POTENTIALLY UNSTABLE
SLOPES AND LANDFORMS
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Landslide Types and Effects
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Landslides occur naturally in forested basins and are an essential process in the delivery of wood
and gravel to streams. Wood and gravel play significant roles in creating stream diversity that is
necessary for fish use as habitat and spawning grounds. When the potential for instability is
recognized, the likelihood that sediment and debris would travel far enough to threaten a public
resource or public safety is considered. Many factors are part of that concern including initial
failure volume and nature of a landslide, landslide runout distance, and landscape geometry.

Shallow landslides occur in bedrock hollows, convergent headwalls, and inner gorges with
slopes, on toes of deep-seated landslides with slopes, and on the outer edges of meander
bends. There are generally three types of shallow landslides: debris slides, debris flows, and
hyper-concentrated floods. They are distinguished from each other by the ratio of water to solids

Debris slides consist of aggregations of coarse sail, rock, and vegetation that lack significant
water and move at speeds ranging from very slow to rapid down slope by sliding or rolling
forward. The results are irregular hummocky deposits that are typically poorly sorted and non-
stratified. Debris slides include those types of landslides also known as shallow rapid, soil slips,
and debris avalanches. If debris slides entrain enough water, they can become debris flows.

Debris flows are slurries composed of sediment, water, vegetation, and other debris. Solids on
average compose >60% of the volume. Debris flows usually occur in steep channels, as
landslide debris becomes charged with water (from soil water, or on entering a stream channel)
and liquefies as it breaks up. These landslides can travel thousands of feet from the point of
initiation, scouring the channel to bedrock in steeper channels. Debris flows commonly slow
where the channel makes a sharp bend and stop where the channel slope gradient becomes
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Hyper-concentrated floods are flowing mixtures of water, sediment (dominantly sand-sized), and
organic debris with solids that range between 20% and 60% by volume (Pierson and Scott,
1985). In forested mountains, they are commonly caused by the collapse of dams, such as
those formed by landslide dams or debris jams. Impounded water and debris released when the
dam is breached sends a flood wave down the channel that exceeds the magnitude of normal
floods. Such hyper-concentrated floods can rise higher than normal rainfall or snowmelt-induced
flows along relatively confined valley bottoms, driving flood waters, sediment, and wood loads to
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elevations high above the active channel and, if present, the active floodplain.

Debris flows and hyper-concentrated floods can occur in any unstable or potentially unstable terrain with
susceptible valley geometry. In natural systems, debris flows and hyper-concentrated floods caused by
dam-breaks are responsible for moving sediment and woody debris from hill slopes and small channels
down into larger streams. But debris flows can also cause damage to streams by scouring channel
reaches, disturbing riparian zones, impacting habitat and dumping debris onto salmonid spawning areas.
Debris flows can cause elevated turbidity, adversely affect water quality downstream, threaten public
safety, and damage roads and structures in their paths (Figure 1).

Figure I. Road-initiated debris flows in inner gorges, main stem Beaver Creek,

North Fork Clearwater River.

At least two of these visible torrent tracks were active within the last several years, and sediment and
debris appears to have been delivered across the lower road to Beaver Creek. The debris slides
originated at an existing road at the gorge break-in-slope and torrented down the steep inner gorges
(swales).

Deep-Seated Landslides

A more detailed explanation of deep-seated landslides is covered later in this section because deep-
seated landslides are also landforms. Despite the failure mechanism, deep-seated landslides are those in
which the slide plane or zone of movement is well below the maximum rooting depth of forest trees
(generally greater than 10 feet) and may extend to hundreds of feet in depth often including bedrock.
Deep-seated landslides can occur almost anywhere on a hill slope and are typically associated with
hydrologic responses in permeable geologic materials overlying less permeable materials. The larger
deep-seated landslides can often be identified from topographic maps or aerial photos.
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