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1.0
Overview

The goal of the Landslide Hazard Zonation (LHZ) Project is to create a vastly improved screening tool by better describing and mapping all potentially unstable slope areas in priority watersheds within a reasonable time frame. The purpose is to eliminate errors of omission in the identification of unstable landforms during both the harvest layout and permitting process. In addition to identifying areas of hazard for mass wasting, landforms and hazard classifications are linked to the degree of hazard and sensitivities to land management practices. The purpose of this assessment is to identify the areas within the Nookachamps WAU that have a moderate or high risk of landslide activity due to natural instability and the effects of proposed forest practices.  

The Mass Wasting Assessment methodology employed by the Landslide Hazard Zonation Project requires that several Critical Questions be answered by the analysis (see Section 6.0 for the Critical Questions).  The mass wasting assessment is conducted using aerial photographs and maps.  Using this information, the geologist evaluates mass wasting processes relative to the Critical Questions.  A series of exercises designed to either confidently answer the Critical Questions, or identify more detailed information necessary to do so, is developed in this assessment.  The objective of these exercises is to generate information sufficient to establish:

1. The mass wasting features and processes (e.g. shallow-rapid landslides, debris flows, and deep-seated failures) active in the basin.

2. Portions of the landscape having similar inherent physical characteristics relative to mass-movement behavior.

3. The relative potential for mass wasting impacts associated with the landscape units.

1.1
Introduction to Mass Wasting Processes and Terminology

Terminology used to describe mass wasting processes in this assessment follow the classification system established by the Washington Forest Practices Board’s standard methodology for conducting watershed analysis (1997) and updated by the landslide compilation of Boyd and Vaugeois (2003), which places slope movement into nine types (shallow-rapid, debris flow, debris avalanche, shallow sporadic deep-seated, large persistent deep-seated, earth flow, rock topple / fall, and snow avalanche).  Geomorphic analysis is aided by designating landform, slope shape, and land use associated with landsliding.  Other attributes related to landslide data analysis can also be collected and analyzed (see form A-1). 

2.0 
Summary of Geologic and Physiographic Setting Pertinent to Mass-Wasting Interpretations
The 73-mi2 Nookachamps watershed, situated along the western margin of the North Cascades Physiographic province, includes the entire drainage area of Nookachamps Creek and its tributaries.  Nookachamps Creek drains north-northwest into the Skagit River just upstream of Mount Vernon in Skagit County, Washington.  The drainage pattern in the southern portion of the WAU is controlled, in part, by the location of the Darrington-Devils Mountain Fault Zone (DDMFZ).  Streams located along the fault zone display trellis or linear drainage patterns and stream incision appears to be concentrated along strands of the DDMFZ.  Glacial ice covered the entire watershed during the last advance of the Cordilleran Ice sheet (Pessl and others, 1988).  Mixtures of glacial till along with fluvial and marine outwash predominantly underlie lower elevation portions of the watershed.  Mid and upper elevation slopes are predominantly bedrock with lesser amounts of glacial till and very large deep-seated landslides.  Dense vegetation cover occupies all hillslopes and annual precipitation amounts increase eastward across the watershed.  In general, slopes within the watershed are subdued, with a mean value of 18 percent (10 degrees).  As a result, the overall rate of identified landslides per year for the watershed is quite low (1.6 slides/year for the entire watershed); however, landslide location appears to correlate strongly with landform features, especially rule-identified landforms such as bedrock hollows, inner gorges, and convergent bedrock headwalls (as per WAC 222-16-050).

2.1 Topography

The watershed, occupying approximately 46,600 acres, ranges in elevation from 16’ above mean sea level (amsl) along the banks of the Skagit River to 3,993’ amsl at the summit of Cultus Mountain.  The eastern margin of the watershed contains the highest elevations and amount of topographic relief.

2.2 Geology

The Nookachamps WAU is located in the western foothills of the North Cascade Mountains, near the eastern edge of the Puget Lowland. The bedrock geology of the WAU consists of fault-bounded packages of Tertiary sedimentary and volcanic rocks and Mesozoic metamorphic rocks associated with the tectonic assemblage of the North Cascades.  The Darrington-Devils Mountain Fault Zone, a major tectonic zone of potentially active faulting, trends northwest in a broad swath across the WAU from the Lake Cavanaugh area through the Devils Lake region.  Although it was not documented during the field review, it is possible that mass wasting potential increases with proximity to the DDMFZ, where bedrock is pervasively sheared and altered.

The Tertiary Rocks of Bulson Creek and the Chuckanut Formation underlie the southern portion of the WAU to a position slightly north of the water reservoir situated in Walker Valley (Sec 32, T34N, R5E).  These two rock units are comprised of fluvial sandstone, conglomerate, and shale.  Outcrops of the older Chuckanut Formation are more indurated than the Rocks of Bulson Creek, resulting in steeper slopes and a higher number of landslides, especially along steep bedrock hollows and inner gorges where an impermeable boundary exists at the colluvial soil–bedrock contact (Noel Wolff, WADNR, 2003, personal communication).  Felsic volcanic rocks (rhyolite ash flow tuffs) sporadically interfinger with rocks of the Chuckanut Formation, although these volcanic units do not appear to pose as significant a mass-wasting threat as does the surrounding Chuckanut Formation.

Mesozoic metamorphic rocks, in fault contact with the Chuckanut Formation along the DDMFZ, crop out to the north of the Tertiary sedimentary rocks.  The metamorphic rocks can be subdivided into two broad packages: rocks of the Haystack Terrain (Whetten and others, 1979), and the Darrington Phyllite (Misch, 1966).  Rocks of the Haystack Terrain consist of tectonic amalgamations of: 1) generally massive and non-foliated greenstone (metamorphosed basalt); 2) weakly to moderately foliated metasedimentary rocks including slate, argillite, and metagraywacke; and 3) green to black serpentanite, commonly found separating tectonic blocks of different lithology within the Haystack Terrain (Whetten and others, 1988).  These serpentinites are highly erodible, and as a result, tend to form low slopes.  Roads built across outcrops of serpentanite, or constructed with serpentanite in the matrix of the road prism have a tendency to fail, due to the low yield strengths of this particular rock type (Joe Dragovich, WADNR, oral communication, 2004).  The Darrington Phyllite is generally micaceous, strongly foliated, and complexly deformed.  Steep slopes that are parallel to the foliation plane of the Darrington Phyllite are prone to both shallow and deep-seated failure.  Many large deep-seated landslides are present within rocks of both the Haystack Terrain and Darrington Phyllite along the western slopes of Cultus and Table Mountains.

Glacial deposits associated with the Vashon Stade of the Cordilleran Ice Sheet cover much of the lowlands and lower slopes within the WAU (Pessl and others, 1989).  These deposits range from compact lodgment till to loose glacial recessional outwash sands and gravels.  Landslides are preferentially located along inner gorges where streams have cut down through unconsolidated glacial outwash deposits, such as along the lower reaches of the East Fork Nookachamps and Mundt Creeks.  During field reconnaissance, it was noted that slopes underlain by Everson glacial marine drift have a tendency to fail as small rotational deep-seated slides, especially where the toe of the slope has been undercut by a road (Joe Dragovich, WADNR, oral communication, 2003).  Several very large (greater than one square mile) deep-seated landslide complexes exist along the western flanks of Table and Cultus Mountains (Pessl and others, 1989).  The age of these landslides is unknown.  It is know that they are younger than the period of last glaciation.  Recent reactivation of portions of these landslide deposits, often in conjunction with forest practice activity, has been documented (Noel Wolff, WADNR, oral communication, 2003).  These large landslide deposits consist of locally derived bedrock and overlying glacial deposits (till) that have moved downslope by falling, sliding, slumping, or flowing.  Deposits are commonly compact, nonlayered, and consist of angular to subrounded rock fragments in a matrix of finer grained unconsolidated material.  In some instances, individual rocks within the landslide mass may be the size of cars.

2.3 Hydrology

Average annual precipitation within the basin is moderate, ranging from 30 inches per year in the low elevation western portion of WAU to near 90 inches per year along the eastern margin (Daly and others, 2002)).  Climatological modeling indicates that the upper portions of Cultus Mountain may receive upwards of 215 inches of annual precipitation (Daly and others, 2002). Most of the annul rainfall occurs between October and May with a pronounced summer dry season.  During the winter months, elevations between 1,800 feet and 3,200 feet are susceptible to rain-on-snow hydrologic events, which, if they occur, often trigger widespread mass wasting along the Cascade foothills.  Above 3,200 feet, a winter snow pack may develop from December through March (DNR, 1991).

Precipitation intensity and duration in the Nookachamps WAU are important factors that likely contribute to initiation of mass wasting events (Montgomery and Dietrich, 1994).  Precipitation intensity information in the Nookachamps WAU is limited by the lack of rain gages within the basin.  Therefore, rainfall intensity data is limited to rainfall amounts averaged over 24 hour periods.  Typical 24-hour rainfall intensities in the Nookachamps WAU range between 2.5 to 4 inches for a ten-year recurrence interval storm (Miller and others, 1973).

Historic storms that produced peak flows of greater than a 10-year recurrence interval in the nearby Skagit River occurred in 1906, 1949, 1951, 1975, 1980, 1990, 1995 (USGS 2004). 

2.4 Summary of Previous Mass Wasting Investigations

Landslides within the Nookachamps WAU have been mapped at two different scales, by two sets of investigators.  Pessl and others (1989) identified several large deep-seated bedrock landslides while mapping the Port Townsend 1:100,000-scale quadrangle.  Small shallow landslides and debris flows, more closely associated with forest management activities, were identified by members of the Skagit River Systems Cooperative during the 1990s (Beechie and Paulson, 1998), and are now captured in the Department of Natural Resources (DNR) statewide landslide inventory (Boyd and Vaugeois, 2003).  

3.0
Summary of Methods
This assessment follows the Landslide Hazard Zonation Project protocols developed for Priority 2 watersheds. In many respects, the methodologies used herein are similar to those utilized for Level II Mass Wasting Assessments as part of the Standard Methods for Conducting Watershed Analysis Version 4.0 (WFPB 1997).  Available geology, topography, soils, and hydrology information was reviewed for the assessment area.  Aerial photographs taken in 1962 (DNR 1:12,000 black and white), 1974 (DNR 1:63,360 black and white), 1978 (DNR 1:12,000 black and white), 1984 (DNR 1:63,360 black and white), 1991 (DNR, 1:12,000 black and white), 1991 (DNR 1:63,360 black and white), and 2001 (DNR 1:12,000 color) were viewed with a mirrored stereoscope with 3x magnification. Suspected landslides, containing distinct geomorphic features such as head scarps, lack of vegetation along slide paths, hummocky or benched topography, ponded water bodies (sag ponds) and lateral margins were identified and mapped directly on the aerial photographs.  Landslides identified in the aerial photo review were digitized freehand using 2000 DNR digital orthophotos in an ArcGIS environment and pertinent attributes of the features were also recorded in data sheets (Map A-1 and Form A-1). A slope/convergence map (SLPSTAB; Vaugeois, 2000) and a slope-percent map derived from a USGS 10-meter digital elevation model (DEM) of the watershed aided in predicting areas of potential shallow-rapid slope failure (Vaugeois, 2000) and in assisting with the delineation of Mass Wasting Map Units (MWMUs).  Bill Lingley of WADNR performed spot checks of mass wasting features along with delineated MWMUs identified during the review of this watershed.  Curt Veldhuisen (Skagit River Systems Cooperative) and Noel Wolff (WADNR-Northwest Region) provided external reviews of this document.

Deep-seated landslides inventoried by Pessl and others (1989) for the Port Townsend 1:100,000-scale geologic map were included on Map A-1 and within MWMU 4.  Two of these deep-seated landslides were field verified (LSI # 19484 and 16342) (Map A-1).  

Information recorded for each mass wasting feature included:  1) the type of mass wasting process evident, 2) level of certainty of the observation, 3) the plan form area in acres, 4) whether the mass wasting feature delivered sediment to surface waters, 5) associated land use, 6) the apparent hillslope gradient (determined from a 10-meter DEM), 7), the slope form (convergent, divergent, planar), and 8) the elevation of the initiation point (determined from a 10-meter DEM).  These observations were recorded in Form A-1 and were used in the creation of the proposed MWMU for the WAU.

Field inspection of the geology and mass wasting features was conducted in December of 2003 to verify observations recorded in Form A-1 along with the appropriateness of proposed MWMUs.  Approximately 20% of the landslides identified during this assessment were field verified.  Landslides verified in the field have the following Slide ID numbers: 11, 12, 13, 29, 30, 31, 32, 33, 49, 57, 58, 59, and 60 (Form A-1, Map A-1).  The field inspection was useful in determining the type of land use (forest management related or natural) along with possible initiation or “triggering” mechanisms associated with mass wasting features.

Once the locations of mass wasting features were mapped (Map A-1) and evaluated, land areas with mass wasting features were grouped and divided based on landform characteristics.  Attention was paid to portions of the WAU that appeared to have landforms subject to Forest Practice rules for unstable slopes (e.g. WAC 222-16-050) (Map A-2).  Land areas without identified mass wasting features, but with similar geomorphic and geologic characteristics to areas with identified mass wasting features, were placed into the appropriate MWMU.

4.0 Summary of Analysis and Results

In the Nookachamps WAU, 62 landslides were inventoried during this review over a 39-year period between 1962-2001 (Form A-1 and A-3).  The Skagit Valley Cooperative identified an additional 42 non-typed landslides over an unspecified period of time (Boyd and Vaugeois, 2003), and Pessl and others (1989) identified eight large deep-seated bedrock landslides within the WAU.  The slides identified by Pessl and others were used in the delineation of MWMU 4.  Due to a lack of information, the slides identified by the Skagit Valley Cooperative were not used in statistical analysis or in the creation of MWMU for this WAU.  Of the 62 slides identified during this mass wasting assessment, 58% were shallow rapid failures, 19% were debris flows, 13% were deep-seated, 5% were debris avalanches, and 5% were rock topples (figure 1).

Landslides associated with clearcuts (0 to 5 years), young timber (5 to 15 years), submature timber (15 to 50 years), and partial cuts represent 29%, 16%, 26%, and 6% respectively.  Road-related landslides represent 16% of recorded failures.  Mature timber (> 50 years) and alpine areas combined account for only 6% of observed failures (Figure 2).  In total 94% of identified landslides are related to forest management activities.
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Figure 1. Number of landslides observed in the Nookachamps WAU by mass wasting process.
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Figure 2. Number of landslides observed in the Nookachamps WAU by land use association

The rate of landsliding for the WAU, normalized by area, is shown in Table 1. 

	WAU
	Landslides (n)
	Years
	WAU acreage
	Rate (n/ac/yr)

	Nookachamps
	62
	39
	46,612
	0.34x10-5


Table 1.  Landslide rate for the Nookachamps WAU

5.0
Description of Mass Wasting Units

The distribution and area of Mass Wasting Map Units (MWMUs) for the Nookachamps WAU are shown on Map A-2 and in Table 2.  These five MWMUs have been delineated to represent mass wasting process, density, and lithology.  Summary statistics for each MWMU are in Form A-2.

	Nookachamps WAU
	MWMU1
	MWMU2
	MWMU3
	MWMU4
	MWMU5

	Area (acres)
	428.6
	858.8
	609.6
	3039.6
	41675

	Landslide rate (n/ac/yr)
	1.1x10-3
	7.2x10-4
	4.6x10-4
	8.4x10-6
	4.3x10-6


Table 2.  Area of MWMUs and rate of landsliding per MWMU for Nookachamps WAU

In an effort to semi-quantitatively compare the levels of hazard both between various MWMUs within a single WAU as well as between WAUs, the concept of a Susceptibility Factor is introduced.  For the purposes of this analysis, the cumulative area of landslides that is likely to deliver to public resources (normalized for the area of the mass wasting map unit and for the 39-year study period and multiplied by 1,000,000 to provide whole numbers) is used as a proxy for susceptibility of public resources (Table 3).  As a first approximation, Susceptibility Factors of 100 or less are observed in field-verified low deliverability terrains.  Values of 101 to 250 are associated with areas of medium delivery potential, and those in excess of 250 have high deliverability potential (Lingley, 2004).  These susceptibility factors do not account for the volume of delivered sediment; however, Susceptibility Factors do appear to provide a semi-quantitative means of comparing MWMUs for the purposes of determining ratings for potential hazard of delivery of debris and sediment to streams by mass wasting as outlined in Table A-2 of Washington Forest Practices Board (1997).   The overall Susceptibility Factor for the study area is 10.6; consistent with the summary interpretation that mass wasting is of minimal concern for the majority of the assessed lands (Table 3).  The Susceptibility Factors for MWMUs 1, 2, and 3 are in the assumed medium-to-high susceptibility regime.  Because MWMUs 1, 2, and 3 are rule-identified landforms (as per WAC 222-16-050), they are automatically assigned high hazard potential ratings (Table 3; Form A-2).  However, for perspective, Susceptibility Factor values in excess of 1,000 were reported for three high hazard potential MWMUs from the Jackman Creek — Corkindale WAUs (Lingley, 2004), indicating the overall greater degree of landscape stability in the Nookachamps WAU as compared to a less-stable watershed, also in the North Cascades physiographic province. 

	Mass Wasting Map Unit
	MWMU1
	MWMU2
	MWMU3
	MWMU4
	MWMU5
	WAU

	Area of MWMU (Acres)
	429
	859
	610
	3,040
	41,675
	46,612

	Number of 'Delivering' Landslides
	4
	12
	7
	0
	0
	23

	Area of 'Delivering' Landslides (acres)
	2.9
	7.3
	9.15
	0
	0
	19.35

	Susceptibility Factor
(Area of delivering landslides)
(MWMU Area/39 years)
	173
	218
	385
	0
	0
	10.6

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Table 3.
The annualized rate of landslides that deliver to public resources in terms of frequency and landslide area (‘Susceptibility Factor’) during the 39-year study period.  For the purposes of this analysis, ‘delivering landslides’ are taken to include those inferred to have moved rapidly and have a ‘yes’ delivery rating (Form A-1).  These values have been multiplied by one million to provide whole numbers.  The category of ‘delivering landslides’ excludes deep-seated landslides, interpreted to have moved prior to initiation of forest management activities within the study area.

MWMU1: Bedrock Hollows with slopes steeper than 35 degrees (70%)

MWMU1 is intended to incorporate “bedrock hollows” as defined in WAC 222-16-010, occupying steep convergent (concave) headwater hillslopes at the upper end of zero and first-order basins.    MWMU1 is the smallest MWMU in the WAU and has the second highest number of landslides of the MWMUs (Figure 4). MWMU1 is underlain by a variety of rock and soil types.  In general, they are underlain by bedrock, but may be underlain by thin glacial till over bedrock or older landslide deposits.  The elevation of MWMU1 ranges from 73 feet to 3,965 feet.  MWMU1 has been historically sensitive to forest management practices, as 95% of inventoried landslides are associated with forest practice land uses.  The delivery potential of mass wasting occurring in MWMU1 is Moderate, with 21% of all landslides delivering material to surface waters. MWMU1 is rated as having a High mass wasting potential because it is a Forest Practices rule-identified landform, which in the Nookachamps WAU has an observed landslide rate of 0.5 landslides per year between 1962 and 2001 and a normalized Susceptibility factor of 173.

MWMU2: Inner Gorges and Steep Stream Adjacent Slopes, with slopes steeper than 35 degrees

      (70%)

MWMU2 is intended to incorporate “inner gorges” as defined in WAC 222-16-010, occupying steep to very steep inner gorges and planar-to-concave steep stream adjacent slopes.  Mass wasting processes for MWMU2 are dominated by shallow rapid and small deep-seated landslide failures.  MWMU2 has the highest number of landslides of the MWMUs (Figure 4). At lower elevations (below 500 feet) MWMU2 is underlain by deposits of the Vashon stade of the Cordilleran Ice Sheet, including glacial till, both advanced and recessional outwash and Everson glaciomarine drift.  Above 500 feet, colluvial deposits derived from older landslide debris and bedrock generally underlie MWMU2, including sandstones of the Chuckanut and Bulson Creek Formations, metamorphosed ultramafic and volcanic units of the Haystack Terrane, as well as the Darrington Phyllite.  The elevation of MWMU2 ranges from 39 feet to 3,108 feet.  MWMU2 has been historically sensitive to forest management practices, as 96% of inventoried landslides were associated with forest practice land uses.  The delivery potential of mass wasting occurring in MWMU2 is High, with 50% of inventoried landslides definitively delivering sediment to surface waters.  MWMU2 is rated as having a High mass wasting potential with an observed landslide rate of 0.6 landslides per year between 1962 and 2001 and a Susceptibility Factor of 218 (Table 3).

MWMU3: Convergent Headwalls with slopes steeper than 35 degrees (70%)

MWMU3 is intended to incorporate “convergent headwalls” as defined in WAC 222-16-010, occurring in steep convergent bedrock-dominated hillslopes and stream-channel adjacent slopes.  Two of the MWMU3 polygons incorporate the convergent bedrock head scarps above two of the very large deep-seated landslides located within the WAU.  The third MWMU3 polygon includes the convergent basin at the uppermost end of the northern branch of the East Fork Nookachamps Creek.  Landslides within MWMU3 are derived primarily from slopes underlain by metamorphic bedrock and thin rock-dominated soils. Mid-slope roads across MWMU3 appear to be particularly susceptible to failure, with nearly 50% of the landslides identified in MWMU3 initiating along roads (Form A-1). The elevation of MWMU3 ranges from 1,632 feet to 3,993 feet.  MWMU3 has been historically sensitive to forest management practices, as 100% of inventoried landslides were associated with forest practice land uses.  The delivery potential of mass wasting occurring in MWMU3 is High, with 64% of inventoried landslides definitively delivering sediment to surface waters.  MWMU3 is rated as having a High mass wasting potential with an observed landslide rate of 0.28 landslides per year between 1962 and 2001 and a Susceptibility Factor of 385, placing it in the high sediment delivery potential category (Table 3).

MWMU4: Nookachamps Deep-Seated Landslides

MWMU4 occurs along the western flanks of Cultus and Table Mountains and consists primarily of deep-seated landslides previously identified by Pessl and others (1989).  These deep-seated landslides have hummocky or irregular ground surfaces, often with deranged drainage patterns.  The slides consist of locally derived bedrock and overlying glacial deposits (primarily till) that have moved downslope by falling, sliding, slumping, or flowing.  Deposits are commonly compact, nonlayered, and consist of angular to subrounded rock fragments in a matrix of finer grained, unconsolidated material.  The elevation of MWMU4 ranges from 375 feet to 2,972 feet.  MWMU4 is considered to be variably sensitive to forest practice land uses, and thus a geotechnical field review should be required for Forest Practice Applications within this MWMU.  Although an increase in the rate of shallow landsliding was not recognized in clearcuts or roads that cross these deep-seated landslides, field evidence suggests that localized deep-seated reactivation of portions of these landslides is occurring, and is, in some instances, affecting forest roads and quarry operations.  Road and skid trail construction and timber harvest has increased runoff delivery to these landslides, but it is unclear to what extent these factors control the movement of individual landslides.  In some places, the toe slopes of these deep-seated landslides may be greater than 65%, in which case they would be designated as Forest Practice rule-identified landforms as per WAC 222-16-010.  The delivery potential of mass wasting occurring in MWMU4 is Low to Moderate.  There are large portions of these landslide that appear to have no direct routing path for sediment delivery to streams; however, streams that do cross or are marginal to these features may be susceptible to sediment delivery due to the inherent natural instability of deep-seated landslide deposits, especially when disturbed by road building and the rerouting of water on their slopes. It is uncertain if these deep-seated slides are presently introducing sediment into streams, but certainly the potential exists for sediment delivery during the reactivation of these landslides.  MWMU4 is rated as having a Variable mass wasting potential.


MWMU5: Low Hazard Areas
This unit encompasses low gradient areas of intermediate ridge tops, valley sidewalls, and valley floors and is composed of deposits of the last glacial epoch, including till, outwash, and glaciomarine drift, as well as Cenozoic sedimentary rocks and Mesozoic igneous and metamorphic rocks.  Slopes range from 0 to 50% with minor inclusions of steeper (up to 100%) slopes where sediment delivery from mass wasting is limited.  The elevation of MWMU5 ranges from 16 feet to 3,993 feet.  Small shallow rapid slides account for nearly 60% of the landslides within MWMU5.  Rock falls and deep-seated landslides account for the remainder.

The distribution of landslides by Mass Wasting Map Unit is shown in Figure 3.  In terms of raw numbers, MWMU2 contains the most mass wasting features of all the MWMUs followed by MWMU1, MWMU3, MWMU4, and MWMU5.

Because there is no direct relation between the number of landslides observed in a given MWMU and the amount or effect of delivered materials to surface waters, the area of observed landslides for each MWMU area was calculated (Figure 4).  The area of delivery, the surficial area of slides within a given MWMU with definite delivery to surface waters, was calculated as a proxy for the sediment delivery potential of each MWMU (Figure 4).  This was done to relate the magnitude of observed landsliding among MWMUs; however, it is important to recognize that differing mass wasting processes have varying effects on the delivery of water, wood, sediment and energy to stream channels.  

The types of landsliding associated with various slope forms were also examined (Figures 5 and 6).  The greatest number of slides and acreage of failure was associated with rock outcrops that, in reality are probably steep bedrock slopes with a thin colluvial mantle susceptible to failure.  Inner gorges, bedrock hollows and headwalls accounted for the majority of the slides not associated with rock outcrops.  Nearly 94% of identified slides were associated with concave-convergent, concave-planar, or planar slopes, with 69% of inventoried slides associated with concave-convergent and concave-planar slopes (Figure 7).  The average slope for inventoried landslides in the WAU is 52.5% (Figure 8).  This was calculated using USGS 10-meter digital elevation models, which may underestimate slope angle by up to 20 percent.  The slope angle cannot be reliably determined for small or narrow landslides where accuracy is limited by the 10-meter resolution of the DEM, which in turn was derived from 1:24,000-scale topographic mapping.  Conversely, the steepest slopes on rotational failures are on the failure plane and therefore steeper than the slope of the ground just before landslide initiation.  As a result, the method of slope estimation presented is an approximation.
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Figure 3. Distribution of landslides observed in the Nookachamps WAU by Mass Wasting Map Unit
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Figure 4. Area of observed landslides and Delivered area (acres) by Mass Wasting Map Unit.

    Because MWMU4 is defined as deep-seated landslides, it was not included.
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Figure 5. Number of landslide by slope form for the Nookachamps WAU
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Figure 6. Acres of mass wasting by slope form for the Nookachamps WAU
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Figure 7. Number of landslides by slope shape for the Nookachamps WAU
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Figure 8. Number of landslides by slope class for the Nookachamps WAU

6.0
Summary of Critical Questions

In order to explicitly address the critical questions posed by the Standard Methods for Conducting Watershed Analysis, the following summaries are included:

What evidence is present for mass wasting or mass wasting potential in the watershed?  
In total 62 landslides were identified over a 39-year photo history during the mass wasting review of the Nookachamps WAU.  In addition, slide initiation points for an unspecified forty-two mass wasting features are captured in the statewide landslide inventory (Boyd and Vaugeois, 2003), along with eight very large deep-seated bedrock slides mapped by Pessl and others (1989) (Map A-1 and A-2, Form A-1).  Mass Wasting Map Units were defined based upon 1) the location of identified landslides in areas that appear to conform to rule-identified landforms for unstable slopes (as per WAC 222-16-050), and 2) similarity in slope form, class, and geology to areas where landslides were identified.  Within this WAU there are areas identified as having both High mass wasting potential and High delivery potential.  When compared to watersheds in steeper topographic regions of the Cascades and Olympics, the overall mass wasting potential of the Nookachamps WAU is diminished (e.g. Washington Department of Natural Resources, 1995; Parks, 2000; Lingley, 2004).

What mass wasting processes are active?
Shallow rapid landsliding, debris flows, debris avalanches, rotational and translational deep-seated landslides, and rock topple–fall type mass wasting processes are active in the Nookachamps WAU (Map A-1 and A-2, Form A-1).

How are mass wasting features distributed throughout the landscape?
See Map A-1.  Over 75% of the landslides inventoried in this mass wasting assessment, from MWMU1, 2, and 3 are found within interpreted unstable landforms sensitive to forest practice management activities as per WAC 222-16-050.

Do landslides deliver sediment to stream channels or other waters, or threaten public works or safety?
Yes.  On average, landslides observed in the Nookachamps WAU probably or definitely delivered sediment to stream channels or other waters 51% of the time (Form A-1).  Landslides initiating in bedrock hollows identified on Map A-2 to the south-southwest of the community of McMurray pose a potential safety hazard to life and private property located at the base of the identified hollows.

How do forest management activities create or contribute to instability?
Of the observed mass wasting features in the Nookachamps WAU 94% are associated with forest practice-related land uses.  Clearcut timber harvesting on steep hillslopes, sidecast road construction techniques, and poor road drainage design all contribute to hillslope instability.  Mid-slope roads within MWMU3 appear to be especially problematic.

What areas of the landscape are susceptible to slope instability?
Steep convergent headwater areas of zero, and first order streams channels, steep planar hillslopes adjacent to stream channels, and steep convergent bedrock headwalls are susceptible to shallow rapid and debris flow mass wasting processes.  Steep toes slopes (>65%) of deep-seated landslides and inner gorges that traverse across deep-seated landslides, along with areas of structural faulting, folding, and/or glacial stratigraphy underlain by glacial silt and clay along valley margins are susceptible to renewed deep-seated mass wasting processes (Maps A-1 and A-2).

7.0 Confidence in Work Products
The overall confidence in this mass wasting assessment, to be utilized as a screening tool for forest practice applications, is high; this is due in large part to the overall low numbers of mass wasting features and rates of landsliding observed within the Nookachamps WAU, and the experience of the analyst in working with slope stability issues.  There are several sources of systematic error that may 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 user errors.  Misinterpretation occurs when a mass-wasting feature is identified but incorrectly classified.  Accuracy involves the degree to which the physical parameters of a mass-wasting feature are correctly measured, and precision describes how variability within an assessment can be controlled when making multiple measurements over varying time and spatial scales (Parks, 2000).

This mass wasting assessment was primarily conducted via remotely sensed data (aerial photograph interpretation), and as a result, there is a high likelihood that errors of omission occurred primarily in areas covered by mature forest canopies.  However, the oldest photos used in this analysis were from 1962, after most of the old growth timber in the watershed had been removed.  The fact that only one failure was identified in timber believed to be over 50 years in age may be an indication that errors in omission occurred. Specifically, landslides under heavy forest canopy were missed during photo review.  Furthermore, with more recent photos sets, and overall younger canopy stand ages, the numbers of identified slides increases between the 1962 and 1992 photo sets.  Alternatively, the scarcity of mass wasting features identified under mature canopy conditions is an indication of the relative stability of slopes with mature vegetation regimes, indicating that relatively few errors of omission in this analysis occurred.  Therefore, the resulting assessment of mass wasting processes is rated with a high level of confidence.

Misinterpretation or incorrect identification and classification of mass wasting features is another source of error in the assessment.  This source of error is considered minimal for shallow rapid, debris flow, debris avalanche, and rock fall features and a source of moderate error with respect to deep-seated landslides processes.  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 of these features is more likely. A recent 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).  Therefore confidence in work products related to classification of landslide process is moderate.

Another main source of potential error in this assessment is in the accuracy and precision of measurements of mass wasting features made by free-hand digitizing features identified on aerial photographs onto 1998 digital orthophotos in the GIS environment.  Because very few landslides were actually visited in the field, and none of those visited were surveyed using precise measurement techniques, 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 hillslope angle at a site by up to 20 percent in some localities.  Given these sources of error, the confidence in the precise location and accuracy of measurements of individual landslides is considered moderate.

8.0 Disclaimer

This inventory is intended as a screening tool for potentially unstable slopes within the Nookachamps watershed.  This assessment was produced primarily via remotely sensed information, with very limited field verification.  The location of identified landslides and Mass Wasting Map Units portrayed on the A-1 and A-2 Maps should not supersede or replace on-the-ground field inspection for each Forest Practice Application. Under no circumstances should this assessment and database be used for landslide characterization in lieu of site-specific studies by qualified and licensed geologist and engineering geologists.
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9.2 Forms
Form A-1
Mass Wasting Inventory Data for the Nookachamps WAU

	Slide ID
	MWMU
	Process
	Certainty
	Id Date
	Ls size
	Ls_size (acres)
	Id2 date
	Landform
	Slp shp
	Gradient
	Del.
	Land Use
	Init elev
	Photo_num

	2
	1
	4
	Q
	1962
	5
	1.21
	
	2
	1
	53
	N
	3
	1402
	SKAGIT 23A-10

	3
	2
	1
	P
	1962
	3
	0.13
	1978
	1
	1
	38
	Y
	3
	731
	SKAGIT 26-13

	4
	2
	1
	P
	1962
	3
	0.11
	1978
	1
	1
	46
	Y
	3
	503
	SKAGIT 26-13

	5
	2
	1
	P
	1962
	3
	0.36
	
	1
	1
	46
	Y
	3
	453
	SKAGIT 26-13

	6
	2
	1
	P
	1962
	3
	0.19
	
	1
	1
	43
	Y
	3
	334
	SKAGIT 26-13

	7
	2
	1
	D
	1962
	4
	0.61
	
	1
	2
	21
	Y
	4
	250
	SKAGIT 26-13

	8
	1
	3
	P
	1962
	4
	0.49
	
	6
	3
	57
	N
	2
	2555
	SKAGIT 28A-18

	9
	2
	4
	P
	1962
	5
	2.13
	
	1
	1
	54
	P
	2
	2446
	SKAGIT 29A-16

	10
	2
	1
	D
	1962
	4
	0.58
	1978
	2
	2
	90
	Y
	1
	2868
	SKAGIT 29A-16

	11
	1
	1
	P
	1978
	4
	0.78
	
	6
	3
	95
	N
	5
	744
	NW78-59C-30

	12
	1
	1
	P
	1978
	3
	0.33
	
	6
	3
	91
	N
	5
	753
	NW78-59C-30

	13
	2
	4
	Q
	1978
	5
	1.28
	
	1
	1
	45
	P
	3
	881
	NW78-60C-35

	14
	1
	1
	Q
	1978
	3
	0.15
	
	6
	3
	55
	I
	3
	1095
	NW78-63B-79

	15
	2
	1
	D
	1978
	3
	0.27
	
	9
	1
	25
	Y
	3
	1314
	NW78-63C-7

	16
	1
	2
	P
	1978
	3
	0.13
	
	5
	1
	58
	Y
	3
	2477
	NW78-63C-11

	17
	4
	6
	P
	1978
	5
	30.40
	
	6
	4
	20
	I
	1
	721
	NW78-64B-31

	18
	3
	3
	D
	1978
	4
	0.80
	
	8
	3
	72
	N
	3
	2654
	NW78-64C-5

	19
	3
	3
	D
	1978
	3
	0.39
	
	8
	3
	77
	N
	3
	2572
	NW78-64C-5

	20
	2
	1
	D
	1978
	4
	0.44
	
	1
	1
	56
	Y
	3
	2802
	NW78-64C-9

	21
	5
	8
	D
	1978
	4
	1.01
	
	6
	3
	90
	N
	8
	2993
	NW78-65B-14

	22
	5
	1
	P
	1978
	3
	0.38
	
	6
	1
	46
	N
	1
	3123
	NW78-65B-15

	23
	3
	2
	D
	1978
	4
	0.85
	
	5
	1
	37
	Y
	1
	3454
	NW78-65B-18

	24
	3
	1
	D
	1978
	3
	0.28
	1991
	5
	4
	45
	N
	1
	3303
	NW78-65B-18

	25
	3
	2
	D
	1978
	5
	2.51
	
	5
	1
	63
	Y
	5
	3482
	NW78-65B-18

	26
	3
	2
	D
	1978
	4
	0.72
	
	5
	1
	54
	Y
	1
	3110
	NW78-65B-18

	27
	2
	1
	D
	1978
	3
	0.40
	
	2
	1
	75
	Y
	2
	2780
	NW78-65B-18

	28
	5
	8
	D
	1978
	5
	1.63
	
	6
	5
	65
	N
	8
	3101
	NW78-66C-16

	29
	1
	2
	D
	1991
	2
	0.02
	
	2
	1
	75
	Y
	1
	819
	NW91-17-46-202

	30
	1
	2
	D
	1991
	2
	0.05
	
	2
	1
	80
	Y
	1
	834
	NW91-17-46-202

	31
	1
	1
	D
	1991
	2
	0.04
	
	2
	1
	60
	N
	1
	867
	NW91-17-46-202

	32
	2
	1
	P
	1991
	3
	0.13
	
	6
	3
	30
	N
	1
	553
	NW91-11-47-273

	33
	2
	2
	P
	1991
	1
	0.02
	
	2
	1
	26
	Y
	2
	720
	NW91-11-47-273

	34
	5
	1
	D
	1991
	2
	0.05
	
	6
	3
	55
	N
	2
	1047
	NW91-34-47-3

	35
	2
	1
	P
	1991
	2
	0.06
	
	6
	3
	43
	N
	6
	389
	NW91-13-49-238

	36
	2
	1
	P
	1991
	2
	0.07
	
	6
	3
	67
	N
	6
	339
	NW91-13-49-238

	37
	2
	1
	P
	1991
	2
	0.09
	
	6
	3
	45
	N
	6
	228
	NW91-13-49-238

	38
	3
	1
	D
	1991
	4
	0.97
	
	5
	3
	61
	N
	5
	3472
	NW91-21-51-216

	39
	2
	4
	P
	1991
	5
	1.80
	
	9
	1
	62
	I
	3
	1824
	NW91-21-51-216

	40
	1
	1
	P
	1991
	3
	0.11
	
	6
	1
	83
	N
	3
	2788
	NW91-34-52-119

	41
	1
	1
	P
	1991
	3
	0.16
	
	6
	1
	52
	N
	3
	2784
	NW91-34-52-119

	42
	5
	1
	P
	1991
	3
	0.19
	
	6
	3
	75
	N
	3
	2653
	NW91-34-52-119

	43
	3
	2
	D
	1991
	4
	0.56
	
	5
	1
	40
	Y
	5
	3454
	NW91-34-52-121

	44
	3
	2
	D
	1991
	5
	1.80
	
	5
	1
	40
	Y
	5
	3506
	NW91-34-52-121

	45
	3
	2
	D
	1991
	5
	1.48
	
	5
	1
	54
	Y
	1
	3371
	NW91-34-52-121

	46
	1
	8
	D
	1991
	3
	0.38
	
	6
	1
	63
	N
	8
	2996
	NW91-16-53-242

	47
	2
	1
	D
	1991
	3
	0.27
	
	1
	1
	38
	Y
	2
	2858
	NW91-16-53-244

	Slide ID
	MWMU
	Process
	Certainty
	Id Date
	Ls size
	Ls_size (acres)
	Id2 date
	Landform
	Slp shp
	Gradient
	Del.
	Land Use
	Init elev
	Photo_num

	48
	2
	1
	D
	1991
	3
	0.31
	
	1
	1
	25
	Y
	2
	2868
	NW91-16-53-244

	49
	1
	1
	D
	2001
	2
	0.10
	
	2
	1
	52
	I
	2
	640
	NWC01-74-46-42

	50
	1
	1
	D
	2001
	4
	0.52
	
	2
	3
	66
	N
	2
	1264
	NWC01-74-46-46

	51
	2
	4
	Q
	2001
	5
	3.47
	
	4
	1
	41
	I
	6
	321
	NWC01-13-48-170

	52
	5
	1
	D
	2001
	3
	0.14
	
	7
	2
	26
	N
	1
	299
	NWC01-13-48-170

	53
	2
	1
	D
	2001
	3
	0.22
	1984
	1
	1
	31
	P
	2
	356
	NWC01-13-49-95

	54
	2
	4
	P
	2001
	4
	8.78
	
	7
	2
	28
	I
	1
	627
	NWC01-13-49-108

	55
	2
	1
	P
	2001
	3
	0.14
	
	1
	2
	31
	I
	5
	431
	NWC01-38-50-166

	56
	2
	1
	P
	2001
	2
	0.05
	
	1
	2
	28
	I
	5
	431
	NWC01-38-50-166

	57
	1
	1
	D
	2001
	3
	0.13
	
	2
	1
	62
	N
	1
	1241
	NWC01-38-50-169

	58
	1
	1
	D
	2001
	3
	0.25
	
	2
	1
	65
	N
	1
	1261
	NWC01-38-50-169

	59
	1
	1
	D
	2001
	2
	0.05
	
	2
	1
	78
	N
	1
	1250
	NWC01-38-50-169

	60
	1
	1
	P
	2001
	2
	0.06
	
	2
	1
	59
	N
	1
	1262
	NWC01-38-50-169

	61
	5
	4
	P
	2001
	5
	3.39
	
	6
	5
	13
	N
	1
	1875
	NWC01-38-50-177

	62
	1
	2
	P
	2001
	5
	2.70
	
	5
	1
	41
	Y
	5
	3505
	NWC01-38-52-249

	63
	3
	2
	D
	2001
	5
	1.23
	 
	5
	1
	42
	Y
	5
	3494
	NWC01-38-52-251


Form A-2
Mass Wasting Map Unit Descriptions

MWMU Number: 1 — Bedrock Hollows with slopes steeper than 35 degrees (70%)

Description:  

MWMU1 incorporates “bedrock hollows” as defined in WAC 222-16-010, and includes steep convergent (concave) headwater hillslopes at the upper end of zero and first-order basins.  Occupies less than one percent (1%) of the surface area of the Nookachamps WAU.  See Map A-2.

Materials:  

This MWMU is underlain by a variety of rock and soil types.  In general, areas of MWMU1 are underlain by bedrock, but may be underlain by thin glacial till over bedrock or older landslide deposits. The cluster of bedrock hollows located in the southwestern portion of the watershed (west of Lake McMurray) are underlain by sedimentary rocks (conglomerates, sandstones, and siltstones) of the Bulson Creek Formation.  The clusters of bedrock hollows west and north of Devils Lake are underlain by Chuckanut Formation sandstones, forming thin gravely soils, as well as serpentanite (metamorphosed (highly altered) basalt) of the Haystack terrane, resulting in rocky, erodible soils, on steeper slopes.   The hollows mapped east of Walker Valley, in Sections 3 and 10, Township 33 North, Range 5 East, are underlain by Chuckanut sandstones and thin deposits of glacial till.  The hollows located between the headwaters of Walker Creek and the East Fork Nookachamps Creek are underlain by metamorphosed basalts of the Haystack Terrane.  North of the East Fork Nookachamps Creek, all of the bedrock hollows identified are underlain by the strongly foliated (thinly laminated) Darrington Phyllite, with resulting thin (20 to 40 inch thick) silt-loam soils.

Landform:  

Consists of convergent topography forming the heads of 0 and 1st order channels.

Slope (determined via DEM):



Min: 11%
Max: 169%
Mean: 53%
Standard Deviation: 14
n = 78

Elevation (determined via DEM):


Min: 73’
Max: 3,965’
Mean: 2,108’
Standard Deviation: 1068’
n = 78

Total Area (determined via DEM):

428.6 acres.
Total area occupied by landslides in MWMU1 is 7.65 acres

Min: 0.02 ac.
Max: 2.7 ac.
Mean: 0.4 ac.
Standard Deviation: 0.63
n = 19

MW Processes:  

Predominantly shallow rapid landslides and debris flows.  Relatively minor numbers of debris avalanches, deep-seated landslides, and rock topples / falls included within this MWMU.  See Form A-1 and A-3.

Forest Practice Sensitivity:  

High. 95 percent of inventoried landslides were associated with forest practice land uses.

Mass Wasting Potential: 

High.
Observed landslide rate of 0.5 landslides/year between 1962-2001, with 1.8% of

MWMU1 in identified landslide area.  MWMU1 has a normalized value of slide area by WAU area by time of 4.2.

Delivery Potential:  

Moderate.  
20 percent (4/19) of inventoried landslides definitively delivered to stream channels, with

a ratio of landslides that delivered sediment to MWMU1 acreage of 0.007. MWMU1 has a Susceptibility Factor of 173, which is tentatively considered moderate (Table 3).

Delivery Criteria Used:  

Proximity and direction of failure scars toward headwater stream channels; historical delivery observed.

Hazard Potential Rating:  

High.  MWMU1 is a high-hazard rule identified landform as per WAC 222-16-050.

Trigger Mechanisms:  

Clear-cutting (even-age timber management) of steep slopes (> 25%) reduces the effective soil cohesion contributed by tree-root strength on hillslopes in convergent channel head environments.  The loss of effective soil cohesion increases the likelihood of shallow-rapid hillslope failure and resulting debris-flow deposition of water, wood and sediment from bedrock hollows into the headwater reaches of 1st, 2nd, and 3rd order streams.  Greater than half (10/19) of the landslides occurred within clearcut or young stands (<15 years old) of timber and a full seventy-nine percent of slides occurred within areas that had been logged in the past 50 years or less.  

Failure of side-cast and/or fill material associated with forest roads accounts for sixteen percent of the observed landslides.

Confidence:  

High.

___________________________________________________________________

MWMU Number: 2 — Inner Gorges and Steep Stream Adjacent Slopes, with slopes

 steeper than 35 degrees (70%)

Description:  

MWMU2 incorporates “inner gorges” as defined in WAC 222-16-010, and includes generally short and moderately steep-to-very steep inner gorges and planar-to-concave steep stream adjacent slopes, including significant portions of Mundt and East Fork Nookachamps Creeks.  In low elevation regions (< 500’), the MWMU is generally underlain by unconsolidated to consolidated glacial deposits.  In higher elevation reaches, the MWMU is underlain by thin colluvial soils and bedrock. MWMU2 occupies 1.8% of the surface area of the Nookachamps WAU (see Map A-2).

Materials:  

Inner gorges found at lower elevations (generally < 500’) generally have soil parent materials composed of deposits of the Vashon stade of the Cordilleran Ice Sheet, including glacial till, both advanced and recessional glacial outwash and Everson glaciomarine drift.  Inner gorges found above 500’ generally have soil parent material derived from older landslide debris and bedrock, including sandstones of the Chuckanut and Bulson Creek Formations, metamorphosed (altered) ultramafic (serpentanite) and volcanic (greenstone) units of the Haystack Terrane, and strongly foliated (thinly laminated) Darrington Phyllite. 

Landform:  

Generally planar to concave hillslopes, outwash terrace margins, and stream-adjacent inner gorge slopes formed in glacial and bedrock units.

Slope (determined via DEM):

Min: 0%
Max: 154%
Mean: 38%
Standard Deviation: 19
n = 32

Elevation (determined via DEM):  

Min: 39’
Max: 3,108’
Mean: 1,122’
Standard Deviation: 907  n = 32

Total Area (determined via DEM): 

858.8 acres.  Total area occupied by landslides in MWMU2 is 21.9 acres.

Min: 0.02 ac.
Max: 8.78 ac.
Mean: 0.9 ac.
Standard Deviation: 1.9
n = 24

MW Processes:  

Predominantly shallow-rapid landslides (18/24).  Relatively minor numbers of debris flows (1/24), and deep-seated landslides (5/24) included within this MWMU.  See Form A-1 and A-3.

Forest Practice Sensitivity:  

High.  96 percent of inventoried landslides were associated with forest practice land uses.

Mass Wasting Potential: 

High.  
Observed landslide rate of 0.6 landslides/year between 1962-2001, with 2.6% of MWMU2 in identified landslide areas.  MWMU2 has a normalized value of slide area by WAU area by time of 12.0.

Delivery Potential:  

High.
50% (12/24) of inventoried landslides definitively delivered to stream channels, with a ratio of

landslides that delivered sediment to MWMU2 acreage of 0.009.  Another three identified slides probably delivered.  MWMU2 has a Susceptibility Factor of 218, which is tentatively considered moderate (Table 3).

Delivery Criteria Used:  

Proximity and direction of failure scars toward stream channels; historical delivery observed.

Hazard Potential Rating:  

High.  MWMU2 is a high-hazard rule identified landform as per WAC 222-16-050.

Trigger Mechanisms:  

Clear-cutting (even-age timber management) of steep slopes (> 25%) reduces the effective soil cohesion contributed by tree-root strength on hillslopes in convergent channel head environments.  The loss of effective soil cohesion increases the likelihood of shallow-rapid hillslope failure and resulting debris-flow deposition of water, wood and sediment from steep stream adjacent slopes / inner gorges into the headwater reaches of 1st, 2nd, and 3rd order streams.  One third (9/24) of the landslides (21/24) occurred within clearcut or young stands (<15 years old) of timber and a full ninety percent of slides occurred within areas that had been logged in the past 50 years or less. 

Failure of side-cast and/or fill material associated with forest roads accounts for less than 10% (2/24) of the observed landslides in MWMU2.

Confidence:  

High

___________________________________________________________________

MWMU Number: 3 — Convergent Headwalls with slopes steeper than 35 degrees (70%)

Description:  

MWMU3 incorporates “convergent headwalls” as defined in WAC 222-16-010, and is comprised of steep convergent hillslopes and stream-channel adjacent side slopes at the uppermost end of the northern branch of the East Fork Nookachamps Creek, as well as the convergent bedrock head scarps above two of the very large deep-seated landslides located within the WAU.  MWMU3 occupies 1.3% of the surface area within the Nookachamps WAU (See Map A-2).

Materials:  

Landslides within MWMU3 are derived primarily from slopes underlain by bedrock and thin rocky soils.  For the southern of the three MWMU3 polygons, located in Section 27, Township 34 North, Range 5 East, the parent material is primarily greenstone and serpentanite (metamorphosed (altered) basalt and ultramafic rock) of the Haystack Terrane.  For the two MWMU3 polygons located north of the East Fork Nookachamps Creek, the parent material is strongly foliated (thinly laminated) Darrington Phyllite.

Landform:  

Convergent, often rocky topography forming the heads of 1st and 2nd order channels and associated up-slope bedrock hollows.  Two of the three MWMU3 polygons delineate the head scarp (or main scarp) region of two very large bedrock-controlled deep-seated landslides.

Slope (determined via DEM):  

Min: 1%
Max: 190%
Mean: 49%
Standard Deviation: 20
n = 3
Elevation (determined via DEM):  

Min: 1,632’
Max: 3,993’
Mean: 3,201’
Standard Deviation: 513 n = 3
Total Area (determined via DEM): 

609.6 acres.  Total area occupied by landslides in MWMU3 is 11.6 acres.

Min: 0.28 ac.
Max: 2.51 ac.
Mean: 1.05 ac. Standard Deviation: 0.66
n = 11

MW Processes:  

Predominantly shallow landslides that evolve into debris flows (64%) with lesser percentages of shallow rapid (18%) and debris avalanches (18%).

Forest Practice Sensitivity:  

High. 
100% of identified landslides have occurred in logged areas or from logging roads. 

Approximately 80% of slides are within clearcut areas or initiate along forest roads.

Mass Wasting Potential: 

High.  
Observed landslide rate of 0.28 landslides/year between 1962-2001, with 1.9% of

MWMU3 in identified landslide area.  MWMU3 has a normalized value of slide area by WAU area by time of 6.4.

Delivery Potential:  

High. 
64% (7/11) of inventoried landslides definitively delivered to stream channels, with a

ratio of acreage of landslides that delivered sediment to MWMU3 acreage of 0.015 (the highest of any MWMU).  MWMU3 has a Susceptibility Factor of 385, which is tentatively considered high (Table 3).

Delivery Criteria Used:  

Proximity and direction of failure scars toward stream channels; historical delivery observed.

Hazard Potential Rating:  

High.  MWMU3 is a high-hazard rule identified landform as per WAC 222-16-050.

Trigger Mechanisms:

Clear-cutting (even-age timber management) of steep slopes (> 25%) reduces the effective soil cohesion contributed by tree-root strength on hillslopes in convergent channel head environments.  The loss of effective soil cohesion increases the likelihood of shallow-rapid hillslope failure and resulting debris-flow deposition of water, wood and sediment from steep stream adjacent slopes / inner gorges into the headwater reaches of 1st, 2nd, and 3rd order streams.  Greater than half of the inventoried landslides (6/11) occurred within clearcut or young stands (<15 years old) of timber. 

Failure of side-cast and/or fill material associated with forest roads accounted for the other 45% (5/11) of inventoried failures within MWMU3.  These types of road-related failures tended to translate into fast-moving debris flow events, scouring sediment from low-order channels, and depositing in higher order channels.  Inadequate road drainage (lack of culverts, undersized, and un-maintained culverts) may also contribute to these debris flow events.

Confidence:  High.

MWMU Number: 4 — Nookachamps Deep-Seated Landslides

Description:  

MWMU4 is comprised of large persistent deep-seated landslides located on the western flanks of Cultus and Table Mountains.  Toe portions of these landslides may qualify as unstable landforms if slopes are greater than 65 percent (as per WAC 222-16-050).  The majority of these landslides were previously identified by Pessl and others (1989).  The age of these landslides is unknown.  It is known that they are younger than the period of last glaciation.  Recent reactivation of portions of these landslide deposits, often in conjunction with forest practice activity, has been documented (Noel Wolff, WADNR, 2003, oral communication).

Materials:  

Landslide deposits consist of locally derived bedrock and overlying glacial deposits (till) that have moved downslope by falling, sliding, slumping, or flowing.  Deposits are commonly compact, nonlayered, and consist of angular to subrounded rock fragments in a matrix of finer grained, unconsolidated material.  In some instances, individual rocks within the landslide mass may be the size of cars and houses.

Landform:  

Mid to lower slopes along the west side of Cultus and Table Mountains.  Topographic expression commonly is hummocky and includes closed depressions and discontinuous low ridges with interrupted surface drainage.  Landslides commonly have well-defined source-area scars (head scarp) upslope of the slide deposit as well as well defined lateral margins which may be occupied by stream courses.

Slope (determined by DEM):  

Min: 0%
Max: 190%
Mean: 26%
Standard Deviation: 15
n = 10
Elevation (determined by DEM):  

Min: 375’
Max: 2,972’
Mean: 1,473’
Standard Deviation: 585
n = 10
Total Area (determined by DEM): 

3,040 acres.  Total area occupied by landslides in MWMU4 is 3,040 acres, occupying 6.5% of the total surface area of the Nookachamps WAU.

Min: 3.4 ac.
Max: 2,284 ac.
Mean: 304 ac.
Standard Deviation: 708 n = 10

MW Processes:  

Large-persistent deep-seated landslides.

Forest Practice Sensitivity:  

Variable.  Although an increase in the rate of shallow landsliding was not recognized in clearcuts or roads that cross these deep-seated landslides, field evidence suggests that localized deep-seated reactivation of portions of these landslides is occurring, and in some instances affecting forest roads and quarry operations.  At this time, it is uncertain as to whether or not forest practices are contributing to this movement (Noel Wolff, WADNR, 2003, oral communication).  Large portions of these deep-seated landslides likely do not respond to forest practice activities; however, there may be smaller areas, especially along inner gorges and stream adjacent slopes transecting or adjacent to the slide masses that are especially susceptible to mass wasting.

Mass Wasting Potential: 

Variable.

Delivery Potential:  

Low to Moderate.  90% of inventoried deep-seated landslides either abut up against one or more streams (streams along marginal edges of landslide deposit) and/or have streams that cross the landslide deposit.  It is uncertain if these deep-seated slides are presently introducing sediment into streams, but certainly the potential exists for sediment delivery during the reactivation of these landslides.

Delivery Criteria Used:  

Proximity to flowing water.

Hazard Potential Rating:  

Variable – geotechnical review required due to the complexity and potential for sediment delivery via reactivation of these features.

Trigger Mechanisms:  

Naturally induced climatic variations and changes in slope hydrology, near-source seismic events, and human-induced modifications of natural slopes.

Confidence:  

High as to location.  Low as to behavior of landslides related to forest practice activates.

MWMU Number: 5 — Low Hazard Areas

Description:  

Low to moderate gradient areas of intermediate ridge tops, valley sidewalls, and valley floors.

Materials:  

Low hazard areas include deposits of the last glacial epoch, including till, outwash, and glaciomarine drift, as well as Cenozoic sedimentary rocks (Chuckanut and Bulson Creek Formations) and Mesozoic igneous and metamorphic rocks (including volcanic and metavolcanic rocks of the Haystack Terrane and the Darrington Phyllite).

Landform:  

Low-to-moderate gradient valley floors, valley sidewalls, and divergent ridges and intermediate ridge tops.

Slope:  

0-50% slopes with minor inclusions of steeper (100%) slopes, especially on divergent bedrock ridges

Elevation:  

16’ to 3,993’.

Total Area:


41,675 acres.  MWMU5 covers approximately 89% of the surface area of the Nookachamps WAU.

MW Processes:  

Shallow-rapid slides account for nearly 60% of the landslides within MWMU5.  Rock fall/topple and deep-seated landslides account for the remainder.

Forest Practice Sensitivity:  

Low.
70% of the identified slides (5/7) occurred within clearcut or young stands of timber, while 30% of the slides (2/7) occurred in rocky alpine areas with no forest practice activity.

Mass Wasting Potential: 

Low.
Observed landslide rate of 0.18 landslides/year between 1962-2001, with 0.016% of MWMU5 in identified landslide area.  MWMU5 has a normalized value of slide area by WAU area by time of 3.7.

Delivery Potential:  

Low.
Zero percent of the mass wasting features identified in MWMU5 delivered to surface waters.

Delivery Criteria Used:  

Proximity and direction of visible landslide scars in relation to surface water features.

Hazard Potential Rating:  

Low

Trigger Mechanisms:  

Background mass wasting processes, high intensity rainfall, soil accumulations and natural disturbance.

Confidence:  

High.

Form A-3


Mass Wasting Summary Table:
MWMU#1

	Activity
	Shallow Rapid Landslides
	Debris Flows
	Debris Avalanches
	Deep-Seated Landslides
	Shallow Sporadic Deep-Seated Landslides
	Large Persistent Deep-Seated Landslides
	Rock Topple
	Totals

	Clear Cut             (timber 0-5 yrs)
	 5
	2
	 
	 
	 
	 
	 
	7

	Young Stands      (timber 5-15 yrs)
	 2
	 
	1
	 
	 
	 
	 
	3

	Submature          (timber 15-50 yrs)
	 3
	 
	1
	 
	 
	 
	 
	4

	Mature                 (timber > 50 yrs)
	 
	 
	 
	 
	 
	 
	 
	

	Road
	 2
	1
	 
	 
	 
	 
	 
	3

	Partial Cut
	 
	 
	 
	 
	 
	 
	 
	

	Yarding
	 
	 
	 
	 
	 
	 
	 
	

	Alpine
	 
	 
	 
	 
	 
	 
	1
	1

	Other                       (e.g. housing, agriculture)
	 
	 
	 
	 
	 
	 
	 
	


Mass Wasting Summary Table: MWMU#2

	Activity
	Shallow Rapid Landslides
	Debris Flows
	Debris Avalanches
	Deep-Seated Landslides
	Shallow Sporadic Deep-Seated Landslides
	Large Persistent Deep-Seated Landslides
	Rock Topple
	Totals

	Clear Cut             (timber 0-5 yrs)
	2 
	 
	 
	1
	 
	 
	 
	3

	Young Stands      (timber 5-15 yrs)
	4
	1
	 
	1
	 
	 
	 
	6

	Submature          (timber 15-50 yrs)
	6
	 
	 
	2
	 
	 
	 
	8

	Mature                 (timber > 50 yrs)
	1 
	 
	 
	 
	 
	 
	 
	1

	Road
	2 
	 
	 
	 
	 
	 
	 
	2

	Partial Cut
	3
	 
	 
	1
	 
	 
	 
	4

	Yarding
	 
	 
	 
	 
	 
	 
	 
	 

	Alpine
	 
	 
	 
	 
	 
	 
	 
	 

	Other                       (e.g. housing, agriculture)
	 
	 
	 
	 
	 
	 
	 
	 


Mass Wasting Summary Table: MWMU#3

	Activity
	Shallow Rapid Landslides
	Debris Flows
	Debris Avalanches
	Deep-Seated Landslides
	Shallow Sporadic Deep-Seated Landslides
	Large Persistent Deep-Seated Landslides
	Rock Topple
	Totals

	Clear Cut             (timber 0-5 yrs)
	1 
	3
	 
	 
	 
	 
	 
	4

	Young Stands      (timber 5-15 yrs)
	 
	 
	 
	 
	 
	 
	 
	 

	Submature          (timber 15-50 yrs)
	 
	 
	2
	 
	 
	 
	 
	2

	Mature                 (timber > 50 yrs)
	 
	 
	 
	 
	 
	 
	 
	 

	Road
	1
	4
	 
	 
	 
	 
	 
	5

	Partial Cut
	 
	 
	 
	 
	 
	 
	 
	 

	Yarding
	 
	 
	 
	 
	 
	 
	 
	 

	Alpine
	 
	 
	 
	 
	 
	 
	 
	 

	Other                       (e.g. housing, agriculture)
	 
	 
	 
	 
	 
	 
	 
	 


Mass Wasting Summary Table: MWMU#4

	Activity
	Shallow Rapid Landslides
	Debris Flows
	Debris Avalanches
	Deep-Seated Landslides
	Shallow Sporadic Deep-Seated Landslides
	Large Persistent Deep-Seated Landslides
	Rock Topple
	Totals

	Clear Cut             (timber 0-5 yrs)
	 
	 
	 
	 
	 
	 1
	 
	1

	Young Stands      (timber 5-15 yrs)
	 
	 
	 
	 
	 
	 
	 
	 

	Submature          (timber 15-50 yrs)
	 
	 
	 
	 
	 
	 
	 
	 

	Mature                 (timber > 50 yrs)
	 
	 
	 
	 
	 
	 
	 
	 

	Road
	 
	 
	 
	 
	 
	 
	 
	 

	Partial Cut
	 
	 
	 
	 
	 
	 
	 
	 

	Yarding
	 
	 
	 
	 
	 
	 
	 
	 

	Alpine
	 
	 
	 
	 
	 
	 
	 
	 

	Other                       (e.g. housing, agriculture)
	 
	 
	 
	 
	 
	 
	 
	 


Mass Wasting Summary Table: MWMU#5

	Activity
	Shallow Rapid Landslides
	Debris Flows
	Debris Avalanches
	Deep-Seated Landslides
	Shallow Sporadic Deep-Seated Landslides
	Large Persistent Deep-Seated Landslides
	Rock Topple
	Totals

	Clear Cut             (timber 0-5 yrs)
	2 
	 
	 
	1
	 
	 
	 
	3

	Young Stands      (timber 5-15 yrs)
	1
	 
	 
	 
	 
	 
	 
	1

	Submature          (timber 15-50 yrs)
	1
	 
	 
	 
	 
	 
	 
	1

	Mature                 (timber > 50 yrs)
	 
	 
	 
	 
	 
	 
	 
	 

	Road
	 
	 
	 
	 
	 
	 
	 
	 

	Partial Cut
	 
	 
	 
	 
	 
	 
	 
	 

	Yarding
	 
	 
	 
	 
	 
	 
	 
	 

	Alpine
	 
	 
	 
	 
	 
	 
	2
	2

	Other                       (e.g. housing, agriculture)
	 
	 
	 
	 
	 
	 
	 
	 


9.3
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Number of Slides

Landslide Process

Number of landslides (n=62)

36

12

8

3

3



lsi_data

		LSI_UNIQID		Slide_id		MWMU		SOURCE_IDNO		Lsi_process		Certainty		Id_date		Ls_size		Ls_size (acres)		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

				15		1				2		P		1978		3		0.13						5		1		58		Y		3		2477		NW78-63C-11

				22		3				2		D		1978		4		0.85						5		1		37		Y		1		3454		NW78-65B-18

				24		3				2		D		1978		5		2.51						5		1		63		Y		5		3482		NW78-65B-18

				25		3				2		D		1978		4		0.72						5		1		54		Y		1		3110		NW78-65B-18

				28		1				2		D		1991		2		0.02						2		1		75		Y		1		819		NW91-17-46-202

				29		1				2		D		1991		2		0.05						2		1		80		Y		1		834		NW91-17-46-202

				32		2				2		P		1991		1		0.02						2		1		26		Y		2		720		NW91-11-47-273

				42		3				2		D		1991		4		0.56						5		1		40		Y		5		3454		NW91-34-52-121

				43		3				2		D		1991		5		1.80						5		1		40		Y		5		3506		NW91-34-52-121

				44		3				2		D		1991		5		1.48						5		1		54		Y		1		3371		NW91-34-52-121

				61		1				2		P		2001		5		2.70						5		1		41		Y		5		3505		NWC01-38-52-249

				62		3				2		D		2001		5		1.23						5		1		42		Y		5		3494		NWC01-38-52-251





overall stats

		WAU Size (acres)		MUMU		Acerage		# of landslides		acerage of slides per MWMU		acerage of delivery per MWMU		delivered area / MWMU area		slope form		# of landslides		acerage of mass wasting by slope form		slope shape		# of landslides		slope class		# of landslides		Land Use		# of Landslides		# of Management-Related landslides (landuse # 1-7)		# of landslides		Photo Period		Acres of landslides		landuse		# of landslides		slide initiation elevation (ft)

		46612		1		428.6		19		7.65		2.9		0.0067662156		inner gorge		13		6.2		concave, convergent		37		0 to 10%		0		clearcut  (timber 0-5 yrs)		18		59		9		1962		47.7		clearcut  (timber 0-5 yrs)		11		0-500

		73 mi2		2		858.8		24		21.9		7.3		0.0085002329		bedrock hollow		13		3.4		concave-planar		6		11 to 40%		17		young stands  (timber 5-15 yrs)		10				18		1978		4.5		young stands  (timber 5-15 yrs)		2		501-1000

				3		609.6		11		11.6		9.15		0.0150098425		avalanche chute		0		0		planar		15		41 to 60%		24		submature timber (15-50 years)		16				20		1991		7.7		submature timber (15-50 years)		9		1001-1500

				4		3039.6		10		3039.6		0		0		terrace face		1		3.5		planar-convex		2		61 to 80%		16		mature timber (>50 years)		1				15		2001		0.6		mature timber (>50 years)		2		1501-2000

				5		41675		7		6.8		0		0		headwall		11		13.2		convex, divergent		2		> 80%		5		road		10								11.1		road		2		2001-2500

																rock outcrop		18		39.8										partial cut		4								3.7		partial cut		13		2501-3000

																other		2		8.9										yarding		0								0		yarding		11		2001-3500

																deep seated		2		1.2										alpine		3								3		alpine		1		3501-4000

																stream influenced		2		2.1										other-e.g., housing, agriculture		0								0		other-e.g., housing, agriculture

				Normalized MWMU slide Area by WAU area by time

				MWMU		Value

				1		4.2082263399

				2		12.0470793259

				3		6.3811013781

				4		1672.0685990402

				5		3.7406456354





mwmu stats

		MWMU #1						MWMU #2						MWMU #3						MWMU #4						MWMU #5

		Slope %						Slope %						Slope %						Slope %						Slope %

		Min		11				Min		0				Min		1				Min		0				Min		0

		Max		169				Max		154				Max		190				Max		190				Max		194

		Mean		53				Mean		38				Mean		49				Mean		26				Mean		18

		S.D.		14				S.D.		19				S.D.		20				S.D.		15				S.D.		17

		n		78				n		32				n		3				n		10				n		n/a

		Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)

		Min		73				Min		39				Min		1632				Min		375				Min		16

		Max		3965				Max		3108				Max		3993				Max		2972				Max		3993

		Mean		2108				Mean		1122				Mean		3201				Mean		1473				Mean		807

		S.D.		1068				S.D.		907				S.D.		513				S.D.		585				S.D.		930

		n		78				n		32				n		3				n		10				n		n/a

		Total Area (ac)		428.6				Total Area (ac)		858.8				Total Area (ac)		609.6				Total Area (ac)		3040				Total Area (ac)		41675

		Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides

		total acerage		7.65				total acerage		21.9				total acerage		11.6				total acerage		3040				total acerage		6.8

		min		0.02				min		0.02				min		0.28				min		3.4				min		0.05

		max		2.7				max		8.78				max		2.51				max		2284				max		3.39

		mean		0.4				mean		0.9				mean		1.05				mean		304				mean		0.97

		S.D.		0.63				S.D.		1.9				S.D.		0.66				S.D.		708				S.D.		1.2

		n		19				n		24				n		11				n		10				n		7

		Materials:						Materials:						Materials:		Jmv(h)				Materials:		Ec(c)				Materials:

				Ec(c)						Ec(c)						Jph(d)						OEc(b)

				Jmv(h)						Evr						MZmm(h)						Qgo

				Jph(d)						Jmv(h)						Qgt						Qgt

				MZmm(h)						Jph(d)						Qls						Qls

				MZu(h)						MZmm(h)

				OEn(b)						MZu(h)

				Qgoc						OEc(b)

				Qgt						OEn(b)

				Qls						Pigbo(t)

										Qa(c)

										Qgas

										Qgdm(e)

										Qgo

										Qg0c

										Qgt

										Qls





figures

		Landslide Process		Number of Slides

		shallow rapid		36

		debris flow		12

		deep-seated		8

		debris avalanche		3

		rock topple		3





figures

		0

		0

		0

		0

		0



Number of Slides

Landslide Process

# of landslides



definitions

		LSI_UNIQID		Slide_id		Source_idno		Lsi_process		Certainty		Id_date		Ls_size		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

		CALCULATED		up to 5 integers		CALCULATED		1 = shallow-rapid		D = definite:  originator of landslide information is certain that this is a landslide		First year of landslide identification		Approximate size at ID_Date		Next year of landslide identification, if slide has changed size or shape		Approximate size at ID2_Date		1 = inner gorge		1 = concave, convergent		percent slope at the failure location		Y = yes, delivery occurred		1 = clearcut  (timber 0-5 yrs)		elevation (in feet) of the landslide initiation site		the full photo number the slide was identified on

		IN THE		Put the same		IN THE		2 = debris flow		P = probable:  originator of landslide information is almost certain that this is a landslide		use photo year or best estimate		1 = very small				(see LS_Size for values)		2 = bedrock hollow		2 = concave-planar				N = no, delivery did not occur		2 = young stands  (timber 5-15 yrs)

		ENTRY		number on both the		ENTRY		3 = debris avalanche		Q = questionable:  originator of landslide information is not certain that this is a landslide, but is including it for completeness of the inventory.		of landslide age.		2 = small		4 digit year, e.g. 1996				3 = avalanche chute		3 = planar		integer		P = probably sediment delivered		3 = submature timber (15-50 years)		integer		12 characters

		PROCESS		map and spreadsheet		PROCESS		4 = deep-seated				4 digit year, e.g. 1996		3 = medium						4 = terrace face		4 = planar-convex				I =  indeterminate		4 = mature timber (>50 years)

								5 = shallow, sporadic deep-seated						4 = large						5 = headwall		5 = convex, divergent						5 = road

								6 = large, persistent deep-seated						5 = very large						6 = rock outcrop								6 = partial cut

								7 = earth flow												7 = other								7 = yarding

								8 = rock topple						very small:    (1-100 square yards)						8 = deep seated								8 = alpine

								9 = snow avalanche						small:  (101-500 square yards)						9 = stream influenced								9 = other-e.g., housing, agriculture

														medium:  (501-2000 square yards)

														large: (2001-5000 square yards)

														very large:   (greater than 5000 square yards)

		REQUIRED DATA COLLECTION

		ALL OTHER FIELDS ARE OPTIONAL






_1135494771.xls
Chart2

		MWMU1		MWMU1

		MWMU2		MWMU2

		MWMU3		MWMU3

		MWMU5		MWMU5



Slide area (acres)

Delivered area (acres)

Mass Wasting Map Units

Area (acres)

7.65

2.9

21.9

7.3

11.6

9.15

6.8

0



lsi_data

		LSI_UNIQID		Slide_id		MWMU		SOURCE_IDNO		Lsi_process		Certainty		Id_date		Ls_size		Ls_size (acres)		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

				15		1				2		P		1978		3		0.13						5		1		58		Y		3		2477		NW78-63C-11

				22		3				2		D		1978		4		0.85						5		1		37		Y		1		3454		NW78-65B-18

				24		3				2		D		1978		5		2.51						5		1		63		Y		5		3482		NW78-65B-18

				25		3				2		D		1978		4		0.72						5		1		54		Y		1		3110		NW78-65B-18

				28		1				2		D		1991		2		0.02						2		1		75		Y		1		819		NW91-17-46-202

				29		1				2		D		1991		2		0.05						2		1		80		Y		1		834		NW91-17-46-202

				32		2				2		P		1991		1		0.02						2		1		26		Y		2		720		NW91-11-47-273

				42		3				2		D		1991		4		0.56						5		1		40		Y		5		3454		NW91-34-52-121

				43		3				2		D		1991		5		1.80						5		1		40		Y		5		3506		NW91-34-52-121

				44		3				2		D		1991		5		1.48						5		1		54		Y		1		3371		NW91-34-52-121

				61		1				2		P		2001		5		2.70						5		1		41		Y		5		3505		NWC01-38-52-249

				62		3				2		D		2001		5		1.23						5		1		42		Y		5		3494		NWC01-38-52-251





overall stats

		WAU Size (acres)		MUMU		Acerage		# of landslides		acerage of slides per MWMU		acerage of delivery per MWMU		delivered area / MWMU area		slope form		# of landslides		acerage of mass wasting by slope form		slope shape		# of landslides		slope class		# of landslides		Land Use		# of Landslides		# of Management-Related landslides (landuse # 1-7)		# of landslides		Photo Period		Acres of landslides		landuse		# of landslides		slide initiation elevation (ft)

		46612		1		428.6		19		7.65		2.9		0.0067662156		inner gorge		13		6.2		concave, convergent		37		0 to 10%		0		clearcut  (timber 0-5 yrs)		18		59		9		1962		47.7		clearcut  (timber 0-5 yrs)		11		0-500

		73 mi2		2		858.8		24		21.9		7.3		0.0085002329		bedrock hollow		13		3.4		concave-planar		6		11 to 40%		17		young stands  (timber 5-15 yrs)		10				18		1978		4.5		young stands  (timber 5-15 yrs)		2		501-1000

				3		609.6		11		11.6		9.15		0.0150098425		avalanche chute		0		0		planar		15		41 to 60%		24		submature timber (15-50 years)		16				20		1991		7.7		submature timber (15-50 years)		9		1001-1500

				4		3039.6		10		3039.6		0		0		terrace face		1		3.5		planar-convex		2		61 to 80%		16		mature timber (>50 years)		1				15		2001		0.6		mature timber (>50 years)		2		1501-2000

				5		41675		7		6.8		0		0		headwall		11		13.2		convex, divergent		2		> 80%		5		road		10								11.1		road		2		2001-2500

																rock outcrop		18		39.8										partial cut		4								3.7		partial cut		13		2501-3000

																other		2		8.9										yarding		0								0		yarding		11		2001-3500

																deep seated		2		1.2										alpine		3								3		alpine		1		3501-4000

																stream influenced		2		2.1										other-e.g., housing, agriculture		0								0		other-e.g., housing, agriculture

				Normalized MWMU slide Area by WAU area by time

				MWMU		Value						WAU		Landslides (n)		Years		WAU acreage		Rate (n/ac/yr)

				1		0.0000042082						Nookachamps		62		39		46,612		0.34x10-5

				2		0.0000120471

				3		0.0000063811

				4		0.0016720686				Nookachamps WAU		MWMU1		MWMU2		MWMU3		MWMU4		MWMU5

				5		0.0000037406				Area (acres)		428.6		858.8		609.6		3039.6		41675

										Lanslide rate (n/ac/yr)		4.2x10-6		1.2x10-5		6.3x10-6		1.6x10-3		3.7x10-6





mwmu stats

		MWMU #1						MWMU #2						MWMU #3						MWMU #4						MWMU #5

		Slope %						Slope %						Slope %						Slope %						Slope %

		Min		11				Min		0				Min		1				Min		0				Min		0

		Max		169				Max		154				Max		190				Max		190				Max		194

		Mean		53				Mean		38				Mean		49				Mean		26				Mean		18

		S.D.		14				S.D.		19				S.D.		20				S.D.		15				S.D.		17

		n		78				n		32				n		3				n		10				n		n/a

		Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)

		Min		73				Min		39				Min		1632				Min		375				Min		16

		Max		3965				Max		3108				Max		3993				Max		2972				Max		3993

		Mean		2108				Mean		1122				Mean		3201				Mean		1473				Mean		807

		S.D.		1068				S.D.		907				S.D.		513				S.D.		585				S.D.		930

		n		78				n		32				n		3				n		10				n		n/a

		Total Area (ac)		428.6				Total Area (ac)		858.8				Total Area (ac)		609.6				Total Area (ac)		3040				Total Area (ac)		41675

		Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides

		total acerage		7.65				total acerage		21.9				total acerage		11.6				total acerage		3040				total acerage		6.8

		min		0.02				min		0.02				min		0.28				min		3.4				min		0.05

		max		2.7				max		8.78				max		2.51				max		2284				max		3.39

		mean		0.4				mean		0.9				mean		1.05				mean		304				mean		0.97

		S.D.		0.63				S.D.		1.9				S.D.		0.66				S.D.		708				S.D.		1.2

		n		19				n		24				n		11				n		10				n		7

		Materials:						Materials:						Materials:		Jmv(h)				Materials:		Ec(c)				Materials:

				Ec(c)						Ec(c)						Jph(d)						OEc(b)

				Jmv(h)						Evr						MZmm(h)						Qgo

				Jph(d)						Jmv(h)						Qgt						Qgt

				MZmm(h)						Jph(d)						Qls						Qls

				MZu(h)						MZmm(h)

				OEn(b)						MZu(h)

				Qgoc						OEc(b)

				Qgt						OEn(b)

				Qls						Pigbo(t)

										Qa(c)

										Qgas

										Qgdm(e)

										Qgo

										Qg0c

										Qgt

										Qls





figures

		Landslide Process		Number of Slides														land use		number of slides												Mass Wasting Map Unit		Number of Landslides (n=62)										Mass Wasting Map Unit		Slide area (acres)		Delivered area (acres)

		shallow rapid		36														clearcut           (timber 0-5 yrs)		18												MWMU1		19										MWMU1		7.65		2.9

		debris flow		12														young stands  (timber 5-15 yrs)		10												MWMU2		24										MWMU2		21.9		7.3

		deep-seated		8														submature timber (15-50 years)		16												MWMU3		11										MWMU3		11.6		9.15

		debris avalanche		3														partial cut		4												MWMU4		10										MWMU5		6.8		0

		rock topple		3														mature timber (>50 years)		1												MWMU5		7

																		road		10

																		alpine		3





figures

		shallow rapid

		debris flow

		deep-seated

		debris avalanche

		rock topple



Number of Slides

Landslide Process

# of landslides (n=62)

36

12

8

3

3



definitions

		clearcut           (timber 0-5 yrs)

		young stands  (timber 5-15 yrs)

		submature timber (15-50 years)

		partial cut

		mature timber (>50 years)

		road

		alpine



Land Use Association

Number of Landslides ( n = 62)

18

10

16

4

1

10

3



		MWMU1

		MWMU2

		MWMU3

		MWMU4

		MWMU5



Number of Landslides (n=62)

Mass Wasting Map Units

Number of Landslides (n=62)

19

24

11

10

7



		MWMU1		MWMU1

		MWMU2		MWMU2

		MWMU3		MWMU3

		MWMU5		MWMU5



Slide area (acres)

Delivered area (acres)

Mass Wasting Map Units

Area (acres)

7.65

2.9

21.9

7.3

11.6

9.15

6.8

0



		LSI_UNIQID		Slide_id		Source_idno		Lsi_process		Certainty		Id_date		Ls_size		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

		CALCULATED		up to 5 integers		CALCULATED		1 = shallow-rapid		D = definite:  originator of landslide information is certain that this is a landslide		First year of landslide identification		Approximate size at ID_Date		Next year of landslide identification, if slide has changed size or shape		Approximate size at ID2_Date		1 = inner gorge		1 = concave, convergent		percent slope at the failure location		Y = yes, delivery occurred		1 = clearcut  (timber 0-5 yrs)		elevation (in feet) of the landslide initiation site		the full photo number the slide was identified on

		IN THE		Put the same		IN THE		2 = debris flow		P = probable:  originator of landslide information is almost certain that this is a landslide		use photo year or best estimate		1 = very small				(see LS_Size for values)		2 = bedrock hollow		2 = concave-planar				N = no, delivery did not occur		2 = young stands  (timber 5-15 yrs)

		ENTRY		number on both the		ENTRY		3 = debris avalanche		Q = questionable:  originator of landslide information is not certain that this is a landslide, but is including it for completeness of the inventory.		of landslide age.		2 = small		4 digit year, e.g. 1996				3 = avalanche chute		3 = planar		integer		P = probably sediment delivered		3 = submature timber (15-50 years)		integer		12 characters

		PROCESS		map and spreadsheet		PROCESS		4 = deep-seated				4 digit year, e.g. 1996		3 = medium						4 = terrace face		4 = planar-convex				I =  indeterminate		4 = mature timber (>50 years)

								5 = shallow, sporadic deep-seated						4 = large						5 = headwall		5 = convex, divergent						5 = road

								6 = large, persistent deep-seated						5 = very large						6 = rock outcrop								6 = partial cut

								7 = earth flow												7 = other								7 = yarding

								8 = rock topple						very small:    (1-100 square yards)						8 = deep seated								8 = alpine

								9 = snow avalanche						small:  (101-500 square yards)						9 = stream influenced								9 = other-e.g., housing, agriculture

														medium:  (501-2000 square yards)

														large: (2001-5000 square yards)

														very large:   (greater than 5000 square yards)

		REQUIRED DATA COLLECTION

		ALL OTHER FIELDS ARE OPTIONAL






_1135518005.xls
Chart1

		MWMU1

		MWMU2

		MWMU3

		MWMU4

		MWMU5



Number of Landslides (n=62)

Mass Wasting Map Units

Number of Landslides (n=62)

19

24

11

10

7



lsi_data

		LSI_UNIQID		Slide_id		MWMU		SOURCE_IDNO		Lsi_process		Certainty		Id_date		Ls_size		Ls_size (acres)		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

				15		1				2		P		1978		3		0.13						5		1		58		Y		3		2477		NW78-63C-11

				22		3				2		D		1978		4		0.85						5		1		37		Y		1		3454		NW78-65B-18

				24		3				2		D		1978		5		2.51						5		1		63		Y		5		3482		NW78-65B-18

				25		3				2		D		1978		4		0.72						5		1		54		Y		1		3110		NW78-65B-18

				28		1				2		D		1991		2		0.02						2		1		75		Y		1		819		NW91-17-46-202

				29		1				2		D		1991		2		0.05						2		1		80		Y		1		834		NW91-17-46-202

				32		2				2		P		1991		1		0.02						2		1		26		Y		2		720		NW91-11-47-273

				42		3				2		D		1991		4		0.56						5		1		40		Y		5		3454		NW91-34-52-121

				43		3				2		D		1991		5		1.80						5		1		40		Y		5		3506		NW91-34-52-121

				44		3				2		D		1991		5		1.48						5		1		54		Y		1		3371		NW91-34-52-121

				61		1				2		P		2001		5		2.70						5		1		41		Y		5		3505		NWC01-38-52-249

				62		3				2		D		2001		5		1.23						5		1		42		Y		5		3494		NWC01-38-52-251





overall stats

		WAU Size (acres)		MUMU		Acerage		# of landslides		acerage of slides per MWMU		acerage of delivery per MWMU		delivered area / MWMU area		slope form		# of landslides		acerage of mass wasting by slope form		slope shape		# of landslides		slope class		# of landslides		Land Use		# of Landslides		# of Management-Related landslides (landuse # 1-7)		# of landslides		Photo Period		Acres of landslides		landuse		# of landslides		slide initiation elevation (ft)

		46612		1		428.6		19		7.65		2.9		0.0067662156		inner gorge		13		6.2		concave, convergent		37		0 to 10%		0		clearcut  (timber 0-5 yrs)		18		59		9		1962		47.7		clearcut  (timber 0-5 yrs)		11		0-500

		73 mi2		2		858.8		24		21.9		7.3		0.0085002329		bedrock hollow		13		3.4		concave-planar		6		11 to 40%		17		young stands  (timber 5-15 yrs)		10				18		1978		4.5		young stands  (timber 5-15 yrs)		2		501-1000

				3		609.6		11		11.6		9.15		0.0150098425		avalanche chute		0		0		planar		15		41 to 60%		24		submature timber (15-50 years)		16				20		1991		7.7		submature timber (15-50 years)		9		1001-1500

				4		3039.6		10		3039.6		0		0		terrace face		1		3.5		planar-convex		2		61 to 80%		16		mature timber (>50 years)		1				15		2001		0.6		mature timber (>50 years)		2		1501-2000

				5		41675		7		6.8		0		0		headwall		11		13.2		convex, divergent		2		> 80%		5		road		10								11.1		road		2		2001-2500

																rock outcrop		18		39.8										partial cut		4								3.7		partial cut		13		2501-3000

																other		2		8.9										yarding		0								0		yarding		11		2001-3500

																deep seated		2		1.2										alpine		3								3		alpine		1		3501-4000

																stream influenced		2		2.1										other-e.g., housing, agriculture		0								0		other-e.g., housing, agriculture

				Normalized MWMU slide Area by WAU area by time

				MWMU		Value						WAU		Landslides (n)		Years		WAU acreage		Rate (n/ac/yr)

				1		0.0000042082						Nookachamps		62		39		46,612		0.34x10-5

				2		0.0000120471

				3		0.0000063811

				4		0.0016720686				Nookachamps WAU		MWMU1		MWMU2		MWMU3		MWMU4		MWMU5

				5		0.0000037406				Area (acres)		428.6		858.8		609.6		3039.6		41675

										Lanslide rate (n/ac/yr)		4.2x10-6		1.2x10-5		6.3x10-6		1.6x10-3		3.7x10-6





mwmu stats

		MWMU #1						MWMU #2						MWMU #3						MWMU #4						MWMU #5

		Slope %						Slope %						Slope %						Slope %						Slope %

		Min		11				Min		0				Min		1				Min		0				Min		0

		Max		169				Max		154				Max		190				Max		190				Max		194

		Mean		53				Mean		38				Mean		49				Mean		26				Mean		18

		S.D.		14				S.D.		19				S.D.		20				S.D.		15				S.D.		17

		n		78				n		32				n		3				n		10				n		n/a

		Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)

		Min		73				Min		39				Min		1632				Min		375				Min		16

		Max		3965				Max		3108				Max		3993				Max		2972				Max		3993

		Mean		2108				Mean		1122				Mean		3201				Mean		1473				Mean		807

		S.D.		1068				S.D.		907				S.D.		513				S.D.		585				S.D.		930

		n		78				n		32				n		3				n		10				n		n/a

		Total Area (ac)		428.6				Total Area (ac)		858.8				Total Area (ac)		609.6				Total Area (ac)		3040				Total Area (ac)		41675

		Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides

		total acerage		7.65				total acerage		21.9				total acerage		11.6				total acerage		3040				total acerage		6.8

		min		0.02				min		0.02				min		0.28				min		3.4				min		0.05

		max		2.7				max		8.78				max		2.51				max		2284				max		3.39

		mean		0.4				mean		0.9				mean		1.05				mean		304				mean		0.97

		S.D.		0.63				S.D.		1.9				S.D.		0.66				S.D.		708				S.D.		1.2

		n		19				n		24				n		11				n		10				n		7

		Materials:						Materials:						Materials:		Jmv(h)				Materials:		Ec(c)				Materials:

				Ec(c)						Ec(c)						Jph(d)						OEc(b)

				Jmv(h)						Evr						MZmm(h)						Qgo

				Jph(d)						Jmv(h)						Qgt						Qgt

				MZmm(h)						Jph(d)						Qls						Qls

				MZu(h)						MZmm(h)

				OEn(b)						MZu(h)

				Qgoc						OEc(b)

				Qgt						OEn(b)

				Qls						Pigbo(t)

										Qa(c)

										Qgas

										Qgdm(e)

										Qgo

										Qg0c

										Qgt

										Qls





figures

		Landslide Process		Number of Slides														land use		number of slides												Mass Wasting Map Unit		Number of Landslides (n=62)

		shallow rapid		36														clearcut           (timber 0-5 yrs)		18												MWMU1		19

		debris flow		12														young stands  (timber 5-15 yrs)		10												MWMU2		24

		deep-seated		8														submature timber (15-50 years)		16												MWMU3		11

		debris avalanche		3														partial cut		4												MWMU4		10

		rock topple		3														mature timber (>50 years)		1												MWMU5		7

																		road		10

																		alpine		3
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		LSI_UNIQID		Slide_id		Source_idno		Lsi_process		Certainty		Id_date		Ls_size		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

		CALCULATED		up to 5 integers		CALCULATED		1 = shallow-rapid		D = definite:  originator of landslide information is certain that this is a landslide		First year of landslide identification		Approximate size at ID_Date		Next year of landslide identification, if slide has changed size or shape		Approximate size at ID2_Date		1 = inner gorge		1 = concave, convergent		percent slope at the failure location		Y = yes, delivery occurred		1 = clearcut  (timber 0-5 yrs)		elevation (in feet) of the landslide initiation site		the full photo number the slide was identified on

		IN THE		Put the same		IN THE		2 = debris flow		P = probable:  originator of landslide information is almost certain that this is a landslide		use photo year or best estimate		1 = very small				(see LS_Size for values)		2 = bedrock hollow		2 = concave-planar				N = no, delivery did not occur		2 = young stands  (timber 5-15 yrs)

		ENTRY		number on both the		ENTRY		3 = debris avalanche		Q = questionable:  originator of landslide information is not certain that this is a landslide, but is including it for completeness of the inventory.		of landslide age.		2 = small		4 digit year, e.g. 1996				3 = avalanche chute		3 = planar		integer		P = probably sediment delivered		3 = submature timber (15-50 years)		integer		12 characters

		PROCESS		map and spreadsheet		PROCESS		4 = deep-seated				4 digit year, e.g. 1996		3 = medium						4 = terrace face		4 = planar-convex				I =  indeterminate		4 = mature timber (>50 years)

								5 = shallow, sporadic deep-seated						4 = large						5 = headwall		5 = convex, divergent						5 = road

								6 = large, persistent deep-seated						5 = very large						6 = rock outcrop								6 = partial cut

								7 = earth flow												7 = other								7 = yarding

								8 = rock topple						very small:    (1-100 square yards)						8 = deep seated								8 = alpine

								9 = snow avalanche						small:  (101-500 square yards)						9 = stream influenced								9 = other-e.g., housing, agriculture

														medium:  (501-2000 square yards)

														large: (2001-5000 square yards)

														very large:   (greater than 5000 square yards)

		REQUIRED DATA COLLECTION

		ALL OTHER FIELDS ARE OPTIONAL
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		0 to 10%

		11 to 40%

		41 to 60%

		61 to 80%

		> 80%



# of landslides

Slope Class (derived from DEM)

Number of Landslides (n=62)

0

17

24

16

5



lsi_data

		LSI_UNIQID		Slide_id		MWMU		SOURCE_IDNO		Lsi_process		Certainty		Id_date		Ls_size		Ls_size (acres)		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

				15		1				2		P		1978		3		0.13						5		1		58		Y		3		2477		NW78-63C-11

				22		3				2		D		1978		4		0.85						5		1		37		Y		1		3454		NW78-65B-18

				24		3				2		D		1978		5		2.51						5		1		63		Y		5		3482		NW78-65B-18

				25		3				2		D		1978		4		0.72						5		1		54		Y		1		3110		NW78-65B-18

				28		1				2		D		1991		2		0.02						2		1		75		Y		1		819		NW91-17-46-202

				29		1				2		D		1991		2		0.05						2		1		80		Y		1		834		NW91-17-46-202

				32		2				2		P		1991		1		0.02						2		1		26		Y		2		720		NW91-11-47-273

				42		3				2		D		1991		4		0.56						5		1		40		Y		5		3454		NW91-34-52-121

				43		3				2		D		1991		5		1.80						5		1		40		Y		5		3506		NW91-34-52-121

				44		3				2		D		1991		5		1.48						5		1		54		Y		1		3371		NW91-34-52-121

				61		1				2		P		2001		5		2.70						5		1		41		Y		5		3505		NWC01-38-52-249

				62		3				2		D		2001		5		1.23						5		1		42		Y		5		3494		NWC01-38-52-251





overall stats

		WAU Size (acres)		MUMU		Acerage		# of landslides		acerage of slides per MWMU		acerage of delivery per MWMU		delivered area / MWMU area		slope form		# of landslides		acerage of mass wasting by slope form		slope shape		# of landslides		slope class		# of landslides		Land Use		# of Landslides		# of Management-Related landslides (landuse # 1-7)		# of landslides		Photo Period		Acres of landslides		landuse		# of landslides		slide initiation elevation (ft)

		46612		1		428.6		19		7.65		2.9		0.0067662156		inner gorge		13		6.2		concave, convergent		37		0 to 10%		0		clearcut  (timber 0-5 yrs)		18		59		9		1962		47.7		clearcut  (timber 0-5 yrs)		11		0-500

		73 mi2		2		858.8		24		21.9		7.3		0.0085002329		bedrock hollow		13		3.4		concave-planar		6		11 to 40%		17		young stands  (timber 5-15 yrs)		10				18		1978		4.5		young stands  (timber 5-15 yrs)		2		501-1000

				3		609.6		11		11.6		9.15		0.0150098425		avalanche chute		0		0		planar		15		41 to 60%		24		submature timber (15-50 years)		16				20		1991		7.7		submature timber (15-50 years)		9		1001-1500

				4		3039.6		10		3039.6		0		0		terrace face		1		3.5		planar-convex		2		61 to 80%		16		mature timber (>50 years)		1				15		2001		0.6		mature timber (>50 years)		2		1501-2000

				5		41675		7		6.8		0		0		headwall		11		13.2		convex, divergent		2		> 80%		5		road		10								11.1		road		2		2001-2500

																rock outcrop		18		39.8										partial cut		4								3.7		partial cut		13		2501-3000

																other		2		8.9										yarding		0								0		yarding		11		2001-3500

																deep seated		2		1.2										alpine		3								3		alpine		1		3501-4000

																stream influenced		2		2.1										other-e.g., housing, agriculture		0								0		other-e.g., housing, agriculture

				Normalized MWMU slide Area by WAU area by time

				MWMU		Value						WAU		Landslides (n)		Years		WAU acreage		Rate (n/ac/yr)

				1		0.0000042082						Nookachamps		62		39		46,612		0.34x10-5

				2		0.0000120471

				3		0.0000063811

				4		0.0016720686				Nookachamps WAU		MWMU1		MWMU2		MWMU3		MWMU4		MWMU5

				5		0.0000037406				Area (acres)		428.6		858.8		609.6		3039.6		41675

										Lanslide rate (n/ac/yr)		4.2x10-6		1.2x10-5		6.3x10-6		1.6x10-3		3.7x10-6





mwmu stats

		MWMU #1						MWMU #2						MWMU #3						MWMU #4						MWMU #5

		Slope %						Slope %						Slope %						Slope %						Slope %

		Min		11				Min		0				Min		1				Min		0				Min		0

		Max		169				Max		154				Max		190				Max		190				Max		194

		Mean		53				Mean		38				Mean		49				Mean		26				Mean		18

		S.D.		14				S.D.		19				S.D.		20				S.D.		15				S.D.		17

		n		78				n		32				n		3				n		10				n		n/a

		Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)

		Min		73				Min		39				Min		1632				Min		375				Min		16

		Max		3965				Max		3108				Max		3993				Max		2972				Max		3993

		Mean		2108				Mean		1122				Mean		3201				Mean		1473				Mean		807

		S.D.		1068				S.D.		907				S.D.		513				S.D.		585				S.D.		930

		n		78				n		32				n		3				n		10				n		n/a

		Total Area (ac)		428.6				Total Area (ac)		858.8				Total Area (ac)		609.6				Total Area (ac)		3040				Total Area (ac)		41675

		Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides

		total acerage		7.65				total acerage		21.9				total acerage		11.6				total acerage		3040				total acerage		6.8

		min		0.02				min		0.02				min		0.28				min		3.4				min		0.05

		max		2.7				max		8.78				max		2.51				max		2284				max		3.39

		mean		0.4				mean		0.9				mean		1.05				mean		304				mean		0.97

		S.D.		0.63				S.D.		1.9				S.D.		0.66				S.D.		708				S.D.		1.2

		n		19				n		24				n		11				n		10				n		7

		Materials:						Materials:						Materials:		Jmv(h)				Materials:		Ec(c)				Materials:

				Ec(c)						Ec(c)						Jph(d)						OEc(b)

				Jmv(h)						Evr						MZmm(h)						Qgo

				Jph(d)						Jmv(h)						Qgt						Qgt

				MZmm(h)						Jph(d)						Qls						Qls

				MZu(h)						MZmm(h)

				OEn(b)						MZu(h)

				Qgoc						OEc(b)

				Qgt						OEn(b)

				Qls						Pigbo(t)

										Qa(c)

										Qgas

										Qgdm(e)

										Qgo

										Qg0c

										Qgt

										Qls





figures

		Landslide Process		Number of Slides														land use		number of slides												Mass Wasting Map Unit		Number of Landslides (n=62)										Mass Wasting Map Unit		Slide area (acres)		Delivered area (acres)								Slope Form		Number of Slides		Area of slides (acres)										slope shape		Number of landslides												slope class		# of landslides

		shallow rapid		36														clearcut           (timber 0-5 yrs)		18												MWMU1		19										MWMU1		7.65		2.9								inner gorge		13		6.2										concave, convergent		37												0 to 10%		0

		debris flow		12														young stands  (timber 5-15 yrs)		10												MWMU2		24										MWMU2		21.9		7.3								bedrock hollow		13		3.4										concave-planar		6												11 to 40%		17

		deep-seated		8														submature timber (15-50 years)		16												MWMU3		11										MWMU3		11.6		9.15								terrace face		1		3.5										planar		15												41 to 60%		24

		debris avalanche		3														partial cut		4												MWMU4		10										MWMU5		6.8		0								headwall		11		13.2										planar-convex		2												61 to 80%		16

		rock topple		3														mature timber (>50 years)		1												MWMU5		7																						rock outcrop		18		39.8										convex, divergent		2												> 80%		5

																		road		10																																				other		2		8.9

																		alpine		3																																				deep seated		2		1.2

																																																								stream influenced		2		2.1
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		LSI_UNIQID		Slide_id		Source_idno		Lsi_process		Certainty		Id_date		Ls_size		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

		CALCULATED		up to 5 integers		CALCULATED		1 = shallow-rapid		D = definite:  originator of landslide information is certain that this is a landslide		First year of landslide identification		Approximate size at ID_Date		Next year of landslide identification, if slide has changed size or shape		Approximate size at ID2_Date		1 = inner gorge		1 = concave, convergent		percent slope at the failure location		Y = yes, delivery occurred		1 = clearcut  (timber 0-5 yrs)		elevation (in feet) of the landslide initiation site		the full photo number the slide was identified on

		IN THE		Put the same		IN THE		2 = debris flow		P = probable:  originator of landslide information is almost certain that this is a landslide		use photo year or best estimate		1 = very small				(see LS_Size for values)		2 = bedrock hollow		2 = concave-planar				N = no, delivery did not occur		2 = young stands  (timber 5-15 yrs)

		ENTRY		number on both the		ENTRY		3 = debris avalanche		Q = questionable:  originator of landslide information is not certain that this is a landslide, but is including it for completeness of the inventory.		of landslide age.		2 = small		4 digit year, e.g. 1996				3 = avalanche chute		3 = planar		integer		P = probably sediment delivered		3 = submature timber (15-50 years)		integer		12 characters

		PROCESS		map and spreadsheet		PROCESS		4 = deep-seated				4 digit year, e.g. 1996		3 = medium						4 = terrace face		4 = planar-convex				I =  indeterminate		4 = mature timber (>50 years)

								5 = shallow, sporadic deep-seated						4 = large						5 = headwall		5 = convex, divergent						5 = road

								6 = large, persistent deep-seated						5 = very large						6 = rock outcrop								6 = partial cut

								7 = earth flow												7 = other								7 = yarding

								8 = rock topple						very small:    (1-100 square yards)						8 = deep seated								8 = alpine

								9 = snow avalanche						small:  (101-500 square yards)						9 = stream influenced								9 = other-e.g., housing, agriculture

														medium:  (501-2000 square yards)

														large: (2001-5000 square yards)

														very large:   (greater than 5000 square yards)

		REQUIRED DATA COLLECTION

		ALL OTHER FIELDS ARE OPTIONAL






_1135494178.xls
Chart6
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lsi_data

		LSI_UNIQID		Slide_id		MWMU		SOURCE_IDNO		Lsi_process		Certainty		Id_date		Ls_size		Ls_size (acres)		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

				15		1				2		P		1978		3		0.13						5		1		58		Y		3		2477		NW78-63C-11

				22		3				2		D		1978		4		0.85						5		1		37		Y		1		3454		NW78-65B-18

				24		3				2		D		1978		5		2.51						5		1		63		Y		5		3482		NW78-65B-18

				25		3				2		D		1978		4		0.72						5		1		54		Y		1		3110		NW78-65B-18

				28		1				2		D		1991		2		0.02						2		1		75		Y		1		819		NW91-17-46-202

				29		1				2		D		1991		2		0.05						2		1		80		Y		1		834		NW91-17-46-202

				32		2				2		P		1991		1		0.02						2		1		26		Y		2		720		NW91-11-47-273

				42		3				2		D		1991		4		0.56						5		1		40		Y		5		3454		NW91-34-52-121

				43		3				2		D		1991		5		1.80						5		1		40		Y		5		3506		NW91-34-52-121

				44		3				2		D		1991		5		1.48						5		1		54		Y		1		3371		NW91-34-52-121

				61		1				2		P		2001		5		2.70						5		1		41		Y		5		3505		NWC01-38-52-249

				62		3				2		D		2001		5		1.23						5		1		42		Y		5		3494		NWC01-38-52-251





overall stats

		WAU Size (acres)		MUMU		Acerage		# of landslides		acerage of slides per MWMU		acerage of delivery per MWMU		delivered area / MWMU area		slope form		# of landslides		acerage of mass wasting by slope form		slope shape		# of landslides		slope class		# of landslides		Land Use		# of Landslides		# of Management-Related landslides (landuse # 1-7)		# of landslides		Photo Period		Acres of landslides		landuse		# of landslides		slide initiation elevation (ft)

		46612		1		428.6		19		7.65		2.9		0.0067662156		inner gorge		13		6.2		concave, convergent		37		0 to 10%		0		clearcut  (timber 0-5 yrs)		18		59		9		1962		47.7		clearcut  (timber 0-5 yrs)		11		0-500

		73 mi2		2		858.8		24		21.9		7.3		0.0085002329		bedrock hollow		13		3.4		concave-planar		6		11 to 40%		17		young stands  (timber 5-15 yrs)		10				18		1978		4.5		young stands  (timber 5-15 yrs)		2		501-1000

				3		609.6		11		11.6		9.15		0.0150098425		avalanche chute		0		0		planar		15		41 to 60%		24		submature timber (15-50 years)		16				20		1991		7.7		submature timber (15-50 years)		9		1001-1500

				4		3039.6		10		3039.6		0		0		terrace face		1		3.5		planar-convex		2		61 to 80%		16		mature timber (>50 years)		1				15		2001		0.6		mature timber (>50 years)		2		1501-2000

				5		41675		7		6.8		0		0		headwall		11		13.2		convex, divergent		2		> 80%		5		road		10								11.1		road		2		2001-2500

																rock outcrop		18		39.8										partial cut		4								3.7		partial cut		13		2501-3000

																other		2		8.9										yarding		0								0		yarding		11		2001-3500

																deep seated		2		1.2										alpine		3								3		alpine		1		3501-4000

																stream influenced		2		2.1										other-e.g., housing, agriculture		0								0		other-e.g., housing, agriculture

				Normalized MWMU slide Area by WAU area by time

				MWMU		Value						WAU		Landslides (n)		Years		WAU acreage		Rate (n/ac/yr)

				1		0.0000042082						Nookachamps		62		39		46,612		0.34x10-5

				2		0.0000120471

				3		0.0000063811

				4		0.0016720686				Nookachamps WAU		MWMU1		MWMU2		MWMU3		MWMU4		MWMU5

				5		0.0000037406				Area (acres)		428.6		858.8		609.6		3039.6		41675

										Lanslide rate (n/ac/yr)		4.2x10-6		1.2x10-5		6.3x10-6		1.6x10-3		3.7x10-6





mwmu stats

		MWMU #1						MWMU #2						MWMU #3						MWMU #4						MWMU #5

		Slope %						Slope %						Slope %						Slope %						Slope %

		Min		11				Min		0				Min		1				Min		0				Min		0

		Max		169				Max		154				Max		190				Max		190				Max		194

		Mean		53				Mean		38				Mean		49				Mean		26				Mean		18

		S.D.		14				S.D.		19				S.D.		20				S.D.		15				S.D.		17

		n		78				n		32				n		3				n		10				n		n/a

		Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)

		Min		73				Min		39				Min		1632				Min		375				Min		16

		Max		3965				Max		3108				Max		3993				Max		2972				Max		3993

		Mean		2108				Mean		1122				Mean		3201				Mean		1473				Mean		807

		S.D.		1068				S.D.		907				S.D.		513				S.D.		585				S.D.		930

		n		78				n		32				n		3				n		10				n		n/a

		Total Area (ac)		428.6				Total Area (ac)		858.8				Total Area (ac)		609.6				Total Area (ac)		3040				Total Area (ac)		41675

		Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides

		total acerage		7.65				total acerage		21.9				total acerage		11.6				total acerage		3040				total acerage		6.8

		min		0.02				min		0.02				min		0.28				min		3.4				min		0.05

		max		2.7				max		8.78				max		2.51				max		2284				max		3.39

		mean		0.4				mean		0.9				mean		1.05				mean		304				mean		0.97

		S.D.		0.63				S.D.		1.9				S.D.		0.66				S.D.		708				S.D.		1.2

		n		19				n		24				n		11				n		10				n		7

		Materials:						Materials:						Materials:		Jmv(h)				Materials:		Ec(c)				Materials:

				Ec(c)						Ec(c)						Jph(d)						OEc(b)

				Jmv(h)						Evr						MZmm(h)						Qgo

				Jph(d)						Jmv(h)						Qgt						Qgt

				MZmm(h)						Jph(d)						Qls						Qls

				MZu(h)						MZmm(h)

				OEn(b)						MZu(h)

				Qgoc						OEc(b)

				Qgt						OEn(b)

				Qls						Pigbo(t)

										Qa(c)

										Qgas

										Qgdm(e)

										Qgo

										Qg0c

										Qgt

										Qls





figures

		Landslide Process		Number of Slides														land use		number of slides												Mass Wasting Map Unit		Number of Landslides (n=62)										Mass Wasting Map Unit		Slide area (acres)		Delivered area (acres)								Slope Form		Number of Slides		Area of slides (acres)

		shallow rapid		36														clearcut           (timber 0-5 yrs)		18												MWMU1		19										MWMU1		7.65		2.9								inner gorge		13		6.2

		debris flow		12														young stands  (timber 5-15 yrs)		10												MWMU2		24										MWMU2		21.9		7.3								bedrock hollow		13		3.4

		deep-seated		8														submature timber (15-50 years)		16												MWMU3		11										MWMU3		11.6		9.15								terrace face		1		3.5

		debris avalanche		3														partial cut		4												MWMU4		10										MWMU5		6.8		0								headwall		11		13.2

		rock topple		3														mature timber (>50 years)		1												MWMU5		7																						rock outcrop		18		39.8

																		road		10																																				other		2		8.9

																		alpine		3																																				deep seated		2		1.2

																																																								stream influenced		2		2.1
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		LSI_UNIQID		Slide_id		Source_idno		Lsi_process		Certainty		Id_date		Ls_size		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

		CALCULATED		up to 5 integers		CALCULATED		1 = shallow-rapid		D = definite:  originator of landslide information is certain that this is a landslide		First year of landslide identification		Approximate size at ID_Date		Next year of landslide identification, if slide has changed size or shape		Approximate size at ID2_Date		1 = inner gorge		1 = concave, convergent		percent slope at the failure location		Y = yes, delivery occurred		1 = clearcut  (timber 0-5 yrs)		elevation (in feet) of the landslide initiation site		the full photo number the slide was identified on

		IN THE		Put the same		IN THE		2 = debris flow		P = probable:  originator of landslide information is almost certain that this is a landslide		use photo year or best estimate		1 = very small				(see LS_Size for values)		2 = bedrock hollow		2 = concave-planar				N = no, delivery did not occur		2 = young stands  (timber 5-15 yrs)

		ENTRY		number on both the		ENTRY		3 = debris avalanche		Q = questionable:  originator of landslide information is not certain that this is a landslide, but is including it for completeness of the inventory.		of landslide age.		2 = small		4 digit year, e.g. 1996				3 = avalanche chute		3 = planar		integer		P = probably sediment delivered		3 = submature timber (15-50 years)		integer		12 characters

		PROCESS		map and spreadsheet		PROCESS		4 = deep-seated				4 digit year, e.g. 1996		3 = medium						4 = terrace face		4 = planar-convex				I =  indeterminate		4 = mature timber (>50 years)

								5 = shallow, sporadic deep-seated						4 = large						5 = headwall		5 = convex, divergent						5 = road

								6 = large, persistent deep-seated						5 = very large						6 = rock outcrop								6 = partial cut

								7 = earth flow												7 = other								7 = yarding

								8 = rock topple						very small:    (1-100 square yards)						8 = deep seated								8 = alpine

								9 = snow avalanche						small:  (101-500 square yards)						9 = stream influenced								9 = other-e.g., housing, agriculture

														medium:  (501-2000 square yards)

														large: (2001-5000 square yards)

														very large:   (greater than 5000 square yards)

		REQUIRED DATA COLLECTION

		ALL OTHER FIELDS ARE OPTIONAL
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lsi_data

		LSI_UNIQID		Slide_id		MWMU		SOURCE_IDNO		Lsi_process		Certainty		Id_date		Ls_size		Ls_size (acres)		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

				15		1				2		P		1978		3		0.13						5		1		58		Y		3		2477		NW78-63C-11

				22		3				2		D		1978		4		0.85						5		1		37		Y		1		3454		NW78-65B-18

				24		3				2		D		1978		5		2.51						5		1		63		Y		5		3482		NW78-65B-18

				25		3				2		D		1978		4		0.72						5		1		54		Y		1		3110		NW78-65B-18

				28		1				2		D		1991		2		0.02						2		1		75		Y		1		819		NW91-17-46-202

				29		1				2		D		1991		2		0.05						2		1		80		Y		1		834		NW91-17-46-202

				32		2				2		P		1991		1		0.02						2		1		26		Y		2		720		NW91-11-47-273

				42		3				2		D		1991		4		0.56						5		1		40		Y		5		3454		NW91-34-52-121

				43		3				2		D		1991		5		1.80						5		1		40		Y		5		3506		NW91-34-52-121

				44		3				2		D		1991		5		1.48						5		1		54		Y		1		3371		NW91-34-52-121

				61		1				2		P		2001		5		2.70						5		1		41		Y		5		3505		NWC01-38-52-249

				62		3				2		D		2001		5		1.23						5		1		42		Y		5		3494		NWC01-38-52-251





overall stats

		WAU Size (acres)		MUMU		Acerage		# of landslides		acerage of slides per MWMU		acerage of delivery per MWMU		delivered area / MWMU area		slope form		# of landslides		acerage of mass wasting by slope form		slope shape		# of landslides		slope class		# of landslides		Land Use		# of Landslides		# of Management-Related landslides (landuse # 1-7)		# of landslides		Photo Period		Acres of landslides		landuse		# of landslides		slide initiation elevation (ft)

		46612		1		428.6		19		7.65		2.9		0.0067662156		inner gorge		13		6.2		concave, convergent		37		0 to 10%		0		clearcut  (timber 0-5 yrs)		18		59		9		1962		47.7		clearcut  (timber 0-5 yrs)		11		0-500

		73 mi2		2		858.8		24		21.9		7.3		0.0085002329		bedrock hollow		13		3.4		concave-planar		6		11 to 40%		17		young stands  (timber 5-15 yrs)		10				18		1978		4.5		young stands  (timber 5-15 yrs)		2		501-1000

				3		609.6		11		11.6		9.15		0.0150098425		avalanche chute		0		0		planar		15		41 to 60%		24		submature timber (15-50 years)		16				20		1991		7.7		submature timber (15-50 years)		9		1001-1500

				4		3039.6		10		3039.6		0		0		terrace face		1		3.5		planar-convex		2		61 to 80%		16		mature timber (>50 years)		1				15		2001		0.6		mature timber (>50 years)		2		1501-2000

				5		41675		7		6.8		0		0		headwall		11		13.2		convex, divergent		2		> 80%		5		road		10								11.1		road		2		2001-2500

																rock outcrop		18		39.8										partial cut		4								3.7		partial cut		13		2501-3000

																other		2		8.9										yarding		0								0		yarding		11		2001-3500

																deep seated		2		1.2										alpine		3								3		alpine		1		3501-4000

																stream influenced		2		2.1										other-e.g., housing, agriculture		0								0		other-e.g., housing, agriculture

				Normalized MWMU slide Area by WAU area by time

				MWMU		Value						WAU		Landslides (n)		Years		WAU acreage		Rate (n/ac/yr)

				1		0.0000042082						Nookachamps		62		39		46,612		0.34x10-5

				2		0.0000120471

				3		0.0000063811

				4		0.0016720686				Nookachamps WAU		MWMU1		MWMU2		MWMU3		MWMU4		MWMU5

				5		0.0000037406				Area (acres)		428.6		858.8		609.6		3039.6		41675

										Lanslide rate (n/ac/yr)		4.2x10-6		1.2x10-5		6.3x10-6		1.6x10-3		3.7x10-6





mwmu stats

		MWMU #1						MWMU #2						MWMU #3						MWMU #4						MWMU #5

		Slope %						Slope %						Slope %						Slope %						Slope %

		Min		11				Min		0				Min		1				Min		0				Min		0

		Max		169				Max		154				Max		190				Max		190				Max		194

		Mean		53				Mean		38				Mean		49				Mean		26				Mean		18

		S.D.		14				S.D.		19				S.D.		20				S.D.		15				S.D.		17

		n		78				n		32				n		3				n		10				n		n/a

		Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)

		Min		73				Min		39				Min		1632				Min		375				Min		16

		Max		3965				Max		3108				Max		3993				Max		2972				Max		3993

		Mean		2108				Mean		1122				Mean		3201				Mean		1473				Mean		807

		S.D.		1068				S.D.		907				S.D.		513				S.D.		585				S.D.		930

		n		78				n		32				n		3				n		10				n		n/a

		Total Area (ac)		428.6				Total Area (ac)		858.8				Total Area (ac)		609.6				Total Area (ac)		3040				Total Area (ac)		41675

		Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides

		total acerage		7.65				total acerage		21.9				total acerage		11.6				total acerage		3040				total acerage		6.8

		min		0.02				min		0.02				min		0.28				min		3.4				min		0.05

		max		2.7				max		8.78				max		2.51				max		2284				max		3.39

		mean		0.4				mean		0.9				mean		1.05				mean		304				mean		0.97

		S.D.		0.63				S.D.		1.9				S.D.		0.66				S.D.		708				S.D.		1.2

		n		19				n		24				n		11				n		10				n		7

		Materials:						Materials:						Materials:		Jmv(h)				Materials:		Ec(c)				Materials:

				Ec(c)						Ec(c)						Jph(d)						OEc(b)

				Jmv(h)						Evr						MZmm(h)						Qgo

				Jph(d)						Jmv(h)						Qgt						Qgt

				MZmm(h)						Jph(d)						Qls						Qls

				MZu(h)						MZmm(h)

				OEn(b)						MZu(h)

				Qgoc						OEc(b)

				Qgt						OEn(b)

				Qls						Pigbo(t)

										Qa(c)

										Qgas

										Qgdm(e)

										Qgo

										Qg0c

										Qgt

										Qls





figures

		Landslide Process		Number of Slides														land use		number of slides												Mass Wasting Map Unit		Number of Landslides (n=62)										Mass Wasting Map Unit		Slide area (acres)		Delivered area (acres)								Slope Form		Number of Slides		Area of slides (acres)										slope shape		Number of landslides

		shallow rapid		36														clearcut           (timber 0-5 yrs)		18												MWMU1		19										MWMU1		7.65		2.9								inner gorge		13		6.2										concave, convergent		37

		debris flow		12														young stands  (timber 5-15 yrs)		10												MWMU2		24										MWMU2		21.9		7.3								bedrock hollow		13		3.4										concave-planar		6

		deep-seated		8														submature timber (15-50 years)		16												MWMU3		11										MWMU3		11.6		9.15								terrace face		1		3.5										planar		15

		debris avalanche		3														partial cut		4												MWMU4		10										MWMU5		6.8		0								headwall		11		13.2										planar-convex		2

		rock topple		3														mature timber (>50 years)		1												MWMU5		7																						rock outcrop		18		39.8										convex, divergent		2

																		road		10																																				other		2		8.9

																		alpine		3																																				deep seated		2		1.2

																																																								stream influenced		2		2.1
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		LSI_UNIQID		Slide_id		Source_idno		Lsi_process		Certainty		Id_date		Ls_size		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

		CALCULATED		up to 5 integers		CALCULATED		1 = shallow-rapid		D = definite:  originator of landslide information is certain that this is a landslide		First year of landslide identification		Approximate size at ID_Date		Next year of landslide identification, if slide has changed size or shape		Approximate size at ID2_Date		1 = inner gorge		1 = concave, convergent		percent slope at the failure location		Y = yes, delivery occurred		1 = clearcut  (timber 0-5 yrs)		elevation (in feet) of the landslide initiation site		the full photo number the slide was identified on

		IN THE		Put the same		IN THE		2 = debris flow		P = probable:  originator of landslide information is almost certain that this is a landslide		use photo year or best estimate		1 = very small				(see LS_Size for values)		2 = bedrock hollow		2 = concave-planar				N = no, delivery did not occur		2 = young stands  (timber 5-15 yrs)

		ENTRY		number on both the		ENTRY		3 = debris avalanche		Q = questionable:  originator of landslide information is not certain that this is a landslide, but is including it for completeness of the inventory.		of landslide age.		2 = small		4 digit year, e.g. 1996				3 = avalanche chute		3 = planar		integer		P = probably sediment delivered		3 = submature timber (15-50 years)		integer		12 characters

		PROCESS		map and spreadsheet		PROCESS		4 = deep-seated				4 digit year, e.g. 1996		3 = medium						4 = terrace face		4 = planar-convex				I =  indeterminate		4 = mature timber (>50 years)

								5 = shallow, sporadic deep-seated						4 = large						5 = headwall		5 = convex, divergent						5 = road

								6 = large, persistent deep-seated						5 = very large						6 = rock outcrop								6 = partial cut

								7 = earth flow												7 = other								7 = yarding

								8 = rock topple						very small:    (1-100 square yards)						8 = deep seated								8 = alpine

								9 = snow avalanche						small:  (101-500 square yards)						9 = stream influenced								9 = other-e.g., housing, agriculture

														medium:  (501-2000 square yards)

														large: (2001-5000 square yards)

														very large:   (greater than 5000 square yards)

		REQUIRED DATA COLLECTION

		ALL OTHER FIELDS ARE OPTIONAL
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lsi_data

		LSI_UNIQID		Slide_id		MWMU		SOURCE_IDNO		Lsi_process		Certainty		Id_date		Ls_size		Ls_size (acres)		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

				15		1				2		P		1978		3		0.13						5		1		58		Y		3		2477		NW78-63C-11

				22		3				2		D		1978		4		0.85						5		1		37		Y		1		3454		NW78-65B-18

				24		3				2		D		1978		5		2.51						5		1		63		Y		5		3482		NW78-65B-18

				25		3				2		D		1978		4		0.72						5		1		54		Y		1		3110		NW78-65B-18

				28		1				2		D		1991		2		0.02						2		1		75		Y		1		819		NW91-17-46-202

				29		1				2		D		1991		2		0.05						2		1		80		Y		1		834		NW91-17-46-202

				32		2				2		P		1991		1		0.02						2		1		26		Y		2		720		NW91-11-47-273

				42		3				2		D		1991		4		0.56						5		1		40		Y		5		3454		NW91-34-52-121

				43		3				2		D		1991		5		1.80						5		1		40		Y		5		3506		NW91-34-52-121

				44		3				2		D		1991		5		1.48						5		1		54		Y		1		3371		NW91-34-52-121

				61		1				2		P		2001		5		2.70						5		1		41		Y		5		3505		NWC01-38-52-249

				62		3				2		D		2001		5		1.23						5		1		42		Y		5		3494		NWC01-38-52-251





overall stats

		WAU Size (acres)		MUMU		Acerage		# of landslides		acerage of slides per MWMU		acerage of delivery per MWMU		delivered area / MWMU area		slope form		# of landslides		acerage of mass wasting by slope form		slope shape		# of landslides		slope class		# of landslides		Land Use		# of Landslides		# of Management-Related landslides (landuse # 1-7)		# of landslides		Photo Period		Acres of landslides		landuse		# of landslides		slide initiation elevation (ft)

		46612		1		428.6		19		7.65		2.9		0.0067662156		inner gorge		13		6.2		concave, convergent		37		0 to 10%		0		clearcut  (timber 0-5 yrs)		18		59		9		1962		47.7		clearcut  (timber 0-5 yrs)		11		0-500

		73 mi2		2		858.8		24		21.9		7.3		0.0085002329		bedrock hollow		13		3.4		concave-planar		6		11 to 40%		17		young stands  (timber 5-15 yrs)		10				18		1978		4.5		young stands  (timber 5-15 yrs)		2		501-1000

				3		609.6		11		11.6		9.15		0.0150098425		avalanche chute		0		0		planar		15		41 to 60%		24		submature timber (15-50 years)		16				20		1991		7.7		submature timber (15-50 years)		9		1001-1500

				4		3039.6		10		3039.6		0		0		terrace face		1		3.5		planar-convex		2		61 to 80%		16		mature timber (>50 years)		1				15		2001		0.6		mature timber (>50 years)		2		1501-2000

				5		41675		7		6.8		0		0		headwall		11		13.2		convex, divergent		2		> 80%		5		road		10								11.1		road		2		2001-2500

																rock outcrop		18		39.8										partial cut		4								3.7		partial cut		13		2501-3000

																other		2		8.9										yarding		0								0		yarding		11		2001-3500

																deep seated		2		1.2										alpine		3								3		alpine		1		3501-4000

																stream influenced		2		2.1										other-e.g., housing, agriculture		0								0		other-e.g., housing, agriculture

				Normalized MWMU slide Area by WAU area by time

				MWMU		Value						WAU		Landslides (n)		Years		WAU acreage		Rate (n/ac/yr)

				1		0.0000042082						Nookachamps		62		39		46,612		0.34x10-5

				2		0.0000120471

				3		0.0000063811

				4		0.0016720686				Nookachamps WAU		MWMU1		MWMU2		MWMU3		MWMU4		MWMU5

				5		0.0000037406				Area (acres)		428.6		858.8		609.6		3039.6		41675

										Lanslide rate (n/ac/yr)		4.2x10-6		1.2x10-5		6.3x10-6		1.6x10-3		3.7x10-6





mwmu stats

		MWMU #1						MWMU #2						MWMU #3						MWMU #4						MWMU #5

		Slope %						Slope %						Slope %						Slope %						Slope %

		Min		11				Min		0				Min		1				Min		0				Min		0

		Max		169				Max		154				Max		190				Max		190				Max		194

		Mean		53				Mean		38				Mean		49				Mean		26				Mean		18

		S.D.		14				S.D.		19				S.D.		20				S.D.		15				S.D.		17

		n		78				n		32				n		3				n		10				n		n/a

		Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)

		Min		73				Min		39				Min		1632				Min		375				Min		16

		Max		3965				Max		3108				Max		3993				Max		2972				Max		3993

		Mean		2108				Mean		1122				Mean		3201				Mean		1473				Mean		807

		S.D.		1068				S.D.		907				S.D.		513				S.D.		585				S.D.		930

		n		78				n		32				n		3				n		10				n		n/a

		Total Area (ac)		428.6				Total Area (ac)		858.8				Total Area (ac)		609.6				Total Area (ac)		3040				Total Area (ac)		41675

		Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides

		total acerage		7.65				total acerage		21.9				total acerage		11.6				total acerage		3040				total acerage		6.8

		min		0.02				min		0.02				min		0.28				min		3.4				min		0.05

		max		2.7				max		8.78				max		2.51				max		2284				max		3.39

		mean		0.4				mean		0.9				mean		1.05				mean		304				mean		0.97

		S.D.		0.63				S.D.		1.9				S.D.		0.66				S.D.		708				S.D.		1.2

		n		19				n		24				n		11				n		10				n		7

		Materials:						Materials:						Materials:		Jmv(h)				Materials:		Ec(c)				Materials:

				Ec(c)						Ec(c)						Jph(d)						OEc(b)

				Jmv(h)						Evr						MZmm(h)						Qgo

				Jph(d)						Jmv(h)						Qgt						Qgt

				MZmm(h)						Jph(d)						Qls						Qls

				MZu(h)						MZmm(h)

				OEn(b)						MZu(h)

				Qgoc						OEc(b)

				Qgt						OEn(b)

				Qls						Pigbo(t)

										Qa(c)

										Qgas

										Qgdm(e)

										Qgo

										Qg0c

										Qgt

										Qls





figures

		Landslide Process		Number of Slides														land use		number of slides												Mass Wasting Map Unit		Number of Landslides (n=62)										Mass Wasting Map Unit		Slide area (acres)		Delivered area (acres)								Slope Form		Number of Slides		Area of slides (acres)

		shallow rapid		36														clearcut           (timber 0-5 yrs)		18												MWMU1		19										MWMU1		7.65		2.9								inner gorge		13		6.2

		debris flow		12														young stands  (timber 5-15 yrs)		10												MWMU2		24										MWMU2		21.9		7.3								bedrock hollow		13		3.4

		deep-seated		8														submature timber (15-50 years)		16												MWMU3		11										MWMU3		11.6		9.15								terrace face		1		3.5

		debris avalanche		3														partial cut		4												MWMU4		10										MWMU5		6.8		0								headwall		11		13.2

		rock topple		3														mature timber (>50 years)		1												MWMU5		7																						rock outcrop		18		39.8

																		road		10																																				other		2		8.9

																		alpine		3																																				deep seated		2		1.2

																																																								stream influenced		2		2.1
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Number of Landslides (n=62)



		LSI_UNIQID		Slide_id		Source_idno		Lsi_process		Certainty		Id_date		Ls_size		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

		CALCULATED		up to 5 integers		CALCULATED		1 = shallow-rapid		D = definite:  originator of landslide information is certain that this is a landslide		First year of landslide identification		Approximate size at ID_Date		Next year of landslide identification, if slide has changed size or shape		Approximate size at ID2_Date		1 = inner gorge		1 = concave, convergent		percent slope at the failure location		Y = yes, delivery occurred		1 = clearcut  (timber 0-5 yrs)		elevation (in feet) of the landslide initiation site		the full photo number the slide was identified on

		IN THE		Put the same		IN THE		2 = debris flow		P = probable:  originator of landslide information is almost certain that this is a landslide		use photo year or best estimate		1 = very small				(see LS_Size for values)		2 = bedrock hollow		2 = concave-planar				N = no, delivery did not occur		2 = young stands  (timber 5-15 yrs)

		ENTRY		number on both the		ENTRY		3 = debris avalanche		Q = questionable:  originator of landslide information is not certain that this is a landslide, but is including it for completeness of the inventory.		of landslide age.		2 = small		4 digit year, e.g. 1996				3 = avalanche chute		3 = planar		integer		P = probably sediment delivered		3 = submature timber (15-50 years)		integer		12 characters

		PROCESS		map and spreadsheet		PROCESS		4 = deep-seated				4 digit year, e.g. 1996		3 = medium						4 = terrace face		4 = planar-convex				I =  indeterminate		4 = mature timber (>50 years)

								5 = shallow, sporadic deep-seated						4 = large						5 = headwall		5 = convex, divergent						5 = road

								6 = large, persistent deep-seated						5 = very large						6 = rock outcrop								6 = partial cut

								7 = earth flow												7 = other								7 = yarding

								8 = rock topple						very small:    (1-100 square yards)						8 = deep seated								8 = alpine

								9 = snow avalanche						small:  (101-500 square yards)						9 = stream influenced								9 = other-e.g., housing, agriculture

														medium:  (501-2000 square yards)

														large: (2001-5000 square yards)

														very large:   (greater than 5000 square yards)

		REQUIRED DATA COLLECTION

		ALL OTHER FIELDS ARE OPTIONAL






_1135421070.xls
Chart3
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lsi_data

		LSI_UNIQID		Slide_id		MWMU		SOURCE_IDNO		Lsi_process		Certainty		Id_date		Ls_size		Ls_size (acres)		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

				15		1				2		P		1978		3		0.13						5		1		58		Y		3		2477		NW78-63C-11

				22		3				2		D		1978		4		0.85						5		1		37		Y		1		3454		NW78-65B-18

				24		3				2		D		1978		5		2.51						5		1		63		Y		5		3482		NW78-65B-18

				25		3				2		D		1978		4		0.72						5		1		54		Y		1		3110		NW78-65B-18

				28		1				2		D		1991		2		0.02						2		1		75		Y		1		819		NW91-17-46-202

				29		1				2		D		1991		2		0.05						2		1		80		Y		1		834		NW91-17-46-202

				32		2				2		P		1991		1		0.02						2		1		26		Y		2		720		NW91-11-47-273

				42		3				2		D		1991		4		0.56						5		1		40		Y		5		3454		NW91-34-52-121

				43		3				2		D		1991		5		1.80						5		1		40		Y		5		3506		NW91-34-52-121

				44		3				2		D		1991		5		1.48						5		1		54		Y		1		3371		NW91-34-52-121

				61		1				2		P		2001		5		2.70						5		1		41		Y		5		3505		NWC01-38-52-249

				62		3				2		D		2001		5		1.23						5		1		42		Y		5		3494		NWC01-38-52-251





overall stats

		WAU Size (acres)		MUMU		Acerage		# of landslides		acerage of slides per MWMU		acerage of delivery per MWMU		delivered area / MWMU area		slope form		# of landslides		acerage of mass wasting by slope form		slope shape		# of landslides		slope class		# of landslides		Land Use		# of Landslides		# of Management-Related landslides (landuse # 1-7)		# of landslides		Photo Period		Acres of landslides		landuse		# of landslides		slide initiation elevation (ft)

		46612		1		428.6		19		7.65		2.9		0.0067662156		inner gorge		13		6.2		concave, convergent		37		0 to 10%		0		clearcut  (timber 0-5 yrs)		18		59		9		1962		47.7		clearcut  (timber 0-5 yrs)		11		0-500

		73 mi2		2		858.8		24		21.9		7.3		0.0085002329		bedrock hollow		13		3.4		concave-planar		6		11 to 40%		17		young stands  (timber 5-15 yrs)		10				18		1978		4.5		young stands  (timber 5-15 yrs)		2		501-1000

				3		609.6		11		11.6		9.15		0.0150098425		avalanche chute		0		0		planar		15		41 to 60%		24		submature timber (15-50 years)		16				20		1991		7.7		submature timber (15-50 years)		9		1001-1500

				4		3039.6		10		3039.6		0		0		terrace face		1		3.5		planar-convex		2		61 to 80%		16		mature timber (>50 years)		1				15		2001		0.6		mature timber (>50 years)		2		1501-2000

				5		41675		7		6.8		0		0		headwall		11		13.2		convex, divergent		2		> 80%		5		road		10								11.1		road		2		2001-2500

																rock outcrop		18		39.8										partial cut		4								3.7		partial cut		13		2501-3000

																other		2		8.9										yarding		0								0		yarding		11		2001-3500

																deep seated		2		1.2										alpine		3								3		alpine		1		3501-4000

																stream influenced		2		2.1										other-e.g., housing, agriculture		0								0		other-e.g., housing, agriculture

				Normalized MWMU slide Area by WAU area by time

				MWMU		Value

				1		4.2082263399

				2		12.0470793259

				3		6.3811013781

				4		1672.0685990402

				5		3.7406456354





mwmu stats

		MWMU #1						MWMU #2						MWMU #3						MWMU #4						MWMU #5

		Slope %						Slope %						Slope %						Slope %						Slope %

		Min		11				Min		0				Min		1				Min		0				Min		0

		Max		169				Max		154				Max		190				Max		190				Max		194

		Mean		53				Mean		38				Mean		49				Mean		26				Mean		18

		S.D.		14				S.D.		19				S.D.		20				S.D.		15				S.D.		17

		n		78				n		32				n		3				n		10				n		n/a

		Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)						Elevation (ft)

		Min		73				Min		39				Min		1632				Min		375				Min		16

		Max		3965				Max		3108				Max		3993				Max		2972				Max		3993

		Mean		2108				Mean		1122				Mean		3201				Mean		1473				Mean		807

		S.D.		1068				S.D.		907				S.D.		513				S.D.		585				S.D.		930

		n		78				n		32				n		3				n		10				n		n/a

		Total Area (ac)		428.6				Total Area (ac)		858.8				Total Area (ac)		609.6				Total Area (ac)		3040				Total Area (ac)		41675

		Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides						Total Area occupied by landslides

		total acerage		7.65				total acerage		21.9				total acerage		11.6				total acerage		3040				total acerage		6.8

		min		0.02				min		0.02				min		0.28				min		3.4				min		0.05

		max		2.7				max		8.78				max		2.51				max		2284				max		3.39

		mean		0.4				mean		0.9				mean		1.05				mean		304				mean		0.97

		S.D.		0.63				S.D.		1.9				S.D.		0.66				S.D.		708				S.D.		1.2

		n		19				n		24				n		11				n		10				n		7

		Materials:						Materials:						Materials:		Jmv(h)				Materials:		Ec(c)				Materials:

				Ec(c)						Ec(c)						Jph(d)						OEc(b)

				Jmv(h)						Evr						MZmm(h)						Qgo

				Jph(d)						Jmv(h)						Qgt						Qgt

				MZmm(h)						Jph(d)						Qls						Qls

				MZu(h)						MZmm(h)

				OEn(b)						MZu(h)

				Qgoc						OEc(b)

				Qgt						OEn(b)

				Qls						Pigbo(t)

										Qa(c)

										Qgas

										Qgdm(e)

										Qgo

										Qg0c

										Qgt

										Qls





figures

		Landslide Process		Number of Slides														land use		number of slides

		shallow rapid		36														clearcut           (timber 0-5 yrs)		18

		debris flow		12														young stands  (timber 5-15 yrs)		10

		deep-seated		8														submature timber (15-50 years)		16

		debris avalanche		3														partial cut		4

		rock topple		3														mature timber (>50 years)		1

																		road		10

																		alpine		3
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Land Use Association

Number of Landslides ( n = 62)



		LSI_UNIQID		Slide_id		Source_idno		Lsi_process		Certainty		Id_date		Ls_size		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		Photo_num

		CALCULATED		up to 5 integers		CALCULATED		1 = shallow-rapid		D = definite:  originator of landslide information is certain that this is a landslide		First year of landslide identification		Approximate size at ID_Date		Next year of landslide identification, if slide has changed size or shape		Approximate size at ID2_Date		1 = inner gorge		1 = concave, convergent		percent slope at the failure location		Y = yes, delivery occurred		1 = clearcut  (timber 0-5 yrs)		elevation (in feet) of the landslide initiation site		the full photo number the slide was identified on

		IN THE		Put the same		IN THE		2 = debris flow		P = probable:  originator of landslide information is almost certain that this is a landslide		use photo year or best estimate		1 = very small				(see LS_Size for values)		2 = bedrock hollow		2 = concave-planar				N = no, delivery did not occur		2 = young stands  (timber 5-15 yrs)

		ENTRY		number on both the		ENTRY		3 = debris avalanche		Q = questionable:  originator of landslide information is not certain that this is a landslide, but is including it for completeness of the inventory.		of landslide age.		2 = small		4 digit year, e.g. 1996				3 = avalanche chute		3 = planar		integer		P = probably sediment delivered		3 = submature timber (15-50 years)		integer		12 characters

		PROCESS		map and spreadsheet		PROCESS		4 = deep-seated				4 digit year, e.g. 1996		3 = medium						4 = terrace face		4 = planar-convex				I =  indeterminate		4 = mature timber (>50 years)

								5 = shallow, sporadic deep-seated						4 = large						5 = headwall		5 = convex, divergent						5 = road

								6 = large, persistent deep-seated						5 = very large						6 = rock outcrop								6 = partial cut

								7 = earth flow												7 = other								7 = yarding

								8 = rock topple						very small:    (1-100 square yards)						8 = deep seated								8 = alpine

								9 = snow avalanche						small:  (101-500 square yards)						9 = stream influenced								9 = other-e.g., housing, agriculture

														medium:  (501-2000 square yards)

														large: (2001-5000 square yards)

														very large:   (greater than 5000 square yards)

		REQUIRED DATA COLLECTION

		ALL OTHER FIELDS ARE OPTIONAL






