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1. Introduction 

 

This Geotechnical Design Report (GDR) is for the Lassen Lodge Realignment and Widening 

Safety Project on State Highway 36 from PM 75.4 to 78.4 in Tehama County, California.  Plate 1 

presents a map showing the project location.  Plate 2 presents an aerial view of the entire project 

site with the locations of seismic lines and lab samples.  Plate 3 presents a topographic map of the 

project area and nearby surroundings.  For ease of discussion and reference in this report, the 

project area is separated into western and eastern halves, with the small cluster of structures of the 

Lassen Lodge area located around station 1645+00 being the dividing point. 

 

The Tehama County Wagon Road, predecessor to the present day highway 36 route in this area, 

was first created in 1862 to facilitate access to the gold rush in Idaho.  The following year it became 

established as part of the Red Bluff to Susanville wagon-stagecoach road.  The presence of water 

from several springs in the area led to the Lassen Lodge area becoming a convenient rest stop first 

for cattle drives and later for auto travelers in the 1920’s when car camping began to be popular 

and the route was first transformed into an actual roadway, albeit unpaved.  With the official 

establishment of Lassen Lodge in 1939, traffic to and through the area increased significantly and 

the highway was improved.  Improvements to the highway, including pavement and realignment 

work, was performed between 1956 and 1958.  Additional improvements were performed in the 

1970’s.   

 

2. Existing Facilities and Proposed Improvements 

 

At the time of our investigation Highway 36 within the project area consisted primarily of a 2-lane 

roadway with a few small pullouts, little to no shoulders, and no passing lanes.  

 

Existing cut slopes in the western half of the project area have slope ratios varying from about 1:1 

to 1.2:1, with heights reaching no more than about 20 feet (ft).  Existing fills in the west are 

predominantly 1.5:1 with heights no greater than about 25 ft.  Proposed cuts in the west have slope 

ratios of 1:1 with heights up to 25 ft.  Proposed fills have slope ratios of 2:1 and 1.5:1, with a 

maximum height of about 25 ft.       

 

Existing cut and fill slopes in the eastern half of the project area are generally steeper and higher 

than those in the western half.  Existing cut slope ratios vary from about 1:1 to about 0.4:1, with 

the most prevalent ratio standing somewhere around 0.8:1 and the maximum height extending up 

to about 70 ft.  A majority of the existing fill slopes in the eastern project area stand at 

approximately 1.25:1 and have a maximum height of about 35 ft.  Other existing fill slopes vary 

between 2:1 and 1.5:1.  The majority of proposed cuts in the eastern project area have slope ratios 

of 0.75:1 with heights up to 90 ft.  Lesser amounts of cuts with slope ratios of 0.5:1 and maximum 

heights of about 60 ft are also proposed, these being located in hard andesite and basalt outcrops.  

 

 Proposed fills in the eastern project area have slope ratios of either 1.55:1 or 1.25:1.  Three 

considerably large (height and volume) fills are proposed for the eastern end of the eastern project 

area with slope ratios of 1.55:1 and heights of about 150 ft, 90 ft, and 60 ft, respectively.  These 

large fills have some special design and construction criteria that involve zoning of material within 
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the fills in order to increase stability and provide a high level of erosion protection.  Lesser amounts 

of fills with 1.25:1 slope ratios with heights up to about 35 ft are proposed primarily as sliver fills 

in order to provide widening to the roadway in areas where existing 1.25:1 fill slopes restrict such 

widening.  Due to the relative steepness and sliver nature of most of these fills, special design and 

material criterion are called for.  

 

The proposed alignment improvements generally follow the existing route, with some curves being 

eliminated entirely and others being smoothed (wider radius).  Smoothing is achieved typically by 

pushing the roadway alignment deeper into existing cut slopes and by moving the roadway 

alignment over fills that bridge valleys.  Besides smoothing the alignment, these new fills and cuts 

are also used to create additional space for wider shoulders and new passing lanes at both ends of 

the project.    

 

3. Pertinent Reports and Investigations  

 

This report includes a review of Caltrans, state, federal, and private publications.  A search on the 

Caltrans Bridge Inspection Records Information System (BIRIS) Site yielded no information 

considered pertinent to the project investigation or report.  A search on the Caltrans Intranet 

Document Retrieval System (DRS) site yielded As-Builts and Plans that were reviewed for 

information pertinent to this project.   

 

Caltrans literature, tools, and websites reviewed and/or utilized pertaining to seismic issues include 

the Caltrans Seismic Design Criteria website, Appendix B, the Caltrans Fault Database (Merriam, 

2009), and the internal Caltrans website for calculating acceleration response spectra (ARS) curves 

at http://dap3.dot.ca.gov/ARS_Online/index.php.   

 

Geologic literature reviewed include the Geologic Map of California, Westwood Sheet (Lydon, 

Gay, and Jennings, 1960), the Fault Activity Map of California and Adjacent Areas (Jennings, 

1994),  

 

Soil information was obtained from the Natural Resources Conservation Service (NRCS) Web 

Soil Survey Website (http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx) and the Soil 

Survey of Tehama County, California (1967).   

 

4. Physical Setting 

 

The physical setting of the project and the surrounding area was reviewed to provide information 

that might aid the Design, Construction, and Environmental Offices on climate, topography, 

drainage, and man-made and natural features.  The project work is located on the gently sloping 

western limb of the southern Cascade volcanic fields on State Highway 36 at an elevation ranging 

from about 3800 ft above mean sea level (western limit of project) to about 4300 ft above mean 

sea level (eastern limit of project). 

  

http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
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4.1. Climate 

 

Climate information was obtained from the Western Regional Climate Data Center 

(http://www.wrcc.dri.edu/) for the weather station located at Mineral, which is located 

approximately 10 miles east of the project area at an elevation of about 4900 ft above mean 

sea level, which is about 900 ft higher than the average elevation of the project area.  Data is 

for the period of record from 1909 to 2015.  The average annual precipitation is about 53 

inches, and the average annual snowfall is about 152 inches.  The majority of the precipitation 

falls between October and May; the snowfall between November and April.  The average 

annual maximum and minimum air temperatures are 59.2F and 31.5F, respectively.  The 

average monthly extremes are 21.6F in January and 81.5F in July.   

 

4.2. Topography and Drainage 

 

The present highway climbs gradually but steadily as it moves eastward (up station) through 

the western half of the project area to the Lassen Lodge location in the middle of the project.  

Elevation remains fairly level, with relatively small variations in the vertical roadway profile 

no greater than 20 ft.  The highway is notched into the slopes above and to the south of the 

South Fork of Battle Creek, which roughly parallels the roadway about half a mile to the 

north.  Throughout the entire project the highway generally follows a course atop high 

ground between the watershed basins of the South Fork of Battle Creek to the north and 

Paynes Creek to the south. Moderate to gentle cross slopes that descend to the south exist 

above and below the road in the western half of the project.  Moderately steep to steep cross 

slopes that descend to the north exist above and below the road in the eastern half of the 

project.   

 

Surface drainage in the western half of the project flows crossways to the road, generally 

from north to south.  Surface drainage in the eastern half of the project flows crossways to 

the road, generally from south to north.  The topographic map in Plate 3 shows these surface 

flow orientations.   

 

No perennial streams exist within the boundaries of the project area.  One intermittent stream 

flows through the project area, running from south to north, crossing the road at about station 

1710+00 where it flows beneath the existing road, down the thalweg that lies beneath the 

center of proposed Fill 1 (see section 8.3), and down into the valley below where it enters 

the South Fork of Battle Creek, a perennial stream that flows to the west approximately 0.5 

to 0.8 miles north of the project area.  An intermittent tributary stream to Paynes Creek runs 

roughly parallel to the roadway for the entire length of the project at a distance of 0.1 to 0.5 

miles to the south, though only flow in the western half of the project area enters this 

tributary.  The headwaters of three other intermittent streams that flow into the South Fork 

of Battle Creek approach within a few hundred feet of the roadway.  Over a dozen other 

topographic drainages run generally perpendicular to the length of the project and the 

roadway, drainages that likely only see surface flow during or shortly after large storm 

events.  All drainages, however, act to some degree as funneling pathways for ground water 

http://www.wrcc.dri.edu/


MR. AL TRUJILLO                 02-TEH-36 PM 75.1/78.4 

June 10, 2016       0215000056        

Page 4              EA 02-4G03U 

 

“Caltrans improves mobility across California” 

to travel down gradient to the South Fork of Battle Creek (eastern half of project), or the 

intermittent drainages of Paynes Creek to the south (western half of project area).   

 

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 horizontal drain that functions as a source of 

spring water to some locals (at approximately station 1679), a water pipeline located south 

of the existing highway above existing cuts in the eastern half of the project, and an overhead 

high-voltage transmission line that crosses the roadway overhead once in the western part of 

the project area at about station 1571+75 and twice in the eastern part of the project at about 

station 1663+00 and 1713+10.  The water pipeline begins at approximately station 1712+00 

above the roadway (to the south) in the drainage that flows south to north.  This pipeline runs 

parallel to the roadway above the existing top of cut until it reaches the cluster of structures 

at the Lassen Lodge area located at the middle of the project.     

 

4.4. Regional Geology and Seismicity 

 

The project lies within the Cascade Range Geomorphic/Physiographic Province of California 

(CGS, 2002).  The project lies on the western flanks of the volcanic pediment formed by Mt. 

Lassen, the southernmost volcano in the Cascades, and earlier predecessors to Lassen, 

particularly the ancient Mt. Tehama.  Rocks within the region are composed of a wide suite 

of volcanic rocks including andesite, basalt, rhyolite, and various pyroclastics, dating from 

Miocene (approximately 23 million years ago (Mya) to 5 Mya) to Holocene (10,000 years 

ago to present) times.  

 

No known faults are present within the project area.  A cluster of short (less than 1 mile in 

length) faults that cut Pliocene (5.3 Mya to 2.6 Mya) rocks lies less than 5 miles to the west 

of the project.  These faults are not considered to be active.  They are most likely a set of 

cooling fractures that were created as the volcanics cooled.  The nearest active fault is the 

Battle Creek Fault (Merriam, 2009; Jennings, 1996), which trends west-southwest / north-

northeast and is located northwest of the project area about 10 miles.   

 

4.5      Soil Survey Mapping 

 

Four soil types from three different soil series, as classified by the USDA Soil Conservation 

Service (Soil Survey Tehama County California; Gowans, et al, 1967) comprise the soils in 

the project area.  All soils are derived from volcanic parent material and are typically stony.  

The most common soil type, which covers a majority of the western half of the project, is the 

Lyonsville and Jiggs stony sandy loam (Soil Survey abbreviation: LyE) on 30% to 50% 

slopes.  The second most prevalent soil is the Cohassett loam, very deep, on 10% to 30% 

slopes (Soil Survey abbreviation: CeD), which in typical section is 4 to 6 feet thick atop 

fractured bedrock.  The Windy Rocky Sandy Loam (Soil Survey abbreviation: WnF) is 

present through the eastern fourth of the project.  The last soil type is the Lyonsville and 

Jiggs Sandy Loam (Soil Survey abbreviation:  LyF) on 50% to 65% slopes.   
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Based on these descriptions provided in the soil survey, together with field examination, 

these soils are categorized, according to the Caltrans Soil and Rock Classification Logging 

Manual (2013), predominantly as silty sand with gravel (SM), silty sand with gravel and 

cobbles (SM), and well-graded sand with silt and gravel and cobbles (SW-SM).  Minor 

amounts of clay exist in some local areas resulting in well-graded sand with clay and well-

graded sand with clay and gravel (SW-SC).    

  

4.6      Naturally Occurring Asbestos (NOA) 

 

Geologic units mapped (Lydon, Gay, and Jennings, 1960) in the project area are not known 

to typically 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 NOA.  No native serpentine exists within the project area.  Non-native serpentine 

(dumped or imported as fill material) was not observed anywhere within the project area.    

 

5. Exploration 

 

5.1 Drilling and Sampling 

 

No borings were performed for this report.   

 

Six surface samples were collected for laboratory testing from existing cut slopes within the 

project area, four bag samples and two tube samples.  The locations of the sample sites are 

shown in Plate 2.   

 

Dozens of additional hand samples were examined and assessed with field methods for 

gradation, angularity (of fines, gravel, and cobbles), and plasticity during field 

reconnaissance.      
 

5.2. Geologic Mapping 

 

A portion of the geologic map produced by Lydon, Gay, and Jennings (1960) that includes 

the project area and neighboring terrain is shown in Plate 4.  An aerial photograph with the 

approximate boundaries of the same geologic units delineated is shown in Plate 5.     

 

Analysis of aerial photos of the project area and nearby surroundings was performed prior 

to, during, and after field work. 

 

Geologic reconnaissance and mapping of lithology and soil types was conducted along the 

road, above the existing cut faces, and in select locations below the road in the vicinity of 

proposed fills.  Information obtained from these efforts, together with information garnered 

through a literature search, was plotted on aerial photographs taken from the Caltrans Digital 

Highway Inventory Photography Program (DHIPP) and Google Earth, as well as draft design 

layouts of the proposed realignment.  This information has been incorporated into the design 

work and recommendations provided within this report.  
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5.3. Geophysical Studies 

 

Eighteen seismic refraction survey lines were shot for this project for the evaluation of 

subsurface conditions in the areas of both proposed cuts and fills.  Field work, processing, 

and report preparation for this work was performed under task order 83480 by Norcal 

Geophysical.  Depth sections for these lines are shown in Appendix 13.2.  Travel-time 

curves, velocity models, and depth sections for these lines are shown at the end of Appendix 

13.2.  The locations of all eighteen seismic refraction lines are shown on Plate 2.  

 

Multichannel analysis of surface waves (MASW) was also performed at each refraction line 

location with the refraction layout in place.  This method does not require any extra field 

time or field work, it merely requires that the shot records be recorded for a longer period of 

time so that the surface waves (primarily the Rayleigh waves) have time to fully sample the 

deeper material.  The MASW technique does, however, require its own additional processing 

and analysis time.  The result is a one-dimensional vertical profiling of the shear wave 

velocity of the subsurface material.  Because refraction analysis is usually unable to see low-

velocity layers or beneath them, MASW can be highly complementary to refraction analysis 

in areas like those in the project site where, due to the nature of typical volcanic terrain, the 

potential for low-velocity layers is significant.  The 1-D Vs profiles for each seismic line are 

also provided in Appendix 13.2. 

 

5.4   Instrumentation 

 

No monitoring instrumentation was installed or utilized during the field investigation. 

 

6. Geotechnical Testing 

 

6.1   In situ Testing 

 

No in-situ testing geotechnical testing was performed.  

 

6.2   Laboratory Testing 

 

Geotechnical laboratory tests performed include: 

- Four corrosion (4 pH and 4 resistivity tests[Caltrans Test Method 643]). Sulphate testing 

  was deemed unnecessary based on the initial results of the pH and resistivity tests. 

- Ten moisture content tests (Caltrans Test Method 226) 

- Six mechanical analyses (Caltrans Test Method 203)  

- Six Atterberg Limits (Caltrans Test Method 204),  

- Four compaction curve analyses (Caltrans Test Method 216)  

- Eighteen consolidated undrained (CU) triaxial tests (as per ASTM D4767).  

 

Mechanical analysis and Atterberg Limit testing were performed on each of the six samples 

(four bag samples and two tube samples) collected in the field.  Three triaxial tests were 

performed per sample, so that Mohr’s circles could be constructed and phi angles (φ) and 
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cohesion values (C) could be determined for each bag sample.  The four compaction tests 

were performed to construct compaction curves for each of the four bag samples.  Ten 

moisture density tests were performed for each of the tube samples (three tubes per sample 

equals six tests) and for each of the four bag samples.  The triaxial tests were all performed 

at the same three confining pressures (1500, 4500, & 9600 psf) in order to establish the Mohr 

strength curve from which the C and φ parameters were determined:  The confining pressures 

chosen were based on the range of confining pressures the fills might be expected to 

encounter according to preliminary designs.   

 

Table 1.  Soil Sample Laboratory Testing Results. 

 
 

LL PI Φ´ ° C ɣ pcf
Resistivity 

(ohm-m)
pH

corrosive

?

LLSSB1

Station 1624+75, existing 

cut slope above road. 

Surface fines. Andesite-

derived. Bag Sample

40 10 38.5 -4.97
96.5 - 

98.3
12936 5.82 no

Silty Sand/ 

SM

LLSSP1

Station 1701+50. From 

erosion pile beneath 

highly welded pyroclastic 

tuff w/ cobbles & 

boulders. Bag Sample.

no
non-

plastic
39.4 0.315

106.6-

111.8
10438 6.35 no

Well-

graded 

Sand w Silt 

& Gravel/  

SW-SM

LLSS-S1

Station 1664+50, 

immediately east of large 

rock prominitory. Seismic 

line 2. Surface colluvial 

fines. Bag Sample.

no
non-

plastic
31.8 16.8

111.2-

113.1
9868 6.67 no

Silty Sand 

w Gravel/  

SM

LLSS-T1

Station 1691+00.  Seismic 

Line 7. Excavated mtl and 

loose mtl representing 3 

weathered welded ashes 

on cut slope. Bag Sample.

49 5 33 7.4
81.58-

84.13
9204 5.82 no

Silty Sand/ 

SM

LLT-1

Station 1718+80 cut slope 

above road. 

Representative of surface 

soil beneath Large Fill 2? 

Brass.

38 1 42.2 -3.69
62.7-

91.95
NA NA NA

Silty Sand 

w Gravel/ 

SM

LLT-2

Station 1711+00, existing 

cut slope above road. 

Representative of surface 

soil beneath big fill1? 

Brass.

no
non-

plastic
40.1 0.159

59.7-

80.3
NA NA NA

Silty Sand 

w Gravel/   

SM

SAMPLE 

ID

Source Location 

& Comments

CT Soil 

Name          

/     

Symbol

Test Results 
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Geotechnical laboratory tests and results are presented in Appendix 13.3. 

 

Table 1 lists the samples, with a brief description of their locations, the test results most 

directly pertinent to the geotechnical analyses, comments, and the soil classification acronym 

that the tests results indicate for each sample.   

  

7. Geotechnical Conditions 

 

7.1 Site Geology 

 

7.1.1 Lithology 

 

Lithology in the project area is solely of volcanic origin.  All rocks and deposits are of 

Pliocene age (5.3 Mya to 2.6 Mya), with the exception of recent colluvial deposits, the 

deeper ones probably being from the Pleistocene Epoch (2.6 Mya to 10,000 years ago) 

and the majority being likely of the more recent Holocene Epoch (10,000 years ago to 

present).  Andesite is the more prevalent hard rock found throughout most of the project 

area, with a small amount of basalt found at the eastern end of the project.  Pyroclastic 

rocks are also highly prevalent, though solely in the eastern half of the project.  These 

consist of at least three different welded ash tuffs of fine, medium and coarse texture, 

along with a fine mildly welded to non-welded ash no more than 1 foot thick.  

Additional tuffs and ashes may be present, but evidence of their existence may be 

shrouded beneath colluvium deposits and the tuffs and ash mentioned above.   

 

The coarse highly welded tuff (CHWT) consists almost entirely of well-graded angular 

to subangular clasts from gravel to cobble size in a relatively small amount of hard 

coarse sand matrix.  Where exposed it is brown to gray brown in color and 

unweathered.  It is highly resistant to erosion and weathering.   

 

A medium coarse welded tuff (MCWT) containing predominantly gravel-sized clasts 

of various compositions set in a medium sand matrix of pale to chalky white color is 

found in several outcrops in the eastern half of the project, with the cut centered around 

station 1685+00 being the most prominent.  This tuff contains a very small amount of 

local cobbles and occasional boulders that appear to be andesitic in composition.    

 

A welded tuff (FWT) composed almost entirely of a medium and fine sand matrix with 

minor gravel is exposed in several high slope cuts within the eastern project area, most 

notably at around station 1691+00.  It is red-orange to brown orange and contains a 

very incidental amount of local cobbles and an occasional boulder or two that appear 

to be andesitic in composition.  This tuff is highly weathered and exists primarily as a 

saprolite.     

 

A fine-grained dirty creamy white ash (WA) less than 1 foot in thickness is exposed at 

about station 1684+50.  It may continue eastward, quite possibly in thicker section, but 

other overlying rocks and deposits obscure any verification of this.   
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Stratigraphic Relationships and Geomaterial Distribution in the Project Area 

 

Andesite bedrock underlies, and crops out in several locations, in the western half of 

the project and slightly into the eastern half up to approximately station 1663+25, 

where a large massive tower of andesite looms about 130 vertical ft above the existing 

roadway.  Andesite gravel, cobbles, and boulders up to about 6 ft in diameter sit atop 

and within the soil overburden throughout this area.    

 

Eastward from the andesitic tower at station 1663+25 the andesite exposure veers 

sharply upslope away from the roadway before roughly paralleling the roadway as a 

near vertical 100- to 200-foot high wall located about 100 to 250 ft upslope from the 

road.  This andesite wall diminishes in stature further eastward as it extends well 

beyond the eastern project limits.   

 

East of station 1663+50, to about station 1712+00, the pyroclastic rocks described 

above are intermittingly exposed in the cut slopes above the existing roadway.  Based 

on exposed field relations and interpretations of seismic data it is believed that these 

pyroclastics lap unconformably onto the andesite, which exists at depths varying from 

about 10 to 40 ft below the surface.  The upper 2 to 10 ft of the buried andesite is 

weathered to varying degrees.  Resting uncomformably (likely but not certain about 

this contact) atop the andesite is the fine orange welded saprolitic tuff (FWT).  Above 

the FWT lies the white ash (WA) uncomformably, which likely represents a precursor 

eruptive phase of the overlying medium coarse welded tuff (MCWT) and the coarse 

hard welded tuff (CHWT), which appear to be coeval.  These pyroclastics contain 

andesite cobbles and boulders, a few as large as 40 ft in diameter that were shed from 

the large andesitic massif upslope to the south.  The native slopes within this stretch of 

pyroclastic rocks are covered with a 3- to 10-foot thick mantle of andesite cobble and 

boulder colluvium in a sandy to silty sand matrix composed of andesite derived 

materials with lesser contributions from the tuffs.  Subsurface and surface boulders as 

large as 40 feet in diameter exist within and atop this colluvium.   

 

Basalt bedrock begins somewhere between stations 1711+50 and 1713+00, with the 

first outcrop appearing in the existing cut slope at station 1713+00.  The basalt bedrock 

continues eastward beyond the eastern project limits, with another prominent outcrop 

located from about station 1720+00 to 1723+00.     

 

Colluvial deposits overlying the basalt are also composed of andesitic gravel, cobbles, 

and boulders in a sandy to silty sand matrix consisting of andesitic and lesser basaltic 

derived materials.    

 

As mentioned previously, Plate 4 presents a portion of a geologic map published by 

Lydon, Gay, and Jennings (1960) that covers the project area.  Plate 5 shows the 

geology from Plate 4, together  with minor field corrections by OGDN, overlain on an 

aerial photo of the project area.     
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7.1.2 Structure 

 

Internal geological structure is absent in the pyroclastic deposits.  Horizontal tabular 

and platy structure, likely related to cooling, is found in much, though not all, of the 

andesite and basalt rocks exposed within the project area. Some andesite outcrops lack 

structure beyond some simple localized random jointing and are best described as 

massive.   

 

7.1.3 Natural Slope Stability 

 

Natural slopes within the project area are considered stable in their current morphology.  

No large or small scale sloughing or sliding was observed within the native uncut 

surfaces.  Most slope surfaces consist of colluvium with slope ratios ranging from about 

2.5:1 to about 1.3:1.  The thick accumulations of surface and buried colluvium appear 

to indicate that the colluvium is fairly stable and slow-moving at the slope ratios 

present.   

 

Some slopes consist of exposed andesite or lesser amounts of basalt bedrock, with 

slopes as steep as vertical.   

 

7.2  Soils and Ground Water Conditions  

 

Field reconnaissance and evaluation of soils in the project area, together with laboratory tests 

performed on samples collected from existing cut slopes, produced soil descriptions with 

engineering properties and characteristics described.  Most soils in the eastern project area 

are colluvial in nature, with the fines predominantly composed of sands and silty sands, with 

lesser percentages of the fines in some areas being composed of silts, fine silts and fine sands 

derived from the weathering of a couple of the welded tuffs and ashes.  Most soils are 

generally well- to excessively-drained, non-plastic, non-corrosive soils with no shrink-swell 

potential.  A few soils demonstrate mild plasticity.    

 

All of the above soils are underlain by volcanic bedrock (andesite, basalt, tuff, pyroclastic 

flows) at depths varying from about 1.5 ft to 15 ft.   

 

In a few locations the silty sandy and sandy nature of the soils combined with some local 

ground water seepage may contribute to the collapse or failure of a cut slope.    

 

7.3   Water 

 

7.3.1    Surface Water 

 

7.3.1.1   Scour 

 

Only one small roadway structure, a short (less than three feet in height) can wall, is present 

within the project limits, and there does not appear to be any noticeable scour at its base.  

This structure is to be removed during the construction of this project.   
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Since no structures are proposed for this project, scour is of no concern. 

 

7.3.1.2   Erosion 

 

Erosion potential varies throughout the project area depending upon geologic and 

topographic conditions.  

 

Native ground surfaces show no signs of any significant erosion, with the exception of the 

thalwegs below the road within the ephemeral and intermittent stream drainages (station 

1662+75, 1711+75, and 1719+00) that descend to the north.  Erosion here is limited, 

however, constrained by the gravel, cobbles, and boulders that remained after some of the 

sands and silty sands were eroded from the native ground and fill ground (closer to the road).  

 

Existing fills of 1.5:1 or flatter show little erosive damage, with the exception of a few areas 

where surface flow had become concentrated and rills had been allowed to develop.  Existing 

fills of 1.25:1 that line the roadway downslope from the highway in several places within the 

eastern project area show moderate erosion damage only in a few locations where water 

appears to have been allowed to concentrate.  Otherwise, these steep fills appear to have 

stood up well to normal surface flow in most areas.  It should be noted, however, that tree 

and vegetation cover in almost all locations have protected these fill slopes from particle 

mobility created by direct raindrop impact.   

 

The most noticeable erosion damage on these 1.25:1 fills seems to have occurred downslope 

of the highway in the vicinity of the curve centered on station 1662+75.  This is likely the 

result of a leaky and failed downdrain and culvert system that fed a significant amount of 

concentrated flow onto the fill slope and native slope, and possibly into the fill itself.  This 

erosion is likely partly responsible (see additional causality discussion below in section 7.3.2) 

for undermining the stability of the fill slope, which shows signs of having slipped slightly, 

including a 100-foot long arcuate crack that reaches the centerline.    

 

Existing cut slopes in the western half of the project show considerable resistance to erosion, 

despite a relative lack of solid vegetative cover.  This is likely due to a combination of the 

properties of the andesite-derived overburden soil and the fact that surface flow does not 

seem to concentrate on these slopes. 

 

Cut slopes in the eastern half of the project are both highly resistant to erosion and fairly 

erosive, depending upon the geological composition of the particular slope.  Cut slopes in 

andesite and basalt bedrock (station intervals 1649+50 to 1663+50; 1713+00 to 1717+75, 

and 1720+00 to 1723+25) are highly resistant to erosion.  Many of the slopes cut in the 

pyroclastic material (station interval 1663+75 to 1708+35) are moderately erosive, 

particularly those in the softer tuff (FWT) and ash (WA) deposits.  The CHWT, the most 

erosion resistant pyroclastic deposit, has suffered only very minor erosive effects since the 

existing slopes were cut.  Differential erosion is considerable in multiple locations within 

this station interval, with the softer tuffs eroding out from beneath the considerably more 

resistant CHWT and cobble-rich colluvial overburden deposits that often top the cut slopes.  
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The MCWT tuff also erodes differentially beneath these more resistant deposits, though not 

nearly as substantially as the softer FWT and WA.  The CHWT and MCWT both erode to 

globally stable vertical slopes when capped by cobble rich colluvium, while the softer FWT 

and WA deposits erode from their original 0.75:1 slope ratios to slope ratios possibly as flat 

as 1.8:1 when water is present chronically.   

 

7.3.2   Ground Water 

 

There is no evidence of the presence of ground water near the ground surface or within reach 

of any of the proposed cuts within the western half of the project area, so it is highly unlikely 

that ground water will be encountered during construction of the proposed western cut slopes.   

 

Ground water appears to be present near the surface in only one location where the andesite 

or basalt bedrock is observed at the surface.  That location is centered on station 1662+75 

where an intermittent stream runs above and below the road and where shallow ground water 

likely flows year-round through fractures in the bedrock.  This flow likely contributes to the 

slope failure and erosion below the road at this location that was discussed above in section 

7.3.1.2.    

 

Ground water is present near the surface in several locations in the middle of the pyroclastic 

deposits.  This ground water is responsible for several seeps and springs either at or near road 

level, or further upslope from the road.  Based on the geology, topography, elevations, and 

the locations and volumes of water observed, it appears that this ground water is flowing 

from a year-round source at higher elevations somewhere to the east through fractures in the 

underlying andesite.  This artesian ground water begins to surface in the vicinity of station 

1710+00 and in several locations further down station, likely making its way from the 

andesite fractures and then through the pyroclastic deposits to the surface.  Some of these 

seeps have created a few chronically wet cut slopes that are flattened at their lower parts to 

slope ratios as flat as 1.5:1.    

 

The collection of structures and cabins known as Lassen Lodge at the center of the project 

obtains its water from one of these springs via a metal pipe that taps into a spring upslope 

from the highway in the vicinity of the intermittent stream and thalweg located around station 

1711+50.  This pipe runs above the road and above the top of cut all the way to the eastern 

edge of Lassen Lodge where it flows into multiple collecting water tanks.  This water flows 

year-round, even during the low snow and drought years, indicating that it is coming from a 

fairly large underground source.    

 

A PVC horizontal drain pipe protrudes several feet from the cut slope at about station 

1679+00, issuing water year round with a flow of at least 1 gallon per minute (gpm), even 

during the drought summer of 2015.  This pipe has apparently become a source of water to 

many residents, according to the local maintenance forces.  This pipe should be reinstalled 

after the slopes are cut in this area, to maintain a good relationship with the local public.  It 

may also help to relieve pore water pressure buildup in the slope and prevent sliding.  

 

Water seeps from existing slopes in several locations between stations 1676+00 and 
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1680+50.  OGDN recommends installing underdrains through this section of roadway at the 

toe of the new cuts.   

 

7.4  Project Site Seismicity 

 

7.4.1  Ground Motions 

 

Based on Caltrans Methodology for Developing Design Response Spectrum for Use in 

Seismic Design Recommendations (November 2012), the subsurface conditions discussed 

above, and several MASW (Multichannel Analysis of Shear Waves) 1-D vertical profiles, an 

average shear wave velocity (Vs30) of about 2000 ft per second (fps) (600 meters/second) 

was used for the upper 100 ft (30 meters) of the rock/soil at the project site.  The particular 

location within the project chosen for the Vs30 profile was in the area beneath the largest 

proposed fill, since there are no structures in this project.  This means that MASW profile 11 

and 12 were combined together to determine Vs30.   

 

Table 2.  Details for Controlling Faults for Project Seismicity. 

Fault Name 
USGS 
Fault 

Number  
Fault Type Dip °  

Dip 
Direction 

Maximum 
Magnitude 

Fault 
Distance 
(miles) 

Fault 
Length  
(miles) 

Battle 
Creek Fault 

20 Normal 75 S 6.5 12.8 20.5 

Butt Creek 
fault zone 

189 
Right-Lateral 

Strike Slip 
90 Vertical 6.8 18.0 19.9 

Hat Creek 
fault zone 

9 Normal 60 W 7.2 24.2 36.0 

   

Based on Caltrans ARS Online (2.3.07), an acceleration spectrum taken by combining the 

probabilistic acceleration spectrum developed from the USGS 2008 Interactive 

Deaggregation (Beta) model and the statewide minimum deterministic spectrum controls at 

the site.   

 

The active controlling faults having the greatest potential seismic impact on the project site 

are the Battle Creek Fault, the Butt Creek fault zone, and the Hat Creek fault zone.  Details 

on these faults are given in Table 2 above.   

 

With the Vs30 value above, the peak ground acceleration (PGA) of 0.20 g is estimated to be 

applicable at the site for a period of 1 sec.  

 

Liquefaction potential is considered to be very low for most locations in the project area.  All 

bedrock, which is often near or at the surface, is not liquefiable.  Although the fines in the 

soils and overburden material consist primarily of sands and silty sands, which are generally 

susceptible to liquefaction, they also contain considerable gravel, cobbles, and even boulders 
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that will help to maintain the structure of the material during ground shaking.  Most, though 

not all, of the soils and overburden material, is above the ground water table and unsaturated; 

hence, these materials are not going to liquefy with ground shaking.  Those local cuts that 

contain seeps from ground water sources are slightly susceptible to liquefaction, but the 

gravel, cobble, and boulder content of these local cuts will serve to provide at least partial 

resistance to liquefaction.  Lastly, the founding material beneath the fills is mostly above the 

ground water table and will not liquefy.  The thalweg portions of these founding materials 

beneath Fill 1 and Fill 2 are the exception to this paucity of water.  These thalweg areas, 

however, have an increased proportion of rocky material due to the stripping of fines caused 

by the long term water flow.  In addition, these thalweg areas represent a fairly small portion 

of the founding surface beneath the fills.  In summary, liquefaction generally poses no threat 

in the project area.      

   

7.4.2   Ground Rupture  

 

No known fault is projected towards or passing directly through the project site.  Therefore, 

potential for surface rupture due to fault movement is considered nil.          

 

8.  Geotechnical Analysis and Design 

 

8.1   Dynamic Analysis 

 

Simplified pseudo-static slope analysis was performed on the fills primarily to gain a general 

idea of their expected response to the maximum credible earthquake.  Cut slopes were not 

analyzed for seismic stability for the same reasons (discussed in section 8.2.1) that limit 

equilibrium stability analyses were not performed on them.  

 

Choosing the correct value for the horizontal seismic coefficient is an uncertain process, 

given the breadth of recommendations in the literature, with values typically ranging from 

0.05 to 0.2, and/or 0.2 to 0.5 of the peak horizontal acceleration (PHA).  Seed (1979) 

recommends kh values ranging from 0.1 to 0.2 with a required FOS≥ 1.15, while the Army 

Corps of Engineers (1982) requires a FOS ≥ 1.0 with a recommended kh of 0.1 for a major 

earthquake, which is what the maximum magnitude 6.5 for the nearby Battle Creek Fault 

would be classified as.  OGDN followed the recommendations postulated by the Corps of 

Engineers in this report for performing pseudo-static analysis, since their work is geared 

more towards general embankments while Seed’s work is focused on earthen and rock filled 

dams, which require a higher factor of safety standard.  Analyses results for earthquake 

response are briefly discussed in section 8.3. 

 

Liquefaction analyses were not performed because there are no structures involved in this 

project.  
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8.2.   Cuts and Excavations 

 

8.2.1 Stability 

 

Existing cut slopes provide empirical evidence regarding stability.  They are considered here 

as the best single source of geotechnical information available for determining stability and 

behavior of the future proposed cuts, since proposed cuts will be cut in essentially the same 

materials, and at or close to the same slope ratio as the existing slopes.  

 

Stability analysis of the cuts in the andesite, basalt, or pyroclastics by limit equilibrium 

methods that assume the cut slope material acts as a strict Mohr-Coulomb mass is 

inappropriate and was not performed.  Attempting to define Mohr-Coulomb parameter 

values (φ, C) for the pyroclastics results in the use of significant assumptions that render 

results wrought with great uncertainties.  Cuts in the andesite or basalt bedrock outcrops, 

which possess some structural features, are more amenable to kinematic analysis, but that 

was not considered necessary as the simple geologic structure (explained below) did not 

warrant that level of effort.     

 

While the geomaterial in the cuts of the western half of the project is the most conducive of 

all project geomaterials to limit equilibrium analysis as a Mohr-Coulomb mass, such an 

analysis is still hampered by the need to make some considerable assumptions in assigning 

parameter values.  Laboratory test values indicate that the matrix material, which has a 

general φ value somewhere around 40° to 42°, will produce unsatisfactory FOS values if 

assumptions are not made for the gravel, cobbles, and, in some locations, in-place andesite 

bedrock, especially if cohesion (C) is ignored, as is often the common engineering practice 

for embankment analyses, due to the unreliability of cohesion, at least in some instances.  

Increasing the φ angle slightly, to account for the embedded gravel and rock, and adding a 

moderate amount of cohesion can produce a FOS of 1.3 for a back-analysis of an existing 

stable 15-foot high cut.  Identical parameter values for a proposed 30-foot cut, however, 

results in a less than adequate FOS of about 1.2.  Arbitrarily raising either the φ value a bit 

more, as well as the cohesion value brings the 30-foot cut FOS to an acceptable 1.3, but does 

this really provide certainty when it comes to assessing real-world stability?  These academic 

exercises were performed for these slopes, using φ (raised to account for subangular rock 

present) and C values that are judged (engineering judgment) to be realistic, but the preferred 

and more reliable approach is simply applying good engineering judgment, based on 

experience and existing cut slopes, in extrapolating the condition and performance of the 

existing slopes to the proposed slopes.       

 

Existing cut slopes in the western part of the project have slope ratios varying from 1.7:1 to 

0.6:1, with the majority having slope ratios around 1:1.  Heights of these existing cuts are 

typically between 10 and 15 ft, with the highest cut reaching 22 ft.  These existing slopes 

have proven to be highly stable, with little to no signs of failure since they were cut decades 

ago.   

 

The proposed cut slopes in the western half of the project have slope ratios of 1:1 with 

maximum heights of up to 30 ft.  These proposed slopes push the existing empirical bounds 
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of stability slightly by their increased height over the height of the existing cuts, but this is 

judged to pose no significant risk problem considering the lab φ angle and subangular nature 

of the fines, the general rocky nature of most of the material, and the presence of buried 

cobbles, and boulders, some with horizontal to sub horizontal tabular and platy structure.  A 

few cuts even appear to involve bedrock.  Pushing the risk boundaries ever slightly is in line 

with the project (and PDT) approach to reduce excavation quantities to meet the tight budget, 

though the risk here is considered to be very small.  Should a failure occur, it will likely be 

relatively insignificant and only require cleanup of the mobilized material.  

 

Existing cut slopes in the andesite and basalt bedrock outcrops generally have slope ratios of 

about 0.5:1, with some flattening towards 0.75:1 at the bottom due to rockfall.  Existing 

andesite bedrock cut slopes in the middle of the project (station 1649+50 to 1661+00) 

generally average about 15 ft in height, with a maximum height of about 30 ft.  A few 

andesite cut slopes standing at or near vertical, including the near vertical to vertical 70-foot 

cut bounding the quarried area located around station 1658+00, have all demonstrated long-

term stability.  While massive in some locations, a majority of these rocks possess some 

structural fabric, which primarily consists of cooling joints and fractures that generally trend 

horizontal or near horizontal and do not contribute to global instability.  These rocks are 

completely unsuited to Mohr-Coulomb analysis, while a first-pass kinematic structural 

assessment indicates that detailed kinematic analyses are not necessary for these rocks, given 

their either massive or general horizontal to sub-horizontal structural fabric.  OGDN 

proposes cut slope ratios of 0.5:1 for the new cuts in these locations, with maximum heights 

up to 70 ft.  These cut slopes should be fairly stable with a very low risk of large failure and 

a small risk of a few small local failures peeling off during or soon after construction.   

 

Existing basalt bedrock cut slopes in the east end of the project located from station 1713+00 

to 1717+75 generally average about 30 ft in height, with a maximum height of about 45 ft. 

These cuts are fairly stable, excluding rockfall.  These rocks are more akin to the andesite 

rocks described above with regards to structural fabric and stability.  Therefore, OGDN 

recommends similar cut slope ratios of 0.5:1 for the new cuts in this location with maximum 

cut heights up to 70 ft.  Risks are similar to the andesite rocks mentioned above.  

 

Existing cut slopes in the basalt bedrock outcrop further east from about station 1720+00 to 

1723+00 generally average about 12 to 15 ft in height, with a maximum height of about 20 

ft.  These cuts are all fairly stable, excluding rockfall.  The great majority of these rocks 

possess considerable structural fabric primarily consisting of cooling joints and fractures that 

generally trend horizontal or near horizontal.  Depending upon their continuity and tightness 

deeper inside the existing slope, these structural features may or may not contribute to some 

degree of global instability at a 0.5:1 slope ratio, due to the high density of fractures and the 

looseness and relaxation observed on these fractures exposed at the existing surface.  It is 

uncertain whether this looseness continues deeper into the rock mass.  These rocks are also 

completely unsuited to Mohr-Coulomb analysis.  Because of the density and looseness of the 

sub horizontal to horizontal fractures in these rocks, OGDN proposes cut slope ratios of 

0.75:1 for the new cuts in these locations, with maximum heights up to 60 ft.  These cut 

slopes should be fairly stable with a low risk of large failure and a moderate risk of a few 

small local failures peeling off during or after construction.   
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Existing cuts from station interval 1730+25 to 1733+00, which is composed of basalt and 

andesite derived soil with some colluvium, are generally about 1:1 with maximum heights 

of about 25 ft.  These are highly stable.  Although the realignment proposed by Design 

requires only small shifts into the existing slopes, even small 1:1 cuts would require 

substantial cut heights and volumes to achieve this; consequently, OGDN recommends cut 

slope ratios of 0.75:1 here with maximum cut heights of 10 ft.  These cut slope ratios carry 

a moderate risk of some local sloughing, but the proposed catchment (section 8.2.4) will be 

capable of containing such sloughs, thereby mitigating the major impact stemming from such 

a risk.   

    

Existing cut slopes in the pyroclastic deposits, roughly from station 1663+50 to about 

1708+00, have a predominant slope ratio of 0.75:1.  A few of these have sloughed or eroded 

to slope ratios closer to 1:1, while a smaller percentage of cut slopes here appear to have 

been originally cut at about 1:1.  A couple local cut slopes, in areas where ground water 

seepage appears to be chronic, have slumped, creating slopes with bottom sections as flat as 

1.3:1.  Shallow sloughing or erosion in a few cut slopes, involving mostly FWT deposits, has 

resulted in a few local 1.2:1 slopes.  Aprons of material eroded from the MCWT lie at the 

bottom of some slopes with slope ratios from 1:1 to 1.2:1.  Existing cut slopes in the 

pyroclastics predominantly range in height from about 15 to 40 ft, with a few outliers 

standing fairly stable at about 85 ft.   

 

In an effort to keep excavation quantities down, the PDT similarly agreed to take a certain 

amount of risk here in the pyroclastics and design the slope cuts all at 0.75:1, rather than take 

the more costly approach of laying back all slopes in this interval to 1:1 or possibly even 

flatter.  Laying slopes back here even a small amount results in a substantial increase in 

excavation quantities because of the steep native ground (0.9:1 to 1.8:1) above the existing 

cuts.  The great majority of proposed cuts range in height from about 20 to 50 ft, and have a 

maximum height around 95 ft.      

 

Due to the significant presence of ground water here and there in the pyroclastics section, 

the weaker nature of some local material, the moderate prevalence of some shallow 

sloughing and surficial movement, and the increased cut slope heights relative to existing 

cuts, there is a moderate risk that this station interval will see a few global failures during 

construction.  This risk is at its highest during the first post-construction winter season.  At 

least a few shallow sloughs and/or minor failures are likely to occur here during the first 

post-construction wet season.     

 

Proposed cut slope recommendations discussed above are summarized below in Table 3. 
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Table 3.  Recommended Proposed Cut Slope Ratios and Maximum Cut Height. 

   
 

Post-Construction Erosion and Instability 

  

The risk of shallow sloughs, small failures, and increased rockfall occurring also increases 

elsewhere throughout the project area during the first winter season, though the risk is highest 

in the pyroclastics section (station 1662+25 to 1709+25).  Originally, during the initial design 

phases of this project, these risks were discussed with the PDT and considered acceptable.  

A primary reason for accepting these risks was because the project was supposed to have 

two construction seasons, meaning that during the first overwintering period, when the great 

majority of post-construction instabilities typically act out, the travelled way would be a 

substantial distance away from the new slopes as they underwent their post-construction 

adjustment, and the failed material would almost certainly come to rest outside of the 

travelled way where the contractor, who would be available and under contract, could clean 

up any potential failed material if necessary.  Near the very end of the design phase, however, 

the project was shortened to one season due to budgetary reasons, thereby eliminating the 

overwintering period.  The risks mentioned above remain, however, because to correct them 

by making the cut slope designs more conservative would break the project budget.  The 

PDT is aware of this and is party to the decision to keep the initial slope designs.   

 

Due to these post-construction risks being unaccounted for or unmitigated by an 

overwintering period under contract, OGDN strongly recommends that a post-construction 

period of at least 8 months wherein the contractor is still responsible for erosion, storm 

water, and slide issues, be inserted into the contract via an nSSP.  This should require that 

the contractor be responsible for responding immediately to slides and erosion problems 

during the first overwintering period following construction.  This nSSP has been created 

collaboratively by the Office Engineer and OGDN and it refers to this work as permanent 

erosion control establishment work.  This work consists of identifying deficiencies and 

maintaining permanent erosion control, including slide and slipout repair, re-application of 

materials, and adjusting and repairing erosion control features.  This work begins after 

permanent erosion control work has been completed, which typically occurs at the very end 

of construction.   

 

Station Interval
Proposed Cut 

Slope Ratio

Maximum Cut 

Height (ft)

1592+75 to 1649+00 1:1 30

1649+50 to 1662+25 0.5:1 70

1662+25 to 1709+25 0.75:1 100

1713+00 to 1717+00 0.5:1 70

1720+25 to 1723+00 0.75:1 60

1730+25 to 1733+00 0.75:1 10
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8.2.2  Rippability and Excavation 

  

Rippability assessments are made based on seismic velocities (P waves), rock type, and rock 

fracture and joint characteristics.  Seismic velocity correlations are based on two different 

scales, each with differing rippability assessments depending upon ripping equipment and 

rock type.  Caltrans has its own internal non-rock-type specific correlation scale between 

seismic velocity and rippability based on a Caterpillar D9 Series bulldozer with a single-

toothed ripper: 

 

  Velocity (fps)  (Caltrans)  Rippability 
  < 3445      Easily Ripped 

  3446 – 4921     Moderately Difficult 

  4922 – 6562     Difficult 

> 6563      Not Rippable 

 

A rock-type specific seismic velocity scale based on a larger bulldozer (Caterpillar D10 with 

a single shank ripper) taken from a handbook published by Caterpillar (2010) is also 

presented here to provide the contractor with a wider range of rippability and excavation 

information.  Choosing from the limited rock types offered in the Caterpillar table, basalt is 

clearly the most appropriate rock type to choose for matching the hard extrusive igneous rock 

types (andesite, basalt) observed within the project area.  Similarly, breccia, though not a 

tuff, is probably the best rock type offered in the Caterpillar table most similar in rock texture 

and hardness characteristics to those of the CHWT tuff, which is the hardest rock of all the 

pyroclastics within the project area.    

 

For basaltic rocks, and for a D10 with a single shank ripper, the Caterpillar manual presents 

the following rippability assessment: 

 

  Velocity (fps)       (Basalt)   Rippability 
   ≤ 8,000     Rippable 

  8,000 – 9,000     Marginally Rippable 

> 9,000      Non-Rippable 

 

For breccia rocks, and for a D10 with a single shank ripper, the Caterpillar manual presents 

the following rippability assessment: 

 

  Velocity (fps)       (Breccia)   Rippability 
   ≤ 8,300     Rippable 

  8,300 – 10,400    Marginally Rippable 

> 10,400      Non-Rippable 

 

It is important to note that rippability in this situation is synonymous with ease of excavation, 

and it says nothing about the efficacy of boulder size reduction.  Rippable means that large 

boulders will be removable from the slope.  The ease with which boulders can be reduced by 

a ripper is a completely different issue.  Boulders in the western half of the project area are 
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mostly fresh to slightly weathered, and probably have seismic velocities ranging from 4500 

fps to 9000 fps.  Given the predominant lack of structural grain within a majority of these 

boulders, a characteristic that would otherwise allow a ripping tooth to bite into the rock, 

these boulders should be considered unrippable (incapable of being reduced in size) by a 

ripping tool.  A large excavator-mounted hoe-ram should be fairly successful in reducing 

these boulders, though the harder and larger boulders will obviously require more blows than 

the more weathered and/or smaller ones.  Of course, drilling and blasting these boulders will 

also be successful in reducing boulder size, though it is left to the contractor to decide which 

approach is most effective and economical.  OGDN estimates that boulders greater than 18 

inches in diameter comprise at least 10 percent by volume of the excavation quantities in the 

western half of the project. 

 

Cut slopes in the western half of the project area occur predominantly in the soil overburden 

and upper weathered zone of the andesite bedrock.  A few specific locations (such as station 

intervals 1604+50 to 1607+00; 1610+00 to 1612+75; and 1620+50 to 1624+00) in this half 

of the project area contain a larger percentage of bedrock, with approximately 10 percent of 

it extending down into rock that is fresh or only slightly weathered.  Based on Caltrans’ 

rippability scale, OGDN estimates that 85 percent of the cuts in the western half of the project 

area are easily ripped, with the remaining 15 percent being considered moderately difficult 

to rip.  Based on the Caterpillar scale, 100 percent of the cuts in this area are considered 

rippable.   

 

The seismic velocities for the andesitic bedrock outcrops from station 1650+00 to 1663+25 

are determined from seismic line 1, as well as velocities taken in other seismic lines 

elsewhere in the project where similar andesite is found at the surface or interpreted to be at 

depth.  The velocities for these outcrops generally range from about 2000 fps to 7000 fps, 

although some massive blocks within this station interval that were not specifically surveyed 

seismically likely have velocities upwards of 9000 fps or more, based on field examination, 

comparisons with other locations and velocities, and experience.  Much of the andesite within 

this stretch has platy, tabular, and/or fairly fractured structure, which makes the rock more 

amenable to being ripped.  Based on the Caltrans’ rippability scale, approximately 20 percent 

of the material here is considered to be easily ripped, 20 percent is considered to be 

moderately difficult to rip, 20 percent is considered to be difficult to rip, and 40 percent is 

considered not rippable.  Based on the Caterpillar rippability scale, 70 percent is considered 

to be rippable, 10 percent is considered marginally rippable, and 20 percent is considered 

non-rippable.    

  

Seismic velocities range from 2000 fps to 9000 fps for pyroclastic cuts from station 1663+50 

to 1708+50, though the great majority (90 percent) of the material velocities are below 6500 

fps.  It is also possible that the underlying andesite may possibly be encountered in a few 

local areas in the deeper cuts.  Based on the Caltrans’ rippability scale, approximately 50 

percent of the material here is considered to be easily ripped, 30 percent is considered to be 

moderately difficult to rip, 10 percent is considered to be difficult to rip, and 10 percent is 

considered non-rippable.  Based on the Caterpillar rippability scale, 90 percent is considered 

to be rippable, and 10 percent is considered marginally rippable.  It is likely, though not a 

certainty, that the marginally rippable material is underlying andesite.   
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Cuts from station 1713+00 to 1717+75 are in basalt bedrock with a slight amount of soil 

overburden.  Seismic velocities range from 2000 fps to 10000 fps.  Based on the Caltrans’ 

rippability scale, approximately 35 percent of the material here is considered to be easily 

ripped, 15 percent is considered to be moderately difficult to rip, 20 percent is considered to 

be difficult to rip, and 30 percent is considered non-rippable.  Based on the Caterpillar 

rippability scale, 75 percent is considered to be rippable, 15 percent is considered marginally 

rippable, and 10 percent is considered non-rippable.   

 

Cuts from station 1720+00 to 1723+25 are in basalt bedrock with a slight amount of soil 

overburden.  Seismic velocities range from 2000 fps to 8000 fps.  Based on the Caltrans’ 

rippability scale, approximately 35 percent of the material here is considered to be easily 

ripped, 25 percent is considered to be moderately difficult to rip, 25 percent is considered to 

be difficult to rip, and 15 percent is considered non-rippable.  Based on the Caterpillar 

rippability scale, 95 percent is considered to be rippable, and 5 percent is considered 

marginally rippable.   

 

Rippability estimations discussed above are summarized in Table 4 below. 

 

Table 4.  Rippability Estimations by Station Interval.  Station Intervals not listed are 

considered easily ripped.  See text for further explanation. 

  
 

Boulders are to be found throughout the project, some with diameters as large as 40 ft.  A 

majority of these are rounded to subrounded, and will need to be fractured to create material 

that is angular to subangular before being placed in fills.  Some boulders sit atop the general 

surveyed datum for original ground, and as such represent at least (and probably more) 3000 

yards3 of material not accounted for within the volumes calculated by Design.  Some of these 

boulders may lie outside of the designated cut line, but close enough to it that their removal 

will be necessary for safety due to the possibility that the boulder will roll or fall over the 

new hinge point either during or after construction.  Other boulders that are embedded within 

Easily 

Ripped 

Moderately 

Difficult
Difficult

Not 

Rippable
Rippable

Marginally 

Rippable

Non-

Rippable

1590+00 to 1640+00                      

(Andesite Bedrock)
85 15 0 0 100 0 0

1650+00 to 1663+00                       

(Andesite Bedrock)
20 20 20 40 70 10 20

1663+50 to 1708+50               

(Pyroclastic Deposits)
50 30 10 10 90 10 0

1713+00 to 1717+75                         

(Basalt Bedrock)
35 15 20 30 75 15 10

1720+00 to 1723+25                         

(Basalt Bedrock)
35 25 25 15 95 5 0

Caltrans Scale Caterpillar Scale

                 PERCENTAGES

Station Interval
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the soil or pyroclastic deposits may be exposed during cutting, with a portion of the boulder 

extending into the cut area and the remainder lying outside of the proposed cut boundary.  

These situations may require the removal of the entire boulder and the consequent removal 

of additional material in order to accomplish the task. 

 

Based on the rippability descriptions and boulder issues discussed above, some method of 

excavation beyond standard ripping and cutting with an excavator or dozer blade will be 

necessary.  If blasting is chosen, it should be performed following Caltrans specifications for 

pre-splitting and/or controlled blasting as specified.     

 

8.2.3 Grading Factor 

 

Grading factors are presented in Table 5 below by station interval.  

 

Table 5.  Fill Material Group and Grading Factors by Station Interval 

 
 

The above table classifies particular station intervals of excavation material into Fill Material 

Groups (F1 thru F6, and E) and assigns grading factors for each Fill Material Group.  These 

Fill Material Groups, their descriptions, and parameter values are discussed and explained 

further in the section (8.3.1) on embankment material.  Grading factor assignment is 

discussed there also, rather than in this section, because these factors are directly tied to the 

material properties and the relative quantities of particular materials present in any particular 

Fill Material Group.   

 

Station Interval

Fill Material 

Group 

(section 8.3.1)

Grading 

Factor
Station Interval

Fill Material 

Group 

(section 8.3.1)

Grading 

Factor

1592+75 to 

1604+50
F1 0.93

1662+25 to 

1682+00
F4 0.92

1604+50 to 

1607+00
F2 1.05

1682+00 to 

1686+00
F5 0.94

1607+00 to 

1610+00
F3 0.94

1686+00 to 

1695+00
F4 0.92

1610+00 to 

1612+75
F2 1.05

1695+00 to 

1709+25
F5 0.94

1612+75 to 

1620+50
F3 0.94

1713+00 to 

1717+00
E 1.15

1620+50 to 

1624+00
F2 1.05

1717+00 to 

1720+25
F6 0.94

1624+00 to 

1650+00
F3 0.94

1720+25 to 

1723+00
E 1.15

1650+00 to 

1662+25
E 1.15

1730+25 to 

1733+00
F6 0.94
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Grading factors less than unity (1.0) represent material quantities that are expected to shrink 

in volume when going from their in-situ location to their placement and compaction in a fill.  

Grading factors greater than unity represent material quantities that are expected to expand 

in volume during the same process.  The factor is a simple multiplier of the original in-situ 

quantity.  

 

8.2.4 Rockfall and Catchment 

 

Minor rockfall presently occurs from many cut slopes throughout the project area, primarily 

in the eastern half of the project.  For the most part it is well contained by the existing 

catchment present at the base of existing cut slopes.  The primary sources are colluvial 

deposits above hinge points, rocks weathering out of the cut slopes, and fractured rock 

coming loose from andesite and basalt cut slopes at the middle and eastern end of the project.   

 

The proposed cuts for this project are generally higher than existing cuts, and in some places 

are slightly steeper, changes that will increase both the amount of rockfall and the trajectory 

of rockfall run-out (post impact rolling and/or bouncing away from the slope towards the 

travelled way).  The optimal solution is the expansion of existing catchment dimensions in 

the design of the new cut slopes.  

 

Catchment is generally defined as the unpaved shoulder beneath a cut slope that is graded 

either flat or sloping away from the pavement back towards the toe of the cut slope.  This 

catchment serves to provide an impact zone for falling rocks and to contain rockfall run-out 

from reaching the travelled way.  This catchment area also provides a location for surficial 

sloughs to collect, thereby keeping them off the roadway and allowing maintenance to 

address the material at a time of their choosing rather than on an immediate emergency basis.  

 

Because every foot of catchment requires the cut slope above it to be pushed back one foot 

deeper into the slope, it is not feasible economically to provide catchment capable of 

containing  99 percent of all rockfall run-out, as well as any and all large slides.  Therefore, 

it is necessary to balance risk, cost, and functionality in the design recommendations for 

catchment.  It was a joint decision by the project development team (PDT) to take this 

approach.  The optimal catchment design based on a balance of these guiding factors (risk, 

cost, functionality) should attempt to contain at least 95 percent of impacts and about 75 

percent of run-out.  70 percent containment for runout is acceptable only for fringe cuts (cuts 

that make up only a very small percentage of the total).  These numbers are considered to be 

somewhat equivalent with what has been occurring beneath the existing slopes, so there 

should be no decline in catchment efficacy with the new cut slopes and catchments, and in 

many cases there will be an improvement.  Tolerance for direct impacts must be kept 

extremely low because they can result in rocks striking a vehicle from above, including 

through the windshield.  Run-outs can still create road hazards, but typically not as severe as 

impacts. 

 

Catchment analysis and design was done integrally in conjunction with cut slope design, and 

was based on field observations of present catchments and their performance, present 

geological conditions, and catchment tables and charts created from over 10,000 rockfall 
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simulations by Pierson, et al (2001).  The frequency of rockfall events was used as a 

weighting factor on a slope by slope basis.  In addition, for evaluating catchment widths 

necessary for run-out containment, the shoulder backing adjacent to the edge of pavement 

and the paved shoulder space outside of the edge of traveled way (ETW) were included in 

the evaluation using a correction factor for their differing surfaces and slopes.  The results of 

previous work using a rockfall simulation program (CRSP, Jones, et al, 2000) to evaluate the 

value of the shoulder backing and paved shoulder for run-out containment was incorporated 

here.  The 6:1 backslope is recommended for all catchment within the project as it is 

significantly more effective at containment than a flat surface and, though not as effective 

for containment as a 4:1 backslope, it provides a far gentler transition onto the shoulder for 

vehicle recovery.   

 

Cut slopes in the western half of the project (from station 1592+00 to 1640+00) have 

proposed slope ratios of 1:1, maximum heights of 25 ft, and proposed paved shoulders 8 ft 

in width.  Recommended catchment (unpaved surface with backslope of 6:1) widths of 6 ft 

will provide 99 percent containment of impacts and 95 percent containment of run-out (into 

travelled way). 

 

For all other slopes within the project area a minimum catchment width of 6 ft is 

recommended. 

 

Cut slopes in the beginning of the eastern half of the project area from station 1647+00 to 

1662+50 have proposed slope ratios of 0.5:1, maximum heights of 42 ft, and proposed paved 

shoulders 4 ft in width.  Recommended catchment widths range from 8 ft to 12 ft in width.  

 

Cut slopes in the eastern half of the project area from station 1663+75 to 1708+75 have 

proposed slope ratios of 0.75:1, maximum heights of 105 ft, and proposed paved shoulders 

4 ft in width.  Recommended catchment widths range from 8 ft to 15 ft in width.  

 

Cut slopes in the eastern half of the project area from station 1713+00 to 1717+50 have 

proposed slope ratios of 0.5:1, maximum heights of 59 ft, and proposed paved shoulders 4 ft 

in width.  Recommended catchment widths range from 6 ft to 14 ft  

 

Cut slopes in the eastern half of the project area from station 1720+00 to 1723+25 have 

proposed slope ratios of 0.75:1, maximum heights of 58 ft, and proposed paved shoulders 4 

ft in width.  Recommended catchment widths range from 8 ft to 14 ft  

 

Table 6 below provides recommended catchment widths together with corresponding cut 

heights by stationing.  The percent (of rocks) containment for both impacts and run-outs is 

given for each cut slope height interval.   

 

No alternative rockfall mitigation method is recommended.      

 

It should be noted that the first post-construction winter season is likely to see a moderate to 

significant increase in rockfall relative to existing rates as the tops of the new slopes adjust 

and stabilize to their new configuration. 
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Table 6.  Recommended Catchment Widths by Station Interval and Cut Slope Height, 

with Percent Containment for Impacts and Run-Outs.  

 
 

8.3  Embankments 

 

Slope ratios for the proposed fills vary from 1.25:1 to 4:1, depending upon multiple factors 

and parameters, including material properties of the material obtained from the cuts, 

steepness of the founding terrain and original ground, a need in some locations to limit 

spatially excessive fill footprints (environmental and right-of-way concerns), budgetary 

constraints to reduce both cut and fill volumes, and other factors.  

Station Interval

Cut Slope 

Height Range  

(H)

Recommended 

Catchment 

Width  (ft)

Impact 

Containment  

(%)

Run-Out 

Containment  

(%)

1592+00 to 1640+00 H ≤ 25 ft 6 99 95

1647+00 to 1662+50 H ≤ 25 ft 8 99 80

25 ft > H ≤ 30 ft 10 99 80

30 ft > H ≤ 35 ft 12 99 80

35 ft > H ≤ 45 ft 12 99 75

1663+75 to 1708+75 H ≤ 20 ft 8 99 95

20 ft > H ≤ 30 ft 10 99 90

30 ft > H ≤ 40 ft 11 99 90

40 ft > H ≤ 50 ft 12 99 90

50 ft > H ≤ 55 ft 13 99 80

55ft > H ≤ 65ft 14 99 80

65ft > H ≤ 75ft 14 95 75

75ft > H ≤ 100 ft 15 90 70

1713+00 to 1717+50 H ≤ 10 ft 6 99 98

10 ft > H ≤ 20 ft 8 99 95

20 ft > H ≤ 30 ft 10 99 90

30 ft > H ≤ 40 ft 12 99 80

40 ft > H ≤ 50 ft 13 99 80

50 ft > H ≤ 60 ft 14 95 75

1720+00 to 1723+25 H ≤ 25 ft 8 99 95

25 ft > H ≤ 35 ft 10 99 95

35 ft > H ≤ 45 ft 12 99 85

45 ft > H ≤ 55 ft 14 99 75

H > 55 ft 14 99 70
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Proposed fills equal to or flatter than 2:1 are located in several locations through the project, 

primarily in the westernmost part or beginning of the project.  Their relatively flat slopes 

(26° or less) and the general quality of the fill material available from the cuts (the lowest lab 

φ angle being 31.8° and the φ angle for most material being considerably larger, especially 

due to incorporated gravel and rock) indicates that these fills are highly stable and do not 

require stability analysis.    

 

Three large fills with slope ratios of 1.55:1 are proposed for the eastern end of the project.  

These fills shall be referred to here as Fill 1 (station interval 1708+30 to 1713+00 LT), Fill 

2 (station interval 1717+75 to 1720+10 LT), and Fill 3 (station interval 1723+00 to 1729+00 

LT).  These fills are all higher and larger than any existing fills in the project area.  Fill 1 is 

about 150 ft in height from top to toe, with a maximum vertical column of about 60 ft.  Fill 

2 is about 92 ft in height from top to toe, with a maximum vertical column of about 30 ft.  

Fill 3 is 65 ft in height from top to toe, with a maximum vertical column of 30 ft.   

 

Fills 1, 2, and 3 are founded on fairly steep native ground.  Fill 1 is founded on native ground 

with slope ratios varying from 2.6:1 to 1.5:1.  Fill 2 is founded on native ground with slope 

ratios varying from 2.3:1 to 1.4:1.  Fill 3 is founded on native ground with slope ratios 

varying from 3:1 to 1.7:1.     

 

Because of their considerable size, their location in valleys that descend steeply to the north 

away from their toes, and the presence of at least some surface water exiting the bottom of 

the fills via modified underdrains, Fills 1 and 2 have been designed with 60-foot wide (30 ft 

on either side of the thalweg) toe buttresses constructed of 2 ton RSP (Method A placement).  

A cross-section of this buttress is shown in Plate 6.  Fill 3 does not sit centered in a thalweg 

like Fill 1 and Fill 2, and has considerably less height; therefore, it does not require a toe 

buttress.  These 3 fills are all to be encapsulated with Selected E material (a rocky material 

discussed below in section 8.3.1), both to increase global stability and to provide erosion 

protection.  Fill 1 and Fill 2 have 10 horizontal ft of this encapsulation, while Fill 3 has 6 

horizontal ft of Selected E.  Because of its considerable height, Fill 1 requires high quality 

material at its base in order to meet factor of safety requirements (section 8.3.2).  Therefore, 

it has a bottom zoned portion requiring material taken only from a specific station interval 

where the material is known to have qualities that meet stability requirements.  This interval 

is located between station 1695+00 and 1709+25.  These zoning designs and stability 

analyses are discussed more in section 8.3.2.  Plate 7 shows cross-section details for Fill 1, 

including the zoning of the Selected E encapsulation material, the zoning of the bottom of 

the fill, and an additional detail showing the utilization of a subgrade enhancement geotextile 

to separate the subgrade fill material above from being stripped into the highly porous (due 

to its rocky nature) Selected E material.  Plate 8 shows cross-section details of Fill 2 and Fill 

3, helping to clarify the differences between Fills 2 and 3, and between them and Fill 1.      

 

Existing fills in the western half of the project have slope ratios from about 1.9:1 to 1.5:1, 

the large majority of them being 1.5:1.  Existing fills have a maximum height of 20 ft.  The 

proposed fills in the western half of the project have slope ratios of 1.5:1, with the exception 
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of a single large double-sided embankment fill near the beginning of the project with slope 

ratios of 2:1 and 4:1.  Proposed fills in the western half of the project area have a maximum 

height of about 30 ft and do not have Selected E encapsulation.    

 

Right-of-way issues and steep topography below the roadway in several locations in the 

eastern half of the project limit fill options to steep (1.25:1) ‘sliver’ fills.  These 1.25:1 fills 

are to be constructed entirely of Selected E material, and must have a minimum width of 6 ft 

perpendicular to the slope face.  This means that even at the periphery or lateral edge of these 

1.25:1 fills, the Selected E material forms a 6-foot wide or thick embedded section that 

abruptly terminates.  

 

Disposal fills should be built no steeper than 1.5:1.  These may be constructed anywhere 

within the project area for the purpose of disposing of excess material.  These shall be 

constructed in areas occupied currently by existing roadway or pullouts that will be 

abandoned once the new alignment is constructed.  These fills are to be constructed at the 

direction of the engineer only when all other fills are constructed and the engineer can be 

certain that the material is truly excess.  These fills should be no taller than 30 ft.   

 

Selected E material shall not be placed on the fill slope as a later veneer after the fill has been 

constructed.  Selected E material shall be placed in horizontal lifts simultaneously with the 

general fill material, lift for lift, so that the individual lifts of the general fill material and the 

horizontally juxtaposed Selected E material are integrally intertongued and compacted 

simultaneously.  The objective of such simultaneous construction is 1) to create a well-

integrated, slightly rough, mildly irregular contact between the two materials rather than a 

relatively smooth detachable contact surface more prone to sliding, and 2) to assure that the 

fill is continuously protected during construction from possible rainstorms.  A schematic 

showing the encapsulation and its lift-by-lift placement and compaction along with the 

general fill material is shown in Plate 9.   

 

Most fills should be compacted to the standard specification of 90%, with the exception of 

the three larger 1.55:1 fills (Fill 1, 2, and 3) located at the eastern end of the project, where 

the compaction requirement for all fill material, with the exception of the Selected E, shall 

be 93%.  The purpose behind the higher compaction designation is to enhance stability, since 

these fills are substantially large, as well as to reduce or eliminate as much as possible post-

construction settlement.   

 

8.3.1   Embankment Material  

 

The fills are to be built from material excavated within the project limits.  The project is 

roughly a balanced job (between cuts and fills) that includes the following geomaterials: solid 

rock outcrops and boulders of andesite and basalt; pyroclastic flows consisting of fairly to 

strongly welded/consolidated tuffs, andesite rock, and volcanic ash; colluvial overburden 

composed of subangular to angular andesite pieces in a matrix of varying amounts of sand 

and silt, and very minor to no clay; and soils derived from andesite and basalt bedrock with 

varying amounts of parent bedrock.   
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Small to extremely large boulders are found in various locations throughout the project area, 

both below ground surface within some of the above deposits, and above ground resting on, 

or partially embedded in, the surface.  The extremely large boulders are mainly found in the 

eastern half of the project area, primarily in the pyroclastics section (1662+25 to 1709+00).  

Many of these boulders are fresh and may be utilized for making the 2 ton RSP required in 

the toe buttresses of Fill 1 and 2.  These boulders may also be placed within the fills; however, 

the maximum size for rocks used for general embankment fill should be 5 ft in any direction.  

Boulders and cobbles placed in the fill must also not be rounded.  Rock placed in a fill that 

is 18 inches or greater in any direction must have a subangular to angular shape with at least 

one fractured face.  Flat or needle shaped rock must not be used unless the individual rock 

thickness is greater than 0.33 times the length. 

 

Table 7 below presents a tabulation of Fill Material Groups by station intervals, with general 

material descriptions, and parameter values or ranges.  Table 5 above, listed these Fill 

Material Groups in an up station direction by station intervals, along with the grading factor 

assigned to each group.  These groups are denoted by an ‘F’ for fill, followed by a number, 

except for the group that is the source area for Selected E material (discussed below), which 

is simply denoted by ‘E’.  These groups are basically continuous sections, delimited by 

station intervals, wherein the collection of geomaterials is consistent.  Each individual Fill 

material Group may contain multiple materials, such as andesite colluvium, intact welded 

tuff, and residual andesite soil, for example, because they will be excavated together as a 

material group and mixed somewhat by virtue of the excavation, placement, and compaction 

process.  Each Fill Material Group has its own parameter values, and by direct corollary, its 

own grading factor, which were listed in Table 5 in section 8.2.3.  A group can repeat itself 

if found further on in the project, and, indeed this does happen, as can be seen in Table 5, 

where F2 and F3 alternate back and forth several times in the western half of the project area 

before an E group comes up.  Each of these 7 groups was assigned parameter values (C, φ, 

ɣ), so embankments constructed with them could be analyzed for stability, and a lump 

grading factor was estimated for earthwork balance calculations.  Parameter values were 

estimated partly based on lab tests, which represent some local fines.  At least equally 

important in the estimation of parameter values were the type and quality of bedrock, and its 

likely relative abundance in the quantity to be excavated; the quality, angularity, and relative 

abundance of colluvium; and both the seismic refraction and MASW, which helped 

determine rough depths to bedrock within the proposed cuts and which qualitatively assisted 

in assessing the density of overburden material and the quality or strength of the bedrock.  

Quality bedrock (including some of the hard pyroclastic such as CHWT and MCWT) and 

sufficient quantities of angular colluvial rock (typically andesite) could typically raise the φ 

angle of the Fill Material Group up to 5° over that of the fines’ lab test value, based on 

experience and geologic engineering judgment.  Lab tests were performed only for a relative 

few (5) of the fines.  Close to fifty field hand sample evaluations (angularity, relative fines 

content, plasticity, dilatancy (none)…) also contributed to the assessments, assessments that 

were to some point ‘calibrated’ by the lab tests.  Cohesion values for the groups were based 

primarily on the lab tests and less on the hand sample evaluations, with the C for the actual 

fines being reduced up to 80% from lab values for the group.  Unit weights (ɣ) for the groups 

were based on estimates of the relative proportions of fines (and lab values for unit weights), 
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bedrock, colluvium, and incorporated cobbles and boulders, and the appropriate unit weights 

for these geomaterials.  The resultant φ values are considered to be moderately conservative 

educated estimates from a safety and stability analysis perspective.  ɣ values were estimated 

as a range and tabulated as such in Table 7, so that they could be applied conservatively 

during analysis (explained in section 8.3.3).    

 

Grading factors for the groups were estimated in a somewhat similar fashion as the 

parameters.  Typically loosely packed, overburden was assigned a factor between 0.8 and 

0.9, depending upon the amount of colluvial rock present.  Bedrock varied widely for 

assigned factors, from 0.9 for the ash and FWT tuff to 1.15 for the basalt bedrock. Seismic 

velocities of both overburdens and bedrocks contributed to the factor assessment, although 

the greatest weight was given to field interpretations and observations.  Each constituent of 

the group and its assigned factor were then weighted according to the estimated relative 

proportions for that group.   

 

The seventh group, E, which is the source for Selected E material, was evaluated for all 

three parameters and grading factor using similar methodology.  The Selected E ɣ range 

was estimated by taking published ɣ values for andesite and basalt and reducing them based 

on the expected pore spaces expected between the rock pieces.   

 

Selected E material (E) consists of excavated andesite (station 1650 to 1662+25) and basalt 

(station 1713+00 to 1717+00 and 1720+25 to 1723+00) that is intended to serve as 

encapsulation for the outer surfaces of some fills, and the entirety of some others (1.25:1) in 

order to provide both stability and erosion protection.  Typically these rocks will be 

subangular to angular as a result of excavation processes.  Specifications should limit 

Selected E material to a maximum size of 18 inches in any dimension.  Selected E material 

must provide a stable structure for its required purpose.  Selected E material must not contain 

rounded boulders or cobbles, and it must be subangular to angular with at least one fractured 

face.  Flat or needle shaped rock cannot be included as Selected E material unless the 

individual rock thickness is greater than 0.33 times the length.  Material excavated from the 

station intervals mentioned above for Selected E may require additional breakage beyond 

that occurring during excavation in order to meet these requirements.  Generally, rocky 

material like that described as Selected E above typically has an angle of repose (φ  angle) 

varying from about 44° to sometimes as high as 63°, depending upon the degree of angularity 

and ‘compaction’.  Uncompacted side-cast rocks are typically lower, while rocks placed in 

‘compacted’ lifts (meaning essentially a couple of passes per lift with the appropriate 

compactor) usually start at about 50° and can often range up to the low 60’s.      

 

One additional material required for fill construction, specifically for Fills 1 and 2, is the 2 

ton RSP required for the construction of the toe buttresses.  The contractor may choose to 

manufacture this material from boulders and rock found within the project area, or import it 

from elsewhere.  For purposes of stability analysis, it is assumed that this material will be 

composed of fractured boulders of either andesite or basalt taken from the project.  Averaging 

the unit weight of both of these rocks and applying a reduction to account for the voids 
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between individual rock pieces results in a ɣ of 150 pcf.  A φ angle of 56 is chosen for this 

material, based on the method A placement and the angularity of the rock.  C is set at 0.  

  

 

Table 7.  Fill Material Groups, Descriptions, Parameter Values, and Station Intervals 

Material 
Type 

General Description * φ° C (psf)  ɣ (pcf) Station Intervals 

F1 
Soil derived from andesite bedrock; 
mostly soil, includes andesite minor 

gravel, cobbles, and boulders. 
38 400 

95 - 
105 

1592+75to1604+50 

F2 
Primarily andesite bedrock, boulders, 

,cobbles, and gravel with fines. 
45 0 

130-
140 

1604+50to1607+00                               
1610+00to1612+75                    
1620+50to1624+00                  

F3 

Soil derived from andesite bedrock; 
typically possessing more rocky material 
(andesite gravel, cobbles, and boulders) 

than F1 

40 400 
100 - 
115 

1607+00to1610+00         
1612+75to1620+50           
1624+00to1650+00 

F4 

Soil derived primarily from fine 
pyroclastic ash with some gravel and rock 

embedded; some locations have 
considerable subangular andesite 

colluvium 

36 1000 
90-
120 

1662+25to1682+00        
1686+00to1695+00 

F5 

Predominantly composed of coarse 
pyroclastic welded tuffs (CHWT and 

MCWT) beneath lesser overburden soil 
derived from andesite colluvium  

42 50 
110-
125 

1682+00to1686+00       
1695+00to1709+25 

F6 

Soil derived from andesite colluvium and 
weathered basalt.  Colluvial 

andesitic/basaltic gravel, cobbles, and 
boulders  

42 
20 - 
100 

95 - 
110 

1717+00to1720+25      
1730+25to1732+50 

E 

Andesite and basalt bedrock outcrops. 
Selected E material source. When 

excavated and 'processed" to 
specification quality and 'compacted' 

these parameter values apply  

50 -
56 

0 
140 - 
160 

1650+00to1662+25       
1713+00to1717+00      
1720+25to1723+00 

Notes:  * ~95% of non-rock Fill (F#) material is classified as either silty sand (SM), Silty Sand w/ 
Gravel (SM), silty sand w/ gravel and cobbles (SM), or sand with silt and gravel (SW-SM).                                                  
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Any of the 7 Fill Material Groups could technically be used as general fill material.  The 

Selected E material (E), however, must be reserved for encapsulation purposes and for the 

construction of steeper fills as described and specified in section 8.3.3.  In addition, a section 

of Fill Material Group F5, from station 1695+00 to 1709+00, must also be reserved for the 

bottom of Fill 1, as will be further discussed in section 8.3.3.  General fill material shall be 

used to build the core of all fills with slope ratios equal to or flatter than 1.5:1.  General fill 

material shall not be used to construct any fills steeper than 1.5:1.   

 

8.3.2 Embankment Stability Analysis 

 

Slope stability analyses were performed using the computer software Slope/W.  The 

Morgenstern-Price limit equilibrium method was employed in all analyses.  A value of 0.1 

was used for the horizontal coefficient kh when performing pseudo-static analysis to assess 

the stability of the fills under seismic loading.  

 

Parameter values used in the stability analyses were taken from Table 7.  A φ angle of 36° 

was used for general fill material because it is the lowest φ angle of all the Fill Material 

Groups, and as such is the most conservative choice.  Cohesion (C) was generally not applied 

in the analyses, as is often typical engineering practice, because of the unreliability of C in 

certain situations such as long term saturation from heavy rains.  Alternate analyses were 

performed using some C, strictly to obtain some idea of how stable the fills would likely be 

in reality, most, if not all, of the time.  Unit weight (ɣ) values were tested with alternate 

analyses in order to determine which produced the more conservative results.  Heavier 

material above should create more driving force, so applying the larger ɣ for material above 

should result in more conservative results. Similarly, utilizing a smaller ɣ from the range in 

Table 7 for material located near the bottom should also produce conservative results.  After 

examining the alternate analyses, one value for ɣ was chosen.  

 

Fills 1, 2, & 3 (1.55:1) 

 

Table 8 provides the parameter values used for the stability analyses of Fill 1, together with 

the FOS results for non-dynamic and dynamic (pseudo-static horizontal seismic loading) 

analyses.  Plate 10-A and 10-B show the cross-sections from the Slope/w program, with 10-

A depicting the model and 10-B showing the model with the critical slip area.  As mentioned 

earlier, stability analysis indicated that Fill 1 required a more stable material (basically with 

a higher φ angle) than the general fill material in the lower core of the fill, in order to achieve 

a FOS of 1.3.  This stable base material was assigned the parameter values of Fill Material 

Group F5 (to be excavated between station 1695+00 and 1709+00), as mentioned above.  

This station interval was chosen because, besides being sufficiently strong (high enough φ 

angle), it is located immediately to the west of Fill 1, which makes for efficient construction. 

 

The piezometric surface for all three fills was modelled within the colluvial original ground, 

which is generally about 10 to 15 ft thick and sits on bedrock.  This piezometric location is 

probably present only within the general thalweg area for Fill 1 and Fill 2, and is likely not 

present in this location for Fill 3, because the water table is likely deeper within the fractures 
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of the bedrock outside of the thalweg for Fill 1 and 2 and for the entire area covered by Fill 

3.  Modelling the ground water table this way lends conservatism to the analysis. None of 

the ground water sources and seeps observed elsewhere in the project were observed within 

the footprint of the fills during field investigations.  The effect of surface waters should be 

fairly mild for all three fills, coming only from the roadway runoff atop the fill and 

precipitation striking the encapsulation surface.  Given the AC roadway cap atop the fills, 

the 95% compaction of the subgrade, and the 93% compaction for the fill material, saturation 

of the fills is not expected to occur during times of high precipitation, except perhaps within 

the outer two or three feet of general fill material that lies beneath the encapsulation.   

 

Table 8.  Parameter Values and FOS Results For Stability Analysis of Fill 1.  

 
 

Stability analysis of Fill 1 produced a FOS of 1.3 (1.296 before rounding) for cohesionless 

general fill material, and a FOS of 1.3 (1.307 before rounding) for general fill material with 

a meager 10 psf of C.  When modelling with C the outer 3 horizontal feet of both the general 

fill material and the F5 material (fill base material) is left without cohesion to simulate 

potential loss of C brought on by saturation due to heavy rains.  This outer 3 feet is similarly 

modelled for Fill 2 and Fill 3, and is shown in the respective plates.  The FOS produced for 

pseudo-static horizontal seismic loading for Fill 1 was 1.1 (1.064 before rounding), which 

meets the Corps of Engineers requirement calling for a FOS > 1.    

 

Table 9 provides the parameter values used for the stability analyses of Fill 2, together with 

the FOS results for non-dynamic and dynamic analyses.  Plate 11-A and 11-B show the cross-

sections from the Slope/w program, with 11-A depicting the model and 11-B showing the 

model with the critical slip area.  Stability analysis of Fill 2 produced a FOS of 1.3 (1.289 

before rounding) for cohesionless general fill material, and a FOS of 1.3 (1.296 before 

rounding) for general fill material with just 10 psf of C.  Much the same as for Fill 1, when 

modelling with C the outer 3 horizontal feet of the general fill material is left without 

cohesion to simulate potential loss of C brought on by saturation due to heavy rains.  The 

Material φ° C (psf) ɣ (pcf) FOS
FOS 

w/Cohesion

Seismic 

Analysis 

(kh=0.1)

General Fill 36 0  (10) 115

E 52 0 150

Fill Base 40 0 120

Toe Buttress 56 0 150

Original Ground 

(overburden)
42 0 115

Original Ground 

(Bedrock)
na na 165

1.3                   

(1.296)

1.3               

(1.307)

1.1          

(1.064)
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FOS produced for pseudo-static horizontal seismic loading was 1.1 (1.057 before rounding), 

which meets the Corps of Engineers requirement calling for a FOS > 1.    

 

Table 9.  Parameter Values and FOS Results For Stability Analysis of Fill 2.  

 
 

Table 10 provides the parameter values used for the stability analyses of Fill 3, together with 

the Factor of Safety (FOS) results for non-dynamic and dynamic analyses.  Plate 12-A and 

12-B show the cross-sections from the Slope/w program, with 12-A depicting the model and 

12-B showing the model with the critical slip area.  Stability analysis of Fill 3 produced a 

FOS of 1.3 (1.278 before rounding) for cohesionless general fill material, and a FOS of 1.3 

(1.296 before rounding) for general fill material with just 10 psf of C.  Much the same as for 

Fills 1 and 2, when modelling with C the outer 3 horizontal feet of both the general fill 

material and the F5 material is left without cohesion to simulate potential loss of C brought 

on by saturation due to heavy rains.  The FOS produced for pseudo-static horizontal seismic 

loading was 1.00 (1.041 before rounding), which barely meets the Corps of Engineers 

requirement calling for a FOS > 1.    

 

Table 10.  Parameter Values and FOS Results For Stability Analysis of Fill 3. 

 

Material φ° C (psf) ɣ (pcf) FOS
FOS 

w/Cohesion

Seismic 

Analysis 

(kh=0.1)

General Fill 36 0  (10) 115

E 52 0 150

Toe Buttress 56 0 150

Original Ground 

(overburden)
42 0 115

Original Ground 

(Bedrock)
na na 165

1.3          

(1.289)

1.3           

(1.296)

1.1        

(1.057)

Material φ° C (psf) ɣ (pcf) FOS
FOS 

w/Cohesion

Seismic 

Analysis 

(kh=0.1)

General Fill 36 0  (10) 115

E 52 0 150

Original Ground 

(overburden)
42 0 115

Original Ground 

(Bedrock)
na na 165

1.3          

(1.278)

1.3           

(1.296)

1.0        

(1.041)
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Based on the above results, designs for Fills 1, 2, and 3 are all judged to be sufficiently stable.  

 

1.25:1 Fills 

 

Table 11 provides the parameter values used for the stability analyses of the two main 

geometric variants of the proposed 1.25:1 fills, together with the FOS results for both non-

dynamic and dynamic analyses.  Plate 13-A and 13-B show the cross-sections from the 

Slope/w program for these two models, one a thin 50-foot sliver fill, and the second, an 85-

foot slightly thicker sliver fill.  There is no piezometric surface shown, since OGDN believes 

that the water table is well below the area influencing stability.  Before analyzing the stability 

of the additional E fill material, it was first necessary to back-analyze the existing slopes, 

which, with a slope ratio of 1.25:1 and the material parameters previously defined, could not 

produce a FOS of 1.3 without utilizing cohesion and adding a couple of degrees to the φ 

angle for original ground, despite their having proven their stability empirically for decades.  

This discrepancy is likely the product of conservative modelling, including the non-

utilization of cohesion in the fill models.  Consequently, the φ angle of the original ground 

was raised to 42° (a reasonable adjustment given lab results for some material and field 

examination of the material in these areas) and cohesion was added during the back-analysis 

until a FOS of 1.3 was reached.  Then the same φ angle  and cohesion value was utilized in 

modelling the addition of the 1.25:1 sliver fills.  The resultant cohesion values utilized for 

original ground in the modelling of the 50-foot and 80-foot sliver fills were 30 psf and 44 

psf, respectively, values which are relatively small and considered very reasonable and 

mildly conservative given some of the values measured in the lab tests.  Stability analysis of 

the 50-foot 1.25:1 fill produced a FOS of 1.3 (1.312 before rounding), which was essentially 

the same (or slightly better if rounding is not performed) as the native slopes, demonstrating 

that the addition of the sliver fill did not reduce stability.  The FOS produced for the 50-foot 

sliver fill model with pseudo-static horizontal seismic loading was 1.2 (1.241 before 

rounding), which easily meets the Corps of Engineers requirement calling for a FOS > 1.  It 

should be noted that cohesion was used only to allow the existing ground to meet the required 

FOS of 1.3.  No cohesion was used in the sliver fill material (Selected E material).  The same 

general results were produced for the 80-foot sliver fill, which saw a FOS of 1.3 (1.316 before 

rounding) and a pseudo-static FOS of 1.2 (1.187 before rounding).  Based on these results, 

designs for these 1.25:1 sliver fills are judged to be sufficiently globally stable. 

 

Surficial stability of these 1.25:1 sliver fills needs to be addressed, however, as sliver fills 

have a typical proclivity to slip from the original ground surface unless well-constructed 

according with a 6-foot key-in as called for by the standard specifications.  OGDN believes 

that the steepness of these fills, combined with their considerable heights, calls for additional 

design efforts to insure these problems due not arise, particularly since the travelled way 

actually sits above some of these fills.  Therefore, these fills should have a minimum of 6 ft 

of Selected E perpendicular to the slope face in all locations.  This means that the keys for 

the bottom of these fills shall be excavated 6 ft deep and filled with 6 ft Selected E material, 

not original ground material.  This requirement also applies to the peripheral edges of the 

fills, where they should terminate in a blunt 6-foot thick section (perpendicular to slope face) 

of Selected E material.        
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Table 11.  Parameter Values and FOS Results for Stability Analysis of 1.25:1 Fills. 

 
 

8.2.4    Embankments - Founding and Settlement 

 

Fill materials throughout the project area are generally classified as cohesionless, and as 

such, should undergo internal settlement very quickly within the fills they are placed, 

essentially during the construction process.  The three large fills (Fill 1, Fill 2, and Fill 3) 

have the largest maximum internal vertical columns of material of 60 ft, 30 ft, and 30 ft, 

respectively, but these still create relatively insignificant forces to create any noticeable 

internal settlement to fills that have been compacted to 93%, based on previous experience 

with other large, or larger cohesionless fills.  The 1.5:1 fills in the western half of the project 

area have maximum internal soil columns of about 8 ft, which would create internal forces 

also incapable of driving any noticeable settlement for fills compacted to 90%.  The 1.25:1 

fills in the eastern half of the project area are fairly thin and are composed entirely of rock, 

which, once compacted (rolled by a compactor) will be essentially non-compressible 

internally.  So OGDN expects negligible post-construction settlement internally from the fills 

post. 

 

Based on seismic refraction surveys, lab test results, and geological field relationships, 

founding conditions generally consist of a silty sand overburden, with varying amounts of 

gravel, cobbles, and boulders, all overlying competent bedrock.  These overburden deposits 

are generally no more than 10 to 15 feet thick in most fill locations.  Though not compacted 

lift by lift by mechanical means, these deposits, by virtue of time and gravity, have likely 

achieved an average relative compaction somewhere between 77% and 88%, based on 

experience.  These deposits generally have considerable amounts of rock, which are virtually 

incompressible at the relatively small loads created by even the largest fill (Fill 1) in this 

project.    

 

These overburden deposits are essentially classified as coarse grained to very coarse grained 

deposits when it comes to compaction/settlement analysis.  Utilizing estimation methods 

provided in Corps of Engineers (1982) for coarse grained soils, OGDN estimates the 

maximum total settlement for the largest fill (Fill 1) to be about 1 inch.  Based on previous 

Fill Material φ° C (psf) ɣ (pcf)

FOS 

Existing 

Slope

FOS

Seismic 

Analysis 

(kh=0.1)

E 52 0 150

Original Ground 42 30 110

E 52 0 150

Orignal Ground 42 44 110

1.3        

(1.316)

1.2       

(1.187)

50ft 

sliver@1.

25:1

85 ft @ 

1.25:1

1.3        

(1.300)

1.3      

(1.300)

1.3        

(1.312)

1.2     

(1.240)
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experience in areas where the founding conditions also consisted of coarse-grained soils 

compacted primarily during Quaternary time (2 Mya to present), we would estimate a 

maximum post-construction settlement of less than 1 inch for the largest fill and considerably 

less for the others.  

 

In conclusion, total post-construction settlement for Fill 1 should not exceed 1 inch, while 

Fill 2 and 3 should likely not exceed 0.5 inches.  The 1.25:1 fills should demonstrate 

negligible total post-construction settlement.  The 1.5:1 fills should exhibit no more than 0.3 

inches of total post-construction settlement.  

 

8.2.5 Embankments-Erosion 

 

Fill 1, 2, and 3 are all encapsulated with rocky Selected E material and should be highly 

resistant to erosion, both during – due to the synchronous placement and compaction of fill 

material and the encapsulating Selected E material -- and after construction.   

 

1.25:1 fills are all constructed entirely of Selected E material and, as such, should be highly 

resistant to erosion.   

 

Fills in the western half of the project constructed at slope ratios of 1.5:1 or flatter are not 

encapsulated so they will not possess the high resistance to erosion that the fills discussed 

above do.  However, based on the performance of existing fills in the western half of the 

project area, the proposed fills are likely to stand up fairly well to erosion provided they are 

not exposed to concentrated sheet flow and they are protected during their firs overwintering 

period with some type of protective mulch. 

 

8.2.6   Embankments - Drainage   

 

No seeps were discovered within the footprint area of the proposed 1.55:1 fills, 1.25:1 fills 

or 1.5:1 fills, so no specific drainage blanket systems need be designed for seeps.  Fill 1 and 

Fill 2 are located in drainage basins roughly centered atop central thalwegs that intermittently 

carry surface water, and almost certainly serve as year-round subsurface ground water 

conduits.  An underdrain system must be constructed within these thalwegs beneath the 

proposed fills.  

 

No additional drainage systems are recommended for the embankments.  It should be noted, 

however, that seeps might still be discovered in the founding area(s) of one or more of the 

proposed fills during construction when the area has been cleared and grubbed, which would 

then require the design and construction of the appropriate drainage system(s) at the point in 

time.    

 

Existing culverts in the locations of the future fills should either be properly abandoned 

(concreted and plugged or removed), or else replaced and modified to work with the new 

proposed fills.   
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9. Construction Considerations 

 

9.1 Construction Advisories 

 

Prior to cutting slopes, vegetation should be completely cleared and grubbed within the 

excavation and fill slope lines to prevent organics from being included in fill material.  Trees 

larger than 6" at chest height that are situated within 5 feet outside of the excavation lines 

should also be cut.  Smaller vegetation may remain in place in this area outside of the cut 

zone.  Stumps from the trees cut within this 5-foot zone shall be left in place at a height of 

10 inches to 24 inches above the surrounding ground.   

 

Cut slopes in the eastern half of the project area are likely to shed some rockfall during 

construction; therefore, appropriate caution around these cuts should be exercised by 

construction forces.   

 

Boulders of various sizes throughout the project that lie slightly outside of the cut line may 

still require removal if they are judged to be a potential falling/rolling hazard to either 

construction forces or the travelling public after construction is completed.   

 

Once ground has been cleared and prepped for fill construction, the areas to be buried beneath 

fills should be examined by the engineer (and, possibly a representative from OGDN) to 

assess the ground for any possible signs of ground water seeps that might have been missed 

during the investigation period when heavy brush may have concealed them.  Should any 

such wet areas be found drainage should be designed and installed that allows water from 

these areas to escape unimpeded from beneath the planned fill.  Such systems should include 

an underdrain, similar to that installed in the thalwegs beneath Fill 1 and Fill 2.  These 

systems might also entail a broader permeable blanket, consisting of angular drain rock 

enveloped above and below by non-woven Type B RSP fabric.  Should any such seeps be 

encountered, please contact Mr. Lewis of OGDN.       

 

9.2 Construction Considerations that Influence Design 

 

The considerable likelihood of some failed cut slopes and increased rockfall impacting the 

completed constructed highway during the first winter following construction, due to the 

change from a two-year construction period to a single construction season as explained 

previously in section 8.2.1, should be mitigated wherever possible by Design.  OGDN 

strongly recommends that the contractor be made available for cleanup, repair, and related 

storm water issues through the primary construction contract for a period of up to one year 

following the completion of construction.  This will allow a swift response to any rockfall 

and slide problems, prevent maintenance from being unduly burdened by these problems, 

and prevent the more costly and far less effective approach of utilizing director’s orders to 

address said problems. 

 

OGDN also recommends that excavation within the pyroclastics section (station 1663+00 to 

1709+00) be staged as early as possible in the construction period so that there is more time, 
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albeit in the dry season, to assess the performance of the cut slopes and to respond with any 

needed mitigation or corrective efforts as early as possible.   

 

9.3 Construction Monitoring 

 

No instrument monitoring of the cuts or fills is recommended.  

 

9.4 Differing or Problematic Site Conditions 

 

Should differing site conditions arise during construction please contact Mr. Lewis of 

OGDN.     

 

10. Recommendations and Specifications 

 

10.1. Cut Slopes 

 

 Prior to cutting slopes, it is recommended that trees larger than 6" at chest height that are 

situated within 5 feet outside of the excavation lines be cut.  Stumps from trees cut within 

this 5-foot zone shall be left at a height of 10 inches to 24 inches above surrounding 

ground. 

 

 Recommended cut slope ratios vary from 0.5:1 to 1:1.  Recommended cut slope ratios 

and maximum cut slope heights are listed in Table 3, section 8.2.1.   

   

 No benches are recommended for any cuts.   

 

 Recommended catchment widths are listed by station interval and cut slope height in 

Table 6, section 8.2.4.  Catchments shall be unpaved and have a backslope of 6:1, except 

where the surface is composed of shoulder backing, in which case the slope ratio may be 

flatter. 

 

 If blasting is chosen by the contractor to construct final rock cut slope faces, presplitting 

methods and specifications should apply, and federal, state, and local blasting regulations 

must be complied with.  If blasting is chosen for any purpose other than presplitting, or 

if blasting is to occur within 500 feet of any structure, the contractor must comply with 

controlled blasting specifications.  All rock excavation shall be paid for as roadway 

excavation; the contractor must adjust his bid accordingly.  All specifications regarding 

blasting mentioned in this bullet shall be included as part of the supplemental project 

information as an nSSP (written collaboratively by the Office of the Engineer and 

OGDN) replacing section 19.4 in the standard specifications.    

 

 OGDN strongly recommends that a post-construction period be established and inserted 

into the contract by an nSSP wherein the contractor remains responsible for erosion, 

storm water, and slide and slipout repair work for a period lasting into the construction 

period of the following year.  This nSSP has been created collaboratively by the Office 
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Engineer, the Office of Design, and OGDN, and it refers to this work as permanent 

erosion control establishment work.  This work begins after permanent erosion control 

work has been completed, which typically occurs at the very end of construction.  
 

 OGDN recommends replacing the existing horizontal drain pvc pipe at station 1679+00 

after cutting the existing slope.  The pipe should extrude 3 to 4 ft from the cut face 

surface, much as it does from the existing slope.  

 

 OGDN recommends installing underdrains beneath the new cut slopes from station 

1676+00 to 1680+50.  

 

10.2 Embankments 

 

 OGDN recommends that the fills proposed for the western half of the project area (station 

1590+00 to 1645+00) be constructed at a slope ratio of 1.5:1 or flatter, and that they be 

compacted to at least 90% compaction (CTM216).   

 

 Three large fills, referred to in this report as Fill 1, Fill 2, and Fill3, located in the eastern 

half of the project area at station station interval 1708+30 to 1713+00 LT (Fill 1), 

1717+75 to 1720+10 LT (Fill 2), and 1723+00 to 1729+00 LT (Fill 3) shall be 

constructed with a slope ratio of 1.55:1.   

 

 Fill 1, Fill 2, and Fill 3 shall be encapsulated with Selected E material.  Fill 1 and Fill 2 

shall have 10 horizontal ft of Selected E encapsulation.  Fill 3 shall have 6 horizontal ft 

of encapsulation.  Drawings of these recommended encapsulation designs are shown in 

Plates 7 and 8.  

 

 The lower portion of fill material for Fill 1, up to a minimum elevation datum of 4155 ft, 

shall be constructed from material excavated from station 1695+00 to 1709+00.  No 

material excavated from this station interval may be used elsewhere until this minimum 

elevation datum is reached for Fill 1.  

 

 Fill material in Fill 1, Fill 2, and Fill 3 shall be compacted to at least 93%.   

 

 Selected E material shall be compacted to standard specifications of 90% relative 

compaction, but because of its rocky nature it will not be subject to compaction tests.  

Selected E material shall be deemed ‘compacted’ by the engineer after two passes by the 

compactor; the engineer retains the right to request a third pass. 

 

 The remaining proposed fills between station 1648+00 and 1700+00 are primarily thin 

fills or sliver fills.  These shall all be constructed at a slope ratio of 1.25:1.   

 

 Fills constructed at 1.25:1 shall be constructed entirely with Selected E material.  

 

 1.25:1 fills shall be constructed to the standard specifications of 90% relative compaction. 
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 Selected E material shall be comprised of all material excavated between station intervals 

1650+00 to 1662+25, 1713+00 to 1717+00, and 1720+25 to 1723+00.  Selected E 

material shall be used solely for encapsulation of Fill 1, Fill 2, and Fill 3, and the 

construction of all 1.25:1 fills.  Selected E material may only be used elsewhere when 

Fills 1, 2, and 3, and all 1.25:1 fills have been completed. 

 

 Specifications should limit Selected E material to a maximum size of 18 inches in any 

dimension.  Selected E material must provide a stable structure for its required purpose.  

Selected E material must not contain rounded boulders or cobbles, and must be 

subangular to angular with at least one fractured face.  Flat or needle shaped rock cannot 

be included as Selected E material unless the individual rock thickness is greater than 

0.33 times the length. 

 

 All fills designed at slope ratios of 1.25:1 shall have a minimum thickness of 6 ft 

(perpendicular to the slope face) of Selected E material).  This will require the removal 

of material excavated during the keying-in process and its replacement by Selected E 

material.   

 

 Buttresses shall be constructed at the toe of Fill 1 and Fill 2.  These shall have a cross-

sectional design as shown in Plate 6 and have a width of 60 ft (30 ft on either side of the 

thalweg).  These shall be constructed with 2-Ton RSP, method A placement.  

 

 2-Ton RSP used for buttresses shall be manufactured from fresh boulders within the 

project limits or imported. 

 

 In the case of Fill 1, 2, and 3,  Selected E material shall be placed in horizontal lifts 

simultaneously with the general fill material, lift for lift, so that the individual lifts of the 

general fill material and the horizontally juxtaposed Selected E material are compacted 

simultaneously.  Selected E material shall not be placed on the slopes of these fills as a 

later veneer after the fill has been constructed.   

 

 Maximum size for rocks used for general fill shall be 5 ft in any direction.  Boulders and 

cobbles placed in the fill must also not be rounded.  Rock that is 18 inches or greater in 

any direction must have a subangular to angular shape with at least one fractured face 

before being placed in a fill. Flat or needle shaped rock must not be used unless the 

individual rock thickness is greater than 0.33 times the length. 

 

 It is recommended that all fill faces not encapsulated with Selected E material be 

protected with some type of erosion protective mulch sometime after the fill is completed 

and before the first rains occur.    

 
 It is recommended that underdrains be constructed within the thalwegs that lie beneath 

proposed Fill 1 and Fill 2.     
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 Present culverts in the locations of the future fills should be properly abandoned 

(concreted and plugged) to prevent ground water from finding them and focusing water 

directly at the foundation of the future fills.   
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12.  APPENDICES 

 

12.1.    Plates 

 

Plate 1. Project Location 

Plate 2. Aerial Photo of Lassen Lodge Project Area with Seismic Lines and Laboratory 

             Sample Locations.  

Plate 3.  Topographic Map of Lassen Lodge Project Area  

Plate 4. Geologic Map of Lassen Lodge Project Area 

Plate 5. Geology Overlain on Aerial Photo of Lassen Lodge Project Area 

Plate 6.  Cross-Section of Toe Buttress for Fill 1 & 2.   

Plate 7.  Fill 1 Cross-Section Details (showing base zoning and separation geotextile) 

Plate 8.  Fill 2 and 3 Cross-Sections 

Plate 9.  Placement and Compaction of Fill and Selected E  

Plate 10. Cross-Sections of Slope/W Models for Fill 1 without and with Critical Slip Area 

Plate 11. Cross-Sections of Slope/W Models for Fill 2 without and with Critical Slip Area 

Plate 12. Cross-Sections of Slope/W Models for Fill 3 without and with Critical Slip Area 

Plate 13. Cross-Sections of Slope/W Models for 1.25:1 Fills 
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Cross-Section Detail Drawings of Fill 1.  A.  Cross-section drawing of Fill 1 showing 

Selected E encapsulation layer, toe buttress, and base material zoning.  B. Enlarged cross-
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Cross-Section Drawings of Fills 1 and 2.  Cross-sections of Fill 2 and Fill 3 showing the 

encapsulation on both fills with Selected E material.  Note that only Fill 3 does not have a toe 

buttress.  See Plate 7 for detail showing use of subgrade enhancement geotextile to separate 

Selected E material from subgrade fill material for Fill 1 & 2. A slightly modified version of 

this detail for Fill 3 is shown above.  See Plate 6 for detail of Toe Buttress for Fill 2.   
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Slope/W Cross-sections for Fill 1.  Cross-sections of Slope/W models for Fill 1 stability analyses, 

showing the model (A) and the model with the critical slip area (B).   Note: General fill wet is the 

same as general fill in this model. General fill base-wet and general fill base are also the same for this 

model.  These materials are distinguished only when applying cohesion to the non-wet materials, 

while C remains zero for the wet materials in order to represent a wet season wetting front beneath 

the encapsulating rock (E).    
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Slope/W Cross-sections for Fill 2.  Cross-sections of Slope/W models for Fill 2 stability analyses, 

showing the basic model (A) and the model with the critical slip area (B). Note: General fill wet is 

the same as general fill here.  These materials are distinguished only when applying cohesion to the 

non-wet general fill, while C remains zero for the general fill wet material in order to represent a wet 

season wetting front beneath the encapsulating rock (E).    
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Slope/W Cross-sections for Fill 3.  Cross-sections of Slope/W models for Fill 3stability analyses, 

showing the basic model (A) and the model with the critical slip surface (B). Note: General fill wet is 

the same as general fill here.  These materials are distinguished only when applying cohesion to the 

non-wet general fill, while C remains zero for the general fill wet material in order to represent a wet 

season wetting front beneath the encapsulating rock (E).    
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Slope/W Cross-sections for 1.25:1 Fills.  Cross-sections of Slope/W models for 1.25:1 fills stability 

analyses, showing the 50-foot sliver model (A) and the 80-foot thicker model (B).     
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12.2.    Seismic Refraction and MASW Results 
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12.3.    Laboratory Tests  































Results sent to:   

Division of Engineering Services
Materials Engineering and Testing Services

Corrosion and Structural Concrete Field Investigation Branch

SCOTT LEWIS

Report Date:  6/15/2015

Reported by Michael Mifkovic

EFIS:

Dist/Co/Rte/PM

0215000056
02 / TEH /036/ / 75.4-78.4 PM

CORROSION TEST SUMMARY REPORT ‐SOIL

CORROSION 
LAB #

MINIMUM 
RESISTIVITY¹ 

pH¹(ohm‐cm)BORE #TL101 #
 IS SAMPLE 
CORROSIVE?

DEPTH 
(FT)

START    END

CHLORIDE 
CONTENT² 

(ppm)

SULFATE 
CONTENT³ 

(ppm)
SOIL SAMPLE FROM:   CUT SLOPE

9204 5.820 0.5CR20150172 C734205 NO

10438 6.350 0.5CR20150173 C734204 NO

12936 5.820 0.5CR20150174 C734203 NO

9868 6.670 0.5CR20150175 C734206 NO

This site is not corrosive to foundation elements (see note 
below).

Note:  For Structural Elements, the Department considers a site corrosive if one or more of the following conditions exist: pH is 5.5 or less, 
chloride concentration is 500 ppm or greater, sulfate concentration is 2000 ppm or greater.  Resistivity is not considered for Structural Elements.  
MSE backfill shall conform to the requirements of section 47-2.02C Structure Backfill in the 2010 Standard Specifications.
¹CT 643, ²CT 422, ³CT 417

6/15/2015CR20150172 ‐ CR20150175



For Contract No. 02- 4G03u4 

Route: 02 – Teh – 36 - PMR75.1/78.4 

 

 

 

INFORMATION HANDOUT 
For Contract No. 02-4G03u4 

At Teh-36-R75.1/78.4 

 

 

Identified by 

Project ID 0215000056 

 

 

 

MATERIALS INFORMATION 

 
 

Water Source Information 

Non-Potable information dated May 3, 2016 

Potable information dated May 4, 2016 

 

 

 

 



EA 02-4G0301   
Lassen Lodge Curve Improvement  May 03, 2016 

Water Conservation, Non-Potable-Potential Sources 

Due to water shortages, water conservation efforts are in place for this project.  The use of non-potable 
or recycled water will be required for this project.  Non-potable water sources in this area are limited to 
open bodies of water such as nearby Battle Creek, Mill Creek and Lake Almanor which are within 50 
miles from the project and the following: 

Sierra Pacific Industries  
Forestry Division 
3950 Carson Road 
Camino, CA 95709  
(530) 644-2311  

The contractor will need to obtain any necessary permits or agreements as needed.  If the sources listed 
above cannot be reasonability obtain, then this should be documented and submitted for an exception. 
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EA 02-4G0301   
Lassen Lodge Curve Improvement  May 04, 2016 

 

Water Conservation, Potable-Potential Sources 

It is the responsibility of the contractor to acquire an adequate and reliable source of water for 
construction activities for this project.  Potential sources of water near the project location are included 
in, but not limited to, the following list. 

 

Chester Public Utility District 

(530) 258-2171 

 

Red Bluff Public Works - Water Department 

(530) 527-4300 ext. 2    
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MATERIALS INFORMATION 
Specifications for Rock Excavation (Controlled Blasting) 



 

Replace section 19-4 with: 
19-4  ROCK EXCAVATION (CONTROLLED BLASTING) 

19-4.01  GENERAL 
19-4.01A  Summary 
Section 19-4 includes specifications for performing rock excavation with controlled blasting and 
presplitting rock to form rock excavation slopes. 

You may use hydraulic splitters, pneumatic hammers, controlled blasting, or other roadway excavation 
techniques authorized to fracture rock and construct stable final rock cut faces. 

Comply with section 12. 

Comply with federal, state, and local blasting regulations. Regulations containing specific Cal-OSHA 
requirements for blasting activities include 8 CA Code of Regs, Ch 4, Subchapter 7, Group 18, "Explosive 
Materials." Regulations for explosives containing percholate materials include 22 CA Code of Regs, 
Division 4.5, Ch 33, "Best Management Practices for Percholate Materials." 

You are liable for damages resulting from blasting activities. 

19-4.01B  Definitions 
controlled blasting: Use of explosives and blasting accessories in predetermined spaced and aligned 

drill holes to limit blast vibrations, noise from airblast overpressure, and flyrock. 

flyrock: Rock that becomes airborne due to blasting. 

near field blasting: Blasting within 30 feet of a critical structure. 

presplitting: Establishment of a free surface or shear plane in rock along the specified excavation slope 
by the controlled use of explosives and blasting accessories in appropriately aligned and spaced drill 
holes. 

19-4.01C  Submittals 
19-4.01C(1)  General 
Submit 3 copies of the blasting safety plan and each controlled blasting plan. After each plan is 
authorized, submit 3 additional copies of each authorized plan. 

19-4.01C(2)  Blasting Safety Plan 
Submit a blasting safety plan. The plan must include: 

1. References to applicable federal, state, and local codes and regulations 
2. Copies of permits required for blasting activities 
3. Business name, contractor license number, address, and telephone number of the blasting 

subcontractor 
4. Proof of current liability insurance and bonding 
5. Name, address, telephone number, copies of applicable licenses, and resume of: 

5.1. Blaster-in-charge 
5.2. Personnel responsible for controlled blast design, loading, and conducting the blasting 

operation 
5.3. Safety officer for blasting subcontractor 
5.4. Blast monitoring consultant 
5.5. Blasting consultant 

6. Name, address, and telephone number of the local fire station and law enforcement agencies 
7. Detailed description of: 

7.1. Location where explosives will be stored 
7.2. Security measures to protect and limit access to the explosives 
7.3. Transportation means for explosives 
7.4. List of personnel permitted to handle the explosives 

8. Exclusion zone and limited-entry zone for nonblast related operations and personnel surrounding 
loading and blasting operations 



9. Details of warning signals used to alert employees on the job site of an impending blast and to 
indicate the blast is completed and the area is safe to enter 

10. How blasting operations will be conducted 
11. Measures to protect blasting operations and personnel from lightning 
12. Emergency evacuation procedures for areas where explosives may be present 
13. How misfires will be recognized, handled, and resolved including: 

13.1. Who will be notified 
13.2. How blast zone will be secured until misfire is resolved 
13.3. Identification of equipment that may be needed to resolve misfires 

14. Details of signs to be used around blasting zones including: 
14.1. Timing of when signs will be posted relative to a specific blast 
14.2. Name and telephone number of person responsible for placing signs 
14.3. Roadway signs for compliance with Chapter 6, Typical Application 2, of the California MUTCD. 

15. Traffic control details for: 
15.1. Loading and blasting operations 
15.2. Misfire event or other blast related phenomenon that causes a transportation corridor to remain 

closed to the public 
16. Description of possible noxious gas generation and details of safeguards to be used to protect 

employees, work zones adjacent to the shot, private property, and the public 
17. Procedure to report and resolve complaints for blast related accidents 
18. Copies of each MSDS and manufacturer data sheets of explosives, caps, primers, initiators, and 

other compounds 
 
19-4.01C(3)  Controlled Blasting Plan 
Submit a controlled blasting plan for each blast. The plan must include details on how each blast will be 
controlled and the following: 

1. Blast identification by numerical and chronological sequence 
2. Location, referenced to stationing, offset distance, date, and time of blast 
3. Drawings showing drill hole pattern, spacing, burden, and initiation sequence 
4. Typical cross-sections through zone to be blasted 
5. Groundwater level, if present, within the prism to be blasted 
6. Initiation-sequence diagram showing the actual firing time of each delay 
7. Type of material to be blasted 
8. Number of drill holes 
9. Diameter, depth, and spacing of holes 
10. Height or length of stemming 
11. Types and characteristics of explosives used, including explosive's density, relative strength, and 

date of manufacture 
12. Type of caps and delay periods used and their date of manufacture 
13. Total amount of explosives used 
14. Total amount of explosives detonating within any 8 millisecond period 
15. Powder factor (pounds of explosive per cubic yard of material blasted) 
16. Method of firing 
17. Direction and distance to nearest building or structure 
18. Type and method of instrumentation 
19. Location and placement of instruments 
20. Measures to limit air noise and flyrock 
21. Measures to limit overbreak 
22. Name of blasting subcontractor 
23. Name and signature of blaster-in-charge 
24. Drawings showing spacing and proximity of shot guards to blast location 
 
Changes to the controlled blasting plan made to adjust for site conditions must be submitted for review 
before implementing. 

19-4.01D  Quality Contol and Assurance 
19-4.01D(1)  General 
Not Used 



19-4.01D(2)  Blaster-In-Charge 
Assign a blaster-in-charge responsible for supervising all blasting activities. The blaster-in-charge must 
have 10 years of experience in performing or supervising similar blasting activities and must be a licensed 
blaster. 

19-4.01D(3)  Blast Monitoring Consultant 
Assign a blast monitoring consultant to monitor blasting generated vibrations and noise near buildings 
and structures that may be subject to damage. The monitoring consultant must be responsible for 
collecting and interpreting vibration and noise data. The blast monitoring consultant must: 

1. Not be employed by the blasting contractor or other subcontractor on the project 
2. Have a minimum of a 2-year Associate's Degree in science or engineering 
3. Have at least 5 years of documented experience in collecting and interpreting ground vibrations and 

noise data 
 
19-4.01D(4)  Blasting Consultant 
Assign a blasting consultant to oversee near field blasting activities. The blasting consultant must: 

1. Be an engineer or geologist who is licensed in the State 
2. Have 10 years of experience providing specialized blasting services in near field blasting 
3. Not be employed by the blasting contractor, explosive manufacturer, or explosive distributor 
4. Submit a resume of credentials and a list of projects worked on 
 
19-4.01D(5)  Preblast Surveys 
At least 15 days before starting blasting activities, prepare a preblast survey of all buildings and structures 
within 330 feet of blasting activities and submit it with the controlled blasting plan. The preblast survey 
must include a written report, sketches, and photos or a videotape with date and time displayed on the 
image. The preblast survey must include: 

1. Name of the person making the inspection 
2. Name of property owner and occupants 
3. Property address 
4. Date and time of the inspection 
5. Description of the structure or other improvement including culverts and bridges 
6. Detailed description of existing condition of walls, ceiling, and floor of each interior room including 

attic and basement 
7. Detailed description of existing condition of foundations, exterior walls, roofs, doors, windows, and 

porches 
8. Detailed description of existing condition of garages, outbuildings, sidewalks, driveways, and 

swimming pools 
9. Detailed listing of highway sign posts, light fixtures, and overhead power lines 
10. Survey of wells or other private water supplies including total depth and existing water surface levels 
11. Identification of sites conducting procedures, processes, or operations that may be sensitive to 

blasting activities 
12. Scaled map or aerial photo showing the location of structures and properties surveyed and location of 

all proposed blasting sites 
 
If blasting activities are suspended for a period of 45 days or more, perform another preblast survey and 
submit it at least 15 days before resuming blasting activities. 

After blasting activities are completed, prepare and submit a postblast survey of the same buildings and 
structures as in the preblast survey. The postblast survey must include all items included in the preblast 
survey. 

19-4.01D(6)  Vibration and Noise Monitoring 
Vibration levels must be kept below peak particle velocity of 2 inches per second at the nearest building 
or structure. 

Noise from airblast overpressure levels must be kept below 128 dB (C-network or Linear network) at the 
nearest building 



Ground vibrations and noise created from blasting must be controlled by using properly designed delay 
sequencing and charge weights for shots. 

Provide 3 seismographs to be available for deployment that are appropriate for controlled blasting 
activities and capable of: 

1. Recording particle velocities for 3 mutually perpendicular components of vibration and instantaneous 
resultant peak vector sum in the range generally found with controlled blasting. 

2. Continuously measuring, recording, and reporting vibrations along 3 primary axes. 
3. Measuring and recording vibration frequencies ranging from 2 to 300 Hz. 
4. Providing a printed record of each event showing a plot of peak particle velocity versus vibration 

frequencies. 
5. Measuring and recording airblast noise levels. The noise transducer must be detachable from the 

main unit to allow placing at elevations with a clear line of sight between transducer and blast. 
 
Record each blast shot using approved seismographs and prepare a vibration and noise monitoring 
report. The report must include: 

1. Identification of instruments used 
2. Name of blast monitoring consultant 
3. Distance and direction of recording stations from blast area 
4. Type of ground at recording station and material on which instrument sits 
5. Maximum particle velocity in each component and resultant peak particle velocity of each shot 
6. Copy of seismograph readings with date and signature of blast monitoring consultant 
7. Noise levels recorded in dB (C-network or Linear network) units 
 
19-4.01D(7)  Video Recording of Blasts 
Video-record each blast. The video-recording must be taken from a safe location with a clear view of the 
blast area, activities, and progression. Identify each video or section of video with an index to identify 
each blast. Submit a copy of each video in DVD-Video format. 

19-4.01D(8)  Blasting Complaints 
Accurately document each complaint. Notify the Engineer immediately of a complaint received or at the 
start of the next day's work shift. Complaint documentation must include: 

1. Name and address of complainant 
2. Date, time, and nature of complaint 
3. Dated photo or videotape of physical damage 
4. Name of person receiving complaint 
5. Record of complaint investigation conducted 
6. Resolution of complaint 
 
19-4.01D(9)  Postblast Reports 
Document each shot in a postblast report. The postblast report must include all data required in the 
controlled blasting plan for that shot and the following: 

1. Description of site conditions, loading, and time of blast 
2. Description of weather conditions at time of blast including wind direction and cloud cover 
3. Drillers boring record 
4. Copy of vibration and noise monitoring report 
5. Copy of documented complaints arising from the blast 
 
Submit the postblast report within 48 hours of the blast. 

19-4.02  MATERIALS 
The maximum diameter of explosives used in presplit holes must not be greater than 50 percent of the 
diameter of the presplit hole. 

Only standard cartridge explosives prepared and packaged by explosive manufacturing firms must be 
used in the presplit holes. These must consist of one of the following: 



1. Fractional portions of standard cartridges to be affixed to the detonating cord in the field 
2. Solid column explosives joined and affixed to the detonating cord in the field 
 
Stemming materials must be dry, free-running material meeting the grading requirements in the following 
table when tested under California Test 202: 

Sieve sizes Percentage passing 
3/8" 100 
No. 8 90 

 

19-4.03  CONSTRUCTION 
At least 7 days before starting or resuming blasting activities, notify occupants of the local buildings within 
330 feet of the blasting area in writing. Verbally notify occupants of pending blasting activities on the day 
of blasting. 

Do not perform blasts within 1,200 feet of concrete placed within 72 hours. 

Before firing any blast, confirm that groundwater conditions are consistent with shot design and explosive 
type to be used. 

Before firing any blast in areas where flyrock may result in personal injury or damage to property or the 
work, cover the rock to be blasted with blasting mats, soil, or other equally serviceable material to prevent 
flyrock. 

If blasting causes flyrock, suspend blasting activities. The blasting consultant must review the site to 
determine the cause of the flyrock problem and provide an amendment to the controlled blasting plan that 
prevents flyrock. 

Do not use drill cuttings as stemming in controlled blasting operations. 

Before drilling the presplitting holes, remove overburden soil and weathered rock along the top of the 
excavation for a distance of at least 50 feet beyond the drilling limits or to the end of the excavation. 
Ensure removal of overburden soil and weathered rock and expose fresh rock to an elevation equal to the 
bottom of the adjacent lift of the presplitting holes being drilled. 

Drill slope holes for presplitting along the line of the planned slope within the tolerances specified. The 
drill holes must be at least 2-1/2 inches, but not more than 3 inches in diameter. Control the drilling 
operations by using proper equipment and techniques. Ensure no hole deviates from the plane of the 
planned slope by more than 12 inches or from parallel to an adjacent hole by more than 67 percent of the 
planned horizontal spacing between holes. 

The length of presplit holes for an individual lift must not exceed 30 feet, unless you can demonstrate to 
the Engineer that you can stay within the above tolerances and produce a uniform slope. The length of 
holes may then be increased to a maximum of 60 feet if authorized. 

The spacing of presplit holes must not exceed 3 feet on centers and must be adjusted to produce a 
uniform shear face between holes. 

The Engineer may order you to drill auxiliary holes along the presplit line. These holes must not be loaded 
or stemmed. Except for spacing, auxiliary drill holes must comply with the specifications for presplit holes. 
Place the adjacent line of production holes inside the presplit lines in such a manner that avoids damage 
to the presplit face. 

If necessary to reduce shatter and overbreak of the presplit surface, the 1st line of production holes must 
be drilled parallel to the slope line at the top of the cut and at each bench level thereafter. 

Blasting techniques that result in damage to the presplit surface must be discontinued immediately. 

No portion of the production holes must be drilled within 8 feet of a presplit plane unless authorized. The 
bottom of the production holes must not be lower than the bottom of the presplit holes. 



A maximum offset of 24 inches will be permitted for a construction working bench at the bottom of each 
lift for use in drilling the next lower presplitting pattern. 

Adjust the drilling operations to compensate for drift of previous levels and for the offset at the start of 
new levels to maintain the specified slope plane. 

If the methods of drilling and blasting do not produce the desired result of a uniform slope and shear face 
without overbreak and within the tolerances specified, drill, blast, and excavate in short sections, up to 
100 feet, until a technique produces desired results. 

If a fractional portion of a standard explosive cartridge is used, the cartridge must be firmly affixed to a 
length of detonating cord equal to the depth of the drill hole so that the cartridge does not slip down the 
detonating cord nor cock across the hole and bridge the flow of stemming material. Spacing of cartridges 
along the length of the detonating cord must not exceed 30 inches center to center and must be adjusted 
to give the desired results. 

If a solid column type explosive is used, the column must be assembled and affixed to the detonating 
cord to comply with the explosive manufacturer's instructions. Submit as an informational submittal a copy 
of the explosive manufacturer's instruction before using the column type explosive. 

The bottom charge of a presplit hole may be larger than the line charges but must not cause overbreak. 
The top charge of the presplitting hole must be placed far enough below the collar to avoid overbreaking 
the surface. 

Before placing the charge, the hole must be free of obstructions for the hole's entire depth. Ensure 
placing of the charge does not cause caving of material from the walls of the holes. 

The Engineer may order the use of stemming materials as necessary to achieve a satisfactory presplit 
face. Stemmed presplit holes must be completely filled to the collar. 

Detonate charges in each presplitting pattern simultaneously. 

The tolerances in section 19-2.03G do not apply to presplit surfaces of excavation slopes where 
presplitting is required. The presplit face must not deviate more than 1 foot from the plane passing 
through adjacent drill holes, except where the character of the rock is such that irregularities are 
unavoidable. The average plane of the completed slopes must not deviate more than 1 foot from the plan 
slopes. These tolerances are measured perpendicular to the plane of the slope. No portion of the slope 
may encroach on the roadbed. 

If equally satisfactory presplit slopes are obtained, you may either presplit the slope face before drilling for 
production blasting or presplit the slope face and production blast at the same time, provided that the 
presplitting drill holes are fired with zero delay. The production holes must be delayed by at least 50 
milliseconds starting at the row of holes farthest from the slope and progressing in steps to the row of 
holes nearest the presplit line. The presplitting holes must extend either to the end of the excavation or for 
a distance of not less than 50 feet beyond the limits of the production holes to be detonated. 

19-4.04  PAYMENT 
Rock excavation (controlled blasting) is paid for as roadway excavation.The payment quantity for 
roadway excavation includes the length of presplitting and any auxiliary drilled holes used for rock 
excavation (controlled blasting). 
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