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of chloride ions in the lowlands (fig. 21) may be
the result of connate water associated with historical
marine environments and more recent problems
with saltwater contamination, or both, Most of the
areas within the 500-mg/L dissolved-solids bound-
aries of figure 21 have chloride-ion concentrations
greater than 100 mg/L, and areas within the 1,000-
mg/L boundaries have chloride-ion concentrations
greater than 250 mg/L; a chloride-ion concentration
equal to and greater than 100 mg/L. has been used
as an indication of saltwater contamination in north-
ern Santa Clara County (Iwamura, 1980). In gene-
ral, the chloride-ion concentration in well-water
samples decreases with increasing well depth; water
samples from all wells deeper than 250 m below
land surface have chloride-ion concentrations less
than 250 mg/L, and the samples with the greatest
concentrations of chloride ion (greater than 1,000-
mg/L chloride) were collected from wells less than
82 m deep.

The concentration of sodium, magnesium, and
calcium ions in ground water can affect its potential
for various uses. For example, the soap-consuming
capacity of water is typically referred to as its hard-
ness (Hem, 1985) and is a measure of the quantity
of dissolved calcium and magnesium ions. Most of
the wells in the study area (199 of the 207 wells
having adequate chemical data during 1980-90) pro-
duce water classified as hard to very hard (121 to
greater than 180 mg/L of calcium-carbonate equiva-
lent hardness). Hard to very hard waters can be ob-
jectionable for ordinary domestic purposes and have
problems with encrustations and scaling when heat-
ed. Substantial concentrations of sodium ions can
cause deflocculation of clays and damage to the soil
structure and infiltration rate of water. The sodium-
adsorption ratio is used to predict the hazard of .
sodium in irrigation water (Hem, 1985); during
1980-90, 31 of the 205 wells reported produced
water that can cause increasing to severe problems
when used for irrigation. These water samples gen-
erally were collected from wells north of Alameda
Creek, near San Francisquito Creek, and in the
coastal areas and lowlands near the bay.

Additional constituents of concern reported in
the database of Leighton and others (1994) include
boron and nitrate. Boron can be unsuitable in irriga-
tion water for sensitive crops at concentrations of
about 1 mg/L (for example, citrus trees, some nut
trees, and other fruit trees such as apricot, peach,
pear, and plum) and unsuitable for the most tolerant
crops at concentrations greater than about 4 mg/L
(Hem, 1985). Boron concentrations greater than 1.0

mg/L were reported in water samples from only a
few wells in the database, and these wells were
adjacent to south San Francisco Bay.

Excessive concentration of nitrate in drinking
water is a concern because it may cause methemo-
globinemia in small children (blue-baby disease);
nitrate concentrations greater than or equal to 45
mg/L can cause this problem (Hem, 1985). A total
of 22 wells in the study area reportedly had nitrate
concentrations greater than 45 mg/L during the per-
iod 1980-90 (fig. 22). The depth of these wells ran-
ges from 19 to 213 m below land surface (median
depth of 133 m below land surface), and the wells
are on the western side of the bay and in the coastal
areas. Webster (1972) reported a substantial part of
the east bay area as having nitrate problems in
ground water also, and this constituent may present
greater concern than implied by the reported data
available for compilation into the database. Sources
of nitrate in ground water include leaching of fer-
tilizers, seepage of sewage flows, degradation of
plant materials, and microbial activity. Identification
of nitrate sources is beyond the scope of this report,
but recent studies indicate that fertilizers and leak-
ing sewers contribute the greatest quantities of ni-
trate in ground water in the city of San Francisco
(Phillips and others, 1993).

SUMMARY AND CONCLUSIONS

Existing data in the form of published maps,
reports, and paper and digital datafiles provided by
local, State, and Federal agencies were used to con-
duct a regional assessment of geohydrologic and
water-quality conditions in the south San Francisco
Bay and Peninsula area. Well construction, subsur-
face lithology, ground-water levels, and ground-

“water-quality data were entered into a Geographic

Information System database and used to develop
various maps and conduct spatial analyses of the
data. Because resources were limited, this subset of
wells does not represent all of the sites in the study
area for which there are useful geohydrologic and
water-quality data. Additional compilation efforts
are necessary for greater data density and smaller
subregional analyses or to improve data coverage in
areas currently lacking information.

Semiconsolidated and unconsolidated sand and
gravel deposited during the Pliocene, Pleistocene,
and Holocene age form productive aquifers in the
study area. The principal aquifers are in the large
interior valley and alluvial aprons that surround
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south San Francisco Bay. These aquifers are com-
posed of a heterogeneous mixture of fine- and
coarse-grained alluvium, and it is difficult to delin-
eate distinct aquifers and aquifer boundaries. Con-
ceptually, the ground-water system consists of a
shallow zone (depths less than 45 m below land
surface) underlain by an areally extensive sequence
of fine-grained sediment separating it from a deeper
zone (depths greater than 60 m below land surface).
The underlying bedrock surface consists of local
highs and lows, which produce deep valleys of
sediment that can be more than 400 m thick in
some areas. Most wells in the shallow and deep
zones withdraw ground water under confined
conditions, but ground water in the region is found
under both unconfined and confined conditions.

Regional variability in physiographic features
was used-to delineate the following generalized
ground-water subareas: Exposed Bedrock, Uplands,
East and West Side Alluvial Aprons, Niles Cone,
Coastal, Merced, San Jose Plain, and Bay Plain.
These subareas do not necessarily conform to
discrete hydrologic units or ground-water basins.
Hence, the exchange of ground water between sub-
areas can be significant and must be quantified in
order to fully assess the implications of water-use
practices within a subarea for hydrologic conditions
in adjacent subareas. This information will be useful
for the modification of the boundaries of the ground
water subareas to more adequately reflect geohydro-
logic conditions and formulation of plans for re-
gional conjunctive-use practices.

The principal aquifers in the study area are
formed by .coarse-grained deposits of sand and
gravel associated with stream channels that drain-
ed into the Pacific Ocean and south San Francisco
Bay. Twenty-four percent of the vanablhty in trans-
missivity values reported from pumping tests is ex-
plained by the depth-averaged fraction of coarse-
grained sediment. This variability indicates that the
distribution of coarse-grained sediment can be used
to infer general trends in aquifer permeability. Ad-
ditional factors can affect the permeability of the
aquifer matrix and test conditions at the well site,
and thus, expected values of transmissivity at a
specific location can deviate considerably from val-
ues estimated from the fraction of coarse-grained
sediment.

Maximum ground-water overdrafts occurred in
the study area around 1965, at which time increas-
ing supplies of imported surface water were begin-

ning to reduce demands for ground water. Less
pumping and greater recharge due to deliveries of
imported surface water increased ground-water lev-
els and storage, which brought a temporary halt to
subsidence in northern Santa Clara County and salt-
water contamination in southern Alameda County.
Most ground-water subareas have already undergone
significant development of the resource, and a mini-
mum estimate of 1990 pumpage, as 1nd1cated by
reported well pumpage, was 179.5x10° m’. Most
wells in the study area withdraw water from depths
greater than 70 m below land surface.

Hydraulic heads generally have increased in
the study area since maximum overdraft conditions
in 1965, and in the deep zone, hydraulic heads have
increased as much as 30 to 40 m during the past
25 years. Horizontal gradients in the shallow zone
in 1990 are toward south San Francisco Bay and
the Pacific Ocean, respectively. A substantial cone
of depression in the deep zone of the Merced sub-
area indicates that horizontal flow is in a landward
direction from the bay in the southeast and the
Pacific Ocean in the northwest. Similarly, horizontal
flow in the deep zone is landward from beneath
south San Francisco Bay toward the Niles Cone
subarea and northern part of the East Side Alluvial
Apron subarea. Vertical gradients generally are
downward in the upslope recharge areas that sur-
round south San Francisco Bay, but can be upward
in the downslope areas adjacent to the bay.

The quantity and quality of dissolved consti-
tuents in ground water reflect regional geohydrol-
ogy and historical overdraft conditions. The con-
centration of dissolved solids increases from less
than 500 mg/L in the upslope areas to an excess of
1,000 mg/L in the lowlands adjacent to south San
Francisco Bay and the Pacific Ocean. Ground-water
samples from wells in the upslope areas principally
are calcium magnesium carbonate waters, whereas
in the downslope areas, sodium and chloride
become increasingly important. The increasing
importance of sodium and chloride can be attributed
to sediments deposited in marine environments
during historically high stands of San Francisco Bay
and to saltwater contamination problems during the
past 70 years. Most ground water can be classified
as hard to very hard, and some wells produce water
that can cause soil problems due to high concen-
trations of sodium when used for irrigation. The
database indicates that water samples from 22 wells
in the study area reported nitrate concentrations
greater than 45 mg/LL and may cause harm to young
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children. Previous studies indicate that the area
affected by unacceptable nitrate concentrations may
be greater than is reflected by the data in the
database.

The results presented in this report are regional
in scope, and their extrapolation into local areas of
study and smaller scales of observation may not be
warranted. Uncertainty exists in areas where data
are sparse, and additional study is necessary to as-
sess the sensitivity of the geohydrologic and water-
quality conditions described in this report to the un-
certainty levels present in the data set. Optimal allo-
cation of water resources and conjunctive use of
surface- and ground-water supplies require tools that
can forecast the response of the ground-water sys-
tem to alterations in recharge and pumping condi-
tions. From a regional perspective, this will require
greater understanding of the hydrologic interaction
between subareas within both the shallow and the
deeper aquifer systems; the quantity of recharge
moving between subareas and the general nature of
the deep aquifer system are not well understood.
The conceptual description of geohydrologic condi-
tions in this report will provide the background for
such studies, but are of limited usefulness for mak-
ing quantitative projections. Additional work would
be necessary to develop models capable of assessing
the cause and effect relation between water-resource
management decisions and the regional response of
the ground-water system.
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