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To: MR. AL TRUJILLO Date: June 22, 2010 
District 2 Safety Team Project Engineer 
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Attn: Mr. Justin Borders   EA 02-2E0001 
Transportation Engineer  Caribou Curves Safety 

          Project 
           
From: DEPARTMENT OF TRANSPORTATION 

DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES – MS 5 
 
 

Subject: Geotechnical Design Report 
 
 
1. Introduction 
 
Per your request, we are providing a geotechnical design report for the Caribou Curves 
Safety Project on State Highway 70 from PM 17.2 to 17.5 in Plumas County, California.  
Specific geotechnical aspects of this project that are addressed in this report include 
assessment and recommendations for slope cuts, slope stability, rockfall, rockfall 
catchment, rockfall attenuation system design, earthwork and excavation characteristics, 
and gabion wall recommendations.  Plate 1 presents a vicinity map showing the location 
of the project.  Plate 2 presents an aerial view of the project site with the locations of 
natural and man-made features, proposed slope cuts, and the proposed gabion wall 
indicated.   
 
2. Description of Project Alternatives and Existing Facilities 
 
At the time of our investigation Highway 70 in the project area consisted of a 2-lane 
roadway with two pullouts (one for the westbound lane near the east end of the project, 
and another for the eastbound lane at the west end of the project), no paved shoulders, 
and unpaved catchment ditches varying in width from 0 to 12 feet (ft) sloping away from 
the road at slope ratios between 4:1 and 6:1 (H:V).  The project safety objectives include 
the creation of paved shoulders up to 8 ft in width, the creation of larger and continuous 
clear recovery zones (that include unpaved rock catchment slopes), and the substantial 
enlargement of the radius of the tight turn central to the project.  The attainment of these 
safety objectives faces several geotechnical obstacles consisting primarily of steep rock 
slopes of varying rock quality that are capped with varying thicknesses of colluvium 
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bordering the westbound side of the highway, and moderately steep fill slopes bordering 
the eastbound side of the highway that, in the area of the tight turn, toe out near the outer 
bend of the Feather River, leaving little to no room for fill expansion.  Proposed 
geotechnical solutions to these obstacles include substantial cut slopes in rock with slope 
ratios ranging from 0.05:1 to 0.5:1, cut slopes in colluvium with slope ratios of 1:1, 
gabion walls with buried heights up to 12 ft, 12-foot wide unpaved rock catchment at the 
base of cut slopes, and a rockfall attenuator system designed to stop, and drop into 
catchment, rock that presently rolls/bounces down an established rock chute.   
 
The alignment and geotechnical solutions addressed in this report are the result of several 
iterations between the District 2 Safety Design Team and Mr. Scott Lewis with the Office 
of Geotechnical Design North (OGDN).  The goal of this iterative process was to find a 
new alignment that addressed the present roadway safety shortcomings with 
economically (i.e., within the project budget) and geotechnically feasible solutions, while 
minimizing geological and geotechnical risks any such solutions might pose to 
construction, maintenance, and the overall long-term success of the project.  The resultant 
alignment and the geotechnical recommendations presented in this report are not without 
risks, most notably risks that might possibly manifest themselves in syn- and post-
construction slope sloughing or failure.  While rockfall is expected to increase as a result 
of cuts proposed within this report, adequate catchment and a rockfall attenuator system 
has been put into the design to satisfactorily mitigate this expected increase.   
 
3. Pertinent Reports and Investigations  
 
This report includes a review of Caltrans, state, federal, and private publications.  A 
search on the Caltrans intranet Document Retrieval System (DRS) site and the Bridge 
Inspection Records Information System (BIRIS) site yielded no As-Built or LOTB 
information pertinent to this project. 
 
Caltrans literature reviewed pertaining to seismic issues includes the California Seismic 
Hazard Map with technical report (Mualchin, 1996), Peak Acceleration from Maximum 
Credible Earthquakes in California (Mualchin and Jones, 1992), Caltrans Fault 
Database (Merriam, 2009), and the internal Caltrans website for calculating acceleration 
response spectra (ARS) curves at http://10.160.173.178/shake2/shake_index2.php.   
 
Geologic literature reviewed include the Fault Activity Map of California and Adjacent 
Areas (Jennings, 1994), the Geologic Map of the Chico Quadrangle, California (Saucedo 
and Wagner, 1992), the Map Showing Recency of Faulting, Chico Quadrangle, 
California (Saucedo, 1992), the Geologic History of the Feather River Country, 
California (Durrell, 1988), the Stratigraphy, Structure, Petrology, and Regional 
Correlations of Metamorphosed Upper Paleozoic Volcanic Rocks in Portions of Plumas, 
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Sierra, and Nevada Counties, California (D’Allura, 1977), and Geology of the Pulga and 
Bucks Lake Quadrangles, Butte and Plumas Counties, California (Hiatenan, 1973).  
 
Soil information was obtained from the NRCS’s (Natural Resources Conservation 
Service) website at http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx.  
 
4. Physical Setting 
 
The physical setting of the project and the surrounding area was reviewed to provide 
information on climate, topography, drainage, and man-made and natural features that 
might aid in design and construction.  The project is located in the Feather River Canyon 
along the north side of the river on State Highway 70 at an elevation ranging from about 
2300 ft (bottom of present fills) to about 2475 ft (top of cuts) above mean sea level. 
 
The following is a discussion of the above review:  
 

4.1. Climate 
 
Climate information was obtained from the Western Regional Climate Data Center  
(http://www.wrcc.dri.edu/).  Because there are no available recording stations in the 
immediate proximity of the project three recording stations (Caribou Powerhouse, 
Bucks Creek Powerhouse, and Greenville Ranger Station) were used in combination 
in an effort to produce the best estimate of actual weather conditions at the project 
location.  The average annual precipitation at the site is estimated to be 40 inches 
(in.) with the vast majority of the precipitation occurring between late October and 
mid-April and the snowfall occurring primarily between December and February.  
The average annual maximum temperature is estimated to be 66 degrees (F) with the 
hottest month being July with an average temperature estimate of 89 degrees.  The 
average annual minimum temperature is estimated to be 32 degrees with December 
demonstrating the coldest monthly minimum estimate of 21 degrees.   
 
4.2. Topography 
 
The present highway climbs gradually but steadily through the project from about 
2360 ft above sea level at the project’s western end to about 2462 ft at its eastern 
end.  The roadway is notched into the south-facing slope of the Feather River 
Canyon.  Above the road the slopes are moderate to steep throughout the project, 
with the exception of a roughly 350-foot long area near the eastern end of the 
project where the slopes recess into a flat disposal area.  Below the road, the slopes 
are mostly fill, with slope ratios being at least 1.5:1.  These slopes toe in at or near 
the river at the western and middle portion of the project, while they toe in to a 
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small floodplain above the river in the eastern end of the project.  Plate 3 shows a 
topographic map of the project area and the nearby vicinity.    
  
4.3. Man-made and Natural Features of Engineering and Construction 
Significance 
 
Man-made features that may potentially have an impact on the project, or be 
impacted by the project, include drainage inlets and culverts, a private driveway, a 
private residence between the highway and the river, and an existing power line 
running basically east-west along the northern edge of the of the project area.  The 
close proximity of the Feather River, particularly in the vicinity of the tight turn 
central to this project, may also impact this project, as it will prevent the horizontal 
enlargement of the fill in this area 
 
4.4. Regional Geology and Seismicity 
 
The project area is located within the Sierra Nevada Geologic Province.  The Sierra 
Nevada is a block of the earth’s crust about 400 miles long and about 90 miles wide 
that has been uplifted and tilted westward along a major fault system that marks its 
eastern limit (Durrell, 1988).  This block is made up of 3 distinctly different groups 
of rocks.  The oldest of these are sedimentary and volcanic rocks that were 
deposited on the ocean floor from the Late Ordovician Period (about 450 million 
years ago) to the close of the Jurassic Period (about 145 million years ago) and then 
later metamorphosed and deformed to varying degrees while being accreted to the 
continent where they can now be seen in their present position along the western 
edge of the province.  These rocks are widely exposed along State Route 70 in the 
Feather River Canyon.  The second group of rocks of this province are the massive 
granitic rocks that cooled and crystallized at some depth below the earth’s surface 
from the Late Jurassic Period (about 135 million years ago) to the end of the 
Cretaceous Period (about 65 million years ago) before rising into their present 
position at the surface.  These rocks are also heavily exposed along State Route 70 
in the Feather River Canyon.  The third group of rocks in this province is composed 
of the more recent sedimentary rocks derived from the first group and the volcanic 
rocks derived from the tops of the magma chambers that formed the second group.  
These rocks are scattered about in smaller pockets throughout the province and can 
also be observed along State Route 70 in the Feather River Canyon.            
 
Within the general region of the project area the geology consists of rocks from all 
three rock groups.  The oldest group is represented by metasedimentary and 
metavolcanic rocks of both the Calveras and Franklin Formations of Late Paleozoic 
age (400 to 260 million years ago).  Also included with this oldest group is a slice of 
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accreted oceanic plate, ultramafic peridotite, which has been altered in places to 
serpentinite.  The second group of rocks is represented by the granitic rocks of the 
Bucks Lake Pluton of Jurassic and Cretaceous age (205 to 65 million years ago).  
The third group of rocks is represented by glacial debris, lake deposits, and 
fluvial/alluvial gravel deposits, all of Quaternary (2 million years and younger) to 
Holocene (12,000 years to recent) age.   
 
In the general region of the project area the older rocks have been highly folded.  
Foliation dips are steep to vertical. Bedding dips vary depending upon their location 
relative to the Bucks Lake Granitic Pluton to the southwest.  The granitic pluton 
basically shoved these older rocks aside and uplifted them as it rose, leaving these 
beds striking more or less parallel to the local pluton boundary and the dips either 
away or towards the pluton.  
 
We reviewed the Caltrans California Seismic Hazard Map (Mualchin, 1996; 
revisions, 2007) its accompanying technical report, the Caltrans Fault Database 
(Merriam, 2009), and the Caltrans online Seismic ARS (Acceleration Response 
Spectra) website.  The nearest faults are the northern tips of the Rich Bar Fault and 
the Melones Fault, both of which were previously considered active but, as of 2007, 
are no longer considered to be.  The nearest active fault, based on the most recent 
Caltrans 2007 database, is the Butt Creek Fault, a right-lateral strike-slip fault with a 
maximum credible earthquake (MCE) magnitude of 6.8.   
 
4.5. Asbestos 
 
Geologic units mapped (Hiatenan, 1973) in the project area are metachert and 
phyllite, units not known to harbor naturally occurring asbestos (NOA) deposits.  
According to the map contained within the report referenced by the State of 
California Air Resources Board (California Dept of Conservation, 2000), the project 
site is not mapped as an area likely to contain naturally occurring asbestos.   
 
Two areas within the project location were observed to contain serpentine rock that 
was placed there by maintenance forces and construction forces (during construction 
of the present highway).  The disposal area north of the road near the eastern end of 
the project has been a repository for slide material for many years and was observed 
to hold significant amounts of serpentine rock.  The fills below the roadway in the 
middle and western end of the project also were observed to contain serpentine rock.  
These deposits may contain asbestos.  These areas are roughly delineated on the 
aerial photo shown on Plate 2.   
 
 



MR. AL TRUJILLO          02-PLU-70 PM 17.2/17.5 
June 22, 2010           EA 02-2E0001 
Page 6    
 

“Caltrans improves mobility across California” 

5. Exploration 
 

5.1 Drilling and Sampling 
 
No drilling was performed for this report due to a need to keep project support costs 
down (the risks of this were explained to design and management) and the near 
complete revamping of the project alignment relatively late in the project schedule, 
a change that prevented any drilling in the cut slopes due to the lack of time needed 
for obtaining permits and environmental clearance.   
 
Soil was excavated with a geologists shovel in the area of a proposed gabion wall to 
submit to the lab for corrosion testing.  Soil was excavated with a geologist’s shovel 
in several other locations for on-site examination and field identification of the soil.   
 
5.2. Geologic Mapping 
 
A geologic map of the project area and neighboring terrain taken from Hiatenan 
(1973) is shown in Plate 4.  Geologic mapping for the project was performed using 
Hiatenan’s map and a Caltrans aerial DHIPP photo as base maps.  This mapping 
consisted primarily of reconnaissance along the road, atop the present cut slopes, 
further up hill from these slopes, and across the present embankment fills below the 
roadway.  Objectives of the mapping effort included verification of the geologic 
map, rock type and mineral identification, collection of structural data (strike and 
dip of bedding, joints, foliations, fractures, folds, and fold axial planes; joint 
spacing, roughness, infilling, & frequency), and rock quality information (apparent 
hardness, induration, fracture density, weathering).   
 
Information regarding rockfall was also collected, including indicators of frequency, 
presence of rockfall chutes, maximum rock diameter, maximum rolling distance, 
steepest rolling slope ratio, and size and effectiveness of present rockfall catchment.  
 
Soil descriptions were estimated in the field for soils present, including the 
colluvium.  Erosional susceptibility was evaluated. 
 
Information regarding both surface and ground water was sought during the 
reconnaissance, as well as the presence/non-presence of potential seeps. 
   
5.3. Geophysical Studies 
 
Two seismic refraction lines, located by OGDN, were shot in the areas of proposed 
slope cuts by the Caltrans Geology and Geophysics Group.  The field data was 
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processed and arrival times picked by this Group using Viewseis, a commercially 
available computer program.  Travel time curves were interpreted by this Group 
using the Generalized Reciprocal Method of Refraction Interpretation.  The 
resultant time-distance, velocity-distance, and velocity-depth models produced for 
each of these lines are shown in Plates 5 (seismic line 1) and 6 (seismic line 2).  
These plates were taken from the report issued by the Group (Caltrans, December 
30, 2009). 
 
The locations of these lines are shown on Plate 2.  Seismic Line 1 is located with 0.0 
situated at about station 128+75 and line position 225 ft situated at about station 
126+50.  Seismic line 2 is located with line position 0.0 ft situated at station 122+75 
and line position 290 ft situated at about 119+85.   
 

6. Geotechnical Testing 
 

A single soil sample was submitted to the D02 materials lab for corrosion testing.  No 
other geotechnical testing was performed for this report.   
 
7. Geotechnical Conditions 

 
7.1 Site Geology 
 

7.1.1 Lithology 
 
There are primarily two rock units and colluvial overburden in the project area.  
The first rock unit is a very thickly-bedded to mostly massive metachert (quartzite) 
that varies from hard to extremely hard, and varies from slightly weathered to 
fresh.  It is observed at the very western end of the project from about station 
115+10 (at the road) to the western end of the project and beyond, where it forms 
vertical to near-vertical cut slopes over 100 ft high.    
 
The second rock unit is a muscovite-biotite (according to Hiatenan, 1973) phyllite, 
which is variously exposed upslope of the roadway.  The exposures begin at its 
contact with the metachert at about station 115+10 and continue, with some 
hiatuses of soil, to the eastern end of the project.  The largest break in the 
exposures is the disposal area from about station 123+00 to station 126+50.  The 
mineralogy is fine-grained and not discernible by hand lens, so Hiatenan’s 
mineralogical description could not be verified.   
 
The phyllite varies from very thinly-bedded to massive. 
 



MR. AL TRUJILLO          02-PLU-70 PM 17.2/17.5 
June 22, 2010           EA 02-2E0001 
Page 8    
 

“Caltrans improves mobility across California” 

The phyllite grades from highly weathered to moderately weathered to fresh.  
Weathering at the surface where the slope is uncut varies from high to moderate to 
slight.  At scattered locations between stations 120+00 and 123+00 it is obscured 
by a sandy clay with gravel.  This material appears to be highly weathered 
colluvial material derived from the phyllite.  Weathering at the surface, where the 
slope was cut for the present roadway, varies from slight to fresh near the 
roadway.  Further upslope, about midway to the top of the proposed cuts, the rock 
appears to be moderately weathered, where exposed.  Unexposed phyllite deeper 
inside the slope (in the general vicinity of the proposed new cut slope surfaces) is 
thought to be fresh and hard at the road level.  This fresh hard rock quality 
continues above the road level to a height that varies between about 25 and 40 ft, 
depending upon the station.  This rock then appears to transition into mostly 
moderately weathered phyllite or colluvium derived from highly weathered 
phyllite.    
 
The phyllite varies from slightly to intensely silicified, with the rocks in the 
western portion of the project appearing to be generally more silicified than those 
to the east.  The presence and distribution of this silicification is likely best 
explained by the phyllite’s relative structural-stratigraphic juxtaposition to the 
metachert during regional metamorphism.  This silicification interpretation is 
based on a combination of hand lens observations of the infillings of the 
discontinuities, rock hammer blows, and seismic refraction results.  
 
The overburden atop the phyllite consists of colluvium and organic soil derived 
from the phyllite.  It is considered to be fairly recent in origin and not very well 
consolidated.  This colluvium generally varies from a gravel with silty sand to a 
gravel with sandy clay.  In the area of the proposed slope cuts, the overburden 
colluvium appears to vary between about 2 and 8 ft in thickness, with the average 
thickness probably lying somewhere around 5 ft.    
 
The colluvium that comprises the slope behind the disposal site between stations 
123+00 and 126+50 is mostly a silty sand with gravel that is moderately 
consolidated and is interpreted to be of a different origin than the colluvium atop 
the proposed slope cuts.   
 
7.1.2   Structure 
 
Both lithological units display some structure and relict stratigraphy, though, in 
the metachert, structural features are scarce and stratigraphic features almost 
entirely erased by metamorphism.   
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In contrast to the metachert, the phyllite demonstrates scattered to local relict 
bedding, periodic and localized foliation, localized fractures, and local smaller 
scale folding (warping) within the project area.  Large-scale folds occur 
rhythmically in the region (Hiatenan, 1973), but are not observed in the phyllite 
within the scale of the project area.  Foliations from these large-scale folds, 
however, are common.  According to Hiatenan’s (1973) map these foliations are 
roughly vertical to steeply dipping with strikes between 319° and 328°.  Mapping 
by OGDN found the foliations to be similarly vertical to steeply dipping, but with 
a significantly wider range of strike orientations than Hiatenan’s, with azimuths 
varying between 287° and 330°.  While Hiatenan’s foliation orientations align 
tightly with the known structural grain of the Nevadan Orogeny, a tectonic event 
that is well-documented as having left its imprint in the ancient Sierran rocks 
during mid-Jurassic time (about 170 million years ago), the field measurements 
taken by OGDN may be the result of localized forces (and consequent folding and 
foliation) induced by the rising emplacement of the nearby Buck’s Lake Pluton.  It 
is also possible that these planar features are actually tight fractures, not foliations 
as interpreted by Mr. Lewis of OGDN, that have been created by the intersection 
of foliations and relict bedding, or some other cause.  Their true structural nature, 
however, is fairly irrelevant to the kinematic analysis and stability of the slope, 
while their presence and orientation as structural discontinuities, which has been 
recorded by OGDN, is completely relevant.  These ‘foliation’ discontinuities are 
observed typically in clusters, and are spaced from one-quarter in. to roughly one 
foot apart within these groupings.  No infilling is observed within these 
discontinuities.  They are almost always closed, with the exception of a few 
locations where they have widths up to one half in.  It is believed that these 
openings are strictly the result of being exposed at a cut surface where localized 
movement and unloading can and has occurred.  These discontinuities generally 
have slightly rough surfaces, while second-order asperities (larger scale) are 
mildly undulating to planar.   
 
Relict bedding is locally fairly distinct where observed.  Dips measured on the 
bedding within the project area demonstrated various orientations from 50° in a 
general southwest direction to vertical to 80˚ in a general northeast direction.  
Strike azimuths varied from about 285° to 338°.  Bedding discontinuities are 
almost always tight.  As mentioned in section 7.1.1 above, bedding spacing 
(thickness) varies from thinly bedded to massive. 
 
Due to the presence of significant foliation and relict bedding discontinuities, both 
of which strike within the azimuth range of 285° to 338°, the structure, texture, 
strength, and seismic velocity characteristics of the phyllite are likely significantly 
anisotropic.  Additional discussion of phyllite structure is presented in the section 
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below (7.2) as it pertains to slope stability.   
 
7.1.3 Seismic Structure 
 
The seismic structure of the phyllite is assumed to be substantially anisotropic due 
to the structural discontinuities.  The two seismic lines discussed in section 5.3 
were shot in the phyllite at an orientation roughly perpendicular to the general 
strike of the structural discontinuities, resulting in compressional (p-wave) 
velocity measurements thought to represent the minimum, or at least the near 
minimum velocities for the material.  This was intentional since the minimum, or 
near minimum, velocities are desired for rippability and general rock strength 
assessment.  
 
The upper portion of the phyllite beneath the seismic lines, which varies by station 
in thickness from about 10 to 24 ft, has an average observed compressional wave 
(p-wave) velocity of about 3000 ft/second (ft/s) in its anisotropically slow 
direction.  This velocity is atypically slow for phyllite, but is best (though not 
perfectly) explained as a combination of weathering and anisotropy. This upper 
phyllite portion is believed to have a moderately higher average seismic velocity 
parallel to the strike of the structure (which is generally perpendicular to the 
slopes), but seismic data to prove such an hypothesis was not obtained in this 
direction due to steepness, rough topography, conditions requiring traffic control 
(that run up support costs and create additional logistical problems), and time 
limitations.  The possibility also exists that this low velocity material is not 
composed of phyllite in some locations, but rather is made up of clay deposits, a 
scenario that is further discussed in section 8.1.1 below on cut slopes.   
 
Below this slower material the phyllite is harder and apparently (not observed by 
touch or sight; sampled only by refracted seismic waves) less weathered.  This 
material continues downward to below the road grade.  Seismic velocities of this 
lower phyllite portion are about 8500 ft/s west of the disposal site and about 5500 
ft/s east of the disposal site.  Again, these velocities are considered to be generally 
minimal values due to the structurally based anisotropy of the rocks.  The distinct 
velocity difference between the western and eastern slopes is thought to result 
primarily from the difference in the amount of silicification of the rocks.  
 

7.2  Slope Stability 
 
Present soil slopes are considered only moderately stable within the project area.  A 
portion of the soil overburden upslope of the road roughly between stations 116+00 
and 116+70 has slid in the past and been removed.  The remaining soil column 
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further upslope, which has a slope ratio at or slightly steeper than 1:1, are 
considered to be sitting in place with a factor of safety estimated to be near unity.  
The cause of the instability is the fairly planar relict bedding of the phyllite bedrock, 
upon which the remaining overburden column still rests.  This feature dips roughly 
towards the roadway about 50˚.  Other soil and colluvial slopes within the project 
area, which are also moderately steep but do not sit atop such deleteriously oriented 
planar rock, are considered to be slightly more stable.  These slopes do exhibit some 
scattered ‘pistol-butted’ tree trunks (curved slightly at the base), which indicates that 
some gradual creep takes place within the uppermost 3 to 5 ft of soil.   
 
Present rock slopes within the project area are considered stable.  These slopes, 
mostly cut slopes, have slope ratios ranging from about 0.05:1 to about 1:1.  The 
steepest slopes (0.05:1) are found in the western end of the project.  These steep 
slopes are over 100 ft high immediately west of the project, where they continue 
into the project to about station 115+10.  These near-vertical cut slopes are all 
located in the metachert.   
 
The remainder (majority) of the rock slopes within the project is in the phyllite.  
These have slope ratios varying from about 0.25:1 to 1:1, with significant portions 
of most of these slopes being steeper than 0.5:1.  Although significant structural 
discontinuities (relict bedding, foliation, joints) exist in these slopes, as was 
discussed in the previous section (7.1.2), these discontinuities are predominantly 
oriented with their strike directions roughly perpendicular to the roadway direction, 
and, consequently, to the general strike of the cut slope faces.  While the 
discontinuity dips are steep, they are generally oriented away from the cut face, with 
dip azimuths typically somewhere between 90˚ and 130˚ from the dip azimuth of the 
slope face.  These characteristics grant some stability to these steep slopes, despite 
the presence of structural discontinuities.    
 
Small localized planar, wedge, and toppling failures have occurred and may occur in 
the phyllite cut slopes due to the significant presence of smaller structural 
discontinuities and the range of orientations that they exhibit.  These failures, 
however, are limited in size to minor rockfall episodes by the fairly limited 
contiguousness of the structural discontinuities involved in these orientations and by 
the fact that the orientations of the more contiguous discontinuities, though 
plentiful, do not align with the slope faces in such a way as to create large scale 
slope instability. 
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7.3  Water 
 

7.3.1 Surface Water 
 
Throughout the eastern two-thirds of the project surface water flows 
predominantly from a generally north to south direction, while through the 
western third of the project it flows predominantly from west to east, in both cases 
basically from the upper slopes down towards the river, which is, on average, 
about 100 ft below the road.  Water that encounters the roadway and its 
accompanying ditches flows from the east end of the project towards the west end, 
being diverted along the way through several of the DI’s, culverts, and downdrains 
that are present within the project area.  Water captured and diverted by these 
installations then continues flowing down slope towards the river.  Water that 
flows on the highway surface generally has a component of flow direction towards 
the river due to the super elevation of the road through most of the project.  
 
A private driveway that enters the highway from below the roadway at about 
station 120+00 has undergone episodes of surface water inundation caused when 
high amounts of surface water flowing in the paved ditch on the south side of the 
highway carry debris that plugs the ditch and/or the DI just to the west of the 
driveway.  When this occurs the water quickly builds up enough depth and tops 
the dike, sending a high flow down the driveway.  This flow rapidly induces a 
significant amount of erosion in the private driveway a short distance below the 
roadway where the pavement gives way to an unpaved surface.  Design should 
consider this problem when redesigning the roadway geometrics and surface flow 
paths.  Plate 2 presents an aerial photo of the site with the location of this 
driveway shown.    
 
7.3.2 Erosion 
 
Erosion of the present slopes is not considered to be very significant.  The rock 
faces, which compose a substantial amount of the exposed slope faces within the 
project area, are essentially non-erosive.  The colluvium that covers the tops of the 
rock slopes has been fairly consolidated with time, while the angular to subangular 
shape of its highly gravelly constituents adds an internal stability that resists 
erosion caused by most rainfall.  In addition, the thin organic bearing soil formed 
in the top of the colluvium is moderately protected by vegetation and surface duff 
and litter, which gives it considerable resistance to rainfall induced erosion.  No 
significant concentrations of surface runoff appear to occur on these slopes that 
would instigate erosion of the organic soil and colluvium.  The steepened cuts in 
the colluvium that exist between stations 123+00 and 126+00 behind the disposal 



MR. AL TRUJILLO          02-PLU-70 PM 17.2/17.5 
June 22, 2010           EA 02-2E0001 
Page 13    
 

“Caltrans improves mobility across California” 

site demonstrate good resistance to erosive processes despite being bare (without 
soil or litter cover).  
 
7.3.2 Groundwater 
 
Groundwater has a minor to negligible impact upon the rocky terrain within the 
project area, but does exert some influence on the overburden colluvium and soil 
where it exists in a perched or unconfined state.  Groundwater travelling atop the 
bedrock and within the unconfined aquifers created by the overburden material 
likely contributes to some surface creep of this overburden material.  During 
extended periods of high precipitation this effect could be substantial enough to 
cause localized instability, sloughing, and slope failure. 
 

7.4 Project Site Seismicity 
 
Based on the Caltrans online ARS (Acceleration Response Spectra) Website at 
http://10.160.173.178/shake2/shake_index2.php and Mualchin’s map (see regional 
seismicity discussion in section 4.4) the design peak bedrock acceleration (PBA) at 
the site is 0.247 g and the peak ground acceleration is 0.281 g.  Based on Caltrans 
Seismic Design Criteria, Appendix B (2006) soil conditions within the project area 
are classified as soil profile types A, B, and D, with the majority of the site being 
classified as soil profile type B.   

 
8.  Geotechnical Analysis and Design 

 
8.1. Cuts and Excavations 
 

8.1.1 Cut Slopes 
 
OGDN recommends very steep to vertical cuts in the metachert slopes located in 
the western portion of the project from about station 115+10 to the western 
terminus of the project.  Slope ratios should not be flatter than 0.1:1.  This ratio (or 
steeper up to vertical) conserves space, reduces cut volume, and reduces the width 
of rockfall catchment necessary at the base of the slope.   
 
OGDN recommends 0.25:1 slope ratios for the phyllite cut slopes, which comprise 
the remaining, and major, portion of the project’s cuts slopes.  In some areas 
where the cuts involve significant amounts of overburden material atop the 
phyllite bedrock, an upper cut recommendation of 1:1 applies.  In areas where this 
overburden is minimal or absent, the entire slope should be cut at 0.25:1.    
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Table 1 below lists cut slope recommendations by station interval with brief 
descriptions of material and risks involved. 
 
 
OGDN recommendations for the phyllite cut slopes above station 120+00 require 
some background explanation on some issues these slopes have and the 
discussions with design and the project engineer regarding them.  Due to the steep 
topography (typically about 1:1 or greater) present above the current cut slopes, 
cuts flatter than the recommended 0.25:1 (such as 0.5:1 or 0.75:1) significantly 
increase the cut heights (as the cut chases the catch point far up the slope), thereby 
necessitating even greater rockfall catchment widths (as explained below in the 
rockfall section (8.1.5) below), which, in turn, requires pushing the slopes back 
horizontally, which, again in turn, requires even greater cut heights that then 
increase catchment widths and excavation quantities even further.  With these 
trade-offs in mind, OGDN initially gave verbal recommendations to design for 
some phyllite cut slopes with three different slope ratios for each cut cross-section, 
these being 1:1 (top of cut slope), 0.75:1 (upper middle of slope), and 0.25:1 
(lower part of cut slope).  This recommendation was based on the tripartite levels 
of material strength indicated in the seismic depth sections and rock observations 
for these particular areas, with the slowest material (colluvium roughly at 1200 
ft/s) being cut at 1:1, the intermediate velocity material (moderate to highly 
weathered phyllite at an average of 3000 ft/s) being cut at 0.75:1, and the fastest 
material (slightly weathered to unweathered phyllite at a velocity between about 
5000 ft/s and 8800 ft/s) being cut at 0.25:1.  This recommendation was considered 
to be moderately conservative by OGDN.  These slope design recommendations 
were further complicated by the fact that the transition locations on the cross-
sections between the different slope ratios changed from station to station by as 
much as 12 ft, based on the seismic data.  OGDN was aware of the difficulties 
created for both designers and construction forces in building these station-
varying, tripartite cut slopes, but after discussions with design and management, 
considered it more important to avoid the significantly large excavation quantities 
and large disturbed upslope surface areas that would be created by single, or even 
double, slope ratio cut slopes, which would drive the cut catch point a significant 
distance upslope.  A 1:1 slope ratio was imperative at the top, because the 
unconsolidated colluvium would be almost certain to fail at anything much 
steeper.  To cut the entire slope at 1:1 for the sake of uniformity, however, would 
result in tremendous increases in excavation quantities and significant right-of-
way purchases, since the cut catch point would migrate several hundred ft upslope.  
Performing the upper 1:1 cut and then cutting the remaining lower slope at a slope 
ratio of 0.75:1 would suit the intermediate velocity material regardless if it were 
found to be clay or phyllite, but such a slope ratio would not fully utilize the 
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higher strength of the high velocity material present at the lower portions of the 
cut sections that can hold a 0.25:1 cut face while supporting 20 to 30 ft of 
overburden.  Such a cut slope would increase the excavation quantities 
substantially beyond that of a multi-ratio cut slope.  Examples of dual-slope ratio 
and tripartite slope ratio cut slopes for station 121+00 are shown in Plate 7.    
 
The uncertain nature of the intermediate velocity material, as briefly mentioned in 
section 7.1.3 above (seismic structure), presented an additional problem in 
determining the best cut slope recommendation.  While fairly uniform in seismic 
velocity, this material appeared to be composed of moderately weathered phyllite 
in some locations (where the rock was exposed in outcrop) and possibly clay (with 
subangular sand and gravel as was observed) material in others (where no rock 
outcrops were present).  If those upper portions of the slopes containing this 
intermediate velocity material are composed primarily of clay, then slope ratios of 
0.75:1 would be the steepest slope ratio that could be recommended, based on the 
nature of the material and the observed performance of these portions of the 
present slopes.  If this material, however, is truly composed primarily of rock 
(with clay covering in some areas), albeit moderately weathered, then slope ratios 
of 0.75:1, while performing fine, would underutilize the likely capacity of this 
material to stand steeper.  This underutilization would lead to greater excavation 
quantities and wider rockfall catchment needs (as explained in the rockfall section 
(8.1.5) below.  Given its location near the upper portion of the cut slopes (not 
having to support significant material above) this material, if rock, would likely 
support steeper slopes of 0.25:1, based on its observed performance.  Though 
these steeper slope ratios would almost certainly create more rockfall quantity, the 
decrease in rockfall runout (and therefore, required catchment width) created by 
this steepening (as discussed in the rockfall section (8.1.5) below), would more 
than offset the increase in quantity.   
 
A compromise for the phyllite slopes east of station 120+00 that carries some risk 
was reached with the design team and project engineer that hopefully represents 
an optimum balance between stability concerns, rockfall creation, rockfall 
mitigation, increasing or reducing excavation quantities, increasing or eliminating 
the need for additional right-of-way, and the risks of slope failure with different 
cut slope ratio scenarios.  This compromise involves a dual-slope ratio cut slope 
design with a slightly thicker section cut at 1:1 overlying a 0.25:1 section that then 
extends to the bottom of the slope.  The thickness of the 1:1 cut portion is 
increased up to the limit where the upslope catch point begins to run up the slope 
excessively.  This results in the uppermost reaches of the moderately weathered 
phyllite, together with the overburden, being cut at 1:1.  The 0.25:1 portion of the 
cut section extends up from the strong relatively unweathered phyllite into the 
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lower portion of the moderately weathered phyllite.  It is this steep (0.25:1) 
portion of the moderately weathered phyllite (or sandy gravelly clay?), a portion 
that varies from  about 5 to 12 ft in vertical thickness, that represents the risk 
involved in this design and which carries with it the possibility of some slope 
failure in these sections.  Plate 7 shows a typical cross-section of this dual-slope 
ratio cut slope (the orange line).  Should failures occur during construction in 
these cut slope sections, it may become necessary to modify the cut design to 
either the tripartite design discussed above or to a dual slope ratio design that 
incorporates the stable 0.25:1 portion of the lower cut slope with a modified flatter 
upper slope ratio between 0.75:1 and 1:1.   

 

TABLE 1.  CUT SLOPE RECOMMENDATIONS 
STATION 

BEGIN 
STATION 

END 

UPPER 
SLOPE 
RATIO 

LOWER 
SLOPE 
RATIO 

UPPER/ 
LOWER 
BREAK* 

MAX 
CUT 

HEIGHT* 
MATERIAL RISKS 

113+45 115+10 <0.1:1 < 0.1:1 na 40 metachert Very low 

115+10  116+00 0.25:1 0.25:1 na 25 colluvium/soi
l over phyllite 

moderately low-possible plane 
failure; some possible colluvium 

sloughing 

116+00 116+70 0.25:1 0.25:1 na 25 phyllite moderately low-possible plane 
failure 

116+70 118+00 0.25:1 0.25:1 na 25 phyllite Low 

118+00 118+50 0.25:1 0.25:1 na 25 phyllite Low 

118+50 119+00 0.25:1 0.25:1 na 32 phyllite Low 

119+00 119+40 0.25:1 0.25:1 na 35 phyllite Low 

119+40 120+00 1:10 0.25:1 30 to 
40  55 colluvium/soi

l over phyllite 
low to moderately low-some 
possible colluvium sloughing 

120+00 122+25 1:10 0.25:1 30 to 
40 55 colluvium/soi

l over phyllite 

moderate to uncertain: mid to upper portion 
of 0.25:1 slope (up to 15 ft of face) may fail 

requiring recutting with flatter slope ratio  

126+25 126+75 1:10 0.5:1 20 to 
30 35 colluvium/soi

l over phyllite 
low-some possible colluvium 

sloughing 

126+75 130+00 1:10 0.25:1 25 to 
40  50 colluvium/soi

l over phyllite Low 

130+00 131+75 0.25:1 0.25:1 na 30 phyllite Low 

*Upper/Lower Break is the distance above bottom of slope where break occurs between the two different 
slope ratios. All measurements (Upper/Lower Break & Max Cut Height) in feet.                                           
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Cut slopes approximately between station 116+00 and 116+70, which occur in the 
phyllite, present the only purely structural geology based risk of the project.  As 
was briefly explained above in the structural geology section (7.1.2), this area may 
present a potential for planar failure of the phyllite.  To avoid risk, cuts would 
need to be flatter than 1:1, which, based on the proposed widening, would result in 
cuts catching the original ground at, or nearly at, the ridge several hundred ft 
upslope.  Such cuts would not only add greatly to excavation quantities, but would 
also denude substantial amounts of forest cover.  Steep 0.25:1 cuts, however, 
would impinge negligibly on forest or vegetation and add little to excavation 
quantities.  Based on an examination of the exposed phyllite in this area and its 
close proximity to the metachert that seems to indicate that at least a moderate 
amount of silicification of the phyllite and its structural discontinuities has 
occurred, OGDN believes that the risk of planar failure along structural or bedding 
discontinuities is likely fairly low.  Therefore, our Office recommends 0.25:1 cut 
slopes in this location.       
 
8.1.2 Rippability 
  
Rippability descriptions presented here are based on seismic refraction velocities 
(P-wave compressional velocities), field observations of rock hardness and 
geologic structure, and geologic interpretations of the subsurface conditions 
extrapolated from this information.   
 
Roughly 20% of the planned excavation material is considered unrippable by 
Caltrans standards and marginally rippable by Caterpillar standards of 
performance, as defined in this section.  Roughly 10% more of the planned 
excavation material is considered either moderately difficult or difficult to rip by 
Caltrans Standards of performance.  Caltrans standards are based on unpublished 
Caltrans data for a Caterpillar D9 series bulldozer with a single-tooth ripper.  
These standards consider material velocities below 3445 ft/s to be easily ripped, 
velocities between 3445 and 4921 ft/s to be moderately difficult to rip, velocities 
between 4921 and 6562 ft/s to be difficult to rip, and velocities greater than 6562 
ft/s to be unrippable.  Caterpillar rippability estimates for a D10 bulldozer with a 
single-tooth #10-ripper considers phyllite material with velocities below about 
8000 ft/s to be rippable, phyllite material with velocities between  8000 and 
10,000 ft/s to be marginally rippable, and phyllite with velocities above 10,000 ft/s 
to be unrippable (Caterpillar, 1982).  It should be noted that, as discussed in the 
previous section 7.1.3 on seismic structure, even the higher seismic velocities 
likely represent the anisotropically slower velocity for the material.  
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The overburden material situated atop the phyllite and metachert bedrock, which 
is composed of colluvium and a thin veneer of topsoil, has an average velocity 
slightly above 1000 ft/s and is considered easily rippable.   
 
The metachert, which composes the relatively small amount of proposed slope 
cuts between the western end of the project and roughly station 115+10, was not 
evaluated seismically, because there was no easy or simple way to lay out a 
refraction line that would properly sample the rock to be cut.  However, surface 
examination of the geology and structure led to the fairly strong belief that it is 
unrippable (except for a few cracked flakes) by both Caltrans and Caterpillar 
standards.   
 
The phyllite, which comprises the vast majority of the proposed rock excavation, 
varies in rippability from easily ripped to unrippable (Caltrans standards) or 
marginally rippable (Caterpillar standards).  This variation depends upon two main 
factors- its degree of weathering and the amount of silicification it has undergone 
during metamorphism.  The degree of weathering is mostly a function of the 
rock’s distance from the exposed slope surface and its vertical depth from the 
surface.  Silicification is greater west of the disposal site, likely due to its closer 
proximity to the metachert.  
 
Phyllite located immediately below the overburden colluvial soil near the top of 
the proposed cuts and at the immediate surface on the mid-to-upper reaches of the 
proposed cut slopes has an average velocity slightly above 3000 ft/s, which is 
considered rippable by Caterpillar standards.  This velocity also indicates easy 
rippability according to Caltrans standards, though it is approaching the velocity 
(3445 ft/s) considered to be moderately difficult to rip.  This velocity unit varies in 
thickness from 4 to 24 ft.  Its significant slowness is thought to be due to a 
combination of moderate weathering and seismic anisotropy, since the refraction 
line was shot generally perpendicular to the structure.   
 
The weathered phyllite grades into relatively unweathered phyllite and the seismic 
velocities increase up to about 5400 ft/s east of the disposal site and about 8600 
ft/s west of the disposal site.  This velocity difference is interpreted to be the result 
of the silicification of the western phyllite, as discussed before.  The 5400 ft/s 
material is considered to be difficult to rip by Caltrans standards, while Caterpillar 
standards consider it rippable.  The 8600 ft/s material is considered unrippable by 
Caltrans standards, while Caterpillar standards consider it to be marginally 
rippable, as mentioned above.  
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The unrippable (Caltrans) or marginally rippable (Caterpillar) material comprises 
the majority of the proposed excavation from the western project limit to about 
station 115+10.  The remainder of the material deemed unrippable/marginally 
rippable will be encountered between stations 117+00 and 122+50.  
 
8.1.3   Excavation and Blasting 
 
Though excavation method is not dictated by Caltrans, blasting is not allowed on 
this project.  Material deemed unrippable may be excavated by alternate methods 
that may include, but are not limited to, chemical expanding agents, or large hoe-
ram hammers.  OGDN does not make any recommendations on the relative 
efficacies of these methods, leaving the evaluation, judgment, and eventual 
decision regarding excavation method to the contractor.   
 
8.1.4   Grading factor 
 
With the bulk of the earthwork excavation for this project occurring in phyllitic 
rock, and with a smaller component occurring in rocky and gravelly colluvium, 
the earthwork grading factor is estimated to be between 1.03 and 1.05.   
 
8.1.5 Rockfall 
 
Information, analysis, and recommendations regarding rockfall are based on 
evidence gathered in the field, on personal communication with the maintenance 
supervisor, Ms. Kathy Coots (January, 2010), on kinematic analyses performed 
with structural geology data obtained in the field, on analyses performed with the 
CRSP rockfall simulation software (Jones, et. al, 2000), on published empirical 
data and charts (Pierson & others, 2001), and on discussions between members of 
the Caltrans Rockfall Committee.  Existing rockfall catchment within the project 
area, which varies from about 4 ft to 12 ft, is fairly effective at protecting the 
travelled way for the slopes that presently exist (Catchment is defined here as the 
ditch and/or unpaved shoulder space outside of the edge of pavement that can 
catch rockfall).  The 12-foot wide catchment present through the western third of 
the project is necessary to capture the rockfall shed from the fairly higher rock 
faces.    Below the remaining slopes of the project, where rockfall occurs to a 
slightly lesser extent and from a generally lower height than the western third of 
the project, the smaller catchment ditches presently in place perform moderately 
well at containing most, though not all, of the rock.  The most significant 
exception occurs at about station 119+60 where a rockfall chute periodically 
launches rock onto the highway. 
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The steep 0.25:1 cuts proposed in the rock slopes are likely to increase the amount 
of rock shed from the cut faces.  In addition to this rockfall, the 1:1 cuts in the 
colluvial overburden is likely going to produce some raveling during construction, 
and for the first few years following construction, prior to sufficient establishment 
of new vegetation.   
 
As mentioned previously when discussing cut slopes (section 8.1.1.), the final 
design recommendations for cut slope ratios and rockfall catchment widths and 
slopes were considerably interdependent.  While kinematic analysis indicates that, 
due to structural features, the 0.25:1 cut slopes will produce slightly more rockfall 
material than flatter slopes, rockfall analyses performed with CRSP (Colorado 
Rockfall Simulation Program) and published empirical data (Pierson et. al., 2001) 
indicate that rockfall from the steeper 0.25:1 cut slopes will generally require less 
catchment for similar slope heights.  This is basically because more rocks will fall 
straight to the ground and incur less, and lower impact, collisions with the slope 
face.  In addition, the semi-flat and subangular shape that is likely to form the 
majority of rockfall material from these slopes is not highly conducive to large 
runout (the rolling of the rock after hitting the ground).  Therefore, even for the 
highest cut slopes (55 ft) recommended in this report, OGDN recommends 
creating a 12-foot wide rockfall catchment ditch at the base of all cut slopes to 
mitigate rockfall.  These ditches should slope towards the cut slopes with a 
minimum ratio of 6:1 (4:1 is preferred but this typically does not conform to 
federal highway standards).  These ditches are not to be confused with paved 
shoulders, since catchment must remain unpaved to be even moderately effective.  
This 12-foot recommended catchment width assumes that an additional 8-foot 
paved shoulder will be constructed between the catchment and the traveled way, 
as per discussions with design.  This additional paved shoulder section will 
compliment the catchment by adding some additional runout distance (the distance 
that rock rolls away from the slope after falling) to the catchment, though not 
nearly the equivalent of 8 ft of unpaved catchment, since rock generally rolls 
further on pavement than soil.  This shoulder width was factored into the 
discussions with design regarding slope heights, slope ratios, rockfall, and 
catchment width, and was incorporated by OGDN into the analyses and design of 
the catchment, which was performed stochastically to contain and stop 90% of 
falling and rolling rocks before they reached the travelled way.   
 
Catchment ditches should be covered with a veneer of soil or gravel to soften rock 
impacts.  
 
The lip of the rockfall chute centered at about station 119+60 mentioned above 
will be closer to the edge of pavement following the proposed cuts and roadway 



MR. AL TRUJILLO          02-PLU-70 PM 17.2/17.5 
June 22, 2010           EA 02-2E0001 
Page 21    
 

“Caltrans improves mobility across California” 

design, despite the 12-foot catchment.  In order to mitigate this rockfall hazard 
OGDN recommends the installation of a hybrid style rockfall attenuation system 
that will halt the horizontal progress of rocks descending the chute at the chute lip 
with a cable mesh suspended across the chute’s edge.  These rocks are then 
dropped between the cut slope and the same cable mesh draping the rock cut slope 
until the rocks fall safely into the catchment below.  The design and details of this 
system were put together by OGDN and the Caltrans Rockfall Committee and 
then incorporated by District 2 Design into the project plan sheets.  Specifications 
for this system are presented in Appendix A-1.  Copies of the plan sheets for this 
system are presented in Appendix A-2.  
 
8.1.5 Erosion 
 
Erosion is not expected to become a significant issue in this project.  Cuts 
proposed for this project will mostly result in bare rock being exposed, which is 
not expected to create any significant erosion problems.  A small portion of the 
cuts will occur in loose colluvial material, which, due to its gravelly nature, will 
only be mildly prone to erosion, a condition that should be stabilized by vegetation 
after a season or two. 
 

8.2  Fills 
 
Fills within the project area are located primarily above the road and are mainly for 
the purpose of balancing the cut and fill earthwork budget of the project.  Only a 
small amount of fill material is proposed for the subgrade in the central portion of 
the project while no actual embankments are planned.  This subgrade fill has a 
maximum height of only a few ft, is fairly localized in extent, and is intended only 
to raise the grade where geometrics dictate their presence.  The only significant fill 
proposed for this project will fill the northern portion of the disposal site area 
between about stations 122+25 and 126+25.  Provided that the material used to 
construct the fills (or any additional fills on slopes that design or construction may 
consider later) is taken from cuts within the project, we recommend that fills be no 
steeper than 1.5:1.  Should material be taken from outside the project (unlikely) we 
recommend that these fills be no steeper than 2:1 unless OGDN is consulted in 
advance to examine the material and provide steeper recommendations.  All 
material excavated from the project will be suitable geotechnically (NOA issues are 
not considered here) for constructing fills.  We do not recommend the use of sliver 
fills, as sliver fills typically fail within several years.  The new fills should be keyed 
and benched in accordance with Section 19 of the Standard Specifications.  We 
recommend 90 percent relative compaction (CT test 216) for the main fill and 95 
percent relative compaction for the subgrade fill.  In addition, we caution that slopes 
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should be properly compacted to the outer face.  Often, the outer face does not 
receive adequate compaction effort.  This usually results in surface slumping of the 
fill materials.  Exercise engineering judgment in placing large boulders to assure 
stability and proper compaction.  Strip all loose and unsuitable material at new side-
hill fill areas as specified by section 19-2.02 of the standard specifications.  New 
fills should be keyed into the slope a minimum of 6 ft.   
 
8.3 Gabion Wall 
 

8.3.1 Wall Type Selection 
 
Following discussions between design and OGDN, several factors combined to 
make the gabion wall the selected choice for widening the top of the slope so that 
shoulders and recovery room could be added to the present roadway between 
stations 118+02 and 119+33.  These factors include the steepness of the slope 
beneath the wall, the sandy to cobbled nature of the fill material at the location, the 
relatively low wall height, the small potential for some small post-construction 
movement of the slope beneath the wall foundation, the relative costs of a gabion 
wall versus most other wall types for this situation, and the availability of rock.  
 
8.3.2 Wall Analysis and Design 
 
Based on preliminary cross-sections proposed by the District 2 safety design team 
the gabion wall is approximately 131 ft long, extending from about station 118+02 
to 119+33.  It is located on the inside of a curve at the top of a fairly steep (1.35:1, 
H:V) slope.  It has been proposed with a stepped back face (see Plate 8) and has 
been analyzed and designed herein as such.  Its height above original ground 
varies slightly along its length, with a maximum height of about 8 ft above 
original ground.   
 
External stability analyses for sliding, overturning, eccentricity, and bearing 
capacity were performed to determine feasible preliminary wall dimensions.  A 
static surcharge to account for live traffic in the analyses was added corresponding 
to 2 ft of soil at 120 lb/ft3.  External stability analyses were conducted using the 
tables, figures and procedures described in FHWA manuals titled “Earth Retaining 
Structures” (1999), and “Shallow Foundations” (2001), and the United States 
Navy Manual (NAVFAC, 1986).   Gabion basket configurations analyzed include 
4 boxes by 4 boxes (12 ft high by 12 ft wide), 4 boxes by 3.5 boxes (12 ft by 10.5 
ft wide), and 4 boxes by 3 boxes (12 ft high by 9 ft wide).  Acceptable FOS values 
were based on standard geotechnical practice (Munfakh, et al., 1999; NAVFAC, 
1986).  The minimum acceptable factor of safety (FOS) against sliding, against 
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overturning, for bearing capacity, for static global stability, and for pseudostatic 
global stability were 1.5, 2.0, 2.5, 1.3, and 1.1, respectively.  Maximum acceptable 
eccentricity values were less than 0.166.  Parameter values were chosen to give a 
moderate amount of conservatism to the analysis.  In addition, the analysis was 
performed assuming no batter (tilt).  In reality, however, this wall should be built 
with a minimum 10:1 (H:V) back (6°) batter, which will significantly increase the 
FOS against sliding and overturning.   
 
The most economical basket configuration that passed all FOS and eccentricity 
criteria for a 12 foot high wall (includes the portion of the wall buried beneath 
original ground) was a 4 box by 3 box configuration. This entails 1 box on top of 
2 boxes on top of 3 boxes on top of 3 boxes, as shown in Plate 8.  
 
8.3.3 Drainage 
 
Details of the gabion wall heel drain are shown in Plate 8.   
 
Type B RSP fabric (Standard Specifications Section 88-1.04) should be placed 
atop the gabions from the top front of the uppermost basket to the heel of the wall.  
At the heel the fabric should be wrapped around a drainage pipe installed at the 
heel of the gabion wall.  1 ½ wraps are recommended.  An 8 in. perforated plastic 
pipe is recommended for the drainage.  An additional piece of fabric shall be 
wrapped around this drain section that will encompass a small volume of 
permeable material. This drainage should run the entire length of the gabion wall, 
with flow moving from East to west due to the gradient in the road.   The outlet 
may empty onto the present slope provided it is in a rocky section (which most of 
this slope is). Otherwise, the drainage path should be fortified with rock.   
 
8.3.4 Gabion Wall Settlement 
 
Settlement beneath the gabion wall will be less than 0.25 in., and will essentially 
be instantaneous during construction due to the granular and cohesionless nature 
of the founding soil.  
 
8.3.5 Corrosion 
 
Corrosion testing consisted of tests on one representative sample collected from 
the surface of the slope beneath the future gabion wall.  As per the Caltrans 
protocol explained earlier in section 6 the samples were only tested for resistivity 
and pH, since the resistivity was 8400 ohm-cm and pH was 6.9.  These 
measurements indicate this sample is non-corrosive, and, by extrapolation and 
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geological judgment, the remainder of the native environment beneath the future 
gabion wall is also considered non-corrosive with respect to the gabion wall.  
However, corrosive salts are applied to the roadway in this area in the winter to 
combat freezing, thereby creating a corrosion risk.  Consequently, we recommend 
that the design engineer design the roadway edge with this in mind and prevent 
roadway run-off from spilling down into the gabion baskets.  OGDN recommends 
that the surface outside of the AC dike and guardrail be covered with AC all the 
way to the edge of the gabion baskets and a small dike be installed to achieve this.      
 
Typically gabion baskets are galvanized to give them a general protection against 
corrosion and rust, which may occur with the significant moisture and rainfall in 
this area.  Such galvanization is recommended.  The highly visible shiny metallic 
appearance of galvanized wire may be disagreeable to some personnel, the public, 
and some external permitting agencies.  Although such galvanization typically 
fades in luster and dulls within a few years, there are several methods to reduce the 
visibility of the wire at the general time of construction.  Colorization is the most 
typical, with electrostatic powder coating or the application of a poly-vinyl 
chloride (PVC) coating being the most typical.  Our Office recommends black 
color for either of these two approaches, as it has proven to be the most effective 
color for reducing visibility to passing motorists.  Rust coated wire may also be 
used to reduce visibility, whereby the pre-oxidized rust coating acts to protect 
against further rust.  
 
8.3.6 Gabion Basket and Infill Material 
 
Gabion construction should meet, as a minimum, the details specified in Standard 
Plans 1999 D100A and D100B (Gabion basket details).  The Caltrans Standard 
Special Provisions (SSP’s) for gabions (SSP #72-305) should be modified 
appropriately and incorporated by the designer and the Office Engineer on the 
contractor/Caltrans contracts.  For contract compliance testing of gabion materials, 
the published values and tables in the SSP’s may be used to guide the acceptance 
or rejection of gabion materials.  Construction inspectors should refer to the 
standard plans and SSP’s to assure proper construction of the gabions, especially 
the method of making basket-to-basket joints.  Acceptable joints are described in 
the SSP’s and clarified in the notes on standard plan sheet D100B. 
 
Infill material must be sound, durable, and well graded with a max size of 12 in. 
and a minimum size equal to twice the size of the openings. The preferred size 
range is 6 to 12 in.   
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8.3.7 Excavation and Site Preparation 
 
A temporary backslope excavation of 1:1 is recommended.  If, during 
construction, anything steeper is required in order to allow sufficient space for 
traffic flow, we recommend that the engineer contact OGDN, who will send a 
representative to examine the situation and determine if a steeper backslope can be 
safely excavated. 
 
Although the excavation and foundation preparation for the gabion is expected to 
occur totally in fill, this was not verified by drilling or seismic sounding.  The 
decision not to drill was made by design and project management in an effort to 
reduce support costs.  This decision was based on a verbal opinion by OGDN that 
the wall would likely be founded upon rocky fill.  This opinion was founded 
strictly on surface observations, not drilling, so our Office does not preclude the 
possibility that the wall may possibly be founded at least partially on phyllite 
bedrock.   
 
The preparation of the founding surface for the gabion wall will require the 
creation of a fairly uniform and level surface. The bottom of the founding 
excavation is likely to be sandy gravel with silt with some cobbles and possibly a 
few boulders.  The excavation bottom must be leveled to a fairly even surface.  
Should boulders bulge or protrude above the foundation level they should only be 
removed if their removal will not impact the stability of the outer slope face.  
Removal of the protruding portion of the boulder can probably best be done by an 
excavator-mounted hoe-ram. Should bedrock be encountered, it should be leveled 
so no significant protrusions exist that would stress the basket wire and stability.  
The gabions can accommodate some small asperities on the founding base, but an 
effort should be made to provide a moderately regular surface so that the gabion 
mesh will not suffer excessive localized stresses that would cause the baskets to 
fatigue prematurely or undergo any excessive settlement.  Small irregularities will 
be smoothed over by the recommended placement, leveling, and compaction (to 
95 percent according to standard Specifications Sec 19 and 26) of class 2 
aggregate base over the native founding ground.  The foundation surface should 
tilt back into the slope at an angle at least equal to the recommended gabion basket 
batter of 10:1 (H:V) or 6°.    
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9. Construction Considerations 
 
9.1 Construction Advisories 
 
The potential for rockfall beneath slope cuts during their construction and 
sloughing/sliding of the colluvial overburden during construction exists and should 
not be ignored by the contractor or Resident Engineer (R.E.). Scaling prior to and/or 
during work, if deemed necessary, should be performed.   
 
Proposed cuts between stations 115+10 and 116+70 present a moderately low, but 
not negligible, chance of planar failure occurring along rock discontinuities.  Should 
this occur it will likely manifest itself first by tension cracks upslope of the cut face.  
Should any such cracks occur OGDN recommends that the R.E. contact our Office 
immediately to assess the situation and provide recommendations to remedy or 
mitigate the problem.   
 
Proposed 0.25:1 cuts between stations 120+00 and 122+25 present a moderate 
chance of failure locally within the upper portions of the planned cuts that exist 
below the 1:1 portions of the cuts, should the material within these upper portions 
prove to be more claylike than phyllite.  Should this occur the initiation failure will 
likely manifest itself both by tension cracks upslope of the cut face and within the 
upper colluvium portion, as well as bulges or failures in the face itself.  Our Office 
recommends that an OGDN representative be present during the initiation of the 
steeper portions of the cuts within these station limits to allow immediate 
assessment of the material to determine if flatter cuts will be needed.   
 
9.2 Construction Monitoring 
 
OGDN recommends that the slopes be visually monitored on at least a daily basis 
upslope of the cut lines for the station intervals discussed in section 9.1.  The 
purpose of this monitoring is twofold: to protect workers below and to be alerted as 
soon as possible to developing conditions that may require slope design 
adjustments.  Monitoring instrumentation is not considered necessary, feasible, or 
appropriate.   
 
9.3 Hazardous Waste Considerations 
 
Serpentine was observed within two locations within the project area, as discussed 
in section 4.5.   Some of this material occurs in the present fill where the gabion 
wall is proposed for construction, thereby necessitating its excavation here for the 
base and toe of the wall. As well as the geometrically-required minimum 3-foot 
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horizontal distance between the front of the base of wall and the slope.  The other 
location where serpentine was observed is the disposal site, which is also the 
location where the fill is going to be placed.  We recommend placing any serpentine 
material excavated from either of these serpentine-bearing locations deep inside the 
fill proposed for construction at the disposal site, which is located approximately 
between stations 122+80 and 126+00.  Additional details and specific 
environmental recommendations regarding this potentially asbestos-bearing material 
should be obtained from the Caltrans Office of Environmental Engineering-North 
Region.  
 
Construction considerations for any other potentially hazardous waste within the 
project area should be obtained from the Caltrans Office of Environmental 
Engineering-North Region.   
 
9.4 Differing or Problematic Site Conditions 
 
Should differing or problematic geotechnical site conditions arise during any part of 
the construction we strongly recommend promptly contacting OGDN.  This 
recommendation pertains to any possible problematic or differing site conditions 
that might occur, but is particularly salient to raveling, sloughing, or larger scale 
failures of the cut slopes.  Should such problems arise they may require flattening 
and extending the top of the cuts further up the slope.  

 
10. Recommendations and Specifications 
 

10.1. Cut Slopes  
 

10.1.1 Cut Slope Design 
 
Cut slope ratios between 0.05:1 and 0.25:1 are recommended for the rock portion 
of the cuts, while cut slope ratios of 1:1 are recommended for those portions of the 
cut slopes that occur either in colluvial overburden or in the top, intensely 
weathered zones of the phyllite bedrock.  Cut slope ratios of 0.05:1 are 
recommended for those portions of the rock cut slopes that occur in the metachert, 
which comprise only a small portion of the project cuts and are located at the 
western end of the project.  Cut slopes are discussed in more detail in section 
8.1.1. Table 1 presents a tabulation of cut slope recommendations. 
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10.1.2 Cut Slope Excavation 
 
Approximately 15% of the rock material is considered unrippable as defined by 
Caltrans Standards (section 8.1.2) or marginally rippable as defined by Caterpillar 
standards (section 8.1.2).  
 
Blasting shall not be allowed (section 8.1.3). 
 
OGDN recommends cutting all trees situated within 5 ft outside of the excavation 
limits of the cut slopes.  Stumps from these trees should be left in place.  These 
stumps should be no higher than 24” and no lower than 10” above the nearby 
ground.  This recommendation is intended to proactively remove trees that may 
lever the soil and rock atop the cut slope edge under the load of wind forces and 
possibly fall after construction is finished.  In addition, the slope stabilization 
provided by the tree roots is retained by leaving the stumps in place.  
 

10.2   Rockfall Mitigation 
 
Recommendations regarding rockfall mitigation involve a rockfall attenuator system 
(RAS) and rockfall catchment.  The RAS is designed to stop rocks exiting a rock 
chute that currently exists, the negative effects of which will be made worse by the 
proposed slope cuts, should no RAS be installed. The catchment refers to the 
unpaved area between the edge of pavement and the toe of the cut slope.  Both of 
these mitigation elements are discussed in section 8.1.5.   
 
Specifications for the RAS are provided in Appendix A-1.  Design details were 
provided to the project’s design team, resulting in the final construction plans that 
are presented in Appendix A-2.    
 
Order of Work. Work on the RAS installation should begin on the slope no sooner 
than 5 days after the completion of slope cutting between stations 118+00 and 
122+00.  The construction R.E. should notify OGDN prior to the completion of this 
slope cutting to allow OGDN time to schedule a site visit to inspect the cut slopes 
and to stake the precise locations of the RAS post and cable foundations during this 
5 day window.   OGDN recommends that a letter be placed in the R.E. file by the 
project engineer to alert the R.E. to this recommendation. 
 
10.4 Embankment and Fill Design 
 
The proposed fills should be constructed with slope ratios of 1.5:1 or flatter, based 
on the performance of existing embankments and the nature of the cut material from 
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Attachments 

1. Plate 1. Vicinity Map 

2. Plate 2. Aerial Photo of Project Area 

3. Plate 3. Topographic Map of Project Area  

4. Plate 4. Geologic Map 

5. Plate 5.  Seismic Refraction Line 1 

6. Plate 6.  Seismic Refraction Line 2 

7. Plate 7. Cut Slope Cross-Sections 

8.  Plate 8. Gabion Wall Design and Drainage 

 

Appendices. 

A-1.  Rockfall Attenuation System  nSSP’s 

A-2. Rockfall Attenuation System Plan Sheets 
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APPENDIX A-1 

10-1.__  ROCKFALL ATTENUATOR SYSTEM 
GENERAL 

Summary 
Rockfall attenuator system shall consist of furnishing, transporting and constructing a

rockfall attenuator system as shown on the plans, as specified in these special provisions,
and as directed by the Engineer. 

Cable mesh shall be secured longitudinally at the top of the slope with anchor
assemblies and an infrastructure capable of supporting the system, as shown on the plans 
or as directed by the Engineer.  

 
Definitions 

cable mesh  A uniform drapery blanket consisting of cable net and chain link fabric 
fastened together as described here in these specifications to form a dual-ply 
mesh.  

ground anchor 3/4 inch steel cables anchored into the ground to provide support for
the system 
Submittals 

At least 15 days prior to beginning any work on the rockfall attenuator system, submit
to the Engineer for approval the manufacturer's information for all materials and parts 
used in the rockfall attenuator system.  

Upon receipt of a submittal, the Engineer reviews the submittal within 5 business
days.  Upon notification that the submittal is incomplete, re-submit a completed submittal 
within 3 business days.  The Engineer reviews re-submittals within 5 business days. 

Provide the Engineer with a Certificate of Compliance from the manufacturer in
accordance with the provisions of Section 6-1.07 “Certificate of Compliance” of the 
Standards. 

 
MATERIALS 
Protect rockfall attenuator system hardware from corrosion by galvanization in

conformance with Section 75-1.05, “Galvanizing”, of the Standard Specifications or
other metal-to-metal bonding material.  Rockfall attenuator system materials must
comply with the following requirements: 

 
1. Structural steel components, including ground anchors and clamps, must conform

to the requirements in ASTM Designation: A 36. 
2. Bolts, nuts, and washers must comply with ASTM Designation A 325. 
3. Cables and chain link fabric must be galvanized in conformance with the 

requirements of Federal Specification RR-W-410D.  
 
Coloring for the support columns (posts) must be achieved by electrostatically 

applied, powder coating according to the manufacturer’s recommendationsor or painting 
as specified in Section 59-2 "Painting Structural Steel" of the Standard Specifications. 
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Coloring for the cables must be achieved by coating with polyvinyl chloride (0.381 
millimeters minimum film thickness) or powder coating.  The color of the coating shall 
be black and shall be approved by the Engineer prior to installation. 

The cable clamps binding the cables or the cross clips binding the intersecting cables 
of the cable net must not penetrate or tear the polyvinyl chloride coating.  Re-coat any 
tears in the polyvinyl chloride coating in the field with polyvinyl chloride. 

For cable loop to cable loop connections, use a thimble in a cable loop as shown on 
the plans.   

Cable Nets 
Cable nets shall meet the following minimum requirements: 
 

Property Value 
Minimum Weight per Unit Area 0.52 pounds per square foot 

 
Cable nets must form:  
 
1) a uniform square pattern that shall be woven with a minimum 5/16 inch diameter 

cable with the major axis of any opening not to exceed 12 inches and the area of 
square opening, approximately 12 inches by 12 inches, not to exceed 144 square 
inches, or  

2) a diamond shape pattern that shall be woven with a minimum 5/16 inch diameter 
cable with the major axis of any opening not to exceed 10 inches and the minor 
opening not to exceed 10 inches, with the area of opening not to exceed 100 
square inches.   

Obtain cable net from one of the following manufacturers or submit manufacturer's 
specifications for an alternate product for prequalification and approval. 

 
Supplier Address Phone Number 

GEOBRUGG 1500 Glendale Ave, Sparks, Nevada,89431 (775) 626-7474 
Chama Valley Productions, 
LLC 

287 Maple Street, P.O. Box 280, Chama, New 
Mexico  87520 

505) 756-1032 

ROTEC International, LLC P.O. Box 31536, Santa Fe, New Mexico 87594-
1536 

(505) 753-6586 

Janod Financial Plaza Building, 1135 Terminal Way, 
Suite 106, Reno Nevada, 89502 

(866) 466-7223 

Maccaferri 3650 Seaport Blvd, West Sacramento, CA  95691 (800) 328-5805 
There shall be no discontinuity in the cable nets. 
The color of the cable net shall be black (using polyvinyl chloride coating or 

electrostatically applied powder coating) and must be approved by the Engineer prior to 
installation. 

 
Chain Link Fabric 

Chain link fabric must conform to Section 80-4.01B "Fabric" of the Standard 
Specifications.  The wire used in the manufacture of the fabric shall be 11-gage and 
polyvinyl chloride coated (15 mils minimum film thickness) or powder coated.  The color 
of coating shall be black and shall be approved by the Engineer prior to installation.  
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Ground Anchors 
Ground anchors must have a minimum allowable design load of 10 tons.  Above 

ground level ground anchor must be ¾-inch diameter steel cable.  
 
Concrete and Mortar for Post Foundation 

Concrete for post foundation must conform to the Section 90-10, "Minor Concrete," 
of the Standard Specifications.  The Contractor shall cure the concrete at a minimum
temperature of 50 °F for a period of 72 hours and at a minimum temperature of 32 °F for
an additional period of 72 hours.  At the option of the Contractor concrete may be cured 
in accordance with Section 90-7.01B, “Curing Compound Method”, of the Standard
Specifications. 

Mortar for post foundation must conform to Section 55-3.19 "Bearings and 
Anchorages" of the Standard Specifications.  

 
Grout 

Grout for ground anchors must conform to the provisions in Section 50-1.09, 
"Bonding and Grouting," of the Standard Specifications.  California Test 541 will not be
required nor will the grout be required to pass through the screen with a 1.8 mm
maximum clear opening prior to being introduced into the grout pump.  Fine aggregate
may be added to the grout mixture of portland cement and water in holes 4 inches in
diameter or greater, but only to the extent that the cement content of the grout is not less
than 31 pounds per cubic foot of grout.  Fine aggregate, if used, shall conform to the
provisions in Section 90-2, " Materials," and Section 90-3, "Aggregate Grading," of the 
Standard Specifications. 

CONSTRUCTION 
Site Preparation 

Slope and foundation material descriptions are provided in the Geotechnical Design
Report, which is available as specified in "Supplemental Project Information" of these
special provisions.   

Vegetation shall be pruned cleared and grubbed only within the rockfall attenuator
system erection zone. 

Prior to installation of the rockfall attenuator system, loose and unstable rocks within
the erection zone shall be scaled to the extent deemed necessary by the Engineer and to
the satisfaction of the Engineer.  Material scaled from the slope shall become the property 
of the Contractor and shall be disposed of outside the highway right of way in accordance
with the provisions in Section 7-1.13 of the Standard Specifications. 

The excavation and drilling work by the Contractor for the ground anchors shall be in 
accordance with these specifications and as shown on the plans.  The Contractor shall
uniformly spread excess excavated material around the vicinity of the rockfall attenuator 
system. 
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INSTALLATION 
The rockfall attenuator system shall be installed in accordance with the requirements

as shown on the plans, as specified in these special provisions, and as directed by the
Engineer.   

 
Cable Mesh 

Cable net and chain link fabric must be fastened together prior to placing the cable 
mesh onto the infrastructure.  Fastening must be done in such a way on a level and fairly
smooth surface so as to create a uniform dual-ply drapery blanket that is then referred to 
as the cable mesh.  

Tie wires or connectors used to fasten the chain link fabric to the cable nets, to create 
a cable mesh panel, must be galvanized and equal to or greater than the strength of the
chain link fabric.  Spacing of the tie wires or connectors used to fasten the chain link 
fabric to the cable nets must be every 12 inches in the horizontal and vertical direction.
The cable net and chain link fabric shall be flush against one another, with gaps not to 
exceed 2 inches.  The chain link fabric side of the cable mesh shall be placed against the 
slope.  

Cable mesh panels shall be connected to the top support cable by weaving a 5/16”
cable through each opening in the cable net portion of the mesh and around the top
support rope, or by using a shackle through each opening in the cable net.   Adajcent 
cable mesh panels are attached to each other by weaving a 5/16” cable through each
opening in the cable net portion of each mesh, or by attaching a shackle through each
opening in the cable nets.    

 
Ground Anchors 

Install ground anchors in drilled or hand dug holes at the spacing and locations shown
on the plans or as directed by the Engineer.  The distance from centerline to centerline of
the ground anchors shall be within 1 foot of the determined location.  The ground anchors
must extend at least 6 feet below the ground surface with a minimum hole diameter of 2-
1/2 inches.  Support the cable or bar in the center of the drilled hole with centralizers at
maximum spacing of 2 feet. 

Provide drilling equipment capable of penetrating the material as described on the 
plans. 

Encase the full length of the ground anchors below ground in grout as shown on the 
plans.  Prior to pouring the grout in the drilled hole, moisten the subgrade to a minimum 
depth of 2 inches from the soil concrete interface and remove all loose soil or rocks from
the hole. 

TESTING 
Proof test all ground anchors to 1.1 times the allowable design load, in accordance 

with the these special provisions.  Ground anchors reaching the failure point before
reaching the allowable design load must be replaced and re-tested at the Contractor's 
expense.  

Perform testing against a temporary yoke or load frame.  No part of the yoke or load
frame shall bear within 3 feet of the ground anchor. 
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Conduct pullout test all ground anchor in the presence of the Engineer.  A pullout test
consists of incrementally loading the ground anchor assembly to the maximum test load
or failure point, whichever occurs first.  Failure point shall be the point where the 
movement of the ground anchor continues without an increase in the load or when the
ground anchor has displaced 2 inches.  The failure load corresponding to the failure point 
shall be recorded as part of the test data. 

During the load test, monitor and record displacement of the ground anchors relative
to a stable reference point which is founded a minimum distance of 3 feet from the
ground anchor and test load reaction points. 

Conduct pullout test by measuring the test load applied to the ground anchor and the 
ground anchor end movement at each load. 

Measure applied test loads with either a calibrated pressure gage or a load cell.
Measure and record movements of the end of the ground anchor during the load tests. 

The pressure gage must have an accurately reading dial at least 6 inches in diameter
and each jack and its gage must be calibrated as a unit with the cylinder extension in the
approximate position that it will be at final jacking force, and must be accompanied by a
certified calibration chart.  The gauge must have been calibrated within one year prior to
use on the project. 

Unloaded the ground anchor only after completion of the test. 
 
MEASUREMENT AND PAYMENT 
Rockfall attenuator system will be measured by the square foot.  The quantity to be 

paid for will be calculated on the basis of the dimensions of the area of the completed
mesh. 

The contract price paid per square foot for rockfall attenuator system shall include 
full compensation for furnishing all labor, materials, tools, equipment, and incidentals, 
and for doing all the work involved in installing rockfall attenuator system complete in 
place, including rock scaling, ground anchor testing, galvanizing, powder coating, or
coating with polyvinyl chloride, as shown on the plans, as specified in these special 
provisions and as directed by the Engineer. 

Full compensation for preserving, removing or pruning vegetation (beyond normal
clearing and grubbing) shall be considered as included in the contract price paid per
square foot for rockfall attenuator system and no separate payment will be made therefor.

No adjustment in compensation will be made for any increase or decrease in the
quantities of rockfall attenuator, regardless of the reason for the increase or decrease. 
The provisions in Section 4-1.03B, "Increased or Decreased Quantities," of the Standard
Specifications shall not apply to the item of rockfall attenuator. 
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APPENDIX A-2 
 

ROCKFALL ATTENUATOR SYSTEM PLAN SHEETS 
 

1. SHEET C-1 
2. SHEET C-2 
3. SHEET C-3 
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Power Line Firebreak 

Disposal area and pullout 
(Area containing disposed serpentinite 
outlined in orange) Private Residence 

Private Driveway 

Feather River 

State Route 70 

Western Project Limit 

Eastern Project Limit 

Proposed Slope Cuts 

Proposed Slope Cuts 

Limits of Proposed Gabion Wall 

Seismic Refraction Line 1 
Seismic Refraction Line 2 

Fill containing serpentinite outlined in orange 
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N            Approximate  Scale 
 
                     2400 feet 

Base Map Reference: Caribou, CA Quadrangle, 7.5 minute series 
(topographic), 1:24,000, U.S. Geologic Survey, 1994.  Compiled from 
aerial photos taken 1974; Revised from photos taken 1993.Contour 
interval 80 feet. National Geodetic Vertical Datum of 1929.

PROJECT LIMITS 



GEOLOGICAL UNITS 
BLUE UNIT   (CC)  Metachert; thin-bedded dark to light gray or white quartzite with micaceous laminae   
  
PURPLE UNIT  (CS)  Biotite-muscovite phyllite; fine grained brownish or dark gray biotite-quartz rock with varying  

amounts of muscovite, albite, and magnetite.   
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N  STRUCTURAL LEGEND                Approximate  Scale 
 
                          2500 feet 

 (Geological map from Hiatanen, 1973)

State Highway 70  

Approximate Project Limits 

Undifferentiated Dikes 
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Seismic Refraction Line 1- Results.   Travel-time curves (top), velocity model (middle), and 
depth section for seismic refraction line 1.  The left side of the above displays is oriented 
approximately to the east with line position ‘0’ being located at approximately station 128+75, 
about 110 feet north of present center line, while line position 225 feet is located at approximately 
station 126+50 about 80 feet north of the present center line.  The approximate location of seismic 
line 1 is shown on Plate 2.   

      128+75          128+25           127+75          127+25          126+75  126+50    

          APPROXIMATE STATION 
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Seismic Refraction Line 2- Results.   Travel-time curves (top), velocity model (middle), and 
depth section for seismic refraction line 2.  The left side of the above displays is oriented 
approximately to the east with line position ‘0’ being located at approximately station 122+75, 
about 80 feet north of present center line, while line position 290 feet is located at approximately 
station 119+85 about 70 feet north of the present center line.  The approximate location of seismic 
line 1 is shown on Plate 2.   

      122+75       122+25       121+75        121+25       120+75       120+25   119+85     

          APPROXIMATE STATION 

   WEST
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Original Cut Slope 

Original Cut Slope 

Present Travelled Way 

Recommended 12’ 
Catchment 

Green Lines Represent Divisions of 10’ 

Orange line represents the dual slope 
ratio (1:1 over 0.25:1) cut slope design 
recommended in GDR. 

Blue line (connecting to 
orange line below) represents 
the tripartite slope ratio (1:1 
over 0.5:1 over 0.25:1) cut 
slope design discussed in 
GDR. 

Lavender line (connecting to 
orange line below) represents 
the tripartite slope ratio (1:1 
over 0.75:1 over 0.25:1) cut 
slope design discussed in 
GDR. 

Cut Slope Cross-Sections from Station 121+00. 
Present original cut slope shown with black line.  
 
The recommended cut slope is a dual slope ratio cut 
slope with a 1:1 slope above a 0.25:1 slope (shown by 
the 2 orange lines). 
 
The 2 tripartite slope ratio cut slopes discussed in the 
text are: 
1) a 1:1 slope (blue line) over a 0.5:1 slope (blue line) 
over a 0.25:1 slope (lower portion of orange line) and 
2) a 1:1 slope (lavender line) over a  0.75:1 slope 
(lavender line) over a 0.25:1 slope (lower portion of 
orange line) 
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Surface should be coated with AC to protect 
shape, prevent loss of backfill material, and to 
exclude water

Type B RSP fabric 
(dark blue line) 
placed between 
gabions and backfill, 
and then around 
perforated plastic 
pipe. 

Gabion Basket Dimensions: 3 ft x 3 ft 
Top: Length  x  3 ft  x  3 ft 
Middle: Length  x  3 ft  x  (3 ft x 2 baskets) 
2 Bottom Rows: Length x 3 ft x  (3 ft x  3 baskets) 

(Batter≈6°) 

3 ft minimum 
horizontal 
bench 
distance 

Perforated Plastic Pipe (8-inch) against heel of gabion 
basket & wrapped in RSP fabric (see drawing below) 

Construction Excavation (1:1, 45°) 

Gabion 
Basket 

8 “ 
PPP 

Type B RSP Fabric  (in dark blue) between 
gabions and backfill continues down and wraps 
around pipe.

Excavation Backslope (1:1, 45°) 

BACKFILL 

Drain rock encapsulated in fabric 
and surrounding fabric around 
perforated plastic pipe 

6 in. of Class 2 
Aggregate Base

Class 2 
Aggregate 
Base 

Foundation Excavation 

Drain 
Rock 

Type A or B RSP Fabric or filter fabric for 
underdrains (shown in light blue; Standard Specs 
Section 88) wraps between aggregate base and 
RSP fabric already around pipe. Fabric (light 
blue) then wraps around and encapsulates drain 
rock.

A. GABION DETAILS ON SLOPE 

B.  GABION HEEL DRAIN DETAILS  



 

WB 

EB 

Naturally Occurring Asbestos Disposal,  
several feet below highway grade.  It is 
covered with Non-NOA material. 

NOA 

Mud Tub 
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