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INTRODUCTION

This report presents the results of our soil investigation for the proposed future
development to be constructed at the Lands of Baywood in Petaluma, California. The
approximate 20 acre site is located at the south end of Casa Grande Road on property formerly
occupied by the Royal Tallow & Soap Company. The site address is 2592 Casa Grande Road.
The project area is further identified as Assessor's Parcel Nos. 005-060-041, 005-060-042 and
005-060-067.

We understand that the proposed future development will likely consist of the
construction of muitiple clusters of two- and/or three-story, wood-frame apartment buildings
with concrete slab-on-grade floors. The development would be served internally by asphalt-
paved driveway and parking areas and underground utilities. Foundation loads are not known
at this time, but are expected to be normal for the type of construction proposed.

The object of our investigation, as outlined in our proposal dated March 3, 2008, was
to review selected geologic references in our files, explore subsurface conditions, measure
depth to groundwater, if encountered, and determine physical properties of the soils
encountered. We then performed engineering analyses to develop conclusions and
recommendations concerning:

1. Proximity of the site to active faults.

2. Site preparation and grading.

3. Foundation support and design criteria.
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Retaining wall design criteria.
Support of concrete slab-on-grade floors.

Preliminary flexible pavement thicknesses based on our
experience with similar projects and soils.

Soil engineering drainage.

Supplemental soil engineering services.

WORK PERFORMED

We reviewed selected, published, geologic information in our files including:

1.

The "Geology for planring in Sonoma County” maps, Special Report 120,
California Division of Mines and Geology, 1980.

The Petaluma River Quadrangle Sheet of the Alquist-Priolo Earthquake Fault
Zone maps, California Division of Mines and Geology, 1983.

The "Maps of Known Active Fault Near-Source Zones in California and
Adjacent Portions of Nevada," Uniform Building Code (UBC), 1997.

Association of Bay Area Governments website (www.abag.ca.gov), 2004,
Liquefaction Susceptibility Map.

Flood Insurance Rate Map (FIRM), Sonoma County Panel No. 060379 0003 C
revised September 29, 1989, Federal Emergency Management Agency (FEMA).

Association of Bay Area Governments (ABAG) website (www.abag.ca.gov),
2004, Federal Emergency Management Agency (FEMA) Flood Insurance Rate

Map.

The “Geologic Map of the Petaluma River Quadrangle California,” State of
California Department of Natural Resources, Bulletin 149, Plate 11, reprinted
from Geologic Society of America Memoir 35, circa 1955.
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8. Preliminary Geologic Map of Marin and San Francisco Counties and Parts of
Alameda, Contra Costa and Sonoma Counties, California, Department of the
Interior, United States Geologic Survey, 1974.

9. Historical Ground Failures in Northern California Associated with Earthquakes,
Geological Survey Professional Paper 993, by T.L. Youd and S.N. Hoose, United
States Department of the Interior, 1978, Plate 4.

On March 6, 13 and 18, 2008, we were at the site to observe conditions exposed and to
explore subsurface conditions to the extent of fifteen test borings at the approximate locations
indicated on Plate 1. The borings were drilled to depths ranging from about 12 to 33 feet
with track-mounted, auger equipment. Qur representative located the borings, observed the
drilling, logged the conditions encountered, and obtained samples for visual classification and
laboratory testing. Relatively undisturbed samples were obtained with a 2.5-inch
(inside-diameter) split-spoon sampler and a 2.0-inch (outside-diameter) Standard Penetration
sampler. Both samplers were driven with a 140-pound drop hammer. The stroke during
driving was about 30 inches. The blows required to drive the samplers were recorded and
converted to equivalent Standard Penetration blow counts for correlation with empirical data.
Logs of the borings showing soil classifications, sample depths, and converted blow counts are
presented on Plates 2 through 16. The soils are classified in accordance with the Unified Soil
Classification System explained on Plate 17.

Selected samples were tested in our laboratory to determine moisture content, dry

density, classification (percent free swell, percent passing the No. 200 sieve, hydrometer
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analysis and Atterberg Limits}), and strength characteristics. The test results are shown on the
logs with the strength data shown in the manner described by the Key to Test Data, Plate 17,
Detailed resuits of the Atterberg Limits and hydrometer analysis (particle size analysis) tests
are presented on Plates 18 and 19.

The boring locations shown on Plate 1 were determined by visually estimating from
existing surface features. The locations should be considered no more accurate than implied
by the methods used to establish the data. At the completion of the exploration, the boring
holes were backfilled with the soil cuttings. Test borings drilied to depths greater than about

15 feet were backfilled with bentonite chips.

SURFACE AND SUBSURFACE CONDITIONS

The site is bordered to the north by an existing apartment complex and to the west by
the Rocky Dog Memorial Park. The Petaluma River marsh and open grassland areas generally
border the site to the south and east. A tall, one- and/or two-story commercial building and
surrounding paved areas are located adjacent to the northeast corner of the property. As
previously indicated, the site was formerly occupied by the Royal Tallow & Soap Company.
The factory building, surrounding outbuildings, barns, storage tanks, a workshop and a small
dwelling, remain and will likely be removed as part of the site development. Asphalt- and
concrete-paved areas are located adjacent to the south side of the factory building with

additional concrete slabs located north and east of the structure about 25 and 100 feet,
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respectively. A tall concrete loading ramp is also present on the west side of the structure.
Access to the existing residence located in the northwest corner of the site is provided by an
asphalt-paved driveway approximately 180 feet in length. Debris piles consisting of several
metal containers and cylindrical tanks that may have been associated with the processing of
tallow were also noted west of the collapsed barn. Contour lines on a topographic map
prepared by Stephen J. LaFranchi and Associates, Civil Engineers, indicate that the ground
surface at the site generally slopes very gently downward to the south at a gradient of about 1
percent or less. South and east of the collapsed barn (see Plate 1) the terrain was generally
uneven, and small concrete fragments were observed periodically throughout the area,
suggestive of the presence of fill. The topography directly east of the factory building and in
the vicinity of the previous railroad right-of-way in the northwest corner of the site also
appeared to slope upward from the surrounding terrain also suggestive of the presence of fill.
At the time of our exploration, the ground surface beyond the buildings and paved areas
generally contained a low to moderate growth of annual grass and weeds with stands of
eucalyptus trees present along the north and west property lines near the northwest corner of
the site. The topographic map also indicates that a monitoring well is present in the east
portion of the site in close proximity to the north property line.

The borings and laboratory tests indicate that the site is generally underlain by
discontinuous layers of fill materials and natwral clay, silt, and clayey and silty sand to the

maximum depth explored. Clayey sand and sandy clay fill materiats with varying amounts of
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gravel were encountered in Borings 1, 4, 10 through 13 and 15 to depths that varied from
about 1 to 4 feet below the adjacent ground surface. The field and laboratory tests indicate that
the fill materials in Borings 1, 4 and 10 exhibit a low to possibly moderate expansion potential,
and the fills in Borings 11 through 13 and 15 exhibit a moderate to high expansion potential.
That is, the soils would tend to undergo low to high strength and volume changes with seasonal
variations in moisture content. The upper, natural soils encountered below the fill and in the
remaining test borings generally consist of medium stiff to hard, plastic, sandy clay soils that
exhibit a moderate to high expansion potential. The underlying soils typically consist of very
stiff to hard sandy silts and clays and medium dense to very dense clayey sands. Relatively
low strength materials consisting of medium stiff to stiff sandy clays and silts believed to be
stiff bay mud were encountered in the southwest and southeast portions of the site (Borings 14
and 7, respectively). The approximate bottom of the bay mud varies from about 14 feet in the
southeast portion of the site up to about 12 feet near the southwest corner of the property. The
actual extent of the bay mud deposits is not known at this time, however, based on the data
obtained during our investigation, we anticipate that the approximate limits are as indicated on
the attached Plate 1. Relatively low strength natural sandy clay soils were also encountered
below the existing fills in Test Boring 12 that extended to depths of about 6 to 7 feet below the
adjacent ground surface. Below the existing fills, bay mud and locally occurring weak, near
surface natural clays, the underlying soils typically consist of very stiff to hard sandy silts and

clays and medium dense to very dense clayey sands.
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Groundwater was encountered in Borings 1, 2, 3, 5, 7, 8, 9, 11, 12, 14 and 15 during
our exploration. Water levels were initially recorded at depths that varied between
approximately 4 to 15 feet below the ground surface. Borings 5, 9, 11, 14 and 15 were left
open for time periods that varied from about 1 to 3 hours and Test Borings 1, 2, 3 and 8 were
left open for time periods that varied up to about 19 to 24 hours. Prior to backfilling, water
levels were remeasured at each boring location and found to have risen to depths varying from
0 to 5 feet below the adjacent grade. We believe that groundwater levels can vary seasonally,
and can rise and fall several feet annually. Precise depth to groundwater, extent of seasonal
water level fluctuations, and/or determination of a perched groundwater condition is beyond
the scope of this investigation.

The FIRM map reviewed indicates that the southern approximate one-half of the site is
located in Zone AE, an area subject to inundation during a 100-year flood event. The north
approximate one-half of the site is shown to be located in Zone X, areas determined to be
outside the 500 year flood plain. The ABAG Flood Insurance Rate Map reviewed indicates
that, with the exception of a mapped, previously existing, relatively narrow drainage running
in an approximate east/west direction through the central portion of the site, the parcel is not

located within an area that would be subject to inundation by a 100- or 500-year flood event.
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CONCLUSIONS

Based on the results of our field exploration, laboratory testing and engineering
analyses, we conclude that, from a soil engineering standpoint, the site can be used for the
proposed development. The most significant soil engineering factors that must be considered
in design and construction are the presence of existing fill materials, locally occurring upper
and near surface bay mud deposits of low to moderate strength and moderate to high
compressibility and, upper natural clayey soils that exhibit a moderate to high expansion
potential.

We were not provided with documentation to indicate that the existing fills encountered
were properly placed and compacted under soil engineering observation and testing services.
We judge that such fills could be subject to significant amounts of total and/or differential

settlement. Therefore, we conclude that the existing fills would not be suitable for new fill,

foundation or slab support in their present condition. It will be necessary to remove
———
(overexcavate) any existing fills for their full depth and replace the materials as properly

~y

compacted fill, as subsequently discussed.

—_—

The bay mud deposits encountered exhibit low strength and could be subject to
significant settlements under new loading conditions. The amount and rate of settlement are
influenced by several factors, including past loading history, thickness and weight of planned
fills, new building loads and variations in the thickness and compressibility of the bay mud

soils. Generally, maximum settlements will occur in areas of thickest new fills or heaviest
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structural loads overlying thickest bay mud deposits. Our experience indicates that fill loads are
generally greatest below the central portion of a fill pad, and slightly less at the corners,
resulting in “dishing” of pad surfaces. The magnitude of settlement from fill loads could be
reduced by using imported lightweight materials to raise the ground elevation. Also,

——
settlements from both fill and new building loads could be reduced by removing a portion of the

existing soils and refilling the excavations with imported lightweight fill. Upgrading a portion

———

of the weak upper materials by overexcavation and recompaction and utilizing a foundation
system designed to tolerate potential differential settlements could also be considered. We
should be consulted to further evaluate potential settlement and provide additional
recommendations for site development and foundation support within areas underlain by bay
mud as planning progresses.

Our experience indicates that weak, surface and near surface natural soils that exhibit
relatively low strength, such as those encountered in Test Borings 12 within about 6 feet of the

ground surface (approximately 2 feet below the bottom of the existing fill) can also undergo
~— s

considerable strength loss and settlement when saturated under load. Where evaporation is
inhibited by footings, slabs or fill, eventual saturation of the underlying soils can occur.
Therefore, we conclude that locally occurring weak, upper natural soils are not suitable for new
fill, foundation or slab support in their present condition. It will be necessary to remove the

weak upper natural soils and replace the materials as properly compacted fill. The compacted

4
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fill pad would need to be sufficiently thick so as to help provide uniform support and to reduce
the risk of total and/or differential settlements to an acceptable level.

Moderately to highly expansive soils, such as those encountered at the site, can undergo
significant strength and volume changes with seasonal changes in moisture content and could
heave and/or distress lightly loaded footings or slabs. Future shrink and swell of expansive
soils can be substantially reduced by controlling soil moisture content. We have observed that
significant seasonal changes in moisture content generally occur in the upper 2 to 3 feet.
However, depending on factors such as seasonal rainfall totals, summer weather conditions and
surface treatments, significant moisture variations in the soils can occur to substantially deeper
depths. The risk of future building damage by shrinking and swelling of the expansive clays
can be considerably reduced by initially moisture conditioning the soils to cause preswelling,
then covering the soils with a blanket of approved on-site or imported fill of low expansion
potential, as subsequently recommended. Alternative methods, such as lime-treatment, could
also be considered. We can develop specific recommendations, if requested.

We believe that the existing fill materials will be suitable for reuse as compacted fill,
however, moderately to highly expansive clayey soils should not be used within the upper 30
inches of the building envelope as subsequently recommended.

Provided the site is graded in conformance with our recommendations and footings are
underlain by properly compacted fill of low expansion potential, satisfactory foundation

support for the structure can be obtained from spread footings bottomed at relatively shallow

10
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depths. For footings designed and installed in accordance with our subsequent
recommendations, we judge that total settlements will be about 1 inch or less. Post-
construction settlements should be about % inch or less. As previously discussed, we should
be consulted to develop specific recommendations for foundation support for structures located
within areas underlain by bay mud as planning progresses.

In driveway, parking and exterior concrete flat work areas not adjacent to the buildings,
we believe that pavements consisting of asphalt concrete, portland-cement concrete, aggregate
base and possibly subbase material can be placed directly on properly prepared expansive site
soils. However, pavements will be damaged where the expansive soils experience volume
changes with seasonal changes in moisture content. Conventional curb and gutter with
adjacent sidewalk and/or automatically irrigated landscaping capable of providing a regular,
uniform distribution of moisture along the pavement edges and/or imported fill, as
subsequently discussed, could reduce the risks of possible future pavement distress.

Liquefaction, a loss of shear strength, and densification, a reduction in void ratio, are
phenomena associated with loose, cohesionless, sands and gravels subjected to ground shaking
during earthquakes, and can result in unacceptable total and/or differential settlements.
Whether such phenomena will actually occur depends on complicated factors such as duration
and intensity of ground shaking, and the response characteristics of the materials underlying the

site. Our analysis of the locally occurring sand layers encountered in our test borings indicates
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that the risk of liquefaction and resultant ground damage can be considered low because the
sandy soils encountered are sufficiently dense and contain a significant quantity of soil fines.
We understand that imported soil and/or granular backfill materials up to about 10 to 12
feet deep or more have been placed west of the main factory building during removal of
underground storage tanks and surrounding soils. Based on our conversations with the on-site
property manager, we understand that the limits of the backfill area are approximately as
indicated on the attached Plate 1. However, the actual depth, extent and consistency of the
backfill materials are unknown at this time. Therefore, where future building or paved area
improvements are planned within close proximity to the backfill zone we recommend that
supplemental exploration be performed. We aiso understand that below grade tanks used in the
processing of tallow are present beneath or adjacent to, slab-on-grade floor areas within the
existing factory building that could be up to 20 feet deep or more. Specific recommendations
for backfilling below grade tanks are provided in subsequent sections of this report. Following
backfilling, we should be consulted to provide specific recommendations for support of

structures or planned improvements located in close proximity to the backfill zones.

SEISMIC DESIGN PARAMETERS
The geologic maps reviewed did not indicate the presence of active faults at the site
and, therefore, we judge that there is little risk of fault-related ground rupture during

earthquakes. In a seismically active region such as Northern California, there is always some
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possibility for future faulting at any site. However, historical occurrences of surface faulting
have generally closely followed the trace of the more recently active faults. The closest faults
generally considered active are the Rodgers Creek fault zone located approximately 4.0 miles
to the northeast, and the San Andreas fault zone located approximately 14.0 miles to the
southwest. The Special Report 120 map indicates that a concealed trace of the Tolay Fault
may be located about 1.7 miles to the northeast. However, the trace is not considered active
and the site is not located within a presently designated Alquist-Priolo Earthquake Fault Zone.

Strong ground shaking will occur during earthquakes. The intensity at the site will
depend on the distance to the earthquake epicenter, depth and magnitude of the shock, and the
response characteristics of the materials beneath the site. Because of the proximity of active
faults in the region and the potential for strong ground shaking, it will be necessary to design
and construct the project in strict accordance with current standards for earthquake-resistant
construction.

We have determined the seismic ground motion values in accordance with procedures
outlined in Section 1613 of the 2007 California Building Code (CBC). Mapped acceleration
parameters (Ss and Si) were obtained by inputting approximate site coordinates' (latitude and
longitude) into earthquake ground motion software made available for use by the United Stated

Geological Survey (USGS}) for the determination of CBC ground motion values. Based on our

[ Site coordinates used are approximate and were determined using USGS topographic map software.

S j3 -
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review of available geologic maps and our knowledge of the subsurface conditions, we judge
that the site can be classified as Site Class D, as described in Table 1613.5.2 of the 2007 CBC.
Using corresponding values of site coefficients for Site Class D and procedures outlined in the
CBC, the mapped acceleration parameters were adjusted to yield the design spectral response
acceleration parameters Sos and S;1. The following earthquake design data summarize the

results of the procedures outlined above.

Site Class D
Mapped Spectral Response Accelerations:
Ss 1.5g
Si 0.6g
Design Spectral Response Parameters:
Spbs 1.0g
Spi 0.6g
RECOMMENDATIONS

Site Grading

The site should be cleared of debris and brush, where encountered. Dense growths of
grass and vegetation should be removed. Designated structures should be demolished and old
foundations, slabs and pavements completely removed. The resultant voids should be
backfilled with compacted soil, as subsequently described. The areas to be graded then should
be stripped of the upper soils containing root growth and organic matter. We anticipate that

the depth of stripping, where needed, will average about 3 inches. The strippings should be
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removed from the site, stockpiled for reuse as topsoil, or mixed with at least five parts of soil
and used as fill at least 10 feet away from structure, walkway and paved areas.

Wells, septic tanks, leach fields, or other underground obstructions should be removed,
filled with compacted soil or compacted granular material or capped with concrete as
determined by the appropriate regulatory agency or the soil engineer. Similarly, any existing
fills or stockpiles encountered within building or improvement areas should be removed for
their full depth. We anticipate overexcavation depths to remove old fills will vary from about
1% to 4 feet below the existing ground surface. Deeper overexcavation could be needed if
deeper fills are encountered. Because the actual depth of excavation to remove the existing fill
could vary, we suggest contract documents contain provisions to account for such variations.

Prior to placing fill within the underground storage tanks located within the factory
building, the tanks should be prepared by cleaning out all debris, soil or water and perforating
the bottom of the tanks in several areas to expose the underlying natural materials. The top of
the tanks should be broken off at least 5 feet or more below the proposed finish pad grade
elevations so as not to be encountered in subsequent utility trench or other planned
excavations. Backfill materials should consist of imported granular materials such as waste pea
and sand, gravel or crushed rock, placed in 12- to 18-inch-thick Ioose lifts and thoroughly
compacted with vibratory compaction equipment. Small diameter concrete fragments, less
than about 6 to 12 inches in size, could also be used within the backfill materials provided the

materials are not allowed to nest and proper compaction can be obtained in the surrounding fill

S
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materials and all exposed reinforcing steel is removed prior to placement. Granular backfill
materials should be covered with a nonwoven geotextile fabric weighing at least 4 ounces per
square yard (such as Mirafi 140N or other approved equivalent) and capped with at least 5 feet
of properly compacted approved on-site or imported soil, placed in lifts and compacted as
outlined below.

We anticipate that, with the exception of organic matter and rocks or hard fragments
larger than 4 inches in diameter, the on-site soils will generally be suitable for reuse as
compacted fill, as discussed below.

Within footing areas, and extending to at least 3 feet on either side, and concrete
slab-on-grade floor areas, and extending to at least 5 feet beyond the perimeter and at least 3
feet beyond adjacent exterior slabs (building envelopes), the depth of the excavation should be
adjusted so as to provide space for at least 12 and 30 inches of properly compacted fill of low
expansion potential below the bottom of all footings and floor slabs, respectively. In addition,
because of the presence of the weak, surface and near surface natural soils that exhibit
relatively low strength, the depth of excavation should also be adjusted so as to remove at least
2 feet of natural ground in the vicinity of Boring 12 prior to placement of any new fill (see
attached Plate 1). The actual depth and extent of overexcavation in the vicinity of Boring 12
should be determined in the field by the soil engineer during the site rough grading.

The surface exposed by siripping or overexcavation should be scarified to a depth of at

least 6 inches, moisture conditioned to at least 4 percentage points above optimum, and so as to

- 16
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close any shrinkage cracks for their full depth, and compacted to at least 87 percent relative

compaction.’ Such moisture conditioning should be performed in all planned improvement areas

(building envelope, asphalt- and concrete-paved areas, concrete walkway areas, etc.). Where

expansive soils have dried and cracked after initial preparation, additional moisture conditioning

would be needed to close shrinkage cracks for their full depth before covering with aggregate

base, subbase, concrete, and/or other improvements.

Approved on-site or imported fill materials of low expansion potential then should be

spread in 8-inch-thick loose lifts, moisture conditioned and similarly compacted. Only

approved on-site or imported soils of low expansion potential should be used as fill in the

upper 30 inches of the building envelope.

Imported fill material should be low in expansion potential and have a Plasticity Index

of 15 or less. Imported materials should be free of organic matter and rocks or hard fragments

larger than 4 inches in diameter. Material proposed for use as imported fill of low expansion

potential should be tested and approved by the soil engineer prior to delivery to the site.

‘Trench backfill materials within 5 feet of building envelopes should consist of similar

imported fill. The backfill should be placed in layers and compacted to at least 87 percent

relative compaction, except the upper 30 inches should be compacted to at least 90 percent.

2 Relative compaction refers to the in-place dry density of fill expressed as a percentage of maximum dry
density of the same material determined in accordance with the ASTM 1557 laboratory compaction lest procedure.

Oplimum moisture content refers to the moisture content at maximum dry density

217 -



GIBLIN

ASSOCIATES

CONSULTING
GEOTECHNICAL
ENGINEERS
Granular imported backfill that could allow evaporation of moisture from the on-site soils
adjacent to and below the building envelope should not be used within 5 feet of the perimeter.

Should lime treatment of the on-site soils be proposed, we recommend that laboratory
testing be performed prior to the site rough grading to help evaluate the amount and type of
lime needed to satisfactorily reduce the shrink/swell characteristics of the soils to be treated.
The laboratory tests would need to be performed on samples of the on-site soil mixed with lime
from the selected source.

Finished cut and fill slopes should be trimmed to expose firm material and should be no
steeper than two horizontal to one vertical (2:1). Slopes over 3 feet high should be planted
with fast- growing, deep-rooted ground cover to help reduce erosion.

It is our experience that weak clayey surface soils can tend to trap considerable amounts
of water into the late spring or early summer. Therefore, we believe that site grading during
winter months or early in the construction season could require more than normal effort to
satisfactorily excavate and/or compact the materials.

For grading performed in the driest time of the year, especially after winters of
significantly less than normal total or springtime rainfall, shrinkage cracks in the near surface
expansive soils may be deep. Prolonged watering or controlled flooding with the possible use
of wetting agents may be necessary to moisture condition the expansive soils to the high initial
moisture content needed o close shrinkage cracks for their full depth. As a construction

expediency, the grading contractor could elect to overexcavate a portion of the expansive soils

S8
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to reduce the amount of moisture conditioning time needed. The overexcavated soils could be
moisture conditioned and then replaced as properly compacted fill. Accordingly, we

recommend that contract documents contain provisions to account for such possible additional

COSIS.

Foundation Support

Provided the building pads are graded in conformance with our recommendations,
minimum depth spread footings can be used for foundation support. Spread footings should be
at least 12 inches wide and should be underlain by at least 12 inches of properly compacted fill
of low expansion potential. Footings should be bottomed at least 12 inches below the lowest
adjacent compacted pad grade. Spread footings can be designed to impose dead plus code live
load and total design load (including wind or seismic forces) bearing pressures of 2,000 and
3,000 pounds per square foot (psf), respectively.

Resistance to lateral loads can be obtained from a combination of passive earth
pressures and soil friction. We recommend the following criteria for design:

Passive Earth Pressure = 300 pounds per cubic foot (pcf) equivalent fluid,

neglect the upper 1 foot unless confined by

pavement or slab

Soit Friction Factor = 0.3
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Slab-on-Grade

Provided the site is prepared as recommended above, floor slabs should be underlain by
at least 30 inches of properly compacted approved on-site or imported fill of low expansion
potential. Slab-on-grade subgrade should not be allowed to dry prior to concrete placement.
In addition, slabs should be underlain by a capillary moisture break and cushion layer
consisting of at least 4 inches of free-draining, crushed rock or gravel at least 1/4 inch and no
larger than 3/4 inch in size. Crushed rock should be used where the slabs would be subjected
to heavy vehicular traffic such as fork lifts or delivery trucks. Moisture vapor will condense
on the underside of slabs. Where passage of moisture vapor through slabs would be
detrimental, an impermeable moisture vapor barrier should be provided between the drainrock
and the slabs. Two inches of clean moist sand should be placed over a plastic membrane, if
used, to aid in curing and help provide puncture protection.

The slabs should be at least 4 inches thick and be reinforced to reduce cracking and
help keep closed those cracks that do appear. The actual slab thickness and amount of
reinforcing used should be determined by the structural design engineer based on anticipated
use and performance.

Where at least 30 inches of compacted fill of low expansion potential is provided, slabs
could be tied to perimeter foundations. Frequent joints should be provided in the slabs to

permit movements to occur and reduce the potential for slab distress.

S0
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Retaining Walls

Retaining walls that are free to rotate slightly and support a backslope up to 3:1 should
be designed to resist an active equivalent fluid pressure of 45 pcf acting in a triangular pressure
distribution. If the backslope is steeper than 3:1, an active pressure of 60 pcf should be used.
If the wall is constrained at the top and cannot tilt, the above design pressures should be
increased to 60 pcf and 75 pcf, respectively. Where retaining wall backfill is subject to
vehicular traffic, the walls should be designed to resist an added surcharge pressure equivalent
to 12 feet of additional backfill. In addition to the static earth pressure component for
retaining walls, we recommend that retaining walls be designed to resist an additional dynamic
component of total thrust induced on the wall. The dynamic component of total thrust induced
on the wall can be assumed to be a force equal to 15 times the height of the retaining wall
square (i.e. 15H?, in pounds per linear foot). This force should be applied at a height of 0.6H
above the base of the retaining wall.

Wall footings can be designed in accordance with the criteria above for building
foundations. Where the wall backfills are subjected to heavy storage and/or vehicular loads,
the walls should be designed for a surcharge pressure equal to 2% feet of additional backfill.

The walls should be fully backdrained. The backdrains should consist of 4-inch-
diameter perforated pipe sloped to drain to outlets by gravity and free-draining crushed rock or
gravel (drainrock). The crushed rock or gravel should extend to within 1 foot of the surface.

The drainrock should conform to the quality requirements for Class 2 Permeable Materials per

S0
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Caltrans Standard Specifications. As an alternative, any clean drainrock could be used if the
rock is covered and separated from the soil bank by a nonwoven, geotextile fabric® weighing
about 4 ounces per square yard. The upper 1 foot should be backfilled with compacted soil to
exclude surface water. The ground surface behind retaining walls should be sloped to drain.

Where migration of moisture through retaining walls would be detrimental, the walls should be

waterproofed.

Pavement Thicknesses

For planning purposes, based on our experience with similar projects and soils, we

recommend the following minimum pavement sections for driveways and parking areas:

Material Parking Areas Driveway Areas
Class II

Aggregate Base 6" g"
Asphalt Concrete 24" 21"

Such pavements should be suitable for auto and light pickup truck traffic. Where
heavier truck loadings are anticipated, the pavement thickness should be increased to at least 3
inches of asphalt and about 10 to 14 inches of aggregate base. Because of concentrated heavy
wheel loads at dumpster lift points, reinforced concrete slabs should be used at those locations.

Future wetting and drying of the on-site expansive soils along pavement edges can

occur. Pavement maintenance, especially repair of edge cracking, should be anticipated.

3 Mirali 140 is a brand name of a suitable tabric that may be locally available.

]
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Increased pavement performance and reduced future maintenance can be accomplished by
underlying the paved areas with at least 12 inches of imported fill of low expansion potential.
The fill, if used, should extend at least 3 feet beyond pavement edges, where attainable.
Conventional curb and sidewalk and/or landscaping with an automatic sprinkler system can
also provide some benefit in reducing future maintenance. Periodic patching or sealing of the
asphalt-concrete pavement should be performed to reduce shrink/swell movements of the
underlying expansive clays, should cracks occur. Future edge cracking could also be reduced
by installation of a perimeter moisture vapor cutoff. We can provide specific
recommendations, if desired.

Prior to subgrade preparation, underground utilities in the paved areas should be
installed and properly backfilled. Subgrade soils in highly expansive material areas should be
prepared by scarifying to a depth of at least 6 inches, uniformly moisture conditioning to at
least 4 percent above optimum and compacting to at least 93 percent relative compaction. The
moisture conditioning should be sufficient so as to close all shrinkage cracks for their full
depth. This may require scarifying and recompacting, and/or overexcavation and replacement
to achieve uniformity and proper moisture conditioning. Subgrade soils in other areas should
be similarly prepared to moisture contents of slighily above optimum and relative compactions

of at least 95 percent. Finished subgrade should be smooth, firm, uniform and nonyielding.

Approved aggregate base materials should be spread in layers, moisture conditioned and
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compacted to at least 95 percent relative compaction. The aggregate base surface should also
be firm and nonyielding.

The materials and methods used should conform to the requirements of the State of
California Caltrans Standard Specifications, current edition, and the requirements of the City
of Petaluma.,

Pavements on expansive soils can heave and settle. Gently sloping surfaces could allow
water to stand with only minor displacements and should be avoided. Also, valley gutters in

paved areas could need subgrade subdrains as determined during final design.

Soil Engineering Drainage

Ponding water will cause swelling of the expansive soils and would be detrimental to
foundations. It is important that the area adjacent to the buildings be sloped to drain away
from foundations. Good, positive surface drainage away from the buildings consisting of at
least 1/4 inch per foot extending at least 4 feet out should be provided. The roofs should be
provided with gutters or roof drain inlets with downspouts. The downspouts should either
discharge onto paved areas or splash blocks draining at least 30 inches away from foundations,
or be connected to rigid-wall nonperforated plastic pipelines that outlet into planned or existing
storm drain facilities.

Where irrigated landscape areas abut the buildings, excess water can be introduced into

soil layers along the edge of the building, tending to soften soils in the footing areas and
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increase the risk of potential migration of moisture beneath floor slabs. We believe that the
installation of the recommended compacted fill pad that extends to at least 5 feet beyond the
buildings should provide an effective barrier to the infiltration of excess water from landscape
areas. However, we recommend that hot-mopping or other methods of waterproofing the
exterior sides of below-grade cold joints in perimeter foundations be performed. Also, as an
added precaution, landscape planters that abut the building could be lined with a plastic
membrane (6-mil visqueen or equivalent) and be provided with a subdrain that outlets into

planned site drainage systems (gutters, storm drains, etc.).

Suppiemental Geotechnical Services

We should review grading and foundation plans for conformance with the intent of our
recommendations and further evaluate the need for additional measures for planned
improvements in areas underlain by compressible bay mud deposits. During site grading and
foundation excavation operations, the soil engineer should provide intermittent observation and .
testing. The soil engineer should observe the conditions encountered, confirm needed
overexcavation depths and modify our recommendations, if warranted. Field and laboratory
tests should be performed to ascertain that the recommended moisture contents and degrees of
compaction are being attained. Concrete placement and reinforcing should be checked as

stipulated on the project plans or as required by the Building Department. It is our

[
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understanding that approval from the Building Department must be obtained prior to the

placement of concrete in foundation elements.

LIMITATIONS

We have performed the investigation and prepared this report in accordance with
generally accepted standards of the soil engineering profession. No warranty, either express or
implied, is given.

It should be understood that our services were limited to the scope of work outlined
above and specifically excluded other services including, but not limited to, an evaluation or
analysis of soil chemistry, corrosivity, mold and soil/groundwater contamination.

Subsurface conditions are complex and may differ from those indicated by surface
features or encountered at test boring locations. Therefore, variations in subsurface conditions
not indicated on the logs could be encountered. If the project is revised, or if conditions
different from those described in this report are encountered during construction, we should be
notified immediately so that we can take timely action to modify our recommendations, if
warranted.

Supplemental services as recommended herein are performed on an as-requested basis.
These services are in addition to this investigation, and are charged for on an hourly basis in

accordance with our Standard Schedule of Charges. We can accept no responsibility for items

- 26
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we are not notified to check, nor for use or interpretation by others of the information

contained herein.

Site conditions and standards of practice change. Therefore, we should be notified to

update this report if construction is not performed within 24 months.
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z groundwater first

- encountered at time of drilling * § o~ LOG OF BORING 1
g Z B o
groundwater at ime £ 2o T £
!OfbﬂCkﬁ“mg g Z g %-‘ =l lé. Equipment 6" FLIGHT AUGER
a )
La%oratory Test Results g% E S faYal A3 Elevation 10.3 Date _3-6-08
or Remarks 0 _2-0lUs
MOTTLED IIGHT BROWN AND DARK
9% BROWN VERY CLAYEY SAND (SO),
: loose, wet (FILL)
Percent Free Swell = 50 i1 BLACK SANDY CLAY (CH), stiff, wet
Percent Free Swell = 100
LL =50 7
PL =21
PI = 29 /
UC(P) = 2500 31 23.4 99 / .
Percent Free Swell = 100 4! becomes very stiff to hard
; % becomes light gray
TxUU = 2700 (750) 50+ 21.0 100 i LIGHT GRAY/GREEN SANDY SILT (ML}, hard,
wet, with occasional 1-1/2-inch-diameter
6 — gravel
8 ‘ /
M LIGHT BROWN SANDY CLAY (CL), hard, wet
UC(P} = 4000 504+  30.0 92
10—
12—
A |]| LIGHT BROWN SANDY SILT (MH)}, hard, wet to
14— saturated
UC(P) = 4400 36 356 86 . Y
GIBLIN| xo 515, LOG OF BORING | [ PLATE
ASSOCIATES , LANDS OF BAYWOOD
Date: __ 4-21-08 i . ; !
CONSUL ’IF[I N ?} =N o == PETALUNMA. CALIFORNIA i
GEOTECHNI CAL” % '
FENGINELBERSES Apwy ?4
o i oy




SZ eroundwater first

encountered at ime of drilling o ~ P
s % %
¥ goundiater a ume S g5 =z
Laboratory Test Results 8 S5 =5
or Remarks m 20 AA
Percent Free Swell = 90 6
UC(P) = 2400 19 23.1 97
Percent Free Swell = 90
UC(P) = 2600 31 32.8 87
TxUU = 1170 (1000) 50+ 18.5
Percent Passing
No. 200 Sieve = 23.0
34 26.6 98

=
=
Sr
=
=
o,
8]
a

| Sample

Equipment

Elevation

LOG OF BORING 2

6" FLIGHT AUGER
8.8 Date  3-6-08

10—

12—

h Y

h Y

DARK GRAY SANDY CLAY (CH), medium stiff,
wet to saturated, with fine roots in upper 3
inches

becomes very stiff

GRAY BROWN SANDY CLAY (CL), hard, wet

LIGHT BROWN SILTY SAND (SM), very dense,
wet, cemented

EIGHT BROWN SANDY SILT (ML), hard,
saturated

G I B L I N Job No: _321.59.1

ASSOCIATES

g IQ(NTSE ¢ }ITI\TI ]Cl\{ ? S s
T EFOTEC i Al
t: e Gere

G NERRS

f 3

LOG OF BORING 2 I

LANDS OF BAYWQOD |
PETALUMAL CANLIFORNIA




XZ groundwater first

encountered at time of drilling * 5 < LOG OF BORING 3
= o =% 7=
groundwater at time £ . =
A &+ backfilling B *3 ,;E Z g “é. Equipment 6" FLIGHT AUGER
= o =5 .
(I)‘:ﬂ;{oer;:; :ESTES[ Results o 28 QB 08 A Elevation 6.6 Date  3-6-08
BLACK SANDY CLAY (CH), stff, saturated
Percent Free Swell = 85 11 26.8 96 /
LIGHT BROWN SANDY SILT (ML), hard,
TXUU = 3800 (600) I 290 93 cemented il e, TE
UC(P) = 4500+ s0+ 269 90 © N
<
8 —
I
/(
10— {1|| OLIVE BROWN SANDY SILT (MH), very stiff,
/f saturated
UC(P) = 3700 28 327 890 12
G I B L I N Job No-  321.59.1 LOG OF BORING 3 t PLATE
ASSOCIATES T LANDS OF BAYWOOD ;
CP N Srl(J [. T IFN? e T — PETALUNMA. CATIFORNIA i 4
GEOTECHNTCAL:
PRGN LT S] ww L




\v4 groundwater firsi

encountered at time of drilling * E»—g P LOG OF BORING 4
s Y 2 =
groundwater at time £ g = =,
¥ Stbackfiling : 2% g 3 E’. Equipment 6" FLIGHT AUGER
T . B k= = .
é‘f%?;i[::gs est Resulis = 58 ot 08 & Elevation 9.5 Date _3-6-08
MOTTLED LIGHT BROWN AND ORANGE
CLAYEY SAND (SC). medjum dense,
saturated, with occasional gravel (FILL)
Percent Free Swell = 55 13 19.0 107
2 ( becomes dark brown with depth
Percent Free Swell = 40 DARI&SRAY BROWN SANDY SILT (ML), stiff,
11 19.4 106
) 4
47 IAl| GRAY BROWN SANDY SILT (ML-MH), hard,
TxUU = 3350 (750) 50+ 304 01 W wet, cemented
6 -
8 —]
UC(P) = 4500+ 50+ 317 89 .
10—
12— ’
I
/ GRAY BROWN SANDY SILT (MH), very stiff,
— wet
14
UC(P) = 2600 24 32.2 89
(No free water encountered)
G I B L I N | LOG OF BORING 4 E PLATE
Job No: 321.59.1 | A
ASSOCIATES Date 4-21-08 LANDS OF BAYWOOD !
CONSULTI NG 7 =i PETAL TN AL CALIFORNIA 5
GEOTLCHNICALY
't '\I - R f-i[ et ?/é?




v groundwater firs

encountered at ume of drilling . s < LOG OF BORING 35
g —_ =
v groundwater at tune -_-g 35’ = “;’c: S o
= Of backfillmg 2 Z2 z £ S Equipment 6" FLIGHT AUGER
Lab Test Result k=] 3 ol .
oraR%iiI;r?s ESt Results o =8 aa GVUNJ Elevation 5.9 Date _ 3-6-08
- DARK GRAY SANDY CILAY (CH), medium stiff,
saturated
UC(P) = 1200 29.0 01
Percent Free Swell = 80
LIGHT GRAY SANDY SILT (ML), very stiff, wet,
weakly cemented
UC(P) = 3600 28.8 92
TxUU = 4120 (1500) 24.2 99 becomes hard
o EIGHT BROWN CLAYEY MEDIUM FINE
UC(P) = 4000 24 2 97 AL SAND (SC), very dense, wet to saturated
, | GRAY BROWN SILTY MEDIUM COARSE
E‘;"ngbp‘éses‘igg_ 9 SAND (SM), very dense, saturated
Percent Passing 21.4 104 1 BROWN CLAYEY SAND (SC-SP), dénse,
No. 200 Sieve = 6.1 saturated
LIGHT BROWN SANDY CLAY (CL), hard,
30.2 saturated
becomes cemented
TxUU = 1370 (2000) 27.4 96
G I B L I N Job No: 321.59.1 LOG OF BORING 3 T PLATE
ASSOCIATES 13108 LANDS OF BAYWOOD
CON 5} ULTING s PETALUMA. CALIFORNI ; 6a
GEOTEFCHNITCAL :
R ST l.-. l{.‘w ;/%




z groundwater first

encountered a1 ime of dnlling w § = 1.LOG OF BORING 5
g S 2 o
grounds ater at ume £ g =
A A backfilling 2 % g ‘z‘ -g %EJ:. Equipment 6" FLIGHT AUGER
Laboratory Test Result 2 = i p .
mar Sl GRS S 5 =0 &A : Sﬁ:’ & Elevation 5.9 Date _3-6-08
A
J { OLIVE BROWN SANDY SILT (ML/MH), hard,
saturated
UC(P} = 3700 40 24.5 99 i
20
MOTTLED LIGHT BROWN AND ORANGE
SANDY CLAY (CL), hard, saturated
UC(P) = 4200 50+ 234 104
28—
BLUE GRAY SANDY CLAY (CH), hard,
saturated
UC(P) = 3500 32 22.0 107
GIBLIN| ...no 5150 LOG OF BORING $ PLATE
ASSOCIATES LANDS OF BAYWOOD !
] ale: 4-21-08 i t
CONSULTI NG! Date A2l8 PETALUMA. CALIFORNI Y ! 6b
T EOTECIHNT CAL ;
UGN R e R




\Vi groundwater first

encountered at tme of drilling * = P

= BR 5

I . 2 v =

\ it E Exs z
Laboratory Test Results o 25 5 25
or Remarks m © ea

Percent Free Swell = 80 6 32.6

Percent Free Swell = 85 14 27.0 07
TxUU = 2590 (1200) 44 25.7 97
UC(P) = 3700 34 24.0 100
UC(P) = 4000 32 31.2 92

LOG OF BORING 6

6" FLIGHT AUGER
Elevation 6.8 Date _ 3-6-08

Equipment

12

DARK BROWN SANDY CLAY (CH), soft,
saturated, porous to a depth of 1-1/2 feet, with
fine roots

becomes light gray brown, stiff

LIGHT BROWN SANDY SILT (ML), hard, wet

LIGHT BROWN VERY CLAYEY SAND (SC),
dense, wet

| LIGHT BROWN SANDY CLAY (CL), hard, wet

LIGHT BROWN SANDY CLAY (CH), hard, wet

LIGHT BROWN SANDY SILT/SANDY CLAY
{ML/CL), hard, wet

(No free water encountered)

G I B L I N! Job No: _321.59.1

ASSOCIATES|

CONSULTING
GLOTECIHNTCAL
CONCGTNE RS

e 42108

Ht

A

LOG OF BORING 6 PLATE

LANDS OF BAYWOQOD
PETALUNAL CALIFORNIA




\vi groundwater first

274

PETAT UNAL CALIFORNIA

encountered at iime of drilling *_’ o= o LOG OF BORING 7
groundwater at nme g 2 a: é E
er val = == = =
!0* backfilling g g g = —g‘ ié. Equipment 6" FLIGHT AUGER
=) =N e by = .
(I;:i I}){Jerlit::gSTESt el m S0 &5A 05 A Elevation 6.7 Date _3-6-08
BLACK SANDY CLAY (CH), stiff, wet to
saturated, with occasional fine roots
Percent Free Swell = 120 12 41.2 78 5
UC(P} = 2000 23 28.7 94 .
4 becomes very stiff
becomes light gray, stiff
TxUU = 750 (1000) 14 38.2 Bl 6 LIGHT GRAY BROWN SANDY CLAY (CL),
stiff, wet
8
— GRAY BROWN SANDY SILT (MH), very stiff,
saturated, with carbonate staining
10
20 35.6 86
12—
// LIGHT BROWN VERY CLAYEY FINE SAND
14— (SC), medium dense, saturated
Percent Passing 29 25.2 101 S
No. 200 Sieve = 29.9 e
G I B L I N Job No:  321.59.1 LOG OF BORING 7 ( PLATE
1
|
ASSOCIATES . LANDS OF BAYWQOOD I
L Date: 4-21-08 f
NSULTI e = | 8
YTI: N '
j |




\v4 groundwater first )
*%- encountered at ime of drlling

A 4 groundwater at time
= of backfilling

Laberatory Test Results
or Remarks

Percent Free Swell = 95

TxUU = 810 (750)
Percent Passing
No. 200 Sieve = 30.0

Percent Passing
No. 200 Sieve = 31.3

Percent Passing
No. 200 Sieve = 34.5
UC(P) = 3500

UC(P) = 4400

Blows/foot *

10

30

41

46

40

34

Moisture
Content (%)

27.8

25.2

23.9
23.0
24.5

31.0

26.2

Density(pct)

Dry

95

99

100
104
100

91

98

Depth (ft)

LOG OF BORING 8

Equipment 6" FLIGHT AUGER
Elevation 5.2 Date _3-6-08

o

10

12

DARK GRAY SANDY CLAY (CH), medium stiff,
saturated, with occasional fine roots

becomes light gray, stiff

GRAY BROWN SANDY CLAY (CL), very stiff,
wet

BLUE GRAY CLAYEY FINE SAND (S0),
medium dense to dense, wet

7.

LIGHT BROWN SANDY CLAY (CL), hard,
moist, cemented

LIGHT BROWN SANDY CLAY (CL/CH), hard,
saturated

LOG OF BORING 8 P PLATE

LANDS OF BAYWOOD

PETALUMA. CATIFORN] A | 9




v groundwater first

3-13-08

PLATE

100

encountered at tme of dolling * - r_f LOG OF BORING 9
g — (=3 oy
groundwater at time £ [ =,
Y St vackfitng g 2 g 7 £ ‘;’c: Equipment __ 6" FLIGHT AUGER
5 £ 13 .
(I),ftﬁjcii[;rrgsTest Results 0 =5 88 08 a Elevation 8.5 Date
BLACK SANDY CLAY (CH), very stff, wet,
slightly porous, with occasional fine roots
Percent Free Swell = 120 16 40.2 79
2
UC(P) = 2400 26 29.2 02
Percent Free Swell = 100
4
- OLIVE BROWN SANDY SILT (ML), very stiff,
TXUU = 1110 (750) 24 307 90 e
6 —
8 —
LIGHT GRAY BROWN SANDY CLAY (CL),
hard, wet, cemented
UC(P) = 4500+ 43 33.9 88
10
12—
GRAY SANDY CLAY (CH), hard, saturated,
14 cemented
UC(P) = 4400 40 301 93
16—
: 18— e
G I B L I N Job No: 321.59.1 ' ._LOG OF BORING 9
ASSOCIATES Dae:  4-21-08 | LANDS OF BAYWOQOD
CONSIJ fIfNT] I NG| ™7 — 7=F PLETALUMA. CALIFORNIA
GEOTIT- ¢} C AL
SR L S S P P R T ?/W




Lvd groundwater first

\.|\[.;

Dater _ 4-21-08

%%

encountered at ume of drilling * g P LOG OF BORING 10
[« > g, —
groundwater ar ume ::c 2= = =
A & backhlling £ 2 g 2’ -g é. Equipment 6" FLIGHT AUGER
Laboratory Test Re g Z S .
oo sorarory Lest Results = 58 K& 08753 Elevation 8.0 Date _3-13-08
ASPHALT CONCRETE
RED BROWN CLAYEY GRAVEL (GC), dense,
wet (FILL)
2 BLACK SANDY CLAY (CH), stiff, wet
Percent Free Swell = 80 10 27.7 93
UC(P) = 2000 /
Percent Free Swell = 120 4
| MOTTLED GRAY SANDY CLAY (CL), very
UC = 910 23 300 91 Stiff, wet
6 — %
UC(P) = 3500 okt b v hard
Percent Passing 31 25.4 99 8 becomes light brown, very sandy, har
No. 200 Sieve = 70.1
10—
UC(P) = 4500+ 50+ 30.0 94 %
{No free water encountered)
N Job No:  321.59.1 LOG OF BORING 10 PLATE

LANDS OF BAYWOOD
PETALUAMA CALIFORNI

11




AV groundwater first )
- encountered at ume of drilling

LA groundwalter at time
= of backfilling

Laboratory Test Results
or Remarks

Percent Free Swell = 70

Percent Free Swell = 115
UC(P) = 2500

uC = 1180

Percent Passing
No. 200 Sieve = 68.3
UC(P) = 2500

UC({P) = 2700
Percent Free Swell = 70

Blows/toot *
Moisture

Content (%)
Density(pch

Dry

i2 14.6 109

24 35.8 83

18 40.4 80

17 24.1 100

21 27.3 97

Depth (ft)

Equipment

LOG OF BORING 1]

6" FLIGHT AUGER

Elevation 9.1 Date

3-13-08

14

DARK BROWN VERY SANDY CLAY (CL), stiff,

wet (FILL)

DARK BROWN CLAYEY SAND (SC), medium

dense, wet (FILL)

BLACK SANDY CLAY (CH), very stiff, wet, with

occasional fine roots

BROWN VERY SANDY CLAY (CL), very stiff,
saturated, with occasional gravel

becomes blue gray

ASSOCIATES
CONSULTING
f} rLowT I] (“\U;\’ ,'l (‘I,\ I

".,' rp iy : J "\

Job No: 321.59,1

Date: 32108

. ot

LOG OF BORING 11

LANDS OF BAYWOOD
PETATUN A CALIFORNIA

,r PLATE

!1 2a




7 groundwater first

LOG OF BORING 11

encountered at nme of Jrilling i =~ [
= B %] —
- y (=4, =
Y grugnd\yaler at nme = == = = o
L 5f backfilling ¢ = “‘:J z -g E. Equipment 6" FLIGHT AUGER
Laboratory Test Results ° 2o 5 55 .
g T— m =0 an ISQ lm Elevation 0.1 Date _ 3-13-08
BLUE GRAY CLAYEY FINE SAND (SC),
24 . medium dense, saturated
BLUE GRAY SANDY CLAY (CL), very stiff,
UC(P) = 3500 25.6 99 saturated
20
22—
GRAY BROWN SANDY CLAY (CH), hard,
saturated
UC(P) = 3250 50+ 25.1 100
BLUE GRAY SANDY CLAY (CL), very stiff,
saturated
26 26.7 08
G I B L I N Job No: 321.59.1 { LOG OF BORING 11 i PLATE
ASSOCIATES . 13108 ’ [LANDS OF BAYWOOD '
CON Sr y }ITNTI l(N ? e =i | PETALUNA. CALIFORNIA 1 2b
GILOoTEC AL
Py oN Ly AHEL 57/{/6




Y groundwaler first

LOG OF BORING 12

encountered a tinte of drillmg * = o
5 2 % oz
groundwater al time ‘:?_ g = =
A & backfilling Z 2 g Z £ ﬂ_é- Equipment 6" FLIGHT AUGER
" =) ‘© > E . .
éfl}:{:zrl?lt:rrlé'l‘est Results ) =S faYal OS S Elevation 6.5 Date _3-18-08
| DARK BROWN SANDY CLAY (CL/CH), soft,
wet, with porcelain fragments and occasional
cobble-size angular rock (FILL)
RED BROWN SILTY SAND (SM), medium dense,
Percent Free Swell = 40 27 saturated (FILL)

ORANGE BROWN VERY SANDY SILT (ML),

27 285 93 A ; . A
z very stiff, saturated, with occasional 2-inch

= size angular rock fragments (FILL)
Percent Free Swell = 55 3 63.5 101
47.7 73 DARK GRAY SANDY CLAY (CH), very soft,
saturated, with occasional fine roots
}’Jecr:c:nt—] Ii"(r)ee Swell = 95 ¢ 31.6 o / becomes lighter gray with depth, soft
becomes very stiff to hard at about 6 feet
UC(P) = 2500 50+ 229 104 /
becomes light gray brown, hard
12 X
UC(P) = 4000 50+ 286 96 / becomes cemented
Y
G I B L I N Job No:  321.59.1 LOG OF BORING 12 F PLATE
S DS
ASSOCIATE O N LANDS OF BAYWOOD !
CONSULTING = ‘ PETALUAA. CALIFORNIA r 1 3
GEOTECHNTCAL |

| N B A S E




AV proundwater first i
- encounered at time of drilling

A4 groundwaier at time
= of backfilling

Laboratory Test Results
or Remarks

Percent Free Swell = 90

Percent Free Swell = 80
UC(P) = 1500

TxUU = 1240 (1000)

UC(P) = 4500+

Blows/foot *

iy
—

34

50+

Moisture
Content (%)

"
(=]

23.0

37.5

25.8

Density(pct)

Dry

—_
S

99

83

99

Depth (ft)
Sample

Equipment

Elevation

LOG OF BORING 13

6" FLIGHT AUGER
7.0 Date  3-1B-08

10

12—

GRAY BROWN SANDY CLAY (CH), very stiff,
saturated, with abundant gravel-size rock
fragments (FILL)

LIGHT BROWN AND DARK GRAY CLAYEY
GRAVEL (GC), dense, wet (FILL)

DARK GRAY SANDY CLAY (CH), medium stiff,
wet

becomes light gray and less plastic with depth

LIGHT BROWN SANDY CLAY (CL), stiff, wet

LIGHT BROWN SANDY SILT (ML), hard, wet,
cemented

GRAY BROWN SANDY CLAY (CL), hard, wet,
cemented

{No free water encountered)

ASSOCIATES

CONSULTING
GEOTECHNTCAL
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e
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PLATE

14
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LOG OF BORING 13 ‘
|
PETATT'M AL CALIFORNIA i




v groundwater first

M- encountered at time of drilling * s = LOG OF BORING 14
J . 2 e -
groundwater at time = &= = = . )
A & hackfillng g 2 2 ‘g ,—_;_ é_ Equipment 6" FLIGHT AUGER
set Results = o E
cavorarory Test Results = 38 A&A A3 Elevaiion 6.0 Date _3-18-08
BLACK SANDY CLAY (CH), stiff, wet
LL = 67 9 32.5
PL = 28 2
PI = 39 \ 4
Percent Free Swell = 90 -
DARK GRAY SANDY SILT (MH), medium stiff,
UC(P) = 1000 7 543 66 ¢ saturated
Percent Free Swell = 110
GRAY SANDY CLAY (CH), medium stiff to stiff,
wel
UcC = 340 8 37.5 84
GRAY BROWN VERY SANDY SILT (ML), hard,
Percent|EaeEing wet, becomes weakly cemented with depth
No. 200 Sieve = 75.4 34 26.0 105
14—
16—
— "f
:;" MOTTLED LIGHT GRAY BROWN AND
/ ORANGE SANDY CLAY (CH), hard.
18 / o . .
G I B L I N Job No:  321.59 ] LOG OF BORING 14 PLATE
ASSOCIATES| LANDS OF BAYWOOD
CONSULTING: "¢ o=h PETALUAA, CALIFORNIA '1 5a
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Y groundwater first
i encountered at ume of drilling

! groundwaler at tune
= of backfilling

Laboratory Test Resulis
or Remarks

Percent Passing
No. 200 Sieve = 62.4

Percent Passing
No. 200 Sieve = 9.1

Percent Passing
No. 200 Sieve = 9.0

= =
£ T
% 285
z  Z%
= =]
m =20
30 25.2
33

48

Density(pef)

Dry

o
o

Depth (ft)
Sample

oo

—a

26

LOG OF BORING 14

Equipment 6" FLIGHT AUGER
Elevation 6.0 Date _3-18-08

28

EEEEEEESSSENNNNNNY

30

saturated

MOTTLED LIGHT GRAY BROWN AND
ORANGE VERY SANDY CLAY (CL), hard,
saturated

BLUE GRAY CLAYEY COARSE SAND (SP-SC),
dense, saturated, with occasional
1-inch-diameter subrounded gravel

ASSOCIATES

CONSULTING
GEOTEFCHNTCAL!
IDNGTNE RS

G I B L I N Job No: _321.59.1

Date: - 4-21-08
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z groundwater first

encountered ar tme of dniling * = o LOG OF BORING 15
g e 2 =
groundwater ai ume £ o ¥ =
!01 backfilling z % 3 z -;3 é. Equipment 6" FLIGHT AUGER
& B8 g ol )
E;f%(:?r;l;rrgsTem e 53] §8 DS 08 3 Elevation 8.2 Date _3-18-08
| Ff/ MOTTLED DARK GRAY AND BROWN
Percent Free Swell = 60 12 16.5 110 . GRAVELLY CLAY (CL), stiff, moist (FILL)
LL = 45
PL =20
PI = 25 .
RED BROWN SANDY SILT (ML)}, stiff, wet
Percent Free Swell = 50 2 R
Percent Free Swell = 70 6 313 86 GRAY BROWN SANDY CLAY (CH), stiff, wet
/EIGHT BROWN SANDY CLAY (CL), hard,
UC(P) = 4500+ s0+ 212 91 ¢ / CHREC SRR akvicEmE el
6 —
TxUU = 4120 (1500) 50+  26.7 96
GRAY BROWN SANDY CLAY (CL), hard, wet,
8 — weakly cemented
10
7 BROWN SANDY SILT (ML), hard, wet, weakly
UC(P) = 4500+ 12 cemented
40 353 86
14—
16—
18— — _ .
!
G I B L I N Job Na:  321.99.1 LOG OF BORING 15 ' PLATE
ASSOCIATES o 410 [LANDS OF BAYWOOD .
CONSUILTING ¢ = o PET AL UMAL CALIFORNIA E1 6a
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E groundwater Iirst

e,
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I
‘n
s

173

encountered at nme of drilling * S < LOG QF BORING 15
groundwater at time :—-5: s ‘; Lg
¥ S backtiting ¢ Z2E § 5© Equpmemt _ 6"FLIGHT AUGER
B " . s =] a‘ a ot N
é‘be(:al]?l{;rI}gs LI = 50 faYa 1 85 A Elevation 8.2 Date _3-18-08
TxUU = 1530 (3000) 37 31.7 81 H slight increase in plasticity
20—
22—
Y
/ LIGHT BROWN SANDY CLAY (CH), hard,
v saturated, becomes blue gray with depth
UC(P) = 3000 47 29.0 95 /
GRAY BROWN VERY SANDY CLAY (CL-CH),
hard, saturated
UC(P) = 2700
E%icgg[()}?iis\}ggz 55.5 30 234 104 becomes very sandy with depth
G’ I B L I N Job No:  321.59.1 LOG OF BORING 15 T PLATE
ASSOCIATES, LANDS OF BAYWOOD
CONSULTING| 7™ 7~ PETALUNIA. CALIFORNG ; 6b
GLEOTECIHN \
1




UNIFIED SOIL CLASSIFICATION SYSTEM

MAJOR DIVISIONS

TYPICAL NAMES

CLEAN GRAVEL
GRAVEL

GW|
WITH LESS THANp—1

WELL GRADED GRAVEL. GRAVEL-SAND MIXTURE

OVER 12% FINES

SC

o
&
e [} L
9 B ome annacr ol T TINES | GP [Z:Sdll  POORLY GRADED GRAVEL. GRAVEL'SAND MIXTURE
O $ | COARSE FRACTION
; z IS LﬁHEﬁE\F’!ET;;El GRAVEL WITH GM SILTY GRAVEL. GRAVEL-SAND-SILT MIXTURE
0.
(] E o,
F Y ER 2% (S GC CLAYEY GRAVEL, GRAVEL-SAND-CLAY MIXTURE
q 2 | 4,—
- 3 < ]
8 n SAND CLEAN SAND |SW S WELL GRADED SAND. GRAVELLY SAND
53 WITH LE N
g g T5°/ FsligSHA TP
"y : MORE THAN HALF COF o Sp .. .' .' POORLY GRADED SAND, GRAVELLY SAND
Q £ | COARSE FRACTION e] |
v E 'i SN:A;'E%*; ET;EN SM |°1e]°] SILTY SAND. GRAVEL-SAND-SILT MIXTURE
a,
8 SAND WITH :

CLAYEY SAND, GRAVEL-SAND-CLAY MIXTURE

INORGANIC SILT, ROCK FLOUR. SANDY OR CLAYEY SILT

[}
& WITH LOW PLASTICITY
w
g SILT AND CLAY
: CL INORGANIC CLAY OF LOW TO MEDIUM PLASTICITY,
2 / GRAVELLY, SANDY. OR SILTY CLAY (LEAN)
vz LIQUID LIMIT LESS THAN 50 i 1
o i oL [1hifil oraanc cLay anp oRaaNic siLTY LAY OF Low
N o PLASTICITY
a3 il
= é MH INORGANIC SILT, MICACEOUS OR DIATOMACIOUS FINE
< o SANDY OR SILTY SOIL, ELASTIC SILT
5 g SILT AND CLAY
w CH / INORGANIC CLAY OF HIGH PLASTICITY. GRAVELLY,
22 / SANDY OR SILTY CLAY {FAT)
S 2| wUQUID LIMIT GREATER THAN 50 -
W,
£ OH ,/ 471 ORGANIC CLAY OF MEDIUM TO HIGH PLASTICITY.
g 2/724 ORGANIC SILT
oA
HIGHLY ORGANIC SOILS Pt [eocaaq PEAT AND OTHER HIGHLY ORGANIC SOILS

KEY TO TEST DATA

El — Expansion Index
Consol — Consolidation

LL — Liguld Limit {In %)

PL — Plastlc Limit (in %)

Pl — Plasticity Index

SA — Sleve Analysis

G, — Speclfic Gravily

[ | "Undisturbed” Sample
C Bulk Sample

Noles: {1} All strengih tests on 2.8" or 2.4"

TxUU
TxCU
DscD
FVS
LVS
uc
UC{P}

diameler samples unless otherwise indicaled

Shear Strangih, pst
— Confining Pressure, psl

— Unconsolidated Undrained Trlaxial 320 (2600)
— Consolldated Undralned Triaxlal 320 (2600}
— Consolidaled Drained Direct Shear 2750 (2000)
— Field Vane Shear 470

— Laboralory Vane Shear 700

— Unconfined Compression 2000 *

— Laboralory Penetrometer 700 ¢

* Compressive Strength

321.

59.1

SOIL CLASSIFICATION CHART AND

05-

KEY TO TEST DATA
LANDS OF BAYWOOD

16-08

U2

PETALUMA, CALIFORNIA
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AS CIP;TES Date:
CONSULTING
GEOTECHNICAL | Appr
ENGINEERS

PLATE

17




60 /
50 =
CH //
g 40 7
5 CL /
b=
= 30
:’_\ v
£ \A Line
= A
=
& 20
CL ;ML // MH or OH
10 N
1 ML I
0 27
0 20 40 60 80 100
Liquid Limit (%)
ASTM D 4318-98
Symbol Classification and Source Liquid Plastic Plasticity | Free
Limit (%) Limit (%) Index (%)| Swell (%)
° BLACK SANDY CLAY (CH) 50 21 29 100
Test Boring 1 at 1.4 Feet
b BLACK SANDY CLAY (CH) 67 28 39 90
Test Boring 14 at 1.5 feet
A DARK BROWN GRAVELLY CLAY (CL) 45 20 25 60
Test Boring 15 at 0.3 feet
G I B L I N Joh No:  321.59.] ATTERBERG LiMITS TEST RESULTS PLATE
ASSOCIATES J LANDS OF BAYWOOD
CON SP[(J‘IETI\?IlcN ? Date: __ 4:21:08 PETALUMA, CALIFORNIA 1 8
GEOTE AL
ENGINELRS o WA




Hydrometer

U.S. Slandard Sieve Numbers

U.S. Standard Sieve Size (in.)

Relerence ASTM D422

8

3

0.01 0.005

0.1 0.05

18 3040 50 100 200

........

o Q (=) [

LHDIIM A8 H3NI4 INIDH3d

0.001

0.5

10

100 50

GRAIN SIZE IN MILLIMETERS

SILT OR CLAY

FINE
SAND

COARSE] MEDIUM |

19

PARTICLE SIZE ANALYSIS
LANDS OF BAYWOOD
PETALUMA, CALIFORNIA
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GRAVEL

COARSE |

COBBLES

LIN Job No:
ES
G
AL
R S

|
)
2 Z.
o <
RS, v
%le ¥
§lz E
e
CmR
[sa]
< >
751
S
[43]
= s
2 X
L/ B |
z L
=
QO <~
o O
MGG
-
ol # 9 &
el & o
2| —~ =
Bl & =
v o0
Q
— | s oy
ar g g
mmm
SBB
w )
ElO
oy
w

321.59.1
05-16-08




R | o T A g
6o 8% (x B5h 5 = re
S ILLE & ¥
L LAKEY &
- o &y O o
< — ) - (‘{h m'\. s
N SRARAK :c;ui - - 3 _3,' - & 3 ‘#
: ¥ | Loy 5
2 ?Z S
! — v i 1€
Ar b s E,
FERS 5 T MBI o ITE
= - PG A g
Y el ‘4‘,1_%
LY \
" Sl (3‘.’4&_ f:
s o N e
= ':,?y S,
XN
J
fel?e/'/faad d 4
: \
I~ R \o
$ ) ‘
Rocky Dog Mamoria! Park 3 £ N
4 2 o
s .
¢ L N\
w
4 3/ E
‘ L
i *;;’7
Appre€imate Area
detlzin by Bay
Mud Deposits
-Q- Approxamate Test Boring Location
U: ]! Approximate Locauon of Exisung Fill
TEST BORING LOCATION PLAN PLATE

T 32159 |
Job No: j
AND SITE VICINITY MAP
05-16-08 LANDS OF BAYWGOD 1

CIM‘ES Date:
U G PETALUMA, CALIFORNIA

NSULTIN
/ OTECHNICAL gt
GINEERS] APPC




