gravel berms to close off large meanders formed during the storm.  Channel constrictions 
within these reaches can cause significant backwatering upstream and lead to increased 
bank erosion, flooding, and meander formation.  The channel constriction at the Reil 
Lane Bridge, in combination with further constrictions caused by a tight meander and 
large log jam just upstream, led to a partial channel avulsion with flow in the newly 
forming channel nearly eroding through the bridge approaches.  The Route 112 Bridge in 
Colrain center is another example of a channel crossing that causes significant deposition 
upstream and illustrates North River’s high sediment loading and sensitivity to minor 
changes in sediment transport capacity. 
  
2.8d Foundry Village impoundment (Reach 8) 
 
  Reach 8 occupies the former impoundment behind the dam in Lyonsville with the 
dam’s ruins still visible today upstream of the Foundry Village Road Bridge.  Also 
visible are the ruins of a canal system that supplied water to some of the historic mills at 
the site.  Much of the narrow valley upstream was occupied by the mill pond, but the 
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river has now incised through the mill pond sediments that are visible along the high river 
banks.  Where the river flows against high glacial deposits behind the town garage, a 
large mass failure is present that is eroding into a historic dump site. 
 
2.8e Griswoldville Dam (Reaches 7-5) 
 
  Downstream of the ruins of the dam in Lyonsville the valley widens as the river 
flows into the impoundment created by the still extant Kendall Company No. 1 Dam.  In 
Reach 6, the West Branch joins the East Branch, just upstream of the dam.  This timber 
crib dam, which supplies water to the Barnhardt textile mill, was breached during 
Tropical Storm Irene and is currently being repaired.  Reaches 7-5 have been highly 
modified by damming, canals, and artificial straightening, resulting in degraded habitat 
and geomorphic conditions.  As a result, some of the segments in these reaches have the 
greatest need for restoration (see Section 3.0 below).  Bank stability is poor along these 
reaches with much of their length armored or actively eroding.  Several large mass 
failures were mapped including one behind Colrain Supergas in Reach 7 and another 
across from the Barnhardt mill in Reach 5, both of which pose very serious threats to 
important infrastructure.  While four bridges cross the river in these three reaches, only 
the Route 112 Bridge is of concern despite its relatively recent construction.  A large 
mid-channel bar has formed upstream and the bridge’s abutments are being undermined 
by extensive scour as flow is diverted around the bar.  A significant portion of the 
sediment supplied to the bar may be derived directly upstream from the 450-foot long 
mass failure across from the Barnhardt mill in Reach 5. 
 
2.8f Call Road (Reach 4) 
 
 Reach 4 also flows through an unconfined portion of the valley.  Call Road 
follows along the left bank as the low gradient stream channel flows through a mix of 
floodplain forest and cornfields.  The entire reach was artificially straightened but is now 
beginning to reform meanders across the low alluvial floodplain.  The channel is 
overwidened and shallow and the degraded instream habitat tends to be lacking in pools 
and channel canopy.  Large gravel bars are forming in this reach with the resulting bank 
erosion potentially threatening the Shelburne Falls Water District's water supply wells 
located along the river in Reach 4. 
 
2.8g Shattuckville to the Deerfield (Reaches 3-1) 
 
 In Shattuckville, the valley narrows and the stream gradient increases, leading to 
dramatic changes in channel type.  Upstream in Reach 4 the gravel bed channel has good 
floodplain access, but in Reaches 3-1 the boulder and cobble bed channel flows through 
higher glacial and bedrock banks with no floodplain access.  Three dams were once 
present along this section of river, the largest built to power the many mills whose 
foundations are still visible along Route 112 in Shattuckville.  Further downstream, the 
Frankton Dam, which washed out in 1938, was built to power the trolley which used to 
run along the river.  Geomorphic and habitat conditions are relatively good in these 
reaches, with deep pools, abundant wood, and a forested riparian buffer.  The exception is 
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the downstream end of Reach 1, which begins at the ruins of the Frankton Dam and flows 
through old impoundment sediments before entering the Deerfield River.  This section 
occupies a wide artificially straightened channel and is confined by the Route 112 road 
grade along the left bank.  There are 5 mass failures in Reach 1, the largest and most 
active is estimated to be 80 ft high and 150 ft long.  Several smaller mass failures are 
located along the Route 112 road grade and could significantly impact the road in the 
future. 
 

3.0 RESTORATION PLANNING 
 

The 69 segments delineated with the assessment data (see Section 3.1 below) 
form the basis for developing and evaluating restoration options that will reduce flood 
and erosion hazards, improve aquatic habitat, and control downstream sediment loading.  
The most appropriate restoration options for each segment were identified through an 
eight step process detailed below: 1) segment delineation; 2) restoration needs; 3) 
restoration treatment options; 4) treatment prioritization; 5) determining appropriateness; 
6) cost effectiveness; 7) treatment selection; and 8) segment prioritization.  The selection 
of restoration options for each segment through this eight-step process has been 
organized using an Excel document with several linked tabs; each of these tabs is 
described in the first Guidance tab (Appendix 6).  The restoration ranking process 
provides guidance in the selection of segments needing restoration and the best 
treatments to use in those segments, but the final selection and development of restoration 
projects also depends on other less quantifiable factors not incorporated into the 
restoration process. 

 
3.1 Segment delineation 
 
 Designating river segments along the channel (Appendix 1) facilitates the 
selection of appropriate restoration options, because a single restoration design can 
usually be applied to the entire length of a given segment.  Segments were delineated in 
the field during the mapping of channel features and represent distinct morphological 
elements along the channel such as a mid-channel bar, artificially straightened section of 
channel, breakout meander, presence of a confining berm, or absence of a forested 
riparian buffer along the river bank.  Each segment has a uniform morphological 
character that is distinct from the immediately adjacent segments upstream and 
downstream but may be similar to other segments elsewhere.  The segments represent 
subdivisions of the geomorphic reaches; each segment is identified first by the reach 
number and then by a sequentially-alphabetized letter starting from the downstream end 
of the reach.  For example, the third segment from the downstream end of Reach 4 is 
designated as Segment 4C.  Reach 3 was not segmented because of uniform morphology 
throughout and was treated as a single segment in the restoration planning process.  
Further information on the types, distribution, and exact location of features within each 
segment can be gleaned from the GIS data (Appendix 1). 
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3.2 Restoration needs 
 

The need for restoration within each segment was quantified by ranking the 
degree to which the segments possessed 10 geomorphic and habitat conditions typically 
associated with rivers that have reached a stable geomorphic state and possess high-
quality physical habitat.  A rating scale (ranging from 0 to 5) was developed for 9 of the 
10 conditions to reflect the geomorphic and habitat needs of a given segment with a 
higher score reflecting a greater need for geomorphic and habitat improvements.  The 
rating scale for mass failures ranged from 0 to 6 to emphasize the significant impact the 
largest mass failures have on channel stability and downstream sediment loading.  The 10 
geomorphic and habitat needs are outlined below with the scoring rubric used to assign 
the ratings (see also the Guidance tab in Appendix 6).  A high score generally indicates 
that habitat quality and geomorphic stability are poor. 
 
Condition 1 - Floodplain access (FPACC) 

0 = floodplain access on both sides of channel 
3 = floodplain access on one side 
5 = no floodplain access 

 
Condition 2 - Meander development (MEANDER) 

0 = well-developed meanders, high sinuosity 
3 = meanders developing, cutbanks eroding, low sinuosity 
5 = no meander development, straight channel 
 

Condition 3 - Particle size segregation (PART_SEG) 
0 = presence of large boulders (for cover and pool habitat), fine sediment and 

organic matter deposited on floodplain and channel margin (for greater soil 
fertility and macroinvertebrate taxa richness), coarser sediment in channel (for 
oxygenation), presence of active bars (for spawning along edges) 

3 = 2 out of 4 present 
5 = no boulders, no floodplain access, no active bars, highly embedded substrate 

 
Condition 4 - Flow complexity (FLOWCOMP) 

0 = presence of multiple flow conditions across the channel or in close proximity 
(i.e., fast deep flowing water near fast shallow, slow deep and slow shallow 
flows) characterized by deep pools (for cover and overwintering habitat), 
shallow riffles or steps (for feeding and oxygenation), and side channels (for 
nursery habitat) 

3 = missing 2 out of 4 flow types 
5 = almost entirely fast shallow flow (i.e., continuous riffle; plane-bed 

morphology) with limited pools and side channels 
 

Condition 5 – Quality of pools (POOLS) 
0 = well developed deep pools (for cover and overwintering habitat) 
3 = shallow pools only 
5 = no pools 
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Condition 6 - Wood in channel (WOOD) 

0 = plentiful wood in channel (for creating cover, increasing flow complexity, 
carving pools, and trapping other organic matter, fine sediment, and spawning 
gravels) 
3 = four or more pieces of wood in segment 
5 = no wood in segment 

 
Condition 7 - Mass failures (MF) 

0 = no mass failures mapped in segment 
3 = small impact (observed failures total less than 750 ft2) 
4 = medium to large impact (750 to 2000 ft2) 
5 = very large impact (2001 to 10,000 ft2) 
6 = extreme impact (greater than 10,000 ft2) 
 

Condition 8 – Riparian vegetation (CANOPY) 
0 = mature vegetation growing along approximately 75 percent of the channel 

banks (for shading and recruitment of organic matter to the channel), well-
developed riparian zone, intervention would yield little improvement in 
channel shading 

3 = mature vegetation along approximately 25 percent of the channel banks, some 
shading present but could be improved 

5 = no mature vegetation on channel banks, poorly developed riparian zone 
providing very little shade 

 
Condition 9 – Bank erosion (ERODING) 

0 = less than 3 percent of the banks are eroding (stable banks reduce fine sediment 
inputs to the river, support healthy riparian vegetation growth, and provide 
cover) 

1 = 3 to 15 percent of the banks are eroding 
2 = 16 to 24 percent of the banks are eroding 
3 = 25 to 33 percent of the banks are eroding 
4 = 34 to 48 percent of the banks are eroding 
5 = more than 48 percent of the banks are eroding 
 

Condition 10 – Bank armoring (ARMORING) 
0 = less than 3 percent armored (allows for channel adjustment to achieve 

geomorphic stability and create flow complexity) 
1 = 3 to 9 percent armored 
2 = 10 to 15 percent armored 
3 = 16 to 25 percent armored 
4 = 26 to 34 percent armored 
5 = more than 34 percent armored 

 
 The Need tab in Appendix 6 was developed to tabulate each segment’s score for 
each of the 10 categories described above.  The GIS shapefiles completed as part of the 
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channel features mapping (Appendix 1) form the basis for assigning a score to some of 
the 10 needs categories (e.g., wood, mass failures, erosion, armoring), while the scores 
for other categories were assigned directly in the field, using the scoring rubric above, 
immediately upon completing channel features mapping of a given segment.  The total 
needs score of a segment, included in the “Total” column of the Need tab (Appendix 6), 
is the summation of all 10 individual needs scores.  The segments with the highest total 
needs scores represent the segments with the greatest overall need for improved 
geomorphic stability and aquatic habitat, although other segments may have a greater 
need for a specific category.  For example, Segment 15B has the highest total needs score 
on North River with a value of 33 but only a value of 2 for the “Canopy” category, while 
Segment 11D with a lower total needs score of 22 has a higher needs score of 5 for the 
“Canopy” category.  The total needs scores provide a quantitative means of identifying 
those segments with the widest range of needs over multiple categories.  For the purposes 
of restoration planning on North River, segments with a total needs score of 22 or greater 
are generally considered high priorities for restoration, although other factors were also 
considered in selecting 20 sites for the development of conceptual restoration plans (as 
presented and explained in Section 4.0 below). 
 
3.3 Restoration treatment options 

 
Having identified the geomorphic and habitat needs for each segment, the next 

step in the restoration planning process is to select restoration options that are best suited 
to address those needs.  A finite number of treatment options are available for mitigating 
flood and erosion hazards, improving aquatic habitat, and reducing downstream sediment 
loading.  For North River, 14 possible restoration treatment options were identified that 
might be effective in addressing the various geomorphic and habitat needs (Appendix 6 – 
Guidance tab).  Design typicals were created to provide more details on each treatment 
option except for the “Do nothing” option (Appendix 7).  Some of the listed treatments 
embody multiple techniques that can be refined during a later detailed design phase.  For 
example, a range of bank stabilization methods could be defined as “Bank 
bioengineering” with a decision, for example, to use willow stakes, root wad revetments, 
or log deflectors delayed for a later time.  The 14 possible treatments cover a range of 
options from the “Do nothing” alternative through passive methods such as “Riparian 
improvements” to more active approaches such as “Bank cutting/Flow diversion”. 
 

Each restoration treatment was rated for its potential usefulness for addressing the 
10 geomorphic needs described in Section 3.2 above.  The 14 restoration options were 
scored on a scale from 0 to 5 to assign an effectiveness score with higher numbers 
representing a greater likelihood that the treatment under consideration will improve a 
given geomorphic and habitat condition (Treatments tab).  The scoring for each treatment 
option is not specific to North River and was based on best professional judgment 
garnered from a similar restoration planning effort in New Hampshire (Field, 2009) and 
observations of restoration projects nationwide.  The individual effectiveness ratings 
assigned to each of the 10 geomorphic and habitat conditions were added together to 
arrive at a total effectiveness score for each treatment option.  The highest total 
effectiveness score displayed in the “Total” column is for “Engineered log jams”, 
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indicating that this treatment is the most effective at addressing multiple geomorphic and 
habitat needs simultaneously (e.g., creating pools, increasing flow complexity, providing 
wood in channel).  However, other treatments may be more effective at addressing a 
specific geomorphic or habitat need (e.g., riparian improvements are more effective at 
developing a canopy for shading than engineered log jams).  The “Total” row at the 
bottom of the main table on the Treatments tab provides an indication of whether a given 
need can be treated by multiple treatments.  For example, the highest score of 38.1 for 
“Bank erosion” indicates multiple options are available for improving bank stability on 
North River while the lowest score of 25.2 for “Canopy” indicates limited techniques are 
available for creating a better forest canopy over the river. 
 
3.4 Treatment prioritization 
 
 To select the restoration treatment that best addresses the geomorphic and habitat 
needs of a given segment, the treatment effectiveness scores (Treatments tab) were 
compared with the geomorphic and habitat needs of each segment (Need tab) (Appendix 
6).  To ensure the greatest needs (i.e., those needs assigned the highest value) are the 
focus of restoration, a threshold value of 4.0 was applied to the Need tab such that only 
those geomorphic or habitat needs with a score of 4.0 or higher were considered for 
treatment (see Need tab - “Threshold needs” column).  For example, the threshold needs 
for Segment 5B listed in the “Threshold needs” column are meander development, bank 
erosion, and armoring as these three conditions out of 10 are the only ones that scored a 
4.0 or higher.  Although another need scored as high as 3.0 (i.e., floodplain access), 
floodplain access was not considered as a need requiring treatment with the threshold 
value set at 4.0.  The threshold value could be set at a lower value in the future to 
consider treatment of less acute geomorphic and habitat needs. 
 

A threshold value was also assigned to the restoration effectiveness scores.  A 
threshold value of 2.5 was set for the treatment options, so only the most effective 
restoration options for a given need would be considered for implementation.  Those 
treatments with a score of less than 2.5 for addressing a particular geomorphic or habitat 
need were not considered as a viable treatment option for that need.  Treatments that met 
the threshold for a specific need were assigned a “ 1” on the “Treatments that pass 
threshold” table at the bottom of the Treatments tab with “0” assigned to treatments 
below the threshold value of 2.5.  The highest value in the “Total” column on the right-
hand side of the table is nine for bank erosion and indicates nine treatment options have a 
high capacity (i.e., effectiveness scores greater than or equal to the threshold value of 2.5) 
to positively effect bank stability, while the lowest value of four for both riparian 
vegetation and wood in channel indicates suitable treatment options for addressing these 
needs are more limited.  The “Total” row at the bottom of the “Treatments that pass 
threshold” table provides a sense of which treatment options have the greatest value in 
effectively addressing multiple needs with “Boulder-supported log jams” and 
“Engineered log jams” each able to address nine needs.  The “Riparian improvements”, 
“Bank bioengineering”, and “Bar apex boulders” options, in contrast, are able to 
effectively address only two needs each.  These three options, while limited in their broad 
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utility, may, of course, prove very important in those segments where poor conditions 
exist for the needs these treatments best address. 
 

An automated matrix-based process was developed in Excel to determine which 
treatment options best address (i.e., treatment effectiveness score of 2.5 or higher) a 
significant geomorphic or habitat need identified for a given segment (i.e., threshold 
needs score of 4.0 or higher).  For each segment, the number of significant geomorphic 
and habitat needs that can be effectively treated using a given treatment option is 
recorded on the Recommendations tab (Appendix 6).  All of the treatments that address at 
least one geomorphic need in the segment are listed under the “Recommended 
treatments” column on the Recommendations tab.  For example, a value of six is recorded 
under “Boulder-supported jams” for Segment 15B, because this treatment option 
effectively addresses six threshold needs in the segment.  “Boulder-supported jams” is 
thus listed as a recommended treatment in Segment 15B along with the 10 other 
treatments that effectively address at least one threshold need in the segment.  A visual 
inspection of the table reveals that Segments 12A, 9G, 9F, 9D, and 9B are the only five 
segments where all of the treatment options except for “Do nothing” are recommended.  
Ten segments, all located in the upper portion of the study area, have no recommended 
treatment, because these segments have no needs that met the threshold value and, thus, 
can be considered segments with relatively good geomorphic stability and aquatic habitat. 

 
The cumulative total listed in the bottom “Total” row of the Recommendations tab 

provides a sense of the treatment’s applicability along the entire river and the breadth of 
needs addressed.  “Boulder-supported log jams” and “Engineered log jams” have the 
highest total score of 129, followed by “Bank cutting/Flow diversion” with a total score 
of 126 reflecting how important these treatment options may be in addressing multiple 
needs in numerous segments on North River.  In contrast, the lowest score of 30 (aside 
from 0 for “Do nothing”) for “Boulder clusters” suggests this treatment option may prove 
less useful. 

  
If a specific geomorphic or habitat need becomes the primary focus of restoration 

(e.g., riparian improvements), the recommended treatments that best address that 
condition can be identified by referring back to the Treatments tab to determine which 
treatments exceed the treatment effectiveness threshold of 2.5 for the need of interest.  In 
general, however, implementation of any of the recommended treatments in a given 
segment will improve the geomorphic and habitat condition of the river to some degree.  
The treatment addressing the most needs in a given segment would presumably provide 
the greatest improvements to channel condition, thus highlighting the value of the 
Recommendations tab. 

 
The “Recommended treatments” column on the Recommendations tab lists all of 

the treatments that may be useful for addressing threshold needs in a given segment, but 
does not identify the most effective treatment.  A clearer picture of the treatment option 
that best meets the broadest range of needs in a given segment can be drawn from the 
Scores (Recommended) tab (Appendix 6) with the listed scores derived by summing the 
individual treatment effectiveness scores for all of the threshold needs in the given 

North River fluvial geomorphic assessment - May 2015     Page 27 of 111



segment.  For example, the total score of 9.0 (referred to here as the recommendations 
score) for “Deflectors” in Segment 15G can be reconstructed by first referring back to the 
Need tab and noting that the presence of mass failures and bank erosion are the two 
geomorphic and habitat conditions that exceed the needs threshold of 4.0 in Segment 
15G.  The ability of “Deflectors” to address each of these conditions is indicated by the 
effectiveness scores recorded on the Treatments tab.  For “Deflectors”, the sum of the 
effectiveness score values for the two threshold needs in Segment 15G is 9 (i.e., 4.2 + 
4.8).  Note that the recommendations score can incorporate values from geomorphic 
needs for which the given treatment does not meet the treatment threshold of 2.5.  The 
“Do nothing” option is listed as the priority treatment for the 10 segments with no 
threshold needs. 

 
A ranking or prioritization of the recommended treatments for each segment is 

possible by comparing the recommendations scores; the three highest scoring treatments 
for each segment are listed on the Scores (Recommended) tab.  Continuing with the 
example from Segment 15G, the recommendations score for “Deflectors” is 9.0 and since 
this is the highest total in the segment, “Deflectors” is listed as the highest priority 
treatment.  “Boulder-supported jams” (score = 8.2) and “Engineered log jams” (score = 
8.0) are, in turn, the 2nd and 3rd ranked treatment priorities (Appendix 6).  The 
recommendations scores for Segment 15G are not particularly high.  The third ranked 
treatment priority in Segment 15B, for example, is “Bank cutting/Flow diversion” with a 
score of 19.0, significantly higher than the highest ranked treatment in Segment 15G.  
These differences between segments indicate that some segments will likely prove more 
responsive to the proposed restoration treatments than others.  Regardless of the absolute 
values, however, the Scores (Recommended) tab provides a priority listing of treatments 
for any segment that may be under consideration for restoration. 

 
Ranking treatments based on thresholds ensures that the greatest needs in a 

segment are being addressed.  However, in those segments with multiple needs, ranking 
treatments based on thresholds may leave many issues unaddressed if the threshold 
need(s) in that segment are treated with a technique that is well suited for that need but 
has limited effectiveness for addressing other needs.  For example, “Floodplain lowering” 
is the highest ranked priority treatment in Segment 11E (see Scores (Recommended) tab), 
because this treatment is very effective at addressing the reach’s threshold need of 
floodplain access (see Need tab).  However, two additional needs (i.e., meander 
development and wood) are near the threshold value (each has a needs score of 3), but the 
priority treatment of “Floodplain lowering” is not particularly effective at addressing 
these needs.  To address this limitation of treatment prioritization based on thresholds 
(i.e., Scores (Recommended) tab), the Scores (All Needs) tab was created to prioritize 
restoration options without regard to thresholds and, thus, provides an opportunity to 
identify the restoration options that best address the full range of geomorphic and habitat 
needs in a given segment, not just the threshold needs.  The values in the Scores (All 
Needs) tab are derived for each treatment option by multiplying the needs score for each 
of the 10 geomorphic and habitat conditions for a given segment by the treatment’s 
effectiveness score for that condition and then summing the 10 resulting products.  For 
example, the value of 42.4 assigned to “Floodplain lowering” in Segment 11E was 
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derived by multiplying the needs score of 5 for floodplain access in Segment 11E (see 
Need tab) with the score of 5.0 for the effectiveness of “Floodplain lowering” for 
addressing the need for floodplain access (see Treatments tab).  The resulting product of 
25 was then added to the nine other products similarly derived for “Floodplain lowering” 
for the remaining needs to arrive at the total value of 42.4.  The calculation of all the 
values for 14 different treatments of 10 needs in 69 segments was simplified through 
matrix multiplication with the greatest value in a particular segment representing the 
highest priority restoration option.  Given that the value of 42.4 from the example above 
is the third highest value in Segment 11E, “Floodplain lowering” is the third highest 
priority recommended treatment when all of the segment’s needs are considered, not just 
the threshold needs.  In Segment 11E, “Floodplain lowering” happens to be the highest 
ranked treatment when the prioritization is based only on the threshold needs (see Scores 
(Recommended) tab).  A visual inspection of the two tabs reveals that many segments 
have different treatments listed as the highest priority.  Consequently, when 
contemplating which treatment options to select, project stakeholders must decide 
whether to select treatments that will best address the priority needs or the full suite of 
needs in a given segment.  The values assigned for different segments in the Scores 
(Recommended) tab and Scores (All Needs) tab can be compared within each respective 
tab but cannot be compared between the two tabs, because the values in the two tabs are 
derived in a different manner. 

 
3.5 Determining appropriateness 

 
While both the Scores (Recommended) tab and Scores (All Needs) tab prioritize 

several restoration options, the identified treatments are not always appropriate or 
feasible for the given segments.  For example, “Breach or remove berm”, although 
recommended in numerous segments as one of the three highest scoring treatments on the 
two tabs, can only occur in segments where berms are present.  Similarly, “Placed wood 
on bar”, although not listed as a prioritized treatment on either tab, would be restricted to 
segments where a sand/gravel bar is present.  These examples demonstrate two of the six 
treatments that were screened for appropriateness.  Other screens were to confirm bars 
are present in a segment before recommending “Bar apex boulders” as a treatment and to 
confirm bank erosion was present before recommending “Bank bioengineering”, a 
treatment used exclusively on eroding banks.  A screen was introduced for “Riparian 
improvements” that requires a canopy needs score of 4 or 5; this limits the use of riparian 
improvements to those segments with threshold needs for this condition.  “Rock weirs”, a 
treatment that mimics natural channel bed features generally seen in higher gradient 
streams was screened by limiting the treatment to segments with step-pool morphology or 
cobble (or coarser) substrate, features typical of steeper stream channels.  The Apscreen 
tab indicates the presence or absence (with a “Y” for yes and “N” for no) of the required 
channel conditions in order to screen for the appropriateness of these six treatment types 
in the various segments. The GIS data created from the channel features mapping 
(Appendix 1) was used to determine in which segments these conditions were present. 

 
Using “if-then” queries in Excel that reference back to the Apscreen tab, 

treatments that are not appropriate in a given segment are assigned a value of “0” on the 
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Appropriateness tab while appropriate treatments are assigned a value of “1”.  A “0” 
value is assigned only if the critical condition used to screen for a given treatment is not 
present in a segment.  For example, since a berm is not present in Segment 15H (as 
indicated by an “N” under the “berms” column on the Apscreen tab), the “Breach or 
remove berm” treatment is not appropriate for Segment 15H (so indicated by a “0” under 
“Breach or remove berm” column on the Appropriateness tab).  Most columns are 
completely populated with a value of “1” on the Appropriateness tab, because most of the 
treatment types have not been screened at all.  Only the six screened treatment types have 
“0” values, highlighting the segments where that treatment option should not be 
considered in future restoration efforts.  All treatments where a value of “1” is listed on 
the Appropriateness tab remain as possible treatments for a given segment assuming that 
treatment is also recommended on the “Recommendations” tab. 

 
The results of the Appropriateness tab were used to eliminate inappropriate 

treatments from the initial Recommendations tab and to update the list of recommended 
treatments as shown on the Recommended and appropriate tab, which eliminates only 
those originally recommended treatments that are not appropriate for a given segment.  A 
visual inspection of the two tabs reveals “Breach or remove berm” was initially 
recommended for 44 segments but is appropriate in only the 1 segment where both a 
berm is present and the treatment is recommended.  The Recommended and appropriate 
tab is unchanged from the Recommendations tab for the eight treatments where no 
appropriateness screening was conducted. 

  
3.6 Cost Effectiveness 
 

In addition to determining whether particular recommended restoration options 
are appropriate for a given segment, the potential project costs are another important 
consideration in the restoration planning process.  For example, “Engineered log jams” is 
frequently the highest ranked treatment (Appendix 6 – Scores (Recommended) tab and 
Scores (All needs) tabs), but widespread application of this treatment may not be feasible 
given the relatively high costs of construction.  Other less costly options may provide 
nearly the same benefits in terms of addressing geomorphic and habitat needs and, 
therefore, are more cost effective or have a greater “bang-for-the-buck”.  In order to more 
systematically evaluate the cost effectiveness of potential projects, the Bang for buck tab 
(Appendix 6) was created that rates the 14 treatment options in regards to their ability to: 
1) be sustainable over time; 2) create in-stream habitat, 3) improve riparian habitat, 4) 
increase floodplain access, 5) improve conditions downstream of the project, 6) reduce 
downstream sediment loading by either controlling bank erosion or increasing sediment 
storage, and 7) protect infrastructure.  Each of these seven attributes—some of which 
embody the geomorphic and habitat conditions described in Section 3.2 above—were 
rated on a scale of 0 to 5.0 with higher scores indicating a greater capacity for the 
treatment to bring about long-term improvements in channel stability, habitat, 
downstream sediment loading, and infrastructure protection.  The individual scores for 
each attribute were summed to calculate the total aggregate value referred to as the 
“stability score”. 
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In addition to rating the seven channel stability and habitat attributes, the 
perceived relative costs of each of the 14 treatment options were also ranked on a scale of 
0 to 5.0 with 5.0 reflecting the highest cost.  The ratio between the stability score and cost 
ranking yields the cost effectiveness score with higher scores reflecting treatments that 
are well suited for improving channel conditions at a low cost.  For example, the cost 
effectiveness score of 7.3 for “Boulder clusters” is derived by dividing 11.6 (the stability 
score displayed in the “Total aggregate value” column) by 1.6 (cost ranking for “Boulder 
clusters”) (i.e., 11.6/1.6=7.3).  The treatment rankings based on the cost effectiveness 
score are not segment dependent, so the rankings are the same for all segments.  The cost 
effectiveness score for all treatments that are both recommended and appropriate for a 
given segment are shown on the Bang for buck applied tab with the three highest-ranked 
cost effective treatments for a segment listed.  Note, however, that the cost effectiveness 
scores for any given treatment are the same regardless of segment (e.g., 10.5 for 
“Riparian improvements”).  The relatively high cost effectiveness score of 8.4 for “Bank 
cutting/Flow diversion” points to the potential utility of this treatment in the segments for 
which this option is recommended.  In contrast, “Engineered log jams” has the lowest 
cost effectiveness score at 4.5 and suggests the high cost (Cost ranking = 4.5) of building 
log jams will limit the application of a treatment that otherwise has many benefits as 
reflected in the high total value on the Treatments tab.  The cost limitation of 
“Engineered log jams” is underscored by the treatment’s absence under the “Highest 
ranked treatment” column on the Bang for buck applied tab despite its frequent presence 
as a priority treatment on the Scores (Recommended) tab and Scores (All Needs) tab.  The 
Bang for buck applied tab also lists the second and third-highest ranked treatments, which 
allows higher cost options such as “Floodplain lowering” and “Rock weirs” to be 
returned as recommended cost effective treatments.  The “Do nothing” alternative, 
because of no cost, has the highest cost effectiveness score and highlights the importance 
of considering the “Do nothing” option as a viable alternative in all segments even 
though this approach has limited capacity to quickly improve aquatic habitat and channel 
stability. 
 
3.7 Treatment selection 
 
 Through the restoration planning process detailed above, the best treatment 
options for addressing the geomorphic and habitat needs of a given segment can be 
selected in three different ways: based on acute (i.e., threshold) geomorphic and habitat 
needs (see Scores (Recommended) tab), based on the full range of needs (see Scores (All 
Needs) tab), and based on cost effectiveness (see Bang for buck tab).  The Summary (All 
segments) tab compiles all of these different prioritization approaches after passing them 
through the appropriateness screening process (see Section 3.5 above) such that only 
appropriate treatments for a given segment can be listed under the “Highest ranked 
treatment” column.  Since the listed priority treatments in the Scores (Recommended) tab 
and Scores (All Needs) tab have not been screened for appropriateness, these tabs should 
be considered only as intermediate steps in the restoration planning process with the 
Summary (All segments) tab being the best reference for identifying the highest priority 
treatments.  The  Scores (Recommended) tab and Scores (All Needs) tab still have value 
for identifying the 2nd and 3rd ranked treatment priorities in a given segment as long as the 
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listed treatments are also confirmed to be appropriate by checking the Recommended and 
appropriate tab. 
 

The “Highest ranked treatment” column on the Summary (All segments) tab lists 
three treatments, representing the highest priority treatment based on all needs, threshold 
needs, and cost effectiveness (i.e., bang-for-the-buck) with the cost-effectiveness priority 
generally representing a less expensive option that produces similar geomorphic and 
habitat benefits.  The project stakeholders must decide among these three prioritized 
treatments and all other appropriate treatments (shown in the “Appropriate treatments” 
column on the Summary (All segments) tab) when developing restoration plans.  In many 
cases, the same treatment option is prioritized by two of the different prioritization 
approaches as in Segment 15D where “Floodplain lowering” is recommended based on 
both all needs and threshold needs.  The cost effective treatment, “Bank cutting/Flow 
diversion”, represents a more affordable approach to achieving similar results. 
 

All three prioritization methods recommend the do nothing option in those 
segments where no threshold geomorphic and habitat needs are present.  Ten of the 69 
segments fall into this category and should be considered as segments in fairly good 
condition with limited need for restoration.  Priority treatments beyond the do nothing 
approach could be identified for the 10 segments by lowering the currently assigned 
threshold value of 4.  The ability to change threshold values on the Needs tab for all 
needs or for specific individual needs (e.g., just for flow complexity) provides project 
planners the flexibility to prioritize restoration efforts based on specific requirements of 
various funding sources or to match various landowner requests. 
  
3.8 Utilizing the restoration rankings 
 

Without the process detailed above to rank restoration treatment options, selecting 
the best of 14 treatment techniques to address 10 geomorphic and habitat needs in 69 
different segments would be daunting.  However, the process is merely designed to 
provide guidance to project stakeholders who ultimately must make the final decision 
regarding the treatment options to implement.  For restoration at the watershed level, the 
highest priority segments selected for restoration should not only lead to channel stability 
and sustainable habitat improvements within the segment, but should also improve 
conditions elsewhere.  High rates of sediment delivery from upstream reaches are a 
common cause for channel instability and habitat degradation on rivers in New England.  
Consequently, high priority segments for restoration should be those where floodplain 
access, multiple side channels, or a meandering planform can be reestablished or further 
improved without endangering public safety.  Such restoration efforts typically improve 
flood and sediment storage, thereby reducing downstream sediment loading and flooding 
while creating aquatic habitat in the restored segment (e.g., flood flow refuge and rearing 
habitat in side channels and pool formation within recreated meanders). 
 

To focus future restoration efforts on North River, a list of segments with a high 
priority for restoration was created based on the total needs scores, degree of bank 
erosion and armoring, and proximity to infrastructure.  To be considered as a priority 
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segment the segment had to pass through a two-step screening process.  First, the 
segment had to meet just one of three criteria: 1) a total needs score of 22 or greater (as 
recorded under the “Total” column on the Need tab); 2) bank erosion of more than 33 
percent (i.e., erosion score of 4 or higher as recorded under the “Eroding” column on the 
Need tab); or 3) a combined bank erosion and bank armoring score of 6 or more (i.e., the 
sum of the two values listed under the “Eroding” and “Armoring” columns on the Need 
tab).  The combined bank erosion and bank armoring score of 6 or more means at least 41 
percent of the bank length in the segment must be unstable (i.e., either eroding or 
armored) (see scoring rubric on Guidance tab).  A total of 36 segments pass through the 
first screening process by meeting at least one of these three criteria, 21 of which have a 
needs score of 22 or higher (see Threshold Needs Screen in Appendix 6).  The addition of 
15 others to this initial list based on bank stability reflects the concern bank instability 
plays in erosion hazards and downstream sediment loading. 

 
To be considered as a priority segment, however, the 36 segments that passed 

through the initial screening process must also be within 100 ft of critical infrastructure 
(defined here as a main road, bridge, or residential or commercial development).  This 
second infrastructure screen ensures that restoration in prioritized segments, in addition to 
focusing on channel stability, aquatic habitat, and sediment loading issues, is potentially 
protecting infrastructure.  A scoring rubric was developed to indicate how close a 
segment was to infrastructure or other human land uses with a “0” assigned to segments 
where no infrastructure or agricultural was within 100 ft, a “2” for segments within 100 ft 
of agricultural lands, a “3” for segments within 100 ft of a secondary road, a “4” for 
segments within 100 ft of a main road or bridge, and a “5” for segments within 100 ft of a 
residential or commercial development.  A hand entered value was recorded for each 
segment under the “Infra score” column (for infrastructure score) on the Threshold Needs 
Screen tab after analyzing with GIS the most recent orthophotos (from 2009), road 
shapefiles, and segment shapefiles in Appendix 1.  Those segments with a score of 4 or 
more were then flagged with a “yes” under the “Infra_Threshold” column on the 
Threshold Needs Screen tab to identify those segments within 100 ft of a main road, 
bridge, or residential or commercial development.  The final step in the two-part 
screening process was to identify those segments that passed through both screens (i.e., 
met one of the three criteria in the first screen and were also within 100 ft of critical 
infrastructure). The 22 prioritized segments that resulted from this process are denoted 
with a “Pass” designation under the “Pass thresholds” column on the Segments 
prioritization tab. 

 
The highest ranked priority treatment based on the prioritization process described 

above is Segment 5A, but all 22 priority segments should be considered equally worthy 
of restoration despite the range in total Needs scores from 33 to 17.  Opportunities to 
work in one segment should not be delayed simply because other higher ranked segments 
have not yet been restored.  Additionally, within a given segment, all appropriate 
treatments should be considered in developing restoration designs as many other factors 
not embodied in the restoration planning process must also be considered.  For example, 
a hypothetical landowner in Segment 15E who is willing to implement a low ranking yet 
recommended and appropriate treatment in the channel (e.g., “Rock weirs”) may be 
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unwilling to consider the three highest priority treatments requiring work on the 
floodplain (e.g., “Floodplain lowering” and “Flow diversion) (see Segment 15D on 
Summary (All Segments) tab).  The in-channel treatment while perhaps not as effective as 
the floodplain options would still be worth implementing, because some of the segment’s 
needs would be addressed. 

 
Budgetary or other constraints preventing restoration in one of the highest priority 

segments should not necessarily preclude implementation of less expensive or more 
easily completed restoration projects in other segments not on the priority list.  
Completion of projects on segments that are of a lower priority, but where a landowner is 
willing to have a project implemented, for example, could potentially benefit nearby 
higher priority segments where other constraints, such as a public safety risk, may 
preclude implementation of a restoration project.  In general, where the issue of high 
sediment loading is involved, projects completed in upstream areas are likely to benefit 
downstream areas, especially if the installed treatments enhance flow complexity and 
sediment storage (e.g., flow diversion, breach berm, engineered log jams, boulder 
clusters).  The greater the length of channel restored the greater the benefit that is likely 
to accrue to downstream areas.  While all of these various factors, not accounted for in 
the restoration prioritization process, must also be considered before making final 
decisions on which restoration projects to ultimately pursue, the approach to developing 
and evaluating restoration options described above will allow long-term restoration 
planning to continue at the watershed level while the more easily implemented projects 
(the “low hanging fruit”) can move forward more quickly in selected segments.  
Regardless of the segment to be restored, the restoration prioritization process (Appendix 
6) provides recommendations on the most appropriate treatments to use in those selected 
segments. 

 
4.0 DEVELOPMENT OF RESTORATION DESIGNS 

 
 The restoration planning process described above provides a framework for 
identifying priority sites to conduct restoration and selecting treatments to use at those 
sites.  However, the planning process embodies only some of the many issues that must 
be considered in making decisions regarding the location and type of restoration (e.g., 
habitat needs, proximity to infrastructure, cost effectiveness).  The other factors not 
incorporated into the planning process include, but are not limited to: 1) landowner 
willingness and support; 2) the priorities of interested parties such as municipalities, non-
profit groups, and potential funding agencies; 3) the need to vary treatments along the 
length of the river, so the benefits of multiple approaches can be realized; 4) construction 
access; and 5) best professional judgment based on watershed assessment data and 
lessons learned from other restoration projects.  Using the results of the restoration 
planning process, restoration project concepts were developed for 20 sites that include 18 
of the 22 prioritized segments (see Segments Prioritization tab) with two other projects 
included for additional reasons beyond the scope of the restoration planning process 
(Table 4).  The 20 listed projects recommend a range of treatment options and include 
projects in both Colrain and Shelburne, the two towns in the study area. While the 20 
listed projects provide a focus for future restoration efforts, the restoration planning 
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process (Appendix 6), by providing restoration recommendations for all segments, allows 
opportunities anywhere on the river to be pursued, regardless of priority, whenever there 
is a confluence of various factors such as landowner willingness, funding, and 
stakeholder support.  Implementation of one or two projects will enhance local channel 
conditions immediately, but the additive impact of completing several priority projects, 
as well as others, will ultimately benefit areas beyond the project sites and lead to 
watershed-wide progress on managing flood and erosion hazards, enhancing aquatic 
habitat, and reducing downstream sediment loading. 
 
4.1 Conceptual restoration designs 
 
 Conceptual restoration designs were developed for five of the 20 high priority 
project sites (Table 4), with one site developed to a higher design level (see Section 4.2 
below).  The five sites for which the conceptual designs have been developed were 
selected at a March 9th, 2015 public meeting held in the Colrain town offices.  This 
meeting was a continuation of a previous meeting held on September 29th, 2014.  The 
five selected sites represent a range of geomorphic impairments effecting the North River 
and the chosen treatments could also be applied to segments throughout the watershed 
with similar flood and erosion hazards, aquatic habitat degradation, or sediment loading 
issues. 
 
4.1a Colrain Fire District site 
 
 The Colrain Fire District site in segments 9F through 9D is located in a highly 
dynamic setting upstream of a major channel constriction formed by a pair of relict 
bridge abutments that confine the channel, block the floodplain, and influence sediment 
transport at the project site.  The site is of concern primarily due to the presence of the 
Colrain Fire District well, which supplies a portion of the town's water supply.  The 
channel is partially confined by an instream berm that was built to block access to a broad 
meander that formed during Tropical Storm Irene.  The berm was completed as part of 
emergency work after the flooding and returned the channel to roughly the same 
straightened position that existed prior to the storm. 
 

The proposed project design for the site includes restoring flood flow access to 
the broad meander formed during Tropical Storm Irene through the breaching or removal 
of the instream berm.  Flow conditions at the site could be further improved by bank 
cutting and flow diversion that would activate side channels in the forested floodplain 
area along the left bank.  Activating the side channels will be facilitated by two log jams 
constructed in the channel (Appendix 8).  To reduce backwatering upstream of the old 
bridge abutments, a portion of the relict right bank bridge approaches that block the 
floodplain could be removed.  However, due to the presence of downstream infrastructure 
hydraulic modelling would be required prior to project implementation to determine the 
impact the restoration of floodplain flow would have on downstream flow levels and 
velocities. 
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4.1b Massachusetts DOT bridge replacement site 
 
 Just downstream of the Colrain Fire District site, North River is crossed by the 
Route 112 Bridge that is scheduled for replacement by Mass DOT (Segments 9C-9B).  
The bridge is being replaced due to its age, condition, and a low bridge deck that has an 
elevation below the modeled 100-year flood elevation.  Large volumes of sediment are 
deposited upstream of the bridge on an enlarged mid-channel bar.  This enhanced 
sediment accumulation increases the risk of damages during floods, including the 
potential for significant scour and undermining of the bridge structure, bank erosion as 
flow is diverted around the bar, and increased flood inundation as flow is impounded 
upstream of the bridge.  Bank erosion is particularly active downstream of the crossing as 
sediment-starved flows exiting the bridge area reclaim sediment deposited upstream on 
the mid-channel bar.  The planned bridge replacement will not address sediment transport 
problems through the crossing area so the problems of scour, erosion, and inundation are 
likely to persist even after the bridge is replaced. 
 

The proposed design presented in Appendix 8 envisions removing sediment from 
the enlarged mid-channel bar and adopting a sediment management maintenance plan to 
limit fluvial erosion hazards at the site and in downstream reaches.  Sediment initially 
removed from the mid-channel bar will be used to construct a bankfull bench along the 
right bank downstream of the bridge, narrowing the channel and stabilizing the stream 
bank adjacent to the elementary school.  Toe wood structures placed along the 
constructed bench will provide scour protection and habitat benefits.  A riparian buffer 
planting is also proposed for this area, providing a channel canopy and further bank 
stability along the school property.  Upstream of the bridge, porous rock weirs will 
properly direct flow between the new bridge piers, reduce scour, and facilitate sediment 
transport through the reach. 
 
4.1c Foundry Village Impoundment site 
 
 A ruined dam is visible upstream of the Foundry Village Road Bridge.   The river 
has incised through the former impoundment upstream of this dam, creating high banks 
of eroding legacy sediments.  These unstable banks are composed of fine sand, silt and 
clay deposited in the mill pond when the dam was extant.  The erosion of the fine 
sediment contributes to water quality and habitat impairments downstream.  The 
remnants of the dam include a six foot high concrete grade control that likely represents a 
barrier to aquatic organism passage. 
 

The proposed design in Appendix 8 includes removing the dam remnants to allow 
aquatic organism passage and restoring the pre-impoundment wetland by removing a 
portion of the legacy sediments.  Floodplain lowering to restore the wetland would 
increase water and sediment storage and reduce fine sediment, providing habitat and 
geomorphic benefits at the site and to downstream reaches. 
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4.1d Barnhardt Bridge site 
 
 A 450-foot long, up to 50-foot high, mass failure across from Barnhardt 
Manufacturing (Segment 5A) represents a large source of sediment to North River.  Some 
of the sediment from this high glacial bank is accumulating in an enlarged mid-channel 
bar at the Route 112 Bridge just downstream.  The enhanced sediment accumulation, due 
in part to the constriction of the bridge, is causing significant scour and undermining of 
the bridge structure and bank erosion as flow is diverted around the emerging bars. 
 

The proposed design includes removing sediment from the enlarged mid-channel 
bar and adopting a sediment management maintenance plan to limit fluvial erosion 
hazards at the site and in downstream reaches.  Sediment initially removed from the mid-
channel bar will be used to construct a bankfull bench at the toe of the large mass failure.  
Additional sediment required to construct the bench will be removed from the left bank 
point bar opposite the failure and from the over-steepened top portion of the failure itself.  
By building out the toe, the high bank will be re-graded to a lower, more stable slope 
angle.  Toe wood structures placed along the constructed bench will provide scour 
protection and habitat benefits.  Porous rock weirs will help to properly align the stream's 
thalweg further reducing scour around the bridge pier and abutments and facilitating 
sediment transport through the reach.  By stabilizing the mass failure the design will help 
reduce downstream sediment loading, bar growth upstream of the bridge, and scour of the 
bridge piers. 

 
4.2 Final engineering design 
 
 The highest priority site is the Shelburne Falls Water District site.  This site, 
which provides drinking water to 2,200 people in Shelburne Falls and 50 residents in 
Colrain, was significantly impacted by Tropical Storm Irene.  During the flood, the 
stream channel widened by more than 50 percent at the site, as the stream bank retreated 
into the Water District property.  The Post-Irene stream channel is significantly wider and 
more unstable than it was previously, leaving the water supply system vulnerable to 
increased fluvial erosion hazards. 
 
 The proposed project (Appendix 8) would reduce the risk of erosion at the town’s 
water supply wells, as well as improve riparian habitat and increase sediment storage.  
The project consists of  establishing a riparian buffer and stabilizing the stream bank with 
a constructed bankfull bench to reclaim portions of the bank lost during Tropical Storm 
Irene.  Boulder deflectors and toe wood structures will also be along 700 feet of eroding 
bank.  Additional instream habitat benefits will be provided by the installation of boulder 
clusters and isolated logs in the channel.  The estimated cost of the project detailed in 
Appendix 8 is $460,000. 

 
5.0 CONCLUSIONS 

 
North River watershed’s rich history of mills and associated river uses, including 

dam construction and extensive channel straightening, has left a continuing legacy of 
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aggravated flood and erosion hazards, degraded aquatic habitat, and high sediment 
loading.  As numerous mill dams have fallen into disrepair, sediment is being released 
into the river as the channel incises through the former impoundments behind these old 
dams.  Considerable sediment is also derived from mass failures along high banks of 
glacial deposits in naturally and artificially confined portions of the river where flood 
flow velocities and scour are enhanced with limited floodplain access to dissipate flow 
energy.  The sediment derived from former impoundments and mass failures tends to 
accumulate in areas where flow velocity and the river’s sediment carrying capacity 
decline rapidly.  Sediment deposition near bridges and other infrastructure threaten the 
structures through bank erosion and abutment scour driven by gravel/sand bar growth. 

 
Artificially straightened segments of North River have the potential to reform 

meanders along their length with the process of meander development beginning with 
potentially rapid shifts in channel position of tens of feet in a single flood.  Where 
occurring far from infrastructure and other human resources, continued meander growth, 
despite the associated bank erosion, can reduce flood flow velocities, improve aquatic 
habitat (e.g., greater pool depths, increased flow complexity, and improved particle size 
segregation), and reduce downstream sediment loading through long-term sediment 
storage on gravel/sand bars and emerging floodplains. 

 
The specific geomorphic and habitat needs to be addressed by restoration have 

been identified for the 69 discreet channel segments identified during the assessment 
(Appendix 6).  Design typicals have been created for 13 treatment options (not including 
“Do nothing” option) that each address a unique suite of geomorphic needs (Appendix 7).  
An eight-step restoration planning process was developed to link appropriate cost-
effective restoration treatments with the geomorphic and habitat needs of priority 
segments.  The restoration planning process was instrumental in developing a list of 20 
restoration project concepts (Table 4) that if implemented over time will lead to long-
term improvements in flood and erosion control, enhancements in aquatic habitat, and 
reductions in downstream sediment loading.  Detailed conceptual designs, included here 
in Appendix 8, were developed for five sites selected at a March 9th, 2015 public 
meeting.  These conceptual designs will be important for procuring future funding that 
will be used to improve geomorphic stability and aquatic habitat on North River.  The 
results of the geomorphic assessment and restoration planning process for North River 
should remain useful in the coming years by targeting restoration treatments to the site-
specific needs of the various identified channel segments on North River. 
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Figure 1. Watershed map of North River.

Deerfield

Shelburne Falls

Greenfield

Colrain

Ashfield

Boston

North River 
Watershed

Conway

Hawley

Charlemont

Buckland

Jacksonville

Monroe Bridge

¯
0 1 2 3

Miles

Connecticut River

Deerfield River

North River

Deerfield River
selected tributaries

Chic
kle

y R
ive

r

Clesson Brook

South River

Green River

North River 
Watershed
   (93 mi²)

Heath

East Branch

West Branch

North River fluvial geomorphic assessment - May 2015     Page 41 of 111



Figure 2. Location of reach breaks on North River.
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Figure 3. Annual peak discharge data for North River including the historic maximum of 56,100 cfs recorded during Tropical Storm Irene on August 28, 2011.
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a)

b)

c)

Figure 4. Damages from Tropical Storm Irene included a) breaching of the Kendall Dam where subsequent post-flood
emergency work consisted of b) channelization and c) berming of the stream.
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Figure 5. Landslides on high banks of glacial deposits were reactivated by Tropical Storm Irene.
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Figure 6. The complex geology and glacial history of North River give rise to abrupt changes in a) slope, b) confinement, and
c) watershed area along the length of the river.  Note: dashed lines represent an idealized river equilibrium condition.
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Figure 8. Reformed meander on straightened channel segment of North River.
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Figure 9. Google Earth images from a) July 2009 and b) September 2011 illustrating how Tropical Storm
Irene flooding in August 2011 deposited large gravel bars, widened the channel, and caused significant bank
erosion on North River.

a)

b)
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Figure 10. Historical aerial photograph from 1952 showing a) a mass failure that is still present today and b) large gravel bars, bank erosion, and a recently
abandoned meander.
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Figure 11. A comparison of bank height, composition, and stability on North River, illustrating how high banks of glacial sediments are a significant source of sediment
in the river. 
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Figure 12. Deposition upstream of the Covered Bridge is caused by flow confinement at the structure and high sediment loading during flood flows.
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Figure 13. Berming within the East Branch channel as seen a) from aerial photographs and b) on the ground.
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Figure 14. Point bars are common on North River.
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Table 1. North River reach characteristics.

Reach Drainage Reach Distance Channel Percent Predicted Valley Valley Percent Reason
Area (mi2) length (ft) DS (mi) gradient (%) Change* Channel WidthBF

& width (ft) confinement$ Change* for break†

US end 39.4 - 0.0 - - - - - - State line
15 41.2 3824 0.7 0.65 - 72.2 650 9.0 - VE
14 43.6 4859 1.6 0.66 1 73.9 1050 14.2 58 VC
13 44.9 3712 2.3 0.67 2 74.9 700 9.4 -34 VC
12 46.1 2536 2.8 0.75 11 75.7 300 4.0 -58 VE
11 47.5 4748 3.7 0.42 -44 76.6 1150 15.0 279 VC, P, CG
10 47.8 1589 4.0 0.69 64 76.8 950 12.4 -18 VE, P
9 49.5 7491 5.4 0.47 -33 78.0 1100 14.1 14 VC
8 51.5 4572 6.3 0.61 31 79.2 350 4.4 -69 DR
7 54.0 4923 7.2 0.55 -10 80.8 950 11.8 166 US
6 84.6 2155 7.7 0.51 -7 97.6 1250 12.8 9 D, T
5 85.4 3826 8.4 0.55 8 98.0 1100 11.2 -12 LU, P
4 88.9 6166 9.5 0.41 -26 99.6 1100 11.0 -2 G, VC
3 88.9 847 9.7 0.83 104 99.6 260 2.6 -76 BR, CG
2 90.1 2863 10.2 0.70 -15 100.2 370 3.7 42 P
1 92.9 3459 10.9 0.75 8 101.5 350 3.4 -7 -

*Percent change from upstream reach
&Equation from published Massachusetts regional hydraulic geometry curve (Bent, G.C., and Waite, A.M., 2013)
$Valley confinement is the ratio of average valley width to reference channel width (from the regional curve)
†Reason for reach break: D = Existing dam site; DR = Former dam site; CG = channel gradient; VE = valley expansion

VC = valley constriction; T = major tributary confluence; P = planform; LU = land use;
BR = Bedrock ledge grade control; G = Gorge; US = upstream end impoundment
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Table 2. Summary of channel features mapping.

Watershed Statistics

Drainage area (mi2) 93

Channel Statistics
Channel length (ft) 57568
                      (miles) 10.9
Reaches 15
Segments 69

Length (ft) %
Artificially straightened 41356 71.8

Stream Banks
Bank stability LB % RB % Total %
Erosion 16350 28.4 16783 29.2 33133 28.8
Armored 10411 18.1 5778 10.0 16189 14.1

Bank Height LB % RB % Total %
low - (4 to 6 ft) 16626 28.9 20666 35.9 37292 32.4
low / medium - (7 to 10 ft) 18885 32.8 16914 29.4 35799 31.1
medium (12 to 18 ft) 10072 17.5 9485 16.5 19557 17.0
high (20 to 30 ft) 8070 14.0 7106 12.3 15176 13.2
very high (40+ ft) 3915 6.8 3397 5.9 7312 6.4

Composition LB % RB % Total %
alluvial floodplain 27697 48.1 32785 57.0 60482 52.5
legacy / mill pond seds 5086 8.8 7790 13.5 12876 11.2
glacial sediments 13709 23.8 14633 25.4 28342 24.6
bedrock 5980 10.4 2054 3.6 8034 7.0
artificial fill / road grade 5096 8.9 306 0.5 5402 4.7

Depositional Features
LB % RB % Total %

Point bars 13421 23.3 11110 19.3 24531.46 21.3
Side bars 1190 2.1 1923 3.3 3113.141 2.7
Delta bars 108 0.2 308 0.5 416.6846 0.4

%
Mid-channel bars 10540 18.3
Islands 1526 2.7
Diagonal bars 1700 3.0

Point Features Count per mile
Historic dam site 10
Historic mills 31
Bridges (active) 10
Beaver dams 0
Mass failures 24
Avulsions 6
Flood chutes 15
Deep pool 103
Debris jams 18
Large wood (pieces) 1665 153
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Table 3. Data summary of representative topographic cross sections.

Segment XS  Channel Mean   Max   X-S W/D* Wet P# Hyd      D50    Notes
# WidthBF DepthBF DepthBF Area Rad$

(ft) (ft) (ft) (ft2) (ft) (ft)
9J 1 131 4.01 5.60 527 32.8 134 3.93 coarse gravel Upstream of berm
9I 4 166 3.47 5.79 576 47.7 169 3.40 coarse gravel In-channel berm
9C 2 145 4.46 7.26 645 32.4 148 4.36 coarse gravel Upstream of bridge
9B 4 166 3.60 6.10 596 46.0 167 3.56 coarse gravel Downstream of bridge
7C 2 139 3.97 7.67 552 35.0 141 3.91 coarse gravel At high mass failure
5A 1 134 7.25 11.72 974 18.6 138 7.05 coarse gravel At high mass failure
5A 2 193 5.59 9.09 1076 34.5 197 5.47 coarse gravel Just downstream of mass failure
4D 6 142 6.73 10.44 958 21.2 146 6.58 coarse gravel Downstream of bridge
4B 1 179 5.68 9.32 1016 31.5 183 5.54 coarse gravel Across mc bar, side channel
4B 2 179 5.45 9.04 974 32.7 182 5.36 coarse gravel Across midchannel bar

*W/D = ratio of Channel WidthBF to Mean DepthBF
#Wet P = wetted perimeter or perimeter of the channel cross section
$Hyd Rad = hydraulic radius; cross sectional area divided by wetted perimeter

.
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Table 4. Restoration project concepts.

Project Coordinates Reach / Town Site Description Project Description Technical Segment Total
Number Segment Feasibility Needs Score

1 42.731806˚ N;   -
72.718943˚ W 15C-15B Colrain

Adjacent segments with very high needs 
along Rt 112.  Stream confined between road 
and medium to high glacial RB

Construct series of instream structures, 
including deflectors and weirs High 28 and 33

2 42.731806˚ N;   -
72.718943˚ W 15C  Colrain 270 foot long severe mass failure Stabilize long mass failure with boulder-

supported log jams Moderate 28

3 42.728319˚ N;   -
72.713605˚ W 15A Colrain Unstable banks directly upstream of stream 

crossing represent threat to Rt. 112 bridge

Stabilize bank with bioengineering and 
establish riparian buffer with riparian 
plantings and no-mow zones along edge of 
hayfield

Very high 17

4 42.691549˚ N;   -
72.692308˚ W 11A-10B Colrain

Reil Rd bridge is damaged, and there are 
severe erosion, channel avulsion and LWD-
loading hazards

Re-align and stabilize main and side 
channels upstream of bridge, includes 
desnagging and deflectors

High 10 and 17

5 42.688133˚ N;   -
72.690457˚ W 10A Colrain

Highly impaired segment with very poor 
habitat and blocked side channel on forested 
FP

Divert flow into blocked side channel with 
bank cutting and engineered log jam utilizing 
LWD from upstream segment

Very high 27

6 42.674981˚ N;   -
72.696264˚ W 9C-9B Colrain

Excessive sediment accumulating around 
Rt.112 bridge, scheduled for replacement by 
Mass DOT

Establish a maintenance plan for removal of 
excess sediment from in and around bridge 
structure 

Very high 23 and 28

7 42.674438˚N;    -
72.697435˚ W 9B Colrain

High visibility segment in center of town in 
need of riparian improvements and bank 
stabilization 

Riparian planting and establishment of a no 
mow zone with or without boulder deflector 
toe protection

Very high 28
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Table 4 (continued). Restoration project concepts.

Project Coordinates Reach / Town Site Description Project Description Technical Segment Total
Number Segment Feasibility Needs Score

8 42.673802˚ N;   -
72.704764˚ W 8F Colrain

Large unstable landslide in historic landfill 
threatens town buildings and represents 
serious sediment and pollution source

Re-configure stormwater outfall and runoff 
from road and parking lot, stabilize slope and 
toe of bank

Moderate 22

9 42.676761˚ N;   -
72.712053˚ W 8A Colrain

Legacy sediments upstream of historic ruined 
dam confine channel and prevent floodplain 
access

Remove legacy sediment and restore historic 
floodplain High 15

10 42.674972˚ N;   -
72.713705˚ W 7D Colrain

Increased sediment transport capacity and 
flow velocity in straightened channel leading 
to degraded condition and increased 
problems downstream

Use instream structures such as boulder 
deflectors and boulder-wood clusters to 
improve habitat and geomorphic function

Very high 22

11 42.672880˚ N;   -
72.715248˚ W 7C Colrain

Two houses and gas station at top of very 
high unstable bank are severely threatened 
by continued bank erosion

Divert flow away from large mass failure onto 
forested floodplain and stabilize slope Moderate 15

12 42.668961˚ N;   -
72.718985˚ W 7A Colrain Degraded channel function upstream of 

impoundment, agricultural landuse

Use boulder deflectors and boulder-
supported log jams to improve habitat and 
geomorphic function, could be paired with 
riparian enhancement

Very high 26

13 42.663622˚ N;   -
72.716185˚ W 6A Colrain

Impounded channel upstream of Barnhardt 
dam, degraded instream and riparian 
conditions

Riparian enhancement through native 
wetland plantings, could be paired with 
instream structures

High 26

14 42.660444˚ N;   -
72.714853˚ W 5C Colrain

Increased sediment transport capacity and 
flow velocity in straightened channel leading 
to degraded condition and high hazards

Restore geomorphic function and improve 
habitat value while lowering erosion hazards 
through combined instream and floodplain 
approach

High 28
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Table 4 (continued). Restoration project concepts.

Project Coordinates Reach / Town Site Description Project Description Technical Segment Total
Number Segment Feasibility Needs Score

15 42.656810˚ N;   -
72.715788˚ W 5B Colrain

Increased sediment transport capacity and 
flow velocity in straightened channel leading 
to degraded condition and high hazards

Combined instream and floodplain approach 
may include bank cutting and flow diversion 
out of straightened channel

High 20

16 42.654571˚ N;   -
72.716452˚ W 5A Colrain  450 foot long, active mass failure is severe 

threat to infrastructure
Stabilize large mass failure with sediment 
removed from around bridge High 27

17 42.653593˚ N;   -
72.714749˚ W 5A-4D Colrain  

Rt. 112 bridge and adjacent infrastructure are 
severely threatened by scour exacerbated by 
excessive bar deposition

Establish sediment removal plan, realign 
channel with weirs and/or deflectors to 
reduce severe undermining at Rt. 112 bridge

High 27

18 42.642862˚ N;   -
72.716890˚ W 4B Colrain  Bank erosion and flooding inundation 

threaten town water supply wells
Establish riparian buffer and install deflectors 
along 600 feet of eroding bank High 23

19 42.630249˚ N;   -
72.736476˚ W 1A Shelburne Significant threat to Rt. 112, which runs along 

top of eroding streambank
Bank stabilization along with deflectors along 
400 feet of bank High 25

20 N/A Watershed Colrain and 
Shelburne

Japanese knotweed is primarily spread in 
floods like last year's TS Irene

Grassroots effort to eradicate invasive 
japanese knotweed using volunteers Very high N/A
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Table 4 (continued). Restoration project concepts.

Project Benefits Stakeholders / Costs Comments / Photo
Number Status Next Steps

1
Reduce threat to Rt. 112, create instream sediment 
storage, reduce velocities and sediment transport 
through reach, improve aquatic habitat

Town of Colrain, 
landowner $100K to $250K Contact landowner

2
Reduce potential losses through erosion hazards, 
provide sediment storage, moderate peak flows, 
reduce stress on downstream reaches

Town of Colrain, 
landowner $250K to $500K Contact landowner

3 Stabilize bank, reduce threat to Rt. 112 bridge, 
reduce sediment loading

Town of Colrain, Mass 
DOT, landowner $100K to $250K Contact landowner and 

Mass DOT

4 Reduce threats to Reil Rd bridge and Rt. 112 by 
increasing bridge's capacity during high flow events

Town of Colrain, Mass 
DOT, landowner $250K to $500K

Scaleable, contact town 
about current bank 
stabilization project 
plans

5
Greatly improve habitat, flow complexity and 
sediment sorting by re-accessing blocked side 
channel

Town of Colrain, 
landowner $100K to $250K

Great habitat project 
that utilizes existing 
materials

6
Sediment removal will reduce scour around new 
bridge piers and abutments while reducing flooding 
and erosion risks

Town of Colrain, Mass 
DOT, landowner

permitting and 
town road crew 
costs

Contact Mass DOT 
about bridge 
replacement schedule

7 Improved riparian habitat and reduced bank erosion 
risks in high value central location

Town of Colrain, 
landowner $50K to $200K

Possible educational tie-
in with elementary 
school
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Table 4 (continued). Restoration project concepts.

Project Benefits Stakeholders / Costs Comments / Photo
Number Status Next Steps

8 Reduce sediment and pollution entering stream, 
stabilize slope and reduce hazard to town buildings Town of Colrain $250K to $500K Town-owned land

9 Restore floodplain connection, provide sediment 
storage and reduce flow velocities

Town of Colrain, 
landowner $250K to $500K Legacy sediments could 

be sold as loam

10 Improve aquatic habitat, encourage meandering, 
increase sediment storage

Town of Colrain, 
landowner $100K to $150K Contact landowner

11 Help to avoid catastrophic bank failure and reduce 
threat to infrastructure

Town of Colrain, 
landowner $250K to $500K

Contact landowners to 
gauge interest, 
brainstorm

12 Improve aquatic habitat and increase sediment 
storage

Town of Colrain, 
landowner $180K to $250K

Location downstream of 
restored covered bridge 
is an asset

13 Improve riparian and aquatic habitat, increase 
canopy

Town of Colrain, 
landowner $100K to $150K Contact landowner

14
Increase floodplain connection, reduce velocities 
and sediment transport through reach, lower 
erosion hazards

Town of Colrain, 
landowner $150K to $300K

Contact landowners to 
gauge interest, 
brainstorm
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Table 4 (continued). Restoration project concepts.

Project Benefits Stakeholders / Costs Comments / Photo
Number Status Next Steps

15
Increase floodplain connection, reduce velocities 
and sediment transport through reach, reduce 
stress on landslide downstream

Town of Colrain, 
landowner $150K to $300K

Contact landowners to 
gauge interest, 
brainstorm

16 Reduce sediment loading to stream while stabilizing 
high bank in important location

Town of Colrain, Mass 
DOT, landowner $250K to $500K

Contact landowners, 
Barnhardt, and New 
England Environmental

17
Sediment removal will reduce scour around new 
bridge piers and abutments while reducing flooding 
and erosion risks

Town of Colrain, Mass 
DOT, landowner $100K to $250K Contact Mass DOT and 

town highway dept.

18 Reduce risk to town water supply, improve riparian 
habitat, increase instream sediment storage

Town of Colrain, 
Shelburne Falls Water 
District

$200K Contact Shelburne Falls 
Water District

19 Stabilize bank to protect road and reduce sediment 
load delivered to Deerfield River downstream

Town of Shelburne, Mass 
DOT, landowner $150K to $300K

Does Mass DOT 
already plan on 
addressing this?

20

Eradicating knotweed or llimiting its spread will 
improve and protect the integrity and quality of the 
riparian zone, increase bank stability, protect native 
plant species

Towns of Colrain and 
Shelburne, Deerfield 
River Watershed Council, 
landowners

Low to no cost Public outreach, 
organize volunteer labor
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APPENDIX 1 

(GIS shapefiles – see attached CD) 
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APPENDIX 2 

(Historical maps, aerial photographs and topographic maps – see attached CD) 
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APPENDIX 3 

(Topographic survey data – see attached CD) 
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APPENDIX 4 

(Substrate particle size data) 
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Appendix 4. Substrate particle size data.
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APPENDIX 5 

(Description of channel types) 
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North River Channel Types – Confined Channels 
 
Physical condition   Habitat Features    Restoration Proscriptions 
- Single channel    - Shallow pocket pools by boulders  - Boulder clusters 
- Limited gravel bars   - Mature riparian zone vegetation  - Rock weirs w/ pool excavation 
- Very limited sinuosity   - Poor particle size segregation  - Engineered log jams 
- High gradient/energy         
- Confined by high banks  
- Poorly formed boulder steps        
- Occasional narrow floodplain bench 
- Rosgen B and F stream type 
 
 
 
Cross section 
 

 
 
 
Ground photos 
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North River Channel Types – Channels within Impounded Areas 
 
Physical condition   Habitat Features    Restoration Proscriptions 
- Multiple channels   - Deep pools along cut banks  - Deflectors to turn water away 
- Large mid-channel & point bars  - Poor riparian zone vegetation  from bars & create meanders 
- Moderate to high sinuosity  - Good particle size segregation  - Wood additions on bars  
- Low gradient/energy   - Excellent channel complexity where - Log jams to divert flow to side 
- Fair to well formed pools/riffles  not incised    channels 
- High channel migration rates       - Bioengineering of eroding banks 
- Unconfined unless incised upstream of remnant dam    to protect road/create bank cover 
- Bank erosion on cutbanks and through channel widening following incision  - Riparian zone improvements 
- Rosgen C and E stream type when unconfined; Rosgen G and F when incised  - Remove impoundment sediments to 
- Stage III-IV channel evolution       broaden wetland areas 
- Several feet of fine grained bank material deposited behind mill dams 
- Incision of  impoundment sediments leads to downstream sediment loading issues 
 
Cross section 
 

 
 

Ground photos 
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North River Channel Types – Unconfined Channels 

Physical condition Habitat Features Restoration Proscriptions 
- Multiple channels w/ one dominant - Shallow to deep pools on cutbanks - Log jams to divert flow to side 
- Small to large mid-channel bars  - Floodplain refuge during high flows   channels 
- Low to high sinuosity  - Poor to mature riparian zone vegetation - Wood additions on bars & in channel 
- Occasional confinement by berms  - Particle size segregation in meanders - Log jams in pool areas for cover 
- Fair to well formed pools/riffles  - Breach berms 
- Plane bed morphology in straightened channels - Deflectors to turn water away 
- Stage III-IV channel evolution  from eroding banks near infrastructure 
- Rosgen C and F stream type 
- Meanders reforming 

Channel Sub-Types 
* Straightened channel

- Bar formation leads to meanders as opposite bank scoured w/ severe deposition leading to breakouts 
- Adjacent side channels and wetland complexes in position of abandoned channels 

* Breakout meanders
- Straightened channel abandoned as new meander with high sinuosity scoured over floodplain 
- Point bars developed on inside of meander bend 
- Increased stream length decreases flow energy 

Cross section 

Ground photos 
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APPENDIX 6 

(Restoration prioritization – see attached CD) 
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APPENDIX 7 

(Design typicals of restoration options) 
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Treatment: Riparian improvements
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Bankfull elevation Water surface
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Proposed bed surface
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Side view conceptual
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Plan view conceptual
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Bankfull elevation

Water surface

T r e a t m e n t : Bank cutting / Flow diversion

Side view conceptuals
1" = 20 ft, V.E. = 2x

Plan view conceptual
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Water surface1
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Bankfull channel width

T r e a t m e n t : F l o o d p l a i n l o w e r i n g

Side view conceptual
V.E. = 1.5x

Plan view conceptual

Example dimensions
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Side view conceptual

Plan view conceptual
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Scale 1 : 120
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*Note: Cluster dimensions and spacing are averages and shall vary by
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Floodplain
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Floodplain
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Proposed bed surface

Original bed surface
Water suface

Bankfull

Treatment:  Boulder supported log jam

Side view conceptual

Plan view conceptual

Expected scour

Expected deposition

Legend

Active channel

Flow

Example photo

Example dimensions
Bankfull Anchor log Number
channel DBH of anchor

width (ft) (in) logs
30 12 1
40 16 1 to 2
60 18 1 to 2
70 20 2 to 3
80 24 2 to 3

0 5 10
feet

15 20
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Engineered log jam
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Rock weirs
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APPENDIX 8 

(Conceptual design drawings for priority restoration sites) 
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Structure Types, Boulder Clusters

Longitudinal view conceptual

Side view conceptual

Plan view conceptual

Flow
Bankfull elevation

Water surface

Bed elevation

Post-construction 
bed surface

Flow

Expected scour

Expected deposition

Legend

Active channel

Note: Drawings are not to scale

Treatment:  Boulder clusters  
 
Boulder clusters are groups of large rocks placed within the low 
flow channel with irregular spacing and configurations. This 
treatment mimics natural clusters, defined as discrete, organized 
groupings of particles that sit above the average elevation of the 
surrounding bed surface. Boulder clusters are typically built as 
pairs of boulders with a small gap between them where water 
becomes concentrated in order to help maintain pools created 
downstream of the boulders. Large boulders are used with more 
than half of the boulder buried below the bed to prevent movement 
during large flow events. One or two logs, installed as in the 
isolated log treatment, are incorporated into the boulder clusters to 
provide cover over the pool and additional stability to the boulders 
when the root wads are placed against the downstream face of the 
boulders.   

Example photo: Boulder Cluster in channel

Proposed bed surface

Original bed surface
Water suface

Bankfull

Note: Additional logs not on sketch required
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Longitudinal view conceptual

Proposed bed surface

Original bed surface
Water suface

Side view conceptual

Expected scour

Expected deposition

Legend

Flow

Active channel

Plan view conceptual

Treatment: Isolated logs   
 The isolated logs are a treatment where individual logs  are added and naturally anchored within the low flow  channel. The root wad of each log is faced upstream and  remains above the channel bed while most of the attached  log (at least 15 ft long) is placed in a trench excavated into  the channel bed. The log is anchored when the trench is  backfilled over the log with a couple of boulders added for  extra stability. The isolated log treatment provides additional  roughness and alters the flow velocities to create distinct  zones of scour and deposition with pools generally forming  upstream of the root wad face and sand/gravel bars  downstream along the length of the buried portion of the log. 

Note: Drawings are not to scale

Structure types, Isolated Logs.

Flow
Bankfull elevation

Water surface

Bed elevation
Post-construction 
bed surface

Example photo: Isolated log in channel
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Estimate of probable design and construction costs
Shelburne Falls Water District Site - North River, Colrain, Mass

Treatment/Item Unit Quantity Unit Cost ($) Task Cost ($)

Riparian buffer establishment Acre 0.7 $25,000.00 $17,500.00

        Includes materials and labor for: invasive plant removal, 
soil amendments, bare root trees and shrubs, native seed mix
Boulder deflectors EA 7 $16,000.00 $112,000.00

Constructed bankfull bench linear ft 700 $105.00 $73,500.00

Toe wood structures EA 15 $3,750.00 $56,250.00

Isolated logs EA 6 $1,200.00 $7,200.00

Boulder clusters EA 6 $3,250.00 $19,500.00

Machinery day 7 $4,000.00 $28,000.00

Construction Oversight day 7 $1,680.00 $11,760.00

TREATMENT SUBTOTAL $325,710.00
20% Contingency $64,290.00
Construction subtotal $390,000.00

Permitting costs $70,000.00

Project total $460,000.00
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Appendix 8. Colrain Fire District Site (9F - 9D) - existing planview.
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Appendix 8. Colrain Fire District Site (9F - 9D) - proposed planview.
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Estimate of probable design and construction costs
Colrain Fire District well site - North River, Colrain, Mass

Treatment/Item Unit Quantity Unit Cost ($) Task Cost ($)

Engineered log jam EA 2 $20,000.00 $40,000.00

Toe wood structures EA 20 $3,750.00 $75,000.00

Breach / remove berm unit 1 $12,000.00 $12,000.00

Bank cutting / flow diversion unit 1 $8,000.00 $8,000.00

Remove portion RB abutment unit 1 $20,000.00 $20,000.00

Machinery day 10 $4,000.00 $40,000.00

Construction Oversight day 10 $1,680.00 $16,800.00

Hydraulic modelling unit 1 $12,500.00 $12,500.00

TREATMENT SUBTOTAL $224,300.00
20% Contingency $44,860.00
Construction subtotal $269,160.00

Permitting costs $70,000.00

Project total $339,160.00
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Estimate of probable design and construction costs
Mass DOT Bridge Replacement Site - North River, Colrain, Mass

Treatment/Item Unit Quantity Unit Cost ($) Task Cost ($)

Riparian buffer establishment Acre 0.5 $25,000.00 $12,500.00

        Includes materials and labor for: invasive plant removal, 
soil amendments, bare root trees and shrubs, native seed mix
Porous rock weirs EA 3 $19,000.00 $57,000.00

Constructed bankfull bench linear ft 400 $105.00 $42,000.00

Toe wood structures EA 10 $3,750.00 $37,500.00

Machinery day 5 $4,000.00 $20,000.00

Construction Oversight day 5 $1,680.00 $8,400.00

On-going sediment removal / maintenance year 5 $10,000.00 $50,000.00

TREATMENT SUBTOTAL $227,400.00
20% Contingency $45,480.00
Construction subtotal $272,880.00

Permitting costs $70,000.00

Project total $342,880.00
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Appendix 8. Foundry Village impoundment (8B - 8A) - existing planview.
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Appendix 8. Foundry Village impoundment (8B - 8A) - proposed planview.
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Estimate of probable design and construction costs
Foundry Village impoundment site - North River, Colrain, Mass

Treatment/Item Unit Quantity Unit Cost ($) Task Cost ($)

Breach / remove dam remnants EA 1 $20,000.00 $20,000.00

Stabilize channel grade EA 1 $18,000.00 $18,000.00

Remove legacy sediments acre 2 $65,000.00 $130,000.00

Planting native wetland vegetation acre 2 $13,000.00 $26,000.00

Machinery day 15 $4,000.00 $60,000.00

Construction Oversight day 15 $1,680.00 $25,200.00

TREATMENT SUBTOTAL $279,200.00
20% Contingency $55,840.00
Construction subtotal $335,040.00

Permitting costs $70,000.00

Project total $405,040.00
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Appendix 8. Barnhardt DOT Bridge Site (5A) - existing planview.
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Appendix 8. Barnhardt DOT Bridge Site (5A) - proposed planview.
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Appendix 8. Barnhardt DOT Bridge Site (5A) - cross section - proposed condition.
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Estimate of probable design and construction costs
Barnhardt DOT bridge site - North River, Colrain, Mass

Treatment/Item Unit Quantity Unit Cost ($) Task Cost ($)

Porous rock weirs EA 2 $27,500.00 $55,000.00

Constructed bankfull bench linear ft 600 $105.00 $63,000.00

Toe wood structures EA 25 $3,750.00 $93,750.00

Machinery day 10 $4,000.00 $40,000.00

Construction Oversight day 10 $1,680.00 $16,800.00

On-going sediment removal / maintenance year 5 $10,000.00 $50,000.00

TREATMENT SUBTOTAL $318,550.00
20% Contingency $63,710.00
Construction subtotal $382,260.00

Permitting costs $70,000.00

Project total $452,260.00
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Appendix D: Public Outreach Materials 

 
 

 

 





   
Fluvial Geomorphic and 
Habitat Assessment of 

the North River 
Watershed 

Project Kick-off Meeting 

 
 

Thursday, October 17, 2013 
 

Meeting Room 
Colrain Town Hall 
7:00 – 9:00 p.m. 

Light refreshments will be provided 
 

Please join us to learn more about this project! 
 

 Work that has been completed to date and a discussion of the findings 

 Work planned for the remainder of the year 

 Project outcomes and next steps 
 
Major bank erosion in the North River watershed has damaged or threatens roads, bridges, agricultural lands, 
water supplies and homes.  Considerable amounts of local, state and federal money have already been spent to 
repair damaged infrastructure and stabilize eroding banks.  Unfortunately, these repairs are not always 
successful.  The Massachusetts Department of Environmental Protection (Mass DEP) awarded the Franklin 
Regional Council of Governments (FRCOG) a $61,200 604b Water Quality Management Planning Grant to 
conduct a Fluvial Geomorphic and Habitat Assessment of the North River Watershed.  The FRCOG has hired 
Field Geology Services and Cole Ecological to conduct the assessment.  
 
This project will provide information on the causes of erosion, channel instability and habitat degradation, which 
allows bank stabilization and river restoration projects to be designed and implemented within a framework that 
anticipates the potential impacts of a given project on adjacent sections of the river.   
 
Despite the upfront investment required, geomorphic assessments, in the long term, result in significant cost 

savings through the implementation of less expensive yet more 
effective projects.  These projects often improve aquatic habitat 
and water quality, too.   
 
For further information about the project, please contact:  
Kimberly Noake MacPhee, P.G.,  
FRCOG Land Use and Natural Resources Program Manager  
kmacphee@frcog.org    413.774.3167 x130 

 

mailto:kmacphee@frcog.org










North River Assessment Project 
 

The Massachusetts Department of Environmental Protection (MA DEP) awarded a 604b Water 

Quality Management Planning Grant to the Franklin Regional Council of Governments (FRCOG) 

to conduct a Fluvial Geomorphic and Habitat Assessment of a portion of the North River 

Watershed.   

 

Rivers alter their course by erosion of their banks and the deposition of sediments.  This natural 

process can be accelerated by human activities that increase the velocity and volume of stormwater 

runoff, alter the structure of the river banks, or destroy the vegetation that helps to stabilize the soil 

of the banks.  Eroding banks can result in the loss of riparian vegetation and the deposition of 

sediment into the water, which can degrade aquatic habitat.  Valuable farmland and infrastructure, 

such as bridges, roads and houses, can be threatened by eroding river banks.   

 

The Franklin Regional Council of Governments has hired Field Geology Services, Inc. and Cole 

Ecological, Inc. to conduct the study of the East Branch North River, which will provide 

information on the causes of erosion, channel instability and habitat degradation.  Once these 

factors are understood, long-term cost-effective solutions can be identified that will minimize the 

need for further costly river bank and infrastructure repairs and improve aquatic habitat.  This 

project will provide conceptual restoration designs for 4 reaches and a final engineering design for 

the highest priority restoration site.   

 

Field work has begun and will continue through October and November so you may see the 

consultants wading in the river and near the river banks.  The consultants may also need to cross 

private property to gain access to the river.  If you own land along the East Branch North River 

or along the North River below the confluence of the East and West Branches, please contact the 

town if you have concerns about allowing the consultants to walk across your land to access the 

river.  

 

The FRCOG will be working with the consultants to inform residents about the relationship 

between river channel dynamics, land use activities, and water quality to generate community 

cooperation and support for future restoration and river bank stabilization projects.   

 

**A Project Kick-off Meeting is scheduled for Thursday, October 17
th

 from 7:00-9:00 p.m. at the 

Colrain Town Hall.** 

 

If you’d like to have your name added to the project mailing list or you’d like further information 

about the project, please contact: 

 

Kevin Fox, Colrain Town Administrator or 

Kimberly Noake MacPhee, P.G.,  

FRCOG Land Use and Natural Resources Program Manager 

kmacphee@frcog.org    or 413.774.3167 x130 
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N O R T H  R I V E R  W A T E R S H E D  

FLUVIAL GEOMORPHIC 
& HABITAT ASSESSMENT 



BACKGROUND 

• Major flooding has 
occurred  in the 
watershed in 1869, 
1878, 1936, 1938, 
1955, 1987, 2005, 
and 2011. 

• SCS 1990 Flood Plain 
Management Study 
• Bank erosion 

• Sedimentation 

• Flooding 

• Cold water fishery 



BACKGROUND  

• In June 2008, FRCOG completed a multi-year 

assessment project for the Deerfield River 

watershed, which included detailed work in the 

larger tributary watersheds – North, Chickley, Green, 

South River.   

• Areas of significant bank erosion were identified in 

these 4 watersheds.  Often, these eroding banks 

extended for hundreds of feet. 

 



BACKGROUND 

• Infrastructure such as roads and public water 

supplies, as well as important agricultural lands, 

have been damaged or are threatened by the 

major erosion occurring in these watersheds.  

• Significant amounts of local and state money have 

been spent to repair damaged infrastructure and in 

some cases several repairs have been needed. 

 



BACKGROUND 

• The  North River watershed is sparsely developed 

and the percent of impervious cover is very low. 

• Development (farms, roads, houses, and villages) is 

concentrated in narrow floodplain areas.  

• The riparian buffer in the floodplain areas is often 

completely absent or very narrow, which further 

undermines the stability of the banks. 

 

 



BACKGROUND 

• Recommendation:   

• Work cooperatively with landowners, towns and regulatory 

agencies to understand the types and causes of the erosion 

and identify river restoration projects that will help to 

stabilize the eroding banks, improve water quality and 

prevent future erosion and flooding problems.  

 

 



CURRENT PROJECT 

• In 2012, MassDEP awarded FRCOG a $61,200 grant 
for a Fluvial Geomorphic and Habitat Assessment 
project.  

• Two phase project – 1st phase includes East Branch 
North River and North River. 

• FRCOG hired Field Geology Services and Cole 
Ecological to perform the assessments. 

• FRCOG will work with the town to: 
•  Inform residents about the relationship between river 

channel dynamics, land use activities, and water quality, 
and 

• Generate community cooperation and support for future 
river restoration and mitigation projects.  

 



PROJECT GOALS 

• Understand current channel processes and causes 

of channel instability, flooding and erosion hazards. 

• Collect baseline habitat and fish community data. 

• Identify and prioritize potential restoration projects 

for the watershed. 

• Address site specific concerns (eroding banks, threatened 

infrastructure) 

• Address water quality concerns (sediment) 

• Develop conceptual designs and identify river and 

land use management techniques that are 

consistent with river processes. 



North River Fish 
and Habitat 

Surveys 

Cole Ecological, Inc. 

Greenfield, MA 



Purpose of 
surveys: 

• Describe and characterize the current range of habitat 
conditions in the river 

 

• Determine current condition of fish communities in the river 

 

• Identify existing relationships between river habitat and fish 
community conditions  

 

• Use as a baseline against which future surveys can be 
compared: Did our efforts improve river conditions? 



“Build it and they will come”… 

• Premise: Efforts to abate erosion and improve 
channel stability should also result in 
improved habitat for fish, benefitting both 
landowners and life in the river 



Fish Surveys 

• 5 reaches representing a range of channel 
conditions/habitat quality 

• Fish captured using electrofishing 

• Fish are identified, measured, counted and released 

 

 



Habitat Surveys 

• Same reaches as fish surveys 

• Assessment of: riparian condition, bank 
condition, and instream condition 



Next steps: Winter 
2013-2014: 

• Analyze data 

• Integrate DRWA temperature and 
macroinvertebrate assessment results 

• Prepare report and presentation 



Fluvial Geomorphic Assessment of 

the North River Watershed 



Watershed Factors Controlling 

Channel Behavior 

• Bedrock geology 

• Glacial sediments 

• Soils 

• Watershed size & shape 

• Climate (floods/vegetation) 

• Fluctuating lake or sea levels 

• Tributary inputs 

• Roads/railroad 

• Levees and berms 

• Floodplain development 

• Bridges/culverts 

• Bank revetments 

• Channel straightening 

• Dredging/gravel mining 

• Land clearance 

• Dams 

 

Natural Conditions Human Land Uses 



Geomorphic 
Assessment 



Purpose of Assessment 
 

• Understand current channel processes and 

causes of channel instability, flooding and 

erosion hazards 

• Identify and prioritize potential restoration 

projects and areas for conservation 

• Develop conceptual designs and select 

management techniques consistent with river 

processes/evolution 



Data Sources 

 

• Topographic maps 

• Aerial photographs 

• Historical archives 

• Field mapping and surveying 



Topographic Maps 



Historic Topographic Maps 



Aerial Photographs 



1990s 

 



2005 

 



2009 

 



Historical Archives 

Courtesy of Conway Historical Society 



Findings to Date 



Natural Influences 

• Narrow, steep valley 

 

• Silt and clay-rich glacial sediment 





Glacial Sediment 





Human Influences 

• Historic and recent land use 

– Land clearance 

– Development 

– Riparian buffers 

• Channel modification 

– Channel straightening 

– Mill dams, ponds, and channels 
• Legacy sediments 

– Encroachments 

 



Land Clearance 

www.heritagesurveys.com 



Development 



Riparian buffers 



History of Channel Modification 

• Mill dams (from 1700s) 

• Canals and mill channels 

• Channel straightening, channelization and 

de-snagging 



Mill dams 

• Stream channel currently adjusting to 

removal of historic dams and mill ponds 

• Legacy sediments 

– Higher banks upstream of dams 

– Easily erodible clay and silt-rich composition 

 



Legacy Sediments 





Straightened Channels 







Courtesy of Conway Historical Society 





Channelization 



Benefits of Floodplains to Stream 

 

• Act as safety valve by reducing velocities 

and the stream’s power to erode 

• Provide sediment storage 

• Reduce flood peaks 

• Side channel and wetlands habitat and 

refuge during high flows 





Encroachments 





The Worst Flooding and Erosion 

Problems Associated With:  

• Channel constrictions 

• Channel expansion 

• Channel straightening 

• Tributary confluences 



Constrictions 







Tributary confluences 



Floods 

• 1869 

• 1878 

• 1936 

• 1938 

• 1955 

• 2005 

• 2011 

Photo courtesy of John Robison 



Irene, August 28, 2011 

www.naturalroots.com 







 



 



 



 



 



Vertical and Lateral Instability 









Bank Erosion 



Impacts to Property and Infrastructure 

Photo courtesy of Dan Davis, NYCDEP 



Sediment Source! 



Water quality impacts 



Efforts to Arrest Erosion 

• Bank armoring (Rip-rap) 

 

• Buffer planting 

 

• Rock deflectors 













Harris Farm Site 

























Restoration Projects 

• Address local site specific concerns such as 

stabilizing an eroding bank or reducing threats to 

infrastructure 

• While addressing sediment, water quality, 

habitat, and other environmental concerns 

• Address causes of channel instability in order to 

reduce stresses on adjacent stream segments 

• Move stream towards an equilibrium condition 

 



       





Any Questions? 



      
 
 
 

 

 

 
 

Please join us to hear an update from the Fluvial Geomorphology 
consultant and provide your feedback on the draft list of priority 

restoration sites and conceptual designs 
 

AGENDA 
 

1. Discussion of how the assessment data has been used to develop a draft 
list of priority river restoration sites 

2. Review of proposed treatment options 
3. Discussion of conceptual designs for the East Branch North River 

watershed 
4. Questions and Comments 

 
 

For further information about the project, please contact: Kimberly Noake MacPhee, P.G., Land Use and 
Natural Resources Program Manager at kmacphee@frcog.org or 413.774.3167x130 
 

                                  

 

Monday 
September 29, 2014 

 

Colrain Central 
School 

6:00 – 8:00 p.m. 
 

 

Fluvial Geomorphic and Habitat Assessment 

East Branch North River Watershed 

Project Update Meeting 

mailto:kmacphee@frcog.org




Priority Restoration and Priority Restoration and Priority Restoration and 
Conservation Sites and Conservation Sites and Conservation Sites and 

ProposedProposedProposed
Treatment OptionsTreatment OptionsTreatment Options

September 29, 2014September 29, 2014September 29, 2014

North River Watershed North River Watershed North River Watershed 
AssessmentAssessmentAssessment

Project Update MeetingProject Update MeetingProject Update Meeting



Purpose of Assessment

• Understand current channel processes and 
causes of channel instability, flooding and 
erosion hazards

• Collect data to inform work of DRWA
• Identify and prioritize potential restoration 

projects and areas to avoid in future 
development

• Develop conceptual designs and select 
management techniques consistent with river 
processes/evolution





Reach delineation





Stream Reaches



Assessment Findings



Straightened – 72%





Courtesy of Conway Historical Society



Eroding banks – 29%



Sediment Source!



Armored banks – 14%



Vertical and Lateral Instability







Geomorphic Needs



Bank Erosion  ►►► Riprap



Inundation  ►►► Berm

www.naturalroots.com



Erosion Hazards

Photo	courtesy	of	Dan	Davis,	NYCDEP







Restoration Projects

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

• While addressing sediment, water quality, 
habitat, and other environmental concerns

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

• Move stream towards an equilibrium condition



Ashfield DOT project











Treatments

• Do nothing
• Riparian improvements
• Breach or remove berm
• Bank cutting / flow 

diversion
• Floodplain lowering
• Bar apex boulders
• Boulder-supported jams

• Bank bioengineering
• Boulder deflectors
• Rock weirs
• Boulder clusters
• Engineered log jams
• Placed wood in 

channel / on bar



Is treatment appropriate?



Boulder Clusters





Boulder-supported Log Jams







Boulder Deflectors













Rock Weirs









Engineered Log Jams













Bank Cutting / Flow Diversion





Floodplain Lowering



Castleton River Watershed –
Gully Brook floodplain restoration

Gully Brook delta

Restored floodplain

Removed 7000 yd3 of gravel
to restore historic floodplain







http://midatlanticstream.org/wp-content/uploads/2013/12/G5_merritts_compressed.pdf



http://midatlanticstream.org/wp-content/uploads/2013/12/G5_merritts_compressed.pdf



http://midatlanticstream.org/wp-content/uploads/2013/12/G5_merritts_compressed.pdf



http://midatlanticstream.org/wp-content/uploads/2013/12/G5_merritts_compressed.pdf



Berm Removal







Priority Sites



Reil Road Bridge – 10B















Wastewater Treatment Site – 5B



























Restoration Projects

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

• While addressing sediment, water quality, 
habitat, and other environmental concerns

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

• Move stream towards an equilibrium condition









Any Questions?



      
 
 
 

 
 

 
 

Please join us to continue our discussion of the draft list of priority 
restoration sites and to select:  
 

• 4 sites for conceptual designs and  
• the highest priority site for final engineering design (30% or better 

design level) and construction cost estimates 
 

This meeting will be the first agenda item of the Select Board Meeting 
 

 
For further information about the project, please contact: Kimberly Noake MacPhee, P.G., 
Land Use and Natural Resources Program Manager at kmacphee@frcog.org or 
413.774.3167x130 
 
 
 

                                  

*NEW DATE* 
Rescheduled from 

2/9/15 
 

Monday 
March 9, 2015 

 
Colrain Town Offices 

7:00 – 8:00 p.m. 
 

 

Fluvial Geomorphic and Habitat Assessment 
East Branch North River Watershed 

Site Prioritization Meeting 

mailto:kmacphee@frcog.org






Figure 2. Location of reach breaks on North River.
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Table 4. Restoration project concepts.

Project Coordinates Reach / Town Site Description Project Description Technical Segment Total
Number Segment Feasibility Needs Score

1 42.731806˚ N;   -
72.718943˚ W 15C-15B Colrain

Adjacent segments with very high needs 
along Rt 112.  Stream confined between road 
and medium to high glacial RB

Construct series of instream structures, 
including deflectors and weirs High 28 and 33

2 42.731806˚ N;   -
72.718943˚ W 15C  Colrain 270 foot long severe mass failure Stabilize long mass failure with boulder-

supported log jams Moderate 28

3 42.728319˚ N;   -
72.713605˚ W 15A Colrain Unstable banks directly upstream of stream 

crossing represent threat to Rt. 112 bridge

Stabilize bank with bioengineering and 
establish riparian buffer with riparian 
plantings and no-mow zones along edge of 
hayfield

Very high 17

4 42.691549˚ N;   -
72.692308˚ W 11A-10B Colrain

Reil Rd bridge is damaged, and there are 
severe erosion, channel avulsion and LWD-
loading hazards

Re-align and stabilize main and side 
channels upstream of bridge, includes 
desnagging and deflectors

High 10 and 17

5 42.688133˚ N;   -
72.690457˚ W 10A Colrain

Highly impaired segment with very poor 
habitat and blocked side channel on forested 
FP

Divert flow into blocked side channel with 
bank cutting and engineered log jam utilizing 
LWD from upstream segment

Very high 27

6 42.674981˚ N;   -
72.696264˚ W 9C-9B Colrain

Excessive sediment accumulating around 
Rt.112 bridge, scheduled for replacement by 
Mass DOT

Establish a maintenance plan for removal of 
excess sediment from in and around bridge 
structure 

Very high 23 and 28

7 42.674438˚N;    -
72.697435˚ W 9B Colrain

High visibility segment in center of town in 
need of riparian improvements and bank 
stabilization 

Riparian planting and establishment of a no 
mow zone with or without boulder deflector 
toe protection

Very high 28
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Table 4 (continued). Restoration project concepts.

Project Coordinates Reach / Town Site Description Project Description Technical Segment Total
Number Segment Feasibility Needs Score

8 42.673802˚ N;   -
72.704764˚ W 8F Colrain

Large unstable landslide in historic landfill 
threatens town buildings and represents 
serious sediment and pollution source

Re-configure stormwater outfall and runoff 
from road and parking lot, stabilize slope and 
toe of bank

Moderate 22

9 42.676761˚ N;   -
72.712053˚ W 8A Colrain

Legacy sediments upstream of historic ruined 
dam confine channel and prevent floodplain 
access

Remove legacy sediment and restore historic 
floodplain High 15

10 42.674972˚ N;   -
72.713705˚ W 7D Colrain

Increased sediment transport capacity and 
flow velocity in straightened channel leading 
to degraded condition and increased 
problems downstream

Use instream structures such as boulder 
deflectors and boulder-wood clusters to 
improve habitat and geomorphic function

Very high 22

11 42.672880˚ N;   -
72.715248˚ W 7C Colrain

Two houses and gas station at top of very 
high unstable bank are severely threatened 
by continued bank erosion

Divert flow away from large mass failure onto 
forested floodplain and stabilize slope Moderate 15

12 42.668961˚ N;   -
72.718985˚ W 7A Colrain Degraded channel function upstream of 

impoundment, agricultural landuse

Use boulder deflectors and boulder-
supported log jams to improve habitat and 
geomorphic function, could be paired with 
riparian enhancement

Very high 26

13 42.663622˚ N;   -
72.716185˚ W 6A Colrain

Impounded channel upstream of Barnhardt 
dam, degraded instream and riparian 
conditions

Riparian enhancement through native 
wetland plantings, could be paired with 
instream structures

High 26

14 42.660444˚ N;   -
72.714853˚ W 5C Colrain

Increased sediment transport capacity and 
flow velocity in straightened channel leading 
to degraded condition and high hazards

Restore geomorphic function and improve 
habitat value while lowering erosion hazards 
through combined instream and floodplain 
approach

High 28
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Table 4 (continued). Restoration project concepts.

Project Coordinates Reach / Town Site Description Project Description Technical Segment Total
Number Segment Feasibility Needs Score

15 42.656810˚ N;   -
72.715788˚ W 5B Colrain

Increased sediment transport capacity and 
flow velocity in straightened channel leading 
to degraded condition and high hazards

Combined instream and floodplain approach 
may include bank cutting and flow diversion 
out of straightened channel

High 20

16 42.654571˚ N;   -
72.716452˚ W 5A Colrain  450 foot long, active mass failure is severe 

threat to infrastructure
Stabilize large mass failure with sediment 
removed from around bridge High 27

17 42.653593˚ N;   -
72.714749˚ W 5A-4D Colrain  

Rt. 112 bridge and adjacent infrastructure are 
severely threatened by scour exacerbated by 
excessive bar deposition

Establish sediment removal plan, realign 
channel with weirs and/or deflectors to 
reduce severe undermining at Rt. 112 bridge

High 27

18 42.642862˚ N;   -
72.716890˚ W 4B Colrain  Bank erosion and flooding inundation 

threaten town water supply wells
Establish riparian buffer and install deflectors 
along 600 feet of eroding bank High 23

19 42.630249˚ N;   -
72.736476˚ W 1A Shelburne Significant threat to Rt. 112, which runs along 

top of eroding streambank
Bank stabilization along with deflectors along 
400 feet of bank High 25

20 N/A Watershed Colrain and 
Shelburne

Japanese knotweed is primarily spread in 
floods like last year's TS Irene

Grassroots effort to eradicate invasive 
japanese knotweed using volunteers Very high N/A
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Table 4 (continued). Restoration project concepts.

Project Benefits Stakeholders / Costs Comments / Photo
Number Status Next Steps

1
Reduce threat to Rt. 112, create instream sediment 
storage, reduce velocities and sediment transport 
through reach, improve aquatic habitat

Town of Colrain, 
landowner $100K to $250K Contact landowner

2
Reduce potential losses through erosion hazards, 
provide sediment storage, moderate peak flows, 
reduce stress on downstream reaches

Town of Colrain, 
landowner $250K to $500K Contact landowner

3 Stabilize bank, reduce threat to Rt. 112 bridge, 
reduce sediment loading

Town of Colrain, Mass 
DOT, landowner $100K to $250K Contact landowner and 

Mass DOT

4 Reduce threats to Reil Rd bridge and Rt. 112 by 
increasing bridge's capacity during high flow events

Town of Colrain, Mass 
DOT, landowner $250K to $500K

Scaleable, contact town 
about current bank 
stabilization project 
plans

5
Greatly improve habitat, flow complexity and 
sediment sorting by re-accessing blocked side 
channel

Town of Colrain, 
landowner $100K to $250K

Great habitat project 
that utilizes existing 
materials

6
Sediment removal will reduce scour around new 
bridge piers and abutments while reducing flooding 
and erosion risks

Town of Colrain, Mass 
DOT, landowner

permitting and 
town road crew 
costs

Contact Mass DOT 
about bridge 
replacement schedule

7 Improved riparian habitat and reduced bank erosion 
risks in high value central location

Town of Colrain, 
landowner $50K to $200K

Possible educational tie-
in with elementary 
school
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Table 4 (continued). Restoration project concepts.

Project Benefits Stakeholders / Costs Comments / Photo
Number Status Next Steps

8 Reduce sediment and pollution entering stream, 
stabilize slope and reduce hazard to town buildings Town of Colrain $250K to $500K Town-owned land

9 Restore floodplain connection, provide sediment 
storage and reduce flow velocities

Town of Colrain, 
landowner $250K to $500K Legacy sediments could 

be sold as loam

10 Improve aquatic habitat, encourage meandering, 
increase sediment storage

Town of Colrain, 
landowner $100K to $150K Contact landowner

11 Help to avoid catastrophic bank failure and reduce 
threat to infrastructure

Town of Colrain, 
landowner $250K to $500K

Contact landowners to 
gauge interest, 
brainstorm

12 Improve aquatic habitat and increase sediment 
storage

Town of Colrain, 
landowner $180K to $250K

Location downstream of 
restored covered bridge 
is an asset

13 Improve riparian and aquatic habitat, increase 
canopy

Town of Colrain, 
landowner $100K to $150K Contact landowner

14
Increase floodplain connection, reduce velocities 
and sediment transport through reach, lower 
erosion hazards

Town of Colrain, 
landowner $150K to $300K

Contact landowners to 
gauge interest, 
brainstorm
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Table 4 (continued). Restoration project concepts.

Project Benefits Stakeholders / Costs Comments / Photo
Number Status Next Steps

15
Increase floodplain connection, reduce velocities 
and sediment transport through reach, reduce 
stress on landslide downstream

Town of Colrain, 
landowner $150K to $300K

Contact landowners to 
gauge interest, 
brainstorm

16 Reduce sediment loading to stream while stabilizing 
high bank in important location

Town of Colrain, Mass 
DOT, landowner $250K to $500K

Contact landowners, 
Barnhardt, and New 
England Environmental

17
Sediment removal will reduce scour around new 
bridge piers and abutments while reducing flooding 
and erosion risks

Town of Colrain, Mass 
DOT, landowner $100K to $250K Contact Mass DOT and 

town highway dept.

18 Reduce risk to town water supply, improve riparian 
habitat, increase instream sediment storage

Town of Colrain, 
Shelburne Falls Water 
District

$200K Contact Shelburne Falls 
Water District

19 Stabilize bank to protect road and reduce sediment 
load delivered to Deerfield River downstream

Town of Shelburne, Mass 
DOT, landowner $150K to $300K

Does Mass DOT 
already plan on 
addressing this?

20

Eradicating knotweed or llimiting its spread will 
improve and protect the integrity and quality of the 
riparian zone, increase bank stability, protect native 
plant species

Towns of Colrain and 
Shelburne, Deerfield 
River Watershed Council, 
landowners

Low to no cost Public outreach, 
organize volunteer labor
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