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SECTION A 

MASS WASTING 
 
 
 
INTRODUCTION 
 
This section summarizes the methods and results of a mass wasting assessment conducted on the 
Mendocino Redwood Company, LLC (MRC) ownership in the Ackerman Creek and Reeves 
Canyon areas.  The Ackerman Creek area is comprised of the Upper Ackerman Creek and Lower 
Ackerman Creek planning watersheds. The Reeves Canyon area is comprised of the Jack Smith 
Creek and Mill Creek planning watersheds.  Watercourses of both areas are tributaries of the 
Russian River at the Northern end of its watershed.  Throughout this report, MRC ownership in 
these areas will collectively be termed the Northern Russian Watershed Analysis Unit (WAU).  
This assessment utilizes watershed analysis methodology adapted from procedures outlined in the 
Standard Methodology for Conducting Watershed Analysis manual (Version 4.0, Washington 
Forest Practices Board). 

 
The principle objectives of this assessment are to:  

1) Identify the types of mass wasting processes active in the basin.  
2) Identify the link between mass wasting and management related activities. 
3) Identify where the mass wasting processes are concentrated. 
4) Partition the ownership into zones of relative mass wasting potential (Terrain Stability Units) 

based on the likelihood of future mass wasting and sediment delivery to stream channels.  
 
Additionally, the role of mass wasting sediment input to watercourses is examined.  This 
information combined with the results of the surface and fluvial erosion module will be used to 
construct a sediment input summary for the Northern Russian River WAU, contained in the 
Sediment Input Summary section of this watershed analysis. 
 
The products of this report are: a landslide inventory map (Map A-1), a Terrain Stability Unit 
(TSU) map (Map A-2), a mass wasting inventory database (Table A-1), and SHALSTAB map 
(digital terrain slope stability model) (Dietrich and Montgomery, 1998) (Map A-3) for the 
Northern Russian River WAU.  The basis for these products are: aerial photograph interpretation 
of 4 sets of aerial photographs, dated 1981, 1987, 1996, and 2000, field observations during the 
summer of 2000, and interpretation of SHALSTAB data. The analysis was done without the use 
of historic aerial photographs (pre-1970s).  Therefore the analysis presented is only representative 
for current mass wasting conditions (last 30 years). 
 
The assembled information will enable forestland managers to make better forest management 
decisions to reduce management created mass wasting.  The mass wasting inventory will provide 
the information necessary to understand the spatial distribution, causal mechanisms, relative size, 
and timing of mass wasting processes active in the basin with reasonable confidence. 
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LANDSLIDE TYPES AND PROCESSES IN THE NORTHERN RUSSIAN RIVER WAU 
 
The terminology used to describe landslides in this report closely follows the definitions of 
Cruden and Varnes (1996).  This terminology is based on a noun and verb, the first describing the 
material that the landslide is composed of and the second describing the type of movement.  
Landslides identified in the Northern Russian River WAU were described using the following 
names: debris slides, debris torrents, debris flows, rockslides, and earth flows.  These names are 
described in Cruden and Varnes (1996) with the exception of our use of debris torrent and debris 
flow.   
 
Shallow-Seated Landslides 
 
Debris slides, debris flows, and debris torrents are the shallow-seated landslide processes that 
were identified in the Northern Russian River WAU.  The material composition of debris slides, 
flows, or torrents is considered to be soil with a significant proportion of coarse material; 20 to 80 
percent of the particles larger than 2 mm.  Shallow-seated slides generally move quickly 
downslope and commonly break apart during failure.  Shallow-seated slides commonly occur in 
converging topography where colluvial materials accumulate and subsurface drainage 
concentrates.  Susceptibility of a slope to fail by shallow-seated landslides is affected by slope 
steepness, saturation of soil, soil strength (friction angle and cohesion), and root strength.  Due to 
the shallow depth and fact that debris slides, flows, or torrents involve the soil mantle, these are 
landslide types that can be significantly influenced by forest practices.  
 
Debris slides are, by far, the most common landslide type observed in the WAU.  The landslide 
mass typically fails along a surface of rupture or along relatively thin zones of intense shear 
strain.  The landslide deposit commonly slides a distance beyond the toe of the surface of rupture 
and onto the ground surface below the failure.  While the landslide mass may deposit onto the 
ground surface below the area of failure, it generally does not slide more than the distance equal 
to the length of the failure scar.  Landslides with deposits that traveled a distance below the 
failure scar would be defined by debris flow or debris torrent.  Debris slides commonly occur on 
steep planar slopes, convergent slopes, along forest roads and on steep slopes adjacent to 
watercourses.  They usually fail by translational movement along an undulating or planar surface 
of failure.  Upon reaching a watercourse, by definition debris slides do not continue downstream. 
 
A debris flow is similar to a debris slide with the exception that the landslide mass continues to 
“flow” down the slope below the failure a considerable distance on top of the ground surface.  A 
debris flow is characterized as a mobile, potentially rapid, slurry of soil, rock, vegetation, and 
water.  High water content is needed for this process to occur.  Debris flows generally occur on 
both steep, planar hillslopes and confined, convergent hillslopes.  Often a failure will initiate as a 
debris slide, but will change as its moves downslope to a debris flow.  During this analysis these 
types of failures were mapped as debris flows. 
 
Debris torrents are relatively rare, but have the greatest potential to destroy stream habitat and 
deliver large amounts of sediment.  The main characteristic distinguishing a debris torrent is that 
the failure “torrents” downstream in a confined channel and scours the channel.  As the debris 
torrent moves downslope and scours the channel, the liquefied landslide material increases in 
mass.  A highly saturated soil or run-off in a channel is required for this process to occur.  Debris 
torrents move rapidly and can potentially run down a channel for great distances.  They typically 
initiate in headwall swales and torrent down intermittent watercourses.  Often a failure will 
initiate as a debris slide, but will develop into a debris torrent upon reaching a channel.  While 
actually a combination of two processes, these features were considered debris torrents.   
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Sediment Input from Shallow-Seated Landslides 
 
The overall time period used for mass wasting interpretation and sediment budget analysis is 
thirty-two years.  Sediment input to stream channels by mass wasting is quantified for three time 
periods (1969-1978, 1979-1987, 1988-2000).  This is assumed because of the use of 1978, 
1987/90, 1996, and 2000 aerial photographs and field observations in 2000. The evaluation is 
initiated at 1969 based on the earliest aerial photograph year of 1978 and the assumption that 
landslides farther back than about ten years are too difficult to detect, with much certainty, from 
aerial photographs. This is because landslide surfaces can re-vegetate quickly, making them too 
difficult to see. We acknowledge that we have likely missed some small mass wasting events 
during the aerial photograph interpretation.  However, we assume we have captured the majority 
of the larger mass wasting events in this analysis.  It is the large mass wasting events that provide 
the greatest sedimentation impacts.  In the case of the landslides observed in the Northern Russian 
River Creek WAU, landslides greater than 300 cubic yards in size represented over 85% of the 
sediment delivery estimated.  Landslides greater than 200 and 100 cubic yards in size represented 
approximately 90% and 97%, respectively of the sediment delivery estimated. 
 
Sediment delivery estimates from mapped shallow-seated landslides were used to produce the 
total mass wasting sediment input.  Some of the sediment delivery from shallow-seated landslides 
is the result of conditions created by deep-seated landslides.  For example, a deep-seated failure 
could result in a debris slide or torrent, which could deliver sediment.  Furthermore, over-
steepened scarps or toes of deep-seated landslides may have shallow failures associated with 
them.  These types of sediment delivery from shallow-seated landslides associated with deep-
seated landslides are accounted for in the delivery estimates. 
 
Deep-Seated Landslides 
 
The two deep-seated landslide processes identified in the Northern Russian River Creek WAU 
are rockslides and earth flows.  The failure dates of the deep-seated landslides generally could not 
be estimated with confidence and the landslides are likely to be of varying age with some 
landslides potentially being over 10,000 years old.  Many of the deep-seated landslides are 
considered “dormant”, but the importance of identifying them lies in the fact that if reactivated or 
accelerated, they have the potential to deliver large amounts of sediment and destroy stream 
habitat.  Accelerated or episodic movement in some landslides is likely to have occurred over 
time in response to seismic shaking or frequent high rainfall events.  Deep-seated landslides can 
be very large, exceeding tens to hundreds of acres.  
 
Rockslides are deep-seated landslides with movement involving a relatively intact mass of rock 
and overlying earth materials.  The failure plane is below the colluvial layer and involves the 
underlying bedrock.  Mode of rock sliding generally is not strictly rotational or translational, but 
involves some component of each.  Rotational slides typically fail along a concave surface, while 
translational slides typically fail on a planar or undulating surface of rupture.  Rockslides 
commonly create a flat, or back-tilted bench below the crown of the scarp.  A prominent bench is 
usually preserved over time and can be indicative of a rockslide.  Rockslides can fail in response 
to triggering mechanisms such as seismic shaking, adverse local structural geology, high rainfall, 
or channel incision.  The stream itself can be the cause of chronic movement, if it periodically 
undercuts the toe of a rockslide. 
 
Earth flows are deep-seated landslides composed of fine-grained materials and soils derived from 
clay-bearing rocks.  Earth flow materials consist of 80% or more of the particles smaller than 
2mm.  Materials in an earth flow also commonly contain boulders, some very large, which move 
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downslope in the clay matrix.  Failure in earth flows is characterized by spatially differential rates 
of movement on discontinuous failure surfaces that are not preserved.  The “flow” type of 
movement creates a landslide that can be very irregularly shaped.  Some earth flow surfaces are 
dominantly grassland, while some are partially or completely forested.   The areas of grassy 
vegetation are likely due to the inability of the unstable, clay-rich soils to support forest 
vegetation.  The surface of an earth flow is characteristically hummocky with locally variable 
slope forms and relatively abundant gullies.  The inherently weak materials within earth flows are 
not able to support steep slopes, therefore slope gradients are low to moderate.  The rates of 
movement vary over time and can be accelerated by persistent high groundwater conditions.  
Timber harvesting can have the effect of increasing the amount of subsurface water, which can 
accelerate movement in an earth flow.   
 
Sediment Delivery from Deep-Seated Landslides 

A large, active deep-seated slide can deliver large volumes of sediment.  Delivery generally 
occurs over long time periods compared to shallow-seated landslides, with movement delivering 
earth materials into the channel. These materials are then confined to the channel, resulting in an 
increased sediment load downstream of the failure.  Actual delivery can occur by over-steepening 
of the toe of the slide and subsequent failure into the creek, or by the slide pushing out into the 
creek.  It is very important not to confuse normal stream bank erosion at the toe of a slide as an 
indicator of movement of that slide.  Before making such a connection, the slide surface should 
be carefully explored for evidence of significant movement, such as wide ground cracks.  
Sediment delivery could also occur in a catastrophic manner.  In such a situation, large portions 
of the landslide essentially fail and move into the watercourse “instantaneously”.  These types of 
deep-seated failures are relatively rare and usually occur in response to unusual storm events or 
seismic ground shaking. 
 
Movement of deep-seated landslides has definitely resulted in some sediment delivery in the 
Northern Russian River WAU.  Quantification of the sediment delivery from deep-seated 
landslides was not determined in this watershed analysis.  Factors such as rate of movement, or 
depth of the deep-seated landslide are difficult to determine without in-depth geotechnical 
observations that were not included in this analysis.  Sediment delivery to watercourses from 
deep-seated landslides (landslides typically >10 feet thick) can occur by several processes.  Such 
processes can include surface erosion and shallow-or deep-seated movement of a portion or all of 
the deep-seated landslide deposit.   
 
The ground surface of a deep-seated landslide, like any other hillside surface, is subject to surface 
erosion processes such as rain drop impact, sheet wash (overland flow), and gully/rill erosion.  
Under these conditions the sediment delivery from surficial processes is assumed the same as 
adjacent hillside slopes not underlain by landslide deposits.  The materials within the landslide 
are disturbed and can be arguably somewhat weaker.  However, once a soil has developed, the 
fact that a deep-seated landslide underlies the slope should make little difference regarding 
sediment delivery generated by erosional processes that act at the ground surface.  Of course 
fresh, unprotected surfaces that develop in response to recent or active movement could become a 
source of sediment until the bare surface becomes covered with leaf litter, re-vegetated, or soils 
developed. 
 
Clearly, movement of a portion or all of a deep-seated landslide can result in delivery of sediment 
to a watercourse.  To determine this, the slide surface should be carefully explored for evidence 
of movement.  However, movement would need to be on slopes immediately adjacent to or in 
close proximity to a watercourse and of sufficient magnitude to push the toe of the slide into the 
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watercourse.  A deep-seated slide that toes out on a slope far from a creek or moves only a short 
distance downslope will generally deliver little to a watercourse.  It is also important to realize 
that often only a portion of a deep-seated slide may become active, though the portion could be 
quite variable in size.  Ground cracking at the head of a large, deep-seated landslide does not 
necessarily equate to immediate sediment delivery at the toe of the landslide.  Movement of large 
deep-seated landslides can create void spaces within the slide mass.  Though movement can be 
clearly indicated by the ground cracks, many times the toe may not respond or show indications 
of movement until some of the void space is “closed up”.  This would be particularly true in the 
case of very large deep-seated landslides that exhibit ground cracks that are only a few inches to a 
couple of feet wide.  Compared to the entire length of the slide, the amount of movement implied 
by the ground crack could be very small.  This combined with the closing up or “bulking up” of 
the slide, would not generate much movement, if any, at the toe of the slide.  Significant 
movement, represented by large wide ground cracks, would need to occur to result in significant 
movement and sediment delivery at the toe of the slide. 
 
Use of SHALSTAB by Mendocino Redwood Company and for the Northern Russian River 
WAU 
 
SHALSTAB, a coupled steady state runoff and infinite-slope stability model, is used by MRC as 
one tool to demonstrate the relative potential for shallow-landslide hazard across the MRC 
ownership.   A detailed description of the model is available in Dietrich and Montgomery (1998).  
In the watershed analysis mass wasting hazard is expanded beyond SHALSTAB.  Inner gorge or 
steep streamside areas are mapped and designated as terrain stability units.  Relative areas of 
mass wasting and sediment delivery hazards are mapped using field and aerial photograph 
interpretation techniques.  However, SHALSTAB output was used to assist in this interpretation 
of the landscape and terrain stability units. 

 
 
METHODS 
 
Landslide Inventory  
         
The mass wasting assessment relies on an inventory of mass wasting features collected through 
the review of aerial photographs and field observations.  The 2000 (color), 1996 (color), and 1987 
(B&W) photograph sets used to interpret landslides are 1:12,000 scale and are owned by MRC.  
The 1981 (B&W) photograph set is 1:20,000 scale and was loaned from the Mendocino County 
Assessors office.  MRC collected data regarding characteristics and measurements of the 
identified landslides.  Since mass wasting events were essentially “sampled”, we acknowledge 
that some landslides may have been missed, particularly small ones that may be obscured by 
vegetation.  A description of select parameters inventoried for each landslide observed in the field 
and during aerial photograph interpretation is presented below and tabulated in Figure A-1.    
    
Figure A-1.  Description of Select Parameters used to describe Mass Wasting in the Mass 
Wasting Inventory. 
 

• Slide I.D. Number: Each landslide is assigned two numbers, the first indicating 
the USGS designated map section number the slide is mapped in, and the second 
indicating the consecutive slide number within that map section. 

• Planning Watershed: Denotes the MRC planning watershed in which the 
landslide is located. 

UU  = Upper Ackerman Creek 

________________________________________________________________________ 
Mendocino Redwood Company, LLC.              A-5                                    2003 



Mass Wasting           Northern Russian River WAU 

were observed in the entire Northern Russian River WAU.  This is approximately 2% of the total 
shallow landslides.  Also, only two debris flows were observed, accounting for approximately 2% 
of the total shallow-seated landslides.  Debris torrents or flows are not common in the Northern 
Russian River WAU, but do occur and are processes that should be taken into account in relation 
to forest management practices. 
 
Eighty-seven percent of the shallow landslides inventoried were initiated on slopes greater than 
60% gradient, with the exception of 12 landslides with gradients in the 40% and 50% range.  All 
of those landslides were attributed to road practices and some were likely affected to a degree by 
the unstable nature of the mélange terrain present in the Ackerman Creek area.  The majority of 
inventoried landslides originated in convergent topography where subsurface water tends to 
concentrate or on steep, planar topography where sub-surface water can be concentrated at the 
base of slopes, in localized topographic depressions, or by subsoil geologic structures.  Few 
landslides originated in divergent topography, where sub-surface water is routed to the sides of 
ridges.  These observations were, in part, the basis for the delineation of the Northern Russian 
River WAU into Terrain Stability Units.  
 
 
Terrain Stability Units 
 
The landscape was partitioned into seven Terrain Stability Units (TSU) representing general areas 
of similar geomorphology, landslide processes, and sediment delivery potential for shallow-
seated landslides (Map A-2).  The units are to be used by forest managers to assist in making 
decisions that will minimize future mass wasting sediment input to watercourses.  The delineation 
for the TSUs was based on qualitative observations and interpretations from aerial photographs, 
field evaluation, and SHALSTAB output.  Deep-seated landslides are also shown on the TSU 
map (Map A-2).  The deep-seated landslides have been included to provide land managers with 
supplemental information to guide evaluation of harvest planning and subsequent needs for 
geologic review. 
 
Shallow-seated landslide characteristics considered in determination of map units are size, 
frequency, delivery to watercourses, and spatial distribution.  Hillslope characteristics considered 
are slope form (convergence, divergence, planar), slope gradient, magnitude of stream incision, 
and overall geomorphology.  The range of slope gradients was determined from USGS 1:24000 
topographic maps and field observations.  Hillslope and landslide morphology vary within each 
individual Terrain Stability Unit and the boundaries are not exact.  This evaluation is not intended 
to be a substitute for site-specific field assessments.  Site-specific field assessments will still be 
required in some TSUs and deep-seated landslides or specific areas of some TSUs to assess the 
risk and likelihood of mass wasting impacts from a proposed management action.  The Terrain 
Stability Units are compiled on the entitled Terrain Stability Unit Map (Map A-2).   
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TSU Number: 1 
 
Landform:  Inner gorge or steep streamside slopes along low gradient watercourses 
 
Materials: Commonly bedrock slopes with a veneer of colluvial or alluvial soil 

deposits.  Also, may be composed of toe sediment of deep-seated 
landslide deposit. 

 
Description: Characterized by steep streamside slopes or inner gorge topography 

along low gradient watercourses (typically less than 6-7%).  An inner 
gorge is a geomorphic feature created from down cutting of the stream, 
generally in response to tectonic uplift.  Inner gorge slopes extend from 
either one or both sides of the stream channel to the first break in slope. 
Inner gorge slope gradients typically exceed 70%, although slopes with 
lower inclination are locally present.  Inner gorge slopes commonly 
contain areas of multiple, coalescing shallow seated landslide scars of 
varying age.  Steep streamside slopes are characterized by their lack of a 
prominent break in slope.  Slopes are generally planar in form with slope 
gradients typically exceeding 70%.  The upper extent of TSU 1 is 
variable.  Where there is not a break in slope, the unit may extend 300 
feet upslope (based on the range of lengths of landslides observed, 20-
300 feet).  Landslides in this unit generally deposit sediment directly into 
Class I and II streams.  Small areas of incised terraces may be locally 
present. 

 
Slope: >70% to vertical, (mean slope of 2 observed mass wasting events is 82%, 

range: 58%-105%) 
 
Total Area: 125 acres; 2 % of the total WAU area. 
 
MW Processes: 2 road-associated landslide 

• 2 debris slides 
 
3 non-road associated landslides 
• 3 debris slides 

 
Non Road-related 
Landslide Density: 0.024 landslides per acre for the past 29 years  
 
Forest Practices 
Sensitivity: High sensitivity to roading because slopes are directly adjacent to 

watercourses, bedrock underlying inner gorge slopes generally results in  
increased stability. High sensitivity to harvesting and forest management 
practices due to steep slopes with localized colluvial or alluvial soil 
deposits next to watercourses. 
 

Mass Wasting 
Potential:  High localized potential for landslides in both unmanaged and managed 

conditions. 
 
Delivery Potential: Very High 
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Delivery Criteria 
Used: Steep slopes adjacent to stream channels, all landslides delivered 

sediment into streams. 
 
Hazard-Potential 
Rating: High 
 
Forest Management 
Related Trigger  
Mechanisms: 
 •Sidecast fill material placed on steep slopes can initiate debris 

slides or flows in this unit.   
 •Concentrated drainage from roads onto unstable areas can 

initiate debris slides or flows in this unit. 
 •Poorly sized culvert or excessive debris at watercourse 

crossings can initiate failure of the fill material creating debris 
slides, torrents or flows in this unit. 

 •Cut-slope of roads or skid trails can remove support of slope 
and/or expose potential failure planes (such as soil-bedrock 
contact) creating debris slides, torrents or flows in this unit. 
•Sidecast fill material created from skid trail construction placed 
on steep slopes can initiate debris slides or flows in this unit.   

 •Concentrated drainage from skid trails onto unstable areas can 
initiate debris slides or flows in this unit. 

 •Root decay of hardwood or non-redwood conifer species can be 
a contributing factor in the initiation of debris slides, torrents or 
flows in this unit. 
•Concentrated drainage from roads can increase groundwater, 
accelerating movement of rock slides or earth flows and over-
steepening inner gorge slopes. 
• Loss of evapo-transpiration from forest harvest above unit can 
increase groundwater levels initiating or accelerating movement 
in rock slides or earth flows or aid in the initiation of debris 
slides, torrents or flows. 

 
Confidence: High confidence for susceptibility of landslides and sediment delivery in 

this unit.  High confidence in placement of this unit because of variable 
nature of materials comprising mélange terrain and lack of continuous, 
bedrock-controlled slopes.  This unit is locally variable and exact 
boundaries are better determined from field observations. 
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TSU Number:  2 
 
Landform:  Steep slopes or inner gorge adjacent to select intermittent or ephemeral 

streams 
 
Materials: Shallow soils formed from weathered marine sedimentary rocks. 
 
Description: Characterized by steep streamside slopes or inner gorge topography 

along low gradient watercourses (typically greater than 6-7%).  An inner 
gorge is a geomorphic feature created from down cutting of the stream, 
generally in response to tectonic uplift.  Inner gorge slopes extend from 
either one or both sides of the stream channel to the first break in slope. 
Inner gorge slope gradients typically exceed 70%, although slopes with 
lower inclination are locally present.  Inner gorge slopes commonly 
contain areas of multiple, coalescing shallow seated landslide scars of 
varying age.  Steep streamside slopes are characterized by their lack of a 
prominent break in slope.  Slopes are generally planar in form with slope 
gradients typically exceeding 70%.  The upper extent of TSU 2 is 
variable.  Where there is not a break in slope, the unit may extend 132 
feet upslope (based on the range of lengths of landslides observed, 16-
132 feet).  Landslides in this unit generally deposit sediment directly into 
Class II and III streams. 

 
Slope: 60%-vertical (mean slope of observed mass wasting events is 63%, 

range: 40%-94%) 
 
Total Area: 235 acres; 4% of total WAU area 
 
MW Processes: 11 non-road associated landslides 

• 10 Debris slides 
• 1 Debris torrent 
 
11 road associated landslides 
• 11 Debris slides 

 
Non Road-related 
Landslide Density: 0.047 landslides per acre for the past 29 years. 
 
Forest Practices 
Sensitivity: High sensitivity to roads due to steep slopes adjacent to watercourses, 

high to moderate sensitivity to harvesting and forest management due to 
steep slopes next to watercourses. Localized areas of steeper slopes have 
an even higher sensitivity to forest practices. 

Mass Wasting  
Potential: High, due to localized steep slopes in both unmanaged and managed 

conditions. 
 
Delivery Potential: High 
 
Delivery Criteria 
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Used: Steep slopes adjacent to stream channels, 95% of landslides observed in 
this unit delivered sediment. 

 
Hazard-Potential 
Rating: High  

 
Forest Management 
Related Trigger  
Mechanisms: •Sidecast fill material placed on steep slopes can initiate debris slides, 

torrents or flows.   
•Concentrated drainage from roads onto unstable areas can initiate 
debris slides, torrents or flows. 
•Concentrated drainage from roads can increase groundwater, 
accelerating movement of rock slides or earth flows. 
•Poorly sized culvert or excessive debris at watercourse crossings can 
initiate failure of the fill material creating debris slides, torrents or 
flows. 
•Cut-slope of roads or skid trails can over-steepen the slope creating 
debris slides, torrents or flows in this unit. 
•Cut-slope of roads or skid trails can remove support of the toe or 
expose potential failure planes (such as soil-bedrock contact) of rock 
slides or earth flows. 
•Sidecast fill material created from skid trail construction placed on 
steep slopes can initiate debris slides, torrents or flows.   
•Concentrated drainage from skid trails onto unstable areas can initiate 
debris slides, torrents or flows. 
• Root decay of hardwood or non-redwood conifer species can be a 
contributing factor in the initiation of debris slides, torrents or flows in 
this unit. 
•Loss of evapo-transpiration from forest harvest in unit or above it can 
increase groundwater levels initiating or accelerating movement in rock 
slides or earth flows or aid in the initiation of debris slides, torrents or 
flows. 
 

Confidence: High confidence for susceptibility of unit to deliver sediment and in placement of 
the unit.  Moderate confidence in the overall hazard rating of this unit.  Some of 
the slopes may not be as susceptible to mass wasting as others do to localized 
variations in ground water, strengths of materials, and topographic conditions.  
Locally, the upper boundary can be difficult to define in the field. 
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TSU Number: 3 
 

Landform: Dissected and convergent topography 
 
Materials: Shallow soils formed from weathered marine sedimentary rocks with 

localized thin to thick colluvial deposits. 
 
Description: These areas have steep slopes (typically greater than 65%) that have been 

sculpted over geologic time by repeated debris slide events.  The area is 
characterized primarily by 1) steep convergent and dissected topography 
located within steep gradient collivial hollows or headwall swales and 
small high gradient watercourses, and 2) locally steep planar slopes 
where there is strong evidence of past landsliding.  MRC intends this unit 
to represent areas with a high hazard potential for shallow landsliding, 
while not constituting a continuous streamside unit (otherwise it would 
classify as TSU 1 or 2).  The mapped unit may represent isolated 
individual “high hazard” areas or areas where there is a concentration of 
“high hazard” areas.  Boundaries between higher hazard areas and other 
more stable areas (i.e. divergent and lower gradient slopes) within the 
unit should be keyed out as necessary based on field observation of 
landslide features. 

    
Slope: >60%, (mean slope of observed mass wasting events is 74% range: 62%-

82%) 
 
Total Area: 1499 ac., 26% of the total WAU 
 
MW Processes:  11  road associated landslides 

• 10 Debris slides 
• 1 Debris flow 
15  non-road associated slides 
• 12 Debris slides 
• 1 Debris torrent 
• 2 Debris flows 
 

Non Road-related 
Landslide Density: 0.027 landslides per acre for the past 29 years 
 
Forest Practices 
Sensitivity: Moderate to high sensitivity to road building due to steep and/or 

convergent topography.  Moderate to high sensitivity to harvesting and 
forest management practices due to localized areas of steeper and/or 
convergent slopes that can have higher sensitivity to forest practices. 

Mass Wasting  
Potential:  High 
 
Delivery Potential: High  
 
Delivery Criteria 
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Used: The converging topography directs mass wasting down slopes toward 
watercourses.  Failures in headwater swales can torrent or flow down 
watercourses. Approximately 78% of landslides in this unit delivered 
sediment.   
 

Hazard-Potential 
Rating: High 
 
Forest Management 
Related Trigger  
Mechanisms: 
 •Sidecast fill material placed on steep slopes can initiate debris 

slides, torrents or flows in this unit.   
 •Concentrated drainage from roads onto unstable areas can 

initiate debris slides, torrents or flows in this unit. 
 •Concentrated drainage from roads can increase groundwater, 

accelerating movement of rock slides or earth flows in this unit. 
 •Poorly sized culvert or excessive debris at watercourse 

crossings can initiate failure of the fill material creating debris 
slides, torrents or flows in this unit. 
•Cut-slope of roads or skid trails can over-steepen the slope 
creating debris slides, torrents or flows in this unit. 
•Cut-slope of roads or skid trails can remove support of the toe 
or expose potential failure planes (such as soil-bedrock contact) 
of rock slides or earth flows. 
•Sidecast fill material created from skid trail construction placed 
on steep slopes can initiate debris slides, torrents or flows.   
•Concentrated drainage from skid trails onto unstable areas can 
initiate debris slides, torrents or flows. 
• Root decay of hardwood or non-redwood conifer species can 
be a contributing factor in the initiation of debris slides, torrents 
or flows in this unit. 
•Loss of evapo-transpiration from forest harvest can increase 
groundwater levels initiating or accelerating movement in rock 
slides or earth flows or aid in the initiation of debris slides, 
torrents or flows. 

 
   
Confidence: High confidence in delineation of this unit based on its correlation with 

SHALSTAB.  Some areas within this unit could have higher susceptibility to 
landslides and higher delivery due to localized areas of steep slopes, weaker 
soils, and proximity to a watercourse.   
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TSU Number: 4 
 

Landform: Non-dissected topography 
 
Materials: Shallow to moderately deep soils formed from weathered marine 

sedimentary rocks. 

Description: Moderate to moderately steep hillslopes with planar, divergent, or 
broadly convergent slope forms with isolated areas of steep topography 
or strongly convergent slope forms.  Unit 4 is generally a midslope 
region of lesser slope gradient and more variable slope form than unit 3. 

 
Slope: >40%, (mean slope of observed mass wasting events 74%, range: 46%- 

94%) 
 
Total Area: 396 acres, 7% of the total WAU 
 
MW Processes: 6 road-associated landslides 

• 6 Debris slides 
 
5  non-road associated slides 
• 5 Debris slides 

 
Non Road-related 
Landslide Density: 0.013 landslides per acre for the past 29 years 
 
Forest Practices 
Sensitivity: Moderate to low sensitivity to road building, moderate to low sensitivity 

to harvesting and forest management practices due to moderate slope 
gradients and non-converging topography within this unit.  Localized 
areas of steeper slopes can have a relatively higher sensitivity to forest 
practices   

Mass Wasting  
Potential:  Moderate 
 
Delivery Potential: Moderate  
 
Delivery Criteria 
Used: Sediment delivery in this unit is localized to landslides that occur 

adjacent to watercourses, or have long run-outs to a watercourse. 
Approximately 36% of landslides in this unit delivered sediment.   

Hazard-Potential 
Rating: Moderate 
 

________________________________________________________________________ 
Mendocino Redwood Company, LLC.              A-18                                    2003 



Mass Wasting           Northern Russian River WAU 

Forest Management 
Related Trigger  
Mechanisms: 
 •Sidecast fill material placed on steep slopes can initiate debris 

slides, torrents or flows in this unit.   
 •Concentrated drainage from roads, skid trails, or landings can 

initiate debris slides, torrents or flows in this unit. 
 •Concentrated drainage from roads, skid trails, or landings can 

increase groundwater, potentially accelerating movement of rock 
slides in this unit. 

 •Poorly sized culvert or excessive debris at watercourse 
crossings can initiate failure of the fill material creating debris 
slides, torrents or flows in this unit. 
•Cut-slope of roads or skid trails can over-steepen the slope 
creating debris slides, torrents or flows in this unit. 
•Cut-slope of roads, skid trails, or landings can remove support 
of the toe or expose potential failure planes (such as soil-bedrock 
contact) of rock slides. 
•Sidecast fill material created from skid trail construction placed 
on locally steeper slopes can initiate debris slides, torrents or 
flows.   
• Root decay of hardwood or non-redwood conifer species can 
be a contributing factor in the initiation of debris slides, torrents 
or flows in this unit. 
•Loss of evapo-transpiration from forest harvest can increase 
groundwater levels initiating or accelerating movement in rock 
slides or aid in the initiation of debris slides, torrents or flows. 

 
Confidence: Moderate due to inexactness of boundary locations between this TSU unit and 

units 8, 6, and where earth flows of unit 7 are mapped as questionable deep-
seated landslides.  Some areas within this unit could have higher susceptibility to 
landslides and higher delivery rates due to localized areas of steep slopes with 
weak soils, and adverse groundwater conditions. 
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TSU Number: 5 
 
Landform: Low relief topography 
 
Material: Moderately deep, to deep soils, formed from weathered marine 

sedimentary rocks.  Also stream terrace deposits of Ackerman Creek. 
 
Description: Characterized by low gradient slopes generally less than 40%, although 

in some places slopes can be steeper.  This unit occurs on ridge crests, 
low gradient side slopes, and terraces of Ackerman Creek.  This unit can 
have some localized areas of moderately steep (>%), concave topography 
which can be more prone to mass wasting processes.  Shallow-seated 
landslides seldom occur and usually do not deliver sediment to stream 
channels.   

 
 
Slope: <40%   
 
Total Area: 105 acres, 2% of WAU area 
 
MW Processes: No observed shallow-seated landslides 
 
Non Road-related 
Landslide Density: 0 landslides per acre for past 29 years. 
 
Forest Practices 
Sensitivity: Low sensitivity to road building and forest management practices due to 

low gradient slopes  
Mass Wasting 
Potential:  Low 
 
Delivery Potential: Low 
 
Delivery Criteria 
Used: Mass wasting seldom occurs in this unit, therefore little sediment 

delivery occurs. 
 
Hazard-Potential  
Rating:   Low 
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Forest Management 
Related Trigger  
Mechanisms: 
 •Sidecast fill material placed on locally steeper slopes can 

initiate debris slides, torrents or flows.     
 •Concentrated drainage from roads can initiate debris slides, 

torrents or flows. 
 •Concentrated drainage from roads can increase groundwater, 

potentially accelerating movement of rock slides or earth flows. 
 •Poorly sized culvert or excessive debris at watercourse 

crossings can initiate failure of the fill material creating debris 
slides, torrents or flows. 

 •Cut-slope of roads can over-steepen the slope, potentially 
creating debris slides.    

 •Concentrated drainage from skid trails can initiate debris slides, 
torrents or flows. 

 •Concentrated drainage from roads and skid trails can initiate or 
accelerate gully erosion, which can increase the potential for 
mass wasting processes. 

   
 
 
Confidence:  Moderate, due to inexactness of boundary locations between this TSU 

unit and units 8, 6, and where earth flows of unit 7 are mapped as 
questionable deep-seated landslides.  High confidence in mass wasting 
potential and sediment delivery potential ratings. 
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TSU Number: 6 
 
Landform:  Earth Flow Topography 
 
Materials: Fine-grained soils and clays derived from highly weathered and sheared 

marine sedimentary rocks and mélange terrain.  Soils contain >80% 
particles less than 2mm in size with blocks of rock, some very large, 
within the soil matrix.  Very large blocks are generally hard and 
commonly known as “knockers”. 

 
Description: Boundaries of this unit correspond to the mapped, deep-seated earth 

flows from mass wasting inventory, regardless of state of activity.  
Characterized by hummocky slopes with localized areas of steep, and 
areas of flat topography.  Slopes commonly contain areas of backtilted 
topography, creating ponded water.  Ground surfaces in this unit 
commonly contain areas of grassy vegetation, which is attributed to 
history of cattle grazing and the inability of the clay-rich soil to support 
dense forests.  Gullies are abundant in this unit.  Rate of movement 
within earth flows typically is variable and likely fluctuates seasonally 
according to groundwater conditions.  Unit 6 is composed of earth flow 
complexes with many scarps and benches that create a step-like profile. 

 
Slope:   Variable, but typically moderate (<60%) 
 
Total Area:  501 acres; 9% of the total WAU. 
 
MW Processes:  21 Earthflows 

• 3 road associated shallow-landslides 
• 3 Debris slides 

 
Non Road-related 
Landslide Density: 0.048 landslides per acre for past 29 years (earthflows and debris slides). 
 
Forest Practices 
Sensitivity: High sensitivity to roads, harvesting, and forest management practices on 

active earth flow surfaces.  Moderate sensitivity to roads, harvesting, and 
forest management practices on non-active earth flow surfaces due to 
localized areas of variable topography.  Potential forest practices in this 
unit should be assessed on a very local scale due to variable topography 
and differing rates of movement within an earth flow.   

Mass Wasting 
Potential:  High  
 
Delivery Potential: High 
 
Delivery Criteria  
Used: Many of the earth flows in the Willow/Freezeout Creek WAU have the 

toe or lateral edges along watercourses.  If earth flow movement occurs 
the landslides will deliver sediment. 

Hazard Potential 
Rating:   High  
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Forest Management 
Related Trigger  
Mechanisms: •Sidecast fill material placed on locally steep slopes can initiate 

debris slides, torrents or flows in this unit.     
 •Concentrated drainage from roads onto unstable areas can 

initiate debris slides, torrents or flows in this unit. 
 •Concentrated drainage from roads can increase groundwater, 

accelerating movement of earth flows of this unit. 
 •Poorly sized culvert or excessive debris at watercourse 

crossings can initiate failure of the fill material creating debris 
slides, torrents or flows in this unit. 

 •Cut-slope of roads can over-steepen the slope creating debris 
slides in this unit.    

 •Concentrated drainage from skid trails onto unstable areas can 
initiate debris slides, torrents or flows in this unit. 

 •Loss of evapo-transpiration from forest harvest can increase 
groundwater levels initiating or accelerating movement of earth 
flows of this unit or aid in initiation of debris slides, torrents or 
flows. 
•Concentrated drainage from roads and skid trails can initiate or 
accelerate gully erosion, which can increase the potential for 
mass wasting processes. 
•Cut-slope of skid trails can remove support of the toe or expose 
potential failure planes of earth flows. 
•Sidecast fill material created from skid trail construction placed 
on locally steep slopes can initiate debris slides, torrents or 
flows. 
• Root decay of hardwood or non-redwood conifer species can 
be a contributing factor in the initiation of debris slides, torrents 
or flows in this unit. 
 

Confidence: Confidence in delineation of unit is consistent with confidence level in 
mass wasting inventory mapping of deep-seated earth flows.  High 
confidence in hazard potential rating due to relatively low hazard for 
shallow-seated landslides 
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TSU Number: 7 
 
Landform:  Accelerated Soil Creep 
 
Materials: Fine-grained soils from highly weathered and sheared marine 

sedimentary rocks and mélange terrain.  Soils contain blocks of rock, 
some very large, within the soil matrix.  Very large blocks are generally 
hard and commonly known as “knockers”. 

 
Description: Characterized by hummocky slopes with localized areas of steep and flat 

topography.  Ground surfaces in this unit commonly contain areas of 
grassy vegetation, which may be attributed to a long history of cattle 
grazing and the inability of the clay-rich soil to support dense forests.  
Gullies were observed in the headwalls of some drainages.  Unit 8 is 
identified by “rumpled” look of ground surface, similar to unit 7, but 
lacking scarps and benches.   

 
 
Slope: >20%, (mean slope of observed mass wasting events 71%, range: 52%- 

86%). 
 
Total Area:  2410 acres; 42% of the total WAU 
 
MW Processes: 6 road associated landslides 

• 6 debris slides 
 
   1 non-road associated landslides 

• 1 debris slide 
 
Non Road-related 
Landslide Density: 0.0004 landslides per acre for the last 29 years 
 
Forest Practices 
Sensitivity: Generally a moderate sensitivity to roads, harvesting, and forest 

management practices except where localized areas of steep slopes exist.   
 
Mass Wasting 
Potential:  Low potential for shallow-seated landslides. 
 
Delivery Potential: Low delivery potential for shallow-seated landslides.  
 
Delivery Criteria  
Used:   28% of landslides in this unit delivered sediment. 
 
Hazard Potential 
Rating:   Low 
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Forest Management 
Related Trigger  
Mechanisms: •Sidecast fill material placed on locally steep slopes can initiate 

debris slides, torrents or flows in this unit.     
 •Concentrated drainage from roads onto unstable areas can 

initiate debris slides, torrents or flows in this unit. 
 •Concentrated drainage from roads can increase groundwater, 

accelerating movement of rock slides in this unit. 
 •Poorly sized culvert or excessive debris at watercourse 

crossings can initiate failure of the fill material creating debris 
slides, torrents or flows in this unit. 

 •Cut-slope of roads can over-steepen the slope creating debris 
slides in this unit.    

 •Concentrated drainage from skid trails onto unstable areas can 
initiate debris slides, torrents or flows in this unit. 

 •Loss of evapo-transpiration from forest harvest can increase 
groundwater levels initiating or accelerating movement of rock 
slides in this unit or aid in initiation of debris slides, torrents or 
flows. 
•Concentrated drainage from roads and skid trails can initiate or 
accelerate gully erosion, which can increase the potential for 
mass wasting processes. 
•Cut-slope of skid trails can remove support of the toe or expose 
potential failure planes of earth flows. 
•Sidecast fill material created from skid trail construction placed 
on locally steep slopes can initiate debris slides, torrents or 
flows. 
• Root decay of hardwood or non-redwood conifer species can 
be a contributing factor in the initiation of debris slides, torrents 
or flows in this unit. 

 
Confidence: Moderate confidence in the delineation of this unit due to 

similarities of terrain of this unit with that of units 5,6, and 7.  
Moderate confidence in hazard rating. 
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Sediment Input from Mass Wasting 
 

Sediment delivery was estimated for shallow-seated landslides in the Northern Russian River 
WAU.  Landslides were determined to have either no sediment delivery or to deliver all or a 
percentage of their total volume.  Of the shallow-seated landslides mapped by MRC in this 
watershed analysis, 76 percent of the landslides delivered some amount of sediment (Table A-4).  
 
Table A-4.  Total Shallow-Seated Landslides Mapped for each Watershed in the Northern 
Russian River WAU. (Road Associated Landslides are Included). 
 
Planning Watershed Total slides Landslides with Landslides with No
    Sediment Delivery Sediment Delivery
Upper Ackerman Creek 31 25 6 
Lower Ackerman Creek 10 7 4 
Jack Smith Creek 43 29 12 
Mill Creek 7 7 0 

sum 91 68 23 
percentage 100% 76% 24% 

 
Mass wasting was separated into three time periods for data analysis.  The first time period is for 
mass wasting that occurred from 1972-1981, the second time period assessed is from 1979-1987, 
and the third time period assessed is from 1988-2000.  The cut-off dates from each of the time 
periods are based on the date of aerial photographs used to interpret landslides (1981, 1987, 1996, 
and 2000) and field observations (2000). While the available aerial photograph years did not 
allow for perfect ten year time periods for mass wasting assessment, the time periods are as 
reasonably close to ten year periods as possible.  The periods used in this analysis are useful to 
provide a general idea of the relative magnitude of sediment delivery for the time periods 
analyzed, particularly the sediment delivery rate estimates.   
 
A total of 49,005 tons of mass wasting sediment delivery was estimated for the time period 1972-
2000 in the Northern Russian River WAU.  This equates to 191 tons/sq. mi./yr.  Of the total 
estimated amount, 17,384 tons (35% of total) occurred from 1972-1981, 10,507 tons (21% of 
total) occurred from 1982-1987, and 21,114 tons (43% of total) occurred in the 1988-2000 time 
period (Table A-5). 
 
For the Lower Ackerman Creek and Mill Creek planning watersheds, sediment input from mass 
wasting was highest during the 1988-2000 period (Table A-5) (Chart A-1).  For the Jack Smith 
Creek planning watershed, sediment input was highest during the 1982-1987 period.  Sediment 
input was highest for the Upper Ackerman Creek planning watershed in the 1972-1981 period. 
 
The highest sediment input from mass wasting occurs in the Upper Ackerman Creek planning 
watershed.  The higher sediment delivery appears to be due to a relatively large area of ownership 
in the watershed and a relatively high concentration of road associated, streamside failures.  The 
higher sediment input for the Ackerman Creek planning watersheds is mainly from a few, very 
large landslides that contributed a high amount of sediment.  In contrast, Mill Creek planning 
watershed has an extremely low mass wasting input.  The low input for Mill Creek is attributable 
to a very small amount of ownership that is in the headwalls of some relatively minor tributaries 
in the watershed.   
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Table A-5.  Sediment Volume Input by Watershed for MRC Ownership.  Data are Reported in 
Tons of Sediment Delivered. 
Planning Watershed 1972-1981 1982-1987 1988-2000 
Upper Ackerman Creek 12816 7222 10799 
Lower Ackerman Creek 1956 279 6968 
Jack Smith Creek 2612 2967 2202 
Mill Creek 0 39 1145 

Total 17384 10507 21114 
 
 
Chart A-1.  Total Mass Wasting Sediment Input Rate (tons/yr/sq. mi.) from Landslides for MRC 
Ownership Shown by Watershed and Time Period. 
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Road associated mass wasting was found to contribute 32,191 tons (125 tons/sq. mi./yr.) of 
sediment over the 29 years analyzed (1972-2000) in the Northern Russian River WAU (Table A-
6).  This represents approximately 66% of the total mass wasting inputs for the Northern Russian 
River WAU for 1972-2000.  In the Lower Ackerman Creek planning watershed, all of the 
sediment delivery is attributed to road associated landslides mainly due to the location of the 
landslides on the steep slopes between Masonite Road and the stream channel.  In the Upper 
Ackerman Creek planning watershed, road associated landslides were a major sediment source, 
contributing 72% of the Upper Ackerman Creek delivery.  However, in all of Reeves Canyon, a 
lack of roads that are in close proximity to streams explains why only 9% of the sediment 
delivery is from road associated landslides.  Where the main road in Reeves Canyon does follow 
along Jack Smith Creek, there is very little mass wasting sediment delivery. 
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Table A-6.  Road Associated Sediment Delivery for Shallow-Seated Landslides for the Northern 
Russian River WAU by Watershed, 1972-2000.  
 
  Road Associated   

Planning Watershed Mass Wasting Sediment Percent of Total 
  Delivery (tons) Sediment Delivery

Upper Ackerman Creek 22293 72% 
Lower Ackerman Creek 9203 100% 
Jack Smith Creek 695 9% 
Mill Creek 0 0% 

Total 32191 66% 
 
 
Sediment Input by Terrain Stability Unit (TSU) 
 
Total mass wasting sediment delivery for the Northern Russian River WAU, from mass wasting 
estimates, was separated into respective Terrain Stability Units.  It should be noted that not all 
planning watersheds contain all seven TSUs. 
 
The Terrain Stability Unit with the highest sediment delivery is TSU 1 (Table A-7); which is 
estimated to deliver 22,005 tons of sediment over the last twenty-nine years, 42% of the total 
sediment input.  Combining the two streamside units (TSU 1 and 2) 57 % of the total sediment 
input is produced.  TSU 4 is estimated to have delivered a moderate amount of sediment (17% of 
total) suggesting its moderate landslide hazard, however the majority of the landslides in TSU 4 
are road associated.  No delivery was estimated for TSU 5 because it is a low hazard area with 
very gently sloping to flat topography and typically does not deliver landslide material except in 
extraordinary events.  No delivery was estimated for TSU 6 due to the lack of ability for us to 
estimate sediment delivery from the earthflows, however the few shallow landslides found in this 
unit were road associated and did not deliver sediment.   
 
 
 
Table A-7.  Total Sediment Delivery by Terrain Stability Units in the Northern Russian River 
WAU (1972-2000).   

               TSU 
  1 2 3 4 5 6 7 
Sediment Delivered 
(tons)  22,005 8,062 12,854 8,992 0 n/a  1,198 
Proportion of total 
delivered  42% 15% 24% 17% 0 0 2% 
  
 
CONCLUSIONS 
 
In natural forest environments of the California Coast Ranges, mass wasting is a common 
occurrence.  In the Northern Russian River WAU this is due to areas of relatively steep slopes, 
weak rocks (weathered, interbedded sandstone and shale and mélange terrain), locally thick 
colluvial soils, a history of timber harvest practices, and the occurrence of high intensity rainfall 
events.  Mass wasting features of variable magnitude are observable throughout the Northern 
Russian River WAU.  The vast majority of the shallow-seated landslides visited in the field 
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during this assessment occurred on slopes greater than 60%, in areas of convergent and/or very 
steep planar topography.  When conducting any type of forest management activity, particular 
attention should be given to areas with steep or locally steep topography.  The topography of the 
Ackerman Creek planning watersheds is unique when compared to that of MRC ownership in 
other Coast Range watersheds.  The presence of significant mélange terrain here explains the 
abundance of the grassy, earth flow topography which overall is less steep than slopes of other 
MRC watersheds.   
 
Approximately 44% of the shallow-seated landslides are road associated in the Northern Russian 
River WAU, with Ackerman Creek accounting for most.  Particularly, Masonite Road appears to 
have been, and continue to be a significant source of sediment delivery.  Road construction 
proves to be a significant factor in the cause of shallow-seated mass wasting events.  Better road 
construction practices combined with design upgrades of old roads will lower this amount over 
time.  
 
Mass wasting sediment input is estimated to be at least 191 tons/sq. mi./ yr. over the 1972-2000 
time period for the entire Northern Russian River WAU.  Overall, in the Northern Russian River 
WAU, sediment delivery from mass wasting was highest in the Upper Ackerman Creek planning 
watershed in the 1972-1981 time period.  This area was particularly high due to a history of poor 
harvest practices and the dominance of weak rocks of the mélange terrain compounded by the 
occurrence of a few very large landslides that significantly increased the sediment delivery 
amounts.  Comparatively, sediment delivery in the Reeves Canyon area is much less, which is 
attributed to the relative lack of voluminous, shallow-seated landslides that deliver multiple 
thousands of tons of sediment as are seen in other watersheds.  Overall, the Reeves Canyon area 
has steep slopes, which suggests the presence of relatively stable bedrock.  
 
The Terrain Stability Unit with the highest sediment delivery is TSU 1 (Table A-7); which is 
estimated to deliver 22,005 tons of sediment over the last twenty-nine years, 42% of the total 
sediment input.  Combining the two streamside units (TSU 1 and 2) 57 % of the total sediment 
input is produced.   
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