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Well-Numbering System

Wells are identified and numbered according to their location in the rectangular system for the subdivision
of public lands. Identification consists of the township number, north or south; the range number, east or west; and
the section numbers. 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. In California, there are three base lines and meridians; Humboldt
(H), Mount Diablo (M), and San Bernardino (S). 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 004N028W09G003S. In
this report, well numbers are abbreviated and written 4N/28W-9G3. Wells in the same township and range are
further abbreviated and referred to by only their section designation, 9G3. The following diagram shows how the

number for well 4N/28W-9G3 is derived.
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Comparison of 1972 and 1996 Water Levels in the
Goleta Central Ground-Water Subbasin, Santa

Barbara County, California

By Charles A. Kaehler, David A. Pratt, and Katherine S. Paybins

ABSTRACT

Ground-water levels for 1996 were com-
pared with 1972 water levels to determine if a
"drought buffer" currently exists. The drought
buffer was defined previously, in a litigated settle-
ment involving the Goleta Water District, as the
1972 water level in the Central ground-water sub-
basin. To make this determination, a network of 15
well sites was selected, water levels were mea-
sured monthly from April through December
1996, and the 1996 water-level data were com-
pared with1972 data. The study was done in coop-
eration with the Goleta Water District.

The 1972-1996 water-level-altitude changes
for corresponding months of the comparison years
were averaged for each network well. These aver-
aged changes ranged from a rise of 9.4 ft for well
2N2 to a decline of 45.0 ft for well 8K8. The
results of the comparison indicate a rise in water
level at 1 site (well 2N2) and a decline at 14 sites.
The mean of the 14 negative average values was a
decline of 24.0 ft. The altitude of the bottom of
well 2N2 was higher than the bottom altitudes at
the other network sites, and this well is located a
few feet from a fault that acts as a hydrologic bar-
rier.

The results of the water-level comparison
for the Central subbasin were influenced to some
unknown degree by the areal distribution of the set
of wells selected for the network and the vertical
distribution of the perforated intervals of the wells.
For this reason, the mean water-level change--a
decline of 21.8 ft--calculated from the averages of
the month-to-month changes for the 15 network

sites, should be used with caution. In addition, the
number of usable individual monthly comparison
measurements available for an individual site
ranged from one to nine, and averaged six. There-
fore, a weighted mean of the monthly averages
was calculated on the basis of the number of com-
parison measurements available for each site. The
weighted mean is a decline of 20.9 ft. All Central
subbasin wells that were idle (that is, were not
being pumped) when measured in 1972 and that
were measureable in 1996 were included in the
network. Therefore, the network is the most inclu-
sive possible, given the available data.

The objective of the study strictly was to
compare 1972 and 1996 water levels in the Central
subbasin, and the conclusion is that, overall, 1996
water levels are lower than 1972 levels. In general,
hydrographs for selected network wells indicate
stable or rising water levels during 1972-83,
declining levels during 1984-92, and rising water
levels during 1993-96.

INTRODUCTION

The Goleta Water District (GWD), located in
Santa Barbara County, California, currently relies on
local water supplies to meet its water demand. To help
alleviate local water-supply shortages during recurring
drought cycles, the GWD has entered into an agree-
ment with the Santa Barbara County Flood and Water
Conservation District entitling the Goleta Water Dis-
trict to 4,500 acre-ft /yr of water from the State Water
Project. Deliveries are expected to begin in 1997. Ordi-
nance No. 91 of the GWD (Goleta Water District,
1991), the Safe Water Supplies Ordinance, states that
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the GWD shall establish a "drought buffer" by commit-
ting at least 2,000 acre-ft/yr of water, commencing in
the first year the State Water Project makes deliveries
to the GWD, to the Central subbasin of the Goleta
ground-water basin (fig. 1). The commitment may be
fulfilled either by direct injection of water or by reduc-
tion in ground-water pumpage. If ground-water levels
in the Central subbasin rise to, and are maintained at or
above, 1972 levels, the GWD shall not be required to
make its annual drought-buffer commitment, and may
utilize the yield of the Central subbasin to lower the
cost of water services to existing customers. In addi-
tion, the GWD is not allowed to provide new water-
service connections unless the annual drought-buffer
commitment (as well as other conditions) has been met.
The definition of "1972 water levels" is not known to
have been specified in any existing documents. Given
the importance of the drought-buffer commitment, a
need exists to determine both 1972 and 1996 ground-
water levels for the Central subbasin.

The purpose of this report is to compare 1972
and 1996 ground-water levels in the Goleta Central
subbasin. The report includes (1) the method used to
select wells for comparison of water levels; (2) histori-
cal (1972) and current (1996) water-level data for the
Central subbasin; and (3) an evaluation of the change
in water levels between 1972 and 1996.
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DESCRIPTION OF THE STUDY AREA

The Goleta Central subbasin study area is within
the Goleta ground-water basin in the coastal part of
Santa Barbara County, California, immediately west of
the Santa Barbara ground-water basin. The Goleta
ground-water basin is in a narrow lowland between the
Santa Ynez Mountains on the north and the Pacific

Ocean on the south, and is approximately 8 mi long and
3 mi wide. The basin is subdivided into the Central,
West, North, and East subbasins (fig. 1). The Central
subbasin is approximately 4 mi long and 2 mi wide.

The geohydrology of the Goleta ground-water
basin has been described by Upson (1951) and by
Evenson and others (1962). The Goleta ground-water
basin is bounded by consolidated rocks of Tertiary age,
which form the Santa Ynez Mountains to the north and
are uplifted along the More Ranch Fault near the coast
to the south. The principal water-bearing units in the
Goleta ground-water basin are younger alluvium of
Holocene age, terrace deposits and older alluvium of
Pleistocene age, and the Santa Barbara Formation of
Pleistocene age. Evenson and others (1962, p. 76)
described a shallow water-bearing zone in the upper
beds of the younger alluvium, and a deep water-bearing
zone that includes the lower beds of the younger allu-
vium, the older alluvium, and the Santa Barbara For-
mation. The younger and older alluvium are generally
less than 250 ft thick, and the Santa Barbara Formation
is as much as 2,000 ft thick in the southern part of the
basin (Upson, 1951, p. 86 and pl. 8). The Santa Barbara
Formation, which is composed primarily of sand, silt,
and clay, is the main source of water in the Goleta
ground-water basin.

Definition of the Goleta Central Ground-
Water Subbasin Boundaries

The lateral boundaries of the Central subbasin of
the Goleta ground-water basin are defined by hydro-
logic barriers. With the exception of the boundary
between the West and Central subbasins and the bound-
ary between the North and Central subbasins, these
hydrologic barriers are mapped faults.

The southern boundary of the Central subbasin,
and of the entire Goleta ground-water basin, is the
More Ranch Fault (fig. 1). Consolidated rocks of Ter-
tiary age that are uplifted along the south side of the
fault form a hydrologic barrier between the ocean and
the water-bearing deposits of the ground-water basin.

The Modoc Fault is a hydrologic barrier that
forms the boundary between the Central and East sub-
basins (fig. 1). The barrier was identified by Upson
(1951, p. 27) on the basis of differences in water-level
altitudes and the lack of transmission of pumping
effects across the fault. Upson (1951, p. 95), as well as
Evenson and others (1962, p. 74) and Mann (1976, p.
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7), indicated that the quantity of ground water moving
across the boundary historically has been small.

The north-south-trending boundary between the
West and Central subbasins is a hydrologic barrier
inferred by differences in water levels in wells (and in
water-level trends over a period of years) (Evenson and
others, 1962, p. 75) and by water-quality differences
(Mann, 1976, p. 7) on opposite sides of the barrier. The
barrier (fig. 1) is inferred at the boundary between sec-
tions 7 and 8 and between sections 17 and 18 (Town-
ship 4 N, Range 28 W). The barrier is attributed by
Evenson and others (1962) to a lateral change in per-
meability caused by a facies change or by faulting in
the unconsolidated sediments.

In this report, the boundary between the North
and Central subbasins (fig. 1) is the hydrologic barrier
mapped by Evenson and others (1962, fig. 3). The def-
inition of this boundary is less certain than that of the
other boundaries because more than one hydrologic
barrier has been noted by previous investigators and
because the barriers appear to be more permeable than
those forming the other subbasin boundaries. Upson
(1951, p. 27) stated that the Goleta Fault and extensions
of the Carneros and Glen Annie Faults (fig. 1) all
inhibit the movement of ground water in the Santa Bar-
bara Formation. For example, Upson mapped the
Goleta Fault on the basis of differences in water levels
and lack of transmission of pumping effects across the
inferred trace at several sites. An extension of the Carn-
eros Fault shown by Upson (1951, pl. 2) may coincide
in part with a hydrologic barrier mapped by Evenson
and others (1962, fig. 3). The barrier is about 0.25 mi
north of the Goleta Fault in section 3 and the east half
of section 4 (fig. 1) and converges with the Goleta Fault
in section 5. Evenson and others (1962, p. 74) noted
that ground water moves across the hydrologic barrier
in the upper part of the ground-water system, and stated
that "this northern barrier probably is [a splay of] the
Goleta Fault, but it may be related also to the Carneros
and Glen Annie Fault systems." On the other hand,
according to a report prepared by the County of Santa
Barbara Office of Environmental Quality (1976, p. 7),
"A hydrologic barrier north of the Goleta Fault may
also be a fault which separates the North subbasin from
the Central subbasin." In addition, in a 1988 ground-
water modeling study done for the GWD by D.K. Todd
Consulting Engineers, the same hydrologic barrier is
used as the subbasin boundary (David Iverson, GWD,
written commun., 1997). Although more than one
hydrologic barrier has been mapped, the hydrologic

barrier north of the Goleta Fault is considered to be, for
this report, the north boundary of the Central subbasin,
following the definition used by Evenson and others
(1962), the Santa Barbara County Office of Environ-
mental Quality (1976), and by D. K. Todd Engineers.
The easternmost part of the boundary is defined as a
curved line connecting the eastern end of the hydro-
logic barrier with the western end of the Modoc Fault

(fig. 1).

SELECTION OF THE WELL NETWORK

The criteria chosen by the USGS for selection of
wells for the comparison of 1972 and 1996 water levels
were, in approximate order of importance: (1) the well
is completed in the Santa Barbara Formation or
younger deposits; (2) the well is located in the Central
subbasin; (3) the well has water-level data for calendar-
year 1972; (4) the well is measurable in 1996; (5) the
1972 and 1996 water-level measurements were made
when the well was not being pumped; (6) the well has
perforated intervals similar to those of a well measured
in 1972 that was later destroyed, inaccessible, or could
not be located; and (7) the wells that are selected pro-
vide a broad areal distribution of wells within the Cen-
tral subbasin.

As a first step in the selection process, records
(well-construction data, water-level data, and pertinent
notes) for 42 wells located in, or within 0.5 mi of, the
Central subbasin that have 1972 water-level data were
compiled and summarized (table 1). Data and remarks
for six additional wells, which are potential substitutes
for pairing with 1972 wells that are not available in
1996, also are shown in table 1.

Second, a field search for the wells measured in
1972 was made and their current status and their suit-
ability for water-level measurements were determined.
Thirty-three wells were eliminated from consideration
as network wells because they could not be located
(most commonly because they have been destroyed),
were no longer measurable owing to deterioration of
condition or to inaccessability, or were measured only
while being pumped in 1972. Two 1972 wells that were
unavailable in 1996, 8N3 and 16H2, were retained as
network wells after suitable substitute wells, 8N8 and
16J7, were found in which to make 1996 water-level
measurements. Neither the total depth nor the perfo-
rated intervals for well 8N3 are known; therefore, the
comparability of well 8N8 with well 8N3 is not known.
Factors that adversly affected the suitability of a well

4  Comparison of 1972 and 1996 Water Levels In the Goleta Central Ground-Water Subbasin, Santa Barbara County, Callfornia
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for inclusion in the comparison-well network are given
in table 1 (in italic type in "Well notes" column).

After consideration of all the information given
in table 1, 17 wells at 15 sites (2 sites have paired 1972/
1996 wells) were selected for the well network. These
wells are listed with an asterisk and in bold type in table
1, and their locations are shown in figure 1.

COMPARISON OF 1972 AND 1996 WATER
LEVELS

Month-for-Month Comparison

Comparison of 1972 and 1996 water levels in the
network wells was made on a month for month basis
for May through December. In addition, data were col-
lected from four of the wells (9A3, 9G3, 9K2, and
12P3) for April. A few wells are missing one or more
months of comparison data for the May through
December period. All of the available 1972 and 1996
monthly water-level data for network wells are given in
table 2, depicted as hydrographs in figure 2, and shown
on maps (for May, September, and December only) in
figure 3.

The difference in water-level altitude from 1972
to 1996 for monthly measurements for 15 wells in the
Central subbasin ranged from arise of 11 ft for Decem-
ber for well 2N2 to a decline of 46 ft for both April and
May for well 9G3. The monthly data show that the
1996 water levels were higher than 1972 levels at 1 site
and lower than 1972 levels at 14 sites. At well 2N2, the
site at which water levels were higher in 1996 than in
1972, the altitude at the bottom of the well is higher
than bottom altitude at the other network sites (113 ft
higher than the next highest altitude). (In fact, the bot-
tom of this well is higher than the land surface at the
other network wells.) In addition, well 2N2 is located a
few feet from the Goleta Fault, which is a probable
hydrologic barrier. (Well 2N2 was mapped as a few feet
north of the Goleta Fault by Upson (1951, pl. 2), and as
a few feet south of the Goleta Fault by Evenson and
others (1962, fig. 11)).

The areal distribution of month-for-month 1972
to 1996 water-level changes for selected months (May,
September, and December) is shown in figure 4. Areal
coverage of data points is good except for the east-cen-
tral and southeast parts of the Central subbasin. In these
areas, wells that had 1972 water-level data have been
destroyed, cannot be located, or are inaccessible; in

addition, no comparable wells were found nearby in
which to make 1996 water-level measurements.

Overall Comparison

The average of the 1972 to 1996 water-level
changes for corresponding months of the comparison
years for each network well ranged from a rise of 9.4 ft
for well 2N2 to a decline of 45.0 ft for well 8K8 (fig. 5;
table 2). As with the month-for-month data, these aver-
ages indicate a rise in water level at 1 site and a decline
at 14 sites. The mean of the declines is 24.0 ft. As noted
in the previous section, the altitude at the bottom of the
well at the site of water-level rise is higher than bottom
altitude at the other network sites, and the well is
located a few feet from a probable hydrologic barrier.

The mean of all the monthly averages for the 15
network sites is a water-level decline of 21.8 ft. Several
factors need to be kept in mind when evaluating the sig-
nificance of this number. The magnitude of this value
may be influenced by factors such as the areal distribu-
tion of the network wells and the vertical distribution of
their perforated intervals. For example, most of the
sites are located between Fairview and Patterson Ave-
nues, and the network sites with the largest decline in
water level from 1972 to 1996 (wells 8R3, 9G3, 9K2,
and 16H2) are located within this part of the subbasin.
A more widespread areal distribution of sites (for
example, resulting from the inclusion of wells mea-
sured in calendar year 1973) probably would result in a
different value of mean water-level change. Similarily,
a network containing wells having a different vertical
distribution of perforated intervals (for example,
including a higher number of shallow wells in uncon-
fined aquifers in the network) also probably would pro-
duce different results (unconfined aquifers respond
differently than do confined aquifers to pumpage and
recharge at any given site). The possible influence of
areal and vertical distribution factors is difficult to
quantify; however, the network selected is the most
inclusive possible given the available data, and the
basic conclusion that ground-water levels generally are
lower in 1996 in comparison with 1972 water levels
remains valid.

The number of usable individual monthly
comparison measurements available for an individual
site ranged from one (well 15E2) to nine (wells 9G3,
9K2, and 12P3), and averaged six. To account for this
range, a weighted mean of the monthly averages was
calculated on the basis of the number of comparison

Comparison of 1972 and 1996 Water Levels 9
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Figure 2. 1972 and 1996 water-level altitudes at comparison-network wells, Goleta Central ground-water subbasin, Santa
Barbara County, California.
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Figure 2.—Continued.
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