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Subject: Confusion Hill Decommission, Geotechnical Recommendations 
 
1. Introduction 
 
This report provides preliminary geotechnical recommendations for the removal of an 
abandoned section U.S. Route 101 between PM 98.9 and PM 100.8, in northwestern 
Mendocino County, California.  The above referenced section of U.S. Route 101 was 
abandoned in order to bypass a landslide that has caused rockfall, debris flows, and 
distress to the roadway, over the past 45 years resulting in numerous traffic delays.  An 
alternate alignment was recently completed located to the west of the abandoned 
alignment.  Recommendations contained within this GDR are based on field 
observations, a complete reconnaissance of the terrain within the project limits, and 
review of available geologic literature. 
 
2. Existing Facilities 
 
The section of roadway to be decommissioned traverses a steep west-facing slope on the 
east side of the South Fork of the Eel River (Attachment A).  The roadway was 
constructed utilizing a cut excavated into the slope and is supported by a series of earth 
retaining walls.  There is a side hill viaduct on the south end of the abandoned alignment.  
Several rockfall mitigation systems exist at roadway elevation and on the slope above.  
Attachment A shows the approximate location of the structures and rockfall mitigation 
systems to be removed.  In addition to the structures and rockfall mitigation systems, all 
culverts and asphalt within the decommissioned section of the roadway will be removed 
and the remaining roadway prism out-sloped (Attachment A).  The cut slopes along the 
abandoned alignment have slope ratios that range from 1(v):0.75(h) to near vertical.  The 
existing cut heights range up to an estimated 40m (130 ft). 
3. Pertinent Reports and Investigations 
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The following documents were reviewed in preparation of this report: 
 
Blake, M.C., and Jones, L.J., 1981, The Franciscan Assemblage and related rocks in 
Northern California: A reinterpretation, in The Geotectonic Development of California, 
editor Ernst, W.G., Prentice-Hall, Englewood Cliffs, N.J. 
 
Department of Transportation, Division of Engineering Services, Geotechnical Services, 
2004, Preliminary Geotechnical Report: internal Caltrans Memorandum, EA 01-397511. 
 
Department of Transportation, Division of Engineering Services, Geotechnical Services, 
2005, Addendum to foundation recommendations for South Fork Eel River Br. 10-299: 
internal Caltrans Memorandum, EA 01-397511. 
 
Department of Transportation, Division of Engineering Services, Geotechnical Services, 
2005, Foundation recommendations for South Fork Eel River Br. 10-299: internal 
Caltrans Memorandum, EA 01-397511. 
 
Department of Transportation, Division of Engineering Services, Geotechnical Services, 
2005, Addendum to foundation recommendations for South Fork Eel River Br. 10-300: 
internal Caltrans Memorandum, EA 10-397511. 
 
Department of Transportation, Division of Engineering Services, Geotechnical Services, 
2005, Preliminary Foundation report, retaining wall no. 1930: internal Caltrans 
Memorandum, EA 01-397511. 
 
Department of Transportation, Division of Engineering Services, Geotechnical Services, 
2005, Foundation recommendations for South Fork Eel River Br. 10-300: internal 
Caltrans Memorandum, EA 01-397511. 
 
Department of Transportation, Division of Engineering Services, Geotechnical Services, 
2005, Foundation report, retaining wall no. 1902: internal Caltrans Memorandum, EA 
01-397511. 
 
4. Physical Setting 
 
The physical setting of the project site and the surrounding area was reviewed to provide 
climate, topography and drainage.  The site itself is located approximately 8 km (5 miles) 
northwest of Leggett, California.  The following is a discussion of that review: 
 
Climate 
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Climate data contained within this section was obtained from the Western Regional 
Climate Center web site, http://www.wrcc@dri.edu.  The nearest weather station is 
Richardson Grove State Park, California (047404).  That weather station is located 
approximately 6 miles north of the project.  The average annual precipitation, for the 
area, is 68.84 in with the majority (94 %) of the precipitation occurring in the months of 
October through April.  The annual average total snowfall in the area averages 0.4 in with 
snowfall recorded in the months of December, January and March.  The monthly average 
maximum temperature is 86.7 degrees F and occurs in the month of August.  The 
monthly average minimum temperature is 37.2 degrees F and occurs in the month of 
January. 

 
Topography and Drainage 
 
The project area is located within the Piercy 7.5 Minute USGS Quadrangle dated 1969.  
Moderately steep sloping mountains on either side of the South Fork Eel River 
characterize the project area.  The native hill slope above and below the roadway has a 
slope angle of approximately 40 degrees.  The roadway is at an elevation of 820 ft on the 
south end of the project and approximately 680 ft on the north end of the project.  The 
elevation of the river to the west of the roadway is approximately 580 ft.  The elevation 
of the top of the hillside to the east of the roadway is approximately 2050 ft.  All streams, 
creeks, and sub-drainage systems, flow into the South Fork Eel River.  The South Fork 
Eel River flows in a northwest trend and drains into the main stem of the Eel River at 
Dyersville. 

 
5. Exploration and Investigations 

 
A field investigation was conducted in order to determine the scope of the geotechnical 
considerations required for decommissioning of the above referenced segment of U.S. 
Route 101.  Fieldwork was completed in 2009. 
 
6.  Geology 
 
Regional Geology 

 
The project site is located in the Northern Coast Ranges Geomorphic Province.  The 
Coast Ranges Province is composed primarily of rocks of the Franciscan Complex.  The 
Franciscan Complex has been divided into three parallel belts (Blake and Jones, 1981).  
They are the Coastal Belt, the Central Belt, and the Yolla Bolly Belt from west to east.  
Transform faults and east dipping thrust faults form the boundaries between these belts.  
Holocene active strike slip faults (San Andreas, Maacama, etc.) have further complicated 
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the geology of the area.  Bedrock underlying the project area is composed of the Late 
Cretaceous to Early Tertiary aged sedimentary rocks of the Coastal Belt. 
 
According to Manson and others (2003) the Coastal Belt of the Franciscan Complex is 
divided into the Coastal terrane and the Yager terrane.  Bedrock at the project site is 
Coastal terrane.  Yager terrane occurs north of Red Mountain Creek and east of the South 
Fork Eel River to the north of the project site. The Coastal terrane is typically a broken 
formation characterized by zones of brittle anastamosing shears, boudinage, tight folding, 
and faulting, as well as by zones of relatively coherent bedded sections.  Manson’s report 
(2003) describes the broken formation as mainly gray, thickly bedded sandstone with 
siltstone and shale interbeds.  Although the sedimentary bedding is prominent in 
outcrops, it is not possible to trace individual beds for great distances.  The outcrops 
commonly represent relatively intact blocks of rock bounded by shear zones.  The 
massive, hard sandstone blocks bounded by weak shear zones, result in slides of large 
intact blocks of rock and the overlying colluvium. 
 
Site Geology 
 
Bedrock within the projects limits consists of a massive sandstone unit and an 
interbedded sandstone and shale unit (see Plate 1).  The massive sandstone unit (TKfms) 
is almost entirely massive sandstone beds.  The beds of this unit are 10m (33 feet) thick 
or more.  Thin shale beds, thicknesses of 15cm (6 inches) or less, sometimes mark the 
boundaries between sandstone beds.  The interbedded sandstone and shale unit (TKfsh) 
consists of up to 80 percent sandstone and 20 percent shale.  Individual beds of shale and 
sandstone of this unit are up to 3m (10 feet) thick.  The sandstone present in both units 
primarily consists of a dark gray, decomposed to moderately weathered, very intensely to 
moderately fractured, very soft to hard sandstone.  The mudstone/shale layers generally 
consist of blackish gray, to grayish black, to black, decomposed to intensely weathered, 
very intensely to intensely fractured, very soft to moderately hard mudstone.  This unit 
tends to exhibit shear striations in the texture of the body of the rock.  The 
mudstone/shale beds tend to slake when exposed to air and moisture. 
 
Younger surficial units cover the bedrock in a number of areas.  The youngest of these 
units is artificial fill (af), embankments on which the abandoned roadway was 
constructed.  The fill consists of soil and rock excavated from the nearby cuts.  Recent 
stream channel deposits (Qsc) cover most of the bedrock along the present path of the Eel 
River.  The stream channel deposits consist of unconsolidated sand, gravel, cobbles and 
boulders.  The soils within project limits generally consist of slightly compact to very 
dense, brown to grayish brown, clayey, silty, sand and gravel, with scattered cobbles and 
boulders.  The clasts are primarily angular in shape. 
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The large slide on the eastside of the Eel River shown on Plate 1 is known as the 
Confusion Hill landslide.  The Confusion Hill slide appears to be a deep seated wedge-
type block failure within the bedrock.  Two active debris flows (Qdf) are associated with 
the Confusion Hill slide.  The debris flows are shallow surficial failures.  A much larger 
inactive landslide (Qols) encompassed the active “Confusion Hill Slide” has been 
mapped on the east side of the roadway. 
 
Seismicity 
 
The project is on the northern end of the San Andreas Fault zone.  The San Andreas Fault 
zone is the major boundary between the Pacific plate to the west and the North American 
plate to the east.  The active San Andreas Fault is 23 km (14 miles) to the southwest of 
the site.  The Whale Gulch-Bear Harbor fault is 15 km (9 miles) to the west.  The 
Maacama-Brush Mountain Fault is 15 km (9 miles) southeast of the site and the Lake 
Mountain fault is 30 km (19 miles) east.  The San Andreas Fault system terminates in the 
Mendocino triple junction where the North American plate, the Pacific plate and the 
Gorda Plate meet.  The Mendocino triple junction is one of the most seismically active 
areas of California.  The Mendocino triple junction is approximately 38 km (24 miles) 
northeast of the project. 
 
The Petrolia, California earthquakes of April 25-26, 1992, occurred in the area of the 
Mendocino triple junction and were well instrumented by the California Department of 
Conservation, Division of Mines and Geology (CDMG), Office of Strong Motion Studies 
in their report no. OSMS 92-05 (1992).  These three earthquakes consisted of a Ms 6.9 
mainshock on April 25, 1992, and two aftershocks of Ms 6.2 and 6.5.  The CDMG 
describes the source mechanism of the mainshock as pure thrust motion and the source 
mechanism of the two aftershocks as strike-slip motion.  Horizontal accelerations were 
recorded on the Rio Dell Overpass 24 km (15 miles) from the epicenter of the mainshock 
and 72 km (45 miles) from the project site.  The nearest station to this project site that 
strong motion was recorded during this earthquake sequence was in Rockport 
approximately 35km (22 miles) southwest.  Horizontal accelerations recorded for the 
mainshock were 0.03g at Rockport and for the aftershocks 0.06g was recorded for the 
second aftershock.  The maximum horizontal acceleration recorded at the Shelter Cove 
station 30 km (19 miles) to the northwest was 0.52g during the second aftershock. 
 
The following table summarizes the nearby faults, their maximum credible earthquakes, 
the distance from the project and the estimated peak ground accelerations that can be 
expected at the project during a maximum credible earthquake. 
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Fault   Style Distance from 
project 

MCE R.I. 
(yr) 

PGA 

San Andreas Strike-slip 23 km southwest 8.0 210 0.37g 
Whale Gulch-Bear Harbor Not known 15 km west 7.5 Unknown 0.36 g 
Maacama-Brush Mountain Strike-slip 15 km southeast 7.25 220 0.31 g 
Lake Mountain Not known 30 km northeast 6.25 141 0.10 g 
Bartlett Springs-Round Valley Strike-slip 30 km east 6.75 218 0.14 g 
Garberville-Briceland Strike-slip 14 km north 6.9 220 0.29 g 
Cascadia Subduction Zone Reverse 77 km northwest 8.5 150-500 0.18 g 
Mendocino-Mattole Canyon Strike-Slip 60 km northwest 8.0 50 0.18 g 

 
No active faults are known to cross the site so the hazard of surface rupture during an 
earthquake is not likely. 
 
7.  Geologic Considerations 
 
Slope Stability  
 
Based on our geotechnical investigations and mapping conducted by the California 
Geological Survey (2003), the abandoned roadway traverses a large active landslide 
complex.  The approximate limits of the landslide complex (Qls) are shown on Plate 1.  
Movement of the slide results in frequent plane, wedge, and toppling failures.  Numerous 
rockfall mitigation systems exist along the abandoned alignment and on the slope above. 
Two active debris flows (Qdf) associated with the Confusion Hill slide are also shown on 
Plate 1. A debris flow barrier exists near post mile 99.98. 
 
Surface Water 
 
The South Fork of the Eel River is located below and adjacent to the section of roadway 
to be decommissioned (Attachment A).  Several ravines and gullies emanating from the 
slope above the abandoned alignment drain into the South Fork Eel River.  The ravines 
and gullies only flow during storm events and quickly drain after periods of rain.  The 
gullies have gradients of approximately 40 degrees.   
 
Erosion 
 
The finished slopes of the decommissioned alignment will be prone to surface erosion.  
Recommendations are provided below for fill and channel slope ratios but Landscape 
Architecture should be consulted to determine appropriate erosion control measures. 
 
Ground Water 
 
It is unlikely that ground water will be encountered during the decommissioning of the 
abandoned alignment.  

“Caltrans improves mobility across California” 



LENA ASHLEY      01-MEN-101 PM 98.9/100.8  
October 29, 2009                                                             01-397540 
Page 7 
     
Rippability 
 
All materials associated encountered during the decommissioning of the abandoned 
alignment are considered rippable. 
 
8.  Geotechnical Recommendations 
 
Recommendations pertaining to the existing facilities along the section of roadway to be 
decommissioned are provided below in order of increasing post mile. 
 
1) Confusion Hill Viaduct VI 10-288 P.M. 99.69 

 
A.) Original Function 
 
The function of the side hill viaduct was to span over a rock avalanche/debris 
chute that was depositing materials on the traveled way of U.S. Route 101.  The 
structure was not designed for supporting the hill slope nor was it designed for 
retaining loose colluvium and debris materials. 
 
B.) Recommendations 
 
It is recommended to completely remove the viaduct and all structural elements to 
the ground surface.  The piles supporting the structure can be cut off at or just 
below the ground surface.  The rock avalanche/debris chute is sporadically active 
and steps should be taken to ensure the safety of the workers involved in the 
demolition of the structure.     

 
Imported Rock Slope Protection above the roadway at approximate P.M. 99.76 
  
A.) Original Function 
  
The rock slope protection was utilized to help retain landslide debris and to improve the 
stability of the hill slope due to chronic ground movement occurring approximately 40 
feet above the highway. 
B.) Recommendation 
  
Leave the RSP in-place in order to mitigate slope movement and hillslope erosion. 
 
Stone Masonry Wall below the highway at approximate P.M. 99.77 

   
A.) Original Function  
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The stone masonry wall was designed to support the roadway embankment.  This small 
stone masonry retaining wall is also adding local stability to the hill slope. 
  
B.) Recommendations 
  
It is recommended to leave the retaining wall intact since this area is prone to landslides 
and the wall is locally adding stability to the hill slope.  The face of the retaining wall is 
weathered and covered with moss and blends into the surrounding terrain.  The small 
retaining wall presents no discernable visible impact to the area. 
 
Gravity Bin Wall at approximate P.M. 99.79 
 
A.) Original Function 
    
The purpose of the bin wall is to support the embankment of the roadway. 
    
B.) Recommendations 
    
Completely remove the bin wall structure. 
  
Soldier Pile Tie-Back Wall over Bin Wall at approximate P.M. 99.80 
 
A.) Original Function 
   
The soldier pile wall was constructed in front of a bin wall that was failing due to the re-
activation of a local landslide and due to the age and wear of the bin wall.  The soldier 
pile wall was required in order to support the roadway to keep U.S. Route 101 open to 
travel. 
   
B.) Recommendations 
   
It is recommended to completely remove the soldier pile tie-back wall and all 
structural elements.  The piles and the tiebacks can be cut off at or just below the 
ground surface leaving the remainder of the piles and tie-backs imbedded.  The 
bin wall located behind the tie-back wall should be completely removed. 

 
Gravity Bin Wall at approximate P.M. 99.84 
    
A.) Original Function 
    
The purpose of the bin wall is to support the embankment of the roadway. 
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B.) Recommendations 
    
Completely remove the bin wall structure. 
 
Rockfall Barrier above the roadway and Debris Fence at approximate P.M. 
99.84 

    
A.) Original Function 
   
The purpose of the rockfall barrier is to intercept rock and debris falling down the chute 
above the roadway and direct it into the inboard ditch. The debris fence mounted on k-
rail is in place to prevent rock and debris from reaching the traveled way. 
 
B.) Recommendations 
  
It is recommended to completely remove the rockfall barrier above the roadway and all 
structural supports.  The support cables can be cut and removed and the two piles 
supporting the fence can be cut at or just below the ground surface.  The debris fence at 
roadway elevation should be completed removed as well.  The rockfall barrier and debris 
fence is to be salvaged for future use. 
  
Stone Wall and Rail at approximate P.M. 99.88 
    
A.) Original Function 
    
The purpose of the stone wall is to support the embankment of the roadway. 
    
B.) Recommendations 

    
Completely remove the stone wall structure.  The rock rail will be salvaged and 
stockpiled near the removed viaduct at PM 99.69 for Mendocino County. 
   
Wire Mesh and Cable Drape at approximate P.M. 99.88 

   
A.) Original Function 

   
The purpose of the wire mesh and cable drape is to mitigate rockfall. 
  
B.) Recommendations 
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It is recommended to completely remove the cable net and wire mesh and all structural 
supports. The wire mesh and cable drape is to be salvaged for future use. 
Gravity Bin Wall, Soil Nail Tieback Wall, Stone Wall at approximate P.M. 99.93 

      
A.) Original Function 
    
These three retaining walls work together to add support the roadway prism and locally 
the adjacent rock mass. 
 
B.) Recommendations 
   
It is recommended to remove this group of retaining walls.  
 
Immediately above the roadway is a ravine that collects rainfall runoff from the hillslope 
above and also is also a rockfall/debris flow chute.  It is recommended to excavate a 
channel through roadway prism centered at approximate PM 99.93 to direct rockfall, 
debris flows and rainfall runoff into an existing drainage swale.  The side slopes for this 
channel can be designed at a slope ratio of 1.5:1. 
   
Rockfall and Debris Flow Barrier above roadway at approximate P.M. 99.93 

    
A.) Original Function 
   
The purpose of the rockfall/debris flow barrier is to mitigate rockfall and debris flows 
emanating from the ravine located above the roadway at this location. 
   
B.) Recommendations 
  
It is recommended to completely remove the fence and all structural supports.  The 
support cables can be cut and removed and the piles supporting the fence can be cut at or 
just below the ground surface.  The rockfall barrier is to be salvaged for future use. 
 
Stone Wall at approximate P.M. 99.96 
    
A.) Original Function 
The purpose of the stone wall is to support the embankment of the roadway. 
    
B.) Recommendations 
    
It is recommended the stone wall remain in place. 
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Wire Mesh and Cable Drape at approximate P.M. 99.98 

   
A.) Original Function 
The purpose of the wire mesh and cable drape is to mitigate rockfall. 
  
B.) Recommendations 
  
It is recommended to completely remove the wire mesh and cable drape and all structural 
supports.  The wire mesh and cable drape is to be salvaged for future use. 
 
Gravity Bin Wall at approximate P.M. 100.00 
    
A.) Original Function 
    
The purpose of the bin wall is to support the embankment of the roadway. 
    
B.) Recommendations 
    
Completely remove the bin wall structure. 

 
Culvert removal 
 
All of the existing culverts, located within the decommissioned section of roadway, will 
be removed (Attachment A).  After the culverts have been removed the side slopes of the 
excavations should be flattened to a 1.5(h):1(v) slope ratio.  In addition, the bottom of the 
excavation should be lined with appropriately sized rock.  The hydraulics branch should 
be contacted for recommendations for the width of the rock lining (channel width) and 
the size of the placed rock to be placed at each culvert location. 
   
Embankment recommendations 
 
The sections of the roadway that are supported on embankment can be “out sloped” to 
create a more natural hill slope appearance.  The operation of “out sloping” an 
embankment involves excavating the outboard edge of the fill slope and placing the 
material along the inboard ditch and shoulder of the roadway.  As the inboard ditch and 
shoulder of the roadway is filled in and covered up the excavated material continues to be 
placed extending the material up the hill slope.  The amount of material that is excavated 
from the fill slope and placed against the hill slope is approximately estimated by the 
amount of material that would produce a 1.5:1 slope ratio passing approximately through 
the centerline of the roadbed. 
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9. Construction Considerations 
 
We recommend the contractor monitor the slopes above and below the abandoned 
alignment for movement while removing the viaduct and earth retaining structures and 
while decommissioning the roadway to ensure the safety of the operation.  We 
recommend the contractor monitor for slope movements using instrumentation 
(tiltmeters, extensometers, etc.), an array of stakes or survey points, image analysis, direct 
observation, or some other appropriate method for monitoring slope movements. 
 
The potential for rock fall exists throughout all phases of the project.  If the wire mesh, 
cable drapes, and rockfall/debris flow barriers are to be removed prior to removal of the 
earth retaining structures, we recommend the contractor construct temporary rockfall 
barriers to protect workers and equipment and utilize spotters to watch for rockfall. 
 
If you have any questions or require further assistance, please contact Daniel Vann at 707 
445-7884 or Charlie Narwold at 707 445-6036. 
 
 
Report by:       

 for D.V.     
 
DANIEL VANN     CHARLIE NARWOLD, C.E.G. #2335 
Engineering Geologist    Senior Engineering Geologist 
Office of Geotechnical Design - North   Office of Geotechnical Design - North 
Branch B      Branch B 

 

 
 
 
 
 
 
 
 
 
 
Attachments 
 
c:  OGDN Project File 
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