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Introduction Background 12

Landslides are caused by a combination of factors, including failure prone geologic . | I Once the land of the Abenaki Native Americans, European settlers
materials, steep topography, human-induced land use change, and intense and/or long i i S‘tab.lhzatl. ri = began to colonize Vermont in the 1700s, clearing land for timber, Ll

duration precipitation events that raise groundwater tables. In regions shaped by agriculture and construction. The cities of Burlington and Winooski

glaciation like New England, glacial sediment type and distribution can contribute were constructed along prominent bodies of water; Lake Champlain AR ‘
significantly to landslide vulnerability. Glacial outwash deposits, especially those and the Winooski River. Today, these cities are connected by a heavily * : v X 3%
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dominated by sand, lack cohesion. Along river valleys, the already unstable nature of trafficked two-lane road; Riverside Avenue. True to its name, Riverside St e ¥ f.eg-‘?-_:'\ S e
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these materials is exacerbated by river incision and resulting slope oversteepening and Avenue runs parallel to the Winooski river, about 20-30 meters above EREE TR R A, p
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destabilization. the steeply incised river. As recently as the 1920s, this slope was 008 e T f.a&igi_‘m;f_ﬁg_#}ﬁw B
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Human actions play a significant role in determining landslide vulnerability. While forested and undeveloped along the then dirt road. As the cities on e
landslides are naturally occurring geomorphic phenomena in undisturbed either side of this roadway grew, the road was expanded and o ...
environments, the alteration of natural systems can exacerbate land instability, development sprung up on both sides. The combination of -y O iR
resulting in more frequent and intense landslides. We use an interdisciplinary deforestation and impermeable surfaces on an already steep slope P
approach to examine the spatial distribution, timing, and cause of landslides affecting proved problematic, and a century of intermittent slope failures began. w2 ¥ 0
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buildings and roads along the top of a steep, urban riverbank in northern Vermont. - g
Timeline of landslide events and stabilization efforts Landslide
April 30, 2019
Linear tension cracks develop
pareilel to slope between Hitch
Shop and 389 Riverside
I: Avenue, indicating downslope
LaﬂdSHd@S movement of fill material.
Late August, 1955
A wash out occured on age .
Riverside Avenue. Patched Stabilization
by street department
. December, 1983
Early September, 1955 | andslide After the 1981 landslide, the
More significant wash out J 1981 property owner attempted to fix
broke a water main and “took de the afflicted area. Construction
out many yards of dirt” " Lanaslide occured after of a temproary road caused a
- Burlington Free Press excavated landhll material second slide to occur, further June 20, 2019
VS CAAINIEXA R N e eroding the slope near the road. Tilted trees and open cracks
—— property as Till at owners indicate inreasing downslope
IENUAESE. FARSCRR IRt i An adjacent property owner movement of fill.
destabilized the slope, noted having lost 20 feet of
' dirt intlct: ?r?eg\;a\;?r%}oz;:ﬁ:rm property to erosionin asingle
Landslide | year
Mav 1985 Property owner charged for
F?::W y oo~ , . altering the stream and Pe——
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November, 1955 solution to solve landslide RexmsL To Braco Bank M8 P
“Thousands of yards of fill, recurrance. Al;g#m uly 1,
carrying along a half-dozen big Debris Spill RN B gcl;vde b:ocksdmove further " FUtu re
pine frees, plunged into the , ns- pills 3 5:‘-‘.%,'" o vnslope, deepening cracks
Winooski River.” Into Winooski gﬁ;& e . Developme nt
-Burlington Free Press In Mud Slide s il Eaa——— | August 27, 2019
1931 - 1935 L d I d e e e | Ty ELEn fii:fé."-:-‘,?.; See = | Extensivefill applied to slope. Fall 2021
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gl_ope sggp:rts lqpséaslled blelug a n S I e o I Bl E e October 11, 2019 for elderly community has
Iversi Ve, , einc Early February, 1974 :-‘:‘55%:':: o e Ground cracks reform in fill gained construction approval on
ex_teqsnve burrle_d wooden | andslide occured below e — material the uphill side of Riverside
sa'nd.l After construction Qf the WinoosKi sewage N October 31 2019 '
EDERNOH, (e IO _V”dened treatment plant. The Winooski La nd S I Id e Heavy rainfall triggers landslide. Changes in store for Riverside
1928 and paved, and street lights and City Council authorized a . . Avenue
First recorded landslide occurs sidewalks were added along the re;ﬁresentative to contact the September 1976 s a5
on Riverside Ave, close to thoroughfare. Army Corps of Engineers for After heavy rain, a landslide ~ g
Winooksi Bridge. ASSISEANGCE deposited an estimated 4,000 Mg
' yards of earth, trees, and
Winooski To Seek Help in Landslide | Junked venicles into the
i = e s secas | VWINOOSKI River.
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Methods

We compiled maps from the Library of Congress and the We found evidence of 9+ landslides along Riverside Avenue over the past century in local newspaper archives

University of Vermont (UWM) Howe Library Special Ry Light Detection and Ranging (LiDAR) imagery of the slope show at least as many landslide scarps

, ) November,1 landslide s . . C e : . . : .
Collections, air and ground photographs from the UVM 790 | NI Newspaper articles most often list a significant rainstorm and/or illegal dumping as the landslide trigger

Landscape Change Program and Howe Library Special > W T\ . W i The infinite slab model indicates that the 2019 slope conditions were liable to failure with low to moderate saturation

Collections, and local newspaper clippings from the % L G T, A el N \ While saturation is the tipping point of most slides, the underlying causes of instability here include oversteepening
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Burlington Free Press spanning more than 100 years. We ' — R S - —m— of low cohesion glacial sediments and fill material, garbage dumping on the slope, and lack of robust root systems
corroborated newspaper events with photos and maps o " - . ki KT s e ' Attempts to stabilize areas of the slope have had some success, but the majority of the slope remains unstable
through time to chronicle slope failure events. We then ¥ | | '

calculated slope stability for a translational slide on a planar

failure surface using the infinite slab approximation force e, g Y ,
balance model. Finally, we conducted spatial analysis using ' ARG o , 2 T 4 g ()ng()lng research

drone video footage of the most recent landslide, which can > Continued observation of the slope area for new signs of

be seen in this local news coverage: failure such as tension cracks and slab detachment

https://www.wcax.com/content/news/WCAX-Investigates-Properties-in-peril-564760921.html . . .
- Using spatial context clues from newspaper articles and

historic photos to match historic slides to scarps visible on
LiDAR imagery of the slope

- Estimating volume of mobilized material in large landslides

Conclusions :
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- The slope below Riverside Avenue has been unstable for R S i

at least 100 years, largely as a result of human
interference
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