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Cross Section of Slope Failure

Slope before
failure

Mill River
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Cross Section of Slope Failure

Slope after
failure

Slope before
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Project Team Involvement

• Project originally scoped as typical slope
stabilization with bulk stone toe and stone fill slope.

• Green and MMI approached VTrans with the
Vegetated Slope Concept

• Prepared analysis that weighed Pros, Cons and
potential for cost savings

• Worked with VTrans to determine effects of
vegetated slope design on overall slope stability
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Preliminary Design

• Stream geomorphology

• Stone toe design

• Vegetated slope design

• Culvert and slope swale design
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• Riffle-pool channel

• Barlow Road Bridge opening width = 36 feet

• Bankfull channel width = 65-70 feet

• River erosion of bottom of slope led to mass failure

• Large floodplain on the eastern bank, across from failure 3-4 feet
above channel bottom

• Replicate steep forested banks with downed trees that are stable

Stream Geomorphology
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(FEA, 4/29/2014)

Stream Geomorphology
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Stream Geomorphology
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Channel Design

Stream Geomorphology
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Channel Design

Stream Geomorphology
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Stream Geomorphology
• Maintain rough/irregular  bed

• Establish low spot to concentrate flow for habitat
during extreme low flow

• Match/blend to adjacent channel

• Vary bench width as needed
Low Flow Channel

• ╦ͯ Ȣ  ╦╫▓█

• ╓□╪●ͯ Ȣ  ╓╫▓█
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Preliminary Slope Concepts
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Preliminary Slope Concepts
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Preliminary Slope Concepts
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Balsam Fir

Planting Palette

White Pine Red Maple Red Oak Paper/Gray Birch Redtwig/ Gray
Dogwood

Nannyberry
Viburnum

Indian Grass Big BluestemWinter Rye (annual) Tridens Rudbeckia Monarda Liatris
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• Global stability of the
design was reviewed by
VTrans

• Initial design proposed
1.5H:1V slopes with a
bench

• Recommended 2H:1V
slope

Geotechnica l Design

1.5H:1V Slope
with bench

Model indicated
failure surface

below the bench

(VTrans)
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• Global stability of the
design was reviewed by
VTrans

• Initial design proposed
1.5H:1V slopes with a
bench

• Recommended 2H:1V
slope

Geotechnica l Design

2H:1V Slope

(VTrans)
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• Existing culverts
determined to be undersized

• 36” CMP Culvert
• Slope failure deformed existing

culvert

• Ending service life

• 15’ from finished grade to
bottom of culvert

• Exceeded Hw/D Ratio

• Did not provide bank full width

Culvert Design

Existing 36”
CMP culvert



GREEN  INTERNATIONAL  AFFILIATES, INC.

• Replaced with a new 3’ x 5’ box
culvert

• Headwater Depth = 4.1(100 Year
Storm)

• Provides bank full width
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Culvert Design

(VTrans)
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• Steep 2H:1V Slope
• 100 CFS from 3’ x 5’ box culvert
• Sized stone using HEC-15
• D50 stone of 2.75-feet
• Reduce Velocities
• Prevent scour and erosion of the

slope
• Designed for 100-Year Storm

Slope Swale Design
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Slope Swale Design
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Rough
Channel
Bottom

Stones

bottom

Stones
embedded

below
channel
bottom

Stones protruding
6” – 12” above

bottom of swale

Slope Swale Design
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Access Road on
east bank

Ford River at
sand bar

Construct access road from
top to bottom of slope

Access Road on
west bank

Access Road

(Google Earth)
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Wetlands

Access Road



GREEN  INTERNATIONAL  AFFILIATES, INC.

Access Road
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• Northern Long-Eared bat
• Time of Year Restrictions

• Bats

• River work

• Army Corp
• Title 19
• ANR stream

Permitt ing
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• Construction Considerations

• Time of Year Restrictions

• Placing large tree trunks on the slope

• Groundwater and slope stability

• Washing in E-Stone

• Gaining access to entire slope

Constructio n
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(EVI Technical Services/ C. Calabrese)
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• Understanding river and floodplain morphology is
key to developing holistic solutions to river/road
conflicts

• Designing with nature can jump start a self-
sustaining slope

• Vegetated slopes can be as resilient as stone slopes
in the long term.

• Mitigate groundwater during construction
• Consider tighter seasonal restrictions (if feasible)

Lessons Learned
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Thank you!

Questions


