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LETTER OF TRANSMI'TTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
HyprOGRAPHIC BRANCH,
Washington, D. C., November 3, 1904.

Sir: I transmit herewith a report entitled ‘“The Development of
Underground Waters in the Central Coastal Plain Region of Southern
~ California,” prepared by Mr. W. C. Mendenhall, under the general
direction of Mr. N. H. Darton, and recommend that it be published as
a Water-Supply and Irrigation Paper.

This paper is similar to the one just published entitled ““The
Development of Underground Waters in the Eastern Coastal Plain
Region of Southern California,” and contains the results of work in
the portion of the coastal plain just west of the area described in that
paper. A third paper will treat of the area northwest of that here
described and will complete the series of preliminary papers on the
coastal plain of southern California.

The studies, a part of whose results are being made available in
this way, are planned to cover all the important water-bearing lands
of the valley of southern California. In most instances the facts
gathered concerning the wells and the distributing systems will be
supplemented by a study of the local geology, in so far as it controls
the amount, distribution, and circulation of the ground waters. The
hydrographic data and the geologic data will then be discussed and
issued together in one report. In the coastal plain area, however,
the geologic conditions being relatively simple, and the hydrographic
data being large in volume and of paramount importance, it is deemed
best to issue the latter at once, rather than to delay it pending the
working out more fully of the comparatively unimportant geologic
problems. Therefore the tables and maps are presented here for the
consideration of water users, with a comparatively brief text, which
is chiefly descriptive, but which includes a discussion of the effects of
development and drought in bringing about those changes in water
levels and in the outlines of artesian areas which have been most
marked within the last five or six years.

Very respectfully, F. H. NEWELL,
Chief Engineer.
Hon. CEARLES D. WaLcoTT,
Director United States Geological Survey.






DEVELOPMENT OF UNDERGROUND WATERS IN THE
CENTRAL COASTAL PLAIN REGION OF SOUTHERN
CALIFORNTA.

By W. C. MENDENHALL.

INTRODUCTION.

This paper is similar to Water-Supply Paper No. 137, on the
“Development of Underground Waters in the Eastern Coastal Plain
Region of Southern California.” It contains the data gathered by
the Survey in the Downey and Las Bolsas quadrangles,” just west
of the two quadrangles described in the earlier publication. It
includes tables of the wells, with data as to their position, depth,
diameter, cost of installation, and yield, and maps of the irrigated
lands and distributing systems. These data give a résumé of the
individual experiences of well owners in the region as well as of the
general effects of the great amount of development which has taken
place within the last ten years.

By the valley of southern California is meant that lowland area
extending from Santa Monica to Redlands, and from the base of the
San Gabriel and San Bernardino ranges southward 30 or 40 miles.
It includes the coastal plain, the broad portions of the Santa Ana,
San Gabriel, and Los Angeles river valleys, and the irregular groups
of hills which add picturesque variety to these lowlands and separate
them into distinct tillable areas. Much of this region is intensively
cultivated. The foothill belt from Pasadena eastward to Ontario,
the Riverside Mesa lands, and the Redlands and Highlands benches
are justly famous citrus regions, where agricultural lands have high
values. In the coastal plain, which is not so well adapted to citrus
culture, there is greater agricultural diversity; dairying, market gar-
dening, the raising of deciduous fruits and vegetables and of English
walnuts, celery, and sugar beets being important industries.

a A quadrangle is the unit of survey adopted by the United States Geological Survey for the topo-
graphic and geologic atlas of the United States. It is a rectangular area 15 minutes, 20 minutes, or 1
degree in extent each way, bounded by parallels and meridians, and having an area of one-sixteenth, one-
quarter, or 1 square degree. The quadrangles disregard political boundaries, such as those of States,
counties, and townships. To each is given the name of some well-known place or feature within its
limits. A sheet is the topographic map of one of the above areas.
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In all of thisagricultural and horticultural activity, the first requisite
is water. The entire region is semitropic and semiarid and irrigation
is necessary in order to mature any except a few of the less valuable
crops. As is generally the case in regions of little rain, the soils are

‘rich because they have not been leached of their soluble fertile ele- .
ments, and when water is applied to them they yield abundantly. As-
is fully recognized by agriculturists, constant sunshine and warmth,
with the artificial application of water in the right quantities at the
right times, give ideal conditions for large yields; hence the lands in
arid or semiarid regions, when brought into cultivation by means of
an abundant artificial water supply, are much more valuable than
those in regions of greater rainfall, where irrigation is not practiced.

In southern California lands under irrigation usually bring several
hundred dollars per acre, are not infrequently valued at $1,000 per
acre, and may, in exceptional cases, bring $2,000 or even more. Since

- the greater part of the cultivable dry lands quickly acquire such
values when water is applied to them, the story of the growth of this
region becomes a story of the utilization and application of its avail-
able waters. To the practical solution of water problems, engineer-
ing and legal, much of the best talent of the country has been devoted
for many years, and will be for many years to come.

The first settlers, the Mission Fathers, after them the Mexicans,
and still later the Americans, secured their first holdings near the
flowing streams or the “ ciénaga’’ lands, the sites of perpetual springs.
As the areas under cultivation slowly increased, the waters of the
mountain canyons were gradually appropriated and applied to the
adjacent lands. Then engineering devices were resorted to for in-
creasing the flow of springs, for intercepting the underflow of streams,
or for storing the flood waters by means of dams and reservoirs.
Liastly, attention was turned to the underground waters, which
proved to occur in large quantities and to be widely distributed,
so that entire communities have sprung up which depend wholly on
these sources for their irrigation water. Developments during the
last ten years have been chiefly those of underground sources, and the
maps and tables in this paper show their extent in a small part of the
valley of southern California. (See Pls. I, IT, and IV.)

THE COASTAL PLAIN.

The district under immediate consideration is the central portion
of the coasial plain of southern California. This plain extends
inland from the Pacific Ocean 15 or 20 miles to the base of the hills
which represent the Coast Range, and stretches coastwise for 50 miles
from Sherman to the foot of the San Joaquin Hills. It is generally
level or gently sloping, is fringed on the coastward side by a belt of
salt marshes and sand dunes, and has an area of 775 square miles.
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On the northeast it is bounded by the Santa Ana Mountains and
their extension, the Puente Hills. = Near the Pacific its even surface
is interrupted by a line of low hills which, in the vicinity of Hunt-
ington Beach and Los Alamitos Bay, lie close to-the coast, but which
to the northwest are found fartherinland as the shore line swings west-
ward about San Pedro Hill. This line of low hills of irregular height
marks the seaward boundary of the coastal artesian belt. As.a.
topographic feature it is broken by the valleys of Santa Ana, San
Gabriel, and Los Angeles rivers which cross it on their way to the
sea; but as a structural feature and as a barrier to the subterranean
waters which percolate slowly seaward, it appears to be continuous
throughout. The Downey and Las Bolsas quadrangles, which con-
stitute the central coastal plain region, include an area that extends
from the shores of the Pacific at San Pedro Bay across the coastal
plain to its inner edge in the neighborhood of Whittier and the Paso
de Bartolo (Pl. III). These quadrangles lie about midway of the
east-west extent of the plain and include the broadest part of the
artesian belt; they contain more wells than any area of equal size
‘in southern California.

The greater part of this area is underlain by loose sediments—sand,
gravels, and clays—which were brought down from the mountains by
the rivers and distributed by them and by the waves and currents
of the Pacific off the shore of this part of the continent. The coastal
plain is believed to have been at one time a broad embayment with
San Pedro Hill as an island well offshore, as Santa Catalina is now.
As a result of the accumulation of the débris brought out by the
streams, and perhaps also in part as a result of uplift through crustal
movement, this great bay has been reclaimed from the sea, and is
now a prosperous and, throughout much of its area, densely settled
agricultural region.

SOILS AND CROPS.

The soils of the Downey and Las Bolsas quadrangles do not exhibit
the great diversity found in some areas of the same size in the south-
ern part of the State, although a number of more or less distinct
varieties are recognized and mapped by the Agricultural Department.
The soils are rather uniform in texture, ranging only from the sands
or fine gravels of San Gabriel Wash or of the beach dunes, to the
dark adobes of the marshes and tule lands. They vary in origin from
the washes brought by the streams from the distant mountains to
the clays of the benches east of Whittier, which are derived from the
Tertiary shales of the adjacent hills. They include the rich loams of
the peat swamps, which owe their fertility in part to the vegetable

a Mesmer, Louis, Soil survey of the Los Angeles area. Field Operations Bureau of Soils, U. 8. Dept.
Agriculture, 1904.
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mold which has accumulated through the decay of plant growths.
These soils are generally productive, except in the sandy washes or
dunes and in some of the lower lands where alkalies are found in
excess. The latter trouble probably can be remedied by drainage in
all cases, but few systematic attempts have yet been made in this
direction. The more alkaline lands are generally included in the
wide pastures of the larger undivided ranchos.

The crops exhibit the diversity which is characteristic of the coastal
belt. On the benches about Whittier are extensive citrus orchards.
In the lowlands, under the San Gabriel irrigation systems, are many
flourishing walnut groves and orchards of deciduous fruits. Berry
growing, gardening, alfalfa raising, dairying, and grape culture are
practiced about Florence and Compton. Sugar beets and alfalfa
are raised in quantities in the vicinity of Los Alamitos, and celery,
potatoes, corn, and fruits are grown in the fertile and highly culti-
vated peat-land region south of Westminster.

Large parts of the Los Cerritos, Los Alamitos, and Los Coyotes
ranchos are not under cultivation, but are reserved as pasture lands
and stock ranges. As these ranchos include considerable areas of
moist land, grazing is possible throughout the year over much of
their acreage without irrigation.

WATER SUPPLY.

Both the surface and the subsurface waters of the Downey and
Las Bolsas quadrangles are supplied largely by San Gabriel and
Los Angeles rivers. Part of the underground waters of the south-
eastern portion of this area are probably contributed by the Santa
Ana drainage system. These three streams, the largest in southern
California, carry to the Pacific almost all of the run-off from the
southern and western faces of the San Gabriel and San Bernardino
ranges, which are the most effective mountain masses in this section
of the State from the point of view of their capacity to induce pre-
cipitation. This is due to their height and to the fact that no high
land intervenes between them and the Pacific, whence the moisture-
laden winds come.

The channel of each of these streams, in its passage seaward from
the mountains, crosses one or more wide valleys filled with loose
sands and gravels. The waters are absorbed by this débris, and
percolate slowly through it, beneath the surface, to reappear at some
lower point where an obstruction to the underground passage forces
them to the surface. At these points the underground waters become
surface flows again, until absorbed later by another body of loose
material. Thus the Santa Ana sinks in the wash above Redlands,
rises to the surface above the Bunker Hill “dike,” sinks below it,
rises from Riverside to Bedrock Canyon below El Rincon, sinks in

.
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the wash above Santa Ana, and finally partly rises again in the large
peat-land springs about Talbert. The San Gabriel and the Los
Angeles exhibit the same characteristics, but disappear and reappear
less often in their much shorter courses to the sea.

This natural habit of the streams has been more or less seriously
interfered with by the irrigation systems developed since the settle-
ment of the region. At present irrigation canals head at the mouth
of the mountain canyon from which each stream first debouches
upon the plain, and at every place where the subterranean waters
reappear the water is distributed upon the adjacent lands, where a
much smaller proportion of it sinks and joins the underflow than
before it was thus diverted.

The winter flood waters, which have always furnished the most
important addition to the underground supply, are interfered with
but little by the irrigation developments, and are still available for
the annual recharge of the gravels.

IRRIGATION SYSTEMS.

The only important system of canals in the Downey and Las
Bolsas quadrangles is the one which diverts the San Gabriel River
waters that rise to the surface in the neighborhood of the Paso de
Bartolo (see P1. II). A number of ditches here, some of them among
the oldest in southern California, take out the river water as it rises
in springs, and distribute it over the irrigable lands in the neigh-
borhood of Whittier, Rivera, Downey, and Norwalk.

The available measurements of flowing waters at the Paso de
Bartolo are as follows:

Discharge measurements at the Paso de Bartolo.

Discharge.
Aug. 7, 1900. © Oct. 2, 1903. Oct. 5, 1904.
Second-feet. Second-feet. Second-feet.
Sheep Creek ditch. ... .. ... ... .. .. __. 2.46 4.6 1.35
Rinconditeh. ... . ... .. .. ... . ....... 2.47 3.4 1.5
Old Temple ditch_ ... . . . ... ... ... ... 1.20 [o oo
Cateditech. . ... ... .. ... ... . ... .. ... 8.71 5.5 11.1
Standefer diteh.... ... ... . . . .. ... 14. 56 14 12.9
Banta and Los Nietos ditches. .. _._.._._.___.. 15.44 28 19.5
Rio Hondo under Mission bridge.......__..... 23.18 29 22.19
Baldwin’s diteh . ... .o ... . ... . ..... SR PR 2.89
Total. .. ...l 68.12 84. 50 71.43
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It is to be expected that October measurements will be higher
than those of August, the evaporation being lighter in the fall, but
the effect of the greater rainfall preceding the summer of 1903, as
compared with the summer of 1904, is clearly shown in the differ-
ence between the two October measurements. None of the waters
measured are developed waters, and none of them reach the pass
as surface streams. All represent underflow below the mesa lands
north of the pass, forced to the surface by the constricted character
of the outlet and the comparative nearness of bed rock to the surface.

The following brief descriptions of some of the principal ditches
which take their supply from this region and distribute it over the
irrigable lands south of the pass are summarized in part from William
Ham. Hall’s “Trrigation in Southern California.” They are brought
up to date by additional information gleaned from various sources.

RINCON DITCH.

This ditch is nearly 6 miles long and takes its water from
San Gabriel River about 2 miles below the Southern Pacific Rail-
road crossing. It was built by Mr. Strong in 1871. It is about
4 feet wide on the bottom, unlined except in the vicinity of the
pumping plant, and carries a variable depth of water. The land
which it serves lies in the Paso de Bartolo and along the upper
edge of the coastal plain just west of Whittier. In 1888 about 586
acres were reported as served by the ditch, and in 1904, 800 acres.
In 1902 the supply of water from the river was augmented by the
installation of a pumping plant, which is now used to make up the
deficiency in the river supply. In 1904 this plant was in operation
for about four months, day and night, and produced during that
time about 120 miner’s inches. The pumping company is incor-
porated as the Rincon Irrigation Company, but its stockholders are
the irrigators owning land served by the ditch.

CATE DITCH.

This ditch, built by J. W. Cate in 1867, takes its waters from the
San Gabriel at about the point where the stream deserted its old
channel in the flood of 1867-68. The ditch is about 33 miles long,
and serves an area lying in and below the Paso de Bartolo and
between Rio Hondo and San Gabriel River. The amount of
land irrigated by this ditch has remained nearly constant, for
1,200 acres were reported under irrigation in 1880, 1,300 acres in
1886, and 1,300 acres in 1904. Until 1900 the ditch was of earth
construction and the loss of water by seepage was considerable.
On April 19 of that year the water users incorporated as the Cate
Ditch Water Company, with 3,600 shares at $1 per share. Money
was borrowed and improvements were at once undertaken. At
- present (January 1, 1905,) one-half mile at the head of the ditch
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and 1 mile at the lower end of the ditch remain unimproved, over
2 miles are cemented, and 1,000 feet of wood flume have been put
se improvements are reported to have cost about 50 cents
per running foot. The water stock is appurtenant to the land and
is nontransferable. The thirty-five irrigators are assessed $1 per.

and charges for cleaning, improving, and maintaining the ditch
amounting to only about $350 annually.

When water is abundant in the spring the ditch is divided into
three heads; in the summer, when the amount available is less, but
two heads are available, and at times of particularly low water
there is only enough for one head. A “head’” under these condi-
tions is a variable quantity, but is said always to exceed 100 miner’s
inches. The period of rotation varies from twelve to sixteen days.
Each irrigator in turn has the use of a head of water for thirty
minutes per acre, except when the ditch carries but one head, when
the period is reduced to fifteen minutes.

The available measurements of the flow in the Cate ditch follow:

' Flow in Cate ditch, California.

Miner’s inches: «

August, 1900 . L i iiiiiiiiiiaiae.... 435
October, 1903. .. .. .. ... e e e 275
Oc:tober, 1904 . e iiiiiiao.... BB

STANDEFER OR RANCHITO DITCH.

This ditch was constructed in 1871 by settlers who had purchased
lands on the Paso de Bartolo Rancho from Pio Pico. Its title is
-inherited by prescription and riparian ownership from the rancho,
whose proprietors had used the water, although in a very unsys-
tematic way, for years. The diversion from the San Gabriel is by
a sand and brush dam, owned and constructed by the Standefer,
Banta, and Los Nietos ditches jointly, at about the narrowest part
of the pass. The main ditch is over 3 miles long and discharges
into San Gabriel River below the Santa Fe Railroad. During
the past two or three years the Pallett and Walnut branches and
about 2,800 feet of the main ditch have been cemented. The rest
is of earth construction. In 1902 the irrigators under this ditch
incorporated on a basis of 10 shares per acre, or 13,000 shares in
all. The expenses of cleaning and maintenance, zanjero’s fees, etc.,
are met by charges of 10 cents per hour per head for day service
and 5 cents per hour for night service. The ditch carries three or
four heads of 150 to 200 inches. Charges for new construction,
cementing, etc., are met by special assessments.

aThe old California miner’s inch is used throughout this report. It is équivalent to 9 gallons per
minute, one-fiftieth second-foot, or 14.478 acre-feet per year.
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BANTA AND LOS NIETOS DITCHES.

The Los Nietos ditch, which was built previous to 1838 by Don
Pio Pico, the grantee of the Paso de Bartolo rancho, and the Banta
ditch, built by P. Banta in 1867, have used the same canal for
about 2 miles below their diversion works since 1884, when the
original upper Los Nietos ditch was destroyed by flood. Below the
section which is owned and operated jointly, the Banta ditch is
about 2 miles long and serves about 800 acres southwest of Whittier
and below the lands watered from the Rincon ditch. Twenty-three
irrigators are served by this ditch at present (1904).

The Los Nietos ditch extends south about 3% miles from the point
of its diversion from the Banta ditch and serves about 1,000 acres
lying just east of San Gabriel River. In 1885 its interests were
incorporated on the basis of 1,500 shares, which are not transferable
out of the district.

The total flow in the San Gabriel at the headworks of the Stande-
fer, Banta, and Los Nietos ditches, which was estimated at from
1,200 to 1,500 miner’s inches in 1888, is proportioned among the
three ditches in the order named in the ratio of 12:9:7, the division
being effected on the following basis: The total flow is divided into
four parts, each ditch receiving one part and the remaining fourth
being shared by the Standefer and Banta ditches, the former receiv-
ing the water five and the latter two days in each week. '

The combined flow of the two ditches on August 7, 1900, as deter-
mined by S. G. Bennett, was 772 inches, and on October 2, 1903, as
measured by W. B. Clapp, was 1,400 inches. October 5, 1904, Mr.
Clapp reported 975 inches at the headworks.

ARROYO DITCH.

This ditch takes its supply from Rio Hondo, about 2 miles below
the pass, and serves a large district lying east of this stream and west
of the territory supplied by the Standefer ditch and its extensions.

The canal was built in 1869 and succeeded an earlier crude ditch
which was really an old arroyo into which water had been diverted.
The title is inherited from the riparian rights of the Rancho Santa
Gertrudes, but no systematic attempt was made to use the water prior
to the subdivision and sale of the rancho by Governor J. G. Downey
in the late sixties.

In 1885 the irrigators organized the Arroyo Ditch and Water Com-
pany, which was incorporated with a capital stock of $22,500. Before
this time more or less indefinite attempts at organization had been
made, but they were only partially successful. Indeed, about fifteen
irrigators owning lands near the head of the ditch finally refused to
join in the incorporation, but successfully defended their right to the

)
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use of their proportion of the water. At this time there was much
internal dissension among the various irrigators supplied by it.

The total length of the main line from the intake below the pass to
the terminus, 1% miles south of Downey, is about 7 miles; the Sand-
ridge branch, which leaves the main ditch at the crossing of the Santa
Fe Railroad, is about 4 miles long.

In 1888 the ditch was reported to have a minimum supply of about
1,200 inches, and to serve about 3,800 acres. The acreage supplied
by it has varied but little, being about 4,000 in 1871 and in 1903.
The flow of Rio Hondo at the Mission bridge, all of which is diverted
below into the Arroyo ditch, is reported by W. B. Ciapp as follows:

Flow of Arroyo ditch, California.
. Second-feet.

August, 1900. . . .. ieiaiaeaaen. 23.18
October, 1903, ... .. a2 29
October, 1904. . ..o 22.19

SAN ANTONIO DITCH.

This ditch is supposed to serve a few hundred acres lying west of
Rio Hondo and midway between the Southern Pacific and Santa Fe
railroads. It uses the upper part of the Arroyo ditch, and later
delivers 135 inches of water to the Gage ditch. Itis of sand and earth
construction throughout, is poorly cared for, and choked with weeds,
so that little or no water is actually delivered to the lands served.

The water at the head of the Arroyo ditch was originally divided
equally between that ditch on the one hand and the San Antonio and
the Foster, or Gage, ditches on the other, the right of the Foster to
135 inches being acknowledged.

The Arroyo Ditch Company at an early day improved the upper
part of its canal and thereby effected a saving of 100 inches. As the
San Antonio Ditch Company declined to share in the cost of this
improvement, the water saved went to the Arroyo ditch in accordance
with the terms of an agreement entered into in 1885. Recently
further improvements have resulted in an additional saving, also
claimed by the Arroyo Ditch Company, which has borne the expense
of the improvements.

The title to this last increment, however, is not admitted by the
San Antonio Company, and the matter is not as yet finally settled.

The basis of division now is this: The first 100 inches belongs with-
out dispute to the Arroyo Ditch Company, and the first 235 inches is
claimed by them. The remainder is divided equally between the
San Antonio and the Gage ditches on the one hand and the Arroyo
ditch on the other. Of the first part 135 inches is assigned to the
Gage ditch. The part remaining after this is taken out belongs to the
San Antonio ditch, but as it flows for 2 miles through the sandy bed of
Rio Hondo a large part of it seeps away and is lost.

IRR 138—05——2
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OTHER DISTRIBUTING SYSTEMS.

In addition to these principal ditches which have been mentioned,
the Little Lake ditch, the Section Line ditch, the Agricultural ditch,
and the New River ditch represent lower diversions from the San
Gabriel, which receive such excess as may be left after the older rights
are satisfied. Their supplies are received chiefly in the winter season.

The town of Whittier secures its domestic supply from two wells
just east of San Gabriel River, on the Whittier-Los Angeles road.
The water is pumped from these wells into a reservoir on a knoll above
the village, whence it is distributed by gravity.

Long Beach and Los Alamitos Beach are supplied by flowing wells
in the artesian basin, north of Signal Hill.

Part of the Long Beach supply reaches the town by gravity from
the vicinity of Bixby station; another portion flows into a reservoir
and is pumped thence into higher reservoirs on Signal Hill, whence it
is distributed. This latter plan is followed by the Alamitos Beach
Water Company.

Another important line not yet mentioned is that owned by the
East Whittier Water Company. The water supply in this case is not
secured from the water-bearing lands of the coastal plain but from the
San Gabriel Valley, north of the Paso de Bartolo, near Woyden Station,
on the Southern Pacific. A well-equipped air-pumping plant has been
installed here and coupled with a number of wells. The water thu
developed is conveyed by flume, covered ditch, and cement and steel
pipe lines to the lands served in the East Whittier and La Habra
districts. This system of covered and lined canals throughout is an
example of a modern up-to-date distributing plant.

DRAINAGE DISTRICT.

In Water-Supply Paper No. 137, on the underground waters of the

eastern coastal plain region, the Bolsa and the Willows drainage
districts of the peat lands of Orange County have been briefly de-
scribed. The greater part of the older of these two districts, the
Bolsa, is on the Las Bolsas quadrangle. Its outlines are shown on
Pl 11. :
The earliest ditch in this district is reported by Mr. W. B. Lamb to
have been dug twenty or thirty years ago by the Stearns Rancho Com-
pany. Later the county improved and extended this original ditch,
and finally, in 1899, the Bolsa drainage district was organized under a
State law passed two years before.

Under this law three commissioners were elected especially to make
a levy upon the district for the maintenance and extension of the
ditch. These commissioners levied $15,000 for the expenses of the
first ten years, but the amount will not prove sufficient, and an addi-
tional levy is expected within a year or two. The expenditures each
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year are determined by a board of three directors elected to serve two
years. They decide year by year the amount of the original levy that
is to be expended. When this annual levy has been determined, it is
collected by the county from the landowners within the districts, and
the expenditures are then paid by warrants drawn upon the county
treasurer.

About 15 miles of ditch are reported within the district, and the
annual maintenance charges, exclusive of new construction, are given
as about $1,000. Several miles of private drain have been put in, with
outlets in the main ditches. The land has thus been greatly improved,
until now the district contains some of the most valuable of the
famous Orange County peat lands.

UNDERGROUND WATER.
SOURCES.

The chief supply for the underground as well as for the surface
waters of the Downey and Las Bolsas quadrangles comes from
Los Angeles and San Gabriel rivers, both of which flow across the
Downey quadrangle; another portion of it is probably furnished by
Santa Ana River, whose surface channel lies entirely to the east
of this area, but whose percolating subsurface waters may contribute
to the underground supply in the Lias Bolsas quadrangle and in the
southeastern part of the Downey quadrangle. An unknown, but no
doubt minor, amount is contributed by the summer underflow of these
streams, and that part of the surface flow that is not lost by direct
evaporation or by transpiration through the plants, in the process of
irrigation for which it is all utilized, also becomes available. This
proportion of return water must vary greatly with locality, soil, and
manner of irrigation. On the mesa lands, whose soils are warm and
dry and are often underlain by an impervious hardpan, and whose
water supply is expensive and never used in excess, the proportion of
return waters must necessarily be small. On the other hand, on the
sandy lands between San Gabriel River and Rio Hondo, where water
is applied in abundance, sometimes in excess, upon a sandy absorp-
tive soil, the return must be large; here it is probably much more than_
the 30 per cent which is often assumed as the proportion of return
waters. A third minor source of supply is the light surface and sub-
surface drainage from the adjacent slopes of the Puente Hills. This
yields a relatively small amount. The winter season is the period of
most effective restoration of the subterranean supply. The direct
rainfall upon-the coastal plain averages approximately 12 inches,
almost all of which falls at that time; but the most important sources
are the flood waters of the streams and the usual normal winter flow,
a smaller proportion of which is utilized for irrigation when the rains
reduce the necessity for the latter.
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As these flood waters pass over the sandy washes they are absorbed
rapidly and are thus added to the underground stores. A proportion
of the greater floods often escapes absorption by reaching the sea over
the surface. It is thus wholly lost.

In considering the sources of these underground waters there may
be dismissed at once the suggestion that the sea water, by some great
extension of the power of capillarity, is drawn inland and freed of
its salt, or that a portion of the waters of Colorado River, or some
equally distant stream, flows in an underground channel through the
great intervening mountain barriers. These theories have no basis
in fact, and are generally expressions of wishes rather than of sober
belief.

DISTRIBUTION OF UNDERGROUND WATER.

Since the coastal plain is underlain by irregular sheets of more
and less pervious material—gravels, sands, and clays—which slope
gently toward the sea and increase in coarseness inland, the under-
ground waters that percolate seaward along the coarser beds are
often caught beneath a less pervious layer and accumulate pressure
from the weight of the water behind them. A bed of open material
may wedge out seaward between impervious strata, or may abut
against an earlier ridge, or may, with the beds above and below it,
be folded into an anticline, or may become gradually finer and less
permeable seaward, so that the escape of its waters in that direc-
tion is cut off or rendered less easy than their entry farther inland.
Under these conditions, whenever the overlying confining stratum
is penetrated by a pipe or a drill, the confined waters tend to rise
to the level of their source. This is the general explanation of the
artesian conditions which exist here.

Since the percolating waters gravitate seaward and the finer beds,
which are as essential to artesian conditions as the coarser, occur
more often along the lower portion of a stream’s course, it follows
that the artesian areas are in the lower parts of a basin distant from
canyon mouths, where only comparatively coarse detritus is depos-
ited. Al of the southern California streams are alternately surface
and subterranean, the Santa Ana, San Gabriel, and Los Angeles
each disappearing and reappearing several times between the moun-
tains and the sea. The area in which the surface channels, during
the summer seasons at least, are dry, is always a wide valley region;
while the waters flow on the surface either in canyons, where bed
rock is near the surface, or in open plains, where there is an effective,
if inconspicuous, obstruction to the subsurface circulation.

Near the lower edge of practically every lowland in the valley of
southern California across which a stream flows is an artesian basin,
large or small, whose existence is due to conditions like those just
outlined. After the waters escape from one such basin and flow
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over its lower rim, the conditions are duplicated in the next basin
below, and artesian waters are again found there. Thus, the waters
of the Santa Ana first pass through the San Bernardino artesian belt.
They escape over its lower rim, the * Bunker Hill dike”” above Colton,
and again sink and enter the small and unimportant Riverside basin.
At Riverside Narrows they are forced out by the proximity of bed
rock, flow over the surface through the lower Santa Ana Canyon,
and finally enter the coastal plain artesian belt. At a point far-
ther north than the mouth of the Santa Ana, where a wider strip
separates the lower edge of the coastal plain artesian area from the
Pacific, waters from this belt again occur under pressure in the small
Ballona artesian area near Playa del Rey (Pl. I).

Where other conditions, such as amount of water available, are
equal, those artesian basins which exist along the upper portion of a
stream, though smaller, should be more efficient than the basins lower
down, since near the source of the débris the water-bearing strata are
usually coarser and more abundant. Such coarse strata yield their
water more readily, giving wells of greater flow, and are replenished
more quickly after exhaustion because they absorb flood waters with
greater rapidity. At such a higher point, however, conditions are
less favorable for the widespread deposition of the fine, relatively
impervious clays, which are as essential as the coarser beds to the
existence of artesian basins, hence the higher artesian basins are apt
to be less extensive than those farther downstream, although they
yield water more readily and are therefore perhaps more likely to be
exhausted by reckless development.

The coastal plain artesian basin is much the largest of a number
of basins which occur at various points between the sources and the
mouths of the rivers of this part of southern California. It is in
fact a union of the lowest basins of the three principal streams of
this part of the State. Tts area at present (August, 1904) is about
190 square miles. Originally it was somewhat less than 300 square
miles. A large part, both of the present and of the original coastal
belt, is included in the area treated in this report—the Downey and
Las Bolsas quadrangles. There are now approximately 121 square
miles of artesian water-bearing lands in this area, 105 square miles
in the Downey quadrangle, and 16 square miles in the Las Bolsas
quadrangle (Pl IV).

There has been no decrease in the artesian area in the Las Bolsas
quadrangle, because it lies along the lower edge of the artesian lands,
the last portion to be affected by dry years or by excessive drafts.
The artesian area in the Downey quadrangle has decreased 45
square miles, or 30 per cent from the original 150 square miles.
The southwestern seaward edge of this basin is marked by a low,
irregular ridge, whose highest point, Los Cerritos, 24 miles northeast
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of Long Beach, is 364 feet above sea level. Dominguez Hill, another
prominent point west of the channel of Los Angeles River, has an
elevation of 195 feet. Toward Huntington Beach the ridge is lower
and indeed is entirely cut away for several miles by the outlets of
San Gabriel River, Anaheim Creek, and Bolsas Creek, so that along
the coast between Los Alamitos Beach and Huntington Beach only
isolated knobs, like Landing Hill, Bolsa Chica, and Las Bolsas exist
as surface expressions of the underground structure that acts as a
barrier to the subterranean waters in their slow movement seaward.

Beyond the artesian area, both north and south, are broad belts
in which the water is not under sufficient pressure to flow but is near
enough to the surface to be readily available for pumping. Such
belts include areas that were originally artesian. They extend, on
the one hand, to the base of the Puente Hills or to the northern edge
of the Downey quadrangle, and on the other, practically to the
shores of the sea. The position of the surface of the zone of satura-
tion throughout the areas where the ground water is important as a
source of supply is shown on Pls. I and IV by means of contours
drawn upon that surface as a plane. The depth to the ground-water
level at any point may be determined by subtracting the altitude of
the ground-water level, as shown by the hydrographic contours, from
the altitude of the surface, as shown by the topographic contours.

DEVELOPMENT OF UNDERGROUND WATER.

In the Downey quadrangle there are more than 3,000 wells, all of
which draw to a greater or less extent on the underground supplies.
In the adjacent Las Bolsas quadrangle there are 300 wells. Of this
total of 3,300, 175 are equipped with pumping plants operated by
electricity, steam, or gasoline. These plants represent an investment
of about $150,000, and the wells upon which the pumps have been
installed have cost about $75,000; the pumped wells and their instal-
lation, therefore, represent a capital of $225,000.

Of the 3,300 wells, about 1,635, nearly one-half, were artesian in
the spring of 1904, and their estimated cost—the estimate being
based on reports from about 800—was $400,000.

There are about 700 windmill wells in the area, which, with the
mills with which they are equipped, represent an outlay of approxi-
mately $200,000. The 790 domestic wells that make up the balance
of the 3,300 must bring the total capital invested in wells and equip-
ment in the Downey and Las Bolsas quadrangles to the neighbor-
hood of $1,000,000. This is independent of the money invested in
ditches, pipes, or other devices for the distribution of the water for
irrigation.
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The possible yield of these wells is very large. The output of the
pumping plants when in service, based upon the measured or reported
yield of five-sixths of their number, is 265 second-feet. The flow
from 685 of the 1,635 artesian wells is over 200 second-feet, an average
of about 15 miner’s inches to each well. If this average is main-
tained by each of the 1,635 wells, the total yield approaches 500
second-feet, and the combined capacity of the pumping plants and
artesian wells exceeds 750 second-feet, or 37,500 miner’s inches. It
is difficult to estimate how much of this yield is actually used. The
pumping season varies from fifty to one hundred and twenty-five
days usually. As artesian water is cheaper than pumped water it
is used more freely, and many wells flow unchecked throughout the
year. Others are open only during the actual irrigating season. On
_the whole it is considered conservative to estimate that the yield of
750 second-feet is maintained for two or three months of the twelve,
equivalent to a continuous withdrawal of developed water amount-
ing to from 125 to 200 second-feet throughout the year from the 268
square miles of the coastal plain which are included in the Downey
and Las Bolsas quadrangles.

EFFECTS OF DEVELOPMENT OF UNDERGROUND WATERS.

This development, which began in a small way forty years ago and
has continued at an accelerating rate since, the increase in the number
and aggregate yield of wells having been particularly marked during
the last decade, must inevitably affect the quantity of water in the
underground reservoir from which the wells draw.

Before development began the outlines of the artesian basin and
the ground-water level expressed a condition of balance between the
supply and the natural drainage at that time. With any marked
increase in supply, such as may have been brought about by a series
of years of excessive rainfall, the ground-water level would rise,
increasing the flow from all sources fed by it, and the artesian area
would expand and pressure within it would increase, thusincreasing the
yield of those springs and streams whose sources were artesian waters,
until this increased discharge balanced the temporarily increased sup-
ply,-and a condition of stability resulted. Similarly, during a series
of dry years the ground-water level fell and the artesian area con-
tracted, until drainage declined to an equality with the decreased
supply. Thus ground-water levels and artesian areas varied within
certain limits previous to the change in conditions brought about by
development. But with the appearance of man upon the scene, dis-
turbing elements were introduced. The first change in natural con-
ditions consisted of the diversion of the normal summer flow of
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streams, which before the diversion sank and added their volume to
the stored subsurface waters. A part of this flow, it is true, was
added to the underground supply after diversion in the form of
return waters from irrigation, but the amount thus added, while a vari-
able proportion of the original, is always distinctly a minor part of
it. It may be roughly estimated to run from 5 to 50 per cent of the
whole. Thus the supply was sensibly diminished. Meanwhile, the
boring of numerous wells in the artesian area increased the freedom
of drainage. This factor at a later stage of development was ren-
dered more important by the installation of pumping plants outside
of the artesian belt. The water secured by these means, like that
secured by stream diversion, was largely used for irrigation and a por-
tion of it thus returned to augment the ground-water supply. Yet
transpiration through the plants and evaporation in the ditches, and
especially from the soil surface in the process of irrigation, dlSSlpates
the greater part of the water thus applied.

These two disturbing elements—the decrease of supply and the
increase of drainage through development—must destroy the balance
reached before they were introduced, and bring about a readjust-
ment of the ground-water level and a rearrangement of the outlines
of the artesian areas. Since they both operate in one direction,
namely, to lessen the amount of ground water, the readjusted water
level must stand at a lower point than the original level, and the new
outlines of the artesian area must be within the original outlines.

PERMANENCE OF UNDERGROUND-WATER SUPPLY.

The entire coastal plain, underlain everywhere by saturated sands,
gravels, and clays, has an extent of 775 square miles. Under about
one-fourth of this area the waters are under pressure and are artesian.
The thickness of these saturated gravels is unknown, but wells more
than 1,300 feet deep near the inner edge of the plain fail to reach bed
rock. It is safe to say that over much of the area their thickness
must be expressed in thousands rather than in hundreds of feet.
There can be no doubt that practically all of this mass is saturated,
so that the total amount of water which exists there is enormous.
Its sole source is the rainfall within the drainage basins tributary to
the coastal plain, but the gravels themselves and the water satu-
rating them have accumulated during long periods, and since the
waters always have been supplied much more rapidly than the grav-
els they move slowly through as well as over these from an intake
along the inner edge of the coastal plain and along the washes of
the streams to an outlet at a lower point nearer the coast. The
underground waters then are not in any sense lake-like; they simply
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fill the voids in the gravels, sands, and clays, and move at varying
rates through these voids, under the impulse of gravity and pres-
sure from a constant if varying supply received chiefly at the inner
edge of the plain. This continuous movement seaward checks any
tendency of the sea water to move inland. It is indeed so com-
pletely paramount that it is probable that wells sunk into the sea
floor, at short distances off the coast, would at many points yield
fresh water, and probably fresh-water springs discharge into the sea
at numerous localities.

While the total amount of water underlying the coastal plain then
is large, only a small portion of it can be made available for purposes
of irrigation. Only that part which is sufficiently near to the surface
to pump at a profit, say within 250 feet, or which, although found at a
greater depth, will rise under artesian pressureto or near to the sur-
face, can be utilized. Obviously this useful surface zone is most
sensitive to diversions of the supply, or to any of the forms of drain-
age which are included in the general term ‘‘development.” No
matter from what part of a reservoir the water may be drawn, the
surface will be lowered; hence the fact that an enormous quantity
of water is stored beneath the coastal plain has no particular bearing
upon the practical aspects of the case. The amount of water within
reach and the rate of its withdrawal and replenishment, not the total
amount existing, are of moment to the water user. Thus in this
discussion the exhaustion of the underground supplies means the low-
ering of the water level until the cost of pumping absorbs all the
profits from the crops raised and so becomes prohibitive.

With the original ground-water level and the original outlines of
the artesian basin in the Downey and Las Bolsas quadrangles, there
was but little if any of the valley or mesa land which did not have
water within easy reach. With the shrinkage of the artesian belt,
a broad zone along the north edge of the Downey quadrangle in
which water originally flowed, was thrown into the pumping zone.
Water here now has to be lifted and there is a tendency to complain
because of the increased cost and trouble of this method. The
general effect is excellent, however, because there are few artesian
wells which are not misused. This cheap form of water induces care-
lessness, almost invariably more water is applied than is needed,
and the result is not only a loss of water but injury to the land.
With the more costly pumped water, greater care is exercised in its
application. It may be stated, then, that throughout the zone origi-
nally artesian, but no longer so, a marked saving has been effected
in the amount of water used, even where the acreage under irrigation
has not diminished.
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The rate of the general lowering of the water plane throughout the
central coastal plain belt and the accompanying contraction of the
artesian area have of course been accelerated by the series of dry
years from 1893 to 1900, and by the moderate rainfall slightly below
the average since. In consideration of the fact that all of the
changes in natural conditions which are due to man’s use of water
have tended to reduce the supply and so to disturb the balance, of
which the original artesian outlines and the original ground-water
level were the expression, it must be concluded that a part at least of
this lowering and contraction is due to development and is per-
manent. ’

Furthermore, so long as the new developments result in adding to
the amount of water produced in a given area, the decline must con-
tinue. With the decline, springs decrease in yield or cease to flow,
artesian wells fall off in output, and pumping plants are used more
sparingly, because the water has become more expensive, so that
finally the decrease in the amount of water secured by these means
reduces the output to an equality with the supply. Then a new
balance is reached, and the water level no longer falls. The point
at which this new balance is reached depends upon the amount of
development. The greater this amount the lower the water level
will fall.

The rate of this lowering, even under the influence of the great
development which has taken place in the coastal plain, especially
within the last decade, has been very slow, even during the dry years,
and will be still slower during years of average rainfall, because the
body of water drawn upon is so great and the accessions from floods
and return waters so nearly balance the withdrawals. It will not
continue indefinitely if development ceases now, because the drafts
decrease as the water plane lowers and the artesian area shrinks,
and probably in part because with the drainage of the gravels the
absorptive capacity is increased, so that a smaller proportion of the
occasional floods escapes over them to the sea. But the shrinkage
which is now in progress and which is expected to continue inter-
mittently for some years, being interrupted by periods of partial
restoration durjng winters of unusual rainfall, does not affect all
parts of the coastal plain alike. Always those parts of an artesian
belt which lie nearest its lower edge are affected last and least by
the shrinkage. Wells will continue to flow here after they have
ceased elsewhere, and pressures will be maintained here after they
have seriously diminished at other points. It is probable that in
so large a basin as that of the coastal plain some of these most
favorably located wells will never cease to flow.
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The favored places for tapping the ordinary ground waters are not
distributed exactly as are those for tapping waters under pressure.
Ground water will always be found near the surface, just above the
upper edge of an artesian area, but in addition it is not infrequently
found within easy reach near the source of supply for a basin, as
just below the Paso de Bartolo, while the decline is greatest in some
intermediate region. If ground water remains close to the surface
near the intake of a basin, while its levels are generally lower in other
localities, it is because there is some obstruction below the body of
ground water which holds up the percolating moisture for a time.
Such an obstruction may be a bed-rock shelf, extending out from
near-by bed-rock hills, or it may be only a body of fine clay or dense
alluvium. ,

Declines will likewise be greater in the immediate vicinity of
developments, unless those developments are along a line of strong
underground flowage, in which case the effect of intercepting this
flowage may be more marked at some point below, which is sup-
plied by it, than in the immediate neighborhood of the intercepting
wells. In the relatively fine sands and gravels of the coastal plain,
however, through which the water probably percolates ordinarily
at a rate of less than 25 feet per day, the effect of a battery of pumps
must be to draw out the near-by water more rapidly than it is replaced
by the slow inflow and thus to lower the water plane locally to a
marked degree. With the cessation of pumping, this zone is filled
again by infiltration from the surrounding saturated gravels, the
effect being finally to spread the depression in the water plane over
an area so wide that it is no longer measurable.

A continuous series of observations upon the fluctuations in the
ground-water level has not been maintained at any point in the area
under discussion, but at Anaheim, a few miles east, systematic
records have been kept since February, 1898, by Mr. J. B. Neff.
These are of great value for comparison with rainfall records, and
when so compared throw much light upon the relative importance
of development and drought in bringing about the decline in water
levels which has been so generally observed throughout southern
California during the past decade.
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Rainfall, in inches, at Anaheim, Cdl.

Year. July. | Aug. | Sept. ‘!Oct |Nov. Dec.{ Jan. \Feb. Mar. | Apr. | May.|June.| Total.
1878-79. ... ... .. 0.00 | 0.00 | 0.00 ‘ 0.15] Tr. | 0.95 ! 0.57 | 0.35 | 0.37 ’ Tr. | 0.00 4.35
1879-80............. 00 00| .00| .11 172|310 \ 1. 32 1.57 | 2.20 0.00| .00} 11.31
1880-81............. 00 .00/ .00 1 .28 | .44 4.92 .85, .06 | .00| .00 7.08
1881-82..... . ..... 00| .00| .00 { .81 .34 .37 .40 1.9() 2.42| .48 | .40 | .00 7.12
1882-83............. 00 .00 .00 .26 .78 .00 | 1.48 \ 1.98 | 1.22 .10 ] 2.78 1 .00 8.60
1883-84. .. ... ..... 00, Tr. .00 | 1.12 .00 | 1.40 | 2.80 10. 58 6.70 { 1.75 .54 | 1.28 | 26.17
1884-85.... ... ... 00| .00} .00 l 15| .64 1 3.72 | .61 i .00 .64, .00 .00 5.76
1885-86.. . ... ..... 00| 00| .00 Tr.|2.93 116} 4.63 | . 82 2.70 | 2.51 | .00 | .00 | 1475
1886-87......oo...t 00 Tr.! .00 .00| .33[ Tr.| .43 |5.71 .00 | 221! Tr.} .00 8.68
1887-88.. ... .. .... 00 .00 Tr.! .75 .92|2.16 |6.20| .92 590 | Tr.| .00 | .00 16.94
1888-89. ... ... ..... Tr .00 .00 | Tr.|8.75|419| .14 1.28| 7.97 .24 | .57 .00 18.14
1889-90............. 00| Tr.| .76 {2.31| .30 (10.95)3.36 | 1.5¢4 | .78 | .00 | Tr.| .00 | 20.00
1890-91.. ... ...... 00| .00 | .29 00 .19 | 3.36 | .24 9.05 .59 | 1.81 | .40 .00 15.93
1891-92. ... . ...... 00| .00} .00 00| .00 1.44 | .7712.35|1.23| .15| L.48| .00 7.42
1892-93..... ... .... 00| .00| .00 19 ' .94 | 1.48 | 2.98 | 2.06 | 6.07 .23 .00 | .00 13.95
1893-94............. 001 .00 i .00 00| .30 2.38| .68 .35 .48| .13 | .10} .00 4.42
1894-95. ... .. .... Tr Tr. J .10 00 .00 | 5.69 | 6.92 | .68 2.63 .05 | .10 .00 16.07
1895-96............. .00l 00| .00 .00| .97 ! .48|3.25| .00 |3.03| Tr.| .00 | .00 7.73
1896-97. ... .._.. 060} .00! .00{1.98|1.40 | 1.59 |8.,00|4.35(2.20, .00, .00 | .00 | 14.52
1897-98. ... .. ...... 00| 00| .10,1.60] .00: .00 |1.65| .10 1.00| .20 1.00]| .00 5.65
1898-99............. 00| .00| Tr.| .00 00| .20}278| .15|1.61| .20 .00| .51 | 5.25
1899-1900........... 00 .00 .07)1.32) .84 1.45]1.29| .00} .73}1.09)1.49| .09 8.37
1900-1901.... .. ..._. 00 .00 .00 34| 4.81 .00 | 3.50 | 3.11 .59 | Tr. | 2.30 .00 14.65
1901-2.. ... ... ... 00| .00| .00 1.34 .50 | .00 | 1.70 | 3.16 | 3.20 11 .07 | Tr. 10.08
1902-3.... ... ... Tr .00 .00 40 | 1.36 | 3.83 | 1.22 | 2.61 | 5.58 | 4.47| .00 | .00 | 19.47
1903-4............_. 0] .00 .38 06 00 : .00 ’ .19 1.39 [ 3.61 | .82 | (D) .00 6.45

Average, twenty-six years, 11.45 inches.

The Anaheim records have heen discussed in an earlier paper;®
but as the conclusions to be drawn from them are of general interest,
a résumé of the discussion is repeated here.

For purposes of comparison with Mr. Neff’s profile, the rainfall
records at Anaheim and Los Angeles have been plotted in such a
way as to bring out particularly the departures from the average
at each of these places. At Anaheim rainfall records covering a
period of twenty-six years are available, and the average for this
time has been 11.45 inches. At Los Angeles records have been kept
for twenty-seven years, and the average is 15.35 inches. The San

« Water-Sup. and Irr. Paper No. 137, U. S. Geol. Survey.
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Bernardino average for thirty-four years is 15.06 inches. In the
charts which have been prepared these averages are selected as base
lines, and the amount of rainfall in excess of the average for any

ssao%3

Now b N e

N
Sis
a9

Adua1di49(
N oo b ow N

€8,
€318,
L8,
8,
68,
€6,
6,76,
96:G6,
L6,
66:86,
20,
. Eo‘

d

aeay
{6;06,
26;16,
€6:-26,
26,96

86,
10-00,

28:18,
€8;28,
v8;
98,58,
18,98,
98:.
00,66,
20-10,
€0;

+0.

g|¢

=}
F16. 1.—Chart showing departures from average rainfall at Anaheim, Cal. @ Average for 26 years
(11.45 inches).

6,

year is plotted above this base, and the deficiency for any year below
it. Thus one sees at a glance what years are years of excessive
rainfall and what are years of deficiency.
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Rainfall, in inches, at San Bernardino, Cal.

i -

Year. July.' Aug. i Sept.| Oct. | Nov. | Dec. | Jan. | Feb. JMm’. ‘ Apr. |May. | June.| Total.
—— | — - ! ,),—‘)77}47‘7‘,, [
1870-71. . ..oooeennn. 0.00 | 0.00 | 0.02 | 0.09|3.11 ! 0.8 : 6.91 | 2.21 | 0.19 | 0.34 | 0.11 | 0.07 | 13.94
1871-72. ... ..... 00| .04) 130 .60 .88|3.91 .00 2‘20’ 37 .79 | 06| .00 | 8.98
1872-73. .. oooenennn 00| .18| .04 .00)1.17 | 4.40 6.50 { 1.25 | .51 | .84 | .21| .00 | 15.10
1873-T4. . ... ..... .00 | 1.06 | .02| .01| .74 |5.73 551|876 |1.08; .48 .42 ,00| 23.81
187475, oiveenn. .00 | .00 .06|1.82]1.88 220 (7.20| .15 .22| .07 .05| .00 | 13.65
187576, .. oonne.. 200 | .00 |. .00 | .00|7.50 | .02]655 192 3.41| .4 .03 | .03 19.90
1876-77. . .oennn.. .00 .00 00| .20 .40, .00 |3.50{4.03| .8 | .26| .30 | .00| 9.52
187778 ooeinee. | 00! .00! .00| .86| .50 3.95:3.33|6.68 257 | L71] .66 .07 20.33
1878-79. ... ......... | o7 I 00| .02 .14| .05|4.70 {3.59 | 1.00 .50 | 1.20 | .24 | .03 | 11.54
1879-80. . ... ounnnn. | 1] 02| .o1| .o1|3.40 6.5 .56 |1.33 [ 1.45 | 5.00| .0¢| .00 | 20.36
1880-81. .. ounnenn. " .00 00| .00 .14| .67 880 |1.40| .36 |1.66| .46 | .01 | .00 | 13.50
1881-82............. ‘ 00| .00 .00 ] .80 | .27 ' .50 | 1.11|2.65]3.30 | 2.91| .00/ .00 11.54
1882-83.....einnnn .. 00| .00! .00 | 10| .15 .45/ 1.60 | 110 |2.82(2.95| .00 | .00 9.17
1883-84...... e 19 .00, .53 .85' .09 |2.63|1.63 12.20'9.95 |5.68,3.17 | .59 | 37.51
1884-85.. ... ...... ,-00| .00, 00| .00, .11(3.75{279| .11 .28| 189|160} .19 | 10.81
1885-86. ... ........ | 00| 00| .00 .39 436 120|634 252 418 236 .32/ .16| 21.83
1886-87_ ... .. ... P00 .00 00| .00 .11 | .61 .39|6.44{4.41|1.90] .42 .22| 1450
1887-88. . ........... Uoanf cos| oo |17 |22 | 101|401 |3.60|34| .58 .52| .03| 17.7
1888-89. .. ... ...... 00| .00 .00| .05|412|46+] .03|1.50 |6.55|2.05  1.13| .00 20.97
1889-90............. .17 | .63 .11 2.30 | 2.23 |10.85 | 5.44 | 2,52 | .89 | .00 .31 | .00 25.45
1890-91............. 3216 .ss! sl roriszoz| 00l o6 .53 167! .00 : 18.08
1891-92. ... ... .... P .00 .91 | .93 Tr.| Tr.|L67|3.24(3.30 175 | .37 2.10| .08| 1435
1892-93.. ... ....... V 00| .00 .00 .16|1.02|2.23|4.53!3.37|800| .48 | .03| .00 | 19.82
1893-94... .. .. .... “ 20| .00 .05|1.05| .30[2.28|1.26 .88 |1.15| .40 .56 ! .00| 8.13
1894-95. .. .. ....... ;.00 .16 37| .15 .00|7.25|7.39 1.14 | 3.44 | .64 | .44 | .00 | 20.98
1895-96....... .. ... . .00 00| 00| .00|1.14| .66 202 .00|2.92| .37 (100 .00| 811
1896-97.. ... ..... I re.| 17| 00210 08! 1.09|3.40 540|341 | .08| .11, .00| 16.7
1897-98............. Tr.| .00 .13 {210 .21| .57 210 .60 | .97 | .48 1.08) .00 | 8.24
1898-99............. 00| .00 .00 .03, .05 .44203| .51(3.22] .07, .19 | .95, 7.49
1899-1900........... booo| | o1 .81 o147 | .8 | 92| .00 .92|196|1.71| .00 8.64
1900-1901. .. ... .... 34| .00 | .23| .36 6.10 | .00 | 3.48 4.58 | .43 | .56 |1.23 | .05} 17.36
1901-2.............. 00| .27 | .07 109 .28 .04!1.65)|3.02|3.8 | .57 .12| .15 | 1L.15
1902-3............. 01| .00 .00 .09 ! 1.94 | 1,94 | 1.96 | 1.67 | 6.47 [ 3.10 | .2¢4| .00 | 17.42
1903—4.. ... L00{ 15| 46| .07 | .00 .00| .18 /221|534 | .80 | .16 | .00 | 9.37

Average, thirty-four years, 15.06 inches.

Since the rainfall which is most efficient in supplying the surface
and subsurface waters of the coastal plain is that which falls in the
mountains in which Los Angeles, San Gabriel, and Santa Ana rivers
rise, the Los Angeles and the San Bernardino rainfall charts are of
more value for purposes of comparison with the profile of the water
level than the Anaheim record, which indicates coastal conditions.

Each of these records shows that during the past eleven rainy
seasons there has been a marked deficiency. For seven of the
eleven this deficiency aggregates about 52 inches at Los Angeles and
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about 45 inches at San Bernardino, while the other four years give
excessive precipitations of 12 inches at San Bernardino and 7 inches

Inches
23

22
21

20
19
18
17
18
15
14
13
12
H

§530x3

)

vNow SN oW

15.06
inches

A2u310149Q
® N O v P ow N

A

€8,
v8
58
6,
S6,

6-£€6,
£6-96,
86,

00,66,
20,

Jeay
+0,€0,

9,

.
0y

28-18,
€8-28
8-
98-
1£8-98,
88-.8
68-98,
06,68,
16-06,
26-16,
€6-26,
$6
96,
86-L6,
66
10;00,
20-10,
€0

F1a. 2—Chart showing departures from average rainfall at San Bernardino, Cal. @ Average for 34
years (15.06 inches).

at Los Angeles. The average deficiency during the period, there-
fore, has been about 26 per cent at Los Angeles, 20 per cent at San
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Bernardino, and 11 per cent at Anaheim. So marked a falling off
in rainfall is in itself sufficient to account for much shrinkage 'in
the ground waters, hence a general decline in water levels is not
surprising.

Rainfall, in inches, at Los Angeles, Cal.

Year. %JulyA Aug. |Sept. | Oct. iNov. Dec. | Jan. | Feb. | Mar. | Apr. May.{JuneA Total.
1877-78.. ... ‘ono 0.00 1 0.00 | 0.86 | 0.453.93  3.33 | 7.68 | 2.57 | L71|0.66 0.07 2126
1878-79. ... 00, Tr. .00 .14 Tr. |4.70 | 3.59 .97 | .49 119 .24| .03 1135
1879-80.. ... ....... 00, .00 .00 | .93 3.44|6.53|1.33 L56|L45 506! .04| .00 20.34
188081, ..o ooeee.... Tr. ' Tr.| .00% .14 | .67 8.40|143| .36 166 .46 .01| .00 13.13
1881-82_ ... .. ! .00| Tr.| Tr.| .82 .27| .52|1.01|2.66/|2.66) 185, .63 Tr.l 10.40
1882-83. .. .....oo. 0| 00! Tr.| .05 1.82| .08 (162 3.47 287 .15 2.02| .03 ‘ 12.11
1883-84. ... ....... Tr.| .00 | .00 1.42 | .00 | 2.56 | 3.15 13.37 [12.36 | 3.54 .34 | 1.39 ' 38.13
1884-85. .. ........ Tr. | Tr.| Tr. .30 |1.06 | 4.64|1.05 Tr.| .01 |2.00| .06 Tr.l 9.12
1885-86. . ......... Tr.| Tr. | Tr.| .26|552' 1.6 7.72 | 1.38 | 2.50 | 3.29 .00‘ .01 1 22,31
188587 oeeinnn. 241 .21 | .00 .01 |1.18 .18 .20,9.25| .24;230 | .20 .04 14.05
1887-88.. ... ..... 07| 00| 15| .12| .78 2.67 | 6.03| .77 |3.15| .11| .02 | Tr. | 13.87
1888-89. . .......... 03| .08| Tr.| .36|4.01|6.26 .25| .92 |6.48| .27/ .62 .ooi 19.28
1889-90.. ... ...... .00 | 61| .0 |6.95|1.35 1580  7.83|1.36| .66 | .22| .03 | .02 34.83
1890-91............. I .0 | .03| .06| .03| .13[2.32| .25 |8.56| .41| .26 | .31 .00, 12.36
1891-92 ... .. ... | Tro| 00| .06| .00| .00|1.99 .88(3.193.39 .22|2.06 .06 1185
1892-93. ... ... ... | 200 .01 .00| .33|4.40|4.18|6.29 | 227 8.52| .19| .06 | .03| 26.28
1893-94............. 00! .00 Tr.| .75| .20!3.65| .94 .49| .37 .13| .20 | Tr.| 6.73
189495, ... ....... Tr.| .01 | .73 .02| .00)4.62 |58 | .46 |3.77| .46| .19 | .01 | 16.11
1895-96.. ... ....... Tr.| Tr.| Tr.| .24| .80 | .78 13.23| Tr.|2.97| .19| .30 . Tr.| 8.51
1896-97........ ... 02| .01 ! Tr.|1.30{1.66 212 |3.70 | 5.62,2.31| .02 .10 | Tr. | 16.86
1897-98. . ........... Tr.| .00 .00|2.47| .01 .05 1.26| .51/ .98 | .03 |1.75| Tr. | 7.06
1898-99.. ... ...... 07| Tr.| 02| .00( Tr.| .12|2.64 .04 1.81| .18 .04 | .58 | 5.59
1899-1900. ... ... 00| .01 Tr.|1.59| .90 | .90 1.17 | Tr.| .99| .54 | 181 Tr.| 7.91
1900-1901.......... Tr.| Tr.{ Tr., .26|6.53 Tr.|2.49|4.38| .45| .68 1.56| Tr.| 16.29
1901-2. ..o Tr., .09 .03|1.88| .46 Tr. 1.62|3.35 298| .16 .03| Tr.| 10.60
1902-3. .o veeaens Tr.‘ Tr. | Tr.| .40 2.08 |2.50 | 2.10 | 1.52 | 6.93 |3.77 Tr.| .02 | 19.32
19034, ..o J 00| Tr. .43 Tr.| .00 | Tr.| .14 [2.68'4.50| .97 Tr.| Tr. 8.72

Average, twenty-seven years, 15.35 inches.

A close examination of the Anaheim profile shows that the decline
was steady and uninterrupted during the three very dry years which
preceded and included the winter of 1899-1900. The succeeding
winter was one in which the rainfall at Anaheim, at Los Angeles, and
at San Bernardino was somewhat in excess of the normal, the excess
varying from 9 per cent at Los Angeles to 28 per cent at Anaheim.

During the early part of the winter of 1901 the Anaheim profile
shows a sharp rise in the water level, the gain during the first three
months of the year being approximately 2 feet, but by the middle of
the succeeding August the water had fallen again to a lower level
than it had reached at any time before this winter, whose rainfall
exceeded the normal.
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In short, the decline continued during a winter of excessive rain-
fall. Throughout the season of 19012 also it continued, but as this
again was a winter of marked deficiency, a loss was to be expected.
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F16. 3—~Chart showing departures from average rainfall at Los Angeles, Cal. a, average for 27 years
(15.35 inches).
But the season of 1902-3 was again a winter of rainfall in excess.
This excess amounted to about 15 per cent of the normal at San
Bernardino, about 70 per cent at Anaheim, and about 22 per cent at
IRR 138—056—3
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Los Angeles. The effect upon the Anaheim water level, while less
marked than that of the heavy rainfall two years before, was more

last ng, the rise of April and May, 1903, not being wholly lost until
January 1, 1904. Since that time there has been no heavy rainfall

and the decline has been continuous.

The important point in this comparison is the fact that the water
level has continued to decline during two years of marked excess in
precipitation. This fact seems to point unmistakably to excessive
drafts upon the underground waters in the region to which it applies.

Direct observations of this kind have not been made in the Downey
quadrangle, where there are only the general phenomena of decline
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F16. 4.—Diagram showing variation of water level near Anaheim, Cal.

from which to draw conclusions. The artesian area exhibits as
marked shrinkage in the Downey as in the Anaheim region, and it is
known that ground-water levels have fallen there markedly. There
are more artesian wells but fewer pumping plants.. Since the yield
of flowing wells is very sensitive to the fluctuations in the ground-
water levels and to the accompanying changes in pressure, while the
output of pumped wells responds much less freely to these variations,
pumping may be considered the more efficient agent in reducing the
supply. So as yet the conditions at Anaheim are thought to be
extreme rather than general. The unlimited extension of develop-
ments, however, may soon result in their becoming general.
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SUMMARY.

The discussion and conclusions as to the underground water
supply in the central coastal plain region may be summarized thus:

(a) The supply is large, since it consists of the water saturating
all of that part of the coastal plain gravels within pumping distance,
say 250 feet from the surface, over an area of 600 or 700 square miles.

(b) The annual additions to the supply are large, consisting of a
part of the flood waters of the San Gabriel, Los Angeles, and Santa
Ana rivers, of the return waters from irrigation on the coastal plain,
of the relatively small underflow of the rivers named, and of local
rainfall upon this part of the coastal plain and the adjacent hills.

(¢) The drafts upon these waters are large and seem certainly
to be in excess of the supply in parts of the area at present.

(d) With present developments the water plane is expected to
continue slowly to decline, and the artesian area to shrink until
drainage is checked by these shrinkages at a point where it no longer
exceeds supply. This decline should not prove serious if present
developments are not greatly increased.
~ (e) So long as water developments continue at a rate which

increases the output the shrinkage will continue.

(f) The lowering of the ground-water level and the shrinkage of
artesian areas, even with continued development, will no doubt be
interrupted by periods of rising water levels and expanding artesian
areas, which will follow seasons of excessive rainfall.

(9) The shrinkage of the artesian belt will be most manifest along
its northern edge. The effect farther south will be rather a decrease
of flow and a lessening of pressure.

(k) Shallow artesian wells will generally be affected earlier and to
a more marked extent than deeper ones.

DESCRIPTION OF MAPS AND TABLES.

The maps in this paper show the lands irrigated in 1903-4, the
irrigation canals, all of which head in or near the Paso de Bartolo,
the present and the original artesian basins, and the location of
wells, artesian, pumped, or domestic, in the Downey and Las Bolsas
quadrangles (Pls. I, TI, and IV).

The irrigated lands and those not irrigated are less clearly differ-
entiated in the naturally more or less moist lands of the lower parts
of the coastal plain than on the dry mesa and bench lands, and
irrigation practice is often vague and unsystematic there. In many
cases winter irrigation is practiced, the waters of the San Gabriel
reaching the lower stretches of the river channel or the lower ditches
only at this season, when water is abundant. It is then used to
augment the rainfall on pasture lands. Irrigation of this type is
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included in our classification of irrigated lands. The total area
under irrigation in the Downey and Las Bolsas quadrangles is nearly
45,000 acres, or about 25 per cent of the total area.

The map of the artesian basin, past and present (Pl. I), is self-
explanatory. It is to be said, however, that the boundaries differ
for wells of differing depth, since deep wells may flow when they
are some distance farther north than shallower wells that have
ceased to flow. .

As the limits have been drawn on the maps they include within
the artesian area all wells flowing at the time the data were collected
in the summer of 190<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>