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CONVERSION FACTORS, VERTICAL DATUM, WATER-QUALITY INFORMATION, AND

WELL-NUMBERING SYSTEM
Multiply By To obtain
acre 0.4047 hectare
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
acre-foot (acre-ft) 0.001233 cubic hectometer
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
cubic foot per second (ft3/s) 0.02832 cubic meter per second
cubic foot per day (ft/d) 0.02832 cubic meter per day
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
foot per second (ft/s) 0.3048 meter per second
foot per year (ft/yr) 0.3048 meter per year
gallon (gal) 3.785 liter
gallon per day (gal/d) 0.003785 cubic meter per day
gallon per minute (gal/min) 0.06308 liter per second
gallon per minute per foot [(gal/min)/ft] 0.2070 liter per second per meter
gallon per day per square foot
[(gal/d)ftz] 0.0407 cubic meter per day per square meter
inch (in.) 254 millimeter
inch per year (in/yr) 254 millimeter per year
mile (mi) 1.609 kilometer
square foot (ftz) 929.0 square centimeter
square foot (ft%) 0.0929 square meter
square foot per second (ftzls) 0.0929 square meter per second
foot squared per day (ftzld) 0.09290 meter squared per day
square mile (miz) 259.0 hectare
square mile (mi2) 2.590 square kilometer

Temperature is given in degrees Celsius ("C), which can be converted to degrees Fahrenheit (°F) by

the following equation:

Vertical Datum

*F=1.8("C)+32

Sea level: In this report, “sea level” refers to the 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 Sea Level Datum of 1929.

Water-Quality information

Chemical concentration is given in milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams
per liter is a unit expressing the solute per unit volume (liter) of water. One thousand micrograms per liter is equiv-
alent to 1 milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as for con-

centrations in parts per million.

Specific conductance is given in microsiemens per centimeter (uS/cm) at 25 degrees Celsius. Microsiemens

per centimeter is numerically equal to micromhos per centimeter.
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Well-Numbering System

Wells are numbered according to their location in the rectangular system for subdivision of public lands.
Identification consists of the township number, north or south (N or S); the range number, east or west (E or W);
and the section number. Each section is divided into sixteen 40-acre tracts lettered consecutively (except I and O),
beginning with “A” in the northeast corner of the section and progressing in a sinusoidal manner to “R” in the
southeast corner. Within the 40-acre tract, wells are sequentially numbered in the order they are inventoried. The
final letter refers to the base line and meridian. All wells in the study area are referenced to the San Bernardino base
line and meridian (S). Well numbers consist of 15 characters and follow the format 004N027W21E001S. In this
report, well numbers are abbreviated and written 4N/27W-21E1. Wells in the same township and range are referred
to by their section designation, 21E1, only. The following diagram shows how the number for well 4N/27W-21E1

is derived.
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Geohydrology of Storage Unit lll and a Combined
Flow Model of the Santa Barbara and Foothill
Ground-Water Basins, Santa Barbara County,

California

By John R. Freckleton, Peter Martin, and Tracy Nishikawa

ABSTRACT

The city of Santa Barbara pumps most of its
ground water from the Santa Barbara and Foothill
ground-water basins. The Santa Barbara basin is
subdivided into two storage units: Storage Unit I
and Storage Unit III. The Foothill basin and Stor-
age Unit I of the Santa Barbara basin have been
studied extensively and ground-water flow models
have been developed for them. In this report, the
geohydrology of the Santa Barbara ground-water
basin is described with a special emphasis on Stor-
age Unit III in the southwestern part of the basin.
The purposes of this study were to summarize and
evaluate the geohydrology of Storage Unit III and
to develop an areawide model of the Santa Barbara
and Foothill basins that includes the previously
unmodeled Storage Unit III.

Storage Unit III is in the southwestern part
of the city of Santa Barbara. It is approximately
3.5 miles long and varies in width from about
2,000 feet in the southeast to 4,000 feet in the
northwest. Storage Unit III is composed of the
Santa Barbara Formation and overlying alluvium.
The Santa Barbara Formation (the principal aqui-
fer) consists of Pleistocene and Pliocene(?) uncon-
solidated marine sand, silt, and clay, and it has a
maximum saturated thickness of about 160 feet.
The alluvium that overlies the Santa Barbara For-

mation has a maximum saturated thickness of
about 140 feet. The storage unit is bounded areally
by faults and low-permeability deposits and is
underlain by rocks of Tertiary age.

The main sources of recharge to Storage
Unit III are seepage from Arroyo Burro and infil-
tration of precipitation. Most of the recharge
occurs in the northwest part of the storage unit, and
ground water flows toward the southeast along the
unit's long axis. Lesser amounts of recharge may
occur as subsurface flow from the Hope Ranch
subbasin and as upwelling from the underlying
Tertiary rocks. Discharge from Storage Unit III
occurs as pumpage, flow to underground drains,
underflow through alluvium in the vicinity of
Arroyo Burro across the Lavigia Fault, evapotrans-
piration, and underflow to the Pacific Ocean. The
faults that bound Storage Unit III generally are
considered to be effective barriers to the flow of
ground water. Interbasin ground-water flow
occurs where deposits of younger alluvium along
stream channels cross faults. Ground-water qual-
ity in Storage Unit III deposits varies with location
and depth. Upward leakage of poor-quality water
from the underlying Tertiary rocks occurs in the
storage unit, and such leakage can be influenced
by poor well construction or by heavy localized
pumping. The highest dissolved-solids concentra-
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tion (4,710 milligrams per liter) in ground water
resulting from this upward leakage is found in the
coastal part of the storage unit.

The ground-water system was modeled as
two horizontal layers. In the Foothill basin and
Storage Unit I the layers are separated by a confin-
ing bed. The upper layer represents the upper pro-
ducing zone and the shallow zone near the coast.
The lower layer represents the lower producing
zone. In general, the faults in the study area were
assumed to be no-flow boundaries, except for the
offshore fault that forms the southeast boundary;
the southeast boundary was simulated as a
general-head boundary. The Storage Unit III
model was combined with the preexisting Storage
Unit I and Foothill basin models, using horizontal
flow barriers, to form an areawide model.

The areawide model was calibrated by sim-
ulating steady-state predevelopment conditions
and transient conditions for 1978-92. The non-
pumping steady-state simulation was used to ver-
ify that the calibrated model yielded physically
reasonable results for predevelopment conditions.
The calibrated areawide model calculates water
levels in Storage Unit III that are within 10 feet of
measured water levels at all sites of comparison.
In addition, the model adequately simulates water
levels in the Storage Unit I and Foothill basin
areas. A total of 33,430 acre-feet of water was
pumped from the study area during the simulation
period. Model results indicate that 2,833 acre-feet
came from storage and 5,332 acre-feet crossed the
general-head boundary from the ocean, thus indi-
cating that seawater intrusion could occur. A sen-
sitivity analysis indicates that, in general, the
model is most sensitive to changes in transmissiv-
ity and total recharge.

INTRODUCTION

The ground-water supply met the needs of the
city of Santa Barbara and outlying areas in the 1800's,
but the supply later became inadequate for the expand-
ing population and was largely superseded by water
diverted from the Santa Ynez River. In recent years, the
Santa Ynez River has continued to be the predominant
source of water supply, and ground water has supplied
less than 20 percent (about 3,260 acre-ft/yr) of the total
demand (about 16,300 acre-ft/yr for water years 1984
88 [Steve Mack, City of Santa Barbara, oral commun.,
1994]). Although ground water is a relatively small
percentage of the long-term demand, it is an important
source of supplemental water during times of surface-
water shortages.

Ground water is extracted by the city of Santa
Barbara from the Santa Barbara and Foothill ground-
water basins (fig. 1). The Santa Barbara basin has been
divided into Storage Units I and III for this study (fig.
1). Storage Unit I and the Foothill basin have been the
subjects of previous U.S. Geological Survey studies
that included the development and calibration of
ground-water models (Martin and Berenbrock, 1986;
Freckleton, 1989); however, prior to this study Storage
Unit III has not been studied thoroughly. Efficient
management of the limited ground-water resources of
the Santa Barbara area requires a good understanding
of the geohydrology of Storage Unit III.

Purpose and Scope

This study was done in cooperation with the city
of Santa Barbara. The purposes of the study were to
summarize and evaluate the geohydrology of Storage
Unit III of the Santa Barbara ground-water basin and to
develop an areawide model of the Santa Barbara and
Foothill basins that includes the previously unmodeled
Storage Unit III and incorporates the preexisting mod-
els of Storage Unit I and the Foothill basin.

This report includes a summary of selected geo-
logic and hydrologic information obtained from reports
of previous hydrologic studies in the Santa Barbara
area and an evaluation of data collected specifically for
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this study in Storage Unit III. Included are data from
drilling and subsequent monitoring at three single-well
sites (one outside Storage Unit IIT) and five cluster-well
sites (one outside Storage Unit III) designed and con-
structed for this study. Evaluated in the study were
basin and storage-unit geometry, hydraulic properties
of the aquifer materials, historical ground-water levels,
ground-water pumping, precipitation, surface-water
flow, and ground-water quality.

Analysis of data relating to hydraulic connec-
tions between Storage Unit III, Storage Unit I, and the
Foothill ground-water basin was facilitated by the
development of a numerical flow model (discussed in
the last half of this report). The scope of model devel-
opment consisted of combining, with few conceptual
modifications, the existing Storage Unit I (Martin and
Berenbrock, 1986) and Foothill basin (Freckleton,
1989) models and the model of Storage Unit III, devel-
oped for this study, to form an areawide model. The
model aided in conceptualizing the areawide flow sys-
tem and in estimating ground-water flow rates,
recharge, and hydraulic properties for which direct
measurements were unavailable.

Previous Investigations

In 1977, the city of Santa Barbara entered into a
cooperative agreement with the U.S. Geological Sur-
vey to develop and implement a ground-water monitor-
ing program (Hutchinson, 1979), with a focus on
Storage Unit I of the Santa Barbara ground-water basin
(fig. 1). At that time, the city had plans to extract about
10,000 acre-ft of water from the storage unit over a
period of 5 to 10 years but was concerned that declines
in water levels produced by the extraction might allow
seawater to intrude the freshwater aquifer.

During phase 1 of the three-phase study, two
coastal monitor-well clusters were completed and used
to obtain water-level and water-quality data that could
provide an early warning of seawater intrusion. Ele-
vated levels of chloride in water samples from certain
zones at the coastal monitor wells did indicate possible
seawater intrusion (Hutchinson, 1979, p. 23).

Phase 2 of the study (Martin, 1984) included a
description of the geohydrology of the Santa Barbara
ground-water basin, with emphasis on Storage Unit L.
During the period of the first and second phases of the
study, a monthly water-level and water-quality moni-
toring network (primarily in Storage Unit I) was
expanded from 17 to 30 wells. Data from the monitor-
ing network were used in phase 2 to assess vertical vari-
ations in ground-water quality and hydraulic head and
to determine the effects of pumping on water levels and
water quality.

Phase 3 of the study (Martin and Berenbrock,
1986) included evaluation of data collected during
phase 2, the development of a numerical flow model of
Storage Unit I, and the simulation of a variety of oper-
ational conditions using the model.

The study subsequently was extended to include
the geohydrologic assessment of the Foothill ground-
water basin (consisting of areas formerly known as
Storage Unit II of the Santa Barbara ground-water
basin and the Goleta East subbasin), the addition of
Foothill basin wells to the monitoring network, and the
construction of a numerical flow model (Freckleton,
1989).

Description of Study Area

The study area includes the Santa Barbara and
Foothill ground-water basins located in southwestern
Santa Barbara County about 120 mi northwest of Los
Angeles (fig. 1). Muir (1968) divided the Santa Bar-
bara ground-water basin into three subbasins—Storage
Units I, II, and ITI—Ilargely on the basis of faults. Stor-
age Unit IT1, the main focus of this report, underlies the
southwest part of the city and is southwest of and adja-
cent to Storage Unit I, which underlies the main part of
the city. The Foothill basin is north of Storage Units I
and III and is adjacent to the northwestern end of Stor-
age Unit I For this report, Storage Units I and III are
considered to constitute the Santa Barbara ground-
water basin. The Santa Barbara and Foothill ground-
water basins are the sources of ground water for the city
of Santa Barbara.
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Storage Unit III was lower than that in all available
samples from the shallow and upper producing zones in
surrounding upgradient areas (fig. 10A). These results
indicate that underflow from adjacent storage units or
basins cannot be the sole source of recharge to Storage
Unit II1.

Lower Producing Zone

Four of the sampled wells in Storage Unit III
(4N/27W-17L3, -17M4, -18Q4, and -21E2) (fig. 10B)
are in the lower producing zone. Dissolved-solids con-
centrations in samples from these wells ranged from
521 to 845 mg/L (table 3). The highest dissolved-
solids concentrations were in samples from production
wells 4N/27W-17M4 and -18Q4 (805 and 845 mg/L,
respectively), which are perforated opposite most of
the saturated thickness of the aquifer (see table 3 for
zones) and undoubtedly obtain some water from other
water-bearing zones. Wells 4N/27W-17L3 and -21E2
are monitor wells that are perforated solely opposite
the lower producing zone, and samples from these
wells best describe the water-quality characteristics of
the lower producing zone in Storage Unit III. This
major water-producing zone potentially may be
degraded by upward migration of poor-quality water
from the underlying deep zone and Tertiary rocks
caused by poor well construction or heavy localized

pumping.

The sample from well 4N/27W-17L3 in the
northwestern part of Storage Unit III is similar in
chemical character and dissolved-solids concentration
(686 mg/L) to samples from the upper producing zone
in this part of the storage unit, indicating similar
sources of water. The dissolved-solids concentration of
a sample from well 4N/27W-17]1 in Storage Unit I,
less than 0.5 mi northeast of well 1713, was 568 mg/L.
The difference in dissolved-solids concentration sug-
gests that ground water does not move freely across the
Mesa Fault. The sample from well 4N/27W-21E2 in
the eastern edge of the upper producing zone in Storage
Unit IT1, however, is more similar in chemical character
and dissolved-solids concentration (521 mg/L) to sam-
ples from the lower producing zone in Storage Unit L.
Runoff along Arroyo Burro probably is not the source
of water to this part of Storage Unit III.

Deep Zone and Tertiary Rocks

Prior to this study, no wells were perforated
solely opposite the deep zone or the underlying Tertiary
rocks in Storage Unit III because well yields are rela-
tively low and the water quality is generally poor. As
part of this study, four monitor wells (4N/27W-17L2,
-21E1, -21F1, and -22M1) at separate cluster well sites
(fig. 10C) were constructed opposite the deep zone or
Tertiary rocks in Storage Unit III, and three wells
(4N/27W-19A1, A2, A3) were constructed at a single
cluster site (fig. 4) south of the storage unit .

The deep zone is monitored at two of the cluster-
well sites (4N/27W-17L2, and -21E1) in the inland part
of Storage Unit III. The dissolved-solids concentra-
tions of samples from these wells were higher than the
concentrations in samples from the overlying lower
producing zone at the same sites. The concentration of
dissolved-solids in the sample from well 4N/27W
-17L2 was 788 mg/L, about 100 mg/L higher than the
concentration in the sample from well 4N/27W-17L3,
and the samples were similar in chemical character.
The dissolved-solids concentration of the sample from
well 4N/27W-21E1 was 1,870 mg/L, more than 1,000
mg/L higher than the concentration in the sample from
the lower producing zone at the same site. Sodium and
chloride are the predominant ions in the sample from
the deep zone (fig. 10C), indicating that water from the
underlying Tertiary rocks may be a source of water to
the deep zone in this part of the storage unit.

Water level and water quality in the Tertiary
rocks are monitored at two cluster-well sites (4N/27W
-21F1 and -22M1) in the coastal part of Storage Unit ITI
(fig. 10C). The logs from both wells indicate that the
wells are perforated opposite shale. The dissolved-
solids concentration in the samples ranged from 1,200
mg/L in well 21F1 to 4,710 mg/L in well 22M1.
Sodium and chloride were the predominant ions in the
samples from both wells.

Hydraulic Effects of Faults

Vertical displacement along the faults in Storage
Unit III probably has offset the older permeable water-
bearing strata (older alluvium and the Santa Barbara
Formation), possibly juxtaposing them opposite less
permeable deposits (fig. 5). This displacement, along

26 Geohydrology of Storage Unit Itl and a Combined Flow Model of the Santa Barbara and Foothill Ground-Water Basins



with cementation, can create low-permeability zones
that greatly retard the interbasin flow of ground water
across the faults as well as basin discharge across the
faults. Other factors contributing to the barrier effect of
faults are compaction and extreme deformation of the
water-bearing deposits adjacent to the faults. All these
factors may affect the water-transmitting properties of
faults in the study area. Although some water can be
transmitted across these relatively impermeable fault
zones, appreciable quantities can be transmitted only
where steep hydraulic gradients exist (Upson, 1951,
p. 95). Younger alluvium, which probably is unfaulted
along stream channels such as Arroyo Burro, is thought
to serve as a means for ground water to flow freely

across fault boundaries into and out of Storage Unit III.

In the Santa Barbara area, faults also are inferred
on the basis of lack of transmission of pumping effects
(Upson, 1951, p. 27) and on differences in water qual-
ity among Storage Unit I, Storage Unit III, and the
Foothill basin (Freckleton, 1989, p. 19). Although well
4N/27TW-18L1 west of the unnamed fault (fig. 4) is
known to have been in operation during 1987, pumping
effects are not apparent in the hydrographs (fig. 9) for
well 4N/27W-18Q1 about 1,800 ft to the southeast
(east of the fault) and well 4N/27W-18Q4 about 1,800

ft to the south (also east of the fault) in Storage Unit III.

From July 1978 to January 1980, water levels
and water quality were monitored as part of a basin-
testing program to evaluate the effects of pumping in
Storage Unit I. Results of the testing indicate that the
Mesa Fault is a barrier to ground-water movement
between Storage Units I and III (Martin, 1984, p. 13).
However, additional aquifer tests could provide data to
better estimate both fault location and fault conduc-
tance. In addition, in this and other studies (Martin and
Berenbrock, 1986, Freckleton, 1989), numerical mod-
els have been used to evaluate the effects of faults on
the horizontal flow of ground water. Results of the
model evaluation done in this study are described in the
“Flow Model” section of this report, which follows.

FLOW MODEL

The mathematical representation of Storage Unit
IIT has been incorporated into an areawide numerical
flow model that includes the Foothill basin model

(Freckleton, 1989, p. 24) and the Storage Unit I model
(Martin and Berenbrock, 1986, p. 16) using horizontal
flow barriers (Hsieh and Freckleton, 1993) discussed
later in this report. A numerical flow model—which is
based on known and estimated physical and hydrologic
characteristics for a ground-water system, including
system stresses—calculates the approximate
hydraulic-head distribution and fluxes in the flow sys-
tem. The physical characteristics of the study area are
the boundaries of the basin, the initial hydraulic-head
distribution (for the transient model), and the types,
location, and quantities of recharge and discharge (sys-
tem stresses). Hydrologic characteristics simulated for
the study area include those that reflect the ability of the
system to transmit water (transmissivity); to store and
release water (storage coefficient and specific yield); to
conduct water in drains simulating head-dependent
boundaries (drain conductance); to allow for the verti-
cal passage of water between model layers (vertical
conductance); and to control the flow of water across
fault boundaries (hydraulic characteristic and general-
head boundary conductance).

The FORTRAN-based modular computer code
used for this study was developed by McDonald and
Harbaugh (1988). In this code, a governing partial dif-
ferential equation for ground-water flow is approxi-
mated by finite-difference equations that are solved
over a network composed of rectangular blocks (or
cells) representing the area being modeled. Solutions
to the differential equation or the difference equations
are hydraulic heads in the various model blocks at spe-
cific times. Major options required for simulation and
for solution in the numerical model are referred to as
“packages” (McDonald and Harbaugh, 1988, p. 3-20)
and, for this study, include the Basic (includes input
and output procedures), Block-Centered Flow, Well,
Recharge, Drain, General-Head Boundary, and
Strongly Implicit Procedure Packages. An additional
package (not included by McDonald and Harbaugh,
1988) is the Horizontal-Flow-Barrier Package (Hsieh
and Freckleton, 1993), which is used to simulate faults
that form boundaries between components of the flow
system.
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Assumptions

A numerical model is only an approximation of

the natural system because not all the characteristics of
the natural system can be included in sufficient detail
for an exact representation. Simplifying assumptions
are required to make the problem manageable. Some
of the more important simplifying assumptions made
for the areawide numerical model are:

* The aquifer system can be represented by two model

layers. Although there are numerous layers, with
widely varying hydraulic properties, in the forma-
tions that compose the principal aquifers in the
Santa Barbara area, the separate layers generally
are too thin and discontinuous to simulate individ-
ually. Therefore, for the basin-scale analysis, it
was assumed that the combined effect of the
numerous actual physical layers could be grouped
into one or two model layers, each representing a
homogeneous porous medium. In the Foothill
basin and Storage Unit I, two model layers are
used where a locally thick, extensive, low-
permeability zone separates the major water-bear-
ing units. In Storage Unit III, two model layers are
used to simulate the upper (layer 1) and lower
(layer 2) producing zones (zones 2 and 4, respec-
tively) in the inland part of the storage unit. In
addition, layer 1 in Storage Unit III is used to
model the shallow zone of the coastal part. These
discretizations were based on examination of drill-
ers' logs and geophysical logs obtained for this
study, and on data from previous studies (Freckle-
ton, 1989, p. 25; Martin and Berenbrock, 1986,

p. 16-17). Extrapolation of existing data to areas
lacking data was done on the basis of geohydro-
logic interpretation.

* Ground-water movement within a layer is horizon-

tal, and movement between layers is vertical. This
assumption is a consequence of the gross vertical
discretization used in the model (McDonald and
Harbaugh, 1988, chap. 2, p. 31). Although
ground-water flow generally is neither fully hori-
zontal nor fully vertical in the actual system, this
assumption is adequately representative of the
large-scale flow regime.

* The water-bearing layers are horizontally isotropic.
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Isotropy refers to the property of a medium to

exhibit no directional preference in a physical pro-
cess, such as the conductance of flowing water.
Isotropic characteristics are difficult to determine
in real-world systems owing to the complex nature
of aquifer geometry and possible effects that can
mask isotropy or emulate anisotropy (for example,
antecedent potentiometric surfaces, or boundary
effects). At present there are no data to suggest
that large-scale anisotropies exist in the ground-
water system of the area.

¢ Changes in ground-water storage in the model layers

occur instantaneously with changes in hydraulic
head. In most real-world systems there is a
delayed response to storage changes as the various
materials that make up an aquifer system release
water at differing rates. The above assumption is
a consequence of the numerical model used for
this study, and within the time discretization used
in this study it does not contribute significant error
to this simulation.

* Transmissivity and storage coefficient do not change

with water-level changes. In the study area the
greatest water-level changes occur where there are
confined conditions; therefore, the transmissivity
in these areas does not change because the satu-
rated thickness of the aquifer material does not
change. In the unconfined areas of Storage Unit I,
water-level changes are small in comparison with
the total saturated thickness of the aquifer (Martin
and Berenbrock, 1986, p. 20); therefore, there is
little effect on transmissivity. In the unconfined
areas of the Foothill basin and Storage Unit III, the
most transmissive aquifer material lies near the
bottom of the unconfined zones, and water-level
changes near the tops of these zones do not signif-
icantly affect the aquifer transmissivity (Freckle-
ton, 1989, p. 43). Historical data indicate that
water levels had not declined below the low-
permeability units that confine the aquifer system
during periods when pumpage was greater than is
expected for future basin operation. For this rea-
son, it is assumed that storage coefficient in the
model need not be changed in response to chang-
ing water levels.

¢ Recharge occurs instantaneously. This is a conse-

quence of the numerical model, and it does not
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significantly affect model-calculated heads for
long-term simulations.

* The assumption that seawater intrusion has little or
no effect on hydraulic head, which was adequate
for the Storage Unit I model (Martin and Beren-
brock, 1986, p. 16), has been superseded in this
study. Specifically, freshwater-equivalent seawa-
ter heads have been placed along the coastal
boundary at the offshore fault where it bounds
Storage Units I and III. Density differences
between freshwater and seawater cause seawater
to have a greater hydraulic head, for a given eleva-
tion, than does freshwater. For example, to bal-
ance a seawater-freshwater interface at a depth of
400 ft below sea level, a freshwater head of 10 ft
above sea level would be required.

* In Storage Unit I, specific-yield values, as well as
stream-drain and recharge distributions, can be
changed to reflect recent recalibration values and
distributions (Peter Martin, U.S. Geological Sur-
vey, oral commun.,1991). The old values and dis-
tributions are given by Martin and Berenbrock
(1986, fig. 5), and the current values and distribu-
tions are given (in fig. 12) in the “Boundaries” sec-
tion of this report.

¢ Faults internal to the flow system (that is, not on
boundaries) can be simulated adequately by hori-
zontal-flow barriers (Hsieh and Freckleton, 1993)
that impede the flow of ground water between
Storage Unit 111, Storage Unit I, and the Foothill
basin. Faults in the area are steeply dipping or ver-
tical and are known to affect both water levels and
the transmission of pumping effects. These condi-
tions, and the assumption of horizontal flow (sec-
ond assumption), conform to the criteria
described by Hsieh and Freckleton (1993) for
modeling with horizontal-flow barriers.

Discretization

Discretization is the segmentation of a “continu-
ous” medium, such as an aquifer or time, into a number
of discrete parts. In this report, the aquifers are dis-
cretized spatially on the basis of data and geohydro-
logic interpretation (including simplification), and time
is discretized on the basis of a monthly reporting sched-
ule for water levels and pumpage. The backward finite-

difference formulation used in this model is uncondi-
tionally stable in both space and time.

The areawide model is represented by a rectan-
gular grid of 1,596 cells in 42 rows and 19 columns
(fig. 11). Each side of a cell represents a distance of
1,000 ft in the physical system. The point at the geo-
metric center of a model cell is referred to as a “node.”
Nodes are the locations at which the model calculates
hydraulic heads. Cells and nodes are referenced by
their location in the model network or “grid.” For
example, the designation 26,7,2 refers to the cell or
node located at row 26, column 7, in layer 2. Layer 1
contains 300 active cells and layer 2 contains 365
active cells. In most areas, the active cells in the two
layers overlap. The layering, cell spacing, and orienta-
tion of the areawide model correspond to those used by
Martin and Berenbrock (1986, p. 17) for Storage Unit I
and by Freckleton (1989, p. 32) for the Foothill basin.

Storage Unit I1I was discretized vertically as two
layers: an upper layer and a lower layer (see first
assumption in flow model “Assumptions” section).
The upper layer (layer 1, representing the upper pro-
ducing zone in the inland part and the shallow zone in
the coastal part) consists of 48 active cells, and the
lower layer (layer 2, representing the lower producing
zone) consists of 45 active cells. Each cell in the model
network that represents an active part of the flow sys-
tem is assigned values of transmissivity and storage
coefficient (or specific yield) for transient simulations
and, where appropriate, drain conductance, vertical
hydraulic conductivity, hydraulic characteristic of
faults, and general-head boundary conductance.
Model cells outside the flow system are inactive and are
not assigned parameter values.

The geologic, hydraulic, and water-quality data
indicate that little hydraulic communication occurs
among Storage Unit I, Storage Unit II1, and the Foothill
basin. The communication is simulated by horizontal-
flow barriers (Hsieh and Freckleton, 1993) which are
used to combine the three areas into an areawide
model. Horizontal-flow barriers are discussed in detail
later in this report.

Temporal discretization consists of stress-period
intervals 1 month in length. Stress period length refers
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five main zones: the shallow zone (zone 1), the upper
producing zone (zone 2), the middle zone (zone 3), the
lower producing zone (zone 4), and the deep zone
(zone 5). These zones correspond to those in the adja-
cent Storage Unit L.

Transmissivities calculated from aquifer-test
data range from about 790 to 1,260 ft?%/d. Transmissiv-
ity of the alluvium is probably no more than 550 ft%/d
on the basis of maximum saturated thickness. Storativ-
ity probably ranges from about 0.0001 (storage coeffi-
cient, where the aquifer is confined) to 0.10 (specific
yield, where the aquifer is unconfined).

A water-level monitoring network consisting of
14 wells at 8 sites was installed for this study. This net-
work was used to determine areal and vertical varia-
tions in water levels, to determine possible ground-
water interactions, and to construct potentiometric-
surface maps of the upper and lower producing zones.
Water levels declined 13 ft during 1946-91, the longest
period of record.

Sources of recharge to Storage Unit III are seep-
age from Arroyo Burro, subsurface flow from the Foot-
hill basin and Storage Unit I, and infiltration of
precipitation. Lesser amounts of recharge may occur
as subsurface flow from the Hope Ranch subbasin and
as upwelling from the Tertiary rocks underlying the
storage unit. Estimates of recharge from stream seep-
age range from about 40 to 80 acre-ft/yr. The amount
of subsurface flow entering the Hope Ranch subbasin,
and the amount of upwelling from Tertiary rocks
underlying the storage unit are unknown. Infiltration of
precipitation probably is less than 160 acre-ft/yr.

Discharge from Storage Unit III occurs as pump-
age, flow to underground drains, underflow across the
Lavigia Fault, underflow to the Pacific Ocean, and
evapotranspiration. The greatest historical pumpage in
Storage Unit III is about 280 acre-ft/yr. The drain dis-
charge and underflow discharge quantities are
unknown but are probably on the order of a few tens of
acre-feet per year. Evapotranspiration is not consid-
ered to be a significant source of discharge because the
depth to water generally is greater than 20 ft.

The 14 monitoring wells were also sampled to
determine ground-water quality. The water-quality
data were used to help determine possible ground-

water interaction with adjacent basins. Water-quality
data indicate that little hydraulic communication
occurs between Storage Unit III and Storage Unit L
Poor-quality water (high in dissolved-solids concentra-
tion) is associated with the proximity of a sampled well
to fault boundaries and to Tertiary rocks that underlie
the storage unit. Upward leakage of poor-quality water
from rocks of Tertiary age can be influenced by poor
well construction or heavy localized pumping.

The fault boundaries generally are considered to
be effective barriers to ground-water flow. However,
ground water is believed to flow into and out of Storage
Unit III through unfaulted younger alluvium along
stream channels.

The preexisting Storage Unit I and Foothill basin
models have similar areal and vertical spatial discreti-
zation and share a similar grid orientation. The previ-
ously unmodeled Storage Unit III was discretized to
correspond with the preexisting models, thus easing the
combining of the three models. The three models were
combined using horizontal-flow barriers based on geo-
logic, hydraulic, and water-quality data.

A transient calibration of the areawide model
was performed. In Storage Unit III, hydrographs of
simulated water levels generally follow the trends of
the measured water levels, and differences between
simulated and measured water levels are less than 10 ft.
The model also adequately simulates water levels on a
regional basis (Foothill basin and Storage UnitI areas).
In addition, a nonpumping, steady-state simulation was
done to verify that the calibrated model yielded reason-
able results under non-stress conditions.

Steady-state model results indicate that the total
recharge is 2,031 acre-ft and is balanced by 1,699 acre-
ft that is discharged through the drains and 311 acre-ft
that is discharged through the general-head boundary at
the ocean. Transient model results indicate that the
total pumpage was 33,430 acre-ft during the simulation
period of January 1978 to December 1992. During the
simulation period 2,833 acre-ft (8.5 percent of the
total) is removed from storage. A total of 5,332 acre-ft
entered the study area through the general-head bound-
ary at the coast, indicating that seawater intrusion may
occur during the simulation period.
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A sensitivity analysis was done to determine the
model areas, as well as inputs, that were most impor-
tant in affecting model-generated hydraulic heads at
the calibration wells. In addition, considerable calibra-
tion effort was placed on determining reasonable val-
ues for those items that were both the most sensitive
and least well known. The hydraulic heads in the area-
wide model are most sensitive to changes in total
recharge, transmissivity, and the removal of faults. The
drain fluxes in the areawide model are most sensitive to
changes in total recharge, transmissivity, and drain con-
ductance. The general-head boundary fluxes in the
areawide model are most sensitive to changes in trans-
missivity, general-head boundary conductance, and
total recharge.
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Table 1. Driller's logs of test holes drilled in Storage Unit lll and vicinity, Santa Barbara County, California

Thickness Depth

4N/27W-171.2,3,4. Cluster-well site. Drilled and logged by U.S. Geological Survey. Altitude of land-surface datum 140.02 feet; Three 2-inch
polyvinyl chloride casings; depth of hole 410 feet. Depth of well 1712, 300 feet; perforated interval 260-300 feet. Depth of well 17L3, 220 feet;
perforated interval 190-220 feet. Depth of well 17L4, 140 feet; perforated interval 100-140 feet. Drilling completed 2-3-89.

Sand, HBHE tAN-YELIOW .......ccc.ivrerrrcierierirnetnsesisesessasasses s ortsssaesssssssnssssenstsssansasssssssessssessesesssssassenssssnssesnsans 20 0-20
Sand, silty very fine to medium reddish-tan, and clay .........ccc.oeevervrverrrceceneernnenne . “ 10 20-30
Sand, silty very fine to fine reddish-tan, and clay, and black fragments (plant roots?)..........cceeeueereeereesennenes 6 30-36
Clay, silty Sandy tan .......cc.ccoceverinreresesnensesesncessesrsessessenssesssaenes reetrterete e s tr s st enestsn 2 36-38
Sand, very fine to medium reddish-tan, and Clay .........ccccveervreieerensnerseressessnennninaes s ssessenens 1 38-39
Clay, reddish-brown, and sand, very fine to medium... 1 3940
Sand, very fine to medium, brown, and clay, Silty .........cccoocomuerrenncicnneiieseneiee s st raseenees 3 4043
Gravel, fine to medium, and sand, very fine to medium, and clay, Silty .......coeeecvrienevcnrieirrorreee e 5 43-48
Clay, reddish-brown, and sand, very fine t0 MEIUM..........covuiererrererererconseseerereiressesessresesesessesnssnsssessssassens 2 48-50
Gravel, pea, and sand, VEry COAISE ..........cvvceurverenresrirenseresssssssssssesssseaes rerere e neseene 10 50-60
Sand, very fine to very coarse, and Zravel, PEA ........ccc.covecverimrevennsssnnrcessseenmsessesessessessssisesssssssssssssssssssssasssenes 3 60-63
Clay, silty reddish-brown, and sand, very fine t0 Mediim ......c.cccorverieriieceernenerreneeirrenecere e s senesesaneeses 2 63-65
Sand, very coarse to very fine, and clay, grayish-red..........coovveeervcrrmrrerecrecnnnnnn, 3 65-68
Clay, silty sandy reddish-brown, and sand, very coarse to very fine.........ccceou.n.. 2 68-70
Clay, silty sandy reddish-brown, and sand, very fine to file.........ceeveueverereccrinenecrieneeneisnirensesessssssnsesesnaeaene 3 70-73
Shale, YEILOW-DIOWIL........ccoimimenrectirietrrne e ceccets st sses s ssesesesesassssestne s sbesensssesssesabesesssssnsannessnessacnons 9 73-82
ClaY, DIUE-ZTEOM .....cocertreeeieeeecrncetire e cres s et e ase sttt easnsset s sas e s s s as e st sasasrsesanssssbansaseassssenesensseassanssens 13 82-95
Shale, dark blue-gray, and clay, bIUE-IAY ..........coccveeverirrececririrescserinecisnersrsenrees s ssrsesnssessssenasassensssssmssns 2 95-97
CIaY, DIUE-ZIAY ...covvecrrreereeireeeseneess et seetssassasas s sossaessssastsssnsssssessssaasessssssnsstssssessssssseas smasssestssnasessnsnssssoserens 13 97-110
Clay, blue-gray, and sand, very fine to medium.... s 13 110-123
Sand, silty fINe DIUE-ZTEEM ..ottt st eb et saa s e st n s shaantsren 7 123-130
Sand, silty fine to medium, and clay, and shale dark, blue-gray ..........ccceceeeerrererrreerercrermrmesreorssenensesssnssensesene 15 130-145
Clay, blue-green, and sand, very fine to medium............cecerrereeerircns trrrrser st se e re et 5 145-150
Sand, very fine to medium blue-green, and ClAY ..........ceeceeirreccrinincnunennniesesnceereressn e sesessanesssssssessinss 15 150165
Sand, very fine t0 MEIUML.......cocveirieeericeeirieeie s rreciertesesset e e er e e saassesesseseransasssssssessrsasasensesessenssssnrssssessess 25 165-190
Sand, very fine blue-green 15 190-205
Sand, very fine to fine, and shells 20 205-225
Sand, very fine to fine blue-gray, and clay ..........coooeecmererrerernencnneccseessenencnnnes rre s 5 225-230
Sand, very fine to coarse blue-gray, and clay, BIUE-IAY ......c..ecoeveeererrreeereesmsereresssrersssuensssssssssassssesssesassseses 20 230-250
Sand, silty very fine tO fiRe DIUE-IEEN........c.ccvvveververierreneerreressrssrsrsesesesssssasssssossesssasassasssssssnssorsnssasssesssos 10 250-260
Sand, silty very fine to fine blue-green, and Clay ...........ccoceeourirrririeccninsnecnenieiseeesesssaseetsesssssessanans 10 260-270
Sand, silty very fine t0 fine BIUE-ZIEEN...........cccvevivirvecrirerrc et rrees s enessrsaasas e e sreseres e e sasrasssesssssensssans 5 270-275
Sand, very fine to fine blue-green, and shells 1 275-276
Sand, very fine to fine blue-green 4 276-280
Sand, silty very fine t0 fine BIUE-GEEN........cucviueieererreieteerree ettt s seba e st s b e nee st essanes 3 280-283
Sand, very fine to fine blue-green, and Shells........c.coicrerreirecrnnntitineserenee s e sesseesessesssses 7 283-290
Sandstone, and ShEllS..........ouiviiiiiinn e st s ns 4 290-294
Sand, very fine to fine, and SHEllS.........c.coveciimriiiicnniicir ettt e st s enas e snat st senasben 6 294-300
Sand, silty very fine t0 fine BIUE-BIEEN......ccc.eivirereiiireeteieee et e e see e sene e eass e e s e s sesenmessaesesesae 6 300-306
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Table 1. Driller's logs of test holes drilled in Storage Unit 1l and vicinity, Santa Barbara County, California—Continued

Thickness Depth

4N/27W-171L2,3,4—Continued

Sand, very fine to fine, and SANASIONE...........ccvuiveevecerereeniicreieesee et st besae st saseseasseas e sssasass s nsasassesebesasens 4 306-310
Sand, silty very fine t0 fine BIUE-ETEEN ......cveueucviiertiriercieteeetst e ces e eereasesss s sssseessssssonsnasssensssssessassnes 13 310-323
Sand, very fine t0 fing, ANd SHELLS ........ccccvveeeureereeeercee et ces st e e essesansesessssss s e sansereteenssans 1 323-324
Sandstone 6 324-330
Sand, very fine to fine blue-green, and clay, blue-green, and sandstone, and shells 35 330-365
Sand, silty very fine to fine blue-green, and clay, blue-green and shells ..............cocurueuivreereecvennreucrsessensensens 25 365-390
Sand, silty very fine to fine blue-green, and clay, blue-green and sand, coarse, and shells..............coveernnees 9 390-399
Clay, blue-green, and silt, And SANA .........c.cceuervrrreeirerernneccreneeeseseseresssssseessssesstsessssssesssstsessssesessssssrnssesens 2 399-401
SRALE, BIOWI «.cviuiniiincicicnitieiciteet et tecs st esesesasa s s rsass st et st abs s ss s bbb s e s asns bess s bt st s enbsseesssass 9 401410

4N/27W-18B5. Drilled and logged by U.S. Geological Survey. Altitude of land-surface datum, 170.11 feet. Six-inch polyvinyl chloride casing.
Depth of hole, 100 feet. Depth of well, 85 feet.; perforated interval, 65-85 feet. Drilling compieted 2-7-89.

SANM......coceirier ittt es s et sase s a s e e b s s e ben s eb e s e b b e b e b e s st e bas R e b et et bes e s st asanae s anaes 12 0-12
Clay, reddish-brown, and sand, SiltY-CIAYEY ...........cccurirrveeiireriririreiereieiecesesstesse s ssesstsssssssssesessasssssesasssene 3 12-15
Gravel, VEIY fINE 10 PEA ..covovrrrrrrcrercresrneerseresstssassessssissssetassssessastessesessssssssassasssnssssstsssesesssssesasnsssasessssesesssssass 2 15-17
Gravel, very fine t0 MEAIUIN, .....cc.couuieereerirererrenseneisessetreseseseessesesessssessssstessssesssassssssossrsasssssassesstesesesesarses 1 17-18
Clay, reddish-brown, and sand, VEry fiNe 0 fiNE..........ccceecuveuerececveerensiaressesserseessesnressesersssssssessssesessssssessaes 2 18-20
Clay, reddish-brown, and Sand, SIILY .........ccceeereeieiereeeesntcreeescece s s sssesssaeses s ssssssae s esssesessesessassssesesssasass 10 20-30
Gravel, pea, and sand, very fine to medium 30-35
Gravel, pea, and gravel, very fine t0 MEiUIM .......ccoovruieeeierireicreiesecs e eeestesesssesesssenessssssssstssesssesssssesaases S 3540
Gravel, medium to pea, and sand, very fine t0 MEAIUML..........ccceievrericivrreinieceeriierereesesceseressresssaesesesesessesees 3 4043
Sand, silty yellow-brown, and clay, and gravel, very fine to Medilim ...........cccoevverirernerererersrerenminssessnnssnsens 7 43-50
Clay, yellow-brown, and sand very fine to coarse and gravel, very fine to medium..........ccoeeeecerereveeeerseececs 10 50-60
Sand, very fine to medium, and clay, silty YEHLOW=-DIOWIL...........occcovurrrenrrercrrrenescteeeese s sessesesssesssencseseseeses 3 60-63
Sand, very fine to medium, and SHEIIS .......coueiiiiiiieerenireceececcee e seae s s sss s bbb san s eaetesebasans 6 63-69
Clay, silty yellowish, and sand, very fine to medium ... 1 69-70
Clay, silty SAndy YELIOWISH......ccccuererrenrrrrieteerasetestsisenseessessessssrssesssestossesssessssossssassssassssasassassssasesssssasssssssenes 5 70-75
SN, SILY YEHOWISH ...ueviireriiceeee et ettt et a s sass e rebess e s s en s b s ensesassebesastasassasaasasns 3 75-78
Clay, Silty TeAdiSN-DIOWI........c.vceircereeeerririiiesee st ss s st sss s s sss s s st sasassstsssasssosseasasassesesssssress 4 78-82
C1aY, DIUE-ZIEEN ..uvureeeerereieeeceeserress e te e ssse b st esae st s bbb sesesshasessasassstaess s sasasaetabesasasessesssesesesesstasasass 1 82-83
Sandstone, fine grained deCOMPOSEA BIUE-EIEEM ...........cvcveererineeeeerreererrssetsses et assssssntetstsssesssssssnssscsessasens 7 83-90
Clay, silty sandy reddiSh-BIOWIL..........c.cceerrurreinecinenie et saressrssessesessesesssssesessesssssassassesntsnssssessanssssssces 7 90-97
Clay, silty sandy light blue, and clay, brown 3 97-100

4N/27W-19A1,2,3. Cluster-weli site. Drilled and logged by U.S. Geological Survey. Altitude of land-surface datum, 86.1 feet. Three 2-inch
polyvinyi chloride casings; depth of hole, 360 feet. Depth of well 19A1, 360 ft; perforated interval, 320-360 feet. Depth of well 19A2, 180 feet;
perforated interval 160-180 ft. Depth of well 19A3, 110 feet, perforated interval, 70-110 feet. Drilling completed 2-1-89.

Sand, and sandstone boulder, yellow-tan 14 0-14
Sandstone, decomposed boulder, medium to fine grained gray-yellow 4 14-18
Sandstone, medium to fine grained gray-yellow 2 18-20
Sandstone, medium to fine grained tan-yellow 6 20-26
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Table 1. Driller's logs of test holes drilled in Storage Unit il and vicinity, Santa Barbara County, California—Continued

Thickness Depth
4N/27W-19A1,2,3—Continued
Sandstone, medium to fine grained blUe-gray-White...........cccvvrivrrerrriecueunisiescinisesseseeeses e ssssssesessssseens 9 26-35
Sandstone, medium to fine grained tAN-YEILOW ........covvvrcereirreenceerrenrsssrersensesssncnssssssesssssssnsessssnsnsssesscsesernes 5 35-40
Sandstone, medivm to fine grained tan-yellow with dark SPECKS ........cvrccrcserervsmmenesessnessonssanssssessesssecseeses 18 40-56
Sandstone, medium to fine grained blue-gray-white...........cccovuverererienescreresecsennnsnssesesesesessseerserssssssssesssssens 10 56-68
Sandstone, medium to fine grained gray-white................... i1 68-79
Sand, lightly cemented coarse to fine grained; light blue-white 7 79-86
Clay, blue-gray, and sand, fine ..........cccccrernnne. reestesrreesses et eens e s e e satesaensetesnenrartonts 4 86-90
Sand, lightly cemented coarse to very fine grained; light blue-White .........ccoeccruvrrivererseerrernreirnresnernererssensens 6 90-96
Silstone, blue-green, and ShEllS...........covvwirniiiccinenininsisnseiseisssessssssssessessssssssssssssssssessessssasssssssssssssses 96-97
Clay, silty light blue-gray .........cccoevvnicernnecnenae 13 97-110
Clay, LIGht DIUE-GIAY ......coccvercreeeeiririnitistentsissssassiesesssessssnessessserssessssssssssassessesssensessasesassssssssssssassasnsessnssssncocs 10 110-120
Clay, light blue-gray, and shale, brown.............. ek e e s a e e b bbb R R bt es 1 120-121
SHALE, DIOWI......coeuieiinineriiicnini ittt ese s aas et se e esas st s sesc st se st sset et et as s et stressesaanaesatssmesesesne 4 121-125
Clay, HZOt DIUE-ZTAY ....covruverriirrericssetneeereeisesisioresseesssassesssessssesssssenssssssssiesesss stssssesasssasns stasassssssensnsssssesasessons 5 125-130
STty CAYEY BIUE .....ceeeeceerenieeeitst e srereserenstraes e can e e ssssssseberesessenssasasbarasessassassssnsassssssnsasasasssansersnsnensanasas 6 130-136
ClaY, BLAY-DIUE ......cccveecereerrirenserirsesesteresereaaesesstessessssesssebasesssssessssssssnnssesneset sesassssesssssssasssesessnssssesssassnsassssns 4 136-140
Clay, SrAY-DIUE ......ccoceererererereieereirerisreteieesassesssessaesassssesssesessssssssossasssscntosesssssssssasnsssssesstosssenasssesesosssnsasesssssans 1 140-141
SIE, CIAYEY BIAY ....cocveeeeiererceresiiirisiteieees ettt st st et st s aetesssars e s es st sise et st seebaessbebmt et bab st b ateess 6 141-147
Silt, ClAYEY DIUE-AY......coceureieecriiititinieincteest st ettt st ss s erseses s ese st sb s aseseosesant st sbassansaesssssessssenessanes 1 147-148
Shale, brown 5 148-153
Clay, silty light blue 4 153-157
Sandstone, fine grained blue-white 1 157-158
Shale, BIOWN......ccceveemieenreericrnenseeesrcsenesesesesssesessanns 14 158-172
Clay, silty blue-gray 3 172-175
Shale, brown 5 175-180
Shale, brown with blue-green SPECKS..........ccceemirnrcrrieccrcerectcrrese e ebss s sbeaes 6 180-186
Clay, Light BIOWR 10 tAI ....coocecriiiiiiieceierc et cceecsneeteeseestnse st sa s s s e sessrsaenr e s e ba b bensaas s an s b sr st s 7 186~193
SRAle, BIOWN........ceevereieieirieiennieneie et seeestsessnssest st sesesesset st sessse s e sanesesssast sestssssotatsestsestesstsensaesersosassssirsntns 4 193-197
Shale, reddish-brown...........ceercececerectrenenrnnaas 1 197-198
Clay, blue-green, and sand, fine, and silt 5 198-203
SRALE, BIOWL......c.ceeiuiirenirieies s ecetatetitestessasestsssasasses b ssstabesssstssasesstasessssssssssansasacssesssssesssssasssnsasasssssseseseses 5 203-208
Shale, TEAISH-DIOWIL.....couvvecereiiiiristecrts e seress et etsse s essaesessas e s s sasssbe e s b st s ssbsbsasasbobsboanas 1 208-209
Shale, brown with bIUE-Zreen SPECKS ........ccvirruciririieerrererinirenesere e tesetesstsssssesaesstessaessssisaesnstessnsssesssssns 1 209-210
Shale, brown 10 210-220
Shale, brown 10 220-230
Shale, brown, and Clay, BIUE-BIAY .......cocccoerceererrecrnrerurerieseecesrsesasesersassesssssssenss s sssssassssssas s sssssasbsnsnasaeses 10 230-240
Clay, IZht GrAY-DIUE ......c.ceecier ittt st esesesise et ee e s et sest s etms b s b st b e s senssenarsssasnens 7 240-247
Clay, blue-gray, and shale, BIUE-ZTaY ..........cccoeeueiminmeiiiinnencnieeseseseseessststsese e sseesbesessasssssssesesaseesesssns 3 247-250
Shale, SOt BIUE-ZIAY....cccvreerriirinisirariieeiecrtescrs st se s sesaeeeesesearese e st st sab et sbsa s b b est e b et s s bsn b emasasbates 2 250-252
Shale, brown 4 252-256
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Table 1. Driller's logs of test holes drilled in Storage Unit il and vicinity, Santa Barbara County, California—Continued

Thickness Depth

4N/27W-19A1,2,3—Continued

Shale, soft blue-gray, and clay, Silty BIUE-ZIAY .........cccervrvercrereerrisrsesinrennernrnenasssesssssesessesesessssssssosesnssesssess 6 256-262
Clay, silty blue-gray, and shale, SOft BIUE-IAY ........ccccveeereerireerisenecrserernesianieenasssessersesssssossssesessssessssessasees 3 262-265
ShALE, BIOWI ....uvviereriririseci s tsssissts s ssssa e e ses s esss st s s ssssstatsessssssassessosssssssssssssssssnossosossessasenssnsassesarees 5 265-270
Clay, Silty SANAY BIUE-BIAY.....cccecevreirerriiescreerie e ese st saresebese st sesasesesesss s sssssssssesssesseessststesnesensassssssssasssna 6 270-276
Silstone, blue-gray 2 276-278
Shale, DIUE-BAY .....vrevereverrecrrrrensirenssineresessssesssessssasssesssassesssssesssessessssensassnssssossssssssssssssssseneasassstosssnssssssesesesnes 2 278-280
Clay, fine SANAY DIUE-GIAY........ccouruereeerrrrercieeerreeeseisaee st sessenseresesess s resesssssbessssstsees esssesentasssasenesassssesssssonas 1 280-281
SHALE, BIOWIL ...covneiiririieniieststerstseiesnc s reere st sas et sses s s st et sesssssastse e senasssberssssssasssssstmssstsasastssssassssssesssennen 2 281-283
Shale, TeAdISH-DIOWIL ........cocimiir ittt cs st e stsstssb et esse bbbt s et e sasbesessassensans 5 283-288
Clay, fine sandy blue-green 1 288-289
SDALE, BIOWIL ...ttt snireesrenneer st caee s st e e tsrssbassassbeses e st s en s s s strs e san s sensssenass 1 289-290
Clay, silty to sandy reddiSh-DIOWIL............ccecvurureriiinrircieenereseceesssnesesebetssess st ssssse e s essnssasessasasenes 1 290-296
Clay, blue-green, and sand, medium, and Silt .........cccecevevimeverreeeirereceseseestesessaesssesssssssessssssesssssssssanssereaes 2 296-298
Shale, SOft TEAdISR-DIOWI ..ottt ee sttt ts s srsss st s s s st ss s esessssa s ssasasascrnes 6 298-304
Sand, silty very fine 1 304-305
Clay, silty blue-green, and sand, very fine to medium 8 305-313
SDALE, BIOWI ...ttt icssts s tsess b se s ssss et sars sttt es s sasassases s ersssse s b ssoss e ses eessasassssasassstocnns 4 313-317
Shale, rEddiSH-DIOWIL c......oueieiicciee sttt ettt esa s s b b ssass s brer s s bbbt sess e ses s bt sestess 3 317-320
Shale, SOt BIOWIL ..ttt s rstsesss st sssssossssssorsssasasan s sasassesasasssssesssssessasssssineas 5 320-325
Shale, hard brown ... 3 325-328
Shale, soft brown .. 2 328-330
Shale, soft brown With bIUE-BIEEN SPECKS........ccecerrrrrererieerireeseriersesrsareestessssmsissssssssesesesssssessassssssessssns 3 330-333
Clay, blue-green, and sand, VEry file 10 fiNE ........cooverrureerreieeniersreeeseseseieessesssc e esssenebensesessssssssesssasessasss 3 333-336
SRAIE, BIOWI vttt st sse s sse et se s s sar s st sesabesas s sasesse s b snesaesanaesasssstsnmane 4 336-340
Shale, reddish-brown with green specks........... 5 340-345
SAlSIONE, BrECMISN-DIOWIL....cu.vevuivierceereiseeresrseestsee s sesessreassessesesstsasssssessssessssnen s sebesassssesse st sessassssesessesesens 1 345-346
Sand, silty fine, and shale, SOt BIOWIN.........cccceevreeuesirinreresesseesrssesstesessesesssssssesessesenssassessessssssnessesssssessasane 2 346-348
Clay, silty blue-green, and Sand, VETY fINE.........ccoeeeeeieererineeereresietnessesssssnrs e essssssssesessssssesssssssssassessssssens 2 348-350
Clay, silty blue-green 2 350-352
Shale, reddish-brown 7 343-359
Shale, SOt DBIOWIL c..ccuueeniiiiicriceiine ettt e s se et sranant st st e st es bt sassbassasasseas e sesatasrenasen 1 359-360

4N/27W-21E1,2,3. Cluster-well site. Drilled and logged by U.S. Geological Survey. Altitude of land-surface datum, 90.21 feet. Three 2-inch
polyvinyl chloride casings; depth of hole, 410 feet. Depth of well 21E1, 290 feet; perforated interval, 250290 ft. Depth of well 21E2, 200 feet;
perforated interval, 180200 feet. Depth of well 21E3, 82.5 feet; perforated interval, 52.5-82.5 feet. Drilling completed 2-6-89.

Sand, Silty SANA DIOWIL......cocieieiniuiecrineniciniresseese i et s e sesesssesesesrssssssssseresssesessssssssessassesesesssasasasasassstossssnse 20 0-20
Gravel, very fine to pea, and sand, coarse to fine, and clay, dark reddish-brown.............c.cceereviereernrecscnnes 3 20-23
Clay, silty dark brown, and sand, very fine t0 fiNI..........ccceccervereeerercreenrirereennuntessssessssssssesesssssessansesesesssesaess 4 23-27
Sand, silty very fine to fine light tan-brown........ccecocvcevuerrunee 3 27-30
Sand, silty light reddish-brown, and clay, and gravel, very fine 2 30-32
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Table 1. Driller's logs of test holes drilled in Storage Unit Ill and vicinity, Santa Barbara County, California——Continued

Thickness Depth
4N/27W-21E1,2,3—Continued
Gravel, very fine, and sand, silty, and sandstone..........cc..cecereceenceneneenncs verresarene s renans 3 32-35
Gravel, VEry fiNe t0 MEAIUML....c.c.eeiriveeecrerierereseerersserssseaersssssesssssiseesessssnsassssssssssesssesonsssssssensasssssssssssassnes 5 3540
Gravel, very fine to coarse, and sand, silty, and clay, and pebbles.......... 7 4047
Gravel, very fine to medium, and sand, very coarse, and sand, silty .... 3 47-50
Gravel, very coarse, and pebbles, and SANA, VEIY COAISE .........eweuererereraersesesssrrennssssessssenssssssssssssssesssssssesess 2 50-52
Gravel, pea, and gravel, very fine to medium, and sand, very fine to fine ..........cccoeeeverrervecsesenseresseensesesenes 8 52-60
Gravel, coarse, and pebbles, and sand, very fiNe t0 COAISE .......c.cvcrvirerirenercsimeeseeacsssssrssseesesssssessenessesensnns 4 60-64
Silstone, reddish-brown-tan............ccccecvrnrermrensercresnnescresenens 1 64-65
Sand, very fine to VEry COArse, And ClAY ..........ccuveremreeuecrnsueuemrsessenaseresessssiarasesesssssasssesssssssasssssnssssssssesesssassasas 5 65-70
Sand, very fine to fiNE BIUE-BIEEM......c.coiiiieirirccrieereetca et acrts e sensse e cesassastesstasasssssssansess e sesensasssnsnsn 5 70-75
Sand, very fine to fine blue-green, and shells........c..ocecvrvvccvrnrormrnncenrnnens 2 75-77
Clay, sand, very fine to fiNe DIUE-BIEEN.......ccccorviveuerercrreererercrriessiesesressseassesiaesssssasestessassesesasesssessesssssssssnans 12 77-89
Clay, sand, silty very fine to fiNe BIUE-GrEEM ..........coevvvrierienrecrrreeresrssesesesstnssses st sssssessssassenssesssesssssssans 1 89-90
Clay, sand, VEry file t0 fiNE .........c.ovcccorurriereinnuecncreseescsrmscsesessesstsisessastsanasserscsenesnssasssssssnsassssssssassssssassaces 7 90-97
Sandstone, very fine grained blue-black .......c.cccoeeeeeceenrecnenrinnienessnnesnns 3 97-100
Sand, Silty VETY fiNE 10 fiNE........cccirveereiiercccrieseereies i eistsessensesnssesssassasssssiessessasssesasessssserssssssssssssnsenesesae 10 100-110
Sand, silty very fine to fine blue-green, and Clay ..........cccocveireecneenercnnerceenerenresessssssssnssasesssssesseseesens 10 110-120
Sand, very fine to fine blue-green, and roCK ChIPS .......coouciciiiciiiiniin et sseraa e eesnesssssssiaens 7 120-127
Sand, very fine to fine, ANd SHElS............ccocvveererieeirerieeeeeisrirsrerersnreseressssneses e sssssssaosesssssnsnssnsensesasessresens 3 127-130
Sand, very fine t0 filE DIUE-BIEEM........ccovuivercrenreccnirmrirernireeresssrssasesessssnsnssessessesnsassesssssssenenssessssssasassossssasses 1 130-131
Sand, very fine to fine, and ShElls...........occeerinecricrien e sese st e e s s sbes s ess s sbs s sasasaerreses 2 131-133
Sand, very fine to fine blue-greem...........ceeceieeeereernrirsseresiesnesensantenssassesens et esssasr s e reais 13 133-146
Sand, very fine to fine, and SHEllS.........ccccvriieeeiciieiicrerrn e s e se s seeassasesessessrssae s anesbarassenssssasansasencs 1 146-147
Sand, very fine to coarse, and clay, brown, and clay, blue-green 3 147-150
Sand, very fine to COArse bIUE-EIEEM ...........covrrrivicinieireeaierinesateerseeseesesssesaenss s essssasessesnns . 10 150-160
Sand, very fine t0 fine BIUE-BIEEM.........ccocereeeerrereecrecneernrreneer et ssessesesessasesessssresnsesensessensens 12 160-172
GEAVEL ...ttt cessc e ne s stesesesas e sease strsesessrsnssssssssesasarsnesassises bonarasacsensss sossasssesasesaassessasstsnsessnssnseaes 3 172-175
Sand, very fine t0 fiNE BlUE-ZIEEM......c.ccvveriicerircerienci et reetsasesss e ssesseensssssasssssessssssssssssascrsrnasassansans 19 175-194
Clay, dark green, and sand, very fine to fine bIUE-ZIEEM ........c.cverrrirencririnenecrsrnesensaniensassansnsasessersessssessnans 6 194-200
Sand, silty very fine to fine blue-green 1 200-201
Sand, very fine to fine, and shells 1 201202
Sand, Silty VETy fiNe 10 fINE .....ccvvi ettt ettt st sase e e st esase s s bsas et srsasas 6 202-208
Shale, YELOW-DIOWIL....c..vrieerririieiiecetireniccieeenniesiseseste st s esesesesesessassesessaessasasessssssssssasssseressassssencsensrones 2 208-210
Sand, silty very fine to fine bIUE-GIEem.........ccouvieiicirieirriccirnrine s s s s esssssssassssnenens 1 210-211
Sandstone, YEIIOW-DIOWII......cc.coceuriniiiineeniereninieccnreiesetst et snsse st stssesessessmsasessenssesensasenensesessssassesssesasns 9 211-220
Sand, very fine t0 fiNE BlUE-BIEEI..........ccceceerririeriririereeerseense s ssen e essssesasesssessastsasssesssssasssnsesssssssensssssnsaes 5 220-225
Sandstone, lightly cemented brown-Yellow ...t sens s bonssesssesens 2 225-227
Sand, silty very fine to fine blue-green, and clay 3 227-230
Sand, silty clayey very fine to fine, and siltstone 5 230-235
Sand, very fine to fine blue-green, and clay, silty BrOWn ..ot isaes 8 235-243
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Table 1. Driller's logs of test holes drilled in Storage Unit Il and vicinity, Santa Barbara County, California—Continued

Thickness Depth

4N/27W-21E1,2,3—Continued

Clay, blue-green, and sand, very fine to fine bIUE-ZIAY...........ccoevrreomrereerernrensinsieneeresesessssresaesssassssessssns 2 243-245
Clay, brown, and clay silty, blue-green 2 245-247
Clay, silty sandy blue-green-brown .......... reeres 23 247-270
Clay, silty blue-green, and sand, very fine to fine, and shells 10 270-280
Silt, brown, and sand, silty very fine to fine, ANd CIAY ...........ccoueveveeeeerereeeineierer i sese s bessonas 3 280-283
Sand, very fine t0 fine, ANd SHELLS ..........ccc.icveerriereeieiecen st seissssesstsesesteseemreesmesessmseetss sesmeresessasesas 14 283-297
Sand, very fine to fine, and clay, silty brown, and Shells ...........cc.coueeerrirernreerireesernensseese st s sessssnens 13 297-310
Sand, silty very fine to fine, and shells 10 310-320
Sand, very fine to fine, and shells 3 320-323
Siltstone, gray-tan, and sand, very fine to fine 1 323-324
SANA, VEIY fINE 10 fINIE cueeerieeirenriririieeieeete ettt st eeaeseseseessassessesssesesessssnsstssesasessenasenssssnsassssasasesessesores 1 324-325
Sand, silty very fine to fine, and SHEllS.........ccovuueiierereeeeiicsiriceeerc e se e eses e asesesssssesssssssnsressssasnes 10 325-335
Sand, lightly cemented, and SHElLS........ccc.iiiecioirrrineeres e ssss e ssre e sssssesessssesssessssesesssesenssnes 10 335-345
Sand, Silty VEry fiNe 10 fINE ........cceceririvereiriiererenierese et ces st s essss et e s sss s bbb ssbsssena bebebeboseseasanse 1 345-346
Sand, silty very fine to fine, and ShElIS........ccoevvrreeeiricieecececee ettt eses reesss e s sssseses seassssesesnenns 9 346-355
Sand, silty very fine to fine, and clay, tan-gray, and Shells ............cccecerererrrerieeesrernnesesenssesssscsnssnes sesscseses 10 355-365
Sand, very fine t0 fiNE .........cc.eoeeeeerueeerieesneerienensieseesce e eeenas 8 365-373
Sand, cemented light blue-gray 5 373-378
Sand, VEry fiNE 10 fINE ......cecerieeiriiciecei et cse s seses e st sssessbans s s sn s bt s s e b bens et nesebensasrsanrsnnrsas 12 378-390
Sand, lghtly CEMENLE...........cueeeuiieeiiiineiteete st ress s eae s e ssseassasssascest s s ssabesr gt sesaesesasansmtresssacs 3 390-393
Clay, light BIUS-WHILE........ccoiicicrerrrirerrereecere ettt sersnssssse s et sasssssstsnsessssssesenenaresenesnas 7 393-400
Shale, SOt BIOWIL .....cccvevicieiiriieeinseinisisesesessssssssssse i ssesssesesssssssbesebesss s sessssssesesssssassesessssesssesessansassasssanns 7 400407
Shale, brown 3 407410

4N/27W-21F1,2. Cluster-well site. Drilled and logged by U.S. Geological Survey. Altitude of land-surface datum, 80 feet. Two 2-inch polyvinyl
chloride casings; depth of hole 180 feet. Depth of well 21F1, 150 feet, perforated interval, 140-150 feet. Depth of well 21F2, 80 feet; perforated
interval, 70-80 feet. Drilling completed 6-21-91.

SANM...oeiiiirc et e e e R et s ekt e e s es st 10 0-10
Sand, medium; clay, and silt, with wood; dark yellowish Brown ..........covvueeceeecrecinininnnceserecriseeressncacnenas 13 10-23
Clay, with some silt and 5and; 0liVe BIACK .......c.cvevereiririreeriricrereritesese e esssesstsasessesassesessssssssressassassasssesssense 7 23-30
Sand, medium to fine, and clay; dark greenish gray .............cccoceeeeereeeriernecrsesrnntnnseseesessssseisesesesssesessens 11 3041
Gravel, sand, medium, and clay; olive gray to MOErate brOWN...........oeveeuriersriersenirsessenisnsssssssessncsssssnssens 7 41-48
Clay and sand, medium to fine; moderate brown to olive gray . 32 48-80
Shale and clay; moderate brown to dusky YEIIOW BIOWIL..........c.cvceeecurimemrersmnenrerenssnneasesersseseesenssssssssssssons 100 80-180

4N/27W-21 G1, G2. Individual wells drilled 5 feet apart. Drilled and logged by U.S. Geological Survey. Altitude of land-surface datum, 66 feet.
Two-inch polyvinyl chloride casings. Depth of hole (21G1), 120 feet. Depth of well 21G1, 110 feet; perforated interval, 100-110 feet.

Sand, medium to fine, with silt and wood; moderate brown 10 0-10
Sand, fine silt, and clay; moderate brown 20 10-30
Sand, medium to coarse, and gravel, with clay; dark yellowish brown 8 30-38
Sand, fine to medium, and clay; dark yellowish brown 32 38-70
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Table 1. Driller’s logs of test holes drilled in Storage Unit 11l and vicinity, Santa Barbara County, California—Continued

Thickness Depth
4N27W-21 G1, G2—Continued
Clay and sand, medium to fine; blue gray to mOderate brOWI............coucceererererineeriinnneneesesriesesesenessssesesessenns 10 70-80
Clay and silt, with some wood; moderate brown to grayish blUe ZIEEN ......c.cvveeerrrivrirresessensensisessseessessens 20 80-100
Shale and clay; grayish BIOWIL........ccocciiivemiirirecirinsisesseenss e ssesssese b seeetessssssessssasssssssssssensesssssassessanss 20 100-120

4N/27W-22M1,2. Cluster-well site. Drilled and logged by U.S. Geological Survey. Altitude of land-surface datum, 53 feet. Two 2-inch polyvinyl

chloride casings. Depth of hole, 120 feet. Depth of well 22M1, 110 feet; perforated interval, 100-110 feet. Depth of well 22 M2, 65 feet,
perforated interval, 55-65 feet. Drilling completed 6-18-91.

ClAY, BIOWIL ...ovrveieiierecneietietsserneettes it s et ses st sasee e sastsaesssssesessesssssssssssnsssessssesssensaneseosesesesenensesessasensesns 10 0-10
Sand, fine to medium, with silt; MOAETAtE BIOWN........c..eeeeecrrensiresrsaessetessse e srssesnesesssssssonsonsesessossssesaes 8 10-18
Sand, medium to coarse, with gravel; MOAErate BIOWI .......cccevucueeuevereeeerisnsnseessesesesessesssesessesssssessssessesesssnes 17 18-35
Sand, fine to medium, and clay; MOAETAE DIOWI ............coveeieriueiiicieiesesaesesestenessesseesssssseessesssaesessasssssss 5 3540
Sand, fine to medium; MOUETALE BIOWN.......c...veccimviuirrrrieiessensisiessssseastsessess s ssssstsssanssesssnstsssssassessssasssssns 13 40-53
Dand, medium to fine, with some clay and gravel; light olive gray 53-58
Gravel, and sand, medium to cOarse; light OlIVE BIAY .........ccoceruererecurececisesritesesietsemsesesesressrsasssssssssssasenes 7 58-65
Sand, fine, clay, and Silt; MOJEIAtE DIOWIN.........c.ocucuvieeieciee it reeestsiesse e essssssenetssssasasessasessssessrasenses 15 65-80
Clay and some fine sand; pale blue tO Brayish GrEen ........ccccocvmrereieenrerecnrseneastrrntenserersseresessssensesessersssees 13 80-93
Clay and some Silt; MOAEIAtE DIOWI ............oviueeierieeeeiseerescresss e eeteieessbetesesesesesessssssssssssssassssessssassssssornnnen 7 93-100
Sand, fine to medium, with silt and some clay; moderate BIOWIL...........ccvvieeeerinenrneesereesssenssesennevessseeees 10 100-110
Clay and silt; MOGEIALE DIOWIL...........cccoiiiierecuirieenreeernisessenessesessssesssessesassassessessssesssssssessessssssssesssnsssssssssessen 10 110-120
Table 2. Storage Unit |ll pumpage, Santa Barbara County, California, 1978-92
[Pumpage, in acre-feet. —, no pumpage]
State weii No. Owner 3 Pumpage
1978-86 1987 1988 1989 1990 1991 1992
4N/27TW-17TM4 Las Positas Mutual
Water Company.......... 3045 30-45 3045 30-45 3045 3045 3045
4N/27W-18Q4 City of Santa Barbara.... — 17 61 169 216 37 3
4N/27TW-18Q5 Private.......cccoovveeeurrencnee 8-10 8-10 8-10 8-10 8-10 8-10 8-10
4N/27W-18R3 Private....ccooceevnnririennn 8-10 8-10 8-10 8-10 8-10 8-10 8-10
Total......cccoevureerrercrrnnnnen 46-65! 63-82 107-126 ~ 215-234  262-281 83-102 49-68

11978-86 yearly average.
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Table 3. Water quality in samples from selected wells in Storage Unit Il and vicinity, Santa Barbara County, California

[Constituents and hardness are in milligrams per liter except where noted. Constituents are dissolved. <, less than; —, no data. Perforated interval; depths
producing zone; 3, middle zone; 4, lower producing zone; 5, deep zone; SH, shale; S, sandstone. piS/cm, microsiemens per centimeter (at 25 degrees

Perforated Zon H
Sta:‘eovaell ::: p‘l); We(lflede:;nh interval mat:r?arl coﬁz:ccl::ce (Sta?ndard l::rg:(e:zsa, Calcium M;‘g;:‘e-
(feet) perforated (uS/cm) units)
Storage Unit ITI
4N/27TW-171.2 07-20-93 300 260-300 5 1,110 7.3 410 110 34
4N/27W-17L3 07-09-91 220 190-220 4 1,030 74 430 110 37
4N/27W-17L4 06-24-92 140 100-140 2 1,030 7.0 300 88 20
4N/27W-17M4 07-17-90 370 100-370 4,5,SH 1,220 7.3 390 100 33
4N/27W-18Q4 06-15-88 240 90-230 245 1,210 7.2 576 160 43
4N/27W-21E1 06-24-92 290 250-290 5,.SH 3,400 73 670 190 47
4N/27TW-21E2 07-09-91 200 180-200 4 872 7.6 260 76 16
4N/27W-21E3 07-20-93 825 52.5-825 2 1,210 7.0 460 130 33
4N/27W-21F1 08-19-93 150 140-150 SH 2,220 8.2 45 12 3.6
4N/27W-21F2 08-19-93 80 70-80 1,SH 1,270 7.8 85 20 8.4
4N/27TW-21G2 08-06-91 39 29-39 1 2,140 74 610 120 76
4N/27W-22M1 08-19-93 110 100-110 SH 8,150 7.2 1,200 300 99
4N/2TW-22M2 08-19-93 65 55-65 1,SH 3,580 74 920 230 83
4AN/27W-22Q1 09-20-83 60 20-60 1 2,400 8.6 540 130 52
Storage Unit I
4N/27W-8R2 07-06-92 205 155-205 25 1,210 6.8 570 160 4]
4AN/27TW-9M 1 10-11-83 120 30-110 1 1,330 6.9 560 150 45
4N/2TW-15]1 07-26-73 629 83-629 1,2,34 755 7.0 290 71 27
4N/27W-15K1 07-16-91 464 280464 4 764 715 320 89 24
4N/27W-15Q9 08-08-73 667 91-667 1,234 748 71 290 84 20
4N/27W-16R1 07-17-91 625 545-625 4 989 7.8 350 100 24
4N/27W-17]1 07-09-92 320 190-320 24,5 860 8.2 370 100 29
4N/27W-22B6 08-06-84 670 210-670 4 847 7.2 350 97 25
4N/27W-22B8 07-22-93 780 760-780 5 4,830 7.6 390 110 29
4N/27W-22B9 07-22-93 670 650-670 4 849 74 310 90 21
4N/27W-22B11 07-22-93 220 200-220 2 878 6.9 340 93 27
4N/27W-22E2 08-19-93 70 60-70 1 917 7.0 380 95 35
4N/27TW-22G2 07-21-93 200 180-200 2 845 6.8 330 87 27
4N/27W-22G4 07-07-92 690 650-690 4 755 7.6 300 85 22
4N/27W-23E1 10-25-88 805 775-800 4 12,500 70 3,700 970 310
4N/27W-23E3 07-20-90 385 355-380 2 517 83 160 42 14
4N/27TW-23E4 07-30-90 180 150-175 1 777 7.2 280 69 26
Foothill Basin
4N/27W-7D1 07-09-92 490 215-480 34 1,590 72 610 140 62
4N/27W-8L3 06-15-88 610 260-600 4 936 6.9 380 98 32
4N/27TW-9G1 03-16-78 273 179-273 4 1,170 6.5 470 95 57
4N/27W-18BS 07-06-92 85 65-85 1 1,470 7.3 640 160 59
Hope Ranch Subbasin
4N/27W-18C2 11-10-87 88 78-88 1 1,790 8.4 830 220 68
4N/2TW-18C3 11-10-87 257 237-257 5 3,550 7.3 1,300 440 48
4N/27W-18D2 04-23-68 315 57-315 34,5 2,490 8.2 580 150 51
South of Storage Unit 111

4N/27TW-19A1 02-05-91 360 320-360 SH 19,000 7.6 1,809 590 82
4N/27TW-19A3 02-05-91 110 70-110 S, SH 2,860 7.2 733 190 63
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of topmost and bottommost perforations; casing may not be perforated throughout the interval. Zone or material perforated: 1, shallow zone; 2, upper
Celsius); pg/L.,micrograms per liter. Location of wells shown in figure 4]

Alkalinity

Solids, sum

Nitrite

Sodium as Suitate  Chloride  Fluoride  Sllica  ofconstit-  pius  Donum  Boron
caco?® uents  nitrateasN (9L (o)
Storage Unit 11
83 496 180 50 0.6 28 788 <0.05 — 210
65 340 200 39 .6 24 686 <.05 37 120
120 330 190 47 4 38 705 <.05 —_— 70
150 360 150 130 1 25 805 <.10 60 150
72 375 220 91 4 30 845 <10 —_ 130
410 340 33 920 1.1 34 1,870 <.05 — 4,600
79 255 50 110 8 28 521 <.05 76 450
86 363 230 92 3 25 828 21 —_ 200
450 263 17 530 55 12 1,200 <.05 —_— 14,000
240 413 3.1 160 13 14 708 <.05 —_ 2,600
280 446 570 160 1.5 17 1,500 057 <100 2,400
1,300 287 200 2,600 1.0 16 4,710 <.05 — 8,100
460 440 760 690 6 22 2,520 <.05 — 3,700
370 — 250 310 3 19 1,500 .16 300 2,400
Storage Unit 1
53 — 320 73 3 32 838 29 —_ 80
81 — 390 81 3 25 922 — 68 300
53 185 100 70 5 — 436 — —_ 100
37 188 140 49 3 30 485 31 27 50
39 205 120 41 4 — — — —_ <100
79 321 87 92 4 31 608 <.05 260 50
46 — 140 7 4 35 568 .099 —_— 70
48 235 110 67 3 34 528 .86 —_ 110
860 318 16 1,500 14 28 2,750 <.05 — 8,900
61 354 100 58 3 34 581 <.05 —_— 200
41 189 110 82 4 37 544 8.8 —_ 50
56 255 150 61 5 27 593 29 —_ 180
50 219 130 59 4 34 548 57 —_ 60
54 —_— 110 27 2 30 503 <.05 — 50
1,700 187 760 4,900 <1 31 8,800 <1 —_ 410
48 222 <1.0 42 K] 13 — <.10 32 70
49 263 64 55 <.10 31 457 <.10 71 190
Foothill Basin
120 —_— 260 190 5 26 1,010 4.5 —_ 190
60 237 190 43 4 40 612 1.1 —_ 80
77 140 340 98 2 27 796 3.8 — 250
100 439 270 94 5 22 990 3.6 — 240
Hope Ranch Subbasin
110 580 310 110 4 24 1,260 16.0 — 230
490 204 1,900 190 4 3.7 3,210 <.10 —_ 1,100
290 254 210 510 .5 —_— 1,370 — — 100
South of Storage Unit ITI
3,500 39 2.1 7,000 1.1 9.2 12,000 <.10 6,200 10,000
340 248 660 510 .6 24 1,910 <.10 <100 1,800
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Table 4. Distribution of pumpage to model layers in Storage Unit |, Foothill basin, and Storage Unit lll, Santa Barbara
areawide model

[Row: model row location of pumping node; Column: model column location of pumping node. Asterisk (*) in well number indicates pumpage distributed
to two nodes (50 percent to each) as shown]

State well No. Local name Location in model Pumpage fraction to model iayer
Row Column Layer 1 Layer 2
Storage unit I
4N/27W-14R1 35 11 0.2 0.8
4N/27W-15E2 25 9 2 8
4N/2TW-15)2* 30 10 1 9
30 9 1 9
4N/27W-15Q10* Corporation.............ceeeceuenneen 30 9 3 g
30 8 3 N
4N/2TW-16E2 Padre .......ccoeevrvneeecrnenenens 22 7 2 8
4N/27TW-22B6 VeraCruz.... 30 7 05 95
4N/27TW-22C1 City Hall...........coeureevruneeenee. 29 7 1 9
Foothill basin
4N/2TW-6Q12 Pueblo Properties................. 11 11 0.0 1.0
4N/2TW-TAT7 Lincolnwood 1 12 10 0 1.0
4N/27W-7D1 Los Robles .........coeeerrvrneunnne 9 .0 1.0
4N/2TW-1G7 Sunset Mutual .........ccovereenee. 11 K] i
4N/2TW-THS Lincolnwood 2 .......cccecccnree 12 10 5 5
4N/2TW-TK6 Calvary Cemetery ............... 12 8 3 7
4N/2TW-TK8 Santa Barbara Savings ........ 12 8 1.0 0
4N/2TW-7K9 Westpac Shelter................... 13 6 4
4N/2TW-7Q5 HODE ....ooineeiernnneererenennans 13 7 1 9
4N/27TW-8E1 Chupparosa .........ceeceveeerenee 15 10 5 5
4N/2TW-8L3 McKenzie.........coonrirevenennn. 16 9 3 7
4N/28W-12H3 San Vincente 2...........couuuuee 8 7 3 g
4N/28W-12K4 San Vincente 1..........ccneec... 8 7 0 1.0
4N/28W-12L6 El Sueno.....cccccvveuecerervennens 6 6 0 1.0
4N/28W-12R3 La Cumbre Mutual.............. 9 6 .0 1.0
Storage unit 111
4N/27TW-17TM4 17 4 0.1 0.9
4N/27W-18Q4 14 1 1 9
4N/2TW-18QS5 15 1 1 9
4N/27W-18R3 15 2 1 9
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Table 5. Water budget for end of transient simulation, Santa Barbara areawide model, December 1992
[Values in acre-feet, na, not applicable]

Model subarea
Recharge Storage unit | Foothill basin Storage unit il
Layer 1 Layer 2 Layer 1 Layer 2 Layer 1 Layer 2
Storage.......cccevveveererveerrecnsnenenne 42 3 0 8 8 0
Streams .........coceeecreccrvnnsnensanes 446 na 176 243 60 na
Areal i 420 na 135 405 82 42
General-head boundary.......... 0 38 na na 0 na
Interbasin .........ccovereencececrencnan 0 0 7 0 12 0
Subarea totals by layer........... 908 41 318 656 162 42
Subarea totals.........ceemrerremesecisnersisesennronsnns 949 974 204
MOdE] OAL.......coceiiiritrtiicerien et esrerca s e snrnssae senseseossenaseesessasenersnscansasees 2,127
Discharge
SLOTAZE ...ccrverernrecerrnerinsesensanen 650 22 186 214 28 <0.5
Wells.....commermrcrirnceecennene 1 4 36 369 6 58
Drains........ccrivenrreccrncnneensne 185 na 147 10 88 na
General-head boundary.......... 78 2 na na 23 na
Interbasin .......coocveecemirceniiinias 7 0 12 0 0 0
Subarea totals by layer........... 921 28 381 593 145 58
Subarea totals........c.eveveeeercesesnmrereeenraerenssnsssenss 949 974 203
MOGEL LOLAL........eeeiereieriirrnieeceeseserreesresee s bessesresasessaesesssssseseessassessassssmrssassosans 2,126
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Table 6. Model locations and hydraulic heads at general-
head boundary cells, Santa Barbara areawide model

{ft, foot]

Layer Row Column Hydrat::;z head
1 32 3 0.5
1 32 4 .5
1 33 5 10.8
1 34 6 9.6
1 35 7 84
1 36 7 84
1 37 8 7.8
1 38 9 72
1 39 10 5.6
1 40 10 5.6
1 41 11 54
1 42 12 48
2 33 5 21.6
2 34 6 19.2
2 35 7 16.8
2 36 7 16.8
2 37 8 15.6
2 38 9 14.4
2 39 10 13.8
2 40 10 13.8
2 41 11 132
2 42 12 9.6
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Table 7. Simulated steady-state water budget, Santa Barbara areawide model
[Values in acre-feet, na, not applicable]

Model subarea
Recharge Storage unit | Foothill basin Storage unit lll
Layer 1 Layer 2 Layer 1 Layer 2 Layer 1 Layer 2

SEEAMS ...o.voeeecemrnreecnranrivenee 446 na 176 243 60 na
Areal ........cccovuemunnes 420 na 135 405 82 42
General-head boundary.......... 0 0 na na 0 na
Interbasin.........coceveenuececrennee 0 0 5 0 17 0
Subarea totals by layer........... 866 0 316 648 159 42
Subarea totals...........coeeeecmrreeeseseccsnsesrenreneeennes 866 964 201
MOGEL LOLAL.......coeeeeeeeeeeerranreesseeesaecrisesssas e sensanastsssssasssnssssesessssnnseseresssssasssanensns 2,031

Discharge
Drains.....cccerrmereernsenseersecnnne 575 na 891 56 177 na
General-head boundary.......... 17 116 na na 24 na
Interbasin .........cocovvrrerenccncnnes 5 0 17 0 0 0
Subarea totals by layer........... 751 116 908 56 201 0
Subarea totals...........ccoeecierieeeecrnsiiieriinenieeecneecene 867 964 201
MOGE] LOLAL......coveeceecureecrcrrimen ettt aeese s s ass s as et esassasaseseasses 2,032
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Table 8. Simulated water budget, July 1990, Santa Barbara areawide model
[Values in acre-feet, na, not applicable]

Model subarea
Recharge Storage unit i Foothlli basin Storage unit ili

Layer 1 Layer 2 Layer 1 Layer 2 Layer 1 Layer 2
StOrage....ccoverererenreereneeerenrens 1,211 43 45 181 212 <0.5
Streams.......c.veeerrecesserssneneranns 446 na 176 243 60 na
Areal.......coceuereccnrnnneiirinnns 420 na 135 405 82 42
General-head boundary ......... 289 608 na na 0 na
Interbasin...........cooveeririrereenns 0 0 23 0 0 0
Subarea totals by layer.......... 2,366 656 379 829 354 42
Subarea totals ........cceveeverereereeeeeresrncenieenenenns 3,022 1,208 396
MOdEL LOLAL .......covciicirierceitere et ereae e esennaresessseesnessnae e e snsenesasesesenensnsnnas 4,626

Discharge

StOrage. ....ccccrmeerremrereecsenneraens <0.5 <0.5 78 60 0 <0.5
WellS....coouierecrrrcnirersneisenenns 341 2,658 63 883 29 260
Drains .....cccececevvisearesirieceenne .0 na 112 12 72 na
General-head boundary ......... 13 0 na na 23 na
Interbasin........cccooveevreenenenee 10 0 0 0 13 0
Subarea totals by layer .......... 364 2,658 253 955 137 260
Subarea totals ......ccccvverirenreiriineiineeeneeeseaene 3,022 1,208 397
MOGEL LOLA] ...ttt st st sebe st st st 4,627
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Table 9. Cumulative water budget for the transient simulation (1978-92), Santa Barbara areawide model

Volume of water, in acre-feet

General-head
Storage Wells Drains Recharge boundary
INuerreeerreceeneeeene 15,439 0 0 30,170 6,126
Out.eeeeeerererreans 12,606 33,430 4,905 0 794
Change........ccorveunene 2,833 -33,430 —4,905 30,170 5332

Mass balance 2,833-33,430-4,905+30,170+5,332=0
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Table 10. Sensitivity of hydraulic head in the Santa Barbara areawide model (December 1992) to changes in areawide model
inputs

[Range of change is in feet, and range numbers are separated by slash (/); unsigned numbers in range of change are positive or zero and indicate increases or
no change (zero) from values in the calibrated model, negative numbers indicate declines; rank (in parentheses) from most sensitive (1) to least sensitive
(15). —, barrier either on or off]

Factor of Range of change In hydraullc head in model layer, and rank

change from
Modelinput “l:“g'::fd Layer 1 Layer 2
Total recharge .........ocueuvveeeecereverniecsenricesienreeanenns 20 76/0 (0] 96/2 )
TranSIiSSIVALY ....c.ceveuemeeeecncneccsernrnnserenns 5 53/-26 ) 53/-26 )
TEANSTOISSIVALY vevveorroeeeocennescrssisnenssassserssssnssesnsnsenes 20 14/-49 3 14/-49 ©)]
TOtal FECRATZE ....vuvvvreueccerrararsrnsssransssssessssessssssaneens S5 0/-47 ) -1/-52 )
All faults are not barriers..........ccceeererecrerernricrnenns — 38/-43 ) 40/-42 5)
No layer 1 Mesa Fault ..........cccoerueurrrcenrsrrerensennnns — 6/-19 ©6) 4/-12 ©)
Vertical conduCtance ............oeerercerrrererenenesenenens A 15/-18 O] 16/-14 W)
Storage coefficient..... reeereeteteaeneneaenas 2.0 18/-6 8) 17/-10 8)
Storage COEffiCIBNL........occveeerercrcvrrenuriresaserarsrennnns 5 4/-17 ) 14/-17 o
General-head boundary conductance .................... 1 3/-16 (10) 0/-16 (10)
All faults are barriers.........cceeeceererrrssennsrerseensens — 16/-1 (11) 16/4 an
Drain cONdUCLANCE.......cccrvvererrrererrensssasessessesne 5 12/0 (12) 9/-4 (12)
Drain CONQUCLANCE........uvuseeesersseeneneseresesesensccsenas 20 0/-10 (13) 0/-8 a13)
Vertical CONAUCLANCE .....cv.evrenevrerensnensesarersesensenns 10.0 4/-8 (14) 2/-6 (14)
General-head boundary conductance..................... 100 6/0 (15) 6/0 (15)
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Table 11. Sensitivity of the Santa Barbara areawide model cumulative flux through drains (1978-92) to changes in model

inputs

[Flux values are normalized relative to the calibrated model values (for example, a flux value of 1.00 represents flux equivalent to the value in the calibrated

model); rank (in parentheses) from most sensitive ( 1) to least sensitive (15). —, barrier either on or off]

Factor of Cumulative relative flux in model layer, and rank
change
Model Input from cali-
:":‘d"; Layer 2

Total TEChArEE ........covververieessnrenierinenereseressenenssessens 20 1.99 (n 5.48 n
TranSMISSIVILY......coeererumsercscreressecsesesescsennsransenns 2.0 1.65 (2) 85 (10)
TrANSMUISSIVILY .cuveverererreresreseerrereereseerneresesnesessrsesens 5 .61 (3) 1.22 (@)
Total reCharge ........cococreeveeeucrencersensssrssensesnsssassanens 5 .66 ) .00 (2)
Drain CONAUCTIANCE ......eevevreeruesreesvesiveeneraessesseseanes 5 77 (5) 1.45 (3)
Drain CONAUCLANCE .....vueverevevirererineseseseseseneeesessens 2.0 1.18 (6) .60 4
Vertical CONAUCIANCE.........vverrrnecesmeesenseseeeannsesennee 10.0 1.17 (7N .84 )
Vertical CONAUCIANCE.........cccvvcureercnrereenresrinnsenssenes 1 .84 (8) 1.24 (6)
No layer 1 Mesa Fault .........ccoovvvrvuerinccnivnnnnnrenene — .93 (9 .99 13)
All faults are not barriers......oovvevimineecinscesicenense — .98 (10 95 an
General-head boundary conductance..................... 10.0 98 (11 .98 12)
Storage COEfiCIENt .......c.ovvcurirrevenrisieninriscnesncesens 5 1.01 12) 1.26 (5
Storage coefficient 2.0 1.01 13) 78 (8
All faults are barriers .........o.veeveeeneeres — 99 (14) 99 14
General-head boundary conductance..................... 1 1.00 (15) 1.00 (15)
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Table 12. Sensitivity of the Santa Barbara areawide model cumulative flux through general-head boundaries (1978-92) to
changes in model inputs

{Flux values are normalized relative to the calibrated model values (for example, a flux value of 1.00 represents flux equivalent to the value in the calibrated
model); rank (in parentheses) from most sensitive ( 1) to least sensitive (15). —, barrier either on or off]

Factor of Cumulative relative flux in model layer, and rank
Model input chc:::gmm
model Layer 1 Layer 2
TranSMiSSIVILY ..c.ccvveeereeernnrireiesiensresennesesessseressssens 2.0 2.38 (@) 3.50 (2)
General-head boundary conductance...........cccen.... 10.0 1.49 (2) 3.73 @Y
TEANSIUSSIVILY .vvvvvesevecrvissssannererssesssnsesessasnnsessens 5 51 (3) 41 (D
Total recharge.......ccocvvvveerccnreruenncns 20 1.46 (4 2.19 (4)
General-head boundary conductance .................... .1 64 (5 07 (5)
No layer 1 Mesa Fault..... — a1 (6) 1.29 (11)
Storage coefficient 2.0 1.18 (@) 1.56 (8
Total 1eCharge........ocverereerenrervcrerriernrermmsnssssesesenes .5 .84 (8) .61 (9
Vertical CONQUCIANCE ........cvuvvereenrrenerecrsesrersensenseens .1 1.14 (9) 2.56 (3
All faults are not barriers..........ccoovveevevverereesrerenne —_ .86 (10) 1.67 (6)
Storage COEfiCIENt.....euveerevecernrererseereceseneseeresssens 5 93 an .82 (12)
Drain conductancCe.............ccoeeereerrennuncussersssssessaes 5 1.01 (12) 1.01 (13)
Vertical CONAUCLANCE .....cvevveerireerirrerreecereresesessens 10.0 1.00 (13) .66 (10)
Drain cONdUCLANCE........vvervreererreresssssersssssssesrsans 20 1.00 (14) 1.00 (14)
All faults are barriers. .......cco...uvvvrerereessresssersreeesens — 1.00 (15) 1.00 (15)
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