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CONVERSION FACTORS

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

Multiply By To obtain

acres 0.004047 square kilometers

acre-feet 1,233 cubic meters

acre-feet per year (acre-ft/yr) 1,233 cubic meters per year

feet .3048 meters

feet per day (ft/d) .3048 meters per day

feet per second (ft/s) .3048 meters per second

feet per year (ft/yr) .3048 meters per year

feet squared per day (ft?/d) .0929 meters squared per day

feet squared per second (ft?/s) .0929 meters squared per
second

gallons per minute (gal/min) .00379 cubic meters per minute

inches per year (in/yr) 25.4 millimeters per year

miles 1.609 kilometers

square miles (mi?) 2.590 square kilometers

Abbreviation used:
mg/L - milligrams per liter



GROUND-WATER MONITORING AT SANTA BARBARA, CALIFORNIA:
PHASE 3--DEVELOPMENT OF A THREE-DIMENSIONAL DIGITAL
GROUND-WATER FLOW MODEL FOR STORAGE UNIT I OF THE

SANTA BARBARA GROUND-WATER BASIN

By Peter Martin and Charles Berenbrock

ABSTRACT

A three-dimensional finite-difference model was developed to simulate the ground-water
system in Storage Unit I of the Santa Barbara ground-water basin. The purpose of the study was
to evaluate present knowledge and concepts of the ground-water system, and to develop a tool to
help manage the ground-water resources.

Water-bearing rocks in the 7 square miles of Storage Unit I consist of unconsolidated
deposits that range in thickness from less than 300 feet along the north perimeter of the unit to
more than 1,000 feet near the Pacific Ocean. The ground-water system was simulated as two
horizontal layers separated by a confining bed., The model boundaries coincide with mapped faults
on all sides. The faults were considered no-flow boundaries except for the offshore fault that
forms the south boundary. This boundary was simulated as a general-head boundary, which allows
water to move into and out of the modeled area.

The model was calibrated by simulating both steady-state conditions (approximated by
July 1978 and February 1983 water levels) and transient-state conditions (represented by May 1978
through December 1979 water-level changes). The calibrated model was then used to simulate the
period from January 1980 through December 1983 in order to verify the model. Model results
generally closely matched measured data throughout Storage Unit I.

During the transient and verification simulations, 9,980 acre-feet of ground water was
pumped from Storage Unit T for municipal use. Results of the model indicate that 42 percent
(4,190 acre-feet) of the water pumped from the system was withdrawn from storage, 33 percent
(3,290 acre-feet) was derived from changes in underflow across the offshore fault, and 25 percent
(2,500 acre-feet) was derived from decreased ground-water discharge to drains. The model
simulated that municipal pumpage induced about 1,380 acre-feet of water to move across the
offshore fault toward Storage Unit I. The inflow of water from the ocean side of the fault is
verified by increased chloride concentrations in water samples from coastal monitor wells.

Several model simulations were used to estimate aquifer response to different municipal
pumpage patterns that could be used as management alternatives. Results of the simulations
indicate that spreading municipal pumpage more evenly throughout Storage Unit I by increasing the
number of wells while reducing the pumping rate at the individual wells to maintain the same
total pumpage significantly reduces the inflow of ground water across the offshore fault.



INTRODUCTION

Although the city of Santa Barbara obtains most of its water supply from
surface-water reservoirs, ground water is used as a supplemental source. City
policy adopted in 1976 maximizes use of its ground-water resources (Owen,
1976). Because the citv of Santa Barbara is adjacert to the Pacific Ocean,
there is a possibility of saltwater intrusion if the ground-water resources
are not properly managed. The ground-water flow model developed in this study
can be a useful tool in understanding and managing the ground-water resources.

Purpose and Scope

In 1977, the city of Santa Barbara entered into a cooperative study with
the U.S. Geological Survey to develop and implement a three-phase ground-water
monitoring program in Storage Unit I of the Santa Barbara ground-water basin
(fig. 1). The first phase of the program, completed in 1978 (Hutchinson,
1979), resulted in the drilling of eight monitor wells at two sites along the
coast to provide an early warning of saltwater intrusion into the freshwater
aquifer. The second phase of the program, completed in 1980 (Martin, 1984),
analyzed and evaluated the effects of ground-water pumping on water levels and
on water quality in the ground-water basin. The purpose of the third phase of
the program, described in this report, is to develop a digital flow model for
Storage Unit I of the Santa Barbara ground-water basin to help define the
hydrogeology and aid in management of the water resources of Storage Unit I.

The third phase of the program included (1) updating, evaluating,
tabulating, and filing in computer storage pumping and other hydrologic data
compiled in the second phase of the program; (2) developing a digital flow
model for Storage Unit I that simulates steady-state and transient-state
conditions; (3) verifying the model and the calibrated input values with data
collected during the monitoring program; and (4) using the calibrated model to
simulate the response of the aquifer to a variety of operational conditions.











































































































































































