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1.0 EXECUTIVE SUMMARY

In February, 2013 the White River Partnership (WRP), as part of a project funded by the 

Vermont Agency of Natural Resources Ecosystem Restoration Grant Program, engaged 

Redstart to conduct a Phase 2 Stream Geomorphic Assessment (SGA) in Bethel, 

Vermont, and to produce a Phase 2 SGA report and River Corridor Management Plan 

(RCMP). The assessment area included portions of the Third Branch; Third Branch 

tributaries Camp Brook and Gilead Brook; the Middle White main stem; and Middle 

White tributaries Cleveland Brook, Locust Creek, and Lilliesville Brook (overview map 

in Fig. 1 below). 

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 Town of Bethel corridor planning 

project builds on sixteen years of community-based efforts undertaken by the WRP and 

partners throughout the White River watershed. Key partners in Bethel have included 

riparian landowners, the Bethel Conservation and Planning Commissions and 

Selectboard, Whitcomb elementary and high schools and Verdana Ventures, the Vermont 

Law School, the Vermont Youth Conservation Corps, the Vermont Agency of Natural 

Resources Department of Fish & Wildlife, Watershed Management Division and River 

Management Program, Two Rivers-Ottauquechee Regional Commission, local water-

quality monitors and other volunteers active with the óTween (Mid-White) Stream Team, 

the White River National Fish Hatchery, the White River Natrual Resources 

Conservation District, the Connecticut River Watershed Council 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 200 years, many streams in Vermont, including the 

White River, Third Branch and many of their tributaries, have been confined to deeper, 

straighter channels and lost access to historic floodplains. Additional stress has come 

from changes in precipitation timing and patterns, particularly notable in flash flooding in 

portions of Bethel in 2007 and 2008, as well as substantial impacts from Irene in 2011. 
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Figure 1. Overview map for Town of Bethel 2013-14 stream geomorphic assessment and corridor planning.  
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The work reported here is based on protocols and guidelines developed by the Vermont 

River Management Program, designed to identify a range of top-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: 

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 

Eighteen 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) comprising roughly 36 linear miles of stream in Bethel were 

included in Phase 2 assessment. These eighteen reaches included portions of the Third 

Branch (~7.5 miles), Third Branch tributaries Camp and Gilead Brooks (~14 miles), the 

Middle White main stem (~6.5 miles), and Middle White tributaries Cleveland Brook, 

Locust Creek, and Lilliesville Brook (~8 miles). Based on field assessment of current 

physical conditions these streams were divided into 38 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, presence/absence of ledge or 

waterfalls spanning the stream bed, presence/absence of vegetated riparian buffers and 

general corridor conditions, abundance of springs/seeps/adjacent wetlands/stormwater 

inputs, or degree of channel alterations). Two segments (the upstream ends of Camp and 

Gilead Brooks) were excluded from full geomorphic assessment, per protocols, due to 

impoundment by beavers. 

Impacts from Tropical Storm Irene (August 2011) were highly evident throughout the 

assessment area in Bethel, and no reaches were rated in Good geomorphic condition 

(indicating only Minor current adjustments). Town-wide, 26 of 36 fully assessed stream 

segments (72%) were indicated in Poor geomorphic condition (undergoing Extreme 

current adjustments) while 10 of 36 segments (28%) were in Fair condition (Major 
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current adjustments). Distribution of these assessments was remarkably similar in the 

assessed streams of the mid-White and Third Branch basins (Table 1). 

Table 1. Distribution of geomorphic condition ratings for fully assessed stream segments in the 
Bethel 2013 Stream Geomorphic Assessment. Two segments were excluded from full 
geomorphic assessment. 

 Geomorphic condition 
 Fair Poor Total 

Mid-White and tribs 4 11 15 
 27% 73% 100% 

Third Branch and tribs 6 15 21 
 29% 71% 100% 
    

Town-wide 10 26 36 
 28% 72% 100% 

  

Current physical conditions on the assessed streams in Bethel indicate: 

1) The White mainstem and most of the Third Branch in Bethel are deeply 

entrenched and considerably straightened, significantly increasing the force of 

water contained within the channel in flood situations 

2) There are few grade controls to limit downcutting of stream beds in high flows, 

and despite significant aggradation in many areas Tropical Storm Irene 

exacerbated or left streams with a complete loss of access to historic floodplains 

throughout the assessed reaches. Exceptions to this complete loss of access to 

historic floodplain were noted on portions of Cleveland Brook (downstream of 

Cleveland Brook Rd), Locust Creek (upstream of  Rhoades Hill Rd along Rte. 12) 

and to a lesser degree the portion of the White mainstem by the old Power Station 

and former Blueberry Hill dam site (behind Vermont Castings and the Bethel-

Royalton Police Barracks) 

3) Heightened stream power in these entrenched channels will mean elevated 

impacts in flood situations until this stream power can be offset by re-establishing 

access to floodplains (where stream power can be dissipated) and/or re-

establishing more extensive meanders (so that the channel slope can be reduced, 

also helping to dissipate stream power) 

4) Tributary streams in assessed portions of Bethel are frequently able to rebuild 

meanders and access to floodplains through a combination of debris jams and 

sediment retention in areas where these materials are available and these type of 

stream dynamics are not in conflict with investments in the corridor 

5) Although some coarse sediments and large woody debris (representing vital 

resources for offsetting heightened stream power and regaining greater channel 

stability) are being recruited along the banks of the mainstem and from the 
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tributaries, widespread encroachment on streams and numerous undersized 

structures have led to repeat conflicts between stream dynamics and investments 

in stream corridors. This has frequently resulted in removal of these materials 

from the channel, exacerbating the impacts of heightened flows 

6) The larger mainstem reaches of the White and Third Branch, due primarily to 

the size of the channel, are less able to actually rebuild access to floodplains 

(though partial debris jams and sediment deposition make highly valuable 

contributions to re-establishment and extension of meanders). Channel evolution 

in these portions of the assessment area will thus primarily entail widening 

(generally through heightened erosion and mass failures) and establishment of 

new floodplains at lower elevations than historic floodplains 

7) Extensive presence of fine sands and gravels along the White and Third Branch 

mainstems (largely the legacy of profound influences from glacial Lake 

Hitchcock) give these streams a high capacity for establishing more stable 

channel conditions relatively quickly in areas where channel evolution processes 

(including widening and rapid stream relocations) are not in conflict with 

investments in the stream corridor

Project recommendation summary 

Project prioritization for this 2014 River Corridor Plan for Bethel features (in order of 

descending priority): 

ü Watershed (largely municipal) strategies  

ü Buffer establishment and protection 

ü Reach-scale corridor protection projects: Third Branch reach M03, Gilead Brook 

reach T1.01, White River mainstem reach R12  

ü Reach-scale restoration projects: Gilead Brook reaches T1.02 and T1.01  

Due to the extensive presence of fine sands and gravels along the White and Third 

Branch mainstems, Very High to Extreme sensitivity of streams throughout the Phase 2ï

assessed area indicates good possibilities for success of passive geomorphic projects 

which allow the river to utilize its own energy and watershed inputs to reestablish 

meanders, fuller access to floodplains, and self-maintaining equilibrium conditions over 

time. Typical passive projects focus on river corridor protection, primarily preventing or 

limiting further corridor encroachments and limiting channel alterations (such as bank 

armoring or dredging) that interfere with channel evolution. Implementation may involve 

incentive approaches (e.g., river corridor easements), regulatory approaches (e.g., zoning 

overlays), or ideally a combination of approaches.  

Due to the widespread extent of stream instability following the impacts of Tropical 

Storm Irene, project prioritization for this version of a River Corridor Plan for the Town 

of Bethel places a high priority on municipal initiatives. Implementing best management 

practices on a watershed scale will greatly increase possibilities for successful localized 
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project implementation, and adaptive management that monitors the results of these 

practices can shift the priorities of future updates or revisions of the Corridor Plan.

Municipal initiatives 

Floodplain and River Corridor Planning and Protection 

ü River Corridor Protection overlay adoption by reference, in conjunction with 

National Floodplain Insurance Program (NFIP) maps, as comprising the Bethel 

Flood Hazard Overlay District in the Bethel Zoning Ordinance (last amended 2008), 

helping prevent or limit further development or encroachments in stream corridors  

ü River Corridor Protection overlays are a refinement of belt-width corridors and are 

recommended as a scientifically based method that uses the size, inherent sensitivity, 

and current adjustment processes of the stream to determine and map levels of risk 

and appropriate setbacks (FloodReadyVT- River Corridors FAQs 2014). The data 

needed to inform this process were collected for the eighteen reaches assessed in this 

study. Belt-width corridors approximate the extent of lateral adjustments likely to 

occur over time in a meandering stream, generally a minimum of 3-4 times the 

stream channel width on each side of the stream 

ü Fifty foot setback for streams draining less than 2 square miles. Encroachments on 

small streams play a particularly large role on tributaries to the White mainstem and 

Third Branch; setbacks, River Corridor Protection zones, or other belt-width 

corridors provide not only flood protection for land and structures adjacent to the 

stream but accommodation of stream processes that will help break a cycle of 

impacts being amplified and passed to downstream reaches. 

ü Identify existing structures and encroachments in the NFIP flood zones as well as the 

River Corridor Protection zone; include this information in Hazard Mitigation Plan 

updates and the Flood Resiliency chapter of Town Plan updates 

ü Consider a public information meeting for landowners in these zones to clarify 

emergency response options, recent changes in FEMA funding options for buyouts 

and elevation of structures in NFIP mapped zones, and regulatory requirements and 

insurance options for the different zones in the Flood Hazard Overlay District  

ü Given the extent of road encroachments and damages over time in Bethel, a 

municipal approach to limiting further development in stream corridors is a highly 

cost-effective method of not only reducing future conflicts and damages but also 

minimizing impacts on existing encroachments. 

Road-Stream Crossing Retrofits and Replacements 

ü Bethel, Stockbridge, Barnard, Randolph and Royalton have all adopted Vermont 

Agency of Transportation 2013 Bridge and Culvert Standards (FloodReadyVT 

2014). Vermont Stream Alteration Permit standards now specify structure sizes of 

100 percent of ñbankfull widthò (i.e., the 1.5-2 year peak flow, or what has 

colloquially been the ñhigh spring flowò in the past). FEMA will only fund a 

structure replacement to the size specified in the Town-adopted standards. Town 
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adoption of the 2013 Bridge and Culvert Standards (or a higher standard), ensures no 

funding gap between the FEMA reimbursement and the funding needed to meet the 

Stream Alteration permit requirements. 

ü Due to the slope and geology of very narrow valleys along Camp and Lilliesville 

Brooks in particular (but Cleveland Brook and Locust Creek as well) it is 

recommended that Bethel, Stockbridge and Barnard consider adopting higher 

standards (120 percent bankfull sizing for replacements) along these streams 

ü Obtain digital bridge and culvert inventories, through the Vermont Online Bridge 

and Culvert Inventory Tool (VTCulverts 2014) at a minimum but preferably also 

using River Management/Fish & Wildlife data collection protocols (VT-RMP_ApxG 

2009) to permit use of Culvert Screening Tools for prioritization 

ü Capital budget planning with geomorphic compatibility included in prioritization 

discussions with structure owners on replacement schedules 

Drainage and Stormwater Management 

ü Management of overland flow and keeping entry points well vegetated  

ü Seek opportunities to increase on-site infiltration and retention times  

ü Priority areas (due to more notable cumulative impacts) on tributaries 

 

Additional priority strategies 

Buffer Establishment and Protection and Integrated Reach-scale Corridor Protection 

and Restoration Strategies  

With 72% of the assessed stream segments in Bethel historically incised, it will likely be 

necessary (or at least highly beneficial) to implement reach-scale projects with multiple 

coordinated strategies (probably requiring multiple partners or organizations) to restore 

better floodplain function and meander geometry.  

Four reaches were identified as high priorities for reach-scale protection and/or 

restoration strategies, listed in order of priority: 

1 M03 Third Branch from east of Gilead Brook Rd. to Beanville (south Randolph) 

2 T101 Gilead Brook from Third Branch to farm bridge downstream of Messier Rd. 

3 T1.02 Gilead Brook from Mitchell Dr. to bridge at Schoolhouse Rd. 

4 R12 White River from Third Branch at Peavine Park to Tozierôs on Rte. 107 

Buffer projects identified during preparation of this Corridor Plan are prioritized for 

inclusion with high-priority reach-scale corridor protection and/or restoration projects 

and then as stand-alone planting projects. Buffer establishment and protection are thus 

preferentially recommended on these high-priority reaches. 
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The high-priority stream reaches and segments above were prioritized based on their 

ability to enhance flood resilience, attenuate high flows and store sediment and nutrients, 

and most quickly and cost-effectively begin to move the stream network toward more 

stable conditions. 

Additional stream reaches or segments with buffer projects recommended for stand-alone 

implementation included: 

 

M01 

(Third 

Branch) 

Marsh Meadow buy-out site: consider wooded trail, close buffers. 

Augment buffers at Peavine Park, consider educational sign about 

importance of buffers. Seed and plant point bar upstream of Peavine 

Blvd. bridge. Athletic fields and just upstream. Ag fields in upstream 

portions of reach. 

M02  

(Third 

Branch) 

Right bank upstream Findley Rd. bridge. Both banks upstream Gilead 

Brook mouth.  

R11 

(White) 
Right bank downstream of River St. bridge. 

T4.01A 

(Lilliesville 

Brook) 

Assess plantings already installed in downstream portion of segment 

(upstream of Peavine Blvd.) before augmenting. 

T1.01D 

(Gilead 

Brook) 

Seed sources exist but buffers need augmentation- especially base of 

tributary from Messier Rd. 

T4.02A 

(Lilliesville 

Brook) 

Augment buffer at upstream end of field across from 2289 Lilliesville 

Brook Rd. 

M01- 

S3.02A 

(Camp 

Brook) 

Primary areas lacking buffers are road embankments; investigate Better 

Back Roads design guidelines. Opportunity near 1523 Camp Brook Rd.  

T3.01C 

(Locust 

Creek) 

Area surrounding Barnard TH-80 bridge 

Adequate buffers will play an important role in reach-scale strategies and may be able to 

precede implementation of other strategies. It should be noted however that the high 

erodibility of soils in most of the assessment area, as well as the high degree and 

extensive nature of channel instability following Irene, should be clearly acknowledged 

in buffer design; plantings in most areas are recommended for low-cost stock and 
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adequate setbacks to anticipate the possibility of rapid erosion with consequent impacts to 

plantings.  

Five additional reaches or segments were also prioritized from the perspective of moving 

toward greater stream stream stability but are much more constrained in possibilities for 

protection and/or restoration due to current levels of development along these streams: 

T4.01A  Lilliesville Brook upstream of River Rd.  

T4.03 
Lilliesville Brook between Lilliesville  and Lympus (Brink Hill Rd. upstream 

to 4-corners at Gay Hill, Dartt Hill, Campbell and Lilliesville Brook Roads)  

T3.01A  
Locust Creek from White mainstem to ~0.15 mi. upstream of Rte. 12-Old 

Rte. 12 intersection 

M01-  

S3.02B 
Camp Brook from ~0.5 mi. upstream of Sugar Hill Rd. to Pond Rd.  

M01 Third Branch from Bethel village upstream to Camp Brook 

The intractable nature of this situation reinforces the recommendation of municipal 

corridor protection to limit further development in close proximity to streams as the top 

priority recommendation of this Corridor Plan. Realistically, greater long-term stream 

stability in these areas may only come about with a reduction in current levels of 

development along these streams. Addressing undersized bridges and culverts in a 

number of these areas can greatly benefit stream dynamics, public safety and 

infrastructure maintenance costs. 

Funding options for replacement of private bridges will be one of the most pressing and 

challenging issues for reach-scale restorations, particularly on Lilliesville, Camp and 

Gilead Brooks, and it is highly recommended that an effort be made to contact structure 

owners and compile information on how such replacements were funded post-Irene (if 

such a document does not now exist). It is further recommended that a summary report of 

the compiled information be provided to the Bethel Town Manager, Selectboard and 

Planning Commission.  

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 for each reach with the reach descriptions in Section 6.1, and a consolidated 

catalogue is 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 Section 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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2.0 INTRODUCTION  

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. Bethel was particularly hard hit, and portions of VT Rte. 107 along the White River 

mainstem were some of the last roadway sections in the state to be restored to full service. While 

this was a particularly dramatic event, 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 Windsor County, Vermont (where Bethel is located) indicate that flooding from 

1960-2012 accounted for only 7% of the total number of natural hazard events but nearly 92% 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 and nutrient loading.   

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.  

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 

2013).  

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

over distance and over time.  

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

ü 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. Impacts 

from Irene are one indicator of the degree to which the current state of streams in Vermont 

diverges from this type of equilibrium (Fig. 2). 
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Figure 2. This sediment plume entering Long Island Sound 
from the mouth of the Connecticut River was evident in 
satellite imagery nearly a week after Irene had moved 
through the state of Vermont, indicating tremendous 
amounts of erosion and sediment export in response to the 
storm. (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: 

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.

2.1 PROJECT OVERVIEW  

In February, 2013 the White River Partnership (WRP), as part of a project funded by the 

Vermont Agency of Natural Resources Ecosystem Restoration Grant Program, engaged Redstart 

to conduct a Phase 2 Stream Geomorphic Assessment (SGA) in Bethel, Vermont, and to produce 

a Phase 2 SGA report and River Corridor Management Plan. The assessment area included 

portions of the Third Branch, Third Branch tributaries Camp Brook and Gilead Brook, the 



 

12 

 

Middle White main stem, and Middle White tributaries Cleveland Brook, Locust Creek, and 

Lilliesville Brook (overview map in Fig. 1 in the Executive Summary). 

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 Town of Bethel corridor planning project builds on sixteen 

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 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 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 

Many of the cooperators present at the 1996 forums have now been involved with restoration 

efforts in the watershed for more than a decade and a half, and the work of WRP ñStream 

Teamsò and follow-up public forums and input from local landowners in 2007 indicated that 

these concerns have remained consistent over time. (The White River Basin Tactical Plan (VT-

ANR WMD 2013) includes an extensive list of Watershed Partners, pp. 10-13).  Cumulative 

experience has indicated that including upstream and downstream dynamics in the planning 

process is crucial to increasing the likelihood of successful project implementation as well as 

providing a means to optimize the benefits and minimize the costs of future projects. The White 

River Partnership has thus worked with the Vermont River Management Program to conduct 

stream geomorphic assessments and incorporate the results into River Corridor Plans. 
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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 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 Third Branch and the 

Middle White mainstem was conducted in 2012 by the White River Partnership along with River 

Scientist Gretchen Alexander and other members of the Vermont River Management Program. 

This work prioritized 18 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) comprising roughly 36 linear miles of stream in Bethel for inclusion in 

Phase 2 assessment. These 18 reaches included portions of the Third Branch (~7.5 miles), Third 

Branch tributaries Camp and Gilead Brooks (~14 miles), the Middle White main stem (~6.5 

miles), and Middle White tributaries Cleveland Brook, Locust Creek, and Lilliesville Brook (~8 

miles). Assessment work in Bethel followed heightened interest from members of the Bethel 

community following heavy impacts from Tropical Storm Irene in 2011. 

As of 2013 the White River Partnership listed the following completed River Corridor Plans in 

other portions of the White River basin, based on Stream Geomorphic Assessments and 

knowledge from local landowners (WRP 2013): 

Ayers Brook River Corridor Plan (2007) 

Tweed River Corridor Plan (2008) 

Upper White River Corridor Plan (2008) 

Town of Sharon River Corridor Plan (2010)

The White River Tactical Plan (VT-ANR WMD 2013) notes that: 

Stream geomorphic assessments (SGA) provide the basis for stream alteration regulatory 

decisions, technical assistance for fluvial conflict resolution, stream corridor protection and 

restoration, flood hazard mitigation and water quality protection. The assessment data is critical 

to prioritization of riparian and fluvial process-related water quality restoration and protection 

projects, project design alternatives analyses, and project design criteria. SGA provides insight 

into the social, economic and ecological interrelationships between people and fluvial systems 

and as such, it is also a valuable educational tool. 

With this background, tremendous thanks to all the cooperators who have contributed to 

development of this assessment and River Corridor Plan, and hopes for a lasting contribution to 

harmonious interaction with the complex relationships involved, Redstartôs work on this is 

humbly offered here. 
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3.0 BACKGROUND INFORMATION

3.1 GEOGRAPHIC SETTING

3.1.1 Watershed description 

The entire town of Bethel lies within the White River basin, with southern portions of the town 

draining directly into the White mainstem (oriented along an east-west axis) and the Third 

Branch of the White (oriented along a north-south axis) draining most of the northern portion of 

Bethel; the confluence of these two watersheds lies at the heart of Bethel village (Fig. 3). The 

upper White mainstem drains a bit more than 270 sq. mi. into Bethel, with just 5% (15 sq. mi.) of 

that area actually located within Bethel. The Third Branch watershed drains nearly 137 sq. mi. 

into Bethel, with about 18% (25 sq. mi.) of that area located within the town bounds. 

Downstream of its confluence with the Third Branch the White mainstem enters a new drainage 

(White River-Third Branch to mouth), but the section of the White mainstem from the Tweed 

confluence in Stockbridge to the First Branch confluence in Royalton (or thereabouts), including 

portions of the ñWhite River - headwaters to Third Branchò and ñWhite River - Third Branch to 

mouthò watersheds, is colloquially known as the ñmid-Whiteò. Fieldwork for this study in 2013 

included just one reach at the upstream end of the 125 sq. mi. ñThird Branch to mouthò drainage 

of the White, with roughly 2% (a bit over 2 sq. mi.) of that drainage located in Bethel. 

Roughly 4.1 sq. mi. of the northeast corner of Bethel is located within the drainage basin of the 

Second Branch of the White; none of this drainage was included in the 2013 Phase 2 assessment 

and corridor planning included in this report. 

Elevations on the western side of Bethel are significantly higher than the ridge forming the 

eastern boundary of the drainages feeding into Bethel, with Mount Cushman (2743 ft.) near the 

upstream end of Gilead Brook; Rochester Mountain (2953 ft.) near the head of Camp Brook, and 

Mount Lympus (2485 ft.) above the head of Lilliesville Brook.  

Quarry Hill (~1400 ft.) and Christian Hill (~1300 ft.) are high points on the ridge that divides the 

Third and Second Branch basins on the eastern side of Bethel. 

Vulture Mountain (~1520 ft.) and the Delectable Mountain ridge (~2050 ft.) are summits that 

form part of the southern bounds of the drainages feeding into Bethel. 

Deer Mountain (~2150 ft., NW) and Fish Hill (~1350 ft., NE) are high points on the northern 

bounds of the Third Branch basin just outside of Bethel. 

The confluence of the White mainstem and Third Branch in Bethel village is at roughly 520 ft., 

with a USGS benchmark above the Third Branch at 573 ft. representing one commonly cited 

elevation of Bethel village. The Third Branch is at about 600 ft. as it enters Bethel from 

Randolph on the northern boundary, and the White mainstem is at about 575 ft. as it flows into 

Bethel from Stockbridge along the southern boundary.  
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Figure 3. Bethel drainage basins.  
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3.1.2 Political jurisdictions

The 2013-14 Phase 2 assessment and corridor planning project of the White River and tributaries 

reported here was delineated by township, with the study area being defined primarily by reaches 

located in or flowing into the town of Bethel (Fig. 3 basins; Fig. 1 overview). The study area also 

included small portions of the towns of Rochester (Gilead Brook reaches T1.03 and T1.04), 

Stockbridge (White mainstem reach R13 and Lilliesville Brook segment T4.01A), Barnard 

(Locust Creek segments T3.01B, C and D), Royalton (White mainstem reach R11 and Cleveland 

Brook segments R12S2.01B and C), and Randolph (Third Branch reach M03). 

The portion of Third Branch reach M03 in Randolph lies within Orange County; all other 

assessed areas are located in Windsor County. All assessed areas are within the 30-town 

coverage area of the Two Rivers-Ottauquechee Regional Commission.  

3.1.3 Land use history and current general characteristics

Bethel lies at the convergence of four different biophysical regions, giving the area a diverse mix 

of climate, geology, topography, soils, natural communities, and human history (Thompson and 

Sorenson 2000; Fig. 4). Overall the town is characterized by the influences of the Green 

Mountain regions in the western two-thirds of the town and by the Piedmont regions in the 

eastern third of town. Since the northeastern corner of town lies largely in the Second Branch 

basin (not assessed in the 2013 Phase 2 assessment), the area described in this report is 

predominantly influenced by the Green Mountain regions.   

Figure 4. Biophysical regions in Bethel. 

While there are distinct differences in 

these different biophysical regions, 

particularly in terms of geology and 

climate, there is a common dominant 

matrix of Northern Hardwood forest 

throughout Bethel with agricultural use 

concentrated along the Third Branch 

valley and the narrower floodplains of the 

White mainstem and other tributaries 

(especially Gilead Brook and Locust 

Creek). Due in large part to the geology 

and topography of the Green Mountain 

regions, primary land uses there (both 

historically and currently) have tended 

toward more extensive uses including 

timber harvesting, hunting and 

recreational uses, while more intensive 

agricultural and commercial/industrial 

uses have been focused more in the 

Piedmont regions and the major drainages 
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of the White mainstem and Third Branch regions influenced by the soils deposited along the 

margins of glacial Lake Hitchcock (discussed further below in sec. 3.2, Geologic setting).  A 

major climatologic influence from the Green Mountains biophysical regions is the distinctly 

higher precipitation regime associated with orographic effects as air lifts across the Green 

Mountains and higher ridges to the west of town, which can contribute to heavy downpours 

feeding the streams and rivers that flow into Bethel as well as generally higher annual 

precipitation averages on the western edge.  

Native American use in the Bethel area included a long history of primarily non-intensive land 

use and travel ways linking the Connecticut River valley with points north and west, with more 

concentrated use along larger floodplains and a few lakes and ponds in the region (Thompson 

and Sorenson 2000; USFS 2001; Mavor and Dix 1989; pers. comm., Donna Roberts and John 

Moody, Winter Center for Indigenous Traditions). Lakes and ponds in Bethel are primarily small 

in size, with Ansel Pond representing the only named lake or pond appearing on USGS 

topographic maps of the area, but expanded use of the travel ways along floodplains has had 

profound effects on the streams in Bethel - particularly through the legacy of the railroads that 

were originally laid out through town in the latter half of the 1800s (Herwig et al 2006; Drysdale 

2006; Parsons 2010; UNH Dimond 2014 ï Figs. 5 and 6). Today some of the largest ñpondsò in 

Bethel are in the disconnected floodplain oxbows of the Third Branch, along the tracks but 

outside of the current stream corridor (and separated from it by elevated embankments). 

Channel straightening and restriction of access to floodplains that accompanied the building of 

the railroads (through elevated embankments and bank armoring) are crucial to understanding 

the current entrenched nature of much of the stream network in Bethel. The White River 

mainstem retains a unique status as the longest undammed major tributary of the Connecticut 

River, in part due to the fact that a number of former dams along the river were not rebuilt 

following the extensive damages of the 1927 flood that heavily impacted Vermont (Johnson 

1928; see reach R11 description in Ch. 6.1 of this report for picture and notes on the former 

power dam downstream of the Bethel/Royalton town line). Despite the widespread damage to 

infrastructure caused by the ô27 flood, however, both of the major rail lines in Bethel (White 

River Railroad, aka óPeavineô railroad, and Central Vermont Railway along the Third Branch) 

were rebuilt after the flood (Drysdale 2006; Parsons 2010). The Peavine remained a primary 

form of transportation between Bethel and Rochester into the 1920s, and the line was not 

discontinued until the recession of the 1930ôs and the advent of better roads and more extensive 

automobile use contributed to closure in 1933; the tracks were torn up in 1938 but replaced by 

roads in nearly the same location (Fig. 6). Bed erosion and downcutting in response to channel 

straightening (such as that associated with the elevated railbeds along both the White and Third 

Branch mainstems) and subsequent loss of floodplain access is further discussed in Sec. 5.1, 

Departure Analysis; relative lack of grade controls to limit this downcutting in Bethel are 

discussed in Sec. 3.3, Geomorphic Setting. 

The Central Vermont Railway along the Third Branch is now the New England Central Railroad 

and is still active but has declined in use since a peak in the 1980s; the track is maintained to 

relatively high rail standards (Parsons 2010).  
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Figure 5. This section of a 1926 USGS topographic map covering the town of Bethel shows the former location of the 
White River Railroad jammed in along the White mainstem toward Stockbridge, as well as the Central Vermont 
wŀƛƭǿŀȅ ƭŀƛŘ ƻǳǘ ŀƭƻƴƎ ǘƘŜ ¢ƘƛǊŘ .ǊŀƴŎƘ όƘŜŀŘŜŘ ƴƻǊǘƘ ǘƻǿŀǊŘ ǘƻǇ ƻŦ ƳŀǇύ ǿƘŜǊŜ ƛǘΩǎ ŜƭŜǾŀǘŜŘ ǊŀƛƭōŜŘ όŀǎ ƻŦ нлмоύ ǎǘƛƭƭ 
significantly reduces the extent of available floodplain. 














































































































































































































































































































































































































