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1.0 Introduction and Summary of Methods
1.1 Use of this report

The purpose of this mass wasting assessment is to identify non-federal, non-tribal
areas within the Spada Lake watershed assessment unit (WAU) that have landforms® with
moderate or high risk of landslides due to the effects of forest management (logging,
roading, thinning, yarding, etc.). Maps of these watershed-specific landforms (Maps Al
and A2 herein) will be used by the Department of Natural Resources region staff to
identify those forest practice applications (see Chapter 222-20 WAC) that will require a
site investigation prior to assigning the class of forest practice relative to potential
unstable slopes and landforms (Chapter 222-16-050). Additionally, these maps are
designed to be used by land managers to assist in developing harvest strategies.

This is a reconnaissance study and its level of resolution must be kept in mind
when using this document and Maps Al and A2. For example, analysis of individual
landslides or slopes is not an appropriate use of this report nor should it be used
exclusively for zoning purposes. Moreover, the report was prepared according to the
schedule necessary to produce a statewide screening tool as quickly as reasonably
possible. For this reason, it is likely that some landslides or landforms may have been
inadvertently omitted, some benign features may be improperly mapped as landslides,
and some data may have been miscoded herein.

This assessment was conducted using aerial photographs, various maps, and field
observations. Information was collected and compiled from these sources in a manner
designed to respond to the critical questions or to suggest areas where more detailed
information is necessary. The objective of the data collection is to generate information
sufficient to establish:

% A generalized characterization of mass wasting processes active in the basin.

o,

¢+ Portions of the landscape sharing similar physical characteristics relating to mass-
movement behavior.

«+ The relative potential for mass wasting within each landscape unit.

1.2 Previous Investigations

Prior to this investigation, no comprehensive study of slope stability in the Spada
Lake WAU, which was known as the Sultan Basin prior to construction of the George

! Landforms as defined herein can be more inclusive than the small-scale unstable landforms commonly
defined in rule (WAC 222-16-050). These rule-identified landforms include inner gorges, convergent
headwalls, the outsides of meander bends, bedrock hollows, and the toes of deep-seated landslides. These
will be referred to as “rule-identified landforms” herein.



Culmback Dam and the impoundment of Spada Lake. Several studies related to the dam
construction project have been performed in the vicinity.

Snohomish County conducted an extensive study in 1965 around the construction
of the George Culmback Dam and Lake Chaplain for submission to the Federal Energy
Regulatory Commission for licensing. Their report detailed specific information about
impacts from the construction of the reservoir and dam systems. Slope stability was
investigated around the construction area, but not within the entire watershed (Snohomish
County Public Utility District No. 1, 1979).

Geotechnical investigations during construction of the George Culmback Dam
(beginning in 1983) produced several geotechnical reports on slope stability and geologic
hazards localized around the George Culmback Dam (Bliton 1989).

Numerous reports were conducted on the mining claims in the area, but none have
focused on forest practices or hill slope stability. Many of these reports were used to help
determine past flood events, geology and historical small scale logging operations.

1.3 Introduction to Mass Wasting Processes and Terminology

For the purposes of this study, most landslides that failed below rooting depth are
categorized as deep-seated, consistent with the Forest Practices Board Manual. Those
deep-seated landslides that moved rapidly and clearly deliver sediment are included in the
analyses of sediment delivery.

5 types of mass wasting process were identified in the Sultan Basin Watershed
related to forest practices:

Shallow landslides from sidecast failures

Shallow landslides from loss of root strength in soil
Debris flows from failed culverts

Debris flows from loss of root strength in soil
Deep-seated earth flows from excess water concentration
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1.4 Summary of Methods

This assessment follows the Landslide Hazard Inventory Protocol dated April 12,
2005 ( http://www.dnr.wa.gov/forestpractices/lhzproject/lhz_protocol _v2_final.pdf), with
minor modification.

Cadastral and archival topographic maps between 1884 to 1902 were used to
determine pre-aerial photography logging activities, transportation and areas affected by
forest fires. The General Land Office plat map is the earliest map source for the Spada
Lake Watershed and is used as a basis for pre-settlement historical landscape. However,
most of the logging activities, transportation and areas affected by forest fires came from
the 1899 1:250,000 USGS topography map and the 1902 USGS Forest Service Map of
Washington Showing Classification of Lands. These historical maps were scanned,
entered into ArcGIS and georeferenced in a methodology adapted from Collins et al.
2003.



Six sets of aerial photographs acquired between 1965 through 2003 were viewed
with a mirrored stereoscope with 3x magnification (Table 1). 1998 color ortho-
photographs coverage and 2003, 1-foot pixel color ortho-photos were used as a layer
during GIS analysis and mapping. LIDAR was not available for this area.

Table 1. Photographic surveys used in this study.
Year Scale Image Flight Number
1965 1:60:000 black and white WFPA-65 38 to 39
1978 1:12,000 black and white NwW78 86C to 97C
1983 1:12:000 color NWC83 20-74 to 26-83
1994 1:12,000 ortho-photographs NWH94
2001 1:12,000 color NWC83 16-65 to 20-74
2003 1:12,000 ortho-photographs NWHO03

Mapping was generally accomplished by heads-up digitizing the landslides on
Department of Natural Resources (DNR) ortho-photographs, the USGS 10-meter Digital
Elevation Model (DEM), DEM derived contours, slopes and hillshades. The maximum
resolution of these techniques is about 10-meters. Small failures identified on the photos
are not well represented by the 10-meter DEM’s as slope distances of less than 10 meters
below the resolution of the data. Failed slopes of less than 5 meters are common in inner
gorges and along the toes of deep-seated landslides and their locations are not accurately
reflected by the 10-meter DEM contour map.

Slope gradients were determined by exploring a DEM-derived slope percent map
within each feature polygon in its individual shape file. The slope angle cannot be
reliably determined for small or narrow landslides where accuracy is limited by the 10-
meter resolution of the DEM. Slope angle is typically understated where steep are less
than 30 feet high as the 10-meter resolution averages gentler slopes above and below the
steep face into the calculation. Slopes derived from DEMs are generally lower than those
measured in the field, but are less subjective (Dragovich et al, 1993). The method of
slope gradient estimation presented is an approximation.

The landslide coverage is provided as Map A-1 with an additional spreadsheet
with the attributes of the landslides. These are available from the DNR, Forest Practices
Division as PDF files, or Arcinfo coverages. Most of the landslides were recorded during
an aerial photo review from 1965 to 2001 and field visits. These landslides range from
‘questionable’ to ‘definite’, mainly owing to their size and the amount of canopy
coverage seen on the aerial photos. The aerial photo review was also used to determine
the land-use features as well as the landslide and landform features. A slope-percent map
derived from the USGS 10-meter digital elevation model (DEM) of the watershed and
USGS 1:100,000 geologic map aided in evaluation of slope conditions prior to slope
failures, assisted in predicting areas of potential future failures and aided in delineation of
the landforms. All landslides were recorded into a GIS coverage to aid in identifying
their delivery potential, slope shapes, gradient and elevation, primarily with DEM derived
grids, and a modeled slope stability GRID (SLPSTAB, Vaugeois 2000). The information
from these landslide features, once completed, were used to extrapolate the landform map
and descriptions (Map and Form A-2).



The following landslide processes were used to identify and classify features
observed on the stereo photos: shallow undifferentiated landslides (debris slides), debris
flows, debris avalanches, deep-seated landslides, earth flows, rock topple, and snow
avalanches (For more information on landslide processes and their identification, see the
Protocol). Table 1.4.1 provides a summary of the number and type of process features
catalogued during this investigation.

Process Number off
landslides
Shallow
undifferentiated 331
landslides
Debris Flows 203
Debris 6
slide/avalanche
Deep-seated 20
Earth flow 5
Rock topples/falls 12
Snow avalanche 24

Table 1.4.1: A summary of the number and type of landslides in the Spada watershed.

2.0 Physical Setting Pertinent to Mass-Wasting Interpretations
2.1 Introduction

The Sultan Basin watershed covers 43,600 acres in the Cascades, from the George
Culmback Dam at Spada Lake in Snohomish County (Map Al) to the Marble Pass in the
north and Mineral Butte to the south. The study area includes the drainage area of the
upper Sultan River, including Williamson Creek and Elk Creek, exclusive of U.S. Forest
Service ownership. Numerous landslides intersected with the U.S. Forest Service
boundary and were included in map A-1 to improve the hazard interpretation on LHZ
project lands within the watershed.

The watershed ranges in elevation from 1,450 feet at the George Culmback Dam,
to 6,610 feet on the summit of Del Campo Peak.

Precipitation within the watershed is high, averaging 160 inches of rain a year
near Spada Lake Reservoir to over 160 inches a year near Del Campo Peak and 180
inches at Elk Creek (Personal Communication, John McClellan, 2006). Rain-on-snow
events most likely occur between 1,500 feet to 2,700 feet. Rain-on-snow events have
triggered widespread slope failures in many watersheds within the Cascade foothills
(Toth, 1991).



2.2 Topography

The Sultan River drains the watershed, whose major tributaries are dammed for
drinking and energy production, and flows into the Skykomish River at the city of Sultan.
The South Fork of the Sultan River drains the southern watershed into Spada Lake. The
North Fork of the Sultan River drains from Sheep Gap into Spada Lake. Two major
creeks, Williamson Creek and Elk Creek drain the rest of the watershed and enter into the
Sultan River system near or in Spada Lake. Other than Spada Lake, three other major
lakes are located in the watershed, Greider Lake, Boulder Lake and Copper Lake. All of
these lakes were formed by alpine glaciers.

Gradients of hill slopes range from flat in the alluvium-filled valleys of
Williamson Creek and the areas surrounding Spada Lake to sheer rock cliffs forming the
steep mountains surrounding the watershed. Over 50% of the DNR-regulated land is
steeper than 40%. Every landform with gradients of 60% or more in the watershed has
experienced some sort of mass movement.

2.3 Land use and Historical Considerations

General Notes

Historical road construction, timber harvest and storms can create persistent
problems within a watershed (Zander, 1993). Early road construction for mine-to-market
roads within this watershed has created a legacy of instability, specifically along Blue
Mountain (see General History). Major logging operations were conducted from the
1950’s to present, but created no legacy of instability (see Logging History). Many major
storms were reported to have caused landsliding within this watershed, specifically
storms in 1943-1944, 1977, and 1995. Most of the recorded failures during these events
were along the legacy road systems (see Historical Weather Events).

General History

The Sultan Basin had established logging and mining activity early in Washington
history. Mineral exploration by European prospectors first started along the Sultan River
in 1868 when two prospectors, Thomas Lockwood and James Harris, started placer
mining on the Sultan River (Bethune, 1891; Herring and Murray, 1942; Broughton,
1942). The area continued to attract prospectors up into the Sultan Basin in search for
mineral lode claims for many years (Hodges, 1897; Conway, 1915). A pack trail was
quickly established into the area, leading up to Olney Pass and heading up Williamson
Creek. One of the first mining claims into the area was the .45 mine (aka the Magus
Claims), named after the 45-caliber rifle kept at the mine over the 1895-1896 winter.
This mine quickly became on of the largest and most important mines in the region. In
1896, the first aerial tramway started construction to cross Marble Pass into Silverton,
where the Monte Cristo Railroad was available to haul ore. The summer of 1897 brought
a 5,000-foot capacity sawmill into the lower camp (located near the head of Williamson
Creek), for construction of camp buildings and mine shoring (Pinkham, 1964). This is
probably the first active harvest of timber in this area. The major storm events in
November of 1896, which did considerable damage to the Everett and Monte Cristo




Railroad, forced the .45 mine owners to construct a 22-mile puncheon road to Wallace
and the Great Northern Railroad (Lee, 1903). This road allowed horse-drawn wagons
and heavier equipment into the area (Northwest Underground Explorations, 1997).

In the southern section of the watershed, the Kromona mine was established
around 1900. However, this mine was not developed until 1916, when a pack trail was
built up South Fork of the Sultan River. In 1935, the Civilian Conservation Corps
extended the gravel road constructed up to Olney Pass into the Sultan Basin (Carithers
and Guard, 1945). With the establishment of a gravel road, the Kromona mine was
‘rediscovered’ and large-scale mining began in the early 1940’s and quickly became one
of the main producing mines in the area. Mining became sporadic after the 1960’s and
the mine was eventually closed in the 1980’s in a land swap deal with DNR and the
Forest Service.

The last major mining in
the area was by the BrenMac
mining company. Exploratory
work in the late 1960’s and early
1970’s lead to speculation of
marketable ore resources under
Vesper Peak. However, due to
water quality issues, along with
many other complications, the
BrenMac mine never managed to
operate under any large scale
(Cannon-Hicks, 1970; Glass,
1971; Snohomish County, 1973;
Grant, 1974).

Other _mining c_ompanies, Figure 1: Remains of the Kromona upper tramway
such as tl’!e _Stl llaguamish and station, with Isabelle Sarikhan and Bryce Parker.
Sultan Mining Company staked Picture by Jimbo Ostbye

claims near Williamson Creek,
high on Little Chief Mountain (Stoess, 1934). By 1897, a great deal of exploratory work
had been completed, but lacked any infrastructure. Exploration in the late 1800’s and
early 1900’s led to many mining claims, such as the lowa, Florence Rae, Cedar and
Sunrise mines along the North Fork of the Sultan River drainage (Ketcham, 1938;
Greiner, 1956; Jacobsen, 1956). Other small prospects were established around this time,
such as Marvel and Jones claims on the upper Elk Creek, but their development and
timber harvesting, if any, was very localized and minimal (Huntting, 1956).
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Logging History

Exclusive of logging to support localized mining claims, major logging operations
started in Spada Lake in the 1950’s. Logging was conducted primarily south of Olney
Pass and on Williamson Creek, from south of Stony Creek to just north of Everett Creek.
Logging continued into the 1960’s, predominately in the Sultan River Valley (now Spada
Lake) and up into Elk Creek Basin. Logging also started in the South Fork of the Sultan
River. Logging became much more active in the 1970’s, expanding operations up into
Williamson Creek, into the Sultan River (old 6110 road), continued operations along the




Sultan River valley, the South Fork of the Sultan River and up the Elk Creek Basin. By
the 1980’s, logging greatly slowed, with continued activity in the ElIk Creek Basin and
some small logging operations on Williamson Creek, south of Stony Creek.

Historical Access

Two main cities, the city of Sultan and
Silverton, were used to access the basin. The
city of Sultan was established in 1885 and the
Stone and Ewing Company established the
first sawmill in 1890. The Great Northern
Railroad finished construction of its tracks
through Sultan by 1892, starting a logging
boom throughout the area (Whitfield, 1926).
Gravel logging roads were established to
Olney Pass in the late 1930’s. Silverton (aka
Camp Independence) was founded in 1891
shortly after Abe Gordon and Fred Harrington
discovered the pyritic Hoodoo Vein, near
present-day Big Four Mountain and Halls
Peak and William and James Hanset located
the Independence claim near the present day
town of Silverton. The city slowly grew until
the completion of the Everett and Monte
Cristo Railroad line in 1892. Miners,
primarily working at the .45 mine, accessed
the Sultan Basin through Marble Pass,
bringing supplies and equipment. However,
due to severe storm systems and improper out the Kromona Mine-to-Market and
engineering, the Monte Cristo Railroad was ;he main access road into the Sultan
repeatedly washed out, limiting travel into the Gallk
Sultan Basin through Marble Pass. By the mid 1910’s, access into the Sultan Basin was
predominately through the City of Sultan (Northwest Underground Explorations, 1997).

Historical Weather Events

The first major storm recorded in this area was the 1892 storm, which did little
recorded damage in the Sultan Basin. Extensive rain-on-snow events and large storms
ravaged this area in 1896 and November of 1897 (1897 being a recorded rain-on-snow
event, 14 inches of snow melting near the divide between the Sultan River and the
Pilchuck River) considered “greater than any known in tradition of the Indians” (Gannett,
1900). Another severe storm system triggered a large flood event during the winter of
1902.

A severe storm system swept through during the winter of 1943-1944. It caused
severe flooding along the Sultan River and caused considerable road damage (Carithers
and Guard, 1945). Some old debris flow and shallow landslide scars seen in the field
appear to correspond with this time frame. A severe storm system in late 1977 created
large scale flooding and contributed to debris flows along the north flank of Blue




Mountain and on the hillside east and west of Olney Pass. The storm system during the
November 1995 storm caused a debris flow, which destroyed the Kromona Mine-to-
Market road along with the main access road into the Sultan Basin.

Flow monitoring records listed on the USGS Water Resources website on the
Sultan River did not start until 1990 (USGS, 2005). Large peak flow events since the
start of hydrologic monitoring occurred on Nov. 24, 1990 and Nov. 29, 1995. Canopy
coverage deterred good aerial photo coverage for analysis of storm related slope failures.

Water Use History

Everett's source of water supply, starting in 1916, has been the Sultan River,
originally diverted by a rock crib diversion dam and transmitted in a 25-mile, 10 mgd
wood stave gravity supply pipeline. Increasing demand drove the City to construct a new
water supply system in 1929 and 1930, still diverting water from the Sultan River. The
new system included a concrete diversion dam upstream from the original, a 7,100-ft
rock tunnel (Tunnel 1), an earthen dam at the south end of Lake Chaplain to create a
reservoir, a 4400-ft reservoir outlet tunnel (Tunnel 2) and a 50 mgd steel water supply
transmission pipeline.

In 1941, the south dam on Lake Chaplain Reservoir was raised, and a new dam
built at the north end of the reservoir, to increase storage.

From 1961 to 1965, Stage | of the Jackson Hydroelectric Project was constructed,
which included Culmback Dam on the Sultan River. This project created Spada Lake
Reservoir. The project was operated by the City until Stage 11 was completed in 1983,
which included raising Culmback Dam and construction of the powerhouse. The
powerhouse is fed by a tunnel and pipeline also built during Stage 1. Once this phase
was complete, the operation of Culmback Dam, Spada Reservoir, and the hydroelectric
project was taken over by Snohomish County Public Utility District No. 1.

The Jackson Project includes a return pipeline, which brings water from the
powerhouse up to Chaplain Reservoir, as well as returning a portion to the Sultan River
back through Tunnel 1 and the Diversion Dam for fish flows. Thus the construction and
operation of the return line has moved the primary point of diversion from the Diversion
Dam to Culmback Dam. The portion of return water going into Chaplain Reservoir
versus back to the Sultan River varies frequently according to drinking water demand and
fish flow requirements (Personal Communication, John McClellan, 2006; Palmer et al.,
1999, Bliton, 1989; Schuh and Meaker, 1995).

Natural Resources Conservation Area Act History

In 1987, the Natural Resources Conservation Area (NRCA) Act was passed,
leading the way for much of the Sultan Basin to be categorized as a conservation area.
Three major areas were identified, Greider Ridge NRCA in the south and Morning Star
NRCA and Mount Pilchuck NRCA in the north. Greider Ridge makes up 6,700 acres of
silver fir and mountain hemlock forest. Morning Star and Mount Pilchuck NRCA make
up 10,003 acres, mostly composed of steep terrain with small alpine lakes and glaciers.
(Washington Department of Natural Resources, 1992)




2.4 Geology

General Notes

Geology within the watershed affects the slope stability. Vertical bedding of
phyllite and argillite, primarily located along the Blue Mountain Ridge, have a high
hazard of shallow failures, predominately debris flows (see Stability Issues). Active
deep-seated landslides, located along the “Pilchuck Plug” and in lacustrine deposits
surrounding Spada Lake, are actively failing and producing large volumes of sediment
into Spada Lake (see Poorly-Consolidated Surficial Units).

Regional Geology

Regional bedrock that includes the Sultan Basin watershed belongs to the Western
Mélange Belt, part of the Western and Eastern Mélange Belts (WEMB) terrain. The
WEMB includes Mesozoic (late Jurassic to early Cretaceous) marine sedimentary rocks,
along with lenses of Paleozoic limestones, Mesozoic intrusives, and other rock types in
fault-bounded bodies that were tectonically juxtaposed (Tabor et al, 1993). The WEMB
rocks underwent high pressure, low temperature metamorphism in the late Cretaceous
orogeny at about the time they were juxtaposed against the Northwest Cascade System
terrain to the North.

Local Geology
Bedrock in the Sultan Basin watershed

is mainly composed of the Western and Eastern
Mélange Belt (Phipps et al., 2003; Dragovich et
al., 2002; Tabor et al., 1993). The oldest units
in this watershed are derived from the
Stillaguamish Ophiolite (a slice of oceanic crust
that has been thrust onto continental crust) suite.
Sedimentary rocks were deposited during the
late Jurassic to early Cretaceous (170 to 100
million years ago) periods (Carithers and Guard,
1945). The older sedimentary rock formed
from thick silt and mud deposited in a marine
setting. This unit appears to have had
subsequent submarine landslides, resulting in
chaotic bedding called mélange (Tabor et al.,
1993; Cowan, 1985). Most of the units in the
Sultan Basin have been metamorphosed so such _
features are locally difficult to discern. N
Younger, continentally derived sediments, fllgure 3: One of the many debris
ows along Blue Mountain Ridge.
composed of mostly sand and grqvel, of the late | pi iyre by Tim Walsh
Cretaceous and early Paleocene lie
uncomformably (above a time break in a depositional sequence) on the older rocks
(Hedderly-Smith, 1975). Peridotite (dark green to black granite-like rock) intruded
around this time into the older marine sedimentary rocks. Hydrothermal systems and
submarine eruptions (similar to black smokers) formed from intruding magma, creating




large pyritic deposits (such as the Lockwood Pyrite deposit) and overlaid the marine
sediment with volcanic (for example, ash and basalt) material (Olson, 1995; Snohomish
County, 1979). These rocks were then exposed to regional metamorphism (exposed to
heat and pressure). The metamorphism changed the marine sediments into primarily
argillite (metamorphosed siltstone), phyllite (metamorphosed mudstone) and chert (white
to gray rock) (Yeats, 1964). Sedimentary continental rocks changed primarily into
argillite, quartzitic sandstone and meta-conglomerates. Peridotite has metamorphosed
into serpentinite (light green to dark green and black dense rock with waxy luster) and
talc.

This unit was
imbricated (thrust as slivers)
into the North American
plate by an accretionary
wedge (Wells and Heller,
1988; Jett, 1986). The timing
for this event is not well
known, but is constrained to
somewhere between early
Cretaceous to the early
Eocene (Tabor et al., 1993;
Frizzell et al., 1987). This
was primarily done by faults,
many of the faults
responsible for this
imbrication can still be seen : - S
trending northwesterly within | Figure 4: Greider Lake relict deep-seated landslide.
the watershed, where they Photo by Patrick Schreiner
form saddles and linear
drainages. Most or all of these faults are no longer active. Severe folding also occurred
during imbrication.

The Bald Mountain pluton is composed of granodiorite (light gray granitic rock)
intruded into the area in the early to mid-Eocene (55 to 49 Ma). Contact metamorphism
can be seen near the edges of the pluton and marine metamorphic rock, resulting in
gneissic margins (light gray large grained metamorphic rock) (Dungan, 1974; Carithers
and Guard, 1945). This unit locally occurs around Bald Mountain and no further
outcrops occur to the east.

Miocene batholiths (Vesper Peak stock and the Index batholith) intruded into the
Stillaguamish Ophiolitic suite. These intrusions are primarily composed of tonalite (light
gray granitic rock). The Index batholith caused widespread hydrothermal alteration and
metamorphism throughout the ophiolitic units in the Sultan Basin (Baum, 1968). It
appears, either a product of weathering or regional intrusive patters, that the southern part
of the Sultan Basin experienced higher temperature metamorphism than the northern part,
as seen by the minerals at the Sultan King mine and the .45 mine. High temperature
minerals, such as magnetite and molybdenite are found at the Sultan King mine. Low
temperature minerals are found in the .45 mine, such as galena and ruby silver (Carithers
and Guard, 1945).
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As the batholiths cooled, metal-bearing solutions and subsurface waters flowed
into the metamorphic sedimentary rocks, following cracks from the intruding batholiths,
sheer zones and faults. As these solutions lost pressure and temperature, they
precipitated ore minerals in veins (Carithers and Guard, 1945). Due to the long history
within the watershed of faulting, shearing and intrusion, no common structure exists for
these veins to follow.

Stability Issues

Geologic units within this area have affected general slope stability. The marine
metasedimentary units (including the Stillaguamish Ophiolite suite), present
predominately in the southwest section of the watershed, have beds striking between N 5°
to W 20° with a variety of dipping beds (due to tightly folded and faulting). This unit has
been observed in field and aerial photo interpretation to have a higher landslide
frequency, specifically when bedding is near vertical. Historically, hundreds of debris
flows have occurred in areas where these geology factors are present. Vertical beds are
known to occur near Blue Mountain Ridge, but dips seem to gradually decrease towards
the South Fork of the South Fork of the Sultan River. Bedding that is dipping into the
mountain or at angles that are not at or near vertical have not been shown to produce
landslides, but field verification should be considered in areas where this geology is
present.

Regional metamorphic units observed within the watershed have not been shown
to increase or decrease slope stability within the watershed. These rocks trend along the
peaks and ridges along the eastern edge of the watershed, from Hard Pass to Crested
Buttes and north to Gothic Peak and Headlee Pass. The beds strike N 15° to W 20° and
dip from vertical at Headlee pass, to 35° E near Crested Buttes. These rocks are very
resistant to erosion, have a lower landslide activity and can create steep cliffs above the
valley (Carithers and Guard, 1945).

Altered peridotite and serpentinite (dark green to black rock that feels slippery),
although it has not locally been shown within this study to cause slope instability, has
created major slope stability issues in other areas (for example, Blewett Pass). These
ultramafic rock types occur primarily in a strip north of Red Mountain, 500 to 1,000 feet
wide and striking northwest. However, pockets of ultramafic rock can occur throughout
the watershed (Tabor et al, 1993).

Tonalite (light gray granitic rock) from the Index Batholith and Vesper Stock
have caused major rock topples. A prominent feature present within the rock is three
strong joint planes. These planes can aid in rocks breaking into rectangular blocks or
wedges, as large as 15 feet on each side (Carithers and Guard, 1945). Most rock topples
recorded were independent of harvest or road construction and are generated by erosion
of the basin. However, two major deep-seated rock avalanches were located in this area,
one dividing upper and lower Greider Lakes, the other west of Vesper Peak. A brief field
investigation of these rock avalanche sites has led to the theory that these landslides have
been seismically triggered. Both landslides are located adjacent to fault zones. Large
regional earthquakes from outside of the watershed could generate major rock topples
within this watershed in the future.
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Poorly-Consolidated Surficial Units

Surficial units in the Sultan Basin consist of continental glacial drift, alpine
glacial drift, alluvium and talus. About 14,000 years ago, the Puget Lobe of the
Cordilleran ice sheet, which represents the most recent advance of continental ice sheet,
flowed into surrounding valleys. The deposits of this glaciation are called the *Vashon
Drift” locally. Tongues of the Vashon glacier dammed valleys that were tributaries to the
Puget Lowlands, creating large ice dammed lakes. Glaciers advanced up the Pilchuck
River system and the Sultan valley, covering the northwestern portion of the watershed
(Tabor et al., 1993; Booth, 1990). This blocked the paleo-Pilchuck River, creating a
large ice-dammed lake, known as glacial Lake Sultan and depositing outwash (deltas)
and lacustrine (lake deposits) on the north flanks of Blue Mountain to Bald Mountain and
upstream to midway on the south fork of the Sultan River, EIk Creek and Williamson
Creek drainage. This rising lake eventually overflowed, washed over Olney Pass, and
deposited fluvial outwash across the plains in the west and south parts of the Sultan River
watershed.

As the glaciers retreated, the terminal moraine (sediment collected at the end of
the glaciers) locally called the ‘Pilchuck Plug’ blocked the upper drainage of the Pilchuck
River, creating the new Sultan River watershed (Coombs, 1969; Bliton, 1989). The
Sultan River established a channel, rapidly incised into the glacial material, cut into the
bedrock, and became entrenched. This incision is probably due to easily eroding glacial
material and isostatic rebound of the bedrock in the area. Relict meander bends and
channels can be seen near the main channel of the present Sultan River.

Alpine glaciation, predominately after the last of the major continental glaciation,
formed much of the topography in the upper Sultan Basin. Alpine glaciation deposits
make up most of the river valleys (beneath river alluvium). Alpine drift can also be
traced up much of the valleys, from Bear Creek to the upper mountain peaks of the Sultan
Basin. A steady decline in alpine glaciation has occurred within the watershed and
almost all alpine glaciers have disappeared. Currently, only one major glacier northeast
of Copper Lake exists.

3.0 Summary of Results

Most of the landslides were recorded during a review of 1965 to 2003 aerial photo
and field visits. The aerial photos were also used to determine the land-use and delivery,
as well as the landform features and landslide potential.

In reviewing the Sultan Basin watershed, a representative sample of 597
landslides were recorded in DNR regulated lands, however, 700 were recorded on all
lands within the watershed. Of the landslides recorded on LHZ Project lands, 540 were
shallow landslides, 21 deep-seated landslides, 12 rock topples and 24 snow avalanches.
423 of these landslides were interpreted to have delivered sediment and were used in
construction of the overall hazard ratings (Form A-4). 335 of these landslides were not
road related and were used to construct hazard ratings for harvest and other related forest
practice uses. No deep-seated landslides were included in these calculations, but their
locations and statistics are presented within this report. These deep-seated features
should be evaluated during field visits. A quick review of Form A-1 should determine
whether the deep-seated landslides were identified as ‘definite’, ‘probable’, or
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‘questionable’ and their activity level. Deep-seated landslides can range in age from
about 14,000 years (glacial related deep-seated landslides) to presently active.

4.0 Landforms

The Spada Lake watershed has been delineated into 11 landforms that
characterize areas having similar features. Of the 11 landforms, the Landslide Hazard
Zonation Project Protocol predefines 8 landforms, on the basis of current rule
identification. Three additional landforms were added due to their unique features.
Landforms were based on a number of characteristics, such as geology, hydrology,
geomorphology, topography, and landslide characteristics. The following section
presents the results of this investigation, which has been split into low, moderate, and
high-hazard landforms. High-hazard landforms will require careful review and field
investigation.

The most active and potentially dangerous landforms in this watershed are
bedrock hollows and inner gorges. These features have spawned numerous shallow rapid
landslides and debris flows, most of which delivered to major rivers or creeks that flowed
directly into Spada Lake reservoir. Major storm events have been shown to cause severe
instability and deliver a large amount of sediment. Caution should be used in road
construction and harvest anywhere near these features.

Two of the landforms present within this watershed, landform 4 (Blue Mountain to
South Fork of the South Fork of the Sultan River Roads) and landform 9 (Active Terraces),
have been continued into this watershed from the Sultan River Landslide Hazard
Zonation mapping (Sarikhan and Pringle, 2005). Review of the Sultan River watershed
report and maps when nearing the Sultan Basin / Sultan River watershed boundary will
be extremely useful in delineating hazard in these areas.

Groundwater recharge areas of deep-seated landslides are located in the lands up-slope of
the failure and contribute subsurface water to the landslide. Two areas within this
watershed must be evaluated for groundwater recharge, the area around the Pilchuck Plug
and in the glacial lakebed sediments around Spada Lake (where deep-seated landslides
occur). In the Pilchuck Plug, the landslides are failing in glacial drift and associated
lacustrine (lake bed) deposits (Bliton, 1989). Lacustrine deposits overlain by till are an
ideal geologic setting for groundwater to perch on the lacustrine deposit, weakening the
overlying till. This greatly increases the chance for instability, especially in times where
groundwater is increased, such as in storms and potentially with harvest and road
construction.

Earthflows in the lacustrine deposits surrounding Spade Lake were observed to be
failing predominately from hydrostatic liquefaction (ground water flowing out of the
deposit in times where the water level of Spada Lake is lower than the deposit). These
landslides were observed from aerial photos during the high water levels (fall and winter
months) to not be active. However, during low water levels, these landslides become
very active, producing small shallow landslides on the toe. Landforms 6 (body of deep-
seated landslides), 7 (toe and scarps of deep-seated landslides), and 8 (glacial lake bed
deposits) are subject to groundwater recharge and should be evaluated carefully for any
harvest and road construction.
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4.2 Landform Descriptions
Low Hazard Descriptions (Landforms 1 through 3)

LANDFORM NUMBER: 1
LANDFORM NAME: Flats
OVERALL HAZARD: Low
Description:

Landform 1 (Flats) is comprised of level (0-10%) slopes of recent alluvium of the Sultan
River (Geologic Unit: Qa), glacial outwash (Geologic Unit: Qgo), glacial till (Geologic Unit:
Qqgt), and glacial lakebeds (Geologic Unit: Qgl). Some small, non-delivering landslides were
mapped in road sidecasts, but present no danger to harvest or road construction. Landslide Rate
Delivery is low. Confidence is high.

LANDFORM NUMBER: 2,3

LANDFORM NAME: Ridge Tops, Ridge Noses and Low Gradient Hills
OVERALL HAZARD: Low to moderate

Description:

Landform 2 (Ridge Tops and Ridge Noses) and 3 (Low Gradient Hills) comprise low
gradient hill slopes (10-40%) as well as ridge tops and noses of glacially carved hills. Some
minor landslides have occurred along these hills but do not constitute a danger to harvest
practices. However, relict road systems along with active road systems along the eastern
Blue Mountain flanks to the South Fork of the South Fork of the Sultan River are very
unstable. Many failures that occurred along the Blue Mountain were recorded in low gradient
hills, but are spawned by the relict road system (Sarikhan and Pringle, 2005). (see landform 4).
Confidence is high.
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Moderate to High Hazard Descriptions (Landforms 4 through 13)

4 - Blue Mountain to South Fork of the South Fork of the Sultan River Roads

Description of Mass Wasting Unit: Landform 4 consists of road systems (including active
roads, mine to market roads and inactive roads of unknown legal basis —orphaned or abandoned)
built prior to modern forest practice rules. These roads contain round ballast material,
unmaintained culverts and uncompacted sidecasts that have spawned 13 debris flows along the
eastern flank of Blue Mountain to South Fork of the South Fork of the Sultan River. In the Sultan
River watershed, over 80 debris flows were spawned by this landform. These roads have great
potential to continue to trigger debris flows regardless of future harvest activity. Activity is much
higher near the flanks of the Blue Mountain and diminishes to the east. Reopening of these roads
will most likely require geotechnical consultation. This landform predominately occurs within
landform 3 and landform 9.

Slopes: Greater than and equal to 30% (due to uncompacted sidecast)
Slope Shape: Convergent to Planar

Material: Predominately marine metasedimentary rock (KJmm)
Elevation: 1,500 to 3,400 feet

Total Area: Unknown

Mass Wasting Process: Roads along Blue Mountain were built using inadequate round ballast
material, which is causing spreading and failures along the roads. Many culverts, especially
along the Kromona mine to market road, are ill maintained and have eroded into the road and
have caused failures, many that have spawned debris flows. Instability of the sidecast has
spawned numerous shallow landslides, many of which also develop into debris flows that can
continue to flow into Spada Lake reservoir.

Forest Practice Sensitivity: New road construction, if done within Forest Practice rules, should
maintain stability along this hillside. These roads continue to fail and reopening of these roads
has the potential to increase shallow landslides and debris flows. Harvest has not been observed
to increase instabilitybelow 40 percent gradients.

Mass Wasting Potential: Very High for Road Systems. This landform has a Landslide
Frequency Rating of high.

Delivery Potential/Criteria: Very High. Shallow landslides often develop into debris flows
and tend to flow into stream systems and Spada Lake reservoir.

Hazard Potential Rating: Very High based on LHZ Protocol and Standard Forest Practices
Rules.

Confidence: High, based on the number of landslides located in this landform, excellent photo
quality and coverage, communication with field foresters, and field observations.
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5 — High Gradient Hills

Description of Mass Wasting Unit: Landform 5 consists of high gradient hillslopes above the
valley floors (over 40% gradient) to the rugged vertical alpine cliffs. Much of this area has
experienced alpine glaciation, creating steep valley walls and alpine lakes.

Slopes: Greater than or equal to 40%

Slope Shape: Convergent and Planar

Material: High gradient hills occur in all rock types in this watershed
Elevation: 1,500 to 6,000 feet

Total Area: 18,190 acres

Mass Wasting Process: Shallow landslides occur due to saturated soils and high gradient hills.
Shallow landslides have been observed to initiate debris flows that can flow into the valley floor,
carrying rocks and woody debris. Deep-seated landslides have occurred in the area, however no
active deep-seated landslides have been observed in this landform. Numerous rock topples and
snow avalanches have been recorded in this landform.

Forest Practice Sensitivity: Many of the shallow landslides occurred in clear cuts at gradients
from 40% to greater than 70%. Fewer landslides were recorded as the forest matured. This could
be due to increased root strength or increased canopy coverage. Hill slopes above 70% did not
appear to be harvested and were considered failing due to steepness and thin alpine soils.
Landslides will continue in these areas, especially in the higher gradients, regardless of harvest.
Road failures were recorded from gradients from 40% to greater than 70%. Many of these roads
were constructed at a time when no forest practices rules applied and potentially could be
constructed safely. Reopening roads in this area should require a review of the section to
determine the quality of the road and determination if the road should be rebuilt.

Mass Wasting Potential: Moderate for road construction and timber harvest.

Based on 75 shallow landslides within a total amount of failure area of 68 acres, this landform has
a moderate rate of failure in shallow landslides. Disturbance could reactivate relict deep-seated
landslides as well as initiate new shallow landslides, especially at higher elevations where there is
little soil depth. This landform has a Landslide Frequency Rate of 153 with roads and 110
without roads.

Delivery Potential/Criteria: Moderate to High. Failures that occur within this landform
deliver to tributary streams and into the main channel of the Sultan River and Spada Lake
reservoir. This landform has a Landslide Area Rate of Delivery of 138 with roads and 119
without roads.

Hazard Potential Rating: Moderate for roads and Moderate for harvest based on LHZ
Protocol and standard Forest Practices Rules.

Confidence: Moderate, based on the number of landslides located in this landform, excellent

photo quality and coverage, communication with field foresters, and field observations. There
was limited field verification of landslides within this landform.
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6 — Body of Deep Seated Landslide (Active)

Description of Mass Wasting Unit: Landform 6 consists of the bodies of active deep-seated
landslides, primarily in glacial material. The majority of deep-seated landslide activity is located
at the northwest section of Spada Lake. These slides are occurring in an area, which is locally
known as the ‘Pilchuck Plug’ and are susceptible to groundwater recharge. Groundwater
recharge areas of (glacial) deep-seated landslides are a rule-identified landform.

Slopes: 10% to 90+%; Avg: 70%

Slope Shape: Convergent to Planar
Material: Predominantly Glacial Moraines
Elevation: 1,500 to 2,100 feet

Total Area: 118 acres

Mass Wasting Process: Deep-seated landslides located on the ‘Pilchuck Plug’ are composed of
glacial drift. Water within this material can become perched between glacial material layers,
greatly increasing susceptibility of shallow and deep-seated landslide movement. Numerous
shallow landslides were recorded on the scarps and toes of these deep-seated landslides, but none
were recorded within the body.

Forest Practice Sensitivity: Increased water run-off on the deep-seated landslide has been found
to be a factor in reactivation of deep-seated landslides, especially with groundwater recharge.
Timber harvest on the ‘Pilchuck Plug’ most likely increased activity within the deep-seated
landslides. Road construction on the Pilchuck Plug has water draining into this feature,
increasing groundwater flow. Water should be redirected off this feature to decrease the
groundwater recharge for this area.

Mass Wasting Potential: Moderate for road construction and timber harvest. Because these
features are associated with active deep-seated landslides, they are at a higher risk for failure and
potential for reactivation of slide activity. The slopes within the bodies of these deep-seated
landslides can be low (10% to 40%) and failures have not been recorded within this gradient
range. This landform, by calculation, has a Landslide Frequency Rating of low, however is
considered moderate due to the potential hazard.

Delivery Potential/Criteria: Moderate to Very High. Shallow landslide failures on the body
of deep-seated landslides within the Pilchuck Plug area have a very high potential of delivery into
the Spada Lake reservoir. This is due to the fact that the toes on most of the deep-seated
landslides are submerged by Spada Lake. On deep-seated landslides in other areas, delivery is
possible and should be checked in the field.

Hazard Potential Rating: High, based on_LHZ Protocol and standard Forest Practices Rules.

Confidence: High, based on the number of landslides located in this landform, excellent photo
quality and coverage, communication with field foresters, field observation, and forest practices
rules. Careful field review will be necessary to delineate all the areas containing increased risk of
failures within these features, because field investigation has located a number of features masked
by canopy.
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7 — Toes and Scarps of Deep Seated Landslides

Description of Mass Wasting Unit: Landform 7 consists of the toes and scarps of deep-seated
landslides, predominately in glacial material. The majority of these landslides are located along
Spada Lake reservoir. As the slides flow into Spada Lake reservoir, the toes are submerged,
which can increase activity in times when the water retreats off of these features. This can
produce numerous shallow rapids and debris avalanches. These features are susceptible to
groundwater recharge.

Slopes: Greater than or equal to 65%
Slope Shape: Convergent and Planar
Material: Predominantly Glacial Moraines
Elevation: 1,500 to 2,100 feet

Total Area: 36 acres

Mass Wasting Process: Deep-seated landslides located on the Pilchuck Plug are composed of
glacial drift. Water within this material can become perched between glacial material layers,
greatly increasing susceptibility of shallow and deep-seated landslide movement. Shallow
landslides, debris flows and debris avalanches have all been recorded on the scarps of deep-seated
landslides located on the Pilchuck Plug.

Forest Practice Sensitivity:

Timber harvest on the Pilchuck Plug most likely increased activity within the deep-seated scarps
and toes by increasing groundwater recharge. Roads on the Pilchuck Plug have not been
observed to have caused shallow landsliding, but are most likely concentrating water and
potentially adding to groundwater recharge. Recreation Site 8, located along the scarp of these
deep-seated landslides has shallow landslides directly below it and water run-off appears to be
aiding the activity of the deep-seated landslides. Water should be directed off this feature to
reduce susceptibility of landsliding.

Mass Wasting Potential: Very High for road construction and timber harvest. based on 7
landslides totaling 3.5 acres of failed material. Because these features are associated with active
deep-seated landslides, they are at a higher risk for failure and/or potential for reactivation of
slide activity. The landform has a Landslide Frequency Rating of 7,159 with or 6,136 without
roads.

Delivery Potential/Criteria: Very High. Shallow slide failures on the scarp of deep-seated
landslides near Spada Lake reservoir have a very high potential of delivery. Deep-seated
landslides located in other areas of the watershed can occur near to tributary systems and will
flow into Spada Lake reservoir. The unit has a calculated Landslide Area Rate of Delivery of
3,569 with or 3,048 without roads.

Hazard Potential Rating: High for roads and harvest based on LHZ Protocol and Standard
Forest Practices Rules.

Confidence: High, based on the number of landslides located in this landform, excellent photo
quality and coverage, communication with field foresters, field observation, and forest practices
rules.
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8 — Glacial Lake Bed Deposits

Description of Mass Wasting Unit: Landform 8 consists of glacial lakebeds formed during the
blockage of the Pilchuck River by the continental ice sheets. These lakebeds are very unstable
and will continue to fail without harvest, road building, or human activity. Deep-seated earth
flows occur near the edges of Spada Lake and are susceptible to groundwater recharge.

Slopes: Greater than or equal to 10%

Slope Shape: Convergent and Planar

Material: Predominantly fine grained glacial lakebeds
Elevation: 1,450 to 1,500 feet

Total Area: 2,910 acres

Mass Wasting Process: This landform is prone to deep-seated earth flows and shallow
landslides, especially in areas where water concentrates. The deep-seated earth flows were
primarily seen at the eastern shores of Spada Lake. Toes of these landslides appear to be
submerged part of the year and become very active as the water level drops and exposes them to
surface conditions. Shallow landslides not located on toes were predominately caused by roads.
Some of these landslides appear to be due to water concentration at those locations.

Forest Practice Sensitivity: The glacial material (layers of clay and silt) located on this
landform has poor permeability (water absorption). Timber harvest, especially within the first
five years of cutting and roads have increased surficial flow on this landform, which has
increased shallow landsliding. Shallow landslides were observed to be failing on the toes of
earthflows, flowing into Spada Lake, predominately near the confluence of Williamson Creek and
Spada Lake. Harvest on these earthflows, predominately during dam construction phases,
increased activity of these landslides. Future harvest would most likely cause increased activity
in the future.

Mass Wasting Potential: High for road construction and timber harvest. Based on 24
shallow landslides and numerous deep-seated landslides with a total amount of area failed at 11
acres, this landform has a high density of shallow landslides on roads and disturbance could
reactivate deep-seated landslides as well as initiate new slides. The landform has a Landslide
Frequency Rating of 306 with roads and 51 without roads.

Delivery Potential/Criteria: Very High to Moderate. Landslides produced on the shores of
Spada Lake have actively delivered sediment into Spada Lake and have caused water quality
issues. Many of the shallow landslides caused by the roads were unable to deliver, due to the low
gradient. Delivery criteria are also based on historical occurrences observed on aerial
photographs and confirmed during field investigations along from interviewing local foresters.
The unit has a calculated Landslide Area Rate of Delivery of 144 with roads and 1 without roads.

Hazard Potential Rating: High for roads for harvest based on LHZ Protocol and Standard
Forest Practices Rules.

Confidence: High, based on the number of landslides located in this landform, excellent photo

quality and coverage, communication with field foresters, field observation, and forest practices
rules.
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9 — Active Terraces

Description of Mass Wasting Unit: Landform 9 consists of the scarps along the relict Sultan
River (now Spada Lake reservoir) formed during the retreat of the glaciers about 12,000 years
ago and the establishment of the modern Sultan River. As the ancestral Sultan River down cut
into the glacial material, it eventually found bedrock and became entrenched within it. The
ancestral Sultan River created steep scarps, many of which are unstable and can potentially
produce landslides. This landform is continued from the Sultan River Watershed.

Slopes: Greater than or equal to 70%

Slope Shape: Convergent and Planar

Material: Predominately marine metasedimentary rocks (KJmm) and glacial drift
Elevation: 1,500 to 3,600 feet

Total Area: 853 acres

Mass Wasting Process: This landform is prone to repeated shallow landslides and debris slides,
both of which can transform into debris flows. Thin soils, nearly vertical metamorphic rock
combined with high amounts of precipitation makes this landform extremely susceptible to
repeated failures, particularly during and after extreme storm events. Some of these landslides do
not appear to be related to harvest or road construction, but failed due to the natural instability.
At times when harvest and road construction did occur, landslides increased dramatically in
density (Sarikhan and Pringle, 2005).

Forest Practice Sensitivity: Road construction spawned high densities of shallow landslides
within this landform. Harvest during the 1970’s harvest also contributed to the high density of
shallow landslides and debris flows in this landform. Thinning operations in 1998 did not appear
to have spawned additional landslides. Water redirection and concentration has been observed to
destabilize the slopes, creating large shallow landslides.

Mass Wasting Potential: High for road construction and moderate for timber harvest.
Based on 30 shallow landslides having a total area of 12.5 acres, this landform is active in slope
instability and disturbance could activate massive debris flows that can travel to the Spada Lake
reservoir. 21 landslides appear to be sidecast and culvert failures. 18 of these landslides
delivered. This landform has a Landslide Frequency Rate of 782 with roads and 217 without
roads.

Delivery Potential/Criteria: High. Failures that occur within this landform usually deliver to
streams that directly flow into the Spada Lake reservoir. Due to the high amount of rainfall and
streams, any failure within this landform will probably deliver to a stream. This landform has a
Landslide Area Rate of Delivery of 298 with roads and 32 without roads.

Hazard Potential Rating: High for Roads and Moderate for harvest based on LHZ Protocol.
Confidence: High, based on the number of landslides located in this landform, excellent photo

quality and coverage, communication with DNR field foresters, field observation, and forest
practices rules.
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10 and 11 - Inner Gorges and Bedrock Hollows

Description of Mass Wasting Unit: This unit consists of inner gorges and bedrock hollows.
Bedrock hollows are steep (>70%) spoon shaped depressions or swales 75 to 200 feet across.
The inner gorges are steep walled (>70%) gullies formed by a combination of stream action and
mass wasting. Bedrock hollow evacuations can trigger debris flows that scour channels forming
inner gorges.

Slopes: Greater than or equal to 70%

Slope Shape: Convergent

Material: Inner gorges and bedrock hollows occur in all rock types in this watershed
Elevation: 1,600 to 6,000 feet

Total Area: 1,970 acres (landform 11) and 551 acres (landform 12)

Mass Wasting Process: These landforms are prone to repeated shallow landslides (shallow
rapids and debris flows), especially on the steep scarps surrounding these features. Shallow
landslides within the bedrock hollow and inner gorges can initiate debris flows, when combined
with the high gradient, these debris flows can flow great distance and transport high amounts of
sediment. High-energy debris flows have occurred along the upper Sultan River and Elk Creek.
These debris flows have flowed over 1 mile and have flowed across flat ground for distances over
100 feet. Roads constructed over these features contribute to increased shallow landslides from
culvert blowouts and sidecast failures. Many of these shallow failures form into debris flows.

Forest Practice Sensitivity: These landforms are naturally unstable, especially when there is a
concentration of water on steep slopes. Timber harvests within these features have been observed
to greatly increase shallow landslide activity. Roads built over these features, especially inner
gorges, have increased landsliding down slope. Water can greatly impact landslides in this
landform and should be redirected off of this landform. Extreme storm events and prolonged rain
have caused landslides to occur and these conditions will continue to cause instability.

Mass Wasting Potential: Very High regardless of forest practice activity based on 199
(landform 11) and 72 (landform 12) landslides totaling 358 acres of failed material. The inner
gorges (landform 11) have a Landslide Frequency Rating of 3,741 with roads and 3,384 without
roads. Bedrock hollows (landform 12) have a Landslide Frequency Rating of 4,843 with roads
and 4,776 without roads.

Delivery Potential/Criteria: Very High. Inner gorges and often bedrock hollows are part of the
drainage network and are adjacent to or contain streams. Delivery criteria are also based on
historical occurrence observed on aerial photographs and confirmed during field investigation.
Inner gorges have a Landslide Area Rate of Delivery of 4,498 with roads and 4,379 without
roads. Bedrock hollows have a Landslide Area Rate of Delivery of 8,006 with roads and 7,996
without roads.

Hazard Potential Rating: Very High for roads and harvest based on LHZ Protocol and
Standard Forest Practices Rules.

Confidence: High Confidence in Hazard Call, based on the number of landslides located in this
landform, excellent photo quality and coverage, communication with field foresters, field
observation, and forest practices rules. There was limited field verification of landslides within
this landform. There is Moderate confidence that all of the features that meet this landform
description were mapped.
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5.0 Hazard Ratings

(Form A-4 contains all the data used to determine the calculations and hazard ratings)
Overall Hazard Ratings was determined from the number of shallow landslides, rule-
identified landforms (WAC 222-16-050) and the calculated Landslide Frequency Rate
and Landslide Area Rate for Delivery (see Form A-4).

The Landslide Frequency Rate for Delivery is the area, in acres, of all the shallow
landslides normalized for a period of full aerial photo coverage (usually the first photo set
in the 1970’s) and the area of each Landform. These values are then multiplied by one
million for easier interpretation. The Landslide Area Rate for Delivery is calculated
similarly, however the amount of area delivered (in acres) is used instead of the number
of landslides. As of the writing of this report, the qualitative rating system below is
used.
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6.0 Note on Confidence in Work Products

The confidence in this mass wasting assessment is Moderate. This rating is based
on the Landslide Hazard Zonation Project design to provide a watershed overview of
slope stability in a timely manner with minimal field verification. As a consequence,
fieldwork and the number of aerial photograph sets examined are held to reasonable
minimums. Omissions will be present due to the limited field verification of individual
features, particularly in heavy canopy forested areas.

It is critical for the reader to understand that while these decisions are sufficient to
characterize aspects of the slope failure as functions of forest management, this
assessment would be entirely insufficient and misleading if it is used as a stand alone
document for protecting private and public resources or for land use planning. Keep in
mind that this is only a reconnaissance study, and undoubtedly, some landslides have
been accidentally omitted and some benign features may be improperly mapped as
landslides herein.

In addition, there are several sources of systematic error that reduce the
confidence in the work products of this analysis, those being omission, misinterpretation,
accuracy, and precision. Omission occurs when mass wasting features are not identified
on aerial photographs or in the field due to canopy cover, gaps in the aerial photo record,
quality of aerial photos, or interpreter errors. Misinterpretation occurs when a mass-
wasting feature is identified but incorrectly classified or data are transposed, and where
unrecognized software/file instability occurs. Accuracy involves the degree to which the
physical parameters of a mass-wasting feature are correctly measured, and precision
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describes how variability within an assessment can be controlled when making multiple
measurements over varying time and spatial scales.

This mass wasting assessment was primarily conducted with aerial photographs,
and as a result, there is a high likelihood that errors of omission occurred, primarily in
areas covered by mature forest canopies, steep north facing slopes always in shadow at
any given time, and those areas covered with extensive glacial deposits. The scarcity of
mass wasting features identified under mature canopy and steep north slope aspect
shadow conditions is not necessarily an indication of the relative stability of slopes with
mature vegetation regimes or steep north face aspects.

Because many deep-seated landslide features are quite large, remain heavily
vegetated during movement, and may not have obvious scars visible through the
vegetation canopy, misinterpretation is more likely. A recent detailed study in Cowlitz
County, Washington, suggests that up to 25 percent of inferred deep-seated landslides
identified from aerial photograph analysis are misinterpreted (Wegmann, 2003).
Confidence in work products related to classification of deep-seated landslide processes
in this watershed is high due to visibility and completeness of photo coverage.

Another important source of potential error in this assessment is in the accuracy
and precision of measurements of mass wasting features. Because less than 50% of
landslides were actually visited in the field, it is not possible to report the degree to which
location and measurement error in the GIS environment compares to on-the-ground field
measurements. Similarly, measurements of slope angle from digital elevation models
typically misrepresent the true hill slope angle. Given these sources of error, the
confidence in the precise location and accuracy of measurements of individual landslides
is considered moderate.
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