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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 AssegSG&)tin Bethel,

Vermont, and to produce a Phase 2 SGA report and River Corridor Management Plan
(RCMP). The assessment area ineldighortions of the Third Branchihird Branch

tributaies Camp Brook and Gilead Brook; the Middle White main stard;Middle

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

in Fig. 1 below).

The WRP is a communilgased, noprofit organization whose mission is to bring

together people and local communities to improve the-teng health bthe White

River and its watershed in central Vermont. The Town of Bethel corridor planning
project builds on sixteen years of commu+bsed efforts undertaken by the WRP and
partners throughout the White River watershed. Key partners in Bethehlchded

riparian landowners, the Bethel Conssion and Planning Commissions and
SelectboardWhitcomb elementary and high schools and Verdana Ventures, the Vermont
Law School, the Vermont Youth Conservation Corps, the Vermont Agency of Natural
Resources Drtment of Fish & Wildlife, Watershed Management Division and River
Management Program, Two Riveddtauquechee Regional Commission, local water
gual ity monitors and ot her -Whitk)bSmeane®eang act i ve
the White River NationdFish Hatcherythe White River Natrual Resources

Conservation Districthe 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 streamStreams have a natural tendency to maintain equilibrium between
the amount angower 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 Banch 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
portionsof Bethel in 2007 and 2008, as well as substantial impacts from Irene in 2011.
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The work reported here msed omprotocolsand guidelines developed by tdiermont

River Management Program, designed to identify a range gdriopty issues with a

goal of managing toward, protecting, and restoring the fluvial geomorphic equilibrium
condition of Ver mo raméass tahelyresohe canfiicts betweene a ms
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 redioct; and
3. aguatic and riparian habitat protection and restoration

Assessments typically proceed through a series of phases that integrate information from
an overarching watershed context down to pregpefcific scales, with each previous

stage informmg the successors. Phase 1 is a preliminary analysis of the condition of the
stream through remotely sensed data such

as

as

surveyo6 data. Phase 2 involves fArapid assess

analyss 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 engineerlagel data and is not included with this report.

Assessment summary

Eighteen reaches (a reach is a relatively homogenous sectioeavhsbased 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 pbthe 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 assest of current

physical conditions these streams were divided into 38 segments (a segmentis a
relatively homogenous section of stream, within a reach, that differs from other portions
of the reach based on parameters other than those mentioned abieaetior

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 wettanusater

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 fromTropical Stormirene(August 2011)werehighly evident throughout the
assessment area in Bethel, and no reaches were rated in Good geomorphic condition
(indicating only Minor current adjustments). Towunde, 26 of 36ully assessed stream
segments (72%) were indicated in Poor geomorphic condjtindergoing 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 +ihite and Third Branch basins (Table 1

Tablel. Distribution of geomorplic condition ratings forfully assessed stream segmernitsthe
Bethel 2013 Stream Geomorphic Assessméntio 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%
Townwide 10 26 36
28% 72% 100%

Current physical conditions on the assessed streams in Bethel indicate:

1) The White mainstem and most of the THianch 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 despiteignificant 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 gimns of Cleveland Brook (downstream of
Cleveland Brook Rd), Locust Creek (upstream of Rhoades Hill Rd alongRte

and to a lesser degree the portion of the White mainstem by the old Power Station
and former Blueberry Hill dam site (behind Vermont @@as 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-bgtablishing
access to floodplains (where stream power can lsgpdied) 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 floodplainsulgh 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 (reprgsatain
resources for offsetting heightengideam poweand 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 trepeat 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@radue 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 reestablishment 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 aral/gls 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 evolptaresses
(including widening and rapid stream relocations) are not in conflict with
investmend in the stream corridor

Project recommendation summary

Project prioritization for this 2014 River Corridor Plan for Bethel features (in order of
descending pridty):

U0 Watershed (largely municipal) strategies
U Buffer establishment and protection

U Reachscale corridor protectioprojects: Third Branch reach M03, Gilead Brook
reach T1.01, White River mainstem reach R12

U Reachscalerestoration projects: Gilead Broo&aches T1.0andT1.01

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 2
assessed area indicates good possibilities for success ofpgesivorphic projects

which allow the river to utilize its own energy and watershed inputs to reestablish
meanders, fuller access to floodplains, andmsaintaining equilibrium conditions over
time. Typical passive projects focus on river corridor pteia¢ 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 easeg)erggulatory 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 Rdathie 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 implementatiorand adaptive management that monitoesrésults 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

U River Corridor Protection overlay adoption by reference, in conjunctiin w
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

U River Corrdor Protection overlays are a refinement of-laéttth 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 approprie setback§FloodReadyVT River Corridors FAQs 2014 he 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 ameandering stream, generally a minimum & 8mes the
stream channel mth on each side of the stream

U Fifty foot setback for streams draining less than 2 square miles. Encroachments on
small streams play a particularly large role on tributaries to thgeWtainstem and
Third Branch; setbacks, River Corridor Protection zones, or othewlukh
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.

U 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 Resilagrchapter of Town Plan updates

U 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 regulatpriyaments and
insurance options for the different zones in the Flood Hazard Overlay District

U 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
cog-effective method of not only reducing future conflicts and damages but also
minimizing impacts on existing encroachments.

Road Stream Crossing Retrofits and Replacements

U Bethel, Stockbridge, BarngrBRandolphand Royaltorhave all doptedVermont
Agencyof Transportation 2013 Bridge and Culvert Stand@ritsodReadyVT
2014) Vermont Stream Alteration Permit standandsv specify structure sizes of
100 percent of fb a4 kehrpdakfloworavibahhas (i . e. , t he
coll oquially rbgeefnl avwee ifirm itghhe spast ). FEMA wi
structure replacement to the size specified in the Tasopted standards. Town



adopton ofthe 2013 Bridge and Culvert Standa¢dsa higher standaydensures no
funding gap between the FEMA reimbursement twedfunding needed to meet the
Stream Alteration permit requirements.

U 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, Stocklye and Barnard consider adopting higher
standards (120 percent bankfull sizing for replacements) along these streams

U Obtain digital bridge and culvert inventoriéisrough the Vermont Online Bridge
and Culvert Inventory TooMTCulverts 2014 at a mininum but preferably also
using River Management/Fish & Wildlife data collection proto€ulE-RMP_ApxG
2009)to permit use of Culvert Screening Tools for prioritization

U Capital budget planning with geomorphic compatibility included in prioritization
discussons with structure owners on replacement schedules

Drainage and Stormwater Management

U0 Management of overland flow and keeping entry points well vegetated

U Seek opportunities to increase-site infiltration and retention times

U Priority areas (due to moretable cumulative impacts) on tributaries

Additional priority strategies

Buffer Establishment and Potection andintegratedReachscaleCorridor Protection
and Restoration $rategies

With 72% of the assessed stream segments in Bethel historicallgdnitisvill likely be
necessary (or at least highly beneficial) to implement rsaale projects with multiple
coordinated strategies (probably requiring multiple partners or organizations) to restore
better floodplain function and meander geometry.

Fourreaches were identified agyh priorities for reackscale protection and/or
restoration strategies, listed in order of priarity

1 MO03  Third Branch from east of Gilead Brook Rd. to Beanville (south Randolg
2 T101 Gilead Brook from Third Branch to farbridge downstream of Messier Rd
3 T1.02 Gilead Brook from Mitchell Dr. to bridge at Schoolhouse Rd.

4 R12 White River from Third Brandlr at

Buffer projects identified during preparation of this Corridor Plan agipzed for
inclusion with highpriority reachscalecorridor protection and/aestoration projects
and then s standalone planting project8uffer establishment and protection are thus
preferentially recommended on these hglority reaches



Thehigh-priority streamreaches and segments abosare prioritized based on their

ability to enhance flood resilience, attenuate high flows and store sediment and nutrients,
and most quickly and cosfffectively begin to move the stream network toward more

stable conditions.

Additional greamreaches osegments with buffer projects recommenttedstandalone
implementation included:

Marsh Meadow bwput site: consider wooded trail, close buffers.
MO1 Augment buffers at Peavine Park, considercational sign about
(Third importance of buffers. Seed and plant point bar upstream of Peavine
Branch) Blvd. bridge. Athletic fields and just upstream. Ag fieldsipstream
portions of reach.

MO02

(Third Right bank upstream Findley Rd. bridge. Both banks eastrGilead
Branch) Brook mouth.

R11 . _ _

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

T4.01A . . ‘ .
(Lilliesville Assess plantings already installed in downstream portion of segmer
Brook) (upstream of Peavine Blvd.) before augmenting.

T1.01D _ | |

(Gilead Seed sorces exist but buffers need augmentatespecially base of
Brook) tributary from Messier Rd.

T4.02A

(Lilliesville Augment buffer atipstreamend of fieldacross from 2289 Lilliesville

MO1-

S3.02A Primary areas lacking buffers aread embankments; investigate Bette
(Camp Back Roads design guidelin€3pportunity nead523 Camp Brook Rd.
Brook)

T3.01C
(Locust AreasurroundingBarnardTH-80 bridge
Creek)

Adequatebuffers will play an important role in reaccale strategies amday be ablea
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 acknadedg
in buffer design; plantings in most areas are recommended ferdsirstock and



adequate setbacks to anticipate the possibility of rapid erosion with consequent impacts to
plantings.

Five additionakeaches or segments were also prioritizeth the grspective ofnoving
toward greater streastream stability but amauch moreconstrained in possibilities for
protectionand/or restoratiodue to current levels of development along these streams

T4.01A Lilliesville Brook upstream of River Rd.
Lilliesville Brook betweerLilliesville and LympugBrink Hill Rd. upstream

74.03 to 4-corners at Gay Hill, Dartt Hill, Campbell and Lilliesville Brook Road:
Locust Creek from White mainstem+0.15 mi.upstream of Rte. 1@Id
T3.01A ; )
Rte. 12 intersection
'\S/I:SE-ZB Camp Brookirom ~0.5 mi. upstream of Sugar Hill Rd. to Pond Rd.

MO1 Third Branch from Bethel village upstream to Camp Brook

The intractable nature of this situation reinforces the recommendation of municipal
corridor protection to limit futier development in close proximity to streams as the top
priority recommendation of this Corridor Plan. Realistically, greater-teng stream
stability in these areas may only come about with a reduction in current levels of
development along these stmea 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 reacdtale 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 reptaaets were funded poebene (if

swch a document does not now eXist 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 @e6t (Project
Prioritization) of this report. A fAcatalogue
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 bridgesculverts, 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 5.1.3tiBg Sediment Regime

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

Sensitivity Analysis.



2.0 INTRODUCTION

When Tropical Storm Irene swept through Vermont in August 2011, large scale and rapid
changes occurred in maportions 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\&émlece
this was a particularly dramatic event, flooding is a major and natural driver in ongoing
processes of stream channel evoluiiane that both affects and is affected by the landscape in
which the channel is located.

Estimates in Windsor Countyermont (where Bethel is located) indicate that flooding from
19602012 accounted for onl§b of the total number of natural hazard events but n€@dgof

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 hazardshpafiseding,

erosion and nutrient loading.

Largescale 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 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 ofteerthefdr

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¢atemeasured in decades, and
many of the processes evident today are related toismmtifand and water use changes that
occurred over the last 200 years.

Stream Geomorphic Assessment (SGA) is part of a scieg®ed process that can help elucidate
these relationships and make communities more
knowledge from local landowners, we can develop sound plans for restoring and protecting

i mportant streams while respecting the concer
2013).

Fluvial geomorphology is the study of how water and sediment mdhewhe landscape, both
over distance and over time.

U Fluvial: of or related to rivers and streams (i.e., flowing waters)
U Geomorphology: Geo = earth; morphology = shape

Extensive experience and observation indicate that a stream with a balance ofpilnsseiih

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).

10



@ Figure2. 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

=8 through the state of Vermont, indicating tremendous

i amounts of erosiorand sediment exporin response to the
¥ storm. (Photo credit: NASA 20)1

The data and analyses presented here identify a range fidopy issues to help achieve a goal

of managing toward, protecting, and restoring the fluvial geomorphic equililmomefition of

Ver mont 6s rivers and streams as a means to he
and river dynamics in an economically and ecologically sustainable manner (Kline 2610; VT

RMP Alternatives 2003). Objectives following from this gallude:

1. fluvial erosion hazard mitigation;
2. sediment and nutrient load reduction; and
3. aguatic and riparian habitat protection and restoration

The work reported here msed omprotocols and guidelines developed by YWsmont River
Management B®gram (VFRMP 2009; Kline 2010), which are designed to guide assessments
through a series of phases that integrate information from an overarching watershed context
down to projecispecific scales, with each previous stage informing the succeBg@sgssing
underlying causes of channel instability at both watershed and localized scales, management
efforts can be directed toward lotgym solutions that help curb escalating costs and efforts
directed toward resolving conflicts with ongoing stream preees

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 manriEhnis analysis inforra a process designed to identify,

catalogue, and prioritize technically feasible projétas can help reduce flood and erosion

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

2.1 PROJECTOVERVIEW

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 Betinebn¥,eand 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
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Middle White main stem, and Middle White tributaries Clemdl&8rook, Locust Creek, and
Lilliesville Brook (overview map in Figl in the Executive Summayy

The WRP is a communilgased, notprofit organization whose mission is to bring together
people and local communities to improve the losgn health of the \Wte River and its
watershed in central Vermont. The Town of Bethel corridor planning project builds on sixteen
years of communigpased efforts undertaken by the WRP and partners throughout the White
River watershed.

The 2002 White River Basin Plan (VANR 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
mai ntain water quality at a watershed | evel i n

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 recommendationséstil/|l rel evant
foran assessment of stream bank erosionéand r eve
areasée.

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 citizrestied

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 oorcerns 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 concernseéeas

A Stream channel instability and streambank er
A L & awareness of water quality problems

A Extent and quality of public access to recre
A Impacts to fisheries

Many of the cooperators present at the 1996 forums have now been involved with restoration
efforts in the watersttie f or more than a decade and a hal f,
Teams 0 a-opdubficdorum®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, pp3)10Cumulative

experience has indicated that including upstream and downstream dynamics in the planning
process is crucial to increasing the likelihood of successful project implementaivefi 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 resultsvet&Biridor Plans.
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Stream Geomorphic Assessmentlivided into phase@hases of the geomorphic assessment
process are further discussed in section 4, Methods, of this rép&tase 1 assessment is a
preliminary analysis through remotely sensed dath s aerial photographs, maps, and

oOwi ndshi el d s urRhasg Ddinvalvesrapid assessmentfieldwork. River Corridor
Plans analyze the data from the Phase 1 and 2 assessments to inform project prioritization and
methodology.

Phase 1 geomphic 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 Partnerdhgon 20012005 Based on priorities derived from

this phase of assessment (as well as other water quality assessmehi$RWVYMD 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 Phadata 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 reachda re&h is arelatively 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 stiadethel for inclusion in

Phase 2 ass&sient. These 18 reaches inclugedtions of the Third Branch-{.5miles), Third
Branch tributaries Camp and Gilead Brook$4 miles), the Middle White main stemb(5

miles), and MiddléVhite tributarieCleveland Brook, Locust Creek, and Lilliesvilled®k (~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 Corridus ipla
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) Upper White River Corridor Plan (2008)
Tweed River Corridor Plan (2008) Town of $haron River Corridor Plan (2010)

The White River Tactical Plan (VANR WMD 2013) notes that:

Stream geomorphic assessments (SGA) provide the basis for stream alteration regulatory
decisions, technical assistance for fluvial conflict resolution, streandoopiotection and
restoration, flood hazard mitigation and water quality protection. The assessment data is critical
to prioritization of riparian and fluvial processlated water quality restoration and protection
projects, project design alternativegbyses, 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 al¢hoperators who have contributed to

development of this assessment and River Corridor Plan, and hopes for a lasting contribution to
har moni ous interaction with the complex relat
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 anwast axis) and the Third

Branch of the White (oriented along a nestbuth axis) draining most of the northern portion of
Bethel; the confluence of these two watersheds lies at the heart of Bethel Higag. (The

upper White mainstem drains a bit more than 270 sqg. mi. irtteeBevith just 5% (15 sqg. mi.) of
that area actually located within Beth€&he Third Branch watershed drains nearly 137 sqg. mi.
into Bethel, with about 18% (25 sqg. mi.) of that area located within the town bounds.

Downstream of its confluence with theifichBranch the White mainstem enters a new drainage
(White RiverThird 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
port i onWhitedRiverthteea divat er s t o Thi r d -BirdBranchtdo and
mout ho watersheds, is -wbltequi bl eydiwonolwnf as

fi

included just one reach at the wupstor edarnaiennadg eo

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

Roughly 4.1 sg. mi. of the northeast corner of Bethel is located within the drainage basin of the
Second Branch of the White; none of this drainage wasdedl 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 Cushmarft(préar 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 ridgedivides 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 abotree 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 fran Stockbridge along the southern boundary.

14



Bethel 2013 Phase 2
Stream Geomorphic Assessment:

P e

#— Third Branct reaches 2013 864, [ | Thisd Eranch While Fiver
\WhEs River [ white: Fiver-Third Branch to mouth
—— Peremial sream [ white Ftver-hendewaters io Third Branch
 infervme srmae [] Eecond Branch Wit River

I rmcamver I First Sranch wihie Aiver

Figure3. Bethel drainage basins.
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3.1.2 Political jurisdictions

The201314 Phase 2 assessment and corridor planning project of the White River and tributaries
reported hergvas delheated by township, with the study area being defpradarily by reaches
located in or flowing into the town of Bethi@ig. 3 basins; Fig. 1 overvielwThe study area also
included small portions of the towns of Rochester (Gilead Brook reaches T1.03.84

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 withiowhe 30
coverage area of the Two Riveapdtauquechee Regional Commission.

3.1.3 Land ug 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 200(ig. 4). Overall the town is characterized by the influences of the Green

Mountain regions in the western twairds 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.

Figure4. Biophysical regions in Bethel.

Bethel 2013 Phase 2 . .. . .
Stream Geomorphic Assessment: While there are distinct differences in

Biophysical regions these different biOphySical regions,

il particularly in terms of geology and
climate, there is a common dominant
matrix of Northern Hardwood forest
throughout Bethelvith agricultural use
concentrated along the Third Branch
valley and the narrower floodplaio$ 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 extemge 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 regionsui@ficed by the soils deposited along the
margins of glacial Lake Hitchcock (discussed further below in sec. 3.2, Geologic seiting).
major climatologic influence frorthe Green Mountainbiophysicalregiors is the distinctly
higher precipitation regime ssciated with orographic effects as air lifts across the Green
Mountains and higher ridges to the west of tpwhich can contribute to heavy downpours
feeding the streams and rivers that flow into Bethel as well as generally higher annual
precipitation aerages on the western edge

Native American use the Bethehrea included a long history of primarily ronensive land

use and travel ways linking the Connecticut River valley with points north and west, with more
concentrated use along larger floapk 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 AnselPond 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 Bethgérticularly through the legacy of the railroads that

were originally laid out through town in the latter half of t®#00s(Herwig et al 2006; Drysdale
2006; Parsons 2010; UNH Dimond 201#igs.5 and §. Todayso me of t he Inar gest
Bethelarein the disconnected floodplain oxbows of the Third Braabbng the trackbut

outside of the current stream corridqand separated from it by elevated embankments)

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

the railroads (through elevated embankments an#t brmoring) 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 tha 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 dowstream of the Bethel/Royalton town line). Despite the widespread damage to
infrastructure caused by the 627 flood, howev
River Railroad, aka 6Peavined railroaacl), and C
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

di scontinued until the r ec e srsonds andmdre ektdngve 1 9 30 0
automobile use contributed to closure in 1933; the tracks were torn up in 1938 but replaced by

roads in nearly the same location (F8)y.Bed erosion and downcutting in response to channel
straightening (such as that associatéti 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 irsec. 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 (Pars02010).
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Figure5. 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 Centralovier
wtkAfgle fFAR 2dzi Ff2y3 GKS ¢KANR . N}yOK O6KSIFRSR y2NI*

significantly reduces the extent of available floodplain.
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