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Legacy sediment erosion hot spots: A cost-effective
approach for targeting water quality improvements

Patrick M. Fleming, Dorothy |. Merritts, and Robert C. Walter

» federal and state governments seck
w addres nonpoit source (NPS)
water pollution) billions of deollars
will be spent @ implement conservation
practices kpown o redoce sodiment and
nutnent runoff. Noopoiat source pollution
has proven o be 4 “wicked™ challenge for
pobicyrmuken, chanceerised by uncertamty

atd Complex. MMETICHOns AT socioe o=

nottue, bydrodogic, and other geodyname
sywtermn alongg besple dimensions (Shor
te and Horan 2007) A recent summary of
roscarch e, Bt that the adopoon
of comventional NI'S comervation  prac
ooy o noe dirvctly Iinked 1o memurable
polhition rediction i most srcans i the
Chesaposke Nay watershed (Kebmun et al
2008), A primwary reason cited for this dis
connect i the termponl dymamic by which
water quality mprovements are delyed or
offict by the ongoing effect of legicy pol-
fotants i soaly andd grovsdwater (Kessman
ot al. 2018}, (Legacy polbutants arc those that
remain in the goosphere docades 1 centu-
thes after the pollution occured.Jinnovative
approuches s NPS pollution reduction ey
be nocdod to addres these legacy pollutants,
and therely meet gouds for improwed water
qualiey, wich = the Chesapeake Hay toed
st duily bowd (TMIDL)

One such approach that has recerved

increasing  attention  » legacy  sedi

ment (LS) mitigation. As shown in the
rescarch of Walter and Merritn (2008),
IS and asociated  nutrient  pollution
weumulated for decades (and sometimes
centuries) behind  malldans and  other
hastonic steam impediment. A these
impediments  are  removed,  intention-
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ally or otherwise, Jong-term clevated
pollution Toads huve been left behind
dong numerous stream systems i the
mid-Atlantic region. These boads are con

centrated at LS "hot sponn” characterized

by near-vertical seream banks carved into
the previowdy accumulated  sediment
(figure 1), (Here, we conider LS eronton
Bot spots as srcam lengths that produce
above 0,05 o iy 015 Mg 'y
of sediment eroston over at least 4 span
of 2,000 fi 610 m]), Subsequent research
s shown that LS ssiogation—though
removal of sediment to restore the wet
land or other aguatic ecosystem long

buried behind historic stream impound

ments (Harmrandt et al, 200 Hy—is o highly
effoctive form of sediment, phosphors
(1), and mitrogen (N) abutement when
implemented st identifiable 1S enmion
hot spots (Sharpley e al, 2003, Trvammdar
et al, 2017), However, bews is known sbout
the cost-effectivencs of LS

progects in teems of their cost per unit
of pollunon reduced, especually in com-
parson 1o other NPS reduction practices

Figure 1

In this artiche, we summuarize the roslt
of a recent study of the cont=effectivenes
of LS mitigation in the Chesapeake Day
watershed in comparbon to agricultural
practives that are commonly considercd
low-cost fornn of abutement, such o
cover crops and gras and forese riparian
buffors. We then describe two broader
policy implications of these fadimgs, usng
recenmly avallable technology w0 ienufy
hot spots ot 4 landscape scabe. The mmpor
e of legicy pollutant sources hn
long been recogniged—from I m sy,
to nitrates (NO) 0 groundwater, to LS
and natrients abonge streum banks (USGS
2008 Garnache et al. 2016), As technology
increamingly allows policymuken o iden-
tify IS erosion hot spots, we emphasiae
Athon

that greater awarenes of LS mitig
should be promoesd a o cont-effective

jons availabie o

ol m the wite of of
reduce NPS water pollution

LEGACY SEDIMENT MITIGATION
The problem of LS inpaired watens »
ubigustous in the mud-Adastic United

Erosion of legacy sediment following breach of Strobers Dam in Pennaybvania in 011

Bank sedi are of the
the top of the dam.

Historic

Dam ‘
N

sediment

dam, and the top of the bank matches
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TRIAGE MAPPING

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

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

Lancaster GIS Day, 11/11/19

FRANKL HALL /ﬁ WATER SCIENCE INSTITUTE Walter and Merritts, 2008. Natural Streams
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The Problem is Manifest--Sediment Plume from Hurricane Ivan 2004

Sediment sources?
1. Upland farm fields?

2. Construction sites?

3. Stream Banks?

FRANG HALL @ WATER SCIENCE INSTITUTE
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The History and Impact of Milldams .o+«

Bridgen’s 1864 Atlas
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Stobers Mill Dam, Indian Run, Lancaster County, PA.
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Before dam breaCh. Photos courtesy PA DEP.




Stobers Mill Dam,
Indian Run, Lancaster

County, PA. Before and
after dam breach, 2011.
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Stobers Mill Dam,
Indian Run, Lancaster

County, PA. Before and
after dam breach, 2011.
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Indian Run, PA — Stobers Dam breach, 2011, Height 14 ft
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Indian Run, PA —
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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

GOCKLEY RD

e 2.5 m (elevation increase)

B 4.0 m (elevation decrease)
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Big Beaver Creek, PA — Krantz millpond sediment — How can we measure bank erosion?




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

Blue = deposition §

Red = erosion

g

I
= Deposition : 2.0 m

— Erosion:-2.0 m

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




Mike Rahnis:

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

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

2014 Lidar

2008 Lidar

Vertical and horizontal

C hange — - R 2014 USGS Post Sandy Lidar (above) and 2008
PAMAP Lidar (below). HUC10 Chiques Watershed,
Lancaster County, PA.
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é Hotspot Mapping

« Municipalities

RAW Negative Change 50ft (tons/year)
0 - 2,400

2,400 - 7,400

] 7,400 - 12,000

B 12,000 - 18,000

B 158.000 - 40,000
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York County (left) and Lancaster County (right).
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é Hot Spot Mapping

* Municipalities
« HUC 10

RAW Negative Change 50ft (tons/year)

0-470
470 - 27,000 N
I 27,000 - 43,000 A
B 43,000 - 80,000
B 50,000 - 110,000
York County (left) and Lancaster County (right). 0 S 10 2({\/[iles
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é Hot Spot Mapping

* Municipalities
« HUC 10
« HUC 12

RAW Negative Change 50ft (tons/year)
0 - 6,000

[ 6,000 - 13,000

I 13,000 - 19,000

B 19,000 - 28,000
B 25.000 - 53.000

Copyright 2019 York County (left) and Lancaster County (right). 0 S 10 20 .
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@ Hot Spot Mapp

Municipalities
« HUC 10
« HUC 12

° Darcels Annual Erosion
(tons/year)

B Low
[ ]
] High
[ ]
- Highest

Slopeshade from 2014
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@ Hot Spot Mappin

Municipalities
« HUC 10
« HUC 12

* Parcels
- Legacy Sediment
 Legacy Sediment Thickness (ft)
Terrace Mapping 0-2 A
2-4
4-7
Fi%a : I 2 Miles
B 70
. Slopeshade from 2014
© Cwoapt;rrlitfei?egmsmute USGS Post Sandy Lidar.



* Municipalities
« HUC 10
« HUC 12
* Parcels Canopy Height
» Legacy Sedimen "

Terrace Mapping o
 Canopy L1 50-70

L 70-90 A
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Slopeshade from 2014
USGS Post Sandy Lidar.
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* Historic Milldams X
A ‘ Milldam Location
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©

}z{ Heat Mapping —
& Watershed Analysis

HUC 12 Lower South Branch Codorus
Creek, York County

« Watershed Area: 40 square miles
* Historic Milldams:17
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Elevation (ft) \

- 333

- 438

L\ 2014 USGS Post

Sandy Lidar.
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T

2014 USGS Post
Sandy Lidar. /= s
Annual Erosion e i

3 Heat Mapping — Y o.m
& Watershed Analysis

20-100

100 - 200
200 - 500
500 - 800

{11

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

A Milldam Location
N

2 Miles A
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2014 USGS Post.

. AP £,
Sandy Lidar. /= £ra L oN
R T

Annual Erosion

g Heat Mapping — o
& Watershed Analysis N

 Kernel Density B ighes

Heat Map

Elevation (ft)
- 555

A
Copyright 2019
Water Science Institute - 438
All rights reserved

A Milldam Location
N

2 Miles A
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Annual Erosion

X Heat Mapping — ol &

_ C 0-50 =....;: f‘! ,
& \Watershed Analysis —— oo
B 300- 600
B c00-1,100

» Kernel Density
Heat Map

* Block Statistics
Heat Map

A Milldam Location
N

| 2 Miles A

Copyright 2019
Water Science Institute
All rights reserved




@ Recach Start & End

H eat I\/I ap p i n g — 1 Stream Length : 2,871 ft  Bank Height : ~6.5 ft

Annual Erosion : 278 - 511 tons/yr

Wate rS h e d A n a I yS i S Annual Erosion per Length : 0.10 - 0.18 tons/ft/yr
* Kernel Density .
H e at M ap Elevatl_on (ft)

e Block Statistics
Heat Map

* Hotspots

0 125 250 500 Feet

Water Science Institute

All rights reserved Sandy Lidar.

© Copyright 2019 2014 USGS Post



Legacy Sediment
Thickness (ft)

g Heat Mapping — 1
& Watershed Analysis

» Kernel Density
Heat Map

* Block Statistics
Heat Map

* Hotspots

125 250 500 Feet
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Heat Mapping — 1
Watershed Analysis o

» Kernel Density

Heat Map Canopy Heigh yad
t
* Block Statistics 030

Heat Map 20 - 50

° 50-70
Hotspots -

90 - 130 W8
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@ Rcach Start & End

Stream Length : 2,470 ft ~ Bank Height : ~6.5 ft
Annual Erosion : 325 - 605 tons/yr

Annual Erosion per Length : 0.13 - 0.25 tons/ft/yr

i
P £

2014 USGS Post
Sandy Lidar.




Legacy Sediment =
Thickness (ft)

e 2| g

600 Feet

2014 USGS Post
Sandy Lidar.
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Canopy Height
(ft)
] 0-20
20 - 50
50-70
70 - 90
90 - 130
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2014 USGS Post
Sandy Lidar.




Big Spring Run Restoration Site, Lancaster
County. Drone Flight: May 2018.
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Slopeshade from
2016 USGS QL2
Lidar.

& V\eterans Park, Dauphin County

Erosion:

18.7 +
6.6 m3

Erosion:
53.6 +

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 Ibs
Erosion/year 42 + 13 m3fyr
59 + 18 tons/yr
118,000 + 36,000 lbs/yr
Erosion/stream ~0.15 m3/m/yr
length/year ~0.06 tons/ft/yr

~126 lbs/ft/yr
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