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GEOLOGY, WATER RESOURCES, AND USABLE GROUND-
WATER STORAGE CAPACITY OF PART OF SOLANO
COUNTY, CALIFORNIA

By H. G. TroMassoN, Jr., F. H. OumsteD, and E. F. LERoux

ABSTRACT

The area described is confined largely to the valley-floor and foothill lands of
Solano County, which lies directly between Sacramento, the State capital, and San
Francisco. The area is considered in two subareas: The Putah area, which extends
from Putah Creek southward to the Montezuma Hills and from the foothills of
the Coast Ranges eastward to the west edge of the Yolo Bypass; and the Suisun-
Fairfield area, which is to the southwest in the notch in the Coast Ranges through
which the waters of the Great Central Valley of California reach San Francisco
Bay. There are no known hydrologic interconnections between the two subareas,
through either surface streams or underground aquifers.

The climate of the area is characterized by warm, rainless summers and by cool
winters in which temperatures seldom drop much below freezing. The rainfall
ranges from about 17 inches per year along the east side to perhaps 24 inches in
the foothills to the west, and irrigation is necessary for all crops except dry-farmed
grains, pastures, and some orchards.

PUTAH AREA

The Putah area occupies the southwestern corner of the Sacramento Valley, a
topographic and structural basin underlain by a thick accumulation of sediments
eroded from the surrounding hills and mountains by the Sacramento River and its
tributaries. The eastern Coast Ranges and foothills lying west of the Sacramento
Valley are a generally northward-trending belt of eastward-dipping sedimentary
rocks that range in age from Cretaceous to Pleistocene. Successively younger
strata are exposed eastward, and the essentially undeformed deposits of late
Pleistocene and Recent age that immediately underlie the valley lap onto the
tilted sediments of the foothills.

Most of the streams of the Putah area rise east of the high ridge of Cretaceous
rocks marking the western boundaries of Solano and Yolo Counties, but Putah
Creek, the largest stream in the area, rises far west of that ridge and flows across it
in a deep, narrow canyon. Putah Creek and the smaller streams have constructed
an alluvial plain, herein designated the Putah plain, which slopes eastward and
southeastward from the foothills toward the Sacramento River. A large part of
the Putah plain is traversed by a branching sct of distributary channel ridges or
natural levees formed at times of overflow of Putah Creek.

The rocks in the Putah area range in age from Cretaceous to Recent. For the
purposes of this investigation they are divided into eight geologic or stratigraphic
units, from youngest to oldest: (1) Stream-channel deposits, (2) younger alluvium,
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2 GEOLOGY AND WATER RESOURCES, SOLANO COUNTY, CALIF.

(3) older alluvium, (4) Tehama formation and related continental sediments, (5)
voleanic sedimentary rocks, (6) basalt, (7) undifferentiated sedimentary rocks of
Paleocene(?) and Eocene age, and (8) undifferentiated rocks of Cretaceous age.

The stream-channel deposits are predominantly loose sand and gravel along the
channel of Putah Creek. In part they are actively moving downstream and
shifting.

The younger alluvium, of Recent age, consists of flood-plain deposits under-~
lying the Putah plain, Vaca Valley, Pleasants Valley, and the small valleys in the
foothills north of Putah Creek and in the English Hills. Exposures of younger
alluvium are characterized by soils lacking significant profile development and in
many places by channel-ridge topography.

The older alluvium occupies the stratigraphic interval between the younger
alluvium and the Tehama formation and related continental sediments and is
probably of late Pleistocene age. Its contact with the underlying Tehama forma-
tion and related continental sediments is unconformable near the foothills, but it
may be gradational beneath much of the Putah plain. The base of the older
alluvium is not well defined at many places but is inferred to be at the bottom of an
irregular and ill-defined zone of coarse deposits, which ranges from about 50 feet
to more than 150 feet below the land surface. Exposures of the older alluvium are
characterized by soils that are rather poorly drained and have mature profiles.
Subsurface the older alluvium consists predominantly of fine-grained deposits,
but it includes lenses, tongues, and tabular bodies of coarse, gravelly materials
that constitute about a quarter of the total thickness. Putah Creek deposited
most of these materials in the triangular area bounded by Winters, Davis, and
Dixon.

The geologic unit designated in this report the Tehama formation and related
continental sediments includes the Tehama formation and also possible correlatives
of the Red Bluff formation and post-Red Bluff stream-terrace deposits. Owing
to the general difficulty of identifying and separating these formational units both
in exposures and subsurface, they are assembled in the one geologic (stratigraphic)
unit. The Tehama formation itself is upper Pliocene and may include lower
Pleistocene strata, according to vertebrate paleontological evidence and corre-
lation with part of the Laguna formation of the southeastern Sacramento Valley
and with the Sonoma volecanies west of the Putah area. The Red Bluff formation
and post-Red Bluff stream-terrace deposits probably are upper Pleistocene.

As exposed in the English Hills the Tehama formation consists of interbedded
conglomerate, gravel and sand, pumiceous tuff, and fine-grained strata ranging
from sandy silt to clay. The beds are lenticular, and at many places they change
abruptly in grain size, both laterally and vertically.

Beneath the central and eastern parts of the Putah plain moderately permeable
fresh-water-bearing deposits, most of which probably belong to the Tehama for-
mation and related continental sediments, extend to depths of nearly 3,000 feet.
Fine-grained sediments predominate in the subsurface, and yellowish-brown
oxidized sediments alternate with gray reduced sediments that may have been
deposited in lakes or swamps. Subsurface correlation of beds within the Tehama
is virtually impossible, although zones of predominantly fine or coarse material
can be traced beneath parts of the Putah plain.

A sequence of voleanic shale, sandstone, and conglomerate beds underlying
the Tehama formation and related continental sediments and overlying marine
strata of Eocene age is assigned to an unnamed unit designated volcanic sedimen-
tary rocks. This unit is as much as 400 feet thick where exposed in the central
and southern parts of the English Hills, but it may be considerably thicker be-
neath the southern part of the Putah plain. The age and correlation of these
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rocks are in considerable doubt; on the basis of stratigraphic evidence and litho-
logic similarity to several formations in and near the southern Sacramento Valley,
they may be Oligocene, Miocene, or Pliocene, but they are probably Miocene to
Pliocene. They are largely fine grained but include some coarser grained rocks
which probably are water bearing.

A dark fine-grained basalt occurs as both flows and dikes at Putnam Peak,
Drakes Point, and several other scattered localities in the English Hills and the
foothills north of Putah Creek. The basalt is post-Eocene and in places is as young
as Pliocene. None of it is of any importance as a present or possible future source
of ground water in the Putah area.

The seventh and eighth units in the Putah and Suisun-Fairfield areas are
marine sedimentary strata which are essentially not water bearing. They are not
subdivided into formational units. Instead, they are assigned to two geologic
units: (7) undifferentiated sedimentary rocks of Paleocene(?) and Eocene age,
and (8) undifferentiated rocks of Cretaceous age. Both units comprise siltstone,
sandstone, shale, and conglomerate, all of which are moderately to thoroughly
indurated.

Runoff from some 600 square miles of mountainous area collects in Putah
Creek, and runoff from about 60 square miles of hilly area collects in 6 small
streams to the south. The runoff occurs largely as flash floods, and in most years
the low summer flows are all diverted for irrigation or are absorbed in the valley
area as ground-water recharge.

The seepage gains and losses along Putah Creek downstream from the gaging
station near Winters in the 18 years 1932-50 ranged from a net gain of 8 or 9
cfs (cubic feet per second) in the summer of 1941 to a net loss of perhaps 25 cfs
in 1948-52 during such times as water in this amount was available in the creek.
During 1948-52 the estimaled average yearly ground-water recharge from the
creek was 13,000-14,000 acre-feet, whereas in 1941 the net ground-water discharge
to the creek was about 6,000 acre-feet. Under optimum conditions of greatly
lowered water levels and regulated flow in Putah Creek, the potential recharge
from this channel is estimated to be about 25,000 acre-feet per year.

The ground water of economic importance in the Putah area is contained in
unconsolidated sediments of Pliocene to Recent age, chiefly in the Tehama forma-
tion and related continental sediments and the older alluvium. It moves east-
ward toward the trough of the Sacramento Valley, but by 1950 most of the sub-
surface outflow had been stopped because of pumping withdrawals within the
area.

The older alluvium is more permeable than the Tehama formation and related
confinental sediments, but the great thickness of the latter unit tends to offset
this difference. Many shallow wells in the area tap only the alluvium, but all the
wells of large capacity tap sediments of both the alluvium and the Tehama for-
mation. Well yields in the southwestern part of the area range from 200 to 500
gpm (gallons per minute), whereas in the northern and eastern parts of the area
they range from 500 to 2,500 gpm.

The more permeable lenticular bodies of sand, gravel, sand and gravel, and clay
and gravel, which are in a matrix of flood-plain silt, fine sand, and clay, are inter-
connected in varying degree both horizontally and vertically. In short-term tests
water levels in nearby wells of differing depths may suggest considerable hy-
draulic separation, but in time the differences iron out and the hydrographs indi-
cate that a common water body is present within at least the first 300-500
feet below the land surface.

In April 1950 the static (nonpurping) depth to water in wells outside heavily
pumped parts of the area ranged from less than 10 feet at the east edge of the area
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to about 40 feet at the base of the hills along the west edge; there were two pumping
depressions, one 50-60 feet below the surface near Dixon and the other about 70
feet deep at the Vacaville well field.

Maps of water-level change, hydrographs, and water-level profiles show that
between April 1932 and May 1941 the water levels rose throughout the area in
amounts that ranged from less than 5 feet around the south and east edges to more
than 20 feet in one place 2-3 miles southwest of Dixon. Between May 1941 and
April 1950 the water levels declined in amounts that ranged from less than 5 feet
to about 30 feet in the same places.

Pumping draft is considered to have been negligible as of 1900 and to have
been not more than 10,000 acre-feet per year by 1912. Pumpage for irrigation
in the 11 years 1941-51 ranged from 24,000 acre-feet in 1941 to 92,000 acre-feet
in 1951. In this same period the net draft on ground water for irrigation and
other uses ranged from about 19,000 acre-feet in 1941 to perhaps 66,000 acre-feet
in 1951 and averaged about 34,000 acre-feet.

Ground-water recharge is from rainfall penetration in the valley-floor area,
seepage loss from Putah Creek and from the minor frontal streams, subsurface
flow from Yolo County on the north and from the English Hills on the west,
and applied surface water in Reclamation District 2068 to the southeast. It
appears that, under virgin conditions, potential recharge in excess of 10,000—
15,000 acre-feet per year was rejected and left the area as surface runoff, because
the underground reservoir was full. However, it appears that, under develop-
ment adequate to provide subsurface reservoir capacity in which to store all
potential recharge in a series of wet years, a long-lerm average net draft of about
40,000 acre-feet per year could be sustained without artificial recharge.

The amount of fresh-water storage at depths below the economic reach of
present-day pumping equipment is of little practical significance. The capacity
referred to in this report as total storage capacity is, arbitrarily, the capacity with-
in the depth range 20-200 feet below the land surface. The part of this total
required to level out cyclic variations in recharge from natural sources is here
designated the natural reservoir capacity, and the part that could be unwatered
and replenished artificially to augment the natural supply is here designated the
artificial reservoir capacity. The sum of the natural plus artificial reservoir ca-
pacity is commonly referred to as the usable storage capacity of a ground-water
Teservoir.

The total storage capacity of each of three depth ranges, 20-50, 50-100, and
100~-200 feet below the land surface, in 10 subdivisions of the Putah area is esti-
mated by multiplying the total volume of sediments in each by an estimated
average specific yield. (The specific yield is defined as the ratio of (1) the volume
of water which, after being saturated, a water-bearing material will yield by
gravity to (2) its own volume.) The average specific yield in each was derived
from drillers’ logs and estimates of specific yield assigned to 5 classes of material
logged, as follows: Gravel, 25 percent; sand, sand and gravel, 20 percent; fine
sand, silty sand, 10 percent; gravel and clay, 5 percent; and ‘“clay”’ (largely silt),
3 percent.

The estimated total storage capacity in the range 20-50 feet below the land
surface is 313,000 acre-feet. In the 50- to 100-foot range it is 491,000 acre-feet,
and in the 100- to 200-foot range it is 963,000 acre-feet. Thus, the total storage

. capacity is estimated to be about 1,750,000 acre-feet, equivalent to a pool of
water 14 feet deep throughout the area.

Between 1932 and 1941 the recharge to the ground-water reservoir was greater
than the ground-water discharge, and 75,000 or 80,000 acre-feet was added to
storage; whereas between 1941 and 1950 the recharge was less than the discharge
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and about 130,000 acre-feet of water was taken from storage to meet the unbalance.
Artificial recharge of imported water was not a factor in those years.

The storage capacity of the sediments subject to being unwatered by pumping
is estimated to be about 850,000 acre-feet, equivalent to an average depth of 6.6
feet; however, not all this is considered usable in view of the conditions of natural
and potential artificial replenishment that exist in the Putah area. The natural
reservoir capacity is estimated to be about 200,000 acre-feet, equivalent to a
depth of water about 1.6 feet, and the artificial reservoir capacity is estimated
to be about 400,000 acre-feet, equivalent to a pool 3.2 feet deep. Thus, of the
1,750,000 acre-feet of total ground-water storage capacity, only about 600,000
acre-feet or one-third is considered to be usable.

The artificial recharge necessary to the utilization of the artificial reservoir
capacity above doubtless can be accomplished in one or more of the following
ways. The most important possibility appears to be in the application of imported
water to the lands for the irrigation of crops. The channels of Putah Creek and
of the small streams to the south offer natural recharge facilities that might
permit the conservation of 100,000-150,000 acre-feet in a period of 5-10 wet years.
Spreading ponds on the more permeable soils might be needed to distribute the
recharge properly. The use of wells or shafts, however, appears to be the least
practicable because of the difficulty in getting large rates of flow into and away
from them in most of the area.

Most of the waters of the Putah area are of very good quality for irrigation
use, but they are too hard to be desirable for domestic and certain processing
uses. Within the first 500 feet below the land surface the water is of the mag-
nesium bicarbonate or the calcium magnesium bicarbonate type, in which the
sodium (expressed as chemical equivalents) ranges between 10 and 40 percent of
the total cations and the bicarbonate ranges between 70 and 95 percent of the
total anions. In general, the sum of determined constituents ranges between
250 and 650 ppm (parts per million) and the hardness as calcium carbonate ranges
between 150 and 450 ppm. Below the 500- to 1,000-foot depth, however, the
water is considerably softer—total hardness for 3 deep wells near Davis is 60-80
ppm, and the sodium is about 70 percent of the total cations. Throughout most
of the Putah area boron is no problem, but in the extreme southern part and also
east of Dixon the water in some wells may contain as much as 1-2 ppm. In the
eastern part of the area the shallowest wells, less than 50 feet deep, tend to show
more dissolved solids than nearby deeper wells. Evidence is not available to
show whether this is a native feature or caused by enrichment from recirculation
of irrigation water.

SUISUN-FAIRFIELD AREA

The Suisun-Fairfield area consists of the low-lying plains and adjacent foothills
north of Suisun Bay. This area is separated from the Putah area to the northeast
by a group of low bedrock ridges trending northwestward.

The rocks in the Suisun-Fairfield ares include many of the geologic units that
are found in the Putah area. The younger, fresh-water-bearing rocks comprise
younger alluvium, older alluvium, and the Sonoma voleanies; the older, essentially
non-water-bearing rocks comprise the undifferentiated sedimentary rocks of
Paleocene(?) and Eocene age and the undifferentiated rocks of Cretaceous age.

The younger alluvium, of Recent age, is made up of fluviatile silt, clay, and
sand. It yields small quantities of water to wells and transmits water downward
readily except in the vicinity of the tidal marsh north of Suisun Bay.
¢ The older alluvium, of late Pleistocene age, comprises loose to moderately
compacted silt, clay, gravel, and sand of fluviatile origin. The overall permeabil-
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ity varies widely, depending on the extent and thickness of the gravel and sand
lenses, but on the average it is considerably lower than that of the older alluvium
of the Putab area. The older alluvium probably supplies most of the water
pumped from wells, and although the thickness is somewhat greater than it is in
the Putah area—more than 200 feet near the southern margin of the valley plain—
the average yield of wells tapping mainly older alluvium is only about 200 gpm
(gallons per minute).

The Sonoma voleanics (Pliocene), which are in the same stratigraphic position
as the Tehama formation and related continental sediments in the Putah area.
are made up of interbedded tuff, tuff breccia, agglomerate, and flow rock. The
tuff beds are largely pumiceous and probably supply most of the water yielded
to wells by the Sonoma voleanics. The flows, mostly of andesite and basalt,
may yield significant amounts of water where fractured, but they are generally
dense and impervious. The overall average permeability of the Sonoma vol-
canics is substantially less than that of the overlying alluvium, and to obtain
sufficient quantities of water for irrigation wells must penetrate several bundred
feet into the volecanic rocks.

The rocks of Eocene age and older include the same formational units as those
in the Putah area, with the addition of Lower Cretaceous and possibly Upper
Jurassic strata. Most of these rocks are essentially impervious.

Most of the wells in the Suisun-Fairfield area derive water from the older and
younger alluvium, although many of the deeper wells in the western part of the
area obtain water also from the Sonoma voleanics.

North and east of Fairfield the alluvium is thin and of low permeability, and
only stock and domestic wells are obtained. In Suisun-Fairfield Valley and in
Green Valley, however, 215 irrigation wells were canvassed in 1949. Their meas-
ured discharge is relatively small, ranging from 20 to 565 gpm.

Under native conditions ground water moved from the surrounding edges of
the valley southward to discharge at and near the tidal marshes to the south.
In the area east of Fairfield and in Green Valley tbis situation was little changed
as of 1952. Southwest of Fairfield, however, a pumping depression has reversed
the gradient and stopped the subsurface discharge to the marsh.

During the 11-year period 1941-51 pumpage ranged from about 1,500 to
7,900 acre-feet per year. The net ground-water draft in this same period ranged
from about 1,000 acre-feet per year in the wet years 1941 and 1942 to as much as
4,000 or 5,000 acre-feet per year in the dry years of the late forties. The increase
in pumping was caused in part by the decrease in rainfall, but it indicated also
some increased development of ground water during the 11-year period.

The long-term supply available in the area east of Fairfield was not estimated
because of the poor quality of the water and the low permeability of the containing
sediments. As to the main valley area west of Fairfield, it is estimated that a
pumpage of about 6,000 acre-feet per year—a net draft of 3,500-4,500 acre-feet
per year—could be sustained by use of the natural reservoir capacity. In Green
Valley it appears that pumpage could be increased somewhat above the observed
1,400 acre-feet per year, but that deep wells and large pumping lifts would be
necessary for any large increase.

The estimated total ground-water storage capacity in the area west of the town
of Fairfield in the depth range 10-200 feet below the land surface is 226,000 acre-
feet. Of this total, 47,000 acre-feet is in the 10- to 50-foot range, 68,000 is in the
50- to 100-foot range, and 111,000 is in the 100- to 200-foot range. The total
capacity in terms of an equivalent depth of water ranges from 8.6 feet in the
storage unit south of Cordelia to 19.2 feet in the Green Valley unit, and averages
12.9 feet for the 3 storage units.
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The usable storage capacity in the main valley area west of Fairfield is probably
not more than 20,000-30,000 acre-feet. The usable capacity in Green Valley
may be about 10,000 acre-feet plus or minus 50 percent. None of the storage
capacity in the area south of Cordelia is considered to be usable so far as concerns
planning for any integrated program of water development. Thus, a conservative
upper limit of usable ground-water storage capacity in the Suisun-Fairfield area
is suggested to be in the range from 25,000 to 40,000 acre-feet, or only about 10-20
percent of the estimated total capacity in this area. The development of any-
where near this amount would require the construction of many deep wells into
the Sonoma volcanies and heavy pumping costs concomitant with the necessarily
deep pumping levels.

The ground water spans a wide range in chemical quality in two respects. The
specific conductance ranges from 50 to 4,330 micromhos but commonly from 500
to 1,000 micromhos. The element boron, so toxic to many plants, ranges from
an undetectable amount in 1 sample from a well drilled entirely in the Sonoma.
voleanics to 28 ppm in a 135-foot well in the valley of Ledgewood Creek and
reportedly to as much as 61 ppm in an unlocated well also in the valley of Ledge-
wood Creek. Both the dissolved solids and the boron are highest in the Creta~
ceous rocks to the north and east, and they are lowest in the alluvium and Sonoma.
voleanics in parts of the area not recharged by water from the Cretaceous rocks.

INTRODUCTION
LOCATION AND DESCRIPTION OF THE AREA

Solano County lies largely in the southwestern part of the Sacra-
mento Valley, directly between Sacramento, the State capital, and
San Francisco. (See fig. 1) It includes not only fertile valley lands
west and north of the Sacramento River, at altitudes ranging from
as much as 5 feet below sea level in the islands of the delta country
to about 150 feet above sea level at the edge of the hills, but extends
westerly into the rugged Coast Ranges where the skyline is generally
more than 2,500 feet above sea level. The southwestern part of the
county extends into the San Francisco Bay region to include the
Suisun-Fairfield area, the city of Vallejo, and important military in-
stallations at Travis Air Force Base, Mare Island, and Benicia. This
southwestern part of the county is in the notch in the Coast Ranges
through which the waters of the Central Valley of California enter the
San Francisco Bay from the delta of the Sacramento and San Joaquin
Rivers.

The area covered by this investigation and report is confined to
the valley and foothill lands, and in most parts of the report it is
considered in two subareas which are here designated the Putah area
and the Suisun-Fairfield area. The Putah ares lies wholly within the
Sacramento Valley proper (see fig. 4); it extends from the foothills
west of Winters and Vaca Valley eastward to the west edge of Yolo
Bypass and from Putah Creek on the north to the Montezums Hills
on the south. The Suisun-Fairfield area is bounded on the north and
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FIGURE 1.—Map of Solano County and vicinity showing valley-floor areas and tributary drainage area.

west by foothills of the Coast Ranges, on the south by the salt marshes
adjacent to Suisun Bay, and on the east by low ridges of consolidated
rock which crop out southeast from Vacaville to the Montezuma Hills,
and which form a barrier to any movement of ground water between
this area and the Putah area. There are no known hydrologic inter-
connections between the two areas, by way of either surface streams
or underground aquifers.

The boundaries of the area covered by this investigation were
arbitrarily established early in the investigation. Neither of the sub-
areas contains a distinct ground-water basin having well-defined geo-
logic boundaries on all sides; hence, in each subarea it was necessary
to investigate the geology and general ground-water features in the
territory that surrounds the area in which the intensive hydrologic
studies were made. As shown on figure 1, the general investigation
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in the Putah area covered about 600 square miles and the intensive
investigation with particular reference to ground-water storage capa-
city covered about 200 square miles. In the Suisun-Fairfield area
the corresponding areas were about 75 and 32 square miles.

CULTURE

Vegetation native to this part of California ranges from fairly
heavy pine and oak timber at the higher altitudes of the Coast Ranges
through scattered timber and brush on the lower slopes to grasses and
occasional oak trees on the valley floor. The mountainous areas re-
main about in the native state, but the valley lands have been con-
verted in large part to the production of agricultural crops and
lLivestock.

It was a natural step to substitute grains such as wheat and barley
for the native grasses, and from the days of the Spanish colonists to
the turn of this century, the growing of these crops by dry-farming
methods was the principal agricultural industry (Bryan, 1923, p. 1).
However, several factors have contributed to a shift in agricultural
practices that is continuing at the present time. In the first place,
the yields from dry-farming methods were relatively small and large
holdings were necessary for profitable operation. Even so, the dry
farmer was subject to almost complete crop failure in years of extreme
drought. The continuing influx of people from the East has caused
the subdivision of lands into small farms which have had to be capable
of producing high-value crops consistently in order to support the
owners.

The key to increased production lay in providing a supplemental
supply of water to stabilize the supply from rainfall and to extend
the supply throughout the normally rainless months of the growing
season. The first water for irrigation in the area was pumped from
Putah Creek, but its use was limited to lands adjacent to the channel
and to such times as the natural flow in the creek was adequate to
meet the need. The pumping of ground water in the neighborhood of
Dixon is reported by Bryan (1915, p. 21) to have begun about 1900
dand to have become important by 1907. From a field canvass made
in 1913, he reported 128 pumping plants in the “Davis-Dixon-Winters”
area, which were used to irrigate 5,696 acres (Bryan, 1923, p. 5).
That area corresponds approximately to the Putah area of this report.
Bryan reported also 3 pumping plants near Rio Vista, which were
used to irrigate 19 acres in that area, but he did not report the state
of development in the Suisun-Fairfield area.

From its beginning hardly half a century ago, irrigation with ground
water in Solano County has increased, so that as of 1950 the pumpage
in the Putah area alone was some 89,000 acre-feet. The principal ir-
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rigated crops now include alfalfa, tomatoes, apricots, almonds, wal-~
nuts, sugar beets, and irrigated pasture.

According to the 1950 census, the principal towns in the area and
their populations were Dixon, 1,714; Vacaville, 3,169; Fairfield, 3,118;
Suisun, 946; and, immediately north of the area in Yolo County,
Davis, 3,554; and Winters, 1,265. The principal industries in the
area are food-processing plants that utilize the local agricultural prod-
ucts, although military installations such as Travis Air Force Base
also provide employment for many hundreds of local residents.

STATEMENT OF THE PROBLEM

Under the climatic conditions that prevail and the type of agricul~
tural economy that has been developing during the past half century,
it is hardly surprising that the demand for water has increased
steadily. Neither is it surprising that the hitherto unused flood-~
waters of Putah Creek should be considered as the source of ultimate
supply for full development of the land resources of the area.

The U. S. Bureau of Reclamation proposed a project and has been
authorized to construct a dam on Putah Creek at the Monticello dam,
site (fig. 1), about at the Napa-Solano County line, for the purpose of
conserving floodwaters that now waste to the sea. The 1,600,000~
acre-foot reservoir thus formed will make water available for irriga-~
tion of lands in Solano County, principally in the Putah area, Vaca
Valley, and the Suisun-Fairfield area; for military installations of
Travis Air Force Base, Benicia Arsenal, and Mare Island Navy Yard ;
and for municipal use at Fairfield, Suisun, and Vallejo. (See also.
p. 316.)

The magnitude of the usable underground storage capacity beneath.
the service area of the Solano County project (essentially the Putah
and Suisun-Fairfield areas of this report) is an important element in
planning for the effective development of the water resources of the.
proposed Solano project. In order to provide basic information
needed for planning and operation studies, the Bureau of Reclama-~.
tion asked the Geological Survey to make an estimate of the total
and usable storage capacity within the depth range 20200 feet below
the land surface and to investigate other geologic and hydrologic.
features of the ground-water reservoir.

SCOPE OF THE INVESTIGATION AND PURPOSE AND SCOPE OF THIS.
REPORT

The requested objectives of the ground-water studies in Solano.
County were threefold: (1) to determine the storage capacity of the
ground-water basin or basins underlying the land-surface extent of
the proposed Solano project, (2) to ascertain the effective reservoir-
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capacity (usable storage capacity) of the ground-water basins, and (3)
to determine where and how artificial recharge could be accomplished.
About half the cost of the work was paid from Federal funds appro-
‘priated by the Congress to the Geological Survey and about half was
from funds transferred to this agency by the U. S. Bureau of Rec-
Jlamation.

The investigation by the Geological Survey reported here was made
under the supervision of J. F. Poland, district geologist in charge of
-ground-water investigations in California. The investigation was in
local charge of G. F. Worts, Jr., from April 1948 to March 1950 and
-of H. G. Thomasson, Jr., from March 1950 to termination of the work.
Fieldwork was begun by the Geological Survey in April 1948 and
was completed in 1952. It included canvass of most existing irriga-
tion wells and also all other wells for which useful information became
available, collection of well logs from owners, drillers, and public and
private agencies, and collection of all available water-level measure-
ments, chemical analyses of waters, and related geologic and hydro-
logic data.

In addition to the assembly and cataloging of existing information
concerning the area, the fieldwork included also rather detailed geo-
logic mapping of the valley-floor areas and adjacent foothill territory,
the establishment and operation of an observation-well net containing
about 100 wells measured at weekly, biweekly, or monthly intervals,
the measurement semiannually of some 500-600 wells for use in prep-
aration of the water-level contour maps, the operation of water-level
recorders at 15 wells in the study of shallow and deep wells and their
interrelation, the collection of power records back to 1941 for use in
estimating amounts of water pumped, and the collection of samples
of water for chemical analysis.

An important part of the fieldwork was the study of the Putah
Creek channel as a possible recharge facility. Fieldwork there in-
cluded exploration of the channel by means of test holes bored by
hand auger along the reach from Winters downstream to the bridge
southeast of Davis at the Yolo-Solano County line, and the measure-
ment of discharge along the channel at selected sites between the
consolidated rocks of the Coast Ranges west of Winters and the
county-line bridge for the purpose of observing rates of gain or loss
under existing conditions.

A progress report was prepared after the first 2 years of work to
outline the general ground-water conditions in the area and to sum-
marize preliminary findings relating to losses from Putah Creek
(Worts and others, 1950). The present report is under the combined
authorship of Messrs. Thomasson, Olmsted, and LeRoux; the section
on the geology of the Putah ares was prepared by Mr. Olmsted, that
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on the geology of the Suisun-Fairfield area by Mr. LeRoux, and those
on surface-water and ground-water resources and storage capacity
by Mr. Thomasson.

The purpose of this report is to present the basic data, to describe
the geology of the area as it pertains to the objectives stated above,
to summarize briefly the surface-water features of the area, and to
describe the ground-water resources of the area with particular refer-
ence to the usable storage capacity of the underground reservoirs.
The basic data not included in this report are tabulated in appendixes
at the end of this report. All data of a given group are tabulated
except for those groups in which the large volume of data available
made tabulation impracticable. For example, only selected well logs
are included which are considered to show representative conditions.
Appendix A contains descriptive data on about 1,900 wells in the
Putah area and on about 400 wells in the Suisun-Fairfield area.
Appendix B includes water-level measurements in both areas collected
from all public and private agencies and also measurements made
by the Geological Survey. Appendix C contains drillers’ logs of 149
water wells selected in the Putah area and 26 wells in the Suisun-

Fairfield area.
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CLIMATE

Although differing in details, in its broader aspects the climate
of this area is much like that of other parts of California a few miles
inland from the coast. It has been designated as a Mediterranean or
dry-summer subtropical climate in the Képpen classification system
(Trewartha, 1937, p. 191, 254). It is characterized by warm summers
having cloudless skies in the Putah area but with some morning over-
cast in the Suisun-Fairfield area, and cool winters in which tempera-
tures seldom drop much below freezing. Most of the rain falls in the
winter months and ordinarily little or none falls during the summer
growing season. Snow is practically unheard of in the valley areas,
although it occurs at higher levels in the Coast Ranges.

The Pacific Ocean exerts considerable influence on the climate
throughout Solano County. The prevailing winds blowing inland from
the ocean tend to moderate both the diurnal and the seasonal ranges of
temperature that occur in most interior valleys of California. The
effect is most pronounced in the Suisun-Fairfield area, only 30-40
miles inland, where the southwesterly winds produce an almost coastal-
type climate. Even in the Putah area, which is entirely inland from
the Coast Ranges, winds pouring through the notch in the mountains
produce a more equable climate than is found to the north or south in
the Central Valley.

Climatologic data are summarized in table 1 for the Weather Bureau
station at Sacramento, which is about 13 miles east of the station at
Davis and outside the immediate area of investigation. Concurrent
data for these 2 stations do not differ radically, and the record for
Sacramento is used here because of its length. Monthly temperature
and precipitation data from this table are also shown on figure 2 in
graphic form. For the 74 years of record, the average monthly tem-
perature at Sacramento has ranged from a minimum of 45.6°F in
January to a maximum of 74.1°F in July. The spread between the
monthly averages of the daily high and low temperatures has ranged
from 14°F in December and January to about 32°F in July and Au-
gust. The highest and lowest temperatures observed at Sacramento
during a century of public and private record were 114°F in July
1925 and 17°F in December 1932, respectively. However, the tem-
perature in summer ordinarily does not go above 100° for more than
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TasLE 1.—Climatologic data at Sacramento, Calif.
[Data from publications of U. 8. Weather Bureau]

Period | Oct. | Nov. | Dec. | Jan. Feb. | Mar.
(years)
Average daily maximum temperature
. degrees Fahrenheit. . 74 75.4 63.9 53. 52.4 58.3 63.5
Average dailyminimum temperature_.do. 74 50.7 43.6 39.4 388 42.5 45. 4
Average monthly temperature. a 4 63.0 53.8 46. 5 45.6 50. 4 54.5
Highest temperature of record._ -do. 74 101 84 71 72 80 85
Lowest temperature of record. . do.... 74 34 27 17 19 21 29
Average monthly precipitation_.___._inches.. 103 0.83 1.85 3.64 3 55 3.00 2.64
Maximum monthly precipitation. ... do.... 103 6.02 | 11.34 ] 13.40 ; 15.04 9.25 10.00
Minimum monthly precipitation -do.._. 103 0 0 0 0.15 0.04 0.04
Mazximum 24-hour precipitation..._...do.... 74 2.08 429 3 3.52 3.30 2.94
Average number of days with 0.01 inch or
more of precipitation.___.___._____________ T4 3 6 10 10 9 9
Prevailing wind direction. 74 S S S S S S
Average wind speed-........ miles per hour-. 74 6.4 6.1 6.7 7.1 7.7 8.0
Apr May | June | July | Aug. | Sept. The
year
Average daily maximum temperature
degrees Fahrenheit_.| 69.6 76.1 84.1 90.0 89.2 84.6 7.7
Average daily minimum temperature. do....{ 48.1 517 56.0 58.2 57.5 56.0 49.0
Average monthly temperature..._...__ do.... 58.8 63.9 70.0 74.1 73.3 70.3 60.4
Highest temperature of record 96 103 112 114 111 109 114
Lowest temperature of record. . 34 37 43 47 48 44 17
.45 0.70 0.13 0.02 | Trace 0.22 18.03
. 20 3.25 1.45 0.63 0, 3.62 15.04
ace 0 0 0
.24 1.94 0.82 0.07 0.20 3.14 7.24
more of precipitation.. 5 3 1 <0.51 <0.5 1 57
Prevailing wind directior S S S S S S
Average wind speed... 8.2 8.6 8.6 8.3 7.8 7.0 7.5

2 or 3 days at a time; neither does the temperature drop much below
freezing in winter. Temperatures below the middle twenties are rare.

An evaporation station has been maintained since April 1926 by
the Agricultural Experiment Station on the campus of the University
of California at Davis. Evaporation is measured in a standard U. S.
Weather Bureau pan 48 inches in diameter and 10 inches in depth;
in addition, the station equipment includes an anemometer, maximum
and minimum thermometers, and a standard rain gage. The monthly
and yearly evaporation is included in table 2, as it relates to the dis-
tribution of consumptive requirements during the year. Records of
temperature and wind movement are available for the full period of
record. The data are arranged by calendar year to span the growing
season, whereas the other climatologic and streamflow records in this
report are arranged by water years ending September 30. For the 27
years 1927-53 the average yearly evaporation was 68.3 incbes, more
than two-thirds of which occurs in the 5 months May—September and
-only about 15 percent in the 5 months November-March.

Probably the most striking feature of the local climate is the divi-
sion of the year into wet and dry seasons. (See fig. 2.) For 103 years
of precipitation record at Sacramento, some 40 percent of the yearly
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16 GEOLOGY AND WATER RESOURCES, SOLANO COUNTY, CALIF.

total of 18.0 inches falls in the 2 months December and January, 90
percent falls during the 6 months November—April, and only 2 percent
falls during the 4 months June-September. In Solano County the
distribution of rainfall during the year is not greatly different from
that shown for Sacramento.

TABLE 2.—Evaporation, in inches, at Davis, Calif., 1926-53
[Data collected by University of California, Agricultural Experiment Station]

Year Jan. | Feb. [ Mar.| Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Total
.................. 7.76|10.17 [ 11.29 | 9.99| 7.86| 4.35| 1.94] 1.45( ___.._
1.04 130315201817 932|10.68| 866 7.78) 4.8 | 134 1.39| 62.45
1.8211.94 1480|846 10.79 | 10.27 ] 9.87 | 7.62| 4.99| 1.79 65 | 63.89
2.11 1 3.8 507 ]9.03| 857)10.47| 9.63| 6.84| 521 3.41 791 65.62
20913241414 €39] 9.5410.25|10.30| 6.10 | 4.66 | 2.45| 1.50 | 61.49
1.78 1 464 | 7.06 ) 9.42 ] 9.76 | 12.08 | 11.16 | 8.30 | 4.93 | 2.86 69 | 73.48
2.13 | 461600816 10.28}11.78|10.85 | 7.76 | 6.30 | 3.83 | 1.56| 74.65
290 | 421726753 977|12.4211.09| 7.87| 598 .3.30 70 | 74.03
1.36 | 3.48 | 5,47 | 7.43| 9.06 | 11.44| 9.90| 8.64| 493, 1.8 | 1.56| 66.51
1.52 137514491 827! 9.62| 1000 9.37| 6.90] 501 | 2.16 | 1.22| 63.18
1.28 | 514 | 5.80 | 9.25| 8.39 | 11.10 | 10.22 | 8.61 | 5.54 | 2.756| 1.52| 71.06
2.073.2216.679.07| 88 |10.50] 9.8 | 7.56| 462 2.02} 1.04| 66.54
1.82 12991496880 |10.27 | 10.90 | 9.91 7.79) 419 3.66} 1.17| 67.48
3.20 | 3.85 | 7.66 { 9.23 | 11.34 | 11.53 | 10.27 | 7.58 | 5.18 | 2.70| 1.36 | 75.54
1.9913.68|544)17.98 9.43| 9.64| 843 | 6.68( 422 2.19| 1.91 62. 70
1081376 (501|711 870] 9.30( 830 854 | 565 .73 1.27| 61.54
2.00 1401 )38 |68 |10.30|10.95] 9.40| 7.58 | 4971 1.84 81 63. 32
1.54 | 2.55|5.24 | 9.9 | 9.66 ) 10.99 | 9.84| 7.73 | 4.93| 2.22| 1.69| 67.89
2481439 (424 (842 88| 9.89 ) 9.81| 878 | 487 1.68 65.28
242128 | 767730 11.14|11.31 | 9.99| 9.83| 558 | 1.78 72| 71.51
1.59 | 3.61 | 5.62 | 7.93 | 10.35 | 11.47 | 10.50 | 8.72 | 5.69 | 3.26 70| 71.02
1.33(3.50|6.91{9.87|11.2711.89|10.13| 9.30| 412 | 2.97} 1.45| 74.09
2.70 | 3.96 | 3.92 1 6.47 | 9.00 ! 11.25| 9.42| 6.95| 4.80| 3.32 64. 81
1.73 (835|721 (867 |11.82|12.37| 9.92| 852| 6.63| 254 1.32| 76.43
2.69 | 3.76(7.48]9.72| 9.84]12.37 | 10.32 | 7.84 |24.65122.35 (11.2 |274.0
1.33 | 5.33 |1 5.92|850|11.17 | 11.21 | 10.02 | 8.04 {25.34 121.99 121.49 | 71.03
1.71 |124.32 126.19 | 9.35 | 8.80 | 10.59 | 9.74 | 7.44 | 4.45|22.67{11.2 |267.7
3.37 | 4.04 | 5.46 | 6.690 | 9.45 | 11.26 | 9.24| 7.56 | 5.79 | 1.58 | 2.01 67. 56
Average..| 1.20 | 1.97 | 3.74 | 5.74 | 8.28 | 9.84 | 11.04 | 9.8 | 7.88 | 5.00{ 2.44| 1.21| 683

Percent._| 1.8 | 2.9 | 5.5 |84 (12,1 14.4 [ 16.2 | 14.4 | 1L5 7.4 3.6 1.8 | 100

L Estimated.
t Partly estimated.

Average rates of rainfall in Solano County and the adjacent trib-
utary areas to the northwest vary somewhat from place to place,
owing largely to orographic effects of the Coast Ranges to the west
and to the presence of the notch in the range that leads to San Fran-
cisco Bay. This report does not consider rainfall on the headwater
area in the Coast Ranges, other than to point out that it is heavier
there than on the valley area and that it is much heavier at the higher
altitudes. (See fig. 1.) For example, a rain gage was maintained
at the Helen Mine at an altitude of 2,750 feet on the north flank of
Mount Saint Helena from 1901 to 1921. The average yearly rainfall
there during this 21-year period was 88.3 inches, which is more than
5 times as great as the 16.6 inches at Sacramento during the same
period. From the crest of the range the precipitation decreases in
an easterly direction to become fairly uniform over the valley area.
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Table 3 presents records of monthly rainfall at 6 stations in the
valley area, which are in or closely adjacent to the area covered by
this report. As shown on figure 1, these stations pretty well encircle
the area, and they should present a reasonably dependable picture
of rainfall distribution over the area. Actually, only 5 sites are
represented because the old station at Suisun was not far from the
present station at Fairfield. During the 10 water years 1943-52,
the longest period of record common to the 5 stations, rainfall over
the northern part of the area ranged from 22.5 inches at Vacaville
to 15.4 inches at Davis, and over the southern part it ranged from
19.1 inches at Fairfield to 14.5 inches at Rio Vista a few miles south-
east of the area. By way of comparing these 10 years with longer
records, the rainfall at Sacramento for the 10 years was 17.08 inches,
for the 65-year period 1886-1950 it was 17.10 inches (almost exactly
the same), and for the 103 years of record it was 18.03 inches. At
Davis the 10-year average was 15.37 inches, whereas the 65-year
figure was 17.02 inches, and at Vacaville the 10-year average was
22.55 inches as compared to 24.78 for the 65 years. Thus, the 10-year
average at the Sacramento station is reasonably close to the average
for the much longer periods, but the 10-year average at the other 2
stations is as much as 10 percent lower than the 65-year average.

TABLE 3.—Rainfall, in inches, at six stations in and near Solano County, Calif.
[Data from publications of the U. 8. Weather Bureau]

Water | Oct. |Nov.| Dec.| Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Total
year
Darvis, Yolo County
[Altitude 51 feet]

1871-72._.110.2 { 1.20 {11.55 | 4.34 | 1.92| 0.06 | 0 0.11 {Trace | 0 Trace | Trace | 19.38
1872-73._.] 0 1L.50 | 6.50 | 1.00 | 2.26 .50 191 0 0 0 0 0 11.95
1873-74. .. 207 .27 19.68| 3.39| 1.46| 2.50 .55 251 0 0 0 18.30
1874-75...1 1.60 | 250 .10 575 0 381 0 .10 751 0 0 0 11.18
1875-76. - .16 13.86 | 260 { 3.53 | 3.69 | 3.67 | 1.01 201 0 20 .02 [ Trace | 18.94
1876-77_..1 0 0 0 2.8 | 112 50 .12 32| 0 Trace | 0 0 4.90
1877-78___ .73 34 11.00] 872 | 6.49 1.75 .66 31| 0 0 15 120,15
1878-79.__ .34 1100 .19 2.38| 2.65| 3.8 | 104 | 120 .18 0 0 12.78
1879-80... .36 (179 (2721 1.80 | 1.17| 1.16 | 7.46 5741 0 0 0 0 17.03
1880-81._.| 0 0 10.47 | 3.94| 2,12 | 119 113 0 0 0 0 23 | 19.08
1881-82.__ 1.65 | 238 | 1.28| L92| 276 | 1.13| 0 0 0 0 19 | 11.59
1882-83._.| 1.78 | 2.84 | .68 | 2.20 .71 1 3.19 1.00( 3.19| O 0 0 72 | 16,31
1883-84._ . .35 | .43 | 3.07| 3.78| 509 307 0 1.39 | 0 0 28 | 18.36
1884-85.__| 1.48 | 0 5.251 1.32 .14 10 1221 0 0 0 0 05| 9.56
1885-86___| 0 7.87 | 4.56 | 5.32 .20 1.70 | 475 051 0 0 0 0 24.45
1886-87.__ .48 10 1.81 991 6.14 .78 2031 0 0 0 0 05 | 12.28
1887-88___| 0 .50 | 2,52 | 4.23 1.10 | 2.80 .30 501 0 0 0 65 | 12.60
1888-89___| 0 5.06 | 4.20 .20 41| 6.62| 1.17 | 1.48 34| 0 0 0 19.48
1889-90___! 8.14 (3.04 {9.02| 6.36 | 3.69| 3.35| 1.60| 2.21| O 0 0 62 | 38.03
1890-91__.1 0 0 528 1.10 | 10.55 | 1.45 1.68 701 0 0 0 20.76
1891-92.__| 0 .47 | 2.51 1.72 | 2.05| 2.67 921 208 0 0 0 0 12.42
1892-93__. .81 (278 [ 6.77 | 3.43 | 409} 4.32 .85 1.56| 0 0 0 24.31
1893-94___ .10 1 297 1 2.01 3.501 2.05 94 .30 1.64 | 1.65| 0 0 93 | 16.09

See footnotes at end of table.
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TaBLE 3.—Rainfall, in inches, at siz stations in and near Solano County, Calif.—Con.

Water | Oct. |Nov.| Dec.| Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Totak
year
Davis, Yolo County—Continued

1894-95__ | 1.01]10.35|7.59 | 847 | 1.85| 1.30| 0.64| 0.44 O 0.50 1.00 | 23.15
1895-06_._|Trace | 1.16 | .03 [ 9.24 .15 2.06 | 5.86 L7110 0 32 .98 | 21.51
1896-97_.. 1.02|3.74 1223 | 3.23 | 4.13| 263 .28 .23 03] 0 Trace | 17.52
1897-98...{ 1.66 | .63 | 1.06( 1.11| 3.07 .04 24| L15 0 .25 | 9.21
1898-99___ .30 | .46 | 1.58 | 3.82 |Trace | 5.67 |Trace .31 801 0 027 0 12. 96-
1899-1900.| 3.88 | 1.88 | 1.42 | 3.55 .20 .96 .98 .40 |Trace | 0 0 0 13.27
1900-1_.__ .38 14081 .94 349 5.40 .44 | 2.33 737 0 0 0 11§ 17.90:
1901-2_...1 .83 12.69] .94 .74 702 204 | 1.04 31| 0 0 0 0 15.61
1902-3....1 2.03 11.95(205| 2,93 218 4.43 621 0 0 0 0 0 16. 19
1903-4..__ .05 [ 3.06 | 1.41 .83 1 5.05 | 7.57 .80 0 0 0 1| 3.14 ) 2172
1904-5....| 2.21 (151 )|1.55| 299 3.23} 3.23 50] 4281 0 0 .05 19.55
1905-8.... 0 1.08( .54 ] 9.01| 3.37| 7.30 b7 227 210 0 .14 | 24.55
1906-7._..] 0 1.22 ({759 481 2.28| 6.69 .35 .25 601 0 0 23.79
1907-8... .40 | .40 |3.52] 460 2.99 .86 .10 .29 0 0 .02 | 13.18.
1908-9....f .06 }1.23 | 1.81 ] 9.81| 7.20| 1.94 Trace |Trace | 0 0 .55 | 22.60
1909-10._.f .81 | .78 14.76| 1.75 .40 | 2.57 13 .02 | Trace | 0 0 .04 | 11.26.
1910-11___ 121 .30 1.6513.08| 1.79 | 531 .89 |Trace |Trace | 0 0 23.14
1911-12__f .05 .12{1.13] 208 .20 2.65) 1.37 | 112 141 0 0 1.22 | 10.68.
1912-13___ .25 1108 .33 3.43 .15 | 1.08 77 .36 071 0 Trace | 0 7.52
1913-14__.1 0 4.63 | 7.44| 9.17 | 4.35 . 1,00 . 661 0 0 0 28.70-
1914-15._1 .71 161475 4.62| 5.01) 1.69 01 220 0 0 0 0 20.05
1916-16_. 03] .53 16.03 | 1101 1.93 7 114 11 d00 0 0 .02 17 | 2L07
1916-17... .46 | .35 1 4.81 1.28 | 5.90 .61 .51 [Trace | 0 0 0 .49 | 14.41
1917-18._1 0 A2 .59 .95 1 3.59 | 3.10 821 0 0 Trace | 0 07 | 13.24
1918-19._{ .28 [ 2.19 | 1.69 | 249 | 7.12| 1.54 021 0 0 0 0 .55 | 15.88
1919-20...{ 0 .31 2.61 .37 76 | 3.47 8|0 .04 0 .04 .03} 8.46
1920-21_._} 1.46 | 4.02 | 4.39 | 5.11 .32 124 .30 261 0 0 Trace | 17.10
1921-22___ .21 1 1.6214.30 ] 229) 585 1.47 . 40 401 0 0 0 0 16. 63
1922-23___| 1.56 | 3.29 | 7.37 | 2.62 .70 |Trace | 2.22 101 0 0 Trace .35 | 18.21
1923-24 . .40 .53, .88 | 2.46 | 2.76 | 1..18 .38 05 0 0 0 0 8.64
1924-25.__| 2.05 | 1.42 | 3.55 | 1.05| 4.28| 3.10| 215} 1.63 02| 0 .03 .10 | 19.38
1925-26_ L01 [ 1.71 1 1.29 ) 3.70{ 5.50 01| 5.74 .26 0 01] 0 18.23
1926-27._.] 2.01|518| .58 | 2.18| 4.66| 1.07 | 2.48 .31 471 0 0 Trace | 18.94
1927-28.__| 1.71 1291|232 | 173} 1.62| 3.45 .75 74 0 0 14.76
1928-29_ __ 1313191274 .54} 1,56 1.34 34 .01 941 0 0 0 10.79
1929-30___ .09 3.77| 3.80 | 1.66 | 3.48 .92 .18 0 Trace .23 11413
1930-31... .69 921 .20 3.71 1.02 .85 |{Trace .80 31 0 Trace | 8.50
1931-32.__ .17 1 1.36 | 7.84 | 1.35]| 1.67 | 201 . 66 .15 [Trace | 0 0 0 15.21
1932-33.._| 0 .39 | 217 | 8.77 .66 | 1.95 05 .56 .01 |Trace | 0 .01 9.57
1933-34.__ 7010 4.8 ( 1.16 | 3.21 .10 .36 .25 441 0 Trace | Trace | 11.03-
1934-35...| .65 1| 2.51 | 2.57 | 4.87 .83 | 2.88| 4.40 {Trace! 0O Trace {Trace | 0 18.71
1935-36...] 1.03 | 1.05 [ 1.51 | 3.27 | 7.63 .95 1.32 .53 |Trace .27 1 18.06
1936-37_.. .27 .02]3.40| 238 574 | 5.53 91 0 .09 021 0 Trace | 17.64
1937-38_._ .8112921393) 3.49( 8.87| 426 111 .38 |Trace | 0 0 .09 | 25.86
1938-39_._ .76 .60 | 1.08] 1.39 .87 | 1.62 .34 241 0 .01 0 .16 | 7.07
1939-40__. .20 .081 .98 6.59| 7.42 | 3.58 .76 .64 0 0 .04 | 20.29
1940-41___ .65 11.12 862 58| 58| 3.62{ 3.87 | 183 .01] © Trace | Trace | 31.47
1941-42___| 1.16 ] 1.36 | 5.25 | 4.12| 271 | 2.05( 3.92 .67 0 .02 21.26
1942-43. __ .59 11,656 | 262 7.67 | 1.23 | 2.30 | 1.44 .25 061 0 [} 0 17.81
194344_..| .21 | 1.00 (1.45| 2.84] 6.03 .85 1.48 .96 671 0 0 0 15.49
1944451 1.19 | 3.25 | 2.24 | 1.26| 4.30 | 2.50 .04 .60 .05 | Trace |Trace | 0 15.43
1945-46___1 2.96 | 1.36 | 5.80 .90 .91 1.43 | 1.65 .40] 0 0] 0 .10 | 15.52
1046-47_._ .51 12531240 .41 2.75 | 2.84 .16 .48 431 0 0 Trace | 12.51
104748 .| 2.43| .97} .84 .51 L84 297 248 2.53 51 0 0 .35 1 14.43
194849 _ | 127 .27 [ 428 1.48] 1.37| 451 O .38( 0 Trace .05 | Trace | 13.61
1949-50___ 041121 1,69 420] 336 | 1.17 .79 051 0 0 0 .05 112,47
1950-51._.1 1.98 | 3.88 14,47 | 1.40| 1.06 | 1.00 L74 .68 |Trace | 0 Trace .01 115,22
1951-52___1 1.55 | 1.99 1 4.46 | 7.08 .99 3.22 ] LO4 .09 .23 |Trace | 0 Trace | 20.65

See footnotes at end of table,
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TABLE 3.—Rainfall, in inches, at six stations in and near Solano County, Calif—Con.

Water | Oct. { Nov.| Dec.| Jan, | Feb. | Mar. | Apr. | May { June | July | Aug. | Sept. | Total
year
Winters, Yolo County
[Altitude 132 feet]
B §17 . SO FRPRRURU SRRGIUR AN PRGN NSRRI SRRy (SRR NSRRI (R Trace | 0.00 | 0.02 |......
1942-43._.) 0.78 1209270 ] 9.11 1.59) 2.32) 1.28 | Trace| 0.04 | Trace| 0 Trace | 19.91
1 ——- . .52 1292 33 571 .14} 121 7 311 0 0 0 16,22
1844-45_. .78 | 3.60 | 2.48 .65 4.18| 3.86 .10 Jd21 0 Trace| 0 0 16.77
1945-46___| 2.50 | 1.59 | 1.25 .70 .84 1.02 .40 381 0 05 0 0 14.73
1946-47___ .18 | 2.70 | 2.76 401 2,59 3.18 .29 .11 421 0 Trace| 0 12.63
1947-48.._| 214 | .64 | .72 .67 .68 | 2.49| 4.24f 1.66 .34 0 0 .18 | 13.76
1048-49...| .86 | .14|3.89| 1..33 7] 613 0 301 0 .03 051 0 13.49
1949-50._.| 0 117 | 1.41 | 5.24 | 3.63| 1.00 .85 041 0 0 0 .09 ] 13.43
1950-51._.) 2.11 ) 5.66) 6.50 ) 2.25 .83 1.87 .52 .71 | Trace| 0 Trace .03 | 20.48
1951-52.._| 1.07 | 2.63 | 5,95 7.80F .94 | 3.46 .76 .05 .18 021090 0 22.86
)
Vacaville, Solano County
[Altitude 175 feet]
...... 3. 2,281 2.73| 826 | 7.58| L78| 0 0
21.25 | 15.61 4,58 1.13 2.36 0 0 )]
5.3 2.76 | 3.38| 417 2.37 91 0 ] 0
1.15) 2.451 2.11 6.26 | 2.03]| 563| 0 0 0
1.63| 6.02] 7.19 | 11.45 | 7.48 .24 0 0 0
16.18 | 1.89 .28 .28 | 1.54 0 [)] 0
5.68 1 874 .17 1.32 1 4.84 056 0 0 0
2.26 | 1.34| 9.40) 106} 2.65| 0O 0 0 0
562 6.34 45 421 .08 .04 100 0
5.35 4 .08 | 7.92 .80 | 3.04 510 0 0
12248 1 11.74 | 5.49 | 5.74 .95 | 1401 0 0 0
2.92 .79 1 12.93 571 2,13 .67 A7 1000 Trace .50 | 20.72
6.91] 2.36| 3.45) 2.44| 231 ] 3.16 08| 0 0 07 ] 21.37
7.111 4.50] 3.13| 4.54 .80 .55 1 0 Trace| 0 .18 129.01
2.55| 870 450 1.18 62 1.55 .84 0 (4] 1.13 | 25.06
12.80 | 12.81 | 3.04 | 2.07} 2.08} 1.02| © Trace| 0 .80 | 38.58
1.87 | 14.46 15| 4.31) 7.03) 125 0 Trace .57 .40 | 32.25
3.54( 6.36] 4.96| 523 .24 .27 09 0 .02 .07 { 28.31
2.08 1.59 | 3.01 .19 521 1.94 0 .49 1 13.17
L300} 7.11 .20 | 10.26 .79 1.25 321 0 .16 0 22.89
3.62|3.67| 3.8 .52 | 2.46 | 1.39 .34 | Trace| 0 0 .07 | 19.50
6.26 | 1.68 | 4.68| 5.99 871 2431 1.04] O Trace| 0 .40 | 24.67
3.721.48| 1.43|12.83| 8.57 1.89 | 1.24] 0 0 Trace | 0 26.88
321200 4.95| 1.83| 6.26 01 | Trace | Trace! 0 0 21.79
5881 1.8 1.67| 861|11.73| 1.49 020 0 0 .23 | 5.10 | 37.07
1.66 | 1.71 1 7.10| 2.23| 3.8 .84 3.83| 0 4] [} Trace | 23.95
1.60 | .75 10.58 | 4.86| 885 .58 1 3.04 491 0 0 .26 | 31.01
1.41|7.06| 6.54] 3.08| 848 .48 .02 88| 0 0 .01 ] 27.96
.08 ]465| 4111 3.20 .37 .13 501 0 0 0 Trace | 13,71
2021316} 15181 9.20| 2.43 0 Trace| 0 0 .69 1 33.61
1,481 9.451 3.33] 1.66| 6.82 .21 .03 | Trace| 0 0 .05 ) 24.44
.16 1 1.8 ] 15811 3.11 5.18 ] 1.65 .30 | Trace| 0 0 .03 | 28.68
.82 1219 273 .31 3.66| 1.83} 143} 0 0 0 1.11 | 14.26
3.60| .95| 4.13 .35 1.54 .49 .41 | Trace| 0 0 0 12.03
5.62 |12.44 {21250 | 559 | 1.31| L75| O 2,20 (%0 0 0 39. 41
.16 5.70 ) 7.021 9.74 ) 3.15 .34 123.71 20 20 0 0 31.30
.90 910]19.83} 3.15| 2.22 .08 411 0 0 .39 .15 1 36.33
1.42 1 8.73] 1.99| 7.61| 1.8 .42 2.30{20 20 20 2,08 | 22.40
2.30 2110 1.42) 6.58 [22.70 05 2.0520 20 20 22,80 | 14.10
22,80 |21.20 123.20 129.90 |{22.10 | 2.08 | 2.01}| O 0 0 .86 | 20.45
.41 | 424 .37 .63 464 216 O 031 0 Trace .05 | 12.58
5681679 6.78 .84 | 161 .64 621 0 0 0 Trace | 24.78
1.681 676! 2.62] 7.40) 2.52 .28 .62 | Trace| 0 Trace| 0 22.34
4.29 |10.22 | 3.37 .61 | Trace| 4.19 .04 061 0 .07 .46 | 25.62
161 1.461 3131 3.30: 2.551 ¢ 1610 0 0 Trace! 0 11.15

See footnotes at end of table,
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TaBLE 3.—Rainfall, in inches, at siz stations in and near Solano County, Calif.—Con.

Water | Oct. Dec. | Jan. | Feb. Apr. | May | June Aug. | Sept. | Total
year
Vacaville, Solano County—Continued
1924-25___| 2.83 | 2.77 | 5.24 | 1.69 | 7.36 1,90 | 2,67 {20.02) 0.02 | Trace! 0.20 { 26.53
1925-26___ .19 2,47 | 1,78 | 6.21 | 7.46 6. 67 . 0 0 01| 0 25,48
1926-27.__| 2.36 [ 812 | .68| 3.17 | 8.53 4.99 .06 481 0 Trace .01 | 29.96
1927-28__| 2.05|6.14 | 4.10 | 2. 41 2.37 1.31 291 0 0 0 0 24. 14
1928-29._.f .12 | 533|549 | 1.03| 2.43 .77 .04 | 118 017 0 0 17.97
1929-30...| Trace | 0 552 | 543 | 3.37 .63 | 1.80 241 0 0 0 . «27 | 20.26
1930-31._.| 1.39 | 2.68 | .27 | 555 | 104 .22 .34 .47 .521 0 0 0 13.48
1931-32__.| 1.15) 2.38 {13.99 | 1.65 ] 2.49 .06 .51 .40 01] 0 0 0 23.64
1932-33___| Trace | .98 ) 3.22 | 6.44 | 1.07 .08 | 0 1.051 0 0 0 .05 | 16,49
1933-34.._| 17310 7.46 | 1.44] 5.86 .15 .26 .53 .56 | 0 .02 .05 | 18.06
1934-35...| .92 (508 (345 6.80 | 1.58| 465| 587 | 0 0 Trace| 0 Trace | 28.35
1935-36...| 1.37 | 1.29 | 2,77 7.34 | 1121 ] 1.99| 1.97 .61 .68 0 0 0 29.13
1936-37___ .26 .03 |3.63} 4.17 9.26) 6.87 .48 1 0 521 0 0 0 25.21
1937-38___ .62 4481647 4.35|12.42] 7.39| 2.43| 0 0 0 0 .29 | 38.45
1938~-39_.. .95 .05 .84 2.33| 150} 2.33 .13 481 0 Trace| 0 .03 ] 9.64
1939-40...| .21 | .16 | 1.66} 12.50 | 13.65 | 5.45 | 1.28 98] 0 0 0 .12 | 36.01
1940-41___f 1.21 | 1.26 |14.23 | 10.44 | 10.51 422 503 1.82 11 0 0 0 48,83
1941-42__ | 2.03(2.19 {10.44 | 7.25| 7.79| 2.92| 4.20 840 0 0 0 .08 | 37.74
1942-43__ . .90 | 3.66 | 4.88 | 12.57 | 1.72| 2.52| 167 | O .01 | Trace | 0 0 27.93
1943-44___ .58 11.04 1215 475| 7.09{ 1.12| 165 .93 .01] 0 Trace| 0 19.32
194445 | 1.92 | 461 | 2.46 | 211 6.36 | 4.72 281 1.09| © 0 0 23. 55
194546__.1 3.66 | 2.21 | 9.24 1.08 1.97| 1.46 .03 683 0 0 .04 | 20.32
1946-47___ .37 13.72 1 2.24 .50 | 3.06 | 4.46 .54 .17 .40 .01 |[Trace | 15.47
1947-48___| 4.55| .48| .87 | 1.35 .98 | 3.38| 459 | 1.28 .33 0 .19 | 18.00
1948-49_._ .90 73 16.44 | 2.53 3.99| 437| O 091 0 .08 0 19.17
1949-50___1 0 2.38| 6.96| 435| 1.82| 1.24 241 0 0 0 .43 [ 19.15
1950-51.._ 2.77 8291 398 | 197! 263 .93 731 0 0 0 0 28. 60
1951-62...] 171 8.88 110.58 ] 2.78| 3.89| 1.09 12 221 0 0 0 33.97
Rio Vista, Solano County
[Altitude 22 feet]

1802-93.._ 3151 2.31 0.99] 0.61 O 0 0.14 |._.___
1893-94.__| 0.09 2.00 | 5.61 4. 56 .35 1.23 .98 Trace 1.28 | 19.44
1894-95___| 1.91 8.36| 7.96| 2.60 .91 841 0 Trace 1.18 | 25,29
1895-96___t .1 117 | 9.01 .22 4.51 .67 0 .21 .83 | 19.76
1896-97___f 1.44 1.96 | 249 3.99 .21 |[Trace .05 .01 11 17.69
1897-98___| 1.79 1.24 | 1.26| 1.89 281 L.55 .06 0 .17 ] 8.83
1898-99_..] .70 1.47( 421 0O .28 .13 .90 Trace | 0 15.08
1899-1000_| 4.47 1.87 | 3.02 .42 .94 ) 1.39 10 0 .01 | 16.45
1900-1____| 1.59 1.35 | 3.61 5.29 1.40 .68 .06 0 .50 | 19,95
. . .47 i 5.62 .66 .52 .08 Trace | 0 14.44
2.86 1 1.47 .65 .05 |Trace Trace | O 14.34
.44 | 6.68 1.62 02 0 .20 | 2.91§23.28
2.85 1 2.72 103} 2251 0 0 .05 | 17.95
516 | 3.08 1.80 | 2.36 .53 Trace .21 | 21.30

408 | e e e 321.0

3.81 1 2.46 .18 441 0 0 0 312.0
1908-9._._ .45 1.46 | 9.10 | 6.98 0 .04 0 .44 ) 22.27
1909-10.__ i .34 492 352 141 29| 0 041 0 0 .26 ] 15.21
1910-11___ .20 2.32 | 12.48 | 2.81 4.50 .84 .13 11 0 Trace | 23.47
1911-12.__| .21 1.46 | 4.30 |Trace | 2.04 1,231 120} L11 0 1 13,04
.07 .38 1 3.00 05| 1.45 .33 51y 0 0 Trace | 7.42
1913-14___ 5381 9.54| 2.8 .62 .79 .27 .33 0 0 24. 46
1914-15___| 1.09 4.71 4.41( 48| 179 564 3.30| 0 0 Trace | 20,95
1915-16___| 0 4.97 113.12{ 2.91| 201 .06 .16 |Trace .18 .16 1 24.03
1916-17___ .99 3.43 ) L23( 3.91 .76 .36 .04 0 Trace .23 1 12.08
1017-18__.| O .92 1.03| 3.64| 3.62 .81 |Trace | 0 0 4.69 | 14.98
1918-19. __ .14 1731 118) 6791 1.35 |Trace | 0 0 Trace .41 1 13.74

" See footnotes at end of table.
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TaBLE 8.—Rasnfall, in inches, ot siz stations in and near Solano County, Calif.—Con.

‘Water | Oct. [Nov.|Deec, | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Total
year
Rio Vista, Solano County—Continued
0.1710.05 [ 2.53 } 0.18| 0.66 | 417 | 1.08) 0 0.08) 0 Trace | 0.03 | 8.95
1.80 | 3.02 { 482 ] 4.3 .86 1.00 .56 .78 |Trace | 0 0 Trace | 17.14
.33 1.56 1479 2.8 | 420 1.52 .82 .48 .02 |Trace |Trace | © 16, 60
108|299 ) 7.03] 2.61 52 0 425 0 0 0 Trace 2.40 | 18.88
1923-24_ 2,251 .40} 1.16[ 1.63| 2.52 | 1.59 W12 031 0 0 0 0 7.70
1924-25_ 1051132 {473) 1.56 | 537 136 3.02) 2.38 .03 |Trace | 0 0 21.72
1925-26_ .20 11,05 |1.627 3.66| 578 L1610 3954 0 0 0 2{Trace {20 16.41
1926-27___121.55 | 4.40 | .77 | 2.55| 6.66 139 2.39 .18 641 0 0 0 .43
1927-28. 2.331302(315) 1.68} 1.59| 48| 1.10 .30 |Trace | 0 0 0 18.03
1928-29_ .10 13,18 | 3,63 .86 1241 1.70 .41 |Trace 931 0 0 0 12,05
1929-30. 0 2.71 4751 2.79 | 3.27 | 1.00 .04 0 0 14 | 14.81
1.68| .15} 3.83| 1.66 | 1.77 .05 100 411 0 0 0 11.98
2.23 | 8.91 1.76 | 3.37 .50 75 .38 0 0 0 0 18.35
.43 ) 2.52 ) 497 .90 1 268 0 .86 |Trace | 0 0 Trace | 12.36
0 3.73 1 139 | 4.22 .11 .38 .39 .41 0 0 .07 | 1L 70
3.8312.81 | 4.92 851 407} 4.32 010 0 Trace | 0 21. 30
.94 260 493 7.9 | L47| 151 ] Lo1 210 0 38 | 23.17
.07 1865 3.38| 528! 6.53 331 0 121 0 0 19.91
2621472 1.8 9.35} 558 1.36 01 0 0 0 20 | 26.71
58 1 L09} 2021 2.09| 3.05 19 341 0 0 0 07 | 10.24
091 .99 9.30 ¢ 7.05) 476 121 331 0 0 0 Trace | 24.32
.84 1882 5541 400 3.09| 3.43 .681 0 0 0 27.34
1,14 | 454 | 4.92 | 2.64 | 1.89 | 4.66 7510 0 0 .06 | 21.68
3221232 410 1.53| 295 1.18 .10 09 0 0 0 16. 06
3| LT 2,34 4.35 .63 1 1.39 .64 181 0 0 (] 12,14
3.59 | 2.90 .85 8251 3.21 09 .33 L03 | 0 Trace | 0 15.62
1,34 | 5.84 .63 901 L1510 0 621 0 0 0 0 12.33
3.06 | 1.43 .60 1.88 | 2.58 .05 14 321 0 0 0 10.13
.80 .62 .44 124 3.29( 239 | 173 .36 0 0 (4] 13.38
.30 | 3.48 | 1.52 1L.66| 3.63[ 0 .01 .16 .02 .05 | 11.32
W76 [ 1.79 1 4.23 | 197 1.88 .80 200 0 0 26 | 12.07
4,09 | 533 |42.78 | 2.02| 1.53 .84 68 ®2| 0 .05 .15 1 19.05
3.13 1514 | 6.8 | 1.36| 3.83 | 1.28 .06 14| 0 .05 22.89
Suisun, Solano County
[Altitude 20 feet]
B L4 DR SR NI FUSRPRIN U SSPIUR SPIIN FUUUOIE MU U 20 2002 100 {--—-__
1871-72_._| 2.13 | 1.56 |16.95 | 3.88 |25.84 [21.48| 1.09 | © 0.82 ]| 0 0 0 33.75
1872-73___ W02 (200729 641 3.29 1 134 . 60 0 0 Q (1} 15.18
1873-74._. .30 { .60 {10.29 503 | 1L25) 2.17 .91 16| 0 0 [} .08 | 20.79
1874-75___( 1.78 | 7.05 | O 7.17 .65 | 1581 0 0 55 0 [ 0 18,78
1875-76._.| .20 2.03 | 3.00 .76 12413 1.76 0 0 [} 0 Trace | 11.88
1876-77___| 2.53 | .28 | 0 412 1.87 .52 .10 091 0 Trace | 0 9. 51
1877-78___ .16 11.07(1.33{10.91 | 866 3.28 .87 200 [} 0 69 | 27.19
1878-79._.| 1.33 | .61 .16 | 3. 4061 7.70 | 1.39 1.48 L5 0 0 0 20.48
1879-80_._ .59 | 1.84 1537 L16] 1.10 96 | 7.07 851 0 (1} (1} 0 18.94
1880-81___{ 0 .02 |10.80 | 7.17 | 3.46( 1.06 | 1.41 .10 50 .79 0 31 | 25.62
1881-82___ .73 11.27 1428 1.78F 2.53 | 2.57| 1.53 141 0 [} 0 0 14.83
1882-83___ 2.4312.82| .57 1.35 .85 | 4.35 . 3.82 201 0 0 .58 1 17.85
188384 __ A5 .52 701 2.64 | 4.48) 6,33 3.78 .30 169} 0 0 Trace | 20.59
1884-85.__ .70 10 7.46 1 106} 1.25 .64 | 1.52 0241 0 0 1] .05 [ 12.70
1885-86__ . .22 110.38 | 4,43 | 8.18 [Trace | 1.87 | 4.02 151 0 0 0 29.25
1886-87__.| .49 | .22| 1.80 .82 1 6.07 .85 L74]| O 0 0 0 0 11. 99
1887-88.._| 0O .96 |1 2.79 | 428 ) 1.58( 3.97| 0 .65 30| 0 0 .70 [ 15.23
1888-89._.| 0 3.88 | 4.48 .50 .85 | 5.65 431 L4710 0 0 17.26
1889-90.__| 6.47 {3.27 (10.18 | 7.38 | 4.50 | 546 | 1.10 | 102 | © 0 0 .33189.71
1800-91.__1 © 0 2.81 .76 899 | 1.00| 2.8 947 0 0 0 1.06 | 18.41
1891-92___] 0 .27 [ 6.69 ) 1731 298| 2.05| 209 2.52| © 0 0 0 18.33
1892-93.__| 1,18 [ 3.53 | 7.06 { 4.19 | 2.27 | 3.51 72 161 0 0 0 1.11 | 23.73
1893-94___ 74127612061 633 2.29 .88 41 1.85 771 0 0 .95 119.04

See footnotes at end of table.
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TaBLE 3.—Rainfall, in inches, at six stations in and near Solano County, Calif —Con.

Water | Oct. |Nov.| Dec.| Jan. | Feb. | Mar. | Apr. | May | June | July | Aug, | Sept. | Total
year
Suisun, Solano County—Continued
1894-05...| 1.28 | 0.53 | 9.53 | 8.14 | 2,60 1.50 | 1.07| 0.66| 0 0 0 0.64 | 26.04
1895-96___iTrace | 1.73 | 1.26 | 9.57 .11 ] 3.04 | 5.53 L9541 0 0 .56 .34 | 23.08
1806-07__.| 1.44 | 529 | 2.93 | 2.47 | 516 | 4.21 .43 .03 081 0 0 .03 | 22.07
1897-08___| 2.86| .69 1209 | 1.42| 2.18 .14 .32 138 27| 0 0 .46 | 11.81
1898-99___ .88 .30} 14| 534 0 7.70 .47 .07 710 .20 0 17.11
1899-1900.| 2.57 | 3.18 | 3.52 | 4.00 .53 1 1.55( 1.48 .35 021 0 0 .02 [ 17.22
1900-1....7 .65 |4.66) 1.67 ] 4.66| 4.59 531 136 118, O 0 0 .51 | 19.81
1901-2__..| .63 13251169 1.54| 9.13) 2.37| 1.17| L01} O 0 01f{ 0 20. 80
1002-3__._| 2.40 12,59 | 1.63 | 3.64 | 171} 4.46 051 0 0 0 0 16. 48
19034 .0512.8 192 112} 650 7.52| 1.28| 0© 0 0 08| 4.65] 25.95
1904-5.._. 1.89 | 146|170 530 | 2.81 ] 298 73] 2.72| 0 0 0 0 19. 59
1905-6..._] 0 1.30| .84 68| 3.78} 876 50 2.41 631 0 0 2,26 | 25.28
1906-7__..[20 21.41 27.06 | 8.89 | 3.59 | 7.57 .38 0 1.15| 0 0 .10 | 30.15
1907-8..... .67 .06 511 3511 3.36 .94 .17 .05 (Trace | 0 0 0 13.87
1908-9_...| .22}1.46)270|11.28} 8.62| 1.65| O 0 0 0 0 53 | 26.46
1909-10__.1 1.29 | 1.35 | 4.61 | 2,99 | 1.26| 3.07 .05 021 0 0 0 .34 | 14.08
1910-11___ .25 .30 .04 (1230 157} 4.07 .88 261 0 0 0 0 19. 67
1911-12___ 01 501214 4.72 .37 232 L67) 146 611 O 0 .74 ) 14.54
1912-13_..] .46 (2.60 | .90 | 3.47 20| 1.44 .81 51 06| 0 0 0 10. 45
1913-14.._| © 549 ( 7.21 [ 12.64 | 3.36 | 1.04 | 1.20 35 311 0 0 0 3160
1914-15_._| 1.13 | .24 | 505| 491 560 | 1.98 .25 319 0 0 0 0 22.35
1915-16_..| © [ 20 I T - 3 (AR PSRN SRS PRI RSSO DRICISIR SRS INUPURIPN I S
Fairfield, Solano County
[ANitude 15 feet]

194041___151.03 | 1.32 |13.78 | 9.58 | 7.87 | 3.21 | 4.09| 2.32| 0.28( © 0 0 43.48
1941-42___| 1.13|2.74 10.73 | 538 | 6.48| 2.58| 4.34| 1.10| © 0 0 .05 | 34.53
1042-43._.] 1.09 | 4.56 ( 4.73 | 9.31 | 2.14 | 3.18| 134 0 0 0 0 26.35
1943441 .79 | .48 |2.42| 4.30| 6.35 .99 | 1.9 95 1510 0 0 0 18.33
104445 .1 1.46 | 4.46 [82.81 | 2.17} 3.31 | 3.62 .281 100} O ] 0 0 19.11
1045-46_._| 2.96 | 2.76 | 8.02 951 L7711 141} 0O 51| 0 0 0 0 18.38
1946-47 .19 12,32 | 2.24 59| 2,45 2.55 .26 .26 431 0 0 0 11.29
1947-48.__| 3.18 1 .95 | .57 .81 116 | 3.29| 3.29 94 .18 170 0 7.10 | 14.49
194849__7 .76 .74 (3.21} 1L30| 217 423 0 1 0 .02 051 0 12.59
1949-50_..1 0 1.52 | 1.63 ] 6.55| 3.13| 1.66 .71 271 0 011 0 0 15.48
1950-51.._] 2.70 | 5.52 [ 6.95§ 3.97 | 2.42 | 1.87 59 .80 1 0 0 0 .07 | 24.89
1951-528__f 1.41 | 4.84 | 8,25 | 9.00 | 2.07 | 2.68 ” .27 .40 0 0 29.69

1 Estimated from record at Sacramento.

2 Estimated from surrounding stations.

3 Estimated from records at Davis and Vacaville.

4 Excluding several days without record.

8 Oct. 1940 total includes 0.05 inch for Oct. 7 estimated from records at Vacaville and Rio Vists. _
F‘ii\go]t(lithly total includes 0.38 inch at old station 4 miles west of Fairfleld and 2.43 inches at new station in

airfield.

7 No records from June 30, 1948, through Sept. 16, 1948, September total includes 0.05 inch on Sept. 16
estimated from nearby stations.

¢ Fairfield Fire Station record.

Although the seasonal distribution of rainfall here is noticeable to
even the most casual observer, the variation from year to year is
equally important in the appraisal of water supplies. In the 103-year
period 1849-1951 the yearly rainfall at Sacramento ranged from 5.71
to 36.35 inches, or from 12.32 inches less to 18.32 inches more than
the 103-year average. During this period there were 10 years in
which less than 10 inches of rain was recorded and 7 years in which
more than 30 inches was recorded.
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The nonsystematic yet very real variation in rainfall throughout
the years is shown graphically on figure 3 for Davis and Vacaville,
in the area, and for Sacramento and San Francisco, nearby. The
upper half of this plate is a mass diagram that shows accumulated
departures of rainfall, in percent of yearly average, from the average
for the 65-year period 1886-1950, which is merely the longest period
of reliable record common to all four stations. In the construction
of the mass diagram, the rainfall for each year was first expressed as
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a percentage of the average and then as a departure from the average.
The departure for wet years was considered positive, for dry years it
was considered negative, and for average years it was, of course, zero.
These departures were then accumulated algebraically, beginning and
ending with zero at the ends of the 65-year base period. Thus, in
the upper diagram, the position above or below the zero reference
line of the segment of line representing a given year is not significant
with respect to the rainfall in that year; only the slope of the line is
significant—a rising line represents a wet year, a level line represents
an average year, and a falling line represents a dry year.

The diagram on the lower half of figure 3 shows yearly rainfall, in
inches, for progressive 10-year periods. These moving averages
smooth out the sharp variations in rainfall from year to year, yet
they do not mask important variations that extend over several years,
On this diagram, the placement of each point indicates the average
rainfall for the 10-year period represented, and the line merely gives
continuity between points. Thus, the two halves of figure 3 comple-
ment each other in their portrayal of the variation of rainfall from
year to year and for groups of years.

Because of the radical departure of the graph for Davis from the
one for Sacramento prior to about 1885, the San Francisco record
was added as a third station to assist in the evaluation of the first
two records. Figure 3 shows a remarkable correlation between the
Sacramento and San Francisco records from 1849 to about 1895 and
suggests under-registry at the Davis gage in its early years. How-
ever, since about 1885 the four station records have been much more
consistent in their general patterns.

Figure 3 shows that during the 103 years of record at Sacramento
the driest 10-year period was 1924-33 when the average rainfall was
only 12.4 inches, but that one of the wettest 10-year periods, 1935-44,
followed almost immediately with 21.5 inches. A similar pattern is
to be noted for each of the other three stations. This very startling
pattern of precipitation is reflected throughout the hydrologic picture
for Solano County, as will be brought out in the discussions of stream-
flow, water-level fluctuations, and changes in ground-water storage.

WELL-NUMBERING SYSTEM

The well-numbering system used in California by the Geological
Survey shows the locations of wells according to the rectangular
system for the subdivision of public land. For example, in the
number 7/1E-23A2, which was assigned to a well in Dixon, the part
of the number preceding the bar indicates the township (T. 7 N.);
the number and letter between the bar and the hyphen, the range
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(R. 1 E.); the digits between the hyphen and the letter indicate the
section (sec. 23); and the letter following the section number indicates
the 40-acre subdivision of the section, as shown in the accompanying
diagram. Within each 40-acre tract the wells are numbered serially,
as indicated by the final digit of the number. Thus, well 7/1E-23A2
is the second well to be listed in the NE4NEY sec. 23, T. 7 N.,R. 1 E.

D C B A
E F G H
M L K J
N P Q R

As all the Solano area is north of the Mount Diablo base line, the
foregoing abbreviation of the township and range is sufficient. Parts
of the area are in old Mexican land grants and have never been public
land; for these the rectangular system of subdivision has been pro-
jected for reference purposes only.

This system of coordinates is used also to show locations of other
features to the nearest 40-acre block. For example, discharge-meas-
uring sites along Putah Creek are listed with a “map location’” which
is identical to the well number except that it has no serial number
following the letter. Frequent use of the system is made also in
describing the location of geologic features.

GEOLOGY AND WATER RESOURCES OF THE PUTAH
AREA
GEOLOGY
ARFA OF INVESTIGATION

The area in which the geology was mapped and studied covers most
of the alluvial plains of Solano County and includes parts of two
distinct ground-water basins: the Putah area in the southwestern
part of the Sacramento Valley, and the Suisun-Fairfield area in the
southeastern part of the northern Coast Ranges.

Although the principal area of investigation was the low alluvial
plains, the adjacent hills and uplands of the Coast Ranges were also
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mapped because of their intimate relationship to the geologic and
hydrologic problems of the alluvial plains. The area investigated
also was extended about 6 miles north of Putah Creek into Yolo
County in order to determine the geologic and hydrologic conditions
in the vicinity of Putah Creek.

The Suisun-Fairfield area consists of the low-lying alluvial plains
and adjacent uplands north of Suisun Bay. It is separated from the
Putah area to the east by a group of northwestward-trending low
bedrock ridges that are geologically part of the Coast Ranges. (See
fig. 4.) Its geologic features are discussed in a later part of this
Teport.

METHOD OF S§TUDY

The geologic mapping of the Putah area was begun by G. F. Worts,
Jr., in June 1950. The areal geology was plotted on the Wolfskill,
Elmira, Winters, and Merritt quadrangles, scale 1:31,680, and on
portions of the 1: 62,500 Capay and Mount Vaca quadrangles enlarged
to 1:31,680. The mapping was extended and partially revised in the
spring and summer of 1951 by F. H. Olmsted, E. F. LeRoux, P. R.
Wood, and R. E. Evenson, using 1: 24,000 scale enlargements of the
1:31,680 quadrangles mentioned above, and an advance sheet of the
1:24,000 Mount Vaca quadrangle.

The major geologic boundaries and structure symbols were subse-
quently transferred to the 1: 62,500 Capay, Woodland, and Vacaville
quadrangles, and tracings of the geology on the new 1:24,000 quad-
rangles were reduced photographically to 1:62,500. The geology was
then transferred to the 1: 62,500 base map of the area of investigation
(pl. 1).

Numerous geologic cross sections and two peg models were prepared
to assist in structural and stratigraphic interpretations. The data
used in these sections include electric logs of gas-test wells supplied by
several oil companies, logs of water wells furnished by drillers, and
test-hole data from the U. S. Bureau of Reclamation and the Geological
Survey. Not all the geologic sections are reproduced in this report,
and many conclusions and interpretations are based on a study of the
peg models and on geologic sections not shown here.

Structures affecting only the rocks of pre-Pliocene age were not
mapped, because such structures are believed not to influence signifi-
cantly the occurrence and movement of fresh ground water.

PREVIOUS WORK

General reference material and cited references are listed at the end
of the report. The most important published reports containing
information on the geology of the Putah area are listed chronologically
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below. In addition to these published reports, reports and maps were
made available by three oil companies for study by the Geological
Survey.

Mann, C. W., Warner, J. F., Westover, H. L., and Ferguson, J. E., 1911, Soil
survey of the Woodland area, California: U. 8. Dept. Agriculture Bur.
Soils, 57 p.

Soil map of area north of Putah Creek.

Bryan, Kirk, 1923, Geology and ground-water resources of Sacramento Valley,
California: U. 8. Geol. Survey Water-Supply Paper 495, 285 p.

First geclogic work done in any detail in the Sacramento Valley, as a whole.
Also includes early hydrologic data for Putah area.

Bailey, T. L., 1931, The geology of the Potrero Hills and Vacaville region, Solano

County, Calif.: California Univ., Dept. Geol. Sci. Bull. 19, p. 321-333.
Includes a generalized geologic map of the Potrero Hills and the area south of
Vacaville, Stratigraphy has been largely revised by later workers.
Cosby, 8. W., and Carpenter, E. J., 1931, Soil survey of the Dixon area, California:
U. 8. Dept. Agriculture Bur. Chemistry and Soils, Series 1931, no. 7, 47 p.
Furnishes basis for differentiating exposures of older and younger alluvium
and pervious, moderately pervious, and impervious soils. Also includes
description of agricultural development of the Putah area.

Kirby, J. M., 1943b, Fairfield knolls gas field: California Div. Mines Bull. 118,
p. 599-600.

Discusses stratigraphy and structure of south end of Plainfield ridge; includes
log of Standard Oil Co. of California Hooper No. 1 gas well.

Stewart, Ralph, 1949, Lower Tertiary stratigraphy of Mt. Diablo, Marysville
Buttes, and west border of lower Central Valley of California: U. 8. Geol.
Survey Oil and Gas Inv., Prelim. Chart 34.

Includes several columnar sections of Eocene rocks in the Solano area.
Brief mention of Tehama formation, basalt, and Upper Cretaceous rocks.

Weaver, C. E., 1949, Geology of the Coast Ranges immediately north of the San

Francisco Bay region, California: Geol. Soc. America Mem. 35, 242 p.
Geology of Solano area south of Putah Creek. Geologic maps, scale 1: 62,500.
Mapping and stratigraphy differ somewhat from other reports on area.

Taliaferro, N. L., 1951, Geology of the San Francisco Bay counties: California
Div. Mines Bull. 154, p. 117-150.

Small-scale geologic cross sections including Putah and Suisun-Fairfield
areas. Brief discussion of geologic history.

GENERAL GEOLOGIC FEATURES
GEOLOGIC SETTING

In order to present a picture of the geologic setting of the Solano
area, the general topographic and geologic relations in the Sacramento
Valley and the adjoining hills and mountains are discussed briefly.

Great Central Valley—The Sacramento Valley, together with the
San Joaquin Valley to the south, form the Great Central Valley, or
Central Valley of California. The Central Valley is bordered on the
east by the Sierra Nevada and southernmost Cascade Range and
on the west by the Coast Ranges. The Sacramento Valley is drained
by the southward-flowing Sacramento River; a large part of the San
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Joaquin Valley is drained by the San Joaquin River, which joins the
Sacramento at Suisun Bay to discharge to the ocean through San
Francisco Bay and the Golden Gate.

Sacramento Valley—The Sacramento Valley, which is both a
topographic and a structural basin, is underlain by a thick accumula-
tion of sediments eroded from the surrounding hills and mountains by
the Sacramento River and its tributaries. The valley surface is not a
perfectly flat, featureless plain but is characterized by various types
of topography which may be grouped into geomorphic units. Figure 4
shows the distribution of these geomorphic units, as well as fringes
of the surrounding hilly and mountainous geomorphic provinces.

Parts of two geomorphic provinces lie east of the Sacramento
Valley: the Sierra Nevada on the south and the Cascade Range on the
north (Jenkins, 1943a). In a general way, the Sierra Nevada may be
considered a great block of the earth’s crust that has been uplifted
along faults on the eastern margin and tilted westward. The average
western slope ranges from about 1%° to 2°, but the surface of the hard
crystalline rocks of the Sierra block has a somewhat steeper slope
farther west beneath the sedimentary rocks of the Sacramento Valley.
(See fig. 6.)

The Cascade Range adjacent to northeastern Sacramento Valley is
a volcanic mass whose general surface slopes west-southwestward
toward the valley and is deeply incised by the streams consequent on
the constructional surface. The surface, which steepens along the
Chico monocline adjacent to the Sacramento Valley (fig. 5), is covered
by the valley alluvium to the southwest.

The Sacramento Valley floor may be divided into five geomorphic
units (see fig. 4): low hills and dissected alluvial uplands, low alluvial
plains and fans, flood plains and natural levees, flood basins, and
the Sacramento—San Joaquin delta.

The low hills and dissected alluvial uplands along both margins
of the valley are underlain by late Tertiary and early Quaternary
semiconsolidated alluvial sediments which have been slightly to
moderately tilted or folded. Topographically the uplands range from
strongly dissected hilly areas, where the relief from ravine bottoms to
hilltops may be 300 feet, to gently undulating lands having a local
relief of only 10 feet.

The low alluvial plains and fans, which are toward the center of
the valley from the dissected uplands, are relatively flat and feature-
less and are underlain by undeformed to slightly deformed alluvial
deposits brought in by the tributaries of the Sacramento River. Most
of the Putah area is in this geomorphic unit.

The flood basins, between the low alluvial plains and the natural
levees of the Sacramento River, are low, nearly flat lands that were
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FIGURE 4.—Map of the Sacramento Valley region, California, showing geomorphic units.
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poorly drained under natural conditions, when they were flooded
seasonally by the Sacramento River and its tributaries. In part these
basins still are flooded seasonally, but the areas subject to flooding
now are restricted by flood-control levees. Yolo basin, the southern-
most flood basin, lies east of the low plains of the Putah area.

The flood plains and natural levees lie along the Sacramento River
and its principal eastern tributaries, and, together with the flood
basins and parts of the low alluvial plains and fans, are the areas
where most alluvium is being deposited at present.

The Sacramento—San Joaquin delta is a region of numerous channels
and islands and was swampy under natural conditions. Most of the
swamps have been diked and drained and are now rich agricultural
lands.

The Suisun-Fairfield area is in the Coast Ranges geomorphic
province (Jenking, 1943), which is west of the Sacramento Valley.
This province is different, geologically and topographically, from the
Sierra Nevada. Instead of being a tilted block or relatively rigid
erystalline rocks like the Sierra Nevada, the Coast Ranges adjacent
to the Sacramento Valley are approximately parallel ridges of steeply
dipping sedimentary rocks that trend northward to northwestward.

GEOLOGIC HISTORY

The highlights of the geologic history of the Putah area are de-
scribed briefly. Some of the events can be deduced with a consider-
able degree of certainty, but for others the evidence is vague and
several interpretations of what occurred are possible. Other dis-
cussions of geologic history of the Sacramento Valley include those by
Diller (1906), Reed (1933), Anderson and Russell (1939), Jenkins
(1943b), and Taliaferro (1951).

Except for a few interruptions, sediments have been deposited in
the Sacramento valley since Early Cretaceous time. Upper Jurassic
sedimentary rocks are exposed in the Coast Ranges but may not
extend as far east as the southwestern Sacramento Valley.

Cretaceous history is not given here in detail, but, generally speak-
ing, a shallow marine basin existed at the present site of the northern
Coast Ranges during the Early Cretaceous. Detritus was con-
tributed from both west and east—from an old landmass west of the
present Coast Ranges, and from an ancestral Sierra Nevada, which
extended as far west as the western part of the present Sacramento
Valley. (See Diller, 1906; Reed, 1933.) As the old Sierra Nevada
was eroded the basin of deposition subsided, and the shoreline of the
sea gradually moved eastward. By the end of the Cretaceous, shallow-
water marine sediments were deposited intermittently as far east as
the present eastern margin of the Sacramento Valley.
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Marine deposition in the area of the present southern Sacramento
Valley continued during the Paleocene and Eocene, although several
diastrophisms and subsequent erosional epochs since Late Cretaceous
time resulted in the removal or nondeposition of some of the Paleocene
and Eocene section at most places. Eocene sediments probably were
deposited over a large part of the extent of the present Coast Ranges
west of the Putah area, but subsequent erosion removed nearly all
these rocks, except in places along the flanks of the ranges, as in the
English Hills.

The sea generally withdrew from the southern part of the Sacra-
mento Valley region at about the close of the Eocene epoch, and, so
far as is known, did not return, although shallow-water-marine and
lagoonal deposition may have continued sporadically during the
Oligocene and Miocene epochs. The marine withdrawal waslatest
in the southwestern part of the Putah area, where shallow seas, lakes,
and swamps existed probably during the Miocene and possibly in the
early Pliocene.

During middle or late Pliocene time the rocks of the Coast Ranges
region were faulted, folded, and uplifted, forming a moderately high
landmass. The sea withdrew entirely from the Sacramento Valley
region, and the old trough, which had been sinking steadily as it
received deposits from the sides, shifted eastward as the Coast Range
landmass rose. The Jurassic, Cretaceous, and Eocene rocks were
eroded, and a considerable volume of material was deposited to the
east in the newly formed Sacramento Valley trough. The trough
sank as fresh deposits accumulated, but the deposition kept pace with
the sinking, and the valley surface remained above sea level.

Volcanic activity occurred during the late Pliocene in the south-
eastern part of the newly formed northern Coast Ranges. Explosive
eruptions produced volcanic ash and pumice, which were in large part
reworked by streams and deposited many miles from their source.
Eastward-flowing streams deposited pumice in the western part of the
Sacramento Valley, and much of the pumice probably fell into lakes.
At several places, dikes of basalt pushed up through fractures formed
as the older sedimentary rocks were arched and folded. Some of the
basalt reached the land surface, where it flowed down stream valleys.

Deposition continued during the remainder of the late Pliocene and
probably on into the Pleistocene. The eastward-flowing streams
deposited silt, sand, and gravel while shifting their courses back and
forth across broad flood plains. The central part of the valley sank
steadily during this depositional cycle, and the earliest late Pliocene
alluvial sediments, which probably had been deposited slightly above
sea level, were perhaps as much as 2,000 feet below sea level by middle
Pleistocene time.
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Although the northern Coast Ranges probably were intermittently
elevated during the late Pliocene and early Pleistocene, erosion more
than kept pace with the rising of the land, and the mountains were
worn down to rather gentle topography by middle Pleistocene time.

During the middle Pleistocene, widespread intensive land move-
ments re-elevated the northern Coast Ranges. The alluvial sedi-
ments that had accumulated since the late Pliocene were themselves
tilted, and they were in part eroded and redeposited farther east in
the Sacramento Valley. The topography of the southwestern
Sacramento Valley region began to assume approximately its present
outline.

Deformation continued sporadically during the late Pleistocene,
and even the sediments far out in the Sacramento Valley were gently
arched, forming a low range of hills—the present Plainfield ridge—
about one-fourth the distance from the foothills of the Coast Ranges
to the Sacramento River, and north of Putah Creek. (See pl. 1.)

As deposition continued during the late Pleistocene, the hills and
mountains formed during the previous diastrophic epochs were
eroded rapidly, and large quantities of coarse gravelly material were
deposited on the plain by an ancestral Putah Creek. Fine-grained
sediments—fine sand, silt, and silty clay—were deposited at times of
flood in the interchannel areas. The creek shifted its course frequent-
ly, with the result that its gravel trains are complexly braided in the
area now known as the Putah plain.

After the deposition of the coarse-grained materials, conditions
changed to the extent that mostly silt and silty clay were deposited
over the Putah area. Deposition slowed and finally stopped almost
altogether over the southern and western parts of the Putah plain,
and the land in these areas reached a condition approaching equilib-
rium, in which little or no deposition occurred. These surfaces are
preserved today as hardpan lands, and a curious mound and depression
topography has formed over wide areas.

During Recent geologic time, Putah Creek deposited silt and fine
sand over the northern and eastern parts of the Putah plain. The
creek shifted its course many times, but in late Recent time it began
to cut vigorously in its present position. The downcutting has been
accelerated in historic time by manmade changes in the lower reaches
where the creek discharges into the Yolo basin (pls. 1 and 4).

GEOMORPHOLOGY AND STRUCTURE

The geologic structure has largely controlled the development of
the landforms of the Putah area. Therefore, the geomorphology and
the structure may conveniently be discussed together. The salient
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structural and geomorphic features are illustrated on geologic sections
E-E', A-A’, B-A’-B’, C-C’, and F-F" (fig. 7, pls. 8 and 9).

The Putah area is in the southwestern corner of the Sacramento
Valley. To the west lie the Coast Ranges, flanked by a belt of low
hills and dissected alluvial uplands. Southward lie the Montezuma
Hills; to the east is the Yolo basin (pl. 1). The Putah plain is that
portion of the Sacramento Valley bounded on the north by Dry Slough
(of Putah Creek), on the south by the Montezuma Hills, and on the
east by the Yolo basin.

In broad pattern, the eastern Coast Ranges and foothills are a
generally northward-trending belt of eastward-dipping sedimentary
rocks that range in age from Cretaceous to Pleistocene. The dips
decrease eastward, and the sediments are nearly flat lying beneath
the western Sacramento Valley. The rocks of Cretaceous age exposed
in the higher, rugged portion of the eastern Coast Ranges are very
deep beneath the Putah plain (fig. 6).

Successively younger strata are exposed eastward toward the Sac-
ramento Valley, the youngest substantially deformed sediments being
exposed along the eastern margin of the 