Two Decades of Collaborative Landslide Research in Vermont

George E. Springston 1
Jonathan Kim 2
Benjamin Dejong 2
Julia Boyles 2
Keith Klepeis 3

1. Norwich University Department of Earth and
Environmental Sciences, Northfield, VT 05663

2. Vermont Geological Survey, Vermont Agency of
Natural Resources

3. Department of Geography and Geosciences,

University of Vermont

Presented at the Joint Southeastern & Northeastern Section Meeting
of the Geological Society of America in Reston, VA on March 17, 2023


Presenter
Presentation Notes
Since 1999, the Vermont Geological Survey and its collaborators have undertaken a systematic study of slope stability issues.


What We’ve Learned About
Landslides in Vermont

Over 3000 features identified in Vermont to date.
Inventories for 5 counties.

Most of these slope failures are located in close
proximity to rivers.

Most are driven at least partly by heavy rain
events and/or snowmelt.

Landslides tend to recur in the same locations.
Reactivation can be expected after future large
floods.

Active gullies are more common in developed
areas.

Geology Matters: surficial materials, bedrock
locations, landscape position....



Landslide in Village of Jeffersonville, 1999

Three complex earth slide-flows
in 1999, totaling ~27,000 cubic
meters, 43 m high, Runout length
=233 m, Travel angle of 11.2°.

Photo: University of Vermont Landscape Change Program #LS21623_000; P. Bierman

Landslides on April 11 and 18, and July 4, 1999.
Note house at top of slope at left. This was
abandoned after the first landslide.


Presenter
Presentation Notes
A series of three landslides occurred in glaciolacustrine deposits on a high terrace east of the Brewster River in Jeffersonville in northwestern Vermont in the spring of 1999. The first took place on April 11, and was soon followed by two more on April 18 and July 4. The house at the top was abandoned after the first landslide.
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Above: Jeffersonville landslide site map.
Above right: Stratigraphy.
Bottom right: Mud from 1999 landslide splashed up

against house at southwest corner of landslide deposit.

Landscape Change Program photo LS21615 000 used courtesy
of Paul Bierman, University of Vermont.
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Presenter
Presentation Notes
The Vermont Geological Survey was called in to advise. Larry Becker and Jon Kim noted the small stream to the east and theorized that it could have a role in the slope failure by increasing pore pressure in the deposits. Paul Bierman from the University of Vermont conducted detailed studies of the landslide and the Survey contracted with Stephen Wright from UVM to conduct detailed surficial geologic mapping. Due to the proximity to the village and the potential for additional slope failures, Jon Kim and I began annual monitoring of the site with Dr. Les Kanat from Johnson State. We developed a workplan and over the next several years we conducted detailed mapping of all exposures on the slopes, contracted for borings and monitoring wells, and ran several seismic refraction profiles.


A Complex Landslide
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Photo: University of Vermont Landscape Change Program #LS21620_000; P. Bierman
History of slope failures: pre-
1922, 1954, 1999, 2006, 2011.

1999 Events:

1. Toe erosion by river.

2. Translational slide due to
removal of support at base +/-
high pore pressure

3. Subsequent slides: rotational
slides/flows on deformed zone
in varved lacustrine deposit (top
of gray zone, left).

Failures perhaps due to high
pore pressure from losing
stream to east.

First FEMA buyout of a property
in Vermont due to a landslide
rather than flood inundation


Presenter
Presentation Notes
We learned that the 1999 slides were only the largest of several landslides that had occurred there over the last 100 years. Sequence of events in 1999 as described on right. The house at the top became the first FEMA buyout of a property in Vermont due to a landslide (rather than flood inundation).


Great Brook Watershed, Plainfield: Fluvial
Geomorphology and Surficial Geology, 2000


Presenter
Presentation Notes
Meanwhile, landslide problems were being noted all over the State. The 14 square mile Great Brook watershed in central Vermont had experienced several damaging floods in the previous decades and was the site of many large landslides.


Great Brook: complete characterization of a watershed:
Fluvial geomorphology, surficial geology, detailed flood
history, plus a 3-year hydrologic study by the Plainfield
Conservation Commission. Below: A stable upstream
reach. Right: One of many large landslides along the
unstable lower reaches of the brook.

Photos by Lori Barg


Presenter
Presentation Notes
In order to understand what was going on along Great Brook, the VGS, in cooperation with the Vermont Rivers Management Program, hired Lori Barg and myself to undertake a detailed study.


Below: Site of a house destroyed in
the 1984 Flood. Note well casing still
standing in center of photo.

Great Brook Was Site of the First

Photo by Ed Fluvial Erosion Hazard Zone in
LeT
o Vermont, 2002



Presenter
Presentation Notes
Besides the traditional surficial geologic map and report, we produced an exhaustive report on the fluvial geomorphology and delineated a fluvial erosion hazard zone (the first in Vermont). We also wrote a first draft of what eventually became the Vermont Stream Geomorphic Assessment Handbook.


Hardwick Landslide, 2003-4

An unstable slope above a heavily
traveled State highway (VT Rt. 15).

Photos by George Springston

Left: Looking up at slide on November 10,
2003, prior to any major slope failure. Note
raw scarp in woods and central mudflow.
Right: Top of slope at main scarp. Surface
material is recent artificial fill. May 4, 2004
(after major slope movements).


Presenter
Presentation Notes
In the fall of 2003 we were contacted by the Vermont Department of Transportation regarding an unstable slope above Vt. Rt. 15 in Hardwick in north-central Vermont. Large fractures were forming at the top of the slope, particularly in an area where artificial fill had been dumped to build up a backyard that had been slumping. It was clear that a problem was developing. Vtrans monitored the situation over the course of the winter.


Hardwick: The major slope failures occurred in the spring of 2004

Same view after first of two slides

April, 2004. Looking up at slide from Vt. Route

across road in April of 2004.

15 prior to first slide across road in 2004. Note
slide scarps. Some trees have been cut.

G. Springston G. Springston
Photo 1-020Aa 4/2/2004 Photo 7451-020 4/22/2004


Presenter
Presentation Notes
On the left: My first visit in early April of 2004 showed that the material was moving, but no catastrophic failure had occurred. On the right: First of two large slides that blocked the road.


Hardwick Landslide

Rt. 15 was clearly at risk (left).

Geologic interpretations played key role in
understanding the nature of the failure. Photo
below shows dense glacial till exposed beneath a
skim of silt-clay on sliding surface.

Fix by VTrans:
VRl
-Install subsurface
drains
-Reinforcement of
toe of slope with
retaining wall


Presenter
Presentation Notes
Although the slide surface was smeared with clay from glacial lake deposits at the top, most of the slide was underlain by dense glacial till. These geologic interpretations were confirmed when borings were made. VTrans developed a detailed remediation plan that addressed the excess loading on the slope by removal of fill, the reduced the pore pressure with horizontal drains, and reinforced the toe with a retaining wall.


2011: An extremely wet spring: Thick snowpack, heavy rains, high
groundwater tables, Lake Champlain stood at record levels for weeks

Then, thunderstorms over central

Vermont on the night of May 26

caused flash floods, resulting in

heavy damage to roads and property

and many landslides. Saturated soil

resulted in many slope failures in

Barre, resulting in FEMA buyouts of

two houses. Still, the damage was White River

| | d Mean Irene
Oocallized. Rainfall = 154

mm (6.07
inches)

TS Irene in August was a different
animal altogether: A regional
geomorphic event. Many FEMA
buyouts of damaged properties.


Presenter
Presentation Notes
Irene was different: Not just bank erosion but massive stripping of floodplains and valley bottoms, channel avulsions, alluvial fans, etc. I examined many sites throughout the State, but eventually focused on the White River watershed.



Geomorphic
Impacts of Irene in
the White River
Watershed

Floodplain Scour and
Deposition,
Landslide, and Bank
Erosion on the White
River Downstream of
Gaysville, Looking
Northwest.

Active Landslide

Bank Erosion

Channel Widening / l

Photo: Staci Pomeroy, Vt.

Rivers Program, 9/21/2011

Heavy Scour and
Deposition in
Floodplain Forest


Presenter
Presentation Notes
In this one image from September 21, 2011, you can see floodplain scour and deposition, a large landslide, and extensive bank scour. Similar features were seen throughout the  watershed and the region.


Landslide and Alluvial Fan Activation at
Money Brook, Plymouth, TS Irene, 2011


Presenter
Presentation Notes
Kristen Underwood and I studied an astounding example of Irene landslides feeding an alluvial fan at Money Brook in Plymouth in the southern Green Mountains.


Flood

Competence

Estimates (after

Costa, 1983)

e 7.5m/s (25
ft/sec) peak
velocity

Above: Large landslide in bouldery till, the
source material for the boulders on the
alluvial fan.

Top right: Boulders moved during flood.
Lower right: Alluvial fan and Vt Route 100.


Presenter
Presentation Notes
The steep brook brought large boulders and finer sediment from the landslides down to the valley floor, completely blocking Vt. Route 100.


In the Wake of
the 2011
Floods, Revisit
Landslides and
Gullies in the
Great Brook
Watershed,
2013

Study identified
47 active
landslides, 3
inactive ones, 7
streambank
erosion sites, and
15 + sites with

gullying.


Presenter
Presentation Notes
The combined 2011 floods caused such severe damage along Great Brook that Bear Creek Environmental was hired to re-do the fluvial geomorphology study and Ethan Thomas and I re-mapped the landslides. The Fluvial Erosion Hazard Zone was confirmed!


Stage 4A Stage 5A Stage 6A

Fracture
parallel to
slope. Translational

slide Block Irregular

Fractures
Fallen Block

Toe
Deposits

Original forested slope Toe erosion due to fluvial Translational slide of Slope is destabilized by Irregular block detach- Stream erodes toe

underlain by till with shear. Failure will occur at weathered till. continued erosion at ment and sloughing. deposits and slope fails

stream at toe. base of weathered till. toe. Weathering of back to a more stable angle.
fresh material begins.

Stage 4B Stages 5B and 6B

Legend

Rotational slides are

uncommon on till slopes. Rotational
If they do occur, it is Slide Block
usually after a trans-

lational slide has

removed soil and trees.

Toe Deposits

Toe Deposits

Model for Landslides DGVE'OpEd Rotational slide of unweathered Continued sloughing as stream erodes

on Till Slopes in Vermont surficial deposits. slide blocks and toe deposits and slope
fails back to a more stable angle.



Presenter
Presentation Notes
From seeing hundreds of landslides in Great Brook and throughout Vermont at various stages in development, I was able to develop a conceptual model for landslides on till slopes (the most common surficial material in our state).


Landslide in dense till, two
days after flood of May 26,
2011. Note overhangs at base
and fallen blocks of till.

Stage 4A

Irregular
Fractures

Slope is destabilized by

continued erosion at
oe. Weathering of
resh material begins.

Processes: Undercutting of
an existing landslide due to
fluvial shear, followed by

Site GB-1032, 5/29/2011, Post-Irene. George Springston. irregular block detachment.


Presenter
Presentation Notes
Here’s a typical Great Brook landslide in dense till, two days after experiencing heavy erosion. Note the large, irregular blocks of dense till. This sort of intense toe erosion and bank over-steepening is often a critical factor in the slope failures.


Example of a
FEMA Buyout on
Great Brook,
Plainfield

House perched on
the edge of an
active landslide is
shown in center.
Brook flows from
right to left. Photo
taken after Tropical
Storm Irene,
September, 2011.

Photo: Staci Pomeroy, Vt. Rivers Program


Presenter
Presentation Notes
The 2011 floods left one house in the Great Brook watershed particularly at risk due to fluvial erosion/landslide activity.


Above: Landslide at Site GB-1025. Note peak of
garage roof at top. Slope is 56 feet high and
slope angle is 49°.

Left: Aerial imagery of site taken on 7/21/2015,
courtesy of Jarlath O’Neil-Dunne of the
University of Vermont Spatial Analysis Lab.


Presenter
Presentation Notes
We recommended a buyout. In 2017 the FEMA buyout by the Town of Plainfield was finally completed and the house and garage removed. This is one of several that we’ve been in


Gullies, Great
Brook Watershed,
Plainfield

Large gullies in cull
highly erodible AU
sand and silt. \
These features

have been

reactivated by
additional runoff

from an

agricultural

drainage ditch.

Site GB-1010.


Presenter
Presentation Notes
The Great Brook watershed is also home to a large gully complex. These gullies have been actively eroding for several decades. The erosion appears to be largely driven by runoff from an agricultural drainage ditch that has added water to the gully system.




Presenter
Presentation Notes
Here’s the view from inside. The gullies are up to 70 feet deep and contribute a heavy load of sand and silt to the brook. Commonly, it’s the more developed portions of Vermont that have gully problems.


Smugglers Notch: Rock Slides and
Debris Flows in High Elevation Terrain

Above: One of two boulders that reached Rt.

108 in Smugglers Notch, May 30 to June 1, 2020.

Right: Source area of rock fall on cliff north of
Cass’s Gully.


Presenter
Presentation Notes
Rock slides and debris flows are encountered throughout our mountain regions. One of our highest hazard areas is Smugglers Notch in northern Vermont. You’ll hear more about this area in a subsequent presentation.


Once Again, History is
Important: Nothing New
About Slope Instability in
Smugglers Notch

King Rock
and the
slide scar

north of
Cass’s
Gully in
1911.

Left, Stowe
Historical
Society.
Right, from
The

Vermonter,
1911, v.
16, p. 21 -
26.



Presenter
Presentation Notes
At the request of the Vermont Department of Forests, Parks and Recreation I undertook a study of hazards in Smugglers Notch that was completed in 2009. An important component of that project was the historical research. I’ve found that one can’t understand the present and future hazards at a site without understanding the history of activity there.


Rock Slide/Debris Slide Southeast of
Mt. Ellen, Warren, ~August 24, 2017

Looking up
through broken
trees at toe of Mt.
Ellen slide. Failure
started as a rock
slide and
transitioned to a
debris slide as it
moved rapidly
down slope.

George Springston,
9/22/2017.


Presenter
Presentation Notes
Smugglers Notch is not our only mountain landslide site. The 2017 Mt. Ellen slide occurred on the east flank of the Green Mountains in Warren.


Lidar slope map of
Slide Brook, Warren.
Two red polygons on
left delineate areas
of earlier landslides.
2017 slide occurred
in area between the
polygons.

2017 Slide —

Crest of Green _—
Mountains
And Long Trail


Presenter
Presentation Notes
Here’s a lidar slope map of the Mt. Ellen slide. The red polygons show areas of old landslides based on aerial photography. The 2017 landslide occurred in between the earlier ones. Another example of the importance of understanding landslide history.


Vt. Landslide Protocol,
2010-2013

(Part of the Vermont Hazard
Mitigation Plan)

Protocol steps:

1--Map existing landslides
2--Develop models for existing
landslides

3--Develop models for potentially
unstable slopes (not yet failed)

Inventories available for Addison,

Caledonia, Chittenden, Orange, and
Washington Counties.

Lidar Slope Map of Landslides on Clay Brook in Warren


Presenter
Presentation Notes
We developed a Landslide Protocol for incorporation into the Vermont Hazard Mitigation Plan. As part of this we developed a GIS landslide database and populated it with known sites from earlier geologic studies and the Stream Geomorphic Assessment studies being undertaken by the Vermont Rivers Program. Since 2013 we have mapped landslides in 5 of Vermont’s 14 counties.


Map of Slope
Instability
Features,
Washington
County

Includes:

Landslides (in rock,
debris, or earth)

Gullies

Landslide-gully
complexes

Mass Failures (=
Landslides)

Talus Deposits


Presenter
Presentation Notes
Here’s an example map for Washington County.


Landslide Database and Report a Landslide

https://dec.vermont.gov/geological-
survey/hazards/landslides


Presenter
Presentation Notes
At left is our current status map. At right is our web page for reporting landslides.


Cotton Brook
Landslide,
Waterbury, 2019

Looking south. The
landslide deposit is at
the bottom, center and
the ponded area is at
lower right. Stream
flows from right to left.
Photo by Evan
Robinson, VTrans Rail
and Aviation Bureau,
6/12/2019.


Presenter
Presentation Notes
Many of the landslides described so far have been quite large, but the largest in Vermont in the last 30 years occurred in late May of 2019 at Cotton Brook in Waterbury. This will be the subject of a later talk in this session.

https://dec.vermont.gov/geological-survey/hazards/landslides/cotton-brook

Lidar as a Key Tool in our Hazard Analysis: Example from Cotton Brook

2014 Pre-Landslide

2021 Post-Landslide


Presenter
Presentation Notes
As with all our modern landslide studies, lidar is a key tool—especially so in the case of a landslide of such size (in excess of 109 meters high greater than 48,700 square meters). 


What We’ve Learned About
Landslides in Vermont

Over 3000 features identified in Vermont to date.

Inventories for 5 counties.

Most of these slope failures are located in close
proximity to rivers.

Most are driven at least partly by heavy rain
events and/or snowmelt.

Landslides tend to recur in the same locations.
Reactivation can be expected after future large
floods.

Active gullies are more common in developed
areas.

Geology Matters: surficial materials, bedrock
locations, landscape position....

And history matters too!

The 2021 Landslide Team.

For More Information:
https://dec.vermont.gov/geological-

survey/hazards/landslides



https://dec.vermont.gov/geological-survey/hazards/landslides
https://dec.vermont.gov/geological-survey/hazards/landslides
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