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CONVERSION FACTORS

The inch-pound system of units is used in this report. For readers who prefer
metric units, the conversion factors for the terms used in this report are
listed below:

Multiply By To obtain

acre 0.004047 km? (square kilometer)
acre-ft (acre-foot) 1234 m3 (cubic meter)

acre-ft/yr (acre-foot per year) 1234 m3/yr (cubic meter per year
ft (foot) 0.3048 m (meter) )
(ft/d)/ft (foot per day per foot) 0.3048 (m/d)/m (meter per day per meter)
ft2/d (foot squared per day) 0.09290 m2/d (meter squared per day)
ft3/s (cubic foot per second) 28.32 L/s (liter per second)

ft/mi (foot per mile) 0.189% m/km (meter per kilometer)
gal/min (gallon per minute) 0.06309 L/s (liter per second)
Mgal/d (million gallons per day) 0.04381 m3/s (cubic meter per second)
in (inch) 25.4 mm (millimeter)

mi (mile) 1.609 km (kilometer)

mi2 (square mile) 2.589 km? (square kilometer)

mi3 (cubic mile) 4.166 km3 (cubic kilometer)

Degree Fahrenheit (°F) is converted to degree Celsius (°C) by using
the formula: °C = (°F - 32)/1.8.

Abbreviations Used

mg/L - milligram per liter

Hg/L - microgram per liter
pmho/cm - micromho per centimeter

National Geodetic Vertical Datum of 1929 is a geodetic datum derived from
the average sea level over a period of many years at 26 tide stations along
the Atlantic, Gulf of Mexico, and Pacific Coasts and as such does not neces-
sarily represent local mean sea level at any particular place. To establish
a more precise nomenclature, the term "NGVD of 1929" is used in place of "Sea
Level Datum of 1929" or "mean sea level."




APPRAISAL OF GROUND-WATER RESOURCES IN THE SAN ANTONIQO CREEK VALLEY,

SANTA BARBARA COUNTY, CALIFORNIA

By C. B. Hutchinson

ABSTRACT

The adequacy of the ground-water
supply in the 1l54-square mile San
Antonio Creek valley is a concern of
agricultural, military, municipal, and
domestic users. A nearly threefold
increase in demand for water during
the period 1958-77 has increased the
potential for overdraft on the ground-
water basin. The hydrolegic budget
for this period showed a perennial
yield of about 9,800 acre-feet per
year and an annual ground-water dis-
charge of about 11,400 acre-feet per
year, comprising net pumpage of 7,100
acre~feet, phreatophyte evapotranspi-
ration of 3,000 acre-feet, and base
streamflow of 1,300 acre-feet. The
base flow in San Antonio Creek could
diminish to zero when net pumpage
reaches 13,500 acre-feet per year.
The environmentally sensitive marsh-
land area of Barka Slough may then
become stressed as water normally lost
through evapotranspiration is captured

by pumpage.

The aquifer consists of alluvial
valley fill that ranges in thickness
from 0 to 3,500 feet, covering an area
of 110 square miles. Ground water
moves seaward from recharge areas
along mountain fronts to a consoli-
dated-rock barrier about 5 miles east
of the Pacific coast. Upwelling of
ground water just east of the barrier
has resulted in the 550-acre Barka

Slough. Transmissivity of the aqui-
fer, computed from pumping tests,
ranges from 2,600 to 34,000 feet
squared per day, with the lowest val-
ues occurring in the central part of
the valley where the agquifer is thick-
est but probably finer grained.

For analytical purposes, the average
transmissivity of the basin east of
Barka Slough was considered to be
10,000 feet squared per day. With av-
erage values of transmissivity, stor-
age coefficient, and leakance factor
assigned to the conceptual model, an
analysis of the impact of overdraft on
the ground-water basin can be made.

The average dissolved-solids concen-
tration in the ground water east of
the barrier is 710 milligrams per
liter, and in the agricultural parts
of the valley, also east of the bar-
rier, salinity problems are increas-
ing. West of the barrier, stream and
ground-water quality is poor, owing to
seepage of saline water from the ma-
rine shale that underlies the area at
shallow depths.

A proposed basinwide monitoring pro-
gram includes 19 water-level sites,
14 water-quality sampling sites, 3
streamflow measuring sites, and peri-
odic infrared aerial photography of
Barka Slough. A computer model of the
ground-water-flow system could be de-
veloped to assess the impact of vari-
ous water-management alternatives.

1



2 GROUND-WATER RESOURCES, SAN ANTONIO CREEK VALLEY, CALIF.

INTRODUCTION

Demand for ground water in the
predominantly rural 154-square mile
San Antonio Creek valley increased
approximately threefold between 1958
and 1978. Current (1978) withdrawals
are greater than the preliminary
perennial yield estimate of 7,000
acre-ft/yr. This dramatic increase in
demand for water is due to growth of
agriculture and the development of
water supplies for Vandenberg Air
Force Base (VAFB).

To plan for anticipated growth,
Vandenberg Air Force Base has in-
dicated its need for an up-to-date
water-resources appraisal of San
Antonio Creek valley with emphasis on
potential overdraft. Data collected
between 1958 and 1978 were used to
reassess perennial yield and effects
of ground-water development.

Purpose and Scope

This study evaluates the long-term

availability of the ground-water
supply by focusing on the following
questions:

1. What are the current ground-
water conditions in the San Antonio
Creek valley?

2. What is the perennial yield of
the San Antonio Creek ground-water
basin? Is the basin currently in
overdraft?

3. What quantity of water is avail-
able for long-term withdrawal at VAFB?

4. What is the health status of the
vegetation in marshland areas?

5. What effect will. increased agri-
cultural expansion upgradient have on
the water supply at VAFB?

6. What effect will increased with-
drawals by VAFB have on the water re-
sources in San Antonio Creek valley
adjacent to VAFB, on underflow from
the adjoining Santa Maria and Santa
Ynez valleys, on the marshlands, and
on inland movement of seawater?

7. What type of hydrologic monitor-
ing program is necessary to cbtain the
information needed for environmental
protection?

The project involved the collection
and analysis of aerial photographs,
data on water use, geologic logs,
aquifer test results, ground-water
levels, streamflow, and water quality.
The data tabulated herein supplement
information presented by Muir (1964).
A conceptual model of the hydrologic
regime that can be used by Federal,
State, and local interests for the or-
derly development and management of
the ground-water resources of the ba-
sin is formulated. Specifically, the
results are designed to assist VAFB in
its water-management plans.

Previous Studies

Reports describing the geology and
hydrology of Santa Barbara County and
the San Antonio Creek valley have been
published by consulting engineers,
State and County agencies, and the
U.S. Geological Survey. Many of the
reports that pertain to the study area
are listed in the Selected References
section of this report.

The geology of the San Antonio Creek
valley was described by Dibblee
(1950), Woodring and Bramlette (1950),
and Muir (1964). Dibblee mapped the
geology of the southern part of the
valley at a scale of 1:62,500, Wood-
ring and Bramlette applied geologic
and structural overlays to aerial
photographs at a scale of 1:24,000,
and Muir mapped the geology on
1:48,000-scale topographic maps. Well
logs from the California Department of
Conservation, Division of 0il and Gas
(1963) were used to define the ground-
water basin boundaries, and to develop
the bedrock map and the geologic
section presented in this report.

The first appraisal of hydrologic
conditions was done by Muir (1964),
using a base period of 1943-58.
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Aquifer boundaries and water levels
were mapped for the first time, a
streamflow station was established to
monitor the ground-water and surface-
water outflow from the basin, a hydro-
logic budget was made, ground-water
quality was evaluated, and the prelim-
inary estimate of perennial yield of
7,000 acre-ft/yr was made. Local
ranchers commissioned the next in-
depth study by Montgomery (1975),
which included an appraisal of ground-
water resources and supply potential
of the easternmost 3l-square mile sec-
tor of the valley. The Santa Barbara
County Water Agency (1977), in a re-
port on the adequacy of the ground-
water basin, developed a rainfall-
infiltration model and estimated the
“safe yield" at 7,400 acre-ft/yr.

Well-Numbering System

. Wells are numbered according to
their location in the rectangular
system for subdivision of public land.
The part of the number preceding the
slash, as in 8N/34W-14Al, indicates
the township (T. 8 N.); the number
following the slash indicates the
range (R. 34 W.); the number following
the hyphen indicates the section
(sec. 14); the 1letter 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. A "2" before the
final digit indicates that the well is
plotted from an unverified location
description; the site was visited but
nc evidence of a well could be found.

D|C|{B| A
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DESCRIPTION OF THE AREA

Topography, Drainage, and Land Use

The San Antonio Creek drainage basin
is about 30 mi long and 7 mi wide and
covers 154 mi? in west-central Santa
Barbara County (fig. 1). The 1land
slopes steeply from an altitude of
more than 1,200 ft along ridges that
flank the valley on the north, south,
and east, to a narrow, flat floor that
slopes gently westward from an alti-
tude of about 800 ft to the Pacific
Ocean.

The ground-water basin, with an area
of about 110 mi2, consists of uncon-
solidated valley-fill deposits bounded
along much of the perimeter on the
north, south, and west by relatively
impermeable consoclidated rocks of the
Purisima, Casmalia, and Solomon Hills.
On the east, and parts of the north
and south, the ridges forming the
drainage basin boundary serve as the
ground-water basin boundary. The
abutment of the Purisima and Casmalia
Hills constitutes a barrier to the
seaward flow of ground water. Upwel-
ling of ground water just east of the
barrier has established a 550-acre
marshland known as Barka Sloucgh.

San Antonio Creek, which runs the
length of the valley, is fed by trib-
utaries that are slowly dissecting the
surrounding hills. East of Barka
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Slough the streamflow is intermittent
because it is derived mainly from sur-
face runoff during the rainy season.
West of the slough the flow is peren-
nial and during the dry season it is
derived entirely from ground water
discharged through the slough. Con-
tinuous streamflow records of San
Antonio Creek are obtained at the town
of Los Alamos and at a station 2 mi
west of Barka Slough.

Land in San Antonio Creek valley is
devoted to municipal, military, and
agricultural uses, including grazing.
The town of Los Alamos, population
about 900 (Los Alamos Community Ser-
vice District, oral commun., 1977),
covers about half a square mile in the
east-central part of the valley. VAFB
owns the western quarter of the valley
and, just north of Barka Slough, has a
well field at the downgradient end of
the ground-water basin (fig. 1). The
rest of the valley is privately owned,
with the upland parts primarily used
for dry farming or grazing and the
flatlands along. the streams for irri-
gated farming.

Agricultural land wuse has been
documented four times during the
1958-77 base period of this in-
vestigation (California Department of

Water Resources, 1964, 1969; Santa
Barbara County Water Aagency, 1968,
1976). These data indicate that

irrigated agriculture grew from about
2,200 acres in 1958 to about 5,000
acres in 1977 (see graph inset,
fig. 1). The agricultural emphasis has
shifted from field and pasture crops
to large-scale vineyards and truck
crops.

Aerial Photography

In 1978, VAFB began a program of
infrared aerial photography to assess

vegetation changes in the Barka Slough
area and in the downstream channel of
San Antonio Creek. Barka Slough is
one of the few pristine marshlands in
southern California and is known or
believed to be the habitat of at least
nine threatened and endangered species
of wildlife (Descheneaux, 1975).
Conditions as of July 1, 1978, are
documented in the infrared photomosaic
of figure 2.

Climate

The San Antonio Creek valley has a
semiarid climate characterized by mild
temperatures and low rainfall. Tem-
peratures during the winter generally
range from 40° to 60°F and during the
summer from 60° to 80°F. About 95
percent of the rainfall occurs between
November and May and is uniformly dis-
tributed throughout the valley (Muir,
1964, p. 5). The long-term average
(1%09-77) rainfall at the National
Weather Service station in Los Alamos
is 15.18 inches. For the 1958-77
study periocd, rainfall averaged 14.61
inches, or about 4 percent belcw the
long-term average.

A curve of cumulative departures of
rainfall from the 1909-77 average
(fig. 3) shows cyclical wet, dry, and
near-average periocds as follows:

Percentage
, Avgrage above (+) or
Period Date rainfall bel -
(inches) elov (-)
average
Wet 1909-18 20.53 +35
Dry 1919-34 12.44 -18
Wet 1935-44 18.62 +23
Dry 1945-57 12.67 =17
Near 1958-77 14.61 -4
average
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A close correlation between the
ground-water level measured in ob-
servation well 8N/33W-2001 and rain-
fall 1is easily seen in figure 3.
During wet years the level rose as a
result of increased recharge; during
dry periods the discharge exceeded
recharge, and the water level rapidly
declined; and during the near-average
period the water level dropped only
slightly. The water-level fluctua-
tions in well 8N/34W-23B1 were more
subdued, the sharp decline in the late
1960's probably reflecting pumping.

The magnitude and distribution of
rainfall are important factors in the
evaluation of the San Antonio Creek
ground-water regime. The 1943-58
analysis of perennial yield was based
on rainfall data from the latest dry
period and part of the normal period,
and admittedly it contains climatic
errors (Worts and Wilson, 1964,
p. 38). In this investigation the
influence of climatic variation is
minimized because the years 1958-77
were in a periocd of near-average
rainfall. An estimate of perennial
yield derived from the later base
period should be more nearly repre-
sentative of long-term yield.

Water Use

Water for consumptive use in the San
Antonio Creek 'valley is derived en-
tirely from ground-water sources. The
annual distribution of the various
discharges from the ground-water basin
is displayed graphically in figure 4
and shown in table 1. These dis-
charges may be summarized as follows:

1. Ewvapotr iration discharge.
Evapotranspiration by phreatophytes
draws from the ground-water supply
naturally, just as pumping for irri-
gation draws from the resource arti-
ficially. Evapotranspiration by
phreatophytes in Barka Slough and
along the channel of San Antonio
Creek, 6 mi east of the ground-water
barrier, was estimated to be 3,000

acre-ft/yr in 1958 (Muir, 1964, bp.
33). Because there was no apparent

-change in the vegetation of the marsh-

land during the period 1958-77, the
evapotranspiration rate is assumed to
have remained stable, although the
competition for ground water for mu-

nicipal and domestic supplies, irri-
gation, and military supplies has
dramatically increased. The water

supply needed to maintain pristine
conditions of the marshland and the
stream channel was probably derived
from a reduction in base flow and
surface runoff.

2. Base flow. The base flow of San
Antonio Creek is the component of
total runoff sustained by ground-water
discharge (fig. 5). The 1958-77
average base flow of 1,300 acre-ft/yr
was computed by the separation tech-
nique of Kunkle (1962), using hydro-
graphs of daily runoff at the station
2 mi west of Barka Slough. During
this period base flow averaged one-
third of the total runoff and ranged
from a high of 2,331 acre-ft in 1963
to a low of 570 acre-ft in 1977. The
apparent decline in base flow is in
response to a combination of increased
pumpage and competition for ground
water by phreatophytes.

3. Municipal and domestic pumpage.
Although it has nearly doubled over
the past 20 years, municipal and
domestic pumpage is the least signi-
ficant component of ground-water
discharge from the basin. Municipal
supplies recorded by the Los Alamcs
Community Service District (oral
commun., 1978) increased proportion-
ately with population from about 80
acre-ft/yr in 1958 to 170 acre-ft/yr
in 1977. Domestic pumpage from pri-
vate wells and springs in 1976 was
estimated at 90 acre-ft/yr by the
Santa Barbara County Water Agency
(1977, p. x-3). This is probably the
average figure for the 1958-77 study
pericd. The average municipal and
domestic pumpage used for analytical
purposes in this report is 200 acre-

ft/yr.
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TABLE 1. - Annual runoff and components of annual discharge from the

San Antonio Creek ground-water basin

(in acre-feet)

Evapo- cipal mili-  Toal
Tear trams- o0 RS ana  (THSN tay  TOT
piration domestic pumpage ..
scharge
_pumpage
1958 3,000 13,630 1,818 170 3,860 0 8,848
1959 3,000 1,910 1,487 160 3,730 0 8,377
1960 3,000 2,550 1,510 150 3,860 0 8,520
1961 3,000 1,940 1,604 180 4,030 Q 8,794
1962 3,000 11,320 2,331 160 4,200 0 9,691
1963 3,000 2,710 1,866 150 4,450 317 9,783
1964 3,000 2,000 1,364 170 4,700 1,338 10,572
1965 3,000 2,100 1,295 160 4,960 1,748 11,163
1966 3,000 1,620 1,277 160 5,210 833 10,480
1967 3,000 1,970 1,253 160 5,830 1,627 11,670
1968 3,000 916 750 170 6,050 1,346 11,316
1969 3,000 14,360 2,213 180 6,380 995 12,768
1970 3,000 1,480 968 200 6,720 1,622 12,510
1971 3,000 772 639 210 6,970 1,313 12,132
1972 3,000 1,150 653 230 7,220 1,163 12,266
1973 3,000 5,260 1,296 230 7,480 1,020 13,026
1974 3,000 2,840 972 230 7,730 1,334 13,266
19758 3,000 2,130 88l 240 7,950 1,512 13,583
1976 3,000 990 595 250 8,230 1,655 13,730
1977 3,000 776 570 260 8,480 1,829 14,139
Average 3,000 3,600 1,300 200 5,900 1,000 11,400
{rounded)
4. Irrigation net pumpage. The most yr to 8,480 acre-ft/yr, with an aver-

significant component of ground-water
discharge is irrigation net pumpage,
which equals the amount of ground wa-
ter that is consumptively used by
crops. It is lower than total pumpage
by the amount of return flow that
soaks past the root zone and back to
the ground-water reservoir. In the
San Antonio Creek valley, during the
pericd 1958-77, irrigation net pumpage
steadily increased from 3,860 acre-ft/

age of 5,900 acre-ft/yr. These fig-
ures are based on the crop-use. tech-
nique for determining water use by as-
suming that 2.1 ft of water is applied
per crop-acre and that return flow is
20 percent of total pumpage (Muir,
1964, p. 31; and California Department
of Water Resources, 1964, p. 48).

5. Military pumpage. Military pump-
age consists of water pumped from the
well £field north of Barka Slough.
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Pumping began in 1963 and gradually and consolidated rocks on the basis of
increased from an initial rate of 317 their. gechydrologie® characteristics.
acre-ft/yr to 1,829 acre-ft/yr in The unconsolidated deposits consist of
1977; the average for the 1958-77 per- permeable sand and gravel layers,
iod was 1,000 acre-ft/yr. The antici- mostly of the Paso Robles Formation
pated long-term rate of withdrawal has and Careaga Sand, that blanket the
been estimated at 4,200 acre-ft/yr central part of the valley and form an
(Santa Barbara .County Water Agency, -aquifer that constitutes the ground-
1977), probably a maximum rate deemed water basin. A surficial layer of Ho-
adequate to serve increased demands locene alluvium about 100 ft thick and
resulting both from expansion of the 1 mi wide constitutes an important
space-shuttle program and the shifting water-bearing zone along San Antonio
of pumping from another well field in Creek and its tributary canyons. The
the Santa Ynez River basin where consolidated rocks consist of rela-
ground-water quality is poor. tively impermeable fine-grained depos-

6. Total ground-water discharge. = its of the Foxen Mudstone, Sisquoc
Total ground-water discharge increased Formation, and Monterey Shale that
from 8,848 acre-ft in 1958 to 14,139: under lie the unconsolidated deposits
acre-ft in 1977 and averaged 11,400 and form the stratigraphic base of the
acre-ft/yr during the period 1958-77. aquifer. The consolidated rocks also
The increase is due to a near three bound much of the perimeter of the
fold increase in pumping for municipal ground-water basin, where they have
and domestic, irrigation, and military been uplifted and exposed in the
supplies. Assuming a perennial-yield Casmalia, Purisima, and Solomon Hills

estimate of 7,000 acre-ft/yr (Worts
and Wilson, 1964, p. 36), it appears
that the ground-water basin was in an
ever-increasing state of overdraft,
which averaged 4,200 acre-ft/yr during
the 1958-77 period.

GEOHYDROLOGIC SYSTEM

Geologic Framework

The geologic structure underlying
the San Antonio Creek valley is a ma-
jor syneclinal trough, the axis of
which trends about N. 65° W. and
nasgses- through the town of Los Alamos
(Dinplee, 1950, p. 59). This down-
warp, known as the Los Alamos syn-
cline, contains a series of marine and
continental sediments, Miocene to Ho-
locene in age, that totals about
10,000 ft in thickness. The strati-
graphic units that compose this se-

quence, and their water-bearing
characteristics, are summarized in
table 2.

In this report the sediments are
categorized as unconsolidated deposits

(fig. 1).

A structure-contour map of the top
of the consolidated rocks (fig. 68) and
a geological section along the axis of
the valley (fig. 7) are used to eval-
uate the storage capacity of the
ground-water basin and the potential
for salt-water intrusion into the
fresh-water aquifer. Table 3 is a
summary of test holes used to con-
struct the map and section.

The surface of the consolidated
rociks forms a nearly closed basin.
This surface is one of high relief,
its altitude generally ranges between
1,000 ft above sea level in the
Solomon and Purisima Hills, and 2,600
ft below sea level east of Los Alamos
(fig. 6). Where the rocks crop out,
they clearly define the ground-water
basin boundary. This boundary is
obscured in areas on the east, south,
and north where test holes at sites 7,
26, and 50 indicate that the consoli-
dated rocks are blanketed by layers of
unconsolidated deposits less than
1,000 ft thick. In these areas the
San Antonio Creek ground-water basin
is in hydrologic continuity with the
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TABLE 2. - Stratigraphic units of the San Antonio Creek valley area
[Modified from Muir, 1964, p. 12]
:: Series Formation n‘t;:g' General lithologic character w;::;.::;:‘ug
Sand, coarse to fine, well Unconsolidated; highly
rounded, and in part permeable, but yields
Dune sand 0-1002 actively drifting. only small amounts of
wvater to wells because
sand is mostly abave
zons of saturatiom.
Holocene l—Unconformity.
Sand, clay, silt, and gravel |Unconsolidated; highly
of fluvial origin except permeable and yields
Alluvium 0-100% near the coast, where the water to wells. Onme
clay and sand probably are of the major aquifers
marine. of the area. Tapped
by most wells.
- Unconformity:
: Crossbedded sand, gravel, Unconsolidated; somevhat
s and clay. Fluvial origin permeable but position
] Terrace deposits 0-75+ east of Barka Slough, causes rapid drainage,
! : sarine origin west. largely unsaturated.
& |——Unconformity
Sand and clay interbedded Unconsolidated; locally
with gravel. Locally has yields small quantities
a cap rock of induratsd of water to wells.
sandstone underlain by
Pleistocene Orcutt Sand 0~-1502 sand and clay and a lower
member of sand and gravel.
Fluvial in origin but in-
cludes some marine deposits.
e IcORfOrmity
Gravel, sand, silt, and clay |Unconsolidated; yields
containing occasional weter fairly freely to
thin limestone beds near wells. The best ag~
Paso Robles 0~-2,0002 base and a few indurated uifer in the area.
Formation sandstone beds. Nonmarine Tapped by most wells.
2 in origin. Locally contains
artesian vater.
Pliocene
Sand, and some silt and Unconsolidated; yields
gravel. Two members ssall quantities of
locally; upper member is water to wells. Owing
a coarse~grained sand- to caving, to difficul-
stone and sand; lower ty in screening, and
Careaga Sand 125-1,500+ member is a fine-grained to its considerable
fossiliferous sandstone depth beneath most of
> and sand. Marine in area, it is tapped bv
) origin. few wells, ' .. is
pe} used by Vandenberg Air
] Force Base.
= Local unconformity
Pliocene to [Comnsolidated 0-10,000 Mudstone, siltstone, Consolidated or highly
Miocene rocks. Includes diatomaceous and compacted; poorly water
Foxen Mudstone, porcelaneous shale, bearing, except for
Sisquoc For- sandstone, and minor supplies in
mation, and siliceous shale. joints or fractures.

Monterey Shale

Not tapped by wells.
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adjacent Santa Maria-Sisquoc and Santa
Ynez River ground-water basins, and
the boundary is defined by the topo-
graphic divide. Because the consoli-
dated rocks are above sea level on the
west (test hole at sites 30 and 45 on
fig. 7), they tend to form a ground-
water barrier, and salt-water intrus-
ion into the ground-water basin is
restricted.

The unconsolidated deposits compose
an aquifer that is 0 to 1,000 ft thick
along the basin boundary and more than
3,000 ft thick in the deepest part of
the basin. The volume of the uncon-
solidated deposits is about 20 mi3.

Aquifer Characteristics

Aquifer tests indicate that the
transmissivity varies widely in the
basin. Results of aquifer tests

showed transmissivity values ranging
from 2,600 to 34,000 ft2/d; none of
the wells used to test the aquifer
penetrate much more than half the
aquifer thickness. The highest values
were obtained near the perimeter of
the basin, where the materials are
coarse grained, and the lowest in the
central part, where the materials are
fine grained.

The most reliable test results were
obtained at VAFB, where a supply well
was pumped at 1,050 gal/min and draw-
down effects were measured in three
observation wells. Analysis of this
test indicated a transmissivity of
14,000 £t2/d and a storage coefficient
of 0.001. At the Vandenberg location,
where leaky artesian conditions oc-
curred, a leakance factor of 0.0006
(£t/d)/ft was calculated from a 72-
hour pump test on supply well 8N/34W-
16Cl. It seems probable that water
discharged from the Vandenberg well
field is derived from a combination of
water in aquifer storage, reduction in
the base flow in San Antonio Creek,
and water salvaged from evapotrans-
piration in the marshlands.

In the nearby Santa ¥Ynez and Cuyama
Valleys (off map), the specific yield

15

of the Paso Robles Formation was
estimated to be 15 percent (Miller,
1976, p. 37; Singer and Swarzenski,
1970, p. 19). Based on these estimates
and on the assumption that the aquifer
characteristics of Santa Barbara
County's ground-water basins are
similar, a storage coefficient of 0.15
was selected as representative of the
unconfined areas of the aquifer.
Considering a specific yield of 15
percent and 20 mi® of unconsolidated
sediments, the amount of recoverable
ground-water storage is about 1.0
million acre-ft.

For analytical purposes, the average
transmissivity of the basin east of
Barka Slough was considered to be
10,000 ft2/d. With average values of
transmissivity, storage coefficient,
and leakance factor assigned to the
conceptual model, an analysis of the
impact of overdraft on the ground-
water basin can be made.

Ground-Water Conditions

A careful analysis of ground-water
conditions was essential for an ac-
curate determination of the water bud-
get for San Antonio Creek valley. Re-
charge areas, directions of ground-
water movement, discharge areas, and
changes in ground-water storage during
the 20-year period January 1958 to
January 1978 were examined, using a
water-level map and supporting data
(fig. 8 and table 4). The water-level
map for January 1978 is based on mea-
surements or estimates of water levels
in 114 wells, with particular emphasis
placed on mapping along topographic
divides bounding the drainage basin to
determine the potential for ground-
water movement between the San Antonio
Creek valley and adjacent valleys.
This section of the report also com-
pares seasonal water-level fluctua-
tions in the heart of the agricultural
area with those in Barka Slough by
analysis of hydrographs of wells
equipped 'with continuous water-level
recorders during the period of this
investigation.
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GROUND-WATER RESOURCES, SAN ANTONIO CREEK VALLEY, CALIF.

TABLE 4. - Water levels in wells in 1958 and 1978

[Altitude of water table:

Suggested future monitoring:

F, well is flowing; P, well is pumping.
M, monthly measurements; C, continuous

record]
Altitude of - Sug-
Ai?;::; water table w;:::l gested
Well No. surface (feet) change- future
January moni-
(feet) 1958 1378 (feet) toring

7N/31w-3F1 960 - 759 - -
6El 830 - 718 -- --

6R1 960 - 720 - -

16Cl - - 645 - -

1731 760 - 732 - -
TN/32Ww-1B1 830 Jan., 747 770 +23 -
7N/ 34W-12E1 385.8 -- 66 - --
8N/31w-7H1 990 July, 969 971 +2 -
9cl 1,095 July, 1,016 1,028 +12 --

15F1 1,290 July, 1,249 1,238 -11 -

1681 1,140 - 1,078 -- -

16Dl 1,090 July, 1,064 1,058 -6 -

20M1 1,060 Oct., 874 904 +30 -

23Dp1 1,500 - 1,142 - -

30R1 920 - 867 .- -

32A1 1,045 - 756 - -

Ll 1,100 - 800 - --

3391 1,020 - 772 - -

34G1 1,040 - 760 - -
8N/32W-9N1 940 Jan., 878 - - .-
9N2 940 P 384 -- -

18P1 675 June, 636 622 -14 -

20D1 760 - 710 - -

25D1 763 -- 713 -- M

25D2 760 - 672 - -

26G2 738 Jan., 596 580 -16 -

27A1 725 Jan., 720 720 0] S

27rl 670 - 571 -- -

28N1 605 Jan., 556 603 +47 -

28R3 670 - 582 - -

29L2 590 - 560 - -

30D1 540 -- 516 -- c

30BS 540 -- 517 - --

30H6 561 Jan., 538 - -- -

563 - 532 - --

30H?
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TABLE 4. - Water levels in wells in 1958 and 1978--Continued

Altitude of _ Sug-~
Ai?;:i; water table W::::l gested
Well No. surface (feet) change future
(feet) 1958 January (feet) moni-
1978 toring
8N/32W-31H1 660 Jan., 581 578 -3 --
Ml 654 Jan., 600 594 -6 -
34E1 670 Jan., 580 570 -10 --
35R1 830 - 638 -- -
3681 826 Jan., 719 720 +1 --
8N/33wW-3L1 690 -- 620 - -
S5A1 770 - 717 -- -
9H2 590 F F - -
13N1 620 P 497 .- -
1301 680 - 507 - -
14R1 545 Jan., 539 528 -11 -
19K1 363 Jan., 319 316 -3 -
19L6 375 - 342 - --
20K1 400 Jan., 393 369 ~-24 -
20M2 383 - 325 - -
20Q2 408 Jan., 378 385 +7 M
216l T 422 - 400 -- -
2IN1 408 Jan., 402 389 -13 ad
23N1 470 Jan., 466 460 -6 --
2303 490 Jan., 481 478 -3 --
24Bl1 614 June, 547 491 -56 -
24H1 580 June, 542 492 -50 --
25B1 528 Jan., 517 526 +9 --
25B3 530 P 519 - --
29D1 430 Jan., 344 364 +20 ==
29L1 550 Jan., 410 356 -54 -
29L2 540 -- 305 - --
8N/34W-2M1 420 -- 337 - M
n 401 - 327 - --
4N1 460 Oct., 302 <318 -- -
701 280 -- 276 - M
9K1 425 - 338 - M
1181 460 o= 341 - -
1261 540 - 343 - --
121 480 - 366 - -
15F2 310 - 1304 -- c
15R1 285 - 286 - --
16Cl 340 - 293 - -
16C2 340 - 296 - -
16C3 340 - 308 -~ -

See footnote at end of table.
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GROUND-WATER RESOURCES, SAN ANTONIO CREEK VALLEY, CALIF.

TABLE 4. - Water levels in wells in 1958 and 1978--Continued

Altitude Altitude of Water-  Sud°
of land water table level gested
Well No. . (feet) future
surface change .
(feet) 1958 January  (goet) moni=
1978 toring
8N/34W-16C4 340 .- 316 - -
16Cs 360 - 286P - -
16D2 280 - F - M
16F1 290 - F -- M
leF2 322 - 278 - -
1662 306 - 337 - -
16G3 290 - 27 - M
16G4 306 - 282 - -
1631 300 - 285 - M
1632 320 - 396 - .-
16J3 280 - F - M
17E1 270 - 265 -- -
1761 260 -- F - M
1741 260 - F - M
17x1 273 - F - -
17x2 260 F F - M
17Q1 270 - F -- M
21al 300 - 297 - C
22a1 297 Feb., 294 281 -13 -
2282 315 P 309 - -
221 400 Mar., 313 308 -5 --
22901 460 Mar., 362 446 +84 -
23Bl1 315 Jan., 297 294 -3 M
23G2 314 - -291 - -
24F3 350 Jan., 309 300 -9 o=
27A1 455 - 423 - -
8N/35W-10J1 118 - 110 - -
12M1 145 - 1140 - M
9N/32W-32K1 728 - 666 - -
33M1 745 - 679 - -
9N/33w-14F1 700 - 251 - --
23Pr1 755 .- 302 - -
24F1 560 - 369 - -
28M1 903 - 633 - -
9N/34W-15Q1 430 - 73 .- --
22N1 465 -- 395 - -
23al1 570 .- <70 -- -
32P1 480 - 465 - -
34L1 434 Mar., 34l 315 -26 -

lgstimated water level based on post-January 1978 measurement.
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Because the ground-water divides
generally coincide with topographic
divides, it is evident that there is
no significant ground-water movement
into or out of the San Antonio Creek
valley and that recharge is derived
from rainfall within the valley
(fig. 8). As rain falls on the uncon-
solidated deposits, it either is held
as soil moisture, seeps into the aqui-
fer, or runs off to stream channels
and contributes to recharge by perco-
lation through the permeable stream-
beds. Nearly all the rain that falls
on the impermeable consolidated rocks
runs off. High streambed permeability
is evidenced in the channels of sever-
al small creeks that terminate where
they meet the valley floor. The water
in these creeks is lost to percolation
before becoming tributary to San
Antonio Creek.

Ground water moves laterally from
the divides and the contact between
the unconsolidated deposits and con-
solidated rocks toward San Antonio
Creek, then westward toward a base
level at the Pacific Ocean. The
water-level surface slopes steeply
from an altitude of more than 1,200 ft
at the eastern basin boundary to 600
ft at the valley floor, an average
gradient of about 120 ft/mi. Beneath
the valley floor the water-level sur-
face slopes gently from 600 ft to
slightly less than 300 ft at Barka
Slough, an average gradient of about
25 ft/mi.

An area of ground-water discharge is
indicated by the trough in the water-
level surface along San Antonio Creek
from about 3 mi east of Los Alamos to
the ground-water barrier. San Antonio
Creek does not flow perennially east
of Barka Slough, and most natural
ground-water discharge in this area
occurs in the wet period as base flow
and evapotranspiration. During the
dry period, base flow diminishes to
zero, owing to lowering of the water
table from the combined effects of
natural ground-water discharge and
pumping for irrigation. West of Barka
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Slough the creek flows perennially,
and ground water is discharged by
evapotranspiration in the marshlands,
by base flow in the creek, and by
pumping at the Vandenberg well field.

The change in ground-water storage
between 1958 and 1978 was estimated by
comparing the water-level contour maps
for January of those two years (fig.
8). By January 1978 the rainy season
had begun, irrigation pumps were
turned off, and water levels were re-
covering from stresses imposed during
the dry season of 1977. The map for
1958 prepared by Muir (1964) repr-
esents similar conditions.

Camparison of the water-level con-
tours for 1958 and 1978 is difficult
because the 1958 map was based on many
measurements along the middle part of
the valley and the 1978 map was based
on measurements over the entire val-
ley, including wells drilled since
1958. In some wells measured during
both periods the water lévels were
higher in 1978 than in 1958, but in
many wells the reverse was true. Of
particular note, water levels consist-
ently ranged from 25 to 65 ft lower in
1978 than in 1958 in a 3-square mile
area centered about 2 mi northeast of
Los Alamos. Over the ground-water
basin an estimated average water-level
decline of 3 ft occurred in the 20-
year period. Based on an average
storage coefficient for the aquifer of
0.15 and a 1ll0-square-mile surface
area, this water-level decline would
result in a 32,000-acre-foot depletion
in recoverable ground-water storage
over the 20-year period, an average
rate of 1,600 acre-ft/yr. ‘

The hydrographs of figure 9 repre-
sent ground-water-level fluctuations
in the heart of the agricultural area
(8N/32w-30D1, fig. 8) and at Barka
Slough (8N/34W-15F2 and 21Al) during
1978, the second wettest year on rec-
ord at Los Alamos. The water-level
changes in the agricultural area re-
flect pronounced effects of local sea-
sonal pumping on ground-water condi-
tions, whereas at Barka Slough they
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represent ground-water conditions in
an undeveloped area of environmental
concern that is subtly affected by
pumping in adjacent areas.

Water levels in each well rose only
about 2 ft between January and April,
a period in which nearly 40 inches of
rain fell, thus indicating that the
aquifer was nearly full prior to the
rain or that its storage capacity is
great. The well in the agricultural
area is next to San Antonio Creek,
which drains the area and which prob-
ably limits the high-water level in
the well to about 24 ft below land
surface, or an altitude of 540 ft.
The well adjacent to the marshlands in
the vicinity of Barka Slough monitors
the artesian head of an aquifer capped
by relatively impermeable clay and the
peat formations of the marshland.
When peak flows for San Antonio Creek
were recorded February 10 and March 4,
pPeak ground-water levels wers alsc
recorded in well 8N/24W-Z1Al, probably
owing to loading of the aquifer as the
high streamflows passed.

Ground-water-level declines, begin-
ning in May, mark the end of the wet
season. Nearby pumping was the prin-
cipal cause for the water level de-
cline of 26 ft in the agricultural-
area well between May and August. At

well 8N/34W-21Al1, the water level de--

Clined 1.75-ft between May and August;
little or no response can be attrib-
uted to a 2.7-Mgal/d average pumpage
Centered in the Vandenberg well field
less than 1 mi to the north. The
slight decline probably is the com-
bined response to discharge of agri-
cultural and military pumping as well
as evapotranspiration in the marsh-
lands and base flow of San Antonio
Creek. Well 8N/34W-15F2 was installed
in June 1978 and equipped with a re-
corder the following October. The
water-level trend in the well corre-
lates with that observed in well
8N/34W-21Al1, which is downgradient and
on the opposite side of Barka Slough.

Table 4 includes a suggested program
for continued monitoring of ground-
water levels that consists of monthly
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measurements in 1l wells in and around
Barka Slough, monthly measurements in
5 additional wells upgradient from the
slough, and maintenance of the 3 con-
tinuous recorders installed for the
duration of this investigation. The
monitoring program in Barka Slough and
agricultural areas would document
water-level responses to pumping as
well as to seasonal climatic factors.

In summary, ground-water divides co-
incide with topographic divides, sug-
gesting that recharge to the basin is
derived entirely from local rainfall
and that there is virtually no under-
flow across the basin boundary.
Ground-water levels declined an aver-
age of 3 ft over the 20-year period
1958-77, and the average rate of de-
cline in recoverable ground-water
storage was 1,600 acre-ft/yr. Because
rainfall was near the long-term aver-
age, this decline is probably attrib-
utable to the increase in pumpi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>