BETHEL, VERMONT

MIDDLE WHITE RIVER AND THIRD BRANCH
WATERSHEDS

STREAM GEOMORPHIC ASSESSMENT
and RIVER CORRIDOR PLAN

2013-2014
December 24, 2014

Prepared by:

Daniel Ruddell, Elisabeth McLane,
Courtney Haynes, Hannah Wahlstrom,
Shannon Lamb, Staff; and

Ben Machin, Principal

Redstart Consulting

x

Prepared for:

White River Partnership and

Vermont Agency of Natural Resources/
Department of Environmental Conservation
River Management Program



This page purposely left blank



TABLE OF CONTENTS

1.0 EXECUTIVE SUMMARY ..ooiiiiiieiiisieese ettt st saenesne e 1
Stream Geomorphic Assessment and River Corridor Planning.........ccccceeevvenenieneene. 1
ASSESSIMENT SUMIMAIY ....eieiiiie sttt sttt et e e sbb e bb e e sbb e s nbb e e nbb e e s bb e e e beeeennes 3
Project recommendation SUMMAIY .........cooeiiriiineeieienrenese st 5
MUNICIPAL TNITTALIVES ... 6
Floodplain and River Corridor Planning and ProteCtion .............ccccceoeveienencinninnnnnns 6
Road-Stream Crossing Retrofits and Replacements.........cccccvvevievviieiieese e 6
Drainage and Stormwater Management...........coouvivererienienesee e e e e e e 7
Additional Priority StrAtEQIES .......cuciveieiieie e 7
Buffer Establishment and Protection and Integrated Reach-scale Corridor Protection
and ReStOration StFAtEgIES. .......ueiiiieieeire e ettt e e e eas 7

2.0 INTRODUCTION ...ooiiiiiicie ettt et e e e e e snae e e snee e e nnnee e e 10
2.1 PROJECT OVERVIEW .....cooiiiiiiieieee sttt 11

3.0 BACKGROUND INFORMATION ...ttt 14
3.1 GEOGRAPHIC SETTING ....cooiiiieitiieice ettt 14

3.1.1 Watershed deSCriPtiON.........ocoiiieiiiieieiee st 14
3.1.2 Political JUrISAICLIONS .......ceoiiieieiiccieee e 16
3.1.3 Land use history and current general charaCteristics ...........cccovvvenirencreninnn. 16
3.2 GEOLOGIC SETTING ...ttt 24
3.3 GEOMORPHIC SETTING ....ooiiiiiie ettt 29
3.3.1 Location Of assessed reaChes ..........cooveivereieie i 29
3.3.2 Longitudinal profile, alluvial fans, and natural grade controls...........c............ 29
3.3.3 Valley and reference Stream tYPeS ........cccvevveieiieieciie e 36

S A HYDROLOGY ..ottt ettt et e e snte e e e e e nnae e neeas 40
3.4.1 Bethel area StreamSTatS ........cooiieiiiieieiee s 40
3.4.2 Bethel area flood NISTOrY ..........ccoiiiiiiiiice s 43
S5 ECOLOGY oottt sttt ettt b 48
3.5.1 Distribution of instream, riparian and wetland habitats..............cc.ccccvervennnne. 48
3.5.2 AQUALIC HTR...c.iiiiiieccie et 48
3.5.3 Unique plant and animal COMMUNITIES ...........ccccoiiriiiniiieiee s 51
4.0 METHODS ..ottt e bt re b s 51

4.1 STREAM GEOMORPHIC ASSESSMENT ....ccooiiiiiiiiieienieseee e o1



4.2 QUALITY ASSURANCE, QUALITY CONTROL, AND DATA

QUALLIFICATIONS ..ottt ettt st nbeene s 52
5.0 RESULT S Lt e e e e s e e e st e e e snb e e e nnree e e 54
5.1 DEPARTURE ANALYSIS ...ttt 55
5.1.1 HydrolOgiC regime SLrESSOIS .........eiuirieriieieeeeieie ettt 55
5.1.2 Sediment regime SIrESSOIS.......ccueiierieereieesieeieseeste e e seesreeeesreesaeaeesseeseeenee e 62
5.1.2a Channel slope MOITIErS. ..........ccooiiiiiiiiiee s 68
5.1.2b Channel depth MOAIfIErS .......ccoiveiieiicie e 70
5.1.2c Boundary condition and riparian modifiers ...........ccooevviiieienencncneseeee 73
5.1.3 Sediment regime departure, constraints to sediment transport, and attenuation
1] T OO PP R TPRTRTPRPTI 76
5.2 SENSITIVITY ANALYSIS ...ttt 87
6.0 PROJECT IDENTIFICATION. ..ottt 90
6.1 REACH DESCRIPTIONS — PRELIMINARY PROJECT IDENTIFICATION . 90
Third Branch and tribULAIES .........ccveiiiieiieicee e 90
6.1 Reach MO1 — Third Branch mainstem from River St. /Rte. 12/107 in Bethel to
FINAIEY BITUGE ..ottt bbb 90
6.1 Reach M02 — Third Branch mainstem from Findley Bridge upstream to east of
Gilead BrooK R. .......oviiieiieece et 94
6.1 Reach M03 — Third Branch mainstem from east of Gilead Brook Rd. to
BRANVIIIE ... e ns 97
6.1 Reach M01S3.01 — Camp Brook from Third Branch to downstream end of fields
at 1523 Camp Brook ROAM...........cooiiiiiiiiiiieiee e 102
6.1 Reach M01S3.02 — Camp Brook from downstream end of fields at 1523 Camp
Brook Road to field upstream of Pond Rd. bridge...........ccocovviviiiiiiiiiicniie 108
6.1 Reach M01S3.03 — Camp Brook from field upstream of Pond Rd. bridge to
beaver ponds east of Charlie Wilson R0ad ...........cccceoeiiiiiiniiiiiecec s 114
6.1 Reach T1.01 — Gilead Brook from Third Branch to Gilead Brook Rd. pull-off
across from MESSIEr RO. ......ooiuiiieiie e 121

6.1 Reach T1.02 — Gilead Brook from Gilead Brook Rd. pull-out across from
Messier Rd. to confluence with tributary by Wright Farm (upstream of Wright Rd.
0] 4T [0 ) I PSPPSR 130

6.1 Reach T1.03 — Gilead Brook from confluence with tributary by Wright Farm
(upstream of Wright Road bridge) to multiple tributary confluence east of 1892
Little HOHOW ROA ......coeoiiiieciiee et 138

6.1 Reach T1.04 — Gilead Brook from multiple tributary confluence east of 1892
Little Hollow Rd to beaver ponds east of 1300 Little Hollow Rd..............ccccoe..... 142



White River mainstem and trIDUTAIIES .........eeeeeeeeeeeeeeeeeeeeeeaeeeeeeeeeeeeeeeeeeeeenenennns 145

6.1 Reach R11 — White River mainstem from behind state police barracks and
VTrans maintenance garage to confluence of White mainstem and Third Branch

(RIVEE SEBIIAYE) ...eveeieeie ettt sne e reeee s 145
6.1 Reach R12 — White River from Third Branch at Peavine Park to midstream
boulders and right bank bedrock below Toziers Restaurant on Rte. 107 ............... 149

6.1 Reach R13 — White River mainstem from boulders and right bank bedrock
below Toziers Restaurant on Rte 107 upstream to mouth of Lilliesville Brook by

intersection of Peavine Blvd and Lilliesville Rd. ..........uveveeeieie 155
6.1 Reach R12-S02.01 — Cleveland Brook from confluence with the White

mainstem upstream for 1.34 miles to confluence with a tributary.......................... 161
6.1 Reach T3.01 — Locust Creek from confluence with White to Rte. 12 intersection
WIth RNOGAES Hill RO, .....eeiieieeeet et eeeeeeeeeenenenennennes 167

6.1 Reach T4.01 — Lilliesville Brook from confluence with the White River, near
intersection of Lilliesville Brook Rd. and Peavine Blvd/River Rd.., upstream 1.05
miles to Lilliesville Brook Rd. bridge upstream of Whittier Rd.................ccce.... 176

6.1 Reach T4.02 — Lilliesville Brook from 1.05 mi. up Lilliesville Brook Rd. (near
bridge upstream of Whittier Rd.) to ~ 0.3 miles upstream of the Brink Hill Rd. ... 182

6.1 Reach T4.03 — Lilliesville Brook from ~0.3 miles upstream of the Brink Hill
Road bridge to 250 ft. downstream of the 4-corners at Gay Hill, Dartt Hill, Campbell

and Lilliesville BroOK ROAAS .........ccoveieiieiiiie e 188
Watershed SratEgIES .......cveiveeiiecieiieese e 195
Reach-scale protection and restoration Strategies ............covvrvrerieeienenenesesenienns 197
Stand-alone buffer project PrioritieS .........ccccvveviiieie e 197
TOP PrOJECE PIIOMTTIES. ...ttt 199

LITEIAtUIE CITEA ..ot ettt e e e e e e e e e e e 216



TABLE OF FIGURES

Figure 1. Overview map for Town of Bethel 2013-14 stream geomorphic assessment and
COMTIAON PIANNING. ...ttt sr b 2

Figure 2. Sediment plume entering Long Island Sound from the mouth of the Connecticut
River evident in satellite imagery nearly a week after Irene had moved through the state

OF VBITNONT ...ttt bbbt e et et et st nbenbe s 11
Figure 3. Bethel drainage Dasins. ... 15
Figure 4. Biophysical regions in Bethel..........cccovoiiiiicce e 16

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 Railway laid out along the
TRIFA BIANCN. 1ttt bbb nre s 18

Figure 6. This section of a 1957 USGS topographic map covering the town of Bethel
shows the former location of the White River Railroad (tracks torn up in 1938) largely
replaced by roads (Peavine Blvd. in Bethel/ River Rd. in Stockbridge).........cccccceevruenee. 19

Figure 7. Population peaks in Bethel parallel the heydays of stream-based millpower
(mid-1800s) and the railroad (early 1900s) plus the completion of Interstate 1-89 (finished
in the Bethel area ca. 1970).......ccccviiiiiiiicc e 20

Figure 8. Four-class land cover/land use map (UVM-SAL 2002) for the White mainstem
(upstream of and including Bethel) and Third Branch watersheds, with hydric soils. Areas
of “urban” and agricultural lands intersecting with hydric soils may indicate potential loss

OF NISLOFIC WELIANAS ...t nneas 22
Figure 9. Extent of glacial Lake Hitchcock in the Bethel region............cccoceoniiiiiinne. 25
Figure 10. Surficial geology (lithology) of the Bethel region. ..........cccccoveveiieiecieienn. 26

Figure 11. Although coarse sediments are common along the White mainstem and most
tributaries in Bethel, fine sediments are easily transported in areas where the “bed
armoring” of these cobbles and boulders has been removed from the channel as in this

portion of Gilead Brook; note color of Water............ccccooevveiiiicie e 27
Figure 12. Ecological bedrock geology of Bethel Phase 2 assessment area..................... 28
Figure 13. Longitudinal profile for the White mainstem from Bethel upstream. ............. 30
Figure 14. Longitudinal profile for the Third Branch............cc.ccooviiiiiiiiiciincee 30
Figure 15. Elevation profile for Gilead BrooK............cccccoveiiiiiiiiiiciie e 31
Figure 16. Elevation profile for Camp BrooK. ...........ccoceeiiiiiiiiiiiinieeeese s 31
Figure 17. Elevation profile for Lilliesville Brook. ...........cccccoeviiiiiiiiiiiiiic e, 32
Figure 18. Elevation profile for Cleveland Brook. ..o 32

Figure 19. Elevation profile for LOCUSt Creek. .........cocvevieiiiiiiiieiiiccic e 32



Figure 20. Undersized culvert under Route 107 sits at slope break contributing to alluvial
FaN SEAIMENTALION. .....eiiiecciie e be e s be e sbe e s be e sbeesnbeesbeesnreens 33

Figure 21. Natural grade controls are relatively uncommon and widely dispersed in
Bethel, lending to a high degree of incision noted in most of the streams assessed......... 35

Figure 22. With few natural grade controls, portions of Camp Brook and Gilead Brook
required installation of weirs to limit headcuts and downcutting in highly channelized
(T OO PO TR RPTTUPPTOUPRTPPPIO 35

Figure 23. Spatial distribution of reference stream types in the vicinity of the Bethel
PRase 2 STUAY GBI Q. .......ceeeieieiieie ettt re e be et sre e e 38

Figure 24. Cross-section location on Cleveland Brook is representative of small pockets
of floodplain (important “attenuation assets”) available along some of the steeper

gradient SMall trIDULAIIES. .........eccuiiieie e 39
Figure 25. Similar pockets of floodplain on Lilliesville Brook occupied by development
AN INFFASTIUCTUIE. ..ottt ettt nrenneas 39
Figure 26. Location of USGS stream gages in the Bethel area ...........cccooceveiiiiiiiinnnn. 41
Figure 27. Climatology data from the last 50 years (Kunkel et al 2013) indicates a
dramatic increase in heavy precipitation events in the northeast United States ............... 42
Figure 28. Annual peak flow chart for the USGS gage on the White River mainstem at
WESE HAITTOIT. ...ttt sre e teeneenne e e 43
Figure 29. Annual peak flow charts for Ayers Brook and Third Branch unnamed tributary
(Braintree Hill) DASINS. ........coiiiiiiieceee e 44

Figure 30. Graphics from the National Weather Service Burlington office indicating the
3-5 in. downpours contributing to flash flood damage on Lilliesville Brook and much of
the Third Branch basin on July 11, 2007. ........cc.ccoeiieiiiiieieece e 45

Figure 31. Flash flood damage on an unnamed tributary to Ayers Brook from July 11,
2007 storms; the woman at the center of the photo is indicating the post-storm (i.e.,

typical) width of the stream With her arms. ... 46
Figure 32. Damage from the July 11, 2007 flash flood on Lilliesville Brook, pictured

here, was followed by similar damage in this area on August 7, 2008...........ccccceevvvrrenee. 46
Figure 33. “Hourglass effect” at undersized stream crossing Structures ..............cccoeveunene 50
Figure 34. Hydrologic Alterations map for the Bethel 2013 study area. ...........cc.cccceeuenee. 58

Figure 35. Land use-land cover stressors map for the 2013 Bethel SGA study area. ...... 60

Figure 36. Heavy deposition on the floodplains evident in this September 2011 view up
the White mainstem west-southwest of Bethel...........cccooiiii 62

Figure 37. Sediment load indicators map for the 2013 Bethel study area. ..............c........ 63

Figure 38. In narrow valleys where wood and sediment are available, a stream can
actually rebuild meanders and access to floodplain............cccoeiviiiniiiiieis 64



Figure 39. Meanders provide a critical function of decreasing slope (and thus energy in
high flows) similar to trail switchbacks. “Trails that go straight up and down steep hills
don't stay nice trails for long. Erosion turns those trails into gullies” ...........cc.ccoceinnnnns 65

Figure 40. Studies on hundreds of streams worldwide indicate that a meandering stream
will naturally migrate through a fairly predictable belt-width over time, providing the
critical function of reducing slope (and thus stream POWEN)..........cccvvverieeresiieseesieeeenn 65

Figure 41. Channel Slope Modifiers map for the 2013 Bethel Phase 2 study area. ......... 68

Figure 42. The portion of Rte. 107 along White mainstem reach M13 opposite this
location reflects long-term impacts of straightening as a spot of recurrent conflicts

between stream processes and iINfrastrUCTUre. ...........ccvvveiieiecicie e 69
Figure 43. Channel Depth Modifiers map for the 2013 Bethel Phase 2 study area.......... 71
Figure 44. Increased depths in flood flows are common at undersized structures and are
frequently intensified by significant bank armoring upstream and downstream.............. 72
Figure 45. Boundary Conditions and Riparian Modifiers map for the 2013 Bethel Phase 2
SEUTY BIBA. ..ttt ettt bbbttt et b bbbt b et e ettt bbb nre s 74
Figure 46. Stream ford on Lilliesville Brook (left) and spring box on Camp Brook (right)
indicate depth of recent channel INCISION............cooiiiiiiiiiii s 75
Figure 47. The channel balance indicates how changes in watershed inputs influence
channel adjustment processes (Lane 1955).........cccciiiiiiiiieiesese e 76
Figure 48. Pertinent characteristics for Phase 1 classification of reference sediment
TEOIIMIES. .ottt bbbttt bbbt bbb e Rt e e e b e b e bt bbbt b e s e e e b e b e bbb ne e 77
Figure 49. Pertinent parameters existing sediment regime using Phase 2 data. ............... 78

Figure 50. Sediment plume entering Long Island Sound from the mouth of the
Connecticut River evident in satellite imagery nearly a week after Irene had moved
through the state of VVermont, indicating tremendous erosion and accompanying sediment
AN NUEFIENT BXPOIT ...ttt ettt e e e b e re e s teebeenaesaeenreenne e 80

Figure 51. Sediment Regime Departure map for the 2013 Bethel Phase 2 study area. .... 81

Figure 52. Map of existing sediment regime in conjunction with vertical and lateral
constraints to channel evolution in the Bethel 2013 Phase 2 study area. ............cccccoveene 84

Figure 53. Heavy sediment deposits visible in 2011 Google Earth imagery looking
upstream along the White River mainstem (left) and Third Branch (below) indicate where

floodplains were accessed in Irene (attenuation @SSELS)........ccvveveeiiieiieiiiiesie e cie e 85
Figure 54. Stream sensitivity and current adjustments map for the Bethel 2013 Phase 2

(0 Y- L= VOSSP PRSP 88
Figure 55. Bethel M01 reach map - Third Branch mainstem. ...........ccccooviiiiciininnne. 91
Figure 56. Bethel M02 reach map - Third Branch mainstem. ...........ccccccevvviiievie e, 95

Figure 57. Third Branch reach M03 near the Bethel —Randolph town line had several
mass failures hundreds of ft. in length and 40-60 ft. in height. ............ccocoovviiiiiiien, 97



Figure 58. Bethel M03 reach map - Third Branch mainstem. ..........cccccoevviiiiennininne. 98
Figure 59. Neck cut-off along the Third Branch before and after Tropical Storm Irene.. 99

Figure 60. Bank along the neck cut-off was roughly 8 ft high and completely eroded in
August 2013 (left) and by October 2013 had been riprapped (right). ......ccccovvveieinenne. 100

Figure 61. Bethel M01S3.01 reach map — Camp BrooK..........cccceoeieieiineniiininiens 103

Figure 62. Left and right: M01S3.01A encroachment is common Right: View from the
Route 12 bridge shows post-Irene mitigation including rock weirs constructed to arrest
head cutting iN @ dredged @rea ..........cecveueieere e sre e 104

Figure 63. Left: Forested buffers and considerable bank erosion are common in
MO01S3.01B. Right: Stream channel after post-Irene dredging/windrowing. ................. 105

Figure 64. Left: New undersized culvert placed after Irene. Right: Stream avulsed closer
to Camp Brook Road (left in picture); road crew came and put it back in the original

ChANNEL @S SEEN NEIE. ..ot e e nes 106
Figure 65. Bethel M01S3.02 reach map — Camp Brook............ccccovvvevieiieiiiiciieceennn, 109
Figure 66. Left: Road encroachment typical of M01S3.02A; riprap appears small and
likely to wash. Right: Large mass failure in downstream portion of Segment A........... 110
Figure 67. Left: New culvert to replace structure washed out in Irene still very undersized
and likely to wash again. Right: Development encroachment in M01S3.01B. .............. 111
Figure 68. Left: Site of failed bridge in M01S3.01B with temporary footbridge and
abutment form. Right: Stream avulsion with old channel ................ccccoo i, 111

Figure 69. Exposed spring-box reportedly on channel bottom previous to bed incision 112
Figure 70. Bethel M01S3.03 reach map — Camp Brook............ccccoeeveveiieiiiic i, 115

Figure 71. Left: Encroachment in segment M01S3.03A, with junk vehicles and signs of
gravel mining and dredging. Right: Abundant woody material in wider valley has created

debris jams and channel aVUISIONS. ... 117
Figure 72. Left: Recent harvesting activity in segment M01S3.03B. Right: Mass failures
are a common feature Of thiS SEgMENT. .......cooiiiiiiiie e 117
Figure 73. Bedrock grade control in segment M01S3.03B. ..........ccceveiieiiivieseecee, 118
Figure 74. High incision ratio noted in M01S3.03C maybe be due to a combination of
failure of upstream beaver dams and downcutting through fine sediments.................... 118
Figure 75. Bethel T1.01 reach map — Gilead Brook. ...........c.ccocevviiiiinininienc e 122

Figure 76. Cabin sits high on the valley wall above mass failures in segment T1.01A. 123

Figure 77. Spring Hollow Rd. bridge on the border of segments T1.01A and B was
outflanked in Irene and has not been rebuilt..........ooooveei 124

Figure 78. Google Earth historical imagery (left, 2006; right, 2008) indicates a channel
avulsion in segment T1.01C (near 379 and 322 Gilead Brook Rd.).......c..cccceevveiiiinnns 125



Figure 79. Wood deposited by Irene and augmented with wood snagged from the stream

now restricts access to left bank floodplain. ...........ccccceeiieiicic i 125
Figure 80. Bethel T1.02 reach map — Gilead BrookK. .............ccocevviiiiieiciiienciinecens 131
Figure 81. Potential for further bed erosion in response to channelization in segment

T1.02A indicated by a nickpoint forming at dislodged stone in constructed weir. ........ 132

Figure 82. Windrow upstream of segment T1.02B cross-section is 1-2 ft. higher than
floodplain behind the windrow and is representative of opportunities to restore floodplain

access (without apparent impact to nearby structures or infrastructure). ............c.cc....... 133
Figure 83. A debris jam and sediment plug in reach T1.03 led to channel avulsion that

left current channel at a higher elevation than the former channel. ...............c..cccooe.e. 138
Figure 84. Bethel T1.03 reach map — Gilead Brook. ...........c.ccoovvviiiiieieiciincicncnens 139
Figure 85. Large woody debris and coarse sediments visible in gully emanating from a

field ditch on top of the T1.03 valley Wall...........ccooviiiiiiiie e 140
Figure 86. Portion of a woods road reclaimed in part by Gilead Brook reach T1.03 during
Irene now makes this effectively a ford rather than a road. ..........cccccoovviiininiiinnnnne 141
Figure 87. Bethel T1.04 reach map — Gilead Brook. ..........cccccccevveviiiieieenisie e 143
Figure 88. Bethel R11 reach map — White River mainstem. ..........ccoceveienencnencninnns 146

Figure 89. Former power dam on the White River mainstem in reach R11 near the
Bethel-Royalton tOWN HINE. ... 147

Figure 90. Google Earth imagery from 2009 shows channel-spanning cribbing from the
former Power Dam on the White River mainstem near Bethel-Royalton town line. ..... 147

Figure 91. Imagery from 2013 shows a large portion of the mid-channel cribbing gone
and replaced Dy @ SCOUN POOL. .........ciiiiiie e 148

Figure 92. Bethel R12 reach map — White River mainstem. ...........c.cccccvveveiveieeseennnnn, 150

Figure 93. Stream ford at the R12 reach break was used to haul stone offloaded from the
rail line in Bethel village across the White River and upstream to the most damaged

POItIONS OF VT REE. 107, .ottt 151
Figure 94. Trees along a berm upstream of the White River National Hatchery appear be

older than the Hatchery; post-Irene sediment deposition evident inside the berm. ........ 152
Figure 95. Houses damaged in Bethel during Irene in the vicinity of the River St. bridge

at the downstream end of reaCh R12...........cooeiiiiiiieiiee s 153
Figure 96. Bethel R13 reach map — White River mainstem. ..........cccccooviveeiiecine e, 155
Figure 97. Reconstruction of Rte. 107 along the southern flank of reach R13............... 156

Figure 98. Dredging the White for material to rebuild Rte. 107 along reach R13. ........ 157

Figure 99. Combination of dredging, bank armoring and rebuilding of elevated roadbed
for Rte. 107 have left a highly entrenched and straightened stream in significant portions
of reach R13 and fUIther UPSIrEAM..........oiuiiiiiii i 157



Figure 100. Alluvial fan at the base of Lilliesville Brook has evidenced significant

discharges of cobble sediments in multiple flood events..........ccccccevvveveeceiiese e 158
Figure 101. The same alluvial fan is shown with repeat “tributary rejuvenation” from
LAlTIESVITIE BIrOOK .....oviivieeiiiecie ettt 159
Figure 102. Bethel R12S2.01 reach map — Cleveland Brook. ...........cccccooeiiiiiininnnnnns 162
Figure 103. Left: Bedrock cascade is common in R12S2.01A. Right: The bridge at
Cleveland Brook Road constricts this 34 foot channel to 7 ft.. ... 163
Figure 104. Left: the downstream side of the culvert under Route 107 shows sediment
build up in the culvert Right: Mass failures are fairly common in R12-S2.01A............ 163
Figure 105. Left: Alluvial sediments upstream of the Cleveland Brook Rd. bridge in R12-
S2.01B show signs of downcutting. Right: Mass failures typical of Segment B. .......... 164
Figure 106. Left: Headcut forming in head of a steep riffle. Right: Channel avulsion
caused by debris and sediment accumulation that blocked the original channel............ 164
Figure 107. Left: Signs of periodic timber harvesting in segment R12-S2.01C. Right:
Cabin in segment C has a small canopy opening next to the stream. ............cccccoceveneee 165
Figure 108. Bethel T3.01 reach map — LOCUSt Creek. ........cccvvvveiveviiiieieere e 168

Figure 109. Left: encroachment on right bank of segment T3.01A; house rebuilt and
likely to be at risk again. Right: Large bedrock grade control at the Rte. 107 bridge. ... 170

Figure 110. New bridge after Irene damaged former Rte. 12 bridge in T3.01A.. .......... 170
Figure 111. Left: Failure during Irene has led to closing of Old Rte. 12 at this bridge.
Right: Riprap common along segment T3.01B appears small .............cccccoiiiiniinnnns 171

Figure 112. Left: Mass failures are common in T3.01B, as is absence of woody debris.
Right: This bridge is located on a section of bedrock grade control. .............ccccocviinene 172

Figure 113. Left: Road encroachment along one side of the stream typical of T3.01C.
Road is on an old terrace and gives a good indication of incision and loss of flood plain
access. Right: View of wider natural valley and old farm fields; pond is only 100 ft. from
stream and is one of two constructed in last 20 years in this historic floodplain. .......... 172

Figure 114. Flood damage following July 2007 flash flooding on Lilliesville Brook. .. 176

Figure 115. Bethel T4.01 reach map — Lilliesville Brook. ..........cccccooeveiininiininnnnns 177
Figure 116.Left: One private bridge replaces two that washed out in T4.01A during Irene.
Right: Large mass failure in TA.OLA. ..o 178
Figure 117. Upstream view from River Rd. bridge in T4.01A. Building on right was

rebuilt following Irene and a berm stretches along river bank to protect that area. ....... 178
Figure 118. Bethel T4.02 reach map — Lilliesville Brook. ...........c.ccccovvviiiiiiiiincinnn, 182
Figure 119. Left: Bridge constriction at bottom of T4.02A. Right: Channel avulsions

were typical Of thiS SEgMENL. ......c.oiiiiiie e 184

Figure 120. Left: Bank erosion is extensive in T4.02A, leading to abundant woody debris
in channel. Right: scour and bank erosion in area oflarge bedrock grade control.......... 184



Figure 121. Left: Riprap common where road comes close to stream bank in T4.02B.
Right: Building encroachments in the segment; dredging with windrowing evident..... 185

Figure 122. Left: bank erosion typical in segment T4.02B where stream has incised

below tree roots. Right: Large avulsions common in the segment. ............cccocceviveiiennnne 185
Figure 123. Left: Private bridge in T4.02B that may have washed out during Irene. Right:
Historic ford showing depth of incision since it was USed...........cccccoeveiieereiiiesiesieennnn 186
Figure 124. Bethel T4.03 reach map — Lilliesville Brook. ..........cccccceveiiiniiininnnnns 189

Figure 125. Left: Bridge on Lilliesville Brook Rd. remained standing while the road
washed out on both sides. Right: Bank encroachment and recent riprapping with
S o1 P L =10 o =T o1 T SRS 191

Figure 126. “Hourglass effect” at undersized stream crossing Structures ...................... 191

Figure 127. Left: Mass failure in downstream end of reach T4.03. Right: The debris jam
in this photo retained sediments upstream, bringing the channel bed close to the flood

PLAIN TEVEL ...t et e e re et re e reenee s 192
TABLE OF TABLES
Table 1. Distribution of geomorphic condition ratings for stream segments in the Bethel
2013 Stream GeomOorphiC ASSESSIMENT. ........ccviiiiiiiirieeieieie et 4
Table 2. Land cover/land use data for the White River mainstem (upstream of and
including Bethel) and Third Branch basins ... 21
Table 3. Protected lands by 0OWNership type ........coccoveieiieiieie e 23
Table 4. Protected lands within the Town of Bethel............cccocoovvvieiiie e 23
Table 5. Geology and soil parent materials for reaches assessed, including alluvial fans
AN Grade CONIOIS. ..o bbbt eneas 34
Table 6. Reference stream type summary indicating classification parameters............... 36
Table 7. Reference Rosgen stream types included in Phase 1 (overall White and Third
Branch basins) and Phase 2 (Bethel) .........ccooveiiiiiiicieccece e 37
Table 8. Reference (i.e., Phase 1) geomorphic characteristics for reaches included in 2013
Phase 2 assessments in the Bethel, VT area .........ccccooeveveniieieicsceeee e 40

Table 9. Comparison of select basin characteristics for Bethel 2013 study basins and
nearest gaged Stream DASINS.. .........ciiiii i 41

Table 10. Number of reaches/segments by Condition for parameters included in Rapid
HaDITAL ASSESSIMENT. ...ttt et e b b e nreees 49

Table 11. Hydric soils as a percentage of overall land cover in subwatersheds and stream
corridors of the Bethel area, with “urban” and agricultural land use intersections with
hydric soils that indicate potential loss of wetlands...........cccccoveiiiiiiiieic e, 61

Table 12. Reach level stressors: relationship of energy grade and boundary conditions in
SEdimMENt traNSPOIT FEOIME. .. ...i ittt nre s 67



Table 13. Departure Analysis Table for the Third Branch and some of its tributaries,
indicating where river segments are constrained from adjustment, converted to transport
streams, and/or have existing or future potential as a place to attenuate sediment load... 86

Table 14. Departure Analysis Table for the White mainstem and some of its tributaries,
indicating where river segments are constrained from adjustment, converted to transport
streams, and/or have existing or future potential as a place to attenuate sediment load... 87

Table 15. Stream sensitivity and current adjustments ...........cocoveviirieniiieienescscseses 89
Table 16. MO1 Projects and Practices Table — Third Branch mainstem...............ccccceeu.. 93
Table 17. MO2 Projects and Practices Table — Third Branch mainstem...........c.c.ccccveuee. 96
Table 18. M03 Projects and Practices Table — Third Branch mainstem......................... 101
Table 19. M01-S3.01 Projects and Practices Table — Camp Brook............cccccccvvnnnnne. 107
Table 20. M01-S3.02 Projects and Practices Table — Camp BrooK............c.cccccvevvevnnnnee. 113
Table 21. M01-S3.03 Projects and Practices Table — Camp Brook............cccccccevvnnnene. 119
Table 22. T1.01 Projects and Practices Table — Gilead BrookK............cccccccevvvevveiiesnenee. 127
Table 23. T1.02 Projects and Practices Table — Gilead BrooK..........cccccceecvvvvvnvnininnne. 135
Table 24. T1.03 Projects and Practices Table — Gilead BrookK............ccccccccevveivevieinenne. 141
Table 25. T1.04 Projects and Practices Table — Gilead Brook..........ccccccoecvvvvrvnieinnnne. 144
Table 26. R11 Projects and Practices Table — White River mainstem .............c..c.......... 149
Table 27. R12 Projects and Practices Table — White River mainstem .............cccccccee.e.. 154
Table 28. R13 Projects and Practices Table — White River mainstem ........................... 160
Table 29. R12-S2.01 Projects and Practices Table — Cleveland Brook...............c.......... 166
Table 30. T3.01 Projects and Practices Table — Locust Creek. .........cccccvevevveiieieinnenne. 173
Table 31. T4.01 Projects and Practices Table — Lilliesville Brook. .............cccccvevuvrennee. 180
Table 32. T4.02 Projects and Practices Table — Lilliesville Brook ..............cccccoeeveineenee. 187
Table 33. T4.03 Projects and Practices Table — Lilliesville Brook. .............cccccoevvvuenee. 193
Table 34. Priority reaches for integrated reach-scale corridor protection and/or restoration
SETATEOIES ...ttt e bbb bbbttt bbb 197

Table 35. Stream segments with priority buffer projects recommended for stand-alone
IMPIEMENTALION. ...ttt b e bbb eneas 198

Table 36. Prioritized Project and Strategy Summary Table for top 11 projects............. 200



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 ‘Tween (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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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 Vermont’s 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 ‘windshield
survey’ data. 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. 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



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



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):

» Watershed (largely municipal) strategies
> Buffer establishment and protection

» Reach-scale corridor protection projects: Third Branch reach M03, Gilead Brook
reach T1.01, White River mainstem reach R12

» 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 2—
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



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

» 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

> 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

»  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.

> 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

» 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

» 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

» 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 “bankfull width” (i.e., the 1.5-2 year peak flow, or what has
colloquially been the “high spring flow” in the past). FEMA will only fund a
structure replacement to the size specified in the Town-adopted standards. Town



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.

» 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

» 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

» Capital budget planning with geomorphic compatibility included in prioritization
discussions with structure owners on replacement schedules

Drainage and Stormwater Management

» Management of overland flow and keeping entry points well vegetated

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

> 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 MO03  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 RI12 White River from Third Branch at Peavine Park to Tozier’s 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.



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:

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

MO2

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

R11 . _ _

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

T4.01A _ . . .

(Lilliesville Assess plantings already installed in downstream portion of segment
Brook) (upstream of Peavine Blvd.) before augmenting.

T1.01D _ _ _

(Gilead Seed sources exist but buffers need augmentation- especially base of
Brook) tributary from Messier Rd.

T4.02A

(Lilliesville Augment buffer at upstream end of field across from 2289 Lilliesville

MO1-

S3.02A Primary areas lacking buffers are road embankments; investigate Better
(Camp Back Roads design guidelines. Opportunity near 1523 Camp Brook Rd.
Brook)

T3.01C
(Locust Area surrounding Barnard TH-80 bridge
Creek)

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



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

T4.03 to 4-corners at Gay Hill, Dartt Hill, Campbell and Lilliesville Brook Roads)
Locust Creek from White mainstem to ~0.15 mi. upstream of Rte. 12-Old
T3.01A ) :
Rte. 12 intersection
goéég Camp Brook from ~0.5 mi. upstream of Sugar Hill Rd. to Pond Rd.

MO01 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 “catalogue” 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.



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 — 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 “combining 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 community” (WRP
2013).

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. 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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j 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
Vermont’s 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
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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's....

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 recommendations...still relevant today.... (including) a recommendation
for an assessment of stream bank erosion...and revegetation for disturbed stream bank
areas....

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 provided...primary concerns...as follows:

* Stream channel instability and streambank erosion
* Lack of awareness of water quality problems
* Extent and quality of public access to recreational opportunities on the water

* 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 “Stream
Teams” 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
‘windshield survey’ 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 VVermont 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) Upper White River Corridor Plan (2008)
Tweed 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, Redstart’s 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 sqg. mi. into Bethel, with just 5% (15 sq. mi.) of
that area actually located within Bethel. The Third Branch watershed drains nearly 137 sg. mi.
into Bethel, with about 18% (25 sg. 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 “White River - headwaters to Third Branch” and “White River - Third Branch to
mouth” watersheds, is colloquially known as the “mid-White”. Fieldwork for this study in 2013
included just one reach at the upstream end of the 125 sq. mi. “Third Branch to mouth” drainage
of the White, with roughly 2% (a bit over 2 sq. 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 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.

Bethel 2013 Phase 2 2 0 . . . )
Stream Geomorphic Assessment: N While there are distinct differences in

Biophysical regions these different biOphySicaI I’egionS,

il 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
e agricultural and commercial/industrial

uses have been focused more in the
Piedmont regions and the major drainages

16



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 — Figs. 5 and 6). Today some of the largest “ponds” 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 *27 flood, however, both of the major rail lines in Bethel (White
River Railroad, aka ‘Peavine’ 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 1930’s 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
Railway laid out along the Third Branch (headed north toward top of map) where it’s elevated railbed (as of 2013) still
significantly reduces the extent of available floodplain.
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Figure 6. This section of a 1957 USGS topographic map covering the town of Bethel shows the former location of the
White River Railroad (tracks torn up in 1938) largely replaced by roads (Peavine Blvd. in Bethel/ River Rd. in
Stockbridge, not named on this map) along the White mainstem going toward Stockbridge. Open areas (tan rather
than green) indicate that 1800s deforestation in Bethel was likely not as extensive as in many other areas of Vermont,
particularly on the western side of town (Green Mountains biophysical regions).
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Interestingly, the changing transportation history of Bethel (with major arteries along the streams
of the watershed) appears to parallel population trends in the town (Fig. 7), with peaks
experienced during the period when both rail lines were operating in Bethel and again after the
completion of Interstate 1-89. While Bethel has always had a relatively diffuse settlement pattern,
increasing population since the completion of 1-89 in the 1970s has also been accompanied by an
increasing use of a road system that frequently shares narrow valleys with streams in this
topographically rugged town. US Census figures in 2010 indicated 72% of reporting workers in
Bethel travelled to work outside of town, with an average commute time of 23 minutes (Vermont
Indicators Online 2010).

BETHEL - Total Population , 1790-2010 Figure 7. Population peaks in Bethel

parallel the heydays of stream-based
millpower (mid-1800s) and the railroad
(early 1900s) plus the completion of

Interstate 1-89 (finished in the Bethel area
ca. 1970) (Vermont Indicators Online
2010).
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Many communities in east-central Vermont experienced peak populations during the mid-1800s,
and initial settlement patterns in Bethel in the 1800s focused on agricultural use of the White
mainstem, Third and Second Branch valleys but also included relatively dense settlements
clustered particularly at key junctures in the narrow valleys along the tributaries (Fig. 1 overview
map). As in much of New England, stream power played a large role in the location and
development of these villages by supplying power for sawmills, grist mills, manufacturing
facilities and other uses. In Bethel, Beers Atlas of Windsor County (1869) indicates a grist mill
and three sawmills on Gilead Brook; five sawmills on Camp Brook; three sawmills on
Lilliesville Brook; and one sawmill at the base of Locust Creek. The majority of these mills are
indicated on the Atlas with associated dammed ponds or stream diversions. There was little
evidence of these former impoundments or associated buildings observed during the 2013 Phase
2 assessments.

Historical photographs (UVM Landscape Change 2011) and topographic maps (UNH Dimond
2014; Fig. 6) indicate that deforestation in Bethel was likely not as extensive as in many areas of

20



Vermont during the 1800s, especially in the western portions of town (Green Mountains
biophysical regions) that are characterized by more mountainous topography and predominantly
thinner, more acidic soils than the Piedmont regions to the east. Most bottomlands and many
lower slopes were cleared however, but as in most of Vermont the landscape largely reforested
through much of the 20" century and as of the turn of the 21% century the White River basin
upstream of Bethel was 90% forested and the Third Branch basin was more than 80% forested
(Table 2, 1990s data; Fig. x represents a simplified 4-class version of these land cover/land use
classes).

The Third Branch basin hosts a more extensive agricultural base (8% land cover/land use) than
the White mainstem basin (2.5%). Both basins are characterized by diffuse settlement patterns
accompanied by a network of transportation infrastructure, but while in the Third Branch basin
agricultural use is followed by “urban” land cover/ land use (5%) the White basin actually
upstream of Bethel actually has more water (3.7%) than “urban” land use (3.3%); Table 2).
“Urban” in a four-class context (Fig. 8) refers to not only densely developed areas, but roads,
infrastructure, suburbs, and large-lot residential development as well; roads and infrastructure
account for most of the “urban” landuse in both the White and Third Branch basins (Table 2;
Figure 8).

Table 2. Land cover/land use data for the White River mainstem (upstream of and including Bethel)
and Third Branch basins, derived from 1990s satellite imagery. Shading indicates groupings portrayed
by four-class system (UVM-SAL 2002) in Fig. 8.

Third
White Branch
FORESTED TOTAL 90.42% 84.65%
CONIFEROUS FOREST (generally evergreen) 61.55% 56.29%
MIXED CONIFEROUS-BROADLEAF FOREST 16.39% 16.73%
BROADLEAF FOREST (generally deciduous) 12.12% 10.52%
FORESTED WETLAND 0.31% 0.84%
BRUSH OR TRANSITIONAL BETWEEN OPEN AND FORESTED 0.06% 0.26%
AGRICULTURAL TOTAL 2.52% 7.95%
Hay/rotation/permanent pasture 1.46% 4.89%
Row crops 1.04% 2.99%
OTHER AGRICULTURAL LAND 0.02% 0.06%

NON-FORESTED WETLAND* 0.05% 0.17%

100.00% 100.00%
*non-forested wetland may be classed as urban, ag, or forest in the 4-class typing
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Figure 8. Four-class land cover/land use map (UVM-SAL 2002) for the White mainstem (upstream of and including
Bethel) and Third Branch watersheds, with hydric soils (SSURGO 2008). Areas of “urban” and agricultural lands
intersecting with hydric soils may indicate potential loss of historic wetlands (discussed in sec. 5.1.1, Hydrologic
regime stressors).
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Protected lands comprise roughly 82,200 acres (46.7% of the basin land area) in the White
mainstem basin upstream of Bethel, with about 85% of this (69,876 ac.) in the Green Mountain
National Forest (VCLD 2009; Table 3).

In the Third Branch basin protected lands comprise roughly 7,539 acres (~8.6% of the basin land
area), with about 68% of this (5,134 ac.) on State of Vermont lands (primarily state forests and
some wildlife management areas).

Table 3. Protected lands by ownership type for the basins feeding into the Bethel Phase 2 study area.

Third Branch White Main Grand Total
Acres Pct Acres Pct Acres Pct
Municipal 420.2 0.5% 740.5 0.4% 1160.7 0.4%
Federal 1.9 0.0% 70153.3 39.9% 70155.2 26.6%
State 5133.7 5.9% 7664.5 4.4% 12798.2 4.9%
Private organization 1983.6 2.3% 3641.9 2.1% 5625.5 2.1%
Protected Total 7539.4 8.6% 82200.2 46.7%  89739.6 34.1%
Basin Total 87636.9 100.0% 175876.8  100.0% 263513.7 100.0%

Protection mechanisms vary on these properties and only 8-9% of the protected lands (in each
basin as well as the combination of both basins) are protected from conversion of natural land
cover, though the protected status generally indicates the land will not be developed
(development being roughly equivalent to the “urban” land use category in the four-class system
denoted in Fig. 8, which tends to contribute to the greatest impacts on overall stream health).
Land use on lands not mandated to maintain natural cover or manage for biodiversity
conservation may range from low intensity timber harvest to more intensive resource extraction
(but barring permanent conversion) or agricultural use. Forest cover strongly influences the rate
and intensity at which water is delivered to the stream network (further discussed in Sec. 5.1.1,
Hydrologic regime stressors).

Protected lands within the Town of Bethel include 667 acres in the Third Branch basin and 472
acres in the White mainstem basin, with roughly half of those lands protected by private
easements (Table 4). The majority of non-private protected lands in both basins is comprised of
portions of the Bethel Town Forest, and the State of Vermont Agency of Natural Resources owns
roughly 41 acres of stream bank access in three different parcels along the White. None of these
lands are mandated to maintain natural cover or manage for biodiversity conservation.

Table 4. Protected lands within the Town of Bethel in the Phase 2 study area

Third Branch White Main Grand Total
acres pct acres pct acres pct
BETHEL SCHOOL FOREST 17.2 2.6% 0.0% 17.2 1.5%
BETHEL TOWN FOREST 277.8 41.6% 196.1 41.5% 473.9 41.6%
PRIVATE EASEMENTS 372.1 55.8% 235 49.8% 607.1 53.3%
WHITE RIVER STREAM BANK 0.0% 40.9 8.7% 40.9 3.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>