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A.1.
SUMMARY

This study identified 119 within the Raging River Watershed.  Most of these landslides occurred within four geomorphic settings that have been delineated as Mass Wasting Map Units (MWMU) on Map A-2 (Mass wasting map units and hazard potential ratings map).   Compared with adjacent watersheds the Raging River Watershed contained relative few landslides because of its moderate slope gradients and a stable geologic configuration.  Less than 10% of the watershed contains slopes steeper than 46% as illustrated on the GIS generated “Slope Map A-3”  (landslides are most common on slopes >55%).  The bedrock geology in the watershed consists of inclined beds of sandstone and flat lying layers of volcanic rock.  The sedimentary bed dips into the slopes, so landslides cannot slide down the bedding surfaces.  Much of the watershed is covered with a veneer of glacial sediments that are usually a mixture of rock and silt.   These glacial sediments resist landsliding unless they contain clay or sand beds, or they are on over-steepened slopes.   

The landscapes where mass wasting has occurred since the early photo record (1936) appears to be eroding more rapidly than they did during much of the last 12,500 years since the glacial retreat.  If the canyons within the watershed had eroded at today’s rate of mass wasting they would be much larger and less confined.  It appears that the last 100 years of logging have triggered numerous landslides, especially the pre-1936 removal of large old growth trees on steep slopes (>55%), wet areas, and riparian zones.  This early logging also removed the restraints on channel migration of the Raging River.   Riparian harvest allowed the river to migrate more freely which undercutting adjacent slopes causing landslides that filled the channel with sediment causing further rapid channel migration.   

The four landslide hazard units identified and mapped during this investigation are (see 

Table A-1).  Each of these geomorphic settings are prone natural landslides.  Forest practices within these areas could greatly accelerate the rate of mass wasting.  The following are activities that can trigger future landsliding:  

1.  Loss of root strength resulting from timber harvest.

2.  Over steeping slopes during road construction by placing fill or sidecast on steep slopes.

3.  Under cutting slopes during road excavation.

4.  Concentrating runoff water onto unstable slopes from road drainage or skidding scars.

Table A-1 Mass Wasting Hazard Units
	Mass Wasting 

Map Unit
	Description
	Hazard Rating

	MWMU#1
	Lower Raging River canyon between Preston and Fall City and the bluffs above the south side of the Snoqualmie River below Snoqualmie Falls.
	High

	MWMU#2
	The edges of the glacial terraces along the middle portion of the Raging River extending from Preston to near Kerringston (~3 mi. upstream of the SR-18 Bridge). 
	High

	MWMU#3
	Inner gorge features developed along upland tributary streams to the Raging River.
	High 

	MWMU#4
	Cliffs along the south side of Echo Lake.


	


A.2.
GEOLOGIC/GEOMORPHIC OVERVIEW
A.2.1.
Geologic/geomorphic history/soils

The Raging River Watershed is located near the eastern edge of the Puget Lowland, a northtrening basin filled with the deposits from multiple periods of glaciations.  Geology of the areas has been mapped by Frizzell Jr et al (1984), Tabor et al (1982), and Booth (1990).   They show Tertiary bedrock mantled by glacial sediments throughout the watershed.  Tertiary bedrock units are exposed in the lower Raging River Canyon, the cliffs above Echo Lake, and in the upland portions of the watershed.  The oldest rocks in the drainage consist of sedimentary and volcanic rocks of the Puget Group that is locally represented by the Raging River, Tiger Mountain, and Tukwila Formations.  The Puget Group rocks were deposited in or near the ancient Pacific Ocean between 40 and 50 years ago.  These consist of marine sandstone, siltstone, shale, and minor conglomerate of the 45 to 50 million year old Raging River Formation (early to middle Eocene); light colored sandstone, siltstone, conglomerate, and coal beds of the 45 to 43 million year old Tiger Mountain formation; and the mix sediments and volcanic rocks of the 41 to 42 million year old Tukwila Formation which part of the Puget Group.   Mount Persis volcanic of middle to late Eocene age are in fault contact with the Puget group on Rattlesnake Mountain.   Even though these andesite flows are nearly the same age as the Puget group they are near undeformed which contrast sharply with the folded the faulted Puget Group.

Except in the higher elevations bedrock units or covered with a veneer of glacial sediments ranging from lake deposits and outwash to till.  Exposures of glacial sediments in stream banks are common throughout the Raging River drainage and the middle segment of the Raging River flows through a canyon cut into these deposits.  Most of these sediments were deposited 15,000 to 13,500 years ago during the Vashon stage of the Fraser glaciation and consist of deposits of laminated clays, unconsolidated sand and gravel, and compacted till deposits of clay, silt, sand, and gravel.   

Geologic units control most landslides in the watershed.  

A.2.2.
Topography
The Raging River Basin has a watershed area of 33 square miles.  Elevation range from 79 feet at the confluence of the Raging River with the Snoqualmie River to 3,517 feet on Rattlesnake Mountain.  Interstate 90 separates the rolling glacial terrace north of the highway from the mountainous terrain south of the freeway.    South of Interstate 90 the Raging river is enclosed in a basin surrounded by high hills consisting of Rattlesnake Mountain, Brew Hill, Taylor Mountain, and Tiger Mountain.  Within this enclosed basin the Raging River and most of its Tributaries have “V” shape valleys eroded into glacial deposits.  North of I-90 the Raging River has eroded a 500 feet steep walled canyon into a high rolling glacial terrace along the south side of the Snoqualmie Valley.  Fall City is build on the alluvial fan at the mouth of the Raging River where it flows out of this confined canyon onto the present flood plan of the Snoqualmie River. 

A.2.3.Vegetation/Climate

Mean annual precipitation rages from 59 inches to over 79 inches.  Precipitation is predominantly in the form of rain, but at higher elevations, relatively large snowpacks can accumulate.   Much of the basin is within the transient snow zone that typically ranges from 1100-3600 ft in elevation (Toff, 1991).  Major flow events in this watershed are associated with winter storms. Although storms can occur between the last of October and the first of March more than half the storms in the last 50 years occur in December and January.

                               Ten Largest Flow Evens Of Record

                                         (1945-1996 w/1932)

	Rank
	Year
	Flow

CFM
	
	Rank
	Year
	Flow

CFM

	1
	1/1/32
	6300
	
	6
	12/15/79
	3880

	2
	11/24/90
	6200
	
	7
	2/96
	3800

	3
	11/23/86
	5300
	
	8
	2/9/51
	3430

	4
	1/9/90
	4640
	
	9
	12/3/75
	3380

	5
	1/24/84
	3960
	
	10
	11/22/59
	2930


A.2.4.
Relative rock unit strengths and slope stability characteristics
The stable orientation of bedrock units had resulted in very few bedrock related landslide within the Raging River Watershed.  Landslide occur when weak bedding surfaces in sedimentary rocks are orientated parallel to hill slopes.  Most bedding surface in this basin dip into the hill slopes forming a stable configuration.  A majority of the landslides within this watershed are related to glacial sediment.  These include glacial lakebed clays, unconsolidated outwash sand and gravels, and to a less frequently till deposits.  Slides occur where glacial sediments are saturated by seeps, springs, or runoff, overlays inclining bedrock, and/or undercut by streams, roads, or old railroad grades.  Three of the four Mass Wasting Map Units (MWMU’s) involve glacial sediments in various settings.  MWMU #1 combines steep slopes, steep inner gorges, shallow bedrock, wet areas, and undercutting of slopes by roads, railroad, and river action which all together produces many different types of mass wasting events.  The most active slides involve glacial clay deposits that slow water infiltration causing increased pore pressure, reduces shear strength, weighting of the slope.  Sliding often occurs on and saturates the clay forming as slick surface.   Another active landslide area in MWMU#1 occurred where the Raging River undercuts the toes of adjacent slopes.  This is similar to MWMU#2, however, it was included with MWMU#1 as these landslides are located within the lower Raging River Canyon.  

MWMU#2 landslides occur where the Raging River undercuts the adjacent toe of the glacial terrace, usually at the out side of meanders.  Early 20th century logging removed large old growth trees from the riparian zone, which allows the river to meander more rapidly.  The same harvest removed trees from the slope along the edge of the adjacent glacial terrace, which further destabilized the slope.  MWMU#2 Landslides slippage plan are lakebed clay deposits, unconsolidated outwash sand deposits, and bedrock surfaces.  All of these slippage plans concentrate water which increases pore pressure and decrease shear strengths.  Aerial photos from 1936 show these slides to be very active, delivering 1000's of tons of fine and coarse sediment into the Raging River. The slopes above the MWMU#2 had all been clear cut before 1936 which would have increased storm runoffs

 These landslides accelerated meandering of the Raging River resulting from riparian harvest and increased sediment load has also accelerated these bank failures.  Additionally, early 20th century harvest removal of the larger old growth conifers, which had been, replaces by brush and alder.   
A.3.
SUMMARY OF METHODS
This analysis followed procedures described in Version 4.0 of the Board Manual: Standard Methodology for Conducting Watershed Analysis.  A landslide inventory was conducted using all available aerial photos from ---- through -----, USGS 7.5' topographic maps, DNR GIS data, and geologic maps (Tabor and others 1993, Frizzell and others 1984, and Booth 1990).  The inventory includes landslide types, size, year, associated land use, delivery, stream type, hillslope gradient, slope form, slope position, soil type, initiation elevation, underlying geology, and landslide triggers (Form A-1 and Map A-1).  Indications of mass wasting features were then verified with field reconnaissance requiring several days each month in September through December of 1998.

Topographic maps used included the North Bend, Snoqualmie, Fall City, and Hobart U.S.G.S. 7.5 minute series quadrangles.

Tables were generated from the inventory data using a spreadsheet (i.e. QuattroPro 6.0).  After the landslide inventory was complete, seven mass wasting map units were delineated and hazard ratings were assigned as described on Form A-2 and depicted on Map A-2.  Summary tables for each mass wasting map unit are shown on Form(s) A-3.

A.4.
DESCRIPTIONS OF MASS WASTING MAP UNITS
CAUSAL MECHANISM REPORT SUMMARY


Mass Wasting Map Unit (MWMU) #1

Areas of 

Resource

Sensitivity

(ARS)

ARS MWMU#1:  Lower Raging River Canyon.  MWMU #1 includes the steep canyon walls along the Raging River between Preston and Fall City and the bluffs above the south side of the Snoqualmie River between Fall City and Snoqualmie Falls.

MWMU 

Description
Slopes within the lower Raging River Canyon and along the side of the Snoqualmie River which have one or more of the following characteristics:  areas of seeps or springs; areas of converging topography with slopes >55% (i.e., steep stream channels), gullies, bedrock hollows of inner gorge channels; railroad cut-slopes or fill-slopes; the slopes >65% within inner gorge features; slopes adjacent to outside of meanders along the Raging River; or any slope greater than 75%. 

Watershed
Raging River WAU 

Situation

Summary
Mass Wasting Map Unit #1 (Lower Raging River Canyon) has delivered and will continue to deliver coarse and fine sediment that has and will continue to impact the Raging River and adjacent public works.  Inputs of coarse sediment have contributed to channel aggradation and reduced pool depths in segments RR1 through RR4, resulting in degraded spawning and rearing habitat and burial of chinook redds.  Fine sediment fills gravel interstices, likely reducing intragravel flow, and thereby degrading chinook spawning habitat and coho, steelhead, and cutthroat juvenile rearing habitat.  Mass wasting events and associated coarse sediment deposition may also impact the Preston-Fall City Road and associated bridges, the upper Preston bridge, the SE 68th Street bridge, the 86th Street bridge and levees adjacent to the Raging River mainstem.

Trigger

Mechanisms
Road and railroad construction has destabilized steep (>65%) slopes by undercutting and over-steepening them.  Slope undercutting by roading has caused slumping; over-steepened fills or sidecast have produced shallow rapid landslides and debris flows.  Additionally landslides have been triggered by concentrated runoff water from roads and the railroad grade onto steep (>65%) slopes composed of unconsolidated (slide-prone) sediments.  Shallow-rapid landslides have and continue to occur on >65% slopes from loss of root strength after clearcut harvest.  Aggradation and rapid migration of the Raging River resulting from upstream landsliding and past riparian harvest has caused the river to undercut adjacent slopes. 

Delivered Hazard:

High

Resource vulnerability:
High (Fish Habitat, Public Works) 

Rule call:


Prevent or Avoid

Comments:


Mass wasting has been triggered by several unrelated mechanisms.   The Raging River has undercut adjacent slopes causing landslides similar to those in MWMU#2.  These landslides are a result of the channel migrating against and undercutting slopes resulting in a landslide usually during high water events.  Although this is a natural process, the influx of course sediment from upstream mass wasting and loss of the very large riparian conifers has caused and allowed more rapid channel migration.  

Inner gorge failures are common within this MWMU.  High stream flow and shallow rapid landslides have generated debris flows which scoured and deepened the channels resulting in undercutting slopes which triggering more shallow landslides.  This process has been accelerated by loss of root strength once provided by the interlocking root systems of large conifers.  Landslides are also associated with seeps and springs, especially where ground water flows to the surface above a clay layer.  These areas failed naturally, however, the process has been accelerated by the removal of large cedars and undercutting of the slope by roads, the railroad, and deepening inner gorge features.  

Runoff waters from roads have triggered past landslides within this MWMU.  The best example of this is the road under the large BPA power line north and adjacent to Icy Creek.  Future landslides could be caused by the rapidly expanding urban road system and residential development above this MWMU as runoff water is channeled onto these unstable slopes.  





Early photographs of the area show landslides that developed on steep ground (slopes >75%) and steep (>65%) bedrock hollows following logging near the turn and the century.  These slope failures appear to have been a result of loss of root strength, however, there could have been a concentration of runoff water from skid trails.  

Numerous small landslides are associated with cut-slopes and fill-slopes of the old railroad grade.  These over-steepened slopes will continue to slide until they reach a stable angle of repose and revegetate with trees having substantial root strength.  Any timber harvest on or near these features (within 50 feet) could accelerate landsliding.

The area along the Raging and Snoqualmie Rivers is being converted into a residential area.  I can foresee major law suites resulting from future landslides associated with forest practices damaging or destroying one or more of these homes.  

CAUSAL MECHANISM REPORT SUMMARY


Mass Wasting Map Unit (MWMU) #2

Areas of 

Resource

Sensitivity

(ARS)

ARS MWMU#2:  Edges of glacial terrace along the Raging River.  MWMU#2 extends from Preston to nearly Kerringston (~3 mi. upstream of the SR-18 bridge). 

MWMU 

Description
MWMU#2 occurs at the edge of the glacial terraces along the middle portion the Raging River Valley.  Most often these landslides occur on the outsides of meanders where the river undercuts the adjacent slopes.  The also occur along Soderman Creek and I-90 in cuts through these glacial deposits.  The unit expend from the edge of the channel migration zone of Raging River, or Lower Soderman Creek, or the I-90 surface.  It extends up the steep (>55%) slope of the terrace edge to the terrace surface were the topography flattens to less that 35% slopes (usually nearly flat slopes).  This upper break in slope is generally easy to determine on the ground.  Additionally, the first 30 feet of the terrace surface above the break in slope is included in this MWMU.  

Watershed 
Raging River WAU

Situation

Summary
Numerous landslides have occurred along the glacial terrace adjacent to the middle portion of the Raging River (MWMU#2).  These landslides will continue to deliver coarse and fine sediment to the Raging River, impacting wetlands, fish habitat and public works.  Coarse sediment from landslides in this unit has the potential to fill wetlands (TM5W and TM6W) and result in local aggradation in GMU's M2-M4, though primarily in segments RR7, RR10, and RR11.  Large inputs of coarse sediment promote lateral channel movement, potentially increasing erosion of toe slopes (of glacial terraces) and adjacent alluvial banks.  Subsequent effects on fish habitat include degraded spawning and rearing habitat, reduced pool depths, and burial of chinook and coho redds.  Pulses of fine sediment can also fill wetlands (TM5W and TM6W) and clog gravel interstices, likely reducing intragravel flow, thereby degrading chinook and coho spawning habitat and juvenile coho rearing habitat.  Large inputs of coarse sediment from landsliding may also cause channel abandonment (segment RR7), resulting in dewatering of redds.  State and county bridges and levees (which ones?), and many homes are also vulnerable to damage from landsliding within MWMU#2. 

Trigger

Mechanisms
Lost of root strength due to pre-1936 clearcuts on very steep slopes (>65%) appears to have destabilized these slope causing landslides.  The Raging River is also triggering landslides as it migrates across its floodplain and undercuts the terrace on the outsides of meanders.  The combination of riparian harvest of large old growth trees, changes in the frequency and/or magnitude of peak flows, and coarse sediment inputs from past landslides has likely increased the rate and/or severity of stream migration (which occurs during large peak flow events) and therefore the frequency of landslides triggered by stream erosion. 

Delivered hazard:

High

Resource vulnerability:
High

Rule call:


Prevent or Avoid

Comment:
While landslides have occurred along this glacial terrace edge throughout the past 13,500 years, the rate of landsliding has increased following turn-of-the-century logging of large old growth trees that destabilized these slopes.  1936 aerial photos show huge volumes of sediment coming from landslides along this terrace edge and the character of the Raging River changes from a near stable channel upstream of the landslides (segment RR12) to a wide braided channel downstream of the slides.  Recent landslides onto I-90 (winter of 1998-1999) have originated from this same MWMU.  

CAUSAL MECHANISM REPORT SUMMARY


Mass Wasting Map Unit (MWMU) #3

Areas of 

Resource

Sensitivity

(ARS)

ARS MWMU#3:  Upland inner gorges.  MWMU#3 is inner gorge features developed along upland tributary streams to Raging River.

MWMU 

Description
MWMU #3 includes the steam channel, the walls (>55%) of the inner gorge features and 30 feet above or beyond the break in slope of the inner gorge features.  


Watershed 
Raging River WAU

Situation

Summary
Inner gorge features (MWMU#3) incised into the upland slopes of the watershed are subject to shallow rapid landslide and debris flows.  These landslides have produced coarse and fine sediments.  Coarse sediment from landslides can fill wetlands (UR5W, UR6W, and UR7W), fill pools (GMU's G1, T3, and M3) and promote channel braiding and migration (GMU's M3 and G1) that potentially increases rates of erosion along inner gorge walls.  Rapid channel migration has the potential to scour, bury, or dewater chinook and coho redds (particularly in GMU M3 channels).  Fine sediment can also fill wetlands (UR5W, UR6W, and UR7W), clog gravel interstices and reduce intragravel flow, potentially degrading chinook and coho spawning habitat, juvenile coho rearing habitat, and steelhead and cutthroat spawning and rearing habitat.  Downstream state and county bridges and levees, and many homes are also vulnerable to damage from landsliding within of MWMU#3.   

Trigger

Mechanisms
Mass wasting occurs as a result of loss of root strength after timber harvest.  Road and old railroad fills have also triggered shallow rapid landslides and debris flows.  These fill failures are related to blocked culverts, poor road drainage, organic material in the fill, and excessive sidecast on steep (55%) inner gorge slopes.  

Delivered hazard:

High

Resource vulnerability:
High

Rule Call:


Prevent or Avoid

Comments: 
Evidence of numerous small shallow rapid landslides and past debris flows are evident along incised streams that are tributaries to the Raging River.  Slumping is in evidence along both related and non-related roads.  Some of the older debris flows may have been related to old railroad or early logging roads that failed at stream crossings.   

CAUSAL MECHANISM REPORT SUMMARY


Mass Wasting Map Unit (MWMU) #4

Areas of 

Resource

Sensitivity

(ARS)

ARS MWMU#4:  Echo Lake Cliffs

MWMU 

Description
MWMU #4 Extends from the southern edge of Echo Lake to the break in slope above the cliff area (to about 1300 feet).  The MWMU includes all of the slope that would deliver landslide debris to Echo Lake or Lake Creek.  The upper break in slope is delineated by slopes less than 35%.

Watershed 
Raging River WAU

Situation

Summary
A timbered roughed slope (MWMU#4) forms cliffs along the south shore of Echo Lake.  Landslides from this slope deliver coarse and fine sediments to Echo Lake.  Fine sediments carried into the lake and washed down stream can cover coho and cutthroat redds affecting survival and emergence of alevins in stream segments down stream of (and including) TM28.

Trigger

Mechanisms
Root strength is important in limiting mass wasting of unconsolidated sediments along this cliff. Harvest on slopes >65% will reduce root strength resulting in shallow rapid landslides and debris flows into Echo lake.   

Delivered hazard:

High

Resource vulnerability:
Moderate

Rule call:


Prevent or Avoid

MWMU #1  Ancient deep-seated landslides
The ancient deep-seated landslides consist of massive blocks of Columbia River Basalt that slid along inclined sedimentary interbeds located between lava flows.  These bedrock block slides range in size from less than an acre to several square miles.   No indications were found during this investigation that movement had occurred on these features for hundreds or many thousands of years (except for small slides in the scarp and toe areas).  Inactive CRB megaslides are common along the eastern edge of the Cascade Mountain.  They may have moved during Pleistocene periods of significantly higher annual precipitation, or they may be the result of glacial retreat that removed ice buttresses in carved valleys.  Seismic activity in the Puget lowlands may have served as triggers for these landslides.  

The slides are characterized by prominent headscarps and hummocky terrain with local sag ponds that are now hillside ponds and wetlands.  Some of the hummocks are small hills of basaltic bedrock that tend to crumble to talus.  The lower portion of the slides would sometimes disassociate into earth flows that traveled several miles down-valley.  Through time, toe slopes have been over-steepened by glacial erosion and stream incision and canyon bottoms have become steep narrow gorges.  MWMU #1 has a LOW hazard potential because its delivery potential and mass wasting potential are low.

MWMU #2  Toes of ancient deep-seated landslides adjacent to streams 

Forest practices are not likely to trigger or reactivate the large ancient deep-seated landslides, however, a few road-related failures on landslide toes (>45%) have initiated shallow-rapid landslides.  Although few landslides have occurred, mass wasting potential is present.  Delivery is probable and is either immediate if the meandering stream channel is adjacent to the failing slope, or eventual if the active channel is presently elsewhere on the flood plain.  This unit has a MODERATE hazard potential because mass wasting potential and delivery potential are both moderate.  Engineered roads and some root strength could help secure the most unstable slopes.

MWMU #3  Open unforested slopes of landslide headscarps and cirque headwalls in upper elevations/headwater areas of watershed with a history of recent shallow-rapid landslides or debris torrents
Thirteen Type 5 stream channels appear to have hosted shallow-rapid landslides or debris torrents and have been included on Mass Wasting Map A-2 as MWMU #3.  These events, not related to forest practices, occurred in recent years (decades) in channels on ancient deep-seated landslide headscarps and cirque headwalls.  Moderate mass wasting potential is present and delivery occurs to up-valley lakes (old sag ponds) and Type 5 streams.  This MWMU has a MODERATE rating for hazard potential.  Natural slide areas should be avoided or crossings engineered to allow future slides to pass.

MWMU #4 Hillslopes prone to slumping adjacent to Middle Fork Ahtanum Creek that are not related to ancient deep-seated landslides, on which pistol-butted trees show active soil creep, and springs and seeps are saturating the soil 
The Middle Fork Ahtanum has undercut a >45% slope below the Clover Flats campground.  Numerous seeps, small slumps, and pistol-butted trees are evidence of a high creep rate and slope instability.   Road building and harvest on these unstable slopes could trigger future slides.  This unit has a HIGH hazard potential rating because of high mass wasting potential and certain delivery.

MWMU #5  Highly erodible hillslopes composed of dark grey marine shale (badlands topography)
Ancient marine shales comprise an area of very unstable bedrock in upper North Fork Ahtanum Creek (MWMU #5).  This area of dissected (badlands) topography is highly erodible and prone to shallow-rapid landslides and debris flows.  At present, runoff from the road is causing extreme erosion with fine sediments being delivered to streams.  Planting trees and other vegetation would greatly increase stability which is almost completely lacking.  This unit is rated with HIGH hazard potential because it has a high mass wasting potential and high delivery potential.

MWMU #6  Steep canyon walls in low elevations of the watershed prone to shallow-rapid soil slips and possible debris flows
Periods of high precipitation and/or rapid snow melt has caused loess soil on grass and sage covered slopes to slide as small shallow-rapid landslides or debris torrents.  These occur on steep (55%) canyon walls at lower elevations in the watershed.  During periods of ground saturation the loess soils lose internal shear strength due to high pore pressures and slide off bedrock surfaces or more cohesive loess-colluvium subsoils.  This unit has a MODERATE hazard potential because both mass wasting potential and delivery potential are moderate.

MWMU #7 All remaining areas in the watersheds that are not included in other mass wasting map units
Areas not included in the first six MWMUs, comprise MWMU #7.   No landslides were located in these areas therefore the mass wasting potential appears low.  The delivery potential is variable and the unit was assigned a LOW hazard potential.

A.5.
MASS WASTING HAZARD POTENTIAL RATINGS
Hazard potential ratings are based on the likelihood of mass wasting to occur and the delivery potential of sediment and wood to fish-bearing streams or to public works.  The inherent stability (or lack thereof), of a mass-wasting map unit is assessed in terms of physical attributes such as weathering characteristics of the bedrock, properties of underlying geologic formations, slope steepness, slope form, soil cohesion, soil depth, soil density, and natural root strength.  Deliverability is determined by proximity of the map unit to channels, slope steepness, and historic delivery.  Sensitivity to forest practices is also considered. 

For mass wasting map unit locations and hazard ratings, see Map A-2.  The ratings are listed and explained for each mass wasting map unit in section A.4 and on Form A-2.

A.6.
TRIGGER MECHANISMS
MWMU #1  (Ancient deep-seated landslides) 

Ancient deep-seated landslides may have been triggered by periods of high annual precipitation, possibly during the Pleistocene, and/or by seismic activity in the Puget lowlands.  Presently, the bodies of these landslides (areas other than the scarps and toes) appear stable (i.e., no evidence of tension cracks, deformed trees, fresh scarps, etc.).  Forest practices have not triggered any of these slides and has little chance of reactivating them.

MWMU#2  (Toes of ancient deep-seated landslides adjacent to streams)

Recent mass wasting events on the toes of ancient landslides adjacent to streams have been triggered by forest management activities such as cutslope and sidecast failures and road drainage problems.  Evidence for slides (similar to the 1996 slump on the North Fork Ahtanum road approximately one mile west of the DNR work station) can be seen at a number of other places within the study area.  Toes of ancient landslides consist of broken bedrock mixed with soil all of which has low internal strength.  Root strength may serve to stabilize these areas.  These slopes have been undercut by stream activity resulting in an unstable, over-steepened slope close to its maximum angle of repose.

MWMU #3  (Landslide headscarps and cirque headwalls with a history of recent shallow-rapid landslides or debris torrents)

Road construction could trigger or contribute to a landslide in this unit. Roads constructed across debris torrent channels should be engineered to allow a future landslide to pass without material being added to it.  Although harvest is not a significant concern because most of these channels are located in open grassy areas, in forested areas, twenty-five-foot riparian buffers may serve to protect the channels from future landsliding.

MWMU #4  (Hillslopes prone to slumping adjacent to Middle Fork Ahtanum Creek)

Nearly any management activity could trigger a landslide on these unstable slopes.   Road construction would undercut and/or over-steepen the slope and harvest would reduce root strength.  This is an area to be avoided.

MWMU #5  (Badlands topography in ancient marine shales)

Any management activity that disturbs the ground surface or removes vegetation from these areas has the potential to accelerate surface erosion and cause small landslides.  Any road construction or maintenance within this hazard unit should be carefully engineered to control erosion.

MWMU #6  (Steep canyon walls prone to shallow-rapid soil slips and possible debris flows) 

This unit is mostly within naturally open grassy areas and are not usually subjected to management practices.  Road construction across a slide-prone area could trigger future events by undercutting and over-steepening slopes or placing unstable sidecast or fill on already unstable slopes.

MWMU #7  (All other areas in the watersheds)

There is little likelihood of mass wasting in other parts of the watersheds.

A.7.
RECOMMENDATIONS FOR LEVEL 2
A Level 2 watershed analysis is not recommenced for these watersheds.  No indeterminates were found during the analysis and no unknowns related to mass wasting were encountered.  The mass wasting history of the area is straight-forward and mass wasting events are infrequent enough that a sediment budget doesn’t appear to be worth the effort.  At this time the authors see no reason for further mass wasting analysis of this drainage.

A.8.
CONFIDENCE
Confidence levels for the mass wasting portion of the analysis are high.  The area had adequate aerial photo coverage and all questionable features on the photographs were field checked.  Most areas of interest were accessible and sufficient time was available for a full field reconnaissance investigation.  The five sets of aerial photos used in this investigation were nearly complete.  The 1949 photos showed the condition of the landscape forty five years ago and coverage was good for the 1970's, 1980's, and 1990's.  Photos from other decades may have revealed unknown events, however, it is difficult to imagine that we missed very much in the way of location sensitivities or types of landslides and their causes because the ground is very forgiving and we conducted a thorough investigation. 
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FORM A-2  MASS WASTING MAP UNIT DESCRIPTION
MWMU NUMBER:
#1.  Lower Raging River Canyon which includes the steep canyon walls along the Raging River between Preston and Fall City and the bluffs above the south side of the Snoqualmie River between Fall City and Snoqualmie Falls.

DESCRIPTION:  Slopes within the lower Raging River Canyon and along the side of the Snoqualmie River which have one or more of the following characteristics:  areas of seeps or springs; areas of converging topography with slopes >55% (i.e., steep stream channels), gullies, bedrock hollows of inner gorge channels; railroad cut-slopes or fill-slopes; the slopes >65% within inner gorge features; slopes adjacent to outside of meanders along the Raging River; or any slope greater than 75%. 

MATERIALS:  Mass-wastage debris and talus compose of a mixture of angular rock fragments and colluvial soil   


LANDFORM: The MWMU consist of steep (45 to 100%) canyon walls up to 700 feet high and cut by numerous steep drainages.  

SLOPE:  Irregular with most active mass wasting events occuring in converging topography

ELEVATION:  Between 100 and 900 feet above sea level

TOTAL AREA: _____acres out of a total watershed area of ____acres.  

MW PROCESSES:
This MWMU contain a number of different types of mass-wasting including large ancient deep-seated, small-sporadic, and shallow-rapid landslides as well as debris torrents.  

ROAD-RELATED LANDSLIDE DENSITY: 
N/A

FOREST PRACTICE SENSITIVITY:  Roads or harvest activities could trigger landslide unstable areas of this MWMU.within the body of the slide or on steep headscarps.

DELIVERY:  A landslide in this MWMU has a high probibility of delivering sediment of a Type 4 stream or the Type 1 Raging River.  The Type 4 streams flow directly into the Type 1 Raging or Snoqualmia Rivers. 

DELIVERY CRITERIA USED:

High

DELIVERED HAZARD RATING:
High

TRIGGER MECHANISM(S):  Road and railroad construction has destabilized steep (>65%) slopes by undercutting and over-steepening them.  Slope undercutting by roading has caused slumping; oversteepened fills or sidecast have produced shallow rapid landslides and debris flows.  Additionally landslides have been triggered by concentrated runoff water from roads and the railroad grade onto steep (>65%) slopes composed of unconsolidated (slide-prone) sediments.  Shallow-rapid landslides have and continue to occur on >65% slopes from loss of root strength after clearcut harvest.  Aggration and rapid migration of the Raging River resulting from upstream landsliding and past riparian harvest has caused the river to undercut adjacent slopes. 

CONFIDENCE:  
High. These features are very clearly seen on air photos and were examined during field investigations.  

Comments:  Mass wasting has been triggered by several unrelated mechanisms.   The Raging River has undercut adjacent slopes causing landslides similar to those in MWMU#2.  These landslides are a result of the channel migrating against and undercutting slopes resulting in a landslide usually during high water events.  Although this is a natural process, the influx of course sediment from upstream mass wasting and loss of the very large riparian conifers has caused and allowed more rapid channel migration.  

Inner gorge failures are common within this MWMU.  High stream flow and shallow rapid landslides have generated debris flows which scoured and deepened the channels resulting in undercutting slopes which triggering more shallow landslides.  This process has be accelerated by loss of root strength once provided by the interlocking root systems of large conifers.  Landslide are also associated with seeps and springs, especially where ground water flows to the surface above a clay layer.  These areas failed naturally, however, the process has been accelerated by the removal of large cedars and undercutting of the slope by roads, the railroad, and deepening inner gorge features.  

Runoff waters from roads have triggered past landslides within this MWMU.  The best example of this is the road under the large BPA(?) power line north and adjacent to Icy Creek.  Future landslides could be caused by the rapidly expanding urban road system and residential development above this MWMU as runoff water is channeled onto these unstable slopes.  





Early photographs of the area show landslides which developed on steep ground (slopes >75%) and steep (>65%) bedrock hollows following logging near the turn and the century.  These slope failures appear to have been a result of loss of root strength, however, there could have been a concentration of runoff water from skid trails.  

Numerous small landslides are associated with cut-slopes and fill-slopes of the old railroad grade.  These over steepened slopes will continue to slide until they reach a stable angle of repose and revegetate with trees having substantial root strength.  Any timber harvest on or near these features (within 50 feet) could accelerate landsliding.

The area along the Raging and Snoqualmie Rivers is being converted into a residential area.  I can foresee major law suites resulting from future landslides associated with forest practices damaging or destroying one or more of these homes.  

CAUSAL MECHANISM REPORT SUMMARY


Mass Wasting Map Unit (MWMU) #2

Areas of 

Resource

Sensitivity

(ARS)

ARS MWMU#2:  Edges of glacial terrace along the Raging River.  MWMU#2 extends from Preston to nearly Kerringston (~3 mi. upstream of the SR-18 bridge). 

MWMU 

Description
MWMU#2 occurs at the edge of the glacial terraces along the middle portion the Raging River Valley.  Most often these landslides occur on the outsides of meanders where the river undercuts the adjacent slopes.  The also occur along Soderman Creek and I-90 in cuts through these glacial deposits.  The unit expend from the edge of the channel migration zone of Raging River, or Lower Soderman Creek, or the I-90 surface.  It extends up the steep (>55%) slope of the terrace edge to the terrace surface were the topography flattens to less that 35% slopes (usually nearly flat slopes).  This upper break in slope is generally easy to determine on the ground.  Additionally, the first 30 feet of the terrace surface above the break in slope is included in this MWMU.  

Watershed 
Raging River WAU

Situation

Summary
Numerous landslides have occurred along the glacial terrace adjacent to the middle portion of the Raging River (MWMU#2).  These landslides will continue to deliver coarse and fine sediment to the Raging River, impacting wetlands, fish habitat and public works.  Coarse sediment from landslides in this unit have the potential to fill wetlands (TM5W and TM6W) and result in local aggradation in GMU's M2-M4, though primarily in segments RR7, RR10, and RR11.  Large inputs of coarse sediment promote lateral channel movement, potentially increasing erosion of toeslopes (of glacial terraces) and adjacent alluvial banks.  Subsequent effects on fish habitat include degraded spawning and rearing habitat, reduced pool depths, and burial of chinook and coho redds.  Pulses of fine sediment can also fill wetlands (TM5W and TM6W) and clog gravel interstices, likely reducing intragravel flow, thereby degrading chinook and coho spawning habitat and juvenile coho rearing habitat.  Large inputs of coarse sediment from landsliding may also cause channel abandonment (segment RR7), resulting in dewatering of redds.  State and county bridges and levees (which ones?), and many homes are also vulnerable to damage from landsliding within MWMU#2. 

Trigger

Mechanisms
Lost of root strength due to pre-1936 clearcuts on very steep slopes (>65%) appears to have destablized these slope causing landslides.  The Raging River is also triggering landslides as it migrates across its floodplain and undercuts the terrace on the outsides of meanders.  The combination of riparian harvest of large old growth trees, changes in the frequency and/or magnitude of peak flows, and course sediment inputs from past landslides has likely increased the rate and/or severity of stream migration (which occurs during large peak flow events) and therefore the frequency of landslides triggered by stream erosion. 

Delivered hazard:

High

Resource vulnerability:
High

Rule call:


Prevent or Avoid

Comment:
While landslides have occurred along this glacial terrace edge throughout the past 13,500 years, the rate of landsliding has increased following turn-of-the-century logging of large old growth trees which destablized these slopes.  1936 aerial photos show huge volumes of sediment coming from landslides along this terrace edge and the character of the Raging River changes from a near stable channel upstream of the landslides (segment RR12) to a wide braided channel downstream of the slides.  Recent landslides onto I-90 (winter of 1998-1999) have originated from this same MWMU.  

CAUSAL MECHANISM REPORT SUMMARY


Mass Wasting Map Unit (MWMU) #3

Areas of 

Resource

Sensitivity

(ARS)

ARS MWMU#3:  Upland inner gorges.  MWMU#3 is inner gorge features developed along upland tributary streams to Raging River.

MWMU 

Description
MWMU #3 includes the steam channel, the walls (>55%) of the inner gorge features and 30 feet above or beyond the break in slope of the inner gorge features.  


Watershed 
Raging River WAU

Situation

Summary
Inner gorge features (MWMU#3) incised into the upland slopes of the watershed are subject to shallow rapid landslide and debris flows.  These landslides have produced coarse and fine sediments.  Coarse sediment from landslides can fill wetlands (UR5W, UR6W, and UR7W), fill pools (GMU's G1, T3, and M3) and promote channel braiding and migration (GMU's M3 and G1) which potentially increases rates of erosion along inner gorge walls.  Rapid channel migration has the potential to scour, bury, or dewater chinook and coho redds (particularly in GMU M3 channels).  Fine sediment can also fill wetlands (UR5W, UR6W, and UR7W), clog gravel interstices and reduce intragravel flow, potentially degrading chinook and coho spawning habitat, juvenile coho rearing habitat, and steelhead and cutthroat spawning and rearing habitat.  Downstream state and county bridges and levees, and many homes are also vulnerable to damage from landsliding within of MWMU#3.   

Trigger

Mechanisms
Mass wasting occurs as a result of loss of root strength after timber harvest.  Road and old railroad fills have also triggered shallow rapid landslides and debris flows.  These fill failures are related to blocked culverts, poor road drainage, organic material in the fill, and excessive sidecast on steep (55%) inner gorge slopes.  

Delivered hazard:

High

Resource vulnerability:
High

Rule Call:


Prevent or Avoid

Comments: 
Evidence of numerous small shallow rapid landslides and past debris flows are evident along incised streams that are tributaries to the Raging River.  Slumping is in evidence along both related and non-related roads.  Some of the older debris flows may have been related to old railroad or early logging roads that failed at stream crossings.   

MWMU#4:  Echo Lake Cliffs

MWMU 

Description
MWMU #4 Expends from the southern edge of Echo Lake to the break in slope above the cliff area (to about 1300 feet).  The MWMU include all of the slope that would deliver landslide debris to Echo Lake or Lake Creek.  The upper break in slope is delineated by slopes less than 35%.

Watershed 
Raging River WAU

Situation

Summary
A timbered roughed slope (MWMU#4) forms cliffs along the south shore of Echo Lake.  Landslides from this slope deliver coarse and fine sediments to Echo.  Fine sediments carried into the lake and washed down stream can cover coho and cutthroat redds affecting survival and emergence of alevins in stream segments down stream of (and including) TM28.

Trigger

Mechanisms
Root strength is important in limiting mass wasting of unconsolidated sediments along this cliff. Harvest on slopes >65% will reduce root strength resulting in shallow rapid landslides and debris flows into Echo lake.   

Delivered hazard:

High

Resource vulnerability:
Moderate

Rule call:


Prevent or Avoid


FORM A-2  MASS WASTING MAP UNIT DESCRIPTION
MWMU NUMBER:
#2.  Edges of glacial terrace along the Raging River.  MWMU#2 extends from Preston to nearly Kerringston (~3 mi. upstream of the SR-18 bridge). 

DESCRIPTION:  MWMU#2 occurs at the edge of the glacial terraces along the middle portion the Raging River Valley.  Most often these landslides occur on the outsides of meanders where the river undercuts the adjacent slopes.  The also occur along Soderman Creek and I-90 in cuts through these glacial deposits.  The unit expend from the edge of the channel migration zone of Raging River, or Lower Soderman Creek, or the I-90 surface.  It extends up the steep (>55%) slope of the terrace edge to the terrace surface were the topography flattens to less that 35% slopes (usually nearly flat slopes).  This upper break in slope is generally easy to determine on the ground.  Additionally, the first 30 feet of the terrace surface above the break in slope is included in this MWMU.  

MATERIALS:
LANDFORM:
Large ancient landslides form portions of most valley walls in the study area.  As a stream widens its floodplain it undercuts the toes of these landslides forming (>45%) unstable slopes.   The deep-seated landslides often become earthflows that move several miles down-valley.  As streams downcut into the earthflows, steep streamside slopes, confined valleys, or inner gorges are formed. 

SLOPE:

>45%  (The slope varies, however, slopes under 45% should be reasonable stable.)

ELEVATION:
2700'-5800'

TOTAL AREA:
798 acres out of a total of watershed area of  69,743 acres

MW PROCESSES:
Shallow-rapid landslides in the form of small slumps or poorly vegetated 


raveling slopes susceptible to accelerated surface erosion.

ROAD-RELATED LANDSLIDE DENSITY:
N/A

FOREST PRACTICE SENSITIVITY:
This MWMU is sensitive to road construction,

 


poor road road drainage, and timber harvest.

DELIVERY:
Delivery is probable or eventual because these slopes are adjacent to stream flood plains, but in some cases the meandering active channel isn’t at the slope edge.  Delivery is certain if the slope is stream-adjacent.

DELIVERY CRITERIA USED:
Proximity of toe slopes to waters

DELIVERED HAZARD RATING:
MODERATE
TRIGGER MECHANISM(S):  Lost of root strength due to pre-1936 clearcuts on very steep slopes (>65%) appears to have destablized these slope causing landslides.  The Raging River is also triggering landslides as it migrates across its floodplain and undercuts the terrace on the outsides of meanders.  The combination of riparian harvest of large old growth trees, changes in the frequency and/or magnitude of peak flows, and course sediment inputs from past landslides has likely increased the rate and/or severity of stream migration (which occurs during large peak flow events) and therefore the frequency of landslides triggered by stream erosion. 

CONFIDENCE:


hazard:

High

Resource vulnerability:
High

Rule call:


Prevent or Avoid

Comment:
While landslides have occurred along this glacial terrace edge throughout the past 13,500 years, the rate of landsliding has increased following turn-of-the-century logging of large old growth trees which destablized these slopes.  1936 aerial photos show huge volumes of sediment coming from landslides along this terrace edge and the character of the Raging River changes from a near stable channel upstream of the landslides (segment RR12) to a wide braided channel downstream of the slides.  Recent landslides onto I-90 (winter of 1998-1999) have originated from this same MWMU.  

Trigger

Mechanisms
Delivered


FORM A-2  MASS WASTING MAP UNIT DESCRIPTION
CAUSAL MECHANISM REPORT SUMMARY


Mass Wasting Map Unit (MWMU) #3

Areas of 

Resource

Sensitivity

(ARS)

ARS MWMU#3:  Upland inner gorges.  MWMU#3 is inner gorge features developed along upland tributary streams to Raging River.

MWMU 

Description
MWMU #3 includes the steam channel, the walls (>55%) of the inner gorge features and 30 feet above or beyond the break in slope of the inner gorge features.  


Watershed 
Raging River WAU

Situation

Summary
Inner gorge features (MWMU#3) incised into the upland slopes of the watershed are subject to shallow rapid landslide and debris flows.  These landslides have produced coarse and fine sediments.  Coarse sediment from landslides can fill wetlands (UR5W, UR6W, and UR7W), fill pools (GMU's G1, T3, and M3) and promote channel braiding and migration (GMU's M3 and G1) which potentially increases rates of erosion along inner gorge walls.  Rapid channel migration has the potential to scour, bury, or dewater chinook and coho redds (particularly in GMU M3 channels).  Fine sediment can also fill wetlands (UR5W, UR6W, and UR7W), clog gravel interstices and reduce intragravel flow, potentially degrading chinook and coho spawning habitat, juvenile coho rearing habitat, and steelhead and cutthroat spawning and rearing habitat.  Downstream state and county bridges and levees, and many homes are also vulnerable to damage from landsliding within of MWMU#3.   

Trigger

Mechanisms
Mass wasting occurs as a result of loss of root strength after timber harvest.  Road and old railroad fills have also triggered shallow rapid landslides and debris flows.  These fill failures are related to blocked culverts, poor road drainage, organic material in the fill, and excessive sidecast on steep (55%) inner gorge slopes.  

Delivered hazard:

High

Resource vulnerability:
High

Rule Call:


Prevent or Avoid

Comments: 
Evidence of numerous small shallow rapid landslides and past debris flows are evident along incised streams that are tributaries to the Raging River.  Slumping is in evidence along both related and non-related roads.  Some of the older debris flows may have been related to old railroad or early logging roads that failed at stream crossings.   

MWMU NUMBER:
#3.
Ancient deep-seated landslide headscarps and cirque headwalls with a history of recent debris flows
DESCRIPTION:
Open unforested (or sparsely forested) slopes where water from rapid runoff is channel into a Type 5 or untyped drainage.  These areas are found at high elevations in the Darland Mountain watershed where rapid spring runoff causes saturated slopes to slide.   These steep scoured channels cut across rocky and grass covered slopes.       

MATERIALS:
Bedrock-derived talus (colluvium), soil, volcanic ash, and organic debris

LANDFORM:
Concave slopes in cirque headwalls, and ancient deep-seated landslide headscarps which form open raveling slopes drained by scoured bedrock channels.

SLOPE:

>45% 

ELEVATION:
<5200'-6900'

TOTAL AREA:
803 acres out of a total watershed area of  69,743 acres 

MW PROCESSES:
Shallow-rapid landslides forming possible debris flows  (Many of these features may be scoured channels resulting from hyperconcentrated floods caused by peak flows, not mass wasting events.)

FOREST PRACTICE SENSITIVITY:
Most of these landslides are not related to forest 


practices but some sidecast failure has contributed sediment during peak flows.

DELIVERY:
Probable or certain to lakes, wetlands, and streams.  These landslides may deposit sediment onto the hummocky benches of ancient landslides or the poorly drained bottom of cirque basins.  Some of these landslides drain into cascading Type 4 and 5 streams or hillside lakes (like Green Lake).

DELIVERY CRITERIA USED:
Historic delivery occurrences

DELIVERED HAZARD RATING:
MODERATE

TRIGGER MECHANISM(S):
High pore-water pressure related to saturated ground

during periods of rapid snow melting seems to have triggered most of these landslides.  Roads built across these features have been washed out adding to slide mass.  Sidecast or landing failure has initiated a few of these debris flows.  Root strength may serve to stabilize these areas.

CONFIDENCE:
Moderate confidence.  It is unclear whether or not these features are actually debris flows because few geomorphic features normally associated with debris flows (like natural levies) are evident.  These possible debris flows may actually be channels scoured by hyperconcentrated overland flows or possibly snow avalanche chutes.  In any case, these features either created by sediment-laden waters or were later modified by similar waters. 

COMMENTS:
The moderate hazard rating is given because most of these landslides occur naturally and the areas in which they occur are therefore considered potentially sensitive to forest practices.  Most of these areas should be avoided in terms of road building: they are steep, generally unforested, concave talus slopes.   Many existing roads on these slopes experience constantly  ravel from above and will soon be undriveable due to piles of talus collecting on the road beds.


FORM A-2  MASS WASTING MAP UNIT DESCRIPTION
MWMU NUMBER: #4.
 Echo Lake Cliffs
DESCRIPTION:
MWMU #4 Expends from the southern edge of Echo Lake to the break in slope above the cliff area (to about 1300 feet).  The MWMU include all of the slope that would deliver landslide debris to Echo Lake or Lake Creek.  The upper break in slope is delineated by slopes less than 40%.

MATERIALS:
Landslides from this slope deliver coarse and fine sediments to Echo.  Fine sediments carried into the lake and washed down stream can cover coho and cutthroat redds affecting survival and emergence of alevins in stream segments down stream of (and including) TM28.

LANDFORM:
The landform is a timbered roughed slope containing scatter cliff outcroping of bedrock.  The slope is drained by steep bedrock draws between the cliffts.  


SLOPE:

Averaging greater than 65%, ranging from 55% to 100%

ELEVATION:
900 to 1340

TOTAL AREA:


MW PROCESSES:
Rock fall, shallow rapid landslides, and small debris slides

FOREST PRACTICE SENSITIVITY:
This mass wasting map unit contains a area of patchy bedrock exposer surrounded by areas of shallow soils over bedrock.  Loss of root strength resulting from timber harvest 

DELIVERY:             

High

DELIVERY CRITERIA USED:    The mass wasting map unit is the cliff which boundars the south side of Ecoho Lake.

DELIVERED HAZARD RATING:
HIGH

TRIGGER MECHANISM(S):
Root strength is important in limiting mass wasting of unconsolidated sediments along this cliff. Harvest on slopes >65% will reduce root strength resulting in shallow rapid landslides and debris flows into Echo lake.   

CONFIDENCE:


Form A-3 Mass Wasting Summary Table
MWMU# 1 (Ancient Deep-Seated Landslides)
                           Mass Wasting Features
	Activity
	Shallow Rapid landslides


	Large Persistent Deep-Seated Landslides


	Small Sporadic Deep-Seated Landslides
	Debris Torrents
	Total

	Clear Cut 

0-20 years
	
	
	
	
	

	Clear Cut

20-50 years
	
	
	
	
	

	Partial Cut
	
	
	
	
	

	Road
	
	
	
	2
	2

	Stream Crossing
	
	
	
	
	

	Landing
	
	
	
	
	

	Other Forest Practices
	
	
	
	
	

	Wildfire
	
	
	
	
	

	Mature Forest or

(Mixed Forest & Grasslands)
	
	89
	
	3
	92

	Non-Forest Land Use
	
	
	
	
	

	Totals
	
	89
	
	5
	94


Form A-3 Mass Wasting Summary Table
MWMU# 2 (Toes Of Ancient Landslides Adjacent To Streams)
                           Mass Wasting Features
	Activity
	Shallow Rapid landslides


	Large Persistent Deep-Seated Landslides


	Small Sporadic Deep-Seated Landslides
	Debris Torrents
	Total

	Clear Cut 

0-20 years
	
	
	
	
	

	Clear Cut

20-50 years
	
	
	
	
	

	Partial Cut
	
	
	
	
	

	Road
	2
	
	
	1
	3

	Stream Crossing
	
	
	
	
	

	Landing
	
	
	
	
	

	Other Forest Practices
	
	
	
	
	

	Wildfire
	
	
	
	
	

	Mature Forest or

(Mixed Forest & Grasslands)
	2
	
	
	
	2

	Non-Forest Land Use
	
	
	
	
	

	Totals
	4
	
	
	1
	5


Form A-3 Mass Wasting Summary Table
MWMU# 3  (Landslide Headscarps and Cirque Headwalls Prone 

                          to Shallow-rapid landslides and /or Debris Torrents)
                           Mass Wasting Features
	Activity
	Shallow Rapid landslides


	Large Persistent Deep-Seated Landslides


	Small Sporadic Deep-Seated Landslides
	Debris Torrents
	Total

	Clear Cut 

0-20 years
	
	
	
	
	

	Clear Cut

20-50 years
	
	
	
	
	

	Partial Cut
	
	
	
	
	

	Road
	
	
	
	
	

	Stream Crossing
	
	
	
	
	

	Landing
	
	
	
	
	

	Other Forest Practices
	
	
	
	
	

	Wildfire
	
	
	
	
	

	Mature Forest or

(Mixed Forest & Grasslands)
	
	
	
	14
	14

	Non-Forest Land Use
	
	
	
	
	

	Totals
	
	
	
	14
	14


Form A-3 Mass Wasting Summary Table
MWMU#4  (Slopes Prone to Shallow Rapid Landslides

                      Along the Upper Middle Fork Ahtanum)
                           Mass Wasting Features
	Activity
	Shallow Rapid landslides


	Large Persistent Deep-Seated Landslides


	Small Sporadic Deep-Seated Landslides
	Debris Torrents
	Total

	Clear Cut 

0-20 years
	
	
	
	
	

	Clear Cut

20-50 years
	
	
	
	
	

	Partial Cut
	
	
	
	
	

	Road
	
	
	
	
	

	Stream Crossing
	
	
	
	
	

	Landing
	
	
	
	
	

	Other Forest Practices
	
	
	
	
	

	Wildfire
	
	
	
	
	

	Mature Forest or

(Mixed Forest & Grasslands)
	
	
	
	10
	10

	Non-Forest Land Use
	
	
	
	
	

	Totals
	
	
	
	10
	10


Form A-3 Mass Wasting Summary Table
MWMU# 5 (Ancient Marine Shale “Badlands”)
                           Mass Wasting Features
	Activity

	Shallow Rapid landslides


	Large Persistent Deep-Seated Landslides


	Small Sporadic Deep-Seated Landslides
	Debris Torrents
	Total

	Clear Cut 

0-20 years
	
	
	
	
	

	Clear Cut

20-50 years
	
	
	
	
	

	Partial Cut
	
	
	
	
	

	Road
	
	
	
	
	

	Stream Crossing
	
	
	
	
	

	Landing
	
	
	
	
	

	Other Forest Practices
	
	
	
	
	

	Wildfire
	
	
	
	
	

	Mature Forest or

(Mixed Forest & Grasslands)
	
	
	
	
	

	Non-Forest Land Use
	
	
	
	
	

	Totals
	
	
	
	
	0


Note: This MWMU contains produces continual small debris torrents; however, the individual failures were too small to inventory.               

Form A-3 Mass Wasting Summary Table
MWMU# 6 (Grass Covered Slopes Prone to Landsliding)
                           Mass Wasting Features
	Activity
	Shallow Rapid landslides


	Large Persistent Deep-Seated Landslides


	Small Sporadic Deep-Seated Landslides
	Debris Torrents
	Total

	Clear Cut 

0-20 years
	
	
	
	
	

	Clear Cut

20-50 years
	
	
	
	
	

	Partial Cut
	
	
	
	
	

	Road
	
	
	
	
	

	Stream Crossing
	
	
	
	
	

	Landing
	
	
	
	
	

	Other Forest Practices
	
	
	
	
	

	Wildfire
	
	
	
	
	

	Mature Forest or

(Mixed Forest & Grasslands)
	
	
	
	11
	11

	Non-Forest Land Use
	
	
	
	
	

	Totals
	
	
	
	11
	11


Form A-3 Mass Wasting Summary Table
MWMU# 7 (Watershed Area Not included in First Six MWMU)
                           Mass Wasting Features
	Activity

	Shallow Rapid landslides


	Large Persistent Deep-Seated Landslides


	Small Sporadic Deep-Seated Landslides
	Debris Torrents
	Total

	Clear Cut 

0-20 years
	
	
	
	
	

	Clear Cut

20-50 years
	
	
	
	
	

	Partial Cut
	
	
	
	
	

	Road
	
	
	
	
	

	Stream Crossing
	
	
	
	
	

	Landing
	
	
	
	
	

	Other Forest Practices
	
	
	
	
	

	Wildfire
	
	
	
	
	

	Mature Forest or

(Mixed Forest & Grasslands)
	
	
	
	
	

	Non-Forest Land Use
	
	
	
	
	

	Totals
	
	
	
	
	


Form A-4: Summary of Mass Wasting and Delivery Potential
	MWMU
	Mass Wasting Potential
	Delivery Potential
	Potential Hazard Rating


	MWMU #1

Ancient deep-seated landslides


	LOW
	HIGH
	LOW

	MWMU #2

Toes of ancient landslides
	MODERATE
	MODERATE
	MODERATE

	MWMU #3

Landslide headscarps and cirque headwalls
	MODERATE
	MODERATE
	MODERATE

	MWMU #4

Slopes on S side upper MF Ahtanum Creek
	HIGH
	HIGH
	HIGH

	MWMU #5

Ancient marine shales in upper NF Ahtanum Creek
	HIGH
	‘

HIGH
	HIGH

	MWMU #6

Low elev. steep canyon walls prone to SR landslides
	MODERATE
	MODERATE
	MODERATE

	MWMU #7

All remaining areas  in the watershed
	LOW
	MODERATE
	LOW
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