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FOREWORD

In April 1972, the San Francisco District of the United States Army
Corps of Engineers initiated a study to quantify the impact of dredging
and dredged sediment disposal operations on the environment of San
Francisco Bay and Estuary. The study has generated factual data , based
on field and laboratory studies, needed for the Federal, State and local
regulatory agencies to evaluate present dredging policies and alternative
disposal methods.

The study was set up to isolate the questions regarding the environmental
impact of dredging operations and to provide answers at the earliest —

date. The study was organized to investigate (a) the factors associated
with dredging and the present system of aquatic disposal in the Bay, (b)
the condition of the pollutants (biogeochetnical), (c) alternative
disposal methods, and (d) dredging technology . The study elements were
intended first, to Identify the problems associated with dredging and
disposal operations and , second , to address the identified problems In
terms of mitigation and/or enhancement. The division into separate but
interrelated study elements provided a greater degree of expertise and
flexibility In the Study .

The Main Report was published in February 1977. This report is the last
remaining appendix to be published . The report covers an analysis of
contaminant concentrations as they relate to types of sediment , deposition
regimes (spatial variations) and temporal variations. The analysis
utilized routine sampling by the Corps of Engineers and others and
specific sampling based on seismic profiling.
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CONVERSION FACTORS

If conversion between Metric and British systems is necessary , the
following factors apply:

LENGTH

1 kilometer (km) lO3 meters—O.621 statute miles O.540 nautical miles
1 meter (ni)~ lO2 centimeters=39.4 inches~3.28 feet=l.09 yards=O.547 fathoms
1 centimeter (cm)~~lO millimeters (mm)—O.394 inches=1O4 microns (~ )
1 micron (p )—].O—3 ntillimeters—O.000394 inches

AREA

1 square centimeter (cm 2)~ O.l55 square inches1 square meter (m2)”lO.7 square feet
1 square kilometer (km 2).’O. 386 square statute miles O.292 square nautical miles

VOLUME

F 
1 cubic kilometer (km3)—109 cubic meters=1015 cubic centimeters=O.24 cubic

statute miles
1 cubic meter (m 3 ) 106 cubic centimeters=103 liters~ 35.3 cubic feet~264U.S.  gallons—l .308 cubic yards
1 liter” l03 cubic centimeters—1.06 quarts—O .264 U.S. gallons
1 cubic centimeter (cm 3).O.06l cubic inches

MASS

1 metric ton’106 grams—2,2O5 pounds
1 kilogram (kg)”103 grams=2.205 pounds
1 gram (g)”O.035 ounce

SPEED

1 knot (nautical mile per hour)~ l.l5 statute miles per hour-’O.Sl meter
per second

1 meter per second (m/sec) 2.24 statute miles per hour—l.94 knots

TEMPERATURE

Conversion Formulas °C — °F—32 °F — 1.8(°C) + 32
1.8
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DREDGE DISPOSAL STUDY
FOR

SAN FRANCISCO BAY AND ESTUARY

APPENDIX B

POLLUTANT DISTRIBUTION STUDY

INTRODUCTION

The San Francisco Bay system encompasses an area of 460 square
miles and has a tributary area of 62,920 square miles. The system is
comprised of a series of large bays inter—connected by constricted
straits. Seventy percent of the Bay is less than 18 feet in depth. The
importance of this area as a terminus for waterborne commerce and the

4 shallowness of the system requires the dredging of waterways linking the
major ports to deep water. Presently, about 10 million cubic yards of
Bay sediments are dredged annually by the Federal Government, local and
private concerns for maintaining these channels.

Sediments subject to dredging are composed largely of the fine
silt—clay—colloidal size fractions (Figure 1). The electronegative
charge of dispersed clay colloidals and their highly exposed surface
areas permit the sorption (attachment) of large numbers of cations. The
sorptive characteristics of most contaminants are great and clay parti-
cles have large specific surfaces with electronegative charges. There-
fore, dredged sediments invariably contain concentrations of trace
metals and organics at levels many times higher than the small quantities
found in water . When the sediments contain high enough concentrations
of organic and inorganic contaminants they are classified as being
polluted . The definition of marine pollutants according to the UNESCO
Inter—governmental Oceanographic Commission (b c) is “substances intro-
duced by man, directly or indirectly, into the marine environment
(including estuaries) which result in such deleterious effects as harm
to living resources, hazards to human health, hindrance to marine
activities (including fishing), impairing the quality for use of sea-
water and reduction of amenities.” Contaminants, when attached to
marine sediments , behave as the sediments, so when dredging and disposal
operations resuspend and disturb the bottom sediment regimen, the con-
taminants are also disturbed and may become available to the benthic and
aquatic communities.

The association of contaminants with the sediments is dependent on
the physical sedimentary characteristics of the estuary and the forces
that distribute the sediments. The transportation and deposition of
fine sediments and sorbed contaminants involve complex relationships
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SILT-CLAY-COLLOIDAL

SOURCE: KRONE , 1974.
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*~~ such as tidal flow velocities and mixing characteristics, suspension
concentrations and deposition patterns. The concentration of any given
contaminant differs  greatly both spatially and temporally.

Sampling bottom sediments and analyzing the pollutional character-
istics in the San Francisco Bay was begun by the Corps of Engineers in
December 1970. The first sampling took place on San Francisco Bay near
the entrance to the Bay and was performed for maintenance dredging in ’
the Bay Channel (Main Ship Channel, Ref. 1). Since then the Corps has
amassed a vast amoun t of data on the pollution status of sediments in
the Bay. All of the sampling by the Corps prior to this study was in
the channels and was directly related to maintenance or new—work
dredging.

Methods and procedures for sampling bottom sediments and analyzing
the pollutional status of these sediments have become increasingly
complex. Initial pollution sampling in the Bay utilized bottom grab or
shallow gravity core samplers. The samples obtained with this equipment
were homogenized and analyzed according to “criteria” or guidelines for
the acceptability of dredged material for aquatic disposal which were
specified at that time by regulatory agencies. The initial “criteria”
developed by the Environmental Protection Agency included bulk sediment
analysis of three heavy metals (mercury, lead, and zinc) and four
organic determinations (Kjeldahl nitrogen, chemical oxygen demand , oil
and grease , and volatile solids). Since that time procedures for taking
samples and analyzing samples have changed frequently. It was soon
realized that shallow sediment samples may not represent the actua l
sediments subject to dredging since there likely exists a temporal van —
ation in concentration of pollutants as exhibited by vertical variations
of both sediment characteristics and contaminant concentrations. In
January 1971 sampling methods were altered to obtain a representative
sample to project depth. Deeper core samplers were used to sample to
the required depth. Initially , the entire length of the deeper cores
were homogenized and a sample was allocated for analysis using the same
“criteria” as described above. It was then determined that trace metals
and other contaminants may be associated with and concentrated in the
silt—clay—colloidal particle size fractions and organics of the bottom
sediments (Ref. 2). Based on this premise, samples were selected from
each core according to stratification of the core or in the absence of
horizons, at set intervals along the core. Other methods of sediment
analysis were attempted at this time such as silt—clay—colloidal sepa—
ration on an experimental basis; however, these methods proved to be too
time consuming and costly .
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STATF24ENT OF PROBL~~4

Pollution sampling of bottom sediments by the Corps of Engineers in
San Francisco Bay in the past had been conducted annually on a project
by proj ect basis . No attemp t has been made to develop organized pollu—
tion sampling programs in the Bay or to analyze the spatial or temporal
variation of contaminant concentrations on a proj ect or Bay—wide basis.
Previous pollution sampling by the Corps had been confined strictly to
dredged channels . No attempt had been made to correlate the pollutional
status of sediments outside the dredged channels to the sediments
within . Dredged channels represent possible settling basins for sedi-
ments whose contaminant concentrations are derived in part before the
sediments are brough t into the Bay system , when in residence outside the
channel and after being deposited in the channels. Questions arise as
to the changes in temporal and spatial variations of contaminants and
the relationship of contaminant concentrations in and outside of main—
tam ed channels and mechanisms responsible for the distribution.

OBJECTIVE

The objective of the Pollutant Distribution Study is to investigate
the horizontal (spatial) and vertical (temporal) distribution of certain
organic and inorganic contaminants in the Bay sediments. The vertical
distribution includes the vertical variation in concentration of contam-
inants within the bottom sediments and the association with the vertical
and horizontal stratification of sediments. The horizontal distribution
includes the lateral variation in concentration of contaminants and the
association with the physical characteristics of the sediment. This
study synthe8izes previous pollution sampling and analysis of bottom
sediments, by the Corps and others, interprets the data, and includes
the findings into this investigation. An investigation of the physical
estuarine processes and physical factors affecting the distribution of
contaminants is made to provide a simplified physical picture of contain—
inant dispersion patterns. The trace metals (mercury, lead, zinc,
cadmium, and copper) and organics (volatile solids, Kjeldahl nitrogen,
and oil and grease) and chemical oxygen demand are the parameters
selected for analysis. This study deals with only the above parameters
and how they are associated with the bottom sediments and distributing
forces. Other appendices of the Dredge Disposal Study deal with sedi-
ment—water relationships and availability of contaminants.

STUDY AREAS

Three areas were chosen to represent the range of conditions likely
to be encountered during dredging in San Francisco Bay. The three areas
considered in this study are San Pablo Bay—Carquinez Strait, San Pablo
Strait—Berkeley Flats, and Oakland Inner and Outer Harbor (Figure 2).
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San Francisco Bay is a complex estuary, a region of transition of
freshwater inflow at its head to the continuously changing tides and
saline water inflow at the Golden Gate. Since fresh and saline waters
are of different densities, San Francisco Bay exhibits both horizontal
and vertical variations, yielding brackish waters at the head and in the
surface waters while more saline waters can be found toward the mouth
and at depth. A saltwater wedge is formed where the fresh waters meet
the more saline waters, and flocculation of suspended sediment occurs.
In San Francisco Bay the salt water wedge, although constantly changing
in location , may be foun d in the vicinity of the southern end of San
Pablo Bay and eastern end of Carquinez Strait. The major inflow of
sediment occurs in this area because of its proximity to the major
drainage from the Central Valley and results in very high sedimentation
rates. San Francisco Bay consists of many large shallow bays connected
by narrow channels. San Pablo Strait is a constricted channel con-
necting San Pablo Bay with Central San Francisco Bay. Fresh water flow
through San Pablo Strait is directed southward during ebb flow providing
a net southward movement of suspended and bedload sediment into Central
Bay (Ref .  3). Much of the sediment entering Central Bay is deposited on
Berkeley Flats where the tidal energy decreases as it moves out of the
Strait onto the broad expanse of the shoaling region and as the water
mass encounters the wind—wave action in Central Bay. Oakland Inner and
Outer Harbor and associated land is a well—developed industrial—harbor
complex. The Inner Harbor is a long narrow tidal canal with very
little water circulation.

WORK ITEMS

Two work items have been used in this study to investigate the
horizontal and vertical distribution of the specified contaminants in
Bay sediments. These items discussed below are seismic sub—bottom
reflection profiling and core sampling and analysis. The results of
these elements are evaluated in terms of sources of pollutants, physical
setting of the Bay, physical estuarine processes, and results of pre-
vious pollution sampling in the Bay.

SEISMIC SUBBOTTOM REFLECTION PROFILING

Continuous seismic subbottom reflection profiling provides in a
vertical plane a geological cross—section of the subbottom below the
path traversed by an operating vessel. The theory of operation of a
seismic reflection system is to generate a pulse configuration of out-
going acoustic signals from an energy source which is reflected off
bottom and subbottoin interfaces due to the change in the acoustic im-
pedance of different sediments and then returned to the surface where
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the signal is received by an array of hydrophones , processed , and
recorded on a continuous recorder. Th~ subbottom penetration and reso-lution are dictated by the frequency and intensity of the acoustic
signal. A low frequency, high energy system allows deep penetration—low
resolution whereas a high frequency, low energy system permits shallow
penetration with high resolution. The seismic reflection method utilizes
the effect that a geological discontinuity has upon the transmission of
sound waves between two media. The discontinuity may be an abrupt
change in acoustical properties of the sediments or it may be a zone of
very rapid change in t. ce properties. Changes in sediment densities or
water content within a sediment layer produces a reflecting surface
because of the change in acoustic impedance.

With the use of this method it is often possible to differentiate
areas of soft clays and silts from areas of dense sand or to discern and
follow bedding. Acoustic systems have been demonstrated on several
occasions to significantly reduce the scope of drilling programs per—
mitting correlation of horizons between borings by other than a “straight
line” method .

Approximately 156 miles of continuous seismic subbottom profiling,
encompassing an area of approximately 275 square miles was performed by
Alpine Geophysical, Inc., under contract to the Corps of Engineers in
the three areas of interest in the Bay. The purpose of the program was
to locate areas where core samples would be required based on differ-
ences in sediment characteristics and to associate defined horizons
within the sediment column which could be traced laterally. Because of
the changing subbottom characteristics of the Bay, three independent
systems shown on Figurs 3 were utilized to accomplish the investigation.

One system used in the seismic reflection work was a 3.5 KHz O . R . E .
Subbottom Profiler. This system is a continuous seismic reflection pro—
filer with the specialized capacity of high resolution of shallow
stratified layers. Depth penetration to as much as 50 feet with a reso—
lution on the order of 6 inches was obtained in certain areas of the
Bay. The 3.5 KHz transducer was the system of primary interest since
dredging of the Bay sediments normally does not exceed 40 feet below
mean lower low water and the high resolution of the system was required
for subsequent investigations.

A second system was used to provide intermediate penetration—
resolution and back—up for the 3.5 KHz system in areas where the sub—
bottom characteristics limited the penetration of that system. The
E.G.&G. Uni—Boom (Unit Pulse Bootner) was used, being capable of penetrat-
ing Bay sediments to a depth of as much as 150 feet with a resolution as
great as one foot. This system is also a continuous seismic reflection
profiler and was run simultaneously with the 3.5 KHz system.
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The third system used was a Sparker survey in which an electrical
discharge (spark) in the water produces a high level, relatively broad—
band impulse which is then reflected from the bottom and subbottom
interfaces and received with a hydrophone array. This system is capable
of penetrating Bay sediments to a depth of 300 feet, but with a resolu-
tion allowing interpretation of gross features only. Figures 4 and 5
are samples of the continuous profile records.

Horizontal control of the profiling track was accomplished using
the Hydro—Plotter navigation system, a range—azimuth system with an
accuracy of ten feet. The system consisted of a shore master station
and a remote/slave station aboard the vessel. The shore station main-
tained a track of the vessel’s position each minute and compensating
navigation correction , when necessary to maintain track lines, were
given to the vessel by the shore station.

Bathymetric control was obtained by means of a precision bathy-
metric recorder. The records were corrected to mean lower low water
through the use of tide gages. The bathymetric recorder is accurate to
less than 6 inches.

CORE SAMPLING AND ANALYSIS

The present method for pollution sampling of bottom sediments in
San Francisco Bay by the Corps of Engineers is the push—tube vertical
core method . The method allows fairly deep penetration into the un-
consolidated sediments with the minimum amount of disturbance to the
sediment in the core. A 4—inch pipe casing is used in which a 2—inch
I.D. steel push—tube barrel is inserted. The pipe casing is lowered to
the bottom from the surface vessel. The push—tube barrel armed with a
30—inch acrylic liner is then inserted into the pipe casing and pushed
into the sediment to obtain a core sample. Each core sample is 30
inches in length. The pipe casing allows consecutive 30—inch samples to
be taken in the same hole by wash—boring to the desired depth before the
next increment is taken . The sediment is retained in the liner by
creating a vacuum with a vacuum piston. After the core samples are
brought aboard the vessel, a visual description is recorded including
the strata thicknesses, composition, color and texture at various
levels. The core samples are then frozen and delivered to the labora—
tory for analysis.

For this study an additional forty—eight cores were taken to depths
up to —60 feet, MLLW. The core holes were selected on the basis of
examination of the continuous seismic reflection profile lines in the
three areas. All core holes were located on the seismic reflection
profile track, enabling a comparison to be made of the boring logs and
reflection profiles. The selection of holes and the depths to which the
samples were taken were based on: (1) the subbottom reflection surfaces
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and the lateral extent to which they could be traced , (2) the absence of
subbottom reflections or areas where the acoustic signal was attenuated
in the first few feet of subbottom , and (3) areas of known high contam-
inant concentrations or areas of prime interest such as dredged channels.

Position fixing of core holes was accomplished with the use of the
Cubic Autotape navigation system, a microwave range — range positioning
system with an accuracy of 6 feet. After location of the sampling site
with the electronic navigation system a marker buoy was placed overboard
for easy relocation by the sampling barge.

Mechanical and pollution analysis of core samples were performed by
the Corps of Engineers South Pacific Division Laboratory , Sausalito.
Core samples were split lengthwise and refrigerated upon delivery.
Color photographs and a visual description were recorded for each core
section including physical appearance, sedimentary stratification ,
texture , odor, and color. Sample selection was made from only one—half
of the split core ; the other half was stored for future reference. The
first six inches of each hole was homogenized for analysis. Four other
samples were selected from each core by horizons where visible or with
the absence of horizons, at regular intervals alor1g the core.

Volatile solids, chemical oxyger. demand , total Kjeldahl nitrogen ,
oil and grease , lead, zinc, cadmium and copper concentrations were
determined according to “Chemistry Laboratory Manual, Bottom Sediments,”
compiled by Great Lakes Region, CommIttee on Analytical Methods and
published by the Environmental Protection Agency, Federal Quality Ad-
ministration , December 1969. Mercury was determined by EPA Provisional
Method for Mercury in Sediment (Cold Vapor Technique). Particle size
was determined according to Eng ineer Manua l EM 1110—2— 1906. Visual
c lass i f ica t ion  of soils was in accordance with “Unified Soil Classifica-
tion System ,” TM—357 , Appendix A , Apri l  1960. A total of 229 samples
were analyzed.

PHYSICAL DESCRIPTION OF BAY

PHYS1OC RAPHY

San Francisco Bay is a drowned valley that  passes the drainage of
the  great  Central  Basin of Cal i fornia . The outlet  to the ocean is the
Golden Gate — a one mile wide, three—mile long strait- with depths In
excess of 300 feet. The Bay system is comprised of several distinct
areas separated by narrow straits. Suisun Bay at the upper end is
moderately narrow and allows runof f  from the Central Valley to pass
quickly in to  the more saline areas west of the seven—mile long Carquinez
S t r a i t .  San Pablo Bay provides the f i r s t  area of extensive mixing of
freshwater runoff with saline ocean water. The isolated South San
Francisco Bay receives very l i t t le  runof f  due to limited drainage area
tributary to the Bay and several impoundments of small local drainage
areas.
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The conf i gura t ion  of the  Bay system al lows a separation In t o  t h r e e
subsys tems ; Cen t ra l  San Francisco Bay , South San Francisco Bay and N o r t h
San Francisco Bay (San Pablo Bay) shown on Fi gure 6.

The Bay System has an area of 396 square mi les  at mean lower low
water and 460 square miles at mean higher hi gh water . Extensive inter-
tidal mudflats , encompassing an area of 64 square miles are exposed at
lower low water. There remains 127 square miles of ma rshla nd along the
per imeter  of the Bay ’s 275—mile  shorel ine.  The Bay is gene ra l ly  shal low
w i t h  two—th i rd s  of the  area less than 18 fee t  deep and only  20 pe rcen t
greater  than 30 fee t  deep.

GEOGRAPHY

Current patterns and water surface elevations in the Bay system are
determined by the effects of the configuration of the system on f r e sh—
w a t e r  and t i d a l  i n f lows . Except  in areas near the entrance to San
Francisco Bay and narrow channels extending to the e x t r e m i t i e s, the
e n t i r e  Bay system Is shallow , averaging about 15 fee t  of water  d e p t h .
The submar ine  c o n f i g u r a t i o n  formed by the series of broad shallow bays
connected by narrow s t r a i t s  delays the progress of t ide  through the
system because each successive bay must f i ll  and empty the large volume
of i ts t ida l  p r i sm through i t s  narrow opening,  the re fo re  delaying the
a r r iva l of the  t ide  ad jacen t  downcurr ent  bay. Tidal  changes at Mar t i nez
on the south shore of Carqu inez  S t ra i t , for example , lag those at the
Golden Gate  by 1.6 hours fo r  high water  and 2 . 2  hours for low water.
The con f iguration of the system also affects the relative amplitude of
the tides as well as tidal current velocities in various parts of the
system .

The t ida l  lags and a m p l i t u d e  va r i a t i ons  in the Bay system resu l t  In
increased residence time of sed iments  in some par t s  of the system and
decreased residence t ime in o thers , having the  e f f e c t  of increas ing
depos i t i on  in some areas and scour in o thers .

The phys ica l  geography of the  Bay has been sig n i f i c a n t l y  m o d i f i e d
by land r ec l ama t ion  work since the middle of the nineteenth century .
The purpose of h i s tor ica l  land rec lamat ion has d i f f e r e d  throughout the
Bay and has resulted in a variety of land use patterns on new land
recovered from the Bay. A direct effect of land reclamation on pollu-
tant distribution has been alteration of the pre—1850 tidal hydraulic
regimen causing modification of the estuary ’s ability to assimilate or
disperse contaminants.

The surface area of San Francisco Bay (including marshlands) prior
to 1850 is estimated to have been 787 square miles (Ref. 4). The pre—
1850 Bay consisted mostly of a shallow , shelving Bay floor with exten-
sive sub—tidal and inter—tidal flats coupled with expanses of salt
marshland , situated mainly In South Bay , San Pablo Bay and Suisun Bay.
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Since the mid—nineteenth century, approximately 239 square miles or 31
percent of the Bay system has been either filled or diked—off and
drained to provide new land for a range of activities.

Initial land reclamation along the shore of the Bay system was
aimed at developing port facilities and maritime commerce adjacent to
deep water in Central San Francisco Bay. Other early land reclamation
operations were carried out to recover additional agricultural lands
from salt marshlands situated mainly in South Bay, San Pablo Bay and
Suisun Bay. Subsequent reclamation projects have recovered new land for
salt ponds, as well as, industrial, transportation, residential and
recreation uses .

The Corps of Engineers estimated the use of the 239 square miles of
new lands to be as follows:

USE % RECLAIMED LAND

Transportation 7.2
Indus t rial 4.8
Residential & Commercial 3.9
Military & Reserved Lands 6.3
Recreational 26.9
Salt Ponds 24.8
Agricultural 23.2
Dumps & Vacant Lands 2.9

Of the 239 square miles of reclaimed lands, approximately 40 percent
are situated in Central and South San Francisco Bay, 30 percent in San
Pablo Bay, and 30 percent in Suisun Bay. The largest portion of this
new land (93%) has been recovered from marshlands while the remaining 7
percent has been recovered from inter—tidal and sub—tidal lands (Ref. 5).

Reclamation has irrevocably changed the geometry of the Bay by
reducing both the volume and surface area of Bay waters. The tidal
prism has been diminished (Ref. 5), causing a general reduction of tidal
current velocities , and , to a lesser extent, reduction of tidal eleva—
t-ions and ranges, combined with alteration of salinity in different
parts of the estuary (Ref. 4). This reduction of the tidal prism has
diminished the ability of tidal currents to disperse and flush contam—
inants out of the Bay system. Land reclamation has reduced the surface
area of the Bay by eliminating fringing tidal flats and marshlands.
This has diminished the system’s ability to reoxygenate its waters.
Lowering the dissolved oxygen content of the Bay has reduced the capac-
ity of the estuary to aerobically decompose biodegradable contaminants.
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Alteration of the submarine configuration of the Bay basin coupled wi th
the reduced tidal prism has increased shoaling rates and changed sedi-
mentation patterns in many areas. The accelerated shoaling rate is
caused by reduced tidal current velocities , increased salinity (and
therefore , flocculation), and decreased Bay volume. Surface areas and
volumes have been reduced mainly around the shallow perimeter of the
Bay.

GEOMORP HOLOGY

The recent landscape evolution which created San Francisco Bay has
been complicated and is not clearly understood . Some general fac ts  are
known . The valley that  became the Bay was a st ruc tu ra l  deformation
trough formed by tetonic downwarp ing and fa ulting dur ing the Pl iocene
Epoch (Ref. 6). Subsequent structure deformations caused by crustal
compression took place in the Pleistocene. The basic outline of the
bay—valley as it appears today was shaped by this point in time . This
valley form has been cont inual ly modified by local processes of erosion
and deposition.

The river system , which became the Sacramento—San Joaquin , devel-
oped an outlet in the vicinity of the Golden Gate prior to the Pleisto-
cene. This river system, which drains the grea t Central Basin of
Cal i forn ia  was well  established in this epoch. During the Pleistocene
the nor th—south  t r end ing  hills surrounding the bay—valley were u p l i f t e d
at a ra te  slow enough to allow the river to main ta in  its course to the
sea and to carve deep canyons at Carquinez and at the Golden Gate.

San Francisco Bay was formed by f looding of the valley during the
interglacial stages of the Pleistocene and Holocene (Recent). The most
recent marine transgression occurred 15,000 to 25,000 years ago with the
advent of the Wisconsin interglacial stage. These fluctuating invasions
of the sea into the bay—valley were, mainly, a result of eustatic rise
in sea level caused by melting of massive continental glaciers and local
subsidence. The rise in sea level is estimated to have been about 300
feet (Refs. 7 and 8). Local subsidence has also been a factor in the
change of sea level in the Bay. Archaeological evidence derived from
shell mound excavations on the east shore of the Bay indicated sea level
has risen 25—30 feet in the last 3,500 years.

PHYSICAL ESTIJARINE PROCESSES

Contaminants enter the San Francisco Bay system through natural
weathering processes of rocks and soils and by anthropogenic means on
land , air and water . The estuary is a sink or settling basin for all
upstream discharges or discharges directly into the estuary. Contam-
inant concentrations depend on the estuary’s ability to assimilate or
disperse the contaminants. The estuary is a complex system of inter-
acting forces such as winds, currents and tides, and physical factors
such as geography which dictate the distribution of contaminants.
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The distribution of pollutants depends on energy gradients —

contaminants move from zones of higher energy to zones of lower energy
within the Bay system. Tides, waves, and currents are the physical
agents most responsible for eroding, transporting , and depositing sedi-
ments within the San Francisco Bay system. The types, characteristics,
and effects of tidal regimen, waves, and tidal and non—tidal currents on
determining circulation patterns and distribution of contaminants are
described in this section. The influence of other physical factors such
as wind , atmospheric pressure, freshwater inflow, salinity and hydrology
on tides, waves and currents are also evaluated.

TIDES

The tides of the San Francisco Bay system are of a semi—diurnal
mixed type with two high and two low waters per day (Figure 7) with a
large diurnal inequality (i.e., the difference in heights of successive
high waters or low waters). The largest difference in range is between
higher high water (HHW) and the subsequent lower low water (LLW). This
diurnal inequality is due to the geographic latitude of the Bay coupled
with the daily change in declination of the moon.

The submarine geometry and hydraulics of the Bay system attenuate
this tidal wave resulting in a time lag difference in the arrival of the
crest or trough of the tidal wave at various locations in the Bay. The
rise and fall of the tide modifies the effect of wave action on the
bottom sediments (i.e., shallow sub—tidal zones of the Bay are exposed
to greater wave turbulance during periods of low water than high water).

The effect of the long ebb coupled with the greater range between A
1114W and LLW exposes a wide expanse of intertidal sediments to wave
generated erosion, resuspension and transportation for an extended
period of time. During this period of exposure to the atmosphere, the
surface sediments in the intertidal mudflats are also subject to oxida-
tion.

The tidal elevations and ranges for San Francisco Bay reference
stations can be found in National Ocean Survey publication, “Tides and
Currents in San Francisco Bay” (Ref. 9). The tidal wave moves up—Bay
(towards the Delta) as a progressive wave form. Tidal range and surface
area are the main factors determining the tidal prism (the volume of
seawater between planes of high and low water). The ratio of the tidal
prism volume to the volume of seawater in the estuary at mean lower low
water indicates the degree of flushing and mixing. The tidal prism of
the entire Bay system has been calculated to be 1,196,000 acre—feet
(Ref. 3). This means about one—fourth of the volume of the entire
system (including Suisun Bay) moves in and out of the Golden Gate twice
during each tidal day.
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WAVES

Waves erode, resuspend and transport bottom material within the Bay
system. Wave action is an especially effective force in the shallow
areas of the Bay. Energy characteristics (height, length and period) of
wind generated waves are determined by fetch, velocity, duration and
direction of the wind , and depth of water. The transmission of shallow
water wave energy (depth of water is less than 1/2 wave length) is
controlled and modified by submarine topography.

The effect of ocean waves and swell on sediment transportation in
the estuary is minimal except near the mouth. This results from the
damping effect of the narrow Golden Gate on waves and swell moving into
the Gulf of the Farallones from offshore generating areas.

A typical wind rose for the Bay, Figure 8, shows the predominant
4 wind direction is from the west through south. These wave producing

forces coupled wi th  a long fe tch  and duration can generate 3—foot high
waves over broad reaches of the Bay. It is during this period that the
greatest rate of annual shoaling appears to occur in certain regions of
the Bay (Refs. 10 and 11). The effective depths of wave action (wave
base) in estuaries is generally limited to depths less than 30 feet
below mean sea level (Ref. 12). In the shallow subtidal areas wave
turbulence erodes bottom sediments and resuspends the sediments into the
water column . Sediment particles resuspended by wave action are trans-
ported in the direction of water mass transport. The progressive
motion of orbiting water particles within waves traveling over shallow
regions result in the slow shoreward advance of sediment in the direc—
tion of wave propagation . In the intertidal areas breaking waves churn
up the sediment within the breaker zone and transport it shoreward in
the wave of translation . At the shore, longshore transport is one of
the primary mechanisms causing material to move laterally and accumulate
in certain zones. This longshore transport is caused by the oblique
approach of incoming waves and the redistribution of wave energy along a
shoreline . The net effect of wave action in the Bay is the delivery of
suspended and bedload sediment to the eastern shore of the Bay . This
sediment is deposited to form extensive subtidal and intertidal mudflats.

CURRENTS

Current action in the San Francisco Bay system can be separated
into t ida l  and n o n— t i d a l  cur rents .  Primary non—tidal currents include
river inflow , wind—drift , and salinity—density currents. Tidal currents
are the periodic horizontal oscillatory movement of sea water accompany-
ing the rise and fall, of the tide. The tidal current regimen is a mixed
type with four instances of slack water and four instances of maximum
velocity during two floods and two ebbs daily. Highest current strengths
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are a t ta ined  dur ing  the period of long ebb between higher high water and
lower low water  of the t idal  cycle. Ebb currents are increased by
freshwater  ou t f l ow , conversely flood currents are reduced by the same
force .

Submarine topography and hydraulics of the Bay system cause dif-
ferences in time (phasing) of maximum current velocities and direction
at different sites. A lag occurs between time of high water and low
water , and t ime of maximum flood and ebb.

Velocity and d i rec t ion  of t idal  currents vary in the water column
wi th dep th , and direc t ion depends on phasing of tide , freshwater inflow
and submarine topography. During high freshwater inflow (winter condi-
tions), ebb currents predominate at all depths. However, during low
f reshwater  inf low (summer condit ions)  flood currents predominate at
lower depths ( R e f .  11) .

The residual component of coastal tide causes the amount of water
carried by the flood to exceed that of the ebb. This characteristic is
counteracted by river inf low (Ref .  13) . There is a longer period of low
current velocities around high water slack than during low water slack
caused by a decrease in tidal wave amplitude towards the tidal flats
along the Bay shore. Flood—tide waters advance in a uniform front,
depositing material on the inter—tidal flats as they travel shoreward.
Ebb tide waters re t reat  in channels meandering across the intertidal
f l a t s  eroding mater ia l  from the bed and banks of the channels as they
move towards deeper water .

Tidal currents erode, resuspend (turbulent mixing) and transport
sediment from the up—current sediment reservoirs of Suisun and San Pablo
Bays. This sediment is moved in suspension and as bedload through
Carquinez and San Pablo Straits into Central San Francisco Bay.

Once these sediment laden waters arrive in the broad expanses of
• Cent ra l  Bay the i r  ve loci ty  is diminished , and they lose much of their

ability to carry sediment . At the same time these brackish waters are
mixed with more saline ocean waters, and suspended sediments floc and
settle to the bottom . These newly arrived sediments are subject to
movement by additional estuarine processes.

Freshwater inf low during winter storm runoff transports sediment
through North and Central Bays and the Golden Gate dispersing the sedi-
ment charged waters into the Gulf of the Farallones (Figure 9). Sediment
is transported in suspension and dragged along the bottom as bedload .
During the wet season high volume/velocity river currents are especially
effective in eroding, resuspending and flushing unconsolidated sediments
from the Bay floor. Sediment temporarily settles during calms between
winter storms .
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Freshwater in f low d i lutes  and mixes wi th  saline water in the Bay.
This resul ts  in horizontal  and ver t ica l  sa l in i ty  gradients .  These
gradients  are greatest  dur ing win te r  freshe ts .  Dens i ty—sal in i ty  cur-
rents move up—Bay along the Bay f loor  disp lacing less sal ine wa ters
moving towards the Golden Gate in the upper water column (Figure 10).
This salt—water wedge (vertical salinity stratification) is strong
enough to erode and to transport sediment in the near bottom strata of
the water column . Average speed of this near bottom current between the
Gulf of the Farallones and San Pablo Bay has been calculated to be 2.5
miles per day (Ref. 14). Because this current is density driven , it is
able to transpor t sedimen t in the deeper par ts of na tural channels and
areas deepened by dredging . Density driven salinity currents supplement
flood tide bottom filling of tranquil , maintained waterways. These
currents reinforce the tidal regimen in San Francisco Bay generating a
pa ttern of bo ttom stra ta f il l ing and upper stra ta emptying of the tidal
pr ism . The interface between the fresh and salt water masses is a zone
of vertical mixing and flocculation of colloidal sediments. This col-
lision of wa ter masses resul ts in sedimen t deposit ion along the bo ttom
beneath the shifting salt water wedge interface (Ref. 11). The deposi-
tion process occurs in the San Pablo Bay and Carq uinez Strai t region if
the Bay .

The p reva i l ing  wind forces over the Bay produce two dis t inct  wind—
drif t currents. Velocities of wind—drift currents in estuaries reach 2—
5 percent of the wind force (Ref. 15). Strong westerly summer winds
produce easterly se t t ing  cur ren t s .  These currents drive sediment bearing
surface  waters  across the open water reaches of the Bay and piles water
up along the shore (wind set—up). Winter winds blow predominately from
nor th—nor theas t  which increase the competency of freshet  and t idal  flows
to f lush  out unconso l ida ted  sediments from North and Central  Bays. This
offshore  wind pa tt ern is freq uen tly in terrup ted by violent southeast
gales associated with low pressure systems passing west to east over the
Bay area . Southeasterly winter gales are generally of short duration
and genera te very temporary north setting currents.

Other factors affecting sediment resuspension patterns are vessel
movement , coriolis force and shoreline structures. Sediments resuspended
by vessel passage and associa ted prop wash are susceptible to movement
by currents. Coriolis force concentrates current flows to the right of
their setting direc t ion in the nor thern hemisphere. Hence, flood tide
tends to flow on the east shore and ebbtide tends to flow on the west
shores of the Bay. In the confined area of the Bay the effect of this
force is not great. However , it still reinforces disposition of sedi-
ments. Manmade shoreline structures (e.g., piers, wharves, groins, and
other structures), as well as, indentures along the shore create eddies
and entrap sediments.
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BAY SEDIMENTS

Geologic formations in and adjacent to San Francisco Bay are
principally alluvial formations ranging in age from mid—Pleistocene to
Recent. Sediments deposited within the Bay are very soft to firm clay
with varying amounts of silt , sand , and carbonaceous material . Bay
sediments have been classified as Older Bay Mud Formation, Sand Deposits
and Younger Bay Mud Formation.

OLDER BAY MUD FORMATION

The Older Bay Mud Formation includes formations such as Alameda ,
San Antonio , Posey , and in some instances Temescal formations. Older
Bay Mud is composed of firm clay with varying amounts of silt, sandy
clay , sand and small gravel. The sand is usually lenticularly bedded
and contains shell layers. The formation is from 0—200 feet thick and
has been preconsolidated to a degree greater than would result from the
weight of overlying sediments. The wet weight of the sediment is
greater than 90—110 pounds per cubic foot and is less than forty percent
moisture. The minus two micron particles are fifty percent normal and
hydrated mica , plus montmori llinite , chlori te , diatoms , carbonaceous
material, quartz and feldspar . The upper part of the formation inter—
fingers with sand layers.

SAND DEP~3S1TS

Sand deposits consist of local areas within the Bay containing
fine—grained sand that grade into sandy silt and sandy clay. The Sand
Deposits may or may not be covered with Younger Bay Mud . The Sand
Deposits are not a continuous blanket , but are scattered as if each
lense represents a small alluvial fan , indicating a fluctuating shore-
line.

YOUNGER BAY MUD FORMATION

The Younger Bay Mud Formation overlies the Older Bay Mud and Sand
Deposits. This formation can be divided into a Semi—Consolidated Bay
Mud member and a Soft Bay Mud member . The Soft Bay Mud member varies in
thickness from 40—70 feet and is described as a soft mud that becomes
firmer with depth. With increasing depth there is a sudden increase in
the strength and pre—consolidation load as if the material below this
level was pre—consolidated to a degree greater than would result from
the weight of the overlying mud . The Bay Mud below this level is termed
Semi—consolidated and is similar to the Soft Bay Mud member but pre—
consolidated to a degree greater than would result from the weight of
overlying material . There is a noticeable increase in strength above a
dry unit weight of 60 pound s per cubic foot and a decrease in moisture
to near forty percent. The Soft Bay Mud member is composed of clayey ,
plastic , low strength materials. It can be described as a soft ,
plastic , black—to—gray silty clay , clayey silt with minor organic
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material and clayey fine—grained sand . The net weight is less than 90-
110 pounds per cubic foot and more than forty percent moisture. The
clay size particles make up from 45—90 percent of the material , and
peaty or lignitic material is five percent . The clay size fraction is
composed of one—third montmorillinite, one—third normal and hydrated
mica, and one—third mixed—la yered montmorillinite , chloritlc and kaolin—
itic materials.

The character of the Bay Muds suggests that the Older Bay Mud
formation was deposited in the interg lacial epoch immediately pre ced ing
the formation of the Wisconsin ice sheet. Pre—consolidation of the
Older  Bay Mud formation occurred during the first glacial advance of the
Wisconsin ice. The semi—consolidated member of the Younger Bay Mud
formation was deposited during the first Wisconsin interglacial epoch
and was desiccated during the second advance on the Wisconsin ice. The
Soft Bay Mud member has been forming since the retreat of the Wisconsin
ice.

SEDIMENTATION IN THE BAY

Sediment deposition in the Bay system depends on local circulation
conditio ns , type of accumulation process , physical characteristics of
sediment particles , as well as, concentration and availability of sus-
pended and bedload material. Sediment deposition patterns reflect the
energy gradient formed by dynamic estuarine forces within the Bay .
Suspended and bedload material is t ransported from high energy areas to
low energy areas. Suspended and bedload concentration is dir~ ct~ v pro-
portional to transportation energy, if the available sediment supp ly is
not a limiting factor. Wave action and current velocity are the dynamic
mechanisms controlling sediment transportation. Therefore deposition
zones are situated in tranquil areas where the energy of these forces is
diss ipated or nonexistent. Suspended sediment settles to the Bay f l o or
as a result of gravity force in these quiescent accumulation zones.

It has been shown that on submerged tidal flats wave action pre-
dominates over current velocity as a distributary force (Ref. 16).
Horizontal variation in sediment grain size characteristics across the
surface of the submerged flats correlates directly with wave energy
distribution . Wave action over submerged flats is determined by the
force of waves arriving from adjacent deepwaterfchannel areas and waves
generated over the flats themselves. Waves arriving f rom adjacent deep
water channel areas gradaully lose power as they enter and move acr oss
shallow areas resul ting in decreased grain size and increased deposition
downwind and away from the deepwater/ channel areas. Waves generated
over the submerged f l at s pr oper prod uce greater turbulence in shallow
wa ter over the f la ts resul t ing in a rel at ive increase in gra in size and
decrease in sediment deposition rate.
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In the deep water channel areas of the Bay currents are the
predominate estuarine force. Current forces reach maximum velocities
along the centra l portion of channels and diminish towards the channel
margins. This energy gradient is reflected in the decrease in sediment
grain size away from the axis of the channel. These channels are scour
areas showing net erosion or are self—maintaining , having reached a
temporary equilibrium state. The areas showing the highest sediment
deposi t ion rates in San Francisco Bay are the channel margin zones.
These accumula t ion  zones are too deep to be a f f e c t e d  by wave action and
too f a r  away f rom the channel axis to be a f f e c t e d  by s t rong current
veloc ities.

Sediment inflow—outflow and distribution volumes within the San
Franc isco Bay system have been estimated by Gilbert of U.S.G.S. in 1917
(Ref. 16), Grimm of the Corps of Engineers in 1930 (Ref. 17), the Soil
Conserva tion Service of the U.S. Department of Agriculture in 1947, the
Corps of Engineers in 1954 and 1967 (Refs. 3 and 18), State of California
Department of Water Resources in 1955, Porterfield , Hawley and Dunnam of
the U.S.G.S. in 1961 (Ref. 19), Smith of the Corps of Engineers in 1963
(Ref. 20), and Krone in 1966 (Ref. 19). These studies have led to a
large variance in inflow—outflow and distribution volumes in the Bay
system. The variance can be attributed to p a u c i t y of data available to
investigators at the time of each study.

Smith , using U.S.C. & C.S. surveys of the Bay at periodic intervals
between 1855 and 1956 and logs of borings, estimated the total deposit
of Bay sediments to he 16 billion cubic yards. The deposits were light—
est in Suisun Bay, heaviest in Central Bay and roughly equal for the
remaining areas. The ratio of deposition per acre is respectively ,
1:3:2 for Suisun Bay: Central Bay and Carqulnez Strait: San Pablo Bay
and South Bay. Generally , these areas have experienced cycles of depo-
si tion and erosion , with the greatest deposition taking place during the
hydraulic mining era in the Sierra Nevadas. Gilbert est imated that just
during th e period of 1850—1914 one and one—half billion cubic yards of
sediment were deposited in the Bay system.

Estimated annual inflow volumes before 1961 reflect the limited
amount of data available at the time. These volumes range from 8.0
mill ion cubic yards predicted by Gilbert to 1.97 mIllion cubic yards
estimated by the Corps of Engineers in 1954. The U.S.G.S. in 1961 were
the first to use direct measurements of suspended loads being trans-
ported into the Bay system by all sources. From these measurements the
U.S.G.S. calcula ted the annual sediment inflow to the Bay system between
the years 1957—1959 to be 8.8 million cubic yards. From this value they
estimated the present annual inflow volume to be 8.0 million cubic
yards . Smith in 1963 estimated that 8.33 million cubic yards per annum
was the inflow rate to the Bay system. He derived his estimate from
tonnages and daily sediment inflows by geographical areas for the years
1909—1959 and adjusted to 1957—1959 conditions . Smith considered these
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volumes valid for the period 1960—2011. The Corps of Engineers in 1967
used the basic data developed by U.S.G.S. for the period 1957—1959 to
arrive at the average annual sediment inflow value of 9.56 million cubic
yards. The difference in the Corps 1967 value and U.S.G.S. 1961 value
reflect different in—place density values used to convert weight of
sediment to volume of shoal. Krone in 1966 estimated the average annual
sediment inflows for the Bay system to be 10.5 million cubic yards,
based on hydrologic data from 1922—1933 and U.S.G.S. measurements of
suspended sediment for the years 1957—1965.

Of the sediment entering the Bay system from natural sources (new
fluvial sediments) or from open water dredge disposal practices , a
portion is conveyed to the ocean via the Golden Gate and a portion is
retained in the Bay system. The Corps of Engineers in 1967 used two
methods for determining sediment outflow. The first method , “Historical
Shoaling Method ,” estimated the volume of sediment leaving the Bay as
the difference between the sum of the new sediment inflow (10.0 million
cubic yards) and dredge material released in the Bay (9.6 million cubic
yards) and the sum of shoaling within and outside navigation channels
and facilities (15.4 million cubic yards). The estimated average annual
sediment outflow volume derived from the “Historical Shoaling Method”
was 4.2 million cubic yards. The second method , “River Discharge
Method ,” used an estimate of the net water discharge through the Golden
Gate and an assumed average turbidity for Bay water. The product of
turbidity and net water discharge gave the net sediment outflow. Anal-
ysis of numerous suspended sediment samples throughout the Bay system
for conditions of low, average and flood flows indicated that the
average turbidity in Carquinez Strait and easterly San Pablo Bay was
about 70—80 parts per million , and at Golden Gate, about 40—50 parts per
million. Assuming a turbidity of 50 parts per million for an average
monthly discharge of 29,000 cubic feet per second , the Corps of Engineers
using the “River Discharge Method ,” estimated the average annual outflow
to be 3.3 million cubic yards. In addition, model studies indicated
that  an addi t ional  1.4 mill ion cubic yards would leave the Bay annually
from open water dredge disposal practices, totaling 4.7 million cubic
yards.

The Corps of Engineers in 1967 studied the historical sedimentation
patterns in the Bay system using hydrographic surveys for a 101—year
period from 1855 to l9S5. The results of the study showed that there
was an average annual net deposition of 5.2 mIllion cubic yards.

Krone in his sedimentation studies of San Francisco Bay in 1966 and
1974 (Ref. 22) estimated that 8.1 million cubic yards of sediment an-
nually leaves the Bay, while 2.4 million cubic yards are retained.
Krone based his estimate on a steady state situation which he believes
was reached in the Bay—Delta system in about 1957.
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The State of California Department of Water Resources estimated
annual net deposition in the Bay to be 2.1 million cubic yards. Table 1
is a composite of average annual inflow—outflow and deposition volumes
from the above investigations.

Two other factors affecting the annual sedimentation in the Bay
system are annual dredging and disposal operations and resuspension of
bot tom sediments  due to wind generated turbulence and tidal currents.
Approximately 10 mil l ion  cubic yards of Bay sediment are dred ged an-
nually by the Federal Government and private concerns in the Bay system.
The majority of this material is released in Bay waters at one of three
disposal s i tes . Assuming tha t  these si tes received dredged sediments
over a 250—day period and t ha t  the ma te r i a l  disperses over a 100—square—
mile area , 400 cub ic yards of dred ge material would be placed in sus-
pension per square mile per day of dredging. In contrast , Krone esti—
ma ted the amount of material suspended by wave action in a square mile
of shall ow area by conservatively using an average suspended sLdiment
concentration of .5 grams per liter over a five—foot water depth when
the wind blows over 10 knots. Using the value of 220 days per year when
the wind velocity is 10 knots or greater , Krone estimated that each
square mile of shallow area suspends 2,200 tons of sediments per day .
Using the val ue of 25 pound s per cubic foo t for sedimen ts bro ugh t In to
suspension by wind and wave forc es, the 2,200 tons may be conver ted to
cub ic yards , giving a total of 6,500 cubic yards per square mile per day
as the volume of sediment resuspended by wind driven waves. Fig ure 11
is a summary of sedimentation in the San Francisco Bay system.
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TABLE 1

ANNUAL SEDIMENT INFLOW-OUTFLOW AND
DEPOSITION VOLUMES

FOR
SAN FRANCISCO BAY SYSTEM

Inf low From
Inflow Other Total Sediment Sediment

Investigator Delta Tributaries Inflow Outflow Deposition
(Millions of Cubic Yards)

Gilbert (1917) predicted
Prior to 1850 2.0
1850—1914 23.0
Present 8.0

Grimm (1931) 5.75

Corps of Engineers (1954)
Existing 3. 36
Future w/controls 1.97

DWR (1955)
Existing 4.0
Future w/controls 3.0

U .S . G . S .  (1961)
From 1957—1959 - 7.2 1.6 8.8
Present 6.9 1.1 8.0

Smith (1963) 7.04 1.195 8.235 5.2

Corps of Engineers
(1965) 8.13 1.43 9.56 4 .2  5.2

Krone (1966)
By year 1960 8.1 2.4 10.5 8.1 2.4
By year 1990 4.3+ 2.4 6.7
By year 2020 3.0+ 2 .4  5.4

* Considers only North Bay.

+ Based on Delta Water Diversions.
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POLLUTANT SOURCES

The rapidly expanding population in the San Francisco Bay region
with its concomitant industrial and commercial activities is responsible
for the introduction of a wide range of contaminants into the Bay system.
Waste substances introduced into the estuary are not necessarily pollut—
ants. Most substances described as “pollutants” have always been found
in San Francisco Bay system in various amounts (e.g., sediments, trace
metals , salts and organic mater ia ls ) .

Waste materials introduced (both deliberately and accidentally)
into the Bay by h uman or non—human activity have threshold concentration
levels which can be attained without alternating the functional parts of
the estuarine system. Althelstan F. Spilhaus of the National Ocean and
Atmospheric Administration defines a pollutant as “anything animate or
inanima te tha t by it ’s excess reduces the quality of living,” (Ref. 23).

Solid waste substances and dissolved waste materials are Introduced
in suspended form into the Bay. Dissolved substances are sorbed by par-
ticulate matter (sediments) both before entry and after entry into the
estuary. These organic and inorganic contaminants show behavior and
distribution patterns similar to that of natural sediments. The physi-
cal setting and estuarine processes discussed in preceding sections are
responsible for their movement and deposition. These contaminated
sediments accumulate in certain deposition zones within the Bay system ,
and in some cases reach high enough concentrations within bottom sedi-
ments to be considered “pollutants” by the Environmental Protection
Agency. These pollutants when attached to natural sediments are found
in areas subject to both maintenance and new—work dredging by the U.S.
Army Corps of Engineers.

Contaminants from these sources enter the Bay system directly via
municipal sewage and industrial ~ iste outfalls , storm drains and surface
runoff , aerial fallout, overboard discharge from vessel, and enter in-
directly via rivers conveying agricultural drainage and materials from
upland erosion to the Bay, and leaching from waste disposal sites
located adjacent to Bay and tributary receiving waters.

MUN ICIPAL AND INDUSTRIAL DISCHARG E

One source of contaminants injected into the estuary is municipal
and industrial wastewater discharge. One study of water quality and
waste discharge characteristics in San Francisco Bay identified 203
municipal and industrial diachargers delivering sewage and wastewater
into the estuary (Ref. 24). Other studies focus specifically on indus-
trial water quality and waste discharge in the San Francisco Bay region
(Refs. 25 & 26).
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Of the 203 dischargers, 83 major ones are shown in Figure 12 (Ref.
27). This number does not include municipal and industrial dischargers
injecting wastewater into the Sacramento—San Joaquin River system.
There are 160 municipalities and sanitary districts and 6,000 manufac-
turing enterprises located within the San Francisco Bay and Sacramento—
San Joaquin Delta region contributing to the cumulative impact of sewage
and wastewater disposal in the estuary.

Almost 100 percent of municipal sewage* discharged into the Bay
and Delta receive either primary (60%) or biological secondary (40%)
treatment (Ref. 28). The level of industrial wastewater treatment falls
between municipal primary and secondary processes (Ref. 29). Combined
wastewater flow rates generated by municipal and industrial sources
discharging into the estuary range between 600 and 700 million gallons
per day (mgd). Ten percent of total combined volume of wastewater
originates directly from industrial sources (Ref. 28). The predominant
delivery mechanism for this wastewater is through submarine outfall
pipes located in shallow near shore regions of the Bay.

Understanding the impact of municipal and industrial effluent on
the estuarine environment requires consideration of the contaminants
found in munic i pal sewage and industrial wastewater. A primary con-
stituent of municipal effluent is fecal waste. Both municipal and
industrial dischargers deliver p lant nutrients (espeically nitrogen and
phosphorus) into the estuary. Large amounts of nutrient substances
stimulate excessive marine plant (especially plankton) growth which in
turn  generate high levels of biochemical oxygen demand (30D) in the
receiving waters. These nutrients are incorporated into the bottom
sediments and stored In deposition reservoirs within the estuary .

Large amounts of halogenated organic compound s ( e .g . ,  polychlor—
m ated bipheny ls , PCBs) enter the estuary via urban sewage (Ref . 30) .
Industrial effluent containing a broad range of synthetic organic
chemicals (mainl y synthesized from pe t ro leum compounds) is regularly

• pumped in to  the Bay . Industrial waste dischargers inject a number of
po ten t i a l ly toxic trace metals (e.g., lead , mercury and cadmium) into
the estuary . These metals  in low concentrations are required for
biological  growth in c e r t a i n  marine organisms , but become toxic in high
concentra t ions.

AGRICULTURAL DRAINAGE

A second category of pollutant sources is agricultural drainage .
California agricultural productivity is the highest in the nation. Most
of this agriculture is dependent on irrigation , fertilizers and pest-
icides. Presently, there are over six million acres of irrigated
agricultural land within the Central Valley. Irrigation water not lost

*The m a j o r i t y  of i n d u s t r i al  disehargers are connected to municipal
treatment and sewage facilities. —
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via evapotranspiration drains from the fields into local aquifers or
into the Sacramento—San Joaquin River system. These agricultural waste-
waters transport large quantities of pesticide and fertilizer residues,
and animal wastes, as well as nutrients and minerals from the soil into
the river system which evemtually drains into the Bay .

Chlorinated hydrocarbon pesticides are the most serious contami-
nants reaching the Bay as a result of agricultural activity . An esti-
mated 10,000—20,000 pounds of this material entered the Bay—Delta system
in 1965 (Ref. 28). Pesticides, like heavy metals, are concentrated and
stored in bottom sediments.

Agr icu l tu ra l  drainage is also a major source of nitrogen and
phosphorous compounds. Nitrogen waste loads delivered to the Bay—Delta
system constitute four percent of the total nitrogen fertilizers applied
to Central  Valley ag r i cu l tu ra l  lands ( R e f .  28) .  There is a seasonal
regimen associated with the delivery of these potential pollutants to
the estuary . Agricultural drainage is concentrated in the irrigation
season during the summer.

STORM RUNOFF

Contaminants are washed into the Bay by surface water runoff during
winter rainstorms . Runoff occurs on both urban and non—urban (agricul-
tural or undeveloped) land. Non—urban runoff has similar waste load and
delivery characteristics as agricultural drainage. The period of maximum
runof f  occurs in the rainy winter  season (October through May) . Runoff
from these non—urban areas contains high levels of suspended soilds,
heavy metals , oil and grease , f loa table  substances and pesticides .

Urban (street) runoff takes place in settlements with large, con—
t iguous areas of impervious ground surface ( e . g . ,  streets , parking lots,
other paved and developed areas) . Older urban areas (San Francisco ,
Sacramento , and Vallejo) have combined stormwater and wastewater sewage
systems. This means during high intensity and long durat ion rainstorms
treatment facilities exceed maximum capacity. Flows exceeding this
capaci ty are unt rea ted , and raw sewage is diverted directly in to the
receiving waters of the Bay and its tributaries.

Potential pollutants are deposited and accumulated on city streets
between rainstorms . Major contributors of these contaminants (espe-
cially oil—grease and lead) include motor vehicle spillage/leakage , and
car and truck service stations and maintenance centers (especially
during washdown opera t ions ) ,  and shipyards.

Contaminated substances conveyed to the Bay by storm runoff are not
delivered at constant rate or concentration. Both flows and loads are

de term ined by lag time between succeeding storms , as well as intensity
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and duration of individual storms. The first major storm of the rainy
season washes more contaminar.ts into the estuary and its tr ibutaries
than succeeding storms . The largest amoun t of these substances is
washed o f f  impervious surfaces during the f i r s t  two hours of a storm
(Ref. 18). The predominant contaminant introduced into the Bay system
by urban runoff is oil and grease.

AERIAL FALLOUT

Aerial fallout delivers various types of airborne contaminants to
the Bay system. Fallout substances dropped into the Bay include resi-
dues (lead and hydrocarbons) from motor vehicle and aircraft exhausts,
particulate matter from industrial and domestic smokestacks and chim-
neys, remnants of pesticides and fertilizers sprayed on crops as well as
non—lethal amounts of radioactive matter.

VESSEL DISCHARGE

Recreational (including houseboats), commercial , and naval vessels
underway , moored or docked on the Bay introduce contaminants into the
estuary deliberately and accidentally.  Trash and garbage may be thrown
overboard and raw sewage is pumped directly into the receiving waters.
Approxima tely 2 ,000 lbs. of BOD per day is injected into the Bay from
watercraft (Ref. 28). Contamination occurs from petroleum residues
from ships.

Accidental oil spills from vessels occur as a result of collisions
with other watercraft and shore structures. Anti—fouling paints exude
poisons into adjacent waters. Anti—fouling paint poisons contain a
range of constituents including copper , mercury , zinc , lead , chrom ium,
arsenic and PCBs. Surface sediments in harbors may contain large res-
ervoirs of anti—fouling paint residues. Watercraft using sacrificial
zinc anodes to control galvanic corrosion are sources of zinc contami-
nation. Vessels consuming leaded—gasoline as fuel release lead residues

.5 into Bay waters.

SOLID WASTE DISPOSAL SITES

Solid waste disposal sites are additional sources of contaminants.
Solid waste material consists of refuse, garbage and sewage sludge. In
1967 , 13.5 million tons of solid waste was produced within the Bay—Delta
region. There are 49 disposal sites located adjacent to the Bay and
tributary waters as shown on Figure 13. Contaminants are transported
into contiguous estuarine and riverine waters by direct dumping, ebbtide
flow especially during tropic tidal and storm surge conditions, seepage
resulting from saturation caused by rainfall, poor drainage and exces—
sive applied water to containment levees and dikes.
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UPLAND EROSION OF PARENT FORMATIONS

Trace elements (metals) in sediments of the San Francisco Bay
system are derived in part from erosion of parent formations and con-
veyed to the Bay via the Bay ’s extensive drainage system. Many of these
trace elements (i.e., merc ury ,  z inc , lead , cadm ium , copper) ar~ consid-
ered to be contaminants when deposited in the Bay system. The trace
elements derived in this manner and deposited in the Bay are associated
with sediments by being bound within the chemical structure of individ-
ual particles , attached directly to the surfaces of particles or trapped
within the lattice—work of conglomerated particles. No direct estimates
have been made of the inp ut of con taminan ts from up land erosion of
parent format ions ; however , since this is the only true non—human asso-
ciated source of contaminants in the Bay, quantitative estimates of the
input to the Bay from this source have been attempted from analysis of
deep core samples in the Bay and adjacent land areas. D.H. Peterson , et
al., (Ref. 31) of the U.S. Geological Survey in 1972 reported mercury ,
lead and copper concentrations from a deep bore—hole in South San
Francisco Bay and associated these concentrations with sediments uncon-
tamina ted by man ’s activity. Table 2 presents his values. Care should
be taken in using these values as ba ckground concent ra tions of the Bay
as a whole since these samp les represent one of many differing environ-
ments of deposition that have occurred throughout the geologic history
of the Bay and within different areas of the Bay . Trace metals show an
affinity for certain sediment types which in turn exhibit selective
deposition properties. This results in preferred accumulation types of
sediments in different areas and during d i f f e r e n t times in the geolog ic
past. In addition , vertical migration of trace elements due to changes
in oxidation—reduction potentials and disturbances by organisms (bio—
turbidation) during deposition could play an important role in the
vertical distribution of trace elements.

TABLE 2

CONCENTRATIONS OF Pb , Cu , AND Hg
IN DEEP SEDIMENTS OF BAY (Reference 31)

Depth Below Sediment Element Concentration (ppm)
Bay Bottom Type Pb Cu Hg

(feet)

205 Mud 15 50 0.36
216 Sand t race  15 0.15
245 Si l t  trace 20 0 . 3 2
350 Mud 10 trace 0.28
405 Sand None 15 0.06
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PREVIOUS POLLUTION SAMPLING

In addi t ion to sampling specif ic  to this stud y,  three other
pr incipal sources of i n fo rma t ion  were used. These sources include
pollution analysis of bottom sediments in Federally maintained and pro-
posed nav iga tion channels , permit applications for non—Federal dredging ,
and specific reports concerned with the pollution status of sediments in
the Bay.

CORPS OF ENGINEERS POLLUTI ON SAMPLES

Pollu tion samples have been ob tained by the Corps of Engineers for
all act ive maintenance dredging projects since 1970. In addition ,
poll ut ion samples are taken for  all proposed nav iga tion projects during
feasib ility studies. Inclosure 1 includes an index of all pollution
samples taken by the Corps of Engineers through 1974, the results of
chemical analysis and maps showing location of samples. Because of the
frequently changing criteria or guidelines for the acceptability of
dr edged sed iment for  aq uatic disposal , the parameters included in anal—
ysis of samples from dred ging projects dif f e r  grea tly from project to
project and from year to year. For example , no 1973 sample s incl ude
bulk sediment; all analysis are elutriates. Inclosure 1 includes
analyses of wa ter samples , suspended sediment samples, bottom sediment
samples , and elutriates. For the purpose of this investigation , em-
phas is will be pla ced on bulk sed iment analy sis of the parame ter s lead ,
z inc , mercury , cadmium , copper , oil and grease, vola tile solids , chem-
ical oxygen dema nd , and total Kjeldahl nitrogen.

To make relative comparisons of contaminant concentrations within
d red ged channels of the Bay , it becomes necessary to treat the data
statistically . Table 3 is a summary of the mean , standard dev iat ion and
range of contaminant concentrations in dred ged channels of North (includ-
ing Carquinez Strait and Suisun Bay), Cen tral and Sou th San Francisco
Ba y and San Fran cisco Ba~’ Main Ship Channel.

Generally , dredged channels in Central San Francisco Bay have lower
mean concentrations of lead , zinc , cadmium , copp er , oil and grease.
volatile solids and total Kjeldahl nitrogen than do channels in North
and South Bay. Mean concentration of mercury in channels of Central Bay
sl ightl y exceed that in North Bay and the mean concentration of chemical
oxygen demand in channels of Central Bay is slightly greater than chan-
nels in South Bay .
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TABLE 3

MEAN CONCENTRATION OF CONTAMINANTS IN DREDGED CHANNELS
1970— 1 9 7 4

Number Standard
of Mean Devia t ion Range

Description Samples pp~_ ppm

L EAD

North San Francisco Bay 229 38.8 3—124
Pinole Shoal 54 20.4 8.8 7—43
Napa River 22 21.6 17.4 3—77
Sonoma Creek 9 30.4 22.0 10—81
Petaluma River 21 41.2 14.1 12—80
Point Davis 7 33.7 12.0 17—46
Mare Island St. 88 58.8 20.4 26—124
Carquinez St. & Suisun Bay 28 26.7 16.6 9—66

Central San Francisco Bay 347 23.6 3—153
West Richmond Bay 30 16.7 4.1 9—28
Southampton Shoal 34 15.7 4.9 10— 30
Richmond Outer Harbor 76 28.3 24.8 60—150
Richmond Long Wharf 103 29.6 17.2 6—153
Richmond Inner Harbor 29 23.9 18.2 7—80
Sausalito 75 16.8 16.1 3—89

South San Francisco Bay 285 47.9 4—286
Oakland Outer Harbor 71 49.3 49.7 5—23
Oakland Inner Harbor 33 58.3 38.3 12—144
Alameda N.A.S. 94 49.3 29.7 5—150
Islais Creek 45 30.9 29.1 5—50
San Leandro 5 67.2 13.1 52—80
San Bruno Shoal 10 11.7 15.1 4—54
Redwood Cit y 27 65.2 64.0 5—286

Main Ship Channe1 8 11.0 7.9 1—27

All Dredged Channels 869 35.5 33.1 1—286

ZINC

Nor th San Franc isco Bay 229 126.1 31—624
Pinole Shoal 54 72.2 24.0 35—123
Napa River 22 86.3 36.2 32—175
Sonoma Creek 9 95.8 43.8 37—172
Petaluma River 21 112.0 41.4 31—188
Point Davis 7 87.9 21.2 65—115
Mare Island St. 88 193.3 69.0 84—624
Carq uinez St. & Suisun Bay 28 72.7 34 .5 45—174

Central San Francisco Bay 347 87.4 20—549
West Richmond Channel 30 55.3 8.9 39—73
Southampton Shoal 34 54.5 9.9 4U-73
Richmond Outer Harbor 76 9 8 . 0  7 9 . 9

Ri chmond Long Wharf 103 104.3 28.7 38—218
Richmond Inner Harbor 29 90.9 55.8

~ i -a1 ito 75 80.0 37.4 32—218

South San Francisco Bay 285 120.(’ 10—405
Oakland Outer Harbor 71 lIh .1 ‘~~.l 10—405
Oakland Inner Harbor 33 141.3 Mh .5 23— 310
Alameda N.A.S. 94 131. 7 7 .3 l(~- 38O
Islai s Creek 4~ 62.9 15 .9 23—103
San Leandro 5 147.8 14.5 132—161
San Br uno Shoal 10 4 1. h 12 .() 2~~~~3
Redwood Ci ty 27 lI$. () 79.0 41— 143
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TABLE 3 (Cont ’d)

Number Standard
of Mean Deviation Range

Description Samples p~~~ ppm

Plain Ship Channel 8 41.4 19.2 18—79

All Dredged Channels 869 108.1 68.1 1—624

MERCURY

North San Francisco Bay 232 0.41 0.01-4.0
Pinole Shoal 54 0.29 0.54 0.05—4.0
Napa River 22 0.33 0.17 0.01—0.46
Sonoma Creek 9 0.40 0.23 0.11—0.81
Petaluma River 21 0.57 0.24 0.20—0.90
Point Davis 7 0.28 0.19 0.06—0.38
Mare Island St. 88 0.56 0.43 0.02—1.6
Carquinez St. & Suisun Bay 31 0.21 0.22 0.01—0.80

Central San Francisco Bay 347 0.47 0.03—10.5
West Richmond Channel 30 0.31 0.21 0.03—1.1
Southampton Shoal 34 0.38 0.13 0.10—0.60
Richmond Outer Harbor 76 0.46 0.33 0.10—1.9
Richmond Long Wharf 103 0.53 0.27 0. 10-1.7
Richmond Inner Harbor 29 0.40 0.29 0.03—1.0
Sausalito 75 0.55 1.22 0.13—10.5

South San Francisco Bay 285 0.78 0.01—10
Oakland Outer Harbor 71 0.46 0.29 0.01—1.3
Oakland Inner Harbor 33 1.05 1.20 0.008—4.9
Alameda Inner Harbor 71 1.05 2.14 0.08—10.0
Islais Creek 45 0.84 0.94 0.12—5.6
San Leandro 5 0.18 0.03 0.14—0.2
San Bruno Shoal 10 0.15 0.15 0.17—0.60
Redwood City 27 0.42 0.27 0.11—1.2

Main Ship Channel 8 0.02 0.03 0.002—0.08

All Dredged Channels 872 0.55 0.92 0.002—10.0

CADMIUM

North San Francisco Bay 113 2.56 0.70-8.3
Pin ole Shoal — — — —

.5 Napa R i v e r  — — — —
Sonoma Creek — — — —
Petaluma River 15 1.69 0.24 1.2—2.0
Poin t Dav is — — — —
Mare Island S t .  ‘~8 2.69 1.54 0.70—8.3
Carquinez St. & Suisun Bay — — — —

Cen t ral  San Fran ci sco Bay 1.04 0.3—3.4

West Richmond Channel 17 0.56 0.14 0. 3-0.80
Southampton Shoal .t’ 0.86 0.21 0.50—1.3
Richmond Ou ter Harbor 57 1.24 0.50 0.50—2.1
Richmond Long Wharf 7’~ 1.01 0.48 0.40—2 .2

Richmond Inn er Harbor 12 1.69 0.79 0.70—3.4
Sausalito 75 0.’~R 0.35 0. 31—2.4

South S.n Franc i~~- o Bay 1°S 1.84 0.05—15 .6
Oakland Outer Harbor 61 1.45 2.43 0.0S-I S .f~
Oakland Inner Harbor 12 1.32 0.68 L 80— 3 .24

~~~~~~~ N.\.S. S2 1. 82 1. 05 0.48-4.6

Islais Creek 40 2 . 30  1.30 0.11— 3 .8

San Leandro — — — -

San Bruno Shoa l 10 0.65 0.51 t),21~~2.0

Redwood Cit y  23 2 . 7 1  1 .56 0. 3 4 - 4 .8

-
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TABLE 3 (Cont ’d)

Number Standard
of Mean Deviation Range

Descr~p~j~~ ~~e~i P2!1 ~~~~~~~~~~~~~ 
pprn -

Main Ship Channel - - — -

All Dredged Channels 567 1.59 1.37 0.05—15.6

COPPER

North San Francisco Bay 44 85.0 53-117
Pino le  Shoal — — — —
Naps - , “ar — — — —
Sonom~. ek — — — —
P et a l w i~ ‘ive r — — — —

Poin t Dav is - — — -

Mare Island S t .  45 85.0 19.5 53— 117
Carq uinez St. & Suisun Bay — — — —

Central San Francisco Bay 226 34.4 4—104
West Richmond Channel 17 20.2 3.5 14—27
Southampton Shoal 26 25.3 6.4 13—43
Richmond Outer Harbor 50 48.6 20—104
Richmond l ong Wharf 49 50.0 8.5 32—68
Richm ond I n n e r  Harbor  9 4 9 . 7  2 3 . 5  21— 84
Sausalito 75 19.2 9.3 4— 17

South San Francisco Bay 109 38.5 6—85
Oakland Outer Harbor 35 35.7 25.2 7—85
Oakland Inner Harbor — — - —

Alameda N .A .S .  29 53.0 12 .9 2 2 — 6 7

Islais Creek 1 2 19. 3 10.3 6— 38
S~.n Leandr o — - — —
San Bruno Shoal 10 22.9 — 12-63)

Redwood City 23 41. 5 16.5 19-76

Main  S h i p  Channel  — — — —

All Dredged Channels 380 41.6 25.5 4—117

O I L  — GREASE

North San Franc i~~co Bay 2 2 3  700 60-3100
P i n ole Shoal 54 400 200 100 1100

• N a p ~ River 22 700 400 100-1900
Sonoma Creek 9 1000 1000 200—1800
P eta l t ima  River 21 900 400 200—1800
Poin t Davis 7 300 200 60— 530
Mi re Island St . 79 800 bOO 100— 3100
Carquinez ~ t . & Suisun Bay i i  500 400 100—1600

Cen t ra l  San Fran c isco Bay 271 520 10—6(100
West Richmond Ch .icinel 30 100 100 30—200
Southampton Shoal 34 200 100 30— 700
Richmond O u t  .-r Harbor 76 600 900 10—6000
Richmond Long Wharf 102 700
Richmond Inn er Harbor 29 501) 700 50—2200

I Ito — — — —

South San Frinc Isco Bay .26 1100 20—8400
O a k l a n d  ()u it.- r Harbor 11 1-0)1) 1500 .~0— 8-011)
Oakland Inner Harbor 16 hSO 62)) 90—1600
Alameda N.A.S. 78 1 350 90(3 100— 3000
l-41,I i s Creek 35 500 300 100—1500
San I.eandro S 1200 600 500—1900

— San Bruno Shoa l 3 100 0 100-100
Redwood ( l t v  18 800 600 200-1600

- .1

;
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TABLE 3 (Cont ’d)

Number Standard
of Mean Deviation Range

Description Samples ~~~ pp~i

Main Ship Channel 7 700 400 100—1000

All Dredged Channels 727 800 800 10—8400

VOLATILE SOLIDS x104 x104 xlO4 x104

Nor th San Francisco Bay 161 6.09 1.1—16.6
Pinole Shoal 49 5.11 1.70 1.7—8.5
Napa River 22 6.06 2.20 2 .8—11.6
Sonoma Creek 9 7.59 3.94 2 .3—16.6
Pe taluma River 6 6.62 2.58 1.7—8.2
Poin t Davis 7 3.69 1.49 1.6—5.5
Mare Island St. 37 7.99 0.74 5.9—9.8
Carquinez St. & Suiaun Bay 31 5.41 2.47 1.1—9.3

Cen tral San Francisco Bay 118 5.82 1.1—9.2
West Richmond Channel 13 3.39 0.80 2.2—4.4
Southampton Shoal 9 5.39 1.56 3.7—8.5
Richmond Outer Harbor 30 5.68 1.48 3.3—9.2
Richmond Long Wharf 46 6.61 0.99 4.7—8.7
Richmond Inner Harbor 21 5.95 1.82 1.1—8.0
Sausali to — — — —

South San Francisco Bay 139 6.34 0.7—10.0
Oakland Outer Harbor 28 6.20 2.19 1.3—10 .5
Oaklaod Inner Harbor 21 4.38 2.38 0.7—7.9
Alameda N.A.S. 67 6.94 2.12 0.96—12
Islais Creek — — — —

San Leandro 5 8.64 0.72 8—9.6
San Br uno Shoal — - — —
Redwood Ci ty 18 5.95 2.12 0. 78—8.1

Main S h i p  Channel 7 1. 74 1.01 1.0—3.9

All Dredged Channels 425 6.03 2.22 0.7—16.6

CHEMICAL OXYGEN DEMAND x104 x104

Nor th San Francisco Bay 161 4.10 0.3—21.4
Pinole Shoal 49 3.02 1.28 0.5—5.0
Napa River 22 4.03 3.40 1.1—17.0
Sortoma Creek 9 6.42 6.05 0.45—21.4
Petalutna River 6 4.07 1.19 0.72—6.3
Poin t Davis 7 2.03 1.45 0.39—3.6
Mare Island St . 37 5.21 0.64 3.5—7.0
Carqu inez St. & Suisun Bay 31 4.35 3.19 0 .3— 13.3

Cen tral San Francisco Bay 194 4.25 0.5—10.3
Wes t Richmond Channel 13 2.14 1.32 0.5—5.4
Southampton Shoal 8 2.58 1.08 1.1—4.5
Rich mond Outer Harbor 30 4.19 1.18 2.7—7.95
Richmond Long Wharf 47 3.93 0.80 2.4—5 .39
R i c h mond Inne r  Harbor  21 4 . 3 7  2 .0 8 1 .0— 10.0
Sa usalito 75 4.98 1.85 0.94—10.3

South San Francisco Bay 178 4.18 0. 10—9.6
Oakland Ou ter Harbor 28 3.99 1.40 0 .17— 6 .7
Oakland Inner Harbor 21 3.89 2. 78 0.10— 9.6
Alameda N.A.S. 62 5.16 1.86 0.80—8.7
Islats Creek 15 3.13 1.78 0.50—5.5
San Leandro 5 5.20 0. 64 4.3—5.9
San Brut n o Shoal 17 2. 31 1.42 0.23—4.8
Redwood City 30 3.89 2.05 0.35—9.3
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TABLE 3 (Cont ’d)

Number Standard
of Mean Deviation Range

Descrip tion Samples ~p~_ _ppm _ 2~~~

Main Ship Channel — - — —

All Dredged Channels 541 4.12 2.19 0.10—21.4

TOTAL KJELDANL NITROGEN

Nor th San Francisco Bay 161 900 100—5200
Pinole Shoal 49 900 500 200— 2300
Napa River 22 1500 800 400—3000
Sonoma Creek 9 2200 1700 100—5200
Pe taluma Rier 6 1300 600 200—2000
Point Davis 7 800 400 400—1400
Ma r e Island St. 37 800 700 100—1900
Carqulnez St. & Suisun Bay 31 900 700 100—2200

Cen tral San Francisco Bay 192 800 70—2900
Wes t Richmond Channel 13 400 100 200—600
Southampton Shoal 8 700 200 400—1100
Richmond Ou ter Harbor 30 1000 400 200— 1800

Richmond Long Wharf 47 1400 600 70—2900

Richmond Inner Harbor 21 1200 500 400—1900

South San Francisco Bay 166 1400 100—9600
Oakland Outer Harbor 28 1350 570 200—2600
Oakland Inner Harbor 4 780 510 300—1100

Alameda N.A.S. 67 1600 1300 100—9600
Islais Creek 15 1300 600 500—2400
San Leandro S 2100 300 1800—2400
San Bruno Shoal 17 1300 900 300-3800
Redwood Ci ty 30 900 900 110—2900

Main Ship Channel 8 200 200

All Dredged Channels 527 1000 900 50—9600
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The mean lead concentrations for the channels of North San
Francisco Bay, Central Bay, South Bay, and the San Francisco Bay Main
Ship Channel are, respectively ; 38.8 ppm , 23.6 ppm , 47.9 ppm , and 10.9
ppm. The highest mean lead concentraticns in dredged channels occur at
Mare Island Strait (58.8 ppm) in North San Francisco Bay, and Oakland
Inner Harbor (58.3 ppm) and Redwood City Harbor (65.2 ppm) in South San
Francisco Bay. Other areas with high mean lead concentrations are:
Petaluma River (41.2 ppm) in North Bay and Oakland Outer Harbor (49.3
ppm) and Alameda Naval Air Station (49.3 ppm) in South Bay. The great-
est ranges of lead concentrations in dredged channels are also found in
these areas. For instance, in Redwood City Harbor, lead concentrations
in bottom sediments range from five parts per million to 286 parts per
million. Central San Francisco Bay Channel sediments, on the whole,
have the lowest mean lead concentration in the Bay. Pinole Shoal (20.4
ppm) in North Bay , West Richmond Cchannel (16.7 ppm) and Southampton
Shoal (15.7 ppm) in Central Bay , and San Bruno Shoal (11.7 ppm) in South
Bay have the lowest mean lead concentrations.

The mean zinc concentrations for North Bay, Central Bay, South Bay
and the Main Ship Channel are, respectively : 126.1 ppm , 87.4 ppm , 120.8
ppm , and 41.4 ppm. The highest mean zinc concentrations occur in the
same dred ged channel s as does high mean lead concentrations ; I.e., Mare
Island Strait (193.3 ppm) In North San Francisco Bay, and Oakland Inner
Harbor (141.3 ppm) and Redwood City Harbor (138.0 ppm) in South Bay .
Other areas with high mean zinc concentrations are: Oakland Outer
Harbor (136.1 ppm) and Alameda Naval Air Station (131.7 ppm). As with
mean lead concen tra tions , Central San Francisco Bay naviga tion channels
have the lowest mean zinc concentrations on the Bay. Based on ten
samples , San Bruno Shoal (41.6 ppm) has the lowest mean zinc concentra-
tion of channels In the Bay. Other areas with low mean zinc concentra-
tions are: Pinole Shoal Channel (76.2 ppm) in North Bay , Wes t Richmond
Channel (55.3 ppm) and Southampton Shoal (54.5 ppm) in Central Bay, and
Islais Creek (62.9 ppm) in South Bay.

The mean mercury concentrations for 232 samples in naviga t ion
channels of North San Francisco Bay, Cen tral Bay , South Bay, and the San
Francisco Bar , Main Ship Channel are , respectively : 0.41 ppm , 0.47 ppm ,
0.78 ppm , and 0.02 ppm. The highes t mean merc ury concen tra t ions are
found in South Bay ; namely , at Alameda Naval Air Station (1.10 ppm) and
Oakland Inner Harbor (1.05 ppm). Some channels such as Sausalito in
Central Bay and Islais Creek in South Bay have isolated cases of exceed-
ingly high values of mercury. The lowest mercury concentrations are
found in Carquinez Strai ts, Suisun Bay (0.21 ppm) and Pinole Shoal
Channel (0.29 ppm) in North San Francisco Bay ; West Richmond Channel
(0.31 ppm) and Southampton Shoal (0.38 ppm) in Central Bay ; and San
Leandro Marina (0.18 ppm) and San Bruno Shoal (0.27 ppm) in South Bay .

The mean cadmium concentrations in navigation channels of North San
Franc isco Bay , Central Bay , and South Bay are , respectively : 2.56 ppm ,
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1.04 ppm , and 1.84 ppm. No cadmium analysis has been performed on
bottom sediments from the San Francisco Bay, Main Ship Channel. The
highest mean cadmium concentrations in dredged channels are found at
Mare Island Strait (2.69 ppm) in North Bay, Islais Creek (2.30 ppm) and
Redwood City Harbor (2.71 ppm) in South Bay. Other navigation channels
with high mean cadmium concentrations are: Petaluma River (1.69 ppm),
Richmond Inner Harbor (1.69 ppm), Oakland Inner Harbor (1.62 ppm) and
Alameda Naval Air Station (1.82 ppm). In a few cases individual sedi-
ment samples show extremely high cadmium values. Two such examples are;
one Mare Island Strait sample with a concentration of 8.3 ppm and one
sample from Oakland Outer Harbor with a concentration of 15.6 ppm . On
the whole , the lowest mean cadmium concentrations are found in Central
San Francisco Bay channels. West Richmond Channel (0.56 ppm), South-
ampton Shoal (0.86 ppm), Sausalito Channel (0.98 ppm), and San Bruno
Shoal (0.65 ppm) have the lowest mean cadmium concentrations of all
navigation channels in the Bay.

The mean copper concentrations in Mare Island Strait , Cen tral San
Francisco Bay , and South Bay are, respectively : 85.02 ppm , 34.37 ppm ,
and 38.52 ppm . Mare Island Strait , the only navigation channel in North
Bay having copper anal ysis, has the largest mean copper concentration.
Other channels wi th high mean coppe r concen tra tions are : Ri chmond Outer
Harbor (48.58 ppm) , Richmond Long Wharf and Point Molate (50.02 ppm) ,
Richmond Inner Harbor (49.67 ppm), and Alameda Naval Air Station (52.97
ppm). The channels with the lowest mean copper concentrations are:
West Richmond Channel (20.18 ppm) and Sausalito Channel (19.21 ppm) in
Central Bay, and Islais Creek (19.33 ppm) and San Bruno Shoal (22.9 ppm)
in South Bay.

The mean Oil—Grease (O—G) concentrations in North Bay, Cen tral Bay ,
Sou th Bay , and the San Francisco Bar, Main Ship Channel are , respec-
tively: 700 ppm , 520 ppm , 1100 ppm , and 700 ppm. The highest mean 0—C
concentrations occur in Oakland Outer Harbor (1400 ppm) and Alam eda
Naval Air Station (1350 ppm) in South Bay. Large concentrations from
individ ual samp les have been encountered in Richmond Outer Harbor (6000
ppm) and Oakland Outer Harbor (8400 ppm). The lowest mean oil and
grease concentrations occur at West Richmond Channel (100 ppm) and
Southampton Shoal (200 ppm) in Central San Francisco Bay .

The mean volatile solids concentrations in navigation channels of
North San Francisco Bay, Central Bay, South Bay, and the San Francisco
Bar , Main Ship Channel are, respectively: 6.O9xlO4ppm , 5.82xlO4ppm ,
6.34xl04ppm , and l.74xlO4ppIn. The highest mean concentrations are found
at Mare Island Strait (7.99xlO 4ppm) and Sonoma Creek (7.59xlO 4ppm) in
North San Francisco Bay , and San Leandro Marina (8.64xlO 4ppm) in South
San Francie’o Bay. The lowest mean concentrations of volatile solids
are found at Point Davis (3.69xl04pptn) and Southampton Shoal (3.39xlO 4ppm).
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The mean chemical oxygen demand (COD) concentrations in dredged
channels of North Bay , Central Bay, and South Bay are, respectively :
4.lOxlO4ppm , 4.25xlO4ppm , and 4.l8xl04ppm. These main values vary only
slightly within the entire Bay. The highest mean COD concentrations are
found at Sonoma Creek (6 .42xlO 4ppm) and Mare Island Strait (5.2lxl04ppm)
in South Bay. The lowest mean chemical oxygen demands are found at
Point Davis (2.O3xlO4ppm) in North Bay, West Richmond Channlel (2.14x104
ppm) in South Bay.

The mean total Kjeldahl nitrogen (TKN) concentrations in dredged
channels of North Bay , Central Bay, South Bay, and the San Francisco
Bar , Main Ship Channel are , respectively : 900 ppm , 800 ppm , 1400 ppm ,
and 200 ppm . The highest mean TKN concentrations in dredged channels
are found at Napa River (1500 ppm) ~nd Sonoma Creek (2200 ppm) in NorthSan Francisco Bay , and Alameda Naval Air Station (1600 ppm) and San
Leandro Marina (2100 ppm) in South Bay. Central San Francisco Bay
navigation channels have the lowest mean TKN concentrations ; namely,
Wes t Richmond Channel (400 ppm) and Sausali to Channel (300 ppm).

In summary , the distribution of the above nine parameters vary
grea tly within dredged channels of the San Francisco Bay system. The
mean concen tra tions of parame ters listed in Table 3 indica te tha t the
channels of Central Bay, including the Richmond Harbor complex , have
lower mean concentrations for most parameters than do channels of North
San Francisco Bay and South San Francisco Bay. Open—water channels such
as Pinole Shoal Channel in North Bay; West Richmond Channel and South-
ampton Shoal Channel in Central Bay; and San Bruno Shoal Channel in
South Bay have lower mean concentrations than do the partially enclosed
channels of well developed harbors; i.e., Redwood City Harbor , Islais
Creek , Oakland Harbor , and Richmond Harbor. Mare Island Strait Channel
has higher mean concentrations for most of the nine parameters than do
other channels in the Bay.

Many of the mean concentrations listed in Table 3 exhibit large
standard deviations . These large values indicate a high degree of
spread of measured values around the mean concentration. Three factors
immediately become apparent as causes for the large standard deviations.
First , the samples used to arrive at the mean concentrations in Table 3
are a result of four years of data collections in dredged channels.
Examination of Inclosure 1 will show large annual concentration varia-
ti ons In Individual channels. Second , a large majority of samples
analysed in Inclosure 1 represent only surface samples; these surface
samples with few exceptions have substantially larger concentrations for
all nine parameters. Generally, surface sediment concentrations exceed
those of deeper samp les by 30 to SO percent. In some cases the deeper
sedimen t concen tra t ions may be exc~ eded by the surface sediments by as
much as 150 percent. Third , the spatial variation of parameter concen-
trations vary greatly within individual channels. These three factors
will be discussed in greater detail in later sections.
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OTHER REPORTS

A number of investigations have been performed that deal specifically
with levels of certain constituents in San Francisco Bay sediments that
are important  when considering the e f f e c t s  of contaminants on the environ-
ment of the Bay System.

A study of the d i s t r ibu t ion  of contaminants  contained in bot tom
sediments at Alameda Naval Air Station was conducted by the Corps of
Eng ineers in June 1973. The purpose of the study was to evaluate the
chemical charac teris tics of bo ttom sedimen ts wi thin the Sta tion ’s sh ip
channel , turning basin and ber thing area in an ticipation of future
main tenance dredging activities. Included in the report is a summary of
the dredg ing history, previous pollution samp ling and analysis , com-
parison of contaminant levels with other similar areas in the Bay ,
supplementary sampling program results and a discussion of distribution
of con taminan ts in terms of physical processes and factors responsible
for the distribution. Briefly ,  the report concluded that restricted
circulation and high shoaling rates contribute greatly to the high
pollution levels in sediments at the Station. Pollutant distribution
rela t ionships of surface sediments at the Station indicate that indus—
trial waste discharges in the basin are the prime contributors of
pollutant levels found there. Contaminant concentrations are included
in Table 3.

The U.S. Geological Survey in 1971 and 1972 performed reconnais-
sance surveys of surface sediment trace elements mercury , lead and
copper in the Bay (Refs. 31 and 32). They found the highes t sur fa ce
sedimen t concentrations of these elements in na tural and ar t i f i c i a l
tributaries and along the Bay margins. Intermediate concentrations
occur in fine sediment (silt—clay) on the shoal areas and the lowest
concentrations occur in the channels where sand is abundant and currents
are strongest. Although particle size ;inalysis was not conducted , it
was in fe r red  tha t hi gh concentrations of these trace metals are associ-
ated with fine sediments , based on increases in trace metal concentra-
t ions w i t h  hi gher organic content in surface sediments. For comparative
purposes the abundance of mercury , lead and copper in surface sediments
and one deep and two shallow cores was examined. Results indicate a
near—surface enrichment of these three  metals  tha t  is apparen t ly  un-
re la ted  to the effect of grain size. U.S.G.S. stated that a clear
di stinction between natural background levels (see section on Pollutant
Sources) and man ’s contribution cannot be made based on their data since
there is a wide natural range in metal concentrations in sediment and
soil , and because the concentrations in most Bay sediment analyzed fall
well within that range. Table 4 is a summary of the mean , range and
standard deviation of U.S.G.S. data.
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TABLE

MEAN CONCENTRATION OF U.S.G.S. MERCURY , LEAD AND
COPPER SAMPLES (Reference 31 & 32)

Number Standard
of Mean Deviation Range

Des cr iption Samples * ppm ppm ppm

MERCURY
Suisun Bay 38 0.35 0.43 0.02—2.0
San Pablo Bay 41 0.27 0.26 0.04—1.2
Central Bay 41 0.18 0.13 0.04— . 75
South Bay 82 0.44 0.75 0.04—6.43

Entire Bay 202 0.34 0.53 0.02—6 .34

LEAD
Su isun Bay 39 13.2 15.9 10—70
San Pablo Bay 40 36.0 2 2 . 3  10—100
Cen tral Bay 41 29.6 25.7 10—70
South Bay 83 5 7 . 2  63.9 10—500

Entire Bay 203 39.0 47.1 10—500

COPPER
Suisun Bay 40 27.6 34.3 5—150
San Pablo Bay 40 42.0 27.1 5—100
Central Bay 41 25.5 19.9 5—70
South Bay 85 44.6 39.2 5—150

Ent ire Bay 206 37.0 33.0 5—150

*Calculations of the mean concentrations are based on the area divisions.
Two high lead values were excluded from the calculations ; one sample in
South Bay (3,000 ppm) and one sample in San Pablo Bay (10,000 ppm).
One h 1~ h copper value was excluded from San Pablo Bay (10,000 ppm).
Where no value was detected or only a trace was detected 0 ppm was used
in determining the mean concentration.
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As with the Corps of Engineers pollution samples in dredged
channels, U.S.G.S. data in Table 4 reflect large standard deviations,
indicating a high degree of spread of measured values around the mean
concentrations. Since the data in Table 4 represents only surface
samples, and is assumed to have been obtained within a time frame as not
to reflect annual variations in parameter concentrations, it can be
inferred that the wide range of concentrations within different areas of
the Bay is the result of the sources of the trace metals and the distri-
bution forces in the Bay.

W. L. Bradford (1972) conducted a four month study of “The Distri-
bution and Movement of Zinc and Other Heavy Metals in South San Francisco
Bay” (Ref. 33). Bradford attempted to determine the net transport of a
trace metal, zinc, into the system, out of the system and, thence ,
between the solid and solution phases by evaluating the following para-
meters: (1) the net direction and rate of zinc exchange between sedi-
ments and overlying water; (2) the distributions of zinc in the aqueous
phase and zinc, iron, manganese, and copper in suspended solids, and
variations in the distributions in time and space; (3) the extent of
organic chelation in the aqueous phase; (4) the rate of discharge of
zinc from the sediment—water interface as determined by detecting a
gradient in the zinc concentration in the water column with respect to
the interface; and (5) the concentrations of iron, manganese, zinc,
copper, cobalt , nickel, and lead in the sediments and interstitial
water.

Results of the analysis of four trace metals (Fe, Mn, Zn, Cu) in
suspended solids indicated that there was no significant difference in
concentration with water depth or station, suggesting that the distri-
bution of suspended solids and trace metals in those solids is spatially
homogenous. Table 5 is the results of the trace metal analysis of
suspended solids.

Bottom sediments were analyzed for iron, manganese, zinc, copper,
cobalt , nickel and lead . Core samples were analyzed at increments of 3
centimeter to a depth of 12 centimeter. Each sample was separated into
two size fractions; less than 20 microns and between 20 microns and
2,000 microns. The results of analysis are shown in Table 6.

The means of all metal concentrations except nickel were found to
be significantly different between the two size fractions in Table 6.
Metal concentrations are higher in the less than 20 micron fraction over
the 20 micron to 2,000 micron fraction by a factor of two in iron,
manganese and cobalt; a factor of three in copper; and a factor of five
in lead. Some of the apparent trends that Bradford found are: Manga-
nese is slightly more concentrated in surficial layers in both size
fractions ; zinc is slightly more concentrated in both size fractions and
higher levels are found at the south end of the Bay ; and in most samples,
the nickel concentrations are greater in the less than 20 micron fraction .
Samples just south of the Dumbarton Bridge are higher in the larger size
fraction.
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TABLE 5

MEAN CONCENTRATION OF Fe , Mn , Zn , Cu FROM ELEVEN SUSPENDED
SOLIDS SAMPLES IN SOUTH SAN FRANCISCO BAY (Reference 33)

Stand ard
Descr iption Mean Deviation Range

25 Sep tember 1972
Fe (ppt) 16.3 5.0 8.4—26.9
Mn (ppm) 642 147 252—89 3
Zn (ppm) 80 39 16—156
Cu (ppm) 29 14 9—60

2 Novemb er 1972
Fe (ppt) 29.8 3.8 21.7—35.7
Mn (ppm) 910 238 551—228
Zn (ppm) 101 68 19—228
Cu (ppm) 40 19 11—75

11 Decemb er 1972
Fe (ppt) 31.8 5 24.7—40.8
Mn (ppm) 797 263 399—1310
Zn (ppm) 111 62 28—229
Cu (ppm) 45 26 12—87

3 January 1q73
Fe (ppt) 38.2 2.6 34.5—43.5
Mn (ppm) 1147 262 748—1430
Zn (ppm) 133 27 84—167
Cu (ppm) 16 9 6—32

Composi te
Fe (ppt) 29 9 8.4—43.5
Mn (ppm) 874.6 298.8 252—1430
Zn (ppm) 106.2 53.8 16—229
Cu (ppm) 32.4 20.7 6—87
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TA8LE 6

MEAN CONCENTRAT IONS OF SEVEN TRACE METALS IN BOTTOM SEDIMI- :NiS
OF SOUTH SAN FRANCISCO BAY ( R e t o r o n u e  33)

n 20—2000 Micr on <10 01< ron
St andard St  indard

Descrjp~ 1on M~~- an  D e v i a t i o n  Range  ~~~~ - t i n R~I i i ~ y

Fe (pp t )
0—3c m 10 23. 62 8.01 13 . 5—38.5 46.31 5.9 42.3— 58.7

3—6 10 24.50 13.72 12. 4— 57 .5 46 .16 12.12 20. 1— 71 .3

6—9 10 21 .40 12.56  1 0 . 5— 5 2 . 3  49 .85  3.99 4 3 . 2 — 5 4 . 2
9—12 9 21 .11 3.47 13. 2—32 .6 4 .40 3.85 41.4—53.4

0—12 39 23 .3 2  10.20 10.5—57.5 47.43 7.24 2 0 . 7 — 7 1 . 3

Mr. (ppm)
0— 3cm 10 2 52 .2  143 .4  17 3— 4 9 3  5 2 2 .  1 146.6 326—807
3—6 10 230 .1 140.9 79—569 515.8 1St) . ~. 154—1508
6-9 10 206.8 95.3 75— 350 443 .6 146.3 279— 776

9—12  9 210 .2 66.6 143— 330 425 .8 76.5 308—561

0—12 39 232.9 116.7 75—569 480.4 218.1 154—1508

Zn (ppm)
0— 3cm 10 53 .19 24.35 29.5—1 09 .8 84.33 15.88 59.2—110.5

3—6 10 45.93 21.62 26.1—99 100.04 49.26 30.4—192.8
6— 9 10 4 6 . 2 2  2 4 . 6 7  2 0 . 9 — 8 0 . 9  96 .31 2 9 . 2 8  5 8 . 6— 1 6 4 . 5
9— 12 9 50.11 2 1 . 7 0  18.3— 80.6 92 .16  32.88 4 5 . 8— 1 6 6. 5

0—12 39 48.80 22 .40 18.3—109.8 93.20 33.20 30.4—192.8

Cu (ppm)
0—3c m 10 17.73 10.57 5 .2— 36.9 33.60 9.69 21.5—42.7
3—6 10 14.50 7.69 7.3—29.1 35.25 16.02 13.6—60.3
6—9 10 15.06 8.97 4.1—30.9 33.64 10.03 18—52.5
9—12 9 11.94 7 .13  2 . 6 — 2 0 . 7  64 . 80 9 7 . 5 9  2 1 . 5 — 3 2 4 . 4

0— 12 39 14.90 8.60 2 .6 — 3 6 .9  41.20 47 .80  1 3 . 6— 3 2 4 . 4

Co (ppm)
0—3cm 10 2.70 1.21 1.0—4.7 9.19 4.35 4.8—22 .5
3—6 10 2.90 1.05 1.3—4.8 8.76 4.06 2.7—14.6
6—9 10 3.14 2.61 0.6—8.9 9.37 3.24 5.5—16 .1
9—12 9 3.50 2.13 1.4—8.2 7.94 1.74 4.1—10.2

0—12 39 3.10 1.80 0.6—8.9 8.80 3.60 2.7—22 .5

N i (ppm)
0—3cm 10 26.84 14.63 12—58.3 27.65 13.51 11.7—51.1
3—6 10 24.92 13.29 10.7—48.3 33.59 26.27 7.0—93.6
6—9 10 24.36 11.16 7.7—42.5 29.71 16.42 10.6—69
6—12 9 25.17 11.08 8.1—38.5 33.80 14.44 16.3—52

0—12 39 25.30 12.20 7.7—58.3 31.40 18.40 7.0—93.6

Pb (ppm)
0—3cm 10 3.30 3.56 0-12.3 22 .38 11.82 10.2—47.3
3—6 10 2.57 2.49 0.4—5.2 17 .47 8.30 3.5—35.5
6—9 10 3.61 4.07 0— 12 .1 19.48 12. 29 1.3—45.5

9—12 9 3.18 4.43 0—12.7 15.30 7.64 4.5—33.5

0—12 39 3.20 3.60 0— 12 .7 19.40 10.80 1.3—47.3
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No systematic differences in zinc concentration were observed with
depth in the water column , and no concentration gradient was observed
close to the sediment—water interface. Bradford suggests that during
this season zinc is not released from the sediments or that vertical
stirring action disperses the zinc gradient so rapidly that it cannot be
observed.

The mean concentrations of zinc in the aqueous phase , and iron and
zinc in the suspended solids increased with time between September and
January, sug~,esting functional relationships between concentrations and
the season or another parameter re la ted  to the season such as temper —
a tt i r e  or solar r a d i a t i o n .

Moyer , et a l .  conducted an invest igat ion in 1974 of cadmium levels
in the  shore l ine  sed iments  of San Francisco Bay ( R e f .  34) .  Ten centi-
meter core samples were obtained from 68 locations in the Bay , then
separated into top and bottom fractions and analyzed for cadmium by
atomic absorption spectrophotometry . The purpose of the study was two-
fold: (1) to establish background levels to set a base for future
environmental monitoring, and (2) to identif y the gross soil and en—
virnnmpntal characteristics of hot spots. The mean values of cadmium
with one standard deviation in the top and bottom fractions were
1.22+0.99 

~
. g/g (ppm) and 0.93±0.74 : g/g, respectively. The mean value

for all 10—cm cores of San Francisco Bay peri pheral muds was 1.07±0.89
p g/g. The authors chose to investi gate hioexchangeable cadmium as
being more meaning ful as a contaminant of the environment rather than
total cadmium . Bioexchangeable cadmium is that which is in a chemical
state that allows it to become incorporated and accumulated in the
biological systems of organisms .

Moyer , et al. concluded from their literature search that non—
polluted surface soil cadmium content of the world is approximately 2.0
ppm in industrial are is or areas open to the public. River beds and
estuary sediments , how ever , are not disturbed soils. They have a
constant influx of solutes from both industrial effluents and dissolved
soil components. The deposition of these solutes from chemical precip-
itation or absorption will be greater in general than that for dry land
soils. Cadmium levels in the hills around the San Francisco Bay area
ranged from 0.21 ppm to 0.88 ppm. Other areas in the United States
somewhat similar to San Francisco Bay whose sediments have been analyzed
for cadmium levels are 287 samples in Corpus Christi Bay and Harbor ,
0.1—1 .9 ppm and 2—130 ppm , respectively; and samples from ten lakes in
Wiscons in , 0.2—5.5 ppm .

Moyer ’s investigation divided San Francisco Bay into four sectors
as shown in Figure 14. Sector I, which includes the sparsely indus—
trialized west shore of Central and North San Francisco Bay had a mean

top fraction cadmium content of 1.15+0.87 ppm and a mean bottom fraction
of 0.70-1-0.34 ppm.  Sector II located along the east shore of Central and
No rth Bay had a mean top fraction concentration of 1.25+0.8 ppm and a
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Sector  d ivi s i on  of the bay ~nd a point by point disp l ay of the cad-
rnium levels found in t h e  top  and bottom f r a c ti r t s o f e a c h  core  sam-
ple. Each  s e c t or  d i sp l a y  p r o g r e s s e,  f r o m  t h e  n r t l e r n - m o s t  Sam-
ple to a s o u t h e r n - m o s t  s am p le .  The bay top f r a c t i o n  and b ot t o m
f r a c t i o n  mean v a l u e s  a r e  ove r i a l d  to  aliow for a point to mean com-
p a r i so n .

CADMIUM DISTRIBUTION - SHORELINE SED I MENTS

SOURCE: MoY ER . 1974 .
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mean bottom fraction concentration of 1.54±1.14 ppm. In this sector the
incidence of high cadmium was most common in Mare Island and Emeryville
mudflat sites. Sector III which includes the west shoreline of South
Bay had a mean top fraction value of 1.10+0.78 ppm and a mean bottom
fraction value of 0.65+0.24 ppm. Compared to the other sectors , this
one had the lowest incidence of cadmium. High top f rac t ion values were
found at Hunter ’s Point (2.62 ppm) and South San Francisco (3.10 ppm).
The lowest Bay sediment value was also found in this sector at Redwood
City (0.06 ppm). Sector IV located on the east shore of South Bay had a
mean top fraction concentration of 1.43±1.41 ppm and a mean bottom
fraction concentration of 0.85+0.53 ppm. San Leandro Bay had the most
cons isten t ly h igh top fraction values of any point to point area in the
Bay.

To fit the data into the format of this study Moyer et al. sampling
areas have been rea rra nged in to Nor th San Franc isco Bay , Central San
Francisco Bay , and South San Francisco Bay. The location of shoreline
sample s and areas are shown on Figure 14. Table 7 is the data by area
of the Bay and the mean , standard deviation and range of cadmium content
in shoreline sediments.

Cadmium is not mined outright , but is rather extracted from zinc—
lead ore deposits. About one—half the total annua l consumption of
cadmium is for electroplating in a wide variety of industries. The
other half of the industrial use of cadmium is in pigments , plas tics ,
batter ies , tires , alloys , cosmetics , and other products. The San
Francisco Bay Area has no local sources of cadmium. However , a lead—
slag fuming plant at Selby near Carquinez Strait has operated for over
60 years. This plant recently ceased operations . Other possible con-
tributors of cadmium to the Bay might be found in numerous shipbuilding
and repair facilities , both civil and military such as Mare Island Naval
Sh ipyard , commerc ial sh ipyards at Oakland and San Francisco , and munic-
ipal wastewater and sewage. The reserve (mothball) fleet anchored east
of Benicia in Suisun Bay could introduce cadmium to the Bay waters
through simple dissolution of protective paints over the years. The
automobile has several wearing components that contain cadmium ; these
include tires , brake lin ings , bearings , pa ints, motor fuels, and lubri-
cants. The extensive highway network and bridges in the Bay area result
in automobiles being another major source of shoreline cadmium .

Moyer , et al. concluded that the shoreline sediments of San Fran-
c isco Bay have cadmium concentrations which are similar to levels found
in nonpoll uted or ma rg inally polluted areas of the world. The highest
cadmium levels found in the Bay are 100—1000 times less than known
contaminated areas of the world. Sandy soils of the Bay overall exhibit

low cadmium levels. Samples taken near developments and industries
tended to have elevated cadmium.
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tABLE 7

9) 44 ,~~S)tilKAt1<T OP UJMUSI IN OHORELISO - 1 :TIT FtU- -

~~41. 1544~ I 1 0 . 5  BAY I S r  .-

Ibescript i . 5 1  (ppm ) l)co. r ip t  ion < 1 (ppm)
N c r  - - 0  r r  ~~~. It _ v  - t o )

- t -  k~ r .5- 1  t~~I . 0 . 1 S  R I ,  I . 5sr )o 1 ’ T ’  1. 03
fb i  tom .20 1. ’)  tom 1

S ., .~~
.j  - .~~- top 0.24  4 .  ! . o i . l - . ’O bay I~.j 0.93

Bottom 1.  Bottom C ) .
b1.,ck ‘c l ot  Top 0.1- Tiburon lop 1.03

Bottom t O O  tiottom - . 4-
Black Point Top 1 . 0 Tiboron Top 1. 61

Bottom 1. Sottom 1 . ,.-
I I 1C )w..5v 37 Top 0.77 l~~i~o Top 1.77

Bottom .r 2  h )  ‘ . 5 -  11 . 1,5

i I 5rvo V 37 lop 0.1)) or k-pot Top 1. 3
Bottom 1 , ,  lh ,I ) , r l r r  1 .41

li g hO., . 3 1 tOp L Ir e . t i - . p t  Top 3. ) .
Bottom .5 )  - 1 Sot torn I ~05

Hi8hw5y 31 Top 0. t - )  l O r t v  ‘ I O I t V ~ lop
Bøtto~ - ‘-1 Bo t t o m  ‘ .~~ °

‘1, - l o t _ i d ll, p 0 . 14 1 .5 r r - MId . I- . 1.5 ’ )
Bottom 2.  I , , ,)  n- 1 . 1

More Island T 1~ 2. 74 < 1- te  ‘ b i t  Top 1. 4-.
0 . 0 1  .1 . °‘. S r i  t o rn  II  15

M.t  Is  1..,,J Top I. .4 < r r t  e M cI.- r., lop 1 .89
Bottom 2 .74 Bottom LOS

M r . - Island Top 1 1 1  Ft. - n  Quet.5t in I - p  .1 .1 3
Bottom 1 . 1  10)1,1, 0.61
Top 1.0$ Sa~ Bofm~ 1 (Sc) l op  0. 18
Bottom h .4 B o t t o m  0 .3 8

Pinol,. ( 4 1  .5) ’ 0 . 0  R ich m o n d  Top 0 .70
Bottom 0.68 Bottom ‘.8)1

Pino l~ Sop C O ’  A l b any Top 0.41
Bottom ‘ 0-. B o t t o m  0.99

Pinol,. Top j.I)4 Em eryvillc ~ lop 1.02
Bottom 1 . ;i, Bottom I .

Pt .  ~~,r P h i .  (ii-) Top $ 14 0 Emervvitl,- Isp 1.39
Bottom It o)) Bottom 2.95

Pt. 1os Pablo lop 1 0 )
Bottom 0.58

Pt. ion Pablo (So) Top 1.04
Bottom 0.61

S - u t ) i  - n  Fr .,, i s . , , Say
l o l ’  Alt . Top 0.65 Ne,.ark lop 0.86

Bottom 0.75 Bottom 0.52
Moo ntain V I e w  Top 0.53 Se,.ark L- 1r 0.90

Bot tom 0. 48 Bottom 0.68
t~s rntatn Vie,. Top IL lS Union tity— Premont Top 1.49

Bottom 0.36 B o t t o m  1. 27
San Jose Top 1.23 San Loren~o Top 0.75

Bottom 0.72 Bot tom 0. 72
San -io,e lop 0.76 San Leandro Marina iop 0.14

Bottom 1) Il, Botto. ~).l4
San or lop Ø• 94 San Leandro Bay lop 2 .21

Bottom 1 ’Oi B ot t o  1 2 7
San Jos e lop 0.18 San Leandro Bay lop 3 .25

- - Bottom (1. 86 Bottom 1.03
Mil p ita , Top 0. 28 San Leandro Say lop 4.69

Bot tom 0.83 Bottom 1.93
‘I ) I l ~ l tOn lop 0.94 S~n Leandro Ray iop 3.64

Bottom 0.72 Bottom 1.68
M i l p i tas lop 0.94 Alameda iop 0.19

Bottom 0.86 Bot tom 0.15
Alameda TOp 0.19

Bottom 0.16

Mean Standard Range
(~~s) Deviation

North San Francisr o Bay
lop 1.52 0.89 0.15—3.44
Bottom 1.16 1.1)8 0.14—3.91

Centra l San Francisco 8~ y
Top 1. 28 0.88 0.18—177
Bottof 1.02 0.78 0.18—3.22

Sout h -ar ,  Francisco Ray
top 1. 26 I I )  0.16-4.Sir
Botto* 0.74 0.41 0.14—1. 93

Ent i re Ray
Top 1.22 0.39
Bottom 0.9 1 0.~~4 0.14—3. 91
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WORX CONDUCTED

SEISMIC SUBBOTTOM REFLECTION PROFILING

The ob jec t ive  of the seismic reflection profiling element as
discussed in the Work Items section is to del ineate  and map various sub—
bottom reflection horizons which can be used as a guide for determining
the horizontal and vi rtical distribution of pollutants. One hundred
fifty—six niles of continuous seismic subbottom reflection profile
records were obtained in the three study areas. The work commenced on
11. October 1972 and was completed on 31 October. Inclosure 2 is the
pro filing track of the survey vessel and the interpretation of the
seismic records. The orig inal seismic reflection records and microfilm
dupl ica t ions  are on f i le  in the San Francisco D i s t r i c t  o f f i c e .  Inclo—
sure 3 is the  f i n a l  report for  the seismic r e f l e ct i o n  p rof i l ing  by
Alp ine Geophysical , Inc.

The seismic p r o f i le s  presented in Inc losure  2 represent  majo r  con-
t inuous  hor izons .  Many areas were encountered in the Bay System where
the outgoing signal was completely attenuated in the near surface sedi-
ments. These areas are believed to be of principal significance and
therefore a “hor izon ” representing the limit of penetration has been
pro filed on the Seismic Reflection Interpretation plates. The limit of
penetration is based on a subjective analysis of the data. In general ,
the limit of penetration is associated with either gaseous layers within
the near—surface sediments often indicative of a high organ ic conten t or
very h ighl y unconpa cte d silt and c lay w ith a h igh wa ter con ten t causing
excessive scatter of the outgoing signal. Figur e 15, an example of the
field record shows the limit of penetration and demonstrates that the
l im it of penetration is caused by the near surface sediments. It should
be noted in this example that the subsurface horizons become recogniz-
able af ter the near sur face  material has been removed , in this case
af ter dred ging in a maintained channel. Another form of “no da ta ” area

.5 is characterized by lack of any coherent return. Such areas are noted
as no data areas on the interpretation of profiles.

The prof iles in Inclosure 2 are plo tt ed to a hor izon tal scale of
l”=600’ with a vertical scale of l” lO’ giving a vertical exaggeration
of 60:1. Because of this scale distortion many irregular surfaces where
the horizontal extent of the irregularity is less than fifty fee t on the
original prof iles have not been plotted on the interpretation of the
profiles.

San Pablo Bay—C a~ qu inez  S t r ai t

F i f t y  miles of seismic r e f l e c t i on  prof i les  shown on Figure 16 were
obtained in the San Pablo Bay—Carquinez Strait area. The actual profil-

ing lines are presented in rnclosure 2. This area can be characterized
as having shallow subsurface reflections with very few deep reflections.
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Generally , these shallow subsurface reflections are at a depth of three
feet or less below the Bay bottom. These reflection surfaces are most
prevalent in the northern shallows of San Pablo Bay, the extreme southern
shallows of San Pablo Bay, the margins of Carquinez Strait, and Mare
Island Strait. In some areas such as the southern shallows of San Pablo
Bay and some areas in Carquinez Strait, deeper horizons are visible down
to 30 feet below the Bay bottom. Mare Island Strait is the only large
“no data” area encountered. Inclosure 2—2 through 2—27 are the inter-
pretation of the profiles.

San Pablo Strait—Berkeley Fla ts

Sixty—six miles of seismic reflection profiles shown on Figure 17
were obtained in the San Pablo Strait—Berkeley Flats area. Inclosures
2—28 through 2—65 are the interpretation of the profiles. The seismic
reflection data in this area varied from good to poor. Significant
areas of limited penetration are present along the margins of deep water
channels of eastern and western Central Bay. In the southern and eastern
portion of Central Bay a very distinct horizon is present which has the
characteristics that would be associated with an erosional surface.
This surface  has moderate to high relief features that in several places
are tied together with f l a t  lying horizons of relatively low r e l i e f .
Since this erosion surface is located adjacen t to the presen t shoreline ,
it is likely that this surface is a relic backshore mudflat , criss-
crossed with meandering streams carrying the run—off from the adjacent
land areas. The high relief features would then be stream channels.
There is also some ind ication of cross—bedding in the area.

Oakland Inner—Outer Harbor

Forty miles of seismic reflection profiles shown in Figure 18 were
obtained in the Oakland Inner—Outer Harbor area. Inclosures 2—66
through 2—78 are the interpretation of the profiles of this area. The
bes t da ta were ob tained In the area of Yerba Buena and Treasure Islands
where penetration exceeds 100 feet. The poorest record area is in the

-
. Oakland Inner Harbor Channel. There are several areas of no data in the

Inner Harb or , usually of the limit of penetration type. Where the data
is fair the subbottom consists of several moderately thick flat lying
layers overlaying a layer with moderate relief. Oakland Outer Harbor
da ta is fa irly good outside the ma in tained chann els wi th ref l ect ion
surfaces visible as deep as f i f ty fee t below the Bay bottom. Generally ,
the maintained channel area is a no data area.

CORE SAMPLIN G AND ANALYSIS

Forty—eigh t core holes were drilled in the three study areas
between August and October 1973. The length of these cores varied from

three to twenty—five feet below Bay bottom. The location of the holes,
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shown in Figures 16, 17, and 18 were based on changes in the physical
characteristics of bottom and subbottom sediments as shown on the
seismic profile records. After delivery to the laboratory, selection of
subsamples from the cores were made as discussed in the Work Items
section. Pollution and mechanical analysis were performed on all sub—
samples. A total of 229 subsamples were analyzed for dispersed grain
si ze distribution , lead , zinc , mercury , cadmium, copper , chemical oxygen
demand , volatile solids, total Kjeldahl nitrogen , and oil and grease.
The pollution analysis, particle size gradation curves and vertical
distribution graphs are shown in Inclosure 4.

The forty—eight core holes drilled in conjunction with the Pol-
lutant Distribution Study are representative of most sedimentary con-
ditions found in North , Central and on the north part of South San
Francisco Bay. The conditions include areas with high and low shoaling
rates, extremely shallow and moderately deep areas, natural and main—
tam ed channels, areas with good and poor water circulation, and areas
that have low and high developed areas.

Fi gure 19 shows the mean contaminant levels of the Pollutant
Distribution Study (PDS) samples compared with the mean concentration
levels from other sources of data (see Previous Pollution Sampling
section).

Generally , the mean concentrations of the selected contaminants ,
except for lead , cadmium and oil—grease vary only slightly (less than 10
percent) between San Pablo Bay , Berkeley , and Oakland areas. Mean lead
and oil—grease concentrations in the Oakland area are significantly
hi gher (50 percent and 43 percent , respect ively)  than the o ther  two
areas. The mean cadmium level In the San Pablo Bay area is lower than
the other two areas. The mean concen tra tions of zinc , mercury , total
Kjeldahl ni trogen, and volatile solids show a slight decrease going f r o m
North San Francisco Bay to South San Francisco Bay. The mean copper and .5

chemical oxygen demand levels are greatest in the Berkeley area. Each
of the nine contaminants in the three areas have a wide range of values.
Except for copper , the Berkeley area has the mos t uni form d istribut ion
of contaminants with the smallest range of values. The Oakland area has
the widest range of zinc (17— 386 ppm), mercury (0.1—3.9 ppm), cad mium
(0.3—6.6 ppm), copper (6—136 ppm), and oil—grease (100—5800 ppm). The
San Pablo Bay area has the widest range of lead (9—421 ppm), chemical

oxygen demand (0.4—15.7 ppm), total Kjeldahl nitrogen (300—3400 ppm) ,
and volatile solids (1.9—16.5 ppm).

Mercury (Figure 19a)

The mean PUS mercury concentration found in Bay sediments is 0.71

ppm as compared to a value of 0.55 ppm for  dred ged channels and 0.34 ppm
for U.S.G.S. (Table 4) samples In the entire Bay. The mean U.S.G.S.

mercury levels in North , Central and South Bays are less than either the
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PDS or dred ged channels ’ means for the corresponding areas. The mean
mercury concentrations in dredged channels of North and Central Bays are
between 0.34 and 0.23 ppm less than the PDS mean concen tra tions in San
Pablo Bay and Berkeley areas , respectively . The mean mercury level in
dredged channels of South Bay (0.78 ppm) is greater than the PDS mean
for the Oakland area.

Zinc (Figure 19b)

The mean PDS zinc concentration found in Bay sediments is 110.1 ppm
as compared to a value of 108.1 ppm fo r dred ged channels. The mean zinc
level in dredged channels of North Bay is 126.1 ppm. In Central and
South Bays the mean levels in dredged channels are 87.4 ppm and 120.0
ppm respectively. The PUS mean zinc concentrations for San Pablo Bay ,
Berkeley and Oakland area s are respec tively 111.4 ppm , 110.1 ppm and
107.8 ppm. The PUS mean zinc levels for the Berkeley area is greater
than the mean zinc concentration in dredged channels of Central Bay .

Lead (Figure 19c)

The mean PDS lead concen tra tion fo und in Bay sed imen ts is sligh tly
smaller than the mean level in dred ged channels (35.5 ppm), and the
U.S.G .S. mean level for the entire Bay (39.04 ppm). The rn in lead
levels in dred ged channels of North Bay , Central Bay and South Bay are
from one to five parts per million greater than the mean PDS levels in
correspond ing areas. The mean U.S.G.S. lead concen ration is slightly
smaller  tha n the mean PDS level in San Pablo Bay area , and 9 to 14 ppm
greater than the PUS levels in Berkeley and Oakland areas , respectively.
The mean lead concentration of Bradford’ s samples in the less than 20
micron fraction of South Bay (19.4 ppm) is substantially smaller than
the other three sources of data.

Copper (Figure 19d)

The mean PDS copper concentration found in Bay sediments is 36.2
ppm. This is somewhat lower than both the U.S.G.S. mean copper level in
the Bay (37.0 ppm) and the mean in dredged channels of the Bay (41.6
ppm). The mean U.S.G.S. and mean dred ged channel copper concen tra tions
for Nor th Bay and South Bay are greater than the PUS mean levels in San
Pablo Bay and Oakland areas. The mean copper level in dred ged channels
of North Bay (85.0 ppm) reflect only samples taken in Mare Island Strait
which has exceptionally high copper levels. The mean U.S.G.S. and
dredg ed channel s’ copper concentrat ions in Central Bay are, respectively ,
5 ppm and 15 ppm greater than the PDS mean concentration for the Berkeley
area. Bradford’s mean copper level in the less than 20 micron sediment
fraction of South Bay (41.20 ppm) is slightly greater than the PDS and
mean dr edged channels copper level for the South Bay and slightly
smaller t han  the mean U.S.G .S. copper level in South Bay .
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Oil and Grease (Figure l9e)

The mean PDS oil and grease concentration found in Bay sediments is
500 ppm as compared to a mean of 800 ppm in dredged channels of the Bay .
The oil and grease levels in dredged channels of North Bay , Central Bay
and South Bay are greater than the corresponding PDS areas.

Cadm ium (Fi gure l9f)

The mean PUS cadmium concentration found in Bay sediments is 0.86
ppm as compared to a mean of 1.59 ppm in dred ged channels of the Bay.
The mean cadmium concentrations in channels of North Bay (0.54 ppm),
Central Bay (1.04 ppm) and South Bay (1.84 ppm) substantially exceed the
PDS means for San Pablo Bay , Berkeley and Oakland areas. Moyer, et al.
investigation of cadmium in shoreline sediments of San Francisco Bay
(Table 7) found a mean cadmium concentration of all shoreline samples of
1.07 ppm. The mean shorelin.~ cadmium concentrations in North Bay (1.14
ppm) and South Bay (1.0 ppm) are greater than the PDS means for San
Pablo Bay and Oakla nd area s, bu t are less than the mean concen tra tions
in dredged channels of North Bay and South Bay . The mean shoreline
cadmium concentrations of Central Bay (1.15 ppm) exceeds the mean in
dredged channels of Central Bay and the PUS mean for the Berkeley area.

Chemical Oxygen Demand (Figure l9g)

Th~ mean PUS chemical oxygen demand found in Bay sediments is
3.3OxlO ppm. This is approximately lxlO4 ppm less than tha t found in
all dred ged channels of the Bay. The ~ean chemical oxy gen demand in
dredged channels of North Bay (4.lOxlO ppm), Central Bay (4.25xl04

ppm) and South Bay (4.l8x1O 4 ppm) are greater than the corresponding PUS
areas by approxima tely lxl04 ppm.

Total Kjeldahl Nitrogen (Ft ej9h)

The mean PDS total ~ je1dahl nitrogen (TKN) concentration found in
Bay sed imen ts is 1000 ppm , the  same as that found in all dredged chan—
nels of the Bay . The mean TKN concentration in dredged channels of
North Bay and Central Bay are 200 ppm less than the mean PDS values for
San Pablo Bay and Berkeley areas. The mean TKN level in dredged chan—
nels of -south Bay is 400 ppm greater than the PDS mean value for the
Oakland area.

Volatile Solids (Figure l9i)

The mean PUS volatile solids concentration in sediments of the Bay
is S.65x104 ppm. The mean volatile solids level in dredged channels of
the Bay is 6.03xl04. The mean level in dredged channels of Nor th Bay
(6.09xl04 ppm), Central Bay (5.82xl04 ppm) and South Bay (6.34x1O 4

ppm) are sli ghtly greater than the means in corresponding PUS areas.
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SAN PABLO BAY - CARQU INEZ STRAIT

DESCRIPTION

Carq uinez Strait is the western terminus for water discharge from
the Great Basin. The confluence of the San Joaquin and Sacramento
Rivers is located just east of Suisun Bay where the river flow then
moves into the narrow and deep Carquinez Strait. The Strait is seven
and one—half miles long and varies from one—half to one mile in width.
Because of the constricted width and high flows , the strait reaches
depths ot greater than 100 feet. The Napa River discharges into the
western end of Carquinez Strait through Mare Island Strait. Carquinez
Strait empties into the broad and shallow San Pablo Bay , an area where
freshwater inflow from the Great Basin first becomes inter—mixed with

- ( the saline estuarine waters.

San Pablo Bay con ta ins  t w e n t y — f i v e  percent  of the total  area of the
Bay system . It is roughly circular and shallow , and half the bay is
less than s ix fee t  deep . Much of the shore l ine  consists  of marshes and
t i d a l  f l a t s  w h i c h  are expos ed at low t i de .  A n a t u r a l  channel shown in
Figure  16 crosses the  s o u t h e r n  par t  of the  bay f rom San Pablo S t ra i t  to
Carquinez Strait. This channel is greater than 20 feet in depth . A
d r ed ged channel , m a i n t a i n e d  to  a dep th  of 35 f eet  hi -low MLLW cuts
t h r o u g h  Pinole Shoal in the ea s t e rn  h a l f  of the n a t u r a l  channe l .
Ano the r  n a t u r a l  channel , somew h at  sub d ue d , moves n o r t h  f rom San Pablo
S t r a i t  t owards  the Petaluma River.

Tide and Tidal  Cur ren t s

Tides in the deeper channels  of no r the rn  San Francisco Bay sys tem
behave as - progressive wave with about 20 percent attenuation between
the  Golden Gate  and Su i sun  Bay , due to channel  f r i c t i o n .  A time lag  of
tidal phase and currents o c c u r  as the  tide progresses up San Francisco
Bay.  As a r e s u l t  s l ack  cu r ren t  in San Pablo Bay may lag b ohind  by one
to three hours , d e p e n d i n g  i.n pa r t  on Del ta  flows . The magnitude of
tidal currents in San Pab lo Bay depends on the locat ion  in respect  to
t h e  c h a n n e l s .  In the channels the currents range from 4 . 2  knots  at
flood to 5.8 knots at ebb. The tidal currents in shallow areas of San
Pablo Bay reach maximum velocities of about 2.5 knots. All phases of
the current in Mare Island Strait occur earlier than in Carquinez
Strait. On the average , flood occurs in Mare Island Strait about two
hours  be fo re  f lood in Carqulnez Strait. During this period the ebb in
Carquinez Strait enters Mire  Is land S t r a i t  as flood. The ebb occurs in
Mare Island Strait about 1.5 hours before ebb In Carquine z Strait.
Current velocities in Mare Island Strait are small. Maximum ebb cur-
rents at the surface reach velocities of 1.3 knots and at the bottom
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the ebb cu r r en t  v e l o c i t i e s  are only about  0.6 knots .  Maximum flood
currents reach velocities of one knot at the surface and 1.5 knots at
the bo t tom.

W a t e r  Ci rcu la t ion  and Mix in & Characteristics

The approximate flow circulation patterns in San Pablo Bay are
shown In Figur e 20 f or moderate  f r e shwate r  i n f l o w  and typ ical t ides .
The importance of geogra ph y  in dictating the circulation pattern is
evident. The shallowness of the northern portion of the bay and the
presence of the deeper channel  through the southern sector  funne l s  much
of the f lood  and ebb t ida l f low th roug h tha t  po r t i on  of the bay . Large
eddy c u r r e n t s  are developed in the sha l lows  of the northern portion of
the bay dur ing  bo th  ebb and f lood f low . Near the end of t i d e  (Figure
20h) f lood  c u r r e n t s  f i r s t  en t e r  the hay f rom San Pablo S t ra i t  and as the
flood gathers  momentum , i t  t u r n s  the ebb into the  ad jacent  shallow
areas , p a r t i c u l a r ly  in the northeast , and back into Carquinez Strait.
As the flood tide progresses , the  no r theas t e rn  shallow area con t r ibu te s
flow into Carquinez Strait.

As previously discussed , much of the ebb and flood flows are con-
centra ted in the southern portion of San Pablo Bay , due to the presence
of the natural channel. However , promontortes such as Point San Pablo
and Pinole Point generate small gyres (whirls) in the extreme southern
por tion of the bay .

Current flow in Carquinez Strait is primarily bi—directional with
the major concentration being in the deeper channel section. Along the
per iphery of the strait current velocities are greatly subdued with the
fo rma t ion  of small , low velocity eddies in areas where the cross—section
area becomes larger.

.5 Tidal c i r cu l a t i on  in Mare Island Strait is primarily bi—direc—
t iona l .  There ex i s t s  a bot tom f lood predominance wi th  the t idal  pr ism
filling largely through the bottom waters  and a sur face  ebb predominance
w i t h  the t ida l  prism emptying  in the surface  waters .

San Pablo Bay is well mixed for most river inflows and partly mixed
during periods of storm runoff (freshet condition). During h igh runoff
there is a tendency toward stratified flow in the channels. Carquinez
S t r a i t  and Mare Island S t ra i t  are well mixed fo r  low and intermediate
river discharges , but portions may range from par t ly  mixed to nearly
f re shwa te r  th roug hout dur ing  per iods  of high r u n o f f .

Wind and Wave Ac tion

Prevailing westerly winds occur in the San Pablo Bay area during
much of the sprIng and throughout the summer. H i l l s  near the western
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FLOW CIRCULATION IN SAN PABLO BAY
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shore of the Bay shelter the adjacent shallow water from the fu l l
e f fec t of prevailing westerlies. The long fetch for westerly winds
allows sizable waves up to five feet in height to occur over the ex-
tensive shallow area in the northeastern portion of the bay . Large
waves also occur along the channel, often entering San Pablo Bay from
San Pablo Strait. These waves move eastward into adjacent shallow
areas .

Sedimen ts and Depos it ional Charac ter istics

Most sediment en ter ing the San Pablo Bay area ori gina tes from the
Sacramento—San Joaquin River system. These sediments like the majority
of those in the Bay are principally clay and silt. About 40—60 percent
are clays, 5—10 percent are organic materials, and the remainder are
almos t en tirely silts. Seasonal variations in particle size distribu—
tion of surface sediments indicate that much of the sediment deposited
in San Pablo Bay cannot be regarded as permanently placed. The estuary ’s
dynamic behavior causes an almost con tinuous redis tribut ion of sediments
after initial deposition. Suspended and bedload sediments are brought
in to San Pablo Bay dur ing the season of h igh freshwa ter runoff , where,
initially , the processes of transportation , flocculation , and sedimen-
tation allow an extensive distribution of new deposits. Thereafter , the
processes of res uspension , transportation and redeposition alter the
pattern of sediment distribution in San Pablo Bay . Tidal action , water
circulation , internal shear from mixing and wind—wave action are the
pr inc ipal forces responsible for the distribution of these sediments.

The historical sedimentation pattern in San Pablo Bay and Carquirtez
Strait has been described by Smith (Ref. 20). Figure 21 is a contour
map of the average annual sediment deposition volume for the years 1860
to 1956 , developed from Smit h ’s data. Historically, the channel margins
have shown the highest rates of deposition. The shallow areas lying
mostly in the northern and western limits of the Bay , with small areas
contiguous to the southern shoreline , have had f a i r l y  h igh depos it ion
ra tes; however , these rates are only about half that of the channel

- : areas margins. The channel areas have shown consistent scour.

Carq uinez Strait like channel and intermediate depth areas in San
Pablo Bay has historically experienced very heavy sedimentation along
the  shore line s especial ly the north shore , accompan ied by compensa ting
scour in the channel area.

Krone (Ref. 21) has described the seasonal deposition patterns in

the  San Pablo Bay area.  The high concent ra tions  of suspended par t ic les
and internal shear ing between fresh and salt water  in te r face  in the
mix ing  zone dur ing  s torm r u n o f f  promote rapid aggregat ion  of suspended
par t i c les  in the water  column as they move into San Pablo Bay from
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Carquinez S t ra i t .  The t ranqui l  water  c i rculat ion regimen shown on
Fi gure 20 in the northern shallows allow these particles to settle to
the bed . During spring and summer months da i ly onshore breezes generate
waves in the nor thern shallows that resuspend newly deposi ted sediments
and keep them in suspension which allows low velocity tidal and wind
drif t currents to transport them to more tranquil areas. Material sus-
pended in the large shallow expanse of San Pablo Bay is carried upstream
by flood tides. Since the material is already aggregated , concentra-
tions near the bed are high , and the net upstream water  movement near
the bed carries this  material eastward where turbulence mixes it upward
w ith the westward flowing fresh water. This phenomena results in an
increased suspended sediment concentration in the upper water column .
These suspended particles are then able to return downstream to be re-
deposited in the shallow areas where they may again be resuspended , or
they may remain in suspension , mov ing to other par ts of the Bay sys tem
or out to sea through the Golden Gate, or they may be depos ited in low
energy areas to form shoals. To confirm this sediment circulation
pattern , Krone also studied the physical properties of sediments in the
shallows (Ref. 22). During the short winter period when most of the new
material is depositied in the shallow areas, the bed surface is composed
of very fine uncompacted mat~ rial. When the shallow areas are exposed
to wind—wave action during the spring— summer period the surface sedi-
ments become coarser and a crust is formed that armors the bed and
prevents erosion of deeper material.

Klingeman and Kaufman (Ref. 35) have also investigated seasonal
shoaling patterns in San Pablo Bay using levels of sediment sorbed
radionuclides as an indicater of deposition. The deposition patterns
for suspended sediments entering San Pablo Bay with storm runoff are
described by these authors in terms of several zones of differing
deposition characteristics. They found that initial deposition of sedi-
ments from storm runoff occurs along the dredged channel (Pinole Shoal
channel) and on the north and south side of the dredged channel. After
initial deposition , an almost continuous interchange occurs between sus-
pended and deposited sediment over much of San Pablo Bay due to wind—
wave act ion in the spr ing—summer  period . The e f f ec t i venes s  of this
mechanism diminishes with increasing depth and depends upon location and
exposure to waves. The shallow portions of San Pablo Bay , wh ich appear
to be in a long—term quasi—equilibrium state with only a very gradual
loss of depth , go thro ugh a shor t pe riod of bed aggrada tion dur ing the
winter and a long period of less intense bed erosion during the spring—
summer. In the northern shallow region sedimen t res uspens ion can take
place soon a f t e r  i n i t i a l  deposi t ion.  This area is a sediment reservoir
provid ing long—term supply of sediment for secondary deposition in other
par ts  of the e s tuar ine  system , pa r t i cu la r ly  in deeper water  near the
channel. The second zone, typif ied by the southern shallows east of
Pinole Point , is also subject to resuspension losses of initial deposits

74
14

- -~ -~ - - - - . 5 - - --- —.5-.— - -- . 5 -

- . 5  -.5 -- -.5- .- - .5 
— .~r _

~~- _
~ - 

- 
.5_.5_~ - .5 .5_



— — -~ -.5-- - --- .5 - - -.5 -- - .5-”

by wind—wave aggitation. However , a greater degree of protection
against wind—wave resuspension is provided by the shoreline and by the
orientation of this area with respect to the direction of strong pre-
vailing winds. Consequently, secondary depositon of sediment removed
from the northern shallows may be large in this southern shoal region
under suitable conditions. The shallow areas along the western and
south~-estern shore of San Pablo Bay are probably intermediate in their
deposition behavior between that of the northern and southern shallows.
Secondary deposition of sediment from the northern shallows is likely
because of the pattern of current circulation and waves traveling into
the bay from San Pablo Strait .

Since the establishment of the Mare Island Nava l Shipyard in 1854 ,
Mare Island Strait channel has experienced extremely hi gh rates of
shoaling requiring a large amount of maintenance dredg ing to maintain
the channel to a project depth of 32 feet. The average annua l quantity
of dredged sediment is approximately 2.2 million cubic yards. The high
cost of maintaining the channel has resulted in many studies of the
shoaling problem. Krone (Refs. 21 and 22) has conducted extensive
studies in Mare Island Strait. He reported that even though most sedi-
ment is brought into the San Pablo Bay area during storm cunoff , the
principle shoaling period in Mare Island Strait is during the spring and
summer months when the tidal flood currents bring the resuspended sedi-
ments from San Pablo Bay back into Carquinez Strait. The tidal phase
lag and bottom flood predominance in Mare Island Strait allows high
sediment  laden water  to enter the Strait and subsequently be trapped due
to the surface ebb predominance (Ref. 3).

SEISMIC SUBBOTTOM REFLECTI ON PROFILING

Figure 22 is a seismic subbottom cross—section of Carquinez Strait.
In the shallows along both margins of Carquinez Strait only one shallow
subbottorn reflection surface is discernible. In deeper depths at mid—
channel sand waves are prevalent along much of the length of the strait.

The entire length of the Mare Island Strait channel is typicall y an
area of l imited penetration or aa area of no return.

Figures 23 and 24 are typical seismic subbottom cross—sections of
San Pablo Bay. These cross—sections are lines A and B. These figures
indicat e the presence of two deposition provinces in San Pablo Bay . The
first province , represented on the seismic reflection profile lines as
an area with numerous distinguishable subbottom reflection surfaces , is
located in the s o u t h e r n  portion of San Pablo Bay . This area includes
the southern shallows , Pinole Shoal Channel and a narr ow band on the
north side of Pinole Shoal Channel. Logs of borings and mechanical
analysis of sediments show that the numerous seismic reflection surfaces
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are alternating layers of clayey silt, silty sand. These horizons vary
in thickness from less than two feet to greater than six feet. In many
cases sand lenses and numerous shell fragments are found at various
depths . Inclosure 4—32 is the particle size gradation curves for Hole
2D—l24 (27), representing five samples from the depths 28 to 50.5 feet
below MLLW. The particle size distributions are typical of sediments in
this province. The median particle size within horizons vary from 1.5
microns to 250 microns. The surface sediments are normally within the
finer particle size ranges.

The second deposition province, located in the northern shallows of
San Pablo Bay , is characterized on the seismic reflection profiles as an
area of limited penetration. Without exception the seismic signal is
attenuated in the first two to three feet of bottom sediment. As dis-
cussed previously, an area of limited penetration is indicative of high
organic content or very loosely compacted silts and clays. Logs of
borings and mechanical analysis of sediments in this province indicate
that to the depth that borings were taken, the sediments are very
uniformly distributed black to gray clayey silt and silty clay having a
high organic content and very uncompacted. Inclosure 4—29 is the par-
ticle size gradation for Hole 2D—126 (25) representing depths from 7 to
24.5 feet below MLLW. The median particle size for the samples in the
northern shallows range from 1.5 microns to 2.0 microns . When compared
with Hole 2D—l24 (27) it is apparent that the sediments in the northern
shallows are generally finer than those in the southern portion of San
Pablo Bay and that the sediments are uniformly distributed with depth ,
having only a slight range in particle sizes.

The boundary of the two deposition provinces runs parallel to
Pinole Shoal Channel and can be defined as the northern edge of the
natural channel running through the southern portion of San Pablo Bay.
The interface lies in water depths between 15 and 20 feet below MLLW.

Because of the depth of deposits and spatial extent of the two
deposition provinces in San Pablo Bay, they may be described as separate
geomorphologic provinces whose histories of deposition have differed
substantially within the recent geologic time frame represented by the
seismic subbottom reflection profiles and core samples. The northern
shallows province is a region wher” deposition forces have caused a
uniform spatial and temporal distribution of sediments. The net effect
of these forces , primarily wind—wave action , has been a continuous
mixing of the fine sediments. The homogeneous deposits indicate the
absence of strong currents and the abundance of fine suspended sediment.
The only distinguishing physical characteristics of the sediment in this
province are a slight increase in compactness with depth due to the
weight of overlying sediments and a change in color from brownish—gray
at the surface to black at depth due to the change in the oxidation—
reduction state of the sediments. To have the uniformly distributed
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deposits that exist in the northern shallows there must be a continuous
interchange of existing deposits with new deposits being deliverei into
the northern shallows. The lack of stratification indicates that, his-
torically, deposition has taken place above the wave base and that this
process has been continuous. Evidence of changes in sediment texture,
size distribution or mineralology is destroyed by the ever present wind—
wave action working the fresh sediments shortly after deposition.

The alternating layers of clayey silt and silty sand in the southern
San Pablo Bay deposition province is indicative of a non—turbulent or
intermittently turbulent environment of deposition. In a non—turbulent
environment, deposition continuously takes place below the depth of
effective wave action, whereas in an intermittently turbulent environ—
inent deposition occurs intermittently above and below the wave base.
Current action becomes the primary force in determining deposition and
erosion. The periodic absence of wave action allows the stratified
nature of the sediments to remain intact and disturbances to deposits by
current action is seldom great enough to cause vertical mixing of
deposits.

The depth of effective wave action (wave base) is dependent on the
predominate wave height and period. Wave height and period in turn are
determined by the effective fetch length, duration and intensity of the
generating force (wind) and water depth . The northern shallows with its
long fetch length , prevailing westerly winds and shallow depths is
subject to the greatest wave energy in San Pablo Bay. The southern part
of San Pablo Bay consists of both shallow and deep areas. The deep
areas in and adjacent to the natural channel appear to be below wave
base for the predominate wave conditions in San Pablo Bay. The effec-
t ive depth of wave action can be approximated by the boundary separating
the northern shallows and the natural channel at a depth between 15 and
20 feet. The southern shallows, although in very shallow water, can be
considered an intermittently turbulent deposition environment because
the short fetch length for prevailing westerly winds does not allow
large waves to be generated in that area.

CORE SAMPLING AND ANALYSIS

Twenty—one holes varying in depth from nine to 22 feet below Bay
bottom shown in Figure 16 and Inclosure 4 were drilled in the San Pablo
Bay—Carquinez Strait area. Three to six samples from each core were
analyzed for particle size distribution and the nine contaminants. The
following sections are concerned with the physical (size distribution)
and chemical (pollutional) characteristics of these sediments.

Physical Sedimentary Characteristics

Size characteristics of sedimentary deposits in the San Pablo Bay—
Carquinez Strait area vary greatly both vertically within holes and
laterally between holes. The sediments range from silty clay with less
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than one percent sand that are uniformly distributed with depth to
alternating layers of clayey silt and silty sand. The vertical dis-
tribution of the sediments reflects the historical variation in the
environment of deposition. The environment of deposition is determined
by the physical factors discussed previously, e.g., tide and tidal
currents, water circulation and mixing characteristics, and wind—wave
action. Where the sediments are found to be uniformly distributed with
depth the environment of deposition has necessarily been continuous
throughout the history of the deposition. Conversely, where the sedi-
ments exhibit a heterogeneous distribution the environment of deposition
has not been continuous. The changing environment of deposition is
reflected by the vertical changes in the character of the sedimentary
deposits. Furthermore, the relative magnitude (energy input) of the
physical factors that make up the environment of deposition may be de-
termined by the size and distribution characteristics of the sediments.
Thus, uniformly distributed fine sedimentary deposits indicate a con-
tinual low transporting energy environment, whereas a continuous high
transporting energy environment would result in uniformly distributed
coarse sediments. Table 8 is a listing of mean hole clay and sand
content in order of decreasing clay percentages of the core samples
taken in the San Pablo Bay—Carquinez Strait area. The mean hole clay
and sand content indicates the relative magnitude of the environment of
deposition during the history of deposition. The deviation from the
mean indicates the degree of uniformity or heterogeneity of deposits
and, thus, the relative changes in the input energy (environment of
deposition) during the history of deposition. Where the standard de-
viation from the mean is small, the sediments are uniformly distributed
with depth. Where there is a large standard deviation the sediments are
non—uniformly distributed with depth, indicating stratification of the
sediments.

The finest sediments in the San Pablo Bay—Carquinez Strait area are
found at 2D—ll6(32) in Mare Island Strait, and 2D—125(23) and 2D—126(25)

.4 in the northern shallows of San Pablo Bay. The mean sand content in
these three holes is less than two percent and the clay content varies
from 49 to 53 percent. These extremely fine sediments are uniformly
distributed with depth as is indicated by their small standard devia-
tions.

Sediments on the north channel margins of Carquinez Strait to the
east of the entrance to Mare Island Strait are generally fine with the
mean hole clay content varying from 32±11 percent to 40±3 percent. The
sand content of holes in this area is greater than in the northern
shallows and Mare Island Strait, varying from 9±2 percent to 15±21 per—

a cent. The sediments are also less uniformly distributed with depth,
varying from clayey silt to silty sand clay. The coarser material is
found in the surface sediments of 2D—1l4(33) and 2D’-l15(31), near the
entrance to Mare Island Strait.
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Hole 2D—123(28) located on the west end of the southern shallows of
San Pablo Bay is comprised of sediments similar to those of the north
channel margins of Carquinez Strait. The mean clay and sand contents
are 36+11 percent and 8±11 percent, respectively. The large deviation
from the mean sand content is due to the presence of one five—foot thick
sandy silt layer between 5 and 10 feet below Bay bottom. The sand
content in the remainder of the hole is negligible.

The sediments of the south channel margins of Carquinez Strait are
much coarser than the north channel margins. The sediments range from
sand to silty sand and sand—silt—clay material. The mean hole clay con-
tent of the two holes in this area, 2D—l18(34) and 20—119(29), is less
than 20 percent and the mean hole sand content is greater than 40
percent.

The most randomly distributed sediments with depth indicated by the
large deviation from the mean hole and sand contents in Table 8 are
found on the west end of the natural channel, entrance to Carquinez
Strait, and the southern margin of the natural channel in San Pablo Bay.
The mean hole sand content at these locations vary from 32 percent to 56
percent. Hole 2D—l31(30) on the south side of Carquinez Strait, as an
example, has a sand content varying from 67 percent at the surface to 7
percent at seven feet below Bay bottom. In contrast, holes 2D—124(27)
and 20-128(26) along the west end of the natural channel are comprised
of a relatively thin layer of clayey silt at the surface and thick beds
of silty sand at depth. The sand content of these two holes vary from
less than 2 percent in the surface sediments to greater than 50 percent
at depth. Hole 20—121(21) located on the south channel margin is corn—
prised of one thick clayey silt bed in the upper ten feet of sediment
and a thick silty sand layer below 10 feet.

Hole 2D—i.20(l7) at the east end of the southern shallows is com-
prised of alternating layers of clayey silt and silty sand. The sand
content varies from 11 to 48 percent. In comparison to 20-123(28) at
the west end of the southern shallows, the sediments of 20—120(17) are
much coarser and more randomly distributed.
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TABLE 8

SAN PABLO BAY-CARQUINEZ STRAIT
MEAN HOLE SAND AND CLAY CONTENT

Hole Location Clay Sand
<2j~% > 7 4 p Z

1. 20—126(25) Northern Shallows 53+4 1±1
2. 20—125(23) Northern Shallows 53+3 2±1
3. 20-116(32) Mare Island Strait 

~~~ 1±1

4. 20—115(31) North Side Carquinez Strait 40+3 15±21
5. 20-114(33) North Side Carquinez Strait 36±8 15+11

4 6. 20—123(28) Southern Shallows 36+11 8+14
7. 20—117(35) North Side Carquinez Strait 32+11 9+2

8. 20-124(27) West End N!.tural Channel 30+18 
~~~9. 20-131(30) Entrance to Carquinez 27±14 32±33

10. 20-121(21) Margin Natural Channel 26±16 ~~~11. 20—128(26) West End Natural Channel 24±11 37±25
12. 2D—12l(17) Southern Shallows 24±7 28±16

13. 2D—132(16) Entrance to Carquinez 21±13 56±32
14. 20—127(19) Maintained Channel 19±5 54±16

15. 20-119(29) South Side of Carquinez 19±10 47±23
16. 20—118(34) South Side of Carquinez 17+6 44±17

17. 2D—l22(22) Natural Channel 15±8 60+20
18. 2D—l33(l8) Entrance to Carquinez 14±8 69±15
19. 20—164(15) Maintained Channel 12±5 62±14 3

20. 20-129(24) Natural Channel 11±7 70±17
21. 20-130(20) Natural Channel 10+7 73+17

NOTE: The value after the ± sign indicates one standard deviation
from the mean.
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The sediments at the east end of the natural and maintained
navigation channel are the most uniformly distributed coarse sediments
found the San Pablo Bay—Carquinez Strait area. Except for a very few
individual samples the sand content in the sediments is greater than 50
percent. The mean hole sand content varies from 60 to 70 percent and
the deviations from the mean are less than 30 percent.

Distribution of Contaminants in Surface Sediments

Contaminants in surface sediments represent the most recent input
into the system, whether it be from discharges, Street runoff, upland
erosion or reworking (resuspension and deposition) of contaminants in
existing sediment deposits. The distribution of contaminants in the
surface sediment will best portray the existing distributing forces in
the system.

The surface sediments of the San Pablo Bay—Carquinez Strait area
are enriched with most of the nine contaminants. Table 9 is a com-
parison of the mean contaminant levels in the surface sediments (0—0.6
feet) with sediments greater than 0.6 feet deep. On the average levels
of volatile solids, chemical oxygen demand, and total Kjeldahl nitrogen
vary only slightly with depth , whereas the levels of the trace metals
and oil—grease in the surface sediments exceed the levels at deeper
depths by 20 to 40 percent.

TABLE 9

MEAN CONCENT RATION OF CONTAMINANTS IN SURFACE AND
DEEPER SEDIMENT S IN SAN PABLO BAY—CARQUINEZ STRAIT AREA

Parameter Mean Concentration (ppm ) Z Greater
Than

Greater Than
0—0. 6 Feet 0.6 Feet

Lead 57.50 32 .70 43
Zinc 135.00 105.80 22
Mercury 1.07 0.68 37
Cadmium 0.89 0.72 19
Copper 41.10 33.00 20
Oil—Grease 700.00 450.00 36
Volatile Solids x l0~ 6.13 5.89 4
Chemical Oxygen Demand x iO~ 3.31 3.34 0
Total Kjeldahl Nitrogen 1,100 1,100 0
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The range of contaminant levels in the surface sediments vary
widely within the San Pablo Bay—Carquinez Strait area. The zinc levels
in the surface sediments found in this study range from 60 ppm near
Pinole Point to 328 ppm near the entrance to Mare Island Strait. The
zinc levels in San Pablo Bay proper range from 60—170 ppm in the natural
channel and maintained channel to 180 ppm in the northern shallows.
Zinc levels in Carquinez Strait range from 73—99 ppm on the southern
side to 99—154 ppm on the northern side. The zinc level in the surface
sediment of the only Mare Island Strait hole is 86 ppm.

Lead levels in the surface sediments were found to range from 12
ppm along the western end of the natural and navigation channel running
through San Pablo Bay to 421 ppm at the entrance to Mare Island Strait.
The highest values with the exception of the high value at the entrance
to Mare Island Strait were found in San Pablo Bay proper. Here the lead
levels in the surface sediments range from 12—40 ppm in the natural and
navigation channel to 50—60 ppm in the northern and southern shallows.
Lead levels range from 24—32 ppm along the southern side of Carquinez
Strait to 48—52 ppm along the northern side. Lead levels in the surface
sediment of the only Mare Island Strait hole is 59 ppm.

The lowest mercury levels in surface sediments of San Pablo Bay—
Carqulnez Strait area are found along the southern side of Carquinez
Strait with values of 0.1 to 0.2 ppm. In contrast mercury levels along
the north side of the Strait range from 0.5 ppm to 0.6 ppm. The mercury
levels in the surface sediments of San Pablo Bay range from 0.4—1.0 ppm
in the natural and navigation channel to 1.5—2.4 ppm in the northern and
southern shallows. The highest surficial mercury level of 2.8 ppm was
found along the northwestern fringe of the natural channel in San Pablo
Bay. The Mare Island Strait hole had a surficial mercury value of 0.6
ppm.

The lowest cadmium levels in the surface sediments were found along
the southern side of the natural channel and Carquinez Strait where the
levels range from 0.3 ppm and 0.6 ppm. The highest levels ranging from
1.4 ppm to 1.6 ppm were found in the northern shallows of San Pablo Bay,
north side of Carquinez Strait and Mare Island Strait. Cadmium levels
near 1.0 ppm were found in the navigation channel and southern shallows
of San Pablo Bay.

Copper levels found in the surface sediments of San Pablo Bay—
Carquinez Strait range from 13 ppm along the southwestern side of
Carquinez Strait to 85 ppm in Mare Island Strait. In the surface sedi-
ments of San Pablo Bay copper levels range from 20—40 ppm in the natural
and navigation channel to 50— 70 ppm in the northern and southern
shallows. Copper levels from 51 ppm to 61 ppm were found along the
north side of Carquinez Strait.
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Chemical oxy;en demand levels in the surface sediments of this area
range from 0.6xl04 ppm along the southwestern side of Carquinez Strait
to 5.2x104 ppm in Mare Island Strait. The chemical oxygen demand levels
in Carcjuinez Strait vary from 0.6—2.1x104 ppm on the south side to 4.3—
4.7x104 ppm on the north side. In San Pablo Bay the chemical oxygen
demand levels range from l.6—4.8xl04 ppm in the natural and navigation
channel to 4.2—5.1x104 ppm in the surface sediments of the northern and
southern shallows.

Oil—grease levels are lowest in the surface sediments along the
south side of Carquinez Strait and western end of the navigation and
natural channel in San Pablo Bay where levels range from 100 ppm to 300
ppm . The highest oil—grease levels were found at the entrance to Mare
Island Strait (2000 ppm) and in Mare Island Strait (1700 ppm). Oil—
grease levels from 600 ppm to 800 ppm were found along the northern side
of Carquinez Strait. In the surface sediments of the northern and
southern shallows of San Pablo Bay, oil—grease levels range from 700 ppm
to 1000 ppm.

The lowest volatile solids levels in surface sediments of San Pablo
Bay—Carquinez Strait area are found along the southern side of Carquinez
Strait, ranging from 2.lxlO4 ppm to 3.8xl04 ppm. The highest levels are
found at the entrance to and in Mare Island Strait with concentrations
of , 9.3xl04 ppm and 9.OxlO4 ppm, respectively. Volatile s9lids levels
along the north side of Carquinez Strait range from 7.0xl0~’ ppm to
7.2xl04 ppm. In San Pablo Bay volatile solids levels range from 7.4—
8.4x104 ppm in the northern and southern shallows to 2.4—7.9x104 ppm in
the natural and navigation channel.

Total Kjeldahl nitrogen levels in the surface sediments are found
to range from 100—300 ppm along the south side of Carquinez Strait to
2300 ppm in Mare Island Strait. Along the north side of Carquinez
Strait total Kjeldahl nitrogen levels range from 1500 ppm to 1600 ppm.
In San Pablo Bay total Kjeldahl nitrogen levels range from 500 ppm to
1700 ppm.

Figures 25, 26, 27 , 28, and 29 are generalized horizontal distri-
bution maps showing lines of equal concentrations for each of the nine
contaminants and median particle sizes in the surface sediments of the
San Pablo Bay—Carquinez Strait area. The concentration isolines are not
intended to be exact duplications of the contaminant levels, but in-
stead, are designed to show trends in the distribution. The most
apparent trend is that the spatial distribution of contaminants in the
surface sediments of San Pablo Bay all show the same general distri-
bution pattern; that is, the contaminant levels increase in a westward
direction to a point opposite Pinole Point where the levels begin de-
creasing toward San Pablo Strait; and, moving across San Pablo Bay the
contaminant levels are highest in the northern and southern shallows and
decrease toward the natural and navigation channels. The lowest con-
taminant levels are found near the western entrance to Carquinez Strait,

86

4
I-

I
— I



-~~~~~~~~~~~ -- -~~~~
-

~~~
.._______ 

_ _ _ _ _ _ _ _ _

- -S-—~~~ ~~~~~~~~~~~

SAN PABL O BAY

- 
S

~~ DISTRIBUTION OF
MEDIAN PARTICLE SIZE

• 
.2.4 IN SURFACE SEDIMENTS

microns

+
I -

~~~ +
A)~

~~— ...
‘ B’

I
SAN PABLO BAY S

~ ~~~~~~~~~~
• DISTRIBUTION OF

‘S.

IN SURFACE SEDIMENTS
~~~~~~~~~ / ppm

7 I~ 

S
~o+

4 FIGURE 25

I1. .IIIIII IIIIIFIII~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_~
-; 

;~ ~
_‘
. 

.— 

~~~~~~

- p55

; 

~

— 
- 

~~~~~~~~~~~~~~~~~~~ . . ,- ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~— . .5



S ~~~~~~~~~—~~~~- -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . ..

SAN PABLO BAV ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
’

IN SURFA C
p
E
pm

SEDIMENTS

J._Sf ~~~ _~~~
_ __SS .S~~_~~~ _

4 ‘ S

‘1 1 . ~~~,

SAN PABLO BAY 5

.‘O 5”
• 

• 
•13

PT 

s r s ~.

• ~° ‘  DISTF~BUTION OF

~~~~~~~~7O~~~~ 
IN SURFACE SEDIMENTS

ppm

A~

FIG URE 26
4

A -
~~~
‘:

~

T~~~~ T~~~ . ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ . .~~~~~~~~~~~~~~ ,



~~~~~-—~~~~~~~~~~~ - -- -—- -~~~~~~ - - -~~~~~~~~~~~ -

~~~~~~~

4

~~~~~~~~~~ 5
,
,,

SAN PA BLO BAY

~~~ ~~~~~~~~

., .‘~~~~ £ 
~~~~

• VII PT 02

• 

5
• S~ 

~~~~~~ “° 
DISTRIBUTION OF

I MERCURY -

• IN SURFACE SEDIMENTS
A ppm

£

N
~N\\ ~~~~~~~~~~ 5 

,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

£ 

: ‘~~

FIGURE 27

~

TTT T

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r 
- --- -~~~~~~~~ -- -~~~~~~— ---. — ~~~~~~~~~-~~~~~~~~- ‘— . - -- -—-- -.- ‘--- .. .

4 5.2

\ ‘%\\
\• :\

SAN PAS1 0 BAY

• 4 ‘-I

.2 
‘ 

~~~ 
S...

“ 

DISTR~~~~~ON 

‘ .
1. 

—

• 

. IN SURFACE SED I MENTS

/

• 4 “ ,00

“S.
’SAN PAB3. O BAY S

-‘
• 

.- -- A 
C4PQVINrZ 

~~ 

-

>~~~~~~~~~~~

“
DAViI PT 00~~

•. - ‘Si’.
,,.- 

• 
. 

DISTRIBUTION OF
‘ 5, 

- / OIL &GREASE -

/~
• ‘ — IN SURFACE SED I MEN TS

ppm

£ 
‘ ,

l+

% *fr

4 FIGURE 28
‘I

4
3 

~~~~~~
‘ _—! .5~~~~~~~~~

_
~~~ ‘

-._ ‘~~~~~“ .‘ — .~~



_ _  - -  ,
. 

,‘ 
--. --

‘
~~~~

-
~~~~~

- — - .-
~~

‘-- S • 
-

~~~~~~

4

Sl
~~~

S

SAN PABLO BAY 
‘

~~

PT 

,~ 
C4BOulp~rz ST

DISTRIBUTION OF -

VOLATILE SOLIDS
• ~~~~~~~~~~~~~ IN SURFAC E SEDIMENTS

£ ~ 
‘. ppm x lO4

~~

IP_) I •D
~~£ 9  - +

,
3. A~

- ‘U. ~~~~~~~~~~~~~~~~~~~

~~~~ 3OO
‘

S

S ‘
~,, 

‘5,
S

• SAN PAB LO BAY

‘ 

~~Qui*;rz 
~~

- ‘
S 

•• 
. 

DISTR I BUT ION OF

IN SURFACE SEDIMENTS

FIGURE 29

4 . ‘
?:

~~~~~~~~~~~~~~~~~~~~~~ •
- - ---- --—~~ ----~~~~~---- ~~~~~~~~~~~~ ---- -- 

- 
~~~~~~- - . .

— .~~~•.—S.S ~~ -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Al 

~~~~~~~~~~~~~~~~~~~ ~~~~
, 

~~~~~~~



whereby the concentration contours increase toward the west and are
elongated along the axis of the natural channel. Conversely, the median
particle sizes of the surface sediments decrease in a similar manner
going from east to west. The surface sediments of the northern shallows
of San Pablo Bay appear to have higher levels of zinc , cadmium , mercury
and oil—grease than do the southern shallows. The levels of lead ,
copper and total Kjeldahl nitrogen in the surface sediments of the
southern shallows are higher than the northern shallows, and the levels
of volatile solids and chemical oxygen demand in the surface sediments
of the northern and southern shallows are about the same. Contaminant
levels on the fringes of Carquinez Strait tend to be higher on the north
side of the strait than on the south side. With the exception of
mercury and volatile solids , contaminant levels along the north side of
Carquinez Strait are about the same as those along the margins of the
natural channel in San Pablo Bay. Mercury and volatile solids levels on
the north side of the strait are comparable to levels in the natural and
navigation channel of San Pablo Bay . The contaminant levels along the
south side of Carquinez Strait are comparable to contaminant levels
along the eastern portion of the natural and navigation channel In San
Pablo Bay . The contaminant levels in the only surface sample taken in
Mare Island Strait are comparable to the levels in the northern and
southern shallows of San Pablo Bay with the exception of zinc and
mercury whose lower levels are comparable to levels found in the natural
and navigation channel. However , comparison with the mean zinc level in
the Mare Island Strait navigation channel (Table 3) indicates the zinc
level in the surface sediment of this hole is lower than the normal zinc
levels found in Mare Island Strait. The surface sediment at the en-
trance to Mare Island Strait has extremely high levels of zinc (328 ppm)
and lead (421 ppm).

Vertical Distribution of Contaminants

The vertical distribution of contaminants represent the historical
variation of contaminant concentrations which in turn reflects varia—

• tions of contaminant input and seasonal and historical changes in the
distributing forces. Graphs of the vertical distribution of contami-
nants for the area are shown in Inclosure 4—17 through 4—43. The
vertical distribution of the nine contaminants in sediments of the San
Pablo Bay—Carquinez Strait area , like the horizontal distribution of
surface sediments, is very complex. Except in a very few cases, the
vertical distribution of contaminants is very erratic and is generally
associated with particle sizes of the sediment. To correlate the dis-
tribution of contaminants it becomes necessary to simplify the data in
such a way as to provide a meaningful method to describe the contami-
nants in each location (hole) and compare the concentrations with other
locations. The method used in this study is to rate each hole in order
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of decreasing mean hole contaminant concentrations. For comparative
S purposes the range in concentrations and mean hole sand and clay content

are also included . The holes are then compared in terms of the location
S 

contaminant rating , deviation of contaminant levels, range in contami-
nant levels, and variation in sediment types. The means give trends in
the distribution and the deviation gives the degree of variation within
holes.

Volati le Solids. The mean volatile solids concentration in the San
Pablo Bay— Carquine z St ra i t  area is 5.88±2.68xl0 4 ppm*. Volatile solids
in the sediment of this area range from l.9xl04 ppm to l6.SxlO’4 ppm.
Table 10 is a listing of the mean hole volatile solids concentrations in
order of decreasing magnitude. Generally, as shown in Table 10 volatile
solids levels are related to the sand and clay content of the sediments.
Where the sediments contain a high percentage of clay the volatile
solids levels normally will be high. The degree of variation (deviation)
from the mean hole concentration is in most cases related to the vari-
ation of sand and clay content in the sediments of the hole. Usually
where there is a large variation in the sand content of the hole, the
deviation from the mean hole volatile solids concentration is also
large.

Mean hole volatile solids concentrations range from 2.70xl04

ppm in the sediments at the east end of the natural channel in San Pablo
Bay to 9.07x104 ppm at the entrance to Mare Island Strait on the north
side of Carquinez Strait. Hole 2D—1l5(31) at the entrance to Mare
Island Strait has the highest mean volatile solids concentration of
9.07+0.3 x lO~ ppm. The distribution of volatile solids in the sediment
of the hole is very uniform 1 as is indicated by the small standard
deviation . The sediment in the hole, however, varies considerably with
depth. The surface sample of this hole has a high sand content (40
percent), yet still has a high volatile solids concentration of 9.3xl04
ppm. The deeper sediment is much more uniformly distributed silty clay
with correspondingly high volatile solids levels.

Hole 2D—116(32) in Mare Island Strait and 2D—126(25) and 2D—l25(23)
in the northern shallows of San Pablo Bay, like 2D—l15(3l), have high
mean hole volatile solids concentrations with small standard deviations.
The mean hole concentrations vary from 8.97+0.3x104 ppm in Mare Island
Strait to 8.33+0.2x104 ppm at the eastern end of the northern shallows.
The distribution of volatile solids with depth in these holes is very
uriform. The sediments are also very uniformly distributed silty clay
wi th  less than two percent sand content and greater than fifty percent
clay .

* The ± value with the mean is the standard deviation.
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TABLE 10

SAN PABLO BAY—CARQU INEZ STRAIT

MEAN “OLD VOLATILE SOLIDS CONCENTRATIONS

Mean Range 2 Sand 2 Clay
Rating Hole ppm x 10 pp m x l0~ > 74  ~i <2 ii

1. 2D— lls(3l) 9.07+0.3 8.8—9.3 15+21 40+13
2. 2D—ll6(32) 8.97+0.3 8 .7—9.2  1+1 49+3
3. 2D—126(25) 8.40+0.4 8.0— 8.9 1+1 53+4
4. 2D—1 25(23) 8.33+0.2 8.0—8.5 2+1 53+3

5. 2D—1 l8(34) 8.28±4.0 3.8— 16.5 44±17 17+6
6. 2D—120(17) 8.00+2.7 5.8—13 .1 28±16 24±7

7. 2D— 1l4(33) 7.65+0.7 6.6—8.2 15±11 36±8
8. 2D—ll7(35) 7.30+0.4 6 . 7 — 7 . 5  9±2 32+6

9. 20— 123(28) 6.72± 1.4 4 .8—8.4 8±14 36±11

10. 2D-.l3l(30) 5.80+2.4 3 . 1—7.8 32±33 2 7±14
11. 20— 124(27) 5.42±2.4 2 .5—7.9  30+18
12. 20—121(21) 5.29+2.4 2.2—8.0 39+33 26+16
13. 20—1 19(29) 5.12+1.6 2.1—6.4 47+23 19+10
14. 20— 128(26) 5.05+1.7 3 . 2— 7 . 7  37±2 5 24±11

15. 20—164(15) 4.23+ 1.4 3.3—6.3 62+17 12+5
16. 2D—l32(l6) 4.12+1.9 2.4—7.0 56+32 21+13

17. 20-127(19) 3.37+0.6 2 . 7 — 3 . 7  54+16 19±5
18. 20- 122(22) 3.32+0 .7 2. 2—3.8 60+20 15±8
19. 2D—l33(18) 3.18±1.3 2.1—5.3 69+15 14±8
20. 20— 129(24 ) 2.96+0.8 2 . 3 — 4 . 2  70±14 11±7
21. 2D— 130(20) 2.70+0.8 1.9—4.0 7 3±17 10±7
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Holes 20—118(34), on the south side of Carquinez Strait and 20—
120(17) in the southern shallows of San Pablo Bay have high mean hole
volatile solids levels and also extremely large deviatiions from the
means. The sediments of these holes are coarser than the preceding
holes with fairly large variations in sand content. The mean hole
volatile solids concentration for 20—118(34) and 2D—120(17) are, re-
spectively, 8.28±4.0x104 ppm and 8.00±2.7 xlO4 ppm. The sediments of
these holes have a wide variation in sand content as is indicated by the
deviation from the mean sand content. The sand content in 2D—1l8(34)
varies from 22 to 78 percent and in 20—120(17) the sand content varies
from 11 to 48 percent. Two anomalous samples in 2D- 1l8(34) and one in
20-120(17) are responsible for the large deviation from the mean hole
volatile solids concentrations. The three anomalous samples with high
volatile solids values are found in the intermediate depth samples of
each hole and are associated with samples with high sand contents. T~e
two high volatile solids samples in 2D—ll8(34) with values of l6.5xlO
ppm and 13.2x104 ppm have sand contents of 32 percent and 22 percent,
respectively. The logs of borings indicate that the high volatile
solids samples in 2D—1l8(34) contain dark lenses of organic clay. The
high volatile solids sample in 20—120(17) with a value of l3.lxl04 ppm
has a sand content of 48 percent.

Holes 2D—ll4(33) and 20-117(35), both on the north side of Carquinez
Strait have mean hole volatile solids levels ranging from 7.65+0.7xl04
ppm to 7.30+0.4x104 ppm. The deviation from the mean concentrations in
these holes are less than ten percent, indicating that the distribution
of volatile solids is uniform with depth. The sediments of 20—114(33).
The sediments of 20—117(35) located further to the east of 20—114(33)
are uniformly distributed with depth and are finer than in 20—114(33).
The volatile solids levels in 20—117(35), despite the finer sediments
are lower than in 20—114(33).

Hole 2D—123(28), at the west end of the southern shallows in San
Pablo Bay has a mean hole volatile solids concentration of 6.72±1.4
x104 ppm. The large deviation from the mean concentration (greater than
20 percent) is due to the presence of one gross sandy silt bed (32
percent sand) with a moderately low volatile solids concentration of
4.8x104 ppm.

Hole 2D—13l(30) at the south side of the entrance to Carquinez
Strait, 2D—l24(27) in the natural channel, 20—121(21) at the east end of
the southern shallows, 2D—ll9(29) on the south side of Carquinez Strait,
and 20—128(26) in the natural channel of San Pablo Bay have mean hole
volatile solids concentrations slightly less than the San Pablo Bay—
Carquinez Strait area mean. The deviations from the mean in these holes
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are large (30 to 40 percent of the mean concentration). The sediments
are fairly coarse with mean hole sand contents varying from 30 to 50
percent . The large variation in sand content within these holes indi-
cate highly stratified sediments with numerous beds of clayey and silty
material. The mean hole volatile solidr concentrations in these holes
vary from 5.80+2.4xl04 ppm to 5.O5+l.7xl04 ppm. The high deviations
from the mean concentrations in 2D—124(27), 2D—l21(2l) and 20—128(26)
are due to high volatile solids levels in the near surface sediments
which are comprised of a finer material with a lesser sand content. The
surface sediments of 20—131(30) are coarser with low volatile solids
levels. The surface sediments of 2D—1l9(29) are extremely coarse with a
sand content of 93 percent . The deeper samples of 2D—119(29) with the
sand content varying from 35 to 45 percent have volatile solids concen-
trations that appear high in relationship to the sand content.

Holes 20—164(15) on the east end of the navigation channel in San
Pablo Bay and 2D—132(16) on the north side of the entrance to Carquinez
Strait have moderately low mean volatile solids concentrations and large
deviations from the mean. The sediments in these holes are primarily
comprised of sandy material with the mean clay content varying from 10
to 20 percent. The mean hole volatile solids concentrations of 2D—
164(15) and 20—132(16) are 4.23±l.4x104 ppm and 4.l2+1.9x104 ppm , re—
spectively. The large deviations in the mean concentration in both
holes are due to the near surface sediments which are enriched with
volatile solids. The near surface sediments of 2D—132(l6) are consid—
erably finer than the deeper sediments and are comprised of a clayey
silt material , with a sand content of less than ten percent. The
surface sediments of 2D—164(l5) are the coarsest of the hole (77 percent
sand), yet have a volatile solids concentration approximately fifty
percent higher than the deeper sediments.

Holes 20—127(19) at the west end of the navigation channel in San
Pablo Bay, 2D—122(22) on the southeast side of the natural channel, 2D—
133(18) on the north side of the entrance to Carquinez Strait, and 20—
129(24) and 2D—l30(20) on the north and south side of the natural
channel have the lowest mean hole volatile solids concentrations in the
San Pablo Bay—Carquinez Strait area. The deviations from the mean hole
concentrations are also small. The sediments of these holes have the
largest sand content of the area with most of the sediments being
classified as clayey to silty sand. The mean hole volatile solids
concentrations range from 3.37+0.6x104 ppm at the west end of the
navigation channel to 2.70’I-0.8x104 ppm on the south side of the natural
channel near the entrance to Carquinez Strait. The sediments are pri-
marily sand and on the whole have lesser variations in the sand content
than the preceding holes. The distribution of volatile solids is fairly
uniform with depth. The surface sample of 20—133(18) is enriched with
volatile solids resulting in a larger standard deviation than the other
holes.
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Chemical Oxygen Demand. The mean chemical oxygen demand (COD) in the
San Pablo Bay—Carquinez Strait area is 3.30±2.lxlO4 ppm. The range in
C.0.D. concentrations in the sediments of this area is very large,
varying from 0.4x104 ppm to l5.7xl04 ppm. Table 11 is the listing of
the mean hole COD concentrations in order of decreasing magnitude.
Generally , COD levels in the sediments of this area, like volatile
solids, are related to the sand and clay content, that is, where the
sand percentages in the sediments are high, the chemical oxygen demand
is normally low.

Hole 2D—1l8(34) on the south side of Carquine~ Strait has the
highest mean hole COD concentration of 6.44±4.5xl0~ ppm. It is com-
prised of anomalously coarse sediment with a mean sand content of 44
percent and a clay content of only 17 percent. The large deviation from
the mean concentration is due to the same two samples responsible for
the high volatile solids mean concentration ~nd standard deviation. The
COD values for these two samples are 12.3x104 ppm and lS.7xl04 ppm, the
two highest COD. sample concentrations in the San Pablo Bay—Carquinez
Strair area.

Holes 2D—115(3l) and 2D—ll4(33) located on the north side of
Carquinez Strait near the entrance to Mare Island have mean hole COD
concentrations of 4.20+0.8x104 ppm and 3.93+0.4x104 ppm, respectively.
The distribution of COD in these holes is fairly uniform deviation with
depth despite the presence of coarser material in the first six feet of
sediment. The deeper sediments of these holes are extremely fine as is
indicated by the mean hole clay content of greater than 35 percent. The
large deviation from the mean hole sand content is due to coarser sur—
f ace sediments that have anomalously high COD levels.

Hole 2D—120(l7) at the eastern end of the southern shallows with a
mean hole COD concentration of 4.l2±l.5xl04 ppm has a higher sand con-
tent and lower clay content than other holes with comparable mean con—

• centrations. The large deviation from the mean hole concentration is
due to the deeper sediment (between 7 and 15 feet below Bay bottom)
being enriched with COD. The high COD levels in these deeper sediments,
ranging f rom 5.lxlO4 ppm to 5.6x104 ppm are not reflected in either the
sand or clay content of these samples.

Holes 2D—l26(25) and 2D—125(23) in the northern shallows of San
Pablo Bay appear to have somewhat lower mean COD concentrations and
larger standard deviations than would be expected by the uniformly
distributed fine sediments. The large deviations from the mean hole
concentrations are the result of a surface COD enrichment and a general
decrease in COD concentrations with depth. Hole 20—126(25) at the west
end of the southern shallows has somewhat larger COD levels than 20—
125(23).
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TABLE 11

SAN PABLO BAY—CARQUINEZ STRAIT

MEAN HOLE CHEMICAL OXYGEN DEMAND CONCENTRATIONS

Mean Range 2 Sand 2 Clay
Rating Hole ppm x lO~ ppm x l0~ > 74 ~ <2 ii

1. 2D—l18(34) 6.44±4.5 5.1—15.7 44±17 17+6

2. 2D—1l6(32) 5.50+0.4 5.2—6.0 1+1 49+3
3. 2D—l23(28) 4.54+1.0 2.8—5.1 8+14 36+11
4. 2D—l15(31) 4.20+0.8 3.2—4.7 15+21 40+13
5. 20—120(17) 4.12+1.5 1.7—5.6 28+16 24±7
6. 2D—ll4(33) 3.93+0.4 3.2—4.3 15+11 36±8
7. 2D—ll7(35) 3.78+0.6 3.0—4.6 9+2 32+6

8. 20-126(25) 3.65±1.2 2.4—4.9 1+1 53+4
9. 2D—128(26) 3.65±1.5 1.3—5.2 37+25 24±11
10. 20-124(27) 3.28+2.4 1.5—5.1 34+34 30+18
11. 2D—l25(23) 3.28+1.1 2.3—4.8 2+1 53+3

12. 2D—121(2l) 2.80+1.6 0.4—5.0 39+33 26±16
13. 20-119(29) 2.35±1.3 0.6—4.2 47+23 19±10
14. 2D—132(l6) 2.34±1.3 0.9—3.8 56+32 21±13

15. 2D—l27(l9) 2.30+0.9 1.5—3.2 54+16 19±5
16. 2D—l22(22) 2.18+0.8 0.9—2.7 60+20 15±8
17. 20-164(15) 2.05+0.4 1.6—2.5 62+17 12±5

18. 2D—l33(l8) 1.88+0.8 1.0—2.7 69+15 14±8
19. 2D—l30(20) 1.60+1.2 0.5—3.7 73+17 10±7
20. 2D—l3l(30) 1.57+0.3 1.2—1.8 32+33 27±14

I 

I 21. 2D—l29(24) 1.40+0.3 1.0—1.9 70±14 11±7
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Hole 20-131(30) located on the south side of the entrance to
Carquinez Strait has an erroneously low mean hole COD concentration
(1.60+O.3x104 ppm) when compared to the relatively low sand content of
32±33 percent.

The highest COD concentrations (greater than 6xl04 ppm) in the
sediments of the San Pablo Bay—Carquinez Strait area are found at hole
20—118(34) on the south side of Carquinez Strait , east of the Carquinez
Bridge. The second highest COD co~centrations with mean hole valuesranging from 3.8x104 ppm to 5.5xlO’~ ppm are found in Mare Island Strait ,the north side of Carquinez Strait and the southern shallows of San
Pablo Bay. The northern shallows of San Pablo Bay and the western end
of the natural channel also have high mean hole concentrations ranging
from 3.3x104 ppm to 3.7xl04 ppm.

The lowest COD concentrations are found at the entrance to Carquinez
Strait and in the maintained and natural channel through the southern
portion of San Pablo Bay.

Total Kjeldahl Nitrogen. The mean total Kjeldahl nitrogen (TKN) con-
centration in the San Pablo Bay—Carquinez Strait area is 1100+600 ppm.
TKN concentrations in the sediments of this area range from 300 ppm to
3400 ppm. Table 12 is a listing of the mean hole TKN concentrations in
order of decreasing magnitude. As with C.O.D. and volatile solids, TKN
concentrations are normally low when the sand content in the sediments
is high.

Hole 2D—1l8(34) on the south side of Carquinez Strait , and holes
2D—1l5(3l) and 20-114(33) on the north side of Carquinez Strait near the
entrance to Mare Island Strait have high TKN concentrations for the same
reasons that they also have high volatile solids and C.O.D. concentra-
tions. Holes 20—125(23) and 2D—l26(25) in the northern shallows of San
Pablo Bay have somewhat lower TKN concentrations than would be expected
by the extremely fine sediments. Hole 20—132(16) on the north side of
the entrance to Carquinez Strait has somewhat higher TKN concentrations
than woul’i be expected by the relatively coarse sediments.

The highest mean hole TKN concentration (2200 ppm) is found in Mare
Island Strait where the sediments are very fine with less than one
percent sand content. High concentrations are also found on the north-
ern and southern sides of Carquinez Strait where the mean hole concen-
trations range from 1600 ppm to 1700 ppm. The greatest range of sample
concentrations (700 ppm to 3400 ppm) are also found in this area at hole
20—118(34). The northern and western southern shallows of San Pablo Bay
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TABLE 12

SAN PABLO BAY-CARQUINEZ STRAIT

MEAN HOLE TOTAL KJELDAHL NITE~OCEN CONCENTRATIONS

Mean Range 2 Sand 2 Clay
Rating Hole ppm x l0~ ppm x iO~ >74 ii <2 u

1. 20—116(32) 2200+100 2100—2300 1±1 49±3

2. 20—118(34) 1700+400 700—3400 44+17 17+6
3. 20—115(31) 1700+400 1400—2200 15+21 40+13
4. 20—114(33) 1600+300 1200—2000 15+11 36+8
5. 2D—ll7(35) 1600+200 1300—1800 9+2 32+6

6. 20—123(28) 1400+500 800—1300 8+14 36+11
7. 20—126(25) 1400+300 1000—1600 1±1
8. 20—125(23) 1300+300 800—1500 2±1

9. 2D—128(26) 1200+500 400—1800 37±25 24+11
10. 20-120(17) 1000+400 500—1600 28+16 24+7
11. 20—124(27) 1000+600 300—1800 34+34 30+18
12. 20—131(30) 900+400 500—1100 32+33 27+14
13. 20—132(16) 900+400 400—1300 56+32 21+13
14. 20—121(21) 900+400 300—1400 39+33 26+16
15. 20—119(29) 800+400 300—1300 47+23 19+10

16. 20—127(19) 800+200 700—1100 54+16 19+5
17. 20—164(15) 800+100 800—900 62+17 12+5

18. 20—133(18) 700+400 400—1200 69±15 14+8
19. 20—122(22) 700+200 400—1000 60+20 15+8
20. 20— 130(20) 600+200 400—1000 73+17 10+7

a 21. 20—129(24) 500+100 400—600 70±14 11±7
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have high mean hole TKN concentrations ranging from 1300 ppm to 1400
ppm. The sediments in this area are generally fine. The eastern
southern shallows, entrance to Carquinez Strait and the western end of
the natural and maintained channel in San Pablo Bay have mean TKN con-
centrations ranging from 800 ppm to 1200 ppm. The lowest TKN concen-
trations are found on the eastern end of the natural and maintained
channel in San Pablo Bay.

Oil—Grease. The mean oil—grease concentration in the San Pablo Bay—
Carquinez Strait area is 500+500 ppm. Oil—grease concentrations in the
sediments range from 100—2000 ppm. Table 13 is a listing of the mean
hole oil—grease concentrations in order of decreasing magnitude. The
vertical distribution of oil—grease within holes is erratic, with the
standard deviation normally exceeding fifty percent of the mean concen-
tration. The sand—clay content : oil—grease concentration relationship
is less clearly defined than with the preceding contaminants, although
the trend for high oil—grease concentrations to be associated with low
sand content is apparent.

Mean hole oil—grease concentrations greater than 1000 ppm are found
in the sediments at the entrance to and in Mare Island Strait , and at
the west end of the northern San Pablo Bay shallows. The surface sedi-
ment in hole 2D—ll5(3l) at the entrance to Mare Island Strait has a high
oil—grease level despite having a large sand content (40 percent sand).

Mean hole oil—grease concentrations between 600 ppm and 900 ppm are
found on the north side of Carquinez Strait , western San Pablo Bay
shallows, the south side of Carquinez Strait , and the north side of the
entrance to Carquinez Strait. Holes 2D—l18(34) and 2D—l32(l6) with mean
sand contents of 44 percent and 56 percent , respectively, have exceed-
ingly high oil—grease levels. Hole 2D—l32(l6) is especially interesting
In that the upper two samples (5 feet below Bay bottom) have oil—grease
values greater than 1400 ppm , whereas the other organic parameters
(volatile solids , chemical oxygen demand , and total Kjeldahl nitrogen)
are not exceedingly high. The first five feet of sediment in the hole
Is the finest , with the sand content varying from 9 percent to 40
percent. The sediment below five feet has a sand content greater than
60 percent.

Hole 2D—l33(l8) with a mean hole sand content of 69 percent appears
to have a somewhat higher mean oil—grease concentration (400±300) than
would be expected from the relatively coarse sediment. Like hole 2D—
132(16) this hole is located on the north side of the entrance to
Carquinez Strait. Conversely , hole 2D—l23(28) in the southern shallows
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TABLE 13

SAN PABLO BAY-CARQUINEZ STRAIT

MEAN HOLE OIL—GREASE CONCENTRATIONS

Mean Range 2 Sand 2 Clay
Rating Hole ppm x lO~ ppm x lO~ >74 ~i <2 ~i

5 1. 20—115(31) 1200+900 300—2000 15+21 40+13
2. 20—125(23) 1200+500 700—1800 2+1 53+3
3. 2D—1l6(32) 1100+600 700—1700 1+1 49+3

4. 20—126(25) 900+500 700—1400 1+1 53+4
5. 2D—ll4(33) 900+400 400—1400 15+11 36+8
6. 20—118(34) 800+600 300—1200 44+17 17+6
7. 20-132 (16) 800+600 300—1600 56+32 21+13
8. 2D—l17(35) 600+300 300—900 9+2 32+6

9. 20—124(27) 500+400 200—1100 3
~±3~ 

30±18
10. 20—121(21) 400+300 100—700 39+33 26±16
[1. 20—133(18) 400+300 100—800 69+15 14±8
12. 20—123(28) 400+100 200—600 8±14 36±11

13. 2D—120(l7) 300+400 200—700 28±16 24±7
14. 2D—13l(30) 300+200 100—500 32±33 27±14
15. 20—128(26) 300+200 100—600 37+25 24+11
16. 20—119(29) 300~lO0 100—500 47+23 19+10

17. 20—129(24) 200+200 100—600 70+14 11+7
18. 20—127(19) 200+100 100—300 54+16 19+5
19. 20—164(15) 200+100 100—300 62+17 12+5

20. 20—122(22) 100+0 100—200 60+20 15+8
21. 20—130(20) 100+0 100—200 73+17 10+7
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of San Pablo Bay has a lower mean hole concentration (400 ppm) than
would be expected by the relatively small sand content (8 percent).
This high mean hole oil—grease concentration is due to the surface
sediment which Is extremely fine (less than 2 percent sand content).

Mercury . The mean mercury concentration in the San Pablo Bay—Carquinez
Strait area is 0.75+0.60 ppm. Mercury concentrations in the sediments
of this area range from 0.10 ppm to 3.0 ppm. Table 14 is a listing of
the mean hole mercury concentrations in order of decreasing magnitude.

Mean hole mercury concentrations range from 0.32+0.11 ppm in the
sediments on the south side of the natural channel to 1.95+0.90 ppm in
the northern shallows of San Pablo Bay. Holes 20—126(25) and 2D—l25(23)
have the highest mean hole mercury concentrations of 1.95+0.90 ppm and
1.88+0.41 ppm , respectively. Both these holes have a clay content
exceeding 50 percent . The large deviation from the mean hole mercury
concentration in 2D—l26(25) is due to an exceptionally high mercury
value (3.0 ppm) at 2.5 feet below Bay bottom .

Holes 2D—ilS (31) and 2D—l14(33) located near the entrance to Mare
Island Strait and hole 2D—l23(28) at the western end of the southern San
Pablo Bay shallows have mean hole mercury concentrations that range from
0.82+0.34 ppm to 1.03+1.2 ppm. The high mean hole concentrations can be
expected , due to the high clay content (36 to 40 percent). The large
deviation from the mean hole value in 20—115(31) is the result of one
sample at 8 feet below Bay bottom having a mercury concentration of 2.4
ppm. This sample has a sand content of only 4 percent.

Holes 20—128(26) and 2D—l27(l9) at the western end of the natural
channel , hole 2D—ll9(29) on the south side of Carquinez Strait , and hole
2D—l20(l7) at the eastern end c~f the southern shallows have mean hole
mercury concentrations greater than 0.80 ppm with large standard devia-
tions. The sand content of the sediments in these holes is fairly large
and the mean hole clay content is less than 25 percent. The deviations
from the mean hole mercury concentrations are all greater than 50
percent and are due primarily to the surface sediments being enriched
with mercury . The two deepest samples in hole 2D—ll9(29) have mercury
concentrations between one and two parts per million , yet the sand
content of these samples is greater than 35 percent.

Hole 2D—116(32) in Mare Island Strait and 2D—ll7(35) on the north
side of Carquinez Strait have lower mercury concentrations than would be
expected by the fine sediments. Hole 2D—l32(l6) with a mean sand con—
tent of 56±32 percent has a slightly greater mean hole mercury concen-
tration (0.66+0.21 ppm) than would be expected by the fairly coarse
sediments. Hole 20—129(24) also has a higher mean hole mercury concen-
tration than would be expected by the presence of the high sand content
of 70 percent.
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TABLE 14

SAN PABLO BAY—CARQUINEZ STRAIT

MEAN HOLE MERCURY CONCENTRATIONS

Mean Range % Sand % Clay
Rating Hole ppm x l0~ ppm x lO~ > 74 p <2 p

1. 2D—l26(25) 1.95+0.90 0.8—3.0 1±1 53±4
2. 2D—l25(23) 1.88+0.41 1.4—2.4 2±1 64±3

3. 20—115(31) 1.03±1.2 0.2—2.4 15±21 40±13
4. 2D—128(26) 1.0 +0.92 0.4—2.8 37+25 24+11
5. 2D—l19(29) 0.98+0.70 0.1—2.1 47+23 19+10
6. 2D—123(28) 0.86+0.36 0.5—1.3 8±14 36+11
7. 20—120(17) 0.83+0.64 0.3—1.7 28+16 24+7
8. 2D—1l4(33) 0.82+0.34 0.6—1 .5 15+11 36+8
9. 2D—127(l9) 0.80+0.78 0.3—1.7 54±16 19±5

10. 20—116(32) 0.67+0.06 0.6—0.7 1±1 49±3
11. 2D—l32(16) 0.66+0.21 0.4—0.9 56±32 21±13
12. 20—117(35) 0.66+0.11 0.5—0.8 9±2 32±6
13. 2D—13l(30) 0.63+0.06 0.6—0.7 32±33 27+14
14. 20—124(27) 0.62+0.70 0.1—1.8 

~~~~~~~~~ 
30+18

15. 2D—129(24) 0.56+0.46 0.2—1.2 70+14 11+7
16. 2D—l2l(21) 0.56+0.40 0.2—1.3 39±33 26±16
17. 20—118(34) 0.41+0.14 0.2—0.7 44+17 17±6
18. 20-130(20) 0.40+0.14 0.2—0.6 73±17 10±7
19. 2D—l64(15) 0.40+0 .08 0.3—0.5 62±17 12±5
20. 2D—133(l8) 0.36+0.09 0.3—0.5 69±15 14±8
21. 2D—122(22) 0.32+0.11 0.3—0.5 60±20 15±8
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The lowest mean hole mercury concentrations (less than 0.60 ppm)
are found at the west end of the natural and maintained channel in San
Pablo Bay . Hole 2D—118(34) has a surprisingly low mean hole mercury
con cen tra tion when compared to the mean hole concen tra tions of other
contaminants found at the hole.

Lead. The mean lead concentration in the San Pablc Bay—Carquinez Strait
area is 37.2±51.5 ppm. Lead concentrations in the sediment of this area
range from 7.0 ppm to 421 ppm. Table 15 is a listing of mean hole lead
concentrations in order of decreasing magnitude. The mean hole lead
concentrations range from 11.0+5.7 ppm on the wes t end of the na tural
channel 295.3±142.8 ppm at the entrance to Mare Island Strait.

Mean hole lead concen tra tions , like the other contaminants, are
generally associated with the mean sand—clay content of the holes. The
major exceptions to the sand—clay content — lead concentration relation-
ship are holes 2D—l15(31) and 2D—l14(33) near the entrance to Mare
Island Strait; 2D—l19(29) and 2D—l18(34) on the south side of Carquinez
Strait; and 2D—123(28) at the west end of the southern shallows.

Hole 2D—115(31) at the entrance to Mare Island Strait has extremely
high lead concent rations ranging from 140 ppm to 421 ppm. The surface
sample at this hole has a sand content of 40 percent, yet has the
highest lead value found in the San Pablo Bay—Carquinez Strait area.
Hole 2D—11.4(33) located to the east of 2D—llS (3l) on thtr north side of
Carquinez Strait has a mean hole lead concentrati n of 47.,+4.5 ppm.
The distrib ution of lead is very uniform with depth , as is indica ted by
the deviation from the mean. Holes 20—119(29) and 2D—l18(34) on the
sou th side of Carq uinez Stra it have excep tionally h igh mean hol e lead
concentrations when compared to the mean sand content of the holes.
Hole 20—123(28) in the western southern shallows of San Pablo Bay is
comprised of very fine sedimen t (mean sand content 8±4 percen t ) ,  yet the
mean hole lead concentration is only 28.6±17.6 ppm. The large deviation
from the mean hole lead concentration in 2D—l23(28) is due to high lead
levels in the extremely fine surface sediment. The two deepest samples
of this hole at depths greater than 15 feet below Bay bottom are even
finer than the surface sediment (sand content of 0 percent); however ,
the lead content is only 21 ppm.

Zinc. The mean zinc concentration in San Pablo Bay—Carquinez Strait
area is 111.4+53.0 ppm. Zinc concentrations in the sediment of this
area rang e f r om 38 ppm to 328 ppm. Table 16 is a listing of the mean
hole zinc concentrations in order of decreasing magnitude. The mean
hole zinc concentrations range from 287±46.8 ppm at the entrance to Mare
Island Strait to 55.4±21.2 ppm on the north side of the entrance to
Carquinez Strait .
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TABLE 15

SAN PABLO BAY—CARQUINEZ STRAIT

MEAN HOLE LEAD CONCENTRATIONS

Mean Range 2 Sand 7. Clay
Rating Hole ppm ppm >74 p -2 ~

1. 2D—ll5(31) 295.3±142.8 140—421 15±21 40±13

2. 2D-.1l6(32) 64.7±5.1 59—69 1+1 49+3
3. 20—114(33) 

~~~~~~~~~~~~~~~ 
42—55 15+11 36+8

4. 2D—119(29) 46.2±20.3 22—67 47+23 19+10
5. 20—117(35) 44.6±9.6 32—55 9+2 32-1-6

6. 2D—1l8(34) 38.0+10.0 26—58 44±17 17+6
7. 2D—126(25) 35.5+14.1 19—53 1+1 53+4
8. 2D—l25(23) 34.0+10.2 24—48 2+1 53+3

9. 2D—l31(30) 29.0±1.7 27—30 32±33 27±14
10. 2D—123(28) 28.6+17.6 15—59 8+4 36+11
11. 2D—120(17) 27.7+17.3 17—62 28+16 24±7
12. 2D—l32(l6) 26.6±13.4 16—48 56±32 21±13
13. 2D—121(2l) 24.3±14.0 12—54 39+33 26±16
14. 2D—124(27) 22.8±6.7 14—30 34+34 30±18
15. 2D—l27(l9) 22.0+8.7 17—32 54+16 19+5
16. 20-133(18) 21.8+16.4 14—51 69+16 14+8
17. 2D—128(26) 20.7±9.4 13— 39 37±25 24±11

18. 2D—l30(20) 17.2±3.7 12—22 73+17 10±7
19. 2D—l22(22) 16.0±2.9 14—21 60+20 15+8
20. 2D—164(15) 12.8±1.0 12—14 62+17 12+5
21. 2D—129(24) 11.0±5.7 7—21 70±14 11+7
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The mean hole zinc concentrations are generally associated with the
sand—clay content as is shown in Table 16. Holes 20—115(31) and 2D—
114(33) near the entrance to Mare Island Strait have very high zinc con-
centrations . The highe st sample zinc concen tra t ions in these two holes
are associated with the coarsest sediment near the surface. The deeper
sediments also have high zinc levels, hut these sediments are fine with
less than ten percent sand content . Hole 20—119(29) located across
Carquinez Strait from the entrance to Mare Island Strait has very high
zinc concentrations when compared to the sand—clay content. For in-
stance , at a depth of 2.5 to 5.0 feet below Bay bottom with a sand
content of greater than 35 percent , the zinc level is greater than 180
ppm. Holes 20—126(25) and 2D—125 (23) located in the northern San Pablo
Bay shallows have zinc levels ranging from 86 ppm to 179 ppm. Z inc
levels in these two northern shil low s ’ holes decrease uniformly with
dep t h.

The hi ghest zinc concentrations in the San Pablo Bay—Carquinez
Strait area were found it the entrance to and in Mare island Strait ; on
the south side of Carquinez Str a it opposite the entrance to M:ir&- Island
Strait and on the north side of Carquinez ‘-s t rait; in the northern shal-
lows of San Pablo Bay; and at the western end of the southern shallows.
With the exception of hole 2D—119(29), the sediments in these areas are
the finest in the San Pablo Bav-Cirquine z Strait area , rarely having
sand contents exceeding IS percent. In most c ises the vertical dis-
tribution of zinc is very errati c regardless of the uniformity or
herogenity of the sediment in these holes. The lowest zinc levels in
these holes range from S-’.—~~36 ppm and the high levels range from 175—328
ppm.

Intermediate mean hole zinc concentrations between 90 ppm and 112
ppm were found in the sediments of the western end of the natural chan-
nel . the navigation channel , east end of the southern shallows, and on
the south side of Carquinez Strait opposite Southampton Bay . The
vertical distribution of zinc in the sediment of these areas is also
quite erratic with sample zinc levels ranging from a low of 61—84 ppm to
a high of 107—179 ppm. The sediments in these areas are much coarser
and hetr ogenious than the preceding areas.

The lowest zinc levels were found ~it the eastern end of the natural
channel and on both sides of the entrance to Carquinez Strait. The
sediments in these areas are generally the coarsest and most uniformly
distributed in the San Pablo Bay—Carquinez Strait area. Correspond-
ing ly. the zinc levels are lower with a lesser deviation within holes.
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TABLE 16

SAN PABLO BAY—CARQUINEZ STRAIT

MEAN HOLE ZINC CONCENTRATIONS

Mean Range % Sand % Clay
Rating Hole ppm ppm .74 p

1. 20—115(31) 287.0+46.8 236—328 15±21 40±13

2. 20—116(32) 187.0±3.2 184—190 1±1
3. 2D—114(33) 164.0+9.1 151—176 15±11 36±8

4. 2D—l23(28) 150.4±36.2 89—175 8±4 36+11
5. 20—119(29) 145.3±47.5 84—197 47±23 19±10
6. 2D—l17(35) 139.2±33.5 100—181 9+2 32±6
7. 2D—l26(25) 135.0+44.6 86—179 1+1 53±4
8. 2D—l25(23) 120.8+37.8 90—175 2+1 53+3

9. 2D—l24(27) 112.0+48.6 70—176 
~~~~~~~~~ 

30±18
10. 2D—121(2l) 104.9+38.4 63—179 39+33 26±16
11. 2D—ll8(34) 104.6+18.8 79—136 44+17 17+6
12. 2D—l64(l5) 98.5+10.1 84—107 62±17 12±5
13. 20—120(17) 96.3+28.3 65—139 28+16 24+7
14. 20—128(26) 92.0+21 61—126 37+25 24±11
15. 20—127(19) 89.7±26.3 73—120 54±16 19+5

16. 20—122(22) 74.2+12.3 54—86 60+20 15±8
17. 2D—129(24) 69.2+13.6 56—91 70+14 11±7
18. 2D—l31(3O) 66.7±5.7 62—73 32+33 27+14

19. 20—132(16) 61.4+25.1 38—99 56±32 21±13
20. 2D—130(20) 59.6+13.4 48—82 73±17 10±7
21. 20—133(18) 55.4+21.2 44—93 69±16 14±8
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Cadmium. The mean cadmium concentration in San Pablo Bay—Carquinez
St rait area is 0.75+0.42 ppm. The cadmium concentration in the sedi-
ments are highly variable ranging from 0.1 ppm to 1.8 ppm. Table 17 is
a listing of the mean hole cadmium concentrations in order of decreasing
magnitude. The highest mean hole cadmium concentration (1.57+0.15 ppm)
was found at the entrance to Mare Island Strait. The lowest mean hole
concentration (0.40+0.21 ppm) was found on the east end of the natural
channel. The most variable cadmium concentrations were found in hole
20—118(34) on the south side of the eastern end of Carquinez Strait
where the cadmium levels ranged from 0.6 ppm to 1.8 ppm.

Generally , the mean hole cadmium concentrations in Table 17 follow
the mean hole sand content. Holes 2D—ll5(3l) and 20—114(33) have higher
zinc levels than would be expected by their sand content. Holes 20-
118(34) and 20—128(26) also have high mean hole cadmium concentrations.
Hole 2D—l18(34) with a mean sand content of 44—17 percent has a mean
hole cadmium concentration of 1.04+0.34 ppm. The highest sample cadmium
concentration in San Pablo Bay—Carquinez Strait area (1.8 ppm) was found
in this hole. This sample is located at a depth of 2.5 feet below Bay
bo ttom and has a sand con ten t of 32 percent. Hole 2D—123(28) located on
the western end of the southern shallows has extremely low cadmium con-
centrations when compared to the sand content of the hole (8±4 percent).
The surface sample of 2D—l23(28) with a sand content of two percent is
somewhat enriched with cadmium (0.8 ppm); however, at a dep th of 18 fee t
the sand content is zero and the cadmium level is only 0.4 ppm.

The highest mean hole cadmium concentrations are found in Carquinez
Strait , Mare Island Strait , eastern northern and southern shallows, and
the north side of the western end of the natural channels. Cadmium
levels in Mare Island Strait 20—116(32) and holes 20—115(31), 2D—114(33)
and 2D—1l7(35) on the north side of Carquinez Strait are consistently
high wi th concen tra tions ranging from 1.0 ppm to 1.7 ppm. The surface
samp ling 2D—128(26) at the northwest end of the natural channel has a
cadmium concentration of 1.4 ppm and a sand content of four percent.
The two deepest samples (18 to 22 feet below Bay bottom) have a sand
content of grea ter than 50 percen t, yet the cadmium levels are 1.0 ppm.
These two samples are responsible for the high cadmium rating (#6) for
2D—128(26). Hole 20—125(23) in the eastern northern shallows of San
Pablo Bay has the greatest deviation from the mean cadmium concentra—
tion . This is due to the surface sample being enriched with cadmium
(1.5 ppm). The deeper samples of 2D—l25(23) have cadmium levels between
0.5 ppm and 0.8 ppm. Hole 20—120(117) in the eastern southern shallows S

has cadmium levels ranging from 0.5 ppm to 1.1 ppm.

Intermediate mean hole cadmium concentrations with mean hole
cadmium concentrations ranging from 0.75+0.1 ppm to 0.53+0.21 ppm were
found in the maintained naviga tion channel , the wes tern end of the
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TABLE 17

SAN PABLO—CARQUINEZ STRAIT

MEAN HOLE CADMIUM CONCENTRATIONS

Mean Range 2 Sand % Clay
Rating Hole ppm ppm > 74p <2~

1. 2D.-1l5(31) 1.57+0.15 1.4—1.7 15+21 40±13
2. 2D—l14(33) 1.48+0.08 1.4—1.6 15+11 36+8
3. 2D—l16(32) 1.47+0.06 1.4—1.5 1+1 49+3

4. 20—117(35) 1.14+0.11 0.0—1.3 9+2 32+6
5. 2D—1l8(34) 1.04+0.34 0.6—1.8 44+17 17+6
6. 20—128(26) 0.97+0.24 0.7—1.4 37+25 24±11

7. 2D—l25(23) 0.88-1-0.43 0.5—1.5 2+1 53+3
8. 2D—l20(l7) 0.7740.23 0.5—1.1 28+16 24+7
9. 2D—l64(l5) 0.7540.1 0.7—0.9 62+17 12±5
10. 2D—l26(25) 0.73+0.34 0.4—1.2 1+1 53±4

11. 2D—l27(l9) 0.63+0.06 0.6—0.7 54±16 19+5
12. 20—124(27) 0.62+0.16 0.4—0.8 34+34 30+18
13. 2D—119(29) 0.58+0.21 0.2—0.8 47+23 19+10
14. 2D—l33(18) 0.58+0.11 0.5—0.7 69+16 14+8

15. 2D—l29(24) 0.54+0.27 0.3—1.0 70±14 . 11±7
16. 20—123(28) 0.54+0.15 0.4—0.8 8+4 36+11
17. 2D—131(3O) 0.53+0.21 0.3—0.7 32±33 27±14

18. 20— 130(20) 0.46+0.09 0.3—0.5 73±17 10±17
19. 2D—12l(2l) 0.44+0.18 0.3—0.8 

~~~~~~~~~ 
26±16

20. 20—132(16) 0.40+0.12 0.3—0.6 56±32 21±13
21. 20—122(22) 0.40+0.21 0.1—0 .6 60±20 15±8
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northern and southern shallows, southeast end of the natural channels,
and the north and south side of the entrance to Carquinez Strait.
Except for holes 2D— l26(25) in the western southern shallows and 20—
129(24) on the northeastern side of the natural channel , all sample
cadmium levels are less than 1.0 ppm.

The lowest cadmium levels with mean hole concentrations ranging
from 0.40+0.2 1 ppm to 0.46+0 .09 ppm were foun d on the southwestern side
of the na tural channel and one hole 2D—l32(l6) on the north side of the
entrance to Carquinez Strait.

Copper. The mean copper concentration in San Pablo Bay—Carquinez Strait
area is 34.3+15.0 ppm. Copper levels in the sediment range from 11 ppm
to 78 ppm. Table 18 is a listing of the mean hole copper concentrations
in order of decreasing magnitude. The mean hole copper concentrations
range from 16.0+5.3 ppm on the west end of the navigation channel to
61.0+1 ppm in Mare Island Strait.

The highest mean hole copper concentrations are found in Mare
Island Strait and north side of Carquinez Strait. The copper levels in
holes 20—116(32), 20-115(31), 2D—1l7(35), and 20—114(33) are uniformly
high with the deivation from the mean concentration being less than 12
percent.

Intermediately high mean hole copper concentrations between 34 ppm
and 41 ppm were found in the northern and southern shallows of San Pablo
Bay , margin of the natural channel (south side), and the fur thest hole
to the east on the south side of Carquinez Strait. The copper levels in
these areas are much more variable than Mare Island Strait and north
side of Carquinez Strai t .  Hole 2D—l2 1(2 1) on the margin of the natural
channel has ext remely high copper levels in the surface sediment. The
highest sample copper concentration of 78 ppm was found in the surface
sample of this hole and is associated with a sand content of 17 percent .

-
. At depths greater than ten feet below Bay bottom the sediment abruptly

becomes coa rser (greater than 60 percent sand) and the copper levels
correspondingly decrease to 15 ppm. Holes 20—125(23) and 20—126(25) in
the northern San Pablo Bay shallows have similar range in copper levels,
decreasing from 50 ppm at the surface to 30 ppm at near 15 feet below
Bay bottom.

The lowest mean hole copper concentrations are found in the natural
and maintained navigation channel in San Pablo Bay and at the entrance
to Carquinez Strait. Sample copper concentrations in these areas range
from 12 ppm to 41 ppm.
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TABLE 18

SAN PABLO BAY—CARQIJINEZ STRAIT

MEAN HOLE COPPER CONCENTRATIONS

Mean Range 2 Sand % Clay
Rating Hole ppm ppm >74 p

1. 20—116(32) 61.0+1 60—62 1±1 49±3

2. 20—115(31) 57.3+7.2 49—62 15+21 40+13
3. 20—117(35) 51.2+6.8 41—57 9+2 32+6
4. 2D—114(33) 51.0+4.1 43—54 15±11 36±8

5. 20—121(21) 41.0±23.4 15—78 39+33 26+16
6. 2D—125(23) 39.5+6.6 34—49 2+1 53+3
7. 20—118(34) 39.1±8.6 28—54 44±17 17+6
8. 20—123(28) 38.8+18.5 25—71 8+4 36±11
9. 2D—126(25) 37.3+6.9 30—46 1±1
10. 20-120(17) 34.2±8.1 24—45 28±16 24±7

11. 20-131(30) 32.7±12.7 18—41 3Z±33 27±17
12. 20—164(15) 31.5+6.0 26—40 62±17 12±5
13. 2D—ll9(29) 29.7±9.5 13—37 47+23 19±10

• 14. 2D—132(l6) 29.0+19.8 11—60 56+32 21±13
15. 2D—l24(27) 27.8+10.3 13— 39 34+34 30±18
16. 20—129(24) 26.6+5.3 20—32 70+14 11±7

17. 20—122(22) 23.6±3.9 18—27 60±20 15±8
18. 20—133(18) 22.4±10.7 14—41 69±16 14+8
19. 2D— l30(20) 19.2+6.1 12—27 73+17 10+17
20. 2D—l28(26) 18.0+4.2 14—26 37+25 24+11
21. 20—127(19) 16.0+5.3 12—22 54+16 19±5
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SUMMARY

Con taminant levels with in the San Pablo Bay—Carquinez Strait area
vary widely both spatially and temporally. The surface sediments gen-
erally have higher legels with most of the nine contaminants. There
does not appear to be any discernable pattern in the distribution of
contaminants with depth, primarily because of the vast changes in the
nature of sediments with depth. There does appear to be a definite
relationship between contaminant levels and sediment type (particle
size) which is reflected in both the vertical and horizontal distri-
bution of contaminants. However, this relationship is not absolute and
other factors such as proximity to the sources of contaminants, rate of
shoaling, rate of contaminant input , and association of con taminan ts to
other parameters such as organics and other contaminants most probably
play a role in the distribution.

The most distinguishable pattern in levels of contaminants in the
San Pablo Bay—Carquinez Strait area can be seen in the spatial distri-
bution of contaminants in the surface sediments (Figures 25—29), espe-
cially in San Pablo Bay proper. From the entrance to Carquinez Strait,
the contaminant levels increase in a westward direction to a point
opposite Pinole Point where the levels begin decreasing toward San Pablo
Strait .  Moving across San Pablo Bay the contaminant levels are highest
in the northern and southern shallows and decrease toward the natural
and navigation channel. This pattern of distribution of contaminants
closely reflects the current energy environment of the area, and thus,
the types of sediment that will be deposited . The coarsest sediments
which are generally associated with the lowest contaminant levels in the
surface sediments are also associated with the greatest energy of depo-
sition areas. These high energy areas are located in the natural
channel and maintained navigation channel of San Pablo Bay proper .
Moving towards the flanks of the natural channel and onto the northern
and southern shallows the current energy decreases, the sediments become
f i ner and the contaminant levels become greater.

The vertical distribution of contaminants in the San Pablo Bay—
Carquinez Strait area is very erratic. Generally , the highest contami-
nant levels are associated with the finest sediments. Where the sand
and clay content of the sediment varies widely with depth , the contami-
nant levels also vary greatly. The higher contaminant levels in the
holes are normally associated with the finer sediments. The vertical
distribution of contaminants were compared in terms of the mean hole
contaminant concentrations and standard deviations from the mean. This
method provided a means of rating the holes as to their relative con-
taminant levels. The standard deviation from the mean contaminant
concentrations provided a method to show how the contaminant levels
varied within individual holes. Comparison of mean hole sand content
permitted an evaluation of the relationship between particle size and
contaminant levels.
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Two general trends in the vertical distribution of contaminants
become apparent from this method of analysis (Tables 10—18). First ,
where there is a large deviation from the mean hole sand or clay con-
tent , there is also a large deviation from the mean hole contaminant
concentration. Second, the contaminant levels are generally associated
with the particle size of the sediment. These two trends are related in
that the deviation from the mean hole sand or clay content is indicative
of the degree of vertical homogenity of the sediment in the hole. Thus,
where sediments are uniform with depth the contaminant levels are also
uniform or where fine and coarse sediments are inter—bedded , high con-
taminant levels are associated with the fine sediment and low contam-
inant levels are associated with coarse sediment.

For discussion purposes the San Pablo Bay—Carquinez Strait area is
divided into sub—areas based on geographical location, similar ities in
physical characteristics of the sediments, and the vertical distribution
of contaminants in the sediments. These sub—areas include: Mare Island
Strait and the northern shallows of San Pablo Bay ; channel marg ins of
Carquinez Strait; southern shallows of San Pablo Bay; entrance to
Ca rquinez Strai t ; and , the natural  and maintained channel in San Pablo
Bay.

Mare Island Strait and Northern Shallows of San Pablo Bay

Three holes were drilled in this area : 20—116(32) in Mare Island
Strait , and 2D—125(23) and 2D—126(25) in the northern shallows of San
Pablo Bay . Mare Island Strait is characterized as an uniformly low
energy environment of deposition. Wind—wave action and current velo-
cities are very low. The sediments are very fine clayey silt and are
uniformly distributed with depth. Mare Island Strait experiences very
high rates of shoaling. The sediments of the northern shallows of San
Pablo Bay are as fine or somewhat finer (silty clay) than in Mare Island
Strait. The northern shallows, however, are characterized as a moderate
wave—low current energy environment. Like in Mare Island Strait , the
fine sediments are uniformly distributed with depth. The northern

4 shallows are normally though t of as a holding area for  sediments brought
down in suspension from the discharge of the Sacramento—San Joaquin
River system. These sediments brought down during the winter season are
temporarily deposited in the northern shallows during periods of calm.
When wind—wave action increases during the spring and summer months
these sediments are resuspended and moved into the natural channel by
the slow moving currents, where some are deposited in the natural chan-
nel , some are moved back into Carquinez and Mare Island Strai ts , and
some sedimen ts are moved down into Central Bay. Current velocities in
the northern shallows are not great enough to transport coarser sedi-
ments from the natural channel onto the shallows. Constant wind—wave
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action in the spring—summer months and periodically during the winter
mix the f ine sediments uniformly with depth. The northern shallows area
differs from the Mare Island Strait area in that the fine sediments of
the northern shallows are constantly worked by wave action , whereas the
tranquil conditions in Mare Island Strait does not develop enough energy
to disturb the sediments.

Typical distributions of contaminants in Mare Island Strait and the
northern shallows of San Pablo Bay are shown in Inclosures 4—38 and 4—
27. The sediments of Mare Island Strait and northern shallows of San
Pablo Bay, along with the sedimen ts of the nor th channel margins of
Carquinez Strait , have the highest contaminant levels in the San Pablo
Bay—Carquinez Strait area. Contaminant levels in sediments of Mare
Island Strait are uniformly distributed or slightly increase with depth ,
whereas contaminant levels in the sediments of the northern shallows of
San Pablo Bay generally decrease with dep th. On the whole , the sedi-
ments of Mare Island Strait have higher contaminant levels than the
sediments of the northern shallows of San Pablo Bay. However , volatile
solids and oil—grease levels are about the same, and mercury levels in
the northern shallows of San Pablo Bay are substantially greater.

Channel Margins of Carguinez Strait

Five holes were drilled in this area ; 2D—114(33), 20—115(31) and
20—117(35) on the north side of the Strait; and , 2D—118(34) and 20—
119(29) on the south side. The channel margins of Carquinez Strait are
characterized as an intermittent current energy and wave energy envir-
onmen t of rela tively low magnitude. Sedimentary deposits on the north
side of the strai t are comprised principally of clayey silt and silty—
sandy—clay material , with bedding of a relatively gross nature. On the
south side of the strait the sediments are coarser, vary ing from a sand
to silty sand material that is relatively uniformly distributed with
depth. The environment of deposition of the south side of the strait
has been grea ter and more uni form than on the nor thern side of the
Strait.

Typical dis tr ibutions of con taminan ts in the channel marg ins of
Carqulnez Strait are shown on Inclosures 4—37 and 4—41. The contaminant
levels along the margins of the strait are exceedingly high when compared
to the relatively coarse sediments. Hole 20—115(31) near the entrance
to Mare Island Strait has the highest volatile solids, oil—grease , lead ,
z inc , cadmium and copper levels found in the San Pablo Bay—Carquinez
Strait area. Exceedingly high levels of these con taminan ts are found
even in the coarser silty—sand y—clay surface sediments. There is also a
large fluctuation of contaminant levels with depth . Hole 2D—l18(34) has
the highest levels of chemical oxygen demand and total Kjeldahl nitrogen ,
even though the sediments are a silty sand and sandy silt material.
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Southern Shallows of San Pablo !

Three holes were drilled in this area ; 20—120(17), 20—121(21) and
2D—123(28). The area is characterized as an intermittent current energy
and wave energy environment of moderate magnitude. The sediments vary
from clayey silt to sandy silt with very gross bedding. These sediments
are much coarser than those found in the northern San Pablo Bay shallows
and are much more hetrogeneous.

Typical distributions of contaminants in the southern shallows are
shown on Inclosures 4—33 and 4—24. Except for chemical oxygen demand ,
contaminant levels are much lower than in the northern shallows of San
Pablo Bay, but are higher and more variable than in the natural channel
area.

En trance to Car guinez Stra it

Three holes were drilled in this area; 20—131(30) on the south
side , and 20—132(16) and 2D—l33(l8) on the north side of the entrance .
The area is characterized as a low wave energy and moderately high
current energy environment. The sediments are generally coarse , varying
from sand to silt—sand—clay material. Some clayey silt material is
present.

Inclosures 4—21 and 4—36 are typical distributions of contaminants
at the entrance to Carquinez Strait . The contaminant levels are low and
are fa irly un if orml y distributed with depth.

Natural and Mai ntained Channel in San Pablo Bay

Seven holes were drilled in this area ; 20—129(24), 20—130(20), 20-
122(22) and 20—164(15) on the east end of the natural channel; and , 20—
124(27) , 20—127(19) and 20—128(26) on the west end . The area is pre-
dominantly a current energy environment , decr easing in magn itude towards
the west. ~he sediments on the east end of the natural channel are
predominantly sand and silty sand and are fairly uniform with depth.
Towards the west end of the natural channel the sediments become finer
with greater percentages of silt and clay.

Typical distributions of contaminants in the natural channel are
found on Inclosures 4—23 and 4—30. The lowest contaminant levels in the
San Pablo Bay—Carquinez Strait area are found in the natural and main-
tained channel. Contaminant levels are higher at the western end of the
channel due to the finer sediments.
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SAN PABLO STRAIT-BERKELEY FLATS

DESCRIPTION

The San Pablo Strait—Berkeley Flats area shown on Figure 30 en-
compasses the major portion of Central San Francisco Bay. The major
features of this area are San Pablo Strait connecting San Pablo Bay with
Cen tral Bay , Berkeley Flats and Southampton Shoal on the eastern side of
Central Bay , San Rafael and Corte Madera Flats on the west side of
Central Bay , and Richmond Channel and West Richmond Channel divid ing the
western shallow areas from the eastern shallow areas.

San Pablo Strait is a 1.6 mile wide natural channel interconnecting
San Pablo Bay with Central San Francisco Bay. Powerful currents flowing
through this constricted pass have eroded and maintained an elongated
scour hole to dep ths as great as 128 feet below MLLW. The strait is a
cond uit f or tr ans fe r r ing and mixing San Pablo Bay brackish wa ter with
more saline Central San Francisco Bay water. The submarine configura-
tion of San Pablo Strait is a key geographic feature influenc ing both
tidal hydraulics and current circulation patterns within the Bay system.

Richmond and West Richmond Channels are extensions to San Pablo
Strait. Richmond Channel is relatively shallow and narrow compared to
West Richmond Channel. Richmond Channel is interrupted by the shallow
Southampton Shoal. West Richmond Channel connects the deep water of San
Pablo Strait to the deep Central Bay and the Golden Gate. These chan-
nels are the major exchange routes of water of North , Central and South
San Francisco Bay and the ocean outside the Golden Gate .

Berkeley Flats is a shallow water area consisting of extensive
intertidal and subtidal mudflats. Berkeley Flats is within the seven
mile long east shore of Central San Francisco Bay bounded by Oakland
Outer Harbor Channel in the south and Richmond Harbor Channel in the
nor th . Berkeley F l a t s  ( includ ing the Southampton Shoal) encompasses a
s u r f a c e  area of about 20 square  mi les  or 5 percent  of the to ta l  su r face
area of the Bay system.

Richmond Harbor , an impor t an t  po r t  and indus t r ia l  complex , is
located in the extreme northern sector of Berkeley F la t s .  A dredged
channel , ma in t a ined  to a p r oj e c t  dep th  of 35 fe e t  connects  deep water  in
Cen t r a l  Bay to the harbor  and por t  f a c i l i t i e s  at Richmond .

Southampton  Shoal is an e longated shoal , 1.6 miles long w i t h  a
maximum wid th  of 2 ,400 f e e t .  The pe r imete r  of the shoal is de l imi ted  by
the 18—foot  contour . The sh oal is separated f r o m  Berkeley Flats  by a
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moderately deep natural channel. The western perimeter of the shoal is
adjacent to the major natural channel in the Bay . A navigation channel
maintained to 35 feet below MLLW has been cut through the shoal area.
This channel is infrequently dredged because naturally occurring cur-
rents scour the channel bed to authorized depths .

Corte Madera and San Rafael Flats form a shallow water area along
the western  margin  of Centra l  San Francisco Bay. These shallow areas
are much narrower than the broad Berkeley Flats. These flats are
s i tuated in two small sub—bays formed by indenta t ions  in the western
shore of C e n t r a l  Bay.  A major  creek empties into each of these small
etnbayments. Navigation channels are dredged in both San Rafae l  and
Corte Madera Creeks to provide depths suitable for navigation by light
draf t vessels.

Tide and Tidal Currents

‘
p 

Tidal for~. es are among the primary estuarine processes determining
the distribution pattern of bottom sediments in the San Pablo Strait—
Berkeley Flats area. Both the vertical and horizontal components of the
tide have specific , identifiable effects on sedimentation rates in
different parts of the Bay. The vertical rise and fall of the tide in
San Pablo Strait and Berkeley Flats area has a mean range of 5.9 feet.
This means about 8 square miles of inter—tidal flats are exposed at mean
lower low water. The duration of the ebb between HI-LW and subsequent LLW
is greater than any other ebb—flow period of the semi—diurnal tidal
cycle. The vertical rise and fall of the tide regulates effective dei’th
of wind—wave action (wave base). Advance and recedence of the tide
orresnonding with the semi—diurnal t idal fluctuation determines to wha t

extent the bottom sed iments are subject to erosion , resuspension and
transportaton by wind—wave action .

Tidal current velocities vary with location within the study area ,
as well as vertically through the water column . Maximum current velocities
occur in the deep water channels. In San Pablo Strait flood currents
reach maximum velocities of 2.4 knots at the surface and 1.2 knots near
the bottom. Ebb currents reach maximum velocities of 3.2 knots at the
surface and 1.5 knots near the bottom . Tidal current velocities in the
shallow areas such as Berkeley Flats are much less than in the channels
and rar ely exceed 1.5 knots during the flood or ebb .

Southampton Shoal is a submarine feature formed and maintained by
tidal currents. Currents setting over the Shoal are competent enough to
winnow away clay and silt size fractions but are too weak to erode fine
sands found on the Shoal.
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Richmond Harbor navigation channels , turning bas ins and ber thing
areas of this port experience low velocity current conditions at all
depths. Studies of other harbors within the Bay system indicate a tidal
current regimen with tidal prism predominantly f i l l ing through the
bottom layers of the water column and emptying through the upper surface
sections.

Generalized surface flow circulation patterns are shown on Fi gure
31 for typical flood and ebb tidal conditions during moderate river in-
flow. Central San Francisco Bay is a mixing zone for two distinct water
masses: brackish and fresh water from upstream bays and saline water
from the ocean. Turbulent mixing is caused by convergence and diver-
gence of currents , current bed friction , interna l shearing across saline
and brackish water boundaries and wind and wave action.

Maximum tidal current velocities in San Pablo Strait occur two
hours later than in the southern part of Berkeley Flats and over one
hour later than at the Golden Gate. As a consequence of the phasing
differences the ebb current in North and Central Bay continues to f low
after the tidal current has begun to flood at the Golden Gate and in
South Bay . The f lood c u r r e n t  f r o m  the Golden Gate  converges w i t h  the
s t i l l  ebbing waters  in the Berkeley Flats area , d r i v i n g  the ebb f low
against  the east  shore of Cen t r a l  Bay and causing the last  stages of the
ebb to merge and mix w i th  the f lood  e n t e r in g  f r o m  the Golden Gate  and to
f low into South Bay . The convergence zone of these two wa te r  masses are
shown on Figure  32 .

Tidal f low Is concen t r a t ed  in the deepwater  channels. However ,
dur ing  the in i t i a l  f lood  phase , there is a convergence  of the east
northeast setting flood current with the south setting ebb. The colli-
sion e f f e c t  of t h i s  convergence causes eastward d i sp lacemen t  of the
combined ebb t’low and r i v e r  i n f l o w .  This  convergence  causes the south
s e t t i n g  c u r r e n t  to meander over the  we s t e r n  edge of B er k e l ey  F l a t s .
These c u r r e n t  lines ( i n t e r fa c e s  between d i s t i n c t  s u r f a c e  c u r r e n t s )
indica te  the locat ion of s epa ra t e  w at e r  masses moving sou th  across
Berkeley F la t s .  At l a te r  stages of the  t i d a l  cycle , d u r i n g  maximum
flood , as the f lood c u r re nt  sets eas t  over B e r k e l ey  F l a t s  ii causes
setup on the Berkeley shore and a d ive rgence  zone develops west of
Berkeley Mar ina . P a r t  of the f lood f lows  n o r t h  over the f l a t s  and
alongshore b e f o r e  e n t e r i n g  San Pablo Bay.  There are  small convergence
zones near Richmond Inner Harbor and P t .  Richmond . The o ther  p o r t i o n  of
the diverging f lood sets south over the Flats and alongshore before

p 
entering South Bay via the pass between Yerba Buena Island and the
Oakland Mole (Toll Plaza).

Ebb currents move south and west over Berkeley Flats. The pre-
dominant flow moves west through the gap between Angel Island and
Alca t r az  Is land b e f o r e l eav ing the  sys tem th roug h the  Golden  Gat e .  Some
ebb f low f rom South Bay sets n o r t h  be tween t h e  Yerba Buena—O akl and  M ole .
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The main component of the ebb flow from South Bay is funneled north and
concentrated on the west side of Yerba Buena Island. Features such as
Point Richmond, Brooks Island , Berkeley and Emeryville Yacht Harbors set
off low velocity gyres.

Circulation in the study area is multi—level and bidirectional.
Density currents due to difference in salinity occur at depth in the
channels. The directional predominance of these currents is upstream
along the bottom which reinforce flood magnitude and increases flood
duration. A difference in salinity of only a few parts per thousand is
enough to drive this type of current (Ref. 23). In shallow areas, where
the wave base reaches the bottom as is frequently the condition over
Berkeley Flats, wind and wave action causes turbulent mixing throughout
the water column which destroys salinity gradient and the potential for
this type of current.

During winter freshets, salinity currents are highly developed in
• the deep water channels. Simmons (Ref. 13) describes these sector s of

the Bay as well mixed for most of the year but becoming partly mixed
with stratified bidirectional flows occurring with flood predominance at
the bottom during freshet conditions. Salinity gradient varies directly
with freshwater inflow and water column depth.

Wind and Wave Action

Two distinct wind and wave action seasons occur annually in the Bay
area. During the spring—summer period, strong, gusty westerly winds are
funneled through the Golden Gate onto Berkeley Flats. These prevailing
westerlies occur with diurnal regularity. Mornings are generally calm.
Winds begin to blow onshore in the late morning increasing in velocity
after mid—day and reaching maximum force in mid—afternoon. This pattern
with its strong onshore component is controlled by location and inten-
sity of the North Pacific high pressure cell and the smaller low pres-
sure system over the Central Valley.

Waves generated by these summer winds are steep , short period
unstable forms. On windy summer afternoons, breaking waves occur over
the entire surface area of Berkeley Flats. Waves of three to six feet
are known to occur over these shallows. The flats are a high wave
energy zone in the Bay. The horizontal surge and turbulent shear forces
associated with this wave climate are predominate mechanisms which have
formed and maintained the subtidal flats. Prevailing westerly winds
drive surface waters downwind and pile these waters onto the Berkeley
Flats. These diurnal wind—drift currents transport sediments suspended
by wave action shoreward. This onshore flow of water and wind setup
generate compensating current movement. These currents manifest them-
selves in two forms: longshore currents flowing north and south along
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the perimeter of the Flats and subsurface currents flowing offshore
along the bottom. The longshore component of these currents Is greater
than the bottom currents because wind action over these shallows tends
to re ta rd  development of subsur face  f low .

The western shoreline of Central Bay is protected from the pre-
vailing westerly winds during the spring and summer months. Wave action
in Corte Madera and San Rafael Flats is greatly subdued and wind—wave
resuspension of sediments  dur ing  spring and summer is small In compari-
son to Berkeley Flats  on the eastern shore .

Dur ing  the winter  season , winds are general ly o f f sho re  wi th  fre-
quent calm periods prevailing. These offshore Santa Ana winds generally
blow from the  nor th  and nor theas t .  They or ig ina te  in the high pressure
cells situated over the Centra l Valley of California and the Great Basin
area between the S i e r r a  Nevada and Rock y Mounta ins . These winds  develop
wind—drif t currents moving surface waters of Berkeley Flats offshore.
This downwind movement of surface waters triggers a compensating current
movement onshore of bottom water layers.

This winter period regimen of offshore winds and calms is inter-
rupted by periodic low—pressure storm systems passing west to east over
the Bay. These winter storms generate powerful southerly winds which
sweep across the open expanse of Berkeley Flats from South Bay producing
sizable waves as well as north setting surface currents. These rela-
t ive ly short duration storms resuspend bottom sediments making them
available to be flushed out the Bay by freshet flows . Wave action is
also responsible for  homogenizat ion of bottom sediments  and c o n t a m i n a n t s ,
and preferentially winnowing of certain sediment size fractions.

Sediments and Depositional Characteristics

Sed iments of the San Pablo Strait—Berkeley Fla ts area are sim i lar
to those found elsewhere in San Francisco Bay. Sediments e n t e r i n g  the
Bay system undergo a series of temporary stop—overs In Suisun and San
Pablo Bays before entering the San Pablo Strait—Berkeley Flats area.
The retention time in upstream embayments is controlled by the dynamic
forces previously discussed .

Histor ical sedimen tation in Cen tral San Franc isco Bay has been
described by Smith (Ref. 9). Figure 33 is a contour map of the average
annual sediment deposition volume for the years 1855—1948, developed
from Smith’s data. The highes t shoaling ra tes have occurred along the
f lanks of the deep wa ter channels in water dep ths of ten to thir ty feet.
These areas are located along the fringes of Berkeley Flats on the east
side of Central Bay and along the fringes of San Rafael and Corte Madera
Flats on the western side. Intermediate shoal areas are adjacent the
high shoaling areas in water depths of four to ten feet. Large inter-
mediate shoal areas are located in northern Berkeley Flats , San Rafael
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and Cor te Madera Fla ts , Richardson Bay and along the San Francisco
waterfront. The deep water channels of Central Bay including Richmond
and Wes t Richmond Channels , Raccoon Strait and the Golden Gate have
shown little or no shoaling. The southern portion of Berkeley Flats has
experienced moderate to high scouring.

The channel margins in Central Bay , as in Nor th Bay (San Pablo
Bay) ,  have experienced the highes t ra tes of shoallng as a resu lt of
diminishing current and wave action. These deposition zones are too far
away f r om the channel ax is to be af f e cted by curren t genera ted erosion
and too deep to be a f f ec ted by wave generated erosion . The deep water
channels of Central Bay appear to be in approximate dynamic equilibrium
as a result of scouring action of currents. The shallow sub—tidal flats
such as Berkeley Flats also appear to be in approximate dynamic equilibrium
as a resul t of scouring by wind—wave action.

SEISMIC SUBBOTTOM RE FLECTION PROFILING

Approxi mately 66 miles of se ismic subbo ttom ref lec tion pr of iling
lines were obtained in Central San Francisco Bay as part of this study.
Subjective interpretation is based on the evaluation of seismic profiles
using the 3.5 KHz transducer system discussed previously in this report.
Inclosure 2—28 through 2—65 is the profiling tracks and interpretation
of the seismic reflection records.

Based on the seismic reflection profiles and logs of borings along
the prof iling track , the San Pablo Strait—Berkeley Flats area is sepa-
ra ted in to three general physiographic provinces; shallow subtidal flats
(0—10 feet deep), channel margins (10—3D feet deep), and deep wa ter
channel areas (greater than 30 feet deep).

Shallow Subtidal Flats

The most extensive submarine province is the shallow subtidal flats
• along the eastern and western perimeters of Central Bay . The submarine

topograp hy of the Bay floor in this province consists of low relief , mud
and mud/sand flats gradually slop ing towards the adjacen t channel marg ins
and deep water channels. The sediments in the flats are generally
classified as being part of the New Bay Mud . Logs of borings show the
bottom sediments of the flats to be almost entirely very soft , gray
silty—clay or clayey—silt with small traces of fine sand and shell
f ragments .

Figure 34a and b are typical examples of the seismic subbottom
profiling records in Berkeley and Corte Madera Flats. These two areas
differ in that the seismic reflection signal in the Cor te Madera Fla ts
area is attenuated in the first few feet of sediment with no discernable
subbottom structure while in the Berkeley Flats area the seismic ref lec—
tion records indicate extensive subbottom structure. Logs of borings
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and mechanical analysis of sediments indicate the Corte Hadera Flats
area is an uncoinpacted , dark gray clayey sediment uniformly distributed
with depth. Organic material is present in the first three feet of
sediment. The particle size distribution curves shown in Inclosure 4—1
are typical of sediments in Corte Madera Flats. The curves represent
five samples of hole 2D—l44(ll) to a depth of about 22 feet below Bay
bottom. The median particle sizes within this hole vary from 3 to 16
microns.

In contrast Inclosure 4—7 shows the particle size distribution
curves of hole 2D—l38(7) in Berkeley Flats. This hole represents six
samp les to a dep th of 21 fee t below Bay bottom . The median particle
sizes wi th in th is hole vary from 4.5 microns at the surface to 250
microns at 21 fee t below Bay bottom.

Seismic subbottom exploration of Berkeley Flats reveals the pres-
ence of a major subbottom reflection surface at 15 to 30 feet below Bay
bottom. This horizon shown on Figure 34b Is the erosional interva l
separating Old Bay Mud from the New Bay Mud . This discontinuit y is
extensive throughout Central Bay . The seismic reflection records show
tha t the eros ional surface is deepes t along the margi ns of the deep
wa ter channels and gradually slopes upwards towards the periphery of the
Bay. The erosional surface is occasionally interrupted by scattered
shell deposits.

The New Bay Mud of Berkeley Flats is represented on hole 7 h\
samples 1 through 4. The New Bay Mud is comprised of a clayey silt
material with the median particle sizes generally less than 20 microns .
The sand content Is very low. Numerous sub—horizons of alternating
layers of clayey silt and silty clay are discernable on the seismic
reflection records. The Old Bay Mud of Berkeley Flats to the depth of
bo:- ~~gs (hole 7, samples 5 and 6) is a silty—sand material with the sand
con tent varying from 30 to 80 percent.

Channel Margins

The channel margins in Central Bay form a transitional zone sepa-
rating the shallow subtidal flats from the deepwater channels . The
submarine topography of the Bay floor in this province is of moderate
relief , sloping downward towards the contiguous deepwater channels. The
sediments of the channel margins range from a silty clay material in the
shallower areas to a silty sand in the deeper areas.

Seismic subbottom reflection profiles show that the channel margins
can be fu r ther  divided Into two sub—areas . The f i rs t area includes
water depths between 10 and 20 feet below MLLW and is characterized on
the seismic reflection records as a limited penetration area. On the
western side of Central Bay this area Is a continuation of the l imi ted
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penetration areas of Corte Madera and San R a f a e l  Flats. On the western
side of Central Bay the limited penetration area grades into the highl y
structured subbottoin of Berkeley Flats. The rig ht por tion of Figure 35
is a typical example of seismic reflection records from water depths
between 10 and 20 feet.

The second area of the channel marg ins ranges generally be tween 20
and 30 feet below MLLW and is characterized on the seismic reflection
records as an area with gross subbottom structure. The left portion of
Figure 35 is a typ ical example of the seismic reflection records from
the deeper areas of the channel margins.

Tin’ sediments of the upper channel margins are a silty—clay to
clavev— silt with median particle sizes rarely exceeding 40 microns . The
distribution of sediments with depth is somewhat more variable than the
distribution in the subtidal flats. Inclosure 4—13 shows hole 2D—
142(12) located in the upper channel margins. The sediments of the
lower channel margins are much more variable with depth , rang ing from a
clavev silt to a silty sand . Inclosure 4—5 shows the particle size
distribution curves of hole 2D—141 (5) located in the lower channel
marg ins .

The upper channel margins coincide closely to the high shoaling
areas of Central Bay shown on Figure 33 ari d could account for this area
being a limited penetration area on the seismic subbottom reflection
profiles.

Southampton Shoal is a submarine feature which does not clearly
fall into any of the three major phvsiograp hic provinces hut is included
in the channel marg ins category . The shallowest area of the shoal is 18
feet below Mj,LW and is bounded by channel areas on both sides. Sedi-
ments forming the shoal are almost entirel y sand .

Fi gure 36a is an examp le of the seismic reflection records of
Southampton Shoal. The seismic refl ecti on records in this area are of
good quality with fairly deep penetration. \‘ery little structure is
discernible in the subbottom and the records ire typ ic al of a sand y
bottom , i.e. cross—bedding and parabolic traces on the record as a
result of rounded sand particles.

Deep Water Channels

The bathvmetry of the deepwater channels is of moderate to high
relief. Extremely steep slopes occur adlacent to rocky promontories ,
is land s and of f s h o r e  p innacles. These steep , rugged rel ie f fea tures are
frequ ent ly formed by bedrock outcrops. The channel bottom and some side
slopes are princi pally dense sand . Sand waves and secondary v—shaped
channels are frequently present.
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Examples of the seismic reflection profiles of the deepwater
ch annels are shown on Figure 36b and c. Figure 36b shows the presence
of sand waves near Raccoon Strait. No subbottom structure Is discern-
ible; however , the record is typ ical of a sand y bottom . The sand waves
are asymmetrical with rounded crests. The rid ges of the sand waves have
gentle slopes on the up—current sides and steeper slopes on the down—
current sides. The height of the sand waves are as great as 10 feet and
the wave lengths are on the order of 200 fee:. Figure 36c is a segment
of record in West Richmond Channel near the Richmond—San Rafael Bridge.
Secondary v—shaped channels are visible in this examj-le. These secon-
dary channels are scoured to depths of between 15 and 20 feet below Bay
bottom.

CORE SAMPLING AND ANALYSIS

Fourteen holes va ry ing  in d e p t h  f rom three  to 24 f ee t  below Bay
bottom are shown on Fi gure 17. Two to six samples from each core were
ana lyzed for particle size distribution and the nine contaminants. The
following sections discuss the physical (size distribution) and chemical
( p o l l u t i o na l )  c h a r a c t e r i s t i c s  of these sed iments .

Ph ys i ca l  Sedimenta ~ y C h a r a c t e r i s t i c s

Size  c h a r a c t e r i s t i c s  of sed imentary  d e p o s i t s  in the San Pablo
S t r a i t — B e r k e l ey  F l a t s  area are i n d i c a t i v e  of the envi ronment  of depo-
sition in the area. The vertical and lateral changes in the physi cal
character of sedimentary deposits in this area reflect the historical
and ar ea l  changes In the  env i ronment  of depos i t ion . Table 19 is a
l i s t i n g  of the  mean hole  sand and c l ay  c o n t e n t  in order  of dec reas ing
c lay  percen tages  of core samp les taken in the San Pablo Strait—Berkeley
Flats area . The mean hole sand content Indicates the relative magnitude
of the environment of deposition during the histor y of deposition . The
d~-viati on from the mean indicates the degree of uniformity or hetroge—
neity of dep ’sits and , thus , the historical changes in input energy .

The finest sediments in the San Pablo Strait—Berkele y Flats area
are’ found in the shallow subtidal flats of Corte Madera and San Rafael
and along the  upper channe l  marg ins  near  Corte  Madera and Richmond .
The s e d im e n t s  a re  p r i m a r i l y  a c l . -’ivev s i l t  m a t e r i a l  with a mean hole sand
c o n t e n t  of less than  f i v e  percent  and cla y c o n t e n t  g e n e r a l ly  g r e a t e r
than 35 percent. In most cases these fine sediments are very uniforml\’
distributed with depth as indicated by the low deviations from the mean
hole sand atid clay contents. Hole 2D-148 (l) in San Rafael Flats has a
fairl y large deviation from the mean hole sand content due to the presence
of one sandy clay sample (sand content of 15 p e r c e n t )  at about  seven
feet be l ow Bay bottom .

Holes 2D—l’37(4) and 2D—135(2) in Berkeley Flats , and 2P—140(9) near
the ent rance to Richmond Channel are somewhat coarser , less uni formlv
di stributed sediments. The mean sand content in these holes vary from
~~+~~‘ percent to 1 2+4 percent. The sediments can generally he classified
is a cI ;rvov to sandy s i l t .  The sediments 01’ hole 2D—140 (9) are muc h
more uniform ly distr ibuted with depth.
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TABLE 19

S~.N PABLO STRAIT-BERKELEY FLATS
PHYSICAL SEDIMENTARY CHARACTERISTICS

% Clay X Sand
Rating Hole Locatio n > 7 4 k

1 2D—147(6) Channel Margin—Carte Madera 49±5 2+1
2 2D—142(12) Channel Margin—Corte Madera 42±7
3 2D— 144(ll) Corte Madera Flats 39+6 3+2
4 2D—148( 1) San Rafae l  Flats  39+9 5+6
5 2D—143(lO) Channel Margin—R ichmond 36±7 4±2
6 2D—l37(4) Berkeley Flats 31±11 8±8

I
7 2D—140(9) Channel Margin—Richmond 30+6 12±4
8 2D— 138 (7) Berkeley Flats 29±11 23+32
9 2D—145(13) West Richmond Channel 28±14 29±26

10 2D—l36 ( 3 )  Berkeley Flats  27±7 3+2
11 2D—14l(5) Channel Margin—Richmond 26+11 36±21
12 2D—135(2) Berkeley Flats 20+7 11±8

13 2D—146(14) West Richmond Channel 13+8 68±19
14 2D—139(8) Southampton Shoal 4±3 90±4

The most variable sediments in the San Pablo Strait—Berkeley
Flats are found where the Old Bay Mud deposits have been penetrated and
in West Richmond Channel and Richmond Channel. The sand contents of
these holes generally increase with depth varying f ro m a clayey , sandy
silt In the upper sediment column to a silty sand at depth.

The coarsest sediments are found at holes 2D—146(14) in West
Richmond Channel and 2D—139(8) in Southampton Shoal. The sand content
in these holes is very hi gh with very little clay or silt.

In sununary ,  the finest sediments in the San Pablo Stra i t—Berkeley
Fla ts  area are found on the  mo re shel tered western side of Central Bay,
along th e upper channel margins and on the extreme eastern side of
Central Bay. The low sand content and general homogeniety of sediments
with depth Indicate the prevalence of a low energy environment during
the  geologic t ime period represented by the depth of borings in these
areas. The d isruption of the prevailing winds by the h ills and ridges
of the Man n peninsula diminishes the effective wind generating fetch on
the western side of Central Bay, resulting In the reduct ion  of wind—wave
action over the shallow subtidal flats. The reduced wave action along

4 133

I

4

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- --—  
~~~~~~

;.

- c— - .-, .5 - -_ -p,-,__,_ __~~~~~~~~~ •~
_ 

— -~~~~&~ apn - - - - ~~~~~~~~~ ... - ., .,. _ * - - -—.5- -~~~~~--- ~~~~~~~~ - -~~~~~—— -.5 .5-- ~~~~~~~~~~ ~~• •- — -~~~ -



r~~ 
‘

w i t h  the  low c u r r e n t  veloc  i t  I t S  reduces the rt-suspension and t r insport
of fine sediments out of the area . Th~ upper  channe l  m a r g i n s  of ( ‘ ent  r a l
Bay are a iso fine sediments because t hey are l oca ted  at a depth below
effec t ive wave -u -I ion and are removed from the  m a i n  wa te r  f l o w  of t h e
deep water c h a n n e l s  for curr ent t - r t s ion . The extreme eastern port ions
of R er k e l e v  F l a t s  ir e  l~ t ’it ccl in in  art-a w i t h  a long wind  gener . it  Ing
let eli , but because of the extensive shi ,il lows to the west , the larger
waves have already exp ended  t h e i r  encrgv before r e a c h i n g  the area. The
water c i r c u  l i t  ion a l o n g  t h e  e -~ .-rn shore i s  a lso too t r a n q u i l  to  erode
the f ine deposits.

The major portion of Berkeley Flats is sllght l\ ’ coarser s e d i m e at s
than the s h a l l o w  s u b t i d , i l  f l i t s  a long  the  t o s t e r n  s i d e  of C e n t r a l  Bay .
The clay content is 1 t - s s  and s i l t  c o n t e n t  gr e a t e r  due to the w i n d — w a v e
act ion. In the Berke 1ev F l a t s  area t h e  se d i m e n t s  hc~- omc - c- o : i r s t r  moving
from the eastern shore towards the deep—water channels and Is the  r e s u l t
of the inability of larger waves to he propagated over t he  e x t e n s i v e
shia l low areas .  Old Bay Mud deposits are also e n c o u n t e re d  at  dep th  in
Berkeley Flats and art a much eoarsi-r silty sand mater i,i l . The ‘~ -w Bay
Mud d e p o s i t s  are a l t er n a t  ing l ay ers  of c lo y c v and sandy silt - These
heterogenious deposits indicate a f l u c t u a t  Ing  e n v i r on m e n t  of d i - n o s i t i o n .
The f lu c t u a t  ion could  he c h a n g i n g  wove c l i m a t e , var j o t  ions i n  wa te r
d e p t h  ( subsldnece  and/or chang ing sea l eve l  ) or mod I f i c a t  Ion of the
current reg inen. The sandy material of the upper Old Bay Mud deposits
def init el v m d  Icates the presence of a strong current el lerg”  e n v i r o n m e n t
d u r i n g  d e p o s i t i o n .

Sediments of the lower channel margins and deep water channel s ,
as well as Southampton Shoa l , are almost entirely silt y sand sediments
ind i - i tin g a strong current energy environment .

D i s t r i b u t i o n  of C o n t a m i n a n t s  In S u r f a c e  Sed imen t s

• S u r f a c e  sed iments  of the San Pablo S t r a i t — B e r k e l e y  F l a t s  aria
are enriched with all of the nine contaminants. Table 20 is a comparison
between the mean contaminant concentration in the surface sediments (0—
0.6 feet ) and sediments  g rea te r  than 0. 6 f ee t  deep.
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Contaminant levels in the surface sediments show a large variation
throughout the study area. Figures 37 and 38 give the contaminant con-
centrations in the surface sediments of each of the 14 holes in San
Pablo Strait—Be rkeley Flats area.

Zinc concentrations associated with surface sediments range from 53
ppm in West Richmond Channel to 206 ppm in Corte Madera Flats. The
highes t z inc concen t r ations in the surface  sed imen ts are fo und in the
sheltered shallow subtidal flats of Corte Madera and San Rafael , and the
channe l margins near Richmond Harbor and Corte Madera. The more exposed
subtidal flats of Berkeley have somewhat lower surficial zinc levels,
rang ing from 80 ppm to 175 ppm. The lowest zinc concentrations in the
sur face  sed imen ts of this area are found in the deep water channels and
Southampton Shoal.

TABLE 20

MEAN CONCENTR A TION OF CONTAMINANTS IN SURFACE AND
SUBSURFACE SEDIMENTS IN SAN PABLO STRAIT—BERKELEY FLATS AREA

Parame ter Mean Concentration (ppm) Z Greater Than

Greater Than
0—0.6 Feet 0.6 Feet

Lead 34.71 17.78 49
Zinc 143.50 100.98 30
Merc ury 0.77 0.68 12
Cadmium 1.07 0.91 15
Copper 50.79 36.59 28
Oil and Grease 400.0 300.0 25
Volatile Solids xlO4 6.41 5.39 16
Chemical Oxygen Demand xl04 3.48 1.43 1
Total Kjeldahl Nitrogen 1000.0 900.0 10

Surface sediment lead concentrations vary f rom 12 ppm in the deep
water channels to 54 ppm in Corte Madera Flats. The highest surface
concentrations are found in the sheltered subtidal flats of western
Central Bay and the channel margins near Richmond Harbor. The lead
concentrations of the more open subtidal flats adjacent to the east
shore of Central Bay have somewhat lower lead levels with concentrations
vary ing from 28 ppm to 40 ppm. The lowest lead leve ls in surface
sediments are in West Richmond Channel and Southampton Shoal. The
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surface sediments of holes 2D—l44(ll) in Corte Madera Flats and 2fl—
137(4) in Berkeley Fla ts have f airl y low lead concentrations of 28 ppm
and 29 ppm , respec t ive ly.

Mer cury levels in the surface sediments range from 0.3 ppm in
Southampton Shoal to 1.8 ppm in the channel margins of Corte Madera
Flats. The distribution of mercury in the surface sediments is much the
same as zinc and lead with the highe st levels being found along the pro-
t e c t e d  west  side of Cen t ra l  Bay and the channel  marg ins and the  lowest
levels in the deep water  channe ls  and Southampton Shoal .

Cadmium levels in the surface sediments range from 0.6 ppm in West
Richmond Channel to 2.2 ppm in the channel margins near the entrance
channel  to Richmond Harbor .  The hig hest  levels rang ing f rom 1.2 to 2 . 2
ppm are found along the channe l marg ins and the subtidal flats on the
west shore of Centra l Bay . The cadmium concen t r a t i ons  in the  s u r f a c e
sed iments  of Berkeley F l a t s  and the deep water  channels vary only
sl ightly.

Copper levels in the su r face  sed iments range from 10 ppm in West
Richmond Channel to 70 ppm in the  channel  marg ins  near Richmond Harbor .
Copper levels in Corte Madera and San Rafael Flats range from 42 ppm to
66 ppm. In Berkeley Flats the surficial copper levels range from 30 ppm
to 60 ppm. The channel margins along both sides of Central Bay have
surficial copper levels ranging from 59 ppm to 70 ppm . The deep water
c h a n n e l s  and Southanpton  Shoal have the  lowest su r f  I c i a l  copper l eve l s .

Chem ical oxygen d emand
4
(COD) levels in the surface sedimen~ s of

this area range from 1.lxl0 ppm in Southampton Shoal to 5.2x10 ppm in
Berkeley Fl ats. The COD levels in the surface sediments of Berkeley
Fl ats vary from 2.8xl04 ppm to 5.2xl04 ppm. In the western subtidal
flats and channel margins the surficial COD levels range from 3.9xl04

ppm to 4.5xl04 ppm . COD levels along t~ e wes tern side of the channe l
margins vary from 3.4xl04 ppm to 4.lxlO ppm . COD levels in the surface

.5 sedi men t of Southam pt on Shoal and West Richmo nd Channel vary be tween
l.1x104 ppm and 3.8x104 ppm .

Oil and grease levels in the surface sediments of this area are
very low rang ing f r om 100 ppm to 900 ppm . The highes t levels in the
surface sediments with concentrations between 600—900 ppm are found
along the western side of Central Bay . The lowest levels between 100—
500 ppm are found in Berkeley Flats , Southampton Shoal and the channel
marg ins near Richmond .

The highest volatile solJ~ds levels in the surface sedimen ts of this
area , rang ing from 6.9—8.3xlO ppm are found in the deep water channels ,
Southa mpton Shoa l and Berkeley Flats .
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Total Kjehldahl nitrogen (TKN) levels in the surface sediments of
this area range from 1,600 ppm in the channel margin s nea r Richmond to
600 ppm in West Richmond Channel. This highes t levels are found in the
shallow tubtidal flats of the west side of Central Bay with surfifial
concen tra t ions ranging from 1,200—1,400 ppm. On Berkeley Flats the TKN
levels in the surface sediments range from 600—1,100 ppm and along the
western channel margins and Southampton Shoal TKN levels range from 600
to 1,600 ppm.

On the whole the surface sediments of the western shallow subtidal
f l a ts and western channel margins have the hi ghes t levels of mos t of the
nine contaminants. These surface sediments are also the finest in the
San Pablo Strait—Berkeley Flats area . The surface sediments of the
eastern channel margins in and around the entrance channel to Richmond
Harbor have the next to highes t levels of con tam inan ts , then followed by
Berkeley Flats. The lowest levels of the nine contaminants in surface
sediments are found in deep water of West Richmond Channel and South-
ampton Shoal.

Vert ical Distribution of Contaminants

Grap hs of the vertical distribution of contaminants for the San
Pablo Strait—Berkeley Flats area are shown in Inclosure 4—1 through 4—
16. Each of the contaminants are discussed in the following paragraphs
in terms of mean hole concentrations and deviation from the mean .

Volatile Solids. The mean vola tle solids concentration in the San
Pablo Strait—Berkeley Flats area is 5.61 +l.6lxl0 ppm . The mean is
somewhat lower than the San Pablo Bay—Carquinez Strait mean and has a
smaller standard deviation. Vola ti le solids levels in the sedimen ts of
this area range from 1.4 —8.3x104 ppm . Table 21 is a listing of the
mean hole volatile solids concentrations in order of decreasing magnitude.

Mean hole volatile solids concentrations range from 2.30 +O .4xl04

ppm in the sediments of Southampton Shoal to 7.97 +0.3x104 ppm along the
western channel margins . The highest mean hole volatile solids concen-
trations are found in the western and eastern channel marg ins , and the
western subtidal flats. The sediments in these areas are generally the
f inest and the most uniformily distributed with depth. Volatile solids
levels in these areas are also fairly uniforml y distributed with depth.
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Hole 2D-.147(6) located near the San Rafael—Richmond Bridge along
the western channel margins has the highest mean hole concen tra t ion of
7.97 +0.3xl0~ ppm. This hole has the lowest sand content (2+1 percent)
and hi ghest clay content (49±5 percent) of all the holes in the San
Pablo Strait—Berkeley Flats area. Sample concentrations decrease from
8.3xl04 ppm in the surface sediments to 7.7xl04 ppm at about 15 fee t
below Bay bottom.

TABLE 21

SAN PABLO STRAIT—BERKELEY FLATS
MEAN HOLE VOLATILE SOLIDS CONCENTRATIONS

r Mean Range % Sand % Clay
Ra ting Hole ppm x i04 ppm x l0~ >74u <2p

1 2D— 147(6)  7 .97+0.3 7 . 7 — 8 . 3  2+1 49+5
2 2D— 148(l )  7.12±1.0 5 . 8 — 8 . 2  5+6 39+9
3 2D— 142( 12) 7.10+0.9 5 . 9 — 7 . 9  4+3 42+7
4 2D—143(lO) 6.86+0.6 6.1—7.5 4+2 36+7
5 2D—144(ll) 6.72+0.9  5 . 7 — 7 . 6  3+2 39+6
6 2D— 14 0 (9)  5.78+0.9 5 .1—6.9  12+4 30+6
7 20—145(13) 5.68+1.5 3.7—7.2 29+26 28+14
8 2D— 137(4)  5 .26+ 1.3 3 . 6 — 6 . 7  8+8 31+11
9 2D— 14 l (5)  4 .96± 1.1 4 . 3 — 6 . 9  36+21 26+11

10 2D— 13 8(7)  4.83±1.9 4 . 8 — 7 . 0  23±32 29+11
11 2D—l35(2) 4.48+0.7 3.5—5.1 11+8 20+7
12 2D—136(3) 4.32+0.8 3.6—5.6 3+2 27+7
13 20—146(14) 4.10+0.7 3.7—5.4 68+19 13+8
14 2D—139(8) 2.30+0.4 2.0—2.6 90+4 4+3

The most variable volatile solids levels are found in holes 2D—
145( 13) in Wes t R ic hmond Channel , 20—137(4) and 20—138(7) in Berkeley
Fla t s , and 20—141(5)  in the  deeper channel  marg ins  near Richmond Harbor .
For example , hole 2D—145 (l3) has a mean hole sand and clay content of
29+26 percent and 28+14 percent , respectively . The upper five feet of
sediment of this hole is a

4
clayey silt material with volatile solids

levels greater than 7.OxlO ppm. From five to ten feet below Bay bottom
the sediment varies from a sandy silt to silty sand material with volatile
solids levels ranging from 3.7 to 5.7x104 ppm. The volatile solids
levels of 2D—l41(5) in the deeper portion of the channel margins near
Richmond Harbor decrease with depth desp ite the particle size variability
wi th depth. The large deviation from the mean hole volatile solids
concentration in 2D—l38(7) is due to the variability in volatile solids
levels of the New and Old Bay Mud . The volatile solids levels in the
New Bay Mud to a depth of about 15 feet below Bay bottom range from 4.8
to 5.7xl04 ppm. The sand content of the New Bay Mud deposits in this
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hole varies from 4 to 9 percent . The sand content of the Old Bay Mud
between 15 and 20 feet varies between 28 and 85 percent . The volatile
solids range from 1.4 to 7.0x104 ppm in the Old Bay Mud .

In comparison to other locations in this area , holes 2D—135(2) and
2D—136(3) have low mean hole volatile solids concentrations for the
rela tively fine sediments found in these holes. The sand content of 2D—
136(3) varies between 0 and 5 percent , yet the volatile solids levels
are among ~he lowest found in the San Pablo Strait—Berkeley Flats area .
The clay content of these holes are also fairly low with a correspond-
ing ly high silt contents.

The lowes t mean hole vola tile sol ids concen tra t ions are found at
holes 20—146(14) in West Richmond Channel and 2D-139(18) in Southampton
Shoal. These sediments are also the coarsest sediments in the San Pablo
Strait—Berkele~’ Flats area . Volatile solids levels in 2D—l46(l4) vary
between 3.7xl04 ppm and 3.9xl04 ppm with the exception of one sample at
seven fe et below Bay bo ttom which has a vola tile solids concen tra tion of
5.4xl04 ppm. The sand content of this sample is 78 percent .

Chem ical Oxygen Demand. The mean chemical oxygen demand (COD) in the
San Pablo Strait—Berkeley Flats area is 3.44 ±1.0xl04 ppm. The mean in
this area is slightly greater than the San Pablo Bay—Carquinez Strait
mean; however , the variab ili ty in COD concentrations throughout the San
Pablo Strait—Berkeley Flats area is much less. 

4
The COD concen~ ra tions

in the sediments of this area range from 0.7x10 ppm to 5.2xlO ppm .
Table 22 is a listing of the mean hole COD concentrations in order of
decreasing magnitude.

The hi ghest mean hole COD concentration is found at 2D—l47(6) along
the upper channel marg ins of Carte Madera. COD concentrations in this
hole are very un i fo rm ly distributed , ranging from 3.9 to 4.4x104 ppm .
Sed iments of th is hole are very f ine and are also very un i fo rmly dis trib uted
with depth. The lowest mean hole COD concentrations are found In hole
2D—l39(8) on Southampton Shoal. Mean hole concentrations in 2D—l46(l4)
and 2D—l39(8) are 2.O4±O.6xl04 and 0.90+0.3xl04 ppm , respectively .
There is very lit tle variability in the mean hole COD concentrations in
the remainder of the holes in the San Pablo Strait—Berkeley Flats area.
In these holes the mean COD concentrations range from 3.23+O .3x104 ppm
to 3.98±l .0x104 ppm .
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TABLE 22

SAN PABLO STRAIT—BERKELEY FLATS
MEAN HOLE CHEMICAL OXYGEN DEMAND

Mean Range % Sand % Clay
Rating Hole ppm x lO~ ppm x 1O4 >74~ <2p

1 2D—146(6) 4.17+0.3 3.9—4.4 12+1 49+5
2 2D—140(9) 3.98±1.0 2.5—5.0 12+1 30+6
3 20—145(13) 3.93+0.7 3 . 2 — 5 . 2  29+26 28±14
4 2D—l42( l2 )  3.90+0.5 3 . 1 — 4 . 2  4+3 42+7
5 2D—144(ll) 3.76+0.4 3.1—4.2 3±2 39+6
6 20—137(6) 3.74+1.0 2.7—5.2 8±8 31+11
7 2D—138(7) 3.57± 1.5 0 . 8 — 4 . 5  23+32 29±11
8 20—136(3) 3.54+0.4 4.0—3.2 3+2 27+7
9 20—143(10) 3.40+0.6 2,6—4.1 4+2 36+7

5 10 20—141(5) 3.38+0.9 2.0—4.5 36+21 26±11
11 2D—148(l) 3.34+1.1 2.3—4.6 5±6 39±9
12 2D—135(2) 3.23+0.3 2.8—3.6 11±8 20+7
13 2D—146(14) 2.04+0.6 1.2—2.7 68±19 13±8
14 20—139(8) 0.90+0.3 0.7—1.1 90+4 4+3

Total Kjeldahl Nitrogen. The mean total Kjeldahl nitrogen (TKN) con-
centration in the San Pablo Strait—Berkeley Flats area is 1,000±300
ppm. This mean concentration is somewhat lower than the San Pablo Bay—
Carquinez Strait mean and the variability of TKN levels in the sediments
is much less. TKN levels in the sediments of this area range from 400
ppm to 1,600 ppm. Table 23 is a listing of the mean hole TKN concen t ra -
t ions  in order  of decreas ing magni tude .

Mea n hole TKN concen t ra t ions  range f rom 1, 300+300 ppm in sed iments
of Corte Madera Flats to 600±100 in West Richmond Channel. The highest
mean hole concentrations are found along the upper  channel margins and
shallow subtidal flats along the western side of Central Bay. The
lowest mean hole TKN concentrations are found in Berkeley Flats , West
Richmond Channel and Southampton Shoal.
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TABLE 23

SAN PABLO STRAIT—BERKELEY FLATS
MEAN HOLE TOTAL KJELDAUL NITROGEN CONCENTRATIONS

Mea n Range % Sand % Clay
Rating Hole ppm ppm ‘ 74~

1 20— 144 (11) 1300+300 1000— 1600 3+2 39+6
2 2D—l43(lO) 1200+200 1000—1600 4±2 36+7
3 2D-.147(6) 1200+100 1100—1300 2±1 49+5
4 20-135 (2) 1100 1000—1100 11±8 20+7
5 20-148(1) 1100+300 700—1600 5±6 39+9
6 20-142(12) 1000+400 600—1600 4+3 42+7
7 2D—140(9) 1000 300 600—1200 12+4 30+6
8 20-145(6) 1000+200 800—1200 29+26 28+14
9 20-138(7) 900+300 500—1100 23+32 29+11
10 20—136(3) 800+200 600—1100 3+2 27±7
11 20-137 (4) 700+300 400— 1100 8±8 31±11
12 20-141(5) 700+300 700— 100 36±21 26±11
13 20-139(8) 700+100 600—800 90±4 4+3
14 2D~-146(14) 600+100 400—800 68±19 13+8

Oil and Grease. The mean oil—grease concentration in the San Pablo
St rait—Berkeley Flats area is 400+300 ppm . Oil—g rease levels are
smaller and of less variability than in San Pablo Bay—Carquinez Strait.
Oil—grease concentrations in the sediments range from 400—1600 ppm.
Table 24 is a listing of the mean hole oil—grease concentrations in
order of decreasing magnitude.

All mean hole oil—grease concentrations are less than 1000 ppm and
only in a few cases do individual samples exceed this value. The high-
est mean hole concentrations are associated with holes having the finest
sediments , namely, along the upper channel margins and shallow subtidal
flats of the western shore of Central Bay. The lowest mean hole oil—
grease concentrations are found in West Richmond Channel and Southampton
Shoa l.
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TABLE 24

SAN PABLO BAY—BERKELEY FLATS
MEAN HOLE OIL—GREASE CONCENTRATIONS

Mean Range % Sand % Clay
Rat ing Hole ppm ppm >74 p - 2 p

1 20—142(12)  900+500 500—900 4+ 3  42+7
2 2 0 — 1 4 7 ( 6 )  700±100 600—800 2+1 49+5
3 2D—l44(ll) 600±500 100—1400 3+2 39+6
4 20—148(1)  600+ 300 100—900 5+6 39±9
5 2 0—145(13) 400±200 100—700 29+26 28+14
6 20—143(10) 400+100 300—600 4+2 36+7
7 2 0—140(9)  300±100 200—400 12+4 30+6
8 2D— 13 5(2)  300+100 100— 300 11+8 20+7

- ( 9 2D—l36(3) 200+200 100—500 3+2 27±7
10 20— 138(7) 200+200 100—500 23+32 29+11
11 2D—141(5) 200+200 100—500 36+21 26+11
12 20—137(4) 100 100—100 8+5 31+11
13 2D~ l 30(8) 100 100—100 90±4 4+3
14 2 D — 14 6 ( 14 )  100+100 100— 30 68+19 13+8

Mercur y . The mean mercury c o n c e n t rat i o n  in San Pablo Strait—Berkeley
Flats area is 0.70+0.36 ppm. T h i s  mean concen t r a t i on  is somewhat lower
than  mean mercury  level in San Pablo Bay—Carqu inez  S tr a i t .  San Pablo
Strait—Berkeley Flats bottom sediments have mean bole mercury concen-
trations ranging from 1.28+0.67 ppm in the western channel margins to
0.30 ppm in South ampton Shoal. Table 25 lists mean hole mercur y con-
centrations in order of decreasing magnitude.

The h ighes t  mean h~1e merc u ry concen t r a t i ons  in San Pablo Strait—
Berkeley F la t s  are found  in 2 0 — 1 4 2 ( 1 2)  w i t h  a c o n c e n t r a t i o n  of 1.28+0.67
ppm and 2 0— 147(6)  w i t h  a c o n c e n t r a ti o n  of 1. 2 3+0.46 ppm.  These holes
are located a long  the wes t e rn  channel margins  of  Central Bay. Sediments
in these holes are classified as silty clay and clayey silt with very
l i t t l e  sand . Both holes have a mean hole clay con ten t  g rea te r  than  40
percent and sand content of less than fou r  pe r cen t .  Mercury  levels in
2 0 — 1 4 2 ( 1 2 )  d e c re a se  w i t h  dep th  f rom 1.8 ppm in s u r f a c e  sediment to 0. 6
ppm 16 feet below the Bay bottom. The highest mercury value , 1.9 ppm ,
of all samples analyzed from San Pablo Strait—Berkeley Flats was taken
from this hole. Mercury levels in 20—147(6) also decrease with depth
from 1.5 ppm in the surface sediment to 0.7 ppm at minus 15 feet.
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TABLE 25

SAN PABLO STRAIT-BERKELEY FLATS
MEAN HOLE MERCURY CONCENTRATIONS

Mean Range % Sand % Clay
Rating Hole ppm ppm >74w <2p

1 20—142(12) 1.28+0.67 0.6—1.9 4+3 42+7
2 2D—l47(6) 1.23+0.46 0.7—1.5 2+1 49+5
3 2D—136(3) 0.78+0.43 0.4—1.5 3+2 27+7
4 2D—145( 13) 0 .75+0.34 0.4— 1.4 29+26 28+14
5 20-144(11) 0.74+0.33 0.5—1.3 3+2 39+6
6 20- 140(9) 0.68+0.18 0.4—0.9 12+4 30+6
7 20—137(4) 0.66+0.26 0 .4 — 0 . 8  3+2 27+7
8 20-143(10) 0.64+0.24 0 .3— 0 .9  4±2 36+7
9 2D— j.48(1) 0.64+0.21 0.4—0.9 5+6 39+9
10 20—138(7) 0.63+0.22 0.3—0.9 23+32 29+11
11 2D—l41(5) 0.54+0.23 0.3—0.9 36±21 26±11
12 2D—l35(2) 0.53+0.15 0.4—0.7 11+8 20+7
13 2D—l46(14) 0.46+0.13 0.4—0.7 68+19 13+8
14 2D—139(8) 0.30 0.3—0.3 90+4 4+3

The greatest variability in mercury concen tra t ion levels is also
found in 20—142(12) and 20-147(6) with standard deviations of +0.67 ppm
and +0.46 ppm , respectively . Sediments in these holes are clayey—silts
and silty clays uniformly d is t r ibuted with depth . Clay content in these
holes decreases with depth. 2D—142(l2) sediments range from 47 percent
clay at the surface of the Bay bo ttom to 31 percen t 16 feet below the
Bay bottom. Corresponding mercury values range from 1.8 ppm to 0.6 ppm.
Hole 2D—l47(6) shows a similar distribution pattern of sediment size and
mercury values. The large deviation from the mean mercury concentration
in these two holes is caused by very hi gh concen tra tions in surface
sediments decreasing to much lower levels with depth.

The lowest mean hole mercury concentrations are from holes 2D—
139(8) located in Southampton Shoal and 2D—l46(14) siutated in West
Richmond Channel. Mean hole mercury levels for 20—146(14) and 2D—139(8)
are 0.46+0.3 ppm and 0.30 ppm.

Mercury concentration in 2D—l46(14) is 0.4 ppm in the uppermost 8
feet of this hole. The deepest sample taken from this hole at minus 14
feet had a mercury concentration of 0.7 ppm. Sediments in these holes
are almo st en tirely fine sand .
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Lead. The mean lead concen t ra t ion  in the San Pablo S t r a i t—Berke l ey
Flats area is 22+9 ppm , about 40 percent lower than the mean lead
concen t ra t ion  of the San Pablo Bay—Carquinez  S t r a i t  area.  ~1ean hole
lead concentrations associated with San Pablo Strait—Berkeley Flats
sediments range from ii to 37 ppm. Table 26 shows the mean hole lead
concentrations in order ot decreasing magnitude .

Mean hole lead concentrations associated with sediments in San
Pablo Strait—Berkeley Flats range from 11 ppm in the deep water channel
area of Central Bay to 54 ppm in the western channel margins . Holes
with the highest mean hole lead concentrations are located in the
western channel margins where the sedime nts are predominantly a clayey
silt material with moderatel y uniform distribution with depth .

Holes 29—142(12) and 29—147 (6) situated in the western channel
margins have the highest mean hole lead concentrations of 36. 5+13.8 ppm
and 3-u .7±9.9 ppm , respectively.

Lead concentrations in 20—142 (12) decrease from ‘±+ ppm in the
surface sediment to 22 ppm ~u t  about 16 feet below Bu ~- bott om.

TABLE 26

SAN PABLO STRAIT— BERKELEY FLA’I ’ S
~I EAN HOLE LEAD CONCENTRATIONS

Range % Sand % Clay
R a t i n g  Hole ppm ppm ) 7 4 , <2 ~ .

1 2 D — 1 4 2 ( I 2 )  36 . 5+ 13 .8 2 2 — 5 4  4+3 42+7
2 2 D — 1 4 7 ( 6 )  3 4 . 7 + 9 . 9  30—46 2+ 1 49+5
3 2 D — 1 4 4 ( L L )  2 5 .8+4 .6  19—31 3+2 39+6
4 2 0—1 48 ( 1)  2 5 . 4 + 9 . 2  18— 36 5+6 39±9
5 20—140 (9)  2 5 .2± 15 . 1  14— 51 12±4 30±6
6 2D— 13 5(2 )  22 .0+12.7  10—40 11+8 20+7
7 2 D — l 4 3 ( l O)  2 1 . 8 + 6 . 5  14— 29 4±2 36+11
8 2D—l45 ( 13)  20.2+10.5 10—37 29+26 25+14
9 20-14 1(5) 19. 8+ 12 .4  l3— ’42 36+21 2 (~~ I 1
10 2D— 138(7) 18.0+10.9 5—38 2 3 -~ ~2 29+1 1
11 29—137 (4) 18.0+6.3 13—28 S+8 31±11
12 29—136(3) 13.4+9.9 8—31 1+2 27-1- 7
13 29—139(3) 12.0+1.4 11—13 90+4 4+3
14 20—146 ( 14) 11.0±1.0 10—12 68+19 13±8

The grea tes t  v a r i a b i l i t y  in lead concentration levels is found in
20—1 40(9)  in the eas tern  channel  marg ins  near Point  Richmond .  This
v a r i a b i l i t y  is re pres en ted by standard deviation in lead levels of 15.1
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ppm. Hole 2D—140(9) has a mean hole sand and clay content of 12 ±~ 
and

30 ±6 percent. The sediment in this hole is clayey silt uniformly
d istributed with depth. The clay content decreases from 37 percent in
surface sediments to 29 percent at the bottom of the hole. Lead con-
centrations 51 ppm at the surface to 14 ppm at depth. Hole 20—142(12)
exper iences  a s i m i l a r  d i s t r i b u t i o n  pa t t e rn . The large d e v i a t i o n  f rom
the mean lead concentration in these two holes is due to very hi gh le ad
concentration in surface sediments decreasing to much lower levels with
dep th.

Hole 20—138(7) located in Berkeley Flats has a vertical gradient in
lead concentration varying from 38 ppm in the surface sediments to S ppm
at about 20 feet below Bay bottom . The latter value is the lowest lead
concentration found in all sediment samples from San Pablo Strait—
Berkeley Flats. This variation reflects the radical differences in lead
levels found in New and Old Bay Mud . New Bay Mud in this part of the
Bay extends to a depth of approximatel y 15 feet below Bay bottom . Lead
levels in the New Bay Mud deposits of 2D—138(7) var~ f rom 38 to 19 ppm
with a sand content of less than 10 percent. The Old Bay Mud repre—
sented by the deepest sample in this hole has a sand content of 85
p e r c e n t .

Th e 1~ west mean hole lead concentrations ore found in holes 20—
139(8) located in Southampton Shoal and 2D—146(14) in West Richmond
Channel. Sediments in these holes represent the coarsest sediments in
the San Pablo Strait—Berkele y Flats area and are primaril y fine sand .
Lead concentrations in the holes show little deviation with depth. Mean
hole lead levels for 2D—146 (14) and 20—139(8) are 11.0 ±1.0 and 12 .0
+1.4 ppm . In 20—146(14) the percent sand decreases slightl y with depth.
Tue sediment in 20—139(8) at Southampton Shoal is densel y compacted ,
fine sand . Hole 20—136(3) located in Berkeley Flats has an extremely
low in mean hole lead concentration (13.4 

~~~~~ 
ppm) when compared to the

low sand conten t of the hole. Sediment in this hole is a fairly uniformly
distributed clayey silt. Except for a lead value of 31 ppm in the
surface sed iment , lead levels are low and are uniformly distributed with
depth.

Zinc . The mean zinc concentration in San Pablo Strait—Berkeley Fla ts
sed iments is 110 ±40 ppm , wh ich is sl ightly lower than the mean zinc
level in the Sari Pablo Bay—Carquinez Strait area . Mean hole zinc
concentrations associated with bottom sediments in San Pablo Strait—
Berk eley Fla ts rang e f rom 188 +17 .5 ppm in the western channel marg ins
to 65 ±21.8 ppm in the deep water channel of Central Bay . Table 27
lists the mean hole lead concentrations in order of decreasing magnitude.
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ftc lii ghes t mean hole z i n c  concent rat ions in San Pablo St  ra i t  —
Berkeley Flats are found at 20—147(6) , and 2D— 142(12) , both  a l o n g  the
western channel margins . Sediments in these two holes are predominant1~
a c Iovev sill uni forrnlv dist ributed with depth. Zinc levels In 21 )—
1.7(6) decreases from 206 ppm in the s u r f a c e  s e d i m e n t s  to 172 ppm at

~il’out 15 I eet below the  Bay hot  torn .  V e i l  i ca l  d ist r  [but ion of z i n c  in
21)— i 42(12) I ollows a similar p a t t e r n  wi t li  ii ig h est  co n c en t  r a t  ions in the
su rt i .e se,l j ot- iit s dec re.is i n g  w i t  Ii d e p t h .

FAltli - 27

5.\N P \ I I L O  S I’I ~-\ 11—BERKELEY F I A ’I’S
N F , \ N  HO l E Z I Ni : (2 )N CE NT RA T  I iNS

Range Z Sand 1 C I av
R at  i ng  l i i ’  I ., - ppm ppm ~ 74 1.

1 20— 1 .7(6) 188. , - + 17 . 5  1 7 2 — 206 2+1 4 9 + 5
2 21 ) — I - .1(11) 183. ~+25 . 

- ) 1 ~2—2 05 - ‘• 3 - 4 2 + 7
3 20— 1 .5(1) 1 • - + . , ‘ ~- 1. 3 ii ) 1—104 ~4-6

- ,  20— 1 -. .(ll) 1 1 2 . ‘. 4 .0 93— 1.50 3+2
5 2 0 — 1 . 1 ( 1 0 )  L-. .- , l  ~0 .7  7 5 — 1 7 5  ,4- .’

21 )— i 4 1 1 ( 0 )  1 2 2 .  O -+ 17~ 2 05_ 188 1 , ‘ + 4
7 20—141(5) 10-4 . . f 4 6 . h .1—1 :° 0~f 21 ±11
8 10— 1 -. ) (13) 99 . I~~~~. 7 5 7— l-. s ‘ 0 ‘ h -

- -
~ 1 - ’.

9 10- 1 3 7 (4 )  ‘~l . o~ ,’:.1 o~ - I~ ~ +- c 31+1 1
11) 1P—13h ( I) 85.- H o .h 7 1 — 1 1 1  * ,‘ 27 - ’7
1.1 2 0 — 1 3 8 ( 7 )  85. s~ .5 - 3 1 — 1 2 1 1 l f  12
12 2 1)— I 1 1  (8)  77~~) 7 7 — 7 7  ‘o - • 4 +  1
13  2 0 — 13 5 ( 2 ’) o- . o + . L 3 . 1 — 5 1  I 1 # - s
1-. 11)— i . - ( 1- .)  65 . 0 4 - 1 . 8 • i — ’hl o~~l9  1 I -f S

The l i i  gh . ’s t ‘l i v  i a l i o n  f r o n t  t he mean he Ic . inc cencen t r at Ion is
1 ’ui d In 2 0 — 1 , 5 ( 1 )  l o c a t e d  in  the Son Rafa el Clots md .‘0— 141 (

~~~~) in t he
channel m a r g i n s  l e , I i  t h e  co t  i . 4 0 c c  t~~~ Richmond Harbor. ~~‘in b ole .~inc
c o n c e n t r a t i o n  in 2 0 — 1 . 8 ( 1 )  ic  14’,.l+S 1. 1 ppm w i t h  a value ~ f 101 ppm In
the surface scd im . ’n t  ,i, ’ ,’ri ’.ls ing t o  107 ppm w i t h  dept  it . Sediment i n  t h i s
h~~1e i s  ., s i  I t v  ( - l a y  SOu R- c m a t e r i a l  and cl.tvev s i l t  m a t e r i a l  at depth.
T h e  a c m  hole zinc ,o rn- c nt r itio n in  1 0 — 14 1( 5 )  i s  1O. ’,.4 + 4 6 . 6 ppm . Zinc
dcc rc lses f r o m  1 7 1  ppm in t lie st i r  i c e  s ed imen t  to  52 ppm at d e p t h
5 d  inte nt in 21 )— 14 1(5) is composed e I c i  , i v e v  s i l  t on the s t i r  face gr a d i n g
i n to  a c i  m v e v  - in , !  s i l t  v sand it depth. 2 i n c co n cen t r ot  io ns f 1 uc t a t e

w i d e l y .

H o l e  20— I 18(7)  1 ocat ed on B e r k e l  cv F l a t s  penet  r a t e s  t h e  uppermost
I ave  r o t  Old Bay M u .  Z i n c  , ‘ ‘n ,- cn  t r a t  ions range fr o m  148 ppm in the  New
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Bay Mud to 33 ppm in the Old Bay Mud. The zinc concentration in the Old
Bay Mud is the lowest zinc level found in all sediment samples taken
from San Pablo Strait—Berkeley Flats.

The lowest mean hole zinc concentrations are found in holes
2D—139(8) in Southampton Shoal , 20—135(2) in Berkeley Flats , and
20—146(14) in West Richmond Channel. Mean hole zinc concentrations are
77.0 ppm in 20—139(8), 66.0 ±23.3 ppm in 20—135(2 ) and 65.0 +21.8 ppm
in 20—146(14). Holes 2D—]39(8) and 20—146(14) have the coarsest sediments
in the San Pablo Strait—Berkeley Flats area with mean hole sand contents
of 90 and 68 percent , respectively. Sediments of 2D—l35(2) are mainl y
clayey silt with clay content increasing with depth.

Cadmium. The mean cadmium concentration in San Pablo Strait—Berkeley
Flats sediments is 0.95 ±0.39 which is higher than the mean cadmium
concentration in San Pablo Bay—Carquinez Strait. The mean hole cadmium
concentrations in the sediments range from 1.58 ppm in the channel
margins near the entrance to Richmond Harbor to 0.64 ppm in Berkel ey
Flats. Table 28 shows the mean hole cadmium concentrations In order of
decreasing magnitude.

The highest mean hole cadmium concentrations in San Pablo Strait-
Berk eley Flats area are found at 2D—l40(9) with a mean concentration of
1.58 ±0 . 42 ppm and 2 D — l 4 l ( 5 )  w i t h  a mean c o n c e n t r a t i o n  of 1.36 ±0 .24
ppm. These holes are both loca ted  j u s t  west of the entrance channel to
Richmond Harbor .  Sediments in 2 D — l 4 O ( 9 )  are e n t i r e l y  clayev  s i l t  w i t h
the  c lay  content decreasing wi th  d e p t h .  Cadmium levels vary from 2.2
ppm in the surface sediment to 1.2 ppm at d e p t h .  20—141(5) has the
second highest mean hole cadmium concentration . Bottom sediments of 20-
141(5) are more hetrogeneous than sediments of 2D—l4O(9) and range from
a clayey silt at the surface (43 percent clay) to a silty sand (52
percent sand) at about 6 feet below bay bottom . Cadmium levels vary
from 1.5 ppm at the surface to 1.2 ppm in the sand layer. Below the
sand layer , sediment grades into clayey silt (27 per cent clay) at 15
feet with a cadmium concentrat ion of 1.3 ppm . Below 15 feet the sed i-
ments are again a silty sand layer (64 percent sand) with a cadmium
level of 1.7 ppm .
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TABLE 28

SAN PABLO STRAIT—BERKELEY FLATS
MEAN HOLE CADM [tIM CONCENTRATIONS

Mean Range % Sand % Clay
R a t i n g  Hole ppm ppm 74 

~
. <2 ~

1 2D—14O(9) 1.58 + 0 . 4 2  1 .0—2. 2 12 +4 130 +6
2 2D—14l (5) 1.36 +0. 24 1.1—1.5 ‘36 ±21 26 +11
3 20—147(6) 1.27 +0.12 1.2—1.4 2 +1 49 +5
4 2D—l48(l) 1.20 +0.46 0. 7— 1 . 9 5 +6 39 +9
5 20—142 (12) 1 .13 +0.32 0 .9 1.6 4 + 3  4 2  + 7
6 20—143(10) 0.92 +0.13 0.7—1. 0 4 +2 36 +7
7 20—144(11 )  0. 86 +0 .09 0 . 8 — 1 . 0  3 +~1 39 +6
8 20— 138(7) 0. 83 +0 .48 0.5— 1. 8 23 +31 ‘9 +11

2 0—145( 13)  0 . 7 2  +0 . 12  0 . 6 — 0 . 9  19 +li-t 28 +14
10 2 I )— 13 7 ( 4 )  0.7 1) +0.2)) 0.4—0 .9 8 +5 31 + 11
11 2 0— 14 6 (1 4 )  0 .70  +0 .16 0 . 5— 0.8 68 +19 13 +5
11 2 0—139( 8)  0 .70  +0 .14 0. 6—0 . 8 90 +4 4 ±

13  2 0 — 1 3 5 ( 2 )  0 .eS +11 .1)6 0.6—0 .7  I I  +8 20 +7
14 2 0— 1 3 6 ( 3 )  O . t~-’, +0 .0 5 0 .6— 9 .7  3 +1 27 + ‘

ili c gre;i test var lob Iii tv in mean Ito Ic ,- a dm i t u rn is f ound in 20—
138(7) , lo ut  ed in Berkel ey Flats and II)— 145(l) local d In the western
liii h o w  sub t i d o l  I lots near San R a f a e l  F l a t s .  ‘14 :111 h o l e  c a d m i u m  con—
c e n t ra t  ion in 11)— i 3 8 ( 7 )  i s  0 . 53 +0. 48 ppm vary ing from L ) ~ 7 ppm in  the
surface se,li~is- nt to 1.8 at  ih , i i t  15 ~t -t below Bay hot torn . The tipper iS
feet of 20— 1 38(/) is -u ~ l ivt ’v s i l t  m a t e r i a l  of N,-w Ray ‘bud . S e d i m e n t  in
t h e  b o t t o m  of t Ii is t a l e  a t  u’,’iI t 20 I cc i  is  s i l t y  sand ( 5 5  p e r c e n t  5 1 0 , !)
w i t h  a cadmium level of 0 . 5  ppm.  This cadm i um ~- , i l i i t  equals  the lowest
cadm [urn concent rat ion f o u n d  in San l’ , 1l1 1 o St ra i t  — Rerkt liv Flats sediments
Th is sanp he is f t’ ti:i  t lie tipper level of the Old Bay ~lnd format i on .  21)—
148(1) h i s  a mean hole c a d m i u m  t~o f lCe f l t u ’ , i t  io n of 1.20 -) — ( ).4 h  ppm. Si - d i —
men t s  in t h i s  h o l e  r o u g e  I ron s i l t y  cIa (5 1 percent c1a~’) i n s t i r )  : 1 , - c

s e d i m e n t  to c lov ey  s i l t  ( 17  p e r c e nt  c l ay )  a t  d e p t h .  Hi gh ,Ie vi ,lt ion in
the  mean h o l e  cadm i am concent r .u I ion o I 21 ) — I 48 ( 8)  i s  a res iii t of It I gh
cadm I tim v o l  ties In t he  uppe r  10 feet . Cadmium I ev e I s range f r o m  1 . 2 ppm
i n s un  :1cc s e d I m e n t  to  1.9 ppm at about 10 e e l .  The deepest samp les of
2 1)— 1 4 8 ( 8 )  h i v e  c a d m i u m  levels o t  0 .9  ppm — m d  1) . 7 pp m , respect  iv el v

l owest mean hole  cadmium concent r a t  Ions i re  ound at 20— 1 35(2 ) and

20 — 1 3 6 ( 3 )  in  B e r k e l e y  F l a t s .  Mean hole c a d m i u m  v a l u e s  of t he se  h o l e s
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are 0.65 ±0.06 ppm and 0.64 ±0.05 ppm , respectively . Sediments in these
two holes are primaril y clayey silt. Hole 20—136(3) has one of the
lowest sand contents in San Pablo Strait—Berkeley Flats area. Cadmium
levels range from 0.7 ppm in surface sediment of 20—136(3) to 0.6 ppm at
depth of about 24 feet .

c~,p,p .ir. The mean copper concentration in San Pablo Strait—Berkeley
Flats area is 39.7 ±14.5 ppm which is six ppm higher than the mean
coppe- concentration in bottom sediments in San Pablo Bay—Carquinez
Stra~ t area . Mean hole copper concentrations range from 63 

~~~~~ 
ppm in

the .~estern channel marg ins to 15 +2 ppm in Southampton Shoal. Table 29
lists mean hole copper concentrations in order of decreasing magnitude.

The hi ghest mean hole copper concentrations in San Pablo Strait—
Berkeley Flats are found at 2D—147(6) with a mean of 63.3 

~~~~~ 
ppm and

20—142(12) with a mean of 61.5 ±19.6 ppm . Both these holes are located
in the western cha nnel marg ins. Sediments in these holes are classified
as silty clay and clayey silt and con tain over 95 percen t clays and
silts. Distribution of these sediments is quite homogeneous with depth.
Copper levels in 2D—l47(6) decrease from 67 ppm in surface sediment to
57 ppm at 15 feet below ~he Bay bottom .

The grea test va riab li ty in mean hole copper concen tra tions are
found in hole 20—141(5) located in the eastern channel margins near
Richmond and hole 20—142(12) in the western channel margins . Sediment
in 2D—l4l (5) is heterogeneous sediment layers with sand and silt fractions
increasing with depth. Mean hole sand and clay content is 36 ±21 percen t
and 26 ±11 percent. Surface sediment is clayey silt with a copper
concentration of 70 ppm . Between 4.4 and 5.7 feet below the Bay bottom ,
sediment is sandy silt and clayey sand with copper levels at 23 ppm . At
about 15 feet below Bay bottom there is a layer of clayey silt with
copper concentration increasing to 31 ppm . Below this depth the sediment
is silty sand with a copper concentration of 12 ppm . 2D.-142(l2) has the
second greatest variation in copper concentration and also ranks second

.5 highest in mean hole copper level. Sediment throughout the depth of
this hole is clayey silt with a mean hole content of over 95 percen t
silts and clays.
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TABLE 29

SAN PABLO STRAIT-BERKELEY FLATS
MEAN HOLE COPPER CONCENTRATIONS

Mean Range 7. Sand % Clay
Rat ing Hole ppm ppm > 74 p <20

1 2D—147(6) 63.3 
~~~~ 

57—67 2 ±1 49 ~ 5
2 2D—142(12) 61.5 ±19.5 44—89 4 ±~ 

42 ±~3 2D—148(l) 50.8 ±14.9 38—66 5 ±6 39 ±~4 2D—143(10) 47.6 ±11.3 35—59 4 ±2 36 ±~5 2D—137(4) 45.2 ±12.1 32—59 8 ±8 31 +11
6 2D—144(11) 43.4 ±8.6 31—53 3 ±2 39 ~6
7 2D—l40(9) 42.2 ±16.0 25—67 12 ±~ 

30 ±6
8 2D—136(3) 42.2 +10.4 31—55 3 ±2 27 ±~9 2D—138(7) 39.1 +15.2 13—60 23 +32 29 ±11
10 2D—141(5) 31.8 +22.4 12—70 36 ±21 26 ±11
11 2D—l45(13) 28.5 +16.7 12—49 29 +26 28 ±14
12 20—135(2) 26.7 +14.6 14—46 11 +8 20 ±~13 2D—146(14) 16.6 +11.5 7—31 68 ±19 13 ±8
14 2D—139(8) 14.5 +2.1 13—16 90 ±~ 

4 ±3

The h ighes t standard devia tion in this hole is caused by a copper
concentration of 89 ppm at six feet below Bay bottom. This is the
highest measured value of all samples taken in San Pablo Strait—Berkeley
Flats.

Lowest mean hole copper concentrations are found in hole 2D—135(2)
in Berkeley Flats , 2D—146(14) in the West Richmond Channel and 20—139 (8)
in Southampton Shoal. Mean hole copper concentrations are 27 ±l4.6 ppm
in 2D—l35(2), 17 ±11.5 ppm in 2D—146(l4) and 15 ±2 ppm in 2D—139(8).
Sediments in these latter two holes are the coarsest found in San Pablo
Strait—Berkeley Flats. Copper concentrations in 2D—146(14) range from

.5 10 ppm in the surface sediments to 31 ppm at about 14 feet. Clay con-
tent in 2D—146(14) increases with depth from 6 percent to 25 percent at
the bottom of the hole . Sand content varies inversely with depth de-
creas ing f ro m 87 percent in the surface sediment to 38 percent at depth .
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SUMMARY

Contaminant levels in sediments of the San Pablo Strait—Berkeley
Fla ts area vary w idely both spatially and temporally; however , the
var iabi l i ty is no t nearl y as widespread as in the San Pablo Bay—Carquinez
Strait area. Surface sediments are enriched with all nine contaminants.
There is a definite relationship between contaminant levels and sediment
type (particle size) which is reflected in both the vertical and horizontal
d istribution of contaminants. Contaminant levels associated with the
f i n e  sediments are generally lower than the levels found in San Pablo
B ay— Carquinez  S t r a i t .

The surf ace sedimen ts of the wes tern shallow sub t idal f la ts and
western channe l marg ins of Central Bay have the highes t levels of most
of the nine contaminants . These sediments are the finest in the San
Pablo Strait—Berkeley Flats area and are very similar in physical
characteristics to the clayey silts of the northern shallows of San
Pablo Bay and Mare Island Strait. The surface sediments of the eastern
ch anne l marg ins a lso have h igh contaminant levels. Contaminant levels
in the surface sed iments of Berkeley Flats are generally lower than in
other  sha l low water  areas of the Bay primarily because of the high silt
content of the surface sediments. The lowest contaminant levels in
surface sed iments of this area are found in deep water of West Richmond
Channel and S o u t h a m p t o n  Shoal .  The sediments found in these areas are
also the coarsest material In Central Bay.

The vertical distribution of contaminants In San Pablo Strait—
Berk eley Flats area follows the same general trend as in San Pablo Bay—
Carquine z Strait . Contaminant l evels on the whole are lower and the
spatial and temporal v a r i a b i l i t y  of contaminants is less than in San
P a h i - ’  B a y — C a r q u i n e z  S t r a i t  area. The relationship between contaminant
levi s and sediment type (particle size) Is better developed in the San

4 
F~ b 1m ., Strait—Berkele y F1:its area .

The San Pablo Strait—Berkele y Flats area is categorized into four
sub—areas according to the geographical location , distribution of con—
taminants In the sediments , and the p h y s i c a l  characteristics of the
area . These sub—areas include; western subtidal flats and channel
margins; channe l margins near Richmond ; Berkeley Flats; and deepwater
c h a n n e l s  and Southampton Shoal .

Western Siihtidai Flats and_Cha nnel Marg ins

The area encompasses the subtidal flats and channel margins of
(S’rtt Madera and San Rafael . Four holes ire located in this sub—area:
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2D—].48(l) and 2D—144(ll) in the shallow subtidal flats and 2D—147(6) and
20—142(12) along the western channel margins . This area is character-
ized as uniformly low energy environment . Wind—wave action is normally
low beca use of the pro tec t ion pr ovided by the Man n shoreline from
prevailing westerlies. The current velocities are small because the
area is out of the major water circulation pattern of Central Bay .
Historically this area has experienced among the highes t shoaling ra tes
in San Francisco Bay (Figure 33). The sediments of the area are exclu-
sively clayey silts, uniform ly distributed with depth. These sediments
are very similar to the clayey silts in the northern shallows of San
Pablo Bay. Seismic r e f l e c t i o n  p r o f i l e  records in the  western  s u bt i d a l
flats and upper channel margins show it to be an area of limi ted pene-
tration .

This area has the highest contaminant levels in the San Pablo
Strait—Berkeley Flats area . Typical distributions of contaminants in
the western subtidal flats and channel margins are generally uniform or
decrease with depth. Cadmium levels in 2 D — l 4 2 ( 12 )  and 20—144 (11) are
substantially lower than other holes in this sub—area . Total Kjeldahl
nitrogen concentrations in the deeper sediments of 2D—l42(12) are
ex tremely low. Mercury and COD levels in 2D—148(l) are lower than the
other holes in this sub—area .

Overall  t h i s  sub—area  has the hi ghest contaminant  levels in the San
Pablo Strait—Berkeley Flats area; however , the contaminants are consis-
tently lower in this area than in comparable areas and sediments of San
Pablo Bay—Carquinez Strait area.

Channe l Mar&ins near Richmond

The area i s lo cated on the east side of Cent ral Bay near Richmo nd
Harbor in water dep ths between 10 and 30 feet. Three holes are located
in this sub—area ; 20—143(10) on the east side of the entrance channel to
Richmond Harbor and 2D—l40(9) and 2D—141(5) on the west side of the
entrance channel. The sediments of this area are somewhat coarser and
more hetrogeneous with depth than on the western side of Central Bay.
Going from the upper channel marg ins to the deeper channel margins, the
sediments become coarser and more hetrogeneous with depth. The sediment
of 2D—l43(lO) in the upper channel margins (—19 feet MLLW) of this area
is a uniformly distributed clayey silt. The sed iment of 2D—140(9) in
the lower channel margins is also a clayey silt , but the sand content is
greater. The sediment of 2D—l4l(5) located further offshore in the
lower channel margins varies with depth from clayey—silt to sandy silt
and silty sand. Like in the eastern channe l margins, this area has
his torical ly  experienced the highest shoaling rates in the Bay .
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The sediments of this area have lower contaminant levels as a whole
than the western channel margins of Central Bay. Cadmium levels , however ,
are somewhat higher than on the western side of Central Bay . The vertical
distribution of contaminants in the upper channel marg ins is fa irly
uniform . The distribution in the sediments of the lower channel margins
is , for most of the contaminants , much more variable.

The entrance channe l to Richmond Harbor is located in this area and
the sediments have similar contaminant levels as in 2D-.l43(l0) in the
upper channel margins.

Berkeley Flats

This area is located in the extensive shallow subtidal flats of the
eastern side of Central Bay . Four holes are located in this area; 20—
138(7), 2D—l37(4), 2D—136(3), and 2D—135(2). This area is characterized
by a high wave and low current energy environment. The sediments
differ substantially from those of the western shallow subtidal flats in
that the clay content is less, the silt content greater , and the sand
content is about the same . Historically much of the area has experienced
very little shoaling or even slight erosion (Figure 33). Berkeley Flats
area is exposed to steep, short period waves generated by summer winds.
Although this area is out of the major water circulation pattern of
Central Bay, curren t velocities are generall y greater than along the
western subtidal flats and are sufficient to transport sediments suspended
by wave action out of the area .

Contaminant levels in this area are low despite the relatively fine
sediments. Contaminants are generall y distributed uniformly with depth
and the surface sediments are sli ghtly enriched with most of the nine
contaminants. Contaminant levels in the Old Bay Mud deposits are at
depth s greater than 15 feet below Bay bot tom . One sample in this deposit
has hi gh concentrations of cadmium (1.8 ppm), zinc (127 ppm), and
volatile solids (7xl04 ppm).

Deep Water Channels and Southampton Shoal

Th is area is located at water depths greater than 30 feet in West
Richmond Channel and along Southampton Shoal. Three holes are included ;
2 0— 1 3 9 ( 8 ) ,  2 0—145(13)  and 2 0 — 1 46 ( 14 ) .  The area is charac terized as a
h ig h current energy environment where the sediments are predominantly
silty sand. The upper five feet of sediment of 2D—145(13), however , is
a clayey silt.

Contaminant levels are the lowest in San Pablo Strait—Berkeley
Flats and the sediments are the coarsest.
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OAKLAND INNER—OUTER HARBOR

DESCR IPT ION

Oakland Inner—Outer  Harbor area shown on Fi gure  39 forms two
components of the Port of Oakland comp lex. This rapidly devel op ing port
is the  largest  general cargo f a c i l i t y  In San Francisco  Bay and the
leading containership terminal on the Pacific coast. The majority of
the  w a t e r f r o n t  p r o p e r t y  of t h i s  area has been developed fo r  m d ’ s t r i a l
use and much of the  bo t tom surface area is m a i n t a i n e d  navi g a t i o n  channe l s
to service shoreside f a c i l i t i e s .

Oakland Inner Harbor is a long narrow estuary about six miles in
length , connecting San Francisco Bay to San Leandro Bay. The Inner
Harbor navigation channel is maintained to a depth of 35 feet MI LW and
width of 800 feet between the mouth of Oakland Estuary to just east of
Government Island . The Oakland Tidal Canal on the eastern end of th e
estuary is an authorized Federal channel , but has not been maintained
for a number of years. Water depths varies between 10 feet and 20 feet
below MLLW in the Tidal Canal. Where b e r t h i n g  areas  are not maintained ,
the shoulders of the navigation channel are quite shallow , varying in
depth from live to fifteen feet below MLLW .

Oakland Outer Harbor is muc h more exposed than the Inner Harbor.
The F e d e r a l l y  m a i n t a i n e d  n a v i g a t i on  channel  i s  35 f e e t  deep and be tween
600 and 950 f e e t  wide.  The n a v i g at i o n  channe l  c u t s  th rough  peripher y
shal l ows tha t  are  f rom 10 fee t  to 25 feet deep .  Most  of the Oakland
waterfront is the results of ex tens ive  land r i - e l a m a t i o n  and dredg ing
operations.

Shal low w a t e r  ar eas exist along t h e  p e r iphe ry  of the  Oakland area .
On the  n o r t h  these shallow area s are an extension of Berkeley Flats and
range in depth from five to 15 feet. On the south , opposite Alameda ,
the shallow areas are from 15 feet to 25 f e e t  de e p .  In t he  past those
sha l low areas  were much more extensive , but o v e r  the  last century much
of the sha l low intertidal and stibtidal flat s have  been f i l l e d  to extei ’d
the shoreline towards deeper water.

Tide and Tidal  C u r r e n t s

Oakland Inner — Oute r  Harbor are low current energy areas . Because
of the enclosed nature of the Inner Harbor and isolated nature of the
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Outer Harb or , current velocities rarely exceed 0.5 knots. The tidal
currents in the Inner Harbor are generally bidirectional due to the
length and narrowness of Oakland Estuary . Large , low—velocity current
eddies ar e f ormed in the Ou ter Harb or because of pr oj ec t ions such as the
Ba Br id ge toll  pl aza and Seventh Street Terminal. In the shallow
p e r i p h e r y  areas , both the  f l ood and ebb surf ace curren ts flow par a ll el
to the  east  shore of the Bay .

Water Circulation and Mixing Characteristics

The Oakland Inner—Outer Harbor area is situated in a boundary  zone
separating South Bay from Central Bay and is exposed to the c i r c u l a t i o n
patterns peculiar to each. Generalized surface flow patterns during
typic a l flood and ebb tidal conditions in this area are shown on Figure
40 . Flood c u r r e n t s  t ranspor t  well  mixed waters from Central Bay into
South Bay via  the pass between Yerba Buena Island and the Oakland water-
front. These southeast setting currents generally move parallel to the
eas t e rn  shore and then tu rn  and f low in an easterly direction Into the
Oakland Inner and Outer Harbor nav igation channels. Ebb currents move
nor th  through the same pass , drawing water out of the Oakland Estuary
and Oakland Outer  H a r b o r .  The main componen t of the ebb flow carrying
South Bay waters into Central Bay, however , is funn eled thrc ugh the gap
between Yerba Buena Island and San Francisco.

Flood predominance characterizes current circulation in the Oakland
Inner—Outer Harbor area and is greatest in the bottom waters , resulting
in tidal prism filling of both the Inner and Outer Harbors through the
bot tom w a t e r  and empty ing in the surface water . Normally , the bottom
wa ter s are heav ily laden with suspended sediments which are brought into
the  navi gation channels and deposited in these tranquil waters.

Wind and Wave Act ion

Wind—wave ac t ion  p lays a very minor role in resuspension of sedi-
ments in this area . However , sed iments be ing deposi ted in the Outer and
Inner Harbor navigat ion channels are derived in large part from sediments
being resuspended elsewhere in the Bay system .

Sediments and Deposi t ional  Character is t ics

Sed iments of the Oakland Inner—Outer Harbor area are similar to
those found elsewhere in San Francisco Bay . The sediments of the
shallow periphery areas around Oakland are very similar to the sediments
o f Berk e ley Flats. These sediments are a clayey silt and silt—sand—clay
mixtur

158

a

L—i---- 

F

- - --~~~~~~~~~~ • -  -. - - - -~~~~~~~~~~~~~~~~~~~~~~ -- - - - .5 .5 -
- - 

.5 
- 

—.5-- -.5— - ~~ —‘— —-.5--.-
- 

____________



~~~~~~~~~~2 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ K?AND

~ ~ ~~~~~~~~~~~~~~~~
~ 7_.5i

# ~~~~~~~~~

/Th
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ 4
FLOOD it ::

I ‘-~ 
~~~ t

OAKL AN~fl

/

AL AMITOA

EBB TIDE

GENERALIZED SURFACE
FLOW PATTERNS

FIGURE 40

14

~~ - .- - - — — - .5 —- - 
- 

- -.5— - —~~~~~~~

- 
~~~~~~

- r~~l I  
~~~~~~ - 

- ~~~~~ - .5 _____



Sed imen t  s of i. aN ! a n d  Inner  — Outer  Harbor area are clavev silt
along the shoulders of the nav iga t ion  channe l .  The shoal m a t e r i a l  in
the channels is also clavey silt. Deeper sediments in much of the  area
is a sand y materia l which is believed to be repositorY deposits of the
Merced and San Antonio Formations (Ref 6).

Sediment  deposition occurs throughout the navi ga t ion  channe ls ,
t u r n i n g  b as ins  and b e r t h i n g  areas of the Oakland I n n e r — O u t e r  Harbor
area. Sediments  s e t t l e  to the bo t tom in low en er g \ - , q u i e s c e n t  p o r t i o n s
of the channels. -\reas hi ghl y suscept ib le  to shoa l i ng  ar c  s i t u a t e d
around irre~ ularities such as piers , jetties and breakwaters. The
Seventh Street Terminal is such an irregularity which causes low veloc-
ity eddy currents with concomitant shoaling. Channel alignment of the
entrance channel to the Inner and Outer Harbor is perpendicular to the
predominant direction of ebb and flood flow . This alignment exposes the
ou te r  p o r t i o n s  of the naviga t ion  channe ls  to sed imen t  laden cross
currents. These channels are maintained to depths below the profile of
equilibrium of the adjacent shallows , and therefore , act as sediment
t r aps  as the e s t u a r i n e  processes attempt to bring these deepened areas
back in to  e q u i l i b r i u m  w i t h  the  conti guous non—dred ged sub t ida l  f l a t s .

Dred ging record s indicate shoaling rates are h i g hest on the  n o r t h
side of t he  ou t e r  p o r t i o n s  of the nav iga t ion  channels , meaning tha t the
largest sediment volumes are being t r anspo r t ed  f rom the shallow northern
periphery areas. High shoaling rates are also found in the tranquil
wate r s  around the  s h i p  b e r t h s  in the  Oute r  Harbor and the Middle Harbor
t erminals.

The Oakland Inner Harbor  is s u b j e c t e d  to s e d i m e n ta t i o n  a long  i t s
entire length. This waterway is she l t e r ed  f rom th e  e f f e c t s  of wind—wave
action because of its enclosed nature . Sediments are transported into
the estuar y by tidal currents and deposited during slack water and low
v e l o c i ty  phases  of t i d a l  f lows .

SEI SMIC SVBB OTT )M REFLECTION PROF ILING

Approximately 40 m i l e s  of s e i s m i c  subbo t tom r e f l e ct i o n  p r o f i l i n g
lines were obtained in the Oakland Inner—Outer Harbor area. The tracks
cif these  l i n e s  are  shown on Figure  l~~. T n c l o su r e  ~~(111 t h r o u g h 278 are
the pr o f i  I fog  t r a c k s  and m t  er p r e t a t  ion of t h e  s e i s m i c  r e f l e c t  ion
r e c o r d s .  S u b j e c t i v e  i n t e r p r e t a t i o n  i s  based on the e va l u a t ion  of
seism ic e r l ’ l i l e s  u s i n g  the 3. S KHz t r a n s d u c e r  sy s t em d i scussed  pre—
v i o u s l v  in t h i s  r I - p o r t .  Cer e s a m p l e s  were t a k en  a t  13 s i t e s  a long the
p r o f i l e  l ines , r e p r e s en t i n g  subb ot tom g eom o r p h s l o g i c a l  c o n d it i o n s  found
in  t h i s  a r ea .
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Seismic reflection subbottom profiles indicate that the northern
shallow periphery areas along the Oakland and Emeryville waterfront are
similar to the subbottom characteristics of Berkeley Flats. Figure 4la
is a section of pr o f il in g record f r om the nor thern per ipher y shallows
opposite Emeryville. Numerous distinguishable subbottom reflection
surfaces are present with a major r e f l e c t i o n  su r face  at about 30 feet
below Bay bottom. This reflection surface appears to be a continuation
of the major discontinuity in Berk eley Flats , separating the New Bay Mud
Format ion f rom the  Old Bay Mud Fo rmat ion .  Neare r  the shore l ine  shel l
lenses and mounds cause an apparen t  d i s r u p t i o n  in th is  d i s c o n t i n u i t y .
Fi gu re  4lb is an example of t he  seismic reflection record showing th e
interruption due to shell lenses. Inclosure 4—47 is the particle size
gradation curves for Hole 2D—105(38), showing the variability of t i c
sed iments  in t h i s  ar e a .  These sediments  are a l t e r n a t i n g  layers of
c l a v e v  s i l t , sand y s i l t , s i l ty  sand , and sand.

S e i s m ic  s u b b o t t o m  r e f l e c t i o n  records of the sou thern  p e r i p h e r y
sha l low areas  o p p o s i t e  t h e  Alameda shore l ine  d i f f e r  f rom those to the
n o r t h  in t h a t  the  sub b o t t o m  s t r u c t u r e  is  not as complex. A major  sub—
lo t  torn f e~ l u re is located at about 15 f ee t  below Bay b o t t o m , hut d oes

not  appea r  to represent a major discontinu ity such as is found in the
n o r t h e rn p e r i p h l - r \ -  aba ! low a r ea s .  F i g u r e  -~2 is an example of t h e p ro-
f i l i n g  tr ick in this area. The particle size gradation curves of Hole
2 h ) — I O O (  19) in t he  s o u t h e r n  p e r i p h e r ~- shal lows , i n d i c a t e s  that t he
sed i m en ts  a r e  more  homogeneous t h a n  i n  t h e  no rthe:n a r e a s  and ar e  c i  a e
silt and sand— silt—c Ii~- mixtur es.

Oak l a n d  I n n e r  Harbor  is  ch a r a c t e r iz e d  on the  seismic subbot tom
reflection records primari ly as a limited return area . Few subbottom
reflecting surfaces a r e  discernible and the seismic signal is attenuated
in t he  f i r s t  f i v e  f e e t  of sediment  in much of the  a r e a .  Based on the
logs of  b or i n g s  and t h e  se i smic  reflection p r o f i l e s , two d i s t i n g u i s h a b l e
a re is can he i d e n t i f i e d .  The f i r s t  area , shown on Figure  43a , is
loca ted  in t h e  c e n t r a l  p o r t i o n  of the  Inne r  Harbor nav igation channel
and is c h a r a c t e r i z e d  as a no p e n e t r a t i o n  area . The sediments of  this
a r e a  are very l ine and homogeneous . Inc losu re  - ‘1 — 5 5 , 56 is the p a r t i c l e
size ~r a l i t  ion curves of Hole 2I)— 9~~(44) represent log five samples to a
d e p t h  of approximately ten  f e e t  below Bay b o t t o m .  The sed imen t s  of t h i s
hole are a u n i f o r m l y  d i s t r i b u t e d  c l a y e y  s i l t .  The second area shown on
Figure -.3h , is located along the western portion of the Inner  H a r b o r
n a v i g a t i o n  channe l  and along much of the Oakland Tidal Canal. This area
is reh’ r~-~~-nt &-d on the seismic subbottom reflection profiles as a l i m i t e d
p e n e t r a t i o n  w i t h  gross subbo t tom features . Inclosure 4—58 is the par—
t ic 1~ - s i z e  g r a d a t i o n  curves of Hole 2D—l98(46) representing five samples
to a depth of about nine feet below Bay bottom. The surface sediments
are i fine cIivev s i l t  mat e r i a l  and the deeper sediments tre a sandy
m a t e r i a l .
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The se i s m i c  subbot tom reflection profiles of Oakland Outer Harbor
arc similar to Oakland Inner Harbor in that there are some areas with
l i t t l e  or no penetration of the seismic signal and areas where gross
subbottom f e a t u r es  are discernib le.

Figure  -~4 is a s e c t i o n  of the  Outer Harbor seismic r e f l e c t i o n
record  showing a r e f l e c t i o n  s u r f a c e  at about thre e fee t below Bay bottom
and evidence of other reflecti on surfaces at deeper depths. The particle
s ize  g r a d a t i o n  curves  of 2D—107(4l) located in this area , shown on
Inclosure 452, indicate tha t t h e  surface sediments are a clayey silt
material and deeper sediments are a sandy material.

CORE SAMPLING AND ANALYSIS

Thirteen holes were drilled in the Oakland Inner—Outer Harbor area.
The locat ions  are shown on Fi gure  18. Two to six samples from each core
were analyzed for particle size distribution and the nine contaminants.
The r e s u l t s  are shown in Inclosure 4.

~~ y sic al  Sed imen ta ry  C h a r a c t e r i s t i c s

Size characteristics of sedimentary deposits in the Oakland—Inner—
Outer  Ha rbo r  area , l i k e  the o the r  two areas , vary greatly both vertically
and l a t e r a l l y .  Table 30 is a l i s t i n g  of mean hole  sand and clay content
in order  of decreasing clay percentages of core samp les taken in the
Oakland I n n e r — O u t e r  Harbor  ir e a .  The mean hole sand con ten t  ind ica tes
the relative magnitude of the environment of deposition d u r i n g  the
histo ry of deposition . The deviation from the mean indicates the degree
of uniformit y or hetrogeneitv of deposits and , thus , the historica l
changes in inpu t  energy .

The f i n e s t  s e d i m e n t s  in the O ak l a n d  I n n e r — O u t e r  Harbor area are
g e n e r a l l y  found  in t h e  peripher y shallows along the Oakland waterfront .
The sediments are p r i m a r i l y clayev s i l t , s imi l a r  to the sed iments  of
Berk e ley Flats. The c l a y  content of the holes varies between 20 percent
and ~~() p e r c e n t .
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Holes 20—134(36) and 2D—105(38) in Emeryville Flats are somewhat
coarser and more variable sediments. The sediments of these two holes
vary from a clayey silt to sandy material. The hetrogeneity of the
sediments is similar to that found in the western channel margins of
Central Bay.

With the exception of 2D—95(44), sedimen ts of Oakland Inner Harbor
ar e generally coar ser than sed iments along the periphery shallows. Hole
20—99(46) is a example of typ ical shoaled sed imen ts in the dredged
c h a n n e l .  The f i r s t  f ive  fee t  of sediment in this hole is a clayey silt
w i t h  a sand content  of about two percent. Sediment deeper than five
feet below Bay bottom is a silty sand and sandy ma ter ial which has not
been disturbed by dredg ing. Sediments of 20—101(47) also in Oakland
Inner Harbor are the coarsest sediments found in the Oakland Inner Outer
Harbo r area. Sediments of 2D94(45) in the Oakland Tidal Canal are also
very coarse with the sand content varying from 38 to 88 percent .

TABLE 30

OAKLAN D IN N ER—O U TER HARBOR
PHYSICAL SEDIMENT ARY CHARACTERISTICS

% Clay % Sand
R a t i n g  Hole Location <2 74 t-

1 2D—95 (44 )  Oakland Inner  Harbor 39±4 3±2
2 20—103(40) Oakland Shallows 33+9 11±14
3 20—100(39 Oakland Shallows 33±7 15±14
4 2D— 106(37)  Oakland Shallows 30+6 13±14
S 20—107(41) Oakland Outer Harbor 28±29 43±58
6 20—102(43) Oakland Shallows 26+6 15±5
7 2D—99(46) Oakland Inner Harbor 22±12 32±43
8 2D—1O5(38) Emeryville Flats 20±10 39±29
9 2D— l 34(36) Emeryville Flats 18+9 52±28
10 20—98(48) Oakland Inner Harbor 16+9 67±22
11 2D—94(45) Oakland Tidal Canal 16+9 60+21

-
. 12 2D—104(42) Oakland Outer Harbor 7±2 88±2

13 2D—lOl (47) Oakland Inner Harbor 3±1 94±2

The two holes drilled in Oakland Outer Harbor , 20—104(42) and 2D—
107(41) are pr incipally a sandy material. However , shoal ing sediments
in the Outer Harbor dredged during the annual maintenance of the navi—
gation channel are known to be a clayey silt. The surface sample of 2 0—
107(4 1) ,  a clayey sil t , represen ts shoaled sed iments , whereas other
sed iments sampled represent sediments that have not been disturbed by
dredg ing.
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In summary , th e finest  sediments in this area are fo und along the
periphery shallows and the shoal sediments of Oakland Inner and Outer
Harbor. The most variable sediments are found along the Emeryville
Flats and the coarsest sediments are found at the deeper depths in
Oakland Inner and Outer Harbor.

Dis trib ution of Contaminan ts in Sur face  Sedimen ts

The surface sediments of the Oakland Inner—Outer Harbor area are
enriched with all of the nine contaminants. Table 31 is a comparison of
the mean contaminant levels in the surface sediments (0—0.6 feet) with
sediments greater than 0.6 feet.

TABLE 31

MEAN CONCENTRATION OF CONTAMINANTS IN
SURFACE AND SUBSURFACE SEDIMENTS OF

OAKLAND INNER-OUTER HARBOR AREA

Mean Concentration (ppm)
0— 0 .6  Greater  G r e a t e r

Parameter Feet Than 0.6 Feet Than

Lead 83.85 31.96 62
Zinc 159.08 93.60 41
M e r c u r y  0.86 0 .59 31
CadmI um 1.17 0 .87  26
Copper 51.69 31.40 39
Oil—Crease 1,100 600 46
Volatile Solids x104 6.89 4.87 29
Chemical Oxygen Demand xlO 3.91 2.93 25
Total. Kjeldahl Nitrogen 1,300 900 31

Contaminant levels in the s u r f a c e  sediments  show a large va r i a t i on
throughout the study area. Figure 45 and 46 give the contaminant con-
centrations in the surface sediments of each of the thirteen holes in
the Oakland Inner—Outer Harbor area .

Zinc concentrations range from 35 ppm In the sandy surface sediments
of holes 2D—104(42) in Oakland Outer Harbor and 20-101(47) in Oakland
Inner Harbor to 327 ppm in the sandy surface sediment of 2D—94(45) in
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Oakland Tidal Canal. The highest zinc concentrations in the s u r f a c e
sediments are found in Oakland Inner Harbor with concentrations tvpi—
c a l l y  e x c e e d i n g  200 ppm , except  for  2 D — l O l ( 4 7 ) .  Zinc  concentrations
a Iso appear to decrease going towards the entrance of O a k l a n d  Inner
Harbor . The sha l low periphery areas along the Oakland and Emervvil le
w a t e r f r o n t  have zin c concentrations in the surface sediments rang ing
from 40 ppm near the Bay Bridge toll plaza to 196 ppm near Alameda Ni v al
Air Station . The surface sediment of 20-107(41) in Oakland Outer harbor
has a zinc concentration of 201 ppm .

Lead c o n c e n t r a t i o n s  in the  s u r f a c e  sed iments  have about  the  same
distribution as zinc , rang ing from 6 ppm at 2 D — l O 1 ( 4 7 )  in Oakland  In n e r
Harbor  to 264 ppm in the  Oakland Tida l  C a n a l .

Mercur y  levels in the surface sediments range from 0.1 ppm at 2D—
98(48)  in Oakland Inner  Harbor  t o 3.9 ppm at 2 D — 1 3 4 ( 3 6 )  in E m e ry v i l l e
Flats . Oakland Inner Harbor surface sediments have mercury concentra-
tions ranging from 0.1 ppm to 0 . 7  ppm . Merc u ry  c o n c e n t r a t i o n s  in
Oakland Outer Harbor range from 0 . 7  ppm to 0.9 ppm . In the shallow
periphery areas , mercury concentra tions range from 0.5 ppm to 3.9 ppm .

Surface cadmium concentrations in tin- Oakland Inner—Outer Harbor
3 .2  ppm at 2D—98(48 )  area range from to 0 .2  ppm at 2 D — l O 1 ( 4 7 ) ,  b o t h
loca ted  in the  I n n e r  H a r b o r .  Cadmium c o n c e n t r a t i o n s  in the s u r f - i c e
sediments of the Outer Harbor range from 0 .5 ppm to 1.7 ppm . In the
peri phery shallow areas cadmium levels range from 0 .7  ppm to 1.1 ppm .

Copper l evels in the  s u r f a c e  sediments  range f rom 6 ppm to 110 ppm
in Oak land  Tnner  H a r b o r .  In the Outer Harbor copper levels range from
14 ppm to  6~ ppm , and in the  p e r i p h e ry  sha l low areas  the range in copper
c o n c e n t r a t i o n s  is !p l ppm to  7-i ppm .

- -
. C h e m i c a l  oxy gen demand (COD) levels in the surface sediments of

this area ran~ i- from 0. 2x 10 4 ppm to 6. 3x104 ppm . Both the h i g h e s t  and
lowest concentrations are found i n 4 Oakland Inne r  Harbor .  COD levels  in
the Outer Harbor ran~ e from O.6x10 ppm in the sandy surface sediment of
2 0 — 1 0 4 ( 4 2 )  to  5 . 2 x l O ’  ppm in the c lavev  s i l t  m a t e r i a l  of

4
2 D — l 0 7 ( 4 1 1 .  In

the shallow peri phery areas COD lev i -Is range from 2.8x10 ppm to -i .9x 104
ppm .

T he  hj i~h est  o i l — c ~reasi - l e v e l s  in  the  s u r f a c e  sed imen t s  of t h i s  area
i r e  t ound in O a k l  und Inner Harbor . With the  e x c e p t i o n  of 20—1 0 1 ( 4 7 )
oil—grease levels i~i the  s u r f a c e  sed i m e n t s  of the  I n n e r  Harbor exceed
1 000 ~~~ The h i ghest surface sediment oil—grea se concentrations of
270 0 ppm are found in 2 D — 9 4 ( 4 ~~) and 2 0 — 9 5 ( 4 - i ) .  O i l — g r e a s e  l eve ls  in t h e
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s u r f a c e  sediments of the Oute r  Harbor are very low. In the per iphery
shallow areas oil—grease concentrations in the surface sediments range
from 200 ppm to 1200 ppm.

Volatile solids levels in the surface sediments of this area range
from l.lxlO4 ppm at 20—101(47) in Oakland Inner Harbor to ll.3xlO4 at
2D—1OS(38) in Emeryville Flats. In the Inner Harbor volatile solids
levels range from l.1x104 ppm to 9.3x104 ppm. Volatile solids levels in
Outer Harbor range from 1.8x104 ppm to 9.lxlO 4 ppm. The highes t  s u r f i —
cial volatile solids levels in this area are typically found in the
per i phery  shallow areas where  concentrations range from 6.lxlO4 ppm to
ll .3x104 ppm.

Total Kjeldahl nitrogen (TKN ) levels in tire surface sediments of
t h i s  area range f r o m  400 ppm to 2700 ppm. In the Inner Harbor surficial
TKN concentrations range from 400 ppm to 1600 ppm. In Oakland Outer
Harbor TKN levels in the surface sediments range from 500 ppm to 2700
ppm , and in the periphery shallow areas IKN levels range from 800 ppm to
1600 ppm.

The surface sediments of the Oakland Inner—Outer Harbor area
typically have higher contaminant levels (except for nercury) than San
Pablo S ay — C a r q u i n e z  S t r a i t  or San Pab lo S t r a i t — B e rkeley Flats  areas . In
many cases h i g h  con taminan t  Levels  are found in bo th  sandy and clavev
s i l t  s u r f a c e  sediments .  The s u r fa c e  sediments of t h e  Oakland Tidal
Canal and upper  po r t i on  of Oakland inner  Harbor  have the h ighes t  con-
taminant levels , with the exception of m e r c u r y ,  i n  t his area .  The
highest surficial mercury levels are found in the shallow per iphery
areas in the n o r t h e r n  pa r t  of the  Oakland Inner—Outer Harbor area . The
lowest contaminant levels are found in the sandy surface sediments
namely 2 0—101(47) in the  Inner Harbor and 2 0— 104(42)  in the Outer
Harbor .

V e r t i c a l  D i s t r i b u t i o n  of C o n t a m in a n t s

Graphs of the vertical distribution of contaminants for the Oakland
Inner—Outer Harbor area are show-n in Inclosure  4. Each of the contami-
nants are discussed in the following paragraphs in terms of mean hole
concentrations and deviation from the mean.

Volatile Solids. The mean volatile solids concentrations in the Oakland
Inner—Outer Harbor area is 5.3l±2.8xl04 ppm. The mean is lower than the
San Pablo Bay—Carquinez Strait and San Pablo Strait—Berkeley Flats
means. The range in volatile solids concentration is somewhat greater
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than in San Pablo Strait—Berkeley Flats , but smaller than in San Pablo
Bay—Carquinez Strait. Volatile solids levels in the sediments of this
area range f rom l . l — l l . 5 x 10 4 ppm. Table 32 is a l ist ing of the mean
hole volatile solids concentrations in order of decreasing magnitude.

Mean hole volatile solids concentrations range from l.lO+Ox104 ppm
for 20—101(47) in Oakland Inner Harbor to 7.34±l.8xlO4 ppm also in the
Inner Harbor. Hole 20—95(44) in the central portion of Oakland Inner
Harbor  nav igation channel , near Government Island , has the highest mean
hole volatile solids concentration. The sediments of this hole are
clayey s i l t  wi th  the clay content  increasing wi th  depth . Volatile
solids levels decrease w i t h  depth f rom 9 .lx l04 ppm at the surface to
5.3xl04 ppm at about 6 feet  below Bay bo t tom.

TABLE 32

OAKLAND 1NNER-OUTER HARBOR

MEAN HOLE VOLATILE SOLIDS CONCENTRATIONS

Mean Range % Sand % Clay
Rating Hole ppm x l0~ ppm x l0~ > 7 4 ~i

1 2D— 9 5 (44)  7 . J 4 + l . 8  5 . 3 — 9 . 1  3±2 39+4
2 2D—l00(39 7.04+2.8 4.7—11.5 15±14 33±7
3 2D—10 3 (4 0)  6 .94±1.3  4 . 8 — 8 . 1  11±14
4 20—106(37) 6.46±1.2 5.6—8.5 13+14 30±6
5 20—102(43) 6.28+1.7 4.3—8.2 15±5 26+6
6 2 D — 9 9 ( 4 6 )  5 .90+3.2  1 . 4 — 8 . 3  32+4 3 22± 12
7 2 D — l 0 7 (4 l )  5 .40±5 . 2 1 .7 — 9 . 1  4 3±58 25+29
8 2 D — 9 4 ( 4 5 )  5 .35+2 .9  2 . 3 — 9 . 3  60±21 16±9
9 20—105(38)  4 .90+3.4  1 .6—11 .3  39±29 20+10

10 2 0— 134(36 )  4 .40+2 .1  1 .7—6.1  52±28 18+9
11 2D—98(48 )  3 .04+ 1.7 1.2 — 5.0  67±22 16±9
12 2 D — l 0 4 ( 4 2 )  1.50+0.4 1 .2—1.8  88±2 7+2
13 2 D — l O l ( 4 7 )  1.10 1.1— 1.1 94+2 3+1

High mean hole volatile solids levels a re  also found in the sha l low
p e r i p hery areas  south  of the Bay Brid ge . As ex e m p l i f i u . d  liv 20— 100(39)
just seaward of the Alameda Naval Air Station , volat iii- solids levels
are hig h throughout the depths of the  holes .  V o l a t i l e  solids c i  21) —
100(39) ran ge from 4.7—Il. 5xl04 ppm. The ii  i g l i & -ct samp le coneent r u t  - -

in ~IIC Oakland I n n e r — O u t e r  Harbor  are-a i s  found in this hole at -d
seven fee t  below Bay b o t t o m  and is assoc ia ted  w i t h  t h e  coo~~-~~s~ -

ments of the hole (35 percent sand).
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The shoaled sediment of Oakland Inner—Outer Harbor have relatively
high volatile solids concentrations, whereas the sediments undisturbed
by dredging have very low volatile solids levels. Hole 2D—99 (46) in the
Inner Harbor and 2D—107(4l) in the Outer Harbor show the differences
between shoaled sediments and undisturbed sediments in these navigation
channels. The high levels in the shoaled sediments result in high mean
hole volatile solids concentrations .

Hole 2D—94(45) in the Oakland Tidal Canal has high volatile solids
levels in the sandy surface sediments and decrease with depth, even
though the clay content of the sediments increase with depth.

Mean hole volatile solids concentrations of the shallow periphery
area seaward of Emeryville are lower than in the southern periphery
shallows. The sediments in the northern periphery shallows are also
coarser. The mean hole volatile solids concentration of 2D—105(38) is
4.90+3.4x104 ppm. The surface sediment of this hole has a volatile
solids concentration of ll.3xl04 ppm.

The lowest mean hole volatile solids concentrations in this area
are found in the sandy sediments of the navigation channels.

Chemical Oxygen Demand. The mean chemical oxygen demand (COD) in the
Oakland Inner—Outer Harbor area is lower than both the San Pablo Bay—
Carquinez Strai t  and San Pablo Strait—Berkeley Flats areas. The COD
concentrations in the sediments of this area range from O.lxlO4 ppm to
9.0x104 ppm. Table 33 is a listing of mean hole COD concentrations in
order of decreasing magnitude.

Mean hole COD concentrations are similar to volatile solids with
the highest mean hole concentrations being found in the fine sediments
of Oakland Inner Harbor and in the sediments of the shallow periphery
area south of the Bay Bridge. The lowest mean hole COD concentrations
are found in the undisturbed sandy sediments of the navigation channels.

Hole 2D—95(44) in the Inner Harbor has the highest mean hole COD
concentration of 5.80+2.lxlO4 ppm. COD levels in this hole vary from
4.OxlO4 ppm at about seven feet below Bay bottom to 9.OxlO4 ppm at about
four feet below Bay bot3om. The surface sediment of this hole has a COD
concentration of 6.3xl04 ppm. The finest sediments in the Oakland
Inner—Outer Harbor area are found at this hole.
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TABLE 33

OAKLAND INNER-OUTER HARBOR
MEAN HOLE CHEMICAL OXYGEN DEMAND CONCENTRATI ONS

Mean Range % Sand % Clay
Rating Hole ppm x lO~ ppm x 10 > 7 4i~

1 2D—95(44) 5.80+2.1 3.8—9.0 3+2 39±4
2 2D—103(40) 4.34+0.8 3.1—5.1 11±14 33+9

H 3 2D—lOO(39) 4.28+0.5 3.7—4.9 15+14 33+7
4 2D 99(46) 3.78±2.6 0.1—5.7 32+43 22+12
5 2D—l02(43) 3.76+0.4 3.4—4.3 15+5 26+6
6 2D—1O6(37) 3.76+1.0 2.2—4.8 13+14 30+6
7 2D—107(41) 2.90+3.3 0.6—5 .2 43+58 28+29
8 2D—l05(38) 2.61-4-0.9 1.5—4.1 39+29 20+10
9 2D—94(45) 2.55±2.3 0.1—5 .3 60+21 16+9
10 2D—134(36) 2.48±1.5 0.3—3.9 52+28 18+9
11 2D—98(48) 1.62±1.6 0.3—3.5 67±22 16+9
12 2D—1O4(42) 0.06 0.6—0.6 88±2 7±2
13 2D—lOl (47) 0.17+0.1 0.1—0.2 94±2 3±1

The lowest mean hole COD concentrations are found in the undisturbed
sandy sediments of the Inner and Outer Harbor. 2D—lOl(47) located in
the Inner Harbor has a mean hole sand content of 94±2 percent. Corres-
pondingly, the mean hole COD concentration is O.17+O.lxlO4 ppm with
sample concentrations ranging from O.1—O.2x104 ppm.

Areas in the Inner—Outer Harbor channels where shoaled sediments
are present have higher mean hole COD concentrations and larger devia-
tions from the means. Hole 2D—99(46) located in the Inner Harbor has a
mean hole COD concentration of 3.78±2.6x104 ppm. Sample concentrations

4 in this hole range from 5.7x104 ppm in the fine surface sediments to
O.1x104 ppm in the deeper undisturbed sediments.

Total Kjeldahl Nitrogen. The mean total Kjeldahl nitrogen (TKN) con-
centration in the Oakland Inner—Outer Harbor area is 1,000+600 ppm.
This mean is the same as San Pablo Strait—Berkeley Flats area and much
less than the San Pablo Bay—Carquinez Strait mean. TKN levels in the
sediments of this area range from 100 ppm to 2700 ppm. Table 34 is a
listing of mean hole TKN concentrations in order of decreasing magnitude.
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TABLE 34

OAKLAND INNER—OUTER HARBOR
MEAN HOLE TOTAL KJELDAHL NITROGE1~ CONC ENTRATIONS

Mean Range % Sand % Clay
Rating Hole ppm ppm > 7 4 ii

1 2D— 95(4 4) 1700+400 1400—2300 3+2 39+4
2 2D— 103(40) 1600+300 1100—1900 11+14 33+9
3 2D—107(4l) 1600+1600 400—2700 43±58 28+29
4 2D—l06(37) 1100 1100—1200 13+14 30+6
5 2D—99 (46) 1100+900 300—1900 32+4 3 22+12
6 2D—l 02(43) 1000+200 800—1400 15+5 26+6
7 2D— lOO(39) 1000+300 500—1300 15±14 33+7
8 2D—l34(36) 900+500 300—1600 52+28 18+9
9 2D— 105(39) 800+300 500—1300 39+29 20+10

10 2D—94 (45) 800+700 200—1600 60+21 16+9
11 2D—l 04 (42) 700+200 500—800 88+2 7+2
12 2D—98 (48) 500+400 200—1000 67-4-22 16+9
13 2D—101 (47) 200-4-200 100—400 94±2 3±1

Like with volatile solids and chemical oxygen demand , the highest
mean hole TKN concentration is found in 2D—95(44) in the fine sediments
of the Inner Harbor. The mean hole concentration is 1700±400 and sample
concentrations range from 2300 ppm at about five feet below Bay bottom
to 1400 ppm at about six feet below Bay bottom.

The lowest mean hole TKN concentration is also found in the Inner
Harbor at 2D—lOl(47). The mean hole concentration in these sandy sedi-
ments is 200+200 ppm.

Mean hole TKN concentrations in the shallow periphery areas range
from 800+300 ppm at 2D—105(38) to 1600±300 at 2D—l 03(40) .

Hole 2D—l07(4].) in Oakland Outer Harbor has a mean hole TKN con-
centration of 1600+1600 ppm, yet has a mean hole sand content of 43±58
percent . The high deviation from the mean hole TKN concentration is due
to the fine shoaled sediment having an extremely high TKN level of 2700
ppm , the highest sample concentration in the Oakland Inner—Outer Harbor
area. The deeper undisturbed sandy sediment in this hole has a TKN
concentration of 400 ppm. Hole 2D—99(46) in Oakland Inner Harbor is
similar to 2D—lOl (4l) in the Outer Harbor in that the fine surface
sediment has a high TKN level and the coarse undisturbed sediment has a
low TKN level.
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Oil—Grease. The mean oil—grease concentration in the Oakland Inner—
Outer Harbor area Is 700+100 ppm. Oil—grease levels are larger with
greater variability than in the San Pablo Bay—Carquinez Strait and San
Pablo Strait—Berkeley Flats areas. Oil—grease concentrations in the
sediments range from 100 ppm to 5800 ppm. Table 35 is a listing of the
mean hole oil—grease concentrations in order of decreasing magnitude.

The highest oil—grease levels of all core samples taken in this
study were found in this area. Except for hole 2D—lOl (47), Oakland
Inner Harbor and Tidal Canal have the highest mean hole and sample oil—
grease concentrations. Hole 2D—95(44) with the highest mean hole oil—
grease concentration of 2500+2200 ppm, also has the highest sample
concentration of 5800 ppm. The surface sediments of other Inner Harbor
holes have high oil—grease levels regardless of the sand or clay content
except for 2D1O1(47). Deeper samples in the Inner Harbor generally have
low oil—grease levels.

TABLE 35

OAKLAND INNER-OUTER HARBOR
MEAN HOLE OIL-GREASE CONCENTRATIONS

Mean Range % Sand % Clay
Rating Hole ppm ppm > 7 4  p

1 2D—95(44) 2500+2200 100—5800 3+2
2 2D—99(46) 1600+1000 300—2700 32±43 22+12
3 2D—94(45) 1300+1100 100—2700 60+21 16+9
4 2D.-l03(4O) 800+500 300—1500 11±14 33+9
5 2D—98(48) 600+500 200—1300 67±22 16+9
6 2D—lO0(39) 600+700 100—1600 15±14 33+7
7 2D—106(37) 400+400 100—1000 13+14 30+6
8 2D—134(36) 300±200 100—600 52±28 18+9
9 2D—102(43 300+500 100—1200 15±5 26+6
10 2D—l05(38) 100+0 100—100 39±29 20+10
11 2D—l04(42) 100+0 100—100 88±2 7+2
12 2D—10 7(4 1) 100+0 100—100 43+58 28+29
13 2D—lOl(47) 100+0 100—100 94±2 3+1

The shallow periphery areas have mean hole oil—grease concentra—
tions ranging from 800+500 ppm at 2D—103(40) to 100 ppm at 2D—105(38).

The two holes taken in Oakland Outer Harbor have extremely low oil—
grease concentrations.
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Mercury. The mean mercury concentration in the Oakland Inner—Outer
Harbor area is 0.65+0.56 ppm. This mean is lower than in the San Pablo
Bay—Carquinez Strait and San Pablo Strait—Berkeley Flats areas. Mean
hole mercury concentrations range from 1.17±1.38 ppm in Emeryville Flats
to 0.13+0.05 ppm in Oakland Inner Harbor. Table 36 lists mean hole
mercury concentrations in order of decreasing magnitude.

Hole 2D—134(36) in Emeryville Flats has the highest mean hole
mercury concentration. The sediments of this hole are among the coarser
sediments In this area. The mean sand content is 52±28 percent and the
clay content is only 18+9 percent. The high mean hole mercury concen-
tration is due to an extremely high mercury value of 3.9 ppm in the fine
clayey silt surface sediments. Mercury levels in this hole generally
decrease with depth from a value of 3.9 ppm at the surface to 0.2 ppm in
the sandy material at 15 feet below Bay bottom.

TABLE 36

OAKLAND INN ER-OUTER HARBOR
MEAN HOLE MERCURY CONCENTRATIONS

Mea n Range Z Sand % Clay
Rating Hole ppm ppm > 74~. < 2 u

1 2D—l 34(36 ) 1.17±1.38 0 . 2 — 3 . 9  52+28 18+9
2 2D—103(4O) 1.16+0.33 0.7— 1.6 11+14 33+9
3 2D— 99(46) 0.93-4-0.45 0.4— 1.3 32±43 28+12
4 2D—1 07(4l) 0.90+0 0.9—0.9 4 3±58 28+29
5 2D—105(38) 0.71+0.29 0 .2— 1.2 39±29 20+10
6 2D—l04 (42) 0.65+0.07 0.6—0.7 88±2 7+2
7 20— 102(43) 0.62+0.23 0 .4—1.0 15±5 26+6
8 20—101(47) 0.47+0.12 0.4-0.6 94±2 3+1
9 20—95(44) 0.44+0.38 0.1—0.9 3+2 39+4

10 2D—lOO (39 ) 0.42+0.19 0.1—0.6 15+14 33+7
11 2D—98(48) 0.40-4-0.29 0 . 1—0.8 67+22 16+9
12 2D— l06 (37) 0 .32+0 .27 0 .2— 0 . 8  13+14 30+6
13 2D—94(45) 0.13+0.05 0.1—0.2 60+21 16+9

High mean hole mercury concentrations are also found at 2D—l03(40) in
Oakland shallows, 20—99(46) in Oakland Inner Harbor and 20-107(41) in
Oakland Outer Harbor.

Hole 20-95(44) in Oakland Inner Harbor has the finest sediments in
this area, yet has a mean hole mercury concentration of only 0.44-4-0.38
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ppm. 2D—106(37) in the southern periphery shallows also has an extremely
low mean hole mercury concentration of 0.32-4-0.27 ppm for the relatively
fine sediments. The surface sediments of 20—106(37) are the coarsest of
the hole, yet the mercury level is highest. Except for this surface
sample mercury is uniformly distributed with depth.

The lowest mean mercury concentration is at hole 20—94(45) in
Oakland Inner Harbor with a value of 0.13+0.05 ppm. Lead levels in the
sediments are uniformly distributed with depth, varying from 0.2 ppm at
the surface to 0.1 ppm at about 4 feet below Bay bottom.

Lead. The mean lead concentration in the Oakland Inner—Outer Harbor
area is 43.2±55.3, which is larger than either the San Pablo Bay—
Carquinez Strait or San Pablo Strait—Berkeley Flats areas . Table 37
shows the mean hole lead concentrations in order of decreasing meg—
nitude.

TABLE 37

OAKLAND INNER—OUTER HARBOR
MEAN HOLE LEAD CONCENTRATIONS

Mean Range 2 Sand 2 Clay
Rating Hole ppm ppm >74 p <2p

1 20—94(45) 144.0+128.2 15—264 60+21 16+9
2 2D—95(44) 109.4+91.7 18—237 3+2 39+4
3 20—99(46) 53.8+29.4 11— 74 32+43 22+12
4 20— 107(41) 48.0+55.2 9—87 43+58 28+29
5 20— 103(40) 43.2+9.7 36—60 11±14 3~±9
6 20-100( 39) 35.2+2 1.8 14—58 15+14 33+7
7 2D—98(48 ) 3l.2~ 24.9 13—73 67+22 16+9
8 20—106(37) 29.0+22.4 17—69 13~l4 30+6
9 20—102(43) 25.6+22.2 13—65 15±5 26+6
10 20—134(36) 23.7+17.3 11—58 52±28 18+9
11 20—105(38) 17.2+4.9 12—25 39+29 20±10
12 20—104 (42) 11.0+5.7 7— 15 88+2 7±2
13 2D—lOl(47) 6.3+2.5 4—9 94+2 3±1

Mean hole lead concentrations range from 144.0+128.2 ppm in Oakland
Tidal Canal to 6.3+2.5 ppm in the Oakland Inner Harbor navigation chan-
nel. Extremely high lead levels are found at 20—94(45 ) and 20—95(44) in
Oakland tinner Harbor. The two uppermost samples of 20—94(45), representing
the first two feet of sediment, have lead values of 264 ppm and 244 ppm.
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The sand content of these two samples is greater than 50 percent. Lead
levels and sand content in 2D—94(45) decrease with depth. Hole 20—
95(44) also has high levels in the shallower sediments, but the sedi-
ments are also yery fine. Lead levels of 20—95(44) decrease from 237
ppm in the surface sediments to 18 ppm at about 7 feet below Bay bottom.
The clay content increases with depth from 35 percent at the surface to
43 percent at the bottom of the hole.

Holes 20—99(46) in Oakland Inner Harbor and 2D—l07(4l) in the Outer
Harbor have fairly high mean hole lead concentrations when compared to
the mean hole sand content. The high mean hole lead levels are due to
the low sand content in the surface sediments which represent shoaled
sediments in the navigation channel. The deeper undisturbed sandy sedi-
ments have very low lead levels.

Except for 20—103(40) the mean hole lead concentrations in the
shallow periphery areas are low. The surface sediments are enriched
with lead and decrease to very low levels with depth.

The lowest mean hole lead levels are found at 2D— 104(42) and 2D—
101(47) in the undisturbed sandy sediments of Oakland Inner and Outer
Harbor. The lead levels in these two holes vary from 4 ppm to 15 ppm .

Zinc. The mean zinc concentration in the Oakland Inner—Outer Harbor
area is 107.8+91.2 ppm, which is less than either the San Pablo Bay—
Carquinez Strait and San Pablo Strait—Berkeley Flats area. Zinc levels
range from 17 ppm in the undisturbed sandy sediments of Oakland Inner
Harbor to 386 ppm in the fine clayey silt sediments of the Inner Harbor.
Table 38 is a listing of the mean hole zinc concentrations in order of
decreasing magnitude.

As with lead, the highest mean hole zinc concentrations are found
in Oakland Inner Harbor and Tidal Canal. Hole 2D—95(44) has the finest
sediments in Oakland Inner Harbor and also has the highest mean hole
zinc concentration of 343.8±126.4 ppm. Zinc levels in the sediments of

‘1 this hole range from 115 ppm to 386 ppm. The highest zinc concentra-
tions with values greater than 300 ppm are found in the upper four feet
of sediment. Between 5 and 7 feet below Bay bottom the sediments become
slightly finer but the zinc levels decrease to 115 ppm. Hole 20-94(45)
in the Tidal Canal has very high zinc levels associated with the coarse
surface sediments. Zinc levels decrease from 327 ppm in the surface
sediments to 59 ppm at about four feet below Bay bottom.
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TABLE 38

OAKLAND INNER-OUTER HARBOR
MEAN HOLE ZINC CONCENTRATIONS

Mean Range 2 Sand 2 Clay
Rating Hole ppm ppm >74 p

1 2D—95(44) 343.8+126.4 115—386 3+2 39+4
2 20—94(45 216.0+134.0 59—328 60+21 16+9
3 20—99(46) 178.5+104.4 32—256 32+43 22+12
4 20—100(39) 131.4+55.5 52—196 15+14 33+17
5 2D—l07(41) 117.5+118.1 34—201 43+58 28+29
6 20—103(40) 116.2+42.3 69—177 11+14 33+9
7 20—106(37) 112.4+19.5 92—144 13+14 30+6
8 20—98(48) 93.4+78.4 34—213 67+22 16+9
9 20—102(43) 64.4+24.6 51—105 15±5 26+6
10 20-134(36) 53.5+32.0 23—112 52±28 18+9
11 20—105(39) 39.3+12.1 27—63 39+29 20+10
12 20-101(47) 28.7+10.1 17—35 94+2 3+1
13 20-104(42) 27.5+10.6 20— 35 88±2 7±2

Hole 20—107(41) in Oakland Outer Harbor has a mean hole zinc
concentration of 117.5±118.1. The surface sediment of this hole, rep-
resenting fine shoaled sediments has a zinc concentration of 201 ppm.
The deeper undisturbed sand has a zinc level of 34 ppm.

The lowest mean zinc concentrations are again found in the undis-
turbed sandy material of Oakland Inner and Outer Harbor. In these areas
zinc levels vary from 17 ppm to 35 ppm.

Cadmium. The mean cadmium concentration in the Oakland Inner—Outer

‘1 Harbor area is 0.95+0.92 ppm. The mean in this area is the same as in
the San Pablo Strait—Berkeley Flats area and higher than in the San
Pablo Bay—Carquinez Strait area. The mean hole cadmium concentrations
are higher in the fine shoal sediments of Oakland Inner Harbor and the
lowest mean hole concentrations are found in the sandy undisturbed
sediments of the Inner and Outer Harbor. Table 39 lists the mean hole
cadmium concentrations in order of decreasing magnitude.

The highest mean hole cadmium concentrations are found at 20—95(44)
and 20—94(45) in Oakland Inner Harbor Channel and Tidal Canal. Cadmium
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levels in 20—95(44) vary from 0.8 ppm to 6.6 ppm. Extremely high
cadmium levels are found in the first four feet of sediment varying from
1.5 ppm at the surface to 6.6 ppm at about four feet below Bay bottom.
Cadmium levels then decrease to 0.8 ppm between 4 and 7 feet below Bay
bottom. This hole is entirely clayey silt. Hole 2D—94(45) has a mean
hole cadmium concentration of 1.45+0.89 ppm. Cadmium levels in the
coarse surface sediments are very high, ranging from 2.1 ppm to 2.3 ppm .
Cadmium levels decrease to 0.5 ppm at about 4 feet below Bay bottom.

TABLE 39

OAKLAND INNER-OUTER HARBOR
MEAN HOLE CADMIUM CONCENTRATIONS

Mean Range ¼ Sand ¼ Clay
Rating Hole ppm ppm >74 p

1 20—95(44) 2.26±2.46 0.8—6.6 3+2 39+4
2 20—94(45) 1.45+0.89 0.5—2.3 60+21 16+9
3 20-107(41) 1.20+0.7 0.7—1.7 43+58 28+29
4 20—106(37) 1.14+0.11 1.0—1.3 13+14 30+6
5 20—100(39) 0.92+0.30 0.5—1.3 15+14 33+17
6 20—103(40 0.90+0.1 0.8—1.0 11+14 33+9
7 20—99(46) 0.83+0.59 0.2—1.5 32+43 22±12
8 20—98(48) 0.80+1. 34 0.1—3.2 67+22 16+9
9 2D—l34(36) 0.77+0.25 0.5—1.1 52+28 18+9
10 2D—102(43) 0.74+0.09 0.6—0.8 15+5 26+6
11 20-105(38) 0.64+0.22 0.4—1.1 39+29 20+10
12 20—104(42) 0.35+0.21 0.2—0.5 88+2 7+2
13 2D—lOl(47) 0.17+0.06 0.1—0.2 94+2 3±1

The high mean hole cadmium concentration of 2D—l07(4l) in the Outer
Harbor channel is due to a high level of 1.7 ppm in the fine surface
shoal material of the hole.

Hole 20—102(43) in the periphery 8hallows just south of the Bay
Bridge has a mean hole cadmium concentration of 0.74+0.09 ppm. Cadmium
levels vary from 0.6 ppm to 0.8 ppm. These low cadmium levels are
associated almost entirely with clayey silt.

The lowest mean hole cadmium concentrations, like with the other
contaminants are found in the sandy undisturbed sediments of 20—101(4 7)
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in Oakland Inner Harbor and 20—104(42) in Oakland Outer Harbor.
20—104(42) has a mean hole cadmium concentration of 0.35+0.21 ppm
and 20—101(47) has a mean concentration of 0.17-4-0.06 ppm.

Copper. The mean copper concentration in the Oakland Inner—Outer Harbor
area is 35.8±28.8 ppm. This is lower than in the San Pablo Strait—
Berkeley Flats area but higher than in the San Pablo Bay—Carquinez
Strait area. Mean hole copper concentrations in this area vary from
91.4±41.6 ppm in the fine shoal sediments of Oakland Inner Harbor to
7.0+1.0 ppm In the undisturbed sediments of Oakland Inner Harbor. Table
40 is a listing of mean hole copper concentrations in order of de-
creasing magnitude.

TABLE 40

OAKLAND INNER-OUTER HARBOR
MEAN HOLE COPPER CONCENTRATIONS

Mean Range % Sand % Clay
Rating Hole ppm ppm 74~ <2.p

1 2D—95(44) 91.4±41.6 46—136 3±2 39±4
2 20-99(46) 63.5±41.1 6—95 32+43 22+12
3 20-94(45) 44.3-4-25.5 14—73 60+21 16-1-9
4 2D— 1O3(4O ) 44.0±8 .9 29—52 11+14 33+9
5 20—100(39) 41.2+16.5 21—60 15+14 33+17
6 2D—1O7(4l) 35.0+41.0 6—64 43+58 28+29
7 2D—106(37) 31.8+6.1 24—41 13+14 30+6
8 2D—lO2(43) 30.2+9.9 23—47 15+5 26-4-6
9 20—98(48) 27.0+24.5 7—64 67+22 16+9
10 20—134(36) 18.7+12.0 8—41 52±28 18±9
11 2D—105(38) 18.2±4.4 13—25 39±29 20±10
12 2D—l04(42) 11.0+4.2 8—14 88±2 7±2
13 2D—lOl(47) 7.0+1.0 6—8 94±2 3±1

The highest mean hole copper concentration of 91.4+41.6 ppm is
found at 20-95(44) in the fine sediments of Oakland Inner Harbor.
Copper levels in this hole vary from 46 ppm to 136 ppm. High mean hole
copper concentration of 63.5±41.1 ppm is also found at 2D—99 (46) in the
Inner Harbor Channel. Copper levels generally decrease with depth from
95 ppm in the clayey silt surface sediments to 6 ppm in the sandy sedi-
ments at about 7 feet below Bay bottom.

The lowest mean hole copper concentrations are found in the undis—
turbed sandy sediments of 20—104(42) in Oakland Outer Harbor and 2D—
101(47) in Oakland Inner Harbor.
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SUMMARY

Contaminant levels within the Oakland Inner—Outer Harbor area, as
with the other two areas, vary widely both spatially and temporally.
The surface sediments of the area are enriched with all nine contami-
nants. There is a definite relationship between contaminant levels and
sediment type (particle size) which is reflected in both the vertical
and horizontal distribution of fine sediments. In a few isolated cases ,
such as in the Oakland Tidal Canal, extremely high contaminant levels
may be associated with coarse sediments.

The spatial distribution of contaminants generally reflect the
contemporary environment of deposition. The fine surface sediments of
Oakland Inner—Outer Harbor , representing shoal material in the main-
tained navigation channel , have the highes t levels of most of the nine
contaminants. Where these fine shoal sediments are absent, however , the
surface sediments have extremely low contaminant levels. The coarse
surface sediments in the Inner—Outer Harbor are believed to be historical
sand deposi ts tha t have not been dis turbed by dredging. The surface
sediments of the one hole drilled in the Oakland Tidal Canal is of
interest since the Tidal Canal has not been dredged for a number of
years. The surface sediments are very coarse (88 percent sand); yet the
contaminant levels a re very high . Me rcury levels , un like the other
contaminants in the surface sediments of the Inner Harbor , are very low.
The surface sediments of the periphery areas outside Oakland Inner—Outet
Ha rbor generally have lower contaminant levels and the spatial distribu-
tion is more variable. Contaminant levels in the surface sediments of
the shallow periphery areas are higher than in the deeper areas . Higher
mercu ry levels are also found over much of the periphery area than in
Oakla nd Inner and Outer  Harbor.

The vertical d is t r ibut ion  of contaminants in the Oakland Inner—
Outer Harbor area follows the same general trend as in San Pablo Bay—
Carquinez Strait. Generally , the highest contaminant levels are
associated with the finest sediments. Where the sand and clay content
of the sediments vary widely with depth , the contaminant levels also

‘1 
vary greatly .

The Oakland Inner—Outer Harbor area is categorized into two sub—
areas according to the geographical location, distribution of con-
taminants in the sediments and physical characteristics of the area.
These sub—areas are Oakland Inner—Outer Harbor navigation channels and
the periphery areas outside Oakland Inner—Outer Harbor.

Oakland Inner and Outer Harbor Channels

The area encompasses Oakland Inner—Outer Harbor navigation channels
and the Oakland Tidal Canal. Six holes are located in this sub—area ;
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2D— 94(45 ) in the Oakland Tidal Canal; 2D—95(44), 2D—98(48), 2D—99(46),
and 2D—lOl(47) in the Inner Harbor navigation channel; and , 2D—104(42)
and 2D—lO7(4l) in the Outer Harbor navigation channel.

This area is cha racterized as uniforml y low ene rgy environment
where the bottom depths , for the most part , have been deepened by dredg-
ing. Wind wave action is very low because of the enclosed nature of the
harbor . Current velocities are small and water circulation is slight.
The area has two types of sediments . Clayey silt found in the surface
sed iments over much of the area represents the contemporary low energy
environment of deposition . These are the sediments normally dredged
during maintenance dred ging operations . Clayey silt can also be found
with depth in certain areas, such as in the central por t ion of Oakla nd
Inner Harbor near Government Island. Sandy material is found at depth
over much of the Inner and Outer Harbor. These are historical repository
depo sits represen ting a higher energy env ironmen t of deposi tion at some
t ime in the geologic past.

Contaminant levels in the fine surface sediments are generally very
high. Levels are generally very low in the deeper sandy deposits. Hole
2D—99(46) is an examp le of the distribution of contaminants in the fine
surface sediments and coarse deep sediments. The fine sediments extend
to a depth of about 5 feet below Bay bottom and are underlain by a very
sandy material. Contaminant levels in these surface sediments are very
high and decrease to very low levels in the sandy material.

Moving up Oakland Inner Harbor towards Government Island , the sandy
sediments are no lox’ger present. The sediments are princi pal ly  a
clayey silt and the contaminant levels are very high. Hole 2D—95(44) is
an example of the vertical distribution of contaminants in such an area .
Not only are the  con tam inant levels very high, but there is also a hi gh
degree of variability in contaminant levels. The lower levels are found
at deeper depths .

Periphery Areas

The periphery areas around Oakland include the relatively shallow
water off the entrance to Oakland Inner—Outer Harbor and the shallow
areas opposite the city of Emeryville. Six holes are located in this
area; 2D—lOO(39) and 2D—1O6(37) just south of the entrance to Oakland
Inner Harbor; 2D—l02 (43) and 2D—103(40) between Oakland Outer Harbor and
the Bay Brid ge; and 2D—105(38) and 20—134(36) just north of the Bay
Br idge. The area is chara ct er ized as an intermitt en t ly moderate en-
vironment of deposition . The sediments vary from clayey silt to silty
sand w ith very gross bedding similar to the sediments of the southern
shallows of the San Pablo Bay .
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Typical distr ibutions of contaminants in the periphery areas of
Oakland are shown in Holes 20—105(38) and 2D—100(39). Contaminant
levels, with the exception of mercury , are lower than the fine shoal
sediments of Oakland Inner—Outer Harbor, but grea ter than the coarse
undisturbed sediments. A large variation of most contaminants occurs
wi th dep th , mainly  due to the variations in sediment types.
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CONTAMINANT LEVEL ASSOCIATED
WITH PARTICLE SIZE

Bulk chemical analysis of sediments represents a physical condition
associated internally (chemical make up of the sediment) and externally
(natural or anthropogenic sources) with the sediment. The concentra-
tions of contaminants in the sediment are the results of chemical inter-
actions of the sedimen t, wa ter , con taminan ts, organics and organisms.
The contaminants can be part of the mineral of the particle, on the
surface or between crystals of the particle , as precipitates , bound to
organ ics, as free metals or in solution in the interstitial water.

Results of semiselective extraction scheme (Ref. 36) indicated that
a significant portion of the investigated elements was in the residual
phase , that is , directly associated with the mineral particle. Seventy—
seven percent of the mercury , 60 percen t of the iron , 54 percent of the
mangane se and z inc , 53 per cen t of the copper , 50 percen t of the lead and
4 percent of the cadmium were found in the residual phase.

Trace meta ls and organics are generally associated with clays and
colloidal particles because of large surface area and sorptive char-
acteristics. Figures 47 through 55 are triangular coordinate plots of
the sample obtained during this study . The location of the point on the
plot gives a soils classification for the sample as indicated on the
upper left plot on Figure 47. The size of the circle gives the concen-
tration of the contaminant .

The concentration of large circles in the clayey silt and silty
clay regions does verify the association of contaminants with fines.
The spread or scatter of large circles along the clay axis , however ,
shows that source of contaminant has an affect on levels with a given
sediment type. As the sediment types become courser , con tam inan t
concentrations generally decrease. An exception to this are samples
from hole 2D—94(45) at the Tidal Canal in the Oakland Inner Harbor. The
surface sample with 88 percent sand has elevated levels in seven of the

‘1 nine parameters. The second sample from that hole with 57 percent sand
also shows elevated levels when comparing it to other similar sediment
types .

Although specific examples can be shown where contaminants are
higher than expected with a given type of sediment , the analys is is
strictly qualitative . The evaluation must consider the type of sediment
deposit and probable sources of contaminants.
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TRIL INEAR GRAIN SIZE- CONTAMINANT RELATIONSHIPS
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TRILINEAR GRAIN SIZE — CONTAMINANT RELATIONSHIPS
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TRILINEAR GRAIN SIZE-CONTAMINANT RELATIONSHIPS

OIL AND GREASE

- .1

/
/ 

~~~~ 
~
/

/

5 ’ .  
5 .

SAN PABLO BAY CENTRAL BAY

CONCENTRATION RANGES:

PARTS PER MILL IO N (PPM)

A

o 30 1—400

0 401 —500

o 50 1 —600

0 60 1 —800

0 801— 1000

- .
. .~ ,,

.4~ . • Q 1001—1200
0 

~~~
, , 0 1201—1400

0 > 140 0

9’ SURFACE SAMPLES

- 
. (—‘ SAMPLES < U FEET

__________________________________ ~~ SAM PL ES> ISFEET

OAKLAND INNER — OUTER HARBOR

FIGURE 53
4 ,

—— - 

F

-



— ----5. . - .. -~

TRILINEAR GRAIN SIZE - CONTAMINANT RELATION SHIPS

CHEMICA L OXYGEN DEMAND

,5/

/;

1

1\ 

/~~~~~~~~~~~~~~~~~~~~~~

‘

r

SAN PABLO BAY CENTRAL BAY

CONCENTRATION RANGES:

PARTS PER MILLION (PPM)

A 0— 1

.1 \ 
0 1 . 1 —2 .0

/ \ o 2 , 1 — 2 . 5

4 / 0 2 .6—3.0

/ . 
0 3 . 1 — 3  5

•1 
• 

. 
~~~

‘
~~ \ 

, 0 3.6-4.0

q5 0 4 . 1 — 3 . 0

.0/ ~i ~ 
, . .  0 5 . 1—6.0

5/ 
s. ‘) ~~

‘ 
> 6.0

~/ 
S 9) SURFACE SAMPL ES

4  0 SAMPLES <15 FEET

- \ SAMPLES >‘~ 
FEET

OAKLAND INNER — OUTER HARBOR

FIGURE 54

4

‘
I-

~
5 5 0  F

& s ’~~~~~~~~~~~.-~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--



TRILINEAR GRAIN SIZE — CONTAMINANT RELATIONSHIPS

TOTAL KJELDAHL NITROGEN

W’. 

• 

~~~

~~ 
‘. ,. .

.

- .~~~“ ./3 •

0 5 - S •

S .
,

, -
, . ,

SAN PABLO BAY CENTRAL BAY

CONCENTRATION RANGES:

PARTS PER MILLION (PPM)

• 0—500

/
‘\~ ° 501—700

/ \ 0 70 1—900

0 901 —1000

‘7 . . 0 1 0 0 1 — 1 1 0 0

/ . . 
‘
~ ~~~ 0 110 1—12 0 0

/ ‘
~~~~~~

\. 0 ‘i~oi~ i~~‘I - - . - f5.

/ ‘ \, 0 1401 — 1600

/ 
S 

\ > 1600

‘ I . .  1~~. . .

. 9’ SURFACE SAMPLES

( \  SAMPLES<IS FEET

• 
- S - S 

~~ SAMPLES>IS FEET

OAKLAND INNER — OUTER HARBOR

FIGURE 55

4

— ~~~~~~~~~ ~~~~
‘
~~~~~~~~

— —-- —--—————-----—-—.... ..__.___ , _ .  
_____ 

- — . 5  —— L~M. ~‘t~~~- ”  — ‘ . ,.. . ._ ~~~~~~~~~~~~~~~~~~~~~~ . .  . —



.- .- _ _

TIME RELATIONSHIPS OF CONT AMINAN T LEVELS

The major objective of the pollutant distribution study was the
spartial distribut ion of contaminants in the Bay. The analysis included
samples from 1970 through 1974. During the delay in publishing the
study , additional samples were taken on a routine basis for the various
Federal projects in the Bay. The data, including both bulk sediment
analysis and elutriate analysis are appended to Inclosure 1.

Data covering about seven years is now available on the bulk
analysis of sediments associated with Corps projects in San Francisco
Bay. Three projects, Mare Island Strait , Richmond Harbor and Oakland
Outer Harbor were evaluated for temporal variations of contaminants.
Figure 56 presents the average and standard deviation for each set of
samples on oil—grease , mercury , cadmium, lead, and zinc.

In Mare Island St ra i t , al l f ive  contaminants show a decreasing
trend with mercury and cadmium having major decrease. The standard
deviation also shows a decreasing trend.

Richmond Harbor does not show the same consistent trends of Mare
Island Strait. Mercury and cadmium show decreases while lead and zinc
show increases. The average of all five contaminants for the two
projects appears to be converging. For the latest data sets, the
averages are about the same with the exception of zinc.

The data for Oakland Outer Harbor do not show trends except that
the standard deviation (variation of sample within the average) for all
parameters show a decreasing trend .

Table 41 compares the average from the period 1970—1974 to the most
recent data from the three project areas.

Spatial analysis of contaminant levels at the Alameda Naval Air
Station showed concentration contours associated with a storm drain
(Ref. 37). The subsequent sampling period , which was proceeded by
controls on the point source and a dredging operation , showed major
reductions in contaminants concentrations . Since initiation of sediment
samp ling , improvements have been made in controlling point sources in
the Bay. The water quality in the Bay has been signi f ican tly improved
in the last ten years. With the sediments scavaging the water column of
con taminan ts, reduced levels of contaminants would be expected to occur
in sedimen ts wi thin the dynamic regime of the Bay . Based on the corings
in this study and the studies of sediment release and transport (Ref.
38, 39 and 40) large quantities of sediment are in transport with the
general movement into Central Bay and eventually out the Golden Gate.
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TABLE 41

TEMPORAL CHANGES IN CONT AMINANT LEVELS

Oil—Grease Mercury Cadmium Lead Zinc

Mare Island Strai t

1970—1974 800 0.56 2.69 58.8 193.3
1978 638 0.30 0.50 44.7 152.8
% Change 80 54 19 76 79

Richmond Harbor

1970—1974
(Outer) 600 0.46 1.24 28.3 98.0

19 70—19 74
(Inner) 500 0.40 1.69 23.9 90.9

1978 725 0.22 0.66 43.0 136
% Change 132 51 45 165 144

Oakland Ou ter Harbor

1970—1974 1,400 0.46 1.45 49.3 136.1
1978 1,300 0.23 0.71 55.8 147.0
% Change 93 50 49 113 108

The reason for  increases in Ri chmond Ha rbor and Oakland Outer
Harbor is not known. A possible explanation is the slower shoaling rate
associated reduce Delta outflow during the two years of drought. What
sed iments were accumula ting had longer exposure times to nonpoint source
inpu t of contaminant. The sediments in Richmond and Oakland Outer
Harbor are coarser than Mare Island Strait and have a greater suscep-
tibility for resuspension. The periodic resuspension would also in-
crease the exposure time .

Another factor may be slight change in particle size because of the
drought. No detailed sampling for  a grain size analysis , however , is
available . A small interval sediment sample program following the first
major rains after the drough t may have prov ided some insi ght into the
question. No major change in standard deviation occurred with the last
sampling periods which tends to indicate that the increases were prob-
ably not a point discharge. Analysis of maintenance dredg ing sedi men ts
over t ime may provide a more stable basis for eval uating contaminan ts in
the estuarine system than water measurements.
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SUMMARY AND CONCLUSION

INTRODUCTIO N

The San Francisco Bay system encompasses an area of 460 square
mi les and has a t r ibutary  area of 62 , 920 square miles . The system is a
series of large bays interconnected by constricted straits. Seventy
percent of the Bay is less than 18 feet in depth . The importance of
this area as a terminus for waterborne commerce and its shallowness
requries the dredging of waterways linking the major ports to deep
water.  Presently , about 10 million cubic yards of Bay sediments are
dredged annually by the Federal Government, local and private concerns
fo r maintaining these navigation channels .

Sediments subject to dredging are largely composed of the fine
silt—clay—colloida l size fract ions.  The electronegative charge of
dispersed clay colloidals and their highly exposed surface areas permit
the sorption (attachment) of large numbers of cations. Because the
sorptive characteristics of mos t contaminants are great and clay par-
ticles have large specific surfaces with electronegative charges,
dredged sediments invariably contain concentrations of trace metals and
organics at levels many times higher than the small quantities found in
water .  Contaminants , when attached to marine sediments , behave as the
sediments, so when dredging and disposal operations resuspend and
di sturb the bottom sediment reg imen , contaminants are also disturbed and
may become available to benthic and aquatic communities.

The association of contaminants with bottom sediments is dependent
on the physical sedimentary characteristics of the estuary and the
forces that distribute the sediments. Transportation and deposition of
fine sediments and sorbed contaminants involve complex relationships
such as tidal flow velocities and mixing characteristics, suspension
concentrations and deposition patterns. Concentration of any given
contaminant in San Francisco Bay sediments differs greatly both spa-
tially and temporally.

PHYSICAL ESTUARINE PROCESSES

Contaminants enter the San Francisco Bay system through natural
weathering processes of rocks and soils and by anthropogenic means on
land , air and water. The estuary is a sink or se t t l ing basin for all
upstream discharges or discharges directly into the estuary . Contami-
nant concentrations depend on the estuary’s ability to assimilate or
disperse the contaminants. The estuary is a complex system of inter-
acting forces such as winds, currents and tides, and physical factors
such as geography which dictate contaminant distribution.
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Distribution of contaminants depends on energy gradients —

contaminants move from zones of hi gher energy to zones of lower energy
w i t h i n  the Bay sys tem.  Tides , waves , and cu r r en t s  are the  phys i ca l
forces most responsible for eroding, transporting and depositing sedi-
ment s within the San Francisco Bay system.

CON TAM I NANT SOURCES

S o l i d  was te  subs tances  and d i s so lv e d  w a s t e  materials are intro-
duced in siispe ndt’d I orm i n to  the  Bay .  Dissolved substances  are sorbed
b y p a r t  i c u l , t t ’ m a t t e r  ( s ed imen t s)  bo th  b e f o r e  en t r y  and after entry into
t he e s t u a r y .  I’he~ t ’ o r g a n i c  and i n o r g a n i c  c o n t a m i n a n t s  show behav ior  and
distribut ion patterns similar to that of n a t u r a l  s e d i men t s .  C o n t a m i —
nat~-d sed iments  accumulate in certain deposition .~ofle ’s w i t h i n  the  Bay

t e r n .  Contaminants wlit,-n at tached t o  n a t u r a l  s e d i men t s  a re  foun d In
.1 re.i -. sub  j c t  t t o  ma tnt e n a n c t  d r e d g i n g  by the  Corps 01 Eng inee r s  and
o t h e  rs.

C o n t a m i n a n t s  f r o m  these sources  e n t e r  the R,iv sy s t e m  d i r e c t ly  via
m~i n l c  i i i  sew,i~~ ’ and Indu s t r i a l  w a s t e  out falls , ‘t e r m  d r a i n s . m d  s u r f a ce
r uui o  t f . , i t ’ i  i i  I all ou t  , O V t  rbo.i rd d i  s c h ar t ’~’ f r o m  vesst- I s , and e n t  or
i i m d i  r e ct  l v  via r ivt’ rs c o n v e y  1 rig a g r i c u l t u r al  d ra i n a g e  and m a t e r i a l s  f r o m
upland eros ion t o  the Bay , and l e a c h i n g  I ron w ; i s t  c disposal sites
l o c i t  t ’d ad ,i .’cnt to the li.m v and its t r I b u t  ar i e s  -

POLLUT 1~, )N SA~Il’I. I

Pol list ion samples  I r e  ol~ a ln ed  b y the  Co rp s  of  E n g i n e e r s  fo r  a l l
activ e mainten ance dredg ing l r o j k t .’ts . In addition , pollution samples
art’ taken or I ll proposeti hi vi gat Ion  projects during feasihi litv
studies . For the  purpose  o l  t h i s  st  u dv , 48 a d d i t i o n a l  h o le s  w er e  sam-
pled at di i f e r e n t  s e d i m e n t a t  Ion r t ’g I mn~’s in t h e  Bay .

G e n e r a l ly , dred ged c h a n n e l s  ot ’ N o r t h  San Francisco Bay have h i g h e r
levels of lead , zin c , cadmium , copper and vol atile solids than do chan—
nt-is in Central San Francisco Bay . Dr ed ged cha nnels  o f Cen t ral Bay have
higher levels o f  m e r c u r y , oi 1—grease , chemical oxygen demand and total
Kjt’ldahl nitrogen. Undred ged a rea s  of  N o r t h  and Cent ral Bay on the
whole have lower levels of these c o n t a m i n a n t s .  Some c o n t a m i n a n t s  such
as zinc~ mercury , oil—grease , and total Kjeldahl nitrogen can be found
at hi gher levels outside dredged channels.

SEDIMENT—CONTAMINANT RELATIONS HI PS

Con ta mi nan t levels are generally associated with sediment type
( p a r t i c l e  s i ze )  w h i c h  is r e f l e c t e d  in both v e r t i c a l  and h o r i z o n t a l
distribution of contaminants. However , this relationship is not abso-
lute and other factors such as proximity to the source of contaminants ,
rate of shoaling of contaminanted sediments , rate of contaminant input ,
and association of contaminants to other parameters such as organics
play a role in this distribution.
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Size characteristics of sedimentary deposits in the Bay vary
greatly both vertically with depth and spatially over area. Sediments
range from a homogeneous silty clay with less than one percent sand to
alternating layers of clayey silt and silty sand. Physical character-
istics of sedimentary deposits reflect the environment of deposition.
The environment of deposition is determined by processes mentioned
previously ,  e . g . ,  t ide and t idal currents , water circulation and mixing
characteristics , and windwave action. Where sediments are found to be
uniformly distributed , the environment of deposition has necessarily
been continuous throughout the history of deposition. Conversely , where
the sediments exhibit a hetrongeneous distribution the environment of
deposition has not been continuous. The changing environment of depo-
sition is reflected by the vertical changes in the character of the
sedimen tary deposits. Furthermore , relative magnitude (energy input) of
physical processes tha t make up the env ironmen t of depos ition may be
determined by size and distribution characteristics of sediments.

Th us , uniformly d istr ibuted f ine sed imen tary  deposi ts indica te a
continual low transportating energy environment , whereas a continuous
high transporting environment would result in uniformly distributed
coarse sediments.

Hi ghest contaminant levels in San Francisco Bay are normally
associated with the finest sediments. Where particle size of sediment
varies widely wi th dep th or area , contaminant levels also differ greatly.
Vertical distribution of contaminants in sediments of San Francisco Bay
generally reflect historical changes in the environment ol deposition .

The Bay can generally be broken down into five units in regard to
sediment—contaminant relationships. These areas are is follows : (1)
enclosed wa ter bodie s, (2) shallow protected open water bodies , (3)
shallow exposed open water bodies , (4) nat ural channel margins , and (5)
n a t u r a l  channels .

The enclosed bodies of water which include most harbor complexes in
San Francisco Bay are typ ica l ly  low energy environmen t areas w i t h  low
velocity currents and very little windwave action . Sedimentation in
these areas is moderate to high . The sediments are generally very fine
and un i formly distributed with depth. Sediments contain very little
sand and have hi gh percentage of c lay  C o n s e q u e n t l y ,  contaminant  levels
in sedimen ts of these areas very hi gh. In some areas under this cate-
gory relic sa nd depos its may be found; however , once these coasrser ,
less con tamina ted sedimen ts are removed by dredg ing,  new shoaling sedi-
ments will be a fine , more contaminated material.
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The shallow protected open bodies of water of San Francisco Bay are
very similar in sediment and contaminant characteristics to the enclosed
water bodies. These areas are located in partially protected areas
where windwave action is subdued and where current velocities are very
small. These areas are found along the leeshore of the Bay or along
extensive subt idal  f l a t s .  These are low to moderate  energy environment
areas and sediments are correspondingly very fine. Sediments are
uniformly d i s t r ibu ted  wi th  depth and have a very low sand content and
hi gh clay conten t .  Average sedimentation rates in shallow protected
areas are low to moderate ; however , large seasonal fluctuations may
occur . Contaminant  levels in the shallow , pro tected areas are hi gh and
often exceed levels in enclosed water bodies. Contaminants are very
often uniformly distributed with depth.

The shallow , exposed open bod ies of wa ter of San Francisco Bay are
geograph ically similar to the shallow protected areas. However , these
areas experience greater  windwave action and stronger current velocities.
Conseq uen tly ,  the moderate energy environment predominates and sediments
are somewhat more coarse. Sedimentation rates are low to moderate.
Wave action suspends the fine clays and currents transport them out of
the area so that silt size sediments predominate. Contaminant levels in
these sediments are fairly low and are fairly uniformly distributed with
depth.

The margins of the natural channels of San Francisco Bay are the
most hetrogeneous sediments found in the Bay. Sediments range from
si lty sand to clayey s i lt mater ial wi th much interbedding, indiçating a
fluctuating moderate to high energy environment.

These channel margins have historically shown the highest rates of
sed imentation in the Bay. Contaminant levels in these areas also show
large vert ical fluctuations .

The natural channels of San Francisco Bay have the highest trans—
port ing energy environment of the Bay. Historically these channels have
shown very little sedimentation and in many cases have shown erosion .
Because of the high energy environment sediments are coarse and contami-
nant levels are low. These channels are located in water depths of
greater than 25 feet in San Francisco Bay .

TIME RELATIONSHIPS OF CONTAM iNANT LEVELS

Sediments have been sampled at Corps projects beginning in 1970.
The number of sampling periods since then depends on the dredging re-
quirement of each project. For three major projects, Mare Island
Strait, Richmond Harbor and Oakland Outer Harbor , wh ich require annua l

203

4

I 

- _t~~~~~~~
’
~, -~~~ ~~~~~ ‘ L~~~~~~. ~~~~~~~ ~~~~~~~~~~~~~~~~~~~



---- —~ - 

dredging, significant decreases in contaminant levels in many cases
occurred over about a seven year period. The decrease may reflect the
improvement of water quality in San Francisco Bay over the same period
with the control of point discharges. Some increases also occurred
which tend to converge with the decreases. A possible explanation is
that particle size and shoaling patterns were changed due to the recent
drought and the lower rate of accumulation exposed less sediment to
nonpoint sources for a greater period of time.

CONCLUSION

The spatial variation of sediments in San Francisco Bay are defined
by changes in levels of energy which cause erosion and transport and the
his tory of the deposition environment. The level of contaminants is to
a great extent associated wi th  the sediment type based on the phys ical
forces in the estuary and the contaminant sources. Finer sediments
generally have hi gher concentrat ions of contaminants.  Surface sediments
show higher concentrations, although tracer studies show extensive mix-
ing deeper than the top layer of s ed imen t .  The h i g h e r  co n c e n t r a t i o n s  may
be due to a greater interaction with the water column . The contaminant
concentrations were also found to change significantly with time ,
probably due to source control.

The term “background levels” appears to have little meaning in the
estuarine environment because of the spatial (horizontal and vertical)
and temporal ( s h o r t — t e r m  and long—term) va r i a t ions  w i t h i n  the  Bay and
the unknown variat ion of contaminants f rom both na tu ra l  and anthropo—
genie sources. “Pollutiona l” analy sis of con tami nan ts can not be based
strictly on the concentrations with bulk analysis .

No analysis is presented here on the chemical interaction of sedi-
ment , water contaminants , organics and organisms as they affect the
concentration of contaminants in sediments. Other studies have not
shown direct correlations between bulk analysis and water quality or
organism uptake. As such the bulk analysis only represents a physical
condition associated in ternal ly  (chemical make—up of the sediment) and
externally (natural or anthropogenic sources) with the sediment. With-
ou t knowledge of impac ts, pollutional analysis must include an investi-
gat ion of con taminan t sources and an eval ua t ion of the environmen t of
sediment circulation and deposition.
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INCLOSUBE 1

CORPS OF ENGINEERS POLLUTION SAMPLING
1970—1975

PAGE
INDEX 1—1 thru 1-31
CHEMI CAL ANALYSIS 1—32 thru 1—50
PESTICIDE ANALYSIS 1—51 thru 1—57
LO’~ATION MAPS

( South San Francisco Bay Sheet 1 la
Central San Francisco Bay Sheet 2 2a 2b
North San Francisco 8ay Sheet 3 3a
Carquinez Strait-Suisun Bay Sheet 4 4a

CORPS OF ENGINEERS POLLUTION SAMPLIN G
1975~ 1978

197.5. 1976 1977 1978
Mare Island Strait i—6o 1—65 i—i4 1—78 1—79
Pinole Shoal 1—61
Richmond Harbor 1—62 1-66 1—75 1-80 1—82
Oakland Outer Harbor 1—63 1—67 1—76 1—81
Oakalnd Inner Harbor i—64 1—68 1—77
Suisun Bay Chnnel 1—69
Alameda NAS 1—70 1—82
Peta].uma 1—71
Redwood City Harbor 1—72
San Rafael Creek 1—73
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TABLE 1-1
INDEX TO OI~~ ICA L ANALYSIS OF

SAN FRANcisco i~~y SEDIMENTS

LOCATION INDEX DATE SAMPLE TAKEN ANALYSED TYPE DEPTH PARAMETERS
NO. N UMBER BY BY FT.

San Leandro Marina
Bert hing Area 1—1 2/21/72 62FA022 CofE EPA Grab Surf. V .5. .cOD ,TKN~ Hg~ Pb~ Zn~ O—G
Entrance Ch. #1 2 1  2 /1 /72 63FA022 Same as 62FA 022
Entrance Ch. #2 3—1 2/1/72 ô4FA022
Aux. Acces. Ch . 4—1 2/ 1/72 65FA022
Ramp Channel 5-1 2/1/ 12 66PA022
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________ 
TABLE. 1-1 (Cont d) ________________________

LOCATION INDE X DATE SAMPLE TAKEN 

- - 

ANALYSE !) 1TYPE ~ H~~~~ PARAMETERS
NO . NU MB E R BY BY Fr . 

__________

Redwood City h arbor 6—1 4/5— 6/71 20—1/i CofE CofE Suspended Sed — —— ~OD~TKN ,N ,S,SO4 , P04,S.S.,
BOD,As ~Cd ,Cr ,Cu ,CN~ Ph~ hlg,
Ni , Zn , Colif ore

20—1/I “ “ Core 0—1 CO11~ TKN ,N ,S~ S04,
P04,As ,Cd ,Cr ,Cu ,Pb ,Hg,NI ,
7.n,Pest .

7—1 4/5—6/71 20—2/i CofE ColE Suspended Sed ——— Same a~ 20—1/i
20—2/1 Core 0—1 Same a~ 2 0 — i / i

8—1 4/5—6 /71 20—3/i CofF. CoEE Suspended Sed ——— Same as 20—1 /1
2D—3/l “ Core 1—2 .5 Same as 20—1/1

9—1 4 / 4 — 0 / 7 1  20—4/i CofE C o f E  Suspended Sed ——— Same as 20-1/i
20—4/1 “ ‘ ~ore 0—2 .5 0~~~~e ,~s ?~~~1 /1

• / 2  H
10—1 4/5—6/ 71 20—5/i ColE ColE Water — — - -  0 .~~ e as 20-1/1

i 2 1)— S/ i ‘ Coro 0— ’~ 5 Same as 20-1/i
/ 2  “ 2.4—5

11— 1 8/6/71 13395 k~~4.-o.’d Brown & - ~~~~~~~~~~~~~~~~~~ r ,Cu
C I t y  Caldwell - Ph~ Zn , -~, ~~~~ , r.

12—1 9 0/ 7 1  1 0r \ f l ) I EPA - V .S ,T , ~~~~~~~~~ 19- , 7
Il—I 9/8/71 19040 9 1 EPA I Same as 18FA091
14— 1 8/ 2 9 / 7 2  - 7 2 2 6 12  1A Pac i f i c  Core 0 .75—1 ,5 V .’- ..TEN ,0( ,~~

_ ( ,0 g, l 4 ,
I Env . Lab I Zn ,Cu ,- ,9- ,( y , ’i , P~~ t

8/29/72 71201 15 “ • 0—fl . 75 S~ yy as
1 - — I  8/29/72 72 16 14 1.SA 0 .75— 1.5 0-im e as 1A

712019 1.58 (~—0~ 75

I 16—1 8/28/7. - 7210 10 1 Pacif i c  p . 75  1 .S Same as 1-S
I nv . Lab C r .

8/ 19 / 1 1  7 2 2 0 1 7  25
17—1 8/29/7~ I 722 6 18 3A “ 0 .7 4 — 1 . 4

7 2 2 6 1 ~ 38 f l— fl~ 75

~
9_

~ M / 1 9/ 2 72 26 2 11  ‘ I 0 .7 4 - 1 . 4 ” ” ”
7 2 2 o 2 1  47 “ 0— i7 ~ 75

19— 1 8 / 2 9 / 7 2  721611 ~~ : ~~~~~~~~~ 
7 12023 4 .5B “ “ ~— ‘ .75

- 2(~~1 8 / 2 9 / 7 2  / .  914 5~ “ “ 0 .2 4 — 1 .
- 72 2 6 2 4  5!) “ - 0—0~ 7S

i I
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TABLE 1-1 (Conc ’d) 
_______ __________ ___________

LOCATION INDEX DAT E SAMPLE TAKEN ANALY SED TYPE DEPTH PARAMETERS
NO. NUMBER BY BY 

_________ 
Ft. 

______________________

Coy o te Pt. Marina 21—1 2/2/72 Banjo 1 Cook Crab Surf. OD .0—G ,V .S..Ng, Pb.Zn
Re. , Lab

2 2—1 2 / 2 / 7 2  Basin 2 “ ‘ ‘ n.e as Basin 1
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TABLE 1—1 (Cont ’d)

IOC A I ION INDEX OA TE S~~WLt TAKEN AN ALYSED f TYPE DEPT h! i ’ A R A O (  006 0
NO. NUMBER BY BY FT.

San Bruno Channe l 15— 1 4 / 2 7 — b)/ 7 1  20— 1/i ( o f f  00f F. Suspended Sed — — — —  C0D ,/ K N ,N ,’~,4I1 4 ,  19’ , S .C.

I BOO A ,C I ,I
Ni ,Zn ,C.’I(form

21 )— I / I  “ “ Core ( 1—2 . S (‘01),! KN~ N ,S , 504. 11 / 4
As , Id • Cr , Cu , Pb • Hg • ‘ii ,
les t ,

/ 2  “ “ I 2,5—5 Same as 20-1/i

I / 3  “ “ “ I ~~~~~
- I t - — I  4/1 7— 01/ 1 1 0— I / i  I ; - ! ) .  

- - f l  ‘/ os 1, , , l,-d Sed — — — —  8. 1 .1~.I 2D— 2/ 1 C r,- j l i — I ,  Same to  20- 1/ i

5-6

27— 1 4/27—30/71 10- I/i ..lE C. IF 0 os 1 , !  S . d  —— Same as Il l—I/i
/ 1  “ “ ( o r e  /3—2 . 5 Same to 2 0 — i / i

- /2 “ “ “
/3  “ “ “ ‘f—b

- /4 “ “ “ 7 .5— 8

18—1 4/27— 30/7 1 2 0 -4 / I  “ or. 0 — 2 . 4 ‘C, y, - t o  l!(— 1/1
/ 4  “ “ “ 7.5—10 “

/6 “ “ 12 .4—15

f 1 - i — i  4 2 7 —  (11 /71  2 0 — 4 / I  “ “ Sosp ,~~d.- /  ~, 1  — — — —  0 , ~~~- as .0—i l
‘/1 I “ “ (o re I — - . S ,ee t o  2 0 - 1 / 1
/ 3 1  “ “ 0 ‘ 0

/ 5  “ “ 10— 1 1 .5
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TABLE 1-1 (Con E ’d)

I - ‘CA l  105 INDEX (lATE SA(1(’I F OAN I/N ANALYSED TYPE 
I 

DEPTH PARAM ETERS
NO. NUMB F. R BY BY 

- -1- ~~~ . ___ ._
~~~~~~

-_ _  — _______

Isl am Creek 30— 1 5/3/71 211—i/i CofPi CofE Suspended Sed — TK N~ N~ S , SO 4 , P0 4~~S .S . ~Aa .Cd~
I COD~ Cr , Cu~ CN , Pl- ,Hg, Ni ,Zn ,0—C
I C o i i f orm ,Pesl.

21)—i/i “ “ Core 0—2 .5 C0D~ TKN ,N~ S~ SO4~ PO 4 ,
Cd ,C r ,Cu,Ph ,II g,NI ,Zn

/2 “ “ “ 2.5—5 C0D~ TKN • S
5 7 . S Same as 2 11—1/1

31—1 5/3/71 211—2/i ColE CafE Suspended Sed —— Same as 20—i/i
20—2/i “ “ Core 0—2 . 5 Same as 20-1/i

/2 “ “ 2.5—S Same as 20-2/2
/3  “ “ 5—7 Same as 20—2/i

32—1 5/3/71 211—3/i ColE C -I F Suspended Sed ——— Same as 20—1/ i
20-3/i “ “ Core 0—2 .5 Same as 20-1/1

/2 “ “ 2 .5— S Same as 2D—i/2I “ “ S 7 .S Same as 20-1/2

33—1 5/3/ 71 2D—4/J Ct~fF: ColE Suspended Sed ——— Same as 20—1/i
20-4/i “ “ Core 0—2 .5 Same as 21)—I/I

/2 “ “ 2.5—S

1,— I 6/9/71 01 (‘ore BrItten & Core B0D,C0fl.Pest.,Hg.p1h~ Cd ,Cr ,Cu,
I Caidweil Pb ,7n~AsIS—i s / 9 / 7 1  #2 Co re “ “ Same as $1 Core

36—i 2 / 1 5 / 7 4  2 6 — 1 1 yr—i - oIl LEO core 0.0—2.5 FLII TRIAT E: IOD~ ROD~ S .S .,
NO 3~ Tl(N ,Pest . SEDIM ENT: 0-C ,

- Hg, Pb~ Cd , Zn
PT—I “ “ “ 1. 4—5 .0 Same as 2F—ii P1 i- - PT—3 “ “ “ 4 .0 — 7 . 5
l’1—4 “ 

I 
“ “ 7. 4 — I l ’ .”— 37— I 1/IS /I - , 10— 12 Fr—I ColE LEE Con 0.11— 2.5 Same aS 2F— Il Ft—I

- - PT—2 “ - “ “ 2 . 5—5. 0
I PT—i “ “ “ 5 . 0— 7 . 5
I P1~— 6 “ “ “ 7 .5—10 .0

18—i 2/1 5 /74 2F— ( I PT—I CofF I LFF - Core 0.0— 2 .5 S ame as 2 F—I1 PT—I
I PT— 2 “ “ “ 2.4—5 .”

PT— ) “ “ “ 5 .0—7 .5
I P1—4 ‘‘ “ - ‘‘ 7.5— Il ’

39—i 2/15/74 2F—i4 PT—i - (ofF I 1FF - (or,- 0 .0—2 .3 Same as IF—lI Ft—i
l’T— 2 “ “ “ 1.5—5 .0

I Ft—3 “ “ “ 5. 0—7 .5
p1—4 “ I “ “ 7 .5—1 0 .0

2 / 1 5 / 7 4  - 10 —iS PT—I ColE LEE Core 0.0—2 ,5 Same as 2F— II PT—i
P 7—2 “ “ “ 2.5—5 .0
PT— i l “ - “ “ s . ’— ~~.s

I 01—4 “ - “ “ 7.5—10.0
41—i 2/13/75 R,,- ,- Ivlot’ / 1 ,1 C , b r  t E l  Wale 8011,5 .5 ,0 ,‘i/’ 3,TKN ,PesE ,

42—I 9 5 / 7 ~ R e e e h c i ng  I i • I  Col E RI D!) W ate r  —— —— — B0!),S .S .,P,NI~ 3, TKN ,Pest .

• (— 1 8 / 4 / 7 4  11— 16 PT—I I - ofF RITDD Core O .I1— 1 , 4 Same as 2F—11 PT—i
Ft—2 “ “ “ 2 . 4 — 4 .1 1

I PT—i “ “ “ 4.0—6 .5
P1—4 ’ “ “ “ 6 .5—Q .

- .4— I 8/5/ IA : 1F— 17 Ft—I Ccli’. ,  RUDI) Core 0.0—1. 5 Same as 2F—li Fr—I
P T—2 “ “ “ 1. 4—4 .0

I PT— 3 “ “ 4.0—6 .5
I P1—4 I “ “ 6.5—8.0

4 5 — (  8/5/74 2F—18 PT—i 7 .11  RUDO Core 0.0—2 .5 Same as 2F—1l PT—i
P T— I “ “ “ 2.5—4.0
F T —i  I “ “ 4.0—6.5
Ft—4 “ “ “ 1.5-9.0
F t — I .  “ “ “ 9.0—11.5

I
I

1—5
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TABLE 1-1 (Cont ’d)
. . - -  .- - 

I

_ - - ~~~~~~~~~~~~~~~~~~~ .

LOCATION INDEX I DATE SAMPLE FAL l 71 ANALYSED I TYPE I DEPTh! PARAM ETERS
NO. 

4_  
N i M B E R  BY BY 

4 4_
vi .

Sausa i l  t o  Cam~ 1 
- 

1—1 2 / 2 — 5 / 7 1  211— 16 ( ‘olE Cel l - . So~ pended Sed ~~~ — 8(10,7,5 ,/.~ -~ ,S.S . ,As,l 1 , Cr

— I t  i I Core 
l’h II~, l COD

I 
I 0 1  I S r (  Ph Hg ’tI

Zn
/~ “ “ “ 5—7 .5 Same to l I t — b / I . -+-C N

0 0 0 193—12 .5
2—2 2/2—5/71 2 (1—37 CofE ColE Snspended Sed — —— Same 10—36

20-37/1. “ “ Core 0—2 .5 Same as 20—36/i
/ 3  “ 0 0 5~ 7~ 5
/5  0 10—12 .5

3—2 2 /2 — 5/7 1 20- ((4 CofE ColE Suspended Sed —— Same as 20—16
20-18/1 “ “ Core 0—2 ,5 Same as 20-36/ i

I / 3  “ 0 0 5~ 7~ 5
/ /5 “ “ ‘ 10—1 2 .5

4—2 2 / 2 — 5 / 71 20—39 CofE ColE Suspended Sed — —— Same as 20-36 -+-Coiif orm
20-39/i  “ Cars 0—2 . 5 Same as 2 0—36/ i

/3 ‘ “ 0 5~ 7~ 5
/5 “ 0 0 10—12. 5

5—1 2 / 2— 5/ 7 1  211-26 CofE ColE SuSpended Sed —— Same as 2 11-36
-‘ I 20— 16 / I  “ “ Core 0—2 .5 i/ .~nc as ?Ili6 ,’i

::
6—2 2 /2—5/7 1  20-27 ColE ColE Suspend ed Sed —— — Same as 20-16

20-27/1  “ “ Core 0— 2 ,5 Same as 2 11—36/ i
/2 “ “ “ 2. 5— 5
/3  ‘, ,, “ 5~~7 ,5

7— 2 2 / 2 — 5 / 7 1  20-28 - 
ColE ColE Suspended Sed——— Same as 211—36

211-28/1 - “ “ Co re 0—2 .5 Same as 20-36/I
/ 2  ‘ ‘ “ 2.5—S “

8—2 2/2—5/71 20-29 Co lE CofE Suspended Sed — Same as 2 14— II
20—29/i “ “ Cor e ((—1 . S Same as 20 - 36 /1

- /2 “ “ “ 2.5—5
/ 3  “ “ “ 5—7.5
/4 ‘ “ 7.5— 10

9-2 
I 

2/2—5/71 20-30 ColE CnfF Suspended Sed ——— Same as 10- 19-
20-30/i “ Core 0— 2 . 5 Same as 2 0 - 3 0/ 1

/2  “ ‘ “ 2.5—S
/3  “ “ “ 5—7 .5
/4 “ “ “ 7.4—10

10—2 2/2—5/71 20-31 ColE CafE Suspended Sed —— Same as 21)—if’
20-31/i “ “ Core 0—2 ,5 Same as 20-36/i

/2 “ “ “ 2.5— S
/3 ‘ “ “ 5— 7 .5
/4 “ 0 7.5—1 0 “

11—2 2/2—5 /71 20-32 ColE ColE Suspended Sed —— Same as 211— 36
20-32/1 “ Core 0—2.5 Same as 211—16/1 7

/2 “ -,  “ 2.5—4
/3 

,, •, ,• 5—7 .5 ‘, ,, 0

/4 “ “ “ 7.5—10 “ “ ‘

12—2 2 / 2 — 5 / 7 i  20— 33 Co lE Co lt Suspended Sed —— Same as 20-31.
20-33/1 “ “ Core 0—2 .5 Same as 20-36/i

/2 “ “ 2.5—S “

/4 “ “ “ 7 . 5 — i O

13— 2 2 /2—5/7 1  211—34 ColE ColE Suspended Sed ——— Same as 20-36
20-34/i “ “ Core 0—2 .5 Same sq 20-36/i

/3 “ “ “ 5—7 .5
/5 “ “ “ 10—i2 . S “ “ “

4
Al 

‘~# ‘ B ° ~
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TABL E1-1  (Cont ’d)

L ocA tIo N INDEX DATE SAMPLE TAKEN ANALYS ED TYPE DEPTH PA RAMETERS
NO. NUMBER BY BY FT.

Sausai ito Channel 14—2 2/2—5/71 20—35 CafE ColE Suspended Sed —— Same as 20—36
(Cont ’d) 20-35/1 “ “ Core 0.7 .5 Same as 20-36/i

/3  ,, 0 5 7 5
/5 “ “ 10— 12 .5

15—2 2/2—S/7i 20—41) CofE Colt Suspended Sed —— Same as 20—36
217—40/1 “ “ Co re 0—2 .5  Same as 211—3 6/1

/3  “ “ “ 5—7.5 ‘ “
/5 “ ‘ “ iO—i2 .5 “

1.6—2 2/2—S/li 20—41 ColE ColE Suspended Sed — — — Same as 20- 36
20-4i/i “ ‘ “ 0—2,5 Same as 20-36/i

/2 0 2 .5—5
/4 “ “ ‘ 7 .5—1 0

17—2 2 /2— 5/ 71  20—42 ColE ColE Suspended Sed —— — Same as 20—36
20-42/1 ‘ Core 0— 2.5 Same as 20—36 / 1

/2 ‘ “ “ 2. 1—S
/3 “ 0 0 5~ 7~ 5 0

/4 0 0 “ 7.5-10

18— 2 2/ 2— 5/71  20-43 ColE CoIl Suspended Sed —— Same as 20— 36
20-43/1 “ “ Core I 11 .2—5 Same as 20-36/i

/2 “ “ 1.4—5 “

/3 “ “ “ - S— 7. S “ ‘

I 1—7 
- 

-
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TABLE 1-1 (Cont ’d)

LOCATION INDEX J DATE SAMPLE TAKEN J ANALYSED ~~~~~~~~JI)EPTIl PARAMETERS

- 
NO. NUMBER BY 

- - 

BY FT.

San F ranc isc o Bar I I

Main Ship Channel 19—2 I 12/28/70 —— —— ColE ColE From — — —— V .S .,COD ,TKN ,0—G ,Hg, Pb ,Zn ,
I (lopper Ar ,Cr ,Cd ,Cu~ N i ,S,P04 ,

- 211—2 4/5/71. SEa. I ColE Colt Crab Surf. C00~0—C ,TKN ,V .S.,Pb ,Hg, 2n
2 1 — 2  4 /5 /71 Sta.  2 “ I Same as Sta .  1

I 2 2 — 2  4 / 5 / 7 1  Sta.  3 •• • • 
- 

0

I 2 3— 2 6/8/71 Hopper ~~~~ 
CIt 11,TEN ,V .c ., Pb ,Hg,Zn

24—2 1/18/72 28FA1112 (1-CE EPA Gr a b  Surf. V .A . ,CI1Il,1EN ,li~~,P , ,2n ,O—C
- 2 5 — 1  1/18/ 72 29FA011 “ 0 I - Sons ’ as IAFAI I1I
26—2 1/18/72 

I 
)OFAO 12 0 0 • t  ••  0

1-8 

-.

_ 
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TABLE 1-1 (ConE ’d) 
______ ________ ______________________________

LOCATION INDEX DATE SAMPLE TAKEN ANALYSED TYPE DEPTH PARAMETERS
NO. NUMBER BY BY rr . 

______________________________

Alameda Naval Air Stat ion

Station Basin 27—2 2 /24/71  PC167 ColE ColE Crab Surf. l~OD FKN,V .S.,SO4,PO45 NO3,Pb
Hg, Zn ,Cd ,Cu ,Cr ,Aa ,N~ Ni ,CN

Berthing Are a 28—2 2 /24/71 PC16B “ “ “ Same as PC167

Berthing Area 29—2 7/72 BT19 LALZ Navy LEE Core O— . 5 cOD,TXN~ V .S ., O—G , Pb ,Hg, 2n ,
I Cd ,Cu ,Pest.

BT2O 1AL2 “ “ 3— 3 ,5 Same as 1.AL1

Berthing Area 30— 2 7/72 BT2i SAL1 Navy LEE Core O— .5 Same as 1ALI
8122 5AL2 “ “ “ 3— 3.5 “ “ “ No Cd ,Cu

Berthing Area 31—2 7/72 BT23 6AL 1 Navy LYE I Core 0— . 5 Same as i.AL1

Berthing Area 32—2 7/72 BT24 9AL 1 Navy LEE Core 0.—S Same as 1AL1
BT25 9AL 2 “ “ I 3—3.5 “ “ No Cd ,Cu

Berthing Area 33— 2 7/72 BTZ6 iOAli Navy LEE Core O— .5 Same as 11.1.1
8127 1OAL 2 “ “ I 3—3.5 “ No Cd ,Cu

Turning Basin 34—2 7/72 BT28 Navy LEE Grab Surf . Same as LALi

Turning Bas in 35— 2 7/72 BT29 3AL1 Navy LEE Core 0—.5 Same as 1AI.i
BT3O 3AL2 “ “ - “ 3—3 .5 ‘ “ ‘ No Cd ,Cu
8131 3AL 3 “ “ ‘ 6—6 .5 ‘ “ B No Cd,Cu

Turning Basin 36—2 7/72 8132 BALi Navy LYE t Core 0— .5 Same as lAL i
BT33 8AL2 “ I “ “ “ No Cd ,Cu

Tu rning Bas in  37—2 7/72 8134 I1AL1 Navy LEE Core 0—. S Same as i.ALJ

Turning Basin 38—2 7 /72  8135 12AL 1 Navy LEE Core 0— .5 Same as i.AL1
8T36 12AL2 “ “ “ 3— 3.5 ‘ ‘ “ No Cd ,Cu

Turning Basin 39—2 7/72 8137 I3AL 1 Navy LEE Core 0— .5 COD,TKN,V.S.,O—G ,Pb ,Hg,Zn ,Cd
- C., .Peat .

Turning Basin 40— 2 7/72 BT38 14AL1 Navy LEE Care 0— .5 Same as 13ALi
BT39 14AL2 “ “ “ 3— 3 .5 “ ‘ No Cd ,Cu

4 1—2 7/72 Site •i Navy Navy Core 0— .75 Pb ,Hg, Zn ,TXN ,V .S . ,Cd ,Cu
Si te H 0 “ .75-1,5 Same as Sit. #1

42—2 7/72 Site #2 Navy Navy Core O— .S Same is Site #1
Site #2 0 .5—2 “ “
Site #2 “ ‘ “ 2— 3 ,5

Berthin g Are a 43-2 5/73 BTii3 Navy LEE Core 0— .5 COD,Pb,Hg, Zn ,fl~~,0—G ,V , S .,Cd
ALA1—i I Cu ,Pest.

81114
ALA 1—2 

I 
“ 

~~~~~~~ COD,Pb ,Hg,Zn ,TXN ,0—G ,V.S.
• BTiiS I

ALA i—3 “ “ - ‘ I 6— 6 .5 Same as AL AI— 2
• 81142

ALA 1—4 I 9—9 ,5 Same as AI.A1—7
81116

ALAi—S “ “ “ 2 — i2 .5

Berthing Area 44—2 5/73 81117 
I

ALA2—1 Navy LEE Core O— .5 Same as ALA1—i
81118
A1.A2—2 “ “ “ 3—3 .5 Seine as AI.Ai—2

81143
A LA2—3 “ ‘ 6—6 ,5 I..

81119
ALA2—4 •~ 9_ 9 5
81120
ALA2—5 “ 2—1 2 .5

45—2 5/73 81121
ALA3— 1 Navy LEE Core 0— .5 COD,Pb,Hg,Zn,T)CN,O—G,V .S. ,Cd

Cu ,Pes t.
81122
A1.A3-2 “ “ 3—3.5 COD,Pb ,Hg,Zn ,EEN ,0—G,V.S.

8T123
ALA3— 3 “ 6—6 . 5 Same as ALA 3— 2

8T144
ALA 3— 4 “ 9—9 . 5 “ “

-4  

- --- - 5- 

h g  

-
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TABLE 1-1 (Con t’d)

LOCATION f7NDEX DATE SAMPLE TAKEN ANALYSED TYPE DEPTH PARAMETERS
NO. NUMBER BY BY FT. 

•Ala meda Naval Air Stat ion (Con E ’ d )

Ber thing Are a 46—2 5/73 BT124
ALA4—i Navy LFE Core O— .5 Same as ALA3— i

BT145
ALA4—2 “ ‘ ‘ 3—3 . 5 Same as A LA3 — 2

81125
ALA 4—3 “ ° 6—6 .5

Turning Basin 47—2 5/73 BT126
ALA S—i Navy LEE Core 0—. S Same as ALA3— 1

BT127
ALA 5-2 ‘~ “ ‘ 3—3 . 5 Same ao ALA 3— (

I BT 14 6 IALA5— 3 
- 

6-6 .5

Turning Basin I 4 8— 2 5/ 73  I 81128 - 
- -

I ALA6—2 I Navy - lEE Core 0—. 5 Same as ALA3— 1

I BT129 I -
ALA6— 3 ‘ I “ “ 3—3 . 5 Same as A LA 3— 2

- 81147 - I
AL A6— 4 ‘~ h— (- .5

- 

- 

BT 13O I
ALA6—5 ‘ I 9—~ .5

Turn in g Basin 194—1 5/73 BT13I I
- ALA7 i Navy I LEE Core I1— ~ 5 (7 (171 ,11 ~, ‘1, :1,1 1  I_ I

I I I V .S .~~ld ,Co ,Pest.
1 81132 I -- AL A7—1 ‘ I •~~ - CCII1 ,Ph ,Hg, Zn , l E N ,-

81148
I ALA7 — 3 0 0 “ 6—6 .5 - Same as A LA 7— 2

BT13I -

I I Ai~A7 — 4 I ‘ “ ‘ 9—9 .5 -

Shi p Channel 50— 2 5/73 BT134 I 
-

- ALA8—I I Navy LEE — Core 0— . Same tr A I A -  1
81135 - 

-
- AL A R—2 “ 1—l .S I Same as ALA 7 — 2

- 81136 I -

- ALA(4— 1 “ “ ‘ (~— ( ~~5
I 

81i49 I
A LA A— 4 - - t 4 Q ,5 •t

Ship Chan ne i - 
5 1— 2  I 5 / 7 3  81137 - I

ALA H—i - Na vy LEE Co re (1— . 5 I Same as A LA7—i
81138 - 

- 
I

1 “ 3 — 3 .  5 I Same as ALA7—2
81150 -

- 
- ALA9— 3 “ “ “ 5— 6 .5

Ship 5 t ~~rt, I S .7— .i - 5/73 811 (‘4 - I
• ALAI S—1 . Navy LEE I Core ((— .5 Same as ALA7 —I
• 8T140 —

A l  1511 1~~1 “ ( — ( ~ 5 I Same as ALA 7—2
81151

- 
A l A I I ( —  3 ‘~ 

- “ “ 5— ~ .5
- 81141 -

- 
AL AIO— 4- 9—9 .5 j

1~~S A1~~MEDA 153— 2 8/5/74 20—lEE 1 Col E Rudd Core (1-2 .5  - tiutirate: II~1),BI~l(,P,N03,~~ N,
- Lab I Pest,

I I PT 2 - - 
Sediment : I5—G ,H5, Cd ,Ph ,Zn

PT 2 ~‘ I ‘ - 2 . 5 — 5 .0 Same as 20—i rT 1
P1 3 I 5. 0 — 7 . 5
P1 4 I - 7 .~~— 10 .I1 ‘ 0

154 2 8 / 5 / 7 4  I 2D—2!’T 1 ColE I Rudd I Core 0. 11—1 . 5 Same as 217—1 PT 1
PT 2 ‘ I I • 2.~ —S .0 0

155— 2 8 / 5 / 7 4  - 2 (3—OPT I Co lE I Rudd “ 0 .0—2 .5 Same as 20—i PT I
PT 2 “ “ ‘ 2.5—5 .0

- 
PT 3 “ 5 .0—7 .5

I

1-10
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TABLE 1-1 (Cont ’d) 
________ _________ ____________________________

LOCATION INDEX DATE SAMPLE TAKEN AMALYSED TYPE DEPTH PARAME TERS
NO. NUMBER BY BY PT.

HAS Alameda (Con t ’d)

136—2 8/5/74 20-8 P1—i CofE Rudd Core 0.0-2.5 Same as 20—1 PT— S

157—2 8/5 /74 211—7 PT—i ColE “ “ 0.0—2.5 Same as 20— i PT—i
P1—2 2.5—5.0 ‘

158— 2 8/5/74 211—6 PT—i ColE Rudd Core 0,0—2,5 Same as 20—i PT—i
P1—2 ‘ ‘ “ 2.5—5.0 “ 0 fl

159—2 8/5 /74 20—5 P1—i CofE Rudd Core 0.0-2.5 Same as 20-i P1—i
P1—2 “ “ ‘ 2.5—5.0 ‘ “ “

160—2 8/5/74 2 11— 3 PT—i CofE Rudd Core 0—2.5 “ “ ‘~
161—2 8 /5 /74  211—4 PT—i ‘ 0—2.5 ‘ “ ~‘

162—2 8/5/74 Receiving “ “ a BOD,P,N03,TEN,Peet.
Wa ter

163— 2 9 /23 /74  20— lA PT—i ColE Rudd Core 0.0—2.5 Sediment only Hg, Pb ,Zn ,Cd
P1—2 “ “ 2.5—5.0
P1—3 ‘ “ 5.0—7.5
P1-4 “ “ “ 7.5—10.0

164—2 8/23 /74 2D—2A ColE Ruth! Core 0.0—2 .5 Same as 20—iA P1—i
P1— 2 ‘ “ “ 2.5— 5.0 ~‘ “

P1—3 “ “ 5.0—7.5 “

165— 2 9/23/74 2D—9A PT—i CofE Rudd Core 0.0—2 ,5 Same as 20—lA PT—i
P1—2 ‘ “ 2.5—5.0 “ “ “

P1—3 “ ‘ 5.0— / . 5  “

I — I

-~ I

1-u
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TABLE 1-1 (Cont ’d)

LOCATION INDEX DATE SAMPLE TAKEN A N A l Y S E D  TYPE DEPTH 

— 

PARAMETERS

——5-- - - -5-~~~~~-- - - -  --~~~- 
N(~ ______

NUM BER 
-- - - 

BY 
— __ ~~~~~ PT , 

- - -

Rich mond - 5 1 — 2  8/10/71 l 2iFAO8i • o l F :  EPA Grab Surf . V .S.,  COD ,TKN ,llg,Pb ,Zn ,O—C ,
Harbor - Mn

54—2 122FA081 0 0 Same as i2iFAO8l
55—2 123FA081 “ ‘ “ I “

56— 2 5 /26 / 7 2  I 2 173  1A Port of Port of Core (1—1 .5 V .S.,C0D,TKN ,O—C ,
I Richmond Ricl,n.’nd - Hg,Pb ,Zn ,i’est .
I 2 174 iA “ “ 1.5—5 Same as 2173

I 2175 iA I 5~~7 .5
2176 iA “ 0 “ J 8 — I l ) . 5 ” ” ”

I 2 177 1A “ ‘ “ 1 (.5—15 .5

- - 2178 IA 0 0 15 .1— 18.5

- 2179 1A “ “ “ 21—21 ,5

I 2180 iA “ 0 0 13.3-25

57—2 - 5 / 2 2 / 7 4  1( 178 h A  Port of Port of Core 0—2 .5 Same as 2173
I - Rh-hound 11 I

- 2079 h A  “ “ 5—6 .3 I

- 
1)18(1 h A  ‘‘ I ‘‘ - ‘ 10—11 .5 

-

- 2081 h A  “ - “ “ 15—i6 .3

- 2082 h A “ I “ 20—21 .5
7(18) h A  “ “ 25—26.3 I- 14(14 h A “ I “ 32 .S—3 4.5 I ”
2085 h A ‘

~ I 
“ 37 .5—39

I 58— 2 5/19/72 2070 X Port of i~ ’ rt  of - - ( —2 .) Same as 7173

- 
) l 1-(s, S-ml llichmond

2 ) 1 7 3  X - ‘  “ “ 11.5—14
- 11(74 X~~~~~~~~~’ 

- “ 1 “ 21. 5—25 .5

54— 1 5/23/74 2(1 84 , Nil I Port of - I - r I  o f  I - re 11—1 .5 Same as 2173
I I El ,-lI n~’od Richmond

I 21 )87 Xli I 
“ “ I “ 12 .5—25

I 2088 Xli - “ 0

t,()— 2 7/21/71 13— 13 - I -fE EPA Core V .A - ,I liI , i K N ,1i g, I( - , .s ,I’—I - ,‘15
PT 1 — 1 2  - I

61— 7 7/21/71 - 111—1 2 “ - 0 “ Same 20—i3
I PT 1—1 6 I

61—2 7/21/71 217—U ‘
~ I ,, I ‘ Same as 7 (1— 1 3

P1 1— 3 
- 

I

63—2 8/14/72 15601 Sta. I S t  ~,1d . Envi r. )19re ~~~~ 
- - V .S . ,  CI’9 ,l KN ,C ,ll g, Bp, Zn ,Co ,I 1

I 
- 1 011 - Qual. An.,l .
- 15602 “ “ “ I “ i~ z. Same as 156(11

54-2 8/14/7- 15603 Sta, “ “ ° 11-1 Same as 15601

65—2 - 8/14/72 15604 Sta .1 “ - “ I “ I ~~~~~ S a~,, as 156111
I 3

~~ 
- - 

-I 15605  “ - “ ‘ “ - I—I-
I 155 ) ) ’ — ‘‘ ‘‘ ‘‘ 9 .5 — 1 ( 1 . ‘‘ “ “

66 —2 - 8/ 14/72  154,1) 7 St a .  “ I •• : o- .s Same as 15601
- 4 -

15608 “ “ “ I “ 4—6

5 7 — 2  8/ 1 4 / 7 2  15609 St I. “ - “ “ ( (— V S Same as I S t - I l l

15610 “ “ ‘ 8.1—11 .- 
1 -I’ll “ “ I “ 10.75—1 4

68.2 I 8 / 14 /72  - 15612 Sta. “ “ “ 0— .5 “ -‘

6
- 15613 “ “ “ 2—6

69—2 
- 

9/12/ 72 722835 1 City ol 
I 

Pacific Core II— , v .c .,C( lol ,TEN , I_ I. ,Hf, l’h ,l v .

I 81chov n~ Envir . la b  I~~ ,I
1 722836 “ “ “ I ~~~~ Same as 7 . 1 8 3 5
- 722837 “ 

- 
0 “ - 1—3 .5

I 
70-2 9/25/72 I 217—i B ) I ’ f F  COlE Core ‘- .75 V .5. ,C0D ,TKN ,0—C.,Hg,

- - Ph ,Zn,Cu ,Cd ,Pest ., Ss ,Nl .Cr
I - A “ “ “ 1 , 75—1.5 Same as 211—I B

1-12
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TABLE 1-1 (Cont’d) 
________ _____________________________

LOCATION IND EX DATE SAMPLE TAKEN ANALYSED TYPE DEPTH PARAMETERS
NO . —_______ NUMBER BY BY FT . 

___________________________

Richmond Harbor 71—2 9 / 2 5 / 7 2  213—2 B CofE CofE Core II— . 75 Same as 20—i B
(Con t’d) A “ “ “ .75— i

72—2 9/25/72 2 17—3 B ColE CofE Core 0— .75 Same as 2D—i B
- A “ “ “ .75-1

73—2 9/25/72 20—4 B CofE ColE Core 0,—75 Same as 20—i B
A “ “ .75—1

7 4 — 2  9/25/72 I 20—5 B ColE CofE Core 0— .75 Same as 2(3—i B
- I A “ “ “ .75—li

I 75—2 9/25/72 1 20—6 B CofE ColE Core 0—is Same as 217—i B
A •• 0 0 .75—1 “

166—2 6/74 - PC 1340 CofE Colt Water ——— — D.O.,BOD ,S.S.,P,N03,TIOi,Pest .
Disposal Site Water

167—2 6/74 20-94 PT 1 CofE CofE Core 0.0—2.5 Elutriate: IOD,BOD,S.S.,
I P,N03, TKN ,Peat.,
I Sediment: O—C ,Hg, Cd ,Pb ,Zn,Cu

- PT 7 I Co fE “ “ 2.5—5 .0 Same as 20—94 PT—i
I PT 3 “ “ 5. 0—7 .5 “

168—2 6 /74  I 2D— 95 PT 1 ColE CoEE Core 0.0—2 ,5 1 Same as 20—94 PT—i( - I PT 2 “ “ “ 2.5—5.0
I PT 344 ‘ “ “ 5 ,0—10 ,0 1

I - PT 5 46 “ “ “ i0 .0—l 5. 0
- - i PT 768 “ “ 15 .0— 19 .8 0 0 ••

- PT 9610 “ “ 20 .0—2 4 .0

I PT 11612 “ “ ‘ 25.0—29.2

169—2 6/74 I 217—96 PT I CofE CofE Core 0.0—1 .0 Same as 20—94 PT—i
- I - PT 263 ‘ “ “ 2.5—7.5

PT 465 “ ‘ 7 ,5—U .S

1170— 2 6/74 - 20—97 PT I CofE ColE Core 0.0—2.5 Same aa 20—94 PT—i
I PT 2 “ “ ‘ 2.5—5.0

171—2 6/74 2(3—98 PT 1 ColE ColE Core 0.0—2 .5 Same as 211—94 PT—iI - PT 2 63 “ “ 2. 5—6 .6I - PT 465 “ “ I .5—12 .5 I

172—2 I 6/74 1 20—99 PT 1 Colt CofE Core 0.11-1. 5 I 
Same as 2(3—94 PT—i

PT 2 “ “ “ 2 .5 — 3 .8
PT 3 ‘ “ ‘ 5 .0— 7.3

I P1 4 “ “ “ 7.5—10.0

1 171_ I I 6/74 - 20—100 PT 1 ColE CofE Core 0 .0— 2 .5 Same as 2 11—94 PT—i
I PT 2 “ 2.5—5.0

1 P1 3 “ ‘ “ 5. 0— 7.5 ‘

- 2D—IOOA PT 4 “ ‘ 7.5—8 ,9 Same as 20—9 4 PT—i

11 7 6—2 6/74 I 20—101 P1 1 CafE CofE Core 0.0—2 ,5 Same as 2(3—94 PT—i
PT 263 ‘ “ “ 2.5— 7.5 “

I P1 4&5 “ “ 7.1—12 .1

1 i75_ 2 6/74 2(3—102 PT 1 ColE CoIl Core 0.0— 2. 5 Same as 20—94 P1—h
- I PT 2 “ “ 2.5—5.0

P1 364 “ “ “ 5.0—9 . 7 “

176—2 6/74 
- 
20-103 PT 1 Cof E I CofE Core 0.0—2.5 Same as 20-94 PT—i

- PT 2 ‘ “ ‘ 2.5—5.0
I P 13  “ “ “ 5. 0—7 .5

177—2 6/74 - 20—104 PT 1 ColE ColE Core 0.0—2 .5 Same as 20—94 PT—i

1 P12  “ “ “ 2.5—5.0
P1 3 “ “ “ 5.0—7 .5
PT 4 “ “ ‘ 7.5—10 .0 “ “
PT 5 “ “ “ 10.0—1 1.5 ‘

178—2 I 6/74 20—105 PT 1 ColE ColE Core 0,0— 2 ,5  Same as 217— 94 PT—i
P17 2 “ “ “ 2. 5— 5 . 0 “

PT 3 “ ‘ “ 5,0—7,5 “

179—2 6/74 217—106 P1 1 ColE CofE Core 0.0—2.5 Same as 211—94 PT—i
PT 21.3 “ ‘ “ 2,5— 6 .4 “ “
PT 465 “ “ ‘ 6.4— 1 0.4 “ “

1-13 
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TABLE 1-1 (Cont ’d) 
__________________

LOCATION INDEX DATE SAMPLE ]  TAKEN ANAI.YSEI) f TYPE 1 DEPTH PARAMETERS
NO . 

— — 
NUMBER 

- — 
BY BY 4 4 FT. 

_________ - - ____________

R ichmond Harbor 180— 2 6/74 20—107 PT 1 ColE ColE Core I 0 .0—2 ,5 Same as 20—94 PT—i
(Cont ’dl PT 2 “ “ “ 1 .5-5.0

PT 344 “ “ I “ - 5 .11—10 .0 “

181—2 6/74 2(3—108 PT 1 C~-f II ColE I Core I .11— - ~S Same as 1I’—~ s PT—i
PT 2 “ “ 

- 
“ I 2.5—5.0 “ 0

PT 344, “ “ I “ 5 ,11—1 ( 1 ,0
PT 566 , -‘ “ I “ 

I 
10 .0— 15. 0 -

I 182—2 6 /74  20—109 PT 1 Co lE Co fE  l -r,’ 
- 

((.11—1.5 Same as 171-~ 4 PT—i
PT 2 “ “ - 1.5—5 .0 1 “ --

PT l~ 4 “ I “ I “ 5 .11—10. 0 -
PT ~~~~ “ I “ “ lII .I 1 ~~IS .II

183—2 6/74 111—1111 PT 1 ColE I Co f E  Cor e 0 .11—1 .5 Same as 2(3—94 PT—i
PT 2 “ - 

I “ - 2 . 5 — 5 .11 I “

P T 3  “ “ “ S ,- l — 7 • S
PT ( A S  

- “ “ 7 .5— 11 .5 “ “ “

184—2 7/10 / 74  214—1 14 PT I CafE PEI. Core (1~ 1 .5 l lut r ia te :  11 .11 . ,BOD,S .S .,
- 
I 

- P ,N,TKN ,I’ ,-i t .I - - Sediment : - I - - , lIc ,I d ,
I 

- 

- 

Pb ,Zn
8/74  2 13— 124 PT 2 I CoIl I Il-fE (ore 

- 2 . 5 — 4 ~~(l El utr iate: Same as 2(3—
I 1 i24 PT—i w/o 1’.C .,Post.

I I Sediment : ( 1_C ,lI~~, 1 2 ,
- I I 

Ph ,Zn ,Cu

185—2 7/10/74 171—12 ) PT 1 ColE PEL Car,- I—I . - Sane’ as 20—114 PT—i
8/74 PT 2 I “ “ “ 2 . S — ( - . o - Same as 20—174 PT—2

- P T 3  I “ I “ I “ 
- 

1,11~~7 .5 “ “

- PT 4 “ “ “ - / .S— h f l .I)

- 185—1 7/10/74 271—122 PT I I ColE I PEI. I Core I 0—1 , - - Same as 2(3—124 PT—iI 8/74 PT 2 “ I C afE “ 1. 5—1 ,0 - Same as 20—114 PT—i
PT 3 

- 
“ “ “ — — — —  

- E iu t r i at e :  111:1 , onl y
I PT 6 I “ - - — — — — —  Elut riat,-

187—2 7/iO/74 20-117 PT 1 C - f l PEL 
I 

c - r e  Il-I ,S Same as 20—114 rT-1

I 8/74 P1 2 “ I CafE “ 1. 5— 4 .11 I Same 217—1.4 I’T— 1
- P 1 3  “ “ 

I 
“ 4 ,(1_). , l- P 1 4  - I 1, 5 — 8 .1 “ “

PT ~ I “ “ “ 9.0—10 .9

I 188—2 - 7/ 10/74 2(3—118 PT 1 (,- f E  PEL (a re  I 0—2. 5 Same as 111~ 114 PT_i
8/ 74 PT 2 - “ I I l-f l ‘ 2 .  1—4 , S Same as 2 1)— il-. PT— I

1 P 1 3  “ ‘• “ S .0— ’. “ “

PT5 I~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
::

- 
i89— 2 7/10/74 211—119 PT 1 11- fl EEL (~- - r ,- 0—2. 1  S.use .s 20—121. PT—i

8/7 4 PT 1 “ C - f l  “ I 1. 5-4 . 7 (- (rn,- as 20-1 74 CT-I
P T 3  “ “ 5 — 7 • 0 “ -‘ “

,1 PT -. “ - ~0 .S.-1l .I1 ‘

PT S ‘‘ - “ ‘‘ IS . I~~ii’ .5 ‘‘

I P T 6  “ “ “ 11 .5~~i.

190..2 I 8/74 2D—i20 P1 1. I I- f l  ( l It  lo re  Il—I .” - Eiutr iate: 100 ,11111,
S .S . ,r ,NI’ 3 ,TXN

- I Sediment: l_ I7 ,ll g, I’h ,
I,, .1

_
li, C

PT 2 - “ “ I Core 7. 5 —5 .0 Same as 21 — 120 PT—i
PT) “ - 0 

5, 11— 7 ,5

PT ~ I “ “ “ 7 . 5 ~~ 1 11 .1

P1 5 ‘‘ ; ‘‘ ‘‘ IIl ,-I _ .~~~7 ,5  I”
PT 1- “ - “ ‘ 11. a — I S .I1 “ “

P1 7 I “ “ “ I (~~1 1 — 1 7 ,5

P 1 8  ‘‘ I “ “ 17 .5 — 1 ( 1 .0 ‘‘ ‘‘ - -

191—2 7/10/74 20-121 P1 1 - (:,~f E  - PEL ( o r,  11 .11— 1,0 l Iu ( r i a t e :  11. 5 .,  80 71 ,5 .5 .
- I P,NI’ 1, TK’( ,Pcs t

I Sed l4 -s - I I I :  0—f.,Hg,Cd ,Pt’ ,Zn
8/74 PT 2 “ CalF. “ 2,0—4 ,0 Same as 1(3—120 PT—I

PT 3 “ “ “ 4 .0—6. 5 I ”
PT 4 “ “ “ 6,5—8,7 I ”
PT 5 “ “ “ 9.0—11 .5 H -‘

- 4  
1-lb

- 

-

_ 
—: ~~~~~~ . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .1



_ _ _ _ _ _ _  
___________- 

--  -
~~~~~~

TABLE 1-1 (Cont ’d)

LOCATION INDEX DATE SAMP L E TAKEN ANALYSED TYPE DEPTH I PARAMETELS
NUMBER L_-!~__ 

B? 
- 

PT.

Richmond Harbor 192—2 7/10/74 20—113 PT 1 ColE PEL Core - (—2 .5 Same as 213—121 PT—i
(Cont ’d) 8/74 P1 2 “ CofE “ 1. 5— 5 .0 

1 
Same as 20—120 PT—i

PT ~ “ I “ I 5 ~~O_ 7 ~~5 I
193— 2 7/10/74 20-112 P1 11 ColE PEt. Core I 0—1 .5 Same as 20—121 PT—i

8/74 PT 2~ “ I Co f E  “ I. 5_ ( - ,II - Same as 20—120 PT—i
PT 3~ “ “ “ 5.11— 7.5

194—2 7/10/74 20—111 P1—lI Colt PEt. I Core 0—2.5 Same as 20—121 PT—i- 8/74 PT 2 “ I “ 2,5—5 ,0 Same sa 20— 120 P1—i
- PT 31 “ “ “ 5—7 ,5 -

PT 4 “ “ •‘ 7.5—10.0

195—2 
I 

8/74 20—114 PT il ColE CofE Core 0—1 .0 Eiutriate: I0D ,B0D,
I S , S ,  , P ,50 3, TKN

Sediment: 0—G ,Hg,Cd
1 - Pb ,2n ,Cu

P1 2 “ “ - “ 1—3.5 Same as 20— 114 P1—i
PT 

~ I I “ “ 3.5—6 .0
- i PT 4 ;  “ “ 

- “ 6.0—8.5 “

196—2 8/74 20—115 PT il Coft CafE 
- 
Core 0—2.5 - 

Same as 217—114 P1—i

I I PT 21 “ “ 
- 

° 2 . 5 — 5 .0

I 197—2 8/74 I 20—116 PT i CofE I CafE 
- Core 0—1.0 I Same as 20—114 PT—i- - 

PT 2 1 “ I “ “ 1—2 .3 “

I PT 3 s ° - “ 
- 

“ 2.5—5.0
- - PT 4 “ I 5 . 0—6 .5 - “ - ‘

I - PT ~ I ‘ “ “ 6.5—8.8I I PT 6 ”  “ “ 9 . 0 — 1 1 . 0 -
PT 71  - “ “ 11—13.5 -

- 
- 

PT S I  “ I “ “ 13.5—16.0 I “

I - PT 91 0 ‘ “ 16—18.5 “ “

I 198— 2 7/10/74 - 741642 Colt I PEL Water I B011,S .S ,P ,N0 3,
I I - I - TKN ,Pest .

199—2 8/74 PC 1547 CofE ColE Water 

I 

BOD ,S.5,P,N03,~~ S,

- I I 
1 - 0— C ,Hg,Cd ,Pb ,Zn ,Cu

(4

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~~~- —-



_ _

TABLE 1-1 (Cont ’d)

111C4 1 I5  

- - 

I INDEX DATE SAMPLE TAI(EN ANALYSED TYPE DEPTH PARAMETERS

I NO. SlillIfE BY 
- 

BY ( (

Point Moiate 77—2 2/IA/7i Sta .C - I - i l  - CofE Crab 4 
- 

S I r E . I Coifform ,BOD ,
Wat e r  - - 1 ( 7 ,7 1  , , S , - 0 (51

- 
- I - Cd ,I t

Pest .
78— 1 8 / 3 0 / 7 2  l(T42 i—i - N.,vv LFE Car e  0— .5 C0D ,Cd , , I 1 ,I I ~~,TKN ,l I_ C ,

I - V .S. , Zo , I - s t .
- 8143 i 2  — 

‘‘ I ‘‘ ‘‘ 3_ I. S Cl III , I~h , - • 
1 -
‘ • - I_(  ,( .S. • is

7 3—1 8 /30 /72  BT44 1—1 - N ,vv 
I 

LFE Cor e Il- .5 Same as 8T42

80—2 8/30/72 - WI-. S 3—I Navy LFE Core ( I- . S Same as BT42

81—2 8/30/72 
I 

BT4 6 4—i Navy LFE C -re I 0— .5 Same as BT42

1 82—2 8/30/72 BT47 5—1 
- 

Navy : LFE Cor~- 
- 

0— .5 Same as BT41

1 83— 2 8/30 /72  l( Fa$ 6—i Navy LFE C.re 0— .5 Same as BT42
I BT49 1—I 0 - 3— I . Same as ((TA I
- 

84— 1 8/30 /72  BT5O 7—i Navy LFE Core 0— .S Same as (1541

85—2 8/30/72 BT5I S—i ((as- v LFE Core 0—.5 Same as f -.1

86—2 
I 

8/ 111/71 BT52 8/I las- v LEE Crab 
I 
Surf. Same as BT 4I

200—2 I 8 / S / i l  I 20-i PT 1 ColE Rudd Core ll ,11_/ ,l Elutriate : I - 51 ,1(1111 , P ,N0

I - - I TKN ,Pest.
- I I Sediment: I 1~~l7 ,ili ,I d , SI- , 7~,

- I PT 2 
I 

“ 1. 1 — 1 .11 Same as 20— 1 ( 7 — 1
PT 3 

I 

“ “ (- ,I I_ 7 , 5

201—2 8/5/74 115— I PT 1 ColE Rudd Car,- 11 . 1— 1 . 5 Same as 20—1 PT—i
- PT 2 I “ “ “ 2 . 5 — 5 . 0  “ “

- PT 3 “ 1 5.0—7.5

I 20 2 — 2 8 / 5 / 7 4  20-3 PT I ColE Rudd Core I) II_~~ , 5 Same y l u — I  PT—iI PT 2 - ‘ I “ I “ 1. 5—5 .11

- P 13 ~~ “ - “ I “ I ”  •‘
- PT -( I ‘‘ - 

7. s_ I I I .1 1 ‘‘

201— 1 8 / 5 / 7 4  20-4 PT 1 Co lE I Rudd Core 11 . 1-1 ,5 Same as 2 1 - 1  PT 1

I P12 I “ I “ I ~~~~~~~~
PT 1 “ “ I “ S ,11— 7 ,5 

-

I PT 4 “ “ “ I 7 .5—10. 0 I- I PT S “ “ 0 10 .17—12 .5 j
2114—7 8/5/74 20— 5 PT 1 CafE Rudd 

- 
Core ~~~~~~~~ I Same a- 2D— h PT—i

I P T 2  - “ I . .  1 . 5 — S .C
PT 3 I  “ “ ~~~~~~

- I PT -
‘ “ -, “ 7 .5—10.0 “ “

I I
205—2 8/5/74 2 0—6 PT 1 Ca fE Rudd I -r ,- ~~. - — 2 .S Sam,- ~~ 20— 1 PT— i

- - PT 2 •• I ‘ “ 2 , 5— 5 .0 I
I 

PT 3 •‘ “ •• S ,- I— 7~~5
- I ,. I 7.5—1 11 ,0
- - I PT s I “ 

- I l - - , — I l ,5 “ •‘
PT ft “ I “  “ 11.5—15.0 - “

I PT 7 “  “  “ IS .”—i 7 .S

2 05-2 ~ 
I 

20- 7 PT I ColE Rudd l ore  0.0-1.5 Same as 2 0-h  PT 1

- - P T 2  “ “ 2 . 5 — 5 . 0  “

I PT 3 “ “ “ 5 ,11— 7 . 5 
-PT 4 “ “ 7 .5— 10 .0 “ “ -,

San Pab lo Bay - - -
P t .  Davis 1—3 8/ 3 1/ 7 2  157 79 Sta .  I Colon Envir. Care O— .5 - V .S. ,CI ’P ,- I r  .,- .s , Ilg , Ph , Zn ,

I Qusi Anal~ S.S.

I 
15780 iit i,. 1 “ “ 0.25— 1 . 25 Same as i S7 ’”

I 2—3 8/31/72 15781 Sta. 2 Union Envir. 
I 
Core 0— .5 Same as i~~77~I I 1 1,1,11 Soil . -- 15782 S t s .  2 ‘ S S 

- 
0 1—2 .75 

~

“

I 3_3 8/31 /72  15783 Sta.  Intl-I, Envir. Care ( (~~ , 5 Same as 15779
I Qual Ana l , -

15784 Sta. 3- 0 
~~~~~(( - - ‘

I i5785 SEa. il “ I I 2 — 3 . 5

I — 
I

4
1-15

4

LI I 

‘ 
~~~~~~ - 

-
•

_—
~~
.

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~5 0 -  .~~ .0~1 __ ‘~~~~~ . - 
‘
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TABLE 1-1 (Cont ’d)

LOCAl 11111 I INDEX DATE SANPL 1~~~ EN ANALYSED TYPE DEPTH PARAMETERS
NO . NUMB E R BY BY PT .

San Francisco Bay 1 87—2 4/16/73 20-32 PT 1 ColE CafE Core 0—2. 4 V .S. ,COD ,TKN ,
I I 

0—C , Hg,Pb ,Zn
PT 263 2.4—7.5 Same as 20—1. PT— h

I - PT 4—I “ 7.5—17 .5
I DT 7~ 9 “ “ “ i7 .5—22 .5 “

I I T  10—12 “ “ “ 22.5—30.0
I ii’ 13614 - ‘  “ 30—35.0 “

88—2 1 4 / 1 9 / 7 3  213-33 PT 1 I CafE I CoIl Core 11-2 ,4 Same as 20—32 PT—iI PT 2—4 “ I “ 2. 4—9. 0
I PT 5—7 “ I 9 — 17 .5 - “

- I PT 8— 10 “ - “ 17 ,5 — 2 5 . 1)

- PT 11— 13 “ I “ I 25—3 2.5 -

PT 14415 I I~~~~
” 12 .5—37 .5

I 89—2 4/13/72 20-34 PT 1 ColE - ColE I Core 0—~ .5 Same as 217—32 PT 1
- PT 263 I “ ; “ 

- 2.5—7 .5 I
I I 

PT 4 1.5 “ “ 7 .5 — 1 1 .5 “

I 90— 2 4/23/73 2D—35 PT i 1l~fl C ’fl Core I 0—2 .5 Same as 20—32 PT 1
I PT 263 “ I 2 .  5— 7 .5 I “ “

PT 41. 1 “ I “ “ 7.5—10 I
PT 1- ‘‘ - I (I—i ,’,5 0 0

I 91—2 4/25/73 20_SI- PT 11.1 (af# - 1, _ f r  I Core I II- ,O I Same as 211— 12 IT-I
I PT IA- , “ I “ - .‘— I I l . li - 0

P T S  ‘‘ 
I 

‘‘ 
- 

11 1 1 7 . 5 I ’ ’

- 92—2 4/15/73 20-37 PT 1 CafE CafE I Core 
I 

0—1 ,5 I Same as 10—12 P1—I
- I PT 141  “ I I “ .2 . 5 — 7 .5 I ”
I PT 41.5 “ “ 7. 5—1 2 .5

1 93— 2 4 / 2 5 / 7 3  - 
1)1—18 PT 162 ColE I ( o f F  ( o r ~ 

I 
0—5 .11 5 . 5 ,, l1l0, ES ,

- I - - l l_ l. ,Hg, . 8 , Sn

- PT 31.4 - ~ lIl~~0 I Same as 2 1 1 — 1 8  PT 11.2
PT 51.1’ “ “ PI~~l5 .0 -

94—1 14/27 /73 u1—- .( PT 1 (12 CafE 1 (o fF Core l (1— 5 ,1 1  Same as 20-38 PT 11.1
PT ~~ “ I “ “ 5 — 15 ,0 I

- PT S “ I “ 1~ —12 .5

95- 1 5 / 1/ 7 3  20— 42 PT 2 (ofF Caf E Core 
- 

(-1 .5 Same as 2 7) -  l~ PT 1 1.2
PT 21.3 “ 

- “ 1 1. 5 — 7 .~ -
PT 4 4 5  “ “ “ 7.5— 11 .5 “

“5—I I 5 / 1 / 7 3  - 20—43 PT 14? Cof I  Cafl  - Corn /1-5,0 Same as 10—111 PT 11.2
PT 144 •

~ I “ -- 5— 1 11 .0 - •‘
- PT 5 I “ 70—17 .5 “

97—2 5/2/73 771 -4- ) PT 11.2 Cal l  - l ol l Co re 11— 5 , 1 name as 20-38 PT 11.2

I PT 24 3 “ ‘ “ 5—10.0 
I

98—2 5/3/73 2(1-4(1 PT 1 C1~fE~ ( o f F  Core 1 ( _ .5 Same an 2 0 —3 8 C~ 142
- PT 3 “ “ “  1. s -S .11

99—2 - 5/8/73 1(1 -48 P1 1 Colt: I C a f I  Cl- re  0~ 1,’ Sae~ as 20—38 PT 152

100— 2 5 / 9 / 7 3  271—49 PT 1 ( o f F  
- 

Co lT I Ca r .  - 0—2 ,5 I 5 , 0 .,C0 ’:1,TlI’.,
I - I I I
- 

I 
PT 21. 

- “ - , 5~ 7~ 5 Same as Ii1~~
1 1  PT 1

1111- , I 5/10/73 20—50 PT I ColE CafE 
- 

Core 0—2 ,5 Same as 271- -. ” PT 1

- 
PT II. “ S I ‘,5~~7.S

102—2 5/10/73 I 2D—51 P17 1 1 . 1 f F  Caf E Core 0— 1 .5 - Same as 20—49 PT 1
- PT 26 “ I “ 5— 7 5 0

I P1 4 “ “ “ 7.5—10.0

4
il 

- -_ - ‘ - a 
4.
.

~~~1L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 1-1 (Cont ’d)

LOCATION INDEX DATE
J 
SAMPLE 1 TAXENT ANALYSED TYPE DEPTH PARAMETERS

NO . NUMBER I BY BY FT.
-t -_ —~Oakland Outer Harbor I -

I 103—2 5/10/73 1OPAO9I Calf - EPA Core I 0-2.5 I ((171 ,5 , v ,, .
I ill-. --.2 10/26/71 iiFAO9 i I ColE EPA Core 0—2 ,5 I Same as I I IFA I I I l
105—2 11/29/71 712003 PefISak EEL 0—2.5 - v .s. ,CI( ul , N,I _I: .~~~,Pl ,Z~

- 106—2 11/29/71 7120(14 1 PofOak~ PEL Care 11—1 ,5 Same as 11 . 1 1 1 1- 
107—2 11/ 19/71 71200 5 “ I “ 0—2. 5 -108—2 11/29/li 711(105 “ “ 0— 2. 5

- 1( 19— 1 11/ 19/li I 71200 7 “ “ - 0— 1 ,5 -
110— 2 11 /29/71 712008 “ “ I 0—2 .5 I
111—2 11/19/71 711009 I “ “ 0—2.5
112— 2 11/29/71 1 712010 I ‘ I - 

I 
0—2 .5

113-2 11/72 - 20—i PT I C,~ f F  I ColE (I-r e . 5— 1.5 I v .s . ,C - i ,TEN ,”—(,,

- - 
Hg, Pb ,Zn ,I ,I ,I o ,l t ,;.,

PT 2 “ - “ 0— . 75 Same as 271—1 PT—h

114—I 11/72 10—? PT 1 - - I v  roll Core .75—1 .5 I Same as 20—1 PT—i
P 12  I “ I “ “ - 0— .75

115—2 - 11/71 1(1—3 PT 1 1 -11. Fo f I  ( o r e  . 7 5 — 1 , 5  Sans’ as 10—1 PT—i
I P T 2  “ “ “ I °—~“

11 6—2 11/71 2 1— 4  PT I - - f l :  CofF (or,- I .75—1 .5 Same as 20—i PT—i

- 
_ P12 I I 

“ - “ 0— .75

1 117—2 - 11/72 20—5 PT 1 CoIl Ca f E  Core .7 5 — 1 . 5 - Same as 2D—i PT—h- 
P 1 2  1 “ - ‘ I ~~~~~~~

118—2 11/72 20—6 PT i - ( o f f  
- CofE Core .75—1. 5 I Same as 20— 1 PT—i

P T I  “ 
-

‘ I “ 11— ,75 1”
- 119— 1 2/18 /71 lÀ (1) URS ASS Core .5— 1 ,5 V .c .,C00 ,T E’ ; ,- l—l ,IIgI 

- I Pb ,/-~,- s,Cd
I 1A (2) “ “ “ 3—3 ,6 Same as IA (1)

lB “ 
I 

“ “ 14 ,5 — 5 ,4

- 120— 1 2/1 8/71 2A (1) 1(RS URS I Core 3—3 ,5 I Same as 1A (1)
2A (2) 

- 
I “ “ s ,~~

_ 7 ,0 I ”  “

IA “ “ 2 . I— .f : “

1 21—2 I 10/73 Fl ‘(50 ( o f f  CofE Water I ( - 1 0 0 7  r. (o—:l (- ,E li)
• 5 ,5 ,,

- I I TE’., SI1 1. P ,S04 , lT .111 ,8g,

122—2 111/73 217—134 ColE I ColE Core (-2 ,5 EIsI r lii7o - (5;~, V S .,I I

- 
- I Ph , , —

~
- , Cd , 1_C

I 12 3—1 111/ 7 3  1(1-135 PT 1 - - ( F  Co lE Core I- , .5  F I - O r l a t e — I  ,
I I ‘ S .,- .

l -. -.2 10/73 217— 13’- PT 1 l a f I  I -Il - ~r” -— .5 Eiut r li t “—Same as 20—1 34
PT—i

125— 2 10/73 20—13 7 PT 1 alE (ofF Core 1l_ ,5 Same as 20—134 P1—I

11(1-2 10/73 15— 15 PT I - -fE I~ ColE I --r” 0—2 .5 Same as 7(1_ I (4 PT—i

I 127 —1 10/73 2 17— 1 3 ”  PT— I Colt Cr-fE C r,- 0—2.5 Same as 2D—i 1~ PT—i

107-2 8/16 /74 I F o f E  I Rudd Water (Dlspasai Site) R 1 1 ,P ,N I 3, T F N .P e n t

I 208— 2 
I 

PC ISI S - la fE 10ff Nite r (Diapc ’sal Site)

2f (9—2 8/16/74 20—140 PT 1 I 11ff 
- 

Rudd l o r e  0—1.5 FI ut ri ate: (51 , ROIl ,P,N0
- 

- I TXN ,S.(- . , Pest.
I Sediment : s..C ’lg Cl- /n I~ i

PT 2 1 “ - “ “ 1.5—3.5 Same as 20-160 PT—I

- 8/74 PT 31.) “ ColE “ 4,Q~~7,Il S,ne as 20—140 PT—i + Cu
PT 51.6 “ “ “ 7.0—30.0

I 
- PT 71.8 “ “ “ 11 .0—13.0 “

I 210-2 1 8/ih /74 2 17— 141 PT 11.2 CofE Rudd l o r e  0,11- (, I( Same as 271 _ 14 I1  p T 1
I 1 P1 31.4 “ Cl- fl I 11,11—5 ,11 Same as 20—140 PT—h + Cu
I 

- PT S1.6 “ “ - V- -I.- .
-I P1 71.8 “ “ I “ I 9 ,1 1 — 1 2 , 0

I I I

I’

1-18

-4
• 
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TABLE 1-1 (Cont ’d)

LOCAtION INDEX 1 ~~TE SA~~ LF  1TA
~

EN I ANALYS ED f ~~PF ~DEPT H 
- 

I PARAMETERS

- 
N O .  

- ~~ NUMBE R C~_4 - - BY - - - -r~~-- - + -~ -~~~(t,,kIöfld On~te t  Harb ,’r I(,’nt ‘.13 I
211-I 8/16/74 11 1_ 141 PT-I ColE Rudd C,~re 1 (( .11— 1,5 ~~~~ as 2 0 — 1 4 1  PT—I

I I 

I 3 5—4 6
I 46 7 1

I I “ I “ I “ 7 .1—8 .6

- 112—2 18 /1 6 / 7 6  111~ 1 43  PT 1 I l -’fF Rudd I Core 0,0—2 .5 Same as 20—140 PT—I
- PT 2 I 

“ “ 1 ,5—5 .11 -

PT 3 “ “ “ 5 .0— 7 . 5 -

I ll - I - 111 16/ .  . 1)1—144 P1 1 
- 

ColE I Rudd Core - 0 .0— 2 .5 - Same as 211—140 PT—h

- 
(/24 PT 21.3’ “ 1 - I F  I 1.5—5 .5 I Same as .‘1I_ 1 4 1( PT—1+( u

1 PT 445 “ I “ I (- .5—8 .5 
- 

“

.1-.- . 8/18/ 17-145 PT 1 C,-fF : Rudd lore  (1 .1)— ., ) 1 Same as .‘71— 140 PT—i
PT 141 - -- “ 1. ’ — - .-. Same as 111_ 141 1 PT—l +Cu

- ( 1  ,4~, “ I “ “ 5 ,4 — 8 ,5 1
I I  667 “ - “ “ 8 .5 — 1 1 ,2

115—1 : 8 / I t -  ‘ , 20-146 PT 1 ( - - I f  Rudd lo re 11 ,11— ,, 3 Same as 20—16 0 PT—h
- 

PT 1 “ “ 2 .5 —4 .5 -
( -I - - (4  PT ((.4 “ I lo l l  “ 5 .0—8 .0 I

PT Si,r, “ ‘ 8 ,11 -11 , 11 -

PT S A I l  “ “ 11 .0—1 4 .0 I

2 1 5 — I  4 I’ . / ’~ 11—14’  P1 I Ca fE I Rudd Core - 0 ,0—I l - Same as 111— 140 PT—I
P12 “ “ “ 7 ,( -— ’ (,0
P-f 

I 
I

pi ~ “ I ‘‘ I “ 7 .5—111 .11
PT 5 “ 

- 
“ I “ iO .t1—12 .i “ “

I I I — . - 8 / 15 7 7 1, 111~ 148 P1 1 - ~~~~~ I Rudd I - re  11,0— ., Same as 20— 140 PT—I
- PT 1 “ - “ I 2.5—s .D

PT 3 “ - “ I 5 ,0-’ ? .’,

PT . I 7.5—10 .0 I “ “

PT 5 1 “ “ 1(1 ,1 1 — i l . 1

- 
218— 2 11/152 4 15—14-’ PT 1 I -Il 

- 
Rudd - . - t , ’ - O .0— h, r Same as 20-140 PT—I

PT 21.1 “ 1 . 1  I I “ I. S’.~~. S Same as 111—1411 PT—l+Cu
p~ s.c “ “ “ 5 . ‘ — 7 .1 “

PT 51.2 “ ~I “ “ 7 .5~~1 1 1 .6

- 1_ Ig
I

4
t

I
- _

_
5~

_ _ .
_ c ’  4.

- - 
~~

-‘-—-—.- _. ___ _~~ — --- -- —-- - - ————‘——--—-.-.-- -——‘- --
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TABL E 1-1 (Cont ’d) 
________ _______________________

LOCATION 
[‘

~~~~~

“ 
DATE 

— 

SAMPLE 
‘ ‘]

~

“

~~~~~YSED TYPE f DEPTH PARAMETtRS
NO . NUMBER BY BY I FT.

Oak land Inner Harbor
128— 2 3/11/71 20—14 PT 1 CofE EPA Core 0— .5 V .S.,COD ,Hg,Pb ,Zn

PT 2 “ “ “ . 5—1 .0 Same as 20—14 PT I
PT 3 “ “ “ 1—1 . 5

- 129—2 3/11/71 217—15 P1 1 ColE EPA Core 0— ,5 Same as 20—14 P 1 1
PT 2 “ I “ “ .5— 1 .0

1~~—2 3/11/71 20-16 PT 1 CofE EPA Core 0-.5 Same as 20—14 PT 1

131—2 3/11/71 217—17 PT 1 ColE EPA 
I Co re I 0— . 5 Same as 20—14 PT 1

P 1 2  “ “ “ .5 1.0

132—2 3/11/71 - 217— 18 PT 1 ColE EPA I Core 0— .5 Same as 217—14 P1 1

I P1 2 “ “ “ 1 .5—1.0
P T 3  “ “ I “ 

1 
1—1.5

133—2 - 3/11/71 11 20—24 PT 1 ColE EPA Core O— .5 I Same as 20-14 PT 1

I 
PT 2 - I .5—1.0 -

13 4—1 1 3/il/7i 1 2 17—25 P1 1 CafE EPA I Core 0— . 5 I Same as 20—1 4 PT I

I 135—2 I 3/11/71 217—26 PT 1 ColE loll Core 0— . 5 Same as 20—14 PT 1
I I PT 2 “ I “ -‘ .5— 1 ,0 s~ rre a’ 20—14 PT 1

PT 3 “ “ 1— 1.5 I ”  “

136— 2 1 20—96 PT 1 ColE I Colt Core — I . 5  I V S  .,C5 Il , 115 ,0—C
I I H~,Pb ,Zn

PT 2 “ “ 2 , ~-— ~- .I ( 
I Same as 2 7 1 — 9 5  PT 1

137—2 I 1 20-97 PT 1 CafE I Co lE (117,- 13-1 ,5 I 1.0 7) ,
I - -

I 
I PT 2 I “ “ “ 7 ,S_ 5 ,lI I Same as 1(1-47 PT I

138—2 - 10/73 VC1148 - Co lt I ( , f f  /at ,’ r — — — — —  - Al cat rao— ’- , 8117 1 , 0,0 ,,
- I

I 1 1 1 ,1 d

139—2 - 10/73 I 20-13 PT 1 1 I - f E  1 0f F  I Core -1-1 .5 I Elut r (a te  6 SedIment — I I ? ,
- V ,0 , •

- 
- 

- I— C , SI 1~ ,N- ,- a , I

140- 2 - 10 /73  - 20—14 PT I o f  F CafE Co re  0—2 ,5 
I 

Same as 20—13 PT 1

14i —2 I 10/73 20—15 PT ii (- f l  ColE Core Il—I ,’, - Same as 111— I 3 PT

142—2 10/73 21 1— 1 7 PT i~ ColE I CofF Care 11—1 ,5 Same as 20-13 PT 1

143— 2 10/73 
- 
20-21 P1 1 

I 
( of f  off 

- 
Core I l—i  .5 Same as 10— 1 1 PT 1

144—2 1 10/73 20—25 PT 1I Coff Call (o r , -  11-2 .5 I Same as 20—13 PT 1

145—2 2/9/74 Hoie A (1) — Co lE - LEE. C r ”  
- 

F lu t r l a te— 100 ,r - S ( ,S .0 . ,P,
20—182 -

- ( 2 )  - “ - “ “ 

I ~r’- II mem t— ~I—1 ,Cd ,Pb ,Zn ,Hg

145—I 1/9/74 
I 

Hole B (1) 1 - ‘(F LFE ((- re - Same as Hole A (1)
2 17—181 - 

-

(2 ) 1  “ - “ -- I ”
147—2 2 / 9 / 7 4  Hole 0 (1) CafE LFI) - Core I

- 20—179 
I 

-

( 2 ) 1 ” ,. 

I

148—2 I 2/9/74 Hole C (1) ColE LEt I Care 
- 

F ! ut r l at e—100 ,B0D ,S.S , p ,I 20—180 I N03,TSN,Pest ,
I 

- - Sed Iment—o—C .~ d ,pb ,7fl ,HR
(2)  

I 
“ “ I “ 01me as H ’ ke C Ii)

149—2 2/22/74 20—179 PT 1 CofE LEE For,’ 0—2 .5 I EiUr rfate_ I0D ,8011,S.S., F ,
- 

- 

I 5’’ 1, T3(N,Pent.
Sed imen t :  I1—C ,Cd ,Pb ,7n ,Hg

- 
P1 2 “ “ 

- 
“ 2 . 5 ~ 5 ,1 Same as 20—179 PT—h

150— 2 
- 

1/22/74 20-180 P1 1 ColE I LEE Care 1 0—1 . 5 Sam. as 217—17 9 PT—i
PT 2 I “ “ 2 . 5— 5 .0 “

151.. 2 2 / 2 2 / 7 4  20-181 PT I ColE LEE . - Cr-re 1 0— 2 . 5 Same as 20—179 PT—i
P T 2  “ “ 7 , 5 — 5 ,3  “ “ “

152.2 2/22/74 20—182 PT I (of f LEE Corp 11—2. 5 Same as 20—179 PT—i
PT 2 “ “ “ 

~~~~~~~~~~ 
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F A S F F  1 — 1  (Cont ’d)

I I  (1111’, IN0E~~] 
DATE s \ t l I F  T8.XFIS ANALYSED TYPE DEPTH PARAMETERS

IL , NC?IIIER BY BY Vt .

Mo~~- Island Strait 4 - I  5/17/71 64FA051 ColE EPA Crab - Su r f .  1 V.S.,COII ,TKN ,Hg,Pb ,

I - Zt, ,Fd ,As,Cu ,Cr

5—3 - 8/28/71 St., 18 CofE ColE I Core 0— .75 1,9 ,, CIII1,TKN ,O_ C ,Hg, Ph ,Zn ,
I I I I Cu ,l d ,As ,Cr ,N l

Ste IA I “ “ 

I 
“ .75_l. 0 Same as Sta lB

6— 3 8 / 2 8/ 7 2  S l . ~ 28 1 ColE I Pacific Core 0— .75 I\ ’ .S .,C00,TKN ,0—C ,Hg,Ph ,Zn ,
- 

- ICo ,Cd,A8 ,cr ,N1 ,~~
5t .

St~ IA “ E n v i r  I “ 1 . 75—1 .0 Same as Sta 28

7—3 8/18/71 0.1, 38 1,11 :  1 CoIl: Core 0-.75 Same as SE a 28

I °ta ~~ I “ I “ I “ .75—1.0

— 8—3 8/28/11 Sta 4B l oll - Pacific - Core I 0— .75 Same as Sta lB
- 

- 
tnvir . I

I

: 

91.~ 4,1 “ “ .75~ 1.0

1—I 8/18/71 - St a SB 1. -fl Pacific I Core I 0— .75 Same as Sta 28
I - 

- Envir . - I
I Ste 54 “ - 

I 
“ .75—1.0 “ “

111— 1 8 / 1 8/ 7 1  S t a  68 i o f C  ColE , Core I 0— .75 Same as Sta 28

- 
Sta l-A “ “ ‘ .75— 1. 0  1”

- 
11—1 8 / 18/7 1  - Sto 78 Cof ( - Pacific C - r e  O— .75 - Sante as Ste lB

- - Envir.
I StIl ~~~ I - I .75— 1 .1)

Il-I 8 f / M / 7 ~ I Ste RB - 1 . - I l  Pac if I c  Cr-re 0-.75 I Same as Sta 28
Envi r. - -

St., HA 
,, I “ - .75—1 .0

11—1 8/ 1 8/ 7 1  Ste 931 (‘18. Pacific Cr-re I ~~~~~~~ 
- Same as Sta 2B

I Envi r. - 
- 

I
St e 9A “ - “ - .7 5 — 1 ,11 —

4_ I 8/18/71 Sta 108 - Cr- f t  
- 

Pa c i f i o  Care ((— .7 5 V . 9  .,C(’ l( ,TEN ,II_ C ,) i g, P3’ ,7.fl,

I 
- Envir . Cu,CII ,Ae , r ,Ni

St ,, 1I3A I “ I “ “ 1 ,75 — 1 ,0 
- 
Same as Ste 108

( 5_ I 5110 /7 1  5 t ,  118 ( o f F  P a c i f i c  ( a r e  0 . 75 V .’( ..lIll( , KN ,Hg,O_C ,Pb ,Zfl ,
- - 

- 
Envir . u ,Fd ,A~ ,Cr ,Si ,Pest ,

S t . a  hip, - “ - “ - “ .75—1. 0 1 Same as Ste (III

15— 1 8 /28 /71  
- 

Ste 1111 Co lE Pacific 
- 

1 .- re - 0— .75 Same as Sta 108
- E,,vir . -

St ., 117, ‘ ‘  ‘‘ ‘‘ .7 ( - — 1 . 11 -

17— 3 8 / 1 8/ 7 1  - (Ii, 118 I - f l  P a c i f i c  l o re  I(_ ,75 - Same as Ste 108
Envir.

Sta 114 “ “ “ .75— 1.0 I”
- 18— 1 81 . 8 / 7 1  I Sta 148 CalF Pacific Il - re 0— ,75 Same as Sta 118

~I - Envir.
I Ste 14,’, “ “ “ .75— 1 . 0 “ “ “

19—3 8/28/72 I Ste 158 Cell Pacific ( or,’ (1_ ,75 I Same as Sta 118

- 

- 

St .( iSA “ “ 
- 

“ .75— 1 .0

I 20— 3 8/2 8 /7 1  (-to il-B - Cr-f l: Pacific Core 0— .?’, I Same as SEa 108
- - - tnvlr . -

I Sta 16A I “ 
- 

“ - 

I I ”
21— 1 8/28/72 I i to  178 ColE I Pacific lore - 11— , 75 - Same as Sta 118

- I Envir. - I

I 
St e h A  “ I - “ .7 5 — 1 . 0

22—3 1 8/28/72 Ste 188 ColE I Pacific l:ore 0— . 75 1 Same as Ste 118
- I I Envir . I
I Ste 18,5 “ I “ .75—1.0

23— 3 - 9/72 Sta 1 ColE CafE Core 0—1 .5 - 11g, Ph,7.n,Cd ,Cu ,Cr ,
I - As ,N i

24 —3 1 9/72 Ste 2 “ “ “ 0— 1.5 I Same as S E a 1

25—1 9/72 )it~, 8 “ “ “ 0—1.5 
I

26—1 
- 

9/72 St. 9 “ “ “ 0-1.5

1-21~~~~~~~~
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TABLE 1-1 (Cont ’d )

LOCATION 1 INDEX DATE SAMPLE TAXEN A24ALYSE~T TYPE DEPTH PARAMETERS
NI). NUMBER 

I- 
BY BY 

-
~~ FT .

M.,r,’ Island
Strait (ConE ’d ) 27—3 9/72 Ste 10 ColE CofE Core 0—1,5 Same as Ste 1

28—3 9/72 Sta ii I “ “ “ 0—1.5 “ “ “

I 19— 1 9/72 Sta 14 1 “ “ “ 0—1.5

30—3 9/72 SE a it, “ “ “ 0—1 .5

31—3 8/73 PC809 CafE CafE Water Disposal Eiutriate Onl y:  D0 ,B0D,
- Site I Sai i n ,S,S.,TKN ,3103,P,I O—G ,S04 , Pb ,Cu ,H8, Cd

1 3 2 — 3  8/73 2D—108 PT 1 1 ColE ColE Core 0—2,5 El utriate Only: 100,
I V ,S.,Sa l in ,S,S.,TKN ,N03,

- 
I P,0C ,S04,Pb ,Cu ,Hg,Cd

I PT 2 “ “ “ 2,S— 5.0 Same as PT—i
PT 3 I “ - “ “ ~~~~~

33—3 8/73 1 20-109 PT I ColE ColE I Core 0—2 ,5 I Same as 20—108
PT 2 I “ I “ 7.~ — S .O- PT 3 - “ “ I “

34—3 8/73 1 23— 110 PT 1 Caf E 
- 

ColE I Core ((—1 ,5 I Same as 20—108
- PT 2 “ “ “ 1, 1— 5 .11 IPT 3 “ “ “ 5—7 ,5

P1 4 “ “ “ 7 .5—10 .0 I
- 35—3 8/73 : 20—111 PT 1 ColE I Cof E - Core 0—2. 5 - 100

PT 2 “ - “ “ 2 ,5— 5 ,0 Same as 217—108

I 
I PT 3 I “ “ 

~~~~~

- 36— 3 8/73 217—112 PT 1 lofE - ColE Core 0—2.5 Same as 20—108- P1 2 - “ “ “ 2 .5—5.0

I PT 3 “ I I ‘
~ 5~~7.5

160— 3 -~ 20-11) PT 1 ColE ColE Core 0—2 .5 I Same as 211—108
PT 2 “ “ “ 2.5—5 .0

- PT) “ I “ “ 5..7,5
PT 4 “ - “ “ 1.5—10 ,0

37—3 2 /5/ 7 3 C1173WS 20 CofE I Colt Water Surface - COD ,TI1N ,Hg, Zn ,Ph ,Cu ,Cr ,N i

- 
S2OF “ I “ “ “ I Same as CH 73WS2O

38— ) I 2/6/73 — C1373W5 2l l o l l  Colt Water  Bottom Same as CH73W S20
I 52 1E “ “ 1 1

39—3 - 2/13/73 C1173W S22 I ColE I CafE Water  Sur fa c e  I Same as CH73WS2O

- S22f  “ I  “ ‘~ 0

- I - I
60— 3 I 2/ 13 /7~ C H 7 3 W S 2 3  CafE Co lE Water Ratt a n, I Same as C1473WS 20

- S23F “ I  “ “ “ “

41—3 2 /l3 / 7~ CH73WS 24 I ColE I Call - Water Surface 
- 
Same as CH73~~ 20- S24F I - “ I “ - “ I ”

42—3 2 /13 /7~ CH73WS 2S CofE I CafE Water 
I 

Same ss CH 73 WS2O
- S2 5 F “ “ “ “

43. 3 2/ 13/7 ~ CH73W5 26 CoPE I Ca fE  I Water  Surface Same as CH7 IW S2O

I S26F “ I “ 
I ”  

“ 
I ”

44—3 2/ (/ 7  cH7 3W S27 I ColE I Co,F Water Pottoi~ 
I Same as CH73W S2 O

SlIP ” I “ “ “

45—3 2/13/7 CR7381528 CafE CafE Wster Surface Saise as CR7381520
S28P I “ ‘ “ “ 

I ”
I 46—3 2/13/7 CH73WS29 CafE CofE Water Bottom I Seme as CH7IWS2O

529F 
- 

“ “ “ “ I ”

47— 3 2/ 1 3 / 7  CH73WS 30 I ColE I COPE Water Surface I Same as CH73W S2O
S3OF “ “ “ “

48— 3 2 / 1 3 / 7  047381531 I CafE - ColE Water Bottom ~~D,TKN ,Hg, Zn ,Pb ,Cu ,Cr ,N i
S31F “ “ “ “ Same as 047381531

49—3 1/9/73 0473W S 1 I CoPE ColE Water Sur face Same a. CH73W5 3 1
S iF ‘‘ ‘ ‘ ‘‘ ~‘ ~‘

50— 3 1/9/73 CH73W5 2 COPE ColE Water Bot tom Same as 047381531

II Sly “ “ “ “ “ “

1-22
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F _____________________

TABLE 1-1 (Cont ’ d)

LOCATION INDEX DATE 1 SAMPLE TM(EN ANALYSED TYPE DEPTH 
— — 

[ PARAMETERS
NO. I NUMBER I BY BY I rr.

_______  _______  ____  - 

Mare Island Stra i t  - I I

(Cont ’d) 51—3 1/9/73 CH7381S3 I CafE Co fE Water Surface I Same as CH 73W S3 1
SIP “ “ “ “ 

-

52—3 1 /9 /73  C1I73WS4 CafE ColE Water  - Bottom Same as CH73WS31.
S4F - “ “ “ I “

53— 3 1/9/73 G173WS5 Co lE CofE I Water I Sur f a c e I Same as C H7 3WS3 1
SSF “ “ “ “ 1

54—3 1/9/73 Ci-i73W S6 CofE ColE I Water I Bottom Same as CII73WS 31
S6F “ - “ “ I “ “ “

55—3 1/9 /73 C1173WS7 CoPE ColE Water Surface Same as CR7381531
S7F “ 

- 
“ I “ 

I 
“ - “ “

56—3 1/9/73 CH73WS8 CofE I CafE Water Bot tom 
I 

Same as CH73WS31
S8F “ “ “ I “ I ”  “

57—3 1/9/73 CH73WS9 CafE ColE - Water Surface I Same as CR7381531
SQl “ “ I “ “

58— 3 1/23/73 CH73WSIO CafE CafE I Water Surface CI1O ,TKN ,Hg,Zn ,Pb ,C,I,Ir ,Ni
SlOE “ I “ I “ I “ Same as C1173l-IS1O

- 59—3 1/23/73 CH73WSI1 I ColE I ColE Water 1 B o tt o m  - Same as CII7 3W S1O
SliP  “ “ I “ p

1 60— 3 1/23/73 cII73 WS 12 I CofE ColE Water 
I 

Sur f a ce Same as CH73W S1O

- 61— 3 1 / 2 3 / 7 3  CR73815 13 I C o f E  CafE Water Bottom Same as C1l73WS il)
S13F “ 

- 
“ “ I “ I

I 62—3 1/23/73 (3173WS 14 C a f E  CCoF i1.,ter 1 Surface Same as Ch 7 3 WS1O
5141 “ “ 

- 
“ I ”

63— 3 1/23/73 - CH73WS15 ColE ColE - Water - Bo t tom I Same as C1I73WS1O
I SISF 

- 
“ “ “ “

3,4— 3 1/23/73 1 CH73WS1f ~ 1, - fl: ColE - W a t e r  - 
Surface 

I 
Same as ~Ii73W Sl0

I 5161 “ I I ”I 65—3 2/6/73 I ~R73W Si7 I ColE ColE Water  I Bottom 
- 
Same as CR2 (WOIlI

S1 7F “ “ “ “ I ”  “ - ‘

hI,— I 1 / s / i )  QII3WS1B I CafE CofE I Water 
I 
Surface Same as CH73WS1O

- 
SISF - “ “ I “ 

- 
“ -

67—3 - 2 / s / l i  I CR7381519 1,-fE ColE Water Bott,tm I Same a° CR7381510

I SlOP “ “ 
I -

146-3 ‘ / 3 1 / 7 4  20- 117 PT 1 CofE I EnRineer inR Core - 0—2 .5 E l u t r i a te :  111D,BOD,S.S.,
I Science , Inc I I P,5,TKN

- I I I Sediment: 0—C ,Cd ,7n ,Ph ,Hg
PT 2 “ - “ “ 2 . 5 — 5 .0 Same as 20— 117 PT—I

— PT 3 “ I “ “ I 5 . 0— 7 .S  I
PT 4 “ “ - “ 7.5—1 0.0
PT S “ I “ 10.0—12.5

147—3 I~ 6 / 3 h / 74 10-his PT I CafE 1~ ESI I Core 0—2.3 Same as 2(3—117 PT—I
P T 2  “ “ - 2.5—5.0
PT 3 “ I “ I ” 1 5.0— 6.7 “

PT4 “ 
- 

“ I “ I 6.7—9 .1

148— 3 6/31/74 20—115 PT 1 ColE I ESI : Core 0—2.5 Same as 217—117 PT—i
I PT 2 “ “ “ 2.5—5.0

PT 3 “ “ - “ 5—7.5
PT 4 “ I “ “ 7.5—10.0
P 1 5  “ - “ 

I 
“ 10—12.5

PT 6 — 

I 
— 12. 5— 14 .0 “

1 149— 3 31/ 11/74 Receiving Water “ I “ Water 1011,8011,5 P ,5l1 3,TK’i

150— 3 6 /31 /74  20—11 4 PT 1 CafE ES! Core 0—1 . 8 Same as 20—117 PT—I
PT 2 “ I “ “ 1.8—3.9
PT 3 “ “ “ 3.9—6.4
PT 4 “ “ I “ 6. 4—8.6

( V I$ I

-4
I
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TABLE 1-1 (Cont ’d)

LOCATION INDEX 1 DATE SAMPLE TAICEN ANALYSED TYPE DEPTH PARAMETERS 

- —

NUMB ER BY BY FT.

Mare Island Str*l t
(Cont ’d) 151—3 6/7/74 211—118 PT—i CafE Prederik— Core 0—2.5 Elutriate: S.S. ,IOD,BOD

sen P ,NO 3, TKN ,Pest.
EngIneering Sediment: T.S.,O—C,Hg, Pb ,

Zn ,Cd
PT 2 “ “ “ 1.5—5.0 Same as 20-118 PT—i
PT 3 “ “ “ 5 .0—7. 5 “
PT 4 “ “ “ 7.5—10 .0 “ “

152—3 6/ 7 /74  20—119 PT 1 ColE Frederiksen Core 0—2 ,5 Same as 20—118 PT—i
PT 2 “ “ “ 2.S—S .0 “

PT 3 “ “ “ 5.0—7.5 “ “

I PT 4 “ “ “ 7.5—10 .0 “

153— 3 6 / 7 / 7 4  20— 120 PT 1 CofE Frede,-jk sen Core 0—2,S Same as 20-118 PT—i
I PT 2 “ “ “ 2 .5— 5. 0 “

- PT ~ “ I “ “ 5.0—7 .5 “

PT 4 “ “ “ 7.5—10.0 “

I PT 5 “ “ “ 10. 0—12 .5 “

154—3 
- 

6/7/74 2(3—121 PT 1 ColE Frederiksen Core 0—2.5 Sam. as 211—118 PT— i
- PT 2 “ “ 

I 
“ 2 .5— 4 .0 “

155—3 6/7/74 20-122 PT 1 CoPE Frederikeen Core 0— 2. 5 Same as 20-118 P1 1

156—3 I 6/ 7/74  1 20-123 PT 1 CafE Frederiksen Core 0—2 .5 Same as 211—118 PT 1
I PT 2 “ “ “ 2.5—5 .0 “

157—3 I 6/7/74 211—124 PT I ColE Frederiksen Core 0— 2. 5  Same as 217—118 PT 1
I PT 2 “ “ “ 

- 
1 .5—5 .0 “

158—3 I 6/7/74 : 211—125 P1 1 CofE Frederikaen Core 0—2 ,S Same as 217—11 9 PT 1

I PT 2 “ “ “ - 2.5—5 .0 “

PT 3 “ “ “ I 5. 0—7 ,5 “

PT 4 “ “ “ - 7.5—10 .0 “ “

4 .1J
.~~~~~~,,

4 1 
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TABLE 1-1

LOCATION 1 INDEX DATE SAMPLE TAX ER ANALYSED TYPE DEPTh PARAMk:TERS

_ _ _ -  - -~~~~~ -~~~~-- - -  -~~~_ - - p—--- !i~-~— _ _ _ _ _  _ _ _

Petal uma Creek
68— 3 9/9/71 3IEAO91 CoPE EPA Grab Surf. V.5. ,COD ,TKN ,Hg,Pb ,

Zn ,O—C
69—3 9/9 /71  32FA091 ‘ “ “ “ Same as 31FAOOI
70— 3 9/9 /71  33FA091 “ “ “ “ “

Beacon #6 71—3 6/ 1/72 PC413 ColE Co lE Crab Surf.  V.S .,000,TKOI ,0—G ,
Hg, Ph , Zn

Beacon #14 7 2 — 3  6/1 /72 PC414 ‘ “ “ “ Sam. as PC411

Beacon #18 I 73—3 6/1/72 PC415 “ “ “ “ “

74—3 11/30/73 20-164 CofE Cc,fE Care O— , 5 Sediment : O—C ,Hg, Cd ,Ph ,lnI Water Fiutriate: IOD,BOD ,Soli ds
P ,N0 3 , TEN , Pest

75—3 11/30/73 217—165 “ “ “ I Same as 211—146
76—3 11/30/73 20—166 “ “ “ “ “
77—3 11/30/73 20-167 “ “ ‘. ,, ,

1 78— 3 11/30/73 217— 168 “ “ “ “ I “
7 9 — 3  11/30/73 20-169 “ “ “ “ “ “

- 80— 3 11/30/73 20—170 “ “ “ “ I “ “ “ Peat
1 81—3 11/30/73 20-171 “ “ “ “ “ 0 0

1 82—3 11/30/73 20—172 “ “ “ “ I “
I 83—3 11/30/73 20—113 ‘ “ “ “ “ “
1 84—3 11/30/73 20-174 “ “ “ “ i “ “ “

- - 85— 3 13 /30/73  20-175 - “ “ “ I “ I ” ”I 86— 3 11/30/73 20-174 “ “ “ I’ 0 0
87—3 11/30/73 20—177 “ I “ 

- 
“ “ “

88— 3 

- 

11/30/73 20-118 “ “ “ “ ~

- 

“ “

‘1 
- 

-

- - --I., 5M,- 
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TABLE 1-1

WCATION INDEX DAT E SAMPLE JTAXEN ANALYSED TYPE DEPTH PARAMETERS
NO. NUMBER BY BY PT.

Pino le Shoal 89— 3 11/8/71 20—22 #9 ColE EPA Core 0—2.5 V.S.,COD,TKN ,Hg,Pb ,Zn ,
0—C

90— 3 11/8/71 20-23 #10 “ “ 0—2.5 Same as #9
91—3 11 /9/71 2D— 25 #12 “ “ 0— 2. 5
92—3 11/9/71 20-24 #11 “ “ “ 0—2.5

93— 3 11/8/71 211—21 #8 “ “ “ 0— 2.5
94—3 11/4/71 211—20 #7 “ “ “ 0— 2.5
95— 3 20/20/71 20—14 #1 ‘ “ “ 0— 2. 5
96—3 10/20/71 2D—l5 #2 “ “ “ 0—2.5
97—3 10/20/71 20—16 #3 “ “ “ 0—2.5
98— 3 10/22/71 20-19 #6 “ “ “ 0—2 .5
99— 3 10/21/71 20—17 #4 “ “ “ 0—2.5

100— ) 10/21/71 20—18 #5 “ “ “ 0— 2.5

101—3 10/4/71 20-16
PC 272 CofE CofE Core O— .6 V .S . ,COD ,TKN ,O—G ,

Hg • Pb
PC273 “ “ “ 3.2—3.8 Zn,Peat .
P C274 “ “ “ 

~~~~~~~~~~ 
Same as PC2 72

102—3 10-- . :71 20-20 I
PC360 - CafE CafE Core 0— .6 Same as PCI 72

- PC361 “ “ “ 7.5—8.1
I - PC362 “ “ “ 14.4—15.0

103-3 I 11/19/73 PC954 ColE CafE Water Disposal DO,BOD ,S.S.,P ,N-- 3, 13:N

I Site Pest . 
-

I 104—3 11/19/73 - 2D—162 (F) CafE Colt Core 0— 2.5  Elutriate: 100,B017,S.S.,
- - I P,NO 3, TEN
- 

I - Sediment: 0—C ,Hg,Cd ,Pb ,Zn

I 11/19 /73 2D—l63 (C) : CafE I ColE Core 0—1 .5 I Same as 217—162 (1)

~‘~~‘-~~ I 11/19/73 - 10-151 (H) Colt Colt Core 
— 

11-1.5 Same as 10- 151 (F)

1 107— 3 11/1Q 173 20-153 (I) CafE CafE Core I 0-2.5 Same as 20-1311

1116- 1 I 11 /19(73 1 20— 154 (3) Colt CafE (:,‘rc 11— 1, 5 Same as 217—162 (F)

109—3 5/17 (23 fl—52 PT I Coft ColE - Car, 11—1.5 1I I TKN ,-’— -; ,Hg,Ph,Zn

I I PT 263 “ I “ 2.S— ’.S Same as 20—52 PT—i
- PT4 “ “ “ 7 . 5-1 11 .0

11 1 1_ I 5/ 11/ 73 I 20—57 PT 1 CafE ColE Core 0—2.5 Same as 11)— SI PT—l

I PT 163 “ “ “ - 1. 5— 2 .5

I 
PT4 “ 

- 

“ .5— i0 ~ Q

- 111—3 - 
6/1/73 1 20—59 PT 1 C, fF CofE l:,-r,- - 0—2.5 Same as 217—52 PT—I

PT 2&3 “ “ I 1 . 5 — 2 . 5

1 112—3 - s i - .  7 I 20—61 PT 1 CofE ColE Core I 0—2.5  Same as 2D—52 PT—i
- I PT 2 63 “ “ “ -2.5—7 .5
- PT 465 “ “ “ 7.5—12.5

1 113— 3 31(4’’) 20—63 PT 3 CafE CafE (a r ,- 0—2.5 Same as 20—52 PT—i
- 1 PT 24 3  “ “ I “ 2.5—7.5

I I ~~~ 4—6 “ “ 7.5 15.0 “

114—3 6/8/73 20—65 PT I ColE 
I 

C a f E  C, -re - 0—2.5 Same as 217—5 1 PT—i
I PT 243 “ “ “ I 2 . 5 — .5

I PT 4 “ “ “ 7.5—10 .0

I 115—3 I 3 1 / 2 1 / 7 3  20—82 PT 1 ColE CoPE Core 0—2 , 5 V .5 . , COD ,
- I TKN ,1)— I: ,Hg, Ph ,7n

I I PT 364 “ “ “ 5—10.0 Same as 20—82 PT—i

I 116— 3 6/21/73 20—83 PT 1 ColE Call Care 0— 2 . 5  Same as 20-82  PT—i
I PT 2& “ “ “ 

~~~~~~~

117—3 31/22 , 23 20—84 P1 1 Co lE CofE - Car ,’ 0—2 .5 Same as 20—82 PT—i
PT 263 “ “ “ 2.5—7 .3

I 118— I 6 / 2 5 / 7 3  20—86 PT 1 ColE ColE Core - 0— 2. 5  Same as 20—82 PT—i
P12 6 “ 2.5-7.5 “ “ 0

4
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TABLE 1-1

LOCATION 1 INDEX DAT E SAMPLE TAKE N ANALYSED TY PE DEPTH PARAMETERS

NO. NUMB ER BY BY FT .

Pinole Shoal (Cont ’d)
119—3 6 / 2 7 / 7 3  211—88 PT 1 CafE ColE Core 0—2 ,5 Same as 20—82 PT—i

P1 263 2.5—7 .5
PT 4 ‘ ‘ 7.5—10.0

120— 3 1/9/73 20—91 PT 1 CafE Colt Core 0—2 ,5 Same as 20—82 PT—i
PT 243 ‘ “ “ 2. 5 — 7 . 5  “

PT 4 “ “ 7.5—10.0 “

I I I I

I I

I I
I ?]  

I

4
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TABLE 1-1

LOCAtI ON INDEX DATE SAMPLE TAKEN ANALYSED TYPE DEPTH P-SIC-I’ll I I  iI~ —

NO. NUMBER BY BY 
— 

PT. 
—_______ —

Napa Rive r 121— 3 7/29/71 111— 29 CafE CofE Core V .5 . , ) II I . K N ,lIg, Ph ,
PT 1—8 1’ , ,II I. ,‘1n

122—3 7/30/71 2D— 2N
PT 1—16 “ “ Same as 20— 29

123— 3 7/29/71 20-2P
PT 1—8 0 - Same as 1 11—29

124—3 8/2/71 20— 23 I
PT 1—1 6 0 - Same as 111—29

125—3 8/5/71 2D—2A IPT 1—3 -,  “ “ I Same as I l l— IS
126—3 8/1/71 21)-lI I

PT 1—9 ‘ 0 Same as 2 13—29
127—3 8/3/71 2D—2C I

PT 1—8 - ,  “ I 
- , I Same as 211 —2M

1 128—3 8/3/71 20-20 I -

PT 1—2 “ - “ 0 Same as 217—29
119— 1 8/3/71 20—211 - -

PT 1—5 ‘ “  “ I : Same as 22— 25
130—3 8/4/71 20—2E I

PT 1—4 “ “ 0 
Same as 20-29

131—3 8/4/71 
I 

2 l1—2F I I I
I FT 1—4 “ 

I 
“ S lm,’ .Sh 111-29

1 4 1 - 1  11/71 20-20 J—1 I CafE CafE Suspended Sed -- ~~~~~~~~ . 1 ,215 ,
I 

I I - ~~~~ ,~-S ,Ph ,7n ,I I g, I1-~ t ,
I PT 1 - ‘ I ,- re - 0 , 1~ 1 V .1 ., CI’rI , I KS ,
- I 

- C — I - ,1-S ,Pb ,2l, , H,i ,I’,-~~t .PT 7 “ I “ - 1 -3 —4 . 3 
- 

S.l,se as 11—Ill PT—I

I PT II - - ‘  “ “ 31,9 _ I  
- 

“ “ - ‘

143—3 11/71 20-28 PT 1 CafE I - I F  Cor,- I S ame an 217— 2’ ) PT—I

1- 4 4- I 11/71 - 11)—IC j — i I ColE C - f l  S,,spended Sal 
- 

Same an 211~ 20 J— l
PT 1 “ Care 

I 
S .,ise .~s 20-2’) PT—i

145—3 11/71 Ill—I L 3—1 I CofE I C - f E  Suspended Se,1 I Same as 2”-lO i—I
PT 1 I Ca re I 11 .2— .1 - Same as 111— 15 P 1—I

I PT 8 “ “ ,. S— ~~, I -,

I PT I s - ~. ‘— 12 .0 I “ “ -,

14 1 1-

4
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TABLE 1-1

I l A l  1~ IN FINDEX f DATE SAMPLE TAKEN ANALYSED J r\’lE ~~1 1FTH PARAM1ITERS
I ~s . I NUMBER BY BY I P1’.

— 

a m .  C I i  3 ~~~ om ‘0-1(7) 
- 

1 
—

PT 1—4 CalF I EPA Core V. 51 ., C’ 12 , I K i i ,I~~ VI

I I O—C ,Mn

13 3—3 8 /10/71 1 2 I1 — 1(31 )

- 
PT 3 — 4  ColE EPA — ( ar ,  I

I 

Same as 20-1(7)

134—3 11/ 12/ 71  I 111—31( 3)  I -
I 

PT 1—12 - a l L  EPA I Ca r,’ Same as 20-1(7>

- ( I S - I  I 8/11 /71  1 10-4(11
- 

- PT 1—1 7 (o f F  
I 

EPA ‘ Core Same as 20—1(7)

1 131_ I 8/12/71 10-7(4) I I
PT ~~~~ Ca lF I EPA Core I Same as 20-1(7)

1 141—1 
- 

11/ 71 2 17—5(2)  3_ l i Ca fE I CofE  Suspended Sed S .S . ,C0D,TVN ,

- I 11—C ,pH.Ph ,7.n,Hg,

I I I I ! Pest . + BOO
- - 1 P3 1 - ,  Core 0.0— .4 ‘1 , 51 , ,V. S ., C1211 ,FKS ,

- - 
I 

I 
1’— I; ,p 5I ,l’h ,2I1 ,II,~ ,p,- 5 t .

P3 II ° 0 0 1 .4—3 ,81 --  ‘ --

- 1 P3 18 I -- “ I 7 .1—7 .5 :
I -

- 

- 

-

I I
1$ - I 

1-?)

4
4 .

~~~~~ 
_____ 

~~~~~~~ -~ 
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TABLE 1-i

_ _ _ _  

~~
1ND

~~X 1  

- 

~~ J!!~L 
~~TA L \ D f ~~~~~~~~~~ D~~ Th P R ~~~H

Suisun Bay 1 94 1 7/72 I SF—li Colt CafE Core 1 1Kii ,-;.S ., ‘I , I_
~ ~~~~

I 
20—4 7 / 7 2  ~- SF-Il CalF Cor e Sane as SF-21

I 21—4 - 7/72 SF—23 CofE I 1_ara -

22—4 
1 

7/72 
- SP—24 CafE 

I 
Core 

I

I 23—4 7/72 5F—25 CofE I - Care 
I 

I

.14—4 
- 

7/72 5P—26 ColE “ Core I
15— 4 - 7/74 PC—143 1 I

Disp. Site 1 CofE ColE Water I 9110 ,1

- I Dtsp. Site 2 “ I 
- --

26— 4 I 7/ 74 20— 1 
- I

- I SIte 1 PT 1 “ “ Core I : 1 .11~~ 1 ,2 I Elutriate ; IOEI,BOD,P,
- 

I - I - 
-

I I Si.te 2 PT l “ “ I I “ 1 ”  -,

I 
20— 2 PT 1 ColE ColE I Cor e I 0 ,0—2.3  Same as 20—1 PT—i

- P T 1  “ “ - “ “
I I PT 2 “ “ I 2.5—3.8

I PT2 “ “ “ I ”  “ 0

I 28-4 7/74 I 20—3 PT I ColE CofE - Core II.I 1 _ 3 . 5  S ame as 20— 1 PT 1
P11 “ “ I ‘ “ “ ,, ,,

I I PT 2 “ “ “ 1. ’- — ~~.9I P12 . 1  a a - “ ‘

29—4 - 7 / 74  I 217—4 PT I ColE CafE I Core I2.-I— , l I S a me as 20-1 ET_ I

- 
I - P 11 “ I I - 0 0

I I P T 2  “ - I -
- P T 2  “ I  “ 1 ”  -- “ I ”

I PT 3 “ I “ 5.0—7 .1.
1 I P 1 3  “ 1  “ I 0 ‘

~

- PT A “ I a - “ 7. s— 11 .6

I P 1 4 1  . 1  
I~~~~

” — “ I ”
I 30— 4 I 7/ 74  20— 5 PT 1 Co lE Colt Core 11 ,11—1.5 Same as 20— 1 FT—i

I I P T 1  “ - I ”  “
I

”

I 31—4 1 I 20-6 PT 1 CafE I CafE Core - 
11,11— 1.3 1 Sa re as 20— 1 PT— i

- - - P 11  ~ - “ I “
I I P12 “ “ - ~~~~~~~

I 1’T 2 
,, ,, I a “ I ’

I ~‘r 3 “ I ,, I 
~~~~~~~~

I P 13  “ I “ - “ - “

1 32—4 7/74 20—7 PT 1 (ofF ~ofE I Core Ii ,I (—1 . . San, as 21)—i PT 1
I P1 1. “ “ I ‘ - - ‘  “ I ”

I P12 “ “ : “ ~~~~~~
Pi ll  I “ “ I ”

‘1 I 
~~~~~ 7/74 - 1131- S PT 1 ColE CafE Core I (1.C —2 .5 Same as 20— 1 PT—i

- P 11 0 0 0 0 - 0

PT 2 “ “ “  2 .S—S .() “ “ “

I 
- I P T 2  “ I  “ “ - “ “

~~~~~
“ “ “

1 34—6 - 7 /74 20-9 PT 1 ColE 
I ColE I Core 11 .11-2.4 - Same as 21)—I PT—i

I I P11 “ I ~~~~~~ 0

I 35— 4 7/76 20-10 PT 1 Ca fE I  CafE Core - 0 .0—2 ,4 - Same as 217—1 PT—h
P 1 1  “ I  ,. ~I ,, ,, ,,

36— 4 7 / 7 4  20—li PT 1 11fF Co lE I Core I 11 ,11-1 .11 
- 

Same as 20-h PT—i
P 1 1  ‘H “ I ” “ I ”

I - I I I

i-I)

4
B

L 
.- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

~~~~~~~— i a  ~ -m~~~~~~~~~ —.a* ,. ~~~~~~~~~~~~~ ~~~~~~~~~



TABLE 1-~I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

H12/ff
~~~;~~ 2 

‘

~~~~~~

±Te

~~~

t

~~~~
::; II

~~~~~~:,pb ,

PT 1 ColE CoEE Core I 0—2.5 Same as 1I1—1~I PT 162

n 6/12/73 20-68 

1 . : :I ~~ I 
ColE LoPE Care I 0— 2 5 Same as 21) 3131 PT 13.

PT 4 3  2 5 7 5
I iT -.3.5 - - - 

7.5 12 .5
PT 66 7 “ - “ ‘ - 1 2 . 5 — 1 7 . 5

I 
PT 8 “ I “ “ 17.5—20. 0

- 6 / 1 3 / 7 3 1 2D—69 - 

-

- 
PT 1 1 1  I CafE  l s f L  Co re I I1 — S ,0 

I 
Same as 10— LI- PT 13.2

5— 4 6/ 1 3 / 7 3  I 2 17— 70 - 
-

- 

I PT 3 
- 

C - f l  - Col E 1- - r e  
- 

5—7 ,5 Same as 21)—I - I- PT 13.2

- 6/14/73 212—72 I 
-

PT 1 ColE ColE lI t,- 11—1 ,5 Same as 217—66 PT 13.2

I PT 263 I I 
“ 2.5—7.5

I ~~~~ 
- 6 / 18 /73  20—231 

I I
- FT I - (lolL - ( I - f l  - Core I (1—1 .5 Same as 217—66 PT 13.2
- PT 2 “ I “ “ 2. S~~5 .Il
- - 

P 13  “ “ “ 
- 

5—7.5~~ 
-,

- 8—4 6/18/74 20—77 I I -

PT I CafE CofE 11 r,- I l _ i , S - V . S .,C-II ) ,

- PT 263 I - “ “ 2. 5 — 2 .5 S ame as I l l— ?? PT—I
I PT 4 3.5  “ “ “ - 7 . 5 — 1 2 . 5

P1 6 — “ “ “ 11. 5 — I S . 0

9—-. 3 1 / 1 9 / 7 3  111—7 11 - I I -
PT 1 I CalF. I ColE Core - 0—2, 5 Sa me an 20—77 PT—i

- PT 263 I - - - “ “ - 1.5—7 .5

I PT -.1. - I “ “ 
- -- 7.5— 12.5

111— 4 7 / 2 4 / 7 1  I 1)- 111,, A BellicIa il r - ~~a -
~ : Grab 51 - s f , , ’e I 0 .51 .,- 1)11 , IKSI , — , ,lIg,

tad. Cai dw ei ll I Pest.

11—4 2/14 71 1 1 1 1 - -  St I B Renil (a Il r,~~ ,1 6 I Grab SlI r lace S,c-,- as SEa A

I la d. Caidw eil l

i l~~1, 2 / .~4 / l i  I ‘Si Sta ,  C i1011i tS Brown I 1;ras i l- I rf ace  Same as SI-, A
m d .  Ca ld,.iefl I I

I 13—4 11/23/71 20- III #5 II- - ColE re ( 1—2,5 1

14 — 4  11/19/71 I 11>— lI - #1 - 
CafE I 1 - - I L  C r , - 0—2, 5 Same as 20-30 #5

1 5 4  11/23/71 20-31 #3 ’ - I f  ( a l l  Core II ‘1-1,5 Same as fl— IO #5

131—4 11/22/71 
- 20- I? ~I I I ,,ll I I II Co re  - 0—2.5 Same as 20—30 #5

I 1 7—4 1 11/12/71 20-IS #3 I C - - I F  I 1011’ - 0-2.5 Same as 20—10 #5

- 18-4 - 11/23/71 
- 

20-29 #4 - sf 
I Caf E Core 

- 
r1 2.5 S lim- IS 20-1(1 85

I 
1
~~~~

1
~ -

I

I t - -

— .-  -~~
__

s,I~~
_ 
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Project:  Oaklan d Outer Harbor Date S &6 August 1977
Type Bulk

Sample No. Depth Mercury Cadmuim Lead Zinc Oil & Grease

2D—163 3’ 0.7 0.8 81 205 1690

2D— 164 3’ 0.4 0.5 68 197 1260

2D—165 3’ 0.5— 0.5 — 64 175 1270

2D—l66 3’ 0.2 0.5— 39 112 620

2D— 167 3’ 0.2 0.5— 54 163 1100

2D—168 3’ 0.3 0 .5— 54 156 1090
ii

Project : Oakland Outer Harbor Date 5 & 6 August 1977
Type Standard Elu t ria te

Sample No. Depth Mercury Cadnazim Lead Zinc 011 & Grease

2D—163 3’ 0.0005 0.003 0.006 0.034 9

2D—164 34 0.0005 0.003 0.006 0.034 8

2D—165 3’ 0.0005 0.003 0.006 0.034 8

2D—166 3’ 0.0005 0.003 0.006 0.036 8

2D— 167 3’ 0.0005 0.003 0.006 0.035 8

2D—168 3’ 0.0006 0.003 0.006 0.034 9

0.0006 0.003 0.009 0.030 6

0.0005 0.003 0.006 0.037 7
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J Project : Oakland Inner Harbor 1~~te 5 6 6 August 1977
Type Bulk

Sample No. Depth Mercury Cadmuim Lead Zinc Oil & Grease

2D—203 3’ 0.1 0.5— 18 ~56 309

20—204 3’ 0.2 0.5— 63 177 1430

2D—205 3’ 0.2 0.5— 39 132 780

2D—206 3’ 0.1 0.5— 50 176 920

20—207 3’ 0.7 0.5— 72 228 1430

2D—208 3’ 0.1 0.5— 19 52 350

2D—209 3’ 0.1 0.S1~ 21 68 370

2D—210 3’ 0.4 0.5— 87 217 1430

2D—211 3’ 0.2 0.5— 17 40 270

2D—212 3’ 0.6 0.5— 68 198 730

Project : Oakland Inner Harob r I~~te 5&6 August 1977
Type Standard Elut r iate

Sample No. Depth Mercury Cadmuiml Lead Zinc 011 & Grease

2D—203 3’ 0.0005 0.003 0.006 0.34 9

2D—204 3’ 0.0005 0.003 0.006 0.034 6

2D—205 3’ 0.0005 0.00 3 0.006 0.034 6

20—206 3’ 0.0005 0.003 0.006 0.036 6

20—20 7 3’ 0.0005 0.0013 0.006 0.035 6

2D—208 3’ 0.0005 0.003 0.006 0.034 6

2D—209 3’ 0.0005 0.003 0 006 0.034 6

2D—210 3’ 0.0005 0.003 0.006 0.034 6

2D—211 3’ 0.0005 0.003 0.006 0.034 8

2D— 212 3’ 0.0005 0.003 0.006 0.035 10

Dredge Site Water 0.0004 0.003 0.006 0.028 9

Disposal Site Water 0.0005 0.003 0.006 0.037 7
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Project : Mare Island Strait Date 1 July 1978
Type Bulk Sediment

Sample No. Depth ~~rcury Cadmuim Lead Zinc Oil & Grease

20—159 0—3 ’ 0.2 0.6— 42 175 650

20—160 0—3’ 0.2 0.6— 44 172 568

20—161 0—3’ 0.2 0.6— 45 173 596

20— 162 0-3’ 0.2 0.6— 41 174 594

I 
20—163 0—3 ’ 0.2 0 6 —  39 172 786

20—164 0—3’ 0.2 0.6— 49 183 665

260 1049 3849

I
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INCLOSURE 2

SEISMIC REFLECTION PROFILES
INTE RPR ETAT IONS
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Marine Seismic Reflect ion Profi les
In te rp re t a t ion

Index

2—1 Index San Pablo Strait—
Berkeley Fla ts

San Pablo Bay— (Cont ’d)
Carguinez Straits 2—41 Line 0

2—2 Plan I of 8 2—42 Line FF
2—3 Plan 2 of 8 2—43 Lines J rerun , DD
2—4 Plan 3 of 8 2—44 Lines RH, J
2—5 Plan 4 of 8 2—45 Line GG
2—6 Plan 5 of 8 2— 46 Lines JJ , F
2— 7 Plan 6 of 8 2—47 Line F
2— 8 Plan 7 of 8 2—48 Lines BB , C
2—9 Plan 8 of 8 2— 49 Line CC
2—10 Line 1 2—50 Lines L , XX
2— 11 Lines E , G 2—51 Lines K , C
2— 12 Line F 2— 52 Line H
2— 13 Lines H , J , J 2— 53 Line F
2— 14 Line 1 2— 54 Line J
2—15 Lines EE , D 2—55 Lines J , AA , CC
2—16 Lines AA , DO , CC 2—56 Lines B , JJ
2— 17 Line C 2—57 Line C
2— 18 Line C 2— 58 Lines FF , B— 7
2—1 9 Line B 2—5 9 Line A
2— 20 Line B 2—60 Line B—i
2— 21 Line A 2—61 Lines B—6 , B—S , B—4
2—22 Lines K , FF , L , GG 2— 62 Lines B— 3 , B—2 , B— 8
2—23 Lines M , RH , N 2—63 Lines B—8, B—9,
2—24 Line .( B— b rerun
2— 25 Lines JJ , P , RR 2—64 Lines B—il , 8—12
2—26 Lines R , S,1 2— 65 Lines B—1 3 , B— 14
2— 27 Line T

Oakland Inner-
San Pablo S t r a i t— Outer Harbor
Berkeley Flats 2—66 Plan 1 of 3

2—28 Plan 1 of 8 2— 67 Plan 2 of 3
2— 29 Plan 2 of 8 2—68 Plan 3 of 3
2—30 Plan 3 of 8 2— 69 Line A
2— 31 Plan 4 of 8 2— 70 Line B
2— 32 Plan 5 of 8 2— 71 Lines CC , C , BB
2— 33 Plan 6 of 8 2—72  Lines AA , B rerun , 0
2—34 Plan 7 of 8 2— 73 Line E
2— 35 Plan 8 of 8 2— 74 L1ne 4
2— 36 Lines J , GG 2 — 7 5  Line r’
2— 37 Line H 2— 76 Line X
2—38 Lines K, KK 2—77 Line 2
2—39 Line EE 2—78 Line ZZ
2—40 Line E
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MARINE SEISMIC REFLECTION PROFILES

POLLUTANT DISTRIBUTION

DREDGE DISPOSAL STUDY

SAN FRANCISCO BAY AND ESTUARY

I . Introduction

The Department of the Army , San Francisco District, Corps of

Engineers, contracted with Alpine Geophysical Associates, Inc., of

Norwood, New Jersey for the latter to conduct a continuous seismic

reflection survey using thr ee independent systems: 1) Sparker,

2) [m i—Boom , 3) 3.5 KHz subbottom profiler, of the following areas :

Area 1 — Oakland Inner—Outer Harbor

Area 2 — San Pablo Straits—Berkeley Flat s

Area 3 — San Pablo Bay—Carquinez Straits

The purpose of the continuous seismic reflection survey was,

in general, to detect and delineate the eubbottom geologic features

in the study area. Specifically, the objective of the survey was to

delineate and profile within the upper twenty—five feet (25’) of the

eubbottom , the various subbottom rçflecting horizons which would serve

as a guide in determining the horizontal and vertical distribution of

possible pollutants within the study area.

The geophysical project commenced on Monday, October 9, 1972,

when the Alpine staff, consisting of en electronics t•chnician and

geophysicist traveled from Norwood, New Jersey to San Francisco, Calif-

ornia, where the Alpine personnel met with the personnel of Towill, Inc.,

sub—contractor for navigation and bathymetry.

4
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Mobilizati on of geophysical instruments and installation of navigational

equipment aboard the survey vessel , JACK SALMON, was completed by mid—day,

Wednesday, after which test runs were made in the Berkeley Flat area .

Geophysical field operation. coamenced late in the afternoon of Wednesda y ,

October 11, 1972. Field operations continued through Tuesday , October

31, 1972, at tsr which the geophysical and navigational instruments were

ramoved from th. vessel and pre pared for return shipment . The Alpine

staff departed from San Francisco f or Norwood on Thursday, November 2,

1972.

II. Description of Equipment

A. Sparker

The Sparker is a source of acoustical energy f or marine seismic

r .fl.ction profiling in which an electrical discharge (spark) in the

sea water produces a high lsv.l, relatively broad band acoustical impulse.

The “spark” ii initiated at a fixed repetition rate by a dual channel

Alpine Precision Echo Sounding Recorder (PESR), and the reflected energy

i. detected by a towed hydrophone array (eel) amplif ied, filtered , and

recorded.
p 

- The peak acoustical energy produced by the “spark” is approxi—

astsly one hundred Hertz (100 Hz) with significant energy up to five

thousand Hertz (5KH z) . The resolution and penetration of the Sparker

are d•pend.nt upon geological conditions , power and frequency . Inst ru -

ment settings yielding low power /h igh freque ncy provide moderate

penetration and high resolution , wher eas settings yielding high power !

low frequency provide deep penetration with less resolu t ion .
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The Sparker consists of the following three subassemblies:

1) Power Supply — Capacitor Bank, 2) High Voltage Switching Unit, and

3) Electrode .

A fifty (50) joule power supply—capacitor bank was used for

this project, in order to obtain moderate resolution and penetration

to a depth of approxim~~ely 250 feet.

The capacitor bank is charged by a high voltage rectifier

whose output is continuously variable from 0—10,000 volts. The capa-

citor bank is connected to the cathode of the air—gap thyratron in the

trigger unit; when the tric’ger unit receives a keying signal from the

recorder , the thyratron conducts and the c a p a c i t o r  is d i scharged

through the electrode , producing a pressure wave in the water .

B. Hydrophone Array

The detecting hydrophone array (eel) is composed of ten (10)

MP— 1 pressure sensitive geophones connected in series—parallel , such

that the attenuation for an axially propagated wave is maximum at five

hundred Hertz (500 Hz). This arrangement effectively attenuates acoustic

signals propagated horizontally along the axis of the hydrophone array ,

such as ship ’s noise, while not attenuating vertically propagated

signals, such as reflected acoustic waves.

The hydrophones are encased in a pliable plastic tube, sealed —

at bo th ends , which is filled with a special non-corrosive fluid , having

acoustic properties similar to sea water. The thin cylindrical shape of

the eel produces a minimum amount of hydrodynamic tow noise. The tow

cable is a two—conductor shielded cable which has sufficient mechanical

strength for towing. The complete cable package consists of: 1) hydro—

phon. tow cable, 2) Sparker and electrode cable and 3) * flo tation hose

to facilitate operation at slow speed :it: in shallow water .
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C. Pre—Amplifier and Filter

The signal from the hydrophone array is amplified by a broad

baud solid state pre—aisplifier (Alpine Model 505D) which has a gain of

eighty—four decibels (84 db) and a frequency response from ten Hertz

(10 Hz) to twelve thousand Hertz (12 KHz) plus or. minus three decibels

p (~~~ 
3db). The output of the oreamplifier is fed to a variab le band—pass

-
~ filter (Krohn—Hite Model 310). The high and low cut—off frequencies of

the band pass filter are continuously variable from twenty Hertz (20 Hz)

- ‘  
to twen ty thousan d Hertz (20 KHz) . The fi l ter  is an active type with

an insertion loss of one decibel (1db ) within the band pass limi ts .

The attenuation slope is twenty four decibels per octave (24 db/octave)

on the low side and twelve decibels per octave (12 db/octave) on the high side.

The output of the filter is fed to the input stage of the recorder.

D. Alpine Precision Echo Sounding Recorder (PESR)

The Alpine Precision Echo Sounding Recorder (PESR) is a time

sharing recorder , which uses a damp , electro—sensitive paper, eighteen

and three—quarters inches ( 18— 3/4” ) wide . The paper passes between the

writing blade and a revolving helix and advances approximately one w . it i n g

blade width per helix revolution (sweep) or ninety—six (96) lines per inch.

The helix drive motor of the hysteresis type, is supplied by a

tuning fork oscillator and associated amplifier which has an accuracy of

plus or minus twenty parts per million (
~~~ 

20 PPM). As the contact point

between the wri t ing blade and helix move across the paper , the paper is

darkened in proportion to the applied voltage . The paper has a dynamic

range from white to black of twenty—two decibels (22 db).

When the helix is at the left hand ecipe of-the paper , source

“A” (Sparker) is keyed by a photoelectric switch connected to the helix

shaft. At the same time print amplifiers are switched such that only

3—6
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the “A” channel innut signal reaches the writing blade . When the helix

has completed approximately two—thirds (2/3)1 of a revolution , the source

“B (Uni—boom) is keyed and print amplifiers are simultaneously switched

so that only the “B” channel input signal reaches the writing blade.

Maximum possible penetration of the acoustic signal is controlled

by the setting o~ the helix speed. ~‘1hen the helix speed is set at one—

quarter second per revolution (1/4 sec/sweep) , channel “A” has a dep th

range of approximately four hundred feet (400’) while channel “B” has a

dep th range of approximately two hundred feet (200’). These depth ranges

are based on ~ veiuctt v in sea water of forty nine hundred twenty feet

per second (4920’/sec). In practice , full scale depth ranges are greater

due to the faster velocity of sound in sedimentary material.

E. E.G. & C,. tJni—Boom

The E.G. & C. Uni—Boom , an abbreviated name for Unit Pulse Boomer ,

consists of a transducer mounted on a catamaran float , a capaci tor bank and

• power supply . The transducer produces a single acoustic pulse each time

• it is fired. It onerates on the princi ple that a moving magnetic field

produces eddv curren ts in a non—magnetic , cond ucting plate , resulting in an

opposin g magnetic field which causes the plate to move violently away

from the coil , thus producing a pressure pulse in the water. The magnetic

field in the Unl—Boorn transducer is generated by discharg ing the capacitors

through the coil of the transducer. The plate movement is coup led to the

water through a rubber diaphragm and generates an acoustic pulse. The

r The posItion of the helix , when the second source is keyed is variable.
Norma l operation is 2/3 of the record for Channel A and 1/3 for Channel B.

I
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catamaran float provides a stable platform which properly position. the

transducer with respect to the water/air interface. The tlni—Boom was

operated throughout the survey at a repetition rate of one—quarter of a

second.

C. 3,5 KHz Subbottom Profiler

The 3.5 KHz Subbottom Prof i l e r , like the Sparker and Uni—Boom

systems , is a continuous seismic reflect ion profiler , with the specialized

capacity of high resolution of shallow s t r a t i f i ed  layers w i t h i n  the top

fifty feet of the subbottom. Although the instrument is common ly referred

to as a 3.5 KHz unit , both the transducer array and transceiver are

variable frequency units having a range between 3.5 KHz and 7.0 KHz. A

frequency setting of 5.1 KHz was used for this survey.

The recording tmit for the transducer—transceiver system is an

Alpine/Alden model 469 operating at a sweep rate of one—twentieth of a

second. This fast sweep rate is rather uni,ue in that it separates

subbottom reflections and makes highly resolved reflections more readily

• recognizable.

The transducer array is mounted on the side of the vessel and is

capable of clear recordings at relatively fast survey speeds.

I I I. Nav~gat jon and Bath1met~~

Navigation and bathymetry control were supplied by Towill, Inc.

of San Francisco, California.

The navigation system , Hvdro—Plotter, is a range—azimuth system

wi th an accuracy of 10’, consisting of a shore master station and a
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remote/slave station aboard the ship. The shore station maintained a

track of the vessel ’s position by plotting the vessel’s position each

minute. Compensating navigational correction , necessary to maintain

track lines , were given to the vessel from the shore station .

Bath ymetric control was obtained by me ans of a precision

ba thymetr ic  recorder. The ba thymetr ic records were correct to mean lower

low water through the use of tide gauges . The ba thymetr i c recorder

is accurate less than one half foot.

IV. Survey Vessel

The survey vessel , JACK SALMON , is a forty—three foot , steel

hull , twin screw , party fishing boat. Figure 1 is a sketch of the

vessel showing the placement of the geophysical and navigational equipment.

With the exception of the hvdro—plotter remote transceiver, all of the

electronic equipment was located in the vessel ’s wheelhouse/cabin. The

vessel was normally operated , depending upon ambient noise conditions,

at speeds between three (3) and five (S) knots.

Power for the geophysical instruments was supplied by two (2)

3.8 KW portab le generators located on the after deck of the vessel.

Power for the bathymetric and navigational equipment was supplied by

lead—acid storage batteries .

V. Theory of ContInuous Seismic P-to filtnl

The seismic reflection method utilizes the fact that geologic

discontinuitfes are ~iauallv associated with -a change in the acoustical
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properties of the transmitting medium. The change may represent a real

discontinuity or it may be a zone of very raoid change in acoustical

properties. The physical conditi m causing the change in acoustical

properties between two sediments may or may not be related to the lithology ,

although reflecting Interfaces are usually indicative of a change in

the sedimen t types. Changes in sediment densities or water content

within a sediment layer may produce a reflecting interface although

there is no variation in the sedimentary material.

The amount of acoustic energy reflected from an interface

separating two different sedimentary strata is proportional to their

acoustic impedances. The acoustic impedance is expressed mathematically

by the following equation:

— PV where P is the _ density , and V is the velocity of

the compressional wave through the mediym. The ratio of reflected

energy to incident energy at the interface is related to acoustic

impedance of the two media by the following equation :

E — (P
2
V
2 

— P
1V1
)2 For normal incidence

(p v + P V  2 where subscripts 1 and 2
i 2 2 1 1 refer to different media.

Thus , the amount of reflected energy depends upon the contrast in both

the densities and velocities of sound in the respective layers.

The sound energy in an ideal homogeneous medium would propagate

from a sound source as a spreading spherical wave . The acoustic energy

arriving at any poin t in the medium would be nroport ional to the inverse

square of the distance from the source. However, attenuation processes

are also related to the physical characteristics of the transmitting

medium. Thus, such factors as absorption , dispersion , scattering and

4 3—11
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diffraction effect losses in acoustic wave propagation. Atten uation losses

-~ are generally frequency dependent , such that higher freq uencies attenuate

faster than lower frequencies.

VI. Inter retation of C~eop~!v.ical Data

A. Continuous Reflection Profiles

The interpretation of continuous reflection profiles is

.traightfozwmrd and does not requir. the reading of multiple trace

(single—fold) or the compositing of records (multi—fold) as with

conventional marine seismic survey.. The continuous profil , record is

recognized as a continuous profile of the water colusm , ocean bottom,

and geological layering in the athbottom . Figures 2 and 3 are sample

continuous profile records.

L Vert ical Scale

Since a continuous seismic reflection profile is a recording

of vertical travel time, and since , in mos t applications, the depth to

a horizon rather than its travel time I. desired , a conversion must be

made from time to depth , and since it is desirable to know the depth of each

horizon below a datum , mean lower low water , the recorded reflection signals

must be corre cted to the datum plan. and converted to depth. Correction

to a datum plane is accomplished through the use of a precision depth

(bathy met ric) recorder and tide gauges. Profiles of the bottom referenced

to MLLW were constructed from th. bat h ymetric recordings . In order to

convert the continuous reflection profi les from time to depth , knowledge

of the velocity of acoustic waves (sound) in .the sediments is necessary.

Since continuous reflection profiles give no information about the velocity ,
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it must be determined independently. A velocity of 5440’/sec has been

used for other work in the area , and is a typical velocity for unconsolidated

sediments. This is an “average” velocity, but because of the wide variety

of conditions that may be found in the survey are4, the following type

of errors may be present:

1. I f localized “lenses ” of high er or lower velocity material

are present, flat surfaces below the “lenses” will be interpreted

as anticlines or synclines respectively.

2. If the velocity in the sediments is different by uniform

factor, the shape of structures will be correct, but their

depth will be in error by a constant factor.

Knowing the velocity and the sweep rate of the recorder, it

is possible to construct a depth scale for use with the records. Figure

4 shove the scales used for the-PESR and Alden recorder.

C. Navigational Fixes and Horizontal Scale

Since the recording systems used operate on a time base in

both x (horizontal) and y (vertical) axis, there is no horizontal scale

which can be applied directly to the field records. Horizontal scaling

Is accomplished by recording “fix” marks at one minute intervals. The

fi x mark records the location of the navigational antenna , and assuming

the speed of the vessel to be constant between fixes , the location of any

“even t” can be determined through linear interpolation. Since the receiving

elements of the seismic systems are not at the same point as the navigational

antenna , the fix mark as recorded on the PESR and Alden Recorder does not

ma rk the same location . The 3.5 Ke transducer was mounted in the same

plan. as the navigational antenna while the Uni—Boom transducer and eel
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were located fifty feet aft of the antenna, and the Sparker eel was one

hundred seventy feet aft. In plotting the data on the profile sheets , the

event at the fix mark , in the case of the Uni—Boots and Sparker , was moved

fifty and one hundred seventy feet towards the previous fix respectively ,

while the event on the 3.5 Ke transceiver was plotted at the fix location .

D. Multiple Reflections

Although the interpretation of the records is normally

straightforward , the occurrence of multiple reflections on the records

make the interpretation sometimes difficult. Multiples , or multip le

reflections , are due to the reverberating effect of the soun d between

the bottom or subbottom layers and the water surface . Such repeated

reflections may obscure the record to the point that the first reflected

arrival from a subbottom horizon is either missed or confused with the multip le

reflection. This condition was encountered in only a few areas of the

survey , and for the most part  presented no serious problem to the inter-

pretation of the Sparker records.

VII. Field_Procedures

A. Scope of Work

The objective of the seismic study is to delineate and map various

subbottom reflecting horizons which may be a guide for determining the

horizontal and vertical distribution of nollutants within a project area.

The government intends to use the data as a ruide for obtaining core samples

at frequent intervals along the lines of profiles , to compare these samples

with results of the seismic reflection profile charts , and to test the

core sample materials for nollutan t content. Althouc ’h core samipling was

excluded from this scope of services, recommendations derived from the
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geophysical da ta for a future core sampling program are included in this

report.

3. Geophysical Routines

Each day upon leaving the dock the fathometer was calibrated

by - use of a lead line with metal disc, the geophysical equipment was put

over the stern and the vessel proceeded to a point of known range to be

picked up by the navigation system. At the end of the day the geophysical

equipment was brought aboard and the fathometer again calibrated.

VIII. Presentation of Data

A. Navigational Plan Map

The field navigational plan maps, which show the track of the

vessel as dots annoted by fix numbers , were plotted at the shore station

during field operations. These maps were replotted to a scale of 1” — 600’

and professionally draf ted by personnel of Towill , Inc. The final

navigational maps are included in the appendix with their respective profiles .

B. Seismic Profiles

The seismic profiles included in the appendix represent the

geophysicist’s interpretation of the seismic reflection data. The profiles

are plotted to a horizontal scale of 1” — 600’, conforming to the scale of

the navigational maps , and to a vertical scale of 1” — 10’. The profiles

constructed wi th a vertical exaggeration of 60:1 do give an inaccurate

representation of stratification . The true angle of dip is determined by

a tangent relationship rather than by a simple angular division by 60.

Further complicating the evaluation of the dips is the fact that the systerm

used are in r’eneral omni—directional , and , therefore , r~easure the shortest

path from source to reflector to receiver. For a dipp ing bed this path

p 3—18
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is the normal incident path and will be updip from the position of the source.

For small angles of dip the error generated is small, for large angles of

dip (apparent true dip greater than 100), the error is significant.

This error can be corrected for by migrating the data back to its correct

origin. Migration was not applied to the data presented in this report

since dip angles were small.

Due to the vertical exaggeration, it was necessary to present

as smooth surfaces some irregular surfaces where the horizontal extent

of the irregularity was less than f i f t y  feet. An effort was made to show

irregular features where their horizontal extent was large. The profiles

of both bottom and subbottom represent a smooth curve fit of the data

points.

The seismic profiles presented represent major continuous

horizons. Where no continuous horizons were present but bedding planes

indicated , small discontinuous sections were profiled.

Since it is believed that the no—data areas will be of significance,

a “horizon” which represents the limit of penetrations has been profiled.

The limit of penetration was based on a subjective analysis of the data.

In general, the limit of penetration was associated with what was believed

to be gaseous layers within the near—surface sediments often indicative

of a high organic content. A sample of field record (Figure 5) shows the

limit of penetration and demonstrates that the limit of penetration effect

was caused by the materials in the near surface sediments. It should be noted

that subsurface horizons become recognizable in places where a channel has been

cut through the surface sediments .

I
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A second form of “no dat a” area is characterized by a lack of

any coheren t return . Such areas are noted as no data areas on the profile.

Examination of the field data shows that weak returns , usually

parallel to either the bottom or the horizons profiled , do appear on the

records . It will be impossible , however , to classify these returns until

a coring program has been completed. The mos t likely causes of these

weak returns are ; 1) changes in the water conten t , 2) small density changes ,

3) inter—bedding, 4) elastic response of the boundary above , or 5) actual

geological horizons .

When the profile of intersecting lines are compared , possible

lack of correlation in depth of some weak horizon may be found. It is

possible to profile a horizon on any of several “legs” , the ‘legs” resulting

from ringing in the source and the elastic properties of the sediments. Each

“leg” is a wavelength deeper , an~~wf th weak reflectors it is relatively

easy to ‘ump “legs
”.

IX. Discussion of Data

A. Generalized Geology of ~an Francisco Bay

The formations of interest for this study are of Pleistocene

or younger age. During this time period the Bay has acted as a settling

basin for material brough t in by the Sacramento and San Joaquin Rivers to

the north and by local streams to the south . Deltaic deposits of sand

formed near the mouths of the rivers and streams . Away from the mouths

of the river and streams the deltaic sand denosits are found to be inter—

f in cered w i t h  c lay  d en o c i t s .  This  proce ss has been renea ted  dur inr  each

high stand of sea level. During the low stands these sediments have been
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exposed and subjected to erosion . Because of the exposure of the sediments ,

the Pleistocene clays (older bay muds) have become over—consolidated. The

older bay muds range in thickness from 0 to 200 feet.

Deposition resumed with the end of the last glaciation and the

associated rise in sea level. These younger holocene clay deposits ,

known as the younger bay muds , are found En deposits up to seventy feet

thick.

B. Area I — Oakland Inner—Outer Harbor

The data from Area I varies in qua l i ty  from good to poor , the

bes t data being obtained from the area off  Yerb a Buena and Treasure Islands

where penetrat ion exceed 100 feet , and the poores t from the inner harbor

channel where areas of no data existed. Figure 6 is a map showing the proposed

track lines and indicat ing the approximate limits of the good data.

The data obtained in the vicini ty  of Yerba Suena Island indicates

several possib le outcrops. The data from the Inner Harbor Channe l shows

several areas of no data , usually of the limi t of penetrat ion type. Where

penetration was achieved the data indicates the subbottom to consist of

several moderately thick (approximately l f l ’)  genera l ly f l a t  ly ing  layers

overlay ing a layer with moderate relief. No evidence of faulting was noted

within the area.

C. Area II — San Pablo Straits—Berkeley Flats

The data from Area II, a, in the other areas , varied from good

to poor. There were significan t areas of no penetration , and in an effort

to better define one such area , approximately nineteen miles of track line

were laid out and run (lines B— i through B—]4).
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Figure 7 is a map of the nroposed track lines (lines B—i through B— ,.

not shown) showing the approximate limits of the no data areas.

One of the features within the area is a horizon which has

characteristics that would be associated wi th an ~“erosional surface” ,

shown on the profiles as a solid line , underscored by dot s.

Classification of a horizon as part of the “erosional surface”

was a sublective decision based on both the signal character and the

relief at the horizon . The signal character associated with the “erosional

surface ’ demonstrated a high reflection co—efficient and normally consisted

of moderate to high relief features . It was foun d that  in several places

the “erosional surface” tied together with f la t  lying horizons of relatively

low relief. Since the “erosional surface” is located adjacent to the

presen t shore line , one possible exp lanation is that the “erosional surface”

had been the back shore of a mud fiat, criss—crossed with meandering streame

carrying the run—off from the adjacent lan d areas . The high relief features

would then be stream channels , and the ties with the smooth surfaced horizons

would represent the beginning of land which had remained submerged.

There is no conclusive evidence of seismic activity in the form

of fault ing within the area. The locations of possible faults are indicated

on the profiles. In general , the record quality was such that fault  throws

were visible on ly on shallow horizons . No faul t  patterns , however , could

be es tablished within the area.

There is some indication of sand cross—bedding within the area.

There are also indications of outcropping, but since the resolution of

the seismi c method is approximately one wavelength , it was impossible to

positively identify outcrops from the seismic data. 
—
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- D. Area III — San Pablo Bay—Carquinez Straits

The data obtained from Area III can be characterized as having

reflections from the shallow subsurfaces, but little deep data was obtained.

As in Area II , there is little evidence for faulting. Again , possible

- faults were indicated on the prof iles, and no faul t trends were recognizable .

Other than the Mare Island Channel , no large areas of no data

were encountered.

:1 3—26

~~~~~
S . 

5 : 
.

-~~~ - -
- - 

-

- -

S. 

~~~~~~~~~~~~~~~~~~~~~~ ff—~ 
— — —

. 5 .5 S ~~~~~~~



- ----- -

APPEND IX 1

RECOMME NDATION FOR CORIN( PROCRA M
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The following sites are recommended for coring in order

to supplement and enhance the seismic data. Except where noted

otherw ise , core locations were selected on the basis of providing

data which will help tie the seismic data together and give useful

information about the horizontal and vertical distribution of

possib le pollutants in the sediments .

AREA I — Oakland — Inner—Outer Harbor

Line Number Fix Number Commen ts

A 101 Provide data for correlation

A 127 Provide data for  correlat ion

AA 140 Provide data for correlation

B -26- Provide data below 20’ and test
possib le organic  ho ri zon

8 158—3/4 Tes t possible outcrop and ‘rovide
dat a below 20 ’ fo r cor re lat ior t , t ” cr
possible organic horizon

BB 79 Test possible anticline feature
and provide data for correlation

C 63 Test horfions below 20’ and data
for correlation

cc 39 Provide data for correlation

D 175 Provide data for correlation

£ 198 Provide data for correlation

B 227 Provide data for correlation

201 Test noor data area

E 213 ~~~t t-~oor c’ ’~ ’ n ’~’~
Center Line 420 Test area of no return

Center Line 502 Provide data for correlation
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AREA II — San Pablo Straits — Berkeley Fla ts

Line Number Fix Number Comments

A 1379 Test no data area

A 1419 Tes t no data  area

1170 Provide data for correlation

B 1219 Provide data for correlation

BB 721 Test possible fault

BB 728 Test possible fault

C 1278 Provide data for correlation

cc 786 Test no data area

U 294 Test no data area

F 1071 Provide data for correlation

F 633 Tes t no data area

F 675 Provide data for correlation

FF 1339 Tes t no data area

FT 375 Provide data for correlation

756 Provide data for correlation

926 Test possible sand

CC 52() Provide data for correlation

H 984 Provide data for correlation

H 481 Provide data for correlation

3 460 Provide data for correlation

J 410 Test no data area

JJ 1259 Test no data area

JJ 593 Test no data area
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AREA II (Con t’d)

Line Number Fix Number Comments

K 897 Provide data for correlation

259 Tes t no data area

xx 926 Provide data for correlation

.B—2 1565 Provide shallow data for correlation
and test no data area

8—5 1488 Tes t possible outcrops and no data
area

8—7 1448 Provide data for correlation

B— 8 1625 Provide data for correlation

B— ll 1701 Provide data for correlation

AREA II I - San Pab 10 Bay - Carquinez Straits

A 902 Test no da ta area

A 860 Test horizons below 10’

B 760 Provide data for correlation

B 778 Tes t possible faul t

C 402 Provide data for correlation

C 808 Test no data area

cc 939 Provide data for correlation

D 342 Test no data area

DD 358 Provide data for correlation

B 278 Provide data for correlation

BE 300 Provide data for correlation

p 84 Provide data for correlation

C 57 Provide data  for  correlat ion
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AREA III  (Cont ’d)

Line Number Fix Number Comments

CC 1033 - Provide data for correlation

H 115 Provide data for correlation

1111 1072 Provide data for correlation

135 Provide data for correlation

j j  1183 Tes t limit of penetrat ion

N 1167 Provide data for  correlation

P 1200 Tes t horizon below 10’

Center Line 190 Test possible fault

Center Line 193 Tes t possible fault

Center Line 1134 Provide data for correlation
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APPENDIX 2

DAILY LOC, OF ACTIVITIES
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DAILY LOG

S San Franc isco Ba y & Estuary Stud y
U.S.  Army Corps of Engineers

Monday 9 October , 1972

1200 hrs . Arrived San Francisco Airpor t
1300 hrs . Met wi th  Towill  personnel
1345 hrs . Check on air shipments
1455 hrs. Picked up TWA shipment and truck transported to Towill office
1600 hr s . Checked into motel
1630 hrs. Verified arrival, of second shipment

Tuesday 10 October , 1972

0800 hrs . Picked up second shipmen t at airport. Truck transported to
Towill , Inc.  o f f i c e , loaded f i rst  shipment and t ruck t ransported

4 to sur vey vessel , JACK SALMON , located at Me r r i t t  Shi p Repai r ,
Oak land , Ca l i f .  Al p ine ’s Elect ronic Technician began installation
of geophysical inst ruments  while  Towill personnel began ins ta l la tion
of navi gational & bathymetric equipmen t

1000 hrs . Meeting with Corps of Engineers
-1700 hrs . Vessel departed Oakland for Berkeley Marina

Wednesdal 11 October , 1972 Area : Berkeley

0745 hrs . Continued ins ta l la t ion  of ins t ruments  & at dock tes t ing unloaded
shipping cra tes  for  storage

1300 hrs.  Fueled vessel
1330 hrs . Departed Berkeley Mar ina .  Operat ional  tes t  of in s t r u m e n t s  and

navigat ional  system .
1730 hrs. Arrived Berkely Marina

Aboa rd Vessel: ALPINE: George B. Tirey
James C. Mil ler
Bruce Manuel

TOWILL : Michael Erickson
Glen Treser

VESSEL: Jack Seibel
Barry Sweet

CO RP S OF ENG INEE RS: Dick Ecke r

Thu r sday 12 October , 1972 Area: Berkeley

0700 h r s .  Ar r ived  vessel , turned Instrur ~cnt s  on , ca l ib ra ted  f a t h o meter
0720 hrs .  Depar t e d  Berke ley  Marina
0745 hr s .  Checked navi g a t i o n a l  sysLcr ’~
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Thursday 12 October , 1972 (Cont ’d)

0820 hrs. Gear in water , checked , Alden Recorder event mark inoperative ,
t rigger in t e rmi t t en t  on Uni—Boom , repai red Alden (broken wire)
and Uni—Boom (adjusted t r igger) , lost nav iga tio n

0900 hrs. Begin Line K
End Line K
Begin Line EE

1024 hrs. End Line EE
Begin Line B

1140 hrs. End Line E
1213 hrs . Begin Line KK
1245 hrs . End Line KK
1256 hrs . Begin Line D
1310 hrs . Navigat ion down
1320 hrs. Restart  Line D

End Line D
1440 hrs.  Begin Line FF

End Line FF
1540 hrs. Begin Line J (Rerun) Rerun due to navigational problems

End Line J (Re run)
Begin Li ne DD

1630 hrs. End Line DD
1655 hr s . End Line DD
1700 hrs. Departed survey area for Berkeley Marina

Aboard: James Miller
Bruce Manuel
Glen Treser
Mike Erickson
Ja ck Seibel
Barry Sweet
Dick Ecker

Friday 13 October , 1972 Area: Berkeley

0700 hrs .  Arrived vessel , tu rned ins t ruments  on , calibrated fa thomete r
0720 hrs . Departed Berkeley Mar i na
0740 hrs . Navi gat ion chec k
0850 hrs .  Begin Line J
0911 hrs . End Line J
0912 hrs . Begin Line EU
0940 hrs . Enc Line 1-111
1005 hrs . Begin Line CC
1115 hrs . End Line GG
1135 hrs. Begin Line JJ
1140 hrs . Generator  down
1155 hrs. Pick up Line JJ
1235 hrs. End Line JJ
1245 hrs .  Begin Line F
1300 h r s .  Broke o f f  Line  F — ~av 1 p a t i o n
1325 hrs . Restart Line F

En d Line F
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Fri4~~ 13 October , 1972 (Cont d)

1555 hrs. Begin Line J
En d Lin e J
Departed survey area for  Berkeley Marina , off loaded equipment
for weekend s torage

Aboard : James Mi l le r
Bruce Manue l
Mike Er ickson
Dave Thomas
Jack Seibel
!~arrv Swee t
Dick Ecker

Monday 16 October , 1972 Area: Berkeley

0700 hrs . Arrive d dock
0730 hrs . Vessel ar rived
0800 hrs . Began loading eau ipment
1000 hrs . Equi pm ent  loaded , dep arted Berkeley Marina
1030 hrs . Geop hy sica l ins t ruments  checked
1100 hrs . Navi g a t i on  sy s tem check
1145 hrs. Navigaticn checked , adjusted PESR , steaming for line
1158 hrs . Begin Line BB
1250 hrs . End Line BB
1259 hrs . Begin Line C
1319 hrs . End Line C
1326 hrs. Begin Line CC

End Line CC
Begin Line L~
En d Lin e L
Adjusted Uni—Boom air—gap

1510 hrs . Nav i g a t iona l  check
Begin Line XX

1600 hrs . Broke o f f  Line XX ., tJ n i—B oo m do’~n , f l o a t in g  debris had b roken
conn ector  on Transducer , dep arted survey area for Berkeley Marina

Aboard : James ‘1ilIer
Bruce Manue l
Mik e Er ickson
Glen Tesser
Jack Se ibel
Barry Sweet

1800 hrs. Began repairs IJni—Boom
1930 hrs. Repairs completed

Tuesday 17 October , 1972 Area: Berkeley

0710 hrs. Arrived Berkeley Marina
0721) hrc . i)eparted Berkeley “.-~rina
0~ 20 hrs . N~ vi c - n t i o n  check ed and l aunch e d  c’ear , PF.SR in op e r a t i v e  — repaired
091)0 h rs. Uni — }3 oom not  k ey i n g ,  ca~~ e l e a -z i nc ’ , r e p a i r i~d
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Tuesday 17 October , 1972 (Cont ’d)

1014 hrs. Begin Line K
1052 hrs . End Line K
1110 hr s . Begin Line LX
1200 hrs . End Line XX
1203 hrs. Begin Line C
1220 hrs . End Line C
1225 hrs . Begin Line H

Broke o f f  Line H (Naviga t ion )
Circling to pick up Line H

1350 hr s.  End Line II
1356 hrs. Begin Line F
1425 hrs. Broke off Line F, Hydrophone calbeintermittent
1485 hrs . Restart Line F
1523 hrs. End Line F
1555 hrs .  Begin Line J
1701 hrs. End Line J
1702 hrs . Begin Line AA
1720 hrs . End Line AA
1725 hrs. Depart survey area for Berkeley Marina

Aboard: James Miller
Bruce Manuel
Glen Treser
Mike Erickson
Jack Scibel
Barry Sweet

WednesdaX 18 October , 1972 Area: Berkeley

0720 hrs . A r r i v e  dock
0740 hrs .  Depar t  Berk ely  M ar ina
0825 hrs.  N a v i g a t i o n  check
0941 hrs . Begin  Line CC

End Line  CC
1013 h r s .  Begin Line g
1045 hrs . Br o k e  o f f  Line  B (~ av igat i on )
1052 h r s .  R e s t a r t  Line B
1100 hrs . End Line  B
1105 hrs. Begin Line JJ
1139 hrs . End Line JJ
1142 hrs . Corps of ln ~’ineers personnel aboard to observe and photograph

operation.
1210 hrs. Begin Line C
1259 hrs . End Line  C
1305 hrs .  Uni —B oom not t r i g g e r i n g  properly , replaced ceramic exciter shield

and trigger electrodes
1406 h r s .  Be g in Line FF
1 4) ~ hrs . I-nd Li f l e  1•F
1459 1ir ~;. L c ’ ’ in  L i n e  A

1530 hrs .  Broke o f f  Line A , fl ydrop h onc  signal intermittent , repaired.
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Wed n~~4~~ 18 October , 1972 (Cont’d)

1600 hrs . Ready. Navigation down
1612 hrs. Restart Line A
1700 lirs. Broke off Line A turning mud (end of line)
1710 hrs . Depart survey arc for Berkeley Marina

Aboard:  James M i l l e r
Bruce Manuel
Glen Treser
M i k e  E r i ckson
Jack Seibel
Barry Sweet
Dick Ecker

Thu rs4a~ 19 October , 1972 Area: Berkeley

0630 hrs . Net John , gave him manuscript for new program
0710 brs. Arrive dock
0730 hrs . Departed Berkeley Marina
0745 hrs .  Gear over & checked
0845 hrs .  Begin Line B—7

End Line B — 7
Beg in Li ne B— 6
End Line B—6
Begin l i ne B—S
End Line 11-5
Begin Line B-4
End Line B— 4
Begi n Line B—3
E nd Line B-3
Begin Line B— 2

1003 hrs .  End Line B—2
1004 hrs . Begin Line B— i
1130 hrs .  Broke o f f  Line B—i

-
5 

1135 hrs. Restart Line B—i
1200 hrs . End Line B—i
1220 hrs. Begin Line B—8
1235 hrs. End Line B—8
1237 hrs . Begin Line B— 9
1259 hrs . End Line B—9
1300 hrs. Begin Line B—b
1315 hrs . Broke off Line B—b (Navigation)
1340 hrs. Restart Line B—iO
1355 hrs. End Line 11—10
1356 hrs . Begin Line B—li
1432 hrs. End Line B-li
1433 hrs. Begin Line B—1 2
1455 hrs . End Line 11—12
1456 hrs. Begin Line 11—13
1515 hrs. End Line E—13
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Thursday 19 October , 1972 (Cont ’d)

1516 hrs. Begin Line B—14
1535 hrs. End Line 11—14
1536 hrs. Depart survey area for Berkeley Marina

Aboard: James Miller
Bruce Manuel
Dave Osborne
Mike Erickson
Jack Seibei
Barry Sweet

Frida1 20 October , 1972 Area: Oakland Harbor

0700 hrs . Arrive dock
0730 hrs. Departed Berkeley Marina
0745 hrs. Launched and checked gear
0800 hrs. Navigation check
0835 hrs . Begin Line B
0914 hrs. End Line B
0932 hrs . Begin Line CC
0951 hrs . End Line CC

Lost navigation; John wants to move beginning of Line C
approx . 1500 ’ west and gradual ly  br ing the boat back to
the pre —planned l ine as we go no r th

1017 hr s . Begin Line C back on pre—p lanne d line at f ix 63
1038 hr s. End Line C
1039 hrs. Begin Line RB
1100 hrs. End Line BR
1108 hrs. Begin Line A
1143 hrs . End Line A

Begin Line AA
1208 hrs. End Line AA
1213 hrs. Begin Line B (Rerun)
1237 hrs. End Line B (Rerun)
1242 hrs. Begin Line D, 3.5 kc transceiver down after fix 182,

continuing operation
1302 hrs . End Line D
1309 hrs. Change blade on Alden Recorder
1324 hrs• Begin Line E

End Line E
Depart survey area for  Berkeley Ma r ina , unload and store
equipment for weekend.

Aboard : James Mil ler
Bruce Manuel
Mike Erickson
Glen Treser
Jack Seihel
Barry Sweet
Dick Ecker
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Monday 23 October , 1972 Area: Carquinez Straits

0730 bra . Arrived dock and began loading vessel
0910 hrs. Fueled vessel
1015 hrs. Depart Berkeley Marina for Carqulnez Straits
1100 hrs. Checked gear
1330 bra . Navigation check
1334 bra . Begin Line Centerline ( .. )
1415 hrs. End Line
1421 hrs . Begin Line C
1452 hrs. End Line C
1453 hrs. Begin Line F
1510 hrs . End Line F
1514 hrs. Begin Line H
1545 hrs. End Line H
1546 hrs . Begin Line J
1558 hrs . Eng Line J
1621 hrs . Beg in Line F
1627 hrs . End Line F. All possible from navigation set—up .

Aboard : James Miller
Bruce Manuel
Mike Erickson
Glen Treser
Jack Seibel
Barry Sweet

Tuesday 24 October , 1972 Area: Carquinez

0720 hrs. Arrive Dowililo Marina
0730 hrs . Departed Dow i i l io  M ar ina , heavy fog
1035 hrs. Fog clearing , checked equipinnnt
1042 hrs . Begin Line Cen te r l ine  ( )
1146 hrs. End line Centerline ( )
1155 lirs . Begin Line F
1225 hrs. End Line F
1226 hr s .  Begin Line E
1259 hrs. End Line E
1300 hrs . Begin Line EE
1322 hts. End Line EE
1324 hrs. Begin Line B
1405 firs . Et~d Line D
1406 hrs . Begin Line DD
1426 hrs. End Line DD
1427 hrs . Begin Line C

3roke of f Line C to avoid tanker in channel
Broke of f  Line C , navi ga t ion

1612 hrs . Restart Line C
1615 hrs. Broke off Line C , navigation
1645 hrs. Departed survey area

Aboard: James Mi ller
Bruce Manuel
Mike Erickson
Glen Treser
Jack Seibel
Barry Sweet 3—39 
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~~~~~~~~ 25 October, 1972 Area: Carquinez Straits

0730 hrs . Arrive dock
0740 hrs. Depart I)owillio Marine, gear checked
0830 hrs. Navigation check
0857 hrs. Begin Line Centerline ( )
0910 bra . End Line Centerline ( )
1034 hrs. Begin Line RH
1051 hrs. End Line HR

3.5 kc records picking up interference from Uni—Boom ; will
continue running and try to isolate cause and repair

1113 hrs. Begin Line M
End Line H
Beg in Line CC

1148 hrs. En d Li ne CC
1149 hrs. Begin Line L
1156 bra . End Line L
1157 hrs. Begin Line FF
1240 hrs. End Line FF
1241 hrs. Begin Line K
1243 bra . End Line K
1244 hrs. Begin Line J
1300 bra . End Line J
1302 hrs . Begin Line Centerline (S)
1400 hrs. End Line Centerline ( ) ,  change navigation shore station
1530 hrs. Navigation shore station ready , Sparker electrode bad , changed
1557 hrs. Begin Line Centerline (

~~~~)

1619 hrs. End Line Centerline (:)
1630 bra . Begin Line HH
1640 brs . End Line HH
1641 hrs. Begin Line N
1658 hrs. End Line N
1659 hrs . Begin Line JJ
1720 bra . End Line JJ
1721 hrs. Begin Line P

• 1727 hrs. End Line P
- ‘ Depart survey area for Dowillio Marina

Wo rking on 3.5 kc subbottom prof i l ing  system

Aboard : James Miller
Bruce Manuel
Glen Treser
Mi ke E r ickson
Jack Seibel
Barry Sweet

Thursday 26 October, 1972 Area: Carquinez Straits

0730 bra . Arrived Dowillio Marina
Began working on 3.5 ke subbotton-t profiler , replaced writ~ board
and rotor iripli f ier board , n ot  -~ c c1itr d wI t~~~ p rr ’b I~ -r ’~ ~i i crfei- o~-ce
seems to be caused by the Uni—Boo m induc t ive ly  keying the 3.5 kc
transceiver , grounding doesn ’t help, solution seems to be separat t
of units.
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Thursday 26 October , 1972 (Cont’d)

0840 bra . Departed Dowillio Marina
1035 hrs . Begin Line B
1057 hrs. Broke off Line B, generator out of gas
1107 hrs. Restart Line B
1201 hrs. End Line B

Cleaned & Adjusted air—gap on Sparker
1232 bra . Begin Line AA
1246 hrs. End Line AA
1247 hrs. Begin Line C
1315 hrs . End Line C
1349 hrs . Begin Line A
1514 hrs. End Line A
1515 hrs . Begin Line CC
1530 hrs . End Line CC
1540 hrs . Departed survey area

Vessel moved from Dowillio 1-larina to Berkeley Marina

Aboard : James Miller
Bruce Manuel
Mike Erickson
Glen Treser
Jack Seibel
Barry Sweet

Friday 27 October, 1972 Area: Oakland Harbor

0700 hrs. Arrive Berkeley Marina
0720 hrs. Depart Berkeley Marina
0850 hrs . Begin Line A
0920 hrs. End Line A
1011 hrs . Begin Line Center l ine  ( ‘)
1106 hrs . End Line Centerline ( )
1107 hrs. Begin Line C

Due to vessels at docks , shore station would be unable to track
survey vessel if pre—pianned line were followed. After consulting
with Mr. Dick Ecker , Corps of Engineers representative , it was
decided to change lines so that diag’onals run from NE to SW instead
of Nl’~ to SE.

1205 hrs. End Line C
Begin Line Centerline (C)
End Line Centerline ( )
Begin Line ZZ
End Line ZZ
Begin Line Centerline ( ‘)
End Line Centerline ( )

1529 bra. Begin Line X
End Line X
Departed nurvey  area for  Berkeley Mar ina , unloaded and store
equiptient.

Aboard: James Mi l l e r  Nestor Acosta Dick Ecker
Bruce Manuel Jack Scibel
M ike Er icks on Barry Sweet

3—41

_ _ _ _ _  
,. 

_ _ _ _
•

-

_ _



- 
-i-- 

-
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

—10—

Monday 30 October , 1972 Area: Carquinez Strait- s

0730 hrs. Arrived Berkeley Marina , began loading vessel
0900 bra. Depart Berkeley Marina
1256 hrs. Begin Line J
1306 hrs. End Line J -

1307 hrs. Begin Line K
1313 hrs. End Line K
1314 hrs. Begin Line FF

End Line FF
Begin Line L
End Line L

1355 hrs. Begin Line CC
1437 hrs. End Line CC
1438 hrs. Begin Line M
1445 hrs. End Line M
1446 bra . Begin Line fill
1530 hrs . End Line HR
1535 hrs. Begin Line Centerline ~

j
End Line Centerline ( )
Depart survey area

Aboard : James Miller
Bruce Manuel
Mike Erickson
Dave Osborne
Jack Seibel
Ba rry Sweet

Tuesday 31 October , 1972 Area: Carquinez S t r a i t s

0705 hrs . Arrived Dowlillo Marina
0740 hrs. Departed Dowillio Marins
0828 hrs. Begin Line N
0854 hrs . End Line N
0855 hrs. Begin Line JJ
0913 hrs. End Line JJ
0914 hrs. Begin Line P
0930 hrs. End Line P
0931 hrs. Begin Line RR
0944 hrs. End Line RR
0945 hrs. Begin Line R
0959 bra. End Line R
1000 hrs• Begin Line S
1011 hrs. End Line S
1014 bra . Begin Line Centerline C )
1055 hrs. End Line Centerline C)
1142 hrs. Begin Line T

End Line T
Departed survey an .: :or J~Lrkc1ey ~5~rina1601 hr s .  Unloaded equipment into t ruck

Aboard : James Miller Dave Osborne
Br uce Ma nuel Jack Seibel
Mike Erickson Barry Sweet
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Wednesday~ 1 November , 
1972

Demobilizing equipment

0900 hrs. Briefing at Corps of Engineers

Thurs4~y~ 2 November , 1972

Demobilizing
Departed for Norwood
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INCLOSURE 4
CORE SAMPLES: POLLUTANT

DISTRIBUTION STUDY
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HOLE I
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Hole Ho. 2D-1.8 (1)

Yield 8iu~ipie No. PZ-l P1-2 P1-5 P1-6 n.7
Lsborttory Somple No. 1 2 3 5
L&boratory No. PC-1095 PC-1096 PC-1097 PC-1098 PC-1099
Vo1*tile Soltda , % of dry Vt. 8.2 7.8 5.8 6.6 7.2
C.0. D .,  % of dry vt. Se,5 4 .6 2.7 2.3 2.6
Total XJeldahl Nttrogen , % of dry Vt . 0.12 0.16 0.09 0.07 0.10
Oil sod Oreaoe , % of dry Vt. 0.06 0.09 0.01 0.06 0.08
Nercury (K g),  ) O~~ ~ of dry Vt. 0.9 0.5 0.6 0.1. 0.8
Lesd (Pb),  i0~ ’ % of dry Vt . 36 35 19 18 19
Zinc (Zn),  10~~’ % of dry Vt. 201 201. 103 106 107
Ca4*iu~ (Cd), 1O~ ’ % of dry vt. 3.2 1.3 1.9 0.9 0.7
Copper (Cu), lO~~ % of dry vt. 66 68 38 1.1

U S STUIOAIO SIEVO OP4NING IN INCHOS UI ST*NOA~~ SIOVO NUMI4~~
6 4 3 2 IV, I % V. % 3 4 4 110 1416 20 30 40 SC 0 laO 2

‘E
~Ltti~~~~~~ 

I 
~~~ 

___

E~~~~~~~~~~~~~~ ±~ 

:~~L~~~tii~~~~~ 

~~~ ~~~~~~~~~
_ _ _  ~~~~~~~~~~~~ _ _  

_ _
I 

- —c— --— 
~. Pt~~ 4.o-~ ~.6 - L~~

- J ~~~~~

~~~~~~~~~~~ L~~~
: 

~~~~~~~~~~~~~~~~~~ ~t T”
‘( 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• ~ ~t~7 19_ 2 ~ 6 
~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t - — 
~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~L :~~~~~~~~~~~~I00
100 100 50 0 I 0 3  0 1  003 001 000 3 000 1

__________________ ________________ 
O AIN 5131 NIILIMOII*S

I ________ 
M,•v I

[ 
COSbJO t~~~~~..i u i L:~~~ 

— 
i__~~~~ 

It? 00 a~~v

j••~• -~ 
0 

~~~~~ ~~ FRA !.CIS(~ HA~ & ES IUART_t
~i.__ 4 1..~~ 6.~ 432~~

-~~~ 
7~~~ ~~~~~~~~ ~r d ~e P~tterieL Tt,po.sJ Study

:~~LI~~~~i2~~_4.__ _ — —f is.i Str..it to Os)L1s,Td Zetusr

Pt - ’ ~~~~~~~~~~~ -~~ .2 1 ~~~~~ 2~ :1.8 (1)
OIADATION CUIVII j~~~ :971.

(4 4-1

I
S.

- -- -.5 .5 
-

~~~ 1 
___ —

~~~~~
--- - -— .5

~~~~~lILLIfl ‘*



~ -- - ——~ ~- ---- -—-
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Hole No. 20-135 (2)
Field Sample No. 21-1 21-2 21—4 P2-7Laboratory (~amp1e No. 1 2 3 1.
Laboratory :10. PC-1034 PC-1035 PC-1036 PC-1037
Volatile Solids, ~ of dry Vt. 5.1 5.o 3.5 4 .3
C.0.D., % of dry v-i . 2.8 3.3 3.2 3.6
Total ICjeldahl Nitrogen , % of dry sri. 0.11 0.11 0.10 0.11
Oil and Grease, ~ of dry Vt. 0.03 0.03 0.01 0.03
Mercury (Hg), ~0~’ % of dry vi. 0.6 0.1. 0.7 0.1.
Lead (Pb) ,  10 ~ of dry Vt. 1.0 19 19 10
Zinc (Zn), 10’ % of dry Vt. 8o 1.2 51 91
Csde.iu~ (Cd), 10~~ % of dry vt. 0.7 0.7 0.6 0.6
Copper (Cu), 10 % of dry Vt. 30 1.4 17 1.6
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Hole No. 20-136 (3)

Field Sample No. 21-1 P2-3 21-4 Pp.8 P2-10
Laboratory Sample No. 1 2 3 1. 5
Laboratory No. PC-1038 PC-1039 PC-1040 PC-1041 PC-lO1.2
Volatile Solid., j  of dry Vt . 5.6 3.6 3.6 1..3
C.0.D., % of dry vt. 3.2 3.2 3.3 4.0 4.0
Total Kjeldahl Nitrogen , ~ of dry Vt. 0.10 0.06 0.09 0.11 0.06
Oil and Grease , % of dry vt- 0.05 0.03 0.01- 0.01- 0.02
Mercury (He), iQ~ ’ ~ of dry vt .  0.8 1.5 0.7 0.5 0.1.
Lead (Pb), 10~~ ~ of dry Vt.  31 10 8 8 10
Zinc (Zn), 10~~ ~ of dry Vt. 113 73 72 85 83,
Cadmiuls (Cd), 1O~~ ~ of dry vt. 0.7 0.7 0.6 0.6 0.6
Copper (Cu), 10-u % of dry Vt. 55 32 31 1.6 47
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H’ie No. 20-137 (4)
Field Sample No. PT-i PT-). P1.3 21.5 P1-8
Laboratory S~*mple No. 3. 2 3 4 5
Laboratory N~~~. PC-1043 Pc-1044 PC-104 5 Pc-1046 1’C..1047
Volatile Solt-(o , ~ of dry vi. 6.7 6.5 4 .9 3.6 4 .6
C.O.D., ~ of d ry  Vt. 5 .2  3 . 2  2.7 3. 4 14.2
tots.1 ICJeldrU~1. N ttr~ -.en, ~ of dry Vt. 0.06 0.07 0.08 0.04 0.11
Oil and Grea,.e. ~ of dry Vt. 0.01- 0.01 0.01- 0.01 0.01-

Mercury ( }i4~ ) ,  j H~ ~ of dry W i .  o. 4 0.8 0.4 0.7 1.0

Lead ( P b ) ,  k-~~~’ ~ of d r y  vi. 28 20 13 13 16

Zinc (Zn ) , L0~ ’ i of dry Vt. 116 98 69 66 L0~4
Cadmi um ( C d ) ,  £-~~~~‘ ~ of dry Vt. 0,8 0.9 0. 14 0.6 0.8
Copper (Cu), 1 C ’  . of dry Vt. 59 49 33 32 53

4 9 STA? ~~UR) SIIVO O~~~’-’..’G U* INCI’IIS U 1 9TA ~.C’a10 $1003 Nt.*~WR I
4 3 3 II’, I 0 V. 3 4 I lO 4 1 4  00 30 40 90 0 40 0~~~I: 

~i ’ ~~iz : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
00 - - - 

~~~~
4 ~~~~~~~~~~~~~~~~~~ 

- — 4 -

7° - - ~S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L .- . .-4 -_ + . 
~~~~~~~~~~~~

~~~~ -~~~ — - - -
~~~~~ ~~~~~~H- - i- - 4’. ~~~~~~~~~~ ~- - - -~~~ - ti. ~~~~~~~~~~~~ :- 

~~~~~~~~~~~~~~~~~~~~ 
-f ’  -- - - -

~~~
•
~~~~~ - - - —— — -~~~~~~~~

4O~~~~~~ ~~~~~~
-: 

~~~~~~~ 

Ir~~~~~~~~~

j

~~~~~~~~~ 

~ 
-: ~~~~~~~ ::

L_.-.. _

~
- _.. - — i—. -a--. 

~ 
. — £ —i-- a- 

~~~~~~~~~~ 4 70
~ + -, ‘ 3 — - 

—
- — * 5 I -—-- - -

-  . p, .. - 4 -i, 7~~~~l -U
30 I- --- 

- ~ -~-: ~:~t~~’. 

‘;I±~~~~~ I~~ ~~~~~~~ Q
T~~ ~~~~~~~~~~~~ 00

00.0.1’ 9’00 I,,UI$$ITOtS --
- ~

- .-a*,’ C : :— -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ .AN ,~~ A~l~~~~dCC 3M

- 
M a t e r ie l  D~~po al St~J- _ 

3,’ - --  .
~ ________ - ,~ ~~.u~ei Ctrs t t  to ,Aaiand lst-.,sr

- - —5----- ~1~ ~~~~~~~~~ 3 ..-.. ~~4)_ ___
QIADAnOI4 CVI YES ( ,., Jei-~~~rv  1 $7~

4—4

4
0

i - --- — - - - - - — - -- ‘—.- ,—---.--. -- ————- —- - -  .5— 

5. - - — .5 -
—5--. -— -.5-- - - - -—-

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- - i —.- _ - .-.~~~ ‘.- A - ~~~~ 04 ,~~~.’-- 

-



-— —--- ~~~~~~~~~~~
------- ------ --- 

- 
—

HOLE 5 ~~~~~~~~~~~~~~~
OVOLATILE SOUDS OTOTAL KJELOAI4. NITROGEN OIIAO ~~~Z INC OCopIpee 0 NERCUIY ~~CAD00IM 0% ThAN S
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Role No. 20-1141 (5)

Field Sample No. PT-i 21-2 21-3 21-7 P2-10
Laboratory Sample No. 1 2 3 I. 5
Laboratory No. P0-106). PC-1062 PC-1063 Pc-l06 14 pc-l06~
Volatile Solids , ~ of dry vi. 6.9 14.7 14.6 14.3 14.3
C.O.D., % of dry vi. 3.4 3. 14 14.5 3.6 2.0
Total XJeldahl Nitrogen, i of dry vt. 0.07 0.07 0.07 0.10 0.08
Oil amd Grease , 1 of dry vt. 0.05 0.01 0.01. 0.01- 0.01
Idercury ( Mg ) ,  ~~~~ % of dry Vt. 0.9 0.5 0.6 0.3 0.14
Lead (Pb), l0 1’ 

~ of dry vi .  142 114 13 15 15
Zinc (Zn), io~~ ~ of dry vi. 179 97 87 107 52
Cadmium (Cd), ~~~~ % of dry Vt. 1.5 1.1 1.2 1.3 1.7
Copper (Cu) ,  iO~~ % of dry vt. 70 23 23 31 12
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Hole No. 20-1147 (6 )

Field S&mple No.  PT~ 1* P1-7

Laboratory ~ o$~p le ~o. 1 2 3
Laboratory t o .  PC-1092 PC-109 3 PC-1094

Volat ile Sou ls . ‘~ of dry vt .  8.3 7.9 7-7
C.0 .D.  ~ -~~~ d r y  Vt. 4 .3* 3.9 4 .2

Total P~,jeldm .~d 7t t r - r ,~eo . t of dry vi. 013 0.13 0.1].

Oil and Gr ertse , ~ of try vi. 0.06 0.08 o.o8
M.rcury ~~~ - ~~~~ ~ ~r t r y  vi. 1.5 1.5 0.7

Lead (Fb I , l(H’ ~ of dry vt .  46 28 30
Zinc ( Z n ) .  l0~~ i o f dry vi. 205 189 172
Cadz.iu~ ( C d ) , l~H i of trv vt .  1.~4 1.2 1.2
Coppe r ( Cu ) ,  1- ~ ‘ ‘o t dry 01. 67 66 57
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Lsboratory .Tam5-ie .0 . 1 2 3 14 5 6
Lsbor .tory - PC-10148 PC_ lOie9 PC-1050 PC-1051 PC-1052 PC-1053
Volatile So1td~~, % of dry vi. 5.7 4.8 5.2 4 .9 7.0 1.14
C .O . LI . ,  S of dry vi. 3.2 4 .1 14.7 4 .1 4 .5 0 8
Tet&l Kjeld*hl Nitrogen , ~ of dry vi. 0. 13, 0.05 0.06 0.11 0.11 0.07
O il &nd Grease , S of dry v t .  0.05 0.CQ O.CQ 0.(~ 0.01 0.01
Mercury (M g) , ~C~~’ S of dry vi. 0.8 0.6 0.3 0.9 0.7 0.5
Lsad (Pb ) , 10 S of d.ry vt .  38 15 15 16 19 5
Zinc ( Zn) , 1O~~ S of dry ~.t .  1.23 68 82 75 127 33
C&s~~.i*~n ( C d) ,  ic~

1
~ ~ of dry vt. 0.7 0.6 0.7 0.7 1.8 0 5

Copper (Cu) , lO~~ ~. of dry vi. 60 36 43 41 142 13
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Hol. No. 211-139 (8)

Fl.id Sample No. FT-i P1-2
Laboratory Sample No. 1 2
Labort tcry So. PC-l054 PC-la,,
Volatile SolIds , S of dry vt .  2.6 2.0
0.0.1)., 5 of dry vt .  1.1 0,7
Tota l Kj elda1.l Nitrogen , S of dry vt. 0.08 0.06
011 and Grease , S of dry v t .  0.01 0.03
Merc ury ( H g ) ,  ~o~’ S of dry  vi 0.3 0.3
Le&d (Pb), 10 1. S of dry vt .  13
Zinc (Zn),  1Ii~ S of dry vt .  77 77
C&.~~1um (Cd) ,  10~~ S of ~1’-y vt. 0.8 0.6
Copper (L’u) , 1o~ S of dry vt. i6 13

U S 9T*I~~ A~~~ SIt’5l 00055*40 04 01049 U S STu.4C.4.30 31051 WU S(5
5 1 3  *1 I P. 1 5 %  7 .  A S  1116 30 30 )0 7O~~~0I40 300 -

IQO

~~~

4Jl 
_

70~ 
- 

I 4 4

’- 

-J 
30 

t~~
- -
~--’

---
~ ~

——4-- ’--
~-t’-’ ~~~~~~~~~~~~~~~~~~~~~~~~  a - 4  ~~,,l. -4_ -,- _ .  :

301—- * . -. - r -s L;..-4 ~ i+o t _-.-_- .___-_ 
~~ 

— . . 1 * . 4 . +  -. . .. . . * --
~ ~ -~--1—~---~- - -  - — 

t 4 ~. . - ~,..h. ~~~~~~~~~~~~~~~~~~~~~~~~

— I _L .  — ~~~~~~~~~ I I~~4~ ~ —
I’ 4 I1~~~ 4. 7. 4 . ) I I - -

5. . a -—-. .1 - — - a- - - - -~-‘--~-- -4 • - ---~-—---+ —- — 70

* . i.,,. . 
-
~~

- -  - ri. . , . - .  ~~~~~~~~~~~~~~~~~~ ~~~~. i~~~ ~~~~ -4 -- --- —

70 • — — ‘  L .  \) 7~, J~   
_~~~ -

-
~~~~~~ ~4 , l - . . - - .

10 -~~~ ~~.) ~~~~~~~~~~~~~~~~~~~~~~~~~~ .~ - . - . . - * — . — - - ,o

~ 

- - - 4 * ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 
- .

0~~~~~. ~~~~~~~~~~~~ - - - - - - - - • - - . - - ~~~ ‘- -- - —  
300 100 50 10 3 

GSM’. 9171 ,.111.4III100 
I 005  001 0003 0 0 0 1

= ~~~~ : .5’. ~~~~~~~~~~ ~~~~~~o .n  
-

~~~~~~~~~

-
~ 

-‘:  ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
_

~~~~~~luS -~/0 4 - I 0 ’ I . C C  BAY & E~t34A (Y
* 

- 

- : - 
~
—j

~~ 

- -— — - — ~~~~~~~ ~ 
. r ,  i.-.e Ma t er l~~L ~t s p o U a L  Study

- -  
— - —  — — j j c1 11.z -at r 1 t t~~~~~~~~i~~~~~~a tua rY 

- ?D.~~4 (8)
OIADATKIPI CUSYIS J(tnuSry j - r I .

I
4—9

-4

-
~•_~~_3_*_ _~*_._:_,_.,_ . 

~~~~~~
- - 4l•_ •

_
~~~~~~~~~~ i- .•— _ _ _  - — - .5 - .



GRAIN SIZEHOLE 9 DISTRI*JTION
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Hole g0• 215-1-140 (9)

P1.14 Sample N o. F T 1  P 12 F 5 3  P1-6 P ? 7
Laboratory Sample No . 1 2 3 1. 5
Laboratory N o. P0.1056 P0-1057 P0-1058 PC 1059 1C 1060
Volatile Solids , S of dry vi. 6.9 6.5 5.1 5.3 5.1
C.0.D . S or dry  vt. 3.7 2.5 14.3 14. 14 5.0
Tota l LJet*la)Sl N it rogen , 5 of dry vi. 0.06 0.08 0.12 0.11 0.1.1
011 &nd Grease , S of dry Vt. 0.014 0.02 0.02 0.02 0.03
M.r cury ( h g ) ,  ~~~~ 5 of dry v i .  0.7 0. 14 0.7 0.9 0.7
L.sd (Pb), 10~~ 5 of dry Vt. 51 26 18 3.14 17
1.1.nc (Zn),  iOu’ S or dry vi. 168 i08 98 105 111
Cadatua (Cd), l0~ ’ 5 of dry vi. 2.2 1.8 1.7 1.0 1.2
Copper (Cu ) ,  i0-~’ 5 of dry vi. 67 147 25 33 39
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Role No. 215-1143 (10)
Field Sample N,- - P1-3. P1-3 P1-5 P1-6 P1-9
Laboratory Sanp ie No. 1 2 3 14 5
Labora tory No . P0-1070 P0-1071 P0-1072 P0-11)73 P0-3.0714
Velatti. Solids , S of dry vt.  7. 14 6.5 6.8 6.]. 7.5
C.0 .D. ,  5 of dry  vi. 4o .1 3.8 3.2 3.3 2.6
TOtal Ljelda.h~ N i ’r og en , S of dry Vt. 0.16 1).U 0.11 0.10 0.3.3
Oil and Grease , % of dry v~. 0.03 0.05 0. I)s 0.03 0.04
Nsrc~or y (Ks) ,  ~~~~ I cf dry v t .  0.3 0.5 0.9 0.7 0.8
Lead (P b ) ,  10”’ 5 of dry vt . 29 28 19 19
Zinc ( Zo i) ,  1O-~’ S of dry vi. 175 157 109 106 75
Cadmium (C d) ,  l0~~ S of dry Vt . 1.0 1.0 0.9 1.0 0.7
Coppe r (Cu) ,  10~~ S of dry Vt. 59 60 laO 35
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Hole Ro. 2D-1l~4 (11)
Field Sample No. PT-I. P1-3 FP-5 - pp.8 P1-9
Laboratory Sample No. 1 2 3 14 5
Laboratory No. P0-1076 P0-1077 P0-1078 P0-1079 P0-1080
Volatile Solids , S of dry vi. 7.6 7.1 7.5 5.7 7.0
C.O.D., 5 of dry vi. 3.9 14 .2 14 .0 3. 1 3.6
Total LJeldah.I. Nitrogen , S of dry vi. 0.111 0.3.0 0.114 0.10 0.16
Oil and Grease , S of dry vi. 0.01- 0.06 0.05 0.014 0.114
Nsrcury (Hg) ,  ~.0 ” 1 of dry Vt.  0.7 0.5 0.7 0.5 1.3
Lead (Pb) ,  10~~’ 5 of dry vt. 29 31 25 19 25
Zinc ( Zn) ,  10~~ 5 of dry vi. 1145 1148 150 96 1.21,
Cadmium ( C d ) ,  L0-~ 5 of dry Vt. 0.9 0.8 0.8 0.8 1.0
Copper (Cu) ,  10- i’ 5 of dry vi. 142 le1, 50 31 53
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HOLE 12
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Hole No. 20—1142 (12)

P1.14 Sample No - Pt.]. P1-3 P1-S P1-7
Lab or atory Sample No. 1 2 3 Ia
Laboratory No. P0-1066 P0-1067 P0-1068 P0 -1069
Volatile Solid! , S of dry vi. 7.9 7.2 7. 14 5. 9
C .0 .D , S of dry v i .  14 .2 14 .2  le.l 3.1

total NJeld*thl N i t r o g e n , S of dry vi. 0.08 0.1.6 0.11 0.06
Oil *nd Grease , S of dr-. Vt. 0 09  0.09 0.05 0.05
Mer cury (Mg ) , 1O-~ 5 of dry Vt. 1.8 1.9 0.8 0.6
Lead (Pb), l0~~’ S of dry v t .  51, laO 30 22
Zinc (Zn), l0~ ’ S of dry vt 205 203 173 152
Cadmium (Cd ) , IQ~ ’ S a-f dry vi. 1.6 1.0 1.0 0.9
Copper ( Cu ) .  l0 ’ S of  dry vi. 61 89 141, 52
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Hole Jo. 20-1145 (13)

Yield Samp le No. PT-I. P1-3 P1-3 P1-la PT-S P1-6
Laboratory Sample No. 1 2 3 I’ 5 6
Laboratory No. P0-1081 P0-1082 P0-1083 P0-1084 P0-1085 10-1086
Volatile Solids , 5 of dry vi. 7.2 7.1 5.7 Ia .? 3.7 5. 14
C O.D .,  5 of dry vt. 3.8 14.2 3. 14 3.8 3.2 5.2

Total Ljeldaksl N itrogen , S of dry Vt. 0.09 0.1.2 0.11 0.09 0.1.1. 0.08
011 sod Grease , 5 of dry vi. 0.07 0 0 5  0.05 0.01- 0.02 0.014
Kercur-y ( Mg ) , l0~ ’ 5 of dry Vt. 0.7 0.~a 1.II 0.8 0. 14 0.6
Lead (Pb) ,  1O-~ S of dry vt. 37 25 214 10 11 114
Zinc (Zn) ,  io-~ S of dry vi. 1148 130 99 714 57 83
Cadmium (Cd) , lOu’ 5 of dry Vt. 0.9 0.8 0.7 0.6 0.6 0.7
Copper ~Cu), 1.0-14 5 of dry vi. 149 Is? 32 1.8 12 3.3
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Hole No. 2D~1I46 ( 14)

P1.14 Sample No. Pr-I P1-2 P1-3 PT-la P1-6
Labora tory Sample No.  1 -2 3 I4 5
Laboratory No. PC-1087 10-1.088 10-1089 10-1090 10-1091
Volatile Soltd s , 5 of dry vt. 3.7 3.7 5.14 3.8 3.9
C.0 .D. 5 of dry wi .  1.2 1.6 2.5 2.2 2.7
Total KJeLdahl. N(tro~en , S of dry vi. 0.06 0.08 0.06 0.06 0.01*
Oil and Grease 1 5 of dry vt. 0.01 0.01 0.03 0.01. 0.01
Mercury (Mg) ,  ~~~~ ~ of dry vi. 0.14 0. 14 0.14 0.14 0.7
Lead (Pb) ,  lIY”’ 5 of dry vi. 12 10 12 10 11
Zinc (Zn) ,  10~~ S of dry vt. 53 52 1a3 87 90
Cadmium (Cd), 10~~ S of dry vi. 0.6 0.5 0.8 0.9 0.7
Copper (Cu ) , lO~~ S of dry vt.  10 8 7 27 31
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Role No. 212-1614 ( 15)

71.14 Sample No. P1-1 17-2 p7_li P1-5
Laboratory Sample No. 1 2 3 14
Laboratory No. 10-1100 10-1101 PC-U.02 10-1103
Volatile Scu ds , -t of dry wt. 6.3 3.6 3.7 3.3
C.O .D . ,  5 of dry Vt. 1.6 2.3 2.5 1.8
Total Kj eldahl Nitrogen , S of dry vi. 0.07 0.07 - 0.08 0.09
Oil, and Grease , 5 of dry vt. 0.01. 0 .01 0.03 0.02
Mercury ( H g ) ,  ~O’~

4 
5 of dry vi. 0. 1* 0.5 0.14 0.3

Laid (pt~) ,  10~~ S of dry vt. 12 11, 13 12
Zinc (Zn) ,  lO~~ S of dry vt. 814 103 107 100
Cadmium (Cd), 10~ ’ S of dry vt .  0.7 0.7 0.9 0.7
Copper (Cu) ,  1o~ ’ 5 of dry Vt. leO ~6 30 30
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HOLE 16
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Hole No . 212-132 (16)
Field Sample No. PT-i 17-2 17-4 17-5 P1-5
Laboratory Sample No . 1 2 3 1e 5
Laboratory No. 10.1318 10-1.019 10-1020 P0-1021 10-1022
Volatile Solids , S of dry sit . 7.0 5.1 2.5 3.6 2. 14
0.0.0. , S of dry st. 3.8 3. 1 0.9 2.9 1.0
Total KJeldahl N t t r ~ *en , 5 of dry v-i . ~.13 0.12 0.01* ~.lO 0.05
Oil &nd G r e az r , ~ of dry vt .  0.16 0.11. 0.03 0.05 0.03
Mercury ( H g ) ,  l~~”~ S sf dry Vt. 0.9 0.8 0.14 0.5
Lead (Po ) , lJ-~ 5, cf - ir- ~ lit. a-S 31 1.7 16 21
Zinc ( Z n ) ,  10_ a 1. C f  dry ~- - 99 73 1*2 55 38
Cadmium ( C d ) ,  1~H~ ‘~ of dry wt . 3.6 0.3 0.3 31. 0.14
Copper ( C - u ) ,  1 2 ’  S of dry vi. 60 37 18 19 11
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HOLE 17
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Hole No. ~v-i~’o ( 17)
Fielsi Salsp le No.  PT-i P1—2 P7-2 p7-3

Laboratory Car~1e NC . 2. 2 3 1* 5
Laboratory No. PC-~~~C 10--~ -1 PC-9- 2 10-’i PC-~~-.

Volat i le  Ci~~ t i s . Ia- -f dry lit. 7. 18 7.0 13.1 8.5

C.0 .D. ,  S of ‘ic-y .‘~~. 15 .2  1.7 3.0 5. 0
Tot-al Kj e l a - aOl N 1 t r - C~e-l . 4, c-I icy vi. 1 .12 0.05 0.08 0.1k 0.12

Oil and Grease , t of Cs -y vt. 0.07 0.02 0.01* 0.02 0.02
Mercury (H ,z~~, - Of -C r - V t .  1.7 1.6 Q. t 0.3 0.3
Lead (Pb) , 1C~~ 5, of 1, y s t .  62 22 28 17 17
Zinc (Zr 1 , iC- a- t of Cry ‘-it. 139 67 65 106 90
Cadmi um ( - 1l , 13 t Cry vi. 1.0 0.6 1.1 0.5 0.7
Copper ( a - C a - a - ) ,  1J~~ { of dry ‘a - a - i .  37 2’s- 214 145 33
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HoLe No . 22- 133 (18)

f I e l d  CIIs-0 1e ~2a - ~ PT- i. P7.2 P 7 3  P7-5 P7-7
Laboros -s-~~ .I-o-Ilp:15 N - . I. 2 3 1.
1_ala- i I - r - a- t . -i -~.- N 1 . PC 1C?~ P C 1 ) a - ?  PC 1025 rC l J ’ — PC-1027
V~~1a-a - t i i e  . C L i l S , ~ - f d r y  vi. 5.1  - .ta - 2.1 2.2 2.7
C .0 . P _  , S of - 1 y  v s - .  2 .7  c . 7  1.0 1.2 1.8
1 tsl ‘.. lila-CS ]. ~i i ~ r . ’fl , a-* -of dry lit . 0.12 0.10 0.05 0.014 0.05
(ii and ;s-ss, , 5, s--f joy wt . C C C  0.05 3.0? 0.01. 0.02
M.- ra- -a - ry II{.C ) , 1 ‘. a - f  dry .‘- 0.5 p. 18 0.~ 0.3 0.3
LesI  ( 5  ) , 13-’ 1, t f  Ic-i l it .  51 lo L2. 1.1* 1).
Zinc (Zn , V a- - -’ S a-- f  Icy  vt. 93 a l. 145 51
2~~ l - i 5 u -s- (:1\ , i~~~

a- 4. a-f d ry  w - 0.7 5 .5 0.5 0.5 0.7
Co2p a-s r ( Z- . ) ,  1) - a -  ~ s- f dry ‘-it . lal 18 1-. 18 21.
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Role No. 33-177 (19)

Field Sample N - a -  - PT- i P3. 3 PT-S
Laboratory Zsc-r a -L e ilo. ~ 2 3
Labor atory  N a - .  PC_ c15.-, P0-917 PC-998
Volatile Soli da , 5, of dry vt 3.7 ~.7 2.7
C.0.D.I  S s- -f dry w t .  2.2 3 . 2  1.5

Total Kjelda-thl Nt t r ooe n , S of a-iry Vt. 0.07 0.11 0.07

Oil end Grcsoe , 4, of -ic y Vt. 0.03 0.32 0.01
Mercury (I5 a~) ,  ~~~~ S of dry wi . 1.7 o.~a 0.3

Lead (Pb), 10 ’ S Ia-f I r i  V t .  32 17 17
Zinc ( Z n ) ,  iO ’~ S of - I c y  vi. 120 76 73
Cadm ium (C d) , i - S- a- ’ ~ of fry v t .  0.7 0.0 0.6
Coppe r ( C u ) ,  i~~~18 S of dry vt. 22 1a-14 12
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Hole No. 73-133 (20)
Field Saa-a-j-I e No . PT-i fl-i P7-2 p7-3
Labor at ory  Snolple No . 1 2 3 Ia 5Laba - r a ta - r I ’a - - . ~C_ lO1 J ~~ - 1- a- 11 PC-D12 PC-1013 P:-13l~Vola t i le  C 111 s , S of - r ~ Vt. 2.a-. 1.0 2 . t a -  1.9 2.6
C O D .  , S of I c y  w~~. 1.2 3.7 1.5 0.5 1.1
Totni KjeI~~s-h1 ~i I  , . S of dry Vt .  0.05 0.10 0.05 0.04 0.05
oil as- .1 a - r a - a - S C  a- f dry ~ 0.02 0.01 0.01- 0.01 0.01
M e r c u r y  ( a - a -,a- , a- ‘ ~ o f  a - u  “~~ . Q~1~ 0. 14 0.6 0.2 0. 14
Lead (5-b . ~- - - 

~ ‘ ~~ Vt. 12 22 17 11- 19
Zinc (‘.ra-

a- , . ~ ~, . I dry wt. 61 82 55 10 52
Cadmi .— a- a - , , . 5, ca-: dry w’.. 0.5 0.3 0.5 0.5 0.5
IZ c a - p I r r  ( a a - , l -  5, of dry a-it . 21• 27 17 12 11.-
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Hole So. 20-121 (21)

Field Sample No. PT-i P1-2 P1-I. P1—5 P1-5
Laboratory Samp le No. 1 2 3 4 5
Laboratory Na- a- P0-966 P0-967 PC-~~ 6 P0-969 P0-970
Volatile Soli d s , S of d.ry Vt . 7.0 7.7 8.0 5.7 3.5
0.0.0., % of try wt . 4.3 2.6 2.6 5.0 3.1
Total P 1.jela-Iahl Nitrogen , 5 of dry Vt. 0.1~4 0.08 0.10 0.14 0.07
Oil and GreIsse , S of dry Vt.  0.07 0.07 0.04 0.05 0.02
Mercury (Ha-a - ) , ~~~~~~ S of dry vt.  1.3 0.5 0.9 0.3 0.4
Lead (Pb) ,  t a - ” S of dry lit. 54 27 20 24 17
Zinc (Zn ) , 1-) . 5,of a-t ry vt .  179 124 103 99 9~4
Cad. lws ( c - f ) ,  13” 5 of dry v-i . 0.08 0.05 0.05 0.03 0.04
Copper ( C u ) ,  13~~ S or dry vt. 78 62 52 32 27

Hole No. 20-2.2 1 (21) (Cont ‘d)
Field Sample No. P1-8 P1-9
Laboratory Sample No. 0 7
La-abo r ata -a -ry No. PC 971 PC-9’72
Volat i l e  Sol ids , 5, of dry vt .  2.2 2.9
C .0 .D. • S of a-try vt. 0.4 1.6
Tota l k,JrldAh l N k t r o ~ en , S a-a-f dry vt. 0.03 0.014
Oil and Gr r a o e , S of dry vt. 0.01.- 0.01
Mercury ( 14C~~, ~ 0’~~ S of dry V t .  0.2 0.3
Lead ( p i ) ,  1a-)~~ S of d r y  a-C t .  12 16
21110 (Zn), b - -a- i a-st -i:’y vt. 63 72
C.dja i,asa ( C d ) ,  j .)~ l a- S or dry vt. 0.03 0.03

• Coppe r ( C I , ) ,  i~’ a -  ~ of dry vi. 15 21
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~15 Hole No. 20-122 (22)
Field Sample No. P1-1 P1-2 P1-5 P1-6 P1-9
Laboratory Sample No . 1 2 3 4 - 5
Laboratory No. PC’~973 P 0 9 74  PC 975 PC-97b P0-977
Volatile Solids , S of dry Vt . 3.8 3.6 2.2 3.2 3.8
0.0 .0. , S of dry Vt.  2.7 2.6 0.9 2.1 2.6
Total Ljeldahl Nitrogen . S of dry Vt .  0.10 0.06 0.04 0.07 0.08
Oil and Grease , S of dry Vt. 0.01- 0.01 0.02 0.01 0.01
Mercury (Hg), ~~~~ S of dry Vt. 0.3 0.5 0.2 0.3 0.3
Lead ( ia-ta -), l)~~• 5 of try vi. 21 Va 15 14
Zinc (Zn), 13~

a- 
~ ~1’ dry Vt. 86 79 54 72 80

Cadmium ( C d ) ,  bJ~~ S - 1  dry vt. 0.3 0.6 0.1 0.6 0.4
Copper (Cu), l3~~ 5 of dry vt. 26 26 18 21 27
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Hole No. 20-125 (23)

Field Sample No . PT-i P1-3 Fr-S P1-6

~~~~~~~~~ 
Samp le No . 

PC-~88 P0-989 PC-9~ D P0-991

Volatile Solids , ‘a of dry Vt. 8.0 8.4 8.5 8.~4

C.0 .D.  , S of dry v-i. 4 .8 2.8 2.3 3.2
Total l(jela - 1a-a-hi ftt r-a -~a-n . S of dry vt .  0.15 0.11’ o.o8 0.15
Oil and Gre-a-Se. i or Irs a - w~. 0.18 0.08 o.or 0.15

Mercury ( H g ) .  ~0~
a-’ 

~ of a-t r y Vt .  2.14 1.8 1.9
Lead (Pt ), 10-’ 5 of dry w~ - 48 30 31a 2
Zinc ( Z n ) ,  1O~~ S ~

i. dry v-a-- .  175 117 2.01 90

Cadmium (Ca-i). ~~~~ 5, of a-try Vt. 1.5 0.5 0.8 0.7
Copper (Cu~~, 10~~ ~ of dry w’.. 1a9 37 38 34
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Hole No . 20-129 (24)

Field Sample No . P1-I. P1-3 P1-6 P1-8 P1-9
Laboratory Sample No. 1 2 3 4 5
Laboratory No. P0-1005 P0-1006 P0-1007 P0-1008 P0-1009
Volatile Solids , S of dry Vt. 4.2 2.6 2.6 2.3 3.].
0.0 .0 . ,  5 of -t.-:-- Vt . 1.9 1.4 1.3 1.0
Total ICjeldattl ~. 1 t r a -~ 7o , S of dry Vt .  0.04 0.05 0.06 0.04 0.06
Oil and Grease , 5, o~ try V t .  0.06 0.02 0.02 0.01 0.01
Mercury (H~~ . ~

- a- --’ S c~ dry Vt. 1.2 0.2 0.2 0.3 0.9
Lead (Pb), 1C 5, of -br-a-a- ~t. 2]. 8 7 9 10
Zinc ( Zn ) ,  io~ I- 

~ ~a- r ja-~y Vt. 91 % 62 64 73
Cadmium ( C d ) ,  10~~ ~ of dry vt 1.0 0.3 0.5 0.4 0.5
Copper ( C-u) , 1O”~ ~, or dry v t .  20 32 214 25 32
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Mole No . 20-126 (25)

Field Sample No. PT-i P1-2 ?T-1a P1-7
Laboratory Sample No. 3. 2 3 4
Laboratory No. P0-992 P0 -993 P0-991+ P0-995
Volatile Solids , S of dry vi. 8.2 8.0 8.9 8.5
C .O .D.  , S of a-icy wa- . 14 .9 4 . 4 2.9 2. 4
Tota l Itjeldahl Nitro.oen, S of dry wI- . 0.14 0.15 0.3.6 0.10
Oil and Gr eIa--r , S of dry Vt. 0.12 0.14 0.04 0.07
Mercury (~y I a- f l-

a-a - 
5 ~t ~ ry  vi . 2.0 3.0 2.0 0.8

Lead ( P b ) ,  L~~~ Ia- of dry w~ . 53 3~ 32 19
Zinc 4Zs-a - ), 11-C ~ of dry vt. 179 1.66 109 86
Cadsatuas (Cd) , 1 ~~

a- 5 of dry ~ t . 1.2 o.I. 0.6 0.7
Copper ( C u ) ,  1 a -~~ 5 _ f dry Vt. Ia~ 39 31+ 30

U I $I4C(a- A~ 3 34’.l 0~~ #..G 4* ~4O*S U I 15*J~ 44* Sara-I #a~~~ 13 HW~~~~~~T1a

ISO 

~~~~~ ~ ~ ~~~~~~~~~~

~ 4 a ’ -  * - ~~~~~~~~~~ - ba - a - I a - a -  ~~~
_

~~.L+ ~-~~~~a- -  +,a-~~ , *  ~~~~ 
— 1--- - ——4- + - - a - - . a - . - -a- —-- - - ~1_ * 1  _ . a - . a- i a -~~~~ . , C

a - 4~~~ a-_ i 4~~
• a - , a- — I + # __ a - -~~~~ —-~~~t * a - a -  a - _ _ 4 a - a -~~~~~~

_ _ _ _ _  I - - a--  -- ~~~~ ~I4 - ~~~~4 ~ a- — 4.1. a - .  + ~ 4

70 I I - 4~ ~L a- 4~~~ 

- 

~~~
-
~~

- —~~~~~~~~

~

‘

~

a- a 4 a - a - . . a - . -
~~
-.__

~~
- 4..a--f--

~
-
~~~~ 

.-I - _ a --- .__ -4,-+ , - a -
~~~

-.- _a-_ - _  -a- *~~ ,~ 4 40
a- - I - I .

~ ~~~ 
~~~~~~~~~

~~~~~~ ii : 
- 

t± t _La- _~ 
‘~

30 ~f  ~~~~~~~~~~~ a- ~~~~~~4L~~~~~ a- 

~-±~~ 
a- - a- a- 4

~ 
_ _ _ _  

- 

~~~~~ -L~~~~L~ = t~: : : : :  : ~~~ :iii~iii

1~~~~~~~~ a- b 
~~~~~~~~~~~~~~~~

a-

I T ~~~~~~~~

300 00 30 10 5 0 9  0 1  0 0 3  Ot I 000 3 ooc a-
a - a - lAIN 5135 VI a - a -  *47553 ______________________________________________[ a-~ ’ a - a-a-u,C —a 

ta ’oca -+’

- - 
a -a -a Ca - * a-a- 

- - 
a-. a-s 1 _ 1

r’~~~
’ ’  f~ 15fa-~i ‘SOC BAY t I.213

—
~~~~ 

— — — —— 

a-- — — 
r .a-e M at er i a l  Di sr  a-

—-  - 1~7~ T7.3 - — 
j  •ar-r.a-1ra -rr a-)

~ Fai a-. ~akjara-~i a-
a- - — —-- -  — - - H -

~~~~~
a - —  - -a- - a_

~~~

__J .4*C 
—

- 

~~

___  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ _ _ _ _

0&AOAflON CUSVI I - a- a - -  a- I -
. -

I

4—29

4

‘~-

% 
_  

C
a-’ -

--a- -—-— .—- - — - — — -- - - . — -. -—~~~~- -. -
- ---a-_s -. a--- -- a- - -- - - -



r ~~~

.—a-a-a-

~~ 

- 
— . .--- -a-- a-- -- - . 

- --- - —-~~~~~

~~ Aa SIlL
~4OLE 26 QSSTRIOSJTCOUI

OVO+. AT IL SOLIDS OTOThL K.*LLSI5& a-aT~ o+~ N Ot.o*o AZINC DCos- pLR o MERCURY AcaDaslus ~~~~~~~~~~~~~~~~~ 2

t~c0O EIOSL 0 GROAS L 
~~~~~~~~ 45 &y a- a- ~ -4 a-~ c,~ a- *y si. L3%L ESS THAI4 74% of~~ Y_1 _ % ol~~~~~ a-.t~

0 -~— - ---4j -a-, 
~~ TTT ~~~ 

0.4 
~~~~~~~ 

3
~~~ 

a-
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~
I
~~~~-i ~~~~\ ) 

I I ~\\\ )J 
-
\ ~ ~i ~ ~ 

_ .a- \ I . 1

3_
IC ~~~~ ~ ~ ~ .~ 

I ,* ~

~~ a- ‘~1 r~
a- a-

~ ~ 
-
~ ~ 

a-
~

/

~~~ ~~

- 

a-

~~~2 -
~~

a- 

~ i~ 

)~ 
-

-a-k ~ ~a- ~~ ~ a-~ 
a-

. i a -~I ~~~~~ a - I )~~~~ ~ ~

2~ ~ - ~ I - - _ _~~~~~~ - - -~~ - -- - ----~~~~~~~~~ 
__ _ _ _ _t__ _~~ 

Hole No. 20-128 ( 2 6 )
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Hole No. 20-124 (27)
Field Sample No. PT-i PD-i P1-2 P1-5 P1-9
Lab oratory Sample No. 1 2 3 4 5
Isboratory No . P0 983 P0 984 P0-965 P0-986 P0-987
Volatile So1ia-1~ , a-. a - i~ a-t~-y a--i . 7.9 7.9 4.8 2.5 4.0
C.0.C. • ‘. of dry Vt 2.6 5.1 4.8 1.5 2 L a
Tote.]. Xj eldahl -a- i a - a -f dry Vt. 0.09 0.18 0.12 0.03 0.08
Ot ~]. and O res - -- , ~ Y I r a -  v-3~. 0.05 0.U 0.04 0.02 0.03
Mer cury (H e) ,  a- - - 1, of f r y  Vt . 1.8 0.7 0.2 0.1 0.3
Lead (Pb), 1a - I a-a -f iry a-~~. 28 30 24 14 18
Zinc (z n) ,  1 - - t t dry w~. - 152 176 75 70 87
Cadonium (c d a - , 1 ~ of a-a-tr y sat .  0. 4 0.7 0.7 0.5 0.8
Coppe r (Cu!, 1- -- !. of dry sot. 39 36 26 13 25
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HOLE 28
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Hol. No. 2D-123 (28)
7i.ld Sample No. PT-i PT-2 PT-3 PT-8 PT-9
Laboratory Sample No . 1. 2 3 4 5
Laboratory No. PC-978 PC-979 PC-980 PC-981. PC-982
Volatile Solids , ~ of dry Vt . 8. 4 ?.7 4 .8 6. 2 6.5
C.O.D ., ~ of dry Vt. 5.1 2.8 5.3. 5.1 4.6
Total K.Jeldahl NLtro ~en , ~ of dry Vt. 0.17 0.08 0. U. 0.18 0.18
Oil and Greaae , % of dry Vt. 0.06 0.02 0.04 0.04 0.05
Murcur y (}Cg ) , ~~~~ % of dry Vt.  1.2 1.3 0.6 0.7 0.5
Lead (Pb),  l3~ ’ ~ of dry Vt. 59 27 15 21 21
Zinc (Zn) • lO~ ’ ~ of dry vI. 169 89 146 173 175
Cadalum (Cd) ,  10,  % of dry Vt .  0.8 0.5 0.5 0.5
Capper (Cu) , 13- ’ ~ of dry Vt. 71 37 25 31 30
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Hol e No. 2D-U9 (29)

Pi.ld S.iupls LEo . PT-i PT-2 PT-3 PT-4 PT-S PT-6
Laboratory Sample lEo . 1 2 3 1. 5 6
Laboratory No. PC-948 PC-949 PC-950 PC-951 50-952 50.953
Volatile Solid. , ~ of dry Vt. 2.1 6.0 6.o 5.3 6.4 4.9
C.0.D .,  % of dry Vt. 0.6 3.5 2.6 1.5 4.2 1.7
Total XJelda1sl Nitr ogen , % of dry Vt. 0.03 0.12 0.08 0.05 0.13 0.06
Oil and Greaue , % of dry Vt. 0.01- 0.04 0.03 0.02 0.05 0.03
Nercury (Kg), ).0~ ’ S of dry Vt. 0.3. 1.4 0.8 0.5 2.1 1.0
Lead (Pb), i0~ ’ 5 of dry Vt. 24 61 63 67 ISO 22
Zinc (Zn ), icr 4 5 of dry Vt. 93 182 197 143 173 84
Cada h (C d ) ,  io~~ 5 of dry Vt. 0.5 0.6 0.7 0.2 0.7 0.6
Copp.r (C u) , lOu’ 5 of dry Vt. 13 37 35 32 37 24
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Hole No. 218-131 (30)
Field Sample No. PT-i PT-2 27-3
Laboratory Samp le No. 1 2 3Laboratory No. 50-1015 P0-10Th 50-1017
Volatile Solid. , ~ of dry Vt. 3.1 6.6 7.8
C.0 .D. , S of dry Vt. 1.2 1.8 1.7
Total ItJeldthl Nitrogen , ~ of try Vt. 0.05 0.10 0.1.1
Oil and Grea se, I of d-y Vt. 0.01 0.05 0.03
Me rcury (Kg ) ,  10~ ’ S of dry Vt. 0.6 0.6 0.7
Lead (Pb) ,  10-u S of dry Vt. 30 30 27
Zinc (Z n) ,  3.~~

4 5 of dry sit . 73 6~ 65cadmiu.a (Cd ),  104 5 of dry sit. 0.6 0.3 0.7
Copper (C u ) ,  l0-~ S of dry sit. 18 39 41
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HOLE 31
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‘ Hole iio . ~~-u~ (31)

Field Samp le No. PT-I 27-2 PT-14
• Laboratory Sample No. ‘ 1 2 3

Laboratory No . P0-929 P0-930 P0-9303
Volatt l* Solids , I of dry Vt. 9.3 8.8 9.1
C.0. D . ,  5 of dry Vt.  4 .7 4.7 3. 2
Total KJeldlthl Nitrogen , 5 of dry Vt. 0.16 0.22 0.11.
Oil and Gr eaa e , 5 of dry sit. 0.20 0.11. 0.03
Mercury (H g),  ~~~~ 5 ot dry Vt. 0.5 0.2 2. 14
Lead (Pb). l0~ ’ 5 of dry we. 1e21 1.40 325
Zinc (Zn),  l0~ ’ 5 of dry Vt. 328 236 297
Cadm ium (Cd) ,  io-~ 5 of dry Vt. 1.6 1.7 1.4
Coppe r (Cu), 1O-~’ I of dry sit. 61 62 49
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HOLE 32
OVOLATNI SCUDS 0T~~*L aiLDSit NITROGEN Ouao Azi~ Dco~ c* 0 NENCURY ~~CAC00IJli Os ~~~0~~AN ~ *
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Nole No. 2D-L1~ (32)
Field Sample No. PT-i 27-2 PT-lI
Laboratory Simple No. • 1 2 3
Laboratory No. P0-931 P0-932 P0-933
Volatile Solids , 5 of dry Vt. 9.0 8.7 9.2
C.O.D. , S of dry Vt. 5.2 5.3 6.0
Total LJeldebi Nitr ogen, 5 of dry Vt. 0.23 0.21 0.23
Oil aM Grease , 5 of dry sit. 0.17 0.06 0.07
Mercury (Jig), ~O..4 S of dry Vt. 0.6 0.7 0.7
Lead (Pb), 10” 5 of dry Vt. 59 69 66
Zinc (Zn) ,  1O~ ’ 5 of dry sit. 1~ I 190 189
Cad.is (Cd ), 10~ ’ I of dry Vt. 1.5 1.5 1.14
Copper (Cu),  ~~~~ 5 of dry sit. 61 62 60
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Hole 1~. 20-1114 (33)
Fi.ld Sample No. PT-i PT-2 PT-3 PT-1’ PT-S PT-8
Laborttory sampl. No. 11 2 3 14 5 6
Liboritory No. P0-923 P0-924. P0—925 PC-906 P0-927 P0-926
Volatile Solid., 5 of dry Vt. 7.0 6.6 8.1 8.0 8.0 8.2
C.O.D., 5 of dry Vt. 14,3 3.2 3.9 14.1 3.8 14.3
Total Ljeida1il Nit rogen, 5 of dry Vt. 0.116 0.12 0.19 0.116 0.15 0.20
Oil end Greta. , 5 of dry Vt. 0.06 0.11 0.10 0.114 0.04 0.110
Mercury (Jig),  ).0 ’ 5 of dry Vt. 1.5 0.7 0.7 0.7 0.7 0.6
Lead (Pb), l0-~ 5 of dry Vt. 50 142 1.5 55 147 1t7
Ziec (Zn) ,  io-14 5 of dry Vt. 151 158 171 368 165 176
Cadaiua (Cd), 10~~ 5 of dry vi. 1.1. 1.14 1.5 1.6 1.5
Copper (Cu), 1O ’ S of dry vi. 51 143 54 52 53 53
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HOLE 34
OVO4..ATILE SOL10S OTOTAI. KJELDAII.. NITROGEN OLEAD ~~ZINC OCOPPER 0 MERCURY ~~CADMUM Os LESS THAN!
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Role No. 20-118 (34)
Fi,ld Sample No. PT-I. PT-i PT-2 PT-2 PT-3
laboratory Sample No. 1 2 3 4 5
Laboratory No. 20-939 20-91.0 20-9141 P0~9I42 P0_9143
Volatile Solids , 5 of dry sit. 3.8 8.1 16.5 5.8 6.14
0.0.0., 5 of dry Vt. 2.1 6.3 15.7 14.2 14.6
Total X3eldahl Nitrogen , I of dry vi. 0.07 0.16 0.314 0.12 0,114
Oil and Grease , S of dry sit. 0.03 0.12 0.04 0.06 0.09
)Iercury (Jig), ~~~~ 5 of dry sit. 0.2 0.5 0.4 0.3 0.4
Lead (Pb) ,  10-” 5 of dry sit. 32 4.9 58 35 37
Zinc (Zn), 10~~ 5 of dry Vt. 1-

~~ 
ing Ins

Cadmium (Cd),  lO~ ’ ~ of dry Vt. 0.9 1.1 1.8 1.3. 1.0
Copper (Cu), 10~ ’ 5 of dry Vt. 28 143 54. 36 37

Mole No. 20-118 (34) (Cont ’d)
?t.ld Sample No. PT-Il PT-6 PT-7 PT-S
Laboratory Se..lple No. 6 7 8 9
Laboratory No. P0-9144. PC-9145 P0-94.6 20-9147
Volatile Solid; , 5 of dry Vt. ~6.8 13.2 6.9 7.0
C. O. D . ,  5 of dry Vt. 5.3 12.3 3,5 4.0
Total Kjeld&sl Nitr ogen, I of dry sit. 0.1~4 0.29 0.13 0.11
Oil and Gre... , 5 of dry Vt. 0.07 0.20 0.03 0.01.
Mercury (Mg ) ,  ~.0-~’ I of dry Vt. 0.14 0.7 0.14 0.14
Lead (Pb ),  t0~~ 5 or dry vt. 32 4.1. 32 26
Zinc (Zn) ,  l0~~ 5 of dry vt. 79 88 88 107
Cadmt,m, (Cd) ,  1 0 ’  S or dry Vt. 0.8 1.2 0.9 0.6
Copper (Cu), 10’  5 of th y sit. 35 51 35 33
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HOLE 35
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1101. No. 20-1.17 (35)
Field Sample No. P2-1 P’2-2 P2-3 P2-Il PT-Il
Laboratory Sample No. 1 2 3 1. 5
Laborator y No. PC-934 20-935 20-936 20-937 20-938
Volatile Solids , 5 of dry Vt. 7.2 7.14 7.5 7.7 6.7
C.0 . D. ,  5 of dry Vt. 14.6 3.7 14.0 3.6 3.0
Total Kieldahi. Nitrogen , ~ of dry Vt. 0.15 0.15 0.18 0.17 0.3.3
Oil and Gre ase , 5 of dry Vt. 0.08 0.01. 0.09 0.01. 0.03
Msrcury (Mg), 10~~ I or dry Vt. 0.6 0.8 0.7 0.7 0 5
Lead (Pb), 10-1’ % or dry Vt. 52 1,6 55 38
Zinc (Zn),  l0~~ 5 of dry sit. 15~. 151 181 13.0 100
Cadmium (Cd) , 10~~ 5 of dry sit. 1.3 1.2 1.1 1.1 1.0
Copper (Cu), XO~ 4 5 of dry Vt. 53 57 ~7 148 hi
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GRAIW SIZEHOLE 36 DISTRIIUTION
OVOI.ATILE SOLIDS OTOTAS. It~~LDAI4. MTROGEN OL.EAO AZNC OCOPPER 0 MCROJ$Y ACAD~~UM 0S~~~~~,~~AJ4 2

A COC AOIL$ GREASE K) 4 5 1  Sy al. O~~ %al Sp aS. ASLESS ThAN 74
Sof dcyaI . MI~~0NS

Hole No. 20-1314 (36 )
Field Sample No. PT-i P2-2 22-3 PT-Il 22-6 P2-6
labor atory SampLe No. 1 2 3 1. 5 6
La bor atory Ho. 20-1028 20-1029 70-3.030 20-1031 P0-1032 20.1033
Volati le Solids , I or dry vt. 6.1 5.3 5.7 5.8 1.8 1.7
C .0.D.  • I ~~f dry Vt.  3 .9 2.2 3.7 3.7 1.1 0.3
Total XJeldah l Mt t r o~en , I of dry sit. 0.16 0.09 0.11 0.09 0.014 0.03
Oil an’S Grease , I or try V t .  0.(~~ 0.06 0.02 0.03 0.01 0.01
Merc~iry ( K g ) ,  ~~Y~ ’ ~ of tr y wi. 3.9 1.0 0.7 0.9 0.3 0.2
Lead ( P t 1) , .u ’ I of dry sit. 58 21 3.9 20 U. 13
2.j5c (Z n ) ,  io~ I of dry Vt .  1.12 57 1.4 57 28 23
Cadmium (a ~d ) ,  L )~~ 1 .af dry Vt . ]..1 0.7 0.9 0.8 0.5 0.5
Coppe r (Cu) ,  1O~~’ l o t  dry sit. 4.]. 21 11. 3.8 10 8
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Hol. No. 20-106 (37)

Field Sample No. PT-i 22-3 PT-Il P2-6 P2-8
Laboratory Sample No. 3. 2 3 I. 5
Laboratory No. 20-91.6 PC-917 PC-918 PC 919 20-920
Volatile Solids, 5 of dry Vt. 6.3 6.]. 8.5 5.8 5.6
C.O.D., 5 of dry Vt. 3.5 14 .8 4~l 4..2 2.2
Total KJeld.ahl Nitrogen, 5 of dry Vt, 0.11 0.12 0.11 0.11 0.11
Oil and Gre ase , I of dry Vt. 0.10 0.06 0.01- 0.01- 0.01-
Mercury (Hg), ~O~’ I of dry sit. 0.8 0.2 0.2 0.2 0.2
Lead (Pb), 10 ” I of dry Vt. 69 20 21. 17 18
Zinc (Zn), 10-a % of dry Vt. 113 92 102 111
Cadmium (Cd), l0~~ 5 of dry Vt. 1.1 1.0 1.2 1.3 1.1
Copper (~u), 10~’ I of dry Vt. le]~ 32 214 30 32
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Hole Ho, 20-105 (38)

Field Sample l b.  PT-]. PT-]. 22-2 2T~3 PT~14
Laboratory Sample No. 1 2 3 4. 5
Laboratory No. P0-907 20-908 20-909 P0-910 20-911
Tolstile Solid.., 5 of dry Vt. 11.3 9.6 14.7 2.0 1.6
C.O.D. ,  5 of dry Vt. 2.6 2 5  2.3 2.0 1.5
Total lr4eldahl Nitrogen , 5 of dry sit. 0.08 0.09 0.11 0.05 0.05
Oil and Grease , 5 of dry sit. 0.02 0.01 0.01 0.01 0.01-
Nercury (Hg), ~0~ ’ 5 of dry Vt. 0.5 0.6 0.2 0.9 0.6
Lead (Pb),  ] .Q-M I of dry Vt. 25 ii. 18 1,2 12
Zinc (Zn) ,  io-~ 5 of dry Vt. l~0 314 4.0 23 27
Cadaiu* (Cd ) ,  1O~ ’ •5 of dry sit. 1.1 0.9 0.7 5 0.14
Copper (Cu), 10 ’ 5 of dry Vt.  114 iS 25 31 3.3

Hole- Ho. 20-105 (38) (Cont ’d)

Field Sample No. PT-S 22-7 22-9 P2-9
Lab orato ry Sampl e Mo. 6 7 8 9
Laboratory ISo. 70-912 PC-913 PC_9l14 20-915
VoLSti te Solids , 5 of dry v t .  2.8’ 14.14 5.3 2. 14
C.0. D. • 5 of dry Vt .  2,8 14.1 3.8 1.7
Total Xjeidahl Nt t r oi~en , I of dry Vt. 0.01 0.10 0.13 0,08
Oi l and Gr ease , 5 of dry Vt.  0.03. 0.01 0.01- 0.01-
Mer cur y (Hg ) ,  ~0~’ I of dry Vt. 0.7 1.0 1.2 0.7

4 Lead (P b),  10~~ 5 of dry v~. 17 21 23 12
4 Zinc (Zn) ,  1o ’ I of dry sit. 33 1.8 1.6 63

Cadmium (C d ) ,  l0-~ I of dry sit. 0.6 0.6 0.5 0.5
Copper (Cu) ,  10-u 5 of dry Vt. 17 23 23 18
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Role No. ~ -ioo (39)
Field Sample No. PT-i PT-P 72-3 22-5 27-9
Laboratory Sample iSo. 1 2 3 1.
Laboratory No. 20-887 20-888 20-889 70-890 20-891
Volatile Solids , I of dry Vt 7.7 6.3 11.5 14.7’ 5.0
C.O. D., 5 of dry Vt. Ie.9 Ie.Il 3.~~ 

l..~~
Total Xjeldahl Nitrogen , 5 of dry Vt. 0.3.3 0.05 0.09 0.12 0.11
Oil and Grease , 5 of dry Vt.  0.12 0.16 0.02 0.01 0.01-
Mercury (Hg),  ?.O.LI 5 of dry Vt. 0.5 0.1 0.5 0.1. 0.6
Lead (Pb), 10~ ’ 5 of dry Vt. 57 58 33 3.14 114
Zinc (Zn), 10~ ’ 5 of dry vt. 196 170 52 3.25 3.11.
Cadmium (Cd) , l0~~ 5 of dry vt. 1.0 1.0 1.3 0.5 0.8
Capper (Cu), lO~~ 5 of dry Vt. 6o 53 21 28 1.14
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Hole io. 212-103 (40)
Field Sample No. PT-i 22-2 72-3 PT- S PT -6
Laboratory Sample iSo . 1 2 3 I,
Laboratory No. 20-900 20-901 20-902 20-903 20-901.
VolAtile Solids , 5 of dry Vt. 7.6 14.8 6.7 7.5 8.1
C.0.D. , % o t  dry Vt. 4.7 3.1 14.0 14.8 5.1
Total ZJeldahl Nitrogen , 5 of dry Vt. 0.3k 0.11 0.114 0.19 0.19
Oil and Grease , I of dry Vt. 0.09. 0.03 0.014 0.15 0.3.1.
Mercury (Hg) ,  ~0~ ’ 5 of dry Vt. 1.1 0.7 1.3 1,6 1.1
Le$d (Pb), lO~~~% o f dry Vt. 60 36 1.0 1.2 38
Zinc (So) 3.O~ ’ t of dry Vt. 102 139 69 111 91.Cadmium (ad), 10-k % of dry Vt. 0.8 0.9 0.8 1.0 1.0Copper (Cu), j~-4 5 of dry at. 147 29 1.4 52 1.8
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Hole ~~~~, 

.~~~~~ (41)

Field Sample No. PT-i 27-2
Laboratory Sample No. 1 2
Laboratory No. 20-921 20-922
Volatile Solids , 5 of dry at. 9.1 1.9
C.0.D. , 5 of dry Vt. 3.2 0.2
Tota l X~.1daJtl Nitrogen, 5 of dry at. 0.27 0.01.
Oil and Gre ase , 5 of dry Vt. 0.01 0.01-
Mercury (Hg), ~0~ ’ 5 of dry Vt. 0.9 0.9
Lsad (Pb) , 10-’4 S ot dry wt . 87
Zinc (Zn), 10-1. 5~of dry vi. 201
Cadaiu~ (Cd) , lO’~ 5 of dry vi. 2..? 0.7
Copp.r (Cu), 10~~ 5 of dry Vt. 64 6
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Hole No . 20-1014 (4~)

Fi.ld Staple No. Pt-l Pt-I.
Laboratory Sample No. 1 2
Laboratory No. PC-905 PC..906
Voittile Solids, I of dry at. 1.8 1.2
C.0.D . .  5 of dry at. 0.6 0.6
Total Kj.lde3~1. Nitrogen. I of dry vt. 0.05 0.08
On and Grease. I of dry Vt. 0.01 0.01
Mercury (Hg). ~ fl’ ~ ’ I of dry Vt . 0.7 0.6
Lead (Pb), 10 I of dry yt. 15 7
Zinc (Zn), 1O~ ’ I of dry Vt. 35 20
Ca+~ iua (Ca). 10~~ I of dry at. 0.5 0.2
Cc~p.r (Cu) .  lO~~ I of dry Vt. II. 8
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Ho].. Jo . 20-joe (4 3)
Field Staple No. PT-i P2-2 22-2 27-3 P2-3Labor~ tory Sample No. 2. 2 3 4 5Laboratory No. PC-895 20-896 20-897 20-898 20-899
Volatile Solids, 5 of dry at. 7.1 4.8 7.0 4.3 8.2C.O.D., 5 of dry Vt. 14.3 3.5 3.9 3.7 3. 1.
Total Ej.ldaltl Nitrogen , S of dry Vt. - 0.14 0.08 0.09 0.09 0.10Oil and Grea se , I of dry at . 0.12 - 0.02. 0.01 0.01. 0.01Mercur y (H g) ,  ~Ø~~1 5 of dry at, 2 .0  0.5 0.6 0.6 0.14
Lead Pb , 10~~ S of dry vt. 65 20 3.3 14 26
Zinc (Zn), l0~~ S of dry vi. 105 51 1.5 70 51.
Cadni~~ (Cd),  io-~ 5 of dry at. 0,7 0.6 0.8 0.8 0.8Copper (Cu), 1O~~ 5 of dry Vt. 1.7 25 23 31 25

V.1 $7550500 sstvs 05111,4054 4CMS* u S SThJOAW 551W H,jo5100 NIVUO01TI5

I: 

~~~~~~~~~~~~~~~~~ ‘

_ _  

~~~~~~~~~~~~~~~ J 

_ _ _E~~~~~L~ ~~~~~~~~~~~~~~~~~

±— 

~~~~~~ L~ELEHF~at E1+ L ~ I II 
~~~~ ~~ _______ 

dI~ 4.l 
~~~~ 

-
~ ________________ ________ 00

100 30 +0 3 • 0 3  0 +  000 Dv,  .1 3 000+
04*551 iI~~~~~&L541’US~~~~~~~~~~~~~~~I ~~~~ ~~~~~~~~~~~~~~~~~~~ —~~~~j~~~ OST OS OA?1 co.* ~~~~ •.~ ___________________________

~e ,,a. ~ ‘a. ’. ~~~~~~~~ —% 0 
~~~~ .~~~~ ran, ts ~~ Bay & Estu ary

I t; . 
- — f ~r ed€ ? Mat~~tt a t  ~)isposal Study

~~~~ ~~~~~~~~~~~~ 
.~~ ,~jarqu tnes Strait to Oakland Estuar~

20-102 (43)
OIADATICW CUIVII December 1973

‘4 4—54

- _~ - - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~
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Hole No. 20-95 (44)

Field Stap le No. PT-i PT-2 27-2 27-3 27-3
Laborato ry Sample No. 1 2 3 I. 5
Laboratory ~~~~ 20-873 PC-671e 20-875 20-876 20-877
Volatile Solids . I of dry vt. 9.1 8.3 8.5 5.3 5.5
C.0 . t .. I of dry wt. 6 3  5.9 9.0 3.8 14 .0
Total KJeIdal+1 Nitrogen . S of dry at. 0. 18 0.17 0.23 0.114 0.15
Oil and Grease . I of dry Vt. 0.27 0.31 0.58 0.01 0.02.
Mercury ( h g ) .  ~0~~’ I of dry at. 0.2 0.2 0.9 0.1 0.8
Leed (Pb) , l0~~ S of dry at. 237 1146 123 23
Zinc (Z n ).  ~~~ I of dry at. 323 310 386 115 115
Ctdr4ua (ca), lo-

~ I of ary at. 1.5 1.6 6.6 o.8 0.8
C~cpp.r (Cu), 1C~

14 S of dry at. 110 117 136 146 1s8
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Hole No. ~D.914 (45)

Field Sta ple No. 27-1 PT-i 27-1 22-2
Lab orato ry Sample Va . 2 3 14
laborat ory No . 20-869 PC-870 20-871 20-872
Volstile Solids , I of dry at. 9.3 14 .8 5.0 2.3
C .0.1\ , I of dry ‘at. 5.3 3.5 1.3 0.1
Total K~e1dai~i Nitrogen . I of dry ‘at. 0.16 0.10 0.03 p.02
Oi l and ‘ rease. .5 or dry wt .  0.27 0.17 0.07 0.01
Mercury (‘ig ) . W~’ ~ of dry - vt . 0. 2 0.1 0.1 0.1
Lead (Pb ) . i0~~ I of dry v t .  265. 2141. 53 15
Zinc (Zn ) 

- lC) I of dry at.  327 328 150 59
Ca~~.i+a (Cd ’1 , IH~ ~ of dry ‘at. 2.1 2 .3 0.9 0.5
Copper ( C u ) .  1fl ’~ I of dry ‘at. 73 55 35 11.
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HOLE 46
OVOLATILI SOLIOS OTOTAL. KJELOASR. 1411400(55 OLEAD ~~ZINC OcoFeU 0 MERCURY ~~~CAO UM 0% LESS 714*11 0
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Hole No. 20-99 (46)

Field S*mple No.  - P2-3. P7-2 27-3 27-3
Laboratory Sample No. • 1 2 3
Laboratory No. 20-883 p0-8434 20-885 20-886
Volatile Solids , I of dry vi. 8.1 8.3 5.8 1.14
C .O .D. ,  5 of dry at. 5.6 5.7 3.7 0.1
Zotal Kje1d~h1 Nitroge n , 1, oh ’ dry at. 0.19 0.19 0.01. 0.02
Oil and Grease , I of drj vt. 0.17 0.27 0,17 0 .03
Mer cury (I~g ) .  ~ o-~ 5 of dry at. 0.7 1.3 1.3 0.1.
Lead (Pb), lO~’ I of dry ‘at. 71. 72 58 u
Zinc (Zn ) ,  10 1. 5 of dry vi. 235 256 191 32
Cad.iua ( C d ) ,  10.1. 5 of dry vi. 0.2 1.1 1.5 0.5
Copper (Cu), 10 1. I of dry Vt. 93. 95 62 6
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Hole No. 20- 101(47)

Yield Sa~ p1e No. PT-i PT-i PT-i
Laboratory Sanipte No. 1 2 3
Laboratory No. PC- 892 20-893 20.891.
Volatile Solids , I of dry vi. 1.1 1.1 1.1
C . 0 .D . ,  5 of dry vt. 0.2 0.2  0.1
Total KJeldsJtl. Nitrogen , -

~ of dry vi. 0.01. 0.01 0.02
O il, and Gr ease , 5 of dry vt . 0.01- 0.01- 0.01-Mer ct~ry (H g ) ,  ~O.4 5 of dry vt. 0.6 0. 4 0.4
Lead (Pb) ,  10’ I of dry at. 6 9 1.
Zinc (Zn) .  icr 6 5 of dry at. 35 31’ 17
Cadntum ( C d ) ,  l0~~ I of dry vi. 0.2 0.2 0,1
Copper (Cu), 10 ” I of dry at. 6 8 7
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Hole No. 20-98 (48)

P1.1.4 Saaple No. Pr-I. P0-2 PT-3 pp-4
lAbor atory Se~~ le No. 1 2 3 Is 5
Laboratory No. 20-878 20-879 20-880 20-881 20-882
Volat ile Solids , I of dry at. 5.0 1.2 Ie.6 2.2 2.2
C,0.D. , 5 of dry at. 3.5 0.3 3.3 0.3 0.7
Total Ljeld~.hl Nitro€ en , I of dry at. 0.10 0.02 0.09 0.02 0.03
Oil. and Grease , 5 of dry at. 0.13 0.02 0.10 0.02 0.03
Mercury (Hg), ~o 1’ S of dry vi. 0.1 0.3 0.8 0.2 0.6
Lead (Pb),  l0’~’ 5 of dry vi. 73 15 35 1.3 20
Zinc (Zn ) ,  I h 

~, ~f try vt.  23.3 34. i,34. 38 60
CidMu* (Cd). ‘ ~ ~f J r - j  vi. 3.2 0.1 0.3 0.1 0.3
Copper (Cu), 1Q~ ’ I of dry vi. 64 7 60 10 11’
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