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Dorothy Merritts, Michael Rahnis, Logan Lewis,
Robert Walter, and Shelby Sawyer

Lancaster GIS Day, 11/11/19

TRIAGE MAPPING

Walter and Merritts, 2008. Natural Streams 
and the Legacy of Water Powered Mills.

Targeting Erosion Hotspots, Legacy 
Sediment Terraces and  Canopy Layers 
with LiDAR Point Cloud Data

1864 map, Bridgen’s Atlas



Chesapeake Bay

Susquehanna River

Lancaster County  PA

4 million 
tons 

Near-record discharge: 
775,000 cfs

Sediment sources?

1. Upland farm fields?

2. Construction sites?

3. Stream Banks?

The Problem is Manifest--Sediment Plume from Hurricane Ivan 2004



The History and Impact of Milldams

Bridgen’s 1864 Atlas

Stobers Mill Dam, Indian Run



1919

1946

2007

Photos courtesy PA DEP.

Stobers Mill Dam, Indian Run, Lancaster County, PA. 

Before dam breach. Photos courtesy PA DEP.

2011
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2012

2012

Stobers Mill Dam, 

Indian Run, Lancaster

County, PA. Before and 
after dam breach, 2011.



2012

2012

Stobers Mill Dam, 

Indian Run, Lancaster

County, PA. Before and 
after dam breach, 2011.

1915



2008 lidar DEM (PA DCNR)

4-m high 18th c dam

Lidar:  PA DCNR

Stobers Dam

Indian Run, PA – Stobers Dam breach, 2011, Height 14 ft

Legacy 
Sediment 
Terrace

2011



2014 lidar DEM (USGS/NOAA)

Breached in 2011

Stobers
Dam

Indian Run, PA – Stobers Dam breach, 2011, Height 14 ft



2014 minus 2008
lidar DEM difference

~40,000 tons erosion in 3 yrs
~13,000 tons/yr of sediment

Indian Run, PA – Stobers Dam breach, 2011, Height 14 ft



Big Beaver Creek, PA – Krantz millpond sediment – How can we measure bank erosion?

Legacy sediment

1710 AD

April 2009. Note apron of sediment from winter freeze-thaw.

Fill terrace



Net erosion in 6.6 yrs:  3351– 7206 tons
Erosion rate = ~4 tons/ft/yr

Blue = deposition
Red = erosion

Big Beaver Creek, PA – Lidar dem differencing, 
2008 (PA DCNR) to 2014 (USGS/NOAA)



Mike Rahnis: 

But, we need really good stream centerlines to 
map bank erosion.



Logan Lewis:

With good stream centerlines, high quality lidar 
data, and dem differencing, we can identify areas 
of high streambank erosion. 



2014 Lidar 

2008 Lidar 

-

Vertical and horizontal 

Change

=
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DEM Differencing

2014 USGS Post Sandy Lidar (above) and 2008 

PAMAP Lidar (below). HUC10 Chiques Watershed, 

Lancaster County, PA.



Hotspot Mapping
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• Municipalities

York County (left) and Lancaster County (right).



Hot Spot Mapping
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• Municipalities

• HUC 10

York County (left) and Lancaster County (right).



Hot Spot Mapping
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• Municipalities

• HUC 10

• HUC 12

York County (left) and Lancaster County (right).



Hot Spot Mapping
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• Municipalities

• HUC 10

• HUC 12

• Parcels

Slopeshade from 2014 

USGS Post Sandy Lidar.



Hot Spot Mapping
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• Municipalities

• HUC 10

• HUC 12

• Parcels

• Legacy Sediment 
Terrace Mapping

Slopeshade from 2014 

USGS Post Sandy Lidar.



Hot Spot Mapping

• Municipalities

• HUC 10

• HUC 12

• Parcels

• Legacy Sediment 
Terrace Mapping

• Canopy
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Slopeshade from 2014 

USGS Post Sandy Lidar.



Hot Spot Mapping

• Municipalities

• HUC 10

• HUC 12

• Parcels

• Legacy Sediment 
Terrace Mapping

• Canopy

• Historic Milldams
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Heat Mapping –
Watershed Analysis
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HUC 12 Lower South Branch Codorus
Creek, York County

• Watershed Area: 40 square miles

• Historic Milldams:17

2014 USGS Post 

Sandy Lidar.



Heat Mapping –
Watershed Analysis
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HUC 12 Lower South Branch Codorus Creek, 
York County

• Watershed Area: 40 square miles

• Historic Milldams:17

• Watershed Annual Erosion:

5,000 – 11,000 tons/yr

10,000,000 – 22,000,000 lbs/yr

• Average Annual Erosion/Parcel:

24 tons/yr

48,000 lbs/yr

2014 USGS Post 

Sandy Lidar.



Heat Mapping –
Watershed Analysis

• Kernel Density 
Heat Map
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2014 USGS Post 

Sandy Lidar.



Heat Mapping –
Watershed Analysis

• Kernel Density 
Heat Map

• Block Statistics 
Heat Map
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2014 USGS Post 

Sandy Lidar.
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Heat Mapping –
Watershed Analysis

• Kernel Density 
Heat Map

• Block Statistics 
Heat Map

• Hotspots

Copyright 2019
Water Science Institute
All rights reserved

2014 USGS Post 

Sandy Lidar.

1



Heat Mapping –
Watershed Analysis

• Kernel Density 
Heat Map

• Block Statistics 
Heat Map

• Hotspots
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2014 USGS Post 

Sandy Lidar.
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Heat Mapping –
Watershed Analysis

• Kernel Density 
Heat Map

• Block Statistics 
Heat Map

• Hotspots
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2014 USGS Post 

Sandy Lidar.

1



2014 USGS Post 

Sandy Lidar.
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2014 USGS Post 

Sandy Lidar.
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2014 USGS Post 

Sandy Lidar.
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Drone Photogrammetry

Big Spring Run Restoration Site, Lancaster 

County. Drone Flight: May 2018. 



Knickpoint

Freeze-
thaw 
apron

Bed incisionSmall bar
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Slopeshade from 

2016 USGS QL2 

Lidar.



Erosion: 

53.6 ±

16.4 m³

Erosion: 

18.7 ±

6.6 m³

24.8 ± 3.0

4.2 ± 1.3

6.3 ± 1.9

7.5 ± 2.1

17.2 

± 5.8

Flow Direction: Erosion: 

Lidar Date 3-24-2016

Drone Flight Date 11-28-2018

Period Duration 2.7 years

980 days

Stream length 285 m

935 ft

Total erosion volume 113 ± 35 m³

147 ± 45 tons

294,000 ± 90,000 lbs

Erosion/year 42 ± 13 m³/yr

59 ± 18 tons/yr

118,000 ± 36,000 lbs/yr

Erosion/stream 

length/year

~0.15 m³/m/yr

~0.06 tons/ft/yr

~126 lbs/ft/yr

Erosion: 113 ± 35 m³

Veterans Park, Dauphin County

Slopeshade from 

2016 USGS QL2 

Lidar.

Copyright 2019
Water Science Institute
All rights reserved


