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1.0 EXECUTIVE SUMMARY

In May 2019 the White River Partnership (WRP), as part of a project funded by the 

Vermont Agency of Natural Resources Clean Water Initiative Program, began a Phase 2 

Stream Geomorphic Assessment (SGA) of the mainstem of the Second Branch of the White 

River in east central Vermont (overview map in Fig. 1 on p. 3) and to produce a Phase 2 

SGA report and River Corridor Management Plan (RCMP). 

The WRP is a community-based, non-profit organization whose mission is to bring 

together people and local communities to improve the long-term health of the White River 

and its watershed in central Vermont. The Second Branch corridor planning project builds 

on almost 25 years of community-based efforts undertaken by the WRP and partners 

throughout the White River watershed. Key partners in the Second Branch basin have 

included riparian landowners, local water-quality monitors and other volunteers formerly 

active in the óTween (Mid-White) Stream Team, town road crews and Conservation and 

Planning Commissions in Brookfield, Randolph, Bethel and Royalton, the Vermont River 

Conservancy, the Vermont Department of Environmental Conservation, the Vermont 

Department of Fish & Wildlife, the Vermont Agency of Agriculture, Food and Markets, 

the White River Natural Resources Conservation District, Ducks Unlimited, the Orianne 

Society, local elementary and high schools and Verdana Ventures, the Vermont Law 

School, the Vermont Youth Conservation Corps, Two Rivers-Ottauquechee Regional 

Commission,  the Connecticut River Conservancy and Joint Commissions, the USDA 

Forest Service, and Trout Unlimited.  

Stream Geomorphic Assessment and River Corridor Planning

Fluvial (= flow-related) geomorphology (geo = earth, morphology = shape) is the study of 

the physical river forms and processes that explain many of the current conditions observed 

in streams. Streams have a natural tendency to maintain equilibrium between the amount 

and power of water moving through the system and the amount and type of sediment being 

carried by that water. With significant changes in the landscape and development patterns 

in the last 250 years, many streams in Vermont, including the Second Branch and many of 

its tributaries, have been confined to deeper, straighter channels and limited access to 

historic floodplains. In addition, changes in precipitation timing and patterns have 

contributed to increased flash flooding in portions of the Second Branch basin - notably in 

2007, 2011, 2013, 2017 and 2019. Damage from Irene in 2011 was significant, but lower 

in this basin than in nearby communities - largely due to the distribution of rainfall.  

The work reported here is based on protocols and guidelines developed by the Vermont 

River Management Program, designed to identify a range of high-priority issues with a 

goal of managing toward, protecting, and restoring the fluvial geomorphic equilibrium 

condition of Vermontôs rivers and streams as a means to help resolve conflicts between 

human investments and river dynamics in an economically and ecologically sustainable 

manner. Objectives following from this goal include: 
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1. fluvial erosion hazard mitigation;  

2. sediment and nutrient load reduction; and  

3. aquatic and riparian habitat protection and restoration 

Assessments typically proceed through a series of phases that integrate information from 

an overarching watershed context down to project-specific scales, with each previous stage 

informing the successors. Phase 1 is a preliminary analysis of the condition of the stream 

through remotely sensed data such as aerial photographs, maps, and ówindshield surveyô 

data. Phase 2 involves ñrapid assessment fieldworkò to inform a more detailed analysis of 

adjustment processes that may be taking place, whether the stream has departed from its 

reference conditions, and how the river might continue to evolve in the future. River 

Corridor Plans analyze the data from the Phase 1 and 2 assessments to inform project 

prioritization and methodology. Phase 3 involves detailed fieldwork for projects requiring 

survey and engineering-level data and is not included with this report. 

Assessment summary 

Seventeen reaches (a reach is a relatively homogenous section of stream, based primarily 

on physical attributes such as valley confinement, slope, sinuosity, dominant bed material, 

and bedform) comprising roughly 29.8 linear miles of stream along the Second Branch 

mainstem were included in Phase 2 assessment. Based on field assessment of current 

physical conditions these reaches were divided into 22 segments (a segment is a relatively 

homogenous section of stream, within a reach, that differs from other portions of the reach 

based on parameters other than those mentioned above for reach classification; e.g., degree 

of floodplain encroachment from roads or structures, presence/absence of ponds or other 

impoundments including extensive beaver presence with active dams, or degree of channel 

alterations). 

Current physical conditions on the assessed portions of the Second Branch mainstem 

indicate:  

¶ Five of twenty fully assessed reaches or segments appeared in relatively stable 

condition (stage IV channel evolution), though all assessed have Very High to 

Extreme sensitivity to any changes in water or sediment inputs.  

¶ Two segments toward the upstream end of the mainstem (M16-B, beaver-

dominated wetlands by Brown Dr., and M17-C, Staples Pond and surrounding 

wetlands) were excluded from full assessment due to beaver and human 

impoundments.  Although these were excluded from full assessment per protocols 

used for assessment, these areas play an important role in providing stability further 

downstream and merit protection as important attenuation assets.  

¶ Segment M11-B (upstream of Ferris Rd.) was assessed in Poor geomorphic 

condition (i.e., undergoing Extreme current adjustments) 

¶ All other reaches or segments were assessed in Fair condition (undergoing Major 

adjustments).  
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Figure 1. Overview map for Second Branch stream geomorphic assessment and corridor planning. 
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Current geomorphic conditions along the Second Branch mainstem are largely related to 

several key factors:  

1) Low slope gradients and an abundance of fine sediments left as a legacy of glacial Lake 

Hitchcock; 

2) Significant sedimentation behind historic and current dams, particularly in downstream 

portions of the mainstem; and  

3) widespread and pervasive channel straightening, largely related to an abundance of 

bridges and culverts spaced intermittently along the mainstem as well as road 

encroachments and historic channelization  

A dense road network and diffuse settlement pattern in the basin amplify water and 

sediment inputs through increased rate and intensity of water delivered to the stream 

network, especially along tributaries on steep valley walls flanking the mainstem, to 

dispose the basin to flash flooding.  

These factors place the highest priority (in terms of project prioritization) on protection or 

restoration of optimal floodplain functions (primarily attenuation of high flows and storage 

of sediment and nutrients) and accommodation of stable planform geometries (especially 

allowing establishment and migration of meanders). Along the Second Branch mainstem, 

this largely translates to accommodating streams that are widening and/or migrating at this 

point in time (relatively rapid downstream migration of meanders is common). 

 

Project recommendation summary 

Project prioritization based on the assessment and analysis conducted for this study is 

reported in Chapter 6 (section 6.2), and the Project and Strategy Summary Table presented 

at the end of that section can be considered the heart of this Corridor Plan. While numerous 

maps are included in this report, readers are highly encouraged to utilize the online 

interactive Natural Resource Atlas hosted by the Vermont Agency of Natural Resources 

(VT-ANR 2020) for specific areas of interest; data from these assessments can be viewed 

within the óRivers Management Themeô and displayed against a variety of background 

imagery. 

Due to the widespread nature of current stressors along the Second Branch mainstem, as 

well as Very High to Extreme Sensitivity in all assessed reaches and segments, the success 

of localized project implementation is contingent on moving toward best management 

practices on a watershed scale. High priority recommendations thus feature watershed 

strategies that may be most efficiently effected at a municipal level, as well as a strong 

need for better wooded buffers.  

Priority projects for this 2021 River Corridor Plan for the Second Branch mainstem 

include: 
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Watershed strategies 

ü River Corridor overlay in conjunction with updated Flood Hazard Bylaws; 50-foot 

setback for streams draining less than 2 square miles. As of 2019, a preliminary 

statewide River Corridor model exists for reference as a starting point, and data 

from the assessment reported here refine the recommended extent along the Second 

Branch mainstem.  

ü Hazard mitigation planning, capital planning, and prioritization for addressing 

undersized stream crossing structures (on tributaries as well as the mainstem, as 

these strongly influence discharges to streams). All towns in the study area have 

adopted 2019 Bridge and Culvert Standards (VTrans 2019), which will help stream 

dynamics as well as qualify towns for a higher level of Emergency Relief 

Assistance Fund match (Flood Ready VT 2020). 

ü On the mainstem, stream crossings include a number of aging state structures along 

VT Rte. 14, three covered bridges that were recently renovated, and numerous 

private structures that complicate capital planning and its interaction with hazard 

mitigation; these areas should be clearly identified in plans (such as the frequently 

overtopped bridge on VT Rte. 14 in South Randolph and several structures along 

VT Rte. 14 south of the Brookfield-Williamstown Gulf). 

ü Funding options for replacement of private bridges will be a challenging issue for 

long-term stream health and stability as well as economic feasibility for farms 

especially; it is recommended that an effort be made to understand how recent 

replacements were designed, implemented and funded. It is further recommended 

that a summary report of relevant compiled information be provided to Road 

Commissioners, Selectboard and Planning Commission members in the five towns 

of the study area as well as relevant staff of Two Rivers-Ottauquechee and Central 

Vermont Regional Planning Commissions, White River Natural Resources 

Conservation District, and USDA Natural Resources Conservation Service. 

Buffer establishment and protection 

ü Establishment and protection of woody vegetated buffers are prominent priorities 

in widespread agricultural and developed areas along the mainstem. These projects 

are almost always beneficial to stream health and can generally be implemented 

independently of other considerations, but highest priority is given to efforts in 

conjunction with integrated reach-scale corridor protection and/or restoration; 

buffer establishment and protection are assumed as a part of those projects.  

ü Notwithstanding the prioritization emphasis on buffers being integrated with larger 

projects, stand-alone buffer projects could be implemented to particularly good 

effect in portions of any of the reaches from M12 (North Randolph) upstream to 

M14 (East Brookfield). Buffer implementation in reaches further downstream 

should get consideration of additional corridor protections in conjunction with 

planting as they are more likely to be subject to lateral adjustments along the stream. 
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Reach-scale corridor protection and/or restoration  

ü Windrow removal/wetland restoration in segment M17-A, downstream of a highly 

confined, steep ledge drop coming out of the Brookfield-Williamstown Gulf;  

ü Corridor protection, buffer establishment and evaluation of possibilities for more 

active floodplain restoration in segment M11-B, upstream of Ferris Rd. along VT 

Rte. 14 

ü Tire removal, corridor protection and buffer establishment in reach M10 

ü Removal of Hyde Dam in reach M04, sediment removal upstream, corridor 

protection 

ü Evaluate feasibility of Gulf Road Dam removal in reach M09  

ü Evaluate options to address stream ford location at Gifford Covered bridge in reach 

M07 and remediate flood capture of field sediments 

ü Though lower priority, there are also multiple opportunities for intermittent wetland 

restorations to provide connectivity for migratory waterfowl and important habitat 

for riparian-dependent species of concern along the Second Branch, which could 

greatly benefit stream stability at the same time.  

 

A more complete table of prioritized projects can be found in Section 6.2 (Project 

Prioritization) of this report. A ñcatalogueò of projects, with varying priorities, can be 

found in Appendix 6. A full list of assessed bridges and culverts, findings of the 

assessments, and potential for retrofitting culverts that impede passage for fish and other 

aquatic organisms can be found in Appendix 8. Primary analyses leading to the project 

recommendations are found in Sections 5.1.3, Existing Sediment Regime Departure 

Analysis (summarized in tables at the end of the section), and Section 5.2, Sensitivity 

Analysis. 
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Chapter 2: PROJECT OVERVIEW  

 

2.1 INTRODUCTION 

Despite relatively good overall water quality throughout the White River watershed, the Second 

Branch of the White River has historically seen some of the highest E. coli concentrations in the 

White River watershed. The 2018 White River Tactical Basin Plan identified 4 major stressors as 

likely drivers of declining water quality in the White River basin, including the Second Branch: 

 

1. Unpermitted stream alterations, non-buffered agricultural fields, and encroachments and 

development within river corridors, floodplains, wetlands, and lake shores; 

 2. Stream channel erosion due to undersized crossing structures, lack of riparian vegetation 

for bank stabilization, and unmitigated increases in stormwater flow and volume;  

3. Land erosion due to unmanaged stormwater runoff from roads, developed lands, and 

agricultural lands; and 

 4. Pathogens from sources that likely stem from bacterial communities in soils, waste 

runoff from domesticated animals and livestock, and out-of-date and failed septic 

systems.  (VT DEC-WMD 2018) 

 

In addition to water quality concerns, flooding has periodically impacted the Second Branch of the 

White River. When Tropical Storm Irene swept through Vermont in August 2011, large scale and 

rapid changes occurred in many portions of the state and incurred hundreds of millions of dollars 

in damages. With changing climate and increasingly unpredictable rain events, flooding is a major 

and natural driver in ongoing processes of stream channel evolution ï one that both affects and is 

affected by the landscape in which the channel is located.  

 

Estimates in Orange County, Vermont (where the majority of the Second Branch is located) 

indicate that flooding from 1960-2012 accounted for only 5% of the total number of natural hazard 

events but nearly 78% of the reported monetary damages from those events (Hazards & 

Vulnerability Research Institute 2013).  

 

The data and planning processes presented here aim to broaden our understanding and help break 

an escalating cycle that requires an increasing level of investment to rebuild and/or protect 

property, livelihoods and ecosystems from damage and hazards caused by flooding, erosion, 

nutrient loading and poor water quality.  

 

Large-scale changes involving rivers and streams (including land clearing, damming, dredging, 

straightening and filling of floodplains) have altered the balance of water and sediment in those 

systems, and many of the heightened erosion and flood impacts being felt in Vermont today are 

related to such changes. While streams eventually return to some sort of balance, the adjustment 

processes for that to happen are currently active in many areas and are often the drivers of impacts 

felt on a local level (though the reasons for the adjustment processes are often not evident at the 

local scale). These changes often unfold on a time-scale measured in decades, and many of the 

processes evident today are related to significant land and water use changes that occurred over 

the last 200 years.  
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Stream Geomorphic Assessment (SGA) is part of a science-based process that can help elucidate 

these relationships and make communities more flood resilient, and by ñcombining it with 

knowledge from local landowners, we can develop sound plans for restoring and protecting 

important streams while respecting the concerns and interests of the local communityò (WRP 

2020).  

Fluvial geomorphology is the study of how water and sediment move within the landscape, both 

over distance and over time 

¶ Fluvial: of or related to rivers and streams (i.e., flowing waters) 

¶ Geomorphology: Geo = earth; morphology = shape  

 

Extensive experience and observation indicate that a stream with a balance of these inputs will 

erode its banks and change course to a relatively minor degree, even in flood situations. Erosion 

impacts from Irene, in particular, are one indicator of the degree to which the current state of 

streams in Vermont diverges from this type of equilibrium (Fig. 2). 

 
Figure 2. Sediment plume entering Long Island Sound from the Connecticut River basin (including the White 

River) nearly a week after Irene (Photo credit: NASA 2011) 

 

The data and analyses presented here identify a range of top-priority issues to help achieve a goal 

of managing toward, protecting, and restoring the fluvial geomorphic equilibrium condition of 

Vermontôs rivers and streams as a means to help resolve conflicts between human investments and 

river dynamics in an economically and ecologically sustainable manner (Kline 2010; VT-RMP 

Alternatives 2003). Objectives following from this goal include: 
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1. fluvial erosion hazard mitigation; 

2. sediment and nutrient load reduction; and  

3. aquatic and riparian habitat protection and restoration 

 

The work reported here is based on protocols and guidelines developed by the Vermont River 

Management Program (VT-RMP 2009; Kline 2010), which are designed to guide assessments 

through a series of phases that integrate information from an overarching watershed context down 

to project-specific scales, with each previous stage informing the successors. By assessing 

underlying causes of channel instability at both watershed and localized scales, management 

efforts can be directed toward long-term solutions that help curb escalating costs and efforts 

directed toward resolving conflicts with ongoing stream processes.  

 

Assessment results are summarized in this report, and preliminary analysis is presented through 

the use of stressor, departure, and sensitivity analysis maps to integrate the findings in a more 

understandable and intuitive manner. This analysis informs a process designed to identify, 

catalogue, and prioritize technically feasible projects that can help reduce flood and erosion 

hazards along stream corridors, improve water quality and aquatic habitat, and enhance 

recreational opportunities. 

 

2.2 PROJECT OVERVIEW 

In the summer of 2019 the White River Partnership (WRP), as part of a project funded by the 

Vermont Agency of Natural Resources Clean Water Initiative Program, conducted fieldwork on 

the Phase 2 Stream Geomorphic Assessment (SGA) on the White Riverôs Second Branch to 

produce this Phase 2 SGA report and River Corridor Plan.  

 

The WRP is a community-based, non-profit organization whose mission is to bring together people 

and local communities to improve the long-term health of the White River and its watershed in 

central Vermont. The Second Branch corridor planning project builds on almost 25 years of 

community-based efforts undertaken by the WRP and partners throughout the White River 

watershed. 

 

The 2002 White River Basin Plan (VT-ANR 2002) provides historical insight on basic background 

on planning efforts preceding the work described in this report, paraphrased here:  

 

The Vermont Agency of Natural Resources initiated planning efforts to improve or 

maintain water quality at a watershed level in the 1960'sé.  

 

In the 1970s basin planning was conducted in Vermont to address point sources of 

pollution.... The White River Basin Plan was completed in 1975, and contained several 

conclusions and recommendationséstill relevant todayé. (including) a recommendation 

for an assessment of stream bank erosionéand revegetation for disturbed stream bank 

areasé.  

 

The collaborative process in the White River Basin began with the work of the White River 

Partnership. The Partnership formed in 1995 as a group of local citizens interested in 

preserving the quality of life in the White River Basin. It has become a forum for bringing 
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together the community, local, State, and federal government agencies, and their resources 

to protect common interests.  

 

To identify common interests or concerns in the community, the Partnership held a series 

of public forums in 1996. The public forum results and public input during the basin 

planning process providedéprimary concernséas follows: 

 Å Stream channel instability and streambank erosion 

 Å Lack of awareness of water quality problems 

 Å Extent and quality of public access to recreational opportunities on the water 

 Å Impacts to fisheries 

 

Stream Geomorphic Assessment is divided into phases (phases of the geomorphic assessment 

process are further discussed in section 4, Methods, of this report). A Phase 1 assessment is a 

preliminary analysis through remotely sensed data such as aerial photographs, maps, and 

ówindshield surveyô data collection. Phase 2 involves rapid assessment fieldwork. River Corridor 

Plans analyze the data from the Phase 1 and 2 assessments to inform project prioritization and 

methodology. 

 

Phase 1 geomorphic assessment of the full White River watershed was conducted by River 

Scientist Shannon (Hill)  Pytlik and other members of the Vermont River Management Program, 

USDA Forest Service, and White River Partnership from 2001-2005. Based on priorities derived 

from this phase of assessment (as well as other water quality assessments, VT-ANR WMD 2013, 

p. 16) Phase 2 assessments of portions of the overall White River basin have been continuing since 

that time.  

 

In preparation for Phase 2 work, review of the original Phase 1 data for the Second Branch was 

conducted in 2019 by the White River Partnership along with River Scientist Gretchen Alexander. 

This work prioritized 17 reaches (a reach is a relatively homogenous section of stream, based 

primarily on physical attributes such as valley confinement, slope, sinuosity, dominant bed 

material, and bed form) in the Second Branch basin for inclusion in Phase 2 assessment. 

 

As of 2020 the White River Partnership listed the following completed River Corridor Plans based 

on Stream Geomorphic Assessments and knowledge from local landowners (WRP 2020):  

 

Ayers Brook River Corridor Plan (2007)  

Tweed River Corridor Plan (2008)  

Upper White River Corridor Plan (2008)  

Town of Sharon River Corridor Plan (2010) 

First Branch River Corridor Plan (2014) 

Bethel River Corridor Plan (2014) 

Upper-Middle White River Corridor Plan (2015) 

 

The 2018 White River Basin Tactical Plan notes that:  

ñThe SGAs provide data for incorporation into River Corridor Plans which help identify 

projects to reduce bacteria, sediment, and nutrients in the river. River Corridor Plans help 
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to manage toward stream equilibrium which is essential for good water quality, healthy 

aquatic habitat, and flood resilience in the basin and will help mitigate impacts of increased 

runoff and stream flow. The Regional Plan supports the improved identification and 

mapping of surface water resources and development of river corridor plans and local river 

corridor ordinances. Phase II SGA data is a critical planning resource and tool for towns 

and watershed groups.ò (VT DEC-WMD 2018, p 161) 

 

The 2018 White River Basin Tactical Basin Plan also identified a Phase 2 geomorphic assessment 

of the Second Branch of the White River as a primary strategy to address and restore impaired 

waters. 

 

With this background, the White River Partnership started work on the Phase 2 geomorphic 

assessment in 2019.  

 

2.3 PROJECT OBJECTIVES 

The main objectives of this report are as follows: 

1. Identify stream types and condition for all included reaches 

2. Identify major stressors in the watershed 

3. Assess aquatic habitat and health 

4. Understand riparian corridor condition and health 

 

From these objectives projects have been identified and prioritized with the hope to provide a 

source of information to resource managers, watershed groups, community partners, 

municipalities and more in order to protect and enhance the quality of the Second Branch White 

River basin. 

 

3.0 BACKGROUND INFORMATION  

3.1 GEOGRAPHIC SETTING 

3.1.1 Watershed description 

The Second Branch of the White River begins in Williamstown and forms into one channel at the 

outlet of Staples Pond. The main stem of the Second Branch flows south through Williamstown, 

Brookfield, Randolph, Bethel, and Royalton. The Second Branch is about 29 miles long and drains 

a 74 square mile watershed. 

The following named tributaries flow into the main stem of the Second Branch of the White River: 

¶ Sunset Brook 

¶ Snows Brook 

¶ Halfway Brook 

¶ Blaisdell Brook 

¶ Penny Brook 

¶ Peak Brook 
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The Second Branch is one of four major tributaries of the White: The First, Second and Third 

Branches (as well as the Upper White mainstem, upstream of the confluence with the Tweed) are 

roughly parallel and similarly elongated on the north-south axis; the Tweed flows into the 

mainstem from the southwest portion of the overall White basin, and the Lower White mainstem 

flows primarily east-southeast into the Connecticut River (Fig. 1 on p. 3). 

3.1.2 Political jurisdiction 

The Second Branch basin includes portions of the following towns: Royalton, Bethel, Randolph, 

Brookfield, and Williamstown. The Second Branch basin is primarily split between Brookfield 

(North) and Randolph (South). The villages of North Royalton and East Bethel sit at the southern 

tip of the basin while Williamstown is at the northern tip of the basin. All of these towns are within 

Orange County with the exception of Royalton and East Bethel, which are part of Windsor County. 

Besides Williamstown, all of the towns in the Second Branch basin are served by the Two Rivers-

Ottauquechee Regional Commission. Williamstown is served by the Central Vermont Regional 

Planning Commission.  

Town Populations:  

Royalton: 2,766 

Bethel: 2,131 

Randolph: 4,794 

Brookfield: 1,147 

Williamstown: 3,397 

(Vermont Indicators Online 2020) 

 

3.1.3 Land use history and current general characteristics 

Land cover/land use in the Second Branch watershed is roughly 75.8% forested, 15.9% 

agricultural, and 5.4% developed (based on Phase 1 data, UVM-SAL 2002). Included in the 

developed category are transportation corridors and small villages clustered along the Second 

Branch in East Brookfield, North Randolph, East Randolph and South Randolph, East Bethel, and 

North Royalton. Table 1 breaks down percentage land use along the river corridor for each reach 

along the Second Branch. 

A broad overview of land cover/land use in the White River basin indicates that the Second 

Branch shares a relatively high concentration of intermixed agricultural and ñdevelopedò lands 

common to all three of ñthe Branchesò, especially along the river corridors (Fig. 3; UVM-SAL 

2002). 
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Table 1: Second Branch river corridor  Land Cover/Land Use 

Reach 

ID 

Commercial 

(%) 

Crop 

(%) 

Field 

(%) 

Forest 

(%) 

Industrial -

Residential 

(%) 

Shrub 

(%) 

Water 

(%) 

Wetland 

(%) 

M01 1 15.3 8.2 33.8 21 0.9 19.3 0.5 

M02  4.3 10.3 46.8 17.6 1.4 19.6  

M03  12 21.7 45.5 1.3 1.5 17.1 0.8 

M04  6.9 14.2 36.2 23.7 1.1 15.5 2.5 

M05  6 5.4 67.6 5.2 0.3 12.5 3 

M06  6.6 15.6 48.4 8.8 1.3 14 5.3 

M07  26.4 19.4 32.1 4.1 0.4 17.6  

M08  10.9 15.5 51.9 0.5 0.5 20.6  

M09 0.3 15 23.6 29.7 12.7  18.7  

M10 0.2 12.2 20.3 36.1 12.4 0.5 18.3  

M11  7.6 8.3 45.3 12.3 0.7 25.5 0.2 

M12  20.4 3 41.6 5.4 0.2 18.7 10.7 

M13  19.6 17.3 33.6 1.6 0.9 23.8 3.2 

M14 0.2 10.2 13.6 44.6 5.9 0.8 23.8 0.9 

M15  11.4 13.8 39.2  0.4 32.4 2.8 

M16  9.5 1.5 30.1 23.3  24.5 11.1 

M17  4.2  44.6 34.3  9.1 7.8 
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Figure 3. Land Cover/Land Use ï ñThe Branchesò of the White River basin 

 

A nineteenth century portrayal of Randolph gives a pertinent sense of the history of the Second 

Branch Basin: 

The Town of Randolph was organized March 31, 1783, and contains 28,596 acres. The 

surface is considerably elevated, but is less broken than that of the land generally in this 



 

15 

 

vicinity. The soil is productive and the farming interest extensive. The town is watered by 

the second and third branches of White river, the former running through the eastern and 

the latter through the western part. These streams and their tributaries afford a number of 

advantageous situations for mills. There are four villages ð Randolph, East Randolph, 

West Randolph, and Farwell Villageé. Randolph East Village is situated on the second 

branch of White river, is compactly built, and a place of considerable business. Mills of 

various kinds are in operation. West Randolph also has an academy, as well as some 

manufactories and mills. There are seven church edifices ð Methodist, Free-will Baptist, 

Universalist, Christian, Episcopalian, and two Congregational; twenty-four school 

districts; and four post-offices ð at Randolph, and at the east, west, and north villages: 

also, three grist- mills, one oil mill, and one carding mill. The Vermont Central Railroad 

passes through the town. (Coolidge & Mansfield 1859) 

Defining characteristics of the Second Branch include heavy agricultural use and historic damming 

that was pervasive to power the mills mentioned above.  Modifications to land and river in the 

Second Branch basin have largely been related to the manipulation of water through damming, 

historic channel straightening, and ditching of agricultural fields and attendant wetlands, notably 

in the mainstem valley. In addition, a widespread road network contributes to channel straightening 

and restriction of floodplain access in the narrow valleys of many of the tributaries along steep 

valley sidewalls. The late 1800ôs in the Second Branch basin saw heavy deforestation that resulted 

in extreme runoff into the rivers, and this was accompanied by the proliferation of milldams along 

many of the streams of the region during a similar time period (Beers 1869; Beers 1877; Walter 

and Merritts 2008). These dams served to trap significant amounts of sediment from upstream, 

through which later incision cut single thread channels. Extensive research in a similar setting for 

streams in the Pennsylvania and Maryland Piedmont region indicates that,  

ñbefore European settlement, the streams were small anabranching channels within 

extensive vegetated wetlands that accumulated little sediment but stored substantial 

organic carbon. Subsequently, 1 to 5 meters of slackwater sedimentation, behind tens of 

thousands of 17th- to 19th-century milldams, buried the presettlement wetlands with fine 

sediment. These findings show that most floodplains along mid-Atlantic streams are 

actually fill terraces, and historically incised channels are not natural archetypes for 

meandering streams.ò (Walter and Merritts 2008) 

Today the Second Branch basin, and the small villages that occupy it, rely heavily on agriculture. 

The 2017 Census of Agriculture for Orange County helps to paint a picture of the current state of 

agriculture in the Second Branch Basin. Table 2 shows the number of farms, land in farms, and 

average size of farms in Orange County as of 2017; most notably the number of farms and the land 

in farms has decreased by 24% and 19% respectively in just five years. As this decline in number 

and acres of farms is happening, the average size of a farm is growing by 7% as larger farming 

operations are consolidating (USDA 2017). 

 

 

Table 2: Orange County Vermont, Farm Overview 
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The agricultural future of the Second Branch basin will play a large role in the health of the 

watershed, highlighting the importance of understanding the trends and future of farming in the 

region. 

It is worth noting that this SGA and corridor planning was completed during the SARS-CoV-2 

(COVID-19) pandemic. Although the lasting impacts of the pandemic are currently unknown, 

Vermont has already seen changes that may impact the health of our waterbodies, notably 

including the likelihood of land use change as rural Vermont communities see an increase in real 

estate transactions. Reporting from the Middlebury area has been echoed elsewhere, as ñVermont 

real estate agents are reporting unusually high consumer interest and record low availability as 

many rethink their living situations amid the COVID-19 pandemicò (Summersby 2020). With 

work from home options increasing, the Second Branch basin may see an uptick of development 

for residential use, changing the land use balance that we see today.  

 

3.2 GEOLOGIC SETTING 

The Second Branch is located in the Vermont Piedmont physiographic region, which comprises 

eastern portions of the overall White River basin (Lower White mainstem and First, Second and 

eastern half of Third Branches) (Stewart and MacClintock 1969; Thompson et al 2019). 

Calcium carbonate is the dominant bed material in much of the Second Branch river basin (Fig. 

4). The White River is thought to be the highest pH watershed in the Connecticut River watershed 

with its calcareous setting (VTDEC 2016). The bedrock underlying eastern portions of the White 

River basin tend toward calcareous, carbonate-rich formations relatively easily weathered to fertile 

soils (Thompson et al 2019). This has much to do with an intensive agricultural and forestry history 

and ñfew large areas of wild natureò (Thompson et al 2019). The Second Branch basin comprises 

a large proportion of the agricultural land use, along with being more densely populated than the 

western portions, of the overall White River basin. 
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Figure 4. Vermont Bedrock Ecological Classification (Thompson and Sorenson 2000) 

 

The surficial sediments and soils present in the White River basin reflect a complex glacial and 

post-glacial history. Factors particularly affecting all three óBranchesô, but the Second Branch in 

particular, are related to the heavy presence of fine sediments (clays, silts, and sands) due to the 

presence and subsequent draining of glacial Lake Hitchcock. Lake Hitchcock formed as an 

impoundment behind large volumes of glacial deposits in central Connecticut that dammed the 

Connecticut River valley. At its maximum extent, the lake body stretched from Rocky Hill, CT for 

200 miles northward to the mouth of the Nulhegan River in Bloomfield, VT, and as far west as the 

Upper White mainstem in Pittsfield/Rochester and the Third Branch in Braintree. Sediments in 

and along the edges of the glacial Lake tend to be dominated by the stratification of fine silts, sands 

and gravels that settled out differentially in the still waters of the Lake as glacial streams fed it.  

The finest silt loams and silty-clay components required quiet waters in the stillest portions of the 

Lake to settle out, and are prominent along the Second Branch as far north as the village of North 

Randolph. Frequently these soils have restrictive layers with low infiltration rates, leading to 

seasonal high water tables and generating runoff on steeper slopes. Sandier soils of greater 

permeability but high erodibility tend to be associated with localized deposits of glaciofluvial and 
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alluvial origin interspersed along the river corridors of all three Branches in their present locations 

(Stewart, 1973; Stewart & MacClintock, 1969; USDA 2013, 2011). 

 

Figure 5. Surfi cial Geology (Lithology) of the White River ñBranchesò, highlighting preponderance of 

glaciolacustrine soils (especially ósilt, silty clay, clayô) and other fine-grained soils along significant portions of 

the Second Branch. 

3.3 GEOMORPHIC SETTING 

3.3.1 Location of assessed reaches 

For the purposes of geomorphic assessment and corridor planning, streams in the study area were 

divided into ñreachesò. Reaches selected for Phase 2 assessment in 2019 included the entire Second 
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Branch mainstem. This assessment does not include any of the tributaries that run into the main 

stem of the Second Branch. The Phase 1 assessment of the main stem of the Second Branch divided 

the river into 17 separate reaches. This assessment assessed all 17 reaches and further divided 3 of 

the 17 reaches into segments.  

3.3.2 Longitudinal profile and natural grade controls 

The longitudinal profile of the Second Branch mainstem indicates a low gradient for almost the 

entire length of the river. This is somewhat unusual for the White River, as Figure 6 indicates; 

most of the Branches of the White River maintain a low gradient through their lower and middle 

sections and then transition to a high gradient profile in the upper reaches. This is not the case for 

the Second Branch, with the only significant increases in gradient along the majority of the entire 

mainstem occurring at former or current dam sites. 

 

Figure 6. White River watershed longitudinal profiles highlighting relatively low gradient of Second Branch 

(dotted red line). Credit: George Springston. 

 

In most stream systems, natural grade controls are channel-spanning features that can be present 

in the form of bedrock or ledge exposures, or as steeper cascades or waterfalls. Grade controls are 

important in providing vertical stability for a stream, ensuring that streams do not lose access to 
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floodplains due to incision (downcutting) - frequently one of the effects of straightening and 

artificial confinement. If major floods or straightening and encroachment amplify the effects of 

erosion in upstream portions of the watershed, grade controls may mean that streams will aggrade 

(build up their beds) due to sediment inputs. The low gradient nature of the Second Branch 

somewhat mitigates the need for extensive grade controls and in fact, very few natural grade 

controls were identified during this assessment. Gulf Road Dam in East Randolph village, and 

ledges in the most upstream reach M17. A ledge grade control was located beneath sediments 

upstream of the Hyde Dam 

Reach M03 has a natural grade control (ledge/waterfalls at former Stoughton Mills/Royalton-5 

dam site in North Royalton), at the approximate height of 15 feet. This waterfall is currently under 

a VT-14 bridge at the start of M03. Possible channel spanning ledge was identified underneath 

sediments upstream of the Hyde Dam in East Bethel village (M04) and may act as a grade control, 

but it is currently unknown if similar exists at the Gulf Road dam in East Randolph village (reach 

M09). M17-A (a slightly steeper slope section) at the top of the watershed has multiple ledge grade 

controls within the Brookfield-Williamstown Gulf that separates the White and Winooski 

watersheds. In addition to the natural grade controls, remnants of former dams in North Randolph 

(M11-A and M11-C) act as grade controls and it was not clear if these were located on channel-

spanning ledge. It is possible that natural grade controls were missed during the assessment due to 

the sedimentation that often made it difficult to see channel spanning ledge, especially in the 

heavily silted reaches above Hyde and Gulf Road Dam. 

 

3.3.3 Valley and reference stream types 

A reach is a relatively homogenous section of stream, based primarily on physical attributes such 

as valley confinement, slope, sinuosity, dominant bed material, and bed form, as well as predicted 

morphology based on hydrologic characteristics and drainage basin size (methods are further 

discussed in Section 4.0 of this report). Primary classification parameters pertinent to establishing 

these reference stream types are listed in Table 3. 

Table 3: Valley Confinement Type 

 

A and B type streams (steeper slopes) are primarily expected to be sediment Transport reaches, 

and only two B type reaches (under reference conditions) were identified during 2019 fieldwork 

refinement of the 2004 remote data Phase 1 assessment (M02 and M17).  
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Stream reaches with C and E reference types utilize their floodplains extensively in stream 

processes and would be expected to store sediment, high flows and nutrients within the watershed 

under reference conditions. ñStream Type Departuresò identified in Phase 2 fieldwork frequently 

highlight loss of access to historic floodplains in these types of streams, increasing the impacts of 

flood flows in a more confined floodplain and/or converting them to ñtransportò reaches. 

Table 4: Second Branch Reference Conditions ï Phase 1 

Stream Reach ID Valley Type 

Calculated 
Channel 

width (ft.) 

Reference 
Stream 
Type Bedform Bed Form 

Second 
Branch 
mainstem 

M01 BD 87.2 C Gravel Riffle-Pool 
M02 NC 86.3 B Sand Dune-Ripple 
M03 BD 84.6 E Sand Riffle-Pool 
M04 BD 83.2 E Sand  Dune-Ripple 
M05 BD 81.5 E Sand  Dune-Ripple 
M06 BD 76.7 E Sand  Dune-Ripple 
M07 BD 75.4 C Gravel Riffle-Pool 
M08 NW 71.3 C Gravel  Riffle-Pool 
M09 BD 70.8 C Sand  Dune-Ripple 
M10 VB 65.6 C Gravel Riffle-Pool 
M11 NW 59.4 C Gravel Riffle-Pool 
M12 VB 55.1 E Sand        Dune-Ripple 
M13 VB 53 E Sand Dune-Ripple 
M14 VB 49 C Gravel Riffle-Pool 
M15 VB 39 E Sand  Dune-Ripple 
M16 VB 34.6 E Sand Dune-Ripple 
M17 NW 25.9 C Cobble Riffle-Pool 

The Phase 1 assessment indicated a strong preponderance of the lower gradient stream types (C 

and E) along the Second Branch mainstem, and it should be noted that these are the ñReferenceò 

conditions; Phase 2 assessments indicated that a number of these stream sections have departed 

from reference conditions and no longer fulfill the same functions in the landscape (discussed in 

detail in Section 5 ñResultsò and in Section 6 ñReach Descriptionsò). 

3.4. HYDROLOGY 

Hydrology describes the movement and storage of water in and around the earth, which is subject 

to both natural fluctuations and human modification (Dunne & Leopold 1978). The information 

presented in this section deals briefly with the basis and interplay of natural fluctuations, while 

human modifications are discussed further in section 5.1.1, Watershed-scale hydrologic regime 

stressors. There are no stream gages operated by the United States Geological Survey (USGS) in 

the Second Branch basin. The USGS administers a StreamStats website, which is designed to help 

compute streamflow and drainage basin characteristics for ungaged sites 

(https://streamstats.usgs.gov/ss/). Drainage basin characteristics for the Second Branch basin are 

indicated in Table 5. 
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Table 5: Second Branch Basin Characteristics Report and estimated flows for different return frequencies 

(USGS Streamstats) 

Parameter  Value 

Area in Square Miles 74 

Mean Annual Precipitation, in inches 41.9 

Percentage of water bodies and wetlands  1.13 

 

    90-Percent Prediction Interval 

Statistic 

Flow 

(ft^3/s) Minimum  Maximum 

50 Percent AEP Flood 1900 1140 3490 

20 Percent AEP Flood 3010 1690 5360 

10 Percent AEP Flood 3770 2030 6990 

4 Percent AEP Flood 4870 2490 9530 

2 Percent AEP Flood 5810 2860 11800 

1 Percent AEP Flood 6810 3250 14300 

.5 Percent AEP Flood 7900 3590 17400 

.2 Percent AEP Flood 9560 4090 22400 

 

The above report provides estimates of flood discharges at selected annual exceedance 

probabilities (AEPs) for streamgages in and adjacent to Vermont, with equations estimating flood 

discharges at AEPs of 50-, 20-, 10-, 4-, 2-, 1-, 0.5-, and 0.2-percent (recurrence intervals of 2-, 5-

, 10-, 25-, 50-, 100-, 200-, and 500-years, respectively) for ungaged, unregulated, rural streams in 

Vermont. The equations were developed using generalized least-squares regression. Flood-

frequency and drainage-basin characteristics from 145 streamgages were used in developing the 

equations. The drainage-basin characteristics used as explanatory variables in the regression 

equations include drainage area, percentage of wetland area, and the basin-wide mean of the 

average annual precipitation. (Olson 2014).  

Lakes, ponds and wetlands can help store flow and sediment discharges in extreme weather events. 

With only ~1.13% of the watershed in waterbodies and mostly small wetlands (Table 5; many of 

the wetlands have been altered by agricultural conversion, primarily through ditching), such 

buffering capacity within the Second Branch basin is limited. Despite relatively moderate to low 

levels of annual precipitation (Fig. 7) this factor combines with the steep/dissected character of the 

upland topography, localized nature of intermittent storms, and cultural relationship to streams to 

predispose the Second Branch basin to flash flooding. In fact, 34 years of flood data (1975-2009) 

in an area covering Vermont and portions of New Hampshire and upstate New York indicated that 

Orange and Essex County, VT (the Second Branch basin is largely in Orange County) are toward 

the low end of total events but have the highest damage per flood event (Breitbach 2010). 
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Figure 7. Vermont Annual Precipitation 

The Second Branch basin is in the low to 

moderate range for Vermont in total annual 

precipitation over the last 40 years with a mean 

of 41.9 inches/year (Table 5; Fig. 7). Although 

the total rain amount is not high for the state of 

Vermont, short and intense rain storms have 

been particularly damaging to the Second 

Branch. Flash flooding in the upper part of the 

Second Branch Basin in June and July of 2013 

resulted in $294,00 of damage in Brookfield, a 

larger amount than total damage from Tropical 

Storm Irene (Brookfield LHMP 2015). 

 

 

 

 

 

 

 

3.4.1 Second Branch basin flood history 

The nearest continuous monitoring USGS streamflow gaging station to the Second Branch of the 

White River is at Ayers Brook in Randolph, within roughly 5 miles of the Second Branch basin.  

This station (# 01142500) measures flow from an approximate drainage area of 30.5 square miles 

and has daily flow records dating back to 1939.  The Peak flow chart for the Ayers Brook gage 

(Fig. 8) shows the highest annual peak flow readings from 1940 to 2019, for context on some of 

the larger flow events in the area. Although the Ayers Brook gage is not a perfect representation 

of the Second Branch basin, it helps put the frequency and magnitude of high flow and flood events 

into perspective. Note in particular that flooding at Ayers Brook was worse in Tropical Storm Irene 

(2011) than flooding in June-July 2013, July 2017, and April 2019 flash floods that had much 

higher impacts in the Second Branch basin. 
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Figure 8. Ayers Brook Annual Peak Flows (1940-2019) 

Preceding fieldwork for this project the White River basin experienced high flows during late 

winter and spring 2019, with rapid snow melt contributing to a FEMA disaster declaration due to 

flooding (PK10<flows <PK25) for most of the basin on April 15 (FEMA-DR-4445-VT). High 

flows continued through the beginning of July, as indicated by sampling dates for the White 

River Partnership water quality season that corresponded most closely to the fieldwork dates for 

the Phase 2 assessment reported here (Fig. 9). From July on water levels steadily declined, and 

by late summer 2019 saw continuation of a trend of abnormally dry conditions in much of the 

White River basin (6 of the last 7 years have seen abnormally dry to moderate drought conditions 

by September-October; NDMC 2021). 

 

Figure 9. Ayers Brook mean daily flows, spring-summer 2019 
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This pattern of localized flash flooding is characteristic of the area, indicating the variable nature 

of precipitation events due in large part to orographic effects as well as a level of ñflashinessò 

related to a variety of factors including steepness of valley walls in the basin, the relatively minimal 

buffering capacity of wetlands and other waterbodies, narrow tributary valley widths and limited 

floodplain accessibility, and the effects of a variety of human influences. Without the availability 

of gage information in the Second Branch basin, documented flood events become highly valuable. 

Town records were not able to be researched thoroughly within the time and funding constraints 

of this corridor plan, but excellent discussions of local flood history can often be found in Local 

Hazard Mitigation Plans that regional planning commissions assist in compiling (TRORC 2021).   

The following flood event history (Table 6) from the Brookfield Hazard Mitigation Plan 

(Brookfield LHMP 2015) gives a sense of the flood history in the area. Not all of these events 

directly impacted the Second Branch basin, as most of the data were aggregated at a county level. 

Second Branch flash floods in 2017 and 2019 occurred after this plan was prepared. 

Table 6: Orange County Vermont Flood History 
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With relatively little development close to the mainstem, primary impacts in the Second Branch 

basin have been to crops and roads, bridges, culverts, and other infrastructure - especially along 

steep valley sidewall tributaries, with significant sediment discharges to the mainstem. The July 1, 

2017 storm was very localized but hit the Second Branch basin directly. It registered as a 100-yr 

Peak Flow just west in Rochester (pers. comm. Bob Gubernick, National AOP & Restoration Team 

Leader, USDA Forest Service) and forced evacuation of attendees at a music event at the 

Tunbridge Fairgrounds on the First Branch immediately to the east. 
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3.5 ECOLOGY 

3.5.1 Distribution of instream, riparian and wetland habitats  

Rapid Habitat Assessment (RHA) data collected during the Phase 2 assessments indicate all but 

one reach or segment assessed óFairô condition in the Second Branch basin (Appendix 1 RHA 

data). Segment M11-B upstream of Ferris Rd. rated óPoorô due to lack of buffers and extreme 

planform adjustments driving erosion and sedimentation, with impacts from April 2019 flash 

flooding clearly evident. Fine-grained sediments along most of the mainstem provide little stability 

for riffle and bar formation, and sediments frequently fill and scour back out of pools easily.  

The Second Branch basin does have beaver controlled areas, particularly in the upper portions of 

the basin. M16-B was not assessed in Phase 2 due to the multi-channel wetland created as a result 

of beaver control. In addition, other assessed beaver-controlled wetlands exist along the Second 

Branch; most of these areas are part of Class 2 wetlands (VSWI 2010) that have some legal 

protections. These areas help provide flood resiliency, and in particular, M17-A and M16-B create 

a break from transfer of stormwater and erosion impacts to downstream reaches.  

The Second Branch does not have any USGS water quality monitoring gages to help detect 

temperature fluctuations and other water quality parameters, but the White River Partnership has 

maintained a number of water quality sampling sites along the mainstem for more than a decade. 

Results from these sites have indicated historically high E. coli readings and notable spikes in E. 

coli and turbidity readings following any heavy precipitation events. While there was no 

temperature data recorded during the field work for this assessment in 2019, qualitative 

observations indicated the stretches of river with little to no buffer had large changes in 

temperature from morning to afternoon, with particularly warm sections of water in upper reaches 

when water depths were low. 

3.5.2 Aquatic Life 

Habitat connectivity is fragmented in the basin by the influence of two intact dams (Hyde Mill 

Dam in East Bethel, M04, and Gulf Road Dam in East Randolph, M09), as well as areas of ledge 

including the waterfall located at the southern end of M03 in North Royalton and a steep run of 

ledge under VT-14 about 0.2 mi south of the mouth of Staples Pond in Willi amstown (M17-B). 

Heavy agricultural use with frequent poor buffers, extensive erosion, and warm water temperatures 

do not make the Second Branch an ideal location for native brook trout populations. However, 

many tributaries have cooler water and do contain native brook trout, and some are likely to be 

found along the Second Branch main stem. At one time brook trout were stocked by Vermont Fish 

and Wildlife along the main stem of the Second Branch annually at the Route 14 Bridge near Ferris 

Road (reach M11) down to the confluence with the main stem of the White River, however 

Vermont Fish and Wildlife no longer indicate that the Second Branch of the White River is 

stocked. 
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Figure 10. Vermont Wild Brook Trout Habitat  (VTFWD 2020) 

  

3.5.3 Unique plant and animal communities 

There are five significant natural communities identified in the Second Branch watershed 

including three different swamp types and a rich fen. There are 5 rare, threatened, or endangered 

(RTE) species in the Second Branch basin, all benefitted by riparian or wetland habitats common 

along the Second Branch, and an additional 4 uncommon species of which 2 particularly benefit 

from riparian or wetland habitat.  

An additional species of note found during the Phase 2 assessment informing this report was an 

Eastern elliptio freshwater mussel, located in reach M02. This freshwater mussel was the only one 

found during the assessment. Eastern elliptio are Vermontôs most common freshwater mussel, 

often times found in low gradient streams, along banks, and in silt, sand, clay or gravel bed material 

(VCE 2020). The mussel found during our assessment was in a very low gradient stretch of the 

Second Branch in a silty area along the left bank of the river.  

Second Branch White 

River 
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Although no sea lampreys were found during this assessment, they have been found along upper 

portions of the White mainstem in Rochester and Hancock (pers. comms. Jeremy Mears, Fisheries 

Biologist USDA Forest Service, and John Hirsch, Clearfield Farm) and have the potential to be a 

species of note along the Second Branch if the last two dams are removed. Each year sea lampreys 

spawn during the spring in the main stem of the Connecticut River as well as in many of its 

tributaries including the White River. Larval lampreys are found in freshwater the first few years 

of their lives, and their most common habitat is in areas with sandy or silty substrate, which is 

prevalent in the Second Branch of the White River. At around 5 years of age, they transform into 

juveniles and emigrate to the ocean where they attach to and feed on fish, lampreys are a food 

source in the estuarine and marine environment for a number of fish, marine mammals, and bird 

species. (VTFWD 2018) 

Along every reach of the mainstem of the Second Branch of the White River invasive plant species 

were identified, although the frequency and impact varied from reach to reach and tended to be 

less prevalent in upstream reaches M16 and M17. The two main invasive species identified were 

Japanese knotweed and wild chervil. The wild chervil is particularly prevalent along VT-14 and 

had spread along the roadway down the entire length of the Second Branch mainstem. Two non-

native rusty crayfish (Faxonius rusticus) were observed while conducting an assessment of the 

VT-14 bridge in reach M02. 

SECTION 4: METHODS 

4.1 STREAM GEOMORPHIC ASSESSMENT 

In an effort to provide a sound basis for decision-making and project prioritization and 

implementation, the Vermont Agency of Natural Resources River Management Program (VT-

RMP) has developed protocols for conducting geomorphic assessments of rivers. The results of 

these assessments provide the scientific background to inform planning in a manner that 

incorporates an overall view of watershed dynamics as well as reach-scale, or localized, dynamics. 

Incorporating upstream and downstream dynamics in the planning process can help increase the 

effectiveness of implemented projects by addressing the sources of river instability that are largely 

responsible for erosion conflicts, increased sediment and nutrient loading, and reduced river 

habitat quality (Kline 2010, p.1). Trainings have been held to provide consultants, regional 

planning commissions, and watershed groups with the knowledge and tools necessary to make 

accurate and consistent assessments of Vermontôs rivers. 

 

The stream geomorphic assessments are divided into phases. A Phase 1 assessment is a preliminary 

analysis of the condition of the stream through remotely sensed data such as aerial photographs, 

maps, and ówindshield surveyô data collection. This phase of work identifies a óreferenceô stream 

type for each reach assessed. A reach is a similar section of stream, primarily in terms of physical 

attributes such as valley confinement, slope, sinuosity, dominant bed material, and bed form, as 

well as predicted morphology based on hydrologic characteristics and drainage basin size.  

 

Phase 2 involves rapid assessment fieldwork to inform a more detailed analysis of adjustment 

processes that may be taking place, whether the stream has departed from its reference conditions, 

and how the river might continue to evolve in the future. This sometimes requires further division 

of óreachesô into ósegmentsô of stream, based on such field-identified parameters as presence of 
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grade controls, change in channel dimensions or substrate size, bank and buffer conditions, or 

significant corridor encroachments. The Phase 2 fieldwork includes the use of the Rapid 

Geomorphic Assessment (RGA) protocol and the Rabid Habitat Assessment (RHA) protocol.  

 

As part of the Phase 2 data collection process, bridge and culvert assessments were conducted by 

the White River Partnership on all public stream crossings (public and private) within the Second 

Branch watershed.  The Agency of Natural Resources Bridge and Culvert protocols were 

followed.  Location data using latitude and longitude at each of the structures was determined 

using a Garmin GPSMAP 76 and verified after fieldwork using Google Earth. All assessed 

structures include photo documentation of the inlet, outlet, upstream, and downstream.  

 

The data collected in Phase 2 also help identify the inherent sensitivity to changes in watershed 

inputs of a given stream segment, and these data can be used to map and classify erosion hazards 

within a River Corridor (VT-RMP FEH 2010; 10 V.S.A. Chapter 32 § 752. Definitions). River 

Corridor Plans analyze the data from the Phase 1 and 2 assessments to inform project prioritization 

and methodology. Phase 3 involves detailed fieldwork for projects requiring survey and 

engineering-level data for identification and implementation of management and restoration 

alternatives. 

 

All Phase 1 and Phase 2 data were entered into the most current version of the VTANR Stream 

Geomorphic Assessment (SGA) Data Management System (DMS) 

(https://anrweb.vt.gov/DEC/SGA/Default.aspx), where they are available for public review. Phase 

1 data were updated, where appropriate, using the field data from Phase 2 assessments; these 

changes were tracked and documented within the DMS. Spatial data for bank erosion, grade 

control structures, bank revetments, beaver dams, debris jams, depositional features, and other 

important features were documented within field-assessed segments and entered into the spatial 

component of the statewide data base using the Feature Indexing Tool of the Stream Geomorphic 

Assessment Tools (SGAT) ArcMAP extension, which permits geographic information systems 

implementation of the data. Using data from both Phase 1 and 2 assessments, maps displaying this 

information are being made available for public use as well, through the Vermont ANR Natural 

Resource Atlas (http://anrmaps.vermont.gov/websites/anra/).  

 

4.2 QUALITY ASSURANCE, QUALITY CONTROL, AND DATA QUALIFICATIONS  

VT-RMP is committed to providing watershed groups, towns, regional planning commissions, 

consultants and other interested parties with technical assistance and shares responsibility for a 

thorough quality assurance/quality control (QA/QC) procedure for data collected in geomorphic 

assessments. Checks were initially conducted by the White River Partnership utilizing the QA/QC 

tools developed by VTANR and implemented through the online Data Management System. 

Documentation of these quality control checks is maintained within the DMS. Further review was 

conducted by Gretchen Alexander of the Vermont-RMP to verify integrity of the data, and this 

process was completed in spring of 2021. General questions about data collection methods can be 

answered by referencing the SGA Protocols (VT-RMP 2009). 

http://legislature.vermont.gov/statutes/section/10/032/00752
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4.2.1 Data Qualifications 

Due to the legacy of glacial Lake Hitchcock extending throughout most of the length of the Second 

Branch mainstem, sediments tend to be fine and depositional features are highly transient. Data 

collection for the Second Branch mainstem in 2019 included paddling much of the mainstem 

downstream of East Brookfield (from reach M14 down) during early summer to take advantage of 

moderate flow levels. While efforts were made to subsequently verify depositional features, these 

may be somewhat under-reported for this portion of the mainstem. 

 

The protocols developed for Stream Geomorphic Assessment in Vermont base stream typing on a 

combination of Rosgen and Montgomery-Buffington classification systems (VT-RMP_ApxI 

2004). Under this system, braided rivers are assumed to be highly depositional and may not 

account for smaller, low gradient and multi-threaded channels as a reference type (Walter and 

Merritts 2008). This is an evolving area of exploration regarding effective stream restoration that 

is highly applicable to dynamics along the Second Branch, and it is highly recommended that 

floodplain restoration projects in this basin consider recent developments in this area as part of 

project scoping. This is particularly important in considering historic sedimentation behind dams, 

which appear to play a large role in current stream dynamics in portions of the Second Branch 

mainstem extending downstream from North Randolph.  

 

Based on the above factors, Phase 1 stream typing along the Second Branch mainstem, particularly 

in regards to distinguishing between reference C and E stream types, should be considered with 

some latitude ï but the vast majority of the Second Branch mainstem reaches are low gradient and 

primarily only differ in degree of valley and floodplain confinement. 

 

Due to low elevational gradients along the mainstem no alluvial fans were attributed to these 

reaches, but due to Lake Hitchcock influences (post-glacial deltaic deposits at edges of the Lake) 

fans at the bases of tributaries notably influence dynamics in M01, M03, M07, M11 and M16. 

 

5.0 RESULTS 

The following sections summarize pertinent results of Phase 1 and 2 SGA data collection in the 

Second Branch watershed. Stressor, departure, and sensitivity maps are presented as a means to 

integrate data that have been collected and show the interplay of watershed and reach-scale 

dynamics. These maps help identify and prioritize practical restoration and protection actions that 

can move the river toward a healthy equilibrium (Kline 2010). Single page (8.5 x 11 in.) maps are 

included with the text for ease of reference in regards to the text; larger maps can be found in 

Appendix 7.  

Alterations to watershed-scale hydrologic and sediment regimes can profoundly influence reach-

scale dynamics, and greater understanding of these processes is vital to increasing the effectiveness 

of protection and restoration efforts at a reach level (Kline 2010). Section 5.1 presents an analysis 

of stream departure from reference conditions. Sections 5.1.1 and 5.1.2 summarize watershed-

scale stressors contributing to current stream conditions.  Two points are important to keep in 

mind in using these maps: 
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1) The watershed-scale maps attempt to convey patterns rather than details; more detailed 

impacts appear in the reach maps in section 6.0, Project identification. 

2) A ñzoomed inò map (such as the reach maps in section 6) is easier to read in some respects, 
but does not fully capture indications of watershed-scale alterations. Because fluvial 

geomorphic processes often unfold over decades, the ñbigger pictureò relationships are 

critical to understanding how upstream processes (either historic or current) affect what 

may be happening further upstream and/or downstream. 

Sections 5.1.3ï5.1.6 characterize reach-scale stressors. Section 5.1.7 characterizes the 

hydrologic and sediment regime departures for reaches included in Phase 2 assessment within the 

Second Branch watershed. Section 5.2 presents a sensitivity analysis of these reaches, indicating 

the likelihood that a stream will respond to a watershed or local disturbance or stressor as well as 

an indication of the potential rate of subsequent channel evolution (VT-RMP 2009, Phase 2, Step 

7.7; Kline 2010, Section 5.2). 

Data used for the analyses can be found in the appendices. Reach/segment summary statistics and 

channel geometry data are found in Appendix 1. Phase 1 observations, assembled at a reach scale, 

are summarized in Appendix 2. Reach/segment scale data from Phase 2 fieldwork are provided as 

summary sheets in Appendix 3. Plots of channel cross sections are found in Appendix 4. Appendix 

5 includes Quality Assurance review notes. Appendix 6 is a consolidated list of projects identified 

in Chapter 6. Appendix 7 contains 11x17 in. maps for analysis (Chapter 5 maps). Appendix 8 

contains the results of bridge and culvert assessments for structures located on Phase 2 reaches.

5.1 DEPARTURE ANALYSIS

5.1.1 Hydrologic regime stressors 

The hydrologic regime involves the timing, volume, and duration of flow events throughout the 

year and over time; as addressed in this section, the regime is characterized by the input and 

manipulation of water at the watershed scale. When the hydrologic regime has been significantly 

changed, stream channels will respond by undergoing a series of channel adjustments. Where 

hydrologic modifications are persistent, an impacted stream will adjust morphologically (e.g., 

enlarging through either downcutting or widening when stormwater peaks are consistently higher) 

and often result in significant changes in sediment loading and channel adjustments in downstream 

reaches (Kline 2010). In the Second Branch basin the mainstem has become primarily a single 

thread channel, incised in numerous locations and widening through lateral bank erosion in 

numerous others, in response to hydrologic alterations. 

Hydrologic modifications in the Second Branch basin have largely been related to the 

manipulation of water through damming, historic channel straightening, and ditching of 

agricultural fields and attendant wetlands, notably in the mainstem valley. In addition, a 

widespread road network contributes to channel straightening and restriction of floodplain access 

in the narrow valleys of many of the tributaries along steeper valley sidewalls. 

Historical clearing initially contributed to higher runoff of both water and sediment (USDA-FS 

2001). As in much of Vermont, the Second Branch basin was heavily deforested during the 19th 

century, with ñsweetò soils in this area leading to particularly heavy agricultural development 

(Thompson et al 2019, pp.23-24, 71, 74-75; Randolph 2019, p.4). While this situation tended to 

diminish with reforestation, it is likely that the initial downcutting and transport of sediment out 
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of uplands extended the stream network, initiating or furthering channel formation in areas that 

formerly had a broader absorptive base, and deposited thick layers of sediment in the valleys. 

During a similar timeframe there was a proliferation of milldams along many of the streams of the 

region (Beers 1869; Beers 1877; Walter and Merritts 2008; Fig. 11). These dams served to trap 

significant amounts of the sediments from upstream, through which later incision cut single thread 

channels (Fig. 12). Extensive research in a similar setting for streams in the Pennsylvania and 

Maryland Piedmont region indicates that,  

ñbefore European settlement, the streams 

were small anabranching channels within 

extensive vegetated wetlands that 

accumulated little sediment but stored 

substantial organic carbon. Subsequently, 1 

to 5 meters of slackwater sedimentation, 

behind tens of thousands of 17th- to 19th-

century milldams, buried the presettlement 

wetlands with fine sediment. These findings 

show that most floodplains along mid-

Atlantic streams are actually fill terraces, and 

historically incised channels are not natural 

archetypes for meandering streams.ò (Walter 

and Merritts 2008) 

 

Figure 11. Map of historic milldam density in eastern 

US, from Walter and Merritts (2008). 

 

Figure 12. Small, anabranching channels and extensive vegetated wetlands like those in currently beaver-

occupied portions of reaches M16 and M17 (left) are likely closer to pre-European settlement conditions 

along much of the Second Branch than the incised single-thread channel in M03 (right), upstream of the now-

removed Stoughton Mills/Royalton-5 dam in North Royalton. 

Hydric soils in the basin that overlap with agricultural or developed lands, and are not indicated as 

current wetlands, frequently represent some of the lost wetland functions contributing to this 

Second Branch 

basin 
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change in stream morphology. Current morphology (frequently incised, single thread channel) 

along the mainstem is further influenced by numerous undersized bridges that contribute to 

maintenance of the channel in its current location and straightened planform. 

ñSediment starvingò above and consequent ñhungry waterò below dams, exacerbated by pulse 

flows, plus increased scour at undersized bridges, have contributed to downcutting and restriction 

of floodplain access ï manipulation of water that has increased the erosive power of water 

contained in a deeper channel. The current single thread channel form along the majority of the 

mainstem of the Second Branch is likely in contrast with the current approximation of probable 

original reference conditions along much of the mainstem in the Second Branch basin: the multi-

thread channels in beaver-dominated wetland complexes now most apparent in portions of reaches 

M16 and M17, near the headwaters of the Second Branch originating in the Brookfield-

Williamstown Gulf (Walter and Merrits 2008; Cluer and Thorn 2014). 

Historical documentation indicates that deforestation was extensive at the peak of sheep farming 

in the area, roughly 1840s-70s, likely on a rough par with overall estimations of 70% or more 

deforestation statewide (Thompson and Sorenson 2019; Cronon 1983; Landscape Change 

Program), but the basin was reforested relatively rapidly in the 20th century. The Second Branch 

watershed is roughly 77% forested today. Despite this relatively high degree of current forest 

cover, however, the historic legacy in the Second Branch basin contributes to a high degree of 

ñflashinessò in the watershed. In narrow valleys where roads were added alongside the stream 

network, impervious surfaces and stormwater inputs increase the rate of discharges to adjacent 

streams. These alterations amplify ñflashinessò in response to heavy precipitation events, 

delivering concentrated discharges in a shortened time frame, with frequent downcutting (and/or 

widening) in response to heightened discharges.   

Although it appears rural due to diffuse settlement patterns, the (Northern and Southern) Vermont 

Piedmont biophysical region, which includes the Second Branch watershed, is a relatively densely 

ñroadedò portion of Vermont (Thompson and Sorenson 2019, pp. 71, 75). Stormwater inputs from 

this road system are a significant contributor to hydrologic alterations, although much of the 

mainstem is distant enough from roads that these impacts were often not directly apparent in the 

Phase 2 assessment of the mainstem reported here. The mainstem (and entire stream network) is 

affected by these hydrologic stressors however, and mapping of ñhydrologically connected roadsò 

as part of the Municipal Roads General Permit enacted by Vermont (VT DEC-MRP 2018) is an 

explicit acknowledgement of, and effort to address, these impacts to stream dynamics and water 

quality. Bridge and culvert inventories compiled by towns, regional planning commissions, and 

contractors help clarify the widespread extent of these contributions (VTCulverts). 
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More recent changes to the hydrologic 

regime (last 60 years; Fig. 13) have 

influenced inputs, with a notably 

significant increase in localized, high 

intensity but short duration 

precipitation events manifesting as a 

series of flash flood events of 

increasing frequency since the turn of 

the 21st century in the Second Branch 

basin (see section 3.4.2, Flood 

history). 

 

Figure 13. Heavy precipitation events in 

the northeast US have increased 

significantly in the last 60 years. 

 

 

The Hydrologic Alterations map (Fig. 14) indicates these primary stressors commonly associated 

with stream channel adjustments (Kline 2010, pp. 26-27). While stormwater inputs are not directly 

portrayed, road density in the various subwatersheds of the basin gives a sense of where impacts 

are amplified. Dams and diversions are a hydrologic stressor primarily due to their contribution to 

legacy sedimentation and subsequent channel incision; flow regulations are relatively minor 

contemporary contributor to changes in water inputs, as the two remaining intact dams along the 

mainstem are both run-of-river. Crop land and ñUrbanò land use (primarily residential and small 

businesses in the Second Branch basin) are also relatively minor contemporary hydrologic 

stressors, but the Hydrologic Alterations map indicates areas where impacts are more elevated. 

These are primarily subwatersheds associated with more concentrated development in the small 

historic village settlements of the basin. 
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Figure 14. Combined Hydrologic Alterations/Land Use Stressors Map of the Second Branch basin.
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5.1.2 Sediment regime stressors

At a watershed scale, the Second Branch basin is a relatively high wash load system, with 

overall sediment transport volume mitigated primarily by a decent percentage of forest 

cover and stretches of relatively intact, vegetated wetlands. Large wood in channels and 

shrubs in some of the intact wetlands play a vital role in trapping and storing fine sediments 

as well as frequently enabling what floodplain access is available.  

Along the Second Branch mainstem the sediment regime is closely tied to the 

preponderance of fine sediments left behind by glacial Lake Hitchcock. Even with areas 

influenced by gravel from kame terraces (reaches M01, M02, M08, M11) and valley train 

gravels (M14), every representative cross-section measured in Phase 2 assessment showed 

a cumulative particle distribution (D50) of sediments equivalent to fine gravel or smaller. 

With few grade controls present, the historically straightened, single thread channel has cut 

down into these fine sediments and exposed glacial lacustrine soils (especially downstream 

from reach M11 in North Randolph to the mouth in North Royalton) or buried former 

wetland soils in numerous areas, prominently in upstream reaches where beavers are active 

currently and were likely extensive pre-European settlement (Fig. 15).  

 

Figure 15. Left: Cohesive silty clays indicating lake bottom (glaciolacustrine) soils underlie coarser 

alluvial sediments backed up behind the former Stoughton Mills/Royalton-5 dam in reach M03. 

Right: Cohesive, mottled organic soils in reach M14 likely indicate former wetlands similarly 

overlain by alluvium but not impounded by a dam. 

With much of the current single-thread channel at least moderately incised, areas lacking 

wooded buffers are especially subject to erosion that is not being replenished by overbank 

flooding. These rich soils are largely being transported out of the watershed, and it is not 

uncommon to see sediment plumes entering the White mainstem from the Second Branch 

in hard rainstorms. These areas additionally lack raw materials to rebuild floodplain access 

or dampen stream power in moderately high floods. Erosion can accelerate when cohesive 

materials in the bed and lower banks, or coarser sediments washed in from tributaries, are 

more resistant than the banks. 

ñSediment slugsò of coarser sediments from tributaries are moved slowly due to the low 

slope gradients along the mainstem. When these do move in larger flood events it is not 

uncommon for these slugs to divert high flows onto erodible banks, at times leading to 

channel avulsions and neck cut-offs. One of the best examples of these dynamics was the 
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mouth of Snowôs Brook in North Randolph (reach M11), which joins the mainstem just 

downstream of a former mill complex (VWRC 1921) with high volumes of very fine 

sediments upstream. Downstream of the mouth of Snowôs Brook, the high banks along the 

un-buffered fields north of Ferris Rd. are  indicative of fine sediments backed up behind 

another former dam impoundment by the Creamery in North Randolph (VWRC 1921). 

When a sediment slug from Snowôs 

Brook plugged the main channel (Fig. 

16), water rapidly cut through the fine 

bank sediments to cause a sudden neck 

cut-off.  

Figure 16. Sediment plug from Snowôs 

Brook led to rapid neck cut-off through 

former dam-impounded fine sediments in 

segment M11-B. 

A short distance downstream, fine 

sediments impounded by the same 

former dam were being eroded rapidly 

along a valley sidewall, possibly due 

to a small tributary diverted by road 

ditching and culverts along Ferris Rd. (Fig. 17; needs further investigation).  

Figure 17. Eroded fine sediments from former dam impoundment in segment M11-B near Ferris Rd. 

were traced back to this headcut, possibly due to diversion of a small tributary (needs further 

investigation).  

Sediment load along the mainstem thus largely features fine particles contributing to high 

levels of transitory, unstable depositional features such as mid-channel bars, point and side 

bars, and areas of ñbraidingò. These features appear to largely indicate the effects of 

channel widening and planform adjustments, with high amounts of post-glacial alluvium 

throughout the system. Historic floodplain access is restricted in most areas, so low velocity 

conditions for fine sediments to drop out have notably occurred at dams and undersized 

stream crossings and similar channel constrictions. Numerous locations had high volumes 

of very fine sediments related to transitory beaver dams likely busted in recent flash floods 

(July 1, 2017, April 15, 2019).  
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A limited number of coarser sediments derive from a few kame terraces along the mainstem 

channel, but primarily derive from eroded roads and ditches, as well as incised channels 

themselves, along steep sidewall tributaries that have been stripped in flash flood events 

(Fig. 18).  

Figure 18. Coarse sediments entering the Second Branch in M16-B appeared to be related to repeat 

flood discharges along Taylor Hill Rd., deposited in an alluvial fan at the base of the stream off the 

steep valley sidewall. 

The following description of issues related to the sediment regime is taken from the most 

current version of the VT ANR River Corridor Planning Guide (VT ANR 2010): 

The sediment regime may be defined as the quantity, size, transport, sorting, 

and distribution of sedimentsé. sediment erosion and deposition patterns, 

unique to the equilibrium conditions of a stream reach, create habitat. In all 

but the most dynamic areas (e.g., alluvial fans), they provide for relatively 

stable bed forms and bank conditionsé 

é. During high flows, when sediment transport typically takes place, small 

sediments become suspended in the water column. These wash load 

materials are easily transported and typically deposit under the lowest 

velocity conditions, which exist on floodplains and the inside of meander 

bendways at the recession of a flood. When these features are missing or 

disconnected from the active channel, wash load materials may stay in 

transport until the low velocity conditions are encounteredé. This é 

unequal distribution of fine sediment has a profound effect on aquatic plant 

and animal life. Fine-grained wash load materials typically have the highest 

concentrations of organic material and nutrients. 

Bed load is comprised of larger sediments, which move and roll along the 

bed of the stream during floodsé. The fact that it takes greater energy or 

stream power to move different sized sediment particles results in the 

differential transport and sorting of bed materialsé. When these patterns 

are disrupted, there are direct impacts to existing aquatic habitat, and the 

lack of equal distribution and sorting may result in abrupt changes in depth 

and slope leading to vertical instability, channel evolution processes, and a 

host of undesirable erosion hazard and water quality impacts.  
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Evolving research indicates that fine-grained wash load materials not only have high levels 

of organic material and nutrients, but are correlated with high E. coli bacteria levels as well 

(Stocker et al 2018). White River Partnershipôs long-term water quality monitoring 

program has indicated consistently elevated E. coli bacteria levels on portions of the First, 

Second and Third Branches, and these were listed for impairment starting in 2016 (VT 

DEC WQD 2018). The two highest level sites in the monitoring program (throughout the 

larger White River basin) over time have been at Dugout Rd. (Second Branch reach M06) 

and near the mouth of the Second Branch (reach M01). White River Partnership continues 

to probe the role of fine sediments in these bacteria readings, as well as intermittent 

elevated nutrient levels (VT DEC WMD 2018). 

The high volume and frequent transport of fine sediments in the Second Branch basin are 

a prominent factor in the overall sediment regime of the watershed. Just three reaches 

(M01, M15 and M17, which has frequent bank armoring) showed low levels of erosion on 

both banks; all other reaches had moderate to high levels of erosion on at least one bank 

(Table 7). Erosion levels were generally higher in areas downstream of reach M12, where 

mill legacy sediments and glaciolacustrine soils are more prominent.  

Table 7. Levels of erosion on reaches assessed during 2019 Phase 2 assessment on the Second Branch  

Stream segment Left bank erosion (% of length) Right bank erosion (% of length) 

M01 <5% <5% 
M02 >5%  <=20% <5% 

M03 >5%  <=20% >20% 
M04 >5%  <=20% >5%  <=20% 

M05 >5%  <=20% >5%  <=20% 
M06 >20% >20% 

M07 >5%  <=20% >5%  <=20% 
M08 >5%  <=20% >5%  <=20% 

M09 >5%  <=20% >5%  <=20% 
M10 >20% >20% 

M11-A >5%  <=20% <5% 
M11-B >20% >20% 

M11-C <5% >5%  <=20% 
M12 >5%  <=20% >5%  <=20% 

M13 >5%  <=20% >5%  <=20% 
M14 >5%  <=20% >5%  <=20% 

M15 <5% <5% 
M16-A <5% >5%  <=20% 

M17-A <5% <5% 
M17-B <5% <5% 

 

With production and transport of fine sediments and the dynamics of coarser sediment 

slugs in mind, the Sediment Load Indicators Map (Fig. 19) includes locations of both 

present and former dams in the basin. 
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Figure 19. Sediment load indicators map for the Second Branch basin. 

The hydrologic and sediment load watershed-scale stressors described above form a 

hierarchical pretext for understanding the timing and degree to which reach-scale 

modifications are contributing to field-observed channel adjustments (Kline 2010). 

Modifications to the valley, floodplain, and channel, as well as boundary (bank and bed) 
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conditions, can change the hydraulic geometry, and thus change the way sediment is 

transported, sorted, and distributed (Table 8). Phase 1 and Phase 2 assessments provide 

semi-quantitative datasets for examining stressors and their effects on sediment regime 

when channel hydraulic geometry is modified.

 

 Sediment Transport Increases Sediment Transport Decreases 

 Stream power 

as a function 

of: 

Stressors that lead to an 

increase in power 

Stressors that lead to a 

decrease in power 

E
n

e
rg

y
 G

ra
d

e 

Slope 

¶ Channel straightening, 

¶ River corridor encroachments, 

¶ Localized reduction of 

sediment supply below grade 

controls or channel 

constrictions 

¶ Upstream of dams, weirs, 

¶ Upstream of channel/floodplain 

constrictions, such as bridges 

and culverts 

Depth 

¶ Dredging and berming, 

¶ Localized flow increases 

below stormwater and other 

outfalls  

¶ Gravel mining, bar scalping, 

¶ Localized increases of sediment 

supply occurring at confluences 

and backwater areas 

B
o

u
n

d
a

ry
 C

o
n

d
it
io

n
s 

Resistance to 

power by the: 

Stressors that lead to a 

decrease in resistance 

Stressors that lead to an increase 

in resistance 

Channel bed 
Snagging, dredging, windrowing Grade controls and bed armoring 

Stream bank 

and riparian  

Removal of bank and riparian 

vegetation (influences sediment 

supply more directly than 

transport processes) 

Bank armoring (influences 

sediment supply more directly than 

transport processes) 

Table 7:  Reach level stressors: relationship of energy grade and boundary conditions in sediment 

transport regime (Kline 2010).

Channel Slope and Depth Modifier Maps (Sections 5.1.2a and b, respectively) can be used 

to determine whether stream power has been significantly increased or decreased. A 

Channel Boundary and Riparian Modifiers Map (Section 5.1.2c) can help explain whether 

the resistance to stream power has been increased or decreased. The analysis here portrays 

general contributions of these features to stream dynamics, but the specific features are 

decidedly reach-scale, rather than watershed-scale, stressors. Primary stressors in each 

reach are thus noted in sec. 6 for Project Identification. 

5.1.2a Channel slope modifiers 

Analysis of channel slope modifiers along the Second Branch mainstem indicates that 

channel straightening is the predominant stressor, with indications of straightening 

observed in at least some portion of every reach except M08 (Fig. 20).  



 

44 

 

Channel straightening occurred historically through direct channel manipulation to supply 

mills in downstream portions of the mainstem, and through agriculture related ditching and 

channelization along much of the mainstem. In addition, 56 bridges and

 

Figure 20. Channel Slope Modifiers map for the Second Branch mainstem. 
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culverts were documented along the mainstem in 2019 fieldwork (31 were privately owned 

structures: farm bridges, snowmobile bridges, private driveways). Many of these are situated in 

the valley in such a way as to help maintain the stream against a valley wall or road embankment 

(especially along VT-14, the main north-south highway that parallels the Second Branch along 

much of its length), or to help channel the stream across the valley. The majority of these structures 

pre-date 2014 changes to Vermontôs stream crossing standards that began requiring most structures 

to be a minimum of bankfull width, and these undersized structures frequently contribute to 

extensive scour, channel incision and erosion in the fine sediments of this valley.  

Channel straightening can heighten stream power when slope increases occur as a stream loses its 

meanders (similar to putting a driveway straight up a steep slope rather than installing 

switchbacks). In areas with erodible bed materials, elevated stream power may contribute to bed 

downcutting (channel incision) that further enhances stream power and sediment transport capacity 

as a result of the increased slope and depth at flood stage. The combined effects of culvert and 

bridge impacts (measured as visual assessment of channel length affected by dynamics associated 

with the structure during field assessment) and other channel straightening are significant (Table 

9). 

Reach/Segment 
Bridge/ 

Culvert Count 
Pct. length  

impacted by stream xings 
Pct. length  

straightened 

M01 3 52.93% 20.36% 
M02 1 7.84% 26.42% 

M03 1 9.17% 25.06% 
M04 2 7.63% 32.18% 

M05 3 15.31% 8.34% 
M06 4 10.44% 0.00% 

M07 5 12.22% 0.00% 
M08 0 0.00% 0.00% 

M09 2 10.71% 13.75% 
M10 4 10.20% 33.21% 

M11-A 3 24.70% 0.00% 
M11-B 0 0.00% 4.93% 

M11-C 1 20.86% 94.77% 
M12 3 5.55% 0.00% 

M13 4 16.78% 15.26% 
M14 6 10.82% 0.00% 

M15 6 43.79% 45.34% 
M16-A 1 34.18% 32.58% 

M16-B 1 10.00% 0.00% 
M17-A 1 7.93% 59.97% 

M17-B 4 98.04% 61.97% 
Table 8: Combined effects of channel straightening and bridge/culvert impacts (which contribute to 

additional straightening) on Second Branch mainstem reaches. Color coding corresponds to impact ranges on 

Channel Slope Modifiers map (<5%, Ó5% Ò20%, >20% of reach). 
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Additional impacts contributing to straightening (and thereby increasing slope) include:  

¶ road and development encroachments (prominent in M02, M04, M09, M11-A, M14, M15); 

¶ structural measures such as riprap and bank toe stabilization (M04, M07, M08, M09, M10, 

M15, M16, M17);  

¶ less direct maintenance of the channel ñin its placeò through field cultivation and ditching 
(portions of every mainstem reach); and  

¶ remediation of flood damage through windrowing of stream sediments, removal of debris 

jams, and channel ñclean-outsò in the areas of bridges and culverts damaged in floods and 

subsequently repaired or replaced (widespread and common).  

A recent of example of these type of impacts was evident in segment M17-B, where windrowed 

sediments were helping channel the stream against the valley wall and away from a multi-threaded, 

beaver influenced wetland area (Fig. x). It appeared that more recent flooding (April 2019) in the 

same location had broken part of the berm created previously, and higher flows (>75% on long-

term flow duration curve) may now re-access the wetland area. 

    

Figure 21. Windrowed sediments below a steep ledge drop (jammed against the side of Rte. 14 in the 

Brookfield-Williamstown Gulf) funnel the stream toward the valley wall and away from a multithread beaver 

area. April 2019 flooding appeared to have broken part of the berm, allowing high flows at least to once again 

access the wetland. 

Although no intact beaver dams were noted in 2019 fieldwork, beaver-dominated areas offer the 

most prominent reductions in slope along the Second Branch mainstem, notably through the 

presence of multi-thread channels. Although the intact Gulf Road (base of VT-66 at VT-14 in East 

Randolph) and Hyde (East Bethel village) Dams present slope reductions just above the dams, the 

channel straightening associated with them and the sediment starving below the dams have created 

slope increases and channel incision that offset the effect of these slope reductions. 

Similarly, slope reductions caused by sediment deposition upstream of undersized bridges and 

culverts is comprised largely of very fine sediments. Associated channel straightening, bank 

armoring and constriction effects of abutments at these structures largely offsets the slope 

reductions, as evidenced by frequent scour impacts and heightened sediment transport in their 

vicinity.  

Overall, the predominant slope modifications of the current, largely single-thread channel along 

the Second Branch mainstem thus trend heavily toward a steeper slope than would be present under 

reference conditions, increasing overall sediment transport and erosion dynamics. 
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5.1.2b Channel depth modifiers 

As noted in several portions of this analysis, the current single-thread, largely incised channel of 

the Second Branch along much of the mainstem is very different from likely pre-European 

settlement (and undammed) reference conditions characterized by multi-thread channels and 

extensive vegetated wetlands. As such, the most prominent depth modification along the mainstem 

is depth increases due to the containment of moderate to high level flood flows within the channel 

rather than accessing channel adjacent floodplains or anabranching channels. This is particularly 

amplified in the vicinity of the 55 stream crossings along the mainstem, many of which are 

significantly undersized (in comparison with the bankfull channel width) and feature substantial 

concrete abutments.   

Road encroachments along the Second Branch are primarily due to the presence of a major 

thoroughfare, VT-14, that parallels the mainstem for virtually its entire length, though often being 

distant from the road in broader portions of the valley (Fig. 22). Depth increases due to road 

encroachment are most notable in the villages of North Royalton, East Bethel, East Randolph, and 

East Brookfield, and were particularly evident in reach M17 where the road occupies a majority 

of the former stream valley passing through the Brookfield-Williamstown Gulf. Bank armoring 

was prominent in these areas due to road-stream conflicts exacerbated by the enhanced stream 

power of these elevated depths. 

Depth increases due to stormwater appear minimal along the mainstem, though flash flood impacts 

from tributaries were noted and may be effectively extending the stream network through incision 

in narrow valleys shared by roads (see discussion regarding Hydrologic Alterations in sec. 5.1. 

above). Field ditch outlets were not always evident in the field, but no signs of active field drain 

tiles were noted and overall levels of stormwater inputs never reached óhighô thresholds of >5 

inputs/mile. Only three reaches or segments (M13, M15, M17-A) had moderate levels of 2-5 

inputs/mile.  

Less common modifiers toward decreased channel depths along the Second Branch were most 

evident in areas of beaver activity, accompanied by multi-thread channels, primarily in upstream 

reaches M16 and M17. Although depth decreases were also noted at three stream fords (M04, 

M07, and M17) the gravels and small cobbles present appear to be subject to erosion and make 

these likely to be subject to ongoing maintenance. Sediment retention at the intact Hyde Dam 

(M04) and Gulf Road Dam (M09) also offset what would likely be significantly deeper flows 

upstream of these structures. 
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Figure 22. Channel Depth Modifiers Map for the Second Branch mainstem
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5.1.2c Boundary condition and riparian modifiers 

Stream boundaries include bed and banks, and are strongly affected by the underlying geology and 

the state of buffer vegetation in the riparian corridor. Root systems from woody vegetation (and, 

to a lesser extent, herbaceous vegetation) help bind stream bank soils and diffuse stream power.  

The Second Branch mainstem is remarkable for its lack of evident widespread natural grade 

controls (Fig. 23).  Evident grade controls are very widely spaced, though half (4 of 8) 

  

Figure 23. Boundary Conditions and Riparian Modifiers Map for the Second Branch mainstem. 


















































































































































































