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CONVERSION FACTORS

The metric system of wunits is used
prefer inch-pound units, the conversion factors for the terms used in

report are listed below.

Metric (SI)

cm (centimeter)

cm/a (centimeter per annum)

cm3 (cubic centimeter)

cm3/g (cubic centimeter
per gram)

dpm/a (disintegrations per
minute per annum)

g (gram)

g/cm? (grams per square
centimeter)

(g/cm?)/a (grams per square
centimeter per annum)

g/cm?® (grams per cubic
centimeter)

hm (hectometer)

km? (square kilometer)

m (meter)

m3 (cubic meter)

Mg (megagram)

Mg/a (megagram per annum)

Mg/km? (megagram per
square kilometer)

mm (millimeter)

pCi/g (picocuries per gram)

IV Conversion Factors

Multiply by

0.03280
0.03280
0.00003531
0.001602

0.002204
2.047

2.047
62.46

2.471
0.3861
3.281
1.308
1.102
1.102
2.855

0.03937
0.002204

report. For readers

Inch-pound

feet
feet per annum
cubic feet
cubic feet

per pound

pounds

pounds per square
feet

pounds per square
feet per annum

pounds per cubic
feet

acres

square miles

feet

‘cubic yards

tons

tons per annum

tons per square
miles

inches

picocuries per pound

who
this



SEDIMENT ACCUMULATION IN SAN LEANDRO BAY, ALAMEDA COUNTY, CALIFORNIA,

DURING THE 20th CENTURY:

A PRELIMINARY REPORT

by K.M. Nolan and C.C. Fuller

ABSTRACT

Major changes made in the con-
figuration of San Leandro Bay, Alameda
County, California, during the 20th
century have caused rapid sedimentation
within parts of the bay. Opening of the
Oakland tidal channel and removal of 97
percent of the marshiands formerly
surrounding the bay have decreased tid-
al velocities and volumes. Marshland re-
moval has decreased the tidal prism by
about 25 percent. Comparison of
bathymetric surveys indicates that sedi-
mentation in the vicinity of the San
Leandro Bay channel averaged 0.7 centi-
meter per annum between 1856 and 1984,

Lead-210 data collected at four shallow
water sites east of the San Leandro Bay
channel indicate that sedimentation rates
have averaged between 0.06 and 0.28
centimeter per annum. Because biotur-
bation of bottom sediments cannot be
discounted, better definition of this

range in sedimentation rates would re-
quire measuring the activity of lead-210
on incoming sediments.

In addition to sediment deposited in
the vicinity of the San Leandro Bay
channel and open, shallow areas to the
east, 850,740 cubic meters of sediment
was deposited between 1948 and 1983 in
an area dredged at the mouth of San
Leandro Creek. All available data indi-
cate thatt between 1,213,000 and
1,364,000 cubic meters of sediment was
deposited in San Leandro Bay between
1948 and 1983.

Sediment-yield data from an adjacent
drainage basin, when combined with in-
ventories of lead-210 and cesium-137,
indicate that most of the sediment depos-
ited in San Leandro Bay is coming from
resuspension of bottom sediments or from
erosion of marshes or shorelines of San
Leandro or San Francisco Bay.

Abstract 1



INTRODUCTION

San Leandro Bay is a small shallow arm
of southern San Francisco Bay near Oak-
land, Alameda County, California (figs.
1 and 2). Configuration of this bay,
as well as that of the surrounding
marshes and mudflats, has changed
greatly since the early 1900's. The
hydrographic survey of 1896 depicted
San Leandro Bay as a shallow body of
water surrounded by marshes and
mudflats and connected to San Francisco
Bay by the San Leandro Bay channel.
In 1902, the Oakland tidal channel was
dredged to connect San Leandro Bay
with the Oakland Harbor. By 1972,
landfilling had decreased marshland and
associated mudflats adjacent to the bay
by more than 96 percent--from about 810
hm in 1922 to 28.4 hm by 1977 (U.S.
Army Corps of Engineers, 1980).

The Alameda County Flood Control and
Water Conservation District is concerned
that recent changes in the configuration
of the bay have increased sedimentation
rates and that this sedimentation has de-
creased the capacity of flood-control
channels draining into San Leandro Bay.
This report was prepared in cooperation
with the Alameda County Flood Control
and Water Conservation District to pro-
vide a preliminary assessment of rates
and causes of sedimentation in San
Leandro Bay. Sediment-accumulation rates
were estimated by comparing bathymetric
surveys made in 1856 and 1984, and by
measuring the activity of the isotopes
lead-210 and cesium-137 in four sediment
cores taken from the bay. Sediment
accumulation between 1948 and 1983 in
an area dredged at the mouth of San
Leandro Channel was determined by
comparing bathymetric data from 1948
with data collected in 1983. The causes
of sedimentation were assessed by com-
paring excess lead-210 and cesium-137
activity with fallout of these isotopes on
the bay surface and by interpreting
sedimentation rates within San Leandro
Bay in light of the physical processes
controlling sediment deposition within
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the bay, manmade changes in bay con-
figuration, and the potential for direct
input of sediment from upland drainages.

DESCRIPTION OF STUDY AREA

San Leandro Bay covers about 2.59
km2 and averages only 1.6 m deep at
mean tide level. At mean lower-low
water, extensive mudflats are exposed,
and open water is limited to about 15
percent of the bay. Nearly all parts of
San Leandro Bay deeper than 0.9 m at
mean higher-high water have been
dredged. Dredging was concentrated in
three areas: the Oakland tidal channel,
the Airport Channel, and a distinct rec-
tangular area at the mouth of San
Leandro Channel (fig. 2). The Airport
Channel was dredged in 1928 to provide
docking facilities for the U.S. Navy
Supply Center (U.S. Army Corps of
Engineers, 1980). The area at the mouth
of San Leandro Channel was dredged to
a depth of 10.7 m in 1948 and was in-
tended as a docking area for deep-water
ships.

Streamflow enters San Leandro Bay

through four major channels: East
Creek, Damon, Elmhurst, and San
Leandro. According to the U.S. Army
Corps of Engineers (1980), the East
Creek channel drains 14.5 km? and
streamflow is from Courtland, Peralta,

and Seminary Creeks; Damon Channel
drains 26.4 km? and streamflow is from
Lion Creek and Arroyo Viejo; and the
Elmhurst and San Leandro Channels
drain 6.0 and 124 km?, respectively, and
streamflow is from Elmhurst and San
Leandro Creeks (figs. 1 and 2).

The drainage basins of all streams
draining into San Leandro Bay contain
large areas of gently sloping urban,
suburban, and industrial land. The
headwaters of Arroyo Viejo and San
Leandro Creek drain steep nonurbanized
land. Flow in the upper 11.1 km? of the
San Leandro Creek drainage basin is
controlled by reservoirs operated by the
East Bay Municipal Utilities District.
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Circulation of water within San
Leandro Bay with water in San Francisco
Bay is limited to flow through the Oak-
land tidal and San Leandro Bay chan-
nels. The Oakland tidal channel is
83.5 m wide and about 5.5 m deep (U.S.
Army Corps of Engineers, 1980). The
San Leandro Channel is about 200 m
wide and, based on a recent bathymetric
survey (Alameda County Flood Control
and Water Conservation District, 1983),
the average depth is 3.1 m where it
enters San Leandro Bay.

PREVIOUS STUDIES

San Leandro Bay

The most notable sedimentation pre-
viously reported occurred where the
San Leandro Bay channel enters San
Francisco Bay. The U.S. Army Corps
of Engineers (1980) reported that this
area has become progressively more
shallow since the early 1900's. Before
1900, this channel was 3 to 4.5 m deep,
but, by the mid-1950's, parts of the
channel west of Bay Farm lIsland were
filled to the level of the surrounding
mudflats. The U.S. Army Corps of En-
gineers (1980) indicated that this period
of sedimentation corresponded to opening
the Oakland tidal channel. They sug-
gested that decreased flushing veloci-
ties, caused by opening this additional
connection to San Francisco Bay, pro-
moted deposition of sediment transported
to this area by littoral drift along the
shore of San Francisco Bay.

The U.S. Army Corps of Engineers
(1980) suggested that opening the Oak-

land tidal channel decreased tidal-
flushing velocities, particularly in the
San Leandro Bay channel. This theory

was partially based on a preliminary
hydrodynamic survey conducted by Brown
and Caldwell Consultants (1979). Drogue
releases indicated that tidal flow from
San Leandro Bay occurred primarily
through the Oakland tidal channel
(Brown and Caldwell Consultants, 1979).
During a one-half tidal cycle, flow out of

San Leandro Bay occurred for 7 hours
through the Oakland tidal channel but
for only 3.5 to 4 hours through the San
Leandro Bay channel.

As previously mentioned, this theory
was based partially on the study of
Brown and Caldwell Consultants (1979).
The decrease in tidal flow discussed by
Brown and Caldwell Consultants (1979) is
particularly significant when the work of
Van Straaten and Kuenen (1958) is con-
sidered. Van Straaten and Kuenen
(1958) showed that under calm condi-
tions, the ebb current (flow out of a
bay or tidal flat) is not able to remove
all particles deposited by flood currents
(flow into a bay or tidal flat). Particles
deposited by flood currents settle so far
inland that ebbtides are not always able
to remove them. Van Straaten and
Kuenen (1958) stressed that this situa-
tion occurs only during periods of calm,
and storms play a major, but unclear,
role in determining long-term sedimenta-
tion. The work of Van Straaten and
Kuenen (1958) is mentioned to demon-
strate that there may be a tendency for
net sedimentation within embayments,
such as San Leandro Bay, even without
the effects of manmade changes in bay
configuration.

San Francisco Bay

Sedimentation in San Francisco Bay has
been the subject of numerous investiga-
tions. Findings of several of these re-
ports are summarized below because they
also are relevant to understanding pro-
cesses responsible for controlling sedi-
mentation in San Leandro Bay and
present sedimentation data with which
to compare data collected in San Leandro
Bay.

Gilbert (1917, p. 86-88) recognized
that large inputs of terrestrial sediment
could promote sedimentation and cause
expansion of marshland within the San
Francisco Bay system. Most of the in-
creased sediment supply noted by Gilbert
(1917) came from hydraulic mining activi-

Previous Studies 5



ties in the Sierra Nevada foothills during
the mid-1800's. Rapid marsh expansion
occurred during the late 19th century as
a result of large quantities of sediment
released by mining. Gilbert (1917, p.
102-103) also noted that when levees
prevented exchange of water with sur-
rounding marshes, sediment accumulated
in tidal sloughs because tidal currents
were slackened.

Atwater and others (1979) demonstrat-
ed that the distribution of marshes is
strongly controlled by rates of sedimen-
tation and land submergence. They il-
lustrated that when submergence, the
rise of sea level relative to the land sur-
face, exceeded sedimentation rates, the
extent of tidal marshes decreased. Con-
versely, when sedimentation rates ex-
ceeded submergence rates, marsh area
increased. Historic rises in mean sea
level averaged about 0.2 cm/a (Atwater
and others, 1979, fig. 1).

Processes controlling sediment circula-
tion and sediment deposition in San
Francisco Bay are outlined by Conomos
and Peterson (1977) and Krone (1979).
Sediment entering the bay from tributary
drainages consist mainly of silt- and
clay-size material. Most of this sediment
enters the bay during high streamflow
in winter months. This sediment is
resuspended by waves generated by
onshore winds during spring and summer
and is redistributed throughout the bay
by tidal- and wind-driven currents.
The effectiveness of winds in suspending
deposited sediment decreases rapidly
with water depth. In shallow areas,
wind-generated waves generally exert
sufficient shear stress to resuspend silt
and clay. As water depth increases,
bed-shear stress decreases and waves
lose the force necessary to overcome
shear strength of the deposit.

Fuller (1982, p. 174) compiled a sedi-
ment budget for South San Francisco
Bay based on inventories of lead-210 and
cesium-137. This budget indicates that
South  San Francisco Bay retains
1.0 £ 0.4 x 101! grams of sediment per

6 Sediment, San Leandro Bay, CA

year. This accounts for one-third of
the estimated fine-grained input from
local streams (Porterfield, 1980).
Fuller (1982) estimated that sediment
accumulation in South San Francisco Bay
averages 0.03 (g/cm?)/a (about 0.04
cm/a) but that sedimentation rates in
deep-water areas exceed those in shallow
areas.

STUDY METHODS

Isotope Studies

Lead-210

Recent sediment-accumulation rates in
San Leandro Bay were investigated using
the radioisotope lead-210. Lead-210 as
well as radioisotopes of thorium are used
to estimate sedimentation rates in vari-
ous depositional environments because
these elements are strongly bound to
sediment particles and their precursors
in the process of radioactive decay are
relatively soluble. Lead-210 is par-
ticularly well suited for determining
recent sediment-accumulation rates be-
cause of its ‘short half-life of 22.3
years. Lead-210 is used to estimate
sediment-accumulation rates in lakes
(Robbins and Edgington, 1975; Schroeder,
1985, Domonik and others, 1981; and
Davis and others, 1984) and in coastal
marine environments (Bruland and others,
1974; Benninger, 1976; and Fuller,
1982). The maximum dating range using
lead-210 is generally about 100 vyears.

Lead-210 is produced in the atmos-
phere by decay of radon-222, which
emanates primarily from continental
sources (Turekian and others, 1977).
Lead-210 is rapidly removed from the
atmosphere by rain, snow, and dry fali-
out. Once in the water column, lead-210
is rapidly attached to sediment particles.
These particles settle, along with parti-
cles bearing excess lead-210 from sur-
rounding land surfaces, in depositional
sites. In addition to direct fallout,
lead-210 is produced by decay of
radium-226 in the sediment column. In



sediment deposited within about the last
100 years, the activity of lead-210 is
greater than the activity of radium-226
because of the additional atmospheric
input of lead-210. Lead-210 is also sup-
plied by stream runoff and by decay
of radium-226 in the water column
(Benninger, 1976). Input of radium-226
is negligible in San Francisco Bay due to
its shallow depth (Fuller, 1982). The
activity, which is unsupported by direct
decay of radium-226 and represents
primarily atmospheric input, is termed
excess lead-210 activity. The quantity
of excess activity is a function of the
half-life of lead-210 and length of time
since burial.

Three general conditions must be met
to successfully use lead-210 to estimate
rates of sediment accumulation:

1) The flux of lead-210 to the sedi-
ments must be constant,

2) The sedimentation rate must be
constant during the dating period,
and

3) Lead-210 must not be mobile in
the sediment column.

Thompson and others (1975) deter-
mined that lead-210 is immobile in marine
sediment. Fuller (1982) determined this
to be true also for sediment in San
Francisco Bay. Assuming that excess
lead-210 on incoming particles is con-
stant, sedimentation rates are calcu-
lated from the exponential decrease of
lead-210 activity with depth. Sedimen-
tation rates are calculated from the slope
of this profile using the following
relationship:

- -(Y/S)Z
Cz = C,e (1)

where
C_ is activity of excess lead-210, in

disintegrations per minute per
gram;

Y is decay constant for lead-210,
in years;
S is sedimentation rate, in centi-

meters per annum;

Z is depth in sediment column, in
centimeters; and

C _is excess lead-210 activity of
surface sediment, in disinte-
grations per minute per gram.

The natural log (In) of this expression,

lnCZ = InCO - (Y/S)Z (2)

is used to determine the slope (Y/S) by
linear regression. The resulting sedi-
mentation rate, S, does not account for
sediment compaction. The accumulation
rate [(g/cm?)/a] can be calculated by
multiplying S by the mass of dry sedi-
ment per cubic centimeters of wet sedi-
ment, P . P is assumed to be
equivalent to values measured by Fuller
(1982) (0.6 g/cm3 for the upper 4 cm of
sediment and 0.75 g/cm?® for sediment
below the upper 4 cm).

The above procedure assumes that post-
depositional reworking of sediment by
biologic or physical processes has not
occurred. Such downward mixing of sur-
face sediment results in calculated
sedimentation rates that are anomalously
high (Benninger and others, 1979 and
Peng and others, 1979). In addition,
resuspension of surface sediment may
cause an exchange of older particles in
the sediment column with younger parti-
cles. This may result in an activity
profile that indicates sediment accumula-
tion when in fact no sedimentation is
occurring (Fuller, 1982). In systems
where these processes are possibly oper-
ating, such as in shallow water
embayments like San Leandro Bay, the
use of equation 1 may overestimate
sedimentation rates.

Study Methods 7



As an alternative to equation 1, the
sediment-accumulation rate can be deter-
mined using the mass-balance method.
This method calculates the sediment-
accumulation rate by integrating excess

lead-210 activity over depth by the
following equation:
CWW =Y s Cz dz (3)
where
CW is excess lead-210 activity of
incoming particles, in disinte-

grations per minute per gram; and

W is sediment-accumulation rate, in
grams per square centimeter per
annum.

The integral term in equation 3 is equal
to the integrated excess lead-210 activi-
ty, or flux of lead-210 to the sediment
(atoms per square centimeter per minute).
Integrated excess lead-210  activity
therefore represents the summation of
activity per cubic centimeter over
depth. The activity per volume of wet
sediment was calculated by multiplying
activity per gram of dry sediment by
the mass of dry sediment per cubic cen-
timeter of wet sediment, Pgff/. Inter-
vals not analyzed were assumed to have
an activity equal to the average of adja-
cent intervals. The use of equation 3,
as does use of equation 1, assumes that
excess activity of incoming particles
is constant. If the lead-210 activity
of incoming particles is known, the accu-
mulation rate determined using equation
3, unlike equation 1, is independent of
sediment mixing and compaction (Fuller,
1982, p. 96).

Cesium-137

The distribution of cesium-137 in sedi-
ment of San Leandro Bay was determined
in an attempt to verify sedimentation
rates estimated using lead-210 and to
estimate the extent of reworking or
mixing of sediments. Cesium-137 was
introduced to the atmosphere by above-
ground nuclear detonations. This man-
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made fission product is deposited on
the Earth's surface by processes simi-
lar to those that deposit lead-210.
Cesium-137 was first recorded as fallout
in the San Francisco Bay area in 1954
and reached peak fallout in 1963 (HASL,
1977).  Assuming that sediments were
not disturbed and that cesium-137 is im-
mobile in the sediment column, the maxi-
mum depth of cesium-137 activity marks
surfaces deposited in the mid-1950's and
the location of maximum cesium-137 activ-
ity marks surfaces of the mid-1960's.
Cesium~137 has been used as a marker to
determine sedimentation rates in lakes
(Robbins and Edgington, 1975 and
Dominik and others, 1981) and estuaries
(Olsen and others, 1981 and Donoghue,
1981). Cesium-137 is associated with
fine-grained sediments and is generally
attached to clay-sized particles by ion
exchange. The use of cesium~137, as
does use of lead-210, depends on the
assumption that cesium-137 is immobile in
the sediment column.

Field Methods

Ten sediment core samples were taken
from San Leandro Bay during January
and February 1984, These cores were
taken by pushing 7.6-cm diameter clear
plastic core liners into the bottom sedi-
ments by hand, capping the top of the
core liner, and extracting the core liner
and core by hand. Cores were taken
from a boat during periods of changing
tide. Water depths during sampling
ranged from 0.15 to 0.91 m. Following
extraction, cores were examined for com-
pleteness and for evidence of biotur-
bation as indicated by the presence
of macrofauna and their burrows. Evi-
dence of excessive bioturbation was not
found on the outside of any core.

Following extraction, cores were
extruded from the core liner and sub-
divided into 4 cm sections. The outside

edges of these subsamples were discarded
to avoid material that may have been
dragged down sides of the core liner
during insertion or core extrusion.



Subsamples were further examined for
evidence of bioturbation and nonhomo-
geneous composition. Some small worms
were noted at a depth of 12 cm in core
SLB06 with one small worm at a depth of
22 cm. Shell fragments were in several
cores to a depth of 12 cm but live
mollusks were not found. The top &4
cm of all cores contained a light brown
noncompacted flocculated material. This
material was interpreted to represent the
upper layer of bottom sediment and indi-
cated that cores were undisturbed dur-
ing collection. Most material below this
upper layer consisted of homogeneous
gray-green mud intermixed with small
quantities of shell fragments.

Analytical Methods

A total of 24 subsamples from four
cores (SLBO1, SLBO5, SLBO08, and
SLB09; fig. 3) were analyzed by the
Denver Central Laboratory of the
U.S. Geological Survey for lead-210,
radium-226, and cesium-137 activity by

gamma spectrometry. These cores were
chosen for analysis because they were
collected from widely spaced locations
within the bay. Analyses of these cores
were performed on intervals of 4 cm
depth which were air dried, ground, and
well mixed. Shell fragments greater
than 1T mm were removed before analysis.

Bathymetric Surveys

The bathymetry of San Leandro Bay
was surveyed in August 1983 for the
Alameda County Flood Control and Water
Conservation District. This survey was
conducted using a fathometer and re-
ported bathymetry at a contour interval
of 0.03 m. In addition to the bathy-
metric survey done in 1983, bathymetric
data are available for all or part of
San Leandro Bay from surveys conducted
in 1856, 1929, 1954, and 1981. The
1856 survey includes data from 14
survey lines across the bay and is avail-
able from the California State Lands

. cm.

Commission, Sacramento, as Hydro-
graphic Survey H-628. The 1929 and
1956 surveys were conducted by the
U.S. Coast and Geodetic Survey. The
1929 survey contains data for only
dredged areas of the bay and the 1956
survey contains only a small quantity of
data immediately west of the Bay Farm
Island Bridge. The 1981 survey was
done by the National Oceanic and Atmo-
spheric Administration (1981) and con-
tains a high density of data points
within San Leandro Bay. In addition to
these general surveys, detailed
bathymetric data were collected before
and after dredging of the rectangular
channel at the mouth of San Leandro
Creek (William E. Hanvenor, Port of
Oakland, written commun., 1984).

RESULTS OF INVESTIGATION

Isotope Studies

Results of isotope analyses are summa-
rized in table 1 and activity of lead-210,
radium-226, and cesium-137 versus depth
are plotted in figure 4. Excess lead-210
activity was determined for individual
samples by subtracting the core average
activity of radium-226 from lead-210 ac-
tivity for individual samples. lead-210
activity at sites of the four cores ana-

lyzed seems to decrease exponentially
with depth. Lead-210 activity reaches
the level of activity supported by

radium-226 between depths of 16 and 24
Cesium-137 activity for these cores
extends as deep or deeper than the max-
imum depth of excess lead-210 activity.
A maximum in cesium-137 activity, which
would mark the period around 1963, was
found only in core SLBO01. This peak,
however, was too broad to be used to
cstimate a sedimentation rate.

Sediment-accumulation rates were cal-
culated from lead-210 profiles using
equations 1 and 3 at sites SLB01 and
SLB08 (table 1, columns 4, 5, and 6).
Data were insufficient at the other
two sites to fit an exponential profile.

Results of Investigation 9
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TABLE 1.--Summary of radioisotope data from San Leandro Bay sediment cores

[Errors shown are relative errors associated with counting isotope activity]

W in column 4 and S in column 7 are calculated from equation 3 using C

Francisco Bay of 2.3+0.4 dpm/g (Fuller, 1982).

W in column 5 and S in column 8 are calculated from equation 3 using C

surface (0 to 4 cm) sediment (0.6 dpm/g).

equal to baywide yearly average for San

equal to average excess activity of

W in column 6 and S in column 9 are calculated from equation 1 (see text).

Integrated Ratio Ratio

excess integrated Integrated integrated
Core lead-210 lead-210 Sediment-accumulation Sedimentation rate (S), cesium-137  cesium-137

activity2 activity rate (W), in (gm/cm2)/a in cm/a actlvity activity

(dpm/em2) (pCi/cm) Fallout!
m (2) (3) (4) (5) (6) (7) (8) (9) (10) an
SLB01  5.6%1.0 1.240.3 0.0740.01 0,29+0.07 0.30£0.07 0.09+0.01 0.39+0.07 0.40%0.07 4.6%0.1 1.6%0.2
SLB0O5 5.3%0.9 1.140.2 0.06%0.01 0.27+0.06 - 0.08+0.01 0.36%0.06 (2) 2.6%0.1 0.90.1
SLB08 2.9%0.7 0.6%0.2 0.03+0.01 0,15+0.04 0.11+0.04 0.04+0.01 0,20%0.04 0.15+0.04 3.2+0.1 1.1+0.,1
SLB09 2.8+0.7 0.6+0.2 0.03+0.01 0.15%0.05 - 0.04+0.01 0.20%0.05 (2) 2.3%0.1 0.840.1
LFallout cesium-137 activity from HASL (1977) records; decay corrected (see Fuller, 1982).

2lnsufficient data to fit profile using equation (1).

Sediment-accumulation rates at these two
sites were determined using only equa-
tion 3, the mass-balance method. The
mass-balance method yielded accumulation
rates ranging from 0.03 to 0.07
(g/cm?)/a (table 1, column 4) when the
excess activity of incoming particles
(Cy) was assumed to equal the baywide
yearly average for southern San Francis-
co Bay (Fuller, 1982). Accumulation
rates of 0.15 to 0.30 g/cm? were ob-
tained when incoming particle activity
(Cw) was assumed equivalent to the
average surface (0-4 cm) excess lead-210
activity for all four cores. By assigning
this surface interval activity to Cy in
equation 3, the calculated accumulation
rate should be equivalent to that ob-
tained by equation 1. This equivalence
can be seen from the agreement of rates
calculated by both methods for cores
SLB01 and SLB08. Therefore, the accu-
mulation and sedimentation rates for
cores SLB05 and SLB09 in columns 5 and
8 (table 1) can be substituted for those
in columns 6 and 9 since the exponential
method could not be used at those sites.
Sediment-accumulation rates (grams per
square centimeter per annum) in table 1,

columns 4-6 were converted to sedimen-
tation rates (centimeter per annum) by
dividing by Pggg (0.75) to yield the
values in columns 5—9

The discrepancy between the mass-
balance method (table 1, columns 4 and
7) and the exponential method (columns
6 and 9) may be the result of several
factors. The value of Cy from South
San Francisco Bay may be an over-
estimate of the actual incoming par-
ticle activity of deposited sediments if
there is significant input of lower activi-
ty sediments derived from shoreline ero-
sion and terrestrial runoff. Thus, the
rate calculated by this method would be
a lower limit of the net-accumulation
rate. Alternatively, physical and biolog-
ical reworking of the sediment column
may mix higher activity particles down-
ward, thus modifying the shape of the
activity profile. These mixing processes
result in an overestimate of the accumu-
lation rate by the exponential method
(Peng and others, 1979; Benninger and
others, 1979; and Fuller, 1982). The
possibility of sediment reworking cannot
be eliminated because some small worms

Results of Investigation 11
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FIGURE 4.— Plot of lead-210, radium-226, and cesium-137 activity versus depth for cores SLBO1, SLBOS,

SLB08, and SLB09. Estimated error is that associated with counting isotope activity. Sedimentation rates
shown were determined using equation 1.
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were noted in core SLB06 to a depth of
22 cm and because X-radiographs were
not taken of cores to confirm the pres-
ence of laminations. Therefore, the
rates calculated by the exponential
method must be assumed to be upper
limits of the true rates. Conversely,
since the activity of depositing particles
in San Leandro Bay is not well estab-
lished, the use of the South San Fran-
cisco Bay yearly average value for Cy
measured by Fuller (1982) must result in
a lower limit for the calculated accumula-
tion rates. The use of a radioisotope
with a much shorter half-life or with a
different input history for comparison to
the lead-210 activity profile would allow
estimation of the magnitude of sediment
reworking and correction for this effect
(Peng and others, 1979 and Robbins and
Edgington, 1975). Activity profiles of
cesium-137 were measured on the San
Leandro Bay cores for this purpose, but
those data are of limited use.

Sediment-accumulation rates estimated
from the maximum depth of cesium-137
penetration are unrealistically high
when compared with values determined
from the lead-210 profiles. If the depth
of maximum cesium-137 penetration rep-
resents sediment deposited in 1954, esti-
mates of sediment-accumulation rates
range between 0.6 and 1.0 cm/a. Such
a contrast in rates estimated using the
cesium-137 and lead-210 data was not
unexpected after examining the depth
profiles of these isotopes. The depth of
maximum penetration of cesium-137
(which should represent 1954 surfaces)
is at least as deep as the maximum ex-
cess lead-210 depth (which should repre-
sent about 100 years of accumulation).
As an alternative to assuming that the
1952 horizon is represented by the maxi-
mum depth of cesium-137, this horizon
could be assumed to equal the point were
cesium-137 activity begins to decrease
exponentially (12 cm at sites SLB01 and
SLB08). This method yields accumula-
tion rates of 0.4 cm/a and agrees well
with the lead-210 derived rate for SLBO1
but is a factor of two greater than the

14 Sediment San Leandro Bay, CA

rate estimated for SLLB08. The unrealis-
tic high rates indicated by the
cesium-137 data result because there has
been significant postdepositional migra-
tion of cesium-137 in the sediment
column.

Measurements of distribution coef-
ficients indicate that cesium-137 is more
likely than lead-210 to be mobile within
the sediment column, Distribution coef-
ficients are a measure of the equilibrium
concentration of the isotope per gram of
solid (concentration per gram) relative to
concentration per milliliter (or cubic cen-
timeter) in solution. Distribution coef-
ficients of lead-210 in San Francisco
Bay were determined by Fuller (1982) to
be on the order of 10° cm3/g while va-
lues of distribution coefficients for
cesium-137 were several orders of magni-
tude lower than those for lead-210.
Duursma and Eisma (1973) found
cesium-137 distribution coefficients on
the order of 103 cm3/g; more recent
studies by Sholkovitz and others (1983)
and Santschi and others (1984) found
distribution coefficients for cesium-137 in
marine systems of 5 x 10! to 7 x 102
cm3/g. Sholkovitz and others (1983)
and Santschi and others (1984) noted
that their results indicated that trans-
port of cesium-137 in pore waters is a
potentially significant process. The
much lower distribution coefficients for
cesium-137 imply that cesium-137 is at
least two orders of magnitude more solu-
ble than lead-210.

The work of Duursma and Eisma (1973)
indicated that cesium-137 distribution is
largely controlled by ion exchange for
potassium and stable cesium on clays.
Because partitioning by ion exchange is
an equilibrium (that is, reversible) pro-

cess, cesium-137 dissolved in pore
waters migrates away from zones of
higher total activity following depo-
sition. This causes a shift in equili-

brium and results in release of cesium-137
from the particles to the pore water and
causes equilibrium to be reestablished.



As the dissolved cesium-137 migrates, it
also reequilibrates with the particles
it contacts. These processes occur con-
currently to maintain a concentration
gradient in the pore water and thus
cause the cesium-137 to be redistributed
away from zones of higher activity. For
a distribution coefficient of 102 cm3/g, a
mean diffusional distance of about 8 cm
is estimated for a 30-year period (Fuller,
1982, p. 139). Therefore, postdeposi-
tional migration of cesium-137 accounts in
part for the differences observed in the

activity profiles of cesium-137 and
lead-210. This result indicates that
the use of cesium-137 as an indicator

of sediment-accumulation rates in marine
systems is not reliable in systems with
low-accumulation rates. Mobility of
cesium-137 in such environments would
produce apparent sedimentation rates
in excess of true rates.

Since the possibility of sediment re-
working cannot be eliminated, or com-
pensated for, and since postdepositional
migration of cesium-137 independent of
sediment particles is likely, better
estimates of sediment-accumulation rates
cannot be established. From the argu-
ments presented in the preceding para-
graphs, we conclude that only a range of
sediment-accumulation rates «can Dbe
derived from this data set. The range
for each core are shown as grams per
square centimeter per annum in col-
umns 4 and 6 of table 1 and as centime-
ters per annum in columns 7 and 9.

Ratios of integrated excess lead-210
activity to integrated excess activity ex-
pected from delivery by direct fallout
(Fuller and Hammond, 1983) are less
than 1--ranging from 0.6 to 1.0 (table
1). Ratios of integrated cesium-137 ac-
tivity to direct fallout delivery (Fuller,
1982 p. 139) are also low (table 1).
These low ratios indicate that inventories
of excess lead-210 and cesium-137 can be
supported by direct fallout to the sur-
face of San Leandro Bay and that net
input of excess lead-210 or cesium-137
by sediment entering San Leandro Bay,
from either adjacent drainages or open
water of San Francisco Bay, is minimal.

Bathymetric Surveys

Changes in bathymetry of San Leandro
Bay were assessed by comparing the sur-
vey of 1856 with the survey of 1983,
These two surveys were compared be-
cause they provide the longest and most
detailed record available. Results of
comparing the 1856 and 1983 surveys are
shown in figure 5. Because the survey
done in August 1983 (Alameda County
Flood Control and Water Conservation
District, 1984) was referenced to NGVD
of 1929, the 1983 data were converted
to a datum of mean lower-low water be-
fore comparison could be made. A sur-
vey of tidal datums done in 1983 by the
U.S. National Oceanic and Atmospheric
Administration shows that NGVD of 1929
is 0.896 m above mean lower-iow water
at the Oakland Airport. The 1983 data
were converted to a datum of mean lower-
low water by subtracting 0.896 m from
depths shown on the 1984 survey. Be-
cause the 1856 survey reported depths
only to the nearest 0.30 m, the 1983
data also were rounded to the same
precision. The 1856 survey was pre-
sumably done wusing a lead-sounding
weight as opposed to the fathometer
used in 1984, This variation in col-
lection methods probably introduced
some discrepancy in the two data sets
because the lead weight probably sank
into the soft bottom sediment to some
unknown depth. Such discrepancies have
not been compensated for because the
depth to which the lead-sounding weight
may have sunk into the sediment is
unknown,

Inspection of figure 5 shows that the
greatest changes in bathymetry occurred
in the vicinity of the San Leandro Bay

Channel. Deposition up to 2.75 m
occurred in this area. Changes farther
back in San Leandro Bay were much

less. Water depths were generally the
same during both surveys with a few
readings differing by 0.3 m. One set of
readings in the middle of the bay
showed 1.2 m of fill and another showed
0.6 m of fill. In general, however,
bathymetric changes between 1856 and
1984, in the interior and eastern parts

Results of Investigation 15
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of San Leandro Bay,
enough
surveys.

were not large
to be measured by the two

Sedimentation in the channel dredged
at the mouth of San Leandro Creek be-
tween 1948 and 1983 was determined by
comparing bathymetry presented in the
1948 postdredging survey and in the
1983 bathymetric map. Volumes of sedi-
ment that accumulated between 1948 and
1983 are shown in table 2. Examples of
filling that occurred along cross profiles
of the channel are shown in figure 6.
The volumes of fill shown in table 2 were
calculated by applying the fill measured

TABLE 2.--Sedimentation in channel
dredged at mouth of San Leandro
Creek, September 1948 to August
1983

(See figure 3 for location of
cross profile)

. Volume
Fill at R .
" Distance of fill
Cross cross profiles between between
profile Average cross cross
No. depth  Total profiles profiles
(m) (m?) (m) (m?)

00+00 5.2 889.1
152.4 132,314

05+00 4.9 847.3
152.4 136,276

10+00 5.6 941 .1
152.4 138,112

15+00 5.3 871.4
152.4 147,249

20+00 6.5 1,061.0
152.4 167,922

25+00 6.9 1,142.7
106.7 128,867

28+50 10.4 1,272.8
Total fill - 850,740

at cross profiles, which were generally
spaced 152 m apart, and applying that
fill to one-half the length of channel be-
tween individual cross profiles. Average
depths of fill ranged from 4.9 to 10.4 m
for the 35-year period. These values
represent average annual sedimentation
rates of between 14 and 30 cm/a. The
greatest filling occurred on the bayward
(or northern) end of the channel, away
from the mouth of San Leandro Creek.

DISCUSSION OF RESULTS

Sedimentation Rates and Submergence

Sedimentation rates in San Leandro
Bay, in the vicinity of the San Leandro
Bay channel, are much higher than can
be explained from submergence rates
measured in South San Francisco Bay.
Atwater and others (1979, table 2)
showed that historic submergence rates
have averaged 0.1 to 0.2 cm/a. During
the 128 vyears between 1856 and 1984,
such submergence would yield a total of
12.8 to 25.6 cm, whereas deposition of
as much as 275 cm was recorded in the
vicinity of the San Leandro Bay channel.
The range of sedimentation rates deter-
mined for cores SLB01, SLB05, SLBO0S,
and SLB09 are, depending upon the ac-
tivity of incoming lead-210 used in cal-
culation, within or slightly more than the
range of submergence rates reported by
Atwater and others (1979). When C is
assumed equal to values found by Fuller
(1982) throughout San Francisco Bay,
sedimentation rates (table 1, columns 4
and 7) are below submergence rates.
When C is assumed equal to average
excess activity of surface sediment,
sedimentation rates (table 1, columns 5,
6, 8, and 9) are equal to or higher than
submergence rates. Available data do
not allow better resolution of the range
of rates. The bathymetric data in figure
5 tend to indicate that a rate of 0.4
cm/a probably did not persist for the
128-year period between 1856 and 1984.

Discussion of Results 17
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Such rates probably would have pro-
duced filling of more than 50 cm and
therefore would have been discernible
from data presented in figure 5.

Sedimentation rates in the deeper
dredged areas were much higher than
those in the more common, shallow areas.
In shallow areas, shear stress applied by
tidal currents and wind-generated waves
keep sediment in suspension and inhibit
deposition [see summary of Krone (1979)
in "Previous Studies" section]. At sites
of cores SLB08 and SLB09, shear stress
applied by tidal currents and wind-
generated waves is apparently greater or
sediment supply is less than at sites of
SLB01 and SLBO05. Sedimentation rates
at SLB01 and SLB05 are about twice
those at SLLB08 and SLBO09.

Effects of Changes in

Bay Configuration

The high rates of sedimentation in the
vicinity of the San Leandro Bay channel
can be explained by considering the
major changes that occurred historically
in the configuration of San Leandro Bay
and surrounding marshes. Effects of
opening the Oakland tidal channel are
shown by the U.S. Army Corps of Engi-
neers (1980) and Brown and Caldwell
Consultants (1980). These two studies
indicate that opening the Oakland tidal
channel has dispersed the flow of water
entering and leaving San Leandro Bay
during changing tides and therefore de-
creased tidal-flushing velocities. This in
turn has caused rapid sedimentation in
the vicinity of the San Leandro Bay
channel. Tidal velocities undoubtedly are
decreased in other parts of San Leandro
Bay due to opening the Oakland tidal
channel, but effects in these areas are
probably less than in the constriction
formed by the San Leandro Bay channel.

Another factor probably responsible
for the high sedimentation rates in San
Leandro Bay is the vast reduction of
marsh areas during the 1900's. Gilbert
(1917, p. 75-79 and 123-138) recognized
that tidal marshes are important in stor-
ing water in the tidal prism. Marshes
receive water during rising tide and re-
lease it through sloughs during falling
tide. When water is prevented from
entering marsh  areas, tidal  flow
through sloughs serving those areas is
shut off and sedimentation results (Gil-
bert, 1917, p. 102-103). Prior to the
time when manmade modification removed
most of the marsh adjacent to San
Leandro Bay, much of the open bay wa-
ter consisted of sloughs serving these
marshes. Airport Channel drained a
large marsh at the present site of the
Oakland Airport; the rectangular area at
the mouth of San Leandro Channel
drained marshes on the south side of the
bay; and the East Creek and Damon
Channels drained small marsh areas on
the east side of the bay.

The magnitude of the effect of de-
creased marsh area on the tidal prism
can be estimated using data provided by
Gilbert (1917). He estimated that
marshes bordering the east side of San
Francisco Bay had an effective depth of
storage of 0.16 m. The U.S. Army
Corps of Engineers (1980) indicated that
marsh area in San Leandro Bay de-
creased by 782 hm between 1922 and
1977. Applying Gilbert's (1917) figures
indicates that the tidal prism in San
Leandro Bay has decreased by 1.25 x
106 m3. The remaining 28 hm of marsh
would have an effective tidal prism of
0.04 x 105 m3, The range between mean
high water and mean low water at the
Oakland Airport is 1.46 m (John Monser,
Alameda County Flood Control and Water
Conservation District, oral commun.,
1984). This is very close to the 1.43 m
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estimated by Gilbert (1917) for the mean
depth of the effective tidal prism in
southern San Francisco Bay. Applying
the 1.46 m mean tidal range measured at
the Oakland Airport to the 2.59 km? of
open water in San Leandro Bay indicates
an effective tidal prism of 3.78 x 106
m3. The present tidal prism can be es-
timated as 3.82 x 106 m3. Using these
figures, the loss of marshland in San
Leandro Bay has decreased the quantity
of the tidal prism by 25 percent. It
should be stressed that Gilbert's data
are for the main body of San Francisco
Bay and that flow into and out of San
Leandro Bay may cause variation in
these figures. The data used should,
however, provide a reasonable approxi-
mation of the effects of the decrease in
marshlands on the tidal prism. Given
the large effect indicated by this esti-
mate, it seems reasonable to expect
increased sedimentation in what used to
be sloughs serving marshland of San
Leandro Bay.

As mentioned above, sedimentation
rates at sites of cores SLBO1 and SLBO05
were about twice those at sites of SLB08
and SLB09. Sites SLB01 and SLB05
drained large areas of marshland prior to
changes in bay configuration. In addi-
tion to being sites that drained preexist-
ing marshland, these sites are sheltered
from prevailing winds. Wind direction
and frequency at the Oakland Airport
are shown in figure 7. This figure il-
lustrates the dominance of westerly
winds. Sites SLB01 and SLBO05 are shel-
tered from westerly winds and have little
open water to the west which means that
wind-generated waves in those areas
should be small when compared with lo-
cations of cores SLB08 and SLB09.

Sediment Sources

Sediment deposited in San Leandro Bay
may come from (1) resuspension of bot-
tom sediments within San Leandro Bay,
(2) erosion of shorelines and marshes
adjacent to San Leandro Bay, (3) water
circulating from San Francisco Bay, or
(4) direct input from drainage basins

20 Sediment, San Leandro Bay, CA

draining into San Leandro Bay. The
quantity of sediment available from the
first three of these sources is partic-
ularly difficult to estimate. There are
some data, however, that can be used to
determine the role of sediment from the
fourth source, terrestrial drainages, in
contributing sediment to San Leandro
Bay. For this reason, the quantity of
sediment deposited in San Leandro Bay
between 1948 and 1983 was estimated and
the degree to which sediment coming di-
rectly from terrestrial drainages could be
expected to account for that volume of
sediment was assessed.

The total volume of sediment deposited
in San Leandro Bay between 1948 and
1983 is estimated to be between 1,213,000
and 1,364,000 m3. Fill in the 0.20 km

area dredged at the mouth of San
Leandro Channel was to 850,740 m3
{table 2). Because sedimentation rates

in the vicinity of the San Leandro Bay
channel were so high, rates in that area
were calculated separately from rates in
the remaining shallow areas. Using data
from figure 5, sedimentation rates in the
0.40 km? to the east of the Bay Farm
Island Bridge averaged 0.7 cm/a. Be-
cause much of this rapid sedimentation
probably occurred after 1922, the aver-
age of 0.7 cm/a probably represents a
conservative estimate. Rates since 1922
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FIGURE 7.— Cross product of wind direction and frequency at the
Oakland International Airport (from Conomos, 1979).



were probably much higher. If a
sedimentation rate of 0.7 cm/a existed
between 1948 and 1983, 321,000 m3 of
sediment would have been deposited in
this 0.40 km? area. Assuming sedimen-
tation rates in the remaining shallow
parts of San Leandro Bay averaged be-
tween 0.06 and 0.28 cm/a (the average
of values in column 7 and columns 8 and
9, table 1), total sedimentation for the
35-year period in the 1.96 km? of re-
maining open water would have been be-
tween 41,160 m3 and 192,080 m3.

Because postdredging bathymetry is
not available for the Airport Channel,
fil in this area was estimated only as
shallow water deposition. Combining
values for the area east of Bay Farm lIs-
land Bridge, the dredged channel, and
shallow water deposition yields an esti-
mated total deposition between 1948 and
1983 of between 1,213,000 and 1,364,000
m3. Using an average bulk density val-
ue of 0.75 g/cm3 measured by Fuller
(1982, p. 200) for a shallow sediment
core in San Francisco Bay, yields aver-
age annual deposition of between 26,000
and 29,200 Mg/a. An average annual
sediment yield would require between 153
and 173 Mg/km? of silt- and clay-size
material from the 169 km? drainage area
to account for this estimated deposition.

Sediment vyields from streams entering
San Leandro Bay were not measured.
Some data exist for Cull Creek which
drains relatively erosive terrain adjacent
to the southern end of the San Leandro
Creek basin. These data indicate that,
although high sediment yields are possi-
ble from steep upland areas, much of
this sediment can be trapped by reser-
voirs downstream of these rapidly
eroding areas. Sediment-discharge data
for two gaging stations on Cull Creek
are shown in table 3. Sediment data
were collected downstream of the reser-
voir only in 1979,  Although sediment
yields of more than 2,800 Mg/km?
(greater than the values needed to main-
tain sedimentation) are possible upstream
of the reservoir, the reservoir was
quite affective in trapping sediment in
1979--decreasing the yield by 96 percent.

TABLE 3.--Total sediment yield
for Cull Creek

Total
Station name Water sediment yield
and No. year Mg Mg/km?
Cull Creek above 1979 8,474 470
Cul!l Creek 1980 43,038 2,869
Reservoir 1981 1,294 19,6
11180960
Cull Creek below 1979 338 20.3
Cull Creek
Reservoir
11180965

Sediment vyield from the Cull Creek
drainage basin should be used only to
place limits on potential vyields from
drainages entering San Leandro Bay.
Data from Cull Creek represent an upper
limit of yields to be expected from ter-
rain draining into San Leandro Bay be-
cause terrain in the upper reaches of
Cull Creek seems to be eroding at least

as rapidly, and probably more rapidly
than, terrain in San Leandro Creek or
Arroyo Viejo drainage basins (Jack
Lindley, Alameda County Flood Control
and Water Conservation District, oral
commun., 1984),

The effectiveness of the Cull Creek

Reservoir in trapping sediment indicates
that sediment yields from upper reaches
of San Leandro Creek can only be ex-
pected to be a fraction of values needed
to produce the estimated sedimentation
in San Leandro Bay. Reservoirs in the
San Leandro Creek basin control flow in
89 percent of that drainage basin which
represents 65 percent of the total area
draining into San Leandro Bay. The
Arroyo Viejo drainage basin drains some
upland areas, and could conceivably
have an average annual sediment yield as
high as 152 to 173 Mg/km?, but drains
only 10 percent of the area draining
into San Leandro Bay.
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Sediment yields from the more gently
sloping, suburban and urban land along
downstream reaches are unknown but
are assumed to be low due to the gentie
slopes and highly engineered nature of
channels in that area. In addition, total
sediment yields listed in table 3 repre-
sent all size fractions of sediment. Sed-
iment deposited in San Leandro Bay is
dominated by only silt- and clay-size ma-
terial (table 4). To completely estimate
the role of drainage-basin sediment in
supplying sediment to San Leandro Bay
would require information on the size
distribution of supplied sediment and
some estimate of the length of time nec-
essary to weather coarse material to siit
and clay sizes.

Evidence From Isotope Studies

The low ratios of integrated excess
lead-210 activity and cesium-137 activity
to fallout (table 1, columns 3 and 11)
imply that sediment particles deposited
in San Leandro Bay have a low compo-
nent of particles recently derived from
terrestrial drainage systems or from the

open part of San Francisco Bay. This
does not preclude input of sediment from
these outside sources but indicates that
net sediment input from such areas is
not particularly voluminous. This con-
clusion is based on the reported excess
lead-210 activity of suspended sediment
in South San Francisco Bay and in the
Sacramento-San Joaquin River delta,
which are 1.9 to 3.8 dpm/g and 3.7
dpm/g, respectively (Fuller, 1982), and
on the assumption that particles entering
San Leandro Bay from terrestrial drain-
age systems or San Francisco Bay have
similar activities to these measured val-
ues. In addition, data presented by
Fuller (1982) indicate that there is no
reason to believe that the lead-210 activ-
ity of sediment recently deposited in San
Leandro Bay is any less than the activi-
ty of incoming sediment. Fuller (1982)
found that the lead-210 activity of recent
sediment was independent of sediment
size (in the fraction less than 0.062
mm). This means that there should be
no tendency for the somewhat coarser
sediment, which should settle out first in
San Leandro Bay, to be any different,
isotopically, from the sediment measured
by Fuller. -

TABLE 4.,--Size distribution of sediment in core SLB06

(Core was analyzed using sieve and pipet analysis outline by Guy, 1969)

Percent finer than, in millimeters

intcécr,":/iﬂ 0.002 0.004 0.008 0.016 0.031 0.062 0.125 0.25 0.5
(cm) clay silt sand
0-4 38 42 50 58 69 84 94 99 100
8-12 41 48 54 63 74 85 94 98 100
16-20 by 51 60 74 89 97 99 100 100
24-28 61 72 86 95 98 100 100 100 100
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SUMMARY AND ADDITIONAL STUDIES

Data discussed in this report indicate
that sedimentation rates in parts of San
Leandro Bay near the San Leandro Bay
channel are high when viewed in light of
submergence rates, and that changes in
configuration of the bay have been the
likely cause of these high rates. Open-
ing the Oakland tidal channel decreased
tidal-flushing velocities, and removal of
97 percent of marshland surrounding
the bay has decreased the tidal prism by
about 25 percent. In shallow areas away
from the San Leandro Bay channel,
highest rates of sedimentation were in
areas that are protected from prevailing
winds and formerly received tidal flow
from marshlands.

Inventories of lead-210 and cesium-137
indicate that little of the sediment de-
posited in San Leandro Bay during the
20th century came from drainage basins
adjacent to the bay or was recently de-
livered to San Francisco Bay. Low sedi-
ment yields from drainages adjacent to
San Leandro Bay also are indicated by
data available for 1979 from upstream
and downstream of the reservoir on Cull
Creek. Combining the isotope invento-
ries with the sediment-yield data indi-
cates that much of the sediment
deposited within San Leandro Bay is
coming from resuspension of bottom ma-
terial or from erosion of marshes and(or)
shorelines of San Leandro Bay and(or)
San Francisco Bay.

The present data base was collected
for a preliminary analysis of rates and
causes of sedimentation in San Leandro
Bay and leaves some questions about
the exact sedimentation rates in shallow

areas and the source of sediment being
deposited. The activity of lead-210 on
sediment suspended in the water column
was not measured, nor were sediment
yields of streams draining into San
Leandro Bay. Measurement of lead-210
activity on incoming sediment would allow
better estimates of sedimentation rates
using the mass-balance method and there-
fore correct for uncertainties caused
by possible bioturbation.

Sediment-yield data are available only
for Cull Creek, which drains land adja-
cent to basins that drain into San
Leandro Bay. Even data from this basin
are available only for 1979. The role of
tributary streams in supplying sediment
to San Leandro Bay could be better de-
fined by direct measurement of sediment
entering the bay. Isotope inventories
indicate that little recently deposited
sediment is entering San Leandro Bay.
Although this tends to indicate that net
sediment input from outside San Leandro
Bay is minimal, it does not preclude the
possibility that older sediment is being
resuspended from the bottom of San
Francisco Bay ar eroded from shores or
marshes of San Francisco Bay and trans-
ported into San Leandro Bay by tidal
flow. Measurement of flow and sediment
concentrations of tidal currents would
better define the role of tidal flow from
San Francisco Bay in supplying sediment
to San Leandro Bay. Finally, estimates
of sedimentation rates in shallow areas of
San Leandro Bay are based on data from
only four widely spaced sediment cores.
Better definition of the spatial variabil-
ity of sedimentation rates could be ob-
tained if additional cores were collected
and analyzed.
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