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HYDROLOGY OF THE LONG BEACH-SANTA ANA AREA,
CALIFORNIA, WITH SPECIAL REFERENCE TO THE
WATERTIGHTNESS OF THE NEWPORT-INGLEWOOD
STRUCTURAL ZONE

By J. F. Poranp

ABSTRACT

This is the last of three reports describing ground-water features in the
Long Beach-Santa Ana area and examines the hydrology with special refer-
ence to the watertightness of the Newport-Inglewood structural zone. The
first section of this report presents results from an inventory of withdrawal
of ground water in the Long Beach-Santa Ana area from 1932 through 1941
and in part through 1944—specifically, it describes the methods used in evalu-
ating withdrawal, presents the yearly withdrawal by each city with a municipal
water-supply system, and summarizes the estimated yearly withdrawal in each
county by cities with municipally-owned systems and by private agencies for
industrial, agricultural, and domestic uses. The area of inventory embraces
all the coastal plain east of Vermont Avenue, including the relatively small
La Habra basin. The next section of this report describes the principal water-
bearing zones from which the ground water is withdrawn.

Mendenhall in 1903-4 made the only comprehensive previous estimate of
ground-water withdrawal within the area, at which time about 160,000 acre-
feet a year was used from flowing and pumped wells. Other estimates by
several different agencies, made in the late twenties and in the thirties, are
summarized in this report. However, each of these covered only a part of the
subject area and was concerned more with over-all use than with ground-
water draft.

In the evaluation of ground-water withdrawal, records were collected directly
from the nine cities in Los Angeles County and the nine cities in Orange
County that operate municipal water systems; these records are tabulated by
years through 1944. Withdrawal by industrial plants was estimated through
a brief but reasonably comprehensive field canvass, that embraced about 80
percent of such withdrawal in Los Angeles County and 90 percent in Orange
County. Withdrawal for irrigation, which comprises about half the total in
Los Angeles County and more than 80 percent of the total in Orange County,
was evaluated by deriving yearly mean energy factors (energy expended in
raising a unit quantity of water) and applying these factors to the quantity of
electrical energy expended in pumping from wells. Adjustments were made
for an estimated 10 percent of irrigation water raised by nonelectric pumps.

From 1932 through 1941 the yearly withdrawal of ground water from the
part of the area in Los Angeles County ranged from 164,000 to 197,000 acre-
feet and the average was about 182,000 acre-feet; from the part of the area in
Orange County the yearly withdrawal ranged from 114,000 to 181,000 and the
average was about 142,000 acre-feet. For the entire area the average was
about 324,000 acre-feet a year. % .

‘ il 1



2 HYDROLOGY, LONG BEACH—SANTA ANA AREA

Within the Long Beach-Santa Ana area, the aquifers that yield ground
water are tapped by 6,000 to 8,000 active or potentially active water wells of
substantial capacity. Their depths range from 6 to 1,755 feet. In the coastal
zone 32 percent of the wells range from 100 to 199 feet deep and only 3 per-
cent (50 wells) are more than 1,000 feet deep. The wells of largest capacity
commonly tap one or more of a few principal water-bearing zones. In Los
Angeles County the wells of largest capacity occur (1) in and near Whittier
Narrows, where many of the wells yield more than 1,000 gpm (gallons per
winute) and a few yield more than 3,000 gpm; and (2) in the Long Beach
district, where almost all the deeper wells yield more than 1,000 gpm and two
wells yielded 4,000 gpm or more on initial test. Most of the productive wells
in the Long Beach district tap the Silverado water-bearing zone of Pleistocene
age. In Orange County the wells of largest capacity occur (1) in and near
Santa Ana Canyon, where most wells yield more than 1,000 gpm and a very
few yield more than 3,000 gpm; and (2) locally on and near the north end of
Newport Mesa, where several of the deeper wells yield more than 2,000 gpm.
In the remainder of the project area, yields commonly range from 300 to 1,000
gpm.

With respect to principal water-bearing zones, this report summarizes their
depth below land surface and thickness from place to place, the districts where
each is tapped by wells, their relative water-yielding capacities, their esti-
mated over-all yield, and the uses to which the water is put.

The two principal aquifers in the alluvial deposits of Recent age are the
Gaspur and Talbert water-bearing zones, The Gaspur zone extends inland 21
miles from Terminal Island to the Whittier Narrows, ranges in width from
1 to 4 miles, and ranges in thickness from 40 to 80 feet; its top is from 50 to
100 feet below land surface. It is tapped by wells throughout its full reach
and the estimated withdrawal as of 1941 was about 25,000 acre-feet a year.
The Talbert zone extends inland 20 miles from the Pacific Ocean to the Santa
Ana Canyon, ranges in width from 1.2 to 6 miles, and ranges in thickness from
40 to 110 feet; its top is from 50 to 90 feet below land surface. It is tapped
by wells from the coast inland about to Anaheim; the estimated withdrawal as
of the early forties was between 25,000 and 30,000 acre-feet a year. The “80-
foot gravel” underlies Bolsa Gap, has an over-all extent of about 10 square
miles between Midway City and the coast, and yields an estimated 2,600 acre-
feet of water a year. This local aquifer is in hydraulic continuity with the
Talbert zone.

In the coastal zone of Los Angeles County the water-bearing deposits of
Pleistocene age include (1) minor zones at shallow depth, (2) the Silverado
water-bearing zone in the central and lower parts of the San Pedro formation,
and (3) the water-bearing zone in the basal Pleistocene deposits northeast of
Signal Hill.

Although the minor water-bearing zones are thin and discontinuous, they
are tapped by many water wells of small capacity, of which most yield lightly
to plunger pumps but a few yield several hundred gallons a minute to turbine
pumps.

The Silverado water-bearing zone of the Long Beach district is the most
extensive and productive single aquifer in the project area. It is tapped by
many wells of large capacity, chiefly for industrial and municipal supply. The
total withdrawal from the Silverado zone within the area has been from 30,000
to 35,000 acre-feet a year in the late thirties. In the war period from 1941 to
1945, industrial expansion in the vicinity of Long Beach and Wilmington in-
creased the yearly draft from the Silverado zone by about 9,000 acre-feet.
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The water-bearing zone in the basal Pleistocene deposits northeast of Signal
Hill ranges from 250 to 500 feet in thickness and, as tapped by 7 active wells,
its top is from 725 to 1,361 feet below land surface. During the early forties,
nearly half the yearly withdrawal by the city of Long Beach—that is, about
10,000 acre-feet—was from this zone.

In the inland area of Los Angeles County the deposits of Pleistocene age
range from 1,200 to 3,000 feet in thickness except along the south flank of the
inland hills where they thin to a featheredge. Water-bearing zones in these
deposits are tapped by wells to depths as great as 1,755 feet. Most of these
wells yield from 400 to 1,000 gpm. In 1941 the several zones supplied about
100,000 to 110,000 acre-feet of water.

In the coastal zone of Orange County the water-bearing deposits of Pleisto-
cene age include (1) dispersed zones between the San Gabriel River and Hunt-
ington Beach Mesa, (2) several zones beneath Huntington Beach Mesa, and
(3) a single principal zone beneath Newport Mesa.

The dispersed water-bearing zones between the San Gabriel River and Hunt-
ington Beach Mesa occur in a wedge of deposits which are 500 to 900 feet thick
along the Newport-Inglewood uplift and from 1,100 to 1,700 feet thick along
the inland edge of the coastal zone. These deposits are tapped by many wells
which in 1945 yielded about 10,000 acre-feet a year, largely for agricultural
use.

Beneath Huntington Beach Mesa the Pleistocene deposits contain three
water-bearing zones. The two upper zones are each about 50 feet thick and
have become contaminated by salt water. The lowest zone, which is about
250 feet thick, has been tapped by relatively few wells but presumably was
uncontaminated as of 1945 and presumably affords a large reserve source of
water.

The principal water-bearing zone of Newport Mesa underlies at least 16
square miles, is from 300 to 521 feet thick, and is tapped by more than a score
of wells. It dips northward beneath and beyond the mesa and its top is from
236 to as much as 1,065 feet below land surface. Individual wells yield more
than 2,000 gpm and the over-all draft was somewhat more than 3,000 acre-feet
a year in 1945.

In the inland area of Orange County the water-bearing zones of Pleistocene
age range from a featheredge to more than 3,000 feet in thickness. They are
tapped by several thousand wells which are from 160 to 1,300 feet deep, which
range in yield from a few hundred to 3,000 gpm, but for which the average
yield is about 600 to 800 gpm. As of the early forties about 80,000 to 100,000
acre-feet of water was withdrawn yearly from these deposits.

The distinct bodies of ground water of the area are (1) a body of semi-
perched water which occurs at shallow depth; (2) the principal body of fresh
ground water which occurs in the coarser basal deposits of the Recent allu-
vium, in about all the deposits of Pleistocene age, and in the upper division of
the Pico formation; and (3) a body of saline water which underlies the fresh-
water body throughout the area.

The semiperched body is unconfined and almost everywhere is separated
from the underlying fresh-water body by fairly impermeable layers of silt or
clay. It is replenished chiefly by rainfall and irrigation return water, and to a
minor extent by the streams. Beneath most of the Downey plain it is less
than 15 feet below land surface. Under initial conditions it was fed in part by
upward circulation from the underlying water body but from 1918 to 1945 the
pressure levels of the deeper zones have been drawn down below the water
table of the shallow body and it has become semiperched artificially.
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In the several gaps, the depth to its top ranges from a few feet to 25 feet
and its annual fluctuation is from 1 to 4 feet. In most of the gaps it is not a
true semiperched water body at the present time because, except locally in
Dominguez and Santa Ana Gaps, its top is below the pressure surface of the
underlying confined water.

The semiperched body is of interest in this investigation because it is of
poor quality near the coast and is a potential source of contamination, by
movement either downward through wells or landward during long periods of
depressed water level. Because its level in 1945 was generally below that of
the underlying principal body in the several gaps, however, it cannot pass into
that body extensively at present.

The principal water body of the Long Beach—-Santa Ana area has been ex-
tensively utilized, beginning about in 1870 and reaching a maximum in 1936.
In the latter year, about 374,000 acre-feet of water was withdrawn from the
entire area. The decline in water levels which developed as a result of this
increase in use has crystallized the need for appraising the watertightness of
the structural zone and has furnished specific evidence that is of great aid in
such an appraisal.

Hydrographs, water-level contour maps, and profiles are introduced to show
the changes that have developed in response to that use and to variations in
rainfall.

The longest records of water-level fluctuation are for wells near Anaheim,
in the intake area of the Sana Ana River alluvial fan, and for the Bouton
wells, in the pressure area near Long Beach. Both show a decline of several
tens of feet from about 1895 ‘into the early 1900’s, a fluctuating but fairly
uniform level into 1917, and a second decline of about 70 feet into 1936. These
periods of decline were concurrent with periods of subnormal rainfall. During
the wet cycle from 1936 into 1944, water levels near Anaheim recovered about
17 feet but those at the Bouton wells continued to decline, contrary to the
general regional recovery in Los Angeles County.

In Los Angeles County, the fluctuations in water level are treated separately
for the Gaspur water-bearing zone of Recent age and for the deposits of
Pleistocene age. In general, changes in water level in the Gaspur zone and in
the Pleistocene deposits have been of the same order. In the Gaspur zone the
greatest changes have occurred in or near the intake area below Whittier
Narrows; in the Pleistocene deposits, however, lowering of several tens of feet
has developed in critical areas near the coast.

Because of local concentrated draft, markedly disparate levels have devel-
oped in two or more water-bearing zones northeast of Signal Hill, in the
Huntington Park area, and in the part of Dominguez Gap within the west
basin. The disparate levels developed northeast of Signal Hill have resulted
in substantial artificial recharge to the basal water-bearing zone of Pleistocene
age; in the latter two areas they have developed grave danger of saline con-
tamination from overlying zones of Recent age.

In Orange County the long-term change in water level is discussed sepa-
rately for the Talbert water-bearing zone of Recent age and for the deposits
of Pleistocene age. In general, changes in water level in the Talbert zone and
in the Pleistocene deposits have been of the same order. By 1928 most wells
had ceased to flow and in the autumn of 1936 water levels were below sea level
beneath about 155 square miles of the county. Recovery from 1936 to 1944
was sufficient to redevelop flowing wells locally proximate to the structural
zone.
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At the coastal end of Santa Ana Canyon near Olive, a ground-water barrier
apparently occurs in the deposits of Pleistocene age and partly restrains
movement to the intake area.

Owing to the anticipated recurrence of periods of low-water level such as
the one culminating in 1936, which depressed levels below sea level beneath
about 185 square miles within the main coastal basin in the two counties, the
watertightness of the structural zone is a critical issue. That watertightness
has been appraised largely by comparing hydrographs for wells on opposite
sides of the barrier features. Conclusions based on hydrologic data, supple-
mented by geologic and geochemical evidence, are as follows:

For the reach in Los Angeles County: In Dominguez Gap there is no barrier
to movement through the Gaspur water-bearing zone of Recent age. In the
underlying Silverado zone a substantial barrier has been developed but pre-
sumably it is not wholly watertight. Along the Signal Hill uplift the barrier
features form a reasonably effective barrier to water movement but evidence
suggests that they are not wholly watertight against differential heads of
several tens of feet. In Alamitos Gap, no barrier exists within the deposits
of Recent age which extend to about 90 feet below land surface. However,
the barrier across the underlying San Pedro formation is believed to be vir-
tually watertight.

For the reach in Orange County: The barrier within the Pleistocene deposits
beneath Landing Hill appears to have been watertight initially but in the late
thirties a leak developed under a differential head of not more than 15 feet,
presumably less than the initial differential head. In Sunset Gap no barrier
is believed to have been developed in the deposits of Recent age but presum-
ably they are not more than 20 feet thick and of low permeability. At least in
the central part of Sunset Gap, near Hog Island, the barrier in the underlying
Pleistocene deposits is almost watertight below a depth of about 145 feet but
between land surface and that depth sufficient leakage now occurs to sustain a
fresh-water lens coastward from the barrier features.

Beneath Bolsa Chica Mesa, the barrier features appear to be wholly water-
tight within the differential pressures imposed to 1945. In Bolsa Gap, there is
no barrier to movement of ground water in the deposits of Recent age which
contain the thin but permeable “80-foot gravel.” In the subjacent San Pedro
formation the barrier is inferred to be watertight within the range of historic
pressure differentials.

Beneath Huntington Beach Mesa the faults of the structural zone have
formed only a partial barrier to water movement. For the lower and main
water-bearing zone, however, direct ingress of ocean water seemingly is pre-
vented by a lithologic discontinuity.

In Santa Ana Gap the barrier faults do not transect the Talbert water-
bearing zone and so form no barrier to water movement in that zone.

Thus, for the full reach of the Newport-Inglewood structural zone from
Dominguez Gap to Newport Mesa, although the barrier features in the de-
posits of Pleistocene age are substantially watertight along most of that reach,
no barrier whatsoever has been developed in the deposits of Recent age floor-
ing the several gaps.

Under native conditions of ground-water circulation across the coastal plain
the hydraulic barrier to landward encroachment was absolute. With the in-
creasing development of the ground-water supplies, recurrent decline has
developed in two periods of subnormal rainfall and has lowered water level
about to sea level along the inland flank of the structural zone. Because the
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barrier features of that zone are not watertight, substantial encroachment of
saline water can be anticipated during the next dry cycle unless protective
measures are taken.

Methods to protect the invaluable ground-water supplies must be two-fold
in nature. First, long-term basin-wide balance of draft and replenishment
must be attained or the saline encroachment cannot be restrained. Secondly,
even if that balance is achieved, in dry periods local control doubtless will be
necessary proximate to the barrier features. There appear to be only three
possibilities for such local control: (1) the maintenance of fresh-water head
above sea level inland from the saline front, either by regulated draft or by
artificial replenishment or both; (2) dewatering coastward from the saline
front; or (3) the construction of impervious subsurface dikes.

Conditions within the several critical reaches are discussed. Those in Santa
Ana Gap arethe most criical. In that gap, in paricular, and along the
structural zone in general, the maintenance of fresh-water head above sea level
appears to be the most feasible method and the construction of subsurface
dikes the least feasible.

INTRODUCTION
PURPOSE AND SCOPE OF REPORT

This third and final report of a comprehensive series discusses
ground-water features in the southern part of the coastal plain in
Los Angeles and Orange Counties, Calif., with special reference to
the effectiveness of the so-called coastal barrier—the Newport—
Inglewood structural zone—in restraining landward movement of
saline water. The investigation was begun in 1940 and was done
by the Geological Survey in cooperation with the Los Angeles
County Flood Control District, the Orange County Flood Control
District, the Orange County Water District, and the Board of
Water Commissioners of the city of Long Beach. Field investi-
gation was completed in 1945, and by 1946 all basic data and
interpretive findings from the investigation had been released to
the public in duplicated form. Except for two open-file reports
(Piper, Poland, and others, 1942 ; Piper, Poland, and others, 1943),
all basic data resulting from the comprehensive investigation have
been published in three interpretive reports (Water-Supply Pa-
pers 1109, 1136, and 1471).

The other two interpretive reports on ground-water features
of the Long Beach-Santa Ana area have been published separately
(Piper, Garrett, and others, 1953; Poland, Piper, and others,
1956). The report on ground-water geology (Poland, Piper, and
others, 1956, p. 4-5; fig. 2) describes the general objectives and
scope of the investigation; shows the extent of the Long Beach—
Santa Ana area in relation to the coastal plain and the south
coastal basin; and briefly describes the three regional bodies of
ground water which underlie this area and discusses replenish-
ment to and circulation in the principal body of fresh water (p.
107-118).
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The present report in its published form is a combination of
three reports issued separately in duplicated form at an earlier
date.r It presents results from an inventory of withdrawal of
ground water in the Long Beach-Santa Ana area from 1932
through 1944, and describes the principal sources from which
ground water is withdrawn, chiefly those in the coastal zone of
the Long Beach-Santa Ana area but in part those in the inland
zone of the area. The report describes the regional ground-water
conditions in the body of semiperched water and in the prinecipal
body of fresh water, insofar as they are pertinent to an under-
standing of the hydrologic evidence relating to the watertightness
of the Newport-Inglewood structural zone; that evidence is pre-
sented on pages 111-141. With respect to the principal body of
fresh water, evaluation of the fluctuations of ground-water head
brought about by the heavy withdrawal from 1920 to 1945 is a
prerequisite to discussion of the ultimate objective of this co-
operative investigation—that is, the outline of methods for so con-
serving or protecting the fresh-water supply as to prevent or
minimize further saline encroachment.

The preparation of this report was under the general direction
of 0. E. Meinzer, geologist in charge of the Division of Ground
Water, and under the supervision of A. M. Piper, district geologist,
to whom the author is grateful for a careful and constructive edi-
torial review. Substantial assistance has been given by A. A.
Garrett, Allen Sinnott, J. C. Fredericks, T. E. Eakin, A. S. Sollid,
W. C. Reimund, and Miss A. G. Husted of the Long Beach office.

The compilation of water-level data from other agencies was
accomplished largely during the first year of the investigation by
G. A. La Rocque, Jr., assisted by G. F. Worts, Jr., E. D. McCorm-
ick, and Harold MeClelland ; the measurements of water level have
been made principally by A. A. Garrett, Allen Sinnott, T. E. Eakin,
J. C. Fredericks, and L. C. Phelps, also by A. L. Detweiler, E. D.
McCormick, R. C. Newcomb, J. F. Poland, Henry Vaughan, and
G. F. Worts, Jr.

The field canvass of withdrawal was begun by A. L. Detweiler
late in 1941, but most of the canvass and the office compilation of
records was accomplished by Allen Sinnott, largely in the spring
and summer of 1942.

1Poland, J. F., and others, 1942, Descriptions of water wells in the coastal zone of the
Long Beach-Santa Ana area, Calif.: U. S. Geol. Survey duplicated report, 152 p. Poland,
J. F., Sinnott, Allen, and others, 1945, Withdrawals of ground water from the Long Beach-
Santa Ana area, Calif.: U. S. Geol. Survey duplicated report, 112 p. Poland, J. F., and
others, 1946, Hydrology of the Long Beach-Santa Ana area, Calif.: U. S. Geol. Survey
duplicated report, 198 p.
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WITHDRAWAL OF GROUND WATER, 1932-41
By Allen Sinnott and J. F. Poland

This inventory of withdrawal of ground water in the Long
Beach-Santa Ana area from 1932 through 1941 was undertaken
because no comprehensive estimate of the withdrawal of ground
water from the entire coastal plain or of the area included within
this project had been made since 1904 (Mendenhall, 1905a, 1905b,
1905c¢) ; also, as necessary background for examining the hydro-
logic features of the coastal zone in accord with the objectives of
the cooperative investigation. The inventory was not extended
into the yeaxs prior to 1932 because few records or estimates of
withdrawal were available for years preceding the middle or early
thirties.

The text on ground-water withdrawal briefly describes the
methods used in evaluating withdrawal; table 2 presents the
measured or estimated yearly withdrawal by each city in the
area which has a municipal water-supply system; and table 5
summarizes the estimated yearly withdrawal in each county ac-
cording to the following classes: (1) withdrawal by cities with
municipally-owned systems, (2) withdrawal for industrial use,
(3) withdrawal for agricultural use (including those by water
companies and by land companies if chiefly for irrigation), and
(4) withdrawal for domestic use—exclusive of that by munici-
pally-owned plants but including that by many water companies
whose service is primarily for domestic purposes.

Because the withdrawal for agricultural use was calculated
largely from records of electric power used in certain operating
districts of the Southern California Edison Co., Ltd., the inventory
of that withdrawal was made within an arbitrary boundary
which necessarily followed the boundaries of the operating dis-
tricts at some places, and which was about coincident with the
Long Beach-Santa Ana area. However, the area of inventory
was extended northward beyond the Long Beach-Santa Ana area
to include the relatively small La Habra basin, where withdrawal
for agricultural purposes could not conveniently be evaluated
separately, and in the area east of the Los Angeles River was ex-
tended slightly to reach the Repetto Hills. Also, it was extended
westward to Vermont Avenue, in order to include most of the
large pumping plants that withdraw ground water for industrial
use within the city of Los Angeles. Hence, the area of inventory
embraces all the coastal plain east of Vermont Avenue, which
follows the boundary between R. 13 W. and R. 14 W.

468452 O—59 2
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HISTORICAL REVIEW

Development and utilization of ground-water supplies in the
coastal plain of Los Angeles and Orange Counties began about
1870; in 1903 and 1904 Mendenhall (1905a, 1905b, 1905¢) can-
vassed and described 8,200 wells within the coastal plain, of which
about 2,600 were flowing in the spring of 1904. With respect to
the utilization of ground waters in the coastal plain prior to 1904,
Mendenhall (1905b, p. 10) wrote:

The first settlers, the Mission Fathers, after them the Mexicans, and still
later the Americans, secured their first holdings near the flowing streams of
the “ciénaga” lands, the sites of perpetual springs. As the areas under culti-
vation slowly increased, the waters of the mountain canyons were gradually
appropriated and applied to the adjacent lands. Then engineering devices
were resorted to for increasing the flow of springs, for intercepting the under-
flow of streams, or for storing the flood waters by means of dams and reser-
voirs. Lastly, attention was turned to the underground waters, which proved
to occur in large quantities and to be widely distributed, so that entire com-
munities have sprung up which depend wholly on these sources for their irri-
gation water. Developments during the last ten years [1894-1904] have been
chiefly those of underground sources * * *

Table 1, which is based on data by Mendenhall (1905b), shows
the rate of well construction prior to 1904 in the central part of
the coastal plain—that is, in the Downey and Las Bolsas quad-
rangles. This table indicates progressive acceleration in water-
well drilling, especially after 1880. However, most of these wells
were 7 inches or smaller in size—too small to accommodate irri-
gation pumps of large capacity.

TaBLE 1.— Wells constructed in the Downey and Las Bolsas quadrangles from 1860
to 1904, by 10-year periods

10-year period

Before 1870-79 1880-89 1890-99 1900-04 1
1870

Downey quadrangle:

Total . _ _ . ____. 9 133 507 1, 297 734

Average per year____________ 1 13 51 130 173
Las Bolsas quadrangle:

Total .- ______ o ___|.____ 5 2 93 123

Average per year____________|______ .5 .2 9 29
The two quadrangles:

Total . ___________________. 9 138 509 1, 390 857

Average per year____________ 1 14 51 139 202

1 Field canvass completed about March 1904.

As of 1904, Mendenhall estimated that the average discharge
of all flowing and pumped wells within the coastal plain was about
250 cfs, equivalent to a yearly withdrawal of about 180,000 acre-
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feet. From a field canvass, Mendenhall estimated the irrigated
area to be about 96,000 acres, of which nearly three-quarters was
supplied from wells. At that time the area of flowing wells had
decreased from an estimated 290 square miles initially to about
190 square miles. During the quarter century following the can-
vass by Mendenhall the rate of withdrawal from the coastal plain
increased steadily owing to (1) increased demand for irrigation
water, (2) lack of additional surface-water sources, and (3) im-
provement and widespread installation of deep-well turbine pumps.

Owing to the large and constantly increasing withdrawal, by
1928 the head on the principal ground-water bodies almost uni-
versally had declined below the land surface and nearly all wells
had ceased to flow. The magnitude of this decline of pressure
head in the Long Beach area is shown by the following striking
example, which represents the greatest known decline rather than
the average. From 1890 to 1903 the five wells of the so-called
Bouton group were constructed about 214 miles north of Signal
Hill to furnish water for Long Beach. Available records 2 indi-
cate that when the first well, No. 4/12-8P5, was completed in 1891,
its static head was about 80 feet above the land surface or 150 feet
above sea level. In July 1908 this well ceased to flow for the first
time. By July 1928 the static head in another well of the same
group, No. 4/12-8P1, had declined to about 73 feet below the land
surface or about 3 feet below sea level. Thus, in 37 years the
head of the confined water body or bodies tapped by the Bouton
wells apparently declined about 153 feet or at the average rate of
4.1 feet per year.

Continued heavy draft of ground water, together with sub-
normal rainfall in 6 of the 8 years following 1928, resulted by
1936 in the lowest water levels of record in the main basin of the
coastal plain; in the autumn low-water period of that year, the
water levels in wells were below sea level beneath about 320 square
miles or about 40 percent of the coastal plain. From 1936 into
1944 rainfall was above normal in 6 of the 8 years, while with-
drawal from much of the main basin remained about constant.
Water levels have risen considerably, so that in 1941 flow by arte-
sian pressure was rejuvenated in an area of about 25 square miles
lying immediately northeast of the Newport-Inglewood zone and
extending from Long Beach into Santa Ana Gap. From 1941 to
1944 the area of artesian flow was perennial and has expanded
slightly.

2 Unpublished notes in files of U. S. Geological Survey, in part from W. M. Brown and
Burt Harmon of the Long Beach Water Department.
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The recession of ground-water head prior to 1936 occurred
generally throughout the coastal-plain area and so indicates that
the aggregate withdrawal of water exceeded the aggregate re-
plenishment in that period. However, the substantial recovery of
head after 1936, while withdrawal was about constant, indicates
that withdrawal did not exceed replenishment in all years. Thus,
although withdrawal from the principal ground-water bodies has
been excessive at certain places, it seems that the cumulative over-
draft to 1944 has been only moderate for the area as a whole.

The recession of the ground-water head below sea level over
extensive areas in the late twenties and into the thirties produced
a downward hydraulic gradient from the ocean inland; wherever
the fresh-water-bearing beds were in contact with the ocean this
gradient would favor a landward movement of salt water from
the ocean. Also, the recession of fresh-water head would favor
invasion of the water-bearing beds by brine from the several pro-
ducing oil fields of the area and by wastes from the industrial
district in the western part of the area.

Ground waters of inferior chemical quality apparently have
existed naturally in certain permeable beds in some parts of the
area, particularly along the lower reach of the Los Angeles River
just west of Long Beach, locally in the Irvine tract east of the
Santa Ana River, and elsewhere. With these exceptions, however,
water of good quality was yielded by virtually all wells in the
area until the late twenties, when a few wells near the coast began
to yield salty water; some wells were abandoned subsequently as
the quality of the water deteriorated progressively. This deteri-
oration in water quality, in conjunction with the continuing re-
cession of ground-water head into the middle thirties, caused deep
concern on the part of local public agencies charged with the con-
servation of ground-water supplies in the coastal-plain area and
resulted ultimately in the cooperative investigation of the critical
question at issue—could withdrawal of ground water for the many
considerable requirements of the area be continued freely and in-
definitely without an ultimate substantial increase of salt-water
contamination? An inventory of withdrawal was an essential ele-
ment of the investigation.

PREVIOUS ESTIMATES

So far as is known to the writers, the only comprehensive previ-
ous estimate of ground-water withdrawal from the entire coastal
plain was that of 1903-4 by Mendenhall—specifically, about 180,-
000 acre-feet per year from flowing wells and pumped wells within
all the coastal plain and about 160,000 acre-feet within the area
covered in this report.
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From 1923 to 1928, the California Division of Water Rights
investigated the surface- and ground-water supplies believed to
be tributary to the San Gabriel River. In connection with that
study, the pumping draft in the coastal-plain area thought to be
affected by recharge from the San Gabriel River was estimated
by applying a duty-of-water factor to the irrigated acreage. The
yearly draft was estimated to be about 85,000 acre feet (Conkling,
1929, p. 39, pl. 7). Apparently, this estimate included some water
from surface sources near Whittier Narrows and, therefore, the
withdrawal of ground water probably was somewhat less than
85,000 acre-feet.

In the investigation of the Santa Ana River drainage basin from
1925 to 1928, the California Division of Engineering and Irriga-
tion estimated the utilization of water in that part of the coastal
plain within Orange County. This estimate was derived by ap-
plying a duty-of-water factor to irrigated acreage and to resi-
dential acreage; use of about 225,000 acre-feet of water per year
was so calculated (Post, 1928, p. 217). However, no estimate was
published for the proportion of this water that was drawn from
wells.

In 1932, J. H. Dockweiler ® made a systematic inventory of
water pumped from wells within the central part of the coastal
plain—specifically, within the area believed to be affected by perco-
lation from the San Gabriel River and from the Rio Hondo. This
investigation included a field inventory of plants withdrawing
about 66,000 acre-feet of ground water, also an additional draft
of 23,000 acre-feet which was estimated by applying a duty-of-
water factor to irrigated lands classified according to type of
crop. However, it is not known what proportion of this estimated
23,000 acre-feet was drawn from wells. Thus, although the total
use was estimated to be about 89,000 acre-feet in 1932, this total
may include some surface water.

Use of water in Orange County from 1932 to 1936 was appraised
in a report of the Metropolitan Water District, issued in 1936 4.
From a field canvass of the larger users of water, and an estimate
for the remainder of the irrigated acreage, the average yearly use
of water in the 5-year period was estimated to be about 196,000
acre-feet 5. The estimated use in south Orange County (San Juan
Capistrano region) was estimated as about 6,000 acre-feet a year.

3 Dockweiler, J. H., Report on flood control and water supply for the area of the coastal
plain below Whittier Narrows affected by percolation of the waters of the Rio Hondo and
San Gabriel Rivers: Unpublished report to Los Angeles County Flood Control District, July
1933.

1 Vail, H. P., Use of irrigation and domestic water in Orange County, and Whittier—La Habra
area of Los Angeles County: Metropolitan Water District private report, August 1936.

8 Vail, H. P., op. cit,, pl. 9.
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The latter area is outside the drainage basin of the Santa Ana
River and is beyond the Long Beach-Santa Ana area of the present
inventory. If the use of 6,000 acre-feet in that area is deducted,
there remains an estimated 190,000 acre-feet of water used in the
main Santa Ana basin and in the Whittier-La Habra district. The
Geological Survey estimates that about two-thirds of Vail’s sub-
total for the Whittier-La Habra district would have been used in
Los Angeles County and therefore derives from Vail's estimates
a value of about 170,000 acre-feet per year for the part of the
Long Beach-Santa Ana area that is in Orange County. Assuming
that about 50,000 acre-feet was derived from surface-water diver-
sions in that part of the area, a rough estimate of 120,000 acre-
feet of water withdrawn yearly from underground sources is de-
duced for the period from 1932 to 1936.

In the late thirties, the Board of Supervisors for Orange County
appointed a committee to study water problems in the county. In
the committee report (Anon., 1939), it was estimated that about
73,000 acres was in irrigated orchards, 57,000 acres in irrigated
farmlands, and 20,000 acres was used for residences and for busi-
ness and industrial activities. From independent studies of water
use by several investigators, it was concluded that the average
yearly use in Orange County was as follows: orchards, 19.87
acre-inches to the acre; field crops, 16.4 acre-inches; domestic,
15.6 acre-inches; industrial, 16 acre-inches; and recreational, 21.7
acre-inches. Assuming an average minimum use of 18 inches per
acre, the over-all use in Orange County was <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>