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State of California California State Transportation Agency 

Department of Transportation 

 

“Provide a safe, sustainable, integrated and efficient transportation system 

to enhance California’s economy and livability” 

M e m o r a n d u m Serious drought. 

 Help Save Water! 

 

 

To: MR. STEVE WRIGHT Date: March 28, 2016 

Branch Chief 

North Region Design File: 03-BUT-191 PM 6.8/8.6 

 Paradise Road Realignment 

Attn: Mr. Eric Souza EA# 03-3F760 

Project Engineer EFIS ID# 0313000165 

 

   

From: DEPARTMENT OF TRANSPORTATION 

DIVISION OF ENGINEERING SERVICES 

GEOTECHNICAL SERVICES – MS 5 
 

Subject: Geotechnical Design Report 

 

 

1.0 INTRODUCTION 

 

This Geotechnical Design Report (GDR) is prepared for the Paradise Road Realignment project 

located on the State Route (SR) 191 from PM 6.8 to 8.6 in Butte County, California, as shown 

in Plate 1 Project Site Vicinity Map.  We understand that the project will realign the existing SR 

191 to provide curve corrections and widen the existing paved shoulders within the project limits. 
 

The purpose of this GDR is to provide design and construction related geotechnical engineering 

recommendations for the project.  Work performed by OGDN consisted of reviews of available 

pertinent publications, performances of site subsurface investigations, performance of engineering 

studies and preparation of this report. 
 

Previously, OGDN prepared a District Preliminary Geotechnical Report (DPGR) dated January 

17, 2014. 

 

2.0 EXISTING FACILITIES AND PROPOSED IMPROVEMENTS  
 

At the time of our field exploration, SR 191 consisted of a two-lane (one for each direction), 

asphalt concrete (AC) paved roadway.  The width of each travel lane was 11-feet.  The shoulders 

within the project limits consisted of both AC paved sections and unpaved sections.  The paved 

shoulders were varied from about 6-inch to 3-feet wide and the unpaved shoulders were about 2-

feet to 15-feet wide.  Culvert structures were observed crossing beneath the route at several 

locations.  The route runs generally in a north-south direction.  Moderately steep to steep hillside 

topographies bound the east and west sides of the existing route alignment, with the west side 

being predominantly downslope and the east side being predominantly upslope. 
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A few private residential developments are located at or near the top of the existing hillsides on 

the east side of the current route alignment and two associated AC paved driveways connect to SR 

191 on the east side at approximate project stations of 420+00 and 463+00.  An unpaved private 

access road exists on the west side and connects to SR 191 at approximate project station of 

428+00.  Overhead utility lines were observed crossing SR 191 at approximate project station of 

425+50 with a high tension power pole located at the top of the existing cut slope. 

 

3.0 PROJECT SITE PHYSICAL SETTING 
 

3.1 Climate 
 

Climate information was obtained from the Western Regional Climate Data Center at 

http://www.w rcc.d ri.ed u. The nearest weather station is COOP located in Paradise, CA 

approximately three miles north of the project location.  The Western Regional Climate 

Center includes monthly climate records for this location from 1957 through March 2013. The 

average annual maximum temperature is 71°F, with the maximum for the warmest month , 

July, averaging 92°F.  The average annual minimum temperature is 50°F, with the minimum 

for the coldest month , December, averaging 38°F.  The average annual precipitation recorded 

by the Paradise COOP is approximately 55 inches, with the majority falling between October 

and May.  Annual snowfall is reported as 2.2 inches and typically occurs between months 

of December through March; however, there is a significant elevation difference between 

the project location and the town of Paradise, and it is anticipated that the lower elevation of 

the project site would have a decreased snowfall potential. 
 

3.2 Topography and Drainage 
 

According to the USGS quadrangle reviewed, the existing highway within the project area 

roughly trends north/south.  The highway is bounded on the east by upward trending slopes 

and on the west by moderately steep downward trending slopes.  The existing highway 

alignment trends uphill from south to north.  Elevation along the current alignment varies 

between approximately 800 feet on the south end to 1200 feet above mean sea level on the 

north end of the project limits.  An un-named stream flowing from north to south is depicted just 

west of the existing highway alignment.  A small manmade lake is shown on the map just west 

of the southern portion of the project limits and an area of springs are shown just east of the 

current alignment in the northern portion of the project limits.  Surface drainage within the 

project limits is generally west and southwest towards the un-named stream channel with 

some local variations.  No water was observed flowing in any of the drainages or emanating 

from springs or seeps within the existing cuts during our site visit in December 20 13.  Native 

vegetation in the project area includes abundant grass/weeds, moderate brush, trees and pasture 

land. 
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3.3 Regional Geology 
 

The project is located in northern Butte County, on the eastern edge of the Great Valley 

geomorphic province. This geologic province is characterized as being an "asymmetrical 

synclinal trough" created by the uplift of the Sierra Nevadan mountains to the east and the 

Coast Range Mountains to the west. Northern Butte County is dominated by marine and non-

marine (volcanic) deposits underlain by ingenuous rocks. (R. Norris and R. Webb) 
 

3.4 Site Geology 
 

According to the geologic maps reviewed, the site is mapped within Pliocene aged; Tuscan 

Formation.   Rock types associated with the Tuscan Formation include; lahars, volcaniclastic 

sediments, basaltic/andesitic flows and tuff deposits.  Rock outcrops observed during our site 

exploration appeared to be primarily moderately weathered lahars consisting of volcaniclastic; 

sandstone, conglomerate and mudstone.  Rock outcrops observed in the field compare 

favorably with those described in the maps and documents reviewed.  A portion of the Geologic 

map utilized for this report is attached in Plate 2 Geology Map. 
 

3.5 Seismicity 
 

Based on the Caltrans ARS Online Tool Version 2.3.06, the nearest active fault for the site 

is the Foothills Fault System - northern reach section (Swain Ravine fault zone) (Fault ID 

No. 71) with a maximum magnitude (MMax) of 6.5. The fault is referred as a normal fault 

dipping 50 degrees to the west and is located south southeast of the project site.  The closest 

distance to the fault rupture plane from the site is estimated to be about 15.5 miles. 
 

Based on the geologic map and our subsurface investigation, a VS30 (weighted shear wave 

velocity for the top 100 feet of subsurface materials) of about 1840 feet per second is judged 

to be applicable for the site.   Based on the ‘Methodology for Developing Design Response 

Spectrum for Use in Seismic Design Recommendations, November 2012” and the estimated VS30, 

a peak ground acceleration (PGA) of 0.21g is recommended for the site. 
 

3.6 Naturally Occurring or Imported Asbestos (NOA) 
 

We have reviewed the State of California, Air Resources Board (ARB) Map of California 

Showing Principal Asbestos Deposits, 2000 and the Caltrans DOT "Asbestos Location Map, 

District 3", 2001.  According to both maps, the site is not in an area of naturally occurring 

asbestos.  In addition, during our site reconnaissance the presence of serpentine was not 

observed in the rock exposed at the site. 

 

 

 

 

 



Mr. Steve Wright Geotechnical Design Report 

March 28, 2016 03-BUT-191 PM 6.8/8.6 

Page 4 03-3F760, 0313000165 

 

“Provide a safe, sustainable, integrated and efficient transportation system 

to enhance California’s economy and livability” 

4.0 FIELD EXPLORATIONS 

  

The site subsurface conditions were investigated by a combination of exploratory borings and 

seismic refraction testing. 
 

5.1 Drilling and Sampling 
 

Three exploratory test borings, R-15-001, R-15-002 and RC-15-003 were performed at the site. 

The borings were advanced with a rotary wireline drilling method using the Caltrans Mobile B47 

(Equipment ID 3174758) for RC-15-001 and the Caltrans CS 2000 drill rig (Equipment ID 

0536831) for RC-15-002 and RC-15-003.  At selected intervals, Standard Penetration Tests (SPT) 

were performed and soil/rock samples were collected.  The samples were visually classified onsite 

and were transported to Caltrans headquarter Core Room for storage.  The boreholes were 

backfilled with cement grout upon completion in accordance with Butte County requirements.   

Table 1 below summarizes the borings information.  The station information was based on 

interpretation from the Right of Way Appraisal Index map provided to us and should be considered 

approximate. 
 

Table 1 Subsurface Exploration Boring Summary 

Boring 

No. 

Appr. Station 

(BA4 Line) 

Boring Depth 

(ft) 

Completion 

Date 

R-15-001 533+82 100 10/29/2015 

R-15-002 563+61 100 11/3/2015 

R-15-003 583+22 93 11/6/2013 

 

Records of the Borings are provided in the Appendix of this report.  Boring locations are shown 

in Plate 3 Approximate Boring Location Map. 
 

5.2 Seismic Refraction Survey 
 

Eleven seismic refraction survey lines were completed during November 2016 at selected cut 

locations. The lines were located at the top of proposed cut areas, roughly parallel to the proposed 

alignment and directly above areas likely to be cut. Additionally, the lines were completed on top 

of rock outcrops selected by representatives of our Office that were considered to consist of the 

hardest (most difficult to excavate) rock that could be encountered throughout the project limits.  

Selection of cuts where seismic refraction lines were completed was based on field observation and 

the following criteria: locations where significant (thickest exposure) of rock material was observed 

in the existing highway cuts adjacent to the proposed new cuts, and/or locations where new 

significant thru cuts would be completed. The primary purpose of these surveys was to determine 

if “hard rock” material difficult to excavate with conventional excavation techniques would be 

encountered in the project proposed cuts and provide information to potential bidders regarding the 

hardness of materials they could encounter during excavations activities. Plates 4 & 5 attached 
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depict general locations where seismic refraction lines were completed. Table 2 below summarizes 

results of the survey data collected. Seismic velocities provided in the table below are an average 

velocity of the rock material and its included fractures and discontinuities and does not represent 

the solely rock material between the discontinuities.  
 

Table 2 Seismic Refractions Results 

SITE 

APPR. 

POST 

MILE 

PROPOSED WORK WITH APPR. 

PROJECT STATIONING* 

SEISMIC 

LINE# 

AVERAGE 

VEOLOCITY 

(Feet/Second) 

RIPPABILITY** 

1 6.88 
Proposed cut east of existing alignment. 

Approximate project sta: 516+00 – 517+00 
9 4059 MD 

2 7.30 Proposed thru cut west of existing alignment. 1 5324 DR 

  Approximate project sta: 532+00 – 537+00 2 6025 DR 

   3 6705 NR 

      

      

   4 4489 MD 

   5 4327 MD 

   6 3361 MD 

3 7.68 Proposed cut east of existing alignment. 10 5315 DR 

  Approximate project sta: 559+00 – 561+00    

4 7.99 Proposed cut east of existing alignment. 11 8288 NR 

  Approximate project sta: 577+00 – 579+00    

5 8.41 Proposed cut east of existing alignment. 7 5194 DR 

  

Approximate project sta: 000+00 – 000+00 for 

line 7 

Approximate project sta: 589+00 – 591+00 for 

line 8 

8 6567 NR 

*Project stationing based on project layout plans provided by District 3 Design, Dated 7/2/2010 

** See section 7.0 below for further description of abbreviated terms 

 

5.0 GEOTECHNICAL CONDITIONS 
 

5.1 Subsurface Materials 
 

The subsurface materials encountered in the exploratory borings were primarily sedimentary rock 

consisting primarily of Sandstone, Siltstone and Conglomerate derived from volcanic source 

material.  These rock appeared to be decomposed to materials consisting of cobbles, gravels, sands, 

silts and their mixtures.  Minor clay content was observed in a few localized zones of the granular 

material matrix.   The materials appeared to be medium dense to very dense with the Standard 

Penetration Test (SPT) values recorded in the materials varying from 12 blows per 1-foot 

penetration to 50 blows for 0 penetration (hammer refusal). 
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5.2 Groundwater 
 

Groundwater was not encountered in the exploratory borings.  We reviewed California State 

Department of Water Resources (DWR) "Water Data Library" for the project area.  Based on our 

review, the closest groundwater monitoring well (Well ID 21N03E22C001M) is located 

approximately 2.2 miles south of the project site.  The ground surface elevation of the well is 

about 382 feet, which is more than 400 feet below the lowest elevation point within the project 

limits. Data collected in the well between March 2001 and September 2015 indicates that 

groundwater levels varied from near the ground surface to about 30 feet below the ground 

surface at the well location. 
 

Due to the elevation difference between the project site and the reviewed DWR well location 

as well as the project site local topography, it is our opinion that groundwater, if encountered, 

will be transient at shallower depths and flowing within the contact zone between the soil 

mantle and the underlying bedrock.  In addition, some localized groundwater may be 

encountered within confined fractures of the underlying bedrock.  It should be noted that 

groundwater conditions change over the passage of time and will vary depending on local 

conditions including weather, precipitation, and human activities. 
 

5.3 Existing Slopes 
 

Within the project limits SR 191 is bounded to the east by predominantly cut slopes.  The cut 

slopes varied in slope ratio from 1/2H:1V to near vertical in the lower rock portions of the cut, 

rounding to 1H:1V through the soil mantels in the upper portions of the cut. Existing highway cuts 

within the project limits have a maximum vertical slope height of about 80 feet. The existing cuts 

within the project limits are comprised of relatively thin veneer (0 to <10 ft.) of soil overlying 

sedimentary rock derived from volcanic sources.  Bedrock outcrops observed in the existing cut 

consist of the following: 

1. From thinly bedded to massive, hard to very hard, moderately weathered, very slightly 

fractured conglomerate. Typically observed as very thick to massive cap stones at the 

top of cuts or as thin to thick beds in cut faces. In both cases due to its hardness this rock 

type typically forms near vertical to overhanging sections within the existing cuts. 

Seismic lines 7-8 & 10-11 represent direct velocities results of this rock type. 

2. From very thinly bedded to very thickly bedded, from moderately hard to very hard, 

intensely to moderately weathered, from moderately to very slightly fractured 

sandstone. Seismic line 9 represents a direct velocity of this material type. Typically 

observed as forming near vertical faces in existing cuts on occasion observed as cap 

stone. 

3. Laminated to moderately bedded, soft to moderately soft, from decomposed to 

moderately weathered, very slightly fractured to unfractured siltstone.  Typically 

observed as eroded sections below overhanging sandstone/conglomerate blocks. In 

other areas appears as a decomposed soil on the existing cut face. 
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The existing cut slopes appeared performing well with regards to global slope stability.  Localized 

rockfall was observed occurring at some steeper cut areas (steeper than ¾H:1V) where hard rock 

is underlain by soft materials and the soft materials has been eroded over time resulting the hard 

rock collapsing along the weathered fracture planes. 
 

Within the project limits SR 191 is bounded to the west by predominantly fill slopes.  The fill 

slopes varied with slope ratios of 1.5H:1V or flatter with a maximum vertical slope height of about 

65 feet.  The fill slopes appeared performing well in regards to global stability. 
 

A majority of the slopes were vegetated except for the cut slopes that are steeper than 1H:1V.  The 

steeper cut slopes appeared to be un-vegetated.  Localized erosion in the form of sheet rills was 

observed on both the cut and fill slopes.  Localized face erosion and loose rock blocks were 

observed on the cut slopes.  Localized scour channels and minor slumps were observed on the fill 

slopes. 

 

6.0 GEOTECHNICAL DISCUSSION, CONCLUSIONS, & RECOMMENDATIONS 
 

6.1 Cut Slope 
 

Based on the cross sections provide to our Office by District 3 Design, Dated July 2, 2010, the 

District proposed to preform portions of the widening by cuting further into the existing cuts 

located on the eastern side of the existing highway. Additionally, realignment portions of the 

project will require completing new thru cuts by cutting into (decreasing elevation of) existing 

native ground. Based on the information provided by the District, the new cuts will have slope 

ratios that will vary from as flat as 3H:1V to as steep as 1H:1V. In addition, the new cuts will have 

slope heights that vary in maximum vertical height from a few feet to a maximum of 60 feet. 
 

As stated above, the existing highway cuts with maximum vertical heights and slope ratios that 

exceed those proposed by the District are preforming well with regards to global stability. It is our 

Office’s opinion that the new cuts proposed by the District will perform in similar nature to the 

existing cuts. Cut slopes should be construct per Section 19 of the standard specifications. Due to 

the rocky nature of the subsurface materials that will be encountered in excavation, our Office 

recommends that at the discretion and direction of District Construction, that the final cut slope 

faces can be hand scaled to remove any loose rock blocks remaining on the final face if needed. 

Our Office recommends where soil material is encountered in the upper portions of the cuts, slope 

rounding to 1.5H:1V ratio be completed to reduce erosion potential of the soil material overlying 

the bedrock. 
 

It should be noted that the flatter than existing slope ratios will expose a larger surface area of 

slope face to be impacted by rainfall. Due to the soft nature of the siltstone it is more susceptible 

to erosion. It is recommended that District Landscape Architecture be consulted to provide 

recommendations for erosion control on the cut slope faces where large areas of siltstone is 

exposed. Re-vegetation of cut face areas comprised of sandstone and conglomerate will likely not 

be successful due to the hardness of the material, however, these two rock types are less susceptible 

to erosion. In addition, our Office recommends that District Hydraulics be consulted to provide 
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recommendations to limit concentrated sheet flow from coming off the native slopes onto the cut 

faces to help reduce erosion potential. 

        

6.2 Rippability and Excavation Characteristics 
 

The direct correlation of the seismic velocities encountered in the surveyed areas does not apply 

for all material anticipated to be encountered in the excavation below the area where the surveys 

were completed, as each excavation will contain multiple layers of varying thickness 

volcaniclastic sedimentary rock (sandstone, siltstone etc.). In addition, each rock type and layer 

will likely vary in hardness, fracturing and cementation. The results of the seismic surveys 

completed represent direct velocities of the material they were completed on and do not represent 

velocities (hardness) of underlying rock materials.  
 

Rock Rippability is dependent on rock type, quality (fracture and discontinuity spacing) and ripping 

equipment.  A rippability assessment provided in Table 3 below is taken from the Handbook of 

Ripping, 12th Edition by Caterpillar based on a Caterpillar D10R ripper. Bedrock material 

encountered in the project cuts should be equivalent to the Sandstone, Shale and Conglomerate 

listed in the table below. 
 

Table 3 Rippability with D10R Ripper (Caterpillar, 12th Edition) 

Rock Type 
Seismic Wave Velocity

(fps) 
Rippability 

Metamorphic Schist 

< 7600 Rippable 

7600 – 9500 Marginally Rippable 

> 9500 Non-Rippable 

Sandstone 

< 8500 Rippable 

8500 – 10900 Marginally Rippable 

> 10900 Non-Rippable 

Shale 

< 9000 Rippable 

9000 – 10900 Marginally Rippable 

> 10900 Non-Rippable 

Breccia1 

< 9000 Rippable 

9000 – 11500 Marginally Rippable 

> 11500 Non-Rippable 

Conglomerate(1) 

< 9200 Rippable 

9200 – 11500 Marginally Rippable 

> 11500 Non-Rippable 

(1) No data is available for tuff.  Average scales for breccia and conglomerate may be used for 

approximation for a D10R ripper. 
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Table 4 provides the Caltrans Geophysics Branch rippability chart correlating rock rippability with 

seismic wave velocity based on the Caterpillar D9 series tractor (Owen, 2005). 

 

Table 4 Caltrans Rippability Chart (1) (Owen, 2005) 

Seismic Wave Velocity 

(f/s) 
Rippability 

< 3500 Easily Ripped 

3500 – 5000 Moderately Difficult 

5000 – 6500 Difficult 

 > 6500 Not Rippable 

(1) Based on the Caterpillar D9 Series Tractor 

 

Based on the above tables and the results of the seismic refraction data collected, rock encountered 

in excavations for the project should be considered rippable utilizing excavation equipment 

comparable to a Caterpillar D10. 
 

The concept of excavatability is here defined as whether subsurface materials can be excavated 

(moved from the existing slope) and reduced to a block size that can be reasonably lifted and 

hauled from one location to another. In this case determining excavatability of subsurface 

materials requires the field mapping of discontinuities and block sizes, correlating them to 

observed velocities, and extrapolating the results to unexposed bedrock. At the District request, 

our Office did not complete detailed mapping of discontinuities and rock types at each proposed 

cut locations. Based on our limited observations of rock outcrops and their fracture/discontinuities 

exposed in the existing highway cuts, it is our opinion that contractors and bidders should 

anticipate having to work with hard rock blocks up to 12x12x12 feet in size. If these blocks sizes 

need to be reduced to accommodate equipment handling capabilities, it is our Office opinion that 

“Hard Rock” excavation techniques will be required to reduce the block sizes. Hard rock 

excavation techniques or Office is aware of include the use of hoe-rams, chemical expanders, 

hydraulic wedges and blasting. Contractors may be aware of additional techniques and may 

propose to utilize them with constructions approval. 
 

If the District elects to allow blasting as a hard rock excavation/block reduction method, our 

Office would recommend that “Controlled Blasting” be utilized due to the presence of residential 

structures and/or historical monuments in the vicinity of some of the proposed cuts. Our Office 

should be contacted by District OE to assist in writing a Non-Standard Special Provision (nSSP) 

and provide a concurrence memo if blasting will be allowed for this project. 
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6.3 Earthwork Factor 
 

Earthwork factor is defined as the “ratio of embankment to excavation volume”, it is affected by 

the materials characteristics and the construction quality.  Table 5 provides approximate 

earthwork factors for sedimentary rocks in relation to their seismic velocities (Stephens, 1978).  

 

Table 5 Approximate Earthwork Factors 

Seismic Velocities 

(f/s) 
App. Earthwork Factor 

1000 0.87 

2000 0.97 

3000 1.03 

4000 1.07 

5000 1.09 

6000 1.12 

7000 1.13 

8000 1.15 

9000 1.17 

10000 1.18 
 

For the purposes of estimation, a cumulative grading factor of 1.05 may be used for the materials 

to be excavated from the proposed cuts and to be used as fill with standard 90% relative 

compactions providing the fill construction is conducted in accordance with Caltrans Standard 

Specifications 2010 Section 19 Earthwork. 
 

6.4 Rockfall 
 

Our Office is not aware that there has been any historic issues with rockfall reaching the travel 

lanes along the existing highway alignment. As stated above during our field reconnaissance, we 

observed the presence of rockfall within the unpaved shoulder/drainage ditches. In addition, 

limited loose rock blocks with the potential to fall were observed on the existing cut faces in 

particular in areas where vegetation (trees) root growth has occurred within rock discontinuities. 
 

Based on the plans and cross-sections, the District is proposes to reduce (flatten) the cut ratio 

compared to existing, the new maximum cut height will be less than existing and the proposed 

unpaved and pave shoulder widths will be greater than existing. Completion of all of these items 

will reduce the potential for rockfall to reach the traveled way over existing conditions.  
 

It is our Office’s opinion that since rockfall is not a known hazard along the existing alignment 

and the work proposed by the District has a net decrease in rockfall hazard potential, that additional 

rockfall recommendations are not warranted at this time. After completion of the project, should 
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rockfall become a concern along all or any portion of the alignment, our Office should be contacted 

to evaluate the new conditions and provide rockfall mitigation alternatives at that time.  
 

6.5 Fill Slopes 
 

A majority of the materials encountered in the exploratory borings were essentially granular in 

nature and appear suitable for being used as embankment fill provides the materials are broken 

down and re-conditioned to satisfy the criteria in the 2010 Standard Specification, Section 19-5 

Compaction and Section 19-6 Embankment Construction.  The following soil parameters may be 

used for the fill materials prepared as discussed above. 
 

Unit Weight, γ 125 pcf 

Internal Friction Angle, φ 34 degree 

Cohesion, c 0 psf 
 

The fill materials and the in-situ materials receiving the fills are essentially granular in nature.  As 

such, upon load application, these materials settle as result of particles reorientation and 

subsequent volume change, the settlement mostly occur during and shortly after the load 

application.  Based on the proposed fill slope construction, the settlements associated with the 

proposed fill placements are estimated to be on the order of 2 to 6 inches.  The settlement is 

anticipated to occur mostly during and shortly after construction, a long (3 month or more) waiting 

period is not anticipated. 
 

Based on our communication with your Office and the typical cross-sections provided to us, it is 

our understanding that the fill slopes will be built with a slope ratio of 1.5H:1V or flatter.  A global 

slope stability analysis was performed for the proposed fill slope using the standard fill materials 

discussed above, a maximum slope ratio of 1.5H:1V for the finished ground, a conservative slope 

ratio of 1H:1V for the original ground, and a conservative groundwater condition assuming the 

phreatic surface along the original ground surface thus the entire native ground is saturated.  The 

analysis also considered a standard traffic load of 240 pounds per square foot and a horizontal 

seismic load using 50% of the PGA discussed above.  The result indicates that the embankment will 

satisfy a minimum factor of safety of 1.5 against global satiability.  A plot of the two dimensional 

analysis model is provided in Plate 6, “Two Dimensional Global Slope Stability Analysis Model.” 
 

The soil portions of the fill material will be susceptible to erosion and should be protected, 

particularly during the first post-construction raining season.  The Office of Landscape 

Architecture should be contacted for recommendations on erosion protection.  
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7.0 CONSTRUCTION CONSIDERATIONS 
 

7.1 Cut Slope Construction 
 

1. Hard rock excavation techniques maybe required to excavate and/or reduce oversize 

material created during ripping of the existing material anticipated to be encountered in the 

cuts or for handling purposes.   

2. Hand scaling of final cut slope faces maybe needed to remove loose rock blocks left on 

the slope after excavation is completed. 

3. Slope rounding of cuts to a 1.5H:1V slope ratio with soil mantles in the upper 10 feet is 

recommended. 

4. Concentrated sheet flow over the crest of the cuts should be mitigated. 

5. Re-vegetation of large exposures of siltstone in the cut faces is recommended to reduce 

erosion. 

 

7.2 Fill Slope Construction 

 

1. The granular in-situ materials as encountered in the exploratory borings are suitable for 

being used as embankment fill provide the materials are broken down and re-conditioned 

to satisfy the 2010 Standard Specification, Section 19-5 Compaction and Section 19-6 

Embankment Construction. 

2. Based on the groundwater condition discussed above, significant subdrainage is not 

anticipated.  However, depending on actual conditions exposed during construction (such 

as local seepages, local springs, etc.), subdrainage may be required.  If encountered, 

recommendations can be provided by this Office upon request. 

3. Excessive wet (over-optimum) soil conditions may be encountered, depending on the 

actual local conditions, as well as during and shortly after heavy precipitations.  Such 

conditions can make fill placement and compaction difficult.  If such condition is 

encountered, mitigation recommendations can be provided by this Office upon request. 

4. The areas receiving the fill slopes shall be properly prepared including clearing and 

grubbing in accordance with the 2010 Standard Specification, Section 16 Clearing and 

Grubbing.  Benching maybe necessary if adverse conditions, such as steep original ground, 

are encountered during construction.  If encountered, recommendations can be provided 

by this Office upon request.  
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