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Signs of stress in Lake Champlain watersheds

0 Fluvial erosion and transport of sediments from:
o Streambank erosion
o Road Ditches

O Agricultural Fields

o Stores of in-channel sediments




How do we determine from where riverine sediments originate?

0 Sediment Tracers 0 Repeat Surveying
0 Watershed Modeling

0 Sediment Budget

0 Hysteresis Analysis



Primary study site — Mad River Watershed

0 What if we could monitor only the outlet of the watershed
and be able to infer sediment dynamics within the watershed?

SenseFly eBee UAS

ISCO Autosampler
and Datalogger

DTS-12 In-situ
Turbidity Sensor



Motivation for analysis of hydrological event data

0 Untapped potential in data-mining high-frequency water quality sensor data

0 Can improve load estimates, guide watershed modeling & management

0 Expanded library of hysteresis patterns

Understand watershed processes
* Sediment sources
* Transport dynamics

Automated Monitoring/Classification
 Shifts in types of events
* Detect key types of events




A close look at hydrological events

Streamflow (m3/s)



An Example: Two storm events to illustrate event sediment dynamics

0 Shepard Brook
O Aug 4, 2015

o Sep 22, 2013
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An Example: Two storm events to illustrate event sediment dynamics

0 Shepard Brook
O Aug 4, 2015

o Sep 22, 2013
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An Example: Two storm events to illustrate event sediment dynamics

0 Streamflow
activated (channel
network) sediment
sources important

0 Connected, rainfall
activated, nearby
sediment sources
important




Patterns of
Hysteresis

0 14 Types
recognized in
data from
Mad River

watershed

0 How to
automate!
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Hysteresis types provide insights on differences across watersheds
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UAS Surveying of River Corridors

0 30 km of river corridor surveyed (2015-2017)
0 Fixed-wing UAS

0 More responsive & higher resolution than
available airborne lidar

New Haven River 12 cm
DEM (detrended)



Surveying geomorphic change with UAS

2017 — 2018 Difference UAS - UAS

o SfM works for complex
vegetation/terrain

o (Without dense
vegetation cover)

. . 2012 - 2018 Diff
0 Automatic processing e

in Pix4D

ALS - UAS

Hamshaw et al. (201 8). “Application of unmanned aircraft system
(UAS) for monitoring bank erosion along river corridors”
Geomatics, Natural Hazards, & Risk (In Press)



Analyzing Geomorphic Change and Sediment Transport Regimes

Volumetric Change within River Corridor area of

New Haven River Analysis of Streamflow above Threshold Value
for Monitoring Intervals



The research team

Donna Rizzo

PhD Advisor
Mandar Dewoolkar Kristen Underwood
Beverley Wemple ~ Andrew Schroth ~ Arne Bomblies Don Ross Jody Stryker
Janel Roberge Katie Change Alex Morton Sean Brennan

Jordan Duffy Kira Kelley ~ Hanna Anderson Nathalie Simoes Wimara Sa Gomes

0 Support provided by:

o Vermont EPSCoR with (NSF) Grant
EPS-1101317 and EPS-1556770

o NSF Graduate Research Fellowship
(Grant No. DGE-0925179NSF)

o Vermont Water Resources and Lake
Studies Center

o Robert & Patricia Switzer Foundation

o University of Vermont



Contact Info & Acknowledgements

o Scott Hamshaw, Ph.D., PE.
o Vermont EPSCoR | 23 Mansfield Ave, Burlington,VT

O scott.hamshaw(@uvm.edu
o 802.324.6221

Special thanks to:

* Donna Rizzo

* Mandar Dewoolkar
* Beverley Wemple

* Andrew Schroth

* Kristen Underwood

@Tbe University of Vermont



- Supplementary Information



VVhat are hysteresis patterns!?
Two methods of categorizing hysteresis

0 Visual Patterns 0 Metrics
(e.g. Hysteresis Index)
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An Example: Looking back at the two storm events

0 2 storm events
Shepard Brook/

O Aug 4, 2015 2A

0.21

ICIockwise IH|
0.27

2D

o Sep 22, 2013



Differences among watersheds



Sediment load by hysteresis type
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Effects of spatial scale on hysteresis type

0 Clockwise types (Class IT) most common 1in tributaries
o Mad River more varied in hysteresis types observed



Sediment Load Estimation

25,000 -
1000 - ¢ ! 2013 2014

/ _ 20,000 -
- =
- ’ QO -
i ) g _ 15000
= T 910,000 -
2 10 - w c
- %g é 5,000 4
] | I E-g 0¥|>\ICI—IU>Q_-—> IC?)EUQ.:'G
0.1 10 1000 :E,g %Eo___l,’%g(gszo _‘:.):2(9’;(?
Turbidity (NTU) 3 - - - X 1l - X — S L~



Hydrology of monitoring period

600+ events identified



