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Overview
The purpose of the assessment is to identify the non-federal areas within the Clear Creek, Dan Creek, and Lime Creek WAUs that have a moderate or high risk of landslide activity due to natural instability and the effects of proposed forest practices.  For this study three adjacent WAUs were combined into a single assessment because they share common physiography, geology, hydrology, and mass-wasting processes, and individually containing small percentages of non-federal lands.  Collectively, the Clear Creek, Dan Creek, and Lime Creek WAUs total 139 mi2, 10.9 mi2 of which is in private or state ownership.  

A total of eleven landslides have been identified during this study (Form A-1; Map A-1). Four Mass Wasting Map Units (MWMUs) are delineated for the assessed lands in these three WAUs (Map A-2).  In general, mass wasting is of minimal concern for the majority of the study area, which is dominated by floodplain topography.  A small percentage of the assessed land is composed of inner gorges and steep stream adjacent slopes and rated as having a high mass wasting potential.  In addition, alluvial fans – areas of high sediment delivery located at the transition in slope from steep confined channels to open flat valley floors – were delineated as landforms of concern where the possibility of potential future impact to State or fee lands exists (Map A-2).  These alluvial fan landforms may fall under Washington Forest Practice regulations for either “Sensitive Sites” or “Channel Migration Zones” (WAC-222-26-010).

The Mass Wasting methodology requires that several Critical Questions be answered by the analysis. These Critical Questions are found in Section 5.0 below.
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).  This analysis of the geomorphology of the WAU includes evaluation of landforms, slope shapes, and land use that are commonly associated with mass wasting.  Other attributes related to landslide data analysis can also be collected and analyzed (see form A-1). 

In this report, the concept of a ‘delivery vulnerability factor’ is used to help quantify the ratings for potential hazard of delivery of debris and sediment to streams by mass wasting as outlined in Table A-2 of the Washington Forest Practices Board Manual for Conducting Watershed Analysis (1997).  The delivery vulnerability factor is simply the area of delivering landslides normalized for the area of the MWMU and the period of study.  These values are multiplied by one million to provide whole numbers.  Very limited application by the author in the Nookachamps WAU and Lingley (2004) suggest that vulnerability factors less than 100 have low delivery potential, factors of 101 to 250 are moderate, and factors greater than 250 are high.
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Figure 1. Map of the Clear Creek, Dan Creek, and Lime Creek WAUs showing the location of fee and State lands reviewed during the mass wasting assessment.  Red landslide polygons were identified during this study.  Orange landslide polygons are from the digital statewide landslide inventory of Boyd and Vaugeois (2003).  

2.0 
Geographic Setting Pertinent to Mass-Wasting Interpretations
The Clear Creek, Dan Creek, and Lime Creek WAUs occupy a combined total of 139-mi2 within the Sauk River drainage basin, along the western margin of the North Cascades Physiographic province.  The WAUs include the entire drainage area of Clear, Dan, and Lime Creeks (Figure 1).  Clear Creek and Dan Creek, flowing north-northeast and northwest respectively, are tributaries to the Sauk River.  The Clear Creek WAU is upstream of, and incorporates the town of Darrington.  Dan Creek WAU is located east and downstream of Darrington.  Lime Creek, flowing to the north-northwest is a tributary to the Suiattle River, which in turn joins the Sauk River a few miles downstream of Darrington. 

Most of the land in all three watersheds is managed by the U.S. Forest Service and therefore is not included in this study.  The remainder, constituting the study area, includes about 10.9 mi2 of private fee and State acreage.  Dense second-growth evergreen trees cover most hillslopes on U.S. Forest Service lands and some of the fee and State land although aggressive logging occurred prior to the 1960’s, and has continued to the present.  The upper elevation portions of both the Clear Creek and Lime Creek WAUs are above timberline and include permanent snowfields and small remnant glaciers.  Although the rate of mass wasting appears high in the upper elevation portions of all three WAUs (Beechie and Paulson, 1999) (exclusively the domain of the U.S. Forest Service), the middle and lower elevation areas assessed herein have low rates of mass wasting and sediment delivery to surface waters and public resources.

2.1 Topography

The study area, occupying approximately 7,000 acres of the nearly 90,000-acre Clear Creek, Dan Creek, and Lime Creek watersheds, ranges in elevation from 413 feet above mean sea level along the Sauk River to 3,879 feet along the northern flank of Prairie Mountain, with a mean elevation of 950 feet.  In addition to Clear, Dan, and Lime Creeks, the study area includes portions of the Sauk River in the vicinity of Darrington and several miles of the Suiattle River upstream from its confluence with the Sauk.

The study area can be divided into four main physiographic elements: 1) Floodplain, river terrace, and volcanic lahar terrace landforms adjacent to the Sauk and Suiattle rivers, including the town site of Darrington, 2) alluvial fans emanating from the mouths of steep-gradient creeks onto lower-relief floodplain and terrace elements, 3) a moderately-to-highly dissected glacial outwash terrace at a maximum elevation of about 900 feet, locally separating the mountainous terrain from the Sauk River valley and, 4) generally steep slopes along the flanks of Gold and Prairie Mountains.  Slopes within the study area vary from 0% to 175%, with an average for the assessed lands of 17%.

2.2 Geology

The bedrock geology of the study area consists mainly of very old metamorphic rocks (Figure 2).  More specifically, the bedrock of the assessed lands in the Clear Creek and western half of the Dan Creek WAUs consists primarily of metamorphic rocks of the Easton Group (primarily the Darrington Phyllite – 110 to 163 million years old) (Tabor and others, 2002). The bedrock that crops out in the northern portion of the Lime Creek WAU consists of even older (248 to 417 million years) meta-sedimentary and meta-volcanic rocks of the Chilliwack Group and Bell Pass melange (Tabor and others, 2002).

All of the bedrock units are juxtaposed by northwest-trending faults, which control the direction of Dan and Straight Creeks (Figure 2).  Although undocumented, it is possible that mass wasting potential increases with proximity to these faults, where the bedrock is sheared and can be deeply weathered.
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Figure 2. Generalized geologic map for the Clear Creek, Dan Creek, and Lime Creek WAUs (after Tabor and others, 2002) and some geographic features referenced in the text.

Mapped surficial units consist of sediments deposited from continental glaciers, mass wasting features, including localized landslides, volcanic lahar deposits initiating from Glacier Peak, and alluvium from streams (Figure 2).  During the last advance of continental ice from Canada (Vashon glacial period) ice stalled in the Sauk River valley approximately where Darrington is located today (Dragovich and others, 2004).  The advance of ice up the Sauk and Stilliguamish drainages caused the development of proglacial lakes and the deposition of advance and recessional glacial outwash, which is now preserved as a glacial terrace, with an upper elevation of approximately 900 feet, along the Sides of the Sauk River valley.  This terrace is regionally unstable (Dragovich and others, 2002; Lingley, 2004).  The terrace consists of a cap of poorly-graded gravelly sand overlying blue-gray clay and silt (Dragovich and others, 2002).  Volcanic lahar deposits, consisting of silty sandy gravel to gravelly sand locally with cobbles make up a significant percentage of the flat valley floors of both the Sauk and Suiattle valleys (Dragovich and others, 2004).  Alluvial fans, consisting of massive to weakly stratified deposits of dominantly angular sandy gravel with cobbles are found along valley margins where tributary streams exit the mountain front.  

A single large deep-seated bedrock landslide complex (Tabor and others, 2002; Dragovich and others, 2002) is identified along the western flank of Gold Mountain, across the Sauk River from Darrington (Slide ID 11) (Figure 2).  The age of this, and other deep-seated landslides in the study area is poorly constrained.  It is know that they are younger than the period of last glaciation.  These large landslide deposits consist of locally derived bedrock and overlying glacial deposits (outwash).  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

Precipitation within the three WAU area is extreme, ranging from 60 inches per year west of Darrington to approximately 140 inches per year in the upper elevations of each WAU; however, the range in the assessed areas is about 60 to 80 inches per year (DNR, 2003).  Most of the annual rainfall occurs between October and May with a pronounced summer dry season.  During the winter months, elevations between about 2,000 and 3,000 feet are susceptible to rain-on-snow hydrologic events (DNR, 1991), which, if they occur, often trigger widespread mass wasting along the Cascade foothills.  

Precipitation intensity and duration in the Clear Creek, Dan Creek, and Lime Creek WAUs are important factors that likely contribute to initiation of mass wasting events (Montgomery and Dietrich, 1994).  Precipitation intensity information in these WAUs is limited by the lack of rain gages within the basin.  Therefore, rainfall intensity data are limited to rainfall amounts averaged over 24 hour periods.  Typical 24-hour rainfall intensities in the study area range between 3 to 4 inches for a two-year recurrence interval storm (Miller and others, 1973).  Historic storms that produced floods of record on the Sauk River near Darrington since 1917 occurred during winter months in 1917, 1922, 1932, 1949, 1951, 1980, 1990, and 1995 (USGS, 2004) (Figure 3).
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Figure 3. Plot of annual maximum instantaneous peak streamflow of the Sauk River

   near Darrington, Washington for the period 1917 to 2002.

Groundwater hydrology in the upper elevations of the three watersheds consists primarily of transmission through forest duff or across the surface because the substrates are dominantly impermeable bedrock.  Below approximately the 900-foot contour, highly permeable glacial outwash sand probably creates active groundwater recharge for glacial deep-seated landslides along terrace margins (Lingley, 2004).

2.4 Summary of Previous Mass Wasting Investigations

Landslides within the Clear Creek, Dan Creek and Lime Creek WAUs have been mapped at different scales, by three sets of investigators.  Tabor and others (2002) identified five large deep-seated bedrock landslides within the three WAUs, one of which falls within the lands assessed during this study.  Dragovich and others (2002) identified 4 deep-seated landslides, one failing in bedrock and three failing in glacial outwash sediments along valley margins.  Beechie and Paulson (1998) identified one hundred and eighty four small shallow landslides and debris flows within the three WAUs.  Only four of these mass-wasting features are located within the area assessed by this study.  Because the Beechie and Paulson data lacks pertinent information, such as type of failure, year of failure, landslide size, and associated land use, it was not utilized during the mass wasting analysis conducted for this study.  

3.0
Summary of Methods
This assessment generally follows the Level II Mass Wasting methodology presented in the Standard Methods for Conducting Watershed Analysis Version 4.0 (WFPB 1997), with the exception of a field visit.  Because only eleven mass wasting features were identified during the analysis, a field visit was deemed unwarranted.  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), 1965 (DNR 1:12,000 black and white), 1978 (DNR 1:12,000 black and white), 1983 (DNR 1:12,000 color), 1991 (DNR, 1:12,000 black and white), 1998 (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 utilizing 2000 DNR digital orthophotos in an ArcGIS environment (Map A-1).   Pertinent attributes of the landslide features were recorded on data sheets (Form A-1).  Recorded information includes: 1) the type of mass wasting process, 2) level of certainty of the observation, 3) whether the mass wasting feature delivered sediment to surface waters or public resources, 4) associated land use, 5) the slope form (convergent, planar, divergent), 6) the photo-year in which the failure was initially recognized, and 7) the gradient or steepest slope increment within each landslide polygon. 

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 MWMUs.  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.

Once the locations of mass wasting features were mapped and evaluated, areas assumed to have a similar mass-wasting potential were grouped into MWMUs.  These are shown on Map A-2. 

4.0 Summary of Analysis and Results

In the Clear Creek, Dan Creek, and Lime Creek WAUs, eleven landslides were inventoried during this review over a 39-year period between 1962 and 2001 (Form A-1 and A-3).  Tabor and others (2002) and Dragovich and others (2002) previously identified four of the eleven mass wasting features as deep-seated landslides.  The Skagit Valley Cooperative identified an additional four non-typed landslides over an unspecified period of time (Beechie and Paulson, 1998).  The deep-seated landslides identified by Tabor and others (2004) and Dragovich and others (2004) were used in the delineation of MWMU 2 (Map A-2).  Of the 11 slides identified during this mass wasting assessment, 45% were shallow rapid failures and 55% were undifferentiated deep-seated landslides (Figure 4).
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Figure 4. Number of landslides observed in the Clear Creek, Dan Creek, and Lime Creek

   WAUs by mass wasting process.
Landslides associated with clearcuts (0 to 5 years), and submature timber (15 to 50 years) represent 45% of the identified failures.  Deep-seated failures, all six of which are interpreted to have failed prior to initial timber harvest, are show as failing in mature forest stands.  No road-related failures were identified during this analysis.
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Figure 5. Number of landslides observed in the assessed lands of Clear Creek, Dan

   Creek, and Lime Creek WAUs by land use association.
The annual rate of identified landslides normalized for the 39-year study period and the area of the assessed lands in the three watersheds is 4.0 x 10-5 (Table 1).

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

	Clear–Dan–Lime Creeks
	11
	39
	6,983
	4.0 x 10-5


Table 1.  
Landslide rate for assessed lands within the Clear Creek, Dan Creek,

and Lime Creek WAUs.
The distribution and area of the four delineated Mass Wasting Map Units (MWMUs) for the assessed lands within the Clear Creek, Dan Creek, and Lime Creek WAUs are shown on Map A-2 and Table 2.  These units have been delineated to depict areas having similar mass wasting potential as well as the potential to deliver to public resources.  Mass wasting potential is based on landslide process, failure density, lithology, geomorphology, hydrogeology, and similar physical attributes.  Descriptions and summary statistics for each MWMU are given in Form A-2.  

The following discussion is an explanation of the method used to compare the levels of hazard for the purposes of watershed analysis (Washington Forest Practices Board, 1997).  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 vulnerability of public resources (Table 2).  As a first approximation, Vulnerability 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; Wegmann, 2004).  These vulnerability factors do not account for the volume of delivery; however, Vulnerability 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 Vulnerability Factor for the study area is 3.7; consistent with the summary interpretation that mass wasting is of minimal concern for the majority of the assessed lands (Table 2).  The Vulnerability Factor for MWMU1 is 119, placing it into a moderate vulnerability regime.  However, because MWMU1 consists of rule-identified landforms, its overall hazard potential rating is considered to be high (as per WAC 222-16-050) (Table 2; Form A-2).  However, for perspective, Vulnerability Factor values in excess of 1,000 were reported for three high hazard potential MWMUs from the Jackman Creek — Corkindale WAUs (Lingley, 2004). The remaining MWMUs in this study all have low Vulnerability Factors (Table 2).

	Mass Wasting Map Unit
	MWMU1
	MWMU2
	MWMU3
	MWMU4
	WAU

	Area of MWMU (Acres)
	138
	479
	342
	6329
	7289

	Number of 'Delivering' Landslides
	2
	0
	1
	0
	3

	Area of 'Delivering' Landslides (acres)
	0.64
	0
	0.42
	0
	1.06

	Vulnerability Factor
(Area of delivering landslides)
(MWMU Area/39 years)
	119
	0
	31
	0
	3.7

	
	
	
	
	
	

	
	
	
	
	
	


Table 2.
The annualized rate of landslides that deliver to public resources in terms of frequency and landslide area (‘Vulnerability 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.

5.0
Summary of Critical Questions

In order to 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 11 landslides were identified over a 39-year photo history during the mass wasting review of the fee and State Lands contained within the Clear Creek, Dan Creek and Lime Creek WAUs.  Four deep-seated landslides identified by Dragovich and others (2002) and one by Tabor and others (2002) are included in the inventory (Form A-1, Map A-1). In addition, slide initiation points for an additional four unspecified mass wasting features were recorded by Beechie and Paulson (1998) and previously captured in the statewide landslide inventory (Boyd and Vaugeois, 2003) (Map A-1).  Mass Wasting Map Units were defined based upon the location of identified landslides, or similarity in slope form, class, and geology to areas where landslides were identified.  Within the assessed lands of these WAUs, only MWMU1 is considered to have a moderate mass wasting potential, and a high hazard potential rating (due to it’s rule identified status as per WAC 222-16-050).  When compared to watersheds in steeper topographic regions of the Cascades and Olympics, the overall mass wasting potential of the assessed lands in the Clear Creek, Dan Creek, and Lime Creek WAUs is considered to be of minimal concern (e.g. Washington Department of Natural Resources, 1995; Parks, 2000; Lingley, 2004).

What mass wasting processes are active?
Shallow rapid landslides and rotational and translational deep-seated landslides were identified within the assessed lands in the Clear Creek, Dan Creek, and Lime Creek WAUs (Map A-1 and A-2, Form A-1).

How are mass wasting features distributed throughout the landscape?
See Map A-1.  Approximately one-fifth of the identified landslides are associated with inner gorges and steep stream adjacent slopes characterized by MWMU1.  Deep-seated landslides and rare shallow rapid landslides appear to be associated with a prominent glacial outwash terrace, with an upper surface elevation of approximately 900 feet.  Deep-seated landslide failing in bedrock are also distributed throughout the landscape; however, it is beyond the scope of this study to determine if there are specific lithologic and/or structural controls on the location of these slides.

Do landslides deliver sediment to stream channels or other waters, or threaten public works or safety?
Yes.  Three of the eleven identified landslides definitely delivered sediment to stream channels or other waters (Form A-1).  

How do forest management activities create or contribute to instability?
All of the observed shallow-rapid landslides occurred within clearcut to submature stands of timber.  Clearcut timber harvesting, road building and maintenance, and yarding on relict landslides and in steep inner gorges may create or contribute to slope instability; although, in general forest practice activities appear to have minimal impact on slope stability within the study area.

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 potentially debris flow mass wasting processes.  Areas underlain by the prominent glacial terrace (with terrace tread elevation at approximately 900 feet) along the Sauk River valley margins have the potential for shallow rapid and deep-seated failures owing to groundwater recharge of glacial deep-seated landslides.  These originate at the interface of outwash sands and glacial lake or glacial till deposits within the terrace (Maps A-1 and A-2).

6.0
Confidence in Work Products

The overall confidence in this mass wasting assessment is high; this is due in large part to the overall low numbers of mass wasting features and rates of landsliding observed within the fee and state lands of the Clear Creek, Dan Creek, and Lime Creek WAUs.  However, it is critical for the reader to understand that while these decisions are sufficient to characterize aspects of slope failure as functions of forest management, this assessment would be entirely insufficient and misleading if solely used to protect private and public resources and/or to assist in land use planning.  

In addition, 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 entirely 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 at any given time.  The scarcity of mass wasting features identified under mature canopy conditions is not necessarily an indication of the relative stability of slopes with mature vegetation regimes. 

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 failures, and rock fall features; and a source of considerable 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 important source of potential error in this assessment is in the accuracy and precision of measurements of mass wasting features made by the free-hand digitizing of features identified on aerial photographs onto 1998 digital orthophotos in the GIS environment.  Because none of the landslides were actually visited in the field, it is not possible to report the degree to which location and measurement error in the GIS environment compares to on-the-ground field measurements.  Similarly, measurements of slope angle from digital elevation models typically under represent 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.

7.0
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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Appendix
Form A-1
Mass Wasting Inventory Data for the Nookachamps WAU

	Slide ID
	MWMU
	Process
	Certainty
	Id Date
	Id2 Date
	Ls size
	Ls size (acres)
	Landform
	Slope shape
	Gradient
	Delivery
	Land Use
	Initiation elevation
	Geologic unit
	Photo number
	Source

	1
	2
	6
	P
	1965
	
	5
	26.83
	8
	2
	30
	N
	4
	874
	Jph(d)
	KSN65-42B-9
	Dragovich et. al., 2002

	2
	2
	6
	P
	1978
	
	5
	44.62
	8
	1
	50
	I
	4
	903
	Qgo
	NW78-92E-10
	Dragovich et. al., 2002

	3
	2
	6
	P
	1978
	
	5
	31.16
	8
	2
	45
	N
	4
	930
	Qgo
	NW78-91E-9
	Dragovich et. al., 2002

	4
	2
	1
	D
	1978
	1983
	5
	1.17
	5
	2
	71
	N
	3
	2516
	Jph(d)
	NW78-91E-7
	

	5
	1
	1
	D
	1978
	1983
	3
	0.17
	1
	2
	78
	Y
	1
	2827
	PMDms(c)
	NW78-97D-3
	

	6
	3
	1
	D
	1983
	
	4
	0.42
	4
	1
	113
	Y
	3
	724
	Qgo
	NWC83-21-77-189
	

	7
	2
	6
	Q
	1983
	
	5
	8.67
	8
	1
	35
	I
	4
	3313
	PMDms(c)
	NWC83-28-82-084
	

	8
	1
	1
	D
	1983
	
	4
	0.47
	1
	2
	40
	Y
	1
	1680
	PMDmv(c)
	NWC83-28-070
	

	9
	2
	6
	P
	1983
	
	5
	12.48
	8
	2
	70
	I
	1
	2008
	PMDmv(c)
	NWC83-28-071
	

	10
	4
	1
	D
	2001
	
	2
	0.13
	5
	4
	130
	N
	1
	2182
	Jph(d)
	NWC01-41-77-18
	

	11
	2
	6
	D
	1965
	 
	5
	711.11
	8
	1
	70
	I
	4
	2630
	Jph(d)
	NWH98-8-9-63
	Dragovich et. al., 2002; Tabor et. al., 2002


Form A-2
Mass Wasting Map Unit Descriptions
MWMU Number: 1 — Inner Gorges and Steep Stream Adjacent Slopes, with slopes

 steeper than 35 degrees (70%)

Description:  

Generally short and moderately-to very-steep inner gorges and step planar-to-concave stream adjacent slopes.  The MWMU is generally underlain by thin colluvial soils and metamorphic bedrock. MWMU1 occupies 1.9% of the surface area of the assessed lands within the Clear Creek, Dan Creek, and Lime Creek WAUs (see Map A-2).
Materials:  

Inner gorges generally have soil parent material derived from older landslide debris and bedrock, including strongly foliated (thinly laminated) Darrington Phyllite, massive gabbro, and metamorphosed volcanic and sedimentary rocks of the Chilliwack Group and Bell Pass melange (Tabor and others, 2002).  The lower elevations of the inner gorges south of Darrington are cut through glacial outwash terrace deposits.

Landform:  

Generally planar to concave hillslopes and stream-adjacent inner gorge slopes formed in glacial and bedrock units.  The uppermost portion of mapped inner gorges locally transition into bedrock hollows at channel heads.

Slope (determined via DEM):


Min: 2.6%
Max: 169%
Mean: 46%


Elevation (determined via DEM):  

Min: 519’
Max: 3,258’
Mean: 1,612’

Total Area (determined via DEM): 

138 acres.  

Total Landslide Area:



0.64 acres

Total Number of Landslides:


2

Number of Delivering Landslides:

2

MW Processes:  

The two landslides identified in MWMU1 are both shallow-rapid landslides.  See Form A-1 and A-3.

Forest Practice Sensitivity:  

High.  Both of the inventoried landslides are situated within inner gorges that had been recently clear-cut.

Mass Wasting Potential: 

Moderate.  Observed landslide rate of 0.05 landslides/year between 1962-2001, with 0.005% of MWMU1 in identified landslide area.  MWMU1 has a Vulnerability Factor of 119, which is tentatively considered moderate (Table 2).

Delivery Potential:  

Moderate to High.  100% (2/2) of inventoried landslides definitively delivered to stream channels.  MWMU1 has a Vulnerability Factor of 119, which is tentatively considered moderate (Table 2).

Delivery Criteria Used:  

Proximity and direction of failure scars toward 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 steep stream adjacent slopes / inner gorges into the headwater reaches of 1st, 2nd, and 3rd order streams.  Both of the identified landslides occurred within clear-cuts (<5 years old). 

Confidence:  

High.

MWMU Number: 2 — Deep-Seated Landslides

Description:  

Large persistent deep-seated landslides located on the western flank of Gold Mountain, along the eastern flank of Prairie Mountain, on the slopes adjacent to the mouth of Dan Creek, and on the south facing slope north of Darrington.  Dragovich and others (2002) and Tabor and others (2002) previously identified four of the six deep-seated landslides (Form A-1).  The age of these landslides is unknown, but they are younger than the period of last glaciation.  Small shallow landslides were observed within the confines of larger deep-seated landslides in the assessment area.  MWMU2 occupies 6.8% of the surface area of the assessed lands within the Clear Creek, Dan Creek, and Lime Creek WAUs (see Map A-2).

Materials:  

Landslide deposits consist of locally derived bedrock and overlying glacial deposits.  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.  The three deep-seated landslides identified by Dragovich and others (2002) (Form A-1) are failing in glacial outwash sands and gravels underlain by fine-grained glacial-lacustrine beds.

Landform:  

Deep-seated landslides are identified along mid-to-lower bedrock-dominated slopes along the west side of Gold Mountain and the east side of Prairie Mountain. Deep-seated landslides are also identified along a prominent glacial outwash terrace riser (terrace tread elevation approximately 900 feet above sea level). 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 defined lateral margins, which may be occupied by stream courses.

Slope (determined by DEM):  


Min: 2.3%
Max: 175%
Mean: 49%


Elevation (determined by DEM):  

Min: 517’
Max: 2,631’
Mean: 1,078’


Total Area (determined by DEM): 

479 acres. 

Total Landslide Area:



479 acres.

Total Number of Landslides:


7

Number of Delivering Landslides:

0

MW Processes:  

Large-persistent deep-seated landslides and small superimposed shallow 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 from other watersheds in the northern cascades suggests that localized deep-seated reactivation of portions of these landslides is occurring, and in some instances is affecting forest roads and quarry operations (Wegmann, 2004; Lingley, 2004).

Mass Wasting Potential: 

Variable.

Delivery Potential:  

Low.  Two-thirds of inventoried deep-seated landslides either abut 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 delivering sediment into streams, but certainly potential exists for sediment delivery during future reactivation of these landslides.

Delivery Criteria Used:  

Proximity to flowing water.

Hazard Potential Rating:  

Variable – Geotechnical review required.

Trigger Mechanisms:  

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

Confidence:  

High as to location, low as to behavior of landslides related to forest practice activities.

MWMU Number: 3 — Steep slopes of Glacial Terrace Deposit

Description:  

Moderate to steep margins of a prominent terrace with an upper (tread) elevation of approximately 900 feet.  This terrace skirts the base of hillsides along the west side of the Sauk River upstream of Darrington as well as along the northern flank of Gold Mountain.  Generally, the upper surface is flat, but subsequent deep-seated landslides have moderated the original morphology in places.  This mass-wasting unit occupies about 4.7% of the assessed lands in the Clear Creek, Dan Creek, and Lime Creek WAUs (see Map A-2). 

Materials:  

It can be recognized in the field by thick deposits of free-flowing-to-compact sand and gravel (>100-feet thick as measured vertically) that locally overlie relatively blue-gray clay and glacial till.  These were deposited as the most recent continental ice sheet advanced up the Sauk River drainage to a position immediately downstream of Darrington, damming the valley and creating a periglacial lake in which the clay was deposited (Dragovich and others, 2002).

Landform:  

Consists of a prominent terrace on the west side of the Sauk River, south of Darrington, as well as along the northern slope of Gold Mountain.  The margins of the terrace have been modified by incision and by several deep-seated landslides, such as where Dan Creek exits the mountain front.

Slope (determined via DEM):


Min: 0.5%
Max: 128%
Mean: 32%

Elevation (determined via DEM):  

Min: 515’
Max: 954’
Mean: 718’

Total Area (determined via DEM): 

342 acres.

Total Landslide Area:



0.42 acres.

Total Number of Landslides:


1

Number of Delivering Landslides:

1

MW Processes:  

Predominantly deep-seated slumps. Deep-seated landslides identified along the glacial terrace margin were included in MWMU3 (Map A-1 and A-2).  A single shallow landslide initiating from the slopes of this glacial outwash terrace was recognized during this assessment.  Lingley (2004) identified shallow landslides and debris flows initiating on a similar terrace landform in the Jackman Creek WAU to the north.

Forest Practice Sensitivity:  

Low.  100% percent of inventoried landslides (1/1) were identified within submature timber (15 to 50 years old).  Road building activities may have also contributed to this single slope failure.

Mass Wasting Potential: 

Low.  Observed landslide rate of 0.025 landslides/year between 1962-2001, with 0.001% of MWMU3 in identified landslide area.

Delivery Potential:  

Low.  The vulnerability factor for MWMU3 is 31.  A similarly low value was determined for this terrace landform in the Jackman Creek and Corkindale WAUs to the north (Lingley, 2004).  Although 100% (1/1) of inventoried landslides delivered to stream channels, the low sample number precludes an accurate assessment of the delivery potential. The sediment delivery potential is highest where streams or standing water exist at the base of the terrace landform, and decreases with increasing distance between the terrace base and surficial waters.

Delivery Criteria Used:  

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

Hazard Potential Rating:  

Low.  MWMU3 is a rule-identified landform (glacial deep-seated recharge area) as per WAC 222-16-050.  However, most of MWMU3 is not adjacent to surficial waters, which decreases its overall hazard potential rating.

Trigger Mechanisms:  

Road building and operation especially as these apply to water management may initiate slide movement. Clear-cutting on terrace margins reduces the effective soil cohesion contributed by tree-root strength on hillslopes in convergent channel head environments.  Ditches appear to contribute water to headscarps increasing the rate of movement and/or causing shallow rapid failures.

The superposition of permeable glacial sand over impermeable clay creates textbook glacial-deep-seated recharge hydrology.  The two deep-seated landslides mapped by Dragovich and others (2002) at the mouth of Dan Creek are glacial deep-seated recharge area-type failures (included within MWMU2).

Confidence:  

High.  This terrace probably shares a co-genetic relation with terraces in the Stilliguamish River valley and Jackman Creek that have been the site of several large active deep-seated failures (Lingley, 2004).

MWMU Number: 4 — Low Hazard Areas

Description:  

Low to moderate gradient areas of intermediate ridge tops, valley sidewalls, and valley floors.  MWMU4 occupies 87% of the surface area of the assessed lands within the Clear Creek, Dan Creek, and Lime Creek WAUs (see Map A-2).  

Materials:  

Low hazard areas include recent stream alluvium, volcanic debris flow (lahar) deposits, glacial sediments such as till and outwash, as well as Mesozoic and Paleozoic metamorphic and igneous rocks.

Landform:  

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

Slope (determined via DEM):  

0-50% slopes with minor inclusions of steeper (up to 160%) slopes, especially on divergent bedrock ridges and planar slopes.  The mean slope for MWMU4 is 13%.

Elevation:  



413’ to 3,879’.

Total Area:



6,329 acres.  

Total Area of Landslides:

0.13 acres.

Total Number of Landslides:

1

Number of Delivering Landslides:
0



MW Processes:  

Only one shallow landslide was identified in lands covered by MWMU1.  This landslide is associated with clear-cut activity on a steep bedrock headwall.

Forest Practice Sensitivity:  

Low.  100% of the identified slides (1/1) occurred within clear-cut areas.  Generally, forest practice activity in low-hazard areas should not contribute to slope failure, with the exception of where slopes are exceedingly steep.

Mass Wasting Potential: 

Low.  Observed landslide rate of 0.025 landslides/year between 1962-2001, with 2.5 x 10-5% of MWMU4 in identified landslide area.

Delivery Potential:  

Low.
MWMU4 has a Vulnerability Factor of zero (Table 2).

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.

Landform Number: 1 — Alluvial Fan

Description:  

Cone-shaped depositional landform located where steep confined streams transition onto broad, relatively flat, valley bottoms.  Alluvial fans have a gradient intermediate between the nearly flat valley floor and much steeper hillslope bedrock stream channels.  In the Clear Creek, Dan Creek and Lime Creek WAUs, these debris fans may or may not be forested.  Trees growing on these fans often have sediment piled against them on the uphill side, and many exhibit impact scars on their trunks.

Materials:  

Alluvial fans are composed of poorly sorted, angular alluvial sands, gravels, cobbles and boulders.  Deposits are generally dominated by cobble to boulder-sized clasts, some of which may be the size of cars.  Woody debris is also common within and upon these deposits.  

MW Processes:  

Alluvial fans represent the area of deposition for the coarse sediment load transported during high-energy debris flow events.

Forest Practice Sensitivity:  

Variable.  It is unknown to what extent the presence of large trees rooted on alluvial debris fans act as traps for debris flow sediment.  It is possible that sediment and debris would move further out onto the valley floor in the absence of large living trees.

Mass Wasting Potential: 

Low.   Alluvial fans are not sites of mass wasting, rather they represent the depositional, or receiving area from up-basin mass wasting events.

Delivery Potential:  

High.  By definition, alluvial fans are locations for delivery and deposition of coarse sediment.  The finer sediment fraction may be routed further down the channel network.  Because alluvial fans are active geologic landforms, human structures and roads sited on or across these features may be in harms way.

Delivery Criteria Used:  

Proximity and direction of up-basin sediment source areas; geologic mapping by Dragovich and others (2002).

Hazard Potential Rating:  

Moderate.  Due to the potentially damaging volumes and rate of coarse sediment deposition on

alluvial fans, they are assigned a Moderate Hazard Potential Rating as a ‘landform of concern’.

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)
	2
	
	 
	 
	 
	 
	 
	2

	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)
	 
	 
	 
	 
	 
	 
	 
	


Form A-3
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)
	 
	 
	 
	1
	 
	 
	 
	1

	Young Stands      (timber 5-15 yrs)
	
	
	 
	1
	 
	 
	 
	1

	Submature          (timber 15-50 yrs)
	1
	 
	 
	1
	 
	 
	 
	2

	Mature                 (timber > 50 yrs)
	
	 
	 
	 
	 
	 
	 
	

	Road
	 
	 
	 
	 
	 
	 
	 
	

	Partial Cut
	
	 
	 
	3
	 
	 
	 
	3

	Yarding
	 
	 
	 
	 
	 
	 
	 
	 

	Alpine
	 
	 
	 
	 
	 
	 
	 
	 

	Other                       (e.g. housing, agriculture)
	 
	 
	 
	 
	 
	 
	 
	 


Form A-3
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)
	 
	
	 
	 
	 
	 
	 
	

	Young Stands      (timber 5-15 yrs)
	 
	 
	 
	 
	 
	 
	 
	 

	Submature          (timber 15-50 yrs)
	1 
	 
	
	 
	 
	 
	 
	1

	Mature                 (timber > 50 yrs)
	 
	 
	 
	 
	 
	 
	 
	 

	Road
	
	
	 
	 
	 
	 
	 
	

	Partial Cut
	 
	 
	 
	 
	 
	 
	 
	 

	Yarding
	 
	 
	 
	 
	 
	 
	 
	 

	Alpine
	 
	 
	 
	 
	 
	 
	 
	 

	Other                       (e.g. housing, agriculture)
	 
	 
	 
	 
	 
	 
	 
	 


Form A-3
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)
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Landslide Process

Number of landslides (n = 11)

5

6



lsi_data

		LSI_UNIQID		Slide_id		SOURCE_IDNO		Lsi_process		Certainty		Id_date		MWMU		Ls_size		Ls_size_yd2		size (acres)		Id2_date		Id2_size		Landform		Slp_shp		Gradient		Delivery		Landuse		Init_elev		slide_gunit		Photo_num		notes

				1				6		P		1965		2		5		129842		26.83						8		2		30		N		3		874		Jph(d)		KSN65-42B-9		slide from Dragovich (2002)

				2				6		P		1978		2		5		215954		44.62						8		1		50		I		6		903		Qgo		NW78-92E-10		slide from Dragovich (2002)

				3				6		P		1978		2		5		150808		31.16						8		2		45		N		6		930		Qgo		NW78-91E-9		slide from Dragovich (2002)

				4				1		D		1978		2		5		5687		1.17		1983		5		5		2		71		N		3		2516		Jph(d)		NW78-91E-7

				5				1		D		1978		1		3		823		0.17		1983		3		1		2		78		Y		1		2827		PMDms(c)		NW78-97D-3

				6				1		D		1983		3		4		2018		0.42						4		1		113		Y		3		724		Qgo		NWC83-21-77-189

				7				6		Q		1983		2		5		41958		8.67						8		1		35		I		2		3313		PMDms(c)		NWC83-28-82-084

				8				1		D		1983		1		4		2255		0.47						1		2		40		Y		1		1680		PMDmv(c)		NWC83-28-070

				9				6		P		1983		2		5		60403		12.48						8		2		70		I		1		2008		PMDmv(c)		NWC83-28-071

				10				1		D		2001		4		2		610		0.13						5		4		130		N		1		2182		Jph(d)		NWC01-41-77-18

				11				6		D		1965		2		5		3441790		711.11						8		1		70		I		6		2630		Jph(d)		NWH98-8-9-63		slide modified from Dragovich (2002) and Tabor and others (2002)

		slide area by MWMU

				MWMU1				MWMU2				MWMU3				MWMU4

		total acres		0.64				836.04				0.42				0.13

		min acres		0.17				1.17				0.42				0.13

		max acres		0.47				711				0.42				0.13

		mean acres		0.32				139.14				0.42				0.13

		stdv		0.2121320344				280.5082799461				0				0

		n		2				7				1				1

		mwmu area

				MWMU1				MWMU2				MWMU3				MWMU4

		mwmu area (acres)		138				479				342				6329

		% of assessed area		1.8933313577				6.5717805821				4.6921690169				86.8325663969

		area of delivery divided by area of mwmu divided by time (39 years) and normalize by 1,000,000

		MWMU1		MWMU2		MWMU3		MWMU4

		118.9149015236		N/A		31.4889788574		0

		area of landslide delivery to mwmu area

		MWMU1		MWMW2		MWMU3		MWMU4

		0.0046083169		N/A		0.0012280702		0





mwmu data

		Total area of 3 WAUS				MWMU		area (acres)		% of assessed lands

		89118 acres				1		138.4		0

		139 miles				2		478.7		0

						3		341.7		0

		assessed lands =				4		6329.940		0

		6983.1 acres

		10.9 mi2

		clear creek:		dan creek		lime creek

		3273.2 acres		2047.5 acres		1662.4 acres

		5.1 mi2		3.2 mi2		2.6 mi2





annualized delivery rate table

		

								Mass Wasting Map Unit		MWMU1		MWMU2		MWMU3		MWMU4		WAU

								Area of MWMU (Acres)		138		479		342		6329		7289

								Number of 'Delivering' Landslides		2		0		1		0		3

								Frequency of Delivering Landslides (number/MWMU area/39 years*1,000,000)		372		0		75		0		10.5

								Area of "Delivering" Landslides (acres)		0.64		0		0.42		0		1.06

								Vulerability Factor                       (slide area/MWMU area/39 yearsx1,000,000)		119		0		31		0		3.7





A-1 form

		Slide ID		MWMU		Process		Certainty		Id Date		Id2 Date		Ls size		Ls size (acres)		Landform		Slope shape		Gradient		Delivery		Land Use		Initiation elevation		Geologic unit		Photo numumber		source

		1		2		6		P		1965				5		26.83		8		2		30		N		3		874		Jph(d)		KSN65-42B-9		Dragovich et. al., 2002

		2		2		6		P		1978				5		44.62		8		1		50		I		6		903		Qgo		NW78-92E-10		Dragovich et. al., 2002

		3		2		6		P		1978				5		31.16		8		2		45		N		6		930		Qgo		NW78-91E-9		Dragovich et. al., 2002

		4		2		1		D		1978		1983		5		1.17		5		2		71		N		3		2516		Jph(d)		NW78-91E-7

		5		1		1		D		1978		1983		3		0.17		1		2		78		Y		1		2827		PMDms(c)		NW78-97D-3

		6		3		1		D		1983				4		0.42		4		1		113		Y		3		724		Qgo		NWC83-21-77-189

		7		2		6		Q		1983				5		8.67		8		1		35		I		2		3313		PMDms(c)		NWC83-28-82-084

		8		1		1		D		1983				4		0.47		1		2		40		Y		1		1680		PMDmv(c)		NWC83-28-070

		9		2		6		P		1983				5		12.48		8		2		70		I		1		2008		PMDmv(c)		NWC83-28-071

		10		4		1		D		2001				2		0.13		5		4		130		N		1		2182		Jph(d)		NWC01-41-77-18

		11		2		6		D		1965				5		711.11		8		1		70		I		6		2630		Jph(d)		NWH98-8-9-63		Dragovich et. al., 2002; Tabor et. al., 2002
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Landslide Process

Number of landslides (n = 11)



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
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lsi_data

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

				1				6		P		1965		2		5		129842		26.83						8		2		30		N		4		874		Jph(d)		KSN65-42B-9		slide from Dragovich (2002)

				2				6		P		1978		2		5		215954		44.62						8		1		50		I		4		903		Qgo		NW78-92E-10		slide from Dragovich (2002)

				3				6		P		1978		2		5		150808		31.16						8		2		45		N		4		930		Qgo		NW78-91E-9		slide from Dragovich (2002)

				4				1		D		1978		2		5		5687		1.17		1983		5		5		2		71		N		3		2516		Jph(d)		NW78-91E-7

				5				1		D		1978		1		3		823		0.17		1983		3		1		2		78		Y		1		2827		PMDms(c)		NW78-97D-3

				6				1		D		1983		3		4		2018		0.42						4		1		113		Y		3		724		Qgo		NWC83-21-77-189

				7				6		Q		1983		2		5		41958		8.67						8		1		35		I		4		3313		PMDms(c)		NWC83-28-82-084

				8				1		D		1983		1		4		2255		0.47						1		2		40		Y		1		1680		PMDmv(c)		NWC83-28-070

				9				6		P		1983		2		5		60403		12.48						8		2		70		I		4		2008		PMDmv(c)		NWC83-28-071

				10				1		D		2001		4		2		610		0.13						5		4		130		N		1		2182		Jph(d)		NWC01-41-77-18

				11				6		D		1965		2		5		3441790		711.11						8		1		70		I		4		2630		Jph(d)		NWH98-8-9-63		slide modified from Dragovich (2002) and Tabor and others (2002)

		slide area by MWMU

				MWMU1				MWMU2				MWMU3				MWMU4

		total acres		0.64				836.04				0.42				0.13

		min acres		0.17				1.17				0.42				0.13

		max acres		0.47				711				0.42				0.13

		mean acres		0.32				139.14				0.42				0.13

		stdv		0.2121320344				280.5082799461				0				0

		n		2				7				1				1

		mwmu area

				MWMU1				MWMU2				MWMU3				MWMU4

		mwmu area (acres)		138				479				342				6329

		% of assessed area		1.8933313577				6.5717805821				4.6921690169				86.8325663969

		area of delivery divided by area of mwmu divided by time (39 years) and normalize by 1,000,000

		MWMU1		MWMU2		MWMU3		MWMU4

		118.9149015236		N/A		31.4889788574		0

		area of landslide delivery to mwmu area

		MWMU1		MWMW2		MWMU3		MWMU4

		0.0046083169		N/A		0.0012280702		0





mwmu data

		Total area of 3 WAUS				MWMU		area (acres)		% of assessed lands

		89118 acres				1		138.4		0

		139 miles				2		478.7		0

						3		341.7		0

		assessed lands =				4		6329.940		0

		6983.1 acres

		10.9 mi2

		clear creek:		dan creek		lime creek

		3273.2 acres		2047.5 acres		1662.4 acres

		5.1 mi2		3.2 mi2		2.6 mi2





annualized delivery rate table

		

								Mass Wasting Map Unit		MWMU1		MWMU2		MWMU3		MWMU4		WAU

								Area of MWMU (Acres)		138		479		342		6329		7289

								Number of 'Delivering' Landslides		2		0		1		0		3

										372		0		75		0		10.5

								Area of "Delivering" Landslides (acres)		0.64		0		0.42		0		1.06

										119		0		31		0		3.7





A-1 form

		Slide ID		MWMU		Process		Certainty		Id Date		Id2 Date		Ls size		Ls size (acres)		Landform		Slope shape		Gradient		Delivery		Land Use		Initiation elevation		Geologic unit		Photo numumber		source

		1		2		6		P		1965				5		26.83		8		2		30		N		4		874		Jph(d)		KSN65-42B-9		Dragovich et. al., 2002

		2		2		6		P		1978				5		44.62		8		1		50		I		4		903		Qgo		NW78-92E-10		Dragovich et. al., 2002

		3		2		6		P		1978				5		31.16		8		2		45		N		4		930		Qgo		NW78-91E-9		Dragovich et. al., 2002

		4		2		1		D		1978		1983		5		1.17		5		2		71		N		3		2516		Jph(d)		NW78-91E-7

		5		1		1		D		1978		1983		3		0.17		1		2		78		Y		1		2827		PMDms(c)		NW78-97D-3

		6		3		1		D		1983				4		0.42		4		1		113		Y		3		724		Qgo		NWC83-21-77-189

		7		2		6		Q		1983				5		8.67		8		1		35		I		4		3313		PMDms(c)		NWC83-28-82-084

		8		1		1		D		1983				4		0.47		1		2		40		Y		1		1680		PMDmv(c)		NWC83-28-070

		9		2		6		P		1983				5		12.48		8		2		70		I		4		2008		PMDmv(c)		NWC83-28-071

		10		4		1		D		2001				2		0.13		5		4		130		N		1		2182		Jph(d)		NWC01-41-77-18

		11		2		6		D		1965				5		711.11		8		1		70		I		4		2630		Jph(d)		NWH98-8-9-63		Dragovich et. al., 2002; Tabor et. al., 2002
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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






