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GEOTECHNICAL INVESTIGATION
FOR THE PROPOSED EXPANSION OF
QOY¥YSTER POINT MARINA

South San Francisco, California

INTRODUCTION

This report presents the results of our geotechnical investigation
at the site of the Oyster Point Marina Expansion in South San
Francisco, California. The purpose of this study is basically to
provide site specific geotechnical design criteria for expansion

of the marina and for landscaping and limited building developments
on an extensive sanitary landfill which adjoins the marina.

Our proposed scope of work was submitted to the owner through Daniel,
Mann, Johnson & Mendenhall (DMJM) of Redwood City in a letter dated
December 10, 1975. As a result of that submittal, an agreement for
geotechnical services was sent to our firm on April 20, 1976 by Mr.
Ken Wuest of DMJM, and Exhibit A of that submittal gives our final
scope of work in detail. Our acceptance of that agreement was
returned to Mr. Wuest on April 26, 1976, and work was begun on the

12 tasks enumerated in the scope of geotechnical services; this
report presents our findings and recommendations for that scope of
work and hereby completes our contract requirements.
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PROPOSED DEVELOPMENT

General

Oyster Point Marina is located at the eastern end of Oyster Point
Boulevard in South San Francisco adjacent to the north side of a
sanitary landfill about 50 acres in size. As the Site Plan (Fig. 1)
indicates, the existing on-shore portion of the Oyster Point Marina
utilizes less than twenty percent of the available land acreage,
and is concentrated on the western half of the north shore of the
peninsula. Present facilities include 283 berthing slips, a
launching ramp, a fuel dock, a private yacht club, a harbormaster's
office, and limited space for boat storage and repair.

The proposed expansion of Oyster Point Marina will provide for a
large increase in the number of berthing spaces as well as improved
waterfront access for the general public. Selective on-shore com-
mercial development is planned to provide needed services and amen-
ities. The extent of the proposed expansion and development is

shown on Figure 1.

Off-Shore

Present berthing capacity will be essentially doubled by the off-
shore construction planned for the eastern half of the northern
portion of the site. More than 300 new berths are planned in this
area as well as an extension of the existing east-west breakwater.

A north-south breakwater is also planned to complete the harbor pro-
tection system. Additional water~related construction may include
the repositioning of the launch ramp, a new boat hoist, and a fuel
dock. A fishing pier is included for general public use on the
eastern shore of the landfill.

On=-Shore

Proposed commercial development of the on-shore acreage includes
two restaurants and a specialty shops area, as well as a new yacht

WOODWARD~-CLYDE CONSULTANTS
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club and harbormaster's office. The boat repair and storage
facilities will also be improved and expanded. Concurrently,

a fairly extensive roadway and parking system will be construc-
ted. General improvement of the site consisting of grading and
additional sealing of the rubbish landfill will precede construc-
tion of roadways and structures. Extensive landscaping and open

space development is also planned.

WOODWARD-CLYDE CONSULTANTS
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FIELD INVESTIGATION AND LABORATORY TESTS

Field and laboratory investigations were made as a part of this
study to evaluate the extent and nature of the subsurface materials.
The field work included detailed visual inspections of the site,
discussions with persons familiar with the site history, gathering
and testing mudline samples from potential dredging areas, drilling
many borings both on-shore and off-shore and excavating inspection
pits. The laboratory program included tests to evaluate strength
and compressibility under various loading conditions and classifica-
tion tests. The results of the field and laboratory investigations
are presented in Appendix A attached to this report. The logs of
borings and trenches made by other organizations in previous years
have been reproduced and are presented in Appendix B. All of these
field findings are described in detail in the following sections.

WOODWARD-CLYDE CONSULTANTS



SITE AND SOIL CONDITIONS

Site History

Prior to the original development of the Oyster Point landfill

in the 1950's, the San Francisco Bay shoreline was located along
the far west end of the project site at the approximate location
shown on Figure 2, entitled "History of Site Development." Imme-
diately west of the original shoreline there rose a low shale and
sandstone bluff which comprised a portion of the original Oyster

Point.

Following the 1957 enactment of laws prohibiting open-air burning

of rubbish in the Bay Area, plans were made to establish a solid
waste disposal site on the submerged lands just east of the original
Oyster Point. The resultant landfill developed in three distinct
phases as shown on Figure 2. The first area to be filled extended
eastward from the original bluff approximately 1500 feet to the
vicinity of the existing launching ramping. Filling of the first
section began in 1957 and was essentially completed by late 1961.

In 1962, the existing small craft harbor was designed and constructed
along the north shore of the landfill. To create a filled breakwater
for the east side of the marina, the second phase of landfill was
placed in the form of a mole extending from the eastern end of the
first fill and north 400 feet into the bay, see Figure 2.

The third and final phase of £illing was begun in 1964 and was accom-—
plished by dredging up Bay Mud and forming mud dikes and a dike-
enclosed cell in which solid waste was later placed. A final altera-
tion to the peninsular landfill configuration consisted of the Cabot,
Cabot and Forbes landfill which was begun to the south in 1965 and
now abuts the western half of the southern boundary of the Oyster
Point landfill. The present topography of the entire site is shown
in Figure 1.

WOODWARD—CLYDE CONSULTANTS
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The methods by which the landfill was constructed evolved and
became somewhat more sophisticated with time. The first and
second phase fills apparently were placed with only a limited
effort being made to prevent free mixing of bay waters with the
solid waste; such mixing occurred along the south and east sides
of phase one and around the entire perimeter of the phase two
mole. The northern limit of the phase one fill was primarily
constructed of natural soil materials thereby creating a rela-
tively impervious barrier between the solid waste and the exis-

ting marina waters.

The mud dike of the third phase fill also formed a relatively
impermeable barrier to prevent mixing of waters on either side

of the dike. It has been reported that some minor slope insta-~
bilities developed during or shortly after placement of the
northern mud dike., Based on our field investigation and studies
of available aerial photographs taken at the time of filling, it
appears that the northern dike has remained intact with the possi-
ble exception of a small, localized breach into the cell just east

of the mole.

The phase three solid waste operation proceeded quickly and garbage
fill was placed up to as much as 24 feet above mean sea level in
the easterly half of the site. The rapid filling apparently created
unstable mud dike slopes, and some landslide failures dccurred into
the bay along portions of the south shore and at the southeast cor-
ner of the site. Portions of the fill were then removed in these
areas and the slopes flattened in a successful effort to stop the
landslide movements. The solid waste disposal operations were com-
pleted about 1971, and since that time site work has been limited
to remedial measures to control leaching around the mole and some
local stabilizing of the south slope.

WOODWARD-CLYDE CONSULTANTS



Existing Subsurface Conditions

The extent of the present site is shown on the hydrographic/
topographic base map (Fig. 1) prepared by Towill, Inc. for Brian-
Kangas-Foulk and Associates and dated March 11, 1976. Of the
approximately 57 acres above the high water line, approximately
49 acres are filled land while the remaining 8 acres comprise the
natural bluff and original shoreline. The original shoreline and
portions of the bluff have also been filled over with rubbish.
The primary fill material is refuse placed when the site was an
active solid waste disposal site. Utilizing information from
exploratory borings and test trenches, aerial photographs from
various periods of development and personal communications with
persons familiar with the landfill development, a plan has been
prepared showing the lateral extent and contours of estimated
thicknesses of solid waste. This plan, enclosed as Figure 3, is
an interpretation of limited data and was prepared as an aid for
predicting future site settlements and for evaluating the extent

of proposed leachate and gas contrcl measures.

The refuse fill is primarily composed of domestic and light indus-
trial solid waste such as newspapers, cardboard, cans, some food
scraps and the like. The fill is overlain by a thin sandy soil cap
of varying thickness, quality and composition., The rubbish is
decomposing at a relatively slow rate and is consolidating under
both its own weight and the weight of the surface soil cap.

Most of the fill at the site is underlain by soft dark gray silty
clays of medium to high plasticity known locally as San Francisco
Bay Mud. These clays are quite compressible under loads, and are
presently consolidating under the wéight of the existing landfill.
The thickness of Bay Mud varies considerably across the site from
zero near the old shoreline to over B0 feet beneath the eastern half
of the landfill. Figure 3 shows the approximate elevation contours
of the base of the Bay Mud.

WOODWARD-CLYDE CONSULTANTS
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The materials which underlie the £fill and Bay Mud vary across

the site from rock on the west to stiff clays and dense sands
toward the Bay. Borings 76-1 through 76-5 on the west end
encountered medium hard shale and sandstone bedrock immediately
below the fill. These borings were in the vicinity of proposed
Restaurant One (see Fig. 1) and were located near the top and
bottom of the original bluff. Boring 76-14 encountered sand-
stone bedrock below the Bay Mud. The borings in the vicinity

of the proposed specialty shops and Restaurant Two encountered
very stiff clays and some dense sands beneath the Mud. The two
deeper borings in these areas (76-19 and 76-20) encountered bed-
rock near project Elevation +12 feet (project datum is MSL plus
100 ft). The borings which encountered bedrock suggest that the
bedrock surface slopes to the east with an average gradient of
approximately five horizontal to one vertical. Eastward from the
marina mole, the borings which penetrated the deep Bay Mud typically
encountered dense sands although older and stiffer Bay Muds were
also encountered below the recent Mud in Boring 76-21.

Idealized profile A-A, enclosed as Figure 4, presents a visual inter-
pretation of the stratigraphic soil conditions along the east-west
axis of the site. Profiles B-B and C-C (also shown on Fig. 4) pre-
sent an idealization of subsurface conditions on north-south sections
cut through the easterly and westerly portions of the site, respec-

tively.

Free groundwater was encountered in all the borings which penetrated
below mean sea level (MSL = 100 Elev.). The water table is found
consistently at an average of 1 to 2 feet above MSL within the fill,
and does not appear to be noticeably affected by tides.

Existing Surface Conditions
At present the site surface is largely undeveloped with the existing
improvements centered around the present marina along the northwest

‘WOODWARD-CLYDE CONSULTANTS
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shore of the landfill. The unimproved portions of the site
typically are graded smooth and have grass or ice plant cover.
A large soil £fill stockpile exists near the southwest corner of

the site.

The improved area includes a 283-berth marina, boat launching
ramp, paved parking, yacht club building and harbormaster's
office. Dry boat storage occupies the mole and a swimming beach
is located at the west end of the marina.

WOODWARD-CLYDE CONSULTANTS
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DISCUSSION OF FINDINGS

Soil Cap

The materials comprising the present soil cover vary across the
site and in many areas are gquite sandy. Such material is moder-
ately pervicus and, in areas where the soil cover thickness is

nine inches or less, may not offer sufficient resistance to surface

water percolation during the rainy season.

Due to continued compression within the garbage fill and underlying
Bay Mud, some areas of the site have settled differentially forming
depressions on the surface of the soil cap. These depressions re-
tain seasonal rains and allow some of the water to percolate through
the existing sandy soil cover into the rubbish fill. The resulting
higher water levels within the rubbish f£fill create a greater poten-
tial for leachate seeps around the site periphery and local satura-
tion may also accelerate the decomposition rate of the rubbish fill.

Two feet of tight, well-compacted clayey cap material is, in our
opinion, likely sufficient to minimize surface water infiltration.
Some cracking of the cap is likely to occur as the site continues to.
settle differentially primarily due to compression within the land-
fill. Techniques for reducing the cracking include preloading the
area of concern to minimize future compression in the solid waste
and incorporating filter fabric in the clay cap in selected areas

to control the size and vertical propagation of the cracks as rec-
ommended later.

Settlement

Surface settlements at this site of as much as 6 to 7 feet are anti-
cipated under existing conditions. The anticipated settlements will
be due to the long-term compression of the rubbish fill and the under-
lying Bay Mud. Approximate total future settlement estimates for
various zones at Oyster Point are presented graphically on Figure 5.
Such settlement predictions include both f£ill and mud settlement.

WOODWARD-CLYDE CONSULTANTS
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Rubbish fills of the type encountered at Oyster Point will typically
compress as much as 15 to 30% of their original height under their
own weight. At this site, it is estimated that approximately two-
thirds of this settlement has already occurred. In areas of maximum
thickness, the rubbish alone could experience from 1-1/2 to 2-1/2
feet of additional settlement in the next 40 years under the existing
loading conditions, Each new additional foot of soil f£ill could
cause 1/4 to 1/2 foot of compression for each 10 feet of rubbish
thickness; however, approximately half of this additional compression
could be expected to occur by the time construction at the site is

complete.

The Bay Mud is also consolidating and compressing under the landfill
load. Based on our laboratory tests and field measurements and our
previous experience with this natural soil material, it is estimated
that from 4 to 5 feet of future settlement may occur due to the
primary and secondary consolidation of the Bay Mud beneath the
interior portions of site in areas where the Bay Mud is thickest.

The above settlement estimates may be in error by as much as 20 per-
cent, primarily due to uncertainties regarding the compressibility
characteristics of the rubbish fill. In areas of maximum rubbish

£fill and Bay Mud thickness, the settlement time rate may be in the
range of 3 to 6 inches per year for fifteen years decreasing gradually
to less than 3 inches per year thereafter. The proposed addition of
up to 4 feet of soil cover across the site could increase the above
estimated settlements by as much as 20 percent more than shown on

Figure 5.

The magnitude of future settlement will be greater on the eastern
half of the site where the Bay Mud is thicker and the rubbish fill
has been placed more recently. Another differential effect is that

WOODWARD-CLYDE CONSULTANTS
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the settlement will be greater along the wide central axis of
the site where the rubbish fill is thickest and less along the

edges where the rubbish becomes thinner,

Slope Stability
The southern shore of the landfill (see Fig. 3) has had some
lateral movements in the past and repair measures have been taken

to stop the movements. Based on our observations to date, this
slide stabilization work appears to be effective, and no indica-
tions of continued movement were noted. We have analyzed the
existing slopes using available information to aid in evaluating
the possible need for and effects of additional stabilization work.
Our analyses indicate that the existing slopes have moderate fac-
tors of safety and that they are becoming more stable each year

as the Bay Mud continues to drain and consolidate. Our analyses
also indicate that the proposed leachate and erosion control
measures will have little affect on the existing overall stability
of the slopes since they will add little, if any, new surcharge
loads.

Two items may affect the stability of slopes significantly: addi-
tional fill loads and dredging. Our analyses indicate that adding
three to four feet of scil cover (the load the proposed clay cap
and topsoil would exert) could reduce the existing factor of safety
approximately 15 percent below its present value. Dredging alone
could reduce slope stability by 10 percent around the mole in the
marina area. The combined affects of filling and dredging could
reduce the factor of safety against sliding to 20 to 25 percent

below its present value,

Our analyses indicate that the mole has a present static factor of
safety of approximately 1.5. Rapid mole filling to Elevation 110

WOODWARD-CLYDE CONSULTANTS
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and steep dredging of adjacent muds could reduce this safety
factor to about 1.2 which is marginal for long-term loadings.
Recommendations for sealing the mole and improving the mole
stability to a better value than 1.2 are presented later. On
the south slope and at the southeast corner where previous sta-
bility problems developed, our analyses indicate the present
factor of safety is approximately 1.25.

Some dredging is anticipated in the existing proposed marina areas.
Our analyses indicate that for dredged slopes of 6 horizontal to 1
vertical extending down from Mean Lower Low Water to 10 feet below
MLLW, the theoretical factor of safety can be maintained above 1.5

in most areas.

The analysis assumes an average slope of 10:1 between MLLW and Mean
High Wéter, MHW, The slopes in the tidal range will be somewhat
steeper around the mele. Assuming the slope above MLLW is 5 hori-
zontal to 1 vertical around the mole and that an average of two

feet of soil fill will be placed on the top of the mole up to about
Elevation 108, our analyses indicate that dredged slopes below MLLW
would have to be 10:1 to maintain a 1.3 factor of safety. Cutting
the dredged slope to 6:1 around the mole reduces the computed factor
of safety by approximately 15 percent.

Leachate

Leachate control has been a major concern at the Oyster Point landfill
site and actions have been taken by the Regional Water Quality Control
Board to have the City mitigate existing leachate seeps. We have
inspected the perimeter of the landfill in detail at low tide on at
least three separate occasions, once being at a -1.6 foot tide. The
leachate seeps observed during those inspections are in definite areas
which correlate well with known specific anomalies (as described later)
which occurred in the course of site filling. All other shoreline
zones between these specific areas were essentially free of leachate
seeps during our detailed inspections.

WOODWARD-CLYDE CONSULTANTS
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Mole - The most prominent leachate area is the east side of the
mole. In addition, small indications of leachate were observed
at many other locations around the mole. Persons familiar with
the site development indicate that there was heavy tidal leaching
around the west and north sides of the mole prior to placing the
existing clay blanket and rip rap in 1974 under the guidance of
Harlan Engineers. It is evident to us that this control measure
was effective and has greatly reduced leachate on the west side
of the mole.

As discussed earlier, the mole was constructed with solid waste
in direct contact with the bay waters. Since that time attempts
have been made to seal portions of the mole perimeter and these -
attempts have been successful in reducing the volume of leachate
flows. However, some leachate seeps still exist and measures to
mitigate this leachate within the marina are necessary, in our

opinion.

We believe the two most reascnable approaches for controlling
leachate seeps around the mole would be to either expand on the
technique used for the earlier work by Harlan or completely exca-
vate the mole making additional space for berthing. Since the city
and the design team consider the mole to be a unique feature and an
asset to the marina and since preliminary cost estimates indicated
no economic advantage to removing the mole, our discussions are
henceforth limited to the cover and seal approach on the mole.

The proposed development plans call for placing the harbormaster's
office at the north end of the mole and a guest dock on the lee
side (east) of the mole. These developments will make future reme-
dial measures difficult and expensive should future problems arise
with the leachate seal. Therefore, it would be prudent to install
a leachate control system which would minimize as much as practic-
able the risks of future leachate seeps around the mole. A cover
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and seal approach calling for removing the existing rubble and
rip rap, overexcavating the existing slopes and béckfilling with
a thick deposit of Bay Mud and blinding with filter fabric and
gravel is presented in the recommendation section later in this

report.

Slide Area - A second area of observed leachate seeps extends for
approximately 1000 feet along the site perimeter from around the
southeastern corner, along the south slope to approximately 100
feet west of the eastern limit of the large rip rap, see Figure 3.
This is the area where slide movements developed around 1371 and

remedial action was taken to control the movements.

Three test trenches were excavated in this area to evaluate the
sources and extent of the leachate (refer to Test Trenches 76~Tl,
-T2, and -T3 in Appendix A). The trenches indicate that the
leachate seeps were travelling along specific anomalies beneath
the slope such as chunks of concrete rubble, stumps and discarded
timber piles. Permeable lenses of sandy fill also were a part of
the flow path. The trenches and visible seeps suggested that a shal-
low clay-filled cutoff trench approximately 25 feet downslope from
the high water mark {approximately the 105 ft contour) would ade-
guately seal the existing leachate seeps in this area. Combining
the trench with an impermeable surface cover upslope from the
trench to above the high water mark should provide an effective
seal between the bay waters and the solid waste £ill in this area.

Fence Line - A third area in which leachate seeps were observed was
near the west end of the rip rap along the south slope. The seeps
occur as small point sources spaced approximately 10 feet apart.

The test trench revealed that the leachate was travelling vertically
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along existing timber piles (refer to Trench 76-T4 in Appendix A).
A close examination of old aerial photographs revealed an old
piled fence line in this area apparently placed in lieu of a mud
dike to contain the rubbish. The untrenched seeps line up well
with an exposed pile butt and the locations indicated on the

aerial photo. The test trench suggested that the fence line could
be excavated to some depth below grade, the piles broken off and
the excavation backfilled with the excavated Bay Mud spoil. This
area is in our opinion the least critical of the four limited seep-
age areas as the amount of leachate seeping from these point

sources is guite small.

Drainage Channel - The fourth area of observed leachate seeps is
along the south boundary drainage channel where the solid waste
disposal site abuts the Cabot, Cabot & Forbes development. Test
Trench 76-T5 and Boring 76-12 indicated two distinctly different
conditions. The trench encountered about four feet of loose gravel
and clay over uncontaminated clayey sand fill (possibly placed as
part of Cabot, Cabot & Forbes development). The boring encountered
rubbish fill below the loose clay and gravel.

The best approach for isolating the channel from the s0lid waste
material will likely be a cutoff trench. In the vicinity of Boring
76-12 and possibly in other areas, the trench may have to be con=-
structed very near the channel. The detailed lateral extent of the
rubbish may not be precisely defined until the trench is excavated.
It may develop that moving the channel to the south may be the most
practical solution to cutting off the rubbish in some areas provided
that right~of-way and property ownership problems can be solved.

Detailed control schemes for each of the four leachate areas are
presented later in the recommendation section of this report. Forx

WOODWARD-CLYDE CONSULTANTS



-17=

the three areas on the south side of the site, an option to the
more complete schemes recommended later would be to apply correc-
tive measures to the individual leachate seeps observed and

accept the likelihood of a higher future maintenance cost if addi-

tional seeps appear.

The City and Water Quality Control Board staffs should be aware
that some time may be required for the proposed leachate barriers
to reach equilibrium especially for the eutoff scheme along the
drainage channel. Irregardless of what technique is used or how
extensive a leachate control system is installed, there is a risk
that a few leachate seeps will develop at some time in the future.
The future problems may be repaired as they appear using the same
basic schemes recommended for present problem areas.

Erosion

The only serious erosion problem is along the eastern shore of the
site which is exposed to the open fetch of bay waters, see Figure

3. The remaining shoreline of the site will either be protected by
breakwaters or have short fetches or very flat gravel slopes. A
significant guantity of rip rap exists on the site which could be
relocated to the east slope. The exposed south shore rip rap serves
little purpose and sufficient protection could be provided by coarse
gravel and cobbles in this area. Additional rip rap may be buried
where the slide stabilization work was performed and could be re-
covered prior to placing the clay cap. A third on-site source of
rip rap is the mole where the rock and rubble would be removed
prior to effecting the total mole leachate seal. Detailed recom-
mendations for erosion control are presented later in this report.

Methane Gas
Methane gas contrel is often encountered at completed disposal sites
where development is planned. All persons associated with the
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planning, design, -and construction of such facilities should

be cognizant of potential gas problems so that proper attention

is given to the details which minimize the methane effects,

With proper planning and implementation of the appropriate details,
the production of methane gases below grade should not adversely
affect the development.

A site the size of Oyster Point likely could generate about 1000
cubic feet of methane per day; this is a relatively small amount
and far below that needed to permit economical recycling of the

gas as a fuel. Typical problems associated with the methane pro-
duction include collection in voids in electrical conduits, entrap-
ment in poorly ventilated rooms or buildings, and infrequent surface
flares along cracks in pavement (and the potential affect on parked
vehicles). Recommendations to prevent the accumulation of gases

in structures and control of vent cracks on the surface are pre-
sented later.
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RECOMMENDATIONS

Site Grading

It is recommended that final site grades be developed realizing
that future settlements will occur. (Refer to estimates on Figure
5). It should be noted that the Figure 5 settlement estimates

are based on existing fill conditions and that the addition of

four feet of new soil fill could increase the estimates by an
average of 15 to 20 percent, 1In addition to providing for the
estimated total settlements, it is recommended that a minimum
gradient of two percent be incorporated in the final grading scheme
to minimize future surface ponding created by differential compres-
sion in the rubbish filil. Drainage swales should be located within
300 to 400 feet of each other to minimize surface ponding due to

future erratic rubbish compression,

Excavations into the existing rubbish fill will be difficult and
costly. Scrapers would not be suitable for such excavations;
trucks would probably have to be loaded by clamshells or loaders
to efficiently move the garbage materials, It is recommended that
excavations into the rubbish or regrading of the rubbish be mini-
mized or avoided wherever possible.

To control surface water infiltration and to aid in controlling
methane gas, it is recommended that a minimum two-foot thick com-
pacted clay cap be placed as a seal over the entire site (see Fig.
13). The clay cap should be composed of clayey materials having a
Plasticity Index of at least 15 percent and should consist of

silty or sandy clays or very clayey sands. The clay cap should

be placed in thin lifts not exceeding 8 inches in uncompacted thick-
ness, brought to a moisture content suitable for compacting and
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compacted to a minimum of 90 percent of California test method
216-G. Where dried and conditioned Bay Mud dredge spoil is used
for the clay cap, it is recommended that the minimum relative
compaction be 85 percent. Special clay cap details are presented
later for parking, roadways, building areas and leachate control.
Stockpiling of inert fill materials to precompress selected
building areas is discussed as part of the foundation recommenda-

tions for the specialty shops.

Slope Stabilization

The results of our stability analyses discussed earlier indicate
that the southern shoreline slopes are moderately stable provided
no appreciable additional fill load is placed on the slope.

Our primary recommendation for dredging in existing and proposed
marina areas is that the dredging start at the existing MLLW line
and the dredge slopes be cut at about 6 horizontal to 1 vertical.
This recommendation assumes that the eastern half of the site sur-
face will not be raised significantly in elevation and the western
half will be raised no more than three feet within 100 feet of the

existing high water 1line.

Assuming that the mole will be raised two feet in elevation and will
have average side slopes of 5 horizontal to 1 vertical down to MLLW,
it is recommended that future dredged slopes below MLLW be made at
10 horizontal to 1 vertical in the vicinity of the mole.

The mole area of the marina is moderately stable at present; however,
the future dredging and measures recommended later for leachate and
erosion control will reduce the overall stability somewhat. We esti-
mate the "factor of safety" against sliding at the mole to be approxi-
mately 1.3 provided our recommendations for grading, dredging and
leachate control are implemented.
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Erosion Control

The east or bay end of the peninsula is experiencing some wave
erosion problems at present. Prior to placing any protective
materials, it is recommended that the east bank be cleared of
existing rip rap, surface rubble and other exposed obstructions
above project Elevation 100 and smoothed. The new clay cap
should then be extended down to the Bay Mud slope on the shingle
beach (~Elev.102 ) to cover any exposed fill and the clay cap
covered with plastic filter cloth. It is recommended that on the
filter cloth an eight-inch to one-foot-thick blanket of coarse
gravel be placed to act as a bedding course for the rip rap. Rip
rap should then be placed and should consist of stones or concrete
rubble pieces weighing at least 300 to 600 pounds. The above
erosion protection is recommended between approximate Elevations
102 and 108 feet around the east end of the site from the new
proposed breakwater to the beginning of the south shore as shown
on Figure 3.

On the more sheltered southern shoreline, the wave action is likely
to be considerably less than on the exposed east end; it is there-
fore recommended that this erosion protection consist of a smoothly
graded site, capped by plastic filter cloth, then eight inches to
one foot of well-graded coarse gravel and 25 to 100 pound cobbles
or concrete rubble pieces. Our observations along the south slope
suggest that the rip-rap has not been needed to date and gravel
would have been satisfactory. If the City is willing to assume
some possible future maintenance work in exchange for some initial
cost savings, we would then recommend eliminating the 25 to 100-
pound rip rap along the south slope and relying on the gravel which
should be adequate. It is recommended that the south slope erosion
protection be applied over the leachate seal work recommended below
and cover the portion of the slope between approximate Elevations
102 and 107.
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Leachate Control

Mole - It is recommended that a single leachate control system be
applied to the entire perimeter of the mole from Mean Lower Low
Water up to the top of the mole. The recommended scheme utilizes
the previously installed leachate control concept with the addition
of a mechanical membrane as a second line of resistance to seepage.
The system consists of the following steps and is detailed in

Figure 6.

l. Excavate the existing soil cover to Elevation 104
and stockpile off the mole.

2. Remove the existing rip rap and stockpile; remove the
surface rubble and timber pile breakwater and dispose
offsite of mole.

3. Overexcavate slopes down to approximate Elevation 94
benching the excavation as shown on Figure 6.

4. Smooth the exposed subgrade on the slope and place a
45 mil thickness of Hypalon pond liner (available
from Burke Industries, San Jose) or equal from
Elevation 94 to the top of the mole. -

5. Place Bay Mud dredge spoil over mechanical membrane
such that the minimum thickness of the Bay Mud is
three feet.

6. Cover the Bay Mud with plastic filter fabriec.

7. Complete mole seal with one to two feet of well-graded
coarse gravel erosion protection. Increase rip rap to
25 to 300 pound stones on mole tip only where boat wakes
and inaccessibility around the proposed harbormaster
building will make later maintenance difficult.

It is important that the mole overexcavation extend down into un-
contaminated Bay Mud at the toe of the proposed leachate control
system so that the seepage paths are positively cut off. The
Geotechnical Engineer should approve all leachate seal excava=-
tions before the Hypalon is placed. It is also recommended that

WOODWARD-CLYDE CONSULTANTS



-23=

the Bay Mud spoils and erosion protection materials be placed
first at the toe area of the excavation to act as a construction
counterberm and thereby minimize slumping and deformation within

the Bay Mud during spoil placement.

After the peripheral leachate control and erosion protection is in
place on the mole, the Hypalon mechanical membrane should be placed
over the surface of the mole site and three feet of clayey soil
compacted in place as per the clay cap recommendations given under
"Site Grading" above to bring the mole site to Elevation 107.
Utilities for the harbormaster's office should not be placed deeper
than one foot into the clay cap. After construction on the mole
has been completed, a maximum of one foot of topsoil may be placed
on the mole. Additional top soil may be placed in future years as
the mole settles; however, in no case should the £fill ever extend
above Elevation 108, otherwise slope instability could occur.
Figure 6 is an idealized section through the mole leachate barrier
and should be carefully followed for best effect.

Slide Area - It is recommended that the existing leachate seeps in
the vicinity of the o0ld slides on the south shore and around the

southeast corner be controlled by excavating a cut-off trench,
placing a mechanical liner from trench to the high water line and
covering the membrane with Bay Mud dredge spoil, see Figure 7.

The following steps are recommended to develop the south slope
leachate and erosion control.

1. Clean work area of existing rip rap, rubble and other
surface irregularities and grade to a smooth surface.

2. Excavate cut—-off trench approximately 25 to 30 feet
downslope from the high water line. The trench should
be made at least 3 to 4 feet deep into uncontaminated
Bay Mud, have a minimum base width of 3 feet and have
one horizontal to one vertical sideslopes.
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3. Place a 45 mil Hypalon pond liner or equal from the
bottom of the trench to above the high water line.

4, Backfill the trench and cover the mechanical membrane
with a minimum of two feet of Bay Mud dredge spoil.

5. Place plastic filter fabric over the Bay Mud dredge
spoil, and

6. Place the erosion protection materials recommended
in "Erosion Control" above.

The estimated extent of the south slope leachate control includes
approximately 1000 feet of shoreline as shown on Figure 3.

Fence Line - It is recommended that the visible leachate seeps in
the vicinity of the buried pile fence line be controlled by system-—
atically trenching along the old fence line to an average depth of
three feet and breaking off the piles three feet below existing
mudline as shown on Figure 8a. The trench should then be backfilled
with the Bay Mud spoil. It is estimated that the total length of
buried pile fence line requiring treatment is no more than 200 feet

as shown on Figure 3.

Drainage Channel - It is recommended that the existing rubbish £ill

be isolated from the creek waters by using two .cutoff schemes.

For the western two thirds of the creek alignment, a vertical-walled
cutoff trench extending a minimum of two feet into uncontaminated
clayey soils is recommended (see Fig. 8b). The trench should have

a minimum width of two feet. The primary sealing material recommended
for trench backfill is Bay Mud dredge spoil. 1In addition to the Bay
Mud, a 10 mil visgqueen membrane should be draped against the southern
side of the trench to provide a temporary cutoff while the Bay Mud

consolidates and seals.
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For the eastern third of the drainage channel, it is recommended
that the channel be relocated further to the south and a cutoff
constructed north of the realigned channel as shown in Figure 8c.
The cutoff may be constructed by overexcavating the bottom of the
existing channel for a minimum of two feet into uncontaminated
clayey soils. It is recommended that a 10 mil visgueen membrane

be placed on the southside of the cutoff and the cutoff backfilled
with clayey soils. The channel relocation may require cofferdams
both upstream and downstream to permit working in the dry, and a
pumping system may be necessary to allow creek waters to bypass the
work area. The channel relocation would involve work on the Cabot,
Cabot & Forbes development and may require the purchase of an ease-
ment. The suitability of materials excavated from the new channel
realignment for reuse as clayey backfill for the cutoff should be

evaluated prior to construction.

Methane Gas Control

It is recommended that provisions be made to vent the subsurface
methane gases on an approximate 200 foot grid across the site. A
simple detail which may be used to vent the gas would be an air-

flare pipe.

The pipe could be installed by drilling a twelve~inch-diameter boring
in the fill down to the water table, placing a 20-foot-long, four-
inch-diameter coated steel or transite pipe approximately ten feet
into the drilled hole, and backfilling the boring with gravel to
within five feet of grade. The pipe should alsc be filled with
gravel to prevent clogging by passerbys. A small amount of paper
wadding should be pressed down into the boring, and the top five feet
concreted into place. The addition of slots in the lower three to
four feet of the pipe may facilitate gas removal especially in areas
where the bottom of the pipe may be near or below the water table.
The pipes need not be spaced on a strict triangular grid but may

be located such that they blend into the landscaping. The pipes may
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be incorporated into building walls, hidden in tree groves or
used for sign posts and other architectural purposes; however,
no lighting or other electrical eguipment should be attached to
the pipes.

In parking areas, two details are recommended to improve areal
control of methane gas. Filter fabri¢ should be incorporated
near the midpoint of the clay cap under pavements to control pave-
ment crack propagation. If surface cracks can be kept small, the
volume of gas escaping from any one crack in paved areas will be
reduced.

It is also suggested that the parking areas be gravelled or armor-
coated and not paved for the first few years. The gravel will dif-
fuse the gases thereby avoiding undesirable concentrations of gases.
Asphalt and concrete paving over large areas tend to develop dis~
tinct cracklines concentrating vented methane and thus increasing
the risk of fires at these locations. The gravelled surface rec-
ommended for the parking areas would have the added advantages of
masking differential ground movements and saving on initial paving
costs. 1In paved roadway areas, it is also recommended that plastic
filter fabric be sandwiched into the clay cap to control cracks as
discussed above. The details are illustrated in Figure 13.

All public occupancy buildings should have smoothly soffited
structural floors above grade to prevent gas entrapment and permit
the free flow of air beneath each structure. It is recommended
that the bottoms of all floors be finished flat, such as by instal-
ling plywood or other sheeting to the undersides of the first floor
joists of wood structures. Also, the spaces between the joists
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should be vented at both ends to allow air to flow through.

Rooms within the structures should be constructed with positive
ventilation to avoid the accumulation of gases in such areas.
Special attention should be given to electrical services at all
buildings. Buried electrical conduits are potential concentrated
sources of methane, and technigques should be employed which inter-
rupt the continuity of the conduit prior to entering the building.

Asphaltic concrete slabs which will be cast at grade, such as at
the boat repair facility, should be constructed on a minimum of
one foot of clean coarse gravel and the gravel covered with a
double layer of plastic visqueen. Four inches of Class 2 aggre-
gate base should be placed and compacted over the visqueen prior
to placing the asphaltic concrete. The clean gravel should be
vented by a subdrain system consisting of 4-inch-diameter per-
forated metal pipes spaced on a 50-foot grid to bleed off gases
which might otherwise accumulate beneath the slab. The subdrain
system should be connected to an exhaust fan or other positive
ventilator. No unventilated rooms should be constructed on the
slab, including closets or tool rooms. All rooms and enclosures
in the boat repair facility should be well ventilated.

Pavement Section for Roadways and Parking Areas

It has been recommended above that parking areas not be paved but
rather be maintained as gravel or armor-coated areas as detailed
in Figure 13. It is recommended that eight inches of aggregate
base be used in the parking areas and the material be compacted
to 95 percent per California Test Method 216-G. In the roadway
areas where parking is likely to be a minimum, the flexible pave-
ment section shown on Figure l1l3c¢ is recommended over the 8 inches
of aggregate base and two-foot clay cap seal. It is anticipated
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that the clay cap seal will require a layer of filter fabric to
control cracks and gas seepage in paved areas. This detail is
also shown on Figure 13. Pavements may be constructed over any
materials satisfying the requirements for site seal, including
Bay Mud dredge spoil, provided it is properly compacted as rec-
ommended. Any pavements at the site should be expected to crack
and deform with settlements of the landfill surface and higher
than normal maintenance should be expected. The City's experience
with the paved areas in the existing marina area are good indica-
tions of future maintenance requirements which can be expected.

Foundations
Restaurant One - The 6000-square-foot restaurant at the west end

of the site will be situated over the original bluff; the west
side of the building will be bearing on bluff bedrock, while the
east side of the building will be beyond the bluff and underlain
by up to about 25 feet of rubbish fill. The details of these con-
ditions are shown in Figure 9.

It is recommended that the east portion of this restaurant, which
will be over fill, be supported on drilled pier foundations extend-
ing through all fill and to bedrock; the piers should be designed
to develop their support through peripheral shear (skin friction)
in the rock. End bearing piers socketed into the rock may be con-
sidered; however, we believe it may be unsafe due to the presence
of methane gases to send workers into a pier cased through garbage
to clean the bearing surface., Therefore, our primary recommendation
is to design the piers for peripheral shear only ignoring end bear-
ing. Design skin friction values to be used in the bedrock should
not exceed 2000 psf for combined dead plus live loads and 3000 psf
for transient downward loads. All piers should be drilled a mini-
mum of five feet into the relatively friable bedrock to provide a
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firm pier socket which would properly key the pier base into the
originally sloping face of the bluff. This Geotechnical Engineer
should inspect all piers thus placed to be sure proper bedrock
penetration is obtained.

The pier holes should then be cased with Sonotubes through the rub-
bish f£ill, and the Sonotubes would become a permanent part of the
foundation system. Prior to placing concrete, the pier hole should
be pumped dry, or if there is an obvious inflow of leachate as
opposed to normal groundwater, the pier hole should be backfilled
with fresh water and the concrete placed by tremie methods. Type
V sulfate-resistant cement should be used for the pier concrete and
all other embedded foundation concrete at the site to resist sul-
phates which would likely develop from leachate over a period of

time.

It is recommended that the pier tops be tied into reinforced concrete
grade beams to connect all piers together near the site surface.

The top of the grade beam in fill area should be cast about one foot
below grade and designed for long-term fill downdrag load of 400
pounds per lineal foot. The one-foot depression over the grade

beam should be lightly backfilled with non-cohesive sand or gravel.
The purpose of the initially depressed grade beam is primarily for
visual effects, i.e. to keep it below grade as the filled part of

the site settles around the pier foundations and thereby minimize
"mole hills" in later years.

It is recommended that the restaurant floor slab be supported clear
above grade 2 to 3 feet by short structural columns extending between
the soffit of the structural slab and the piers. The resulting air
space beneath the structural slab will permit the prevailing winds

to easily flush any traces of methane gas from beneath the building
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before flammable concentrations occur. The bottom of the slab
should be flat to prevent gas concentrating.

Shallow spread footings may be used in lieu of drilled piers where
little or no rubbish exists and where the depth to rock is shallow.
Permissible bearing pressures of 8000 psf for dead plus live loads
and 12,000 psf for total wind or seismic loads are recommended for
design of spread footings on rock. The footings should be tied to
the drilled piers by grade beams, and the structural slab should
be cast above grade even in footing areas to provide wind-methane
flushing from beneath the slab.

Restaurant Two - A second restaurant of approximately 10,000 sguare
feet will be sited near the harbor in the area presently occupied
by the yacht club. As Figure 10 indicates, it is recommended that
this restaurant structure be supported on prestressed concrete piles
driven through the Bay Mud and the underlying very stiff to hard
clays below and several feet into bedrock. Prior to driving piles
through fill, it is recommended that any rubbish or dike fill be
predrilled or spudded to remove obstacles which possibly could dam-

age piles during driving.

In addition to structural building loads, piles should be designed to
resist a total of 7 tons of downdrag per foot of pile circumference
(e.g., a 12=-inch square pile should be designed for a total of 28
tons of downdrag). The downdrag loads will be caused by downward
movement of the £ill and Bay Mud as the supporting Bay Mud consol-
idates under the existing fill and mud surcharge.

It is recommended that the piles be designed as combined friction and
end bearing elements with the skin friction developed in the very
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stiff to hard clays underlying the Bay Mud. An average design
skin friction value of 1200 psf is recommended in the very stiff
to hard clays for combined dead, live and downdrag loads. This
value may be increased by one-third for wind or seismic loadings.
An additional end-bearing value of the order of 50 tons is
recommended for piles which are driven to refusal a few feet into
bedrock.

The depth to bedrock in the vicinity of Restaurant Two is pres-
ently known at the location of Boring 76-19. The length of piles
could vary a few feet because the depth to bedrock is probably
variable over the site; therefore, piles should be cast with
moderate extra length and then cut off after driving.

Because of the expected fill settlements, batter piles should not
be used. Instead, it is recommended that all piles be driven as
vertical elements and that lateral building loads be resisted by
bending or moment resistance in the piles. It is estimated that
piles supporting an elevated restaurant structure and having ulti-
mate moments between 120 and 200 kip-ft will have ultimate lateral
capacities each of 8 to 13 tons, respectively.

More precise embedded pile lateral capacity estimates can be com-
puted after the pile sections are selected. Due to the possibility
of lurching and slumping of the ground surface during a strong
earthquake, it is recommended that the upper half length of all
restaurant piles be provided with extra longitudinal reinforcing
bars inside spiral cages or closer spiral steel. The piles should
frame into a strong monolithic floor slab to tie the building to-
gether and distribute the lateral loads induced by the piles. The
main floor slab should be cast above grade with a flat bottom so
that methane gas may be flushed by prevailing winds, see Figure 10.
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over the cap and left in place at full height for approximately
three months or until rapid settlement due to rubbish compression
ceases; after that the stockpile may be removed and placed over
other areas as capping material where suitable. It is recommended
that the top of the surcharge fill extend 30 feet beyond the build-
ing limits to precompress the entire specialty shops area. The
material for the surcharge could be either clay cap fill or stock-

piled topsoil as is convenient.

It is recommended that the buildings be supported only at their
four corners to make maintenance jacking simple and to induce less
distortion into the structures. The individual footings should be
embedded not more than 18 inches into the compacted clay cap and
should be connected to one another by stiff grade beams. It is
recommended the footings be designed to exert maximum bearing
pressures of 1500 psf for combined dead and live loads, and 4000
psf for seismic., The individual jacking points should be designed
such that the structure is connected to the foundation by vertical
guides and capable of easy jacking and releveling yet also capable
of transmitting design lateral seismic shear to the foundation
without falling off the jacks.

To enhance the overall appearance of the shop complex, it is rec-
ommended that all building and roof lines be offset or staggered
between each shop such that the casual observer cannot easily detect
differential movements between the structures. The structures
should all be elevated above grade two to three feet and smooth
sheeting applied to the bottoms of the floor joists to minimize gas
entry into the buildings, as detailed in Figure 1l1l. The ends of
joist spaces should be well-vented and the joists oriented east-
west such that the prevailing westerly winds may flush out gases
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which could otherwise accumulate in the flooring system. It is

suggested that all structures be connected by articulating ramps
with gravel or preferably ice plant at grade between all struc-

tures to obscure expected signs of differential settlements.

Harbormaster's Office - It is recommended that the harbormaster’s
office be constructed on grade with relevelling jacks similar to
the shops, see Figure 11, with the exception that no temporary
surcharge should be placed on the mole. The office should be kept
at least ten feet back from the top of the slope to minimize risks
of local slope instabilities. All other details should be the
same as those recommended for the specialty shops complex.

Yacht Club - It is our understanding that the yacht club will have
a large floor area and may be located near the edge of the landfill.
It is recommended that piled foundations be used to support the
yacht club and that the design details be similar to those of
Restaurant Two. The only exceptions are that all piles should be
designed for 8 tons downdrag per foot of pile perimeter and that
the piles be designed as skin friction elements only. It is rec-
ommended that the design skin friction values be 1000 psf for dead
plus live loads and 1300 psf for all loads including seismic. The
estimated lateral capacity of the piles are the same as those for

Restaurant Two.

Boat Repair Shop - The proposed boat repair facility will include
an enclosed work area. It is anticipated the enclosure will be a
flexible steel building and will have a slab on grade. As shown on
Figure 12, it is recommended that three feet of compacted clay cap
and one foot of clean gravel for a gas vent be placed under the
ficor pavement. An impermeable membrane should be placed on top of
the gravel followed by 4 inches of aggregate base :and 4 inches of
A.C. The gravel should have 4-inch perforated metal or .plastic
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pipes spaced about 50 feet apart and running the length of the
building in the gravel,and as Figure 12 indicates, the pipes
should connect to an industrial exhaust fan to aid in flushing

gases out of the gravel,

It should be recognized and understood that the repair shop pave-
ment will deform with the differentially settling ground surface
and may crack with time. The amount of differential settlement
can be reduced significantly by surcharging the building area as
recommended for the specialty shops area.

Shallow footings may be used to support the building columns. It

is recommended that the column lines be overexcavated two feet

deep and eight feet wide prior to placing the clay cap. The cap
should then be placed and compacted providing a total cap thick-
ness of four feet beneath footings. The footings should be embedded
through the gravel and cast on the clay cap, as shown in Figure 12,
Footings so placed should be designed for bearing pressures of 1500
psf for dead plus live loads and 4000 psf for all loads -including
wind and seismic. Provision should be made at the base of each
column for periodic relevelling.

As discussed earlier, it is recommended that all facilities be well
ventilated and special attention should be given to service and

tool storage rooms which often have very limited ventilation. It

is also strongly recommended that no concrete slabs be used on grade
since the predicted settling and cracking will create very diffi-

cult maintenance problems over the years. Flexible asphaltic pave-
ments on grade which can be easily resurfaced are far more desgirable
from a maintenance point of view and the garage areas of the Watergate
Complex in Emeryville are a good example of the advisability of using
asphalt on settling subgrades.
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Fishing Pier - A fixed fishing pier is planned which will extend
into the Bay beyond the bulkhead line at the east end of the site.
The pier concept has not been finalized yet; however, it is assumed
that it will be designed with simple spans between supporting pile

bents.

It is recommended that the pier be supported by prestressed concrete
piles driven through the Bay Mud and into the underlying firm soils.
The westerly piles which extend through £fill should be structurally
designed to withstand the combination of the fill downdrag loads
recommended for Restaurant Two piles and the structural loads from
the pier. To estimate the downdrag load on the pile for each bent,
it is recommended that the full 7 tons per foot of pile perimeter be
applied to all piles west of the MLLW line and that no downdrag load
be applied to piles more than 50 feet east of the MLLW line. The
downdrag on piles between these two areas may be estimated by linear

interpolation.

To resist downward leoads, it is recommended that a skin friction value
of 1000 psf be assumed for the soils beneath the Bay Mud. Since no
off-shore borings were authorized by the City in the fishing pier area,
the conditions of the soil materials below the base of mud have been
assumed to be similar to those encountered in Boring 76-21 on the mole
and in the off=shore borings in the marina area. The ultimate lateral
capacities for 12- and l4-inch-square prestressed pier piles are
estimated to be 4 kips and 7 kips, respectively.

Berthing and Breakwater - It is recommended that prestressed concrete
piles be used to moor the proposed berthing floats in the new marina
addition. Our analysis indicates that 12- and l4-inch-square pre-
stressed concrete piles will resist allowable lateral loads of
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l.5 and 2.2 kips, respectively. The mooring piles should be tapped
into the Bay Mud with tips at about Elevation 40 (60 feet below mean
sea level).

Due to the much longer life expectancy of prestressed concrete, we
recommend the breakwater be comprised of prestressed concrete sheet
piles with tips placed to about Elevation 35. The sheet piles may

be either cantilevered or braced with batter piles on the harbor side
of the bulkhead. Assuming the resultant of wave forces will be located
approximately six to eight feet above mudline, we estimate that 12~
inch-thick prestressed cantilevered sheet piling will resist an allow-
able lateral force of 1.5 kips per lineal foot of wall. It is recom-
mended that the tops of the sheet piles be connected by a continuocus
reinforced concrete bond beam to aid in maintaining alignment and
distributing wave forces. Batter piles may be necessary to reduce
moments in the sheet piles if the design wave forces exceed the allow-
able lateral force on the cantilevered walls.

Utilities

It is recommended that utility corridors be overexcavated and the clay
cap thickened such that a minimum of two feet of clay cap will remain
between the rubbish fill and the individual utility lines. Conduit

and piping should be designed to tolerate marked differential settle-
ments which may develop due to compression in the rubbish. Localized
differential movements of the order of 8 to 12 inches in ten feet are
possible in rubbish fills. Connections between utilities and buildings
should be made flexible to tolerate differential settlements, especially
at pile supported structures where differential movements will be equal
to the total ground settlement. Utilities should also be designed to
connect through the sides of structures rather than through the floors
wherever possible to minimize points where methane gases may collect

beneath the buildings.
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Bedding courses for buried pipes can collect methane gas and direct
the gases into manholes and other junction points. Therefore, it
is recommended that a clay seal be placed around such access points
to cut off the gases. Electrical conduits may also collect gases
and should be sealed at junctions.
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SEISMIC SITE RESPONSE TO EARTHQUAXES

Potential Seismic Events

The project site is located approximately 4.5 miles east of the
San Andreas Fault and 15 miles west of the Hayward Fault, the two
fault systems considered most seismically active in the San Fran-

cisco Bay Area. For the purposes of this investigation, it is
assumed that a Magnitude 7+ event represents a 50-year recurrence
interval and a Magnitude 8+ event represents a 100-year recur-
rence interval for earthquakes on the San Andreas Fault. Events

of lesser magnitude, respectively, would be assumed for earthguakes
along the Hayward Fault. Considering the proximity to the San
Andreas Fault and the higher magnitudes of potential earthquakes,
an earthquake on the San Andreas Fault would predominate in

seismic design consideration.

Soil Profile

A generalized soil profile was developed to represent subsurface
conditions beneath the proposed structures. The 110-foot-deep
generalized profile consists of 3 feet of cover fill, 30 feet of
rubbish fill, 35 feet of soft Bay Mud, and 42 feet of stiff to hard
clayey soils with occasional sand lenses, overlying bedrock. The
actual stratigraphy beneath a particular structure may contain
thicker or thinner layers of these materials or even only bedrock.
The thickness of the rubbish fill and soft Bay Mud layers dominate
the seismic response of the soil profile.

Estimates of fundamental period for the generalized site profile
given above provide an expected range of periods between 0.5 and 1.5
seconds, depending on the deformation parameters selected and on the
severity of ground shaking. Shallower and/or stiffer profiles would
have shorter fundamental periods, while deeper and/or softer profiles
would exhibit longer fundamental periods, relative to the range given
above.
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Ground Response Spectrum

Considering the variability of profile stratigraphy and the
uncertainties in modeling the dynamic properties of the rubbish
fill, a generalized smooth spectrum of absolute acceleration

versus period was developed, based upon spectra of recorded motions
on soft sites published in the literature. It should be noted that
in considering either a Magnitude 7+ or B8+ seismic event, the prox-
imity toc the San Andreas Fault and the characteristics of the soft
site would lead to essentially very similar absolute acceleration
spectra for motions at the ground surface. The potential for
severe ground deformations or structural damage would be greater
for the larger magnitude earthquake due to such factors as duration
of strong motion, which are not directly related to the ground

motion response spectra.

Based on our study results, an estimate of the peak bedrock accel-
eration for a nearby Magnitude 7+ event would be approximately 0.6g.
The attenuation of peak acceleration, for vertically propagating
shear waves through the soft profile, results in approximately 0.3g
peak acceleration at the ground surface, consistent with published
results, Based upon normalized acceleration spectra of accelerograms
measured on soft sites, modified to 10 percent spectral damping, an
amplification factor of approximately 2.1 is obtained over a period
range between 0.2 and 1.25 seconds. The resulting estimate of the
surface ground motion response spectrum is given in Figure 14.

The spectrum given in Figure 14 may be used as a basis for preliminary
seismic design of the proposed structures. It represents an "upper
average" spectrum for anticipated ground motions typical for the
marina site. It does not include consideration of any factors which
are considered in the structural seismic response analysis, such as
out-of-phase motions, duration of strong shaking, and ductility.
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For structures founded on a significantly different hard soil or
bedrock profile, an adjusted response spectrum would be necessary

to reflect site=-specific conditions.

Liguefaction Potential and Related Problems

Soil borings at the site indicate that the sandy and silty soils
beneath the site are generally lense-like, discontinuous deposits,
and/or contain sufficient cochesion to suggest that risk of lique-

faction or potential for flow failure of these materials is low.

It is likely, however, that lenses of loose sandy, or silty soils
and loosely compacted fill, both above and below the water table,
may tend to densify due to strong ground shaking, resulting in
differential settlements at the ground surface after a large event.

In response to a nearby, strong earthquake, the layer of soft Bay

Mud may lose significant strength. This tendency will result in
additional differential settlement of the ground surface. The

more significant consequences of soil shear strength losses due to

a nearby strong earthquake may be relatively high potential for
detrimental ground movements near the unrestrained lateral boundaries
of the site. Lateral spreading, surface cracking and lurching of

the soil mass may develop in the vicinity of the "free face" boundaries

of the site underlain by deep soft Bay Mud.

The effects of these potential deformations on shoreline structures,
pavements, buried utilities, and other facilities need to be con-
sidered in design. The avoidance of structures having fundamental
periods approaching those of the subsurface profile is advised. For
pile-supported structures, seismically-induced bending stresses and
Pile cap details may deserve special structural design attention.
Finally, important structures near or on any "free face" boundaries
of the site should be conservatively designed, as these areas have
the greatest potential for detrimental ground movements caused by a
strong earthqguake.
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LIMITATIONS

The recommendations made in this report are based on the assump-
tion that the subsurface conditions do not deviate appreciably
from those disclosed in the borings and trenches. If variations
or unanticipated undesirable conditions are encountered during
construction, or if the proposed development will differ signif-
icantly from that described in this report, the Geotechnical
Engineer should be notified so that supplemental recommendations

can be made.

This report completes our assignment for the geotechnical phase of
this project. As designs are finalized, you and your design team
may wish to consult with us on unanticipated problems or questions
beyond the scope of your study and the review of plans and speci-
fications. The work assignments for the above services will be
subject to your authorization prior to our undertaking them.
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TOPSOIL FOR LANDSCAPING

(Thickness may vary)
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Project:  0ySTER POINT MARINA

South San Francisco, California BDRING I-UG LEGEND SHEET

Hammer Weight:

Type of Boring: Remarks:
1 . [ = eS| F |28 .
.1:. ?.l n\u- .;. E’ g... E § g"‘
a E z DESCRIPTION e2|l°oglg8s2
a3l & | F S z gé 3
Surfoce Elevotion:
5 E ~———— 2-INCH I.D. MODIFIED CALIFORNIA SAMPLER
] ~——— 2%-INCH I.D, MODIFIED CALIFORNIA SAMPLER
10—
- ~=———— 3-INCH 0.D. SHELBY TUBE SAMPLER
7] B BLOW COUNT WITH A 140-LB. HAMMER
15— |22 FALLING 30 INCHES
i ’- * g BLOW COUNT WITH A DOWNHOLE HAMMER FALLING
4 " 23 12 INCHES THROUGH DRILLING FLUID
20— u
i P —s——— SAMPLER ADVANCED BY PUSHING
25— 4 N WATER LEVEL MEASURED:
ATD ~--—— At Time of Drilling
] 6-4-76 ~=——(On Date Indicated
30—
JobNe. 13609A WODDWARD-CLYDE CONSULTANTS Figure A-1




Project: OYSTER POINT MARINA . 76-1
South San Francisco, California Lo g o f B ortin g N 0.
Date Dritied: June 4, 1976 Hammer Weight: 140 1bs.
Type of Boring: 6" Auger Remarks:
. o[ = -
“w | 3 o 2% |3 £ 2
Sl a | » el 8%
s | E |k DESCRIPTION 22194, ¢
a 0 @m = 3 o = ﬁ

Surface Eievation: 115

SANDY SILT FILL
Poorly compacted, dry, dark brown

5—

: RUBBTISH FILL

i Includes tin cans, paper, organic matter

J 2 E; 7 - - -
10+

1395 I
15—

14N 30 (F“L)t N
20+ '

| _ S HALE
. LS 70 \ Soft to medium hard, dark gray

) Zgh \ = = =
25— “--Medium hard
30- \BOTTOM OF HOLE @ 28"
. Water Table Not Encountered
35—
40

JsobNo. 13609A WOODWARD-CLYDE CONSULTANTS Figure A-2
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Project: OYSTER POINT MARINA .
South San Francisco, California Lﬂg of Borin g No. 76-2
Date Drilled: June 4, 1976 Hammer Weight: 140 1bs,
Type of Boring: 6" Auger Remarks:
El o8| & e % :E £ 3
= a m\ z2 c o - 8 =
a 5 x DESCRIPTION gg 3: ¢ g
2l al& 2S8ls | 53
Surfaoce Efevotion: 125
) SANDY SILT FILL —
5—.
. RUBBISH FILL
10—
15~
- 1 N 8
o] N
4 (FILL)

S HALTE
Medium hard, dark gray

25
' \BOTTOM OF HOLE @ 25°

: Water Table Not Encountered

40—

Job No. 13609A WOODWARD-CLYDE CONSULTANTS Figure A-3
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Project:

OYSTER POINT MARINA
South San Francisco, California

Log of Boring No.76-3

Date Drilled:

June 15, 1976 Hammer Weight:

ir
Type of Boring: 6" Auger Remarks;
- - 39 ’? = 'ﬁ
LL.. ; \t g - g-— (E; f-
S| El: DESCRIPTION asleg| 0 ®
S| |® =815 |53
Surface Elevotion: 130

] S1LTY SAND FI1LL

1 RUBBISH FILL
5' Mixed with silty sand in places
10—

.1
's k SILTY CLAY (CH=0H)

i Medium stiff, moist to wet, dark gray,

] mixed with rubbish

4
20+

.

(FILL )I

Coy S HALETE

N Medium hard, gray-brown

] \—BOTTOM OF HOLE @ 27°
30— Water Table Not Encountered
354

]
40
JobNo. 13609A WOODWARD—CLYDE CONSULTANTS Figure A-4



Project: OYSTER POINT MARINA .
Log of Boring No.76-4

South San Francisco, California

Date Drilled: June 4, 1976 Hammer Weight: 140 1bs.
Type of Boring: 6" Auger Remarks:
o o 5‘9 3 e E
lz|& Sols.| &<
2 e |k DESCRIPTION #8logl0F
o w ) 281]s 5 r."r:)
Surfoce Efevotion: 125
J SANDY SILT FILL
Poorly compacted, dry, gray
11§« - -
i gll
54 S HALE
] Medium hard, gray
10—
15 \ BOTTOM OF HOLE @ 13'
Water Table Not Encountered
Project:  QySTER POINT MARINA .
South San Francisco, California lﬂg of Borin ) No. 76-5
Date Drijled: June 15, 1976 Hammer Weight:
Type of Boring: 6" Auger Remarks:
Zl 2| & A
£l & | W 2zlas| S5
a | E |k DESCRIPTION 221°2| 5 ¢
ol I =315 |53
Surtoce Elevotion: 133
) SILTY SAND FILL : Poorly compacted, dry to damp,
| dark gray, with gravel
-
' -/ ] With rubbish
5] SHALE: Medium hard to hard, gray
T \‘\\‘“- BOTTOM OF HOLE @ 5.5
i Water Table Not Encountered
10—

JobNo. 13609A WOODWARD—CLYDE CONSULTANTS Figure A-5




Project: OYSTER POINT MARINA .
South San Francisco, California I.ﬂg of Borin g No. 76-6
Date Drilied: April 9, 1976 Hammer Weight:
Type of Boring: 6" Auger Remarks:
- - 5‘9 '? a E
w -4 " = < E =
£l 3 | » sils-18¢<
al €1k DESCRIPTION eleg| L E
= n @ 2315 5 s
Surfoce Elevotion: 107
j CLAYEY GRAVEL FILL: Poorly compacted, contains
large rock fragments

. SILTY CLAY FILL

] Poorly compacted, wet, dark gray, with
5 trace of rock fragments

1 VAN }Large rock fragments with clay

: 5-28-76 (EILL) T
10— -
' 5 SILTY CLAY (CH)

1 Soft, saturated, dark gray
20

] (BAY MUD)
25—

) BOTTOM OF HOLE @ 30°
35+

-

.
40—

JobNo. 13609A WOODWARD—CLYDE CONSULTANTS Figure A-6




Project: OYSTER POINT MARINA .
South San Francisco, California I.Ug of Bor rnyg No. 76-7

Date Drilted: April 9, 1976 Hammer Weight: 140 Tbs.

Type of Boring: 6" Auger Remarks:

- o 2= e B

L 4 u e 1l E

£ = [ ™ 2z|le~| 3¢

a| E |k DESCRIPTION £2128) , ¢

a o o = t.g) = 3 :';':a

Surfoce Elevation: 111

SILTY CLAY FILL: Moderately compacted, moist,
dark gray, with trace of rock fragments

RUBBTISH FILL

Lo

1 2K 1 .
] gu |~ Metal spring N .
. N

Lo 5-28-76
4 3N 6 - - | -
- SANDY CLAY (CL-CH)

15—

rock fragments

- 4§ 2 No Recovery
20

. SILTY CLAY (CH)
5 2
Soft, saturated, dark gray

- 65 2 No Recovery

(BAY MUD)

Medium stiff, saturated, gray, with
(FILL )j

Wy

1 76 2 I N
35

= - ¥ T <
40—

1 8l 6 A I

p \BOTTOM OF HOLE @ 42°

fJobNe. 136094 WOODWARD-CLYDE CONSULTANTS Figure A-7




Project: OYSTER POINT MARINA . -
South San Francisco, California l.Og of B oring No. 76-8
Date Drilled: Apri} 8, 1976 Hammer Weight: 140 1bs,
T&pe of Boring: 6" Auger Remarks:
. - 2,9 = o E
by = - < o 4 cE) <l
£ - P 2el@vl oL
a| g |k DESCRIPTION ez2l28] 5 ¢
S| & | =28ls |53
Surfoce Elavetion; 107

) SILTY CLAY FILL

' IS 9 Poorly compacted, moist, gray, with - - -

1 rock fragments
5—

i VAR

| 5-28-76 | Very. poorly compacted, saturated,

) ZS 5 dark gray No Recovery
10—

. }Nith large rock fragments

. 3? 4 No Recovery
15—
20— SILTY CLAY (CH)

. Soft, saturated, dark gray, with

i trace of fine shells
2 5

i (BAY MUD)
30
N \

ﬁ

. BOTTOM OF HOLE e 35°
40

JobNo. 13609A WOODWARD-CLYDE CONSULTANTS Fioure A-8




Project: OYSTER POINT MARINA .
South San Francisco, California I.(lg of Borin g No. 76-9

Date Drilled: April 8, 1976 Hammer Weight: 140 1bs,
1]
Type of Boring: 6" Auger Remarks:

. . L& a @
- - - 29 |G E @
s s N 2flzs| 88
| E | 2 DESCRIPTION 22122 4
2 » | B 25| 2> g ¥
= & @ =8|8 S &

Surfoce Elevation: 109

SAND AND ROCK FILL

SILTY CLAY FILL

Moderately compacted, moist, dark gray,
with trace of fine rock fragments

] Poorly compacted
IS 7 _st- 8-7GI ) ]

14 RUBBISH FILL

15-1 Contains organic matter such as household
refuse, wood, rubber, and other debris

6 No Recovery
(FILL)

Soft, saturated, dark gray UU TRIAXTAL TEST
%(0,-03) ¢ = 230 psf

-4§5 SILTY CLAY (CH) _|57 |66 | -

2 5—
i With small shells
] 564 4 ' 63 |61 | -
] UU TRIAXIAL TEST /-
- %(0,-03)¢ = 270 psf [ .
1 BAY MUD
46 5 ( ) - i -
35 L
= ‘f? = 'ﬁ? <
7 A . UU TRIAXIAL TEST N\ 2 | 5
40 4 !5(01-0'3)f = 200 psf/_

- \BOTTOM OF HOLE € 41"

JobNo. 13609A WOODWARD-CLYDE CONSULTANTS Figure A-9




Project: OYSTER POINT MARINA .
South San Francisco, California Lﬂg of Borin 0 No.76-10
Date Drilled: — April 9, 1976 Hammer Weight: 140 1bs.
"
Type of Boring: 6" Auger Remarks:
- - - 212 G E
u H s e .10 E
B N 35|85~ 8¢
a|l E |2 DESCRIPTION 22198 4 €
&1 & | & =815 |5
Surfoce Etfevation: 110
SILTY CLAY FILL
~ Moderately compacted, moist, with fine
1 b 9 rock fragments - - -
3= SILTY CLAY FILL
. Poorly compacted, wet, dark gray
] 25 , v, Y P ’ s g
i 10" 5-8-76 Iwith rock fragments - N
10~
i CLAYEY STLT FILL
- Poorly compacted, saturated, dark gray,
N
{ 3 N 7 with some fine rock fragments and trace - - -
1 N of refuse
15—
: (FILL) T
4 4 S 5 - - -
J N '
20+ SILTY CLAY (CH)
: Soft, saturated, dark gray
: 5,% * U0 TRIAKIAL TEST = O | 27| T
- 5@ 4 62 | 62 -
- UU TRIAXIAL TEST
30 %(0,-05) ¢ = 240 psf /|
] 7E§ s I I
35
N UU TRIAXIAL TEST
1 8y 3 5(0,~0,)¢ = 80 psf - | - -

40 T~ BOTTOM OF HOLE @ 39°

JobNo. 13609A WOODWARD—CLYDE CONSULTANTS Figure A-10




Project: OYSTER POINT MARINA . |
South San Francisco, California lﬂg Uf B orin g NU76-11
Date Drilled: April 9, 1976 Hammer Weight: .
Type of Boring: 6" Auger Remarks:
-1 . 1 - R
"“-_ 2 \"‘ g = E-— g 2
sl e |k DESCRIPTION ss|log| O ®
il I HEEH
Surfoce Elevotion: 105

T STILTY CLAY FILL

] Poorly compacted, moist, dark brown,

| with rock fragments
. 5-8-76

: }Large rock fragments
107 SILTY CLAY FILL

| Poorly compacted, saturated, dark gray,

| with trace of rock fragments and rubbish
15~
20—

4 (FILti)
2 5+

7 SILTY CLAY (CH)

: Soft, saturated, dark gray
30

- (BAY MUD)

=

<97 T < < <

.
40

, \ BOTTOM OF HOLE @ 40'

-1
JobNo. 13609A WOODWARD-CLYDE CONSULTANTS Figure A-11




Project:

South San Francisco, California

OYSTER POINT MARINA

Log of Boring No.76-12

Date Drilted: April 12, 1976 Hammer Weight: 140_]b5-
1l
Type of Boring: 6" Auger Remarks:
- P - a\o- ‘? Q ‘g
L H i e |e £ @
r a :l\ 2t e~ 8 S
a| €| & DESCRIPTION 221%a) 5 ¢
S| 8= 2815 |53
Surface Elsvotion: 107
SILTY CLAY FILL
Moderately compacted, moist, brown
-1510 SILTY CLAY FILL =l el &
1 Poorly compacted, wet, dark gray, with large
5— SN2 rock fragments
. ATD } Boulder
1:N 13 Iwith rubbish Mo -
N
10
1 v
4 3 :: 8 “ - N
i J
15—
] 13
1 488 P . - -
H - 8 (FILL)
20
,
IINE o
25 5* SILTY CLAY (CH)
J Very soft to soft, saturated, dark gray,
i with trace of shells
4 6 3 - - -
304
i (BAY MUD)
4 7 2 - - Z
351
5 f < < <
40« 8 4 - - -
‘i:;- BOTTOM OF HOLE @ 41°
JobNe. 13609A WOODWARD-CLYDE CONSULTANTS Figure A-12
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APPROXIMATE ELEVATION, feet

APPROXIMATE ELEVATION, feet

APPROXIMATE ELEVATION, feet

106

104

102~

100

96—

106

104}~

102

100+

98-

106 —

104

102

100

98—

TEST PIT 76-T1

BROWN SANDY CLAY

BAY MUD
OLIVE SILTY SAND

BAY MUD

TEST PIT 76-T2

BAY MUD

CLEAN
BAY MUD

TIMBER PILE

TEST PIT 76-T3

% BAY 10D oD CRUST

\  GARBAGE

CLEAN
BAY MUD

‘I MASSIVE
¢ CONCRETE

TEST PITS 76-T1, 76-T2, 76-T3

OYSTER POINT MARINA
South San Francisco, California

Figure A-20_




APPROXIMATE ELEVATION, feet

APPROXIMATE ELEVATION, feet

102

100

98

96

94

92

106

104

102

100

98

96

TEST PIT 76-T4

STRIATED
GRAY &
BLACK
BAY MUD

pEam—

RUBBISH

CLEAN
BAY MUD

TIMBER PILES

TEST PIT 76-T5

GRAY SILTY CLAY ___
f GRAY SILTY
GRAVEL & CLAY

ORANGE-BROWN
CLAYEY SAND

TEST PITS 76-T4 AND 76~T5

OYSTER POINT MARINA
South San Francisco, California

Figure A-21
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srncman | Tk, | SRV | SREMIKE | SRElSS | eakEiine
ND, CONTENT (%} i"cPr) {T8F} (Tarm)
76-103-3 | 59 64 1.0 0.80 0.80
76-101-2 | 48 69 2.0 1.24 1.49
76-102-3 | 46 71 5.0 3.26 3.68
3
B2
o >
ls”
s ==
w1 an =
- ¢ =
0 |
0 1 2 3 4
5 (THT,)f, tsf
NOTES:
FAILURE DEFINED AT MAXIMUM PRINCIPAL STRESS RATIO
0, = MAJOR PRINCIPAL EFFECTIVE STRESS
0, = MINOR PRINCIPAL EFFECTIVE STRESS
Project No. 13609A SUMMARY OF CU TRIAXIAL TEST RESULTS |Figure A-23

WOODWARD-CLYDE CONSULTANTS




250
- D
___-—Cr'—

;D/DQ . .
4= Strain Rate = 0.01% per minute
2 200 Pt
% el
£
|
&

L
Lo
a 150
(%]
0
= \dain Rate = 1% per minute
%]
-—
= o)
5 100 Oy
(45
=
g
L
-
(=
=
w50
S
NOTE: SAMPLE 4, BORING 76-101
UU TRIAXIAL TEST
0 I l :
0 4 8 12 16 20 24
AXIAL STRAIN, %
Project No. 13609A STRESS STRAIN CURVES FROM

WOODWARD-CLYDE CONSULTANTS

SUSTAINED LOADING UU TRIAXIAL TESTS

]Figure A-24




SAMPLE NO, SUMMARY OF TEST RESULTS
102-3 TS | ARINTE ) [ oMY | S BENCERTO N, [ MESHT | Pl TR
INITIAL 2.73 80.3 53.1 99.4 .8968 2.43
FiNaL Assumed 55.1 68.0 99,9 .7010 *
e, = 2.207
2.20%—-1%____
T~~~
2.12
COMPRESSION CURVE
2.04 \
o 1.96
.—
g
o 1.88
5
>
1.80
1.72
1.64
1.56
___L -+ REBOUND CURVE
1.48\ {é\__ '
e, = 1.506 Ry
1.40
1.32
0.1 1.0 10.0 100.0
PRESSURE, IN KAF
Project No. 13609A CONSOLIDATION TEST Figure A-25

WOODWARD-CLYDE CONSULTANTS




1974 BORINGS BY HARLAN ENGINEERS

WOODWARD-CLYDE CONSULTANTS



File No.

Y

H4-0506-F2 June 3, 1974

SAMPLE
NQ.

IN-PLACE

LOG 8 JPearanon DESCRIPTION

LATION | ppoyrornes bRy MOISTURE

oF DENSITY CONTENT
Biowa,‘tt

SAMPLE iy pet S dry wt

Boring No. -1l

SW - Brown to Grey Gravelly SAND,
dense, moist to wet (FILL)

%

Black GARBAGE, very loose,
saturated, organic odor,
includes wood, tires, bottles,
plastic, etc.

(FILL)

&
&
545

2
X

¢
&

OB
Pe%e%
3R
RS

(0
()

q&
6K
)

0

)
()

*
50

-

250
&

O
3RS
00K

3

&
(50
&

¢

%S

..
s
00t

*,
0

G5

*
()

@
*,

O
2
&
ole,

(2
oY

(K
()
SN

S

ML - Grey Clayey SILT (BAY MUD)
soft, wet

Boring Terminated at 30 Feet

Figure No. 2 - Log of Test Boring No. 1




File No. H&4-0406-F2

June 3, 1974

IN-PLACE
EPTH SAMPLE LOG B Fenatrohoa DESCRIPTION
™ NO. LOCATION f Rzsiatanes DRY MOIS TLARE
FEET s.ﬂfu — °E::".T ¥ ,;":: E-":
Boring No. 2
s "| sw - Brown to Grey Gravelly SAND,
CHE dense, moist to wet (FILL)
=
-5 Black GARBAGE, very loose,
saturated, organic ordor,

B includes wood, rags, etc.

N (FILL)
.1'0 .
-15.
.20.
e Rocky rubble at 21 and 28 ft.
. S
25

. 3

Figure No. 3 - Log of Test Boring No. 2




June 3, 1974

File No. H4-0406-F2
IN=-PLACE

e 7] CLMPLE LoS 8 Farerrgnon DESCRi®TION

n NO.  LOCATION Faspsroncs DRY MOI S TURE
% R P4 s ol e
P Boring No. 2 (Continued)

.30- ML - Grey Clayey SILT (BAY MUD),

soft, wet

. Boring Terminated at 32 Feet

s :

Figure No. 4 - Log of Test Boring No. 2




File N>. H4~0406-F2 June 3, 1974

. IN- PLACE
FTPTH SaMBLE L2G & [Pemrwahon CESCRIPTION
N NG. WOCATION ¥ Aueigrores DRY MOISTURE
oF s
FEET sampLE | Bew/hr DENSITY CONTENT
et Yadry m

Boring No. 3

ML - Grey SILT, loose, dry (STOCK-

PILED FILL) with scattered
shells

SW - Brown Gravelly SAND dense,
moist to wet (FILL)

a8

O
ok
555

Black GARBAGE, very loose,
saturated, saturated organic
ordor, wood, rags, etc.

S
%
R

)
Q)
)
*
3

X
5
250

>
7

e®

>

4,
X
e

C
()

&
>
0.0

*

.
3
o %e¥

.0

*
e
‘0

&
&3
%

O 0.6
0.0‘5
OO ¢,
03

-

v
)
25

ol
:

KT

RS

06X
%

&

(0

X
K

e
K

S

0
dﬂg

O
'Qf

X5
&

S
&
%s
G

5K
%
XS

&
é@&,

)

&,
: %ﬂb
. 0505

o

oo,

wt ML - Grey Clayey SILT (BAY MUD)
soft, wet .

R S s gt

. JJ3-1

LI N e

P -

Boring Terminated at 23 Feet

Figure No. 5 - Log of Test Boring No. 3



June 3, 1974

File No. H4-0406-F2
L)
IN=PLACE
CEPTH SamPLE - {Peutronon DESCRIPTION
N NO. Resistonce MOISTYRE
FEET Blowa/# DENSITY CONTENT
% ory el

Boring No. &

SW - Brown to Grey Gravelly SAND,
dense, mois t to wet (FILL)

¥

Black GARBAGE, very loose,
saturated, organic ordor,
includes wood etc. (FILL)

ML - Grey Clayey SILT (BAY MUD),
soft, wet

Boring Terminated at 20 Feet

Figure No. 6

- Log of Test Boring No. 4




File No. H4-0406-F2 ' June 3, 1974

IN~PLACE

=T SaMPLE LOG & “wetrafon DESCRIPTION
N NO. LOCATION Fesitance DRY MOISTURE
OF . DENSITY CONTENT
FEET & It '
SAMPLE- iad pel % cry wt

Boring No. 5

SW - Brown SAND, dense, dry to
damp (FILL)

Black GARBAGE, very loose,
saturated, organic odor (FILL]

y d.x“g ML -. Grey Clayey SILT (BAY MUD)
e soft, wet

-

Figure No. 7 - Log of Test Boring No. 5



File No. H4-0406-F2 June' 3, 1974

N=PLACE
=Pt SaMPLE Los & Swnetrahoh DESCRIATION
IN NOL LOCATION  § aggamnce ORY MOISTURE
. OF DENSITY CONTENT
FEET SAMPLE ] B/t sel % &y wt
Boring No. 5 (Continuesd)
i e .
ik BAY MUD (Continued)
30
. Boring Terminated at 30 Feet

Figure No. 8 - Log of Test Boring No. 5



File No. H4-0406-F2 June '3, 1974

IN-PLACE
X 5aMPLE 100G 8  [Pwargron CESCRIPTION
N NO. LCATION | deqia1ance DAY MOISTURE

FEET sa::u — _ oa:::rv ;o::s:'r
0. Boring No. 6 :
. SW - Brown SAND dense, dry to damp

(FILL)
I Rocky Rubble (FILL)
2 5 * Black GARBAGE, very loose,

saturated, organic ordor
- L] %

i Rocky Rubble 7 to 9 Feet
- 1 0 .
- L] ‘X
.1

-15- .
- . 1
L] L] J
- L) ]
-2 0 - 4
- » 1
25. ML - Grey Clayey SILT (BAY MUD),

soft, wet

Boring Terminated at 30 Feet
Figure No. 9 - Log of Test Boring No. 6



File No. H4-0406-F2

June 3, 1974

i IN- PLACE

baag] SAMALE LOS 8  §Peretrokon DESCRIPTION

IN NO. LOCATION | 3eyirance oRY MOIS TURE
OF
FEET saware - | Bonsnt DENSITY CONTENT
pel % dry w?.

0 Boring No. 7

L] *

SW - Brown Gravelly SAND, dense,
dry to wet (FILL)

..

505}
oe%d
XRNY:

oS
5%

(

o
()

S
K

ode
obed
2

5SS

o te %%
P!
3

X0

&
>

%Y
9o

X
*

| aand
(W, ]
)
X
%

*
C

5
3K
o ve

¢

>
%08
.0

9
*0
(X
0’.0‘0

%
ﬁb
O

%

@
C/

(7
(0

[] *
N
O 1 ]
000K
&
v

‘E
¢4
ey

&

>
P

o
[] - ] [ ]
N
L] U‘ - L]
LR
R
AN gk 1 A Yy

.
X570

3

))(
$RRLA,

Black CGARBAGE, very loose, satur-
ated, organic odor, wood, metal,

etc.

(FILL)

Figure No. 1T - Log of Test Boring No. 7




SAMPLE
NO.

DESCRIPTICN

IN-PLACE

DENSITY

Borineg No.

7 (Continued)

Garbage (Continued)

ML - Grey Clayey SILT (BAY MUD),

soft,

wet

Boring Terminated st 35 feet

Figure No. 11 - Log of Test Boring No.

(Continued)

MOISTURE
CONTENT
Yo dry wt.




Pergirghion
Revis=noe

Biows/ Y

DESCRIPTION

IN=-PLACE

bRY
DEMSITY
I TN A

MOIS TURE
CONTENT
% ¢ry wr

Boring No. 8

SW - Brown SAND, dense, moist
(FILL)

0%
ol
K

(0

Ve
Socerey|

*

Pole
&

X0
0

-
0
<

3
&
R

-

N

P

*

65

»
(0
0
¥

7

*
K

(0 ‘.
ey

S
e
5
&

X

o
0'0’;

()

>
$

()

25¢

()

&5
XK
)
&
gl

&>
9
®

7
250

*
o

3%

X
%

()
<)

)
)

X
5

{2

%

&
oo,

8

OO

%
o
55

(0

29,

Black GARBAGE, very loose,

saturated, organic odor, wood,

paper, etc. (FILL)

ML - Grey Clayey SILT (BAY MUD),
soft, wet

Boring Terminated at 25 Feet

Figure No. 12

- Log of Test Boring No. 8




1973 TEST PITS BY BERLOGAR, LONG & ASSOCIATES

WOODWARD-CLYDE CONSULTANTS



Test Pit
_Epmber

1

Depth (ft.)

Job No. 120-40

TABLE A

TEST PIT LOGS

Description

= O

.5-14

.5

.3

0.5

- 4.0

1.3

So0il, sandy silt and somec angular rock
fragrwents, light brown, dry

Garbage, very fresh, slightly damp, no
decomposition, lots of wood and metal
strapping, material encountered varies
from household to commercial or industrial
waste products, large percent of paper
and plastic, no intermixing of soil

Total Depth 15', no water.

Soil, sandy silt, brown, dry

Layered excavated rock and garbage, rock
is a blue gray serpentine type material
very densely compacted with thin layers
of garbage

Carbage, household to industrial, lots of
waste paper and phone books including a
large amount of plastic items, wood and
tires, slightly damp (newspaper from 10’
deep dated March 4, 1969)

Total Depth 14', no water.
Soil, sandy -silt with rock fragments,
brown, dry

Garbage, very fresh, no intermixed soil,
slightly moist, no decomposition

Total Depth 4', no water.

Soil, sandy silty clay, gray brown, dry

Garbage, fresh, slightly moist, top 1' of
garbage starting to decompose, mostly
paper and plastic items with some scrap
wire and steel

Total Depth 4', no water.

So0il, sandy silt with some rock fragments

Garbage, slightly decomposed, moist, no
soil mixed in garbage

Total Depth 3', no water.



Test Pit

Egmbcr

6

10

11

TABLE A

TEST PIT LOGS

Depth (ft.)
0 -1.0

1 -3

3 - 4

0 - 1.5
1.5-3

3 -5

0 -

'1 -

0 -1

1 -3

o - 15 "
1/2H,_ S’di”
55"~ 1.5
0 - ‘!/zll
!2.!1_ 6”

6" - 1!
It - 1.5

BLRVLOGAR, LONG & ASSOCIATES

Description

Soil, sand and silt, dry, brown, loosc
Decomposed garbage, very moist

Fresh parbage, slightly damp

Total Depth 4', no water.

Soil, silty sand, brown dry, very hard,
(probable road area)

Silty clay, gray, dry, very hard,
(probable road area)

Decomposed garbage, turning dark gray
black, moist

Total Depth 5', no water.

Soil, silty sand and rock fragments to 6"
Garbage, decompdsed, turning black, moist
Total Depth 4', no water.

Soil, silty sand with rock fragments to
6", dry

Garbage, fair:
black, mixed
broken concre
moist

Total Depth 3', no water.

well decomposed, turning
1 lumber and bricks and
~garbage is only slightly

1" asphalt
5" crushed aggregate subbase

Sand, fine, gray, moist to wet, smells
of garbage leachate '

Total Depth 1.5;, no water.

Asphalt

Crushed aggrcgate subbase

Gray finc sand

Brown clay

Sand smelled of garbage leachate.
Total Depth 1.5', no water.
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1970 BORINGS BY GRIBALDO, JONES & ASSOCIATES

WOODWARD-CLYDE CONSULTANTS



1 June 1970
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File No. E8706-S1
1 June 1970
iN-PLACE
oepre| saamse | 4228, sescaerion el | o
FEET oF © st T Wy wm
SAMPLE
. 0.
Sanitary fill (wood, paper, trash, etc.
71 dry, loose
. 5. ><
- L] 4_&
|15 » )
20
. 25 >§
Gra¥ silty CLAY (Bay Mudg and sanitary
. fill (wood, paper, trash), mixed, wet,
. j/very loose
28
—A
- - v
o
ws| LIS
7 Gray silty CLAY (Bay Mud)
Z
3 Boring Terminated at 47 feet
Bay Mud not penetrated
Figure No. 3 = Log of Test Borings No. 1
B-18

23




File No. E8706-S1
1 June 1970

24

IN-PLACE

0‘::"‘ s.av:“c:pLE ngf'ngn DESCRIPTION srun':.Pen. U.g.us. DE??’}" %;Ef
FEET SAS:LE Blows/tt. taf. y e
0.

Sanitary fill (wood, paper,

trash, wire, tires, etc.),

dry, loose
-5,
. N )\,
A5 . ::;<: .
. 20
.23, )

Gray silty clay (Bay Mud)
o and sanitary £ill (wood,
.25, paper, metal, etc.), mixed,

wet, loose
.30 Lost sample
.33,

Figure No.4 - ppg of Test Borings No. 2

B-19




25

File No. EB8706-S1
1 June 1970
IN-PLACE
e B R ke stong.pen. | UCS. | oewerr | Coenr
FEET s AE‘;_E Blows /1!, L.t ot n ey
Boring No. 2 continued
] UL _
;ﬁ’ Gray silty clay (Bay Mud)
. organic, soft, wet, some
.40 ;ggggshells
by %
f2-1 % 59.1 64.5
il
. Boring Terminated at 48 feeg
. Bay Mud not penetrated
Figure No. 5 - Log of Test Boring No. 2
B-20



File No. E8706-S1
1 June 1970
N-PLACE

DE.:“' s‘:on[ Légfngn BESCAIPTION sfon: Pen. ug% DENSITY ?.E:irrégf
FEET N S:u Biows /t1. taf. 4
. 0.

Sanitary fill (wood, paper,

tires, etc.), dry, loose
L] 5 -

=

. 15 . E
I2 0'
. 25.
.26 . e

Gray silty CLAY (Bay Mud)
) and sanitary £fill (wood,

paper, metal, etc.), mixed,
) wet, loose
30
. 35 /f,

Figure No. 6 - Log of Test Borings No. 3

B-21

26




File No. E8706-S1

1 June 1970
W-PLACE
DEPTM] SampLE | LOG & DESCRIPTION N Qu oRY MOIS TURE
F[";r o LOCO-:_'I'IDN Stond.Pen. | UC.S. DEN.SI"I’Y CONTENT
SAmmE Blows/ft. taf. ’ w ey
ray silty Clay (Bay Mud)
and sanitary fill, mixed
- 40.
Grading with less sanitary
fill material
w1
IRE77 SR R R
. 45. /
. /Numerous shells
50| L4
106 7// -
.10, %
115 %Firm material at 115 feet
. e Boring Terminated at 115 feet
Figure No. 7 -~ Log of Test Borings No. 3
27 B-22




28

File No. E8706-S1
1 June 1970
IN-PLACE

FEET - Biows/f1. taf. pet T
0.

}Sanitary fill (wood, paper,

trash, ete.), dry, loose
- 4 .
-5 .

A
-

15 - ]
20 -
25.

Gray silty clay (Bay Mud)

: and sanitary fill (wood,
. paper, trash), mixed, wet,

very loose
L] 30 [ ]
. 35 . ( (

Figure No. 8 - Log of Test Borings No. &

B-23




—

File No. E870Ub=-51
L June 1970
N-PLACE

Pl Mt [Locarion peschiTioN siond Pen, | UCS | oexsry | Comiint
FEET SAbPur Biows/11. tsf. L Norm

Boring No. 4 continued

Gray silty CLAY and sani-

[{ tary £i1l (Bay Mud)
© 40 Lr /
7 Gray silty CLAY (Bay Mud),
- /very soft, organic, wet
o -
53 . _?
55 - /
/Soft to moderately firm
N |
- 141 / 50.71 76.2
62 Vs
. é _
115 [Sandy clay, Iirm
118
. Boring Terminated at 118 feget
Figure No. 9 - Log of Test Borings No. &
29 B-24



File No. E8706-5S1
1 June 1970
IN-PLACE
DE':TH u:;r: LC‘)-COET ';“ DESCRIPTION oz::;v '38'.?7';”.?7‘
FEET s.na:u et . %y
. 0- = .
P Sanitary fill (wood, paper, trash, etc.))
dry, loose
"5 25
B \
.1‘-5. >(
.20, % : .
_ y Gray silty CLAY (Bay Mud), very soft,

R / numerous shell fragments
. . / soft, fewer shells
30 5-1% 60.3] 65.4
.35, /
. . 5-2 57.9] 70.2

Z

Figure No. 10 - Log of Test Borings No. 5
30 B-25




File No. E8706-51
1 June 1970
W-PLACE
:EE:H SA'::L'[ L;CET‘:“ DESCRIPTION u?g‘}‘ tg:i{{#:?
SAwALE
Boring No. 5 continued
Gray silty CLAY (Bay Mud), soft, some
shells
Soft - moderately firm _
59.0 | 66.2
54.6 | 70.8
Firm materials at 110
Figure No. 11 - 'Log of Test Borings No. 5
B-26
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File Nn. E8706-S1

1 June 1970
IN-PLACE
i bl < sessen by | Uiy
FEET OF patl . %y
© | SAmPLE
. 0. ~
/ gray silty CLAY (Bay mud), soft,
/ some shells
s %
) 6-1 i 50.8 80.7
.10.
.15 6-2 3 51.4 1 79.0
- L ] '
*20° _6-3 56.7 70.G
«25 6-4 54.4 75.7
%
Figure No. 12 =~ Log of Test Boring 6
B-27
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File

No. E8706=-S1
1 June 1970

33

W-PLACE
o el Tt SesGaeon o
FEET OF J pald LTI
SAm [
Boring No. 6 continued
7
30 % very soft (highly disturbed in place)
. / grading moderately firm
35| 6-5 r/ 54.5 | 68.8
40 - %
s, %
. J6-6 % 58.2 | 65.5
S50. —_ "/ '
55. 7//
s & Boring Terminated at 58 feet
5 B Bay mud not penetrated
Figure No. 13- Log of Test Boring No. 6 ,
B-28




File No. EB706~51
1 June 1970
WN-PLACE
ot':m u::;t Lécofn;n DESCRIPTION u::-:'r '38':#?5
FEET oF [ YR} LI
SAMPLE
- 0. / : ..
/ Gray silty CLAY (Bay Mud), sanitary fill,
/organic, some shells '
10. %
7-1 / 55.0f 73.4
20, /
7-2 ’/ 54.4 | 70.3
25, / Grading moderately firm
: 7-3 58.4 | 65.8
7
Figure No. l4 - Log of Test Borings No. 7 -
B-29
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File No. EB/Ub-51

1 June 1970
IN-PLACE
OE;‘H ”:: ' L;cofn;u DESCRIPTION _. o:r?:;;v '68'37'5‘55
FEETY OF . FTR) Y T
SAMPAE ’
Boring No. 7 continued
Gray silty CLAY (Bay Mud), moderately '
firm, few shells
48.2 | 87.8
60.6| 62.3
J 7-6 ;A///
55 7,
g 3 Boring Terminated at 55 feet _
i Bay Mud not penetrated :
Figure No. 15 - Log of Test Borings No. 7
B-30
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