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1.0 INTRODUCTION 

1.1 General 
Wood Rodgers is responsible for the preparation of an EIP Quality Assurance design for the US50 

roadway segment as defined in the Drainage Design Report.  The Quality Assurance design documents 

include Quality Assurance level Plans, Specifications and Design Report which consists of two parts:  the 

Drainage Design Report, and this Geotechnical Design Report.  Wood Rodgers has prepared the Quality 

Assurance Drainage Design Report per the NDOT Drainage Design Manual requirements (December, 

2006). The Quality Assurance Geotechnical Design Report is a stand alone document, but it is 

accompanied by the Drainage Design Report, which contains information specific to hydrologic, 

hydraulic, and erosion control design aspects of this project.  Selected graphics inserted within the text of 

this geotechnical report are also presented in Appendix A. Calculations specific to the Geotechnical 

Design Report are presented under separate cover and include the Structural Design Calculations specific 

to the catchment wall design for Slope 27. 

 
1.2 Scope 
The scope of work for this portion of the project addresses surface stabilization and erosion mitigation 

recommendations associated with the selected slopes thereby reducing erosion and sediment transport, 

conflicts with vehicle traffic, and long-term operation and maintenance costs.  The cut slopes under 

consideration are located along the south/east side of U.S. Highway 50 near the Glenbrook Community 

and Cave Rock tunnel. 

 

As shown in Figure 1, the project 

area includes specific slopes between 

Milepost 9.51 (just north of the Cave 

Rock Tunnel) to Milepost 11.67 (just 

east of Glenbrook).  Specifically 

addressed are Cut Slopes 13, 16, 21, 

and 27. The rock slope designation 

comes from the 1993 Rockfall 

Hazard Rating System (RHRS) thesis 

report prepared by Robert Flatland 

and Robert Watters, Ph.D./Thesis Advisor, a portion of which addresses these slopes.  The cut slopes 

under consideration are located along the south/east side of U.S. Highway 50 near the Glenbrook 

Community and southward toward the Cave Rock tunnel.  

Figure 1 – Vicinity Map 
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1.3 Other Reports and Investigations 
Previous work specific to Slopes 21 and 27 was performed by Wood Rodgers during December, 2006. 

The work was prepared under Mr. Mark Doehring, PE, and was entitled: Geotechnical Investigation for Lake 

Tahoe Environmental Improvement Program, Phase III, U.S. Hwy 50, Washoe County, Nevada.  
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2.0 PROJECT DESCRIPTION 

Our work consists of developing slope protection and stabilization measures which will improve runoff 

water quality, reduce long-term maintenance costs, and address potential rockfall hazards. Ultimately the 

planned improvements must stabilize the existing slope surface, establish acceptable design grades, and 

meet NDOT’s vegetation goals.  Surface treatments and mitigation measures are discussed in Section 6.3 

Approaches to Mitigation and specifically assigned and addressed for each slope in Section 9.0 

RECOMMENDATIONS.  

 

Briefly, the project scope entailed:  

♦ Reducing the overall gradient of the selected slopes to allow for placement of surface improvements 

such as riprap and top-soiled riprap.   

♦ Scaling of loose rock fragments on existing slopes. 

♦ Placing manufactured facing elements on steeply sloping faces to facilitate revegetation. 

♦ Installing rockfall drapes where the previously mentioned approaches cannot be utilized due to 

competency of the rock, associated costs to mitigate as addressed above, or right-of-way limitations.  

 

Information provided to our staff during the course of the investigation included: 

♦ Plan and profile views of the slopes addressed in this investigation. 

♦ Geotechnical Investigation for Lake Tahoe Environmental Improvement Program, Phase III, US Hwy 

50, SR 28, 207, and 431, Washoe and Douglas Counties, Nevada. Prepared by Wood Rodgers, 

Incorporated, December 2008. 

 

Because of the nature of the scope of this investigation, presentation of design loads is not applicable.  

However, Section 12.3.5 of the NDOT Structures Manual presents a peak ground acceleration of 0.50 g 

for Douglas County.  AASHTO 2002 Division IA, Section 7.4.3, allows the use of a horizontal coefficient 

equal to 50 percent of the peak ground acceleration for analyses, and therefore a horizontal coefficient of 

0.25g was incorporated in our calculations.  
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3.0 GEOLOGIC CONDITIONS AND SEISMICITY 

3.1 Local Geology 
The Lake Tahoe area is located on the California-Nevada state line at the eastern edge of the northern 

Sierra Nevada Mountain Range.  The Tahoe Basin is underlain at depth by the Sierra Nevada Batholith 

consisting of Mesozoic “granitic type” rocks, predominantly granodiorite (Hyne, 1972).  Tertiary volcanic 

rocks, including basalts, andesites, latites, trachytes, and various tuffs and mudflows commonly overlay 

the granitics and are often exposed at the surface (Grose, 1985).  In addition to the igneous rock units, 

deposits of alluvium, colluvium, and glacial sediments are locally abundant.  

 

Lake Tahoe is dammed in the north near Tahoe City by andesitic mudflow breccias. During the 

Pleistocene the lake level rose and dropped dramatically due to recurrent damming by alpine glaciers 

(Hyne, 1972).  This rise in lake level, as much as 450 feet, subsequently resulted in a rise in the ground 

water table, which led to extensive physical weathering of the granitic rocks present along the perimeter 

of the lake.  Warhaftig (1965) proposed that the weathering of granitic rocks in the Sierra Nevada is often 

a function of microfracturing caused by the expansion of 

biotite that is continuously exposed to water.  The extent 

of the microfracturing is directly responsible for changes 

in the engineering properties of the intact rock (Krank and 

Watters, 1983).  Granitics existing above the groundwater 

table experience relatively minor physical weathering: 

while those that are or were below the water table for 

extended periods of time are extremely weathered and 

readily break down to grus or “decomposed granite” as 

typical of Slopes 13 and 16.  

 

The 1985 U.S. Geological Survey Glenbrook 7 ½ minute 

quadrangle map (Grose, 1985, scale 1:24000) was 

reviewed to aid in qualifying host rock features in the 

study area and is shown in Figure 2.  Essentially, three 

different rock type formations are generally noted within 

the slope areas under consideration.  Figure 2 – Geologic Map of Project Area 
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Slope 13 is mapped in an area comprised of porphyritic hornblende-sanidine latite described in the 

referenced literature as “erosion resistant, intrusive masses.”  

 

Slope 16 is mapped within the granodiorite of Zephyr Cove.  Granodiorites are usually stable and 

typically weather to very dense sands and gravels possessing varying amounts of non-plastic fines.  

 

Slope 21 lies within a thin band of exposed metamorphosed tuff and 

flows.  These units had a tendency to be more competent near the 

eastern limits of the slope.  Some surface sloughing is evident near the 

western limits of the slope and the fine-grained nature of the native 

tuffs becomes apparent due to the minor rills in the slope face.  The 

hummocky surface of the western limits of Slope 21 can be seen in 

Figure 3.  

Slope 27 lies within 

altered and decomposed 

biotite monzogranite of 

North Logan House 

Creek which can give 

rise to the significant variation in weathering and 

competency within the unit.  Although not readily apparent 

in Figure 4, the ground surface has raveled and slumped 

within the western limits of Slope 27 while the cornice 

shown in Figure 4 depicts a more competent bedrock mass.   

 
3.2 Faulting and Seismicity 
The lake itself is located within a large graben which is approximately 6,225 feet above sea level.  The 

normal faulting that created the Tahoe Basin is related to Basin and Range structures, which continue 

eastward to the Wasatch Mountains of Utah. According to Hyne (1972), the region is still seismically 

active with the most earthquakes occurring north of the basin near the Truckee area.  The mountains of 

the Sierra Nevada to the west were extensively glaciated during the Pleistocene; while the Carson Range 

to the east experienced only limited glaciation, probably due to its location in the rain shadow of the 

Sierra crest which rises to elevations of nearly 11, 000 feet.  

 

Figure 3 – Slope 21, West End 

Figure 4 – Slope 27, East End 
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Figure 5 shows the USGS Quaternary Fault Map for the area under consideration with project limits 

identified.  As can be seen, although the project site is in a historically, relatively active seismic area, only 

one Quaternary Fault is located within the planned improvements.  NDOT procedures and policies 

provide that for noncritical structures, the acceleration coefficient be obtained from Article 3.2 of 

Division IA of AASHTO, 2002. For our purposes an expected bedrock acceleration of 0.25g was used in 

our analyses. 

 

 

 

 

 

 

 

 

 

Figure 5 – USGS Quaternary Fault Map 
(http://gldims.cr.usgs.gov/qfault/viewer.htm.) 
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4.0 FIELD INVESTIGATIONS 

Subsurface conditions along Slopes 21 and 27 were investigated in October 2009 by advancing a series of 

twelve borings utilizing a Sonic Spyder #2 drill rig employing a 4 inch diameter casing.  Because the 

planned improvements for Slopes 13 and 16 were not considered structural, no explorations were 

advanced in these slope locations. Weathered bedrock was sampled with the California Modified Sampler 

(CMS) driven by a 140-pound drive hammer with a 30-inch stroke.  The number of blows to drive the 

sampler one-foot into undisturbed soil (Blow Count) is an indication of the density and shear strength of 

the material.  All borings were advanced and logged from existing grade, and the maximum depth of 

exploration was 20 feet. Representative samples were returned to our Reno laboratory for testing. Logs of 

these explorations are presented in Appendix B, Subsurface Explorations.  

 

Wood Rodgers’ personnel examined and classified all rock in the field in general accordance with ASTM 

D 5878-08 Standard Guides for Using Rock-Mass Classification Systems for Engineering Purposes and 

characterized the excavated material in general accordance with ASTM D 2488 (Description and 

Identification of Soils). Soil classification methods were used due to the rocks’ tendencies to drill and 

recover as a dense to very dense soil.  A rock mass classification chart and a Unified Soil Classification 

System key have been included with the Logs of Borings in Appendix B of this report.  The logs 

represent field interpretations of the subsurface conditions and laboratory test results.  The lines 

designating the interface between various strata on the logs represent the approximate positions of the 

interface.  The actual transition between the strata may be gradual.  

 

CMS values were approximately correlated to Standard 

Penetration Test values utilizing preliminary 

correlations developed by the California Geological 

Survey (CGS) as presented in Figure 6.  This correlation 

was used for information purposes only in an attempt to 

present the blow count information in a readily known 

tangible form (Penetration Test Comparisons: Modified 

California versus Standard Penetration Test Samplers, 

Bott, Jacqueline D. J., and Knudsen, Keith L., California 

Geological Survey, 185 Berry Street, Suite 210, San 

Francisco, CA 94107, jbott@consrv.ca.gov.) Please note 

that the CGS document refers to the test method as 

MCS, in lieu of the CMS standard adopted herein.  
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between CMS and SPT Blows 
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Rock mechanics and rock slope stability evaluations associated with central portion of Slope 27 were 

performed by McMillen, LLC.  The means and methods employed, as well as their findings are presented 

in their report which has been included as Appendix E – Reports by Others.  

 

In addition to advancing borings, ReMi geophysical survey techniques were employed to remotely assess 

the rock mass properties within the slopes.  The ReMi study was performed by Marvin E. Davis and 

Associates.  The ReMi methods provide an effective means to obtain subsurface information by obtaining 

vertical S-wave profiles to depths up to 300 feet.  The method is based on the same theories as spectral 

analysis of surface waves (SASW) and multi-analysis of surface waves (MASW) with the benefit of 

utilizing lightweight, portable seismic equipment.  One and two dimensional shear wave velocity profiles 

are developed which aid in the assessment of thickness and consistency of soils and weathered bedrock. 

ReMi data as used in our assessment of rock mass properties have been presented in Appendix D, In Situ 

Test Data. The Marvin E. Davis and Associates report is presented in Appendix E of this report as an 

Appendix to the McMillen Report. 
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5.0 LABORATORY ANALYSES 

Laboratory test data is presented in Table 1 below: 

Table 1 – Summary of Test Data 
Classification Strength 

Sample Location Gradation 
Atterberg 

Limits  Unit Weight **
U

n-
  

co
nf

in
ed

 

Direct 
Shear 

Sl
op

e 

B
or

in
g 

St
at

io
n 

D
ep

th
 (F

t.)
 

%
+#

4 

%
-#

20
0 

LL
 

PI
 

U
SC

S 

γ d
 (P

C
F)

 

%
m

 

q u
 (P

SI
) 

Φ
 (o ) 

C
 (P

SF
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0 - 5 0 70.4 34 5 ML 95.5 16.3 - - - B-1 290+00 
5 – 10 19 38.7 - NP SM 108.8 6.7 - 35.7 0 
1 – 4 2 52.4 - NP ML 99.9 13.9 - - - B-2 291+00 12 – 14 0 59.3 - NP ML 104.5 7.8 - 38.0 0 

2 ½ - 4 2 50.0 - NP ML/SM - 8.4 - - - B-7 286+00 6 - 8 0 38.1 - NP SM 103.9 6.6 - - - 
B-8 284+85 8 - 10 - - - - - - 6,600 - - 

7 - 9 - - - - - - 6,700 - - 
12 ½ - 14 ½  - - - - - - 4,300 - - B-9 283+85 

16 - 18 - - - - - 

*** 
2.48 
BSG 

- 6,900 - - 
2 - 4 5 50.5 - NP ML - 14.3 - - - 

SL
O

PE
 2

1 

B-12 276+50 7 ½ - 9 6 42.2 - NP SM - 6.7 - - - 
B-3 330+30 2 – 4 41 17.3 29 12 SC 99.7 9.1 - 39.2 566 

Surface* - - - - - - - 8,900 - - 
1 – 3 48 22.1 19 4 SM/GM - 4.9 - - - 
3 – 5 58 18.1 19 3 GM - 3.5 - - - B-4 331+70 

5 – 10 - - - - - - - 3,000 - - 
B-5 333+70 Surface* - - - - - - - 10,300 - - 

2 – 4 28 24.7 32 12 SC 113.4 11.1 - 34.9 427 

SL
O

PE
 2

7 

B-6 335+40 7 – 9 43 20.8 29 13 SC - 7.4 - - - 

*Rockfall Samples         **Unconfined Compression               *** BSG – Bulk Specific Gravity 

 

Test methods were performed in accordance with ASTM Standards.  For Slope 21 the classification tests 

associated with Borings 2 and 7 are partially indicative of the competency of the rock as well as the 

material properties typically associated with this type of bedrock unit.  The rock encountered in these 

areas was competent enough to degrade into ‘rock flour’ as the sonic barrel slowly progressed through the 

unit. In addition the metamorphosed tuffs and flows will typically express lower plasticities and greater 

percentages of -#200 inherent to their fine-grained rock matrix.  
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The classification test data associated with Slope 27 more closely approximates the anticipated excavation 

characteristics of the bedrock.  The host rock of Slope 27 was coarser grained and more weathered and 

altered than Slope 21.   

 

Laboratory test data is also presented in Appendix C. 
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6.0 DISCUSSION 

6.1 General 
The cut slopes under consideration are located along the south side of U.S. Highway 50 near the 

Glenbrook Community and to the south near Lakeridge.  General observations for all slopes include: 

 

♦ Frost penetration, spring runoff and intermittent seeps and springs contribute to erosion, rockfall, and 

general surface instability.  This instability is exacerbated by the steepness at which the cut slopes 

were originally graded. 

♦ Soil covers the surface or upper crests of most of the slopes.  Large trees typically grow along the 

crest and in some instances runoff and surface instability have led to erosion and root exposure. 

 

6.2 Site Conditions 
The site was visited during July 2009 to assess surface conditions, potential erosion and incidental 

rockfall associated with the slopes currently under consideration. Specific site observations for each slope 

are discussed below.  

 

6.2.1 Slope 13 
Slope 13 is a relatively gentle slope comprised primarily 

of deeply to moderately weathered rock. Granitic in 

nature, the rock in this area typically weathers to non-

plastic sands and gravels.  The slope is approximately 

15 feet high at its maximum and generally faces west. 

As evidenced by the cobbles and sediment in the toe 

ditch in the adjacent photograph, cobbles within the 

slope face and overburden become locally undermined 

and come to rest in the toe ditch which serves as both a 

catchment area and conveyance for runoff. 

Recommendations are presented to address isolated 

rockfall potential and surface erosion. 

 

Figure 7 – Slope 13 
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Figure 9 – Slope 21 

6.2.2 Slope 16 
Slope 16 is relatively stable and presents fewer issues 

from a geotechnical perspective.  This area has been 

mapped as being comprised of granodiorite of Zephyr 

Cove.  Bedrock outcrops are evident in the upper hillsides 

of Slope 16 and the bedrock has a tendency to weather to 

dense, non-plastic sand to sandy gravel consistency.  

Some scaling may be required along the ridgeline of the 

slope where the outcrops and residual knobs and boulders 

can present isolated rockfall issues.  Vegetation is fairly 

well established along the slope face adding to its stability 

and aesthetics.  Recommendations are presented to 

address surface erosion. 

 

6.2.3 Slope 21 
Slope 21 is a moderately steep slope (~ 1 ¼ 

:1 (H:V)), and comprised primarily of 

deeply to moderately weathered rock. 

However, more competent rock 

outcroppings are also evident across the 

slope.  The cut slope is approximately 40 

feet high at its maximum and generally 

faces northwest.  The rock in this slope is a 

gray to green metamorphosed tuff that is 

moderately weathered with very few to no 

identifiable joint or fracture patterns.  As evidenced by the 

hummocky surface indicated in the insert, isolated small slope 

failures have occurred in the western portion of the slope.  These 

failures appear to be induced by springs, and are likely triggered as surface runoff and snowmelt increase 

in late spring and early summer.  Recommendations are presented to address surface erosion and 

protection of the slope surface particularly where isolated surface failures have led to development of a 

cornice which accelerates weathering along the crest where head cutting is evident. 

 

Figure 8 – Slope 16 
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Based on our exploration program and the ReMi data, the Tuff 

units comprising the slope toe have been weathered to a very 

dense soil/weak rock consistency to depths approaching 30 to 40 

feet below the original ground surface.  Undisturbed, the 

subsurface unit’s appearance reflects the original and relatively 

uncompromised characteristics of the bedrock as shown in Figure 

10; however, the unit has a tendency to break down readily when 

exposed to mechanical effort such as advancing with the sonic 

core barrel or application of minor blows with a rock hammer.  

Blow count, and shear wave velocity data indicate that the 

material is overall moderately strong and capable of supporting 

the planned improvements. If shear wave velocities on the order 

of 1,000 feet per second are used as the approximate marker between soil and rock, ReMi data indicates 

the depth to bedrock is on the order of 15 to 18 feet below grade within the upper reaches of the slope. 

Plate D-1 of Appendix D presents results of the ReMi surveys associated with Slope 21.  

 

6.2.4 Slope 27 
Slope 27 is a relatively steep rock/soil slope.  Figure 11 shows the 

variability in material quality and physical properties along the slope. The 

slope approaches 50 feet in height and generally faces north to northwest.  

The host rock is deeply weathered, altered, heavily jointed and fractured 

biotite monzogranite presenting strong competent outcrops and intensely 

weathered and decomposed soil slopes. Previous work 

indicates that the more competent rock associated with Slope 

27 exhibits planar and wedge failures in conjunction with 

some toppling failures.  A spring is also present within the 

northern portion of the slope.  Of the slopes under current 

consideration, Slope 27 presents the most significant and 

difficult profile to address. Recommendations are presented 

herein to address the continued weathering and erosion at the 

crest and further encroachment upon the right-of-way 

boundary. Rockfall potential associated with the steeper 

outcrops and proposed mitigation measures are addressed in 

the McMillen report presented in Appendix E.  

Figure 10 – CMS Sample & 
Bedrock Characteristics 

Figure 11 – Slope 27 
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As with Slope 21, the profile encountered in our explorations consisted of weathered and altered rock 

through the depths of our borings.  ReMi data also indicates that the rock profile has been weathered and 

decomposed in the upper 20 feet of original ground at the top of the slope, and the upper 20 feet of the toe 

of the slope. If shear wave velocities on the order of 1,000 feet per second are used as the approximate 

marker between soil and rock, ReMi data indicates the depth to bedrock is on the order of 10 to 15 feet 

below grade within the upper reaches of the slope. Plate D-2 of Appendix D presents the results of the 

ReMi surveys associated with Slope 27. Blow count, and shear wave velocity data indicate that the 

material is overall moderately strong and capable of supporting the planned improvements. 

 

6.3 Approaches to Mitigation 
Various alternatives have been evaluated and selected for treatment of the selected slopes.  Most slopes 

require more than one approach to address their issues comprehensively.  Proper coordination along the 

transition between mitigation measure types is critical to successful implementation of the stabilization 

measures.  This is especially critical on Slope 27 where the deeply weathered areas will be stabilized 

using mechanical means while the central portion of the slope, where rock is exposed, will be addressed 

by scaling and installation of wire mesh (cable anchored). 

 

6.3.1 Scaling 
Scaling is required for Slopes 13, 16, and the central portion of Slope 27. Scaling is the process by which 

unstable rock particles are dislodged from the surface of the slope and collected in a safe manner.  Most 

of the planned scaling will occur at the top of the slopes where erosion occurs and undermines cobble and 

boulder sized particles exposed in the slope face.  However, as in the case of Slope 27, scaling of heavily 

jointed rock mass is also required (Reference the McMillen report, Appendix E). Scaling is a subjective 

process and the contractor should be specifically trained and experienced in this type work. Trees that 

pose a potential hazard from toppling should be cut down or otherwise addressed. The root system of 

removed trees shall be left in place to inhibit slope erosion.  

 

6.3.2 Grading, Riprap, and Top-soiled Riprap 
Where right-of-way and topography allow, slopes shall be graded to a 1½:1 (H:V) slope inclination. 

Where existing slopes are slightly steeper than 1½:1 and the distance to ‘catch’ the existing slope 

becomes excessive, slopes shall be graded to 1¼:1 (H:V) as indicated on the plans.  Once graded, the 

slopes shall be prepared for the placement of riprap or top-soiled riprap. 
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6.3.3 Toe Walls 
Toe walls will be incorporated in the treatment of Slopes 13 and 16 to secure the riprap facing. 

Foundation excavations for walls shall be in cut and shall be cleared of all loose or disturbed material, or 

existing fills prior to placing concrete.  Where toe walls consist of large boulders, the boulders shall be 

secured by embedding the base rock in Portland cement concrete or NDOT’s Class B slurry. NDOT 

barrier rails can also serve as toe walls.  Toe walls can eventually become backfilled with slope debris so 

maintenance can still become an issue.  

 

6.3.4 Vegetated Reinforced Soil Slope (VRSS) 
Vegetated Reinforced Soil Slope applications 

allow for the stabilization of slope faces in 

confined areas while providing a surface that 

accepts and encourages plant growth. A VRSS 

application is shown in Figure 12. VRSS 

applications can either be facing for a reinforced 

soil slope where global slope stability presents 

issues or can be anchored to stable slopes with 

soil or rock anchors.  Reinforced soil slopes or 

anchored facings and processes are patented and 

as such strict adherence to the manufacturer’s 

design, plans, and specifications is required, unless more restrictive requirements are stipulated in the 

contract documents. Ultimately the improvements must stabilize the existing slope surface, establish 

acceptable design grades, and meet NDOT’s vegetation goals. 

 

Slope 27 and Slope 21 show evidence of moisture seeping along the soil/bedrock interface. Incorporation 

of chimney/blanket drains will reduce the potential for buildup of hydrostatic pressures and are therefore 

required. In addition, designing the drains to intercept moisture and direct it toward the face of the slope 

would be beneficial toward establishing the face vegetation. As a minimum, the drain system should 

extend into the stronger, denser subsurface units as indicated by the ReMi data, i.e. approximately 10 feet 

for Slope 21, and approximately 15 feet for Slope 27.  

 

6.3.5 Wire Mesh (Cable Anchored) 
Placing a high-strength steel wire mesh on steep slopes stabilizes unconsolidated material and rocks and 

prevents stones and blocks of weathered rock from breaking out.  The rock mass is first analyzed for 

global instabilities such as plane shear, wedge, step-path, or toppling.  Any structural deficiencies are 

Figure 12 – Steeply Sloping Vegetated Face 
(© Maccaferri-USA, reproduced with permission) 
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addressed by either removal of the potential failure zone or installing anchors to stabilize the rock mass. 

The rock face is then cleaned, or scaled, shaped, and finally covered with wire mesh.  

 

In the passive mode, the slope is simply draped with the mesh. This allows weathering to continue but 

confines deposition of the falling rock and debris to immediately adjacent to the slope significantly 

reducing the rockfall energy and concentrating deposits.  The passive system is typically reserved for 

more competent surfaces where surface erosion is more limited. Boundary ropes are often incorporated 

into the system for reinforcing and additional strength.  Revegetation mats can be incorporated with the 

system to further reduce the potential for erosion and help return the slope to a more natural vegetated 

state.  As is required for the Vegetated Reinforced Soil Slope applications, rockfall drape systems are 

proprietary and design and construction requirements shall be in strict conformance with the 

manufacturers’ requirements and as further addressed in the special provisions of the project documents.  
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7.0 CALCULATIONS 

Calculations associated with determination of the reported rock mass properties, global slope stability, 

bearing capacity, and rockfall analyses associated with riprap on steepened slopes are forwarded under 

separate cover. 
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8.0 ANALYSES 

Specific recommendations for scaling means and methods are discussed in Section 9.0 and in the 

McMillen report in Appendix E.  Earth pressures associated with slope debris collecting behind toe walls 

and allowable bearing capacity are presented in Section 8.2. Rock mass properties, design bearing 

capacity values, and global slope stability summaries associated with the VRSS alternatives are presented 

in Section 8.3.  

 
8.1 Scaling 
Figures 13 and 14 show areas recommended for scaling associated with Slopes 13 and 16. In addition 

scaling areas have been designated on the project plans. Figures 13 and 14 are presented to indicate the 

type of condition to be addressed by scaling and approximate scaling locations, but do present the entire 

slope face. Some rocks that have been circled, or are consistent with the conditions presented in Figures 

13 and 14, may stay in place if during scaling attempts it is determined that the rock is a secure 

outcropping of bedrock. In addition, other rocks not indicated or circled may require scaling if the long 

term stability of the rock is questionable. Caution must be exercised during scaling to preclude otherwise 

stable rocks from becoming loosened, dislodged, or otherwise destabilized. Scaling required outside the 

limits depicted on the project plans or inconsistent with the conditions shown in Figures 13 and 14 may 

be determined during construction and shall 

be approved by the NDOT Engineer prior to 

scaling.  

The approximate volume of material expected to be generated during the scaling of Slope 13 is on the 

order of 10 to 15 cubic yards. 

Figure 13 – Typical Scaling Zone Slope 13 
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The approximate volume of material expected to be generated during the scaling of Slope 16 is on the 

order of 20 to 25 cubic yards. Estimated scaling quantities associated with Slopes 13 and 16 are also 

presented in the project bid documents. It is the contractor’s responsibility to protect existing 

improvements, personnel, and the travelling public during scaling operations.  

Because the VRSS applications of Slope 21 and 27 extend to the crest of the existing cut slope, any 

required scaling or slope stabilization to protect existing improvements and construction personnel are 

considered integral to the construction of the specified improvements. Bank stability is the responsibility of 

the contractor, who is present at the site, able to observe changes in ground conditions, and has control over 

personnel and equipment.  

Scaling associated with the wire mesh portion of Slope 27 is addressed in the McMillen report, included 

in Appendix E. 

 

8.2 Steepened Riprap Slope 
Facing 
Grading the slope surface to a 1.5:1 (H:V) 

inclination can create a significant disturbed 

area due to the distance required to ‘catch’ 

grades.  We have evaluated mechanical 

stabilization of slopes steeper than 1.5:1 

(H:V) using angular rip rap facing. 

Figure 14 – Typical Scaling Zone Slope 16 

Figure 15 – Minimum Riprap Size vs. Slope Angle 



US50 Quality Assurance Geotechnical Design Report Project A 20 
January 2010 

Publications by the Corps of Engineers (EP 1110-1-16/ BMP-19 – Figure 15) and the State of Tennessee 

Division of Water Pollution Control allow for angular riprap to be place on slopes up to 1.25:1(H:V) 

when the median diameter (D50) exceeds 10 inches, this would typically involve NDOT Class 300 riprap 

or larger.  Placing riprap on such a significant slope will reduce the surface erosion which is a prime 

consideration of this project. However some unforeseeable maintenance issues associated with the 

steepened riprap slope may develop.  Large boulders placed to form intermittent landscaped areas should 

be placed on a bench or key, approximately 1 ½ times the width of the boulder to comfortably seat the 

boulder.  The key or bench should also slope gently into the hillside. 

 

Unlike Tennessee, Nevada is in a seismically active zone.  The Colorado Rockfall Simulation Program 

was utilized to roughly model the potential performance of the riprap on a steepened slope face in a strong 

earthquake.  The slope was evaluated using the larger Class 550 riprap which has been specified for the 

slopes. Rockfall risk for an average slope of 1¼:1 (H:V) was considered and compared against a 1½:1 

(H:V) slope.  Rock size, drop heights, length of slope, surface roughness, tangential coefficients, and 

normal coefficients of restitution were varied and the volume of potential rockfall material was compared.  

A 1½:1 (H:V) slope will have approximately 4% less rockfall than a comparably surfaced 1¼:1 (H:V) 

slope.  The potential for additional rockfall must be weighed against the benefit of reducing the amount of 

disturbed space when considering this approach. 

 

8.3 Toe Walls 
Lateral loads, such as wind or seismic, may be resisted by passive soil pressure and friction on the bottom 

of the footing. The recommended coefficient of base friction is 0.45 for a properly prepared subgrade. 

This value has been reduced by a factor of 1.5 on the ultimate soil strength. An allowable bearing capacity 

of 2,000 pounds per square foot may be used when evaluating subgrade support. This value may be 

increased by a factor of 1.33 for lateral loads such as seismic. At these design loads, calculated post-

construction settlement associated with the toe walls is on the order of ½ inch or less.  

 

Lateral earth pressures imposed on the structure are a function of soil type, moisture conditions, and 

adjacent slopes. Lateral resistance, i.e. passive pressure, is also a function of soil type and adjacent slope. 

Recommended lateral earth pressures are presented in Table 2 – Lateral Earth Pressures.  These values 

assume a horizontal surface behind and in front of the toe walls. 

Table 2 – Lateral Earth Pressures 
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Because of the type and location of the planned structures, the potential for complete saturation and 

buildup of hydrostatic pressures is relatively limited. Although the values presented in Table 2 do not 

present values consistent with a saturated backfill, the active pressures have been increased to reflect 

higher backfill unit weights should some wetting of the backfill soils occur.  

 
8.4 Vegetated Reinforced Soil Slope (VRSS) 
Because the facing option needs to either be anchored to a stable slope, or a reinforced soil slope needs to 

be incorporated to buttress the embankment, the slope’s rock mass properties had to be determined and 

the slope evaluated for global stability.  

 

The rock slope was evaluated utilizing an iterative process between two rock mass evaluation methods 

until convergence of the Young’s Modulus of the rock mass was attained.  Shear wave velocity data 

obtained from the ReMi measurements provided a means to evaluate the elastic properties of the rock 

mass based on shear modulus and Poisson’s ratio.  Strength properties of the rock, i.e. cohesion and angle 

of internal friction based on unconfined compression strength test data and the data presented in the 

Rockfall Hazards Rating Program, as well as the Geological Strength Index (GSI) were evaluated using 

the computer program RocLab.  The GSI was varied until convergence in Young’s Modulus was attained. 

RocLab utilizes the rock strength parameters to evaluate the shear strength of closely jointed rock masses. 

When a hard rock mass contains a number of closely spaced joint sets, the behavior of the rock mass can 

vary substantially from what isolated test data would indicate. RocLab presents strength parameters for 

the rock mass.  These values were used in evaluation of the global slope stability in the vicinity of the 

planned VRSS options for global stability.  

 

The computer program XSTABL was also utilized to evaluate the global slope stability.  XSTABL is 

useful for evaluating the weathered rock mass which behaves as a strong soil mass as opposed to a 

fractured rock material.  Based on the rock mass parameters determined, the slopes under consideration 

meet the minimum factors-of-safety for global stability allowing the VRSS system to be approached as a 

facing rather than a buttressing fill.  Factors of Safety determined from the XSTABL analyses are 

summarized in Table 3.  

Condition Static (psf/ft) Pseudo-Static (psf/ft) 

Equivalent Active Fluid Pressure  35 57 

Equivalent Passive Fluid Pressure  400 350 
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Table 3 – XSTABL Summary 

Location Evaluation Condition Factor of Safety 

Slope 21 – Sta 276+22 Static 2.5 

Slope 21 – Sta 276+22 Pseudo-Static 1.7 

Slope 27 – Sta 330+81 Static 4.5 

Slope 27 – 330+81 Pseudo-Static 3.4 

 

The parameters determined from our rock mass evaluation are presented in Table 4 for use in 

consideration of Slopes 21 and 27.  These values may also be used when considering anchor design for 

the VRSS system. However, because the rock mass varies between competent rock to an extensively 

altered and decomposed soil like material, anchor capacity will vary significantly across the slope face.   

 

Table 4 – Summary of Rock Mass Properties* 

Slope Description Unit Weight 
γm – pcf 

Internal 
Friction Angle 

– φ 

Cohesion 
c- psf 

21 Regolith – Weathered Tuff – Medium Dense -  
Coarse Sand with some Gravel Consistency 125 43 50 

21 Weathered Tuff 150 34 1300 

27 Regolith – Weathered Monzogranite – Medium 
Dense – Clay, Sand and Gravel Consistency 125 43 50 

27 Weathered Monzogranite 135 44 3200 

* Material is highly variable, and significant changes in physical properties across the slope face should be anticipated.  

 

An allowable bearing pressure of 5,000 pounds per square foot may be used when considering the VRSS 

design. This value may be increased by a factor of 1.33 when considering seismic loading. Ultimately the 

allowable bearing capacity and associated settlement are a function of final bearing depth, foundation 

support shape and structural characteristics and should be evaluated as part of the patentee’s design 

package. 

 
8.5 Wire Mesh (Cable Anchored) 
Rockfall, and rock slope stability analyses and calculations are presented in Appendix E in the Rock 

Mechanics Cut Slope Stability Report, U.S. Highway 50, Slope 27, Douglas County, Nevada, by 

McMillen, LLC.  
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9.0 RECOMMENDATIONS 

Unless modified by the Special Provisions, the means, methods, and materials required to perform the 

recommendations presented herein shall be in accordance with the NDOT Standard Specifications for 

Road and Bridge Construction (SSR&BC).  Anchor design shall be in accordance with FHWA 

Publication No. FHWA-IF-99-015, Geotechnical Engineering Circular No. 4.  

 

9.1 Slope 13 
Scaling is required for the upper reaches of Slope 13.  Scaling shall be to the extents indicated on the 

plans.  Most of the planned scaling is to occur at the top of the slopes where active erosion occurs and 

undermines cobble and boulder sized particles exposed in the slope face.  Scaling is a subjective process 

and the contractor should be specifically trained and experienced in this type work.  In addition, the 

contractor is responsible for the means and methods to confine and contain dislodged rock within the 

limits of construction and without compromising safety.  Slope scaling should begin at the top of the 

slope and proceed downward.  Any loose or disturbed material that compromises safety shall be 

addressed. Chaining the slope face or dragging heavy objects is not allowed.  The contractor must 

exercise due care in the execution of his duties to not to undermine otherwise stable soils and rock masses 

thereby creating conditions that would require additional scaling.  During scaling activities, trees that pose 

a potential hazard from toppling should be cut down or otherwise addressed.  The root system of removed 

trees shall be left in place to inhibit slope erosion.  Reasonable precautions shall be implemented by the 

scaling contractor to limit damage to existing vegetation on and above cut slopes during scaling and tree 

cutting.  

 

We anticipate the Contractor’s scaling equipment to include, but not be limited to: rappelling gear, rakes, 

pry bars, handheld hydraulic splitters, jackhammers, and construction equipment to raise manpower to the 

loose rock or outcrops or to use cables to pull loose boulders (rock larger than 12-inches in size) off the 

slopes.  Except where grading is called for to address slope gradient, trackhoe or backhoe buckets shall 

not be used to scrape slopes. 

 

Where existing vegetation is deemed adequately established no further mitigation efforts would be 

required.  Where erosion is deteriorating the slope face and causing sediment build-up at the toe a 

combination of grading, vegetation, and riprap stabilization would be beneficial.  Riprap size and 

placement shall be as indicated on the project plans.  Based on our rockfall analysis, it is recommended 

that Class 550 riprap be used.  
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Prior to placing riprap, the slope surface shall be prepared as addressed in Section 610 of the SSR&BC. 

Riprap placement shall also be in accordance with Section 610 and the project’s special provisions.  Stone 

for riprap shall meet the requirements of Section 706.03.05 and should be large enough to reduce the 

potential for displacement.  Minimum riprap size as a function of slope gradient is discussed in Section 

8.0 of this report, Analyses.  In addition, the base of the riprap zone shall be keyed into the slope toe. 

Minimum boulder size to key into the base of the slope should be Class 700 and on the order of 5 feet. 

The excavation created to key in the Class 700 toe boulder should be backfilled as required by Portland 

Cement Concrete.  Boulders placed on the slope face to form intermittent landscaped areas should be 

placed on a bench or key adequately sized to comfortably seat the boulder.  Riprap bedding is not 

recommended. 

 

To facilitate vegetation, riprap can be cast with top soil to fill surface voids and hydroseeded with a 

mixture of native shrubs and grasses, a method referred to a top-soiled riprap.  The topsoil is typically 

‘washed’ into the riprap by application of water from a water truck. If for aesthetic purposes it is desired 

to create a slope with intermittent zones of vegetated and non-vegetated riprap, placing a weed inhibiting 

landscaping fabric beneath non-vegetated zones would be beneficial.  The landscaping fabric must be 

placed so that it conforms closely to the subgrade and should be secured in accordance with the 

manufacturer’s instructions.  Woody vegetation planted in select areas will also help break up the 

potentially monotonous appearance of a riprap system.  

 

All excavations should be performed in accordance with Section 203 and 206 of the SSR&BC and stabilized 

in accordance with local, state, and federal OSHA standards.  Bank stability is the responsibility of the 

contractor.  The contractor’s onsite personnel are able to observe changes in ground conditions, and have 

control over personnel and equipment. Surcharge loads from adjacent embankments, equipment, etc. must be 

specifically evaluated for conditions created by the contractor.  Site geotechnical units will vary between 

competent bedrock to OSHA Type C soils depending on the alteration and degradation of the bedrock. 

 

9.2 Slope 16 
Slope 16 is fairly stable and well vegetated.  Therefore, improvements to Slope 16 will be limited to spot 

revegetation and a riprap zone to help stabilize the toe.  Slope preparation for riprap shall be in 

accordance with the SSR&BC and as previously discussed for Slope 13.  

 

 



US50 Quality Assurance Geotechnical Design Report Project A 25 
January 2010 

9.3 Slope 21 
It is our opinion the Vegetated Reinforced Soil Slope (VRSS) presents a unique solution to Slope 21.  

Slope strength parameters necessary for anchor design have been presented in Section 8.2.  Slope debris 

and slough as encountered within the western limits of the slope must be removed prior to installing the 

VRSS (Section 203 SSR&BC).  Reinforced soil slopes or anchored facings and processes are patented 

and as such strict adherence to the manufacturer’s design, plans, and specifications is required, unless 

more restrictive requirements are stipulated in the contract documents.  Alternatives must be presented for 

dealing with competent bedrock zones where the design limits of the VRSS system cannot be met without 

blasting, and, for addressing the condition where the facing unit does not extend flush with the backslope.  

Anchoring or shoring systems required to affix the facing to the slope or stabilize the facing are integral to 

the system and shall be as specified and required by the patentee/manufacturer. 

 

Slopes to receive the VRSS treatment shall be excavated to the lines and extents indicated on the plans 

and shall be in accordance with Section 203 of the Standard Specifications for Road and Bridge Construction. 

Surcharge loads from adjacent embankments, equipment, etc. must be specifically evaluated for.  Site 

geotechnical units will vary between competent bedrock to OSHA Type C soils depending on the alteration 

and degradation of the bedrock.  

 

Any slope debris, remaining slough, or excessively loose or disturbed material generated during 

excavation shall be removed prior to preparing subgrade.  The exposed subgrade should be moisture 

conditioned as necessary and proof-rolled to create a firm and relatively unyielding subgrade.  The 

subgrade shall be deemed adequate if sufficient compaction can be readily attained in the initial lift during 

backfilling of the facing units.  

 

9.4 Slope 27 
Two approaches are recommended to address the significant variations in slope conditions evident along 

27. A Vegetated Reinforced Soil Slope (VRSS) is recommended for the western and eastern ends of the 

slope, along with a rockfall netting/drape system for the central portion. Ultimately the planned 

improvements must stabilize the existing slope surface, establish acceptable design grades, and meet 

NDOT’s vegetation goals.   

 

Design considerations for the rockfall drape are presented in the McMillen report.  Design parameters for 

the VRSS have been presented in Section 8.3 of this report.  Slope debris and slough as encountered 

within the western limits of the slope must be removed prior to installing the VRSS (Section 203 
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SSR&BC).  As part of the design submittal, the manufacturer/contractor must show how installation of 

their product shall be modified where the VRSS units do not extend to the backslope.  The central portion 

of slope 27 and the upper reaches of the eastern limits of Slope 27 present a fairly competent bedrock face 

which will require special considerations and procedures for the VRSS fascia where the ability to 

excavate to the extent of the facing units is limited.  Therefore, alternatives must be presented for dealing 

with competent bedrock zones where the design limits of the VRSS system cannot be met without 

blasting.  Anchoring systems shall meet the requirements of the Special Provisions.  

  

9.5 Prioritization of Slopes 
Eminent slope failure and rockfall assessments have been provided in the previously referenced 

documents. Therefore, the scope of this prioritization discussion relates solely to our planned means of 

redress for the contracted tasks in our scope of services and more specifically, Slopes 21 and 27.  

 

The steep terrain of Slopes 21 and 27 along with thick accumulation of either alluvium or regolith at the 

slope crown drive our approaches to these slopes. As the alluvium becomes wet, either due to infiltration 

or precipitation, the available cohesion becomes reduced, limited pore pressures may develop, and 

subsequently the ‘glue’ holding the headwall in place gives way. Freeze thaw cycles may also be 

contributory. This phenomenon is evidenced by the cornice structure, or headwall, which has developed 

at the top of the referenced slope areas. If the gradients of the lower reaches of slopes were less, the 

slough would accumulate near the bedrock/alluvium contact and the cornice would self-stabilize. Because 

the lower slope is so steep, the slough rolls downhill until the energy is either dissipated somewhere along 

the slope or the sediment is carried into the toe ditch and possibly onto the highway depending on the 

magnitude of the fall. This scenario will continue until the upper reaches of the slopes are stabilized. The 

urgency to address Slope 27 is compounded when encroachment and additional environmental 

issues are triggered once the NDOT ROW is exceeded. The prioritization of slope stabilization for this 

phase is presented in Table 5 below: 

Table 5 – Prioritization of Slope Mitigation 

 Slope Station Treatment 

1 27 334+77 to 335+92 Steeply Sloping Vegetated Face w/ Anchors 

2 27 329+14 to 331+68 Steeply Sloping Vegetated Face w/ Anchors 

3 21 275+57 to 286+97 Steeply Sloping Vegetated Face w/ Anchors 

4 13 133+94 to 137+02 Grade & Riprap 
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5 16 151+03 to 156+35 Revegetation 

6 27 331+67 to 334+60 Rockfall Drape w/ Catchment Wall 
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APPENDIX C 
LABORATORY  
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Uncon   
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Slope Boring Station Depth (Ft.) %+#4 %-#200 LL PI USCS γd (PCF) %m qu (PSI) Φ (o) C (PSF)
0 - 5 0 70.4 34 5 ML 95.5 16.3 - - -

5 – 10 19 38.7 - NP SM 108.8 6.7 - 35.7 0
1 – 4 2 52.4 - NP ML 99.9 13.9 - - -

12 – 14 0 59.3 - NP ML 104.5 7.8 - 38.0 0
2 ½ - 4 2 50 - NP ML - 8.4 - - -
6 - 8 0 38.1 - NP ML 103.9 6.6 - - -

B-8 284+85 8 - 10 - - - - - - 6,600 - -
7 - 9 - - - - - - 6,700 - -
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16 - 18 - - - - - - 6,900 - -
2 - 4 5 50.5 - NP ML - 14.3 - - -

7 ½ - 9 6 42.2 - NP ML - 6.7 - - -
B-3 330+30 2 - 4 41 17.3 29 12 SC 99.7 9.1 - 39.2 566

Surface* - - - - - - - 8,900 - -
1 - 3 48 22.1 19 4 SM - 4.9 - - -
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5 - 10 - - - - - - - 3,000 - -
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7 – 9 43 20.8 29 13 SC - 7.4 - - -
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SECTION 1  
INTRODUCTION 

 
1.0 Project Description 
 
Appendices modeling This rock mechanics cut slope stability report addresses existing 
rock Slope 27 located on the south side of U.S. Highway 50, on the west side of Spooner 
Summit near the community of Glenbrook, Nevada in Douglas County (Figure One – 
Project Location Map).  Rock slope designation “Slope 27” was identified in the Rock 
Hazard Rating System report completed by Watters and Flatland in 1993 for the Nevada 
Department of Transportation (NDOT) for this section of U.S. Highway 50 (Figure Two 
– Site Location Map - Slope 27).  In 1996, NDOT initiated the Lake Tahoe 
Environmental Improvement Master Planning program for all roads maintained in the 
Lake Tahoe Basin.  The goal of the Master Plan is to comply with the environmental 
requirements of the Tahoe Regional Planning Agency (TRPA); and other regulatory 
agencies, to reduce and minimize erosion, improve water quality and drainage and 
improve the appearances of the cut slopes. 
 
The purpose of the rock mechanics cut slope stability study is to define the current 
geometric stability of the rock slope(s), discontinuities relative to the existing slope angle, 
and determine the overall stability for the defined failure planes in Slope 27.  Mitigation 
for geometric instability for these slopes needs to address two primary issues: safety 
(rockfalls from these slopes have caused automobile accidents); and, sediment control in 
the Tahoe basin.  A separate issue to be addressed includes reduced long-term operation 
and maintenance of this slope. 
 
1.1 Objectives and Scope 
 
The objectives of this rock mechanics cut slope stability analysis are to: 
 
1. Perform a detailed rock mass analysis and slope evaluation for Slope 27 (Appendix 

A – Pictures).   

2. Collect subsurface soil and rock information at the base of Slope 27 utilizing a sonic 
drilling rig.  Analysis of soil and rock samples was completed by the Wood Rodgers, 
Inc. Materials Testing Laboratory.  Results are presented in Wood Rodgers Geology 
report.   

3. Conduct a refraction microtremor (ReMi) surface seismic survey at the crown or top 
of Slope 27 to determine subsurface soil conditions.   

4. Define the current geometric stability of the bedrock, discontinuities relative to the 
existing slope angle, and determine the angle which the slope should be laid back to 
mitigate geometric instability. 

 
In achieving the objectives, this scope of work included the following: 
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1. Review geologic reports and technical resources that were available for this area.  The 
results of the review were used as background information to perform of the field 
program and incorporate into the finds as appropriate.  

o T. L. T. Grose, 1985., U.S. Geological Survey, Glenbrook 7 ½ Quadrangle 
Geological Map, Scale 1:24,000 (Submitted as Figure 3 under this report). 

o  University of Nevada, Reno. April, 1993, “The Rockfall Hazard Rating System 
(RHRS) as Applied to the Cut Slopes of US 50 and SR 28 on the East Side of 
Lake Tahoe, Nevada” (Submitted as Appendix C under this report). 

o Harding Lawson Associates. April 1999, “Supplemental Rockfall Evaluation 
Report, U.S. Highway 50 – Slopes 29 and 30, Douglas County, Nevada, Report 
prepared for the State of Nevada, Department of Transportation, Project 
#42403.10.01.   

o Sunrise Engineering Inc. December, 2006, “Rock Mechanics Cut Slopes Stability 
Report”, U.S. Highway 50 – Slopes 21 through 31, Douglas County, Nevada, 
Reported prepared Wood Rodgers, Reno, Nevada Office.   
 

2. Performance of a detailed structural mapping program of the rock mass exposed in 
the cut slopes to document joint orientation and other properties of physical 
discontinuities.  The joint orientation data was reviewed and synthesized before 
inputting into the computer program RockPackTM III that generates stereo nets.  The 
RockPackTM III program provides statistical analysis for the relationship between the 
major joint patterns and the existing cut slope face angle.   
 

3. Preparation of this summary report. 
 

o Identify the Rock Mass Rating for Slope 27 in determining suitable anchoring 
systems (rock bolts, dowels and soil nails) for rock slope draping.  

o Provide recommendations for mitigation and prevention of further erosion of 
Slopes 27. 

o Present photographs (see Appendix A); and, prepare surface area estimate for 
rock removal, i.e. scaling, for Slope 27.   

o Provide a rockfall/hazard discussion (bedrock slope description, percent soil 
cover, rockfall potential, loose rock estimate, degree of scaling required and 
associated estimate of cubic yards of rock to scale). 

 
 
 



Project Location Project Location Project Location 

Figure Three - Geology Site Map 

Project Location 
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SECTION 2 
FIELD PROGRAM 

 
2.0 Field Services 
 
The field program consisted of three tasks.  All three tasks were completed concurrently 
during the week of October 6th, 2009.  These tasks include: 
 

1. Drilling:  A sonic drilling program was completed by the Boart Longyear drilling 
company.  Several boring(s) were drilled along the base of Slopes 21* and 27.  
Soil and rock samples were collected during the sonic drilling program.  Soil and 
rock samples were analyzed at the Wood Rodger Materials testing laboratory in 
Reno, Nevada.  Sonic boring locations in the field were determined by a Wood 
Rodger’s representative.   Sonic boring logs and material testing results are 
submitted under separate cover from this report.  [*Slope 21 was subject to a 
separate drilling and ReMi seismic survey from Slope 27.  Evaluation of Slope 21 
was not part of this scope of services.]    
 

2. Geophysical Survey:  A refraction microtremor (ReMi) surface was completed by 
Marvin E. Davis & Associates, Inc.  ReMi survey line(s) were completed above 
and below Slopes 21 and 27.  The purpose of the ReMi survey was to provide a 
profile of the subsurface soil/rock conditions in 1-dimensional and 2-dimensional 
subsurface profiles to an approximate depth of 100 feet below the ground surface.  
A copy of the Marvin E. Davis & Associates Report is submitted under Appendix 
B.    

 
3. Rock Mechanics:  The rock mechanics field work followed the Objectives and 

Scope of this report.  
 

On the week of October 6 through the 8th, 2009, a detailed structural mapping program 
was conducted on the outcrop(s) of Slope 27.  The purpose of the detailed structural 
mapping program was to evaluate the fracture pattern and overall stability of the outcrop 
faces to determine mitigation option(s) to eliminate the amount of rock debris falling onto 
Hwy 50 and increase overall global stability of Slope 27.  The horizontal distance of rock 
outcrop examined for Slope 27 and the sampling interval of “strike and dips” is as 
follows:   

 

Slope # Slope Interval 

Sampling 
Interval 

(feet) 
Joint Orientations 
(Strike and Dips) 

Slope 27 STA: 329+50 to 336+00 
 

650 186 

 
Two different rock type formations are identified along Slope 27.  A full geologic 
description of each formation is defined in Section 2.1 of this report.  Collectively, 650 
linear feet of slope were examined in the field with a total of 186 joint orientations being 
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obtained from these rock outcrops.  The joint orientations were collected using a 
BruntonTM and a SuuntoTM compass.  Dip direction and dip magnitude (right hand rule) 
were recorded for RockPackTM III net computer program.    
   
2.0.1 General Conditions of Slope 27  
 
Slope 27 consists of two parallel slopes separated by a very undistinguished drainage 
basin having mature tree growth fed by multiple springs.  The second cut slope of Slope 
27 is much smaller in profile (length and height).  For the purpose of this report, these 
two slopes are reported as single Slope 27 (see Appendix A).  Although this investigation 
encompassed all of Slope 27, the evaluation of rock slope stability was focused upon the 
approximately 350 feet of slope immediately west of the dissecting drainage 
(Approximate Status “L2” 331+20 Rt to “L2” 334+70 Rt).  Slope 27 is a relatively steep 
rock/soil slope with sporadic growth of pine trees.  The slope is approximately 70 feet in 
height.  This slope is generally facing north to northeast.   
 
Moving from west to east (along a compass line), the first 214 linear feet of Slope 27 
(Approximate Status “L2” 329+44 Rt to “L2” 331+59 Rt) consist of a soil/rock matrix 
with some relatively small, isolated rock outcrops.  The soil predominately controls the 
failure mechanism in this slope.  The most obvious slope failure mode for this section of 
Slope 27 is a slide or circular failure.  The small isolated rock outcrops exhibit traditional 
wedge and sliding joint failure sets.  These joint patterns are very small (less than 1 foot 
in length) and have no bearing on the overall stability of the slope.  The angle of repose is 
40 to 45 degrees.  
 
From 215 feet to 497 feet (Approximate Status “L2” 331+60 Rt to “L2” 334+57 Rt), the 
slope consists of rock outcrop(s) having an angle of repose of 40 to 51 degrees.  The rock 
outcrop(s) in this section consists of yellow to tan moderate to deeply weathered 
monzogranite that is extremely jointed, fractured and friable.  On the eastern edge the 
rock outcrop (geology) changes medium to dark gray altered Hornblende Trachyte.  Field 
evidence of circular, sliding, wedge, and toppling joint/fracture sets were observed.  
These structural conditions are controlled by the very close fracturing and jointing in the 
host rock.   
 
From 498 to 650 feet (Approximate Status “L2” 334+58 Rt to “L2” 336+10 Rt), the slope 
consists of rock outcrop(s) having a angle of repose of 45 to 52 degrees. The altered 
Trachyte located on the eastern edge has wide to very wide fracturing, is intact to blocky 
and appears to be very competent in the field.  The altered Trachyte is Slope 27 
structurally exhibits both sliding and wedge failure type(s).   
 
Most of the rock that has rolled into the ditch ranges from 3 to 12 inches in relative 
diameter.  The rock debris is angular to sub angular.  The ditch at the base of this slope is 
approximately 4 to 8 feet wide.  There are no barrier rails to protect the roadway from 
rockfall.     
 
 
 



McMillen, LLC  Rock Mechanics 

Cut Slope Stability Report Page 5 January 5, 2010  

2.1 Geologic Environment 
 
The Lake Tahoe area, located on the California-Nevada State line at the eastern edge of 
the northern Sierra Nevada Mountain Range, is underlain by Mesozoic “granitic type” 
rocks, predominantly granodiorite (Hyne, 1972).  Tertiary volcanic rocks, including 
basalts, andesites, latites, trachytes and various tuffs and mudflows commonly overlay 
the granitics and are often exposed at the surface (Grose, 1985).  In addition to the 
igneous rock units, deposits of alluvium, colluvium, and glacial sediments are locally 
abundant. 
 
Lake Tahoe is located in a large graben and is approximately 6,225 ft. above sea level. 
The normal faulting which created the Tahoe Basin is related to Basin and Range 
structures which continue eastward to the Wasatch Mountains of Utah, and according to 
Hyne (1972), the region is still seismically active with most earthquakes occurring to the 
north, near the Truckee area.  The mountains of the Sierra Nevada to the west were 
extensively glaciated during the Pleistocene while the Carson Range to the east 
experienced only limited glaciation, probably due to its location in the rain shadow of the 
Sierra crest, which rises to elevations of nearly 11,000 ft. 
 
Lake Tahoe is dammed in the north near Tahoe City by andesitic mudflow breccias and 
during the Pleistocene the lake level rose and dropped dramatically due to recurrent 
damming by alpine glaciers (Hyne, 1972).  This rise in lake level, as much as 492 feet, 
subsequently resulted in a rise in the ground water table which led to extensive physical 
weathering of the granitic rocks which now exist on the perimeter of the lake.  Warhiftig 
(1965) proposed that the weathering of granitic rocks in the Sierra Nevada is often a 
function of microfracturing caused by the expansion of biotite that is continuously 
exposed to water, and the extent of the microfracturing is directly responsible for changes 
in the engineering properties of the intact rock (Krank and Watters, 1983). Granitics 
existing above the groundwater table experience relatively minor physical weathering 
while those that are or were below the water table for extended periods of time are 
extremely weathered and readily breakdown to gruss or “decomposed granite” (D.G.).  
The granodioritic road cuts of US 50 express varying degrees of weathering probably 
resulting from ancient groundwater table locations.   
 
In the western portion of Slope 27, the host rock consists of monzogranite with some 
altered Trachyte.  The monzogranite is tan to gray in color.  The monzogranite is fine to 
medium grained that includes metavolcanic rocks and hornblende diorite.  Based on field 
observations, the monzogranite is moderately close to very close fractured, moderate to 
hard with some sections exhibiting little to no weathering and other sections of the rock 
have deep weathering.   
 
In the central to eastern portion of Slope 27 the monzogranite host rock changes to an 
Altered Trachyte.  The Altered Trachyte consists of moderately close to very close 
jointing and fractures, hard, moderately to highly weathered, altered yellow to tan.  The 
Altered Trachyte is generally fine-grained, porphyritic, extrusive rock consisting of 
feldspars, biotite, hornblende and small amounts of quartz.  It is commonly found in 
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volcanic environments, usually occurring as flows and compound vent filling during the 
process of volcano building.   
 
In the eastern portion of Slope 27, the host rock in this area is defined as having high 
alteration and oxidation, mainly argillization and propylitization.  Based on field 
observations, the Trachyte is occasionally to intensely fractured (based on alteration) with 
both friable to weak zones followed by zones of strong to very strong.  Weathering is also 
inconsistent with some zones exhibiting fresh to little weathering with other zones 
exhibiting deep weathering.     
 
For this rock mechanics report, the 1985 U.S. Geological Survey Glenbrook 7 ½  
quadrangle map (author T.L.T. Grose, scale 1:24000) was utilized to determine host rock 
features along U.S. 50 in the Glenbrook area (Figure Three – Geology Site Map).   
 
General observations for Slope 27 include: 
 

 The average or nominal size of rock falling from the outcrops, observed during 
this field investigation, indicates typical 3-inch to 8-inch three-sided wedge shape 
rocks, with isolated rocks near 18 inches in nominal diameter and a substantial 
amount of rock spoil near the ½-inch to 2-inch range consistent with deep 
weathering and decomposition.  

 Frost and spring runoff are the controlling factors by which the rockfalls or rolls 
out occur along these slopes.  As observed in the field during the 2009 
investigation, rain events can also trigger rockfall events.    

 Soil covers the surface or upper portions/crest of the slopes.  Large trees are 
growing along the crest, however with soil erosion, roots are exposed and the tree 
eventually dies and falls down the slope (see Appendix A).  The vegetated slope 
above Slope 27 exhibits a 45 degree inclination.    

 Springs were noted in adjacent to the drainage basin located on the eastern side of 
Slope 27.  The amount of water coming out of the spring(s) was observed to be 
less than one (1) cubic foot per second (estimated).     

 A regional strike and dip cannot be given for this area due to the nature of 
deposition under volcanic building for the Glenbrook area.  Most of the matrix or 
host rock has gone through metamorphic process that has included alteration and 
oxidation (mainly argillization and propylitization).   

 The joints, fractures and micro faults in the rock mass control the stability of the 
slope.  All three failure types – sliding, wedge and toppling were noted in all the 
slope areas. The condition of the joint(s) is fair to very poor (see Appendix A). 

 Inclination of rock slope(s) in Slope 27 range from 40 to 52 degrees.   
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SECTION 3  
ROCK MECHANICS ANALYSIS 

 
3.0 Modeling  
 
Slope 27 bedrock structure was analyzed with the aid of the RockPackTM III computer 
program.  The analysis is based on lower hemisphere stereographic projections of sliding 
features.  Planes can be represented as curved lines of intersection with the hemisphere or 
points representing the intersection of lines normal to the planes through the origin of the 
sphere intersecting the hemisphere.  The curved lines are called great circles of the planes 
and the points are called poles of the planes.  A schematic example showing planes and 
poles is shown on Figure 4 – Schematic Diagram of Lower Hemisphere - Equal Area 
Stereographic Projections. 
 
The monzogranite and the altered Trachyte do not exhibit bedding planes.  The length of 
joints and fractures extend from several inches to several feet in length.  As there is no 
predominate or major fracture sets, all repeating fracture sets were modeled.  Several 
large fracture or fault sets were noted in Slope 27.  In Appendix D – Major Fault 
Intersections, the computed graphical statistical stereo plots for the Slope 27 fault blocks 
were modeled.  In Appendix D, the computed graphical statistical stereo plots for Slope 
27 small joint intersections were modeled.  Wedge, sliding and toppling failures were 
noted in both the fault and small joint intersection sets.  The raw field data is submitted 
under Appendix E of this report.    
 
Specific rock mechanics information for the central portion of Slope 27: 
Item: Description:  

 
Value: 

Unit Weight 
(Wood Rodger Lab)  
   

Rock in Slope 27 
Soil above Slope 27 

153 PCF  
125 PCF 
 

Internal Friction Angle  
(NDOT Rockfall Hazard Rating) 
 

Monzogranite 
Trachyte 
Soil above Slope 27 
 

320 
360 

430 

Average Roughness of Joints 
(JRC) 

Monzogranite 
Trachyte 
 

12 to 16 
8 to 12 

Rockfall  
 

Average diameter of rock 
that has rolled down the 
slope face 
 

½ to 18” range 
Average 3 to 8”  

Slope Profile  
 

Angle of Slope above road 
Angle of Slope above crest 
 

420 to 500 

290 to 450  

Compressive Strength 
Schmidt Hammer Rebound 

Monzogranite 5670 PSI (Average) 
[1500; 1800; 3000; 
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Test (12 tests taken) 
 

3800; 5500; 7000; 8000; 
8500; 8600; 9000] 
 

Condition of Joints  Monzogranite 
Trachyte 
 

Fair to very poor 
Good to poor 

Inclination of major 
joints/faults (right hand rule)  

Joints or Faults extending 
20 feet in length 
 

o 358/ 66 
o 224/ 35 
o 188/ 41 
o 278/ 50 
o 080/ 65 

 

o 102/65 
o 350/74 
o 358/84 
o 124/20 
o 102/65 

 

 
Geological Strength Index and joints in the rock mass are based on the following table:  
  

 
 
 

Altered 
Trachyte  

Monzogranite 



Figure 4 ‐ Schematic Diagram of Lower Hemisphere ‐ Equal Area Stereographic Projections 

Ref: Rock Slope Engineering, Third Edition Hoek & Bray
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The stereo analysis considers the orientations of joint planes and the orientation of the 
rock outcrop face.  Four modes of rock slope failure are possible: circular (in heavily 
decomposed rock), slide, wedge and toppling failure (Figure 5 – Rock Mechanics Failure 
Types).  Sliding is expected on joint surfaces and intersecting joint surfaces (wedges) 
which are inclined steeper than the angles of friction.   The NDOT Rockfall Hazard 
Rating System report identifies the internal friction angle for host rock as the following: 
the Monzogranite at 32°; and the Trachyte between 36° to 37° (E. Hoek & J.W. Bray in 
“Rock Slope Engineering”, 3rd edition 1981, approximate the internal friction angle of 
granite at 29°-35° for fine grained and 31°-35° for coarse grained) therefore an internal 
friction value of 32° was used in this stability analyses.  The 32° friction angle (Appendix 
D) is represented on the stereo net diagram by a circle 32° from the center of the stereo 
net.   
 
The potential for rock slope failure within the central portion of Slope 27 is based on the 
orientation of the joints.  Joint planes and wedge intersections which fall between the 
center of the stereonet and the 32° internal friction circle are potentially unstable, 
depending on the dip orientation of the joint in relation to the cut slope.  Sliding or plane 
failure will occur if the projections of joint planes or wedges fall on the 32° internal 
friction circle and outside/down dip of the cut slope; this condition is called "daylighted 
joint” or “daylighted wedge” because the joint planes or wedges are exposed in the 
existing cut slope.  Joint planes which fall directly opposite to the slope or rock outcrop 
face may be subject to toppling failure even though the joints dip into the rock outcrop 
face.  Circular failures are not represented in the stereo nets, but are rather a function of 
the raw point count (Figure 5) as collected from the field data.   
 
Joint intersections within the central portion of Slope 27 do not follow a set pattern 
similar to a shale, sandstone or dolomite type rock.  The host rock(s) at Slope 27 are 
volcanic in origin that has been altered or metamorphosed.  Evidence of all four types of 
rock failure (wedge, sliding, toppling and circular) can be observed within the central 
portion of Slope 27.  It can be assumed that the difference in failure types is a result of 
heavy weathering (decomposition) and selective break-down of the weaker 
microcrystalline matrix of the monzogranite and trachyte.  Subsequently, in areas where 
these host rocks have experienced moderate to extreme weathering, rock debris can range 
from inches to several feet (<2 feet) in diameter.  Calculating the factor of safety for the 
existing rock outcrop(s) indicates that at best, these slopes have a factor of safety of 
approximately one (1) under dry joint/fracture conditions.  When water is added to the 
joint or fracture system, localized factors of safety fall under one (1) and rockfall event 
occurs.  The highest potential for rock outcrop failure is in the spring and fall seasons, 
when both moisture and frost are combined.  It should be clarified that failure mechanism 
noted for the central portion of Slope 27 are confined to near surface or surface 
manifestations resulting in isolated and localized rockfall events.  No failure mechanism 
(large fracture sets extending several 10’s of feet), commonly associated with a 
catastrophic or global event were noted in Slope 27.          
 



Figure 5: Rock Mechanics Failure Types in relation to the Stereo Plots

Ref: Rock Slope Engineering, Third Ed, Hoek & Bray
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SECTION 4 
DISCUSSION OF FINDINGS 

 
4.0 Findings 
 
The currently proposed rockfall erosion mitigation method for the central portion of 
Slope 27 is the application of a wire mesh (cable anchored) on those sections of the slope 
with significant rock outcrops.  Several wire mesh manufacturers and vendors exist in the 
industry that can provide acceptable products.  A DRAFT Special Provision for wire 
mesh (cable anchored) is submitted under Appendix F.  A discussion of other findings for 
central portion of Slope 27 is as follows.    
 
During the field investigation, evidence of all four types of rock failures were observed in 
Slope 27 (see Appendix A).  The four types of rock failure are a function of weathering 
and fracture patterns in the host rock.  Slope 27 starts and ends with zones of friable, 
deeply weathered, almost decomposed rock that form 1:1 (H:V) debris/talus slopes of 
coarse small diameter rock fragments.  As the host rock becomes more competent in the 
central portion of Slope 27, the potential for circular failures transition into slide, wedge 
and toppling type failures.  Also noted within the competent host rock are thin zones of 
weaker, relatively in-competent rock that create debris chutes for smaller diameter rock 
typically between ½ to 6 inches in size.  The natural undisturbed slope above Slope 27 
ranges between 29 to 45 degrees, and is moderately vegetated with large conifer pines 
and frequent underbrush. 
 
As identified in the Marvin E. Davis & Associates Report (Appendix B), the ReMi 
survey completed above the cut portion of Slope 27 (Plate 10) indicates that the first 9 to 
10 feet (Plates 13 and 14) of the upper soil horizon consists of a soil and broken rock 
mix.  Between 10 to 11 feet, the upper soil horizon (soil and rock) begins to grade to host 
rock (based on shear wave velocity).  The host rock, consisting of Monzogranite and 
Trachyte extends to depths exceeding 70 to 80 feet.  The upper 5 to 10 feet will not 
provide the necessary resistance for anchors and the anchors will need to be extended in 
the deeper, more competent rock encountered below the upper horizon.  The shear wave 
velocity of approximately 1,000 feet per second (FPS) corresponds to competent rock, 
according to the IBC, corresponds to a blow count of approximately 50 blows per foot.      
 
In central portion of Slope 27 the predominate rock failure mode (see Appendix D) is a 
wedge-type failure, which is schematically represented by the intersection of the great 
circles within the gray shaded Zone #1.  However, to a much lesser degree, slide-type and 
toppling failure modes are also represented in the gray shaded zones.  Observed rockfall 
from central portion of Slope 27 ranged from 1/2” to 18” in diameter, as noted in the talus 
slope and ditch line.  Rocks exceeding 18 inches in diameter were very infrequent.  The 
average size of the three-sided wedge rock debris located in the talus slope and ditch line 
was 3 to 8 inches size range.   
 
Based on Figure 6, a conservative estimate of loose rock that can be removed in the area 
by scaling is approximately 650 to 1,000 cubic yards (see calculation on Figure 6).  The 



North 

Section requring rock scaling and netting

North 

Figure 6 - Slope 27 Zone requiring rock scaling and netting

Section requring rock scaling and netting 

North 

gu e 6 S ope 7 o e equ g oc sca g a d ett g

Volume of rock removal = 400' (length of slope) x ~ 45' (vertical component) x 1' thick layer

Volume of rock removal = 650 to 1,000 CY

Map provide by Wood Rodgers

Section requring rock scaling and netting 

North 
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level and volume of rock scaling will be determined in the field by the engineer of record 
at the time that scaling operations occur.  The volume of rock to be scaled is based on 
field observations. No direct measurements (prying, or repelling) of the slope were 
performed.  Additional loose rock may be encountered on the edges of the slope where 
decomposition is stronger or less if the rock mass is more competent with depth or 
exhibits less weathering.  Photographs of the cut slopes (Figure 6) indicate typical areas 
and rock zones to be scaled (pictures are not meant to indicate or represent actual field 
conditions of all rock requiring scaling).     
 
Cable spacing at the top of the slope for wire mesh is based on snow load calculations.  
As outlined in the design guidelines for wire mesh/cable net slope protection as prepared 
by the Washington Department of Transportation, snow load plays a crucial role in 
determining cable.  Calculations to determine cable spacing in the central portion of 
Slope 27 is submitted under Appendix G.   
 
Based on the NDOT – RHRS report the predominant geo-hazard on the Glenbrook 
Slopes (Slope 27) is the quick collection and abundance of eroding small rock debris 
related to storm events and the winter season along the ditch line.  The small rock comes 
from zones that are highly weathered, jointed and fractured.  Soil erosion near the crest of 
the slopes may yield large rockfall failure onto the travel way of US 50.  The potential for 
a large rock failure from the upper reaches of the central portion of Slope 27 is possible.          
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APPENDIX A 
 

PICTURES OF SLOPE 27 
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Slope 27 looking east along Hwy 50 – circled area exhibits slide failures 
 

 
Debris along the toe of Slope 27 
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Upper portion of Slope 27 is a mix of soil and rock and undercuts the soil  
 

 
Portions of Slope 27 have some mature vegetation starting to grow 
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Slope 27 exhibits wedge, sliding and topple failure fracture sequences 
 

 
Example of toppling failure in Slope 27 
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Rock will be required to be scaled from portions of Slope 27 
 

 
Altered Trachyte in the eastern side of Slope 27.  The Trachyte is blocky to massive. 
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APPENDIX B 
 

MARVIN E. DAVIS & ASSOCIATES INC – REMI REPORT 
 
 
 
 
 
 
 



 
Consulting Civil Engineers 

P.O. Box 18449 
Reno, Nevada 89511 

PH (775) 853-9100 
FAX (775) 853-9199 

November 4, 2009 
File No. 9059.001 
 
Mr. Loren A. Jalbert 
McMillen LLC. 
910 Main Street, Suite 258 
Boise, ID 83702 
 
 
Subject: ReMi Shear Wave Velocity Measurements 
  Slopes 21 and 27, Highway 50 East of Highway 395 

Douglas County, Nevada 
 
 
Dear Mr. Jalbert,  
 
This report presents the findings of the refraction microtremor (ReMi) shear wave velocity 

survey performed by Marvin E. Davis and Associates Inc. (MDA) for the subject project.  The 

ReMi survey is part of an ongoing geotechnical investigation being performed by Wood Rodgers 

Inc., and McMillen LLC., for Slope 21 and Slope 27 on US 50 near Glenbrook, Nevada.  The 

ReMi survey was performed on October 6 and 7, 2009 by our engineer Stella Montalvo and 

senior technician Justin Kamen.  Loren Jalbert of McMillen LLC., and Mickey Smith of Wood 

Rodgers Inc., were also present at the site during our shear wave velocity measurements.  

 

SITE DESCRIPTION 

Slope 21 and Slope 27 are located on the south side of the Highway 50 near Glenbrook, Douglas 

County, Nevada, (Plate 1).  Both slopes exhibit weathering and raveling at the slope faces.  It is 

our understanding that McMillen LLC., will be providing slope retention (i.e. soil nail) design 

for both slopes.   
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PURPOSE 

The ReMi survey results are used to provide a Site Class for the subsurface conditions as 

required by the 2006 International Building Code (IBC).  The survey also provides 1-

dimensional and 2-dimensional subsurface profiles to an approximate depth of 100 feet below 

the ground surface.   

 

The 1-dimensional and 2-dimensional subsurface shear wave velocity profiles will aid McMillen 

engineers in assessing thickness and consistency of soils, the possible presence of 

boulders/cobbles, bedrock contact, and the rippability (by correlating with P waves) of the 

bedrock material before proceeding with the slope retention design.   

 

METHODOLOGY 

The ReMi method provides an effective and efficient means to obtain general information about 

large volumes of the subsurface in one and two dimensions per setup, where appropriate setup 

length is related to the depth of investigation.  ReMi is described by Louie (2001), where it is 

applied to obtain vertical S–wave profiles to depths up to 300 feet for earthquake seismic site 

characterization.  The methods’ theoretical basis is the same as spectral analysis of surface waves 

(SASW) and multi-analysis of surface waves (MASW).  However, field data is collected using 

modern standard small exploration seismic equipment. ReMi interpretation and analysis is 

performed using appropriate software that is available for desktop and notebook personal 

computers.   

 

DATA ACQUISITION 

We obtained ReMi data along 11 seismic lines, seven lines for Slope 21 and four lines for Slope 

27, as shown on the Site Plans, Plate 2 and Plate 10.  The seismic lines were positioned, as 

directed by McMillen and Wood Rodgers, to sample both the ridge and toe of the slopes.  The 

lines were setback to a safe distance from the ridge edge of the slopes. 
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Surveys were performed in general accordance with the method described by Louie (2001) to 

develop vertical 1-dimensional and 2-dimensional S-wave velocity profiles.  A multi-channel 

seismograph capable of storing up to 16,000 samples per channel at sample intervals with 1 to 2 

milliseconds in SEG2 or SEGY format was used to collect ReMi data.  We performed ReMi 

surveys using a DAQ link II - 24 bit Data – 12 channel signal enhancement seismograph.  

 

Geophone cables with 12 geophone takeouts at typical 28 feet spacings were used.  Vertical 

geophones with resonant frequencies of 4.5 Hz were used to obtain surface wave data for S-wave 

vertical profile analysis.  Broad band ambient and controlled surface wave site noises were used 

as a surface wave energy source.  Controlled surface wave energy sources included jogging 

alongside geophone arrays. The data transferred to field laptop and later transferred to Optim 

software facilities via e-mail for processing. 

 

DATA ANALYSIS 

Optim software representative Dr. Satish Pullammanappalill performed interpretations of each 

line using the most current SeisOpt ReMi software package.  The 1-dimensional and 2-

dimensional cross-sections of the lines were prepared by Dr. Pullammanappalill in coordination 

with our engineers. 

 

The SeisOpt ReMi software consists of two modules.  The first module is used to transform data 

files into a spectral energy shear wave frequency versus shear wave velocity (or slowness) 

presentation for each ReMi seismic setup.  The interpreter then selects a dispersion curve 

consisting of the lower bound of the spectral energy shear wave velocity versus frequency trend 

and that dispersion curve is saved.  Tracing the lower bound (slowest) of the shear wave velocity 

at each frequency selects the ambient energy propagating parallel to the geophone array, since 

energy propagating incident to the array will appear to have a faster propagating velocity.  The 

second module allows the interpreter to model a dispersion curve with multiple layers and S-

wave velocities to match the selected dispersion curve from the field data.  The modeler 

interactively varies layer velocities and depths until the resulting dispersion curve best matches 
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the previously selected dispersion points. An interpreted vertical S-wave profile is obtained 

through this process.   

 

It must be understood that this type of interpretation may not result in a unique solution.   

 

RESULTS AND DISCUSSION 

The results of ReMi survey are represented by the 1-dimensional and 2-dimensional shear wave 

velocity profiles given on Plates 3 through 14.  These sections depict variations in shear wave 

velocity profiles within 100 ft of the subsurface.  The velocities are represented by color shading 

as indicated by the velocity scale shown below each cross-section.  

 

Note that each measurement starts from the right side of the line (geophone 1, A) and proceeds to 

the left side of the line (geophone 12, A’).  The 2-dimensional models also start at 95 feet and 

end at 205 feet away from the starting point.  This is caused by the use of an interpolation 

process which is called grouping the traces.  In general grouping the traces (depending on the 

data received) would consist of interpolation between the geophones (1 to 6, 2 to 7, 3 to 8 , 4 to 

9, 5 to 10, 6 to 11 and 7 to 12) by loosing unreliable data from geophones 1 to 3 and 9 to 12.  The 

longer the line (i.e. the larger the spacing between phones) the lower the resolution in the upper 

15 to 20 feet, however, deeper than 20 feet below ground surface provides considerably greater 

resolution.  The elevations provided to generate 2-dimensional model profiles can be off by as 

much as 5 feet to 7 feet due to the lower resolution.   

 

The velocities obtained from ReMi surveys were assessed using Table 1613.5.2 given in 

International Building Code (IBC) 2006.  This table is given below. 
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Slope 21 

The average shear wave velocity of the ridge of the slope ranged from 1,998 ft/s to 2,336 ft/s 

while average shear wave velocity of the toe of the slope ranged from 1,703 ft/s to 1,995 ft/s. 

These velocities indicated a Site Class of C, very dense soil and soft rock profile for the upper 

100 feet with an undrained shear strength of Su>2,000 psf in accordance to the Table 1613.5.2 of 

IBC 2006.  

 

Based on the IBC correlations, Lines 1 and 2 at the ridge of the slope indicated Class C and Class 

D soil profiles to 15 feet and 23 feet below ground surface (bgs), respectively.  In both lines no 

Class A hard rock was correlated within the 100 feet bgs.  Class B Rock was correlated in both 

lines below surface soils to the 100 feet bgs.  Lines 3 and 4 indicated gradual increase in velocity 

with depth, from as low as 3,400 ft/s at 29 feet bgs to as high as 5,500 ft/s at 72 feet bgs.  In both 

lines Class A Hard Rock was correlated at around 72 feet to 83 feet bgs. 

 

The average shear wave velocities of the toe of slope exhibited slightly lower values compared to 

the ridge of the slope.  This may be explained by the previous roadway cut and fill operations of 

the HWY 50 near these lines.  Lines 5 and 7 exhibited similar characteristics.  Both lines 

indicated Class C and D soils extending to approximately 39 feet bgs.  Below these soils both 
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lines indicated Class B Rock to depths of 74 and 83 feet bgs.  Below Class B Rock both lines 

indicated Class A hard rock to the 100 feet bgs.  The increase in velocity with depth can 

probably be attributed to a corresponding decrease in the degree of weathering in Lines 5 and 7.  

However one notable exception is Line 6.  Line 6 indicated Class C soils extending to 83 feet 

bgs.  Class B Rock was correlated below 83 feet.  No Class A Hard Rock was correlated for Line 

6.  The deep Class C soil deposits may be indicative of moist to very wet conditions (drainage 

layer) which may have contributed to the increased weathering of the subsurface rock layers 

below Line 6. 

 

Slope 27 

The average shear wave velocity of the ridge of the slope ranged from 1,532 ft/s to 1,591 ft/s 

while average shear wave velocity of the toe of the slope ranged from 1,617 ft/s to 1,890 ft/s. 

These velocities similar to Slope 21 indicated a Site Class of C, very dense soil and soft rock 

profile for the upper 100 feet with an undrained shear strength of Su>2,000 psf in accordance to 

the Table 1613.5.2 of IBC 2006.  

 

Based on the IBC correlations, Lines 3 and 4 at the ridge of the slope indicated Class D and 

Class E soil profiles for the upper 10 feet.  Below these soft soils both lines indicated Class C 

soils to 69 feet and 81 feet bgs.  Class B Rock was correlated in both lines below surface soils to 

the 100 feet bgs.   

 

The average shear wave velocities of the toe of slope exhibited slightly higher values compared 

to the ridge of the slope.  Lines 1 and 2 indicated that Class C and D soils extend to 30 to 39 feet 

bgs.  Class B rock was correlated in both lines and extended to 77 to 85 feet bgs.  In both lines 

Class A Hard Rock was correlated below Class B Rock to 100 feet bgs. 
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EXCAVATION CHARACTERISTICS (RIPPABILITY) 

Seismic velocity tables relating seismic velocity (P-wave) and excavation characteristics have 

been developed from field tests by others.  These tables list the seismic velocity of various types 

of bedrock materials and their relative ease of excavation using different types of rippers. 

 

In general, geophysical methods are much more global in nature than borehole measurements.  

Under ideal rock conditions a typical correlation between P-wave (Vp) and S-wave (Vs) can be 

defined as Vp/Vs~1.7.  However, under soil conditions the ratio can increase dramatically to as 

much as 10, normally because of a decrease in Vs due to soft soils. 

 

This information should only be used as a general guide, however, as many other factors should 

also be considered.  These factors include the rock jointing and fracture patterns, the experience 

of the equipment operator, and the equipment and excavation methods selected. 

 

STANDARD CARE AND WARRANTY 

The scope of services for this project consisted of using the ReMi method to define subsurface 

shear wave velocities and depths.  The accuracy of our findings is subject to specific site 

conditions and limitations inherent to the ReMi technique.  We performed our services in a 

manner consistent with the level of skill ordinarily exercised by members of the profession 

currently employing similar methods.  No warranty, with respect to the performance of services 

or products delivered under this agreement, expressed or implied, is made.   
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ROCKPACKTM III STEREO NET RESULTS FAULTS 
 
 
 
 
 
 
 



SLOPE 27

Zone 2

Zone 1

Zone 2

Zone 1

Zone 2

Zone 1

Zone 2

Slope 27: Major Fault Intersections (Green Squares) 
Fault intersections in Zone 1 represent wedge and plane failures.  

Fault Intersections in Zone 2 represent toppling failures.  

Appendix D - Faults



SLOPE 27

Zone 2

Zone 1

Zone 2

Zone 1

Zone 2

Zone 1

Zone 2

Slope 27: Small Joint Intersections (Blue Triangles) 
Small Joint intersections in Zone 1 represent wedge and plane failures.  

Small Joint Intersections in Zone 2 represent toppling failures.  

Appendix D - Small Joints
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SLOPE 27 STRIKE AND DIP FIELD NOTES 
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DRAFT SPECIAL PROVISION –  
ROCKFALL SLOPE DRAPE (RSD) 
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SNOW LOAD CALCULATIONS 
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