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COVER SHEET



DO NOT DELETE:

HORIZONTAL BASIS: NAD 83

CA STATE PLANE COORDINATES.
HELD HPGN (101 MEN 72.5) PT NO 4,
ROTATED THROUGH HPGN (D CA 01 GE) PT
NO 3, EPOCH DATE 2007.  COMBINED SCALE
FACTOR 0.99990326, COMPUTED FROM
LIECA GEO-OFFICE, CONVERGENCE ANGLE
-0°56'01".

VERTICAL DATUM: NGVD 1929

NGVD 1929
BASED ON CAL-TRANS MONUMENT
LOCATED ALONG HWY 101.  IN FRONT OF
HEALTH FOOD STORE IN LAYTONVILLE.
INFOMATION OBTAINED FROM RANDY
HAROLSON OF CAL-TRANS.  STAMPED MEN
101-69.36
ORTHO HT= 1657.92 FT (PUBLISHED
ELEV=1657.6)
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CONTROL POINT TABLE
POINT NUMBER NORTHING EASTING ELEVATION DESCRIPTION

4 2381330.2212 6147409.8768 2031.4344
5 2380721.7760 6147441.1945 2101.6520
6 2380466.4985 6148280.7091 2203.6065
7 2380725.5534 6148676.0205 2302.7079
8 2381204.4536 6148828.8811 2430.6367

SET 1\2"  IP (AERIAL PANEL)
SET 1\2"  IP (AERIAL PANEL)
SET 1\2"  IP (AERIAL PANEL)
SET 1\2"  IP (AERIAL PANEL)
SET 1\2"  IP (AERIAL PANEL)
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EXISTING CONDITIONS
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GEOPHYSICAL BORING PLAN
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BASIN - TO REMAIN
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LIMITS OF MODIFIED
QUARRY.APPROX SOIL/ROCK BOUNDARY

PORTABLE
RADIAL STACKER
AND CRUSHER
TO REMAIN

PORTABLE SCREEN -
RELOCATE AS

NECESSARY

LOWER QUARRY FLOOR
ELEV.=2083 TO 2089

UPPER PROCESSING
FLOOR

SALVAGE AND RELOCATE
ALL STOCKPILED
TOPSOIL TO SOIL STORAGE
AREAS SHOWN.

NEW SCALE
SHACK

EX. SCALE
SHACK TO

BE REMOVED
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ROCK LINED CUTOFF
DITCHES TO SOUTHERLY
CHANNEL (TYP)

LOWER TOPSOIL
 STORAGE AREA

POND #1 RELOCATE
 WITH LOWER FLOOR

POND #2
POND #3

COVER NOA

UPPER TOPSOIL
 STORAGE AREA

EXIST. CATCH BASIN AND
POND TO REMAIN.  INSTALL

OVERFLOW PIPE CONCURRENT
WITH LOWER FLOOR CONSTRUCTION

SEE DETAIL SHEET 9

DO NOT
DISTURB

SHOP

TRUCK SCALE

TOPSOIL SALVAGE AREA
ABOVE EL=2240
WITHIN QUARRY MINE
DISTURBANCE AREA.
RELOCATE TO SOIL
STORAGE AREAS SHOWN.

ROCK LINE DITCHES TO BE
CONSTRUCTED UNDER THIS

MRP

GRADING NOTES:

1. MAXIMUM ANTICIPATED FINISHED GRADING FOR EXCESS
OVERBURDEN IS SHOWN ON SHEET 9.

2. LOCATE ALL NOA CONTAMINATED MATERIAL TO LOWER FLOOR
OF QUARRY AND  COVER WITH A MINIMUM 6" OF NOA-FREE
MATERIAL PRIOR TO MINING AREA IN ACCORDANCE WITH THE
GEOTECHNICAL RECOMMENDATIONS.

3. ALL DISTURBED SOIL LOCATIONS THAT AREA EXPOSED SHALL
BE SEEDED ANNUALLY PRIOR TO OCTOBER 15TH.

5. OVERBURDEN MAY ALSO BE STORED IN TOPSOIL AREAS  BUT
MUST BE KEPT SEPARATE.

6. INSTALL SIGNAGE AT TOPSOIL STORAGE AREAS "TOPSOIL - DO
NOT DISTURB".

7. MAXIMUM DEPTH OF TOPSOIL IS 6.0'.
8. REMOVE SMALL TREES/SHRUBS WEST OF ENTRANCE TO

PROVIDE MINIMUM OF 215' OF SITE DISTANCE TO WEST FROM
15' NORTH OF EDGE OF DOS RIOS ROAD.

SEE NOTE 8

GRADING PLAN

LAYTONVILLE, CALIFORNIA
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1136 LAYTONVILLE DOS RIOS ROAD MINING AND RECLAMATION PLAN
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Estimated
Earthwork Volumes Rock Overburden
Nordman Parcel 4,845 cu.yds. 43,960 cu.yds.
Studebaker Parcel 242,262 cu.yds. 33,705 cu.yds.

Total 247,107 cu.yds. 77,665 cu.yds.
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APPROX NOA MATERIAL
TO BE RELOCATED
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TO REMAIN IN PLACE

NOTES:

1. LIMITS OF BEDROCK AND NOA CONTAINING MATERIAL ARE
APPROXIMATE ONLY.  LIMITS SHOWN BASED ON LIMITED
BORINGS AVAILABLE AS OF DECEMBER 2013.

2. MATERIAL CONTAINING NOA SHALL BE RELOCATED TO THE
LOWER QUARRY FLOOR AND SHALL NOT BE SOLD OR
INCORPORATED INTO PRODUCT.

3. SEE GEOTECHNICAL REPORT FOR NOA MITIGATION AND
MONITORING.

4. SEE MRP FOR SLOPE CRITERIA.  SLOPES SHOWN ARE
APPROXIMATE ONLY AND SUBJECT TO THE SLOPE CRITERIA
BASED ON ACTUAL MATERIAL ENCOUNTERED.
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1 . 0  I N T R O D U C T I O N  A N D  P U R P O S E  
This report presents the results of our engineering geologic exploration in support of the continued 
development of the existing Laytonville Quarry (Project Site). This report has been prepared for Rau and 
Associates, Inc. (Rau) on behalf of the Project Site Owners, Shawn and Aurora Studebaker.  
 
In January 2013, LACO submitted a Preliminary Engineering Geologic Investigation report to support 
preliminary project planning (LACO 2013). On January 16, 2013, LACO accompanied Department of 
Conservation Office of Mines and Reclamation (OMR) staff on a site visit to review the site and discuss 
preliminary reclamation plans. OMR documented their site visit and provided a request for additional 
engineering geologic analysis in correspondence dated February 21, 2013 (OMR 2013).  
 
The purpose of our services was to prepare a post-mining rock slope stability assessment on the basis of our 
engineering geologic exploration, and to evaluate the exposed rock slopes for the presence of Naturally 
Occurring Asbestos (NOA). This report is an updated version of our 2013 report which includes the 
additional analysis requested by OMR and supersedes our 2013 report. 
 
Herein we provide our recommendations for the mitigation of slope hazards for future mine planning, use, 
and reclamation.  
 

2 . 0  P R O J E C T  D E S C R I P T I O N   
As we understand, the Project is a mining and reclamation plan to expand existing mining operations for 
the existing quarry development at the Project Site. The existing quarry is situated along the Laytonville-Dos 
Rios Road approximately 0.5 miles east of Highway 101 in Mendocino County, California, and 0.5 miles 
northeast of the town of Laytonville (Figures 1 and 2). Grading details prepared by Rau for the proposed 
expansion are included as Figures 3 through 6. Pertinent Project Site location information is listed in Table 1. 
 

Table 1 - Project Location Information 

Latitude and Longitude 39.6905° North and -123.4692° West 

Assessor’s Parcel Number 035-460-06 

Parcel Size ±40.4 acres 

United States Geologic Survey 
Quadrangle (USGS) 

Laytonville 7.5-minute topographic quadrangle 
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3 . 0  S C O P E  O F  S E R V I C E S  
The services described in this report were performed in accordance with the Scope of Services outlined in 
Task Orders No. 1 and No. 2 executed on September 28, 2012, and June 24, 2013, respectively. Our scope 
of services was limited to:  

1) Reconnaissance-level engineering geologic field explorations to record rock structures within the 
existing and proposed quarry expansion area on the basis of natural and man-made exposures, 
map areas of suspected NOA, quantitatively evaluate potential areas of slope instability;  

2) The collection and analysis of rock types suspected of containing NOA. Sampling locations were 
determined in the field by the project geologist based on site conditions exposed in the quarry 
working faces; 

3) Subsurface exploration at 21 locations and to a maximum depth of 100± feet to characterize 
subsurface conditions, collect rock chips samples for analysis of NOA, and record rock structures 
using down-hole geophysical survey techniques; and 

4) Preparation of this Engineering Geologic Report documenting the following: 
i. Description of the proposed project. 
ii. A geologic map depicting site conditions on the basis of surficial exposures and borings 

encountered during our reconnaissance mapping and field exploration, including areas of 
known NOA confirmed by laboratory testing and those areas of suspected NOA based on 
bedrock composition. 

iii. Characterization of the site geology with a discussion of potential slope instability hazards 
based on the existing quarry conditions. 

iv. Discussion of the proposed quarry expansion slope configuration with a quantitative factor 
of safety evaluation of modeled slope stability conditions. 

v. Laboratory analysis results of up to five samples for NOA by CARB Method 435 with 
recommendations for mitigation measures to control airborne dust laden with NOA, 
if applicable. 

vi. Design and construction recommendations for the engineering geologic/geotechnical 
aspects of the quarry expansion area including:  

 Site preparation and specifications of slope gradients flatter than the critical 
gradient for the type of material anticipated to be encountered. 

vii. Performance standards for backfilling, re-grading, slope stability, and re-contouring of final 
reclaimed slopes, including permanent piles or dumps of mine waste rock 
and overburden. 

 

4 . 0  F I E L D  E X P L O R A T I O N  
Initial field reconnaissance was conducted by Certified Engineering Geologists from LACO on October 2, 
2012, and November 19, 2012, to support preparation of our Preliminary Engineering Geologic report 
(LACO 2013). During our initial field reconnaissance, readily accessible areas were reviewed including the 
mine pit floor and stockpiles areas, the working mine cut faces, and the approximate upper limits of the 
proposed mine expansion. We recorded fault, fracture, joint, and foliation orientation data where 
systematic discontinuity features were observed and accessible along the base of the working faces. The 
steepness of the working faces precluded the ability to safely collect measurements near the top of the cut 
faces. Rock structure orientation was measured with a Brunton Pocket Transit with the magnetic declination 
set to 16.5 degrees east. The relative rock strength was evaluated based on the audible blow of a rock 
hammer and the ability to fracture in-place rock.  
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A second phase of field reconnaissance and exploration was conducted by Certified Engineering 
Geologists from LACO on October 18, 2013, October 23, 2013, and October 25, 2013, to record additional 
rock structural data from the existing mine faces and to supervise the installation of deep borings to 
characterize the subsurface conditions. Deep borings were drilled using an air-percussion track rig fitted to 
map the elevation of the rock surface beneath overlying soil and/or mélange unit and for planned 
geophysical surveys. On October 23, 2013, Norcal Geophysical Consultants Incorporated performed a 
geophysical exploration to measure P- and S-wave velocities and map rock discontinuities in deep three 
borings (Norcal 2013; Attachment 1).  
 

5 . 0  S I T E  C O N D I T I O N S  
The following report subsections describe the Project Site’s topography, the local and regional geologic 
and seismic settings, rock and soil units, and groundwater conditions. 
 

5.1  Topography 

The Project Site occupies an east-west trending side hill ridge with a westerly aspect that has formed on the 
flank of the valley-bounding, northwesterly trending range front. The side hill ridge forms the drainage 
divide between two local ephemeral water courses that coalesce near the valley floor. Elevation of the 
Project Site ranges from 2,120 feet to 2,380 feet when including the undisturbed forested areas near the top 
of the ridge. The current average mine slope of the existing ground surface measured from the back edge 
of the pit floor to the upper limits of the disturbed areas is approximately 1.35:1 horizontal to vertical (Figures 
4 through 6). The high-wall consists of multiple benches with bench faces sloped at 0.5:1 or steeper with 
heights up to 30± feet. Bench face slopes are separated by benches with widths of about 40± feet.  
 

5.2  Geology and Seismicity  

The Project Site is located within the northern Coast Ranges Geomorphic Province (CGS 2002), a seismically 
active region in which large earthquakes and strong ground shaking should be expected to occur during 
the economic and reclaimed life span of the mine development. The Coast Ranges are composed of a 
thick sequence of late Mesozoic and Cenozoic sedimentary strata consisting locally of the Coastal Belt 
Franciscan Complex. Based on our site reconnaissance and a review of published geologic mapping 
(CDMG 1984), the local area is underlain by Tertiary to Cretaceous age Franciscan Complex rock. The 
Project Site specifically is located within a sub-unit of the Franciscan consisting of mélange and is directly 
underlain by a landscape-scale, relatively coherent knocker of blueschist facies metamorphic rock that 
contains areas of serpentinization (Figures 2, 4, 5, 6, and 7). The depth below the current mine pit floor to 
the contact with less resistant and lower-strength mélange matrix is unknown, but is anticipated to be lower 
than an elevation of 2,080 feet based on data obtained from on-site borings and information reported by 
the quarry owner from historic exploratory borings drilled in the quarry floor.  
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Structurally, the northern Coast Ranges trend northwest, sub-parallel to the San Andreas and Maacama 
faults. Both the San Andreas fault and Maacama fault zone are north-northwest trending, right-lateral strike-
slip faults. The San Andreas fault is situated approximately 24 miles to the west of the Project Site (Figure 4) 
(CDMG 1983; CGS 2010). The San Andreas fault represents the boundary between the relatively stationary 
North American Plate and northward-migrating Pacific Plate. The Maacama fault zone has been 
interpreted as the northern extension of the Hayward and Rodgers Creek faults, all of which are products of 
distributed slip associated with the San Andreas fault along the North American plate margin. The San 
Andreas fault and Maacama fault are designated as being active by the State of California (CGS 2007), 
and capable of generating moderate to strong future earthquakes with estimated moment magnitudes 
(Mw) of 7.9 and 7.1, respectively (Petersen et al 1996; Upp 1989). 
 
The Maacama fault zone is the nearest recognized Holocene-aged active fault to the Project Site. The 
northern limits of the trace currently zoned as being active terminates a distance of approximately 2 miles 
to the south (CDMG 1983; CDMG 2000). Sub-parallel traces of the Maacama fault zone continue to the 
north and are located within 0.4 miles to the west of the Project Site. Although not zoned as being active in 
the Holocene, these Quaternary fault traces form a northwest-trending zone of lineaments that deflect 
local drainage patterns and define the lateral margins of the valley. Faults denoted as undifferentiated 
Quaternary age show evidence of displacement sometime during the past 1.6 million years. Faults may be 
younger, but lack of younger overlying deposits precludes more accurate age classification (CGS 2010). 
 

5.3  Bedrock Geology 

Review of the Laytonville 7.5-minute quadrangle Geology and Geomorphic Features Related to 
Landsliding map (CDMG 1984; Figures 7 and 8) indicates the Project Site is underlain by glaucophane schist 
and blueschist within a mélange sub-unit of Coastal Belt Franciscan. The mélange is locally in both 
stratigraphic and fault contact with Upper Cretaceous age White Rock Sandstone. Franciscan mélange is 
described as pervasively sheared, argillaceous matrix surround pebble-size to individually mappable blocks 
of greywacke, greenstone, chert, conglomerate, serpentinite, and serpentinized ultramafic rocks.  
 
The highly erodible, sheared shale matrix generally is unstable and within the Laytonville area is prone to 
landsliding. Two east-west trending landscape-scale earthflows denoted as inactive by DMG are present to 
the north and south of the Project Site where mélange matrix is in contact with blueschist. These areas 
currently display deeply-incised and well-developed drainage patterns. During our field exploration we did 
not observe evidence or recent or incipient movement within the DMG mapped earthflows. 
 
The blueschist block underlying the Project Site is part of a larger north-northwesterly trending zone of map-
scale size blueschist blocks that occupy the west-facing slopes along the eastern range front of the 
Laytonville valley. The foliated fabric within the blueschist blocks including those observed at the Project 
Site generally strike to the north with a westerly dip direction of 65 degrees to 85 degrees as depicted on 
the DMG map. Bedding attitudes identified within the Project Site as depicted on the DMG map indicate a 
northwesterly strike and easterly dip direction of 35 to 45 degrees. 
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Faults, fractures, and systematic joint sets are present in exposures throughout the working faces of the 
Project Site. Faults generally display apparent offsets on the order of inches to a few feet, and are generally 
antithetic in nature. Larger displacements appear to be present where offset planar discontinuities could 
not be matched on either side of a fault. The density of planar discontinuities varies from north to south 
across the Project Site as viewed in the working face exposures, with the greatest density occurring near 
both the northern and southern edges of the existing excavation limits. The observed failure mechanism is 
localized raveling and rock fall of loose material out of the working rock faces. 
 
The eastern limit of the blueschist block underlying the Project Site is covered with a soil unit consisting 
primarily of slope colluvium derived from Franciscan Melange derived materials. The surface elevation of 
the top of the rock was mapped with a series of vertical borings throughout the eastern limits of the quarry 
(borings B-1 through B-12 on Figure 2). Borings were advanced with air percussion drilling equipment by the 
quarry owner. Boring details are summarized in Table 2.  
 
Table 2 – Boring Details 

Boring Number Boring Depth 
Elevation (Project Datum) 

Ground Surface Rock Surface Groundwater 

B-1 170 2220 >2050 NA 

B-2 104 2320 >2216 NA 

B-3 90 2170 2170 NA 

B-4 NA NA NA NA 

B-5 100 2253 2250 2165 

B-6 104 2218 2213 2200 

B-7A 22 2263 2247 NA 

B-7B 35 2257 2248 NA 

B-8 35 2273 2245 NA 

B-9 35 2280 2264 NA 

B-10 47 2290 2256 NA 

B-11 40 2290 2250 2253 

B-12 58 2291 2233 2275 

B-13 93 2217 2211 <2124 

B-14 93 2220 2214 <2127 

B-15 90 2223 2213 <2134 

B-16 82 2225 2151 <2175 

B-17 90 2227 2149 2151 

B-18 93 2281 2206 <2188 

GB-1 104 2191 2191 2112 

GB-2 93 2194 2194 2119 

GB-3 93 2215 2209 2127 
NA = Not available (data was not recorded by driller) 
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5.4  Groundwater Condit ions 

Photographic documentation of the site conducted in December 2011, by Rau indicate an area of 
ponded water within a topographic depression near the back edge of the pit floor at the base of the rock 
face near the northern excavation limits.  
 
Based on groundwater data obtained during subsurface exploration and observations of existing surficial 
conditions, two groundwater zones are apparent at the project area: shallow groundwater, which is 
percolating along the rock/overburden boundary; and deeper groundwater percolating through fractures 
in the rock. Refer to Table 2 for groundwater elevations recorded in borings. 
 
Subsurface explorations within the existing quarry face recorded hydraulic head elevations of the deeper 
groundwater greater than 10 feet above the existing quarry floor which is consistent with the emergent 
groundwater observed in the 2011 photographs and the water present in shallow ponds dug within the 
existing quarry floor. Groundwater conditions recorded in the exploratory borings were incorporated into 
our quantitative slope instability analysis. 
 

6 . 0  Q U A N T I T A T I V E  S L O P E  S T A B I L I T Y  E V A L U A T I O N  
To evaluate the stability of the proposed quarry faces, LACO performed quantitative slope instability 
analysis utilizing software to analyze site specific structural data and rock strength parameters. Our 
evaluation included both kinematic and overall slope stability under both static and pseudostatic (seismic) 
conditions. The analysis was completed on three separate quarry face aspects (Southeast, East, 
and Northeast). 
 
The slope stability results are given as a “factor of safety” (F). The factor of safety is the ratio of forces 
resisting failure to the forces driving failure. In a stable slope, the forces resisting failure exceed the driving 
forces and the resultant F is greater than 1.0. When the two forces are equal, the F is equal to 1.0 and slope 
failure is imminent. The greater the F, the greater the stability of the slope. The seismic coefficient used in 
psuedostatic analysis was calculated following the guidelines of California Geologic Survey Special 
Publication 117A (CGS 2008).  
 
Typical practice is to consider slopes with a static factor of safety (Fs) equal to or greater than 1.5 and a 
psuedostatic factor of safety (FD) equal to or greater than 1.1 as adequately stable for most development 
purposes (SCEC 2002; OMR 2009). 
 

6.1  Kinematic Analysis 

Kinematic analysis evaluates the orientation of structural discontinuities (joints, fracture, faults) with respect 
to the proposed quarry face gradients and strength characteristics of the discontinuities to predict the 
potential for plane failures, wedge failures, and toppling.  
 
Plane failures occur as result of sliding along a single discontinuity and generally occur when a discontinuity 
dips in the same direction (within ± 20°) as the slope face at an angle lower than the slope angle, but 
greater than the friction angle of the discontinuity. 
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Wedge failures occur as a result of sliding along two intersecting discontinuities intersects where the angle 
and the line of intersection plunges out of the slope face at an angle greater than the friction angle of 
the discontinuity.  
 
Toppling failures occur as a result of rotation of a rock mass out of the slope due to steeply 
dipping discontinuities. 
 
The kinematic analysis performed for this project utilized the computer programs DipAnalyst, Swedge 
(version 5.0), RocPlane (version 2.0), and RocTopple (version 1.0) to evaluate 203 structural discontinuities 
measured at the project site at three different quarry face aspects (Section 1, 3, and 6). DipAnalyst 
presents results as a “failure index”. The failure index is the percentage of discontinuities that have an 
orientation consistent with a specific failure mode. Swedge, Rocplane, and RocTopple present results as a 
factor of safety. 
 
Structural discontinuties utilized in the analysis were limited to fractures and faults that were not healed. The 
structural discontinuity data set is included as Attachment 2 and DipAnalyst output files are included as 
Attachment 3. Rock and discontinuity parameters used in the kinematic analysis are summarized in Table 3. 
 

Table 3 – Rock and Discontinuity Parameter Used in the Kinematic Analysis 

Parameter Value 

Joint Roughness Coefficient (JRC) 8A 

Joint Wall Compressive Strength (JCS) 288 tons per square footB 

Friction Angle 32 degreesC 

Unit Weight 160 pounds per cubic footD 

A JRC based on equivalent ratio of Joint Condition Rating 
B JCS based on unconfined compressive strength testing. 
C Friction angle based on published data (Table 4.1; Wyllie and Mah, 2004) and laboratory tilt testing 
D Unit weight based on laboratory analysis 

 
 
The results of the preliminary kinematic analysis for the main east quarry face (oriented at an azimuth of 
224°) predict that under a proposed quarry configuration with an average slope gradient of 0.9:1 (50°), 
approximately 5 percent of the structural discontinuities are oriented in a direction consistent with plane 
failures, 13 percent with wedge failures, and 5 percent with toppling failures. 
 
Under all potential quarry face orientations, the percentage of discontinuities with orientations favorable to 
plane, wedge, and toppling failures are each less than 15 percent. A Graphs depicting variations in failure 
index with respect to slope angle, azimuth, and friction angle are included in Attachment 4. Factor of 
safety analysis of wedge, plane, and topple failures are summarized in Attachment 5. 
 
With a few exceptions, the kinematic factor of safety analysis indicates that the FS and FD are 1.5 and 1.1 or 
greater, respectively, on all quarry faces under the modeled conditions. The exceptions for wedge failures 
are on the east and northeast faces under both static and dynamic conditions where gradients are 0.8:1 
and 0.7:1, respectively. The exceptions for plane failure are on all proposed quarry faces under dynamic 
conditions where slope gradients are 0.8:1 or steeper. 
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The modeling predicts that the exceptions noted above are associated with relatively small failures 
(estimated to be less the approximately 2 feet thick). Based on the predicted shallow nature of the 
modeled failures and the design for low gradient benches every 50 vertical feet, we judge the predicted 
shallow failures (should they occur) will be contained by the benches. 
 

6.2  Slope Instabil ity 

We evaluated the potential for rotational (soil/rock) failure of the proposed quarry faces using the 
computer program Slide (version 5.0).  
 
The strength of the rock in the quarry was estimated using the Generalized Hoek-Brown criterion. Strength 
parameters required for the Generalized Hoek-Brown criterion were estimated using the following values: 

• Intact Uniaxial Compressive Strength:  1,000 kilopounds per square footA 
• Geologic Strength Index:   25B 
• Intact Rock Constant (mi):   15C  
• Disturbance Factor:    0.7D 
A Compressive strength estimated based on specimens requiring more than one blow with a rock 

hammer to fracture.  
B Geological strength index of 25 selected based on the “blocky” to “disintegrated” appearance of 

the lowest quality rock exposed in the quarry faces and the “poor” condition of discontinuity surfaces 
observed in the most weathered and faults surfaces. 

C Intact rock constant for a schistose meta-volcanic rock. 
D Disturbance factor selected based on small scale blasting of the quarry face and mechanical 

excavation methods used. 
 
The strength of the mélange surrounding the rock was estimated using the Mohr-Coulomb criterion and the 
following soil parameters based on published literature (Kim et al. 2004): 

• Cohesion   100 pounds per square foot 
• Friction Angle   25 degrees  

 
Groundwater data recorded in our borings was incorporated into the analysis. Groundwater was assumed 
to fill in the quarry to the elevation of the existing quarry base with a positive gradient of 1 percent 
extending back into the slope.  
 
Factor of safety analysis results are summarized and graphically presented in Attachment 6. 
 
Based on the results of the rock mass stability analysis, the factor of safety of the proposed quarry faces are 
estimated to be greater than 1.9 under static conditions and 1.2 under psuedostatic conditions, and are 
considered adequately stable for industry standards (SCEC 2002; OMR 2009). 
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7 . 0  A S S E S S M E N T  F O R  P R E S E N C E  O F  N A T U R A L L Y  
O C C U R R I N G  A S B E S T O S  

Geologic mapping of working face exposures was conducted to identify potential asbestos-bearing rock 
and to describe their occurrence and distribution on the Project Site. Emphasis was placed on identifying 
and describing geologic features and rock types that may host or influence the distribution or transport of 
naturally occurring asbestos (NOA) at the Project Site.  
 
Areas with serpentinization, faults, and shear zone contacts between relatively intact and coherent 
bedrock outcrops were identified as being the most likely asbestos-bearing source. The orientation of 
structural features including faults, fractures, joints, and rock foliation fabric were recorded and their 
relationship to potential asbestos mineralization noted. 
 
Targeted samples were collected from shear zones, areas of serpentinization, from faulted rock containing 
secondary mineralization along the fault surface, as well as bulk samples from select deep borings. Five 
surficial locations, denoted as Station 1 through Station 5, and encompassing the limits of excavation along 
the lower quarry working face were sampled (Figure 2) as well as cuttings from borings GB1, GB2, GB3, B16 
(New#7), and B18 (New#9). The samples were submitted to Micro Analytical Laboratories, Inc. under 
standard chain of custody. Bulk asbestos analysis was performed by test method PLM (polarized light) 
CARB 435. Laboratory reports are included as Attachment 8. 
 

7.1   Asbestos Analysis Results 

Based on the reported laboratory analysis, asbestiform minerals comprised of Tremolite-Actinolite and/or 
Chrysotile were detected in the samples collected from Station 1 (see Attachment 7, Photographs 1-3), 
boring GB3, and boring B16 (New#7). Samples collected from Stations 2, 3, 4, and 5 as well as boring GB1, 
GB2, and B18 (New #9) were reported to lack any asbestos fibers above the limits of detection. 
 
Two shear zones (southern and eastern) containing asbestiform Tremolite-Actinolite were visually identified 
and mapped in the field. The southern zone comprised an approximate east-northeast to west-northwest 
trending pocket of schistose material extending along the lower working face near the southern limits of 
the current quarry excavation. Outcrop exposures of the southern shear zone are up to 100 feet wide and 
based on the orientation of the shear zone, it is anticipated to be present in the upslope and downslope 
directions and will likely be encountered as mining progresses to greater depths. The eastern zone 
comprised a narrow north-south striking seam of schistose material above the limits of the working face 
within a mélange unit. 
 

8 . 0  C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S  

8.1  Mining Slopes 

During our site reconnaissance, we did not observe any evidence of large-scale active slope failure at the 
Project Site, nor did we observe obvious signs of incipient block failures in the pit walls. Based on our site 
observations and quantitative stability assessment of the proposed mining slopes, the proposed pit walls 
are expected to be stable from a rock mass slope failure under both static and psuedostatic conditions.  
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Based on the results of our site reconnaissance and geologic evaluation, in our judgment the proposed site 
can be made suitable for the proposed slope configuration from an engineering geologic perspective 
provided the Project Site Owners accepts the following assumptions and design recommendations: 

• In the absence of additional site specific testing and analysis, overburden soil exposed at the top 
of the quarry should be sloped at a 1:1 or flatter for granular materials and 1.5:1 or flatter for fine-
grained materials. Exposed mélange soils should be sloped at 2:1 or flatter and include a minimum 
10-foot wide bedrock bench along the base of the contact.  

• LACO is retained for periodic review of the exposed slopes to verify our kinematic analysis 
assumptions and recommendations remain valid. If our review of newly exposed site conditions 
indicate the assumptions of our analysis are invalid, one or more of the following will be required: 
(1) mapping/measurement of newly exposed discontinuities; (2) updated kinematic analysis; and 
(3) subsurface exploration/testing. Our periodic review should occur for every 40,000 cubic yards 
of excavation. 

 

8.2  Mitigation of NOA 

Two zones of Tremolite-Actinolite were identified in the field as described in Section 7.1 of this report (see 
Figure 2). As mining progresses, caution on the part of the Project Site owner will be required to avoid 
mixing NOA material with the commercially available stockpiles. The following are our recommendations 
for segregating the asbestiform-laden material from the rock to be quarried and stockpiled as aggregate: 

1. Proximal to and within the mapped NOA zone, the material may periodically be over-excavated 
to depths attainable by an excavator. The excavated material could be stockpiled on site and 
covered to protect it from wind and rain. During over-excavation, dust-suppression methods (ex.  
periodic wetting) should be employed. Over-excavation could occur on an as needed basis so as 
to allow for the removal of aggregate from the working faces and benches while minimizing the 
potential contamination with the NOA. LACO should be retained to observe the over-excavation 
and map the newly exposed limits of NOA. 

2. Periodically collect composited samples from the stockpiled aggregate in compliance with the 
Mendocino County Air Quality Management District requirements to verify the concentration of 
NOA in the commercially available material is less than 0.25 percent.  

3. Excavation of the proposed quarry face slopes may expose differing site conditions which may 
increase the potential for NOA to be exposed. Periodic sampling of the exposed slopes is 
recommended to verify that our NOA recommendations remain valid. If our review of newly 
exposed site conditions record new areas of NOA, additional mapping/measurement of newly 
exposed NOA and updated mitigation recommendation may be required. Our periodic review 
should occur for every 40,000 cubic yards of excavation.  
 

9 . 0  C O N S U L T A T I O N ,  O B S E R V A T I O N ,  A N D  T E S T I N G  
During the design phase, we recommend communications between the Client, design team, and LACO 
be maintained to optimize conformance between the design and site conditions. We also recommend 
LACO be retained to review the plans and specifications pertaining to earthwork construction, where 
prepared by others, to check that our recommendations have been properly implemented. 
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1 0 . 0  L I M I T A T I O N S  
This report has been prepared for the exclusive use of our Client (Rau and Associates), our Client’s 
contractors and subconsultants, and appropriate public authorities for specific application to the 
development of the tank project. LACO has endeavored to comply with the generally accepted 
geotechnical engineering standard of care common to the local area. LACO makes no other warranty, 
express or implied.  
 
The findings, analyses, and recommendations contained in this report are based on data obtained from 
surface explorations and laboratory tests. The exploration methods used indicate surface conditions only at 
specific locations where samples were obtained, only at the time they were obtained, and only to the 
depths penetrated. Samples cannot always be relied upon to accurately reflect stratigraphic variations 
that commonly exist between sampling locations, nor do they necessarily represent conditions at any other 
time. Results of sample testing obtained during this project will be retained on file in our office. 
 
The recommendations included in this report are based in part on assumptions about subsurface conditions 
that may only be confirmed during exploratory drilling. Accordingly, the validity of these recommendations 
is contingent upon LACO being retained to provide additional professional services during project design 
and construction. LACO cannot assume responsibility or liability for the adequacy of the report 
recommendations when they are applied in the field unless LACO is retained to observe construction. 
Please contact us to further discuss the extent of such observations required to check the validity of 
our recommendations. 
 
This report’s findings, conclusions, or recommendations should not be used if the nature, design, or location 
of the proposed development is changed. If changes are contemplated, LACO should be consulted to 
review their impact on the applicability of the findings, conclusions, or recommendations contained in this 
report. Also, LACO will not be responsible for any claims, damages, or liability associated with any other 
party’s interpretation of the subsurface data or reuse of this report for other projects or at other locations 
without LACO’s express written authorization. 
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Total

Type
Dip 

Angle

Dip 

Azimuth

Discontinuity 

length (m)

Separation 

(mm)
Roughness

Spacing 

(ft)

Infilling 

(gouge)
Weathering Rock Type       Comment

Discontinuity 

length
Seperation Roughness 

Infilling 

(gouge)
Weathering JRC

1a 1 J 37 155 4.5 5 SS N/A Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 2 1 0 4 5 12

1a 2 J 26 213 9 0.1-1 SR N/A None Slight Blueschist with pyrite (<1%) and quart veins. 2 6 3 6 5 22

1a 3 J 56 85 4.5 1-5 SS N/A None Slight Blueschist with pyrite (<1%) and quart veins. undulated 2 1 0 6 5 14

1a 4 J 81 110 15 5 SS N/A Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, vertical joint 1 1 0 4 5 11

1a 5 J 31 95 6 <0.1 SS 5 None Slight Blueschist with pyrite (<1%) and quart veins. undulated 2 5 0 6 5 18

1a 6 J 76 101 15 5 SS 5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 1 0 4 5 11

1a 7 J 76 93 1.5 <0.1 SS 2 None Slight Blueschist with pyrite (<1%) and quart veins. 4 5 0 6 5 20

1a 8 J 30 254 9 10 SS N/A Hard >5mm Slight Blueschist with pyrite (<1%) and quart veins. 2 0 0 2 5 9

1a 9 J 82 160 3 >5 SR >6 Hard >5mm Slight Blueschist with pyrite (<1%) and quart veins. 4 0 3 2 5 14

1a 10 J 68 340 3 >5 SR N/A Hard >5mm Slight Blueschist with pyrite (<1%) and quart veins. 4 0 3 2 5 14

1a 11 F 53 155 3 <1 R 1.5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. highly fractured shear zone 4 4 5 4 5 22

1a 12 F 72 156 6 1 S 2 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. highly fractured shear zone 2 4 1 4 5 16

1a 13 J 40 205 1 2-5 SS 2 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. highly fractured shear zone 6 1 0 4 5 16

1a 14 Fault/F 36 153 15 1 VR N/A Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated 1 4 6 4 5 20

1a 15 F 72 330 6 1 SR 2-3 Hard <5mm Highly Blueschist with pyrite (<1%) and quart veins. 2 4 3 4 1 14

1b 16 J 86 359 9 20 SS 2 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickside along joint face 2 0 0 4 5 11

1b 17 J 54 348 1.5 >5 SS 10 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. very undulated, slickenside along joint face 4 0 0 4 5 13

1b 18 J 79 354 2.5 1 SS 2 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 4 4 0 4 5 17

1b 19 J 88 25 15 10 SS 1 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. very undulated, slickenside along joint face 1 0 0 4 5 10

1b 20 J 61 36 15 >10 SS 1 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 1 0 0 4 5 10

1b 21 J 82 254 9 1 SS 10 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 2 4 0 4 5 15

1b 22 J 64 211 6 >5 SS 1"-2" Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 2 0 0 4 5 11

1b 23 J 59 292 6 5 R N/A Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 2 0 5 4 5 16

1b 24 J 78 208 6 <0.1 SS 1"-2" Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 2 5 0 4 5 16

1b 25 J 86 305 6 1-5 SR 5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 2 1 3 4 5 15

1b 26 F 65 324 15 >150 SR N/A Hard >5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 1 0 3 2 5 11

1b 27 J 78 220 4.5 1 R 2 Hard <5mm Slight
Blueschist with interlayered chlorite, epidote and 

acicular glaucophane.
Very sheared/fractured. 2 4 5 4 5 20

1b 28 J/F 51 310 4.5 10-20 VR 1 Hard >5mm Slight
Blueschist with interlayered chlorite, epidote and 

acicular glaucophane.
Very sheared/fractured. 2 0 6 2 5 15

1b 29 J 65 220 1.5 <0.1 SS 1 None Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 4 5 0 6 5 20

1b 30 J 59 315 3 1-2 SS 1 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 4 1 0 4 5 14

1b 31 J 84 105 15 10 SS 1-2 Hard >5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 1 0 0 4 5 10

RatingClassification of Discontinuity

LocationStation
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Type
Dip 

Angle

Dip 

Azimuth

Discontinuity 

length (m)

Separation 

(mm)
Roughness

Spacing 

(ft)

Infilling 

(gouge)
Weathering Rock Type       Comment

Discontinuity 

length
Seperation Roughness 

Infilling 

(gouge)
Weathering JRC

RatingClassification of Discontinuity

LocationStation

1b 32 J 59 322 2 1-5 SS 1 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. slickenside along joint face 4 1 0 4 5 14

1b 33 J 86 251 15 1-10 SR 2 Hard >5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 0 3 2 5 11

1b 34 F 70 120 >15 1-10 SR 1-2 Soft >5mm
Slight - 

moderate

Blueschist with interlayered chlorite, epidote and 

acicular glaucophane.
highly sheared/fractured 1 0 3 0 3 7

1b 35 S 89 273 >15 10 R 6 Soft >5mm Slight
Blueschist with interlayered chlorite, epidote and 

acicular glaucophane.
highly sheared/fractured 1 0 5 2 5 13

1b 36 S 59 124 >15 0.1-1 VR 5 Hard <5mm Slight
Blueschist with interlayered chlorite, epidote and 

acicular glaucophane.
highly sheared/fractured 1 4 6 4 5 20

1b 37 J 66 97 >15 >5 SR 1 Soft >5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 0 3 0 5 9

1b 38 S 74 320 >15 1-5 S 1 Soft <5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 1 1 2 5 10

1b 39 J 29 206 >3 0.1-1 SR <1 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 2 5 3 4 5 19

1b 40 J 60 309 >15 10 SR 3 Hard >5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 0 3 2 5 11

1b 41 Fault 11 306 >30 40 SR N/A Soft >5mm Slight Blueschist with pyrite (<1%) and quart veins. highly sheared/fractured 0 0 3 0 5 8

1b 42 J 33 228 >15 1-5 SR 1 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 1 3 4 5 14

1b 43 J 67 325 3 0.1-1 S 0.5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 2 5 1 4 5 17

1b 44 Fault 76 335 >15 5-10 R N/A Hard >5mm Slight Blueschist with pyrite (<1%) and quart veins. Normal fault (approx. 1 foot offset) 1 0 5 2 5 13

1b 45 J 50 234 >15 1-5 SR 0.5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 1 3 4 5 14

1b 46 Fault 89 303 >10 10 R N/A Hard >5mm Slight Blueschist with pyrite (<1%) and quart veins. Approximately 1 foot offset 1 0 5 2 5 13

1b 47
major 

Fault
71 290 >100 >10 R N/A Hard >5mm

Moderate to 

highly
Blueschist with pyrite (<1%) and quart veins.

Evidence of water on rock surface. Highly 

sheared/fractured
0 0 5 2 1 8

1c 48 J 50 30 10 5-10 S 1-2 Hard >5mm
Slight to 

moderate
Blueschist with pyrite (<1%) and quart veins. 1 0 1 2 3 7

1c 49 J 45 225 >15 0.1-1 S 0.5-1 Hard <5mm
Slight to 

moderate
Blueschist with pyrite (<1%) and quart veins. 1 4 1 4 3 13

1c 50 J 86 227 >3 0.1-1 SS 2 Hard <5mm
Slight to 

moderate
Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 2 4 0 4 3 13

1c 51 S 48 310 >20 10 R 2 Hard >5mm Moderate Blueschist with pyrite (<1%) and quart veins. Evidence of water on rock surface 0 0 5 2 3 10

1c 52 Fault 68 85 >15 10 R N/A Soft >5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 0 5 0 5 11

1c 53 J 66 321 5 5-10 SS 2 Hard >5mm Moderate Blueschist with pyrite (<1%) and quart veins. 2 0 0 2 3 7

1c 54 J 66 54 >10 1-5 SS 0.5 Soft <5mm Moderate Blueschist with pyrite (<1%) and quart veins. 1 1 0 2 3 7

1c 55 Fault -- -- >50 >10 R 20-30 Hard >5mm Moderate Blueschist with pyrite (<1%) and quart veins. Bearing on major fault, highly sheared/fractured. 0 0 5 2 3 10

1c 56 Fault 67 325 >10 >10 R 20-30 Soft >5mm Moderate Blueschist with pyrite (<1%) and quart veins. 1 0 5 0 3 9

1c 57 J 15 135 >10 1-5 R 5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joint face 1 1 5 4 5 16

1c 58 J 84 187 3 5-10 SR N/A Hard >5mm Slight Blueschist with pyrite (<1%) and quart veins. 2 0 3 2 5 12

1c 59 Fault 72 310 >15 >10 SR N/A Hard >5mm Moderate Blueschist with pyrite (<1%) and quart veins. 1 0 3 2 3 9

1c 60 J/S 44 39 >10 0.1-1 S 0.25 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated 1 4 1 4 5 15

1c 61 J 66 253 >15 0.1-1 SR 5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 4 3 4 5 17

1c 62 Fault 76 135 >30 >10 SR N/A Hard >5mm Moderate Blueschist with pyrite (<1%) and quart veins. 0 0 3 2 3 8

1c 63 J 30 250 3-5 0.1-1 S 0.5 Hard <5mm Moderate Blueschist with pyrite (<1%) and quart veins. 2 4 1 4 3 14

1c 64 Fault 90 128 >15 0.1-1 R N/A Hard <5mm Moderate Blueschist with pyrite (<1%) and quart veins. Vertical fault 1 4 5 4 3 17

1c 65 S 79 280 5 5-10 SR 1 Hard >5mm Moderate Blueschist with pyrite (<1%) and quart veins. Undulated, shear zone 2 0 3 2 3 10

1c 66 J 49 281 3-5 0.1-1 R 1 Hard <5mm Moderate Blueschist with pyrite (<1%) and quart veins. 2 4 5 4 3 18

1c 67 J 76 240 3-5 5-10 R 10 Soft >5mm Moderate Blueschist with pyrite (<1%) and quart veins. 2 0 5 0 3 10
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Total

Type
Dip 

Angle

Dip 

Azimuth

Discontinuity 

length (m)

Separation 

(mm)
Roughness

Spacing 

(ft)

Infilling 

(gouge)
Weathering Rock Type       Comment

Discontinuity 

length
Seperation Roughness 

Infilling 

(gouge)
Weathering JRC

RatingClassification of Discontinuity

LocationStation

1c 68 S 82 112 6-10 >10 VR N/A Soft >5mm Highly Blueschist with pyrite (<1%) and quart veins. 2 0 6 0 1 9

1c 69 S 80 314 3-5 >10 VR 2 Soft >5mm Highly Blueschist with pyrite (<1%) and quart veins. 2 0 6 0 1 9

1c 70 J 33 15 1-3 0.1-1 VR 1 Hard <5mm Moderate Blueschist with pyrite (<1%) and quart veins. 4 4 6 2 3 19

1c 71 Fault 50 45 >10 5-10 R 2 Soft>5mm Highly Blueschist with pyrite (<1%) and quart veins. 1 0 5 0 1 7

1c 72 J 79 44 3-5 1-5 SR 0.5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. Highly sheared/fractured 2 1 3 4 5 15

1c 73 J 53 116 >10 1-5 SR 1 Soft <5mm Moderate Blueschist with pyrite (<1%) and quart veins. Undulated, highly sheared/fractured 1 1 3 2 3 10

1c 74 J 60 330 >10 1-5 R 2 Hard <5mm Moderate Blueschist with pyrite (<1%) and quart veins. Undulated 1 1 5 4 3 14

1c 75 J 84 220 9-10 0.1-1 SS 0.25 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 4 0 4 5 14

1c 76 J 89 130 >20 1-5 S 3 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 0 1 1 4 5 11

1c 77 J 89 227 >15 0.1-1 SS 0.5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 4 0 4 55 64

1c 78 J 41 237 3-5 0.1-1 SS 0.5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 2 4 0 4 5 15

1c 79 J 80 50 15 0.1-1 SS 0.5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 4 0 4 5 14

1c 80 J 66 204 2 0.1-1 SR 1 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 4 4 3 4 5 20

1c 81 Fault 78 124 >15 0.1-1 SR N/A Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 4 3 4 5 17

1c 82 J 71 335 >10 1-5 SR 4 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 1 3 4 5 14

1c 83 Fault 81 160 >15 1-5 SR N/A Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 1 3 4 5 14

1a 84 J 32 203 >10 5-10 SR 0.5 Hard >5mm Slight Blueschist with pyrite (<1%) and quart veins. 1 0 3 2 5 11

1a 85 Fault 63 300 3 0.1-1 S N/A Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. small reverse fault 4 4 1 4 5 18

1a 86 J 80 190 3 0.1-1 SS 0.5 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. slickensided along joing face 4 4 0 4 5 17

1a 87 Fault 40 285 6 0.1-1 S N/A Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 2 4 1 4 5 16

1a 88 J 69 145 >10 1-5 SS 1 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joing face 1 1 0 4 5 11

1a 89 J 55 76 >10 1-5 SS 1 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. undulated, slickenside along joing face 1 1 0 4 5 11

1a 90 Fault 49 65 9-10 1-5 SS N/A Soft <5mm Slight Blueschist with pyrite (<1%) and quart veins. Normal Fault 2 1 0 2 5 10

1a 91 J 47 224 >5 0.1-1 S 1 Hard <5mm Slight Blueschist with pyrite (<1%) and quart veins. 2 4 1 4 5 16

-- 92 -- 55 120 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 93 -- 78 50 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 94 -- 68 68 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 95 -- 26 155 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 96 -- 17 184 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 97 -- 55 286 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 98 -- 61 289 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 99 -- 70 263 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 100 -- 53 333 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 101 -- 75 356 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 102 -- 38 292 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 103 -- 38 261 -- -- -- -- -- -- -- -- -- -- -- -- -- --
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Total

Type
Dip 

Angle

Dip 

Azimuth

Discontinuity 

length (m)

Separation 

(mm)
Roughness

Spacing 

(ft)

Infilling 

(gouge)
Weathering Rock Type       Comment

Discontinuity 

length
Seperation Roughness 

Infilling 

(gouge)
Weathering JRC

RatingClassification of Discontinuity

LocationStation

-- 104 -- 29 306 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 105 -- 24 344 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 106 -- 28 263 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 107 -- 59 340 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 108 -- 58 338 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 109 -- 58 349 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 110 -- 86 79 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 111 -- 86 85 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 112 -- 77 76 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 113 -- 84 71 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 114 -- 69 330 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 115 -- 41 326 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 116 -- 75 329 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 117 -- 43 310 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 118 -- 58 85 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 119 -- 63 243 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 120 -- 73 21 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 121 -- 82 7 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 122 -- 63 11 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 123 -- 44 235 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 124 -- 74 330 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 125 -- 60 332 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 126 -- 44 315 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 127 -- 54 299 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 128 -- 54 236 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 129 -- 62 205 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 130 -- 66 221 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 131 -- 67 228 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 132 -- 68 300 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 133 -- 72 298 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 134 -- 58 157 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 135 -- 60 176 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 136 -- 66 173 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 137 -- 53 325 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 138 -- 51 309 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 139 -- 66 355 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 140 -- 88 345 -- -- -- -- -- -- -- -- -- -- -- -- -- --
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Total

Type
Dip 

Angle

Dip 

Azimuth

Discontinuity 

length (m)

Separation 

(mm)
Roughness

Spacing 

(ft)

Infilling 

(gouge)
Weathering Rock Type       Comment

Discontinuity 

length
Seperation Roughness 

Infilling 

(gouge)
Weathering JRC

RatingClassification of Discontinuity

LocationStation

-- 141 -- 70 345 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 142 -- 65 303 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 143 -- 60 175 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 144 -- 65 115 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 145 -- 70 165 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 146 -- 45 220 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 147 -- 55 170 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 148 -- 77 240 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 149 -- 55 20 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 150 -- 90 145 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 151 -- 85 140 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 152 -- 89 50 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 153 -- 86 50 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 154 -- 75 150 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 155 -- 54 310 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 156 -- 20 35 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 157 -- 71 315 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 158 -- 85 134 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 159 -- 65 63 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 160 -- 70 317 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 161 -- 89 340 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 162 -- 85 135 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 163 -- 56 314 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 164 -- 62 301 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 165 -- 60 336 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 166 -- 70 25 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 167 -- 87 340 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 168 -- 86 130 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 169 -- 56 345 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 170 -- 40 232 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 171 -- 77 336 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 172 -- 71 148 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 173 -- 55 9 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 174 -- 47 330 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 175 -- 78 332 -- -- -- -- -- -- -- -- -- -- -- -- -- --

-- 176 -- 64 297 -- -- -- -- -- -- -- -- -- -- -- -- -- --

GB-1 1 J 44 164 -- 0 -- -- -- -- -- -- -- -- -- -- -- --
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Type
Dip 

Angle

Dip 

Azimuth

Discontinuity 

length (m)

Separation 

(mm)
Roughness

Spacing 

(ft)

Infilling 

(gouge)
Weathering Rock Type       Comment

Discontinuity 

length
Seperation Roughness 

Infilling 

(gouge)
Weathering JRC

RatingClassification of Discontinuity

LocationStation

GB-1 2 J 26 266 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-1 3 J 60 37 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-1 4 J 53 22 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-1 5 J 55 42 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-1 6 J 86 41 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-1 7 J 88 45 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-1 8 J 60 29 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-1 9 J 46 353 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-1 10 J 62 29 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-1 11 J 70 48 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-1 12 J 79 42 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-2 1 J 64 32 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 2 J 62 31 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 3 J 74 18 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 4 J 26 11 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 5 J 27 20 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 6 J 29 47 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 7 J 32 35 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 8 J 58 58 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 9 J 32 59 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 10 J 61 303 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 11 J 39 9 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 12 J 53 219 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 13 J 72 63 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

-- 14 J 60 76 -- 0 -- -- -- -- -- -- -- -- -- -- -- --

GB-3 1 J 76 105 -- 0 -- -- -- -- -- -- -- -- -- -- -- --
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Stereo Net Plot 
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Kinematic Failure Index Results 
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Kinematic Factor of Safety Results 

  



Program RocPlane 2.045

Inputs

0.9 0.8 0.7 0.6 0.9 0.8 0.7 0.6 0.9 0.8 0.7 0.6

Results 1.8 1.6 1.5 1.3 1.8 1.7 1.5 1.3 1.8 1.6 1.5 1.3

1.1 1.0 0.9 - 1.1 1.0 0.8 - 1.1 1.0 0.9 -

Date 12/20/2013

Proj. No. 7294.14 Page 3 of 3

Plane Failure Analysis

Project Laytonville Quarry By MRL

Client Rau and Associates

Rock Strength

JRC 8

JSS 288 tons/ft
2

Friction Angle 32°

Unit Weight 160 pcf

Quarry Wall Side SE Face E Face NE Face

50 ft

Slope Angle (xH:1V)

Upper Slope Angle 1° 1° 1°

Static F.S.

Seismic F.S. (k=0.28)

Slope Height 50 ft 50 ft

27° 24° 24°

81° 89° 89°

Note: Slopes are considered stable when static factor of safety is greater than 1.5 and 

when seismic factor of safety is greater than 1.1. Slopes with factor of safety  results 

highlighted in red are considered unstable.

Min. Failure Slope

Max Failure Slope



Program RocTopple Ver. 1.003

Inputs

0.9 0.8 0.7 0.6 0.9 0.8 0.7 0.6 0.9 0.8 0.7 0.6

Results 2.1 1.8 1.7 1.5 1.9 1.8 1.7 1.5 2.0 1.9 1.8 1.5

1.3 1.3 1.2 - 1.3 1.3 1.1 - 1.3 1.3 1.1 -

8

288 tons/ft
2

32°

160 pcfUnit Weight

51° 51°

Project

Client

Proj. No.

Rock Topple Analysis

MRL

12/20/2013

1 of 3

By

Date

Page

Laytonville Quarry

Rau and Associates

7294.14

Note: Slopes are considered stable when static factor of safety is greater than 1.5 and 

when seismic factor of safety is greater than 1.1. Slopes with factor of safety  results 

highlighted in red are considered unstable.

Quarry Wall Side

Slope Height

Slope Angle (xH:1V)

Dip Angle Min.

JRC

JSS

Friction Angle
Rock Strength

SE Face E Face NE Face

Dip Angle Max.

Upper Slope Angle 1°

50 50 50

51°

1° 1°

88°

Base Inclination

Static F.S.

Seismic F.S. (k=0.28)

40°

88°

40°

88°

40°



Program Swedge Ver. 5.016

Inputs

0.9 0.8 0.7 0.6 0.9 0.8 0.7 0.6 0.9 0.8 0.7 0.6

Results 2.1 1.9 1.7 1.5 1.6 1.4 1.4 1.3 1.8 1.6 1.2 1.1

1.3 1.3 1.2 - 1.1 1.0 1.0 - 1.2 1.1 0.9 -

MRL

Client Rau and Associates Date 12/20/2013

Proj. No. 7294.14 Page 2 of 3

Wedge Failure Analysis

Project Laytonville Quarry By

Quarry Wall Side

Rock Strength

1° 1°

Joint Dip and Direction

SE Face E Face NE Face

Slope Height 50 ft

Seismic F.S. (k=0.28)

See Attachment 2 of the Report

50 ft 50 ft

Slope Angle (xH:1V)

Upper Slope Angle 1°

8

288 tons/ft
2

32°

160 pcf

Note: Slopes are considered stable when static factor of safety is greater than 1.5 and 

when seismic factor of safety is greater than 1.1. Slopes with factor of safety  results 

highlighted in red are considered unstable.

JRC

JSS

Friction Angle

Unit Weight

Static F.S.
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Factor of Safety Results 

  



Program Slide Ver. 5.043

Inputs

Results

1,000,000 psf

Geologic Strength Index 25

Intact Rock Strength 15

Disturbance Factor 1

Date 12/20/2013

Proj. No. 7294.14 Page 2 of 3

Slope Analysis (E Face)

Project Laytonville Quarry By MRL

Client Rau and Associates

Rock Strength

Uniaxial Compressive Strength

Note: Slopes are considered stable when static factor of safety is greater than 1.5 and 

when seismic factor of safety is greater than 1.1. Slopes with factor of safety  results 

highlighted in red are considered unstable.

Static F.S. 2.0

Seismic F.S. (k=0.28) 1.2



Program Slide Ver. 5.043

Inputs

Results

1,000,000 psf

Geologic Strength Index 25

Intact Rock Strength 15

Disturbance Factor 1

Date 12/20/2013

Proj. No. 7294.14 Page 3 of 3

Slope Analysis (NE Face)

Project Laytonville Quarry By MRL

Client Rau and Associates

Rock Strength

Uniaxial Compressive Strength

Note: Slopes are considered stable when static factor of safety is greater than 1.5 and 

when seismic factor of safety is greater than 1.1. Slopes with factor of safety  results 

highlighted in red are considered unstable.

Static F.S. 1.9

Seismic F.S. (k=0.28) 1.2



Program Slide Ver. 5.043

Inputs

Results

1,000,000 psf

Geologic Strength Index 25

Intact Rock Strength 15

Disturbance Factor 1

Uniaxial Compressive Strength

Date 12/20/2013

Proj. No. 7294.14 Page 1 of 3

Slope Analysis (SE Face)

Project Laytonville Quarry By MRL

Client Rau and Associates

Rock Strength

Static F.S.

Seismic F.S. (k=0.28) 1.3

Note: Slopes are considered stable when static factor of safety is greater than 1.5 and 

when seismic factor of safety is greater than 1.1. Slopes with factor of safety  results 

highlighted in red are considered unstable.

2.2
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Photographs of NOA Sampling Locations 

  









Engineering Geologic Exploration, Quantitative Slope Stability Assessment, and  
Evaluation for the Presence of Naturally Occurring Asbestos 

Prepared for Rau and Associates, Inc. 

Project No. 7294.14; May 9, 2014 
 

 

 

 

A T T A C H M E N T  8  

NOA Laboratory Analytical Results 
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