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1.0 INTRODUCTION 

This report presents the results of the limited geotechnical study and baseline geologic 
hazard study conducted by Fugro West, Inc., (Fugro) for the College of Marin, Kentfield 
Campus, in Kentfield, California.   

The baseline geologic hazard study was performed based on requirements contained in 
the document titled, California Geological Survey – Note 48, Checklist for the Review of 
Engineering Geology and Seismology Reports for California Public Schools, Hospitals, and 
Essential Services Buildings.  This document is used by the California Geological Survey (CGS) 
in their evaluation of geologic hazard reports which are presented to conform with the 
requirements of the California Department of General Services, Division of the State Architect 
(DSA), which are presented in their Interpretation of Regulations Document titled, Geologic 
Hazard Report Requirements, IR A-4, dated July 21, 2005.   The latest version of the CGS’s 
Note 48 is dated January 1, 2004, with supporting documentation provided by the CGS dated 
July 1, 2005. 

1.1 SITE AND PROJECT DESCRIPTION 

The project site is the College of Marin’s Kentfield Campus, located at 835 College 
Avenue, Kentfield, in Marin County, California, as shown on the Site Vicinity Map, Plate 1.  The 
approximate geographic center of the campus is located at latitude 37.9550°N and longitude –
122.5500°W, as shown on the Local Topographic Map, Plate 2.   

The College of Marin Kentfield Campus was initially sited adjacent to Corte Madera 
Creek at the transition area from where the creek was contained within an incised channel 
descending from topographic highlands to where the creek entered a marsh environment 
adjacent to San Francisco Bay.  Development of the campus initially began along the southwest 
side of what is now known as Sir Francis Drake Boulevard, northwest of College Avenue, and 
southeast of Laurel Avenue, on a topographic nose underlain by rock.  Corte Madera Creek 
passed downslope and southwest of the topographic nose.  Across the creek to the southwest, 
the initial athletic facilities were constructed on alluvium associated with the Corte Madera 
Creek drainage. 

Development of the campus took place in stages, with portions of the topographic nose 
being cut and filled to accommodate new campus structures.  The marsh area to the southeast 
of College Avenue, that formerly contained the meandering Corte Madera Creek, was 
eventually filled to allow development of an extensive physical education complex, including a 
football field, track, baseball fields, parking areas and a swimming pool facility.  Corte Madera 
Creek was contained in a concrete channel, and diverted to the northeast, away from this area, 
to facilitate development of the campus. 

Further development within the current campus area has continued with many multi-
story buildings and associated parking areas.  Additional parking areas have also been 

 



December 2005 
Project No. 1715.001 

G:\JOBDOCS\1715\1715.001\FINAL DOCS\RPT.KEN.DEC05_COMPLETE.DOC 2 

developed by acquiring properties to the northeast of Sir Francis Drake Boulevard, northwest of 
Laurel Avenue and southwest of Kent Avenue.  

The current project is directed at assessing the campus property and existing facilities, 
and to provide substantial upgrades to many of the existing structures.  A number of the older 
structures are to be removed to allow reconfiguration of the general campus layout, and make 
room for new structures that are an integral part of the campus master plan. 

1.2 PURPOSE AND SCOPE OF SERVICES 

The purpose of our geologic hazard study, limited subsurface exploration and laboratory-
testing program was to obtain information on subsurface conditions to aid in the evaluation of 
the geologic hazard, geotechnical and seismology aspects of the project.  The scope of our 
services performed included, but was not limited to, the items listed on the following page:  

• Review of existing geologic and geotechnical reports provided by College of Marin, 
review of available published and unpublished geologic maps and reports, and 
review of stereo-paired aerial photographs of the site and vicinity; 

• Performance of a geologic reconnaissance of the college property and preparation of 
a reconnaissance level geologic map for the developed portion of the campus; 

• Conducting a limited geotechnical subsurface exploration and laboratory testing 
program to supplement the available information on subsurface conditions; 

• Develop seismic design parameters per the 2001 California Building Code;  

• Perform a preliminary Probabilistic Seismic Hazard Assessment (PSHA) based on 
the 2002 USGS/CGS probabilistic seismic hazard assessment model for the Design 
Basis Earthquake, 10 percent probability of exceedance in 50 years (475-year return 
period) event that can be used by the structural engineer for preliminary structural 
assessment purposes; and 

• Preparing this baseline geologic hazards and preliminary geotechnical study report 
presenting the results of our geotechnical field exploration, laboratory testing 
program, geologic hazard evaluation, seismic analysis, discussion of geotechnical 
issues and geotechnical recommendations.  

2.0 DATA REVIEW, EXPLORATION AND LABORATORY TESTING 

The limited geotechnical exploration and laboratory testing program described herein 
was developed to provide general characterization of the subsurface materials. 

2.1 REVIEW OF EXISTING DATA 

Prior to conducting our geotechnical field exploration and laboratory testing program, 
Fugro reviewed relevant available information relating to geotechnical, geologic, and seismic 
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data, as well as results of previous explorations performed within the campus property, including 
the following reports: 

• “Preliminary Report, Soil Investigation, Proposed Science Building, College of Marin, 
Kentfield, California,” dated June 16, 1966, prepared by Harding Miller Lawson & 
Associates (HMLA); 

• “Report, Soil Engineering Services, Athletic Field, College of Marin, Kentfield, 
California,” dated March 15, 1968, prepared by HMLA; 

• “Foundation Recommendations, Light Towers, College of Marin Athletic Field, 
Kentfield, California,” dated June 28, 1968, prepared by HMLA; 

• “Report, Foundation Investigation, Harlan Center, College of Marin, Kentfield, 
California,” dated December 13, 1968, prepared by HMLA; 

• Drainage of Marshland Area Lands of Marin Community College District, Kentfield, 
California, dated November 13, 1974, prepared by Koretsky King Associates; and 

• Corte Madera Flood Control Project, dated January 2000, prepared by US Army 
Corps of Engineers. 

Exploration locations presented in previous reports within the project vicinity are plotted 
on the Site Plan and Geologic Map, Plate 3.  Data from previous explorations were used in our 
general analysis of subsurface conditions and site geology. 

2.2 FIELD EXPLORATION 

2.2.1 General 

One of the California Geologic Survey’s (CGS’s) requirements for a geologic hazard 
study and associated geotechnical assessment, is that there be one subsurface exploration 
point (e.g., borehole, cone penetrometer sounding, etc.) for every 5,000 square feet of proposed 
building footprint area, with a minimum of two exploration points per building.  Previously 
completed exploration points can be used to partially satisfy this requirement if the exploration 
method utilized (drilling and sampling techniques) is acceptable by today’s standards.  The 
subsurface explorations completed by previous investigators during the 1960s for the campus 
structures provide some information concerning properties of the subsurface materials and the 
transitions between material types, but the borings were generally not performed using drilling 
and sampling methods that would be acceptable by today’s standards, and would be of limited 
use. 

Should detailed assessment of individual structures, or locations for new structures, 
within the Kentfield Campus be required, a subsurface exploration program that satisfies CGS’s 
criteria for minimum number of exploration points would be developed.  
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2.2.2 Current and Previous Studies 

Fugro conducted 23 exploratory borings for a pavement condition study, and a 
preliminary geotechnical assessment of materials adjacent to Corte Madera Creek and at the 
Larkspur Annex, as a part of the geotechnical study for the project.  The field exploration was 
conducted between October 28, 2005, and November 3, 2005.  The exploratory borings, 
designated B-1 through B-23, were drilled with a truck-mounted drill rig.  Borings B-1, B-14, B-
16, and B-17 were drilled to depths of 20½, 38, 25½, and 20½ feet, respectively, using hollow-
stem augers.  Boring B-14, drilled adjacent to the south side of Corte Madera Creek near the 
site for a proposed bridge, was completed as a 2-inch-diameter open-standpipe piezometer for 
monitoring of the groundwater elevation.  All other borings extended to depths of between 5 and 
6½ feet below the existing ground surface and were drilled using solid flight augers.  The 
information gathered from the shallow borings was used to prepare a pavement analysis for the 
campus, the results of which are presented in a separate report.  Additionally, on October 28, 
2005, we performed two probes, B-8A and B-14A, using a 3-inch-diameter solid-flight auger.  B-
8A and B-14A extended to depths of 3½ and 17 feet, respectively, and were for determining the 
possible presence of Indian midden or other artifacts at these locations.  The locations of the 
exploratory borings are shown on the Site Plan and Geologic Map, Plate 3.   

Six, previous borings were performed by Harding Miller Lawson & Associates (HMLA) in 
1966.  These borings were performed for a science building that was proposed in the current 
parking lot 4.  These borings were drilled to depths of 21½ to 36 feet with a 16-inch-diameter 
bucket auger.  In March 1968, HMLA performed six borings extending to depths of between 30 
and 60½ feet in the area of the current track.  These previous borings were drilled with rotary 
wash drilling equipment.  Five additional previous borings were performed by HMLA in 
December 1968 for the Harlan Center.  These previous borings were drilled with a 6-inch-
diameter flight auger to depths of between 21½ and 27½ feet.  Since these borings were 
performed, significant grading and construction has occurred at the site.  A summary of 
subsurface conditions encountered in the current, and the previous borings as applicable, is 
presented in Section 4.0.  The approximate locations of previous borings are shown on the Site 
Plan and Geologic Map, Plate 3. 

Reference was made in various structural design drawings for the campus buildings to 
geotechnical reports prepared by HMLA for various other Kentfield Campus buildings, including 
the Fine Arts Center, Physical Education Center, Learning Resource Center, and the existing 
Science Center.   None of these reports were in the District’s files.  Therefore, no subsurface 
data from these investigations could be utilized for this report. 

Logs of the recent exploratory borings and details regarding the field exploration are 
included in Appendix A.  The subsurface conditions encountered in the exploratory borings are 
summarized in Section 4.2. 

2.3 LABORATORY TESTING 

Geotechnical laboratory testing was conducted on the soil samples collected from the 
recently completed borings at Fugro’s soil mechanics laboratory in Oakland, California.  The 
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geotechnical laboratory test program included: classification tests (fines content, Atterberg 
limits, water content, unit weight) and R-value testing for the pavement study.  The results of the 
laboratory tests are presented on boring logs (Appendix A) at the appropriate sample depths, 
and in Appendix B, Laboratory Test Results.   

Due to the presence of hydrocarbon odor, one soil sample recovered from Boring B-1 at 
a depth of 10½ feet was delivered to McCampbell Analytical, Inc., in Pacheco, California, for 
environmental testing.  Tests included TPH-g, TPH-d, TPH-mo, and LUFT 5 Metals.  It is noted 
that this sample was not preserved in conformance to standard environmental sampling protocol 
prior to delivery to the testing laboratory due to the unanticipated discovery of this material. 

2.4 CORROSION TESTING 

Corrosion testing was also conducted on four selected samples at Cerco Analytical, Inc., 
in Pleasanton, California.  Four samples were retrieved from Borings B-2, B-15 and B-18.  The 
depths at which the corrosion tests were conducted are shown on the boring logs provided in 
Appendix A, and the corrosion test results are discussed below.  

2.4.1 Tests for Buried Concrete 

Soluble sulfate concentration, chloride ion concentration, and pH tests were performed 
on the three samples.  These tests provide an indication of the corrosion potential of the soil 
environment on buried concrete structures.  The table below presents the depth at which the 
samples were collected and the laboratory test results.  

 

Test No. Sample Sulfate 
(mg/kg) 

Chloride 
(mg/kg) pH 

1 
2 
3 

B-2 @ 2.5-3 ft 
B-15 @ 2.5-3 ft 
B-18 @ 2-2.5 ft 

ND 
ND 
16 

ND 
ND 

1,700 

7.5 
7.0 
7.2 

 N.D. = None Detected 

Based on guidelines presented by the Portland Cement Association (PCA) in their 
publication, Design and Control of Concrete Mixtures (13th Edition, 1990) and on the 
1997 Uniform Building Code (UBC), cement used to construct below grade concrete structures 
will be subjected to a moderate degree of sulfate exposure if the measured sulfate levels 
exceeds 150 mg/kg.  Based on CERCO Analytical, Inc.’s, (CERCO’s) evaluation, the detected 
sulfate ion concentrations range from ND to 16 mg/kg.  The sulfate concentration from the three 
samples was determined to be insufficient to damage reinforced concrete structures and 
cement mortar-coated steel at these locations.   

Based on CERCO’s evaluation, chloride ion concentrations range from non-detectable 
(ND) to 1,700 mg/kg.  Because the chloride ion concentration in B-18 is greater than 300 mg/kg, 
the soil is determined to be sufficient to corrode the steel embedded in a concrete mortar 
coating.   
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Based on CERCO’s evaluation, the pH of the soils tested ranges from 7.0 to 7.5, which 
does not present corrosion problems for buried iron, steel, mortar-coated steel and reinforced 
concrete structures. 

For specific long-term corrosion control design recommendations, we recommend that a 
corrosion engineer evaluate the corrosion potential of the soil environment on buried concrete 
structures and steel pipe coated with cement-mortar.  

2.4.2 Tests for Buried Ferrous Metals 

In addition to the pH tests described above, the resistivity and redox tests were 
performed on the same soil samples as discussed above.  These tests may be evaluated 
together to provide an indication of the corrosion potential of the soil environment on buried 
ferrous metals such as steel or cast-iron pipes.  The results of these tests are presented in the 
table below.  

Test 
No. Sample Resistivity 

(ohm-cm) 

Redox 
potential 

(mV) 

1 
2 
3 

B-2 @ 2.5-3 ft 
B-15 @ 2.5-3 ft 
B-18 @ 2-2.5 ft 

10,000 
7,400 
250 

460 
470 
470 

Based on the resistivity measurement, CERCO classified soil sample No. 3 as "severely 
corrosive".  Sample No. 2 was classified as “moderately corrosive”, and sample No. 1 as “mildly 
corrosive”.  All buried iron, steel, cast iron, ductile iron, galvanized steel and dielectric coated 
steel or iron should be properly protected against corrosion depending upon the critical nature of 
the structure.  All buried metallic pressure piping such as ductile iron pipeline should be 
protected against corrosion as well.   

The measured soil reduction-oxidation (redox) potentials for the three samples ranged 
from 460 to 470 mV.  CERCO classified these samples as being indicative of aerobic soil 
conditions.  Appendix C presents the complete results of corrosion tests and recommendations 
provided by CERCO. 

3.0 BACKGROUND AND GEOLOGIC SETTING 

3.1 REGIONAL GEOLOGIC SETTING 

The Kentfield Campus is located within the Coast Ranges Geomorphic Province in 
Northern California.  The general geology of the site vicinity is presented on the Regional 
Geologic Map, Plate 4.  The Coast Ranges province is characterized by a series of tectonically 
driven events that includes development of generally northwest-trending faults and folds, 
erosion and deposition.  The Bay Area experienced uplift and faulting in several episodes during 
late Tertiary time (about 25 to 2 million years ago) producing a series of northwest-trending 
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valleys and mountain ranges, including the San Francisco Peninsula, the Diablo Range, and the 
intervening San Francisco Bay.  During this time, the process of erosion was cutting down the 
relative high areas and the eroded materials were being deposited in the low-lying areas as 
sand, gravel and clay alluvium.  The existing landscape we see today is the result of these 
processes taking place over millions of years.  These same geological processes of bedrock 
erosion in the upland areas and deposition of alluvium within lowland areas are continuing 
today. 

3.2 TECTONIC ENVIRONMENT AND REGIONAL GEOLOGY 

During the period between approximately 140 million to about 28 million years ago, a 
subduction zone existed along western North America, and belts of oceanic rock were accreted 
to northern California along the active subduction-zone margin (Harden, 2001).  The subduction 
zone was in the approximate position of the Coast Ranges about 100 million years ago, and 
fragments of the oceanic crust that collided with North America at that time are currently present 
in the Coast Ranges as the Franciscan Complex.  The Franciscan Complex rocks form the 
heart of the Coast Ranges, and are found in two northwest-trending belts that are composed of 
a number of geologic terranes that were juxtaposed and mixed during subduction and accretion 
along the North American margin.  These rocks originate from a variety of sources including 
volcanic and sedimentary rocks formed on seamounts, deep oceanic crust, deep ocean floor 
sediments, and sediments deposited in trenches.  Among these rocks are altered submarine 
basalts, radiolarian chert and minor limestone, with the most abundant rock types being 
mudstone and greywacke (sandstone) deposited as turbidite sequences.  Metamorphic rocks 
found in the Franciscan include blueschist and eclogitic rocks, with serpentinite found along fault 
zones and within the matrix of mélange units.  Contacts between these different types of rock 
are considered fault contacts. 

The Franciscan rocks can be roughly divided into three units called the Coastal Belt, 
Central Belt and Eastern Belt.  Marin County and the Kentfield Campus property is located 
within the Central Belt of the Franciscan that is considered primarily a mélange that generally 
consists of blocks of submarine basalt, blueschist, chert and resistant greywacke (sandstone) 
present within a matrix of highly sheared weaker rock material.  This rock matrix material can 
include shale, argillite, siltstone, serpentinite and sandstone, much of which may be sheared to 
the consistency of a soil (Medley 1994, 2001).  The Central Belt in Marin County was estimated 
by Medley (1994) to be comprised of blocks of greywacke (60–70%), volcanic rocks (15-20%), 
serpentinite (15-20%), chert (5-10%), with the remaining blocks consisting of rare limestone and 
exotic metamorphic rock.  The blocks may also be composed of intact siltstone and 
sandstone/siltstone sequences.   

3.3 SEISMICITY 

Kentfield Campus is located in the San Francisco Bay Area, which is considered one of 
the most seismically active regions in the United States.  Significant earthquakes have occurred 
in the San Francisco Bay Area and are believed to be associated with crustal movements along 
a system of subparallel fault zones that generally trend in a northwesterly direction.  The 
campus location is shown with respect to the locations of many of these faults on the Regional 

 



December 2005 
Project No. 1715.001 

G:\JOBDOCS\1715\1715.001\FINAL DOCS\RPT.KEN.DEC05_COMPLETE.DOC 8 

Fault Location Map, Plate 5, and Regional Epicenter Map, Plate 6.  The project site is located in 
Seismic Zone 4, and is not located in a State Designated Fault-Rupture Hazard Zone 
established in accordance with the Alquist-Priolo Earthquake Fault Zoning Act. 

Earthquake intensities will vary throughout the Bay Area depending upon the magnitude 
of earthquake, the distance of the site from the causative fault, and the type of materials 
underlying the site.  The site will be subjected to at least one moderate to severe earthquake 
that will cause strong ground shaking.   

Since the early 1800s, major earthquakes have been recorded along the San Andreas 
fault system.  Table 1 presents large magnitude (Mw>6.0) regional earthquakes that are 
suspected to have occurred within 100 miles of the site from 1800 to 2002, and Table 2 
presents historic earthquakes (Mw>4.0) that occurred within 10 miles of the site.   

Table 1.  Large Magnitude (Mw>6.0) Regional Earthquakes Within 100 Miles of the Site 

Epicenter Location Date Moment 
Magnitude 

Distance 
(mi) 

Distance 
(km) 

Compass Direction to 
Epicenter 

San Francisco June 21, 1808 6.3 11.0 17.8 South 

San Francisco April 18, 1906 8.3 17.8 28.7 South 

Mare Island March 31, 1898 6.5 18.8 30.2 Northeast 

San Francisco Peninsula June 1, 1838 7.0 25.8 41.6 South 

Hayward October 21, 1868 6.8 30.2 48.6 Southeast 

Unavailable May 19, 1889 6.0 35.5 57.1 East 

Vacaville April 19, 1892 6.4 42.8 68.9 Northeast 

Fremont November 26, 1858 6.1 47.4 76.3 Southeast 

Dixon April 21, 1892 6.2 51.6 83.0 Northeast 

South Santa Cruz 
Mountains October 8, 1865 6.5 57.5 92.6 Southeast 

1984 Morgan Hill April 24, 1984 6.1 64.0 102.9 Southeast 

1911 Morgan Hill July 1, 1911 6.5 65.5 105.3 Southeast 

Loma Prieta October 18, 1989 7.0 73.2 117.8 Southeast 

Gilroy June 20, 1897 6.2 87.5 140.8 Southeast 

Unavailable April 24, 1890 6.0 89.5 144.1 Southeast 

Pacific Ocean October 22, 1926 6.1 93.5 150.5 South 

Unavailable October 18, 1800 7.0 94.5 152.0 Southeast 

Pacific Ocean October 22, 1926 6.1 97.9 157.5 South 
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Table 2.  Historic Earthquakes (Mw>4.0) Within 10 Miles of the Site 

Epicenter Location Date Moment 
Magnitude 

Distance 
(mi) 

Distance 
(km) 

Compass 
Direction to 
Epicenter 

Mount Tamalpais January 7, 1926 4.0 2.6 4.3 Southwest 

Mount Tamalpais September 18, 1902 4.6 4.7 7.5 Southwest 

Bolinas August 18, 1999 4.5 8.1 13.0 Southwest 

San Pablo Bay June 30, 1893 4.6 8.7 14.0 Northeast 

The computer program EQSEARCH, v3.00, was used to access the historical seismicity 
information presented in Tables 1 and 2.  The site is shown with respect to the locations of 
historical earthquake epicenters on the Regional Epicenter Map, Plate 6. 

Table 3 presents San Francisco Bay Area fault parameters published by the State of 
California Geological Survey (formerly the California Division of Mines and Geology, [CDMG]).  
These parameters are used to evaluate seismic hazards pertaining to San Francisco Bay Area 
faults.  The site is not located within a Fault-Rupture Hazard Zone as established by the Alquist-
Priolo Earthquake Fault Zoning Act.  

Table 3.  San Francisco Bay Area Fault Parameters 

Fault System Generating 
Earthquake 

Fault 
Length 
(km)1 

Distance To 
Nearest Segment 
of Fault from Site 

(km) 

Upper Bound 
Earthquake 

Mwmax
1 

Slip Rate 
(mm/yr)1 

San Andreas (North Coast 
South) 190 12.1 7.4 24.0 

Hayward (Northern) 35 16.6 6.4 9.0 

Rodgers Creek 62 17.8 7.0 9.0 

San Andreas (Peninsula) 85 18.8 7.1 17.0 

San Gregorio (North) 110 21.4 7.2 7.0 

Point Reyes 47 24.8 7.0 0.3 

Hayward (Southern) 53 32.7 6.7 9.0 

West Napa 30 35.3 6.5 1.0 

Concord 17 42.4 6.2 4.0 

Green Valley (South) 25 42.4 6.2 5.0 

Mount Diablo Thrust 25 45.5 6.6 2.0 

Green Valley (North) 14 48.7 6.2 5.0 

Calaveras (Northern) 45 49.7 6.8 6.0 

Monte Vista-Shannon 45 62.9 6.7 0.4 

Hunting Creek - Berryessa 60 63.0 7.1 6.0 

Greenville (North) 27 63.2 6.6 2.0 

Great Valley 5 28 68.2 6.5 1.5 
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Fault System Generating 
Earthquake 

Fault 
Length 
(km)1 

Distance To 
Nearest Segment 
of Fault from Site 

(km) 

Upper Bound 
Earthquake 

Mwmax
1 

Slip Rate 
(mm/yr)1 

Great Valley 4 42 68.6 6.6 1.5 

Maacama - Garberville 182 69.6 7.5 9.0 

Greenville (South) 24 83.0 6.6 2.0 

Calaveras (Central) 59 86.1 6.2 15.0 

Collayomi 29 91.7 6.5 0.6 

Great Valley 3 55 92.5 6.9 1.5 

Great Valley 7 45 93.1 6.7 1.5 

San Andreas (Santa Cruz 
Mtn) 62 98.5 7.0 17.0 

1 CGS (2003) California fault parameters from www.consrv.ca.gov/CGS/rghm/psha/index.htm  

3.4 SITE HISTORY 

The campus is located downslope, and east, of Mount Tamalpais on property that was 
formerly Butler Estate.  Mount Tamalpais provided the scenic background for the campus that 
was interspersed with a wide variety of trees that were an outstanding characteristic of the 
Butler Estate.  An initial campus plan was developed in 1938 by landscape architect Horace 
Cotton, that utilized the vast collection of trees and backdrop of Mount Tamalpais as the focus 
of the design.  The first permanent campus structure, called the Tamalpais Center, was 
purchased by the College, and is believed to have inspired the early architectural style on the 
campus.  Early structures were designed with the “Art Deco Missionesque” style that included 
pastel stucco walls, terra cotta tile roofs, accompanied by classical style columns with semi-
circular arches.  The Administrative Center and Fusselman Hall are remnants of campus 
structures displaying this architectural style.  The apparent theme building for the campus was 
Harlan Hall that was demolished in 1969 and replaced with the present building in 1971. 

During the later 1960s and the early 1970s, a number of other structures were added to 
the campus.  These structures included the Austin Science Center, the Compton Learning 
Resources Center, the Deedy Student Services Center, the Diamond Physical Education 
Center, and the Expansion to the Fine Arts Center.  In the decades since the major construction 
period, there has been no major new construction on the Kentfield Campus other than 
expansion of parking lot facilities.  

4.0 SITE CONDITIONS 

4.1 SURFACE CONDITIONS 

The primary campus facilities, and earliest developed portion of the Kentfield Campus, is 
sited on a southwest-trending spur ridge off of a prominent northwest trending ridge that locally 
provides the northeast boundary of Ross Valley, as shown on the Local Topographic Map, Plate 
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2.  Corte Madera Creek descends to the southeast through Ross Valley and passes along the 
base of the spur ridge along its path to San Francisco Bay.  Campus development has extended 
beyond the spur ridge that is underlain by rock, into the alluvium filled valley area southwest of 
Corte Madera Creek. Some of the marshland area associated with the creek, to the southeast, 
and downstream toward San Francisco Bay, that allowed the flow of Corte Madera Creek to 
slow by meandering, has since been partially filled to allow for expansion of the campus, 
primarily a Physical Education Facility with a swim center, track, baseball and soccer fields, the 
Larkspur Annex, and associated parking areas.   

Flood control concerns required that the Corte Madera Creek channel, which is under 
tidal influence, be lined with concrete within the reach above and through the campus.  
Development of the marsh area required further containment of the creek within lined channels, 
and abandonment of the formerly meandering path. 

The campus is generally reached from along the northwest trending Sir Francis Drake 
Boulevard, although entrance to the campus and the parking lots is primarily from College 
Avenue and Laurel Avenue that extend to the southwest off of Sir Francis Drake Boulevard.   
College Avenue passes over Corte Madera Creek to reach the southern portion of the campus.  
The southwest boundary for the campus is Kent Avenue, which merges with College Avenue 
near the southern end of the campus development, transitioning to Magnolia Avenue.  
Additional parking lots not within the main campus are located to the northeast of Sir Francis 
Drake Boulevard, northwest of Laurel Avenue and southwest of Kent Avenue.   A bridge within 
the campus provides access for vehicles and pedestrians across Corte Madera Creek. 

Topographically, the highest point within the campus is at the northeast corner of 
Parking Lot 2 at about Elevation 45 feet, as shown on the Site Plan and Geologic Map, Plate 3.   
The central portion of the campus along the spur ridge is located at about Elevation 30 feet.  
Along the south side of the concrete-lined Corte Madera Creek, the alluvial soils in this area 
generally range from between Elevation 10 feet and Elevation 15 feet.  East of College Avenue, 
in the former marshland area filled to provide for construction of the various physical education 
facilities and the Larkspur Annex, the ground surface generally ranges from between Elevation 
5 feet to Elevation 10 feet.   

Vegetation within the upland portion of the site consists of various groves of redwood 
trees, along with a large variety of other tree types that were part of the attraction of the Butler 
Estate property.  The corridor along Corte Madera Creek is lined with tall trees, but the number 
of trees along the creek has been reduced over time.    

4.2 SUBSURFACE CONDITIONS 

The location of the features and subsurface exploration points discussed below, can be 
seen on the Site Plan and Geologic Map, Plate 3. 
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4.3 SUBSURFACE CONDITIONS 

4.3.1 Taqueria 

According to Boring B-1, the pavement section encountered in the Taqueria parking lot 
near the corner of Sir Francis Drake Boulevard and College Avenue consisted of about 3½ 
inches of asphalt concrete (AC) over 4½ inches of aggregate baserock (AB).  Below the 
pavement section, we encountered fill consisting of medium dense gravel to about 2½ feet and 
medium dense silty sand to about 8 feet.  Below the fill layer, we encountered residual soil to a 
depth of about 14 feet.  The residual soil consisted of medium dense clayey sand.  Medium hard 
sandstone was encountered between depths of about 14 feet and the maximum depth explored 
of about 20½ feet below the ground surface. 

4.3.2 Parking Lot 2, East Side of Parking Lot 3, and Harlan Center Area 

Borings B-2 through B-4 and Previous Borings PB-1 through PB-5 (HLA, 1968) were 
performed in the areas of Parking Lot 2, Parking Lot 3 (eastern, upper half) and the Harlan 
Center.  Pavement sections in the parking lots consisted of 2 inches of AC over 3 to 6 inches of 
AB.  Below the pavement and ground surface, these borings encountered 3 to 5 feet of soft to 
very stiff sandy silt underlain by 7 to 12 feet of medium dense to dense clayey sand.  Below the 
clayey sand, borings encountered stiff to very stiff sandy clay which extended to the maximum 
depth explored of 27½ feet below the ground surface.  About 1 foot of very dense clayey sand 
was encountered in Previous Boring PB-5 at a depth of 22½ feet.  The upper 5 feet in the 
parking lots generally consisted of stiff to hard sandy clay and silt. 

4.3.3 West Side of Parking Lot 3 and Parking Lot 4 

Based on Boring B-5, the pavement section on the west side of Parking Lot 4 consisted 
of 2½ inches of AC over 6 inches of AB.  Based on Borings B-6 and B-7, the pavement section 
in Parking Lot 4 consisted of 5 inches of AC over 6 inches of AB.  The subsurface soils 
encountered in the Parking Lot 3 area consisted of firm to stiff sandy clay which extended to a 
depth of 5 feet.  Previous Borings PB-1 through PB-7 (HLA, 1966), were performed in the area 
of Parking Lot 4.  In Parking Lot 4, the near surface soils consisted of 3 to 6 feet of fill.  The fill 
consisted of firm to stiff sandy clay and medium dense to dense clayey sand and gravel.  Below 
the bottom of the fill layer (Elevation 8 to 10 feet), the subsurface materials encountered 
consisted of soft to stiff clay and sandy clay interbedded with loose to dense clayey and silty 
sand and gravel which extended approximately to Elevations -15½ to -18 feet.  This material 
extended only to an Elevation of -2½ feet in Previous Boring PB-1.  Below these elevations, the 
previous borings encountered hard sandstone and shale, which extended to the maximum 
depth explored of between about 21½ and 36 feet. 

4.3.4 Fusselman Hall 

Boring B-8 was performed at the southwest end of Fusselman Hall.  This boring 
encountered weak and friable sandstone from below the thin asphalt concrete pavement to the 
maximum depth explored of 3 feet. 
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4.3.5 Proposed Bridge Crossing 

Borings B-14-A and B-14 were advanced in Parking Lot 15 near the southwest side of 
Corte Madera Creek.  The subsurface materials encountered in this area consisted of 5 to 6½ 
feet of fill extending to Elevations 4 to 5½ feet.  The fill consisted of stiff sandy clay and loose 
clayey sand.  Below the fill, we encountered marsh deposits consisting of firm to stiff lean to fat 
clay and sandy clay.  The marsh deposits extended to depths of 13 to 25 feet below the ground 
surface (Elevations -2½ to -14½ feet).  Below a depth of 25 feet, we encountered very loose to 
loose clayey sand.  The sand became medium dense at a depth of 35 feet (Elevation -24½ 
feet).  Claystone was encountered at a depth of 35 feet and extended to the maximum depth 
explored of 38 feet. 

4.3.6 Parking Lots 6 and 7 

Five-foot deep borings performed in Parking Lots 6 and 7 encountered 3 to 4½ inches of 
AC over 5 to 10 inches of AB.  Below the pavement section, the borings encountered firm to 
very stiff sandy clay and silt to depths of 3 to 5 feet.  Below this material, we encountered stiff to 
hard fat clay.  On the western side of Parking Lot 7, we encountered medium dense clayey sand 
below the pavement. 

4.3.7 Physical Education Area   

Pavement sections in this area consisted of 2 to 3½ inches of AC over 4 to 8 inches of 
AB.  Below the pavement, fill was found to extend to depths of 3 to 5 feet.  The fill consisted of 
loose clayey sand to sand, stiff sandy clay, and medium dense clayey gravel.  Below the fill, we 
encountered marsh deposits consisting of soft to stiff fat clay which extended to the bottom of 
the 5-foot borings.   

Previous Borings PB-1 through PB-6 (HLA, 1968), were performed in the track area prior 
to development.  These borings encountered 0 to 6 feet of soft to firm sandy clay fill over marsh 
deposits and alluvium.  These materials generally consisted of soft clays and loose to medium 
dense clayey sand, which extended to the maximum depth explored of about 60½ feet 
(Elevation -57 feet). Sandstone was encountered in PB-5 below a depth of 35 feet (Elevation -
31½ feet). 

4.3.8 Larkspur Annex 

Borings B-16 and B-17 in the Larkspur Annex encountered near surface fills.  The fill 
consisted of 3½ to 7 feet of medium dense to very dense clayey sand.  Marsh deposits 
consisting of very soft to soft fat clay extended to depths of about 21 feet in Boring B-16, and 10 
feet in B-17.  Below the marsh deposits, medium dense gravel with clay and sand was 
encountered in Boring B-16 to a depth of 25 feet.  Very stiff clay with sand and fat clay was 
encountered in Boring B-17 between depths of about 10 and 19 feet.  Sandstone and claystone 
were encountered in Borings B-16 and B-17 at depths of 25 and 19 feet, respectively, and 
extended to the maximum depths explored of 25½ and 20½ feet, respectively. 
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4.3.9 Parking Lot 15 

The pavement section encountered in parking Lot 15 consisted of 3 to 3½ inches of AC 
over 4 to 5½ inches of AB.  Below the pavement, stiff to very stiff clay with sand and medium 
dense clayey sand and gravel were encountered to a depth of 5 feet below the ground surface. 

The attached boring logs and related information depict location specific subsurface 
conditions, encountered during our field investigation.  The approximate locations of the borings 
were determined by pacing and should be considered accurate only to the degree implied by 
the method used.  The passage of time could result in changes in the subsurface conditions due 
to environmental changes.  It is noted that most, if not all, of the campus improvements were 
done after completion of the previous borings and a portion of the subsurface materials 
encountered may have been removed or fill may have been placed above the locations.  Site 
specific borings should be performed at each structure to verify the current conditions and to 
satisfy CGS requirements. 

4.4 SITE GEOLOGY 

As discussed in Section 3.2, Regional Geology and Tectonic Setting, Marin County and 
the Kentfield Campus property are located within the Central Belt of the Franciscan Formation.  
This formation is considered primarily a mélange that generally consists of blocks of submarine 
basalt, blueschist, chert and resistant greywacke (sandstone) present within a matrix of highly 
sheared weaker rock material.  The blocks may also be composed of intact siltstone and 
sandstone/siltstone sequences.  As shown on the Regional Geologic Map, Plate 4, the Kentfield 
Campus has been generally mapped by Blake, et al. (2000) as being located on a block of 
Cretaceous age sandstone and shale (Kfs) that is surrounded by mélange matrix materials, or 
sheared rock, noted on this geologic map as mélange (fsr).  Southwest and downslope of the 
sandstone and shale block, Blake, et al. (2000) have mapped alluvium (Qal) associated with 
Corte Madera Creek and downstream along the creek toward the southeast, they have mapped 
the area as artificial fill over marine and marsh deposits (Qmf).   Geologic mapping of the area 
performed at a larger scale by Rice, et al. (1976), generally agrees with the more recent 
mapping, although the spur ridge on which the main campus structures are located is shown as 
underlain by Franciscan sandstone and shale.  

The Site Plan and Geologic Map, Plate 3, presents the geology of the Kentfield Campus 
as mapped during our geologic field reconnaissance and through our study of stereo-paired 
aerial photographs.  Sandstone and shale rock for the Franciscan (KJfs) underlie the upslope 
portion of the campus, and the most of the mapped slopes to the west and southwest of the 
campus.  Franciscan mélange matrix (KJfm) was found within the mapped area on the slope at 
the west end of Parking Lot 15, west of Kent Avenue.  A colluvial filled swale (Qc) was found 
between the shale and sandstone (KJfs) and mélange (KJfm) at the west end of Parking Lot 15.  
Alluvial materials (Qal) associated with Corte Madera Creek and its upslope tributaries, were 
present along Laurel Avenue and within the lower elevation portion of the campus northeast of 
Corte Madera Creek.  The area south of the creek was underlain by alluvial soils that continued 
to the south and southeast past College Avenue, eventually transitioning to fill materials placed 
over the marsh deposits (Qf/Qm) to facilitate development of the Larkspur Annex, and Physical 
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Education Center and associated playing fields and facilities.  Marsh deposits (Qm) were 
encountered beneath the alluvial materials (Qal) in many locations.  Other notable deposits of fill 
were also mapped on Plate 3; these included fills placed adjacent to Corte Madera Creek for 
wall backfill and to create developable areas.  Other fills were noted for development of Parking 
Lot 15, and apparent fills below the Maintenance Shop and Maintenance Office along Kent 
Avenue.   

4.5 SURFACE GEOLOGIC RECONNAISSANCE 

A reconnaissance of the Kentfield campus was performed by our Certified Engineering 
Geologist to map the site geology, and to observe conditions along Corte Madera Creek and 
within the filled areas at the south side of the campus.  The reconnaissance included the 
perimeter parking areas and areas within the marshlands by the Larkspur Annex and Athletic 
Fields to the limits of the College of Marin property.  The discussion presented under Section 
4.3, Site Geology, and the geologic mapping presented on the Site Plan and Geologic Map, 
Plate 3, are a presentation of the pertinent portion of the information gathered during that 
reconnaissance. 

4.6 GROUNDWATER 

Groundwater was encountered in Fugro’s Borings B-5, B-14, B-16, and B-17 at depths 
of 3½, 23, 19, and 14 feet (Elevations +11, -12½, -10½, and -4 feet), respectively.  Fugro’s 
Boring B-14, performed along the south side of Corte Madera Creek, was completed as an 
open-standpipe piezometer.  During drilling, groundwater was measured in this boring at a 
depth of about 23 feet (Elevation -12½ feet).  A subsequent groundwater measurement at a 
depth of 7 feet (Elevation +3.5 feet) was recorded in this piezometer on December 9, 2005.  It 
should be noted that the water level within Corte Madera Creek is influenced by the tides within 
San Francisco Bay, and the groundwater elevation measured within the piezometer will also be 
influenced by those tidal fluctuations. 

Groundwater was encountered in previous borings performed in 1966 at Parking Lot 4 at 
depths of 9 to 14½ feet, Elevations -2½ to +5 feet, respectively, at the time of drilling.  At the 
Harlan Center, previous borings encountered groundwater at depths of 16½ to 21½ feet, 
Elevations 4½ to 13½ feet.  In low-lying areas of the campus where marsh deposits are overlain 
by fill material, the groundwater table may be assumed to be at the top of the marsh deposits. 

We note that fluctuations in the groundwater level could occur due to change in seasons, 
variations in rainfall, tidal influences, and other factors. 

5.0 GEOLOGIC HAZARDS EVALUATION 

Geologic hazards can be grouped into seismic and non-seismic categories.  Seismic 
hazards can be further subdivided into surface fault offset, strong ground motion, and ground 
deformation hazard due to seismic shaking.  Seismic ground deformation includes liquefaction, 
seismically induced waves, inundation due to dam or embankment failure, flooding hazard and 
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landsliding.  Certain types of ground deformation and water movement, however, can also occur 
under non-seismic conditions, so there is some overlap between seismic and non-seismic 
hazards.  In general, the list of potential geologic hazards can also include such rare occur-
rences as mine collapse, hydro-compaction, and peat oxidation, but these rare hazards do not 
warrant discussion in connection with the Kentfield Campus. 

5.1 SURFACE FAULT OFFSET 

5.1.1 Aerial Photograph Review 

A Fugro State-of-California-Certified Engineering Geologist (CEG) reviewed historic, 
black and white, stereo-paired aerial photographs of the project site and vicinity to discern 
geomorphic evidence of geologic hazards.  Aerial photographs were reviewed at Pacific Aerial 
Survey in Oakland, California.  The stereo-paired aerial photographs reviewed for the project 
are listed in the reference section at the end of this report. 

The earliest photographs viewed for the campus were from 1946.  The spur ridge where 
the main campus buildings are located appears to extend steeply down to the tree lined Corte 
Madera Creek.   A athletic field (track) was located at the current site of the Science Center, and 
a large building appears to be located southwest of the intersection of College Avenue and 
Corte Madera Creek.  The Larkspur Annex area supported a number of buildings in similar 
locations to where they are today.  The area where the athletic field currently exist was marsh 
area displaying older abandoned meanders, and small levees that may have contained ponds 
or acted as a type of flood control structure.  The 1963 photographs indicated that some 
development had taken place in the Physical Education Center area, and buildings were 
present along Laurel Avenue.  The spur ridge, where it descends to the creek, appears to have 
been cut, possibly to provide access along the base above the creek.   By 1970, Corte Madera 
Creek had been converted to a concrete lined channel toward the east from College Avenue.  
The track was now located partially over the location of a previous meander, with other old, 
abandoned meanders still visible.  The Physical Education Center appears as it does today.  
The parking lots to the northeast of Sir Francis Drake Boulevard had been constructed.  Along 
Laurel Avenue, the Fine Arts Building had been constructed, requiring a cut above Laurel 
Avenue.  The Student Services Building, Science Center and Maintenance Shop 2 were now 
present.  The dense growth of trees lining Corte Madera Creek appears substantially thinner 
that observed in the earlier photos. 

Corte Madera Creek was completely lined with concrete through the full reach extending 
through the campus as observed in the 1975 photos.  The baseball fields by the Larkspur Annex 
appeared relatively new in the 1982 photos, whereas, the same baseball fields began to appear 
deteriorated in the 1990 photos.  The campus appeared much as it does today in the more 
recent photographs from 1995, 1999 and 2000.   

5.1.2 Fault Rupture Hazard Zoning by the State  

The Alquist-Priolo Earthquake Fault Zoning Act (Act) was signed into law December 22, 
1972, and went into effect March 7, 1973.  The purpose of the Act is to prohibit the location of 
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most structures for human occupancy across traces of active faults and to thereby mitigate the 
hazard of surface fault rupture.  Under the Act, the State Geologist is required to delineate 
Earthquake Fault Zones, previously known as Special Studies Zones, along known active faults 
in California.  All of the Earthquake Fault Zone maps issued prior to January 1, 1977, were 
based almost solely on the mapping and interpretations of others.  Later maps were based 
extensively on interpretations of the Fault Evaluation and Zoning Program staff that presented 
their findings in Fault Evaluation Reports (FERs).  The campus is not located within an area 
considered to have the potential for fault rupture hazard and is therefore not included in the 
Earthquake Fault Zones mapping.  We consider the potential for surface fault rupture on the 
campus to be very low. 

5.2 STRONG GROUND MOTION 

A preliminary Probabilistic Seismic Hazard Assessment (PSHA) was performed based 
on the 2002 USGS/CGS probabilistic seismic hazard assessment model (revised 2003) found at 
http://www.consrv.ca.gov/cgs/rghm/pshamap/pshamain.html.  This model is for the Design 
Basis Earthquake (DBE), 10 percent probability of exceedance in 50 years (475-year return 
period) event.  The model provides three values of ground motion, the peak ground acceleration 
(PGA) and spectral acceleration (Sa) at 0.2 second and 1.0 second periods.  Plate 7, 
Probabilistic Seismic Hazard Map, presents the college site on the CGS probabilistic seismic 
hazard map.  Results of our analysis are presented below.  If individual buildings are to be 
assessed, a site-specific PSHA should be performed for each site taking into account local soil 
conditions.  The site-specific analysis should include determination of both design basis 
earthquake (DBE) ground motions and Upper Bound Earthquake (UBE, 10 percent probability 
of exceedance in 100 years) ground motions. 

Table 4.  Seismic Design Parameters per 2002 USGS/CGS for Structures on Alluvium and 
Soft Rock 

Ground Motion Alluvium (SD) Soft Rock (SC) 

PGA 0.484 0.469 

Sa (0.2 s) 1.160 1.091 

Sa (1.0 s) 0.688 0.599 

5.3 SEISMIC DESIGN BY CALIFORNIA BUILDING CODE (CBC) 

Structures should be designed to resist the lateral forces generated by earthquake 
shaking in accordance with local design practice.  This section presents seismic design criteria 
for the 2001 California Building Code (CBC).   
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Table 5.  Seismic Design Parameters per 2001 CBC for Structures on Very Dense Soil (SD) 
and Soft Rock (SC) 

Description Parameter 1998 CBC Reference 

Seismic zone 4 Plate 16A-2 

Seismic zone factor (Z) 0.4 Plate 16A-I 

Soil profile type SC or SD Plate 16A-J 

Seismic Coefficients 

Ca (for Sc sites) 0.40Na Table 16A-Q 

Cv (for Sc sites) 0.56Nv Table 16A-R 

Ca (for SD sites) 0.44Na Table 16A-Q 

Cv (for SD sites) 0.64Nv Table 16A-R 

Near source factors 

Na 1.0 Table 16A-S 

Nv 1.12 Table 16A-T 

The near source factor Nv is greater than unity as a result of the site’s proximity to a 
Type A fault, San Andreas.  The near source factors Na and Nv are equal to unity at distances 
greater than or equal to 10 km and 15 km, respectively, from a Type A Near-source Zone. 

5.4 SHAKING HAZARD 

During a moderate to severe earthquake occurring on any of the previously mentioned 
active faults, strong ground shaking at the college will likely occur.  Strong ground shaking not 
only can cause the structures to shake, but it also has the potential capability of inducing other 
phenomena that can indirectly cause damage to structures.  These phenomena include soil 
liquefaction, seismically induced waves such as tsunamis and seiches, inundation due to dam 
or embankment failure, flooding, landsliding, and other shaking hazards such as lateral 
spreading, ground cracking, lurching and water movement.  Detailed discussions of these 
phenomena with respect to the site are presented in the subsequent paragraphs. 

5.4.1 Liquefaction 

Soil liquefaction is a phenomenon primarily associated with saturated cohesionless soil 
layers located close to the ground surface.  These soils lose strength during cyclic loading, such 
as imposed by earthquakes.  During the loss of strength, the soil acquires ”mobility" sufficient to 
permit both horizontal and vertical movements.  Soils that are most susceptible to liquefaction 
are clean, loose, uniformly graded, saturated, fine-grained sands that lie close to the ground 
surface; a depth usually considered less than 50 feet. 

According to the Association of Bay Area Governments (ABAG) liquefaction 
susceptibility interactive map, Plate 8, found at http://gis.abag.ca.gov/website/liq/viewer.htm 
(ABAG 2003), the college is predominantly located in an area where the subsurface materials 
are considered to have a high to very high susceptibility for liquefaction.  The San Rafael 
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quadrangle has not yet been mapped under California Geological Survey’s Seismic Hazard 
Mapping Act. 

Based on our interpretation of the materials encountered within our recent borings and 
within the previous borings by others, it is our opinion that potentially liquefiable materials are 
present beneath the project site, particularly below the portions of the campus underlain by 
alluvial soils and marsh deposits associated with Corte Madera Creek.  Loose sand was 
encountered below marsh deposits in Boring B-14, between the depths of 24 and 33 feet, and 
loose sands were also present in the near-surface alluvial soils encountered in Borings B-11, B-
12 and B-13.  In addition, loose sands were identified below marsh deposits, between 
approximate depths of 20 and 40 feet, in previous borings drilled at the site of the track area, 
southeast of the Physical Education Center. 

Where site-specific geologic hazard and geotechnical studies will need to be performed 
for buildings located in areas underlain by alluvial soils, and areas where fill materials have 
been placed over marsh deposits, the additional subsurface exploration will need to focus on 
determining the susceptibility to liquefaction of the subsurface materials in those areas.  Of the 
existing major campus buildings, the Diamond Physical Education Center would need to be 
closely evaluated for liquefaction potential in the event future construction work is planned. 

5.4.2 Seismically Induced Waves 

During a major earthquake, strong waves such as tsunamis or seiches may be 
generated in large bodies of water and may cause damage to structures located in close 
proximity to them.  The tsunami, or seismic sea wave, is an open ocean phenomenon caused 
by fault displacement, volcanism, or other abrupt movement on the ocean floor, that often occur 
at a considerable depth.  According to the United States Geological Survey Maps Showing 
Areas of Potential Inundation by Tsunamis in the San Francisco Bay Region, California, dated 
1972, the Kentfield Campus is not located within a zone designated for potential impact after a 
tsunami event. 

The seiche is a wave that occurs in an enclosed basin as a result of fault displacement 
in the basin bottom, large landslides into the basin, or from periodic oscillation or sloshing of the 
water in the basin.  No body of water susceptible to seiches is located in the vicinity of the 
campus that could impact the Kentfield Campus.  

5.4.3 Inundation Due to Dam or Embankment Failure 

According to the ABAG map of Dam Failure Inundation Hazard Map for Kentfield, Plate 
9, found at http://www.abag.ca.gov/bayarea/eqmaps/damfailure/dammaps/srafdamf.gif (ABAG, 
1995), the Kentfield Campus is located in an area that has potential of being impacted by 
inundation due to embankment failure from Phoenix Lake.  Phoenix Lake’s spillway is located at 
approximately Elevation 180 feet.  Partial or complete failure of the embankment would send 
flood waters downslope to the northeast within Ross Creek and through the town of Ross.  
Sleepy Hollow Creek, that descends from the north into the town of Ross, converges with Ross 
Creek within the town of Ross adjacent to Sir Francis Drake Boulevard.  The two creeks 
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combine for form Corte Madera Creek which continues the downslope descent to the southeast 
and past the College of Marin campus in Kentfield.   

The actual impact to the campus of an embankment failure from Phoenix Lake would 
depend on many factors that include; extent of the embankment breach, pool elevation of the 
lake at the time of the breach, current flow level within the creek, current tidal influence, and the 
future of work to raise the walls of the channel along Corte Madera Creek. We understand that 
there are studies being performed to address this issue.  

5.4.4 Flooding Hazard 

Corte Madera Creek bisects the campus, with a relative upland area located to the 
northeast of the creek, and an alluvial floodplain area located southwest of the creek.  According 
to the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM) for 
unincorporated Marin County, effective March 1, 1982, the area of the campus within Kentfield 
and south and west of Corte Madera Creek is within a Zone A designated area.  Zone A is 
defined as an area determined to be within the 100-year flood plain where base flood elevations 
and flood hazard factors are not determined.  The areas to the north and east of Corte Madera 
Creek, and the Physical Education Center, are within an area designated as Zone C, or areas of 
minimal flooding.  According to the FEMA map for Larkspur, effective March 15, 1984, the area 
to the south of parking lots 11 and 12 is either within Zones A1, A2, or B.  Zones A1 and A2 are 
within the 100-year flood plain.  The base flood elevations for Zones A1 and A2 are 6 and 7 feet, 
respectively.  Zone B is an area between the limits of the 100-year and 500-year flood, or 
certain areas subject to 100-year flooding with average depths less than 1 foot or where the 
contributing drainage area is less than 1 square mile, or areas protected by levees from the 
base flood.  Plate 10, Flood Hazard Map, shows the campus location plotted on the Flood 
Insurance Rate Map.  

The majority of the campus is not within an area that may be inundated by a 100-year 
flood, according to a United States Geological Survey publication by Limerinos, et al., 1973.  
However, Limerinos did map the approximate area of the campus that FEMA mapped as Zones 
A1 and A2 as being an area that may be inundated by a 100-year flood. 

This information is preliminary and is being refined by other team members as part of the 
current assessment of the college.  Updated information from others will be included in a future 
version of this report when certain facilities are addressed on a site-specific basis. 

5.4.5 Landsliding 

The San Rafael quadrangle has not yet been mapped under California Geological 
Survey’s Seismic Hazard Mapping Act which includes mapping of landslide hazard zones.  
Smith, et al (1976) include the lower portions of the campus, and the higher elevation portions of 
the campus as being in a Zone 1 area that is considered most stable.  The slope between the 
highland and lowland portion of the campus was mapped as Zone 2, areas underlain by 
competent rock but flanked by relatively steep, potentially unstable slopes.  The area along the 
west side of Parking Lot 15, mapped as mélange matrix (KJfm) as colluvium (Qc) on the Site 
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Plan and Geologic Map, Plate 3, is considered to be within a Zone 3 area.  Smith, et al. (1976) 
define Zone 3 as areas where the steepness of the slopes approaches the limits of stability for 
the underlying geologic materials.  Should a landslide occur in this area, no structures would be 
impacted, although the parking lot and vehicles parked in the vicinity of a possible landslide 
could suffer damage. 

5.4.6 Other Shaking Hazards 

We have also considered the possibility of the occurrence of other seismic hazards.  
Due to the site topography, and the absence of a free face near developed portions of the 
campus, even considering the moderate to high potential for liquefaction of the subsurface 
materials at the site, we consider the possibility for lateral spreading to impact buildings to be 
low.  Lateral spreading could possibility occur within the undeveloped, southern portion of the 
campus where slopes consisting of fill materials border adjacent to sloughs within the tidal 
marsh. 

Ground cracking and lurching are relatively unknown phenomena, and in our opinion, 
they can be caused by any of the phenomena discussed above. 

We note that ground shaking during an earthquake could cause objects within buildings 
that are not rigidly attached to the building structure (such as desks and book shelves) to 
undergo some differential movements with respect to the structure.  Building construction 
should include designs that reduce such potential differential movements and the adverse 
effects of such movements where they cannot be prevented.  

6.0 CLOSING 

This report has been prepared for the exclusive use of the Marin Community College 
District and their consultants for specific application to the Kentfield Campus.  This report should 
be reviewed and updated for each specific campus improvement project.  In the event that there 
are any changes in the ownership, nature, or design, of the project, the conclusions and 
recommendations contained in this report shall not be considered valid unless 1) the project 
changes are reviewed by Fugro West, Inc., and 2) conclusions and recommendations presented 
in this report are modified or verified in writing.  Reliance on this report by others must be at 
their risk unless we are consulted on the use or limitations.  We cannot be responsible for the 
impacts of any changes in engineering geologic standards, practices, or regulations subsequent 
to performance of services without our further consultation.  We can neither vouch for the 
accuracy of information supplied by others, nor accept consequences for unconsulted use of 
segregated portions of this report. 
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and appropriate testing.  Both sampler types are indicated in the "Sampler" column of the boring 
logs as designated in Plate A-1.  

Resistance blow counts with the DR 10K drill rig were obtained with the samplers by 
dropping a 140-pound hammer through a 30-inch free fall using a down-hole wire line hammer 
system.  The sampler was driven 18 inches, or a shorter distance where hard resistance was 
encountered, and the number of blows were recorded for each 6 inches of penetration.  The 
blows per foot recorded on the boring logs represent the accumulated number of blows that 
were required to drive the last 12 inches.  Due to the use of the down-hole wire line hammer 
system, the blow counts are not standard penetration resistance values.   

The elevations indicated on the boring logs were obtained by interpreting the 
topographic contours on an undated drawing provided by CSW/Stuber-Stroeh.  The topographic 
survey for the project was performed by Sandis Humber Jones.   

The attached boring logs and related information show our interpretation of the 
subsurface conditions at the dates and locations indicated, and it is not warranted that they are 
representative of subsurface conditions at other locations and times. 
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APPENDIX B 
LABORATORY TESTING PROGRAM 

The laboratory testing program was directed toward a quantitative and qualitative 
evaluation of the physical and mechanical properties of the soils underlying the site. 

The natural water content was determined on 24 samples of the materials recovered 
from the borings in accordance with ASTM Test Designation D-2216.  These water contents are 
recorded on the boring logs at the appropriate sample depths.  Dry density determinations were 
performed on 24 samples of the subsurface soils to evaluate their physical properties.  The 
results of these tests are shown on the boring logs at the appropriate sample depths. 

Unconfined compression tests were performed on eight undisturbed samples of the 
clayey subsurface soils to evaluate the undrained shear strength of these materials.  The 
unconfined tests were performed in accordance with ASTM Test Designation D-2166 on 
samples having a diameter of 2.4 inches and a height-to-diameter ratio of at least 2.  Failure 
was taken as the peak normal stress.  The results of these tests are presented on the 
appropriate boring logs at the appropriate sample depths and on Figures B-2 through B-9.  

Eleven resistance R-value tests were performed on representative samples of the 
surface soils onsite to provide data for pavement design.  The tests were performed in 
accordance with California Test Method 301-F.  The results of the tests are presented below: 

RESULTS OF R-VALUE TESTS 

Boring 
Number Description of Material 

Dry 
Density 

(pcf) 

Water 
Content 

(%) 

Exudation 
Pressure 

(psi) 

Expansion 
Pressure 

(psf) 
R-Value 

128.5 10.3 135 0 20 

129.7 9.4 310 0 50 B-1 
Gray brown GRAVEL 
with silt and sand (GW-
GM) 

128.5 8.9 485 0 74 

R-Value = 648 at Exudation pressure of 300 psi 

118.6 12.8 199 0 47 

118.3 12.2 263 0 49 B-2 Rust brown clayey SAND 
(SC) 

119.3 11.7 406 35 56 

R-Value = 50 at Exudation pressure of 300 psi 

111.3 16.4 159 0 13 

114.5 15.3 239 0 24 B-5 Dark gray brown sandy 
CLAY (CL-SC) 

114.2 14.2 318 9 38 

R-Value = 36 at Exudation pressure of 300 psi 

123.6 10.6 239 0 49 

124.1 10.2 278 0 58 B-6 Dark gray brown SAND 
with clay (SC) 

126.0 9.7 565 57 65 

R-Value = 61 at Exudation pressure of 300 psi 
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Boring 
Number Description of Material 

Dry 
Density 

(pcf) 

Water 
Content 

(%) 

Exudation 
Pressure 

(psi) 

Expansion 
Pressure 

(psf) 
R-Value 

115.6 15.0 183 9 26 

115.3 14.0 263 35 49 B-9 Brown SAND with clay 
(SP-SC) 

116.9 12.9 366 70 71 

R-Value = 58 at Exudation pressure of 300 psi 

131.1 9.6 207 0 43 

130.2 9.1 270 0 59 B-12 Red brown gravelly 
SAND (SP-GP) 

131.8 8.1 461 0 70 

R-Value = 62 at Exudation pressure of 300 psi 

115.9 14.4 175 0 32 

115.8 13.4 278 31 52 B-13 Brown clayey SAND (SC) 

117.7 12.3 589 87 58 

R-Value = 54 at Exudation pressure of 300 psi 

115.6 13.2 183 0 48 

117.9 12.7 398 31 54 B-15 Brown clayey SAND (SC) 

118.0 12.2 438 52 59 

R-Value = 49 at Exudation pressure of 300 psi 

117.9 12.4 207 0 55 

117.7 11.9 286 4 59 B-19 Dark gray brown clayey 
SAND (SC) 

117.5 11.4 398 13 61 

R-Value = 59 at Exudation pressure of 300 psi 

116.9 14.0 215 0 34 

118.0 13.5 255 52 38 B-20 Dark gray brown sandy 
CLAY (CL-SC) 

118.4 13.0 374 61 47 

R-Value = 41 at Exudation pressure of 300 psi 

110.6 17.3 183 0 10 

112.9 16.3 247 44 16 B-23 Brown sandy CLAY (CL-
SC) 

115.8 15.2 318 83 37 

R-Value = 30 at Exudation pressure of 300 psi 
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