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of the precipitation falls between November and
March. The normal precipitation at the lower altitudes
of Santa Barbara is 17.41 in/yr (National Oceanic and
Atmospheric Administration, 1978).

The basin is drained by Sycamore, Mission, San
Roque, and Arroyo Burro Creeks. All these streams
are intermittent in their lower reaches, where they lose
water by seepage as they flow over the unconsolidated
deposits of the basin.

Previous Investigations

Several reports have been published relating to
the geology and water resources of the Santa Barbara
ground-water basin. The first comprehensive water-
resources investigation was done by Muir (1968), who
described the geology and storage capacity of the ba-
sin. Subsequent investigators have generally accepted
the findings of Muir’s report.

The consulting firm of Brown and Caldwell
(1973) brought the known geohydrology of the basin
up to date. They calculated transmissivity and storage
characteristics of the basin and constructed an aquifer
simulation model in order to estimate the ground-water
levels under various basin operating conditions. The
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Figure 1. Continued.

report presented the design criteria that were used to
construct two city of Santa Barbara production wells.

The consulting firms of Toups Corporation
(1974) and Owen (1976) furnished reports on the opti-
mal management of the water resources in the Santa
Barbara area. Toups Corporation (1974) discussed the
feasibility and cost estimates for artificial recharge of
ground water. Owen (1976) evaluated 11 possible ways
to meet future water-supply needs. On the basis of this
report the city of Santa Barbara increased the
ground-water pumping in an attempt to determine the
usable quantity of ground water in storage.

A report by the Santa Barbara County Water
Agency (1977) included a section on the ground-water
resources of the Santa Barbara ground-water basin in
which the hydrologic findings of Muir (1968) were
modified to reflect 1975 conditions.

A consulting report by Todd (1978) summarized
the available data on ground water in the Santa Bar-
bara ground-water basin. The report also described
additional kinds of data still required and recom-
mended actions to manage the ground-water resources
of the Santa Barbara area optimally.
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Well-Numbering System

Wells are numbered according to their location in
the rectangular system for subdivision of public land.
For example, in the well number 4N/27W-14Q1, the
part of the number preceding the slash indicates the
township (T. 4 N.); the number following the slash
indicates the range (R. 27 W.); the number following
the hyphen indicates the section (sec. 14); and the let-
ter following the section number indicates the 40-acre
subdivision according to the lettered diagram below.
The final digit is a serial number for wells in each 40-
acre subdivision.

D|C|B|A
E|F|G|H
ML |K]|J
N|P|Q|R

Introduction 3



GEOHYDROLOGY

Definition of the Aquifer System

For this report the lithologic units mapped by
Dibblee (1966) and Muir (1968) were generalized in the
Santa Barbara area into ‘‘consolidated rocks’' and
‘‘unconsolidated deposits.”” Figure 1 shows the out-
crop pattern of the formations, and figure 2 shows their
stratigraphic and structural relations.

Consolidated rocks of Tertiary age underlie the
ground-water basin and compose the surrounding hills.
These consolidated rocks are sedimentary rocks, pre-
dominantly marine in origin, that are nearly imperme-
able except for slightly permeable sandstones, and in
fracture zones. Neither the sandstones nor the fracture
zones constitute an important source of ground water.

The unconsolidated deposits consist of the Santa
Barbara Formation, of late Pliocene and early Pleis-
tocene age, and alluvium of Holocene age. The Santa
Barbara Formation lies unconformably on the consoli-
dated rocks and, in most of the basin, underlies the
alluvium. This formation is of marine origin, consists
of fine to coarse sand, silt, and greenish-gray clay, and
has occasional gravel layers. A layer of permeable,
fossiliferous sand and gravel occurs near the base of
the formation in most of the basin. The alluvium, as

used in this report, includes terrace deposits, older
alluvium, and younger alluvium. It consists of poorly
sorted sand, gravel, silt, yellowish-brown clay, and
occasional cobbles and boulders.

The greatest thickness of unconsolidated de-
posits is more than 1,000 ft and is found in Storage
Unit I, adjacent to the northeast side of Mesa fault
near the Pacific Ocean. From here the unconsolidated
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deposits in Storage Unit I become progressively thin-
ner northwest toward Mission Ridge fault and north-
east toward Sycamore fault. On the south side (the
upthrown side) of Mission Ridge fault the unconsoli-
dated deposits are probably less than 300 ft thick. In
Storage Unit II the unconsolidated deposits are about
700 ft thick on the north side (the downthrown side) of
Mission Ridge fault, then become progressively thin-
ner to the north. In Storage Unit III the unconsolidated
deposits are less than 100 ft thick near the Pacific
Ocean then increase in thickness to the northwest.

The unconsolidated deposits vary greatly in
lithology, both vertically and areally. On the basis of
data from the electric logs of selected wells shown in
figure 2 and the lithologic logs of six observation wells
presented in table 8 at the end of this report, the un-
consolidated deposits have been subdivided into five
main zones: (1) the shallow zone, (2) the upper pro-
ducing zone, (3) the middle zone, (4) the lower produc-
ing zone, and (5) the deep zone. For the saturated
unconsolidated deposits in the Santa Barbara area, a
high resistivity on the electric logs indicates coarse-
grained water-bearing deposits that yield water freely
to wells; a low resistivity indicates either ground water
of high salinity or fine-grained deposits that do not
yield water freely to wells.

The shallow zone includes the alluvium from the
land surface to the top of the upper producing zone.
Water-bearing deposits are present in the shallow
zone, but are continuous only for short distances.
Throughout most of the basin, fine-grained deposits
present in the shallow zone confine or partly confine
the underlying upper producing zone.

The upper producing zone near the base of the
alluvium consists of medium to coarse sand with some
fine gravel. This zone is about 50 ft thick and is distinct
and continuous throughout most of Storage Unit I. The
upper producing zone and the lower producing zone
are the two main water-bearing units in the Santa Bar-
bara area.

Throughout most of the basin, the middle zone
underlies the upper producing zone and overlies the
lower producing zone. This middle zone forms the
upper part of the Santa Barbara Formation and con-
sists of fine-grained deposits interspersed with occa-
sional coarse-grained water-bearing deposits. The
thickness of the middle zone ranges from less than 100
ft southeast of Mission Ridge fault to more than 300 ft
beneath the city of Santa Barbara. The fine-grained
deposits of the middle zone confine or partly confine
the underlying lower producing zone throughout most
of the basin.

The lower producing zone, near the base of the
Santa Barbara Formation, consists of medium to
coarse sand with fine gravel and shell fragments. In

Storage Unit 1, the lower producing zone ranges from
less than 50 ft thick near Sycamore fault to more than
200 ft thick beneath the city of Santa Barbara; its
thickness generally increases from north to south. The
lower producing zone is probably the major source of
water to wells in the Santa Barbara ground-water ba-
sin, due to its greater thickness compared with the
other water-bearing deposits. An aquifer test con-
ducted by Brown and Caldwell (1973, p. 65) indicated
that the transmissivity of the lower producing zone is
1,090 ft2/d.

In most of the basin the deep zone separates the
lower producing zone from the consolidated rocks.
This zone consists of fine-grained deposits reported to
contain water of poor quality (Muir, 1968: Brown and
Caldwell, 1973; Hutchinson, 1979).

Recharge

The main sources of recharge to the Santa Bar-
bara ground-water basin are infiltration of precipita-
tion, seepage from streams, subsurface inflow from
consolidated rocks, and infiltration of imported water
from surface reservoirs. Muir (1968) estimated the av-
erage yearly recharge contributed by each of these
sources over the period 1868-1964. The Santa Barbara
County Water Agency (1977) reviewed these estimates
and used them to produce an estimate for 1975 on the
basis of current hydrologic conditions. The results of
both studies are summarized in table 1. The results of
the two studies differ primarily in the estimates of in-
filtration of precipitation and of imported water. In-
creased urbanization in recent years, according to the
Santa Barbara County Water Agency (1977), has re-
duced the area available for the infiltration of precipi-
tation and has thereby reduced the quantity of re-
charge contributed by precipitation. With urban
growth, water demands also have increased, and so
more water has been imported in recent years. During
the 1976 water year (October 1, 1975, to September 30,
1976) the city of Santa Barbara imported over 15,000
acre-ft/yr of water from surface reservoirs (Santa Bar-
bara County Water Agency, 1977). Although most of
the imported water is a piped supply which, after use,
is discharged to the ocean as sewage, the Santa Bar-
bara County Water Agency (1977) considered the part
of the imported water used for irrigation and lawn wat-
ering to be a significant source of recharge in 1975.

Seepage loss from streams is usually estimated
from the decrease in streamflow between two gaging
stations; however, the seepage-loss estimates shown
in table 1 were derived by indirect methods. Muir’s
estimate (1968, p. Al9) of seepage loss assumed that
seepage from streams averaged about 14 percent of the
basin runoff. For the purposes of the present study,

Geohydrology 5



Table 1.
basin, in acre-feet per year

Estimated average annual recharge in the Santa Barbara ground-water

[From Todd (1978, p. 43)]

Recharge source

1868-1964
(Muir, 1968)

1975
(Santa Barbara County
Water Agency, 1977)

Rainfall infiltration------- 1,100 900
Stream seepage-------------- 500 500
Subsurface inflow----------- 300 300
Imported water from
surface reservoirs-------- 100 800
Total-----=---=--m=cc-u-- 2,000 2,500

Table 2. Streamflow measurements for Mission and Sycamore Creeks

Streamflow Streanflov
measurement station
(see fig. 1)
ft3/s acre-ft/d

Gain(+) or Rate of
Flow .
loss(-) of . gain(+) or
distance
streamflow between loss(-) of
between tetVo streamflow
stations s ?mi)ns between stations

(acre-ft/d) ((acre-ft/d)/mi)

Controlled release

to Mission Creek--September 27 and 28, 1979

(average measurements)

South Portal Release-- 3.46 6.86 - -- --
Mission Canyon Road--- 3.24 6.43 -0.43 1.61 -0.27
Rocky Nook Park------- 3.72 7.38 +.95 .85 +1.12
Alamar Street--------- 2.84 5.63 -1.75 .85 -2.06
Mission Street-------- 2.10 4.17 -1.46 .95 -1.54
Gutierrez Street------ 1.13 2.24 -1.93 1.85 -1.04
Natural streamflow in Sycamore Creek--February 15, 1979
Alameda Padre
Salinas Street------ 1.20 2.38 -- -- --
Punta Gorda Street---- 1.53 3.03 +0.65 0.76 +0.86
Natural streamflow in Sycamore Creek--January 21, 1980
Sycamore Canyon Road-- 0.45 0.89 -- -- --
Alameda Padre
Salinas Street------ .45 .89 0 1.04 0
Punta Gorda Street---- .28 .56 -.33 .76 -.43

streamflow was measured between successive gaging
stations on Mission and Sycamore Creeks to assess
directly the seepage loss from streams in the basin and
to determine the potential for artificial recharge along
the streams. All losses in streamflow were considered
to be the result of seepage loss. The locations of the
gaging stations are shown in figure 1. Measurements
were made both of natural streamflows in both creeks
and of a controlled release of reservoir water to Mis-
sion Creek.

6 Geohydrology

The data collected during the controlled release
of imported water to Mission Creek are probably the
most reliable, because the streamflow was held at a
nearly constant rate and little, if any, surface runoff
was added to the streamflow. The controlled release
lasted for 8 days, from September 24 to October 1,
1979. Average streamflow measurements taken along
Mission Creek on 2 consecutive days of the controlled
release are shown in table 2. These measurements in-
dicate that seepage loss was not significant until the



Table 3. Estimates of annual recharge from natural streamflow and potential re-
charge from controlled releases along Mission Creek

Average daily
loss in
streamflow
between stations
(acre-ft/d)

Streamflow station
(see fig. 1)

Estimated
annual recharge
between stations

(acre-ft/yr)

Estimated number
of days with
flow per year

Natural streamflow

Rocky Nook Park----- -- 73 -
Alamar Street------- 1.75 73 128
Mission Street------ 1.46 73 107
Gutierrez Street---- 1.93 73 141

Total-=--=-e-mememc e e cmmeecm e mecmcmme oo 376

Controlled release

Rocky Nook Park----- -- 365 --
Alamar Street---~--- 1.75 365 639
Mission Street------ 1.46 365 533
Gutierrez Street---- 1.93 365 704

TOtalmmmm =~ = s = m o m o e mm e e 1,876

streamflow passed over Mission Ridge fault near the
Rocky Nook Park streamflow station (fig 1). Upstream
from the Mission Ridge fault, consolidated rock and
relatively impermeable clay layers beneath the stream
channel precluded significant seepage losses. Small
gains in streamflow between the Mission Canyon Road
and Rocky Nook Park streamflow stations during the
controlled release were probably the result of irriga-
tion runoff.

The greatest rates of seepage loss were measured
between Rocky Nook Park and Alamar Street
streamflow stations (206 (acre-ft/d)/mi) and between
Alamar Street and Mission Street streamflow stations
(154 (acre-ft/d)/mi). The average rate of seepage loss
for this entire 1.8-mi reach of the stream is 1.78 (acre-
ft/d)/mi. One possible explanation for the higher seep-
age loss rates downstream from Rocky Nook Park is
that the clay layers beneath the stream channel on the
north side of the Mission Ridge fault are less extensive
or are absent south of the fault..The clay layers may
have eroded because of the upward displacement of
the deposits on the south side of the fault. Observation
wells are needed between Rocky Nook Park and
Alamar Street in order to determine the geohydrology
in this part of the basin. Downstream from the Mission
Street station much of the stream channel is lined with
concrete (fig. 1); as a result, seepage-loss rates are
significantly reduced in this reach of the stream, where
they average only 1.04 (acre-ft/d)/mi. Seepage-loss
measurements of natural streamflow in Mission Creek
are, in general, similar to the values recorded during

the controlled release. However, unmeasured surface
runoff flowing into the stream causes variability in the
data.

Estimates of the annual recharge contributed by
seepage losses of natural streamflow along Mission
Creek and estimates of potential recharge from con-
trolled releases to the stream are shown in table 3. The
amount of recharge contributed by natural streamflow
in Mission Creek was difficult to estimate because the
amount of streamflow and the number of days of
streamflow vary significantly. For the 8-year period of
record, October 1970 to September 1978, flow meas-
ured at the Mission Street gage ranged from 2,580 ft?/s
to the more common condition of no flow. The number
of days per year with measurable flow at the gage
ranged from a low of 20 days to a high of 189 days with
an average over the period of record of about 73 days.

The annual recharge rates shown in table 3 were
estimated by multiplying the seepage-loss rates meas-
ured along Mission Creek during the controlled re-
lease by the average number of days of streamflow per
year. This method of estimating the annual recharge
rates has two main deficiencies: it does not account for
(1) losses of streamflow to evapotranspiration and (2)
the variations in seepage-loss rates caused by changes
in the amount of streamflow. Therefore, the estimate
of annual recharge shown in table 3 should be consid-
ered as only a gross estimate. To estimate potential
recharge from controlled releases to Mission Creek,
the releases were assumed to continue throughout the
year at a constant rate equal to the release rate during

Geohydrology 7



Table 4. Santa Barbara pumpage, 1947-79, in acre-feet

[Source of data:

1947-64, Muir (1968, p. A22); 1965-71, Toups

Corporation (1974, p. 106); 1972-79, City of Santa Barbara

(written commun., 1980)]

Year Pumpage Year Pumpage Year Pumpage
1947-----~ 336 1958------ 81 1969------ 2,890
1948------ 3,471 1959------ 81 1970------ 1,895
1949------ 4,243 1960------ 2,961 1971------ 1,138
1950------ 3,987 1961------ 2,961 1972------ 544
1951------ 2,745 1962------ 2,535 1973------ 1,031
1952------ 1,002 1963------ 2,941 1974------ 727
1953------ 1,497 1964------ 2,888 1975------ 372
1954=-=---~ 891 1965------ 3,180 1976------ 1,171
1955---~-- 413 1966------ 3,080 1977-=---- 1,919
1956------ 220 1967------ 2,310 1978------ 1,034
1957------ 1,480 1968------ 2,780 1979--=--- 2,760

September and October of 1979.

As shown in table 3 the recharge from natural
streamflow seepage in Mission Creek is estimated to
be 376 acre-ft/yr, and the potential recharge of con-
trolled releases is estimated to be 1,876 acre-ft/yr.
Both estimates assume that the water table remains
below the elevation of the channel bottom. Thus, the
release of surplus surface water to Mission Creek can
be considered a large potential source of recharge to
the Santa Barbara ground-water basin. Any further lin-
ing of the channel with concrete would decrease re-
charge to the basin.

Seepage-loss measurements were made for
natural streamflow in Sycamore Creek on February
15, 1979, and January 21, 1980 (table 2). The meas-
urements made in 1979 indicate increases in
streamflow between the Alameda Padre Salinas Street
station and the Punta Gorda Street station. Because
the water table is below the channel bottom, this in-
crease in streamflow is probably the result of unmeas-
ured surface runoff and not of ground-water dis-
charge. Measurements made in 1980 indicate no seep-
age losses upstream from the Alameda Padre Salinas
Street station, where Sycamore Creek flows across
predominantly consolidated rocks that would preclude
significant seepage losses. A small loss (about 0.33
acre-ft/d) between the Alameda Padre Salinas Street
station and the Punta Gorda Street station indicates
that Sycamore Creek adds little recharge to the
ground-water basin. Clay layers present in the upper
stratigraphic profile of much of the Santa Barbara
ground-water basin probably reduce the rate of seep-
age losses downstream from the Alameda Padre
Salinas Street station. Because of the low seepage-loss
rates measured along the stream, the potential for arti-
ficial recharge along Sycamore Creek is considered
negligible.

8 Geohydrology

Seepage losses along Arroyo Burro and San
Roque Creek, the other major streams in the area,
were not measured; however, seepage losses along
these streams are considered small. North of the Mis-
sion Ridge fault these streams probably overlie clay of
low permeability which would preclude significant
seepage losses. South of the fault most of the Arroyo
Burro stream channel lies outside of the Santa Barbara
ground-water basin.

Discharge

In the 1700’s, prior to ground-water withdrawals
from wells, discharge from the ground-water basin in-
cluded streamflow, evapotranspiration, springs, and
subsurface outflow. With the urbanization of the Santa
Barbara area, the major discharge from the basin has
become pumping, which has significantly lowered the
water table, and natural ground-water discharges are
now insignificant in comparison with pumpage from
wells.

Ground-water withdrawals from wells began in
the early 1800’s, to supplement local surface-water
sources. Ground water is still a secondary water sup-
ply. During years of low rainfall, when surface water is
scarce, ground-water pumping is intensified; during
years of high rainfall, when surface water is abundant,
ground-water pumping is reduced (Todd, 1978, p. 48).
Pumpage by the city of Santa Barbara from 1947 to
1979 (table 4) ranges from a low of 81 acre-ft/yr in 1958
and 1959 to a high of 4,243 acre-ft/yr in 1949 and aver-
ages 1,866 acre-ft/yr for the 33-year period of record.
Muir (1968, p. A23) estimated the perennial yield of
the basin to be between 1,700 and 2,000 acre-ft/yr.
Municipal pumpage (table 4) has often exceeded the
estimated perennial yield of the basin.

In the Santa Barbara area pumpage for domestic,
agricultural, and industrial uses is small in comparison













































chloride concentration than that of the deeper zones.
In fact, the average chloride concentration of samples
from the middle zone at coastal monitor site 2 (4N/
27W-23E2) is about 40 times as high as the average
chloride concentration of samples from the shallow
zone (4N/27W-23E4). Therefore, the high chloride
concentrations of ground water in the upper produc-
ing, middle, and lower producing zones cannot be the
result of downward migration of saline water from the
shallow zone.

Clay layers present in the shallow zone must
prevent significant ground-water movement between
the upper water-bearing deposits of the shallow zone,
which reportedly contain saline ground water, and the
lower water-bearing deposits of the shallow zone,
which contain relatively low levels of chloride. The
high chloride concentrations in samples from the upper
producing, middle, and lower producing zones and the
relatively low chloride concentrations in samples from
the shallow zone suggest that ocean water intruded the
deeper water-bearing deposits to a much greater extent
than it intruded the shallow zone. Apparently the
offshore fault (figs. 1 and 2) is not an effective barrier
to saltwater intrusion. Perhaps the fault zone is perme-
able, so that ocean water migrated along the fault zone
and then came into direct contact with the water-
bearing deposits at depth.

No physical barriers are known to exist between
the coast and the municipal well field. Consequently, if

5000 —

the pumping rate maintained during the basin-testing
program were to be continued, the degraded water al-
ready present along the coast could move inland to
contaminate the municipal supply wells. The time re-
quired for the degraded water to move from the coast
to the supply wells can be estimated on the basis of
January 1980 conditions by using the following form of
Darcy’s equation:

T dh/di
bé

-1_)-=

where

v = average velocity of ground-water movement,
in feet per day;

T = transmissivity of the lower producing zone,
in this case, 1,090 ft?/d (Brown and
Caldwell, 1973, p. 65);

dh/dl = hydraulic gradient, in this case 0.015 ft/ft

(fig. 5);

b = thickness of the lower producing zone, in this
case 150 ft (fig. 2); and

0 = effective porosity of the lower producing
zone, in this case 30 percent (estimated
from drillers’ logs, table 8 at the end of this
report).

The average velocity of ground-water movement cal-
culated by the above equation is 0.37 ft/d. At this rate
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of ground-water movement, the degraded water would
move 3,000 ft from the coast to the nearest supply
well, 4N/27W-22B6, in about 22 years.

The solution to the equation above gives the av-
erage velocity; it does not purport to represent the
actual velocity between any two points in the aquifer.
Therefore the time calculated for the degraded water
to reach the well field should be considered only as a
gross estimate; the actual movement may take place
faster or slower than calculated.

MANAGEMENT ALTERNATIVES FOR CONTROL-
LING SALTWATER INTRUSION

As determined from data of the study period July
1978 through January 1980, saltwater intrusion is
probably the principal source of water-quality degra-
dation in the Santa Barbara ground-water basin. One
of the most effective methods for restraining or revers-
ing this intrusion in ground-water basins is to raise
water levels throughout the basin to such a height that
freshwater will displace the intruded ocean water and
force it seaward. Any of several alternative methods
might be employed, singly or in combination, to raise
water levels in the Santa Barbara ground-water basin.
Continued measurements of water level and water
quality at the existing monitoring wells (fig. 3) would
provide the data needed in order to assess the effec-
tiveness of the various management alternatives in
most of the basin.

Decrease pumpage. —Pumpage in the Santa
Barbara ground-water basin currently (1980) exceeds
the estimates of annual recharge to the basin. If annual
pumpage were decreased sufficiently below the esti-
mated annual recharge, water levels in the basin would
recover; past decreases in municipal pumping have in
fact been followed by rapid water-level recoveries.
Decreases in pumpage are possible at the present time
(1980) because adequate surface-water supplies are
available, but in the future short-term overdrafting
probably will be required.

Increase Mission Creek recharge.—During those
periods when surface-water supplies exceed demand,
the ground-water basin could be artificially recharged
by releasing surplus water to Mission Creek, which
under normal conditions is dry in its lower reaches
most of the year. At the same time, selective pumping
along the permeable reach of Mission Creek below
Mission Ridge fault would lower water levels in this
part of the basin and so provide additional storage
space for Mission Creek recharge. Lack of storage
space in this part of the basin probably has limited the
storage of seepage from Mission Creek during periods
of high runoff. Additional monitoring wells along Mis-
sion Creek in the northwestern part of Storage Unit I
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would be useful to help determine the recharge poten-
tial of Mission Creek.

Artificial recharge by injection wells.—The
ground-water basin could be recharged artificially by
injecting surplus water through wells. Injection wells
would place water in areas where recharge is most
needed. In the Santa Barbara area, injection wells
would be most effective if they were located along the
coast.

Relocating the city well field.—Five of the six
city supply wells are within 1 mi of the coast, and four
of the wells are clustered within a half mile of each
other (fig. 3). The proximity of these wells causes a
mutual interference that results in the lowering of
water levels to below sea level in the southern part of
Storage Unit I, even when the combined pumpage
from these wells is less than the estimated annual re-
charge to the basin. Locating city supply wells
throughout Storage Unit I farther from the coast and
spacing them farther apart to minimize drawdown
would allow freshwater levels near the coast to rise. A
ground-water flow model for the area could be used to
determine the optimum placement of the city supply
wells.
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Conversion Factors and Abbreviations

The inch-pound system of units is used in this report. For readers who prefer International System (SI) of Units, the
conversion factors for the terms used in this report are listed below:

Multiply By To obtain
acres 0.004047 km? (square kilometers)
acre-ft (acre-feet) 1,233 m? (cubic meters)
acre-ft/d (acre-feet per day) 1,233 m?/d (cubic meters per day)
(acre-ft/d)/mi (acre-feet per day per mile) 766 (m3/d)/km (cubic meters per day per kilometer)
acre-ft/yr (acre-feet per year) 1,233 m?/a (cubic meters per year)
ft (feet) .3048 m (meters)
ft/d (feet per day) .3048 m/d (meters per day)
ft?/d (feet squared per day) .0929 m?/d (meters squared per day)
ft3/s (cubic feet per second) .02832 m?3/s (cubic meters per second)
inches 25.4 mm (millimeters)
in/yr (inches per year) 25.4 mm/a (millimeters per annum)
Mgal/d (million gallons per day) 3,785 m?3/d (cubic meters per day
mi (miles) 1.609 km (kilometers)

mi? (square miles) 2.590 km? (square kilometers)

m?/a (cubic meters per annum)

Abbreviations used:
mg/L, milligrams per liter
ug/L, micrograms per liter
pmho/cm at 25°C, micromhos per centimeter at 25 degrees
Celsius

National Geodetic Vertical Datum of 1929 (NGVD of 1929)
A geodetic datum derived from a general adjustment of the
first-order level nets of both the United States and
Canada, formerly called mean sea level. NGVD of 1929
is referred to as sea level in this report.
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Table 8. Drillers’ logs of monitoring wells drilled during the study period

Thickness Depth
(ft) (ft)

4N/27W-14K2. Drilled by Sierra Drilling Co., Inc. Logged by U.S.
Geological Survey. Altitude 42.3 ft; 8-in. polyvinyl chloride casing;
depth of hole 450 ft; depth of well 380 ft; perforated interval 260-380 ft.
Drilling completed 7-26-79.

Conductor pipe (no samples)=-------=----e-ooomcm e e 20 20
Sand, medium to coarse (95 percent), and gravel and clay
(5 percent); moderate brown-=--=--==c-=-mmce e 20 40

Sand, medium (75 percent), silt (20 percent), and clay

(5 percent), with occasional cobbles; moderate

yellowish brown-====-=-=-ermemc e 35 75
Sand, medium to coarse (70 percent), silt (20 percent),

clay (5 percent), and fine gravel (5 percent); moderate

yellowish brown-------c-r-rremcccc e cccmccc e e e 25 100
Sand, fine to medium (50 percent), silt (30 percent), clay

(10 percent), and occasional cobbles and (or) gravel

(5-10 percent); moderate yellowish brown-=-=------=--cc---- 100 200
Same as above, except clay is moderate brown-----------c----- 40 240
Sand, fine to medium (50 percent), silt (35 percent), and

clay (15 percent); moderate yellowish brown-----------cc--- 30 270

Sand, medium to coarse (60 percent), silt (15 percent),
clay (5 percent), and fine gravel (20 percent); moderate

yellowish brown----=-=---=-ccmmc e 40 310
Sand, fine to medium (50 percent), silt (35 percent), and
clay (15 percent); light olive gray-=------=--c-cccmcccan-- 35 345

Sand, medium (70 percent), silt (15 percent), a trace of
clay, fine gravel (5 percent), and occasional cobbles and

(or) boulders (10 percent); moderate yellowish brown------- 20 365
Sand, fine (60 percent), silt (25 percent), and clay
(15 percent); moderate yellowish brown---==--eemccmccccccnn 85 450

4N/27W-15K1. Drilled by Sierra Drilling Co., Inc. Logged by U.S.
Geological Survey. Altitude 18.9 ft; 8-in. polyvinyl chloride casing;
depth of hole 500 ft; depth of well 464 ft; perforated interval 280-464 ft.
Drilling completed 7-17-79.

Conductor pipe (no samples)--------=---mcccccccocccm oo 20 20
Sand, medium to coarse (80 percent), and gravel
(20 percent); moderate yellowish brown------===--cmcccmaan- 40 60

Sand, medium (55 percent), silt (30 percent), and clay
(15 percent), with occasional gravel; moderate yellowish
brown---===-=-ccmcm e c e 65 125
Sand, medium (40 percent), silt (30 percent), clay
(10 percent), and gravel (20 percent); moderate

yellowish brown----=----cr-ccccmc e 15 140
Sand, medium (70 percent), silt (20 percent), and boulders

(10 percent), with trace of clay; moderate yellowish brown- 10 150
Sand, fine to medium (60 percent), silt (30 percent), and

clay (10 percent); olive black-------==-=-=----oommcmmme oo 30 180
Sand, fine to medium (80 percent), silt (20 percent), and a

trace of clay, with occasional cobbles; dark greenish gray- 20 200
Sand, fine to medium (60 percent), silt (20 percent), a trace

of clay, and gravel (20 percent); light olive brown----=---- 15 215
Sand, fine to medium (70 percent), silt (20 percent), and

clay (10 percent); moderate yellowish brown-------c--c--=-- 90 305
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Table 8. Drillers’ logs of monitoring wells drilled during the study period—Continued

Thickness Depth
(ft) (ft)
4N/27W-15K1.--Continued
Sand, fine to medium (60 percent), silt (15 percent), a trace
of clay, and gravel (25 percent); moderate yellowish
brown-------==~ccc-ccccmocomcomcoao ke tabate bl 15 320
Sand, fine to medium (80 percent), silt (15 percent), and
clay (5 percent); moderate yellowish brown-=----=-==~-=--c- 40 360
Sand, fine to medium (65 percent), silt (30 percent), and
clay (5 percent); moderate yellowish brown----------=------ 50 410
Same as above, except grayish olive-------=--cmccoc-commono—- 10 420
Sand, fine to coarse (80 percent), silt (10 percent), a
trace of clay, and gravel (10 percent); moderate yellowish
brown-===-~ccsccmcm et eme e mc et cccce e m e 40 460
Sand, fine to coarse (85 percent), silt (10 percent), and
shell fragments (5 percent); light olive gray-------=------ 15 475
Shale (100 percent); moderate olive black---=-=-mecmmcmcanon- 25 500

4N/27W-16R1. Drilled by Sierra Drilling Co.,,Inc. Logged by U.S.
Geological Survey. Altitude 84.8 ft; 6-in. polyvinyl chloride casing;

depth of hole 720 ft; depth of well 625 ft; perforated interval 545-625 ft.

Drilling completed 8-21-79.

Sand, fine (60 percent), silt (35 percent), and clay

(5 percent); moderate yellowish brown--====se=m-coo—mcmnona
Sand, fine to medium (55 percent), silt (25 percent),

clay (10 percent), and cobbles and gravel (10 percent);

moderate yellowish brown-------------cccccccccmcccomancono-
Sand, fine (70 percent), silt (20 percent), and clay
(10 percent); moderate yellowish brown-----~c--ccecmccacanx

Sand, poorly sorted (70 percent), silt (10 percent), a

trace of clay, and fine gravel and (or) rock fragments

(20 percent); moderate yellowish brown----------c-cccccnc-x
Sand, fine (60 percent), silt (25 percent), clay (5 percent),

and gravel (10 percent); moderate yellowish brown----------
Sand, poorly sorted (70 percent), silt (10 percent), a trace

of clay, and gravel and (or) rock fragments (20 percent);

moderate yellowish brown-----~=~---ccscacccccuccccmcacnnnnn
Sand, fine (60 percent), silt (30 percent), clay (5 percent),

and gravel (5 percent); moderate yellowish brown-----------
Sand, medium-well-sorted (85 percent), silt (10 percent),

and occasional fine gravel (5 percent); moderate

yellowish brown--------=-sccomcrcmce e cm e e
Sand, fine to medium (75 percent), silt (15 percent), and

clay (10 percent); moderate yellowish brown---------=------
Sand, fine to coarse (80 percent), silt (15 percent), and

clay (5 percent); moderate yellowish brown------==-==-=c--==
Sand, fine (50 percent), silt (25 percent), clay

(10 percent), and fine gravel (15 percent); moderate

yellowish brown-~=----~ccc-cccccocsnc s ccce e mm e m o
Sand, fine to coarse (45 percent), silt (20 percent), clay

(5 percent), and fine gravel (30 percent); moderate

yellowish brown-------------ccecoeccrccc s cne e e e
Sand, fine to coarse (50 percent), silt (30 percent), clay

(10 percent), and fine gravel (10 percent); dark

greenish gray----=-cc-cc-cecmccncccsccccarccncc o n e

60

40

35

15

10

10

30

30
10

40

40

30

25

60

100

135

150

160

170

200

230
240

280

320

350

375
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Table 8. Dirillers’ logs of monitoring wells drilled during the study period—Continued

Thickness Depth

(ft) (ft)
4N/27W-16R1.--Continued

Sand, fine to medium (80 percent), silt (15 percent), and

occasional gravel (5 percent); moderate yellowish brown---- 25 400
Sand, fine to medium (70 percent), silt (25 percent), and

clay (5 percent); moderate yellowish brown--------=-------- 75 475
Sand, fine (60 percent), silt (35 percent), and clay

(5 percent); moderate yellowish brown------=-==-=--c—c-==u--- 5 480
Sand, fine to medium (80 percent), silt (15 percent), and

clay (5 percent); medium bluish gray--------=-=-=-cc-mco-uo 20 500
Sand, fine (65 percent), silt (30 percent), and clay

(5 percent); dark greenish gray-------------=-----m—ooeeo_o 50 550
Sand, medium (90 percent), silt (10 percent), and a trace of

clay; olive gray=-=---=----=-=-------—--ommeoooomeomoo o 40 590
Sand, fine (60 percent), silt (30 percent), clay

(10 percent), and a trace of shell fragments; light olive

) e L L L L e D P L L L DR B 20 610
Sand, medium to coarse (85 percent), fine gravel

(10 percent), and shell fragments (5 percent)---------=-=-- 10 620
Sand, poorly sorted (75 percent), silt (20 percent),

fine gravel (5 percent), and a trace of shell fragments---- 20 640
Sand, poorly sorted (55 percent), silt (30 percent), clay

(5-10 percent), and shell fragments (5 percent);

olive gray-------------------me e emme e me o memmemm oo 70 710
Shale (100 percent); moderate brown--=--=--=-c-==ccoocmomom_o 10 720

4N/27W-17J1. Drilled by Sierra Drilling Co., Inc. Logged by U.S.
Geological Survey. Altitude 138.8 ft; 8-in. polyvinyl chloride casing;
depth of hole 385 ft; depth of well 320 ft; perforated interval 190-320 ft.
Drilling completed 7-6-79.

Conductor pipe (no samples) =—===-=-=-mco-mc—macm—mee—ee oo 20 20
Sand, coarse (75 percent), and boulders (25 percent);

moderate yellowish brown---=-----=--=----coommcmmcm e 10 30
Sand, medium to coarse (100 percent), and a trace of clay;

light brown=---===--c--cem e mm o cmcccmccme o ome- 10 40
Sand, fine to medium (95 percent), and clay (5 percent);

light brown-------==--==-==-- oo m oo oo 20 60
Sand, fine to medium (55 percent), silt (30 percent), and

clay (15 percent); moderate yellowish brown---------------- 80 140
Sand, medium (60 percent), silt (30 percent), and clay

(10 percent); grayish olive--=------==-----mooomomomo - 40 180
Sand, fine to medium (60 percent), silt (25 percent), and

clay (15 percent); dark greenish gray---------======-—=c--- 20 200
Sand, fine to coarse (90 percent), clay (5 percent),

and cobbles (5 percent); dark greenish gray--------==------ 20 220
Sand, medium well-gsorted (100 percent), and a trace of clay,

grayish olive----=--------connoeooomo e b bbbt b 30 250
Sand, fine to medium (70 percent), silt (20 percent), and

clay (10 percent); grayish olive---=-=--=--=---c-oc-oou—o 10 260
Sand, fine to coarse (100 percent), and a trace of clay;

light grayish olive-=----===----------oo—mmmmmomm oo 20 280
Sand, fine to medium (75 percent), silt (20 percent), and

clay (5 percent); light olive gray---------==--=-=—==------- 20 300

30 Table 8



Table 8. Drillers’ logs of monitoring wells drilled during the study period—Continued

Thickness Depth
(ft) (ft)

4N/27W-17J1.--Continued

Sand, medium (50 percent), boulders (50 percent), and a

trace of clay; olive gray----------=-------~cc-c-—c-ocma- 15 315
Sand, medium, salt and pepper (60 percent), silt

(20 percent), cobbles (20 percent), and occasional

shell fragments; olive gray-------=---c-co-mccoec—ccaaaa-—- 25 340
Sand, fine to medium (95 percent), and shell fragments

(5 percent); olive gray------=-=-----=ee-c-em---ooceooooooo 10 350
Sand, fine to medium (65 percent), silt (30 percent), clay

(5 percent), and some shell fragments; olive gray--=------- 20 370
Shale (100 percent); grayish red----------=---ce----cco-ooun 15 385

4N/27W-22Q1. Drilled by Sierra Drilling Co., Inc. Logged by U.S.
Geological Survey. Altitude 13 ft; 8-in. polyvinyl chloride casing;
depth of hole 120 ft; depth of well 60 ft; perforated interval 20-60 ft.
Drilling completed 7-3-79.

Sand, fine (90 percent), and clay (10 percent); olive gray--- 20 20
Sand, fine to medium (70 percent), gravel (20 percent),

and clay (10 percent); olive gray----------==---==--------- 38 58
Shale (100 percent); grayish red---------=-----------c-o----- 62 120

4N/27W-23D1. Drilled by Sierra Drilling Co., Inc. Logged by U.S.
Geological Survey. Altitude 12 ft; 8-in. polyvinyl chloride casing;
depth of hole 400 ft; depth of well 380 ft; perforated interval 240-380 ft.
Drilling completed 7-20-79.

Conductor casing (no samples)--=-=---===c-c---—ccmeo—ceomo——— 20 20
Sand, fine to medium (95 percent), and clay (5 percent);

olive gray---=--=-=------cc-mcc-mcccmcce o ccmaecmmo oo e 70 920
Sand, medium (90 percent), clay (5 percent), and

organic matter (5 percent); olive gray-=-----=-------=----- 10 100
Sand, medium to coarse (90 percent), and fine gravel

(10 percent)=-==----c--m--mmecm oo momemo e 10 110
Sand, medium (85 percent), silt (10 percent), and clay

(5 percent)=--===-—-m oo 30 140
Sand, medium to coarse (100 percent); medium olive gray------ 10 150
Sand, medium (85 percent), and clay (15 percent);

medium light gray-----=---=--------s--—-c-ce—-c-cccoon- 30 180
Sand, fine to coarse (80 percent), and clay (20 percent);

dark yellowish brown-------=-=----c--ceea-ccmcocooooaoonao- 60 240
Sand, very fine to medium (100 percent); moderate olive

brown-----=---==-----mmme e cmcae——o—aomooee- 20 260
Sand, fine to coarse (100 percent); light olive gray--------- 20 280
Sand, fine to coarse (80 percent), and clay (20 percent);

moderate olive brown-----=--=-----ce--cecec—-coccssa-ooon-- 20 300
Sand, very fine (50 percent), silt (30 percent), and

clay (20 percent); brownish------==--s=emcoocmccccammoao——- 20 320
Sand, medium to coarse (90 percent), and gravel and clay

(10 percent); light olive brown------=---==---c-c-cacoooaa- 60 380
Sand, fine (50 percent), clay (40 percent), and silt

(10 percent); medium light olive gray-==-=-=====~-==c----=- 20 400
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