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I.0

INTRODUCTION

This report presents the results of our Geotechnical Investigation for the planned residential
development on Assessor’s Parcel 038-011-21, off Robin Drive in Corte Madera, California. A
project site location map is presented on Figure 1. This report is intended for the exclusive use
of AIMCO and the design team for this project and site. No other use is authorized without the
express written consent of Miller Pacific Engineering Group.
We previously issued a Geotechnical Investigation Report for the project dated August 1, 2014.
The purpose of our current services is to review our 2014 report and update/provide
supplemental recommendations for the project as appropriate. The scope of our Phase 1
services as described in our proposal letter dated November 1, 2016 include the following tasks:


Review of available regional geologic mapping and geotechnical reference data for nearby
developments;



Subsurface exploration with supplemental soil borings to evaluate subsurface conditions;



Laboratory testing of select samples to determine their pertinent engineering properties;



Geotechnical evaluation and analyses;



Development of preliminary site development recommendations and guidelines;



Development of seismic design criteria and recommendations in accordance with the 2016
California Building Code;



Development of geotechnical design criteria and recommendations for new foundations,
concrete slabs-on-grade, retaining walls, site drainage, site grading, cut and fill slopes,
underground utility construction, new asphalt pavement sections, and other geotechnical
items, and



Preparation of this report.

Issuance of this report completes our Phase 1 services. Supplemental services are expected to
consultation during design, plan review and permitting process and geotechnical observation
and testing during construction.

1
Exhibit PP-E Page 4 of 69

Exhibit PP-E

2.0

Residences at Preserve, APN 038-011-21
Aimco Robin Drive L.P.

PROJECT DESCRIPTION

The subject parcel (APN 038-011-21) encompasses approximately 15.2 acres and includes
lands southeast of the intersection of Paradise Drive and Robin Drive as well as lands south of
the terminus (at the top) of Robin Drive in Corte Madera, as shown on the Site Plan, Figure 2.
The most recent preliminary site plan available for review (Bar Architects) indicates a total of 16
single-family residential dwellings are planned as shown on Figure 2. While project plans are
still in development, ancillary improvements are expected to include new roads, parking lots and
driveways, underground utilities, site retaining walls, exterior flatwork and patios, landscaping,
and other miscellaneous items.
The project site consists of gently- to moderately-sloping terrain, and moderate to extensive
grading is anticipated to construct level building pads, access roads, retaining structures, and
other improvements for the new development.

3.0

SITE CONDITIONS

3.1

Regional Geology

The project site is located in the Coast Ranges geomorphic province of California, which is
typified by generally northwest-trending ridges and intervening valleys formed as a result of
movement along a group of northwest-trending fault systems, including the San Andreas Fault.
Bedrock geology within Marin County is dominated by sedimentary, igneous, and metamorphic
rocks of the Jurassic-Cretaceous age Franciscan Complex. Sandstone and shale comprise the
majority of Franciscan rock types, while less common rocks include chert, serpentinite, basalt,
greenstone, and exotic low- to high-grade metamorphic rocks, including phyllite, schist, and
eclogite.
The project site lies on the northern flank of Ring Mountain, which is generally underlain by
high-grade, exotic metamorphic rocks at higher elevations and sandstone and shale at lower
elevations. Regional geologic mapping variously indicates that the lower, northern and central
parts of the site are underlain by fill over Bay Mud (Blake et al 1974; Blake, Graymer and Jones
2000) or colluvial soil deposits (poorly-sorted soil and rock debris transported downslope by
gravity) (Rice and Smith 1976), while the upper reaches of the site are mapped as Quaternary
(geologically recent) landslide deposits.
The low, undulating hills immediately east of the site (developed with single-family residences
along Cibrian Drive and Park Place) are mapped variously as sandstone overlain by the debris
field from a large landslide complex (Rice and Smith 1976) or Franciscan melange bedrock with
2
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conspicuous outcrops of serpentinite and other metamorphic rocks (Blake et al 1974; Blake,
Graymer and Jones 2000). A regional geologic map is presented on Figure 3.
3.2

Local Geology and Reference Review

We reviewed geotechnical reports and subsurface exploration logs for nearby residences on Park
Place and Cibrian Drive (located east and upslope of the project site) available through the Town
of Tiburon Planning Department. Subsurface explorations we reviewed were generally performed
between the late 1980’s and late 1990’s, and the developments were generally constructed
between about 1990 and 2005.
Logs of subsurface explorations for development along Park Place and Cibrian drive generally
indicate a 3- to 6-foot layer of clayey, moderately expansive, creep-prone colluvial and residual
soils underlain by Franciscan bedrock. Bedrock encountered in the explorations was noted to
consist primarily of sandstone, but also to include, particularly along Park Place, shale, chert,
serpentinite, mica schist, and basalt/greenstone. None of the exploration logs or reports we
reviewed indicated the presence of unstable soils (excepting the aforementioned surficial “creep”
zone) or active landslides.
It should be noted, however, that none of the exploratory boring logs reviewed indicated
penetration deeper than about 10-feet into bedrock. As discussed above in Section III-A, mapped
geologic conditions to the east consist of a large landslide complex. Therefore, the possibility
remains that these hills are locally or partially underlain by older slide debris, which likely includes
large bedrock blocks and boulders of the more exotic rocks, transported from the upper part of
Ring Mountain. Based on our reference review and subsurface exploration, interpreted geologic
conditions at the project site are presented on Figure 4.
3.3

Historic Aerial Photograph Review

In addition to available geotechnical and geologic reference information, we reviewed several
historic aerial photographs in order to assess more recent site history. Photographs were provided
by Photo Science, Inc. of Emeryville, California, and were taken between 1946 and 1990 at a
variety of scales as shown below. A brief summary of each photograph we reviewed is shown
below.
AV09-03-04, September 6, 1946 (Scale 1:23,600)
Paradise Drive appears to have been graded relatively recently, with high cut slopes clearly visible
to the east and west of the current intersection at Robin Drive. Lands north of Paradise Drive,
along the San Francisco Bay shoreline, appear un-vegetated and may be recently-placed fill. A
linear feature extending north to the bay shoreline from Paradise Drive may be a newlyconstructed drainage culvert.
3
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The drainage within which the project is sited appears to be undisturbed, with no evidence of
grading or other human activity. No grading or construction has yet taken place along the ridgeline
to the east of the site, and minor grading or quarrying appears to have been performed at the
present-day Marin Country Day School site to the west.
SF-AREA-01-072, March 1, 1958 (Scale 1:36,000)
No change in conditions at the project site since 1946. Vegetation has grown in on lands to north
of Paradise Drive and mass grading appears to be underway at the Marin County Day School
site. A construction or quarry road has also been graded immediately east of the school,
beginning at the location or present-day Upland Circle and winding to the ridgeline near the
current terminus of Robin Drive.
AV550-04-18, July 9, 1963 (Scale 1:36,000)
No change at the project site since 1958. Some of the buildings at Marin Country Day School
have been constructed, and the construction or quarry road immediately to the east appears to no
longer be used.
AV710-05-23, April 14, 1966 (Scale 1:36,000)
Robin Drive and Upland Circle have been constructed along their present-day alignments, and the
apartment buildings which currently exist along both streets appear under construction but nearly
complete. Significant grading and excavation appears to have been performed to facilitate
apartment construction.
Grading has been performed at the project site, likely disposal of excavation spoils from the
nearby apartment construction. Fill placement has resulted in a lack of vegetation that makes the
extent of the filled areas plainly visible, extending from near Paradise Drive into the ravine in the
southeast portion of the site. Some single-family development exists to the east along Paradise
Drive, but no construction has yet been performed on the ridge east of the site. This photograph is
presented on Figure 5.
AV1013-14-11, January 4, 1972 (Scale 1:24,000)
Construction of the apartment buildings has been completed and surrounding slopes have been
re-vegetated. Vegetation has also been re-established in the fill areas of the project site, although
the extents of the filled areas are still clearly visible. The asphalt driveway and parking area
appear to be in place.
AV1840-07-20, March 12, 1980 (Scale 1:12,000)
Additional single-family development and the existing Marin Montessori School building are in
place north of Paradise Drive. Little change is noted at the project site, although some minor
4
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additional grading work may have been performed based on a reduction in vegetation versus the
1972 photograph.
AV3766-12-23, March 15, 1990 (Scale 1:12,000)
Construction of developments on the ridgeline to the east has commenced, with new roads and
houses clearly visible. No significant fills appear to have been placed on the slope above the
project site. Vegetation has been generally re-established and vehicles are present in the asphalt
parking area. No other grading or construction activity has been performed at the site.
3.4

Seismicity

The project site is located within the seismically active San Francisco Bay Area and will therefore
experience the effects of future earthquakes. Earthquakes are the product of the build-up and
sudden release of strain along a “fault” or zone of weakness in the earth's crust. Stored energy
may be released as soon as it is generated or it may be accumulated and stored for long periods
of time. Individual releases may be so small that they are detected only by sensitive instruments,
or they may be violent enough to cause destruction over vast areas.
Faults are seldom single cracks in the earth's crust but typically comprised of localized shear
zones which link together to form larger fault zones. Within the Bay Area, faults are concentrated
along the San Andreas Fault zone. The movement between rock formations along either side of a
fault may be horizontal, vertical, or a combination and is radiated outward in the form of energy
waves. The amplitude and frequency of earthquake ground motions partially depends on the
material through which it is moving. The earthquake force is transmitted through hard rock in
short, rapid vibrations, while this energy becomes a long, high-amplitude motion when moving
through soft ground materials, such as Bay Mud.
3.4.1

Active Faults in the Region

Such earthquakes could occur on any of several active faults within the region. An “active”
fault is one that shows displacement within the last 11,000 years (i.e. Holocene) and has a
reported average slip rate greater than 0.1 mm per year. The U.S. Geological Survey
(2016) has mapped various active faults in the region. These faults, defined as either
major plate boundary faults or lesser known small faults, are shown in relation to the
project site on the attached Active Fault Map, Figure 6.
3.4.2

Historic Fault Activity

Numerous earthquakes have occurred in the region within historic times. The results of
our computer database search indicate that 17 earthquakes (Richter Magnitude 5.0 or
larger) have occurred within 150 kilometers (93 miles) of the site area between 1900 and

5
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2014. The five most significant historic earthquakes to affect the project site are
summarized in Table A.

TABLE A
SIGNIFICANT EARTHQUAKE ACTIVITY
Preserve at Marin Residential Development
Corte Madera, California
Epicenter
(Latitude, Longitude)
37.75, -122.55
38.30, -122.76
38.38, -122.41
37.74, -121.74
37.71, -121.73

Historic Richter
Magnitude

Year

Distance

7.8
5.7
5.0
5.0
5.8

1906
1969
2000
1980
1980

20 km
49 km
52 km
69 km
71 km

References: Sources: USGS (2014)
3.4.3

Probability of Future Earthquakes

The site will likely experience moderate to strong ground shaking from future
earthquakes originating on any of several active faults in the San Francisco Bay region.
The historical records do not directly indicate either the maximum credible earthquake or
the probability of such a future event. To evaluate earthquake probabilities in California,
the USGS has assembled a group of researchers into the “Working Group on California
Earthquake Probabilities” (USGS 2016) to estimate the probabilities of earthquakes on
active faults. These studies have been published cooperatively by the USGS, CGS, and
Southern California Earthquake Center (SCEC) as the Uniform California Earthquake
Rupture Forecast, Versions 1, 2, and 3. In these studies, potential seismic sources were
analyzed considering fault geometry, geologic slip rates, geodetic strain rates, historic
activity, micro-seismicity, and other factors to arrive at estimates of earthquakes of
various magnitudes on a variety of faults in California.
The study specifically analyzed fault sources and earthquake probabilities for the seven
major regional fault systems in the Bay Area region and the entire state of California and
updated some of the analytical methods and models. The most recent 2016 study
(UCERF3) further expanded the database of faults considered and allowed for
consideration of multi-fault ruptures, among other improvements.
Conclusions from the most recent UCERF3 and USGS (2016) indicate the highest
probability of a M>6.7 earthquake on any of the active faults in the San Francisco Bay
region by 2043 is assigned to the Rodgers Creek and Hayward Faults, located
6
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approximately 8.4- and 12.2-kilometers southwest of the site, at 33%. The second nearest
known active fault, the San Andreas Fault; located 25.2-kilometers southwest, is assigned
a 22% probability of a M>6.7 earthquake by 2043. Additional studies by the USGS
regarding the probability of large earthquakes in the Bay Area are ongoing. These current
evaluations include data from additional active faults and updated geological data.
3.5

Surface Conditions

The site consists of previously graded pads and adjacent, ungraded lands as shown on Figure 4.
A small, slightly incised drainage channel separates the southernmost pad from the middle pad.
The northernmost and central pads (Pads A and B, respectively) each measure approximately
100 feet by 100 feet and generally slope gently to the north at approximate inclinations of 10:1
(horizontal:vertical). The pads each appear to have been constructed by filling atop native soil
deposits, with little to no “cut” area at the southern edge of each pad. Slopes at the north end of
each pad (north of Pad A and between Pads A and B) are approximately 8 to 10 feet high and
inclined at about 2:1.
The southernmost pad, Pad C, measures approximately 250 to 300 feet northwest-southeast and
is approximately 80 feet wide and slightly wider at the extreme southeast end. The pad generally
slopes gently to the north at about 10:1. Pad “C” is separated from Pad “B” by two shallow
drainage channels emanating from the low hills to the east. The channels are each less than 5
feet deep and are approximately 40 feet wide in total. The channel banks adjacent to the north
side of Pad C are approximately 3 to 5 feet high and inclined at about 1:1, while the natural slope
adjacent to the southern side of Pad C is approximately 50 feet high and inclined at 2.5:1 to 3:1.
The west-central portion of Pad C contains an existing asphalt-paved area measuring
approximately 100 feet by 50 feet, which is in poor condition with widespread cracking and
delamination of the asphalt surface. Other existing improvements are limited to a trash rack and
catch basin at the mouth of the drainage channel north of Pad C, where drainage is collected into
the municipal storm drain system. Pads A, B, and C are otherwise undeveloped, and generally
vegetated with low grasses and thistle, while adjacent fill and natural slopes are generally
vegetated with mature grasses, shrubs, and trees.
Slopes adjacent to and within Pads A and B generally expose fill soils or older landslide deposits
composed of medium-stiff clayey soils with abundant fragments and cobbles of sandstone, and
shale and rarer fragments of chert, blueschist, and eclogite. The southernmost portion of Pad B
and most of Pad C (those areas generally within the floodplain area of the shallow drainage
ravine) appear to be underlain by fill or colluvial deposits of medium-stiff sandy clay, while the
high, moderately steep natural slope south of Pad C appears to be underlain by weathered
sandstone and shale bedrock under a thin residual soil cover.
7
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Mapped large landslide complexes flank the spur ridge on both the east and west. These
landslide complexes represent several episodes of landsliding during historic times. During our
reconnaissance, we did not observe evidence of active landsliding. The steep slopes adjacent to
the spur ridge appear to represent older, denuded landslide scarps. However, we did note
evidence of active soil creep as well as very steep slope inclinations, between 1.5:1 and 1:1,
particularly along the west side of the spur ridge. Locally, older slide scarps above the
aforementioned fault contact expose weathered, highly fractured serpentinite and chert bedrock
3.6

Field Exploration and Laboratory Testing

Initial subsurface exploration, consisting of 5 soil borings, was performed on January 17 and 18,
2013. Borings were excavated to depths between 15.0 and 51.5-feet using track-mounted
drilling equipment equipped with 6.0-inch solid flight augers. Supplemental exploration at the
site, consisting of 3 soil borings and 3 percolation tests, performed on June 25, 2013.
Supplemental exploration extended to depths between 5.0 and 9.5-feet and was performed
utilizing a portable hydraulic drill equipped with 4-inch solid flight augers. Additional subsurface
exploration at the site, consisting of 3 soil borings, was performed on December 11, 2016 which
extended to depths between 9.0 and 19.0-feet using portable drilling equipment equipped with
4.0-inch solid flight augers. Materials encountered were logged by our Field Geologist and
select samples retained for laboratory testing. A brief explanation of the terms and methods
used during field exploration activities is presented on Figures A-1 and A-2, Soil and Rock
Classification Charts. Boring and Percolation Test logs are presented on on Figures A-3
through A-22. The approximate exploration locations are presented on Figure 4.
Laboratory tests included determination of moisture content, in-situ density, unconfined
compressive strength, percentage of particles passing the No. 200 (75-µm) sieve (“Fines
content”) and gradation analysis. Moisture, density, compressive strength, and minus-200 test
results are shown on the boring logs, while gradation analysis results are presented on Figures
A-23 through A-25.
3.7

Field Percolation Testing

Following excavation of Percolation Test holes 1, 2 and 3 a piece of 1.5-inch perforated pipe was
installed and the holes filled with water. The rate of percolation (both horizontal and vertical) was
determined by measurement of infiltration/drawdown over time. Four separate percolation tests
were performed at Percolation Test location 1, three tests were performed at Percolation Test
location 2, and two tests were performed at Percolation Test location 3. The field percolation
rates were roughly converted to hydraulic conductivity (k’) using Darcy’s law (Q=kiA). Based on
our field percolation tests, the subgrade soils have an average hydraulic conductivity of about 3.0
x 10-8 cm/sec.

8
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Subsurface Conditions

The results of our reference material review and subsurface exploration indicate local geologic
conditions vary slightly from the regionally-mapped geology discussed above. Based on our
subsurface exploration, the majority of the site is underlain by soil deposits (combination of fill,
alluvium, colluvium, and/or historic (ancient) landslide deposits) over weathered sandstone
bedrock.
Since the soil deposits are physically and compositionally relatively uniform, identifying the
various horizons’ provenance or geologic depositional mechanism is difficult. However, we
judge that this information is largely academic with regards to project development and
engineering, and therefore have not assigned individual soil strata with geologic origins.
Boring 1, excavated near the center of Pad “A”, encountered approximately 17-feet of soil
deposits composed primarily of medium stiff to stiff clays and medium dense gravels with lesser
sands. A thin horizon of soft to medium stiff sandy clay was encountered between about 8 and
9.5-feet, and a large sandstone boulder was encountered between about 14.5 and 17-feet. Soft
silty clay was encountered between 17 and 19.5-feet, and soft to medium dense clay with some
peat (old Bay Mud) was encountered between 19.5 and 25.5-feet. Weathered sandstone was
encountered between 25.5 and 35-feet, and generally graded harder, stronger, and less
weathered with depth. Boring 1 was terminated at a depth of 35 feet, due to sampler refusal.
Boring 2 was drilled near the northern edge of Pad “B” and encountered approximately 33-feet
of generally well-graded soils composed chiefly of medium stiff to very stiff clays and medium
dense clayey gravels with lesser sand. Weak, weathered sandstone bedrock was encountered
between 33 and 41.5-feet, at which depth Boring 2 was terminated.
Boring 3, drilled on the slope east of Pad “B”’s northeastern corner, encountered approximately
3.5-feet of medium stiff sandy clay colluvial soils underlain by weathered sandstone bedrock,
which graded harder and stronger with depth. Boring 3 was terminated due to sampler refusal
at a depth of 15-feet.
Boring 4, excavated near the northwest corner of Pad “C”, encountered approximately 44-feet of
primarily stiff clay and medium dense clayey gravel with sand. Weathered sandstone was
encountered at 44-feet and observed to grade with shale interbeds at about 47-feet. Boring 4
was terminated at 51.5-feet.
Boring 5, excavated near the southeastern end of Pad “C”, encountered approximately 5-feet of
medium stiff sandy clay with lesser gravel underlain by about 22-feet of medium dense to dense
clayey gravel with sand. Hard, strong sandstone was encountered at about 27-feet, and Boring
5 was terminated at a depth of 30-feet due to auger refusal.

9
Exhibit PP-E Page 12 of 69

Exhibit PP-E

Residences at Preserve, APN 038-011-21
Aimco Robin Drive L.P.

Boring 6 encountered approximately 3-feet of very stiff sandy clay underlay by weak,
moderately hard sandstone bedrock. Boring 6 was terminated at a depth of 11.5-feet.
Boring 7 encountered approximately 10-feet of very stiff sandy clay underlay by moderately
hard, weak sandstone and shale bedrock. The boring extended through alternating layers of
highly weathered, weak sandstone and shale to a maximum depth of 16.5-feet.
Boring 8 encountered approximately 10-feet of medium stiff sandy clay overlying moderately
hard, weak sandstone and shale bedrock to the maximum excavated depth of 21.0-feet.
Percolation Test locations 1, 2 and 3 were generally located along the northern edge of Pad “C”
and the southern edge of Pad “B”. Each of the three test locations encountered 5-feet of
relatively well graded silty/clayey sands and gravels. Each percolation test location was
excavated to a maximum depth of 5-feet.
Groundwater was not encountered in any of the borings or percolation test locations during
exploration in 2013, 2014, or 2016. Because the excavations were not left open for an
extended period of time, stabilized depths to groundwater were likely not observed. Based on
our exploration and experience with similar project sites, we estimate groundwater will exist
within about 10-feet of the ground surface year-round, and may be shallower during the winter
months or following periods of heavy rain.

4.0

GEOLOGIC HAZARDS

4.1

General

This section identifies potential geologic hazards at the project site, their significant adverse
impacts, and recommended mitigation measures. We judge the significant geologic hazards at
the project site are seismic ground shaking, erosion, and slope instability/landsliding. More
detailed evaluation of these and other commonly-considered geologic hazards are presented
below.
4.2

Fault Surface Rupture

Under the Alquist-Priolo Special Studies Zone Act, the California Division of Mines and Geology
(1998, 2000) produced 1:24,000 scale maps showing all known active faults in California. As
shown on Figure 6, the nearest known active faults, the San Andreas and Hayward faults, lie
approximately 8.9 miles west and 9.0 miles east of the site, respectively. The site is not located
within an Alquist-Priolo Special Studies Zone and the potential for fault surface rupture at the
site is therefore low.
Evaluation:
Mitigation:

Less than significant.
No mitigation measures are required.
10
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Seismic Shaking

The site will experience seismic ground shaking similar to other areas in the seismically active
San Francisco Bay Area. Earthquakes along several active faults in the region, as shown on
Figure 6, could cause moderate to strong ground shaking at the site. The intensity of earthquake
motion will depend on the characteristics of the generating fault, distance to the fault and rupture
zone, earthquake magnitude, earthquake duration, and site-specific geologic conditions.
Deterministic methods use empirical attenuation relations provide approximate estimates of
median peak ground accelerations. A summary of the active faults that could most significantly
affect the planning area, their maximum credible magnitude, closest distance to the center of the
planning area, and probable peak ground accelerations are summarized in Table B.
TABLE B
ESTIMATED PEAK GROUND ACCELERATION
Preserve at Marin Residential Development
Corte Madera, California

Fault
San Andreas
Hayward
San Gregorio
Rodgers Creek

Moment Magnitude
For Characteristic
Earthquake(1)
8.0
7.3
7.4
7.3

Closest Estimated
Distance
(kilometers)(1)
14
13
16
28

Median
Peak Ground
Acceleration (g)(1,2)
0.30
0.26
0.24
0.16

(1) Cal Trans ARS Online (V2.3.06) accessed December 22, 2016.
(2) Values determined using Vs30 = 270 m/s for Site Class “D” (Stiff Soil) in accordance with
2013 CBC.

Ground shaking can result in structural failure and collapse of structures or cause non-structural
building elements, such as light fixtures, shelves, cornices, etc., to fall, presenting a hazard to
building occupants and contents. Compliance with provisions of the California Building Code
(CBC) should result in structures that do not collapse in an earthquake. Potential structural
damage and hazards associated with falling objects or non-structural building elements will
remain.
The potential for strong seismic shaking at the project site is high. Due to their proximity and
historic activity, the San Andreas and Hayward faults present the highest potential for severe
ground shaking. The significant adverse impact associated with strong seismic shaking is
potential damage to structures and improvements.
11
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Less than significant with mitigation.
New improvements should be designed in accordance with the latest edition
(2016) of the California Building Code. Recommended seismic design criteria
are presented in Section V of this report.

Liquefaction Potential

Liquefaction refers to the sudden, temporary loss of soil strength during strong ground shaking.
This phenomenon can occur where there are saturated, loose, granular (sandy) deposits
subjected to seismic shaking. Liquefaction-related phenomena include settlement, flow failure,
and lateral spreading.
The project site is mapped (ABAG 2016) as straddling a boundary between zones of “moderate”
(generally the northeastern portion of Pad “A” and the eastern portion of Pad “B”) and “very low”
(remainder of the site) liquefaction susceptibility as shown on Figure 7. However, we did not
observe loose granular deposits during our exploration and judge the likelihood of liquefaction at
the site is low.
Evaluation:
Mitigation:
4.5

Less than significant.
No mitigation measures are required.

Seismically-Induced Ground Settlement

Ground shaking can induce settlement of loose, granular soils above the water table. Loose
granular soils were not encountered during our subsurface exploration; therefore, the risk of
seismically-induced ground settlement at the site is low.
Evaluation:
Mitigation:
4.6

Less than significant.
No mitigation measures are required.

Lurching and Ground Cracking

Lurching and associated ground cracking can occur during strong ground shaking. The ground
cracking generally occurs along the tops of slopes where stiff soils are underlain by soft or loose
deposits or along steep channel banks. These conditions generally do not exist within the
project site. We judge the risk of damage due to lurching or ground cracking is therefore
generally low.
Evaluation:
Mitigation:

Less than significant.
Landslide materials within 20 feet of buildings or improvements should be
stabilized or repaired by use of retaining structures or excavation and
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replacement with compacted engineered fill and with subsurface drainage.
Recommendations are presented in Section V of this report.
4.7

Erosion

Sandy soils on moderately steep slopes or clayey soils on steep slopes are susceptible to erosion
when exposed to concentrated surface water flow. The potential for erosion is increased when
established vegetation is disturbed or removed during normal construction activity. Surficial soils
at the project site consist primarily of medium dense clayey gravel and medium stiff to stiff clay
and sandy clay, which are susceptible to “creep” and erosion on steeper slopes, such as exist to
the east and south of the site. Additionally, the site lies within a historic drainage ravine and
contains a seasonal stream channel. Therefore, the risk of erosion at the site is moderate to high.
Evaluation:
Mitigation:

4.8

Less than significant with mitigation.
The project Civil Engineer should design the site drainage to collect surface
water into storm drain systems and discharge water at appropriate locations. Reestablishing vegetation on disturbed areas will minimize erosion. Erosion-control
measures during and after construction should conform to the guidelines of the
Marin County Stormwater Pollution Prevention Program (2015).

Seiche and Tsunami

Seiche and tsunamis are short duration earthquake-generated water waves in enclosed bodies
of water and the open ocean, respectively. The extent and severity of a seiche would be
dependent upon ground motions and fault offset from nearby active faults. Regional mapping
by the California Emergency Management Agency (2009) indicates the site lies just outside the
limits of potential tsunami inundation as shown on Figure 8. Therefore, the risk of inundation
due to seiche or tsunami at the site is low.
Evaluation:
Mitigation:
4.9

Less than significant.
No mitigation measures are required.

Flooding

The adverse impact from flooding is water damage to structures. Site elevations range from
approximately 14 to about 100 feet above sea level, and the site is not located within the
Federal Emergency Management Agency’s (FEMA) 100-year or 500-year flood zones, as
shown on Figure 9. The shallow drainage channel between Pads B and C of the site may
occasionally overtop its banks during high-flow events, resulting in ponding of water or smallscale flooding along the margins of Pads B and C. The risk of large-scale flooding is low, while
the risk of small-scale, localized flooding along the drainage channel is moderate.
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Less than significant.
New improvements should include a storm drainage system adequately sized to
accommodate storm water flowing towards or onto the project site during the
maximum credible rainfall event. Careful attention should be paid to design of
finished grades at the site. The project Civil Engineer should design the project
storm drain system to avoid ponding of water around new structures and reduce
the risk of small-scale flooding. Site drainage recommendations are presented in
Section V of this report.

Settlement

Consolidation of soft and/or compressible soils can cause settlement of structures and other
surface improvements. The project site is generally underlain by medium stiff to stiff clayey
soils and medium dense to dense gravelly soils which are not highly susceptible to
consolidation.
We understand detailed project grading and foundation plans have not yet been prepared. If
new structures will span cut/fill transitions, some potential for differential settlements will exist.
Generally, the risk of damage due to settlement at the site is low.
Evaluation:
Mitigation:

4.11

Less than significant.
Foundations for new structures should bear uniformly on firm materials. Where
new foundations span cut-fill transitions, bearing support should be derived from
foundations extending through the new fills into firm native materials, or
foundation should be designed to accommodate small differential settlements.
Foundation and site grading recommendations are presented in Section V of this
report.

Expansive Soil

Soil expansion occurs when clay particles interact with water causing volume changes in the clay
soil. The clay soil swells when saturated and contracts when dried. This phenomenon generally
decreases in magnitude with increasing confinement pressure at depth. These volume changes
may damage lightly loaded foundations, retaining walls and shallow improvements. Expansive
soils also cause soil creep on sloping ground.
Onsite soils were observed to generally be of low to medium plasticity. However, we did note
some evidence of soil creep on the steeper slopes east of the site. Therefore, the risk of damage
due to expansive soils is low to moderate.
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Less than significant.
If expansive soils are encountered during construction, we should be consulted
to provide supplemental recommendations. Mitigation for expansive soil
conditions would likely consist of placing expansive soils in deeper portions of fill
areas, compaction at above-optimum moisture contents, and/or removal and
replacement with non-expansive materials.

Slope Instability and Landsliding

Primary hazards associated with slope instability include soil creep and landsliding. Soil “creep” is
a phenomenon in which seasonal wetting and drying cycles cause downslope movement by
gravity. Clayey and silty soils on moderate to steep slopes are particularly susceptible to this
phenomenon. Landsliding occurs when large masses of soil and rock are transported rapidly
downslope along distinct failure planes. Landslides may be triggered by a number of causes,
including seismic events, soil saturation, overly steep slope conditions, adverse bedding or other
geologic structural features or, more commonly, a combination of the above.
The Tiburon Peninsula and Ring Mountain areas have a well-documented history of slope
instability and landsliding. Regional slope-stability mapping (Wentworth and Frizzell 1975) does
not indicate the presence of active or historic landslides at or adjacent to the site. Regional
geologic mapping (Rice and Smith 1976) indicates the ridgeline immediately east of the site is
underlain by sandstone bedrock to the north and the debris field of a massive landslide complex
to the south. More recent regional geologic maps (Blake et al 1974; Blake, Graymer, and Jones
2000) indicate that the ridge east of the site is underlain by in-situ Franciscan bedrock, while
Quaternary (geologically recent) landslide deposits are shown within the upper portions of the
drainage ravine bounding the southeastern edge of Pad “C”. As discussed previously in Section
III-B, our review of reference data from explorations undertaken along the ridgeline east of the site
did not reveal any evidence of slope instability, nor did we observe evidence of significant slope
instability during our site inspections. Additionally, Boring 3 encountered weathered sandstone at
relatively shallow depth on the slope just east of Pad “B”. Therefore, we disagree with Rice and
Smith and conclude that the majority of the upland area east of the site is likely underlain chiefly
by Franciscan bedrock, including those areas mapped as landslide debris toward the south end of
the site.
Based on our review of aerial photographs and the results of our subsurface exploration, the site
is likely underlain by fill soils on the order of 5- to 15-feet thick, but possibly thicker, especially near
the centerline of the drainage (estimated maximum local thickness of about 20-feet). Below the fill
soils, native deposits likely consist of a combination of alluvium, colluvium, and/or historic slide
debris which at this time appear to be essentially stable. However, regardless of the soils’
provenance, the project site lies in an area of widespread slope instability and it is doubtful, given
the interpreted time of construction in the early to mid-1960’s, that fills at the site were constructed
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(i.e. – keyed, benched, drained, and compacted) in accordance with the current standard of
geotechnical engineering practice. While there is generally little risk of “global” instability
originating within the graded areas of the site, the surrounding slopes to the east and south show
evidence of smaller-scale surficial sloughing and landsliding, and may be prone to future
instability. Addition of new loads (by construction of the proposed improvements) may also have
the potential to de-stabilize native soils, particularly toward the upper reaches of Pad “C”.
While we did not observe geomorphic evidence of active landsliding on the slopes at that time,
such as fresh scarps or debris piles downslope, the steeper slope inclinations are susceptible to
future landsliding and soil “creep”. Therefore, the risk of slope instability affecting improvements
at the site is moderate.
Evaluation:
Mitigation:

4.13

Less than significant with mitigation.
New structures should be set back a minimum of 15-feet from the toe of any
adjacent slopes or provided with a catchment wall or other debris barrier to
reduce the risk of damage due to slope instability originating on adjacent off-site
slopes. If new improvements are planned within the upper reaches of Pad “C”,
replacement of deep native or undocumented fill soils with a properly-compacted
and drained fill buttress may be required. Additionally, any new fills must be
properly keyed into firm soils or bedrock and be built up with a drained fill
buttress.

Naturally-Occurring Asbestos

Asbestos is a generic term for a group of naturally-occurring fibrous minerals which, when
airborne, can be hazardous to the respiratory system. Crystals of asbestiform minerals may
become liberated from the host rock and airborne during crushing or grading operations.
Asbestiform minerals are regulated by the California Environmental Protection Agency, Air
Resources Board (CARB).
The most common asbestos mineral is chrysotile, though other minerals such as tremolite and
actinolite take the same fibrous crystal form. While relatively rare in occurrence, these minerals
are commonly associated with ultramafic and related metamorphic rocks, chiefly serpentinite but
also including low- to high-grade schists such as chlorite schist and blueschist.
Our subsurface exploration did not encounter significant quantities of serpentinite or other
potentially asbestos-bearing rocks within the site. Therefore, we judge the likelihood of
significant deposits of naturally-occurring asbestos being encountered within proposed
development areas is low.
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Less than significant.
Provided development does not extend beyond the proposed limits shown on
Figure 2, no mitigation for asbestos is required. If grading occurs in areas
underlain by serpentinite or other possible asbestos-bearing rock types,
supplemental bedrock samples should be tested for the presence of asbestiform
minerals. Dust-control measures in accordance with the requirements of the
California Air Resources Board and the County of Marin should be implemented
during construction to prevent asbestiform materials becoming airborne during
grading operations in areas underlain by host rocks for such minerals.

5.0

CONCLUSIONS AND RECOMMENDATIONS

5.1

Conclusions

Based on the results of our investigation, research and evaluation, it is our professional opinion
that development of the project site is feasible from a geotechnical standpoint. The primary
geotechnical considerations for the project include providing uniform foundation support for new
structures, providing sufficient setbacks or protection for improvements from potentially unstable
slopes, and performing site grading in a manner that enhances stability. Recommendations and
design criteria for these and other considerations are presented in the following sections.
5.2

General Development Recommendations

Due to conflicting regional mapping and the uncertainty which remains following our exploration
with regards to the stability of the slope areas bordering the eastern edge of Pads “A” and “B”
and the southern edge of Pad “C”, we recommend new structures be set back a minimum of 15feet from the base of slopes or provided with catchment walls or other debris barriers which
would protect the structures from potential future episodes of instability, expected to consist
primarily of localized small debris flows and sloughs from uphill areas.
5.3

Site Preparation and Grading

While detailed project grading plans have not yet been prepared, we anticipate moderate site
grading, likely consisting of a combination of cutting and filling, will be required to construct new
access roads and create level building pads for the new residences. Site grading should be
performed in accordance with the following recommendations and criteria.
5.3.1

Site Preparation

Clear all trees, brush, roots, over-sized debris, and organic material from areas to be
graded. Trees that will be removed (in structural areas) must also include removal of
stumps and roots larger than 4 inches in diameter. Excavated areas (i.e., excavations
for stump removal) should be restored with properly moisture conditioned and
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compacted fill as described in the following sections. Any loose soil or rock at subgrade
will need to be excavated to expose firm natural soils or bedrock. Debris, rocks larger
than 6 inches and vegetation are not suitable for structural fill and should be removed
from the site. Alternatively, vegetation strippings may be used in landscape areas.
Where fills or other structural improvements are planned on level ground, the subgrade
surface should be scarified to a depth of about 8 inches, moisture conditioned to above
the optimum moisture content, and compacted to a minimum of 90 percent relative
compaction (ASTM D-1557). Relative compaction, maximum dry density, and optimum
moisture content of fill materials should be determined in accordance with ASTM Test
Method D 1557, "Moisture-Density Relations of Soils and Soil-Aggregate Mixtures Using
a 10-lb. Rammer and 18-in. Drop”. If soft, wet or otherwise unsuitable materials are
encountered at the subgrade elevation during construction, we will provide supplemental
recommendations/field directives to address the specific condition.
5.3.2

Excavations

Site excavations for new foundations, underground utilities, and other improvements will
generally encounter fill, alluvial, colluvial and/or landslide soil deposits in the northern
and western portions of the project site. Excavations along the eastern and southern
portions of the project boundaries will likely encounter relatively shallow sandstone
bedrock. Based on our subsurface exploration, we judge the majority of site excavation
can be reasonably performed with “traditional” grading equipment, such as medium-size
dozers and excavators. It is anticipated that new development will require moderate
grading to complete. Difficult excavation conditions in hard rock could be encountered in
the deeper cuts in the mapped sandstone areas, possibly requiring the use of specialized
techniques and equipment, such as large dozers/rippers, hoe-rams, or jackhammers.
5.3.3

Fill Materials and Compaction

Fill should be placed on a prepared subgrade as described above. The fill material shall
be non-expansive materials free of organic matter, have a Liquid Limit of less than 40, a
Plasticity Index of less than 20, minimum R-value of 20, and conform to the gradation
limits shown below in Table C. Onsite excavations within existing fills and drainage
swales will likely yield clayey to gravelly mixtures that are suitable for re-use as fill, while
deeper excavations and excavations performed on steeper slopes, depending on the
equipment and methods used, may yield cobbles or boulders that require substantial
processing to meet the gradation requirements shown in Table C.
Fill materials should be placed in loose horizontal lifts no greater than 8-inches thick.
Structural fills less than 5-feet thick should be moisture conditioned above the optimum
moisture content and uniformly compacted to a minimum of 90 percent relative
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compaction. Structural fills in excess of 5 feet should be moisture conditioned above the
optimum moisture content and uniformly compacted to a minimum of 92 percent relative
compaction to reduce the potential for significant settlements. In non-structural
(landscape) areas fill compaction may be reduced to at least 85 percent. The upper
twelve inches of pavement subgrade (i.e., access roads and driveways) should be
compacted to a minimum of 95 percent relative compaction to provide a smooth,
uniform, and unyielding surface when proof-rolled with heavy rubber-tire construction
equipment.

TABLE C
IMPORTED FILL GRADATION LIMITS
Preserve at Marin Residential Development
Corte Madera, California
Particle
Size
4 inch
No. 4 sieve
No. 200 sieve

5.3.4

Percent Finer
by Dry Weight
100
20 - 100
0 - 50

Fill Slope Construction

Fills placed on sloping surfaces steeper than 8:1 (horizontal:vertical) should be founded
on level keyways and benches excavated into stable soil and bedrock. Keyway depths
will be determined during construction, but we anticipate keyways would extend a
minimum of 3-feet into firm bedrock. Subsurface drainage should be provided for all
keyway excavations and intermediate benches prior to fill placement or as determined in
the field by the Geotechnical Engineer. A typical hillside fill construction detail is
presented on Figure 10.
Fill slopes should be inclined no steeper than 2:1. Fill slopes steeper than 2:1 will
require internal reinforcement and need to be specifically designed. If fill slopes steeper
than 2:1 are planned, we should be consulted to provide additional recommendations
and design criteria.
5.3.5

Permanent and Temporary Cut Slopes

Given the uncertainty regarding historic slope instability and the site’s location in an area
known for landsliding, we generally do not recommend construction of permanent,
unrestrained cut slopes at the site, except where shallow, competent bedrock is
anticipated, such as the extreme eastern edge of Pads “A” and “B” and the extreme
northern edge of Pad “C”. Permanent cut slope should be no steeper than 2:1.
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Temporary (steeper) cut slopes may locally be required during construction until
retaining walls are constructed and backfilled. For planning purposes, these cut slopes
in soils and soft rock should be inclined at 2:1 (horizontal:vertical), based on an OSHA
Type “B” soil profile. Geologic inspection during excavation will be required to verify that
the above recommendations are appropriate for the conditions encountered.
Performance of temporary cut slopes will be heavily dependent on the amount of time
the cut is unsupported, seepage and surface runoff over the face, bedding and fracture
planes of rock and soil materials, and other factors. The steeper (temporary) cut slopes
may exhibit some sloughing, especially during wet weather conditions, and cleanup of
soil and rock debris at the base of slopes may be required. We recommend the project
grading contractor be responsible for the performance of temporary cut slopes, and we
should be present intermittently during construction to verify that the above
recommendations remain appropriate for actual conditions encountered.
5.4

Seismic Design

Minimum mitigation of ground shaking includes seismic design of the structures in conformance
with the provisions of the most recent version (2016) of the California Building Code. The
magnitude and character of these ground motions will depend on the particular earthquake and
the site response characteristics. Based on the interpreted subsurface conditions and close
proximity of the San Andreas and Hayward Faults, we recommend the CBC coefficients and site
values shown in Table D below to calculate the design base shear of the new construction. To
determine site seismic coefficients, we used the USGS Earthquake Ground Motion Parameters
Java application, Version 5.1.0, using the latitude and longitude shown on Figure 6.
TABLE D
2016 CBC SEISMIC DESIGN FACTORS
Preserve at Marin Residential Development
Corte Madera, California
Factor Name
Site Class(2)
Spectral Acc. (short)
Spectral Acc. (1-sec)
Site Coefficient
Site Coefficient
1)
2)

Coefficient

Site Specific Value(1,2)

SA,B,C,D,E, or F
Ss
S1
Fa
Fv

SD
1.50 g
0.60 g
1.0
1.5

Values determined in accordance with the 2010 ASCE-7 standard (including March 2013
errata) as required by the 2013 California Building Code.
Soil Profile Type SD Description: Stiff Soil, Shear Wave Velocity between 600 (180) and
1,200 (360) feet per second (m/s)
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The effects of earthquake shaking (i.e., protection of life safety) can be mitigated by close
adherence to the seismic provisions of the current edition of the CBC. However, some building
damage may still occur during strong ground shaking.
5.5

Foundation Design Criteria

The project site is located in gently to moderately-sloping terrain, and residences are likely to be
founded on building pads created either by “cutting” into existing slopes or filling, or a
combination of the two. Shallow foundations will likely provide acceptable performance for the
proposed improvements where they bear entirely on firm native deposits or engineered fill
constructed in accordance with the recommendations discussed above in Section V(C). Where
shallow foundations are constructed on new fills, foundations should be designed to
accommodate some minor long-term total and differential settlements, likely on the order of 1
and 0.5-inches, respectively. Stiffer foundation types, such as mat slabs or post-tensioned
slabs, could also be considered to reduce the potential effects of differential settlements and
provide “better” long-term performance.
Where structures will span cut-fill transitions, bedrock to soil transitions, or if heavier foundation
loads are anticipated, a combination of foundation types may be needed. Shallow foundations
could be used within “cut” areas and deeper foundations, such as drilled cast-in-place concrete
piers, would be “socketed” into firm native materials /bedrock beneath new fills or native soils.
Design criteria for shallow and deep foundations are shown in Table E below:
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TABLE E
PRELIMINARY FOUNDATION DESIGN CRITERIA
Preserve at Marin Residential Development
Corte Madera, California
Shallow Footings1:
Minimum Width:
Single-Story:
Two-Story:
Minimum Embedment2:
Allowable bearing pressure (Dead plus Live Loads)3
Stiff Native Soil/Compacted Fill:
Competent Bedrock:
Base Friction Coefficient:
Lateral Passive Resistance4
Stiff Native Soil/Compacted Fill:
Competent Bedrock:
Drilled Piers:
Minimum Diameter:
Minimum Embedment into Weathered Bedrock:
Skin Friction5
Stiff Native Soil:
Competent Bedrock:
Lateral Passive Resistance4,7
Stiff Native Soil/Compacted Fill:
Competent Bedrock:

12 inches
15 inches
12 inches
2,500 psf
4,000 psf
0.30
300 pcf
450 pcf
18 inches
5 feet
750 psf
2,000 psf
300 pcf
450 pcf

Notes:
(1)
Load all shallow foundations to similar bearing pressures, i.e. size footing widths to design
loads instead of uniform foundation widths.
(2)
Foundations to bear on firm native soils or bedrock. Maintain minimum 7-feet horizontal
confinement from the face of adjacent slopes.
(3)
May increase values by 1/3 for total design loads (including wind and seismic).
(4)
Equivalent Fluid Pressure, not to exceed 10 times value in psf.
(5)
Uplift resistance is equal to 80% of the total skin friction.
(6)
Apply values over effective width of 2 pier diameters.

Reinforced concrete slab-on-grade interior or garage floors are also judged to be appropriate for
the site. The concrete slabs-on-grade may be poured monolithically with the foundations or
separated with a cold joint. We recommend that concrete slabs have a minimum thickness of 5
inches and be reinforced with steel reinforcing bars (not mesh). Concrete slabs that cross cut/fill
or hard rock/natural soil transitions may experience small differential settlements that could cause
cracking in the area of the transition.
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Retaining Wall Design Criteria

Retaining walls will likely be utilized to create level building pads and support roadway cuts and
fills. Where new cuts will be retained, we judge that either shotcrete and soil nail or cast-in-place
reinforced concrete walls are appropriate. Depending on wall heights and local slope conditions,
tiebacks could be utilized to provide additional lateral support for concrete walls. For new fills,
mechanically-stabilized earth (MSE) walls incorporating synthetic geogrid reinforcement are often
cost-effective.
Retaining walls that can deflect at the top, such as landscape walls, can be designed using the
unrestrained criteria shown in Table F. Walls that are structurally connected and not allowed to
deflect, such as the basement or tied-back walls, are considered restrained. Restrained
conditions are commonly designed using a uniform earth pressure distribution rather than an
equivalent fluid pressure. Lateral support can be obtained from either passive soil resistance
(i.e., keyways) or frictional sliding resistance of footings or from tiebacks. In addition to the soil
loads, the retaining walls should be designed to resist temporary seismic loads.
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TABLE F
PRELIMINARY RETAINING WALL DESIGN CRITERIA
Preserve at Marin Residential Development
Corte Madera, California
Foundation

See Table E

Lateral Active Earth Pressure
Level Ground
2:1 Slope

Unrestrained1,2
40 pcf
60 pcf

Restrained1,3
25 X H psf
40 X H psf

Seismic Surcharge4

12 X H psf

Soil Nails/Tiebacks and Reinforced Earth MSE Concrete Block Wall

Retained Soils
Foundation Soils

Phi5

C (psf)6

Gamma (pcf)7

32
35

300
500

130
130

Tiebacks8
Min. Diameter Grouted Holes:
Skin Friction (sandstone bedrock)
Notes:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

6 inches
2,000 psf

Interpolate earth pressures for intermediate slopes.
Equivalent fluid pressure.
Rectangular uniform pressure distribution (H = height of wall).
Factors of safety for short-term seismic conditions may be reduced to 1.1 or greater.
Angle of Internal Friction, effective stress, unitless
Apparent (effective) Cohesion, for seismic conditions 500 psf of additional cohesion
may be included for both materials
Unit Weight of Soil
Tiebacks shall be double corrosion protected and tested to 150% of the design load.

Steeper temporary slopes may be possible during dry conditions and for short-term excavations,
such as cuts for soil-nail wall construction. However, adversely-bedded rock or seepage/weak
soils near the ground surface may require flattening the temporary slopes. Five to six-foot-high
temporary vertical cuts should be feasible for construction of wall segments.
All walls higher than 3-feet require drainage to prevent the build-up of hydrostatic pressure.
Either Caltrans Class 1B permeable material within filter fabric, drainage panels, or Caltrans
Class 2 permeable material can be used. The project Architect should design a water-proofing
system for walls adjacent to living space. The drainage should be collected in 4-inch,
perforated, Schedule 40 PVC drain line placed at the base of the wall or discharged through
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weep-holes in the case of soil nail or cast-in-place concrete walls. Seepage collected in the
drains should be conveyed in a closed pipe system to a suitable discharge outlet well away from
the structures. To maintain the wall drainage system, clean-outs must be provided for
perforated pipes at the upstream end. Sweep fittings should be used at all major changes in
direction. A typical retaining wall drain detail is shown on Figure 11. Retaining wall backfill
should be compacted in accordance with the recommendations presented in site grading.
5.7

Concrete Slabs-On-Grade

Concrete slab-on-grade interior and garage floors are deemed suitable for the site, pursuant to
the discussion in Section V-E above. A thicker slab with heavier reinforcing may be desirable to
reduce potential slab cracking. Additionally, contraction joints should be incorporated in the
concrete slab in both directions, no greater than 10 feet on center, and the reinforcing bars
should extend through the control joints.
To improve interior moisture conditions, a five-inch layer of clean, free draining, 3/4-inch angular
gravel or crushed base rock should be placed beneath the interior concrete slabs to form a
capillary moisture break. The base rock must be placed on a properly moisture conditioned and
compacted subgrade that has been approved by the Geotechnical Engineer. A plastic
membrane vapor barrier, 15 mils or thicker, should be placed over the compacted base rock.
The vapor barrier shall meet the ASTM E 1745 Class A requirements and be installed per
ASTM E 1643. Eliminating the capillary moisture break and/or plastic vapor barrier may result
in excess moisture intrusion through the floor slabs resulting in poor performance of floor
coverings, mold growth or other adverse conditions. The project Structural Engineer should
provide additional recommendations for slab curing and minimizing the potential for cracking.
Exterior concrete slabs should be at least 4-inches (100 mm) thick and reinforced as described
above for interior slabs. Exterior concrete slabs shall be underlain with 4 inches (100 mm) or
more of Caltrans Class 2 Aggregate Base compacted to at least 92 percent relative compaction.
Some movement should be expected for exterior concrete slabs as the underlying soils react to
seasonal moisture changes. If superior performance is desired, the exterior slabs can be
thickened, reinforced as described above for interior slabs and/or underlain with a thicker
aggregate base layer.
5.8

Site and Foundation Drainage

Careful consideration should be given to design of finished grades at the site. We recommend
that the building areas be raised slightly and that the adjoining landscaped areas be sloped
downward at least 0.25 feet for 5 feet (5 percent) from the perimeter of building foundations.
Where hard surfaces, such as concrete or asphalt adjoin foundations, slope these surfaces at
least 0.10 feet in the first 5 feet (2 percent). Area drains can be provided for landscape planters
adjacent to buildings and parking areas and downspouts should discharge into a solid pipe
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collection system. Site drainage should be discharged away from the building area, preferably
into an established storm drainage system.
Foundation drains should be constructed along upslope portions of the residence foundation
and crawl space drains should be provided at the base of slopes to minimize the likelihood of
water ponding in the crawl space. A typical foundation drainage detail is shown on Figure 12.
5.9

Pavements

New pavements will be required for the new access roads and driveways. We have calculated
preliminary pavement sections in accordance with Caltrans procedures for flexible pavement
design (2012). We have provided a range of Traffic Indices (TI) from 4 to 6 depending on the
expected traffic loads for a twenty-year design life. We have estimated an R-value of 20 for the
preliminary pavement design. The recommended pavement section is presented in Table G.
Where slope grades exceed 15 percent, we recommend grooved concrete pavement be used.
TABLE G
PAVEMENT DESIGN CRITERIA
Preserve at Marin Residential Development
Corte Madera, California
T.I.

Asphalt
Concrete

Aggregate
Base

Subgrade

Light passenger vehicles/parking

4

2.5 inches

7.0 inches

95% R.C.

Low truck traffic

5

3.0 inches

8.0 inches

95% R.C.

Frequent truck traffic

6

4.0 inches

9.0 inches

95% R.C.

In general, 2-inches of aggregate base may be substituted for 1-inch of asphalt concrete if thinner
structural sections are desired. Before placement of access road and driveway fills, an R-value
test shall be performed on any import material to verify that it exceeds the design R-value of 20.
The upper 8-inches of subgrade in pavement areas must be scarified; moisture conditioned to
near the optimum water content, and then compacted to a minimum 95 percent relative
compaction (ASTM D1557). The compacted surface must also be non-yielding when proof-rolled
with heavy construction equipment.
The base rock should consist of compacted Class 2 Aggregate Base (Caltrans 2012), or
approved alternate, compacted to achieve at least 95 percent relative compaction and a
non-yielding surface when proof-rolled with heavy construction equipment.
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Underground Utilities

Trench excavations having a depth of 5 feet or more must be excavated and shored in
accordance with Cal/OSHA regulations. Pursuant to Cal/OSHA classifications, most on-site
soils would be classified as Type B, while areas exposing competent rock (generally slopes
along the eastern margin of Pads “A” and “B” and along the northern margin of Pad “C”) may be
classified as Type A. Utility trenches should be backfilled with soil compacted to at least 90
percent relative compaction. A minimum of 4 inches of non-corrosive sand (or other approved
pipe bedding material) should be placed in the bottom of the trench excavation. The sand
should be continuous around the utility pipe and extend at least 4 inches above the top of the
pipe. The sand should be compacted to 90 percent relative compaction (R.C.).
Intermediate backfill above the sand to the subgrade elevation may be select on-site material or
Caltrans Class 2 Aggregate Base. The backfill materials should be placed in uniform lifts no
thicker than 8-inches, moisture conditioned to near optimum moisture content, and compacted to
the specified degree of compaction. Within roadway and driveway areas, the intermediate backfill
should be compacted to at least 90 percent relative compaction with the uppermost 12 inches
compacted to 95 percent relative compaction, in accordance with ASTM D-1557. In nonstructural (landscape) areas, the trench backfill should be constructed to at least 85 percent
relative compaction.

6.0

SUPPLEMENTAL GEOTECHNICAL SERVICES

Additional subsurface exploration, laboratory testing, and analysis may be required to locally
refine design criteria for the varying site conditions, depending on the ultimate project plans. We
should review project plans as they near completion to verify that the intent of our geotechnical
recommendation has been sufficiently incorporated and provide a Plan Review letter to the
Town of Corte Madera as is typically required. During construction, we should observe and test
the geotechnical portions (site grading and preparation, foundations, retaining structures, and
site drainage) of the project to confirm that subsurface conditions are as expected and the
contractors work is performed in accordance with the contract documents.
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ORIGINAL GROUND SURFACE
CONVEY RUNOFF TO
SITE DRAINAGE SYSTEM
SLOPE
TO DRAIN
COMPACTED FILL
90% MIN. R.C.

2
1

WEAK SOILS
KEYWAY AND
SUBDRAIN

SUBDRAIN, SEE DETAIL BELOW
INTERMEDIATE STEP(S)
INTO FIRM SOIL OR ROCK
SUBDRAINS WHERE NEEDED

FIRM SOILS OR ROCK

10 FEET KEYWAY
WIDTH, U.O.S.

TIGHT PIPE RISER AND CAPPED CLEAN
OUT
COMPACTED FILL
BUTTRESS
90% MINIMUM R.C.

MARKER POST

12 IN. MIN.

5 FEET
U.O.S.

FILTER FABRIC
ENVELOPE,
MIRAFI 140N OR
EQUIVALENT

WEAK SOILS

FIRM SOILS
OR
BEDROCK

2 IN.
MINIMUM

PERMEABLE
MATERIAL, CALTRANS
CLASS 1A OR 1B
PERFORATED
PIPE, 45° MAX.
SWEEP

NOTES:

(1) NUMBER OF BENCHES AND WIDTH(S) MAY VARY
(2) PIPE TO BE 4-IN. DIAMETER SCHEDULE 40 PVC. PERFORATIONS DOWN,
SLOPE 2% MIN., WITH TIGHT PIPE TO GRAVITY DISCHARGE.
(3) IF CALTRANS CLASS 2 PERMEABLE MATERIAL IS USED, THEN FILTER
FABRIC IS NOT REQUIRED
(4) USE SWEEPS (45° MAX.) FOR ALL SUBDRAINS BENDS/ELBOWS
(5) R.C. = RELATIVE COMPACTION, ASTM D-1557.
(6) FOR FILLS HIGHER THAN 25', TERRACES WILL BE REQUIRED PER CBC

TYPICAL HILLSIDE FILL AND SUBDRAIN DETAIL
(NO SCALE)
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COMPACTED LOW PERMEABILITY
BACKFILL, 90% R.C.
SWALE, GRADE
TO DRAIN
RETAINING WALL

2 MAX.
1

12" MIN. H/4 MAX.
SOIL CAP

WALL
DRAINAGE

H

4" PERFORATED PIPE

12" MIN.
COMPACTED SELECT
BACKFILL (PI<20, LL<40)
OR DRAIN ROCK, 90% R.C.

TEMPORARY
CONSTRUCTION SLOPE
PER OSHA REGULATIONS

OUTLET TO STORM
DRAIN SYSTEM OR
WEEP HOLES

3"

NOTES:
1.

Wall drainage should consist of clean, free draining 3/4 inch crushed rock (Class 1B Permeable Material) wrapped in
filter fabric (Mirafi 140N or equivalent) or Class 2 Permeable Material. Alternatively, pre-fabricated drainage
panels (Miradrain G100N or equivalent), installed per the manufacturers recommendations, may be used in lieu of
drain rock and fabric.

2.

All retaining walls adjacent to interior living spaces shall be water/vapor proofed as specified by the project architect
or structural engineer.

3.

Perforated pipe shall be SCH 40 or SDR 35 for depths less than 20 feet. Use SCH 80 or SDR 23.5 perforated pipe
for depths greater than 20 feet. Place pipe perforations down and slope at 1% to a gravity outlet. Alternatively,
drainage can be outlet through 3" diameter weep holes spaced approximately 20' apart.

4.

Clean outs should be installed at the upslope end and at significant direction changes of the perforated pipe.
Additionally, all angled connectors shall be long bend sweep connections.

5.

During compaction, the contractor should use appropriate methods (such as temporary bracing and/or light
compaction equipment) to avoid over-stressing the walls. Walls shall be completely backfilled prior to construction in
front of or above the retaining wall.

6.

Refer to the geotechnical report for lateral soil pressures.

7.

All work and materials shall conform with Section 68, of the latest edition of the Caltrans Standard
Specifications.
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LIVING SPACE
6-IN. MIN. CLEARANCE
TOPSOIL
FINISHED FLOOR

SLOPE 0.2 FT. IN 5 FEET
3-IN. DIAMETER RIGID
PERFORATED PVC PIPE

18-IN. MIN.

2-IN. CLEARANCE FROM PIPE
ON BOTH SIDES AND TOP

CRAWL SPACE

1-IN. CLEARANCE FROM
PIPE AT BOTTOM

FOOTING

FLOW LINE TO BE 0.2 FEET BELOW INTERIOR
SUBGRADE AT UPPER END OF FOUNDATION
DRAIN RUN - SLOPE = 0.02 (2%)
NOTES:
(1.) DO NOT CONNECT DOWNSPOUT LEADER TO FOUNDATION DRAIN
(2.) PROVIDE CLEAN OUT WHERE SPECIFIED BY DESIGNER
(3.) DISCHARGE THROUGH RIGID, NON-PERFORATED PIPE, SLOPE 0.02 (2%)
UNLESS OTHERWISE SPECIFIED

TYPICAL FOUNDATION DRAIN DETAIL
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APPENDIX A
SUBSURFACE EXPLORATION AND LABORATORY TESTING
A.

Soil and Rock Classification Systems

We have classified soil materials for engineering purposes in general conformance with ASTM
Standard D 2488, "Field Identification and Description of Soils (Visual-Manual Procedure)" and
the Unified Soil Classification System. These systems enable geotechnical engineers to
correlate soil stratigraphy and compare physical soil properties. The soil classification system
and symbols used for the soil borings and in discussions throughout this report are briefly
explained on Figures A-1, Soil Classification Chart, and A-2, Rock Classification Chart.
B.

Field Exploration and Sampling

We explored subsurface conditions at the site on January 18 and 19, 2013 with 5 soil borings
excavated utilizing track mounted drilling equipment. We returned to the site on June 25, 2014
to expand exploration to include 3 additional soil borings and 3 percolation test holes excavated
utilizing portable hydraulic drilling equipment. We returned to the site a third time on December
11, 2016 to explore additional areas of the site utilizing portable hydraulic drilling equipment.
The approximate locations of our exploratory borings and percolation tests are shown on Figure
4. The purpose of the soil borings was to determine the subsurface soil and rock profile,
examine the materials encountered, and obtain representative samples for laboratory testing.
The exploration was performed under the technical supervision of our Field Geologist who
examined and logged the soil materials encountered and obtained samples.
Relatively “undisturbed” samples were collected from the soil borings using a 2.5-inch inside
diameter, split-barrel “Modified California” sampler equipped with 2.5-inch by 6-inch brass liners
and a 2.0-inch inside diameter “Standard Penetration Test” (SPT) sampler. The samplers were
driven using a 140-pound hammer falling approximately 30-inches. Boring logs are shown on
Figures A-3 through A-22.
C.

Laboratory Testing

We conducted laboratory tests on selected “undisturbed” samples to verify field identifications
and to evaluate engineering properties. The following laboratory tests were conducted in
accordance with the ASTM standard test method cited:






Laboratory Determination of Water (Moisture Content) of Soil, Rock, and Soil-Aggregate
Mixtures, ASTM D 2216;
Density of Soil in Place by the Drive-Cylinder Method, ASTM D 2937;
Unconfined Compressive Strength of Cohesive Soil, ASTM D 2166;
Amount of Material in Soils Finer than No. 200 (75-μm) Sieve, ASTM D 1140; and
Particle-Size Analysis (Gradation) of Soils, ASTM D 6913.
A-1
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Laboratory test results are shown on the boring logs; gradation results are shown on Figures A23 through A-25. The exploratory boring logs, descriptions of soils encountered and the
laboratory test data reflect conditions only at the location of the excavation at the time they were
excavated or retrieved. Conditions may differ at other locations and may change with the
passage of time due to a variety of causes including natural weathering, climate, and changes in
surface and subsurface drainage.

A-2
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EQUIPMENT: Portable Hydraulic Drill Rig with
4.0-inch Solid Flight Auger
DATE:
12/7/16
ELEVATION:
85 - feet*
*REFERENCE: Site Plan Provided by Bar Architects,
2016.
Sandy CLAY (CL)
Medium brown mottle orange, moist, very stiff,
medium plasticity clay, ~20-25% fine to medium
grained sand. [Colluvium]

1

5

53/6"

6.1

SANDSTONE
Medium brown and gray, crushed, low hardness,
weak, highly weathered. [Bedrock]

2

1.5
2.0
2.0
3 10

62

10.2
Bottom of boring at 11.5 feet.
No groundwater observed during drilling.
4

15

5

6

20

NOTES: (1) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m 3 = 0.1571 x DRY UNIT WEIGHT (pcf)
(3) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY
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EQUIPMENT: Portable Hydraulic Drill Rig with
4.0-inch Solid Flight Auger
DATE:
12/7/16
ELEVATION:
90 - feet*
*REFERENCE: Site Plan Provided by Bar Architects,
2016.
Sandy CLAY (CL)
Medium brown mottle orange, moist, very stiff,
medium plasticity clay, ~20-25% fine to medium
grained sand. [Colluvium]

1

Grades with ~10-15% subangular gravel.
5

15

18.0

111

2

3 10

24

19.5

112

SANDSTONE/SHALE
Medium gray, crushed, moderate hardness, weak,
highly weathered. [Bedrock]
4

1.0
1.5

15

49

3.7
5

6

Bottom of boring at 16.5 feet.
No groundwater observed during drilling.

20

NOTES: (1) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m 3 = 0.1571 x DRY UNIT WEIGHT (pcf)
(3) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY
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EQUIPMENT: Portable Hydraulic Drill Rig with
4.0-inch Solid Flight Auger
DATE:
12/7/16
ELEVATION:
130 - feet*
*REFERENCE: Site Plan Provided by Bar Architects,
2016.
Sandy CLAY (CL)
Dark brown, moist, medium stiff, medium plasticity
clay, ~20-25% fine grained sand. [Colluvium]

102
1

5

21

19.1

102

Grades medium brown mottle orange, ~20-25%
subangular gravel.

2

3 10

19

21.6

99

SANDSTONE/SHALE
Medium gray, crushed, moderate hardness, weak,
highly weathered. [Bedrock]
4

15

50

10.5

127
5

2.0
2.0
3.0
6

85/9"

9.3

20

Bottom of boring at 20.75 feet.
No groundwater observed during drilling.

NOTES: (1) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m 3 = 0.1571 x DRY UNIT WEIGHT (pcf)
(3) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY
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EQUIPMENT: Portable Minuteman Drill Rig with
4.0-inch Solid Flight Auger
DATE:
6/25/14
ELEVATION:
75 - feet*
*REFERENCE: Marin Map, 2014
Gravelly Silty SAND (SM)
Medium brown, dry, medium dense, fine to coarse
sand, ~25-40% subangular to subrounded
gravels, ~30% silt/clay. [Colluvium]
Grades slightly moist.

1

P200
34.8%

34

8.2
8.8

123
117

5

Bottom of boring at 5.0 feet.
No groundwater observed during drilling.

2

3 10

PERCOLATION TEST RESULTS
Test Drawdown Time
Rate
No.
(inches) (min.) (in./hr.)

4

15

5

k'
(cm/sec.)

1

4.25

30

8.5

6.5E-07

2

2.75

30

5.5

4.2E-07

3

9

258

2.1

1.6E-07

4

14

1080

0.8

6.0E-08

k' - Approximate hydraulic conductivity based on
Darcy's law, where Q=kiA
6

20

NOTES: (1) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m 3 = 0.1571 x DRY UNIT WEIGHT (pcf)
(3) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY
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EQUIPMENT: Portable Minuteman Drill Rig with
4.0-inch Solid Flight Auger
DATE:
6/25/14
ELEVATION:
72 - feet*
*REFERENCE: Marin Map, 2014
Silty Sandy GRAVEL (GM)
Medium brown, dry, medium dense, subangular to
subrounded gravels up to ~2" Ø, ~30% fines,
~30% fine to coarse sand. [Colluvium]

1

P200
41.9%

24

17.9

108

12.1

119

5

Clayey SAND (SC)
Medium brown with mottled gray, orange and
black, slightly moist, fine to medium sand,
~30-40% clay. [Residual Soil]
Bottom of boring at 5.0 feet.
No groundwater observed during drilling.

2

3 10

PERCOLATION TEST RESULTS
Test Drawdown Time
Rate
No.
(inches) (min.) (in./hr.)

4

15

5

k'
(cm/sec.)

1

4

30

8.0

6.1E-07

2

9

262

2.1

1.6E-07

3

12

1080

0.7

5.1E-08

k' - Approximate hydraulic conductivity based on
Darcy's law, where Q=kiA

6

20

NOTES: (1) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m 3 = 0.1571 x DRY UNIT WEIGHT (pcf)
(3) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY
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EQUIPMENT: Portable Minuteman Drill Rig with
4.0-inch Solid Flight Auger
DATE:
6/25/14
ELEVATION:
70 - feet*
*REFERENCE: Marin Map, 2014
Gravelly Clayey SAND (SC)
Light brown, dry, medium dense, fine to coarse
sand, ~35% fine to coarse gravels, ~30% silt/clay.
[Colluvium]

1

P200
17.1%

23

12.4
14.7

Grades dark brown to red-brown, slightly moist,
~15% fines.

122
117

5

Bottom of boring at 5.0 feet.
No groundwater observed during drilling.

2

3 10

PERCOLATION TEST RESULTS
Test Drawdown Time
Rate
No.
(inches) (min.) (in./hr.)

4

15

k'
(cm/sec.)

1

3.25

249

0.8

6.0E-08

2

6

1080

0.3

2.5E-08

5

k' - Approximate hydraulic conductivity based on
Darcy's law, where Q=kiA

6

20

NOTES: (1) METRIC EQUIVALENT STRENGTH (kPa) = 0.0479 x STRENGTH (psf)
(2) METRIC EQUIVALENT DRY UNIT WEIGHT kN/m 3 = 0.1571 x DRY UNIT WEIGHT (pcf)
(3) GRAPHIC SYMBOLS ARE ILLUSTRATIVE ONLY
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