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Introduction

When discussing flood mitigation, two facts must be considered:

(1) the magnitude and type of flooding (e.g., snowmelt, rain-on-snow, convective
thunderstorms and micro-bursts, tropical storms, and atmospheric rivers), varies
considerably across Pennsylvania and therefore our flood management scenarios should
be tailored to the specific region under consideration; and

(2) gravel bed streams in the northern tier of Pennsylvania readily self-adjust to floods,
and often experience more erosion and channel instability than streams in other
regions across the Commonwealth. Understanding how these streams self-adjust is
important for watershed managers, emergency responders, stream restoration
practitioners, planners, and civil engineers when considering flood mitigation and post-
flood restoration alternatives.

Figure 1. Lycoming Creek, an example of watershed in the Deeply-incised Valley Section of =the
Appalachian Plateau Province in north-central Pennsylvania. The high relief, steep hill slopes, and
complex alluvial architecture in the valley bottom makes streams in this region especially vulnerable
to catastrophic flooding, stream instability, and channel change during intense and prolonged storms.

-



Detailed scientific assessments and engineering perspectives of flooding and stream response
in the northern tier of Pennsylvania can be found in the published literature (e.g., Kochel and
Hayes, 2017; Hayes and others, 2013; Figure 2). However, since “a picture is worth a thousand
words,” this document is a selection of slides from presentations given at professional
conferences, stream restoration workshops, and other public events sponsored by watershed
groups, conservation districts, consulting engineers, and professionals at the PA Fish and Boat
Commission, PA Department of Environmental Protection, Pennsylvania Emergency
Management Authority (PEMA), Pennsylvania Department of Conservation and Natural
Resources, the U.S. Geological Survey, National Weather Service, and the U.S. Fish and
Wildlife Service. The principles presented herein have been tested and verified by extensive
field studies, laboratory analyses, and hydrologic models conducted by the author in
watersheds across the Commonwealth beginning in 1972, when Hurricane Agnes devastated
watersheds across the state.

Loyalsock Creek after
Tropical Storm Lee (Sept. 2011)
" (P4 Game Commission Farm)

THE LEGACY OF HISTORIC
LOGGING ONHEADWATER
STREAMS INPENNSYLVANIA
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in fluvial systems in disequilibrium

Figure 2. Detailed studies of the impact of floods on streams in northern tier watersheds have been
published and are available to the public. Copies will be available for today’s Senate hearing.

Rivers in the north-central Pennsylvania remain in a state of disequilibrium and a protracted
phase of adjustment to events that took place over a 150 years ago, when the forested
hillslopes were clear cut and the streams straightened, dredged, and bermed to promote the
rafting of logs during the timber era. Sediments eroded from the barren hill slopes during
several large floods in the 1880s and 1890s, were delivered to the valley bottoms, burying the
channel and floodplain by several feet. The gradient of tributaries were greatly steepened,
further stressing the fluvila system, which was able to accommodate these changes until the
watersheds were hit by large floods in the 1950s and 1960s, which began to destabilize the
tributary streams. Massive, widespread rains and flooding by Hurricane Agnes in August 1972
cause widespread destabilization across the region and many streams crossed a threshold,
where they began seeking a new state of equilibrium, new channel gradient, and eroding high



spots and depositing in low spots throughout the fluvial networks. Channel change peaked in
2011, when Tropical Storms Irene and Lee caused catastrophic flooding and damage. More
recently, intense rainfall from Tropical Storm Debbie tore apart the glaciated highland regions
in Bradford and Tioga counties. The streams are breaching relic berms, filling the channels
and reoccupying old, isolated channels across the valley floor.

The combination of geology, geography, valley architecture, land cover, and infrastructure
makes streams in the Deep Valley and Glaciated Plateau provinces of north-central
Pennsylvania some of the the most vulnerable to catastrophic flooding, stream instability,
and damage to properties and infrastructure (Figure 3). These watersheds include Pine
Creek, Lycoming Creek, Loyalsock Creek, Muncy Creek, White Deer Hole Creek, White Deer
Creek and Fishing Creek. Hurricanes that impact the entire state such as Irene, Lee, Debbie
cause flooding, but not as severe and damaging as what residents in north-central
Pennsylvania experience.

Geography. These watersheds lie in the pathways of major storms coming northward up the
Chesapeake Bay and Atlantic Coast, as well as fronts coming from the Great Lakes region to
the west. A combination of higher elevations and their proximity to the lake-effect snows,
these high-relief watersheds experience greater snow and ice accumulations during the winter
and spring months than southern provinces. lts location in the tracks of tropical storms during
the late summer and early fall, which combined with orographic effects as the northward-
trending fronts ramp up onto to the higher elevations of the Appalachian Plateau, causing
especially intense rainfalls and downdrafts.

Geology. The drainage networks have evolved over geologic time by cutting down through
relatively flat layers of sandstone, shale, and siltstone to form deep valleys with steep
hillslopes. The morphology and patterns of these gravel bed tributaries and main stem rivers
are complex, with multiple channels and marginal wetlands flowing across broad valleys
underlain by unconsolidated glacio-fluvial outwash sediments. The sides of the valleys and
tributaries are characterized by very steep forested hillslopes that are mantled in
unconsolidated boulder colluvium and glacial till. During intense rainfall, water travels quickly
downslope through the colluvium and onto to the valley bottoms, causing intense flood peaks
tend to arrive more quickly and are more severe. Residents living in the valley bottoms don't
have time to evacuate and damage to bridges, roads, and homes is very severe. Also,
emergency responders have a difficult time navigating the roads and highways that traverse
through the flooded valley bottoms.

This concludes the written summary. The following pages contain illustrations and captions
that explain the key concepts and other important information to consider in discussions of
flood mitigation, post-flood cleanup alternatives, new approaches to restoring fluvial
processes, increasing stream stability and resiliency, and improving habitat and stream health.
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