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APPENDIX A
STUDY AREA TODAY AND IN THE FUTURE
STUDY AREA TODAY
A-1. DESCRIPTION OF THE STUDY AREA

a. Land Area. The San Francisco Bay and Delta estuary and its
adjacent land area occupy some 10,000 square miles in west-central
California. The land area relating to the estuary encompasses 12
counties: the nine Bay counties of San Francisco, San Mateo, Santa
Clara, Alameda, Contra Costa, Solano, Napa, Sonoma, and Marin; and
the three Delta counties of Sacramento, San Joaquin and Yolo
(Figure A-1). The 12-county study area is the same as that used in
the recently completed study for the State of California San Francisco
Bay-Delta Water Quality Control Program. 1/

Two major factors define the study area as a region for waste-
water management consideration. The first is the estuarine system,
which is one of the great resources of the nation, and reflects a
transitive aquatic ecological system ranging from ocean water at the
Golden Gate to essentially fresh water in the eastern Delta. This
aquatic chain-of-life includes spawning and breeding grounds for
fisheries with far-reaching effects on both ocean resources and head-
waters in the tributary area. Marshland conditions are vital to a
variety of wildlife, particularly the waterfowl using the Pacific Fly-
way. Recreation opportunities of all types are associated with the
waterway system. The second major factor defining the study area is
that the topography of the 12 counties provides favorable physical
linkages for county-wide development and social configuration. From
an institutional viewpoint, it would be both reasonable and logical
to combine the county governmental entities to effect a regional system.

About 80 percent of the 12-county land area is tributary to the
Bay and Delta estuarine system. Fringe portions of Marin, Sonoma, San
Francisco, San Mateo and Santa Clara counties drain to the Pacific Ocean
either directly or by way of streams not tributary to the Bay.

The State of California's investigation of the Central Valley
and San Francisco Bay, relative to water quality management, included
the same study area as selected for this report. The State study,
entitled "San Francisco Bay-Delta Water Quality Control Program,' was
conducted by a consortium headed by the firm of Kaiser Engineers, and
was completed in 1969. Substantial information presented in the present
report was extracted from the Bay-Delta Program Report.

1/ San Francisco Bay-Delta Water Quality Control Program, Final Report

to the State of California; Kaiser Engineers, 1969. (This report is
referred to hereafter as the “Bay-Delta Program.')
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b. Bay and Delta Estuary. The Bay and Delta estuary originally
comprised about 1,800 square miles of tidal waters, approximately 700
square miles for the San Francisco Bay system, and 1,100 square miles
for the Delta and the tidal marshes and lowlands formed by the con-
fluence of the lower Sacramento and San Joaquin River drainage systems.

The estuary was created through a combination of geological
events, erosion and rise in sea level, which established a breach in
the California Coast Ranges, which separate the Pacific Ocean from the
great Central Valley. The breach allowed ocean waters to ingress into
a portion of the valley and enabled an otherwise "trapped" drainage
system to discharge into the Pacific Ocean.

The seaward approaches to the Golden Gate are characterized by
a rather broad, shallow shelf. Most of the shelf is less than 30 fathoms
(180 feet) deep, and the immediate approaches to the Golden Gate are less
than 10 fathoms (60 feet) deep. A shallaw semicircular bar reduces the
ocean entrance depth westward of the Golden Gate. Shallowness is also
a salient characteristic of the entire Bay and Delta estuary, 80 percent
of San Francisco Bay being less than 30 feet deep, 70 percent less than
18 feet deep.

The entire estuary is strongly influenced by the tides; it
takes about 2 hours for the tide to propagate from the Golden Gate to
the most southern reach of San Francisco Bay and between 7 and 8 hours
to propagate to the upper tidal reaches of the Sacramento and San
Joaquin Rivers. The average tidal range is about 5 feet at the Golden
Gate, 8 feet at the southern end of San Francisco Bay, and 3 feet in
the Delta, with extreme ranges some 2 to 3 feet greater. Varied bathy-
metry and channel constrictions induce large variations in tidal current
velocities and mixing.

Climatologically, the area is characterized by scant rainfall
and high evaporation (about 48 inches, more than twice the annual precip-
itation for San Francisco Bay system) during more than 8 months of the
year. Precipitation is concentrated during the winter months, as can
be seen from Table A-l.

A-2
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3 TABLE A-1
AVERAGE MONTHLY PRECIPITATION AT

SELECTED STATIONS IN 12-COUNTY AREA (INCHES)

o
o ~~
- v - o
5 ¥ @ L G T
Eg 3 ] g : g% S8 B5
£ g0 ot o B SE 3K
§2 & 28 & 3 23 52 32
JAN 4.0 2.7 4.9 2.7 9.6 3.2 2.6 3.8
FEB 3.5 2.6 4.3 2.4 6.8 3.0 2.5 3.2
MAR 2.7 1.9 3.3 2.0 4.2 2.4 2.1 2.4
4 APR 1.3 1.1 T ) 1.0 3.1 1.4 iy 1.4
& MAY .5 4 .9 .5 1.1 .6 % .7
JUN = .1 .2 i1 .2 o 1 .1
JUL .0 .0 .0 .0 .0 .0 .0 .0
: AUG .0 .0 .0 .0 .0 .0 .0 .0
; SEP 02 01 vz -1 -6 02 02 .2
! m .7 .6 1.2 .6 1.5 .8 .6 .8
NOV 1.6 1.1 2.3 1.1 3.0 1.5 1.2 7
DEC 4.1 2.6 4.9 2.8 7.9 3.2 2.7 3.6
TOTAL 18.7 13.2 23.9 133 38.0 16.4 13.5 17.9

Source: Climatic Summary of the United States, Supplement for 1951 through
1960, California; U.S. Dept. of Commerce, Weather Bureau.

Figures are rounded to tenths of an inch.
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Hydrologically, before man regulated the fresh-water outflow
of the Sacramento-San Joaquin River systems, the area was characterized
by large transient runoff discharges during the late fall-winter, early
spring rainy period, and by marked increase during the late spring of
outflow from streams draining the snow-melt area of the northern Coast
Range, southern Cascades, and Sierra Nevada. Minimal flow prevailed
during all other periods. The distribution of Delta flows during
the year is shown in Figure A-2 under three conditions: natural
(before water development projects), present, and projected for the
year 2020.

Under natural conditions the large variations in fresh-water
influxes, coupled with high evaporation rates, resulted in marked
salinity variations throughout the system. The shallowness of the
seaward approaches to the Golden Gate also restricted the properties
of the ingressing ocean water mass to those of the mixed-upper thermo-
cline layers, salinity variations between surface and bottom being
one part per thousand or less, and temperature differences between the
surface and the bottom being at most 8 degrees centigrade.

During periods of high runoff, large amounts of sediments
enter the Bay and Delta system; these contain a high percentage of
clay minerals with an average cation-exchange capacity of about 30
milliequivalents per 100 grams of whole sediment.

Oceanographically, the Bay and Delta estuary is a compound,
partially mixed estuary, which can be subdivided into two distinct but
very closely interrela;gd segments:

(1) The San Francisco Bay System. The San Francisco Bay
system, which comprises Suisun, San Pablo, and San Francisco Bays,
extends east from the Golden Gate to Pittsburg and southeast to the
vicinity of San Jose (Figure A-3). The only connection with the
Pacific Ocean is through the Golden Gate. The perimeter of the Bay
System contains substantial marshland areas.

The San Francisco Bay drainage basin, as distinguished
from the overall tributary area to the Bay, totals some 4,000 square
‘miles, of which 425 square miles are the Bay's water surface at mean
high water. The Bay's shoreline is about 275 miles long at mean high
water and contains substantial marshland areas. Prior to man's recla-
mation of the Bay's marshlands and water areas for residential, agri-
cultural, port and industrial purposes, San Francisco Bay covered an
area of about 700 square miles.

Approximately 300 miles of navigation channels have been
dredged in the Bay-Delta estuary. Spoill from the initial dredging and
from some of the subsequent maintenance dredging was used for reclama-
tion of the %ay shoreline. Maintenance dredging of the existing navi-
gation channels amounts to ahout eight million cubic yards annually.
Spoil from maintenance dredging is currently redeposited in various
parts of the Bay.

A-4
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The Bay system is a bifurcated, compound, modified estuary.
Although it has several small tributary streams, the only local fresh-
water influx occurs during sporadic periods of runoff during the rainy
season. The vast majority of fresh water that enters the system comes
from the Sacramento and San Joaquin River systems via the Delta.

okt it St

The Bay system is hydrologically divisible into three
regimes: the South Bay, south of the Oakland - San Francisco Bay Bridge;
the Central Bay, extending from San Francisco northward to San Pablo
Point; and the North Bay, from San Pablo Point eastward to Chipps Island,
near Pittsburg.

The North Bay is a true estuary with fresh-water inflow at
its head and strong intermixing of fresh and salt water in the Suisun
Bay and Carquinez Strait reaches. ' 'The basic circulation is typically
that of a two-layer system, with net outflow of lower-salinity waters
in the upper layers and net inflow of higher-salinity water in the
bottom layers. Brackish water, the result of intermixture of salt
and fresh water, discharges into San Pablo Bay.

The Central Bay, lying directly inland from the Golden
Gate, is the main mixing area ‘between the ocean waters and the brackish
discharges from Carquinez Strait.

The South Bay is an evaporative cul de sac with almost no
fresh-water influx and a sluggish circulation controlled primarily by
tidal effects and transient meteorological conditions. During part of
the year it is actually a "negative estuary," i.e., there is a net
movement of water into, rather than out of, the inlet. Brackish water
from Carquinez Strait, diverted to South Bay by winds and tidal action,
contributes to the flushing of South Bay. The water mass properties of
South Bay closely reflect those of the slightly modified oceanic waters
of 'Central Bay. The well-defined, typically estuarine two-layer circula-
tion system prevailing in Central and North Bays does not appear to prevail
in South Bay, except during periods of peak fresh-water runoff.

(2) Sacramento and San Joaquin Delta. The Delta encompasses
an area of over 1,100 square miles. The Delta, roughly triangular in
. shape, extends from Chipps Island on the west, near Pittsburg, to
Saeramento on the north, and Vernalis on the south, near the San
Joaquin River (Figure A-4). All waters originating in the Central Valley,
except those in the Tulare Lake basin, drain through the Delta to San
Francisco Bay and thence to the Pacific Ocean. The Delta waterways,
about 700 miles of meandering channels with a water surface area of more
than 75 square miles, are subject to tidal action originating at the
Golden Gate. The remaining land area is divided between the Delta up-
lands and lowlands. The Delta lowlands are composed of more than 50
reclaimed islands with a total land area of 700 square miles. These islands,

A-5




inclosed by levees, lie from five feet above to more than 20 feet
below mean sea level. The Delta is mainly an agricultural area but
its waterways are intensively used for fishing, boating and water
skiing. Separate deep-water navigation channels extend from
Pittsburg to Sacramento and to Stockton.

As previously mentioned, the Central Valley drains into the
Delta. The Central Valley can be divided into the Sacramento River
sub-basin to the north of the Delta and the San Joaquin River sub-
basin to the south. The Sacramento River sub-basin is about 25,000
square miles in area and the San Joaquin sub-basin (excluding Tulare
Lake basin) is some 19,000 square miles.
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A diffuse salt wedge is present in the western reaches of the
Delta. Agricultural production in the Delta requires the control
of saline intrusion. The location of the saline front is at present
somewhat stabilized in the vicinity of Antioch by the regulation
of outflows from dams such as Shasta Dam in Shasta County (Figure
A-5).

c. Ocean Area Seaward of San Francisco Bay. The Pacific Ocean
area seaward of the Golden Gate consists of a broad continental shelf.
As defined by the 600-foot depth contour, the shelf i1s about 30
statute miles wide with a slope of about 23 feet per mile. The Farallon
Islands are located near the seaward limits of the shelf. The shelf
gradually decreases in width north and south of the Farallones, Located
on the shelf about eight miles from the Golden Gate Bridge is a semi-
circular bar with depths of 36 feet or less. The bar, which reduces
the entrance depth to the Golden Gate, has been improved for navigation
by means of a dredged channel with a depth of 50 feet; authorized to be
deepened to a depth of 55 feet.

d. Geology.

(1) General. The 12-county area encompasses parts of two
geomorphic provinces of California, the Coast Ranges and the Great
Valley. Each province is characterized by distinctive natural topo-
graphical and geological features. The Coast Ranges comprise a series
of nearly parallel mountain ranges and valleys that trend in a north-
westerly direction and rise to elevations of over 4,000 feet. This
trend is largely controlled by the geologic structure in the underlying
rocks, which is dominated by the active San Andreas Fault system running
nearly the full length of the Coast Ranges. In contrast, the Great Val-
ley consists of a central, comparatively flat alluvial plain, about 400
miles long and 50 miles wide, lying between the Coast Ranges and the
Sierra Nevada range to the east. Elevations in the Great Valley, with
few exceptions, range from sea level to 100 feet. The valley is drained
by the Sacramento and San Joaquin Rivers, which join in the Delta area
before entering San Francisco Bay. The southernmost part of the Great
Valley, the Tulare Lake basin, is an interior drainage basin with no
direct drainage to the sea. It is separated from the San Joaquin River
basin by a very low divide.
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The rocks of the Coast Ranges are predominantly consolidated
marine sedimentary and volcanic rocks. Unconsolidated marine sedi-
ments and alluvial deposits are also present in the valley floor and
in San Francisco Bay. Consolidated rocks in the Great Valley province
are also present, but lie at depths below thick accumulations of un-
consolidated alluvial deposits. Common to all of the alternative
wastewater management systems are the active San Andreas Fault system
and the weak, compressible, unconsolidated sediments of San Francisco
Bay and the Delta area.

(2) San Francisco Bay and Delta Area. The geologic history
of the Bay area is characterized by a long record of extensive earth
movements and seismic activity, complicated by substantial changes
in sea level during comparatively recent geologic time. The struc-
tural trough in which the Bay is located came into existence at the
end of the Pliocene epoch or early in the Pleistocene, about three
million years ago. Throughout Pleistocene time the trough was being
filled with sediments. During the interglacial stages of late
Pleistocene time, the trough was flooded by the general rise in sea
level resulting from the release of meltwater from retreating glaciers
in other parts of the world. The Bay as we know it today was inundated
as little as 15,000 years ago.- A thick layer of very soft silty clay,
known locally as "Bay Mud," was deposited during and after the melting
of the continental glaciers. The Sacramento-San Joaquin Delta area at
the head of the Bay responded likewise to the changes in sea level and is
composed of similar materials, except for the presence of thick layers
of peat.

(3) Seismic Activity. The 12-county region is located in a
well-known active seismic area. Historically, the reason for the high
seismicity is the presence of three major fault zones: the San Andreas
fault west of the Bay, the Hayward fault at the base of the Berkeley
Hills along the east side of the Bay, and the Calaveras fault on the
east side of the Berkeley Hills. All are active and are considered part
of the San Andreas Fault system. Figure A-6 shows the locations of
these faults. An active fault is one on which surface displacement has
taken place during historic time, one characterized by linear patterns
of earthquake epicenters, or one on which geologically recent materials
have been displaced. In general, earthquake-induced ground motion in
soft or loose water-saturated materials, such as along the margins of
the Bay and in the Delta area, is far more violent than in consolidated
rock. Since a substantial portion of any regional wastewater treatment
and conveyance system would be located on unconsolidated materials and
would traverse one or more of the active faults, appropriate safety
factors would have to be incorporated in the design of the structures.
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e. Hydrology. The Sacramento and San Joaquin River basins

(including Tulare Lake basin) drain about one-third of the area of
California. The two rivers are the principal source of fresh water
and are the primary means by which agricultural wastewaters are
carried from the Central Valley. Prior to any development by man
in the Central Valley, the natural outflow through the Delta, in
a normal water year, was about 30 million acre-feet (see Figure A-2).
Because of water use within the Central Valley and net exports from
its basin, the present average Delta outflow is about 18 million
acre-feet per year. As water use in the Central Valley increases
and exports from the basin grow, it is estimated that the net Delta
outflow will be as low as seven million acre-feet in year 2020.
The greater part of municipal and industrial wastewaters analyzed
in this report derive from fresh waters that are introduced into
the 12-county area as water supply diversions from the headwaters
of the two river basins.

In San Francisco Bay, local streams draining into the Bay
have a combined mean annual discharge of about 450,000 acre-feet.
The mean normal annual precipitation over the Bay's local drainage
area is 19 inches. The mean annual evaporation over the entire Bay
system is about 48 inches.

The mean tidal prism in the Bay is about 1.2 million acre-
feet. The total water volume at mean high tide in the Bay system is
about 5.5 million acre-feet. Thus, the mean tidal prism is about 21
percent of the total volume of water in the Bay.

A-2. MAN'S IMPACTS UPON THE ESTUARY

The present status of the Bay and Delta estuary is that of a
variously polluted environment, altered from its natural state by man's
agricultural, industrial, and urban activities. The transformations
produced by human activities can be described in specific terms:

a. Physical Modifications. The physical modification is best
exemplified by the extent and impacts of dredging, filling, and diking
~ of the various waterways, tidal flats, marshes and lowlands. The

most extensive physical modifications have occurred in the Delta, where
the flood plain at the confluence of the Sacramento-San Joaquin Rivers
has been completely transformed into a "polder' like, highly productive
agricultural region. The remaining marshlands of the Suisun Bay area
have been extensively diked and transformed into a managed wetland
status.

The original 680 square miles of the San Francisco Bay system
have shrunk to a little less than 425 square miles through deliberate
filling of marshlands and tidal flats.

A-9




Approximately 300 miles of navigation channels have been
dredged in the estuary. The initial dredge spoil from these projects
was mostly used for filling of land areas adjacent to the estuary. At
present these channels require maintenance dredging of approximately
8 million cubic yards of sediments per year. These sediments, which
are part of the estuary's natural regimen of circulation with the
diurnal tides, are dredged and redeposited in the estuary where they
will be carried away from the channels or out of the estuary through
the Golden Gate. Currently active dredge spoil areas are shown in
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b. Hydrologic Modifications. There is a large disparity in the
availability of fresh water in California. About 80 percent of the

runoff from the State occurs in the North Coastal area and the Sacramento
River and San Joaquin River (northern portion) drainage systems. About
40 percent of the State runoff drains through the Sacramento and San
Joaquin River systems. Approximately 70-80 percent of the State's
fresh-water demands occur south of the San Francisco Bay-Delta area.
The need for additional water south of the study area has generated
large Federal-State water projects for the collection, storage, trans-
port, and redistribution of water. A feature of the California Water
Project involves the diversion of the flow of the Sacramento River
through a "Peripheral Canal" east of and bypassing the Delta. Such
diversions, along with proposals for continued upstream development,
will reduce the net Delta outflow from the present 18 million acre-feet
per year to about 7 million acre-feet by the year 2020,

Large withdrawals of ground water for irrigation have resulted
in significant subsidence in portions of the Delta lowlands and the
portion of the Santa Clara Valley bordering South Bay.

The regulation of fresh-water discharge for salt-intrusion
control has resulted in transforming the North Bay into a “controlled"
estuarine-condition status, especially east of San Pablo Bay. A
net fresh-water head is continuously maintained, resulting in a steady-
state two-layer flow as mentioned above.

In its natural state, as a result of the combined effects of
high evaporation and large seasonal fluctuations in fresh-water influx,
the Bay and Delta estuarine system was characterized by marked varia-
tions in salinity throughout its tidal reaches. The present seasonal
salinity regime of South Bay still exhibits some of the original
estuarine conditions.

c. Bilological Modifications. The biology of the Bay-Delta
estuary has been extensively modified through the introduction of bac-
teria, pathogens, and viruses from sewage, the contribution of chemical
toxicants from industrial wastes, and the unintentional introduction of
various marine pests (oyster drills, etc.), which have caused extensive
. damage to shellfish, as well as to marine structures. The aborigine
(botanical and faunistic) characteristics of the region have been either
eradicated or extensively depleted, displaced and supplanted.

The anadromous salmonids, which once migrated by the millions
to Central Valley spawning grounds, have dwindled to about 600,000 yearly
migrants. Shad, striped bass, and other fishes have been introduced to
supplement the indigenous populations, but these fishes are now also
experiencing population declines due to pollution, reduced fresh-water
flows and water diversions in and upstream of the Delta.
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.blooms, and appreciable levels of toxicants in biota and bottom sediments

Recent instances of mass mortality of seals and sea lions,
which frequent the coastal area in the vicinity of the Golden Gate,
suggest the spread of leptospirosis, a serious microbial infection
of land mammals. Kelp, a marine alga which is both a sensitive in-
dicator of changes in the quality of the environment and part of
the normal physical habitat of some of the lower animals in the
marine food chain, once was abundant in the more oceanic portions
of the Bay, but is now gone. Much of the marshland and tule vege-
tations has been displaced by Bay fill with land development and
diked wetlands. As a result wintering waterfowls, once in the
millions, are now down to about 700,000 birds, and most of the
waterfowl areas are in private ownership.

The area is not as yet a biological desert, for many forms
still thrive. The extent of microbial contamination, however, makes
many of the forms unfit for human consumption. Presently almost all
of San Francisco Bay is closed to shellfish harvesting. Some of the
historical events that have figured in the deterioration of the area's
waters are summarized in Figure C-1 (Appendix C).

d. Geo-Biochemical Modifications. For several decades, and
especially over the last 20 years, an ever-increasing quantity and
variety of chemicals have been discharged into the estuary. At present
over 600 million gallons per day (930 cfs; 670,000 AFY) of variously
treated mixes of municipal and industrial wastes are being discharged
into the estuarine system. Until limiting orders were issued by the
California Regional Water Quality Control Board, San Francisco Bay
Region, in December 1970, about 25 million gallons of petrochemicals,
15 million gallons of steel-mill process wastes, and 22 thousand tons
of cannery wastes per year were being dumped into the ocean a few miles
offshore from the Golden Gate. These industries are now under a time
schedule in which to construct facilities to treat these wastes or to
demonstrate that dumping further at sea will not adversely affect water
quality.

The California Regional Water Quality Control Boards are dis-
cussed later in Paragraph A-5.

Increases in the frequency of fish kills, incidences of algae

are tangible evidence of the alteration of the geo-biochemical makeup
of the estuary.

A-3 ECONOMIC CONSIDERATIONS

a. Population. The population of the 12-county study area has
tripled over the past 40 years, with approximately 60 percent of the |
increase occurring in the last 20 years. The growth rate of the 12- |
county study area over the last 20 years has lagged slightly behind
that for the entire State. However, several counties within the study
area have experienced a phenomenal growth in the last 20 years (Table A-2).
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TABLE A-2

1970 POPULATION OF THE 12 COUNTIES IN STUDY AREA
AND THE PRINCIPAL METROPOLITAN CENTERS 1/

: Growth Rate Metropolitan
| County 1950-1970 2/  Population Center Population
g' Alameda 1.45 1,073,000 Oakland 363,000
~ Contra Costa 1.85 553,000
Marin 2.40 . 206,000
Napa 1.70 79,000
Sacramento 2,25 631,000 Sacramento 283,000
San Francisco .90 716,000 San Francisco 716 ,000
San Joaquin 1.45 290,000 Stockton 179,000
San Mateo 2.35 556,000
3 Santa Clara 3.65 1,065,000 San Jose 561,000
Solano 1.60 ; 170,000
' Sonoma 1.95 205,000
Yolo 2.20 92,000
Total 5,636,000
1/ Bureau of Census, figures to nearest thousand.
E | 2/ California growth rate, 1950-1970, = 1.85 (Framework Study and Bureau
E! of Census). Growth rate defined as 1970 population ¢ 1950 population.
Source: Bureau of Census.
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b. Urban Centers. The present (1970) population of the study
area, approximately 5.7 million, is concentrated in five counties
adjacent to San Francisco Bay (San Francisco, San Mateo, Santa Clara,
Alameda and Contra Costa) and in Sacramento County. The principal
metropolitan centers (cities with 1970 population in excess of 150,000)
in the study area are San Francisco, San Jose, Oakland, Sacramento
and Stockton.

c. Resources. The major natural resource of the San Francisco
Bay-Delta area is its continuous waterways; they have had a major
role in the area's commercial and manufacturing growth. During the
Gold Rush of 1849, the importance of the Bay and Delta's waterways
as transportation arteries was fully established. Petroleum is a
major example today. Although the amount of petroleum actually pro-
duced in the study area is relatively small, an extensive system of
pipelines has been constructed to bring petroleum from the Central
Valley to oil refineries located in Contra Costa County. Refined
products are then distributed via the existing waterways in the Bay-
delta and the tributary rivers. Five major oil refineries are now
located in the area, four in Contra Costa and one in Solano County.

Two other major resources of the study area are salt and
shell lime in the form of seashells found on the bottom of San
Francisco Bay pronmer. Salt is extracted by solar evaporation of
San Francisco Bay water from leveed ponds. In 1965, about 40,000
acres of ponds produced 1-1/4 million tons of salt. Shell lime is
used to make more than one million tons of Portland cement annually.

In addition to its role as transportation artery, San
Francisco Bay-Delta possesses an important fish and wildlife resource.
Sport fishing is a major recreational use of Bay-Delta waters. San
Francisco Bay is the point of entry from the Pacific Ocean for all
anadromous fishes migrating into the Sacramento-San Joaquin River
system. Similarly, the juvenile of the various species must all pass
through the Bay-Delta waters in moving to the ocean. It is estimated
that more than 70 percent of all salmon caught off the California coast
spend a part of their life cycle in San Francisco Bay. Marshlands of
the Bay and Delta are important also to migratory birds using the
Pacific Flyway.

Since World War II, new and varied industrial and commercial
enterprises have been introduced. The well-renowned universities of
the area, in many instances, have provided the embryo for this develop-
ment (electronics, and nuclear research).
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d. Land Use. Based on California Department of Water Resources
published data on land use in California for 1967, about 2,800 square
miles (1,810,000 acres) in the study area were classified as irrigated
agricultural lands. A wide range of crops are grown in the study area.
The principal patterns include fruit and nuts such as plums, walnuts
and grapes, truck crops such as tomatoes and asparagus, field crops
such as sugar beets and alfalfa, and grains such as wheat and barley.

In this same year, about 3,100 square miles of land outside
the study area were under irrigation in the Central Valley. This
development has an impact on the San Francisco Bay and Delta estuary
as return flows from such activity enter the rim of the Delta through
streamflows or the Bay and Delta through man-made drainage facilities.

In 1965, urban areas totalled about 1,280 square miles
(816,000 acres) in the study area as shown in Table A-3.

e. Industry. With the advent of World War II, California became
permanently industrialized. Approximately 2,200,000 persons are presently
employed in the study area. '

There are approximately 6,000 manufacturing enterprises in the
study area. The vast majority of these industrial concerns are connected
to municipal sewerage systems. Approximately 70 industrial dischargers

" are not connected. These dischargers treat and dispose of their wastewaters
.separately because of the special nature of their wastes, because no municipal

eystem is nearby, or because of economic considerations. Of these 70 enter-
Pprises, 26 are grouped into the following Standard Industrial Categories
according to the special nature of their wastes:

Paper and Allied Products

Petroleum Refining

Chemicals

Fabricated Metals

Steel

The remainder fit into various miscellaneous categories, the largest
of which is food processing.

Table A-4 summarizes the municipal and industrial flows for each
county in the study area for 1970. The industrial process flows include
only those from the above five categories.. The industrial cooling flows
include those from all industries.
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TABLE A-4

1970 ESTIMATED AVERAGE ANNUAL MUNICIPAL AND INDUSTRIAL FLOWS

(In mgd)
Industrial

County Municipal Process Cooling
Alameda 125 3 147
Contra Costa 53 76 2,768
Marin 17
Napa 6 4
Sacramento 83
San Francisco 95 809
San Joaquin 21 9
San Mateo 51 2 11
Santa Clara 106
Solano 21
Sonoma 5
Yolo 10 3
Totals 593 94 © 3,738

Source: State Bay-Delta Water Quality Control Program Final Report, Tables
V-6, XX-1, and XX-6b; and Task II-4, Table IV-5.

f. Agriculture. California is the nation's leading agricultural
state. Virtually all the agriculture is based on irrigation. Numerous
State and Federal water development projects have brought water from the
mountains in the northern and eastern parts of the State, and by pumping
from the Delta to the farmlands of the Central Valley. More such develop-
ments are planned for the future. The Sacramento and San Joaquin Valleys
are the principal sources of agricultural drainage entering the Bay-Delta
system. This drainage results from the uncontrolled discharge of agri-
cultural wastes to the Sacramento and San Joaquin Rivers and their
tributaries. The necessity for augmenting natural drainage as a method
of agricultural waste disposal in the San Joaquin Valley has been
acknowledged as a critical problem in recent years. This problem is
caused by the fact that the southern part of the San Joaquin Valley is
essentially a closed basin, without natural drainage, and many areas in
the northern portion are not drained effectively by the San Joaquin River
system. With the application of irrigation waters, a salt buildup in the
soil occurs. If allowed to proceed too far, such a buildup would render
the soil unfit for agriculture. Recognizing this fact, both the State
and Federal Governments have given consideration to projects for collecting
and carrying off the agricultural subsurface drainage from the San Joaquin
Valley. Until recently a jointly sponsored master drain was planned. For
reasons of its own, the State has deferred planning for design and construc-
tion of such a drain, but the USBR has proceeded with construction of the
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San Luis drain which will carry about 30 percent of the agricultural
subsurface drainage from the San Joaquin Valley, and is planned to
discharge to the Delta near Antioch.

Table A-5 shows the acreage under irrigation in the 12-county
Bay and Delta area. Some two million acres are also under irrigation
in the Central Valley, tributary to the Bay and Delta.

TABLE A-5 =
- ESTIMATED 1967 IRRIGATED LAND AREA IN THE
4 12 COUNTIES 1/ .
3 County Area (Acres)
5 Alameda 30,000
& - Contra Costa 85,000
Sacramento 200,000
: San Francisco none
San Joaquin 720,000
3 Santa Clara 100,000
: San Mateo, Marin, ¥
Napa, & Sonoma 75,000
Solono 200,000
Yolo 400,000
: _ Total 1,810,000
1/ Estimates based on land-use map from DWR Bulletin 160-70.
3 A-4. COMPARISON BETWEEN WATER QUALITY AND WATER QUALITY STANDARDS
o a. Sub-areas. To facilitate planning, the 12-county study area
L‘ has been subdivided into four waste-source sub-areas as follows:
‘i : Sub-area Counties
| A San Francisco
41 San Mateo
B Santa Clara
?&j Alameda
-
L% . B Marin
F Sonoma
L& Napa
‘,’E\ Solano .
iz c Contra Costa
A3 / ¥
E’. D Yolo
} : Sacramento

San Joaquin
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Most of the available data were developed on a county-by-county
basis. Rather than present data for 12 individual counties, and attempt
to develop alternatives for each county, it was considered that some
counties could be grouped together because of their economic, demographic,
or geographic similarity. Sub-area A is well diversified urban area and
encloses the South Bay; Sub-area B is mainly a rural and suburban non-
industrial area; Sub-area C contains the majority of industrial develop-
ment in the study area; Sub-area D can be considered as a separate unit
because of its location. Such a grouping of counties, moreover, is con-
sistent with current planning efforts by the various subregional studies
now in progress. These sub-areas are shown on Figure A-8.

b. Pollution Sources. Pollution loadings in the San Francisco
Bay and Delta area originate from several sources. The vast majority
of both flows and loads originate from municipal and industrial sources.
Agricultural wastewaters, natural runoff, and discharges from ships and
other watercraft also contribute to the overall problem.

(1) Municipal and Industrial. Figure A-9, indicates the loca-
tions of all major identifiable municipal and industrial discharges in
the 12-county area. A summary of the estimated 1970 wasteloads from
municipal and industrial sources discharged in the study area is shown
in Table A-6. Approximately 40 percent of the municipal wastewaters
receive secondary treatment, while 60 percent receive primary treatment
only. Industrial treatment processes vary, but on the average the level
of treatment is between primary and secondary. It should be noted that
the loads indicated in Table A-6 represent amounts entering the estuary
after treatment.
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