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Figure 1. Milldams in York, Lancaster, and Chester Counties, southeastern Pennsylvania. Approximately 1200 milldams were
located on historiomid- to late-19th century maps. Map sources: Atlas of York County, Pennsylvania (Nichols, 1876);

Bridgen's Atlas of Lancaster County, Pennsylvania (Bridgens, 1864); Map of Chester County, Pennsylvania (Painter and
Bowen, 1847).
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Figure 2 At least11 milldams were located along ~15 miles of Mountain Créd&tted outline), Cumberland County, in the

mid- to late-1800s. Much of the milling on this stream was associated with iron mining, iron forge, and paper mill industries.
The upstreamramost of the two Mount Holly paper mill reservoirs, for which a small part of the dam was removed in 1985, is
one of the case studies in this report. The Laurel Forge dam breached at least once during its history, in 1889, but vlas rebu
and continues to exist as of th report. Map source: Atlas of Cumberland County, Pennsylvania (Bridgens, 1858).
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Figure 3. Conceptual model for incision and channel enésmgnt following dam breaching(From Figure 12 in Doyle et al,
2003.)
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Figure 4. Rockdale reservoindghe Koshkonong River before (a) and after (b) dam removal. The inset map (c) indicates
change in heaetut locationover a ten month periodFrom Doyle et al, 2003)
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Figure 5. Exampkeof typical bank erosion by gravitational forces alofjg Spmg Run, Pennsylvania. Basf&ilure along
fracture planes sukparallel to the stream banloccurred within 36 hours of the water stage droppingtaf a storm on August
29, 2009.This high stage event nearly reached the top of the bank, enabling much obte to be wetted, and was
preceded by two high flows in the previous 3 weeks of Auguilure masses are marked by orange flaGse slab lies face
down in the water on the far right, and a smaller slab rests behind it against the bdifle slabin the middle rightslid down
and is partly brokenput remains uprightand rests on the bedbelow water.The slabon far left slid down andlisintegrated
as it hit the bed, forming a pile of loose sedimer#ll of thesefailure masses were washed away duringtsequent flows,
most notably during a relatively long duration event that occurred in late Octoleér2009.
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Figure 6. Still photos from video footage of a dam breach in a laboratory flume study by Cantelli et al (2004). Time stamps i
the lower right corner indicate hours and minutes since dam breaching. Nibsg after the knickpoint propagates upstream,

a short period of channel narrowingccursas mass fails into the excavated channel area, tleannelwidening occursas

banks conthue to erode laterally. (From Cantelli et al, 2004.)
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Figure 7(a) The EatosDikeman pond at upstreanmost Mt Holly paper mill (see Figure 2) in March, 1964, lrefdam

breaching in July 198%b) Former reservoir sediment surface exposed in Matkt986, showing vegetation cover of grasses
Trees in the near distance had grown along the banks of the channel that entered the reservoir. Within a decade, trees had
begun to grow across much of this surface
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Figure 8:Schematic diagram of hypothetical trends in reservoir erosion (or sediment productiom the reservoir) with
time: constant, Inear decrease andpower function decay.
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Figure 9 Data from Wynn et al (2008) are plotted here to demonstrate seasonal variation in crisbelar stress and
erodibility. Critical shear stress and erodibility vads are from Wynn et al (2008Note that critical shear stress is lowest and
bank erodibility highest during winter months as a result of freeze thaw. These are the months wéresion rate idikely to
be greatest for flow of a given magnitude.
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Figure 10. Average bank erosion rate measured with time for the 6 sites monitored by Lawl&8f1&ach column represents
a measurement interval of ~30 days. Number of measurement periods result in n = 15 or n=22. Note strong seasonality:
highest erosion rates occur primarily in the winter, from December through March, but also in April, May, an€. Little to
no erosion occurs in other months. (From Figure 2, Lawler, 1986).
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Figure 11Relation between bank erosion rate, E, and number of days with air frost. (From Figure 3a, Lawler, 1986.)

73



Figure 12Points spaced about a meter apizalong two lines parallel to the stream bank were monitored for bank erosion
from December 195%0 June 1957 by Wolman (1959Jhese measurements revealed that the majority of bank erosion and
retreat occurred during winter months and was assocalt with freezethaw processes(From Figure 4, Wolman, 1959).
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