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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
DivisioN oF HYDROGRAPHY,
Washington, D. C., June 29, 1901.

Sir: I have the honor to transmit herewith a manuseript concerning
the development and application of water in southern California,
prepared by Mr. J. B. Lippincott, resident hydrographer for this Sur-
vey in California. This paper describes the general conditions of
water supply in an important and densely populated agricultural
area, where water has probably the greatest value for irrigation of
any part of the United States. The data are of particular interest
because of the development made during the series of dry years
which culminated in 1890. Every possible expedient was resorted to
for economizing or increasing the supply of water; tunnels were
driven into the hills, dams were built to bed rock in the canyons,
and wells were dug or drilled throughout the valleys. Almost every
conceivable device for pumping water has been employed and great
ingenuity displayed in bringing water to the orchards and more
valuable crops.

The details of some of the works and wells have been brought
together by Mr. Lippincott and form an exhibit of results accom-
plished under conditions where water has great value. The results
are instructive, as showing what may be done in other parts of the
United States under favorable conditions of climate and soil, and
have peculiar interest in any consideration of the extent to which the
Arid Lands can ultimately be redeemed by irrigation.

Very respectfully,
F. H. NEWELL,
Hydrographer in Charge.
Hon. CHARLES D. WALCOTT,
Director United States Geological Survey.






DEVELOPMENT AND APPLICATION OF WATER NEAR SAN
BERNARDINO, COLTON, AND RIVERSIDE, CAL,

PART I.
By JosEpH BARLOW LIPPINCOTT.

GENERAL LOCATION AND TOPOGRAPHY.

Owing to the uniformity and mildness of its climate, the grandeur
and diversity of its scenery, and the great variety and vigor of its
vegetation when furnished with moisture by irrigation, southern Cali-
fornia has become the pleasure ground of the United States. In its
semitropical valleys, lying between snow-capped mountains and a
mild sea, art, refinement, and wealth have combined to make beauti-
ful homes. The narrow strip of land lying between the mountains
and the sea is fast becoming the Riviera of America. San Bernardino
Valley is its garden, furnishing many varieties of deciduous and semi-
tropical fruits for Eastern and domestic markets. Riverside and
Redlands are the two principal centers of fruit production.

This valley is protected from the cold winds off the desert on the
north and east by the Sierra Madre and San Bernardino Range, the
elevations of the crests of which vary from 5,000 to 10,000 feet. To
the south and west the valley is inclosed by low mountains, which
form a secondary coast range, the highest peaks of which are in the
Temescal Range to the south, the lowest in the San Jose and Puente
hills to the west. The latter separate San Bernardino Valley from
San Gabriel Valley and the Santa Ana coastal plain. San Bernardino
Valley somewhat resembles a right-angled triangle, the apex being at
the point where Santa Ana River leaves the mountain range, the base
extending from Corona io Lordsburg, 24 miles distant, the right angle
being at Corona, and the height 32 miles. The area of the valley is
563 square miles. The streams enter it from the north and east, com-
ing from the Sierra Madre and the San Bernardino Mountains, with
the exception of San Timoteo Creek, which discharges about 1 second-
foot in summer, and Temescal Creek, which irrigates 3,600 acres.

The Riverside district is on the south side of the valley and is irri-
gated from return water, from pumping plants, and from artesian
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12 WATER IN SOUTHERN CALIFORNIA, PART I. [NO.59.

wells. The city of San Bernardino and its surrounding neighbor-
hood are similarly supplied, supplemented also by Lytle Creek.
Corona is irrigated from Temescal Creek and from local wells, sup-
plemented by a pumping plant and pipe line from the water-bearing
lands of San Jacinto Valley. All of the remaining orchards and
gardens of San Bernardino Valley are on the northern and eastern
edge of the valley and are supplied from local mountain drainage
basins.

During years of average stream flow the duty of water for citrus
fruits may be taken at from 5 to 8 acres to the miners’ inch (0.02 second-
foot), continuous flow, when good service is rendered, and double that
area when used for deciduous trees. ‘

All of the streams issuing from the north side of the valley have
assisted in building up a bench-like mesa of débris cones of granite
material, which varies in elevation from 800 to 1,200 feet above the
thalweg of the valley. The northern rim of the valley at the foot-
hills is at an elevation about 2,000 feet above sea level and the south-
ern rim at an elevation of approximately 1,200 feet. On the southern
side of the valley the mesa which lies next to the foothills is formed
to a large extent from disintegrated granite mingled with red clays
from San Timoteo Canyon and adjoining hills. Upon this bench are
Riverside and Redlands, and it is from the red soil that the latter
distriet derives its name. The Riverside bench is from 100 to 300 feet
above the river bed and from 850 to 1,000 feet above sea level. It is
20 miles long and about 5 miles wide.

Water is the life blood of the land. Without it there can be no
substantial growth, except occasional crops of grain, and this region
would become a semidesert. We therefore find (see map, Pl.I) the
towns and orchards clustered around the mountain edges, the can-
yons from which the streams issue, or in the lower depressions of
the valley toward which the underground and return water from
irrigation gravitate, to appear again for use on the surface, as at

.Colton and Rincon. The intermediate lands remain mostly unused
and uncultivated, a few cattle to the section or an occasional erop of
. grain being all they will support. The highly productive portion of
the valley is limited by the amount of water that is available for
irrigation. All of the summer and much of the normal winter flow
of the streams has now been appropriated and diverted, and it would
seem that the valley had reached its limit of irrigated land from
that source. However, in the lower valley lands the extensive sat-
urated gravel beds will be drawn upon to supplement the surface
supply, especially during dry years. The precipitation occurs almost
entirely between November and April, and in normal years varies
from 10 inches in the valley to 50 inches on high mountains. The
minimum is as low as 33 per cent and the maximum as high as 200
per cent of the mean. The discharge of the streams is relatively large
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in winter and low in summer. The increase of the summer water
supply is dependent upon the construction of reservoirs in the moun-
tains, to store the winter storm water, or upon the development of
water by wells or excavations in the valley lands.

The map accompanying this report (Pl. I) shows, by shaded areas,
the land actually under irrigation and supplied or partially supplied
with water during the summer of 1900. No effort has been made to
distinguish between good and poor water supplies. Theirrigated areas
were determined by actual field observations, those in the Redlands
quadrangle by Mr. Louis Mesmer, and those in the San Bernardino
quadrangle by Mr. C. J. Roney, both of Los Angeles. The various
irrigation canals and the principal distribution lines are also indi-
cated on the map, as well as the locations of the power plants on Santa
Ana River and Mill Creek, the approximate location of the water
plane for the summer of 1900, and the locations of the wells. The
numbers on the map correspond with the numbers of the wells in the
table on pages 115 to 134 (Part II). Where isolated wells occur and
the information is not sufficient to contour the water plane, its ele-
vation is given (black figures) on the map.

SOIL.

The soil of the valley is of two distinet classes, the bench or delta-
like lands around the rim of the valley and the moist bottom lands.
The former merge from mere piles of rocky bowlders and sand con-
taining little humus or soluble matter but which are eapable of grow-
ing orchards, to sandy loams such as are found around Riverside.
They are very deep and apparently of the same chemical composition
in the lower strata as at the surface. They are warm and porous, and
on such surface gradients that they are well drained, so that there is
no danger to either the crops or the health of the cultivator from a
rising and stagnant water plane with its accompanying alkali. Prof.
E. W. Hilgard, professor of agriculture at the University of Cali-
fornia, furnishes the following analyses of the Riverside soil and
subsoil:

Analyses of soil and subsoil at Riverside.

Soil, | Subsoil, Soil, | Subsoil,
depth 12| depth 9 depth 12| depth 9
inches. |tol0feet. inches. [tolllfeet.
Per cent.| Per cent. Per cent.| Per cent.
Coarse materials ............ 20. 000 23.000 || Alumina ............o.oe... 5.296 5.078
Fineearth - .............o.... 80. 000 77.000 || Phosphoric acid --..c....... .141 .159
Sulphuricacid ... ........_. .001 . 001
Insoluble matter ... ...__._. 76.410 75.445 || Water and organic matter. 1. 600 1.440
Soluble silica ..... -- 8.204 8. 066
Potash. ... - . 869 928 Total cooveeiaaaa| 99 947 100.172
Soda ...... - .293 0360 | Homus ... ..o oo oo 20,000 | ..
Lime._ .. . 1.568 1.727 || Availableinorganicmatter.] 64.000 |.._..._._.
Magnesia ..o ocooooooo 1.325 1.581 || Available phosphoric acid . R 015 P
Brown oxide manganese.... .040 .041 || Hygroscopic moisture ab-
Peroxideiron ..........._... 4.200 5,338 sorbed at 16°C ... ... ... L7 2.160
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In the lower portions of the valley, where the water comes to the
surface, the land is moist enough for cultivation without irrigation.
Fields of alfalfa are thus grown around San Bernardino, Colton, and
Rincon, and it is upon land of this character that the Chino beets are
raised. Where the subdrainage is poor the continuous evaporation
from the surface of the soil of water that is but slightly charged with
gsodium, earbonate, and sulphate will ultimately produce an alkali
soil. This has occurred frequently in these localities. It is claimed,
however, that the sugar beet will thrive on land somewhat alkaline,
and this is said to have been demonstrated at Chino. In these bottom
lands some adobe is found, but it does not cover extensive areas. The
remedy for this alkali condition will probably be found in drainage
and in the use of gypsum.

CLIMATE.

It has been said of southern California that every township has a
distinet climate. It has taken years of time and the expenditure of
thousands of dollars to determine the frost line. There is no pro-
tracted cold weather in San Bernardino Valley. A temperature of 26°
F. maintained for several hours will freeze and ruin an orange or
lemon crop, a temperature of 18° will kill young trees, and a temper-
ature of 14° maintained over night is sufficient to kill old trees. These
low temperatures are reached only during the night. The isotherms
follow topographic contours within certain limits. The frost and cold
settle into the relatively low lands, but other local conditions tend to
modify this physical phenomenon.

The air over the desert east of the mountains is raised to a rela-
tively high temperature during the daytime and is foreced upward.
In the citrus belts frost usually occurs when a high barometric pres-
sure exists over the desert, producing winds away from that locality.
The air currents that are forced over the higher mountains are
chilled and frost is found along the depressions of the canyons lead-
ing from their crests, while the drafts of desert air passing through
the low passes are warmer. The areas affected by frost vary from
year to year and no exact isotherms can be drawn for all years. After
entering the valley the cold air, being relatively heavier, gravitates
~ to the lower levels. The north wind from the Cajon Pass, which pro-
tects Rialto, Riverside, and Bloomington, seems to force the colder
air which gravitates toward the lower portions of the valley around
Colton into the extreme lower portion of Santa Ana Valley.

Up to elevations of 2,000 feet the relatively high lands are free from
frosts and the relatively low lands are subject to it. For instance, in
the Del Rosa and West Highlands districts the lands south of the
track of the Southern California Railroad are considered unsafe for
oranges while those above it are relatively free from frost. The
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neighborhood of the town of San Bernardino has been largely aban-
doned as a citrus distriet and converted into dairy, vegetable, and
deciduous-fruit farms. This determination of the frost line is a sub-
jeet of vital importance to those intending to cultivate citrus fruits,
and can not be studied with too much care. After orchards have
been developed it has often been found that they are not within the
thermal belt, and vigorous efforts have been made to remedy the evil.
Thermometers which ring alarms when the mercury drops below 32°
have been constructed and placed in the orchards. A common prac-
tice is to burn brush or coke, or otherwise produce a smoke, so as to
raise the temperature a few degrees and prevent freezing. Wind, if
there be any, tends to mitigate the frost. In some localities ignited
jets of erude oil or distillate, 15 to the acre, have been tried and have
raised the local temperature 3°, but even this is uncertain, for the
wind blows away the warmer air and the burning oil smuts the trees.
‘When this method is adopted oil tanks are placed in the orchard and
distribution pipes are laid to the jets throughout the groves. A unit
of water in freezing gives off sufficient latent heat to raise the tem-
perature of an equal unit of water 142°¥. 1In order to use the latent
heat thrown off in freezing, Mr. A. J. Everett, of Riverside, tried dis-
charging sprays of water above the trees when the temperature of the
atmosphere fell below 32°. The result, however, was a failure, the
trees becoming coated with ice and the limbs being broken, with no
resultant benefit.

The most successful efforts in the protection of orchards from frosts
have been those of Mr. Everett, who ¢overed 15 acres of orchard with
lath fencing, half the space being open, as shown in Pl. II. The day
temperature under the screen is found to be as high as that outside.
The theory is to hold the day temperature of the earth under the
screen as long as possible at night, or in other words to impede radi-
ation. The shade afforded by the sereen also tends. to prevent rapid
thawing of the fruit and the expansion of the liquid in the fruit cells
at sunrise, which bursts the cells and spoils the fruit. Without fires
under the sereen the night temperature is held 6° above that of the
outside atmosphere. In one instance, with an outside temperature of
19° and with ten coke fires to the acre distributed under the screen
in wire pots holding about 1 cubic foot each, the temperature under
the screen was kept at 29° during the night, and it is said that it
could have been kept at 32° except for carelessness. In the fall of
1897, 75 trees in the coldest portion of an orchard were covered and
the crop was saved. Part of the trees were covered with canvas over
the lath and part with lath only, the results being equally bene-
ficial. Outside the screen both crop and trees were frozen and in
some instances the trees were killed. Inside the screen the St. Michael
oranges, the most delicate, were saved. The crop, however, does not
ripen as quickly under the screen as outside. With lumber at $20 a
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thousand the cost of building the screen is approximately $425 to the
acre. The uprights are 3 inches by 4 inches by 15 feet high, and are
set 21.2 feet apart. The top members are two 1-inch by 4-inch boards
edged in T shape. The top of the screen is of lath commonly used
for chicken-yard fences, openings the width of the lath being left
between them. The high cost of this cover has prevented its being
generally used.

A more even temperature exists nearer the seacoast than in San
Bernardino Valley, and for winter vegetables and deciduous fruits
that may be the better location, but not for citrus fruits. In the inte-
rior valley the temperature during the summer rises from 30° to 40°
higher than on the coast, and high temperatures are necessary for the
production of a sweet fruit. The cooler coast temperatures and fogs
also tend to cause the citrus fruits to grow a thick-skinned, pulpy-
celled lining. The higher temperatures are also unfavorable to the
scale pest, which is the insect enemy to citrus fruits. The black scale
exudes a sticky substance, which falling on the leaves and fruit
retains the dust and gives the trees and fruit a dirty appearance. In
the interior valleys the scale is not found. Generally speaking, in
southern California the best citrus fruit is grown 30 or more miles
from the coast, on the western slope of the mountains, and at ele-
vations from 600 to 1,800 feet above sea. The conditions mentioned
have greatly restricted the area where citrus fruits can be grown at a
profit, and this area may be said to be decreasing rather than increas-
ing. The general development of the country and improved trans-
portation facilities are tending to enhance the value of really first-class
citrus lands. It must be remembered that the determination of the
frost line has been a slow process, but it is gradually being located,
and the newer groves are planted in more propitious places. The
groves located within the frost belt are chiefly old seedlings, now in
full bearing, so that the loss from freezing is relatively much larger
now than it will be ten years hence, for the old orchard lands that
have been found frosty will be put into different crops or their water
rights be transferred to other and better located lands. It is safe to
say that throughout San Bernardino Valley much more land will be
found adapted to this class of horticulture than the water supply will
serve.

From the following tables of rainfall and temperature it will be
seen that during the summer, or growing season, there is an absence
of rain. In fact, from April 1 to November 1 there is practically con-
~ tinuous sunshine. The atmosphere also is very dry. These two con-
ditions produce a rapid plant growth when water is abundantly sup-
plied by irrigation. Vegetation develops with much greater rapidity
under these conditions than at similar latitudes in the Eastern States.
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Table of temperatures, in degrees Fahrenheit, at Riverside,*

Jan. Feb. Mar. Apr. May. June.
g d,8 | 8| & gl d)g)d| 4| 8] &
Year. 2 =] g o] ] = =4 3 g g 2 ]
g1 8|8 | 8|8 | 8| 88|88 |81 8]+8
% ‘| % ‘a 1% q H a I a8 ¥ g
o3 o < o < — 3 o o3 = < o
= E = A = = = = = B = =
1890 . ..........| 66 26 82 28 83 32 93 36 96 38 108 44
1891, mean ____ 49.3 48.0 53.8 57.8 60. 3 67.6
1892, mean ... 53.4 53.8 56.6 59.8 64.9 68.2
1893, mean ... 52.5 50. 4 51.5 60.7 64.9 70.8
1894, mean . __. 47.3 48.4 54.2 60.3 62.4 63.8
1895, mean . __. 49.8 50.8 56.7 60.6 67.7 71.4
1896 -..| 65.47) 41.67] 71.81] 43.22 70.10 46.10; 69.20] 41.70] 79.75 50.37 90.39] 56.40
It 35 76 31 80 28 93 36 93 44 100 48
83 30 86 36 83 31 104 36 78.2 | 47.6 | 99 46
65 40 86 28 88 32 96 36 90 38 102, 46
69 45 73 42 75 47 69.59 43.37|. o lioefeaeaaos [,
| July. Aug. Sept. Oct. Nov. Dec
g i | 8 i | d - i | 8 |
Year. = 5 = 5 g g 2 § s 5 =1 5
e gEJE8 |8 || 8|8 8|8 8| 8] ¢
i | 8| & B | & E|&|E| 8|5 & |E
= - = = E 2 = = = = = =
1890 ... 106 50 105 52 104 49 97 38 95 36 78 34
1891, mean -___ 8.2 71.8 70.0 66.6 58.4 48.3
1892, mean ... 73.1 74.3 0.4 62.0 59.5 51.0
1893, mean .... 4.8 5.7 65.5 62.0 54.0 54.0
1894, mean -... 5.2 4.4 71.6 64.8 6.5 53.2
74.8 75.2 71.6 6.0 56.6 51.4
91.65] 76.02| 89.60| 57.90| 87.64| 54.58) 83.03] 52.23| 70.03| 5457 68.57| 43.47
50 108 52 100 46 84 42 89 35 86 20
52 m 51 112 47 100 41 93 36 80 31
49 103 49 107 52 94 40 34 38 84 35

2 Authority, Weather Bureau.

Record of precipitation, in inches, at Riverside.

Year. Sept.| Oct. | Nov.| Dec. | Jan. | Feb. | Mar.| Apr.|May.|June.|July.| Aug.} Total.
1880-81. - 0.00 | 0.00 { 0.20 | 2.26 [ 0.48 | 0.25 1 1.30 | 0.74 [ 0.03 | 0.00 | 0.00 | 0.00 5.26
1881-82. . eeeeeen| L0 40 .25 .40 1.70 | 1.4011.08) .72 .08 .18 .00{ .00 6.31

83, . . .20 .09) .83 .89 .26( .25 00| .00| .00 2.94
2.25| .84 |7.94(6.56|1.6711.99! .52 .00 *3.00| 25.7¢
2.66| 77| 00| .01 215 .24] .00] .00| .00 5.97
.62 2.68|1.38(1.95{11.43| .00| .00} .00| .00 9.42
04 L13(3.30 | .02 (1.7 A7 .02 00| .00 5.92
.85 14.17|1.05(3.84| .18 .05| .00| .00 | .00 | 11.%5
3.37| .87 1130510 1.83 | .25 .00] .00 .00| 15.55
7.10 { 4.44 [ 1.96| .60 | .06 .09| .00 | .00 | .05| 18.26
3.21| .13(6.86| .40 /1,04 .46| .00 .00| .00 | 12.84
1.29( 001260107 .00{1.32] .00 .00} .00 6.44
.94 1301 |1.9 |5.71] .29] .04} .00 .33} .00} 12.79
2051 69| .33| .70 .00| .00| .00| .00 .26 7.05
522|648 |1.09(254| .29 .26} .00} .00| .00| 16.13
241172100316 .56 | .58 .00 .01 | .02 7.54
.92 /3.38,3.07|1.62| .03| .03| .00| .00| .04 | 12.64
95141 .16 | .62 | .2¢| .80| .00 | .00| .00 5.46
.62)1.8¢ 52113} .10 .08 .53| .00 .00 5.00
.58 | 1.11| .00|1.11|1.32|1.04| .00| .00| .00 6.8
..................................................... 10.00
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Record of precipitation, in inches, at San Bernardino.

Year. Sept.| Oct. |Nov.| Dec.| Jan. | Feb. | Mar. | Apr.| May. June.|July.| Aug.| Total.
0.00 | 0.39 | 4.36 | 1.20 | 6.34 | 2.52 | 4.18 | 2.36 | 0.32 | 0.16 | 0.00 | 0.00 | 21.83
00 . 1) .6l .39 6.4 4411190 .42 22| .11 | .04 | 14.50
.09 1.17 | 2.29 | 1.91 | 4.01 | 3.60 | 8.41 | .58 | .52 03| .00 | .00| 17.76
00| .05 4121464 .93|1.506.55]2.05]|1.13 0 | .17 | .63 | 20.97
L1111 2.30 | 2.23 110.85 | 5.44 | 2.52 | .89 00| .31 00| .13[2.16 | 25.45
.88 1 . 1.27 18.02' .00(7.781 .06 53 | L.67 00| .00 .91 | 18.08
93 T T. {1.67 (824|330 1% 371210 08| .00| .00| 14.35
L00 [ .16 | 1.02 | 2.28 | 4.58 | 5.37 | 8.00 48| .03 0] .20 .00( 19.82
05(1.05) .80 | 228 |1.26| .88 | 115 40| .56 00| .00 .16 8.13
37| .15 .00 7.25 | 7.39 | 1.14 | 3.44 64| .44 00| .00 .00 | 20.98
001 .001.14) .66]202| .00|292 371 1.00 00| T A7 8.11
00210} .98 )1.093.40|5.40 | 38.41 0| .01 00| T. .00 16.74
132101 .21 .57 1210 | .60 | .97 48 | 1.08 00} .00( .00 8,24

. 051 .441203| .51(3.22 07| .19 9% | .00 | T. 7.4%
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........................................................................ 15.14
Record of precipitation, in inches, at Colton.
Year. Sept.| Oct. Nov.[Dec. Jan. | Feb. | Mar. | Apr.| May June!July. Aug.|Total.
1885-86..__.._.. ...1 0.00|0.00 | 1.92 | 0.52 | 2.78 | 0.40 | 8.54 | 0.50 | 0.00 | 0.00 | 0.00
00| .80 | .00| .21 |38.64| .00|1.94 T. 00| .00
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.00 | 237|826 | .86 | .88 |4.47(1.02| .60 .00} .00
.59 11,26 | 7.41| .9411.15| .50 .00| .00; .00} .00
000 .19 1245 .00 | 6.481 .25 80| 90! .00| .00
.00 .00 | .87(2.27 (8.3 | .80 | .24}1.44| .00| .00
...... .90 [ 1.45 | 240 [ 2.91 1 6.64| 16| .00, .00, .30
18| 221198 .20 .55!200) .10{ .50} .00 .00
A5 .00 (5,70 2,881 1.002.94:1.08)1.05| .00 .00
.00 1.16| .00 | .10| .00 2.91] .25{ .38 | .00 | .00
.28 | .94 1.11 ;3,52 |3.96|2.70 | .00 .15| .85 | .00
.20 | (?) .30 11,48 .23| .80 .10 .34 .00 | .00
T. T, .45 | 1.57 | .4511.85| 00| .00 T .00
.00 1.96¢ .55|1.06| .00 |.. .

T indicates trace.

CROPS.

The distinctive crop of San Bernardino Valley is ecitrus fruits.
Oranges predominate, followed next by lemons, and of late years the
grape fruit has become a popular product. The favorite variety of
orange is the navel, a seedless fruit which has been highly developed
at Riverside. Other varieties are the Mediterranean Sweet, the St.
Michael, and the Malta Blood. These all are budded fruits on seed-
ling roots. Pl III, A, shows a bearing grove of navel oranges at
Riverside. The seedling orange that was at first planted extensively
is not now popular. TIts value is less than half that of the budded
fruit. The seedling tree is larger and longer lived than the budded
varieties, but the fruit is not so sweet nor so highly flavored. The
Eureka and Lisbon are the favorite varieties of lemon. The orange
trees bloom in March and the crop ripens from December 1 to May 1.
Some varieties of lemon trees are constantly ripening fruit, a heavier
crop being borne in the winter. Olives, almonds, prunes, apricots,
peaches, pears, and wine, raisin, and table grapes are all grown in this
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distriet to perfection and in large quantities. Generally speaking, these
are planted where the frost line debars the growth of citrus fruits. The
citrus trees being constantly in fruit or blossom require more water
than deciduous trees; therefore where the water supply is limited
deciduous fruits are the more popular crop.

In the moist lands of the river bottoms near San Bernardino dairy
farming is generally praeticed, the products being disposed of to the
orchardists and the local towns. In the moist lands near the lower
narrows of the river beets are grown without irrigation, and at Chino
there is a beet-sugar factory. The beets grown here contain from 16
to 18 per cent of saccharine matter, which is very high compared with
those grown in Eastern localities.

An interesting feature of this district is the care that is taken
of the orchards. No weeds are permitted to grow, and the lands are
evenly sloped to true grades. Efforts are made to carry out artistic
and neat effects in the homes, the streets, the canals, and the groves,
as will be seen in Pls. I1I, B, and IV.

In the eleven years prior to 1898 Riverside shipped nearly 7,000,000
boxes of oranges, which at fair figures means an average income of
$1,000,000 a year. With the present condition of the orchards an
income twice as large may fairly be expected. There were 4,000 car-
loads of citrus fruits shipped from Riverside during the season of
1897-98. The annual yield there in 1899 is said to be about one-third
of the entire output of the State. Navel oranges during the last ten
years (1890-1900) have averaged at Riverside $1.50 a box,* and Mediter-
ranean Sweets $1.25 to $1.50 a box ; Malta Bloods and St. Michaels have
brought somewhat higher prices. The production.of the lemon has
not been very popular in the past, as the method of curing it was
not well understood. This problem has now been mastered, however,
and the well-cured California lemon ranks with the best Sicilian prod-
uct. The United States imports $5,000,000 worth of lemons yearly,
and California is after the market. Lemons are worth about $1 a box,
and the yield of trees fifteen years old is from five to eight boxes each.

It is diffienlt to say what the profits of citrus fruit culture are. It
is a question of the survival of the fittest. The man whose crop is
frozen every third year, or who has but half a water supply in dry
years,or whose trees are of a low grade, is not among the fittest. For
financial success these conditions must be relatively perfect. With
these conditions satisfactory he should average 10 per cent net on his
investment at the end of fifteen years. In the past, when prices
were higher and competition less severe, there doubtless have been
many cases where as much as $500 or $1,000 per acre per season has
been produced from an orchard, and it is possible that these figures
may again be reached, but they are not a proper basis for estimates.
It costs in the neighborhood of $900 an acre to get a citrus orchard in
bearing condition, including land, water, and interest on the invest-

*Prices are f. 0. b, cars.
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ment. Under favorable conditions a ten-year-old orchard should pro-
‘duce $200 gross and $100 net per acre. Almost without exception the
policy of living in the Eastern States and paying kind friends or
parental corporations to attend to an orchard results in the loss of
money and mutual respect. Under the best conditions it takes five
or more years of hard, patient, and intelligent work to get an orange
orchard on a paying basis. It is not a poor man’s business. When
success comes it is ah ideal life to spend one’s days among the golden
fruit in a pleasant land. It is a country life surrounded by cultivated
neighbors and with most of the conveniences of the city.

In the Eleventh Census (1890), under Agriculture by Irrigation,
page 33, is the following statement:

In average value on June 1st, 1890, of farm land irrigated, $150 per acre, Cali-
fornia leads the list, Utah coming second, with $84.25 per acre. This figure
exhibits perhaps better than any other the extraordinary values of land in Cali-
fornia arising from its utilization for orchards and vineyards. The value of these
ranges from $300 to $500 and upward per acre, thus greatly raising the average
value of irrigated land, which of course also includes the great areas devoted to
the raising of hay crops. The same fact is exhibited, though perhaps not as
clearly, in the high average value of products per acre in 1889 and in the large
average first cost of water rights, $12.95 per acre, and average value of these in
1890, $39.28 per acre, a high cost and value being justified by the enormous profits
resulting from successful fruit culture. In short, it may be said that the condi-
tions in California, although by no means perfect, have produced such results that
they have served to stimulate development in all parts of western United States.
Much is still to be accomplished by the subdivision of the great irrigated holdings,
this state standing first in the aggregate area and average size of irrigated hold-
ings of over 160 acres in area. These, although embracing 61.88 per cent of the
total area irrigated are not of as great relative importance as in Nevada and Wyo-
ming, where the large farms are devoted mainly to the forage crops.

‘What is true of the State as a whole is doubly true of San Bernar-
dino Valley. Thereirrigation and horticulture have probably reached
higher planes of development than in any other irrigation district.

During the season of 1900-1901 southern California shipped 7,664,626
boxes of oranges and 908,856 boxes of lemons, worth to the growers
$5,750,000.

PL IV, A, is a view of an orange grove in San Bernardino, show-
ing a method of irrigating by throwing up the earth so as to construct
around each tree a basin in which water is turned and allowed to
stand until absorbed. Pl IV, B, shows an irrigation canal of the
Riverside Water Company near Riverside.

WATER SUPPLY.

The rain clouds from the Pacific Ocean, passing in large part over
the lower intervening foothills and valleys, are condensed on being
forced up and over the high crest of the Sierra Madre and the San
Bernardino Mountains, which are from 6,000 to 11,000 feet in elevation.

The precipitation in the mountains occurring in the winter months
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is largely in the form of snow, part of which does not melt until the
spring months, thus maintaining the flow of the streams up to the
first of May at a relatively large volume. Occasional thunderstorms
visit the higher mountains in the summer. They are very violent
and cause a sudden rise of the streams, which is not maintained.
The rainfall of the valleys is about 15 inches annually, occurring in
nongrowing months, there being little or no precipitation from April
1 to November 1. The grades of the drainage lines in the mountains
are very steep, affording little opportunity for storage reservoirs.
This is particularly unfortunate, as more than three-fifths of the
stream flow occurs during the winter months. The Bear Valley
reservoir is the one exception. It has a capacity at the 60-foot con-
tour of 40,476 acre-feet, or 5,590 miners’ inches (111.8 second-feet),
flowing for six months. This water is taken to the Redlands and
Highlands districts. The works are described in the Nineteenth
Annual Report of the United States Geological Survey, Part IV, pages
584 to 598,

‘With the exception of San Timoteo and Temesecal creeks all of the
valley streams rise in the Sierra Madre and supply more than 90
per cent of the water used in the valley. There are threc classes
of water supply available, viz, surface streams, underground water,
and water held in storage reservoirs. The principal stream of south-
ern California is Santa Ana River. From the mouth of its mountain
canyon to a point 4 miles east of Colton it has a grade of 100 feet to
the mile, while below that point, to the lower narrows, the grade is
but 27 feet to the mile. City Creek has a grade for the first 5 miles
below its canyon of 100 feet to the mile, Lytle Creek a grade of 150
feet, and San Antonio.and Cucamonga creeks a grade of 200 feet.
The grades of these streams are still heavier in their granitic moun-
tain canyons, and during flood stages they have carried down masses
of sand and bowlders and built delta-like benches or mesas far out
into the center of the valley, the finer material being conveyed farthest.
In this way the valley has been filled to a depth of several hundred
feet. In their course over these .deltas the winter floods largely
disappear in the detritus near the rim and penetrate in part under
these layers of clay, thus forming reservoirs of ground water of
unknown but great capacity. The water diverted for irrigation at the
mouths of the canyons is also distributed upon porous soils, on steep
grades, and with other underground bodies of water gravitates on the
heavy prevailing slopes toward the center of the valley. One and a
half miles northeast of Colton is an outeropping of clay known as
Bunker Hill. This is a point on a low clay ridge bearing approxi-
mately S. 40° E., connecting with the foothills on the south side of
the valley east of and near the mouth of Reche Canyon and extend-
ing northwest along the west bank of Lytle Creek. This ridge is the
lower limit of the upper Santa Ana artesian belt. It also serves to
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force to the surface the return waters from irrigation that are flowing
or percolating westward above the clay cap. Six-sevenths of the water
of Riverside is obtained from underground sources above this range
of clay hills. This ridge was probably formed by the folding of the
floor of the valley.

A somewhat similar condition is repeated south of Chino, at Rincon,
where Santa Ana River has cut its way through the lower Coast
Range. At this point the underground waters from Cucamonga, San
Antonio, and Temescal creeks as well as the return waters from
irrigation near Pomona, Ontario, Corona, and Riverside are foreced to
the surface, creating wet lands and rendering a water supply avail-
able for Anaheim, Santa Ana, and Fullerton. Beyond these lower
narrows there is an open plain to the sea, and the Santa Ana makes
no further reappearance, except in an artesian district below the 160-
foot contour. A view of the river below Rincon is shownin PL. V, 4,
and a view of the division box of the Santa Ana and Anaheim canals,
which divert water from the river below Rinecon, in P1. V, B.

This artesian and percolating water yields a very uniform flow. The
development works near Colton and San Bernardino draw from this
reservoir as a spigot draws from a tank. The flow is relatively uni-
form, and the tank is filled by winter floods and by seepage. The
greater portion of the hydrostatic pressure is exhausted in overcoming
the large amount of friction expended by the water in passing through
the sand, and its flow comes largely under the law of hydraulies.
The capping or uncapping of numerous wells in a neighborhood has
little immediate effect on the flow of any well until the full dis-
charge capacity of the underground conduit is approached. When
that occurs the water in all of the wells is. lowered and pumping
must be resorted to. Pl VI (4 and B) shows a group of artesian
wells of the Riverside Water Company near Colton, in the Santa Ana
River bottoms. In the foreground of Pl. VI, B, is shown an aerating
basin. ’

The velocity of underground flow is extremely difficult to compute.
It has been discussed at length by Professor King and Professor
Slichter, of Madison, Wis.,* and by Prof. L. G. Carpenter, of Fort
Collins, Colo.® A great deal depends upon the size of the particles
composing the soil and the way in which they are mixed. Cobbles,
coarse sand, and sandy soil mixed in equal parts is more impervious
than any one of the materials singly. Water percolating under
ground for long periods often establishes underground channels from
an eighth of an inch to 10 inches in diameter, then ceases to percolate
and begins to flow through them. These conditions tend to confuse,
because most of the formulas that have been presented are based on
soil grains of distinet sizes.

» Nineteenth Ann. Rept. U. 8. Geol. Survey, Pt. II.
b Bulletin No. 83 of Colorado experiment station, Fort Collins, Colo.
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The flat valley area above Colton comprises 132 square miles, and
it is reasonable 10 estimate that 100 square miles of this consists of
gravel deposits eroded from the mountains. These gravels are of
unknown but great depths. Numerous wells have been put down to
a depth of 900 feet, and the writer does not know of bed rock being
encountered. If this gravel bed is considered to have an average
* depth of 300 feet and the voids or interstices therein are taken at 33
per cent, the aggregate storage capacity would be 6,400,000 acre-feet.
It is believed to be greater instead of less than this amount. As the
water plane is drawn down throughout this mass its capacity to absorb
subsequent floods at its rim, where the mountain streams debouch, is-
increased. It is a great regulating reservoir, sufficient in capacity to
carry the irrigation communities through cycles of dry years, to be
recharged during those of copious rainfall. The observations of the
elevation of this water plane will be of value in making comparisons
at a later date to determine whether the present rate of withdrawal
is permanently lowering it or if in wet years the rainfall is sufficient to
recharge the reservoir and restore it to its former level. Thissubject
is of vital interest to the irrigators of the valley. From data now
available a continuous withdrawal of 140 second-feet is believed to be
reasonably safe.

The water of Warm Creek and of the artesian wells of the Gage
system has been analyzed by Prof. E. W. Hilgard, of the University
of California, with the following results:

Analyses of waters from artesian wells of the Gage system and from Warm Creek.

[Composition in 10,000 parts.]

Artesian wells. Artesian wells.
%Varrl:t(m \gam’];
ree reel
Grou D Goup A, ag'mil. GrouDiGroup A at il
Per ct. | Perct. | Perct.
Total residue ..... 1.911 2.266 2.604 || Calcinm carbon- | Perct. | Perct. | Perct.
Soluble part....... 418 418 119 ate . . 1oLy 1212 0.762
Sodium ~ chloride Magnesmm “car-
(common salt) .. . 063 .091 257 bonate ........_. 232 . 249 . 253
Sodium sulphate Silica ..o coceaaen 244 .239 324
{glauber salt).. .193 .313 582 || Summary, in
Sodium carbonate rains per gal-
(soda) ........... .102 021 .200 on: )
Potassium sul- Total residue..| 11.18 13.23 15.21
phate _______ ____ . 060 .068 .080 Soluble part... 2.44 2.84 6.53
Insoluble after Insolubleafter
evaporation..... 1.493 1.778 1.485 evaporation._. 8.72 9.67
Calcium sulphate.|.......... 078 146

In total solids this water compares favorably with that of Los
Angeles and Kern rivers, and is much purer than the water of the
coast streams. It carries large quantities of potash salts, and not
enough calcium carbonate to injure the well-drained lands of the
Riverside mesa.
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SMALL CANALS NEAR COLTON AND SAN BERNARDINO.*

DESCRIPTIONS.

Haws & Talmage ditch.—This ditch receives its supply from the rising water of
Warm Creek, and is the first diversion on that stream between Harlem and Rabel
Springs. If is a small earthen ditch, and takes water from the south side or left
bank of the creek, and distributes it southwest of Harlem Springs. The diver-
sion is by means of a dam. The ditch is three-fourths of a mile long. It is owned
and maintained by local ranchers, and is entitled to 50 miners’ inches (1 second-
foot) of water. Usually the ditch is cleaned each spring, or whenever it becomes
so foul that some irrigator can not get as much water as he requires. The water
is used for alfalfa and other dairy products. The cost of maintenance of ditches
of this class is from 50 cents to $1 per acre per year. The supply is relatively con-
stant. The ditch was built in 1857, separating its water right from that of the
Rabel Dam ditch. During the years 1898 and 1899 this ditch was practically dry,
the only water it received being that pumped from the Harlem swimming pool,
which is cleaned about twice a week. In June and August, 1899, and in March,
1900 and 1901, the ditch was dry.

Rabel Dam ditch diverts its water by means of an earthen dam at lot 2, block 60,
San Bernardino Rancho, on Warm Creek. It is the second ditch on that stream.
As is the case with all of these rising waters, the supply is practically constant
throughout the year. An agreement, made in October, 1895, between the River-
side Water Company and the owners of the ditch provided for the natural flow of
water in Warm Creek at the head of the ditch to the amount of 250 miners’ inches,
and in the agreement it was stipulated that the Riverside Water Company should
at its own expense build at the head of the ditch an iron weir embedded in a
cement foundation, to measure the water. This wasdone. The canal is an earthen
ditch 4.2 miles in length, and has a capacity of 250 miners’ inches (5.0 second-
feet). It takes its water from the south side of Warm Creek and carries it to the
southwest of Harlem Springs, irrigating 400 acres of alfalfa, vegetables, and gar-
den produce. It isowned and operated by local ranchers. It was built in 1854
by the Mormon settlers, and is the oldest water right on Warm Creek. On June
20, 1898, it was discharging 5.87 second-feet. During the summer of 1899 the iron
weir at the head of the ditch was removed by the owners of the ditch, with the
consent of the Riverside Water Company. The upper part of the ditch was low-
ered by running it on a flatter gradient to the headworks, with the idea of diverting
Warm Creek at a lower level. This plan increased the flow of water for a time,
but it soon dropped to less than the original flow,

Shay or Stout Dam ditch.—The headworks of this ditch are in the west half of
lot 4, block 60, San Bernardino Rancho, 1 mile north and 3 miles east of the city
of San Bernardino. The diversion is by means of an earthen dam. The supply
is relatively constant. The canal is 1} miles in length; it runs west on the north
side of the San Bernardino base line and Warm Creek, and irrigates those lands.
The ditch is used the year round, and is cleaned twice a year. The cost of mainte-
nance to consumers is less that $1 per acre per year. Itserved 210 acres in 1885
and 150 acres in 1898. It was built in 1857, and ranks third in its order of water
rights to Warm Creek. By a compromise made with the Riverside Water Com-
pany in 1895 this ditch isentitled to 112.5 miners’inches of water (2.25 second-feet),
provided there is that amount in Warm Creek at the headworks. During the
years 1899 and 1900, however, the supply fell considerably below that quantity.

McKenzie ditch.—The headworks, consisting of a wooden dam, are on Warm
Creek, the center of lot 8, block 51, San Bernardino Rancho, 2 miles east of the
city of San Bernardino. The supply is relatively constant. The ditch was built

aThe writer is indebted to Mr. Kingsbury Sanborn for most of the data regarding these
canals.
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in 1862. It irrigates lands immediately east of San Bernardino, between City and
Warm creeks, and 85 acres on the south side of City Creek. The canal is about 1.3
miles in length. It is an earthen ditch built in sandy loam, with a flat grade, and
is owned and operated by local ranchers. It is said to lose 33 per cent of its vol-
ume by seepage. The owners claim all of the water of Warm Creek at the point
of diversion, but the Riverside Water Company claims that their right is limited o
the original capacity of the ditch, which was 100 miners’ inches (2.0 second-feet).
The ditch ig still in litigation. It has lately been enlarged. Three hundred acres
of alfalfa and gardens areirrigated. Cost of maintenance is prorated and amounts
to about 50 cents per acre per year. On June 20, 1898, it was discharging 127
miners’ inches (2.54 second-feet).

Meeks & Daley ditch.—This ditch originally diverted its water from the lower
part of Warm Creek, and the Agua Mansa, Juaramillo, and San Salvador canals
took water from Santa Ana River, southeast of Colton. The owners of these four
canals, in cleaning them out each year, gradually enlarged their sections, to the
detriment of the Riverside Water Company, which company instituted suit
against them to restrict their diversion. To avoid a protracted lawsuit and
excessive loss of water by seepage in sandy channels, a compromise was arranged
in 1885 by which the Riverside Water Company agreed to build and deliver to the
owners of these ditches a cement-lined canal, estimated to cost $30,000, which
gshould deliver from this conduit, at certain stated points, the following amounts
of water:

Ditches to be supplied by cement-lined canal.

. Original source of Water
Name of ditch. sapply. guaranteed.

Miners' inches.
Meeks & Daley - oo oee o iiiie e i cann e ccan e Warm Creek ........ 400

Juaramillo - i i i Santa Ana River.... ;
Agua Mansa - ..o. oo i i cie e e cec e [ [ s T, 250
San Salvador..... [ 125

Loss by evaporabiaﬁ -('ésfi-rﬁét.:é(-l-)- R 25

Total . oo e e e e i e e e e - 850

This canal was built by the Riverside Water Company at a cost of $37,281. All
water remaining available from the sources of these canals belongs to that com-
pany. In 1885 the Meeks & Daley Water Company was incorporated, with a
capital stock of $78,000 divided into 780 shares. t» handle these combined waters.

The headworks of the new canal were located 14 miles northeast of the town of
Colton and a half mile east of Bunker Hill. The headworks of the Meeks & Daley
ditch consist of a well-constructed brush dam across Warm Creek, which diverts
the water to a weir at the head of the ditch. At the weir the ditch is 10 feet wide
on the bottom and 1} feet deep, with side slopes of 14 to 1, gradually contracting
to its normal size at station 28, whicl. is 3 feet wide on the bottom, 5 feet wide
across the top, and 2 feet deep. The sides are of rubble masonry, with a 3-inch
concrete bottom, and the whole inside is plastered with cement mortar a half inch
thick. The supply is from Warm Creek and is very constant in volume. Under
this contract the Riverside Water Company made a saving of from 100 to 200
miners’ inches (2 to 4 second-feet). The canal built by them is about 31 miles
in length. It runs through the southern side of the town of Colton and around
the south side of Slover Mountain, being on the north or right bank of Warm
Creek and Santa Ana River, It is owned by a stock company of local ranchers,
each share of the stock carrying with it a water right to some certain piece of
land to which it is appurtenant. The water is used largely for the irrigation of
citrus fruits.
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The Agua Mansa ditch is an extension of the Meeks & Daley ditch through the
Agua Mansa and San Salvador districts. It is of the same construction as the
Meeks & Daley ditch, but is smaller, being 2 feet on the bottom and from 1 foot to
13 feet deep, according to the grade, with side slopes of 1 to 1. Very little of the
original Agua Mansa land is now irrigated, as the irrigation on the mesa has con-
verted the land into a bog hole, untit for cultivation, and many shares of water
have been scld to ranchers in West Riverside, who now own the controlling inter-
est and are using the water on their lands.

Beam ditch derives its water from a cienaga tributary of Warm Creek in lot 14,
block 43, San Bernardino Rancho. The ditch is about a mile in length. The
water ig diverted by means of a brush dam, and flows in a southwesterly direc-
tion, irrigating the land lying west of Warm Creek, in blocks 43 and 44 of
the San Bernardino Rancho. The ditch has an apparent capacity of 45 miners’
inches, and irrigates about 100 acres of land. On June 20, 1898, it was flowing
0.67 second-foot in the flume near the headworks.

Timber ditch.—This was one of the first canals constructed in San Bernardino
Valley. It diverted its water from: Santa Ana River near the center of sec.8,T. 1
S.,R.3W. The water rights of this canal were transtferred by individual owners
to the North and South Fork canals of Highlands and Redlands, and at the pres-
ent time it is practicallyabandoned. The water was applied to the lands between
the city of San Bernardino and Santa Ana River. It was entirely dry during the
summers of 1898 and 1899. At its headworks there is a flume intake 4.8 feet wide
and 2 feet deep. also a crib diversion dam. This ditch is described in the Nine-
teenth Annual Report of the United States Geological Survey, Part 1V.

Logsdon & Farrell or Waterman ditch.—The Logsdon & Farrell ditch makes its
diversion from the south side of City Creek, a mile east of the city of San Bernar-
dino, by means of a flume 2 feet wide and 1 foot deep and a rough sheet-pile dam.
The canal is three-fourths of a mile in length. and its water is used southeast of
the city. About 80 acres of gardens are irrigated. On June 29, 1898, there was
flowing in this ditch 36 miners’ inches (0.72 second-foot) of water. This ditch is
a combination of the Waterman, Logsdon-Farrell, and Brooks ditches.

Whitlock ditch.—This ditch takes its water from the north bank of City Creek
2 miles east of the business portion of the city of San Bernardino, and is about a
half mile in length. At the place of measurement it is a flume 1.5 feet wide and
0.8 foot deep, and on June 29, 1898, it was discharging 12 miners’' inches, or 0.24
second-foot. Its water is used to wash vegetables, and it is mingled with the
waters of the McKenzie ditch and used on Chinese vegetable gardens.

Daley ditch.—This ditch diverts water three-fourths of a mile east of the busi-
ness portion of the city of San Bernardino and about one-fourth of a mile east
of the junction of Warm and City creeks, from th: north side of the latter creek,
crosses to the south side of that creek, and distributes its water on 40 acres of
block 6 of the San Bernardino Rancho. It is about a half mile in length. The
flume crossing City Creek is 1 foot wide and 1 foot deep. On June 29, 1898, it was
carrying 31 miners’ inches (0.62 second-foot).

MeInty e ditch.—This canal makes its diversion from the south or right bank of
Lytle Creek. near the southwest corner of the city of San Bernardino, and receives
its supply from the return water of that creek. It is approximately 1 mile in
length, and distributes its water on the south side of Lytle Creek, between Colton
avenue and Mount Vernon avenue. It is an eight-day ditch, and is owned by local
ranchers, who maintain it for about 70 cents per acre per year. About 30 acres are
irrigated for alfalfa. During the years 1898, 1899, 1900, and 1901 the ditch was dry.

Whiting ditch also derives its supply from the return water of Lytle Creek, and
distributes it on the adjoining lands of D. G. Whiting, who owns the ditch. On
June 27, 1898, it was carrying 15 miners’ inches (0.30 second-foot). Twenty-five
acres of pasture are irrigated.
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Furguson water.—This is a 2}-miners’ inch right in Ranchero ditch, which
comes from Raynor Springs. The water is used around Bloomington.

“ard & Warren ditch.—This is one of the oldest ditches on Santa Ana River,
and is the outgrowth of the Warren-Warner ditch, the Jansen ditch, and the
waste water from the Hunt & Cooley ditch. The ditch originally took its
water from Santa Ana River near the east end of the Southern Pacific Railway
bridge, in lot 8, block 64, San Bernardino Rancho, but during the flood of 1892 the
main channel of Santa Ana River was changed to a point about a half mile to the
north, and the following spring the Ward & Warren ditch wasextended to the new
channel of the river. The water is now diverted by means of a rough sand and
brash dam in the westerly part of lot 2, block 64, San Bernardino Rancho.

Daring the years 1888 and 1889 this diteh was considerably enlarged and the
water spread over a greater area. The Riverside Water Company, which had
Leen using the water of Santa Ana River for years, broaght suit against the own-
ers of the ditch, to restrain them from using all the watfer in Santa Ana River at
their headworks, claiming that they were entitled to only the original capacity of
the ditch. . '

The case came to trial February 26, 1890, the decision being that the owners of
the ditch are entitled to the water flowing from Santa Ana River at the head of
the Ward & Warren ditch to the extent of 309 miners’ inches (6.18 second-feet),
measured under a 4-inch pressure, the measurement to be made from the center
of the orifice, and that the Riverside Water Company is the owner and entitled
to the use of the remainder of the water flowing in Santa Ana River at the head of
the Ward & Warren ditch. The court further decreed that the owners of the
‘Waurd & Warren ditch are entitled to have from the Rice & Thorne tracts (which
are owned by the Riverside Water Company) on Santa Ana River water to the
amount of 78,18 miners’ inches (1.56 second-feet), measured under a 4-inch pres-
sure from the center of the orifice, when necessary to make up the 309 miners’
inches. This 78,18 miners’ inches was the overflow from the fish pondof a cienaga
located on their lands, the stream of which is one of the natural tributaries of
Santa Ana River. This pond, owing to the dry season and the development of
artesian water in that neighborhood, is now almost dry, and the 78.18 miners’
inches delivered to the Ward & Warren ditch is now practically all artesian water.
The line of the ditch is located throagh the dry and sandy bed of Santa Ana
River and loses a large percentage of its water before reaching the first point of dis-
tribution. In June, 1898, this ditch was receiving from the Rice-Thorns canal
1.60 second-feet of water and from Santa Ana River 0.72 second-foot.

North Riverside or Jurupa canal.—The Jarupa canal, sometimes called the
North Riverside, derives its water from different sources: (1) From a covered
flume in the Santa Ana River bottom, in lot 3, block 88, San Bernardino Rancho,
above Colton avenuae crossing; (2) from surface development in two cienagas in
lot 2, block 88, San Bernardino Rancho; and (3) from the Salazar water. The
Salazar water was originally diverfed from the bed of Santa Ana River.

The Riverside Water Company agreed, because of the priority of the Salazar
right, to permit the water for this ditch, to the extent of 75 to 100 miners’ inches
(1.5 to 2 second-feet), to pass its headworks and be conveyed by a sandy river bed
to the Salazar headworks. In order to prevent the loss by seepage and evapora-
tion in the river ped, the Riverside Water Company now delivers into the Jurupa
flame 75 miners’ inches (1.5 second-feet), in consideration for which it diverts all
of the water at the headweorks ot its canal. All of these developments occar east
of the Colton avenae crossing of Santa Ana River. The ditch which is now
called the Ruabidoux ditch is generally known as the Jurupa ditch, and diverts
its water from Santa Ana River just north of the point where the county line
between Riverside and San Bernardino crosses the lands of the Rubidoux ranch,
The ditch now known as the Jurupa, belonging to the North Riverside Land
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and Water Company, diverts a portion of its water from an underground flume
in the bed of Santa Ana River a short distance east of the Colton avenue bridge.
On July 1, 1898, the canal was flowing 7.11 second-feet at the Colton avenue
crossing. This includes the 75 miners’ inches (1.50 second-feet) of Salazar water,
The main canal is 17 miles in length. The company owns the land upon which
the water is distributed, and claims the right to develop all the water avail-
able at its headworks. The first 350 miners’ inches (7 second-feet) belong
to settlers to whom the company had sold water and land. The Jurupa ditch
carries 75 miners’ inches from the Riverside Water Company's fiume, and this
water is known as the Salazar right. It is measured at the junction of the River-
sidle Water Company's flume with the North Riverside and Jurupa canal.
Agua Mansa water enters the Jurupa canal from the Meeks & Daley ditch 1 mile
southwest of Slover Mountain, and is carried by it to the San Salvador district.
The Temescal tin mine syndicate has a run of 200 miners’ inches (4 second-feet)
for twenty-four hours every eighth day through the Jurupa ditch. Ordinarily
the Jurupa ditch contains—

. Miners’  Second-

inches. feet.

Agua Mansa water . .. e iccci s 350 (7.0)
Salazar water ... ... ... ... 75 (1.5)
Santa Ana River water __.___.__._._ ... . ___ e 350 (7.0)
Total. . e 1T (15.5)

The following measureinents have been made:
Miners’ Second-

inches. feet.
July 1, 1898, Jurupa flume at Colton avenue........_... 355 (7.11)
June 18, 1898, Jurupa flume below Agua Mansa junction,
including Agua Mansa water ... .. _... __...._.......... 691 (18.83)

August 27, 1898, Jurupa flume at Colton avenue, below
Agua Mansa junction, including Agua Mansa water.. 509 (10.18)

During the year 1897 the assessments to the owners of the Jurupa ditch amounted
to $9.54 per miners’ inch. They charge $3.27 per inch per year for carrying Agua
Mansa and other water.

The canal is located around a rock hill immediately above the old upper canal
of the Riverside Water Company and crosses the river in a flame on a trestle
2,460 feet in length, shown in Pl. VII, B. Then for 2 miles the water is flumed
along a bluff on the north bank of the river, after which it passes through a tun-
nel 4,000 feet long into an open ditch 8 miles long, and thence to the Jurupa
mesa lands. The Jurapa Land and Water Company was incorporated. in May,
1888, with a capital stock of $3,500,000, divided into $100 shares.

Hunt & Cooley or Camp Carlton ditch.—This was originally one of the oldest
diversions on middle Santa Ana River. It was taken out in 1859, and had sev-
eral headings in the river, which were washed out by floods, uniil the final
one was made at about the point where the Gage canal started to divert its water,
and it remained there until the year 1887, when the managers of the Gage canal
agreed with the owners of the ditch to bore wells and develop for them 130 miners’
inches of water, and to receive in return what they thought to be the right to all
the water flowing in Santa Ana River at the headworks of this ditch, This led to
a long and expensive lawsuit with the Riverside Water Company, who contended
that the Gage canal was entitled to only an amount of water equal to the original
capacity of the canal, which was 200 miners’inches. It resulted, however, in the
courts allowing the Gage canal the right to 298.5 miners’ inches of the flow of
Santa Ana River at the headworks of their canal.
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DISCHARGE MEASUREMENTS.?

Haws & Talmage ditch.—On June 7, 1898, 0.84 second-foot was flowing in this
ditch near the headworks. The area of the water section was 0.9 square foot, the
gurface velocity 1.33 feet per second. Measurements were made by floats,
Coefficient 70 per cent.

September 14, 1898, all of the water in Warm Creek at the head of the ditch was
passed through the waste gate; by weir it measured 0.43 second-foot. The weir
was 4.6 feet long, the head 0.094 foot, two full contractions, velocity of approach
less than 0.5 foot per second.

March 2, 1899, a weir was put in near the head of the ditch, and the discharge
measured 0.28 second-foot; length of weir 1 foot, head 0.2 foot, velocity of approach
less than 0.5 foot per second, two full contractions.

In June and August, 1899, and in March and on June 12, 1900, the ditch was dry.

Rabel Dam ditch.—September 14, 1898, at 2.10 p. m., this ditch was diverting 3.07
gecond-feet over the iron weir at the headworks, which was all of the water in
Warm Creek at that point. The weir is 4 feet long, the head was 0.38 foot, two
full contractions, velocity of approach less than 1 foot per second.

March 2, 1899, the ditch was discharging 2.36 second-feet at the head; length of
weir 4 feet, head 0.31 foot, velocity of approach less than 1 foot per second, two
full end contractions. This was all of the water in Warm Creek at the point of
diversion.

June 16, 1899, at 1.45 p. m., this ditch was discharging 1.54 second-feet; head
0.24 foot, length of weir 4 feet, two full end contractions, velocity of approach less
than 0.5 foot per second.

During the summer of 1899 the iron weir at the head of the ditch was removed
by the owners of the ditch, with the consent of the Riverside Water Company.
The upper part of the ditch was lowered by running on a flatter gradient to the
headworks, with the idea of diverting Warm Creek at a lower level. This plan
increased the flow of water for a time, but it soon dropped to less than the original
flow.

August 25, 1899, the discharge measured 0.94 second-foot; the water area was
0.9 square foot, the surface velocity 1.5 feet per cecond.

March 15, 1900, the 4-foot iron weir was again in place; the discharge measured
0.54 second-foot, the head was 0.12 foot, and there was no perceptible velocity of
approach.

June 12, 1900, at 12 m,, the discharge measured 0.35 second-foot at the head works
weir; length of weir 4 feet, head 0.09 foot, velocity of approach less than 0.5 foot
per second, two full end contractions.

Shay or Stout Dam ditch.—On June 20, 1898, the volume in this canal measured
2.30 second-feet; length of weir 2 feet, head 0.502 foot, velocity of approach 0.7
foot per second, two end contractions.

September 14, 1898, at 1.55 p. m., the discharge over the same weir was 2.08
gsecond-feet. Being at the end of the irrigating season the ditch had not been
cleaned and was very foul. The tail water was higher than the crest of the weir
by 0.193 foot, causing the weir to be submerged. Head 0.5 foot, two end contrac-
tions, velocity of approach less than 0.5 foot per second. TFteley and Stearns’s for-
mula was used.

March 2, 1899, the discharge over the same weir was 2.23 second-feet; head 0.5
foot, two end contractions, velocity of approach less than 0.5 foot per second.

June 16, 1899, at 2.10 p. m., the discharge was 1.18 second-feet. The ditch was
again foul, and the weir was submerged 0.320 foot; head 0.406 foot, velocity of
approach less than 1 foot per second.

= All measurements were made by Mr. Kingsbury Sanborn, of Riverside, except where stated
to the contrary.
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August 25, 1899, at 2.15 p. m., the discharge measured 0.9 second-foot, head 0.27
foot, two end contractions, velocity of approach less than 0.5 foot per second.

A few months previous to March 15, 1900, when a measurement was made, the
owners of the Shay ditch relocated the ditch, starting from the headworks and
taking it to higher grounds, which caused the water to back entirely over the
weir, o that it became necessary to make a float measurement. The water
area was 1.45 square feet, surface velocity 0.5 foot per second, discharge 0.507
second-foot, coetficient 70 per cent.

On June 19, 1900, at 1.10 p. m., the discharge was 0.4 second-foot about 200 feet
be ow the dam across Warm Creek; sectional area 1.7 square feet, surface velocity
0.34 foot per second, coefficient 70 per cent.

McKenzie ditch.—On June 20, 1898, a float measurement was made. The area of
the section was 2.90 square feet, surface velocity 1.25 feet per second coefficient
70 per cent, discharge 2.54 second-feet.

September 12, 1898, at 2.30 p. m., the discharge a half mile below the head works
measured 2.08 second-feet. The sectional area was 5.2 square feet, the velocity of
approach 0.64 foot per second, coefficient 70 per cent.

March 2, 1899, the discharge measured 9.4 second-feet at the same point as the
last megsurement; the sectional area was 4.9 square feet, surface velocity 2.77 feet
per second, coefficient 70 per cent.

June 16, 1899, at 2.45 p. m., the discharge measured 3.86 second-feet about, 150
feet below the headworks on Warin Creek; the sectional area was 1.9 square feet,
surface Velocity 2 feet per second. coefficient 70 per cent.

August 22, 1899, there was flowing in the ditch at the same point as the last
measurement 2 second-feet; the sectional area was 4.1 square feet, the surface
velocity 0.7 foot per second, coefficient 70 per cent.

March 16, 1900, the discharge measured 2.3 second-feet about 250 feet below the
headworks on Warm Creek; the sectional area was 3.3 square feet, the surface
velocity 1 foot per second, coefficient 70 per cent.

June 19, 1900, at 1.10 p. m., the discharge measured 1.57 second-feet about 150
feet below the headworks dam; the sectional area was 2.2 square feet, the surface
velocity 1 foot per second, coefficient 70 per cent.

Meeks & Daley ditch.—Measured on June 20, 1898, the discharge at the head-
works weir was 8.42 second-feet (421 miners’ inches); length of weir 6 feet, head
0.525 foot, two end contractions, velocity of approach less than 0.5 foot per second.

Measured on March 2, 1899, at the headworks weir the discharge was 17 second-
feet; length of weir 6 feet, head 0.917 foot, two end contractions, velocity of
approach less than 1 foot per second.

June 26, 1899, the discharge at the head works weir was 15.48 second-feet, the
head 0.845 foot, two end contractions.

August 25, 1899, the discharge at the headworks weir was 10.45 second-feet, head
0,659 foot.

March 1, 1900, the weir was submerged 0.28 foot; the discharge was 13.94 sscond-
feet; length of weir 6 feet, head 0.84 foot, velocity of approach less than 1 foot per
second.

June 19, 1900, at 4 p. m., the discharge measured 13.78 second-feet at the head-
works weir, which was submerged 0.415 foot; the velocity of approach was less
than 1 foot per second, length of weir 6 feet. head 0.875 foot, two end contractions.

Logsdon & Farrell ditch.—Measured near headworks on June 29, 1898, by J. B.
Lippincott and K. Sanborn. Area of section 0.878 square foot, mean velocity 0.824
foot per second, coefficient 80 per cent, discharge 0.72 second-foot.

In September, 1893, the discharge was 0.63 second-foot at the same place.

March 1, 1899, 1.61 second-feet of water was in the flume near the head works.
This ditch is flat, and it is impossible to put in a weir without losing a large per-
centage of the water, so that it became necessary to make float measurements,
The width of the flume is 2 feet, the depth of the water 0.7 foot, sectional area
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1.41 square feet, surface velocity 1.43 feet per second, coefficient 80 per cent. The
flame was in fair condition.

June 27, 1899, the discharge measured 1.15 second-feet at the same place; depth
of water 0.71 foot, surface velocity 1 foot per second, sectional area 1.44 square
feet, coefficient 80 per cent.

August 25, 1899, the discharge measured 0.54 second-foot in the flume near the
headworks, which was in fair condition. The depth of water was 0.56 foot, sur-
face velocity 0.6 foot per second, sectional area 1.12 square feet, coefficient 80 per
cent.

March 15, 1900, the discharge measured 1.26 second-feet at the same place. There
was a deposit of sand in the bottom of the flume, and the depth of water was as
follows: Side 0.82 foot, center 0.86 foot, and opposite side of flume 0.84 foot. The
surface velocity was 1 {oot per second, coefficient 75 per cent.

June 23, 1900, the dis:harge measured 0.49 second-foot in the ditch near the
headworks dam; sectional area 0.9 square foot, surface velocity 0.77 foot per sec-
ond, coefficient 70 per cent.

Beam ditch.—Measured June 30, 1898, 3800 feet below headworks, by floats. Area
of section 1.08 square feet, mean velocity 0.63 foot per second, discharge 0.67
second-foot.

March 2, 1899, discharge measured 0.72 second-foot in the flume near the head-
works. This ditch is very flat, and it is impossible to put in a weir and get satis-
factory results; for that reason float measurement was made. The water area
was 1.5 square feet, the surface velocity 0.6 foot per second. The flume was in
fairly good condition. Coefficient 80 per cent.

June 27, 1899, measured in the same flume as the last measurement. Discharge
0.52 second-foot, width of flume 1.38 feet, depth of water 0.95 foot, surface velocity
0.5 foot per second, coefficient 80 per cent.

August 25, 1899, the discharge at the same place measured 0.4 second-foot. the
depth of water was 0.34 foot, surface velocity 0.5 foot per second. Flume in fairly
good condition. Coefficient 80 per cent.

March 15, 1900, the discharge measured 0. 68 second-foot, same place, same con-
ditions. The depth of water was 0.62 foot, the surface velocity 1 foot per second,
coefficient 80 per cent.

June 14, 1900, at 2 p. m., the discharge measured 0.5 second-foot at the same
place; the sectional area was 1.14 square feet, the surtace velocity 0.59 foot per
second, coefficient 75 per cent.

Upper canal of Riverside Water Company.—On June 30, 1898, the discharge
over the headworks weir (see Pl IX) was 59.04 second-feet. There are three
weirs, with end contractions, each 94 feet long. Head equals 0.677 foot, velocity
of approach 1.12, 2,18, and 1.94 feet per second, respectively.

February 28, 1899, the discharge was £0.53 second-feet. the head 0.843 foot.

June 26, 1899, the discharge was 53.92 second-feet, the head 0.686 foot.

August 31, 1899, there were 52.04 second-feet of water flowing over the head-
works weir, and the head was 0.67 foot.

March 21, 1900, there were 61.94 second-feet flowing. Head 0.755 foot.

June 23, 1900, at 3 p. m., the discharge at the headworks weir measured 52.94
second-feet; the head was 0.68 foot, average velocity of approach 0.77 foot per
second, full contractions.

Lower canal of Riverside Water Company.—Meter measurement on June 17,
1898, at 4 p. m., as determined by Mr. F. H. Olmsted, was 9.27 second-feet.

June 18, 1898, at 10 a. m., Mr. Olmsted made a meter measurement and found
a discharge of 11.27 second-feet.

June 27, 1898, there were 10.83 second-feet of water flowing in the flume just
below the intake at Santa Ana River, The sectional area was 4.18 square feet,
the velocity 3.24 feet per second, coefficient 80 per cent.
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September 2, 1898, there were 7.7 second-feet of water flowing at the same place.
The water area was 8.84 square feet, the velocity 2.5 feet per second, coefficient
80 per cent. :

March 10, 1899, there were 16.20 second-feet flowing over the weir at the end of
the flume. Length of weir 5 feet, head 1.01 feet, two full end contractions, veloc-
ity of approach less than 1 foot per second.

June 28, 1899, the discharge at the same place measured 9.09 second-feet, the
water area was 3.63 square feet, the surface velocity 8.12 feet per second, coefficient
8) per cent.

September 1, 1899, the discharge in the flume measured 7.38 second-feet, the
water area was 3.33 square feet, the surface velocity 2.77 feet per second, coeffi-
cient 80 per cent.

June 23, 1900, at 9.05 a. m., the discharge measured 7.16 second-feet in the
flume; sectional area 3.4 square feet, surface velocity 2.63 feet per second, coeffi-
cient 80 per cent.

Gage canal.—On June 29, 1898, this canal was measured at its intake from
Santa Ana River. The discharge was 1.16 second-feet over a weir 5 feet long,
head 0.17 foot, velocity of approach 0.5 foot per second, no end contractions.

March 7, 1899, the discharge measured 0.72 second-foot, length of weir 5 feet,
head 0.125 foot, velocity of approach less than 1 foot per second, no end contrac-
tions.

June 20, 1899, the discharge over the same weir measured 0.24 second-foot, head
0.06 foot. .

August 25, 1899, the discharge over a weir 1 foot in length measured 0.64 second-
foot, head 0.35 foot, velocity of approach less than 1 foot per second, two full con-
tractions.

March 1, 1900, the discharge over the same weir measured 0.395 second-foot,
head 0.25 foot.

June 7, 1800, the discharge measured 0.29 second-foot over same weir, head 0.2
foot, velocity of approach less than 0.5 foot per second, two full end contractions.

Gage canal at Palm avenue weir.—June 30, 1898, Mr. K. Sanborn and Mr. J. B.
Lippincott measured the flow over the weir, and obtained a discharge of 27.42
second-feet. The weir was 18.84 feet in length, with a head of 0.7 foot. There

. were two contractions. The velocity of approach was 1.4 feet per second. The
level of the water below the weir was the same as the elevation of the crest, or
knife edge.

September 21, 1898, there were 26.238 second-feet of water flowing over this weir.
The head was 0.709 foot, the velocity of approach 1 foot per second, two full con-
tractions.

March 7, 1899, the discharge over the weir measured 27.4 second-feet, head 0.73
foot, velocity of approach less than 1 foot per second.

June 26, 1899, the discharge measured 25.46 second-feet, head 0.69 foot.

August 15, 1899, the discharge measured 24.11 second-feet, head 0.67 foot.

March 21, 1900, the discharge measured 22.36 second-feet, head 0.639 foot.

June 7, 1900, the discharge measured 22.52 second-feet, head 0.64 foot, velocity
of approach less than 1 foot per second.

Daley ditch.—Measured at 5.15 p. m. on June 29, 1898, by J. B. Lippincott and
K. Sanborn. Discharge in flume across City Creek was 0.63 gecond-foot, water
area 0.4 square foot, surface velocity 1.95 feet per second, coefficient 80 per cent.

September 12, 1898, at 11.30 a. m., the discharge measured 0.67 second-foot;
water area 0.42 square foot, surface velocity 2 feet per second, coefficient 80 per
cent.

March 1, 1899, the discharge measured 0.71 second-foot, the water area 0.354
square foot, surface velocity 2.5 feet per second, coefficient 80 per cent.
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June 27, 1899, the discharge measured 0.51 second-foot, water area 0.32 square
foot, surface velocity 2 feet per second, coefficient 80 per cent.

August 28, 1899, the discharge measured the same as on June 27, 1899,

March 15, 1900, the discharge measured 0.72 second-foot, water area 0.45 square
foot, surface velocity 2 feet per second, coefficient 80 per cent.

June 23, 1900, at 12 m., the discharge measured 1.12 second-feet, the sectional
area 0.28 square foot, the surface velocity 5 feet per second, coefficient 80 per cent.

MecIntyre ditch.—June 12,1898, at 4.25 p. m., the discharge measured 0.37 second-
foot in flume near the head; the water area was 1.48 square feet, surface velocity
2.5 feet per second, coefficient 80 per cent.

September 14, 1898, the discharge measured 0.038 second-foot over a weir near
the headworks, which was 0.5 foot in length; head 0.083 foot, no velocity of
approach, two full end contractions.

March 1, 1899, the discharge measured 0.82 second-foot over a weir 1 foot in
length; head 0.45 foot.

June 23, 1899, the discharge over the same weir measured 0.149 second-foot;
head 0.13 foot.

August 26, 1899, there was no water flowing.

March 16, 1900, the discharge over the same weir measured 0.143 second-foot;
head 0.126 foot.

June 12,1900, the discharge over the same weir measured 0.01 second-foot; head
0.026 foot, two full contractions, velocity of approach less than 0.5 foot per second.

Whiting ditch.—June 27, 1898, the discharge measured (.26 second-foot over a
weir 1 footin length near the headworks; head 0.19 foot, velocity of approach less
than 0.5 foot per second, two full end contractions.

September 14, 1898, the discharge measured 0.01 second-foot over a weir 0.5 foot
in length; head 0.036 foot, velocity of approach less than 0.05 foot per second, two
full end contractions.

March 1, 1899, the discharge measured 0.76 second-foot over a weir 1 foot in
length: head 0.395 foot, velocity of approach less than 0.5 foot per second, two
full end contractions. :

June 27, 1899, the discharge over the same weir measured 0.246 second-foot;
head 0.182 foot.

August 26, 1899, the discharge over the same weir measured 0.009 second-foot;
head 0.02 foot.

March 1, 1900, the discharge over the same weir measured 1.12 second-feet;
head 0.522 foot.

June 12, 1900, the discharge measured 0.13 second-foot over the same weir; head
0.12 foot, velocity of approach less than 0.25 foot per second, two full end con-
tractions. .

Swamp diteh.—September 1, 1898, there were 1.02 second-feet flowing in flume
to the Riverside Water Company’s Rice-Thorne flume; the water area was 0.32
square foot, the surface velocity 3.5 feet per second, coefficient 80 per cent.

February 28, 1899, the discharge measured 0.85 second-foot over a weir at the
firat distributing box; length of wejr 1 foot, head 0.427 foot, velocity of approach
less than 0.5 foot per second, two full end contractions.

June 20, 1899, the discharge over the same weir measured 0.77 second-foot; head
0.4 foot.

August 30, 1899, the discharge over the same weir measured 0.69 second-foot;
head 0.37 foot.

March 21, 1900, the discharge over the same weir measured 0.7 second-foot; head
0.874 foot.

June 7, 1900, the discharge over the same weir measured 0.89 second-foot; head
0.44 foot, velocity of approach less than 0.5 foot per second, two full end
contractions.

IRR 59—02—3
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Ranchero ditch.—September 22, 1898, at 1 p. m., the discharge measured 1.64
second-feet over a weir in the cement ditch on the Raynor ranch; length of weir
4 feet, head 0.25 foot, velocity of approach less than 0.5 foot per second, two fuill
end contractions.

March 13, 1899, the discharge measured the same over the same weir,

June 23, 1899, at 4.30 p. m., the discharge over the same weir measured 1 second-
foot; head 0.18 foot.

August 26, 1899, the discharge over the same weir measured 0.41 second-foot;
head 0.1 foot.

March 17, 1900, the discharge over the same weir measured 0.24 second-foot;
head.0.07 foot.

June 12, 1900, the discharge measured 0.55 second-foot in the ditch; sectional
area 0.74 square foot, surface velocity 1 foot per second, coefficient 75 per cent.

Ward & Warren ditch.—In June, 1898, this ditch was receiving from the Rice-
Thorne canal 1.60 second-feet of water and from the river 0.72 second-foot.

March 10, 1899, there were 3.09 second-feet flowing over a weir 8.33 feet in
length near the head of the ditch; head 0.434 foot, velocity of approach less than
0.5 foot per second, two full end contractions.

June 20, 1899, the discharge measured 0.615 second-foot over a weir 1 foot in
length near the headworks; head 0.34 foot, velocity of approach less than 0.5 foot
per second, two full end contractions.

August 30, 1899, the discharge measured 1.56 second-feet over a weir 2 feet in
length near the headworks; head 0.38 foot, velocity of approach less than 0.5 foot
per second, two full end contractions.

March 19, 1900, the discharge measured 2.55 second-feet over a weir 3 feet in
length at the head of the ditech; head 0.41 foot, velocity of approach less than 0.5
foot per second, two full end contractions.

June 23, 1900, the discharge measured 1.7 second-feet in the ditch just below
the dam across Santa Ana River; sectional area 1,95 square feet, surface velocity
1.25 feet per second, coefficient 70 per cent.

Mill flume of Riverside Water Company.—June 15, 1898, there were 3.12 second-
feet flowing at the end of the flume near the old Colton mill; water area 1.76
square feet, surface velocity 2.22 feet per second, coefficient 80 per cent.

September 12, 1898, at 3.35 p. m., there were 3.36 second-feet at the same place;
water area 1.68 square feet, surface velocity 2.5 feet per second.

February 28, 1899, there were 5.3 second-feet at the same place; water area
2.208 square feet, surface velocity 3 feet per second, coefficient 80 per cent.

June 26, 1899, the discharge measured 7.29 second-feet at the same place; water
area 3.04 square feet, surface velocity 3 feet per second, coefficient 80 per cent.

August 30, 1899, the discharge measured 2.56 second-feet at the same place;
water area 1.6 square feet, surface velocity 2 feet per second, coefficient 80 per cent.

March 9, 1900, the discharge measured 2.67 second-feet; water area 1.52 square
feet, surface velocity 2.2 feet per second, coefficient 80 per cent.

June 7,1900, the discharge meagured 2.17 second-feet; sectional area 1.36 square
feet, surface velocity 2 feet per second, coefficient 80 per cent.

COolton mill pump of Riverside Water Company.—June 15, 1898, there were 1.94
second-feet flowing over the weir at the old Colton mill; length of weir 4.015 feet,
head 0.276 foot, no end contractions, velocity of approach less than 1 foot per
second. :

September 1, 1898, there were 2.04 second-feet flowing over the same weir; head
0.286 foot.

June 26, 1899, 1.77 second-feet were flowing over the weir; head 0.26 foot.

August 31, 1899, 1.67 second-feet were flowing over the weir; head 0.25 foot.

June 7,1900, the discharge over the weir measured 1.88 second-feet; head 0.7
foot, velocity of approach less than 1 foot per second, no end contractions.



LIPPINCOTT.] SMALYL CANALS. 35

Camp Carlton ditch,—June 30, 1898, at 4.30 p. m., 0.61 second-foot was flowing
over the weir at the Waterman avenue crossing; length of weir 3.33 feet, head
0.146 foot, velocity of approach less than 0.5 foot per second, two full end con-
tractions.

September 12, 1898, at 9.30 a. m., there were 1.2 second-feet ﬂowmg over the
same weir; head 0.229 foot.

March 7,1899, there were 2.13 second-feet ﬂowmg over the weir; head 0.333 foot.

June 20, 1899, 1.62 second-feet were flowing over the weir; head 0.28 foot.

August 27, 1899, 1.02 second-feet were flowing over the weir; head 0.25 foot.

March 21, 1900, 2.55 second-feet were flowing over the weir; head 0.38 foot.

June 7, 1900, the discharge over the weir measured 2.6 second-feet, head 0.385

- foot, velocity of approach less than 1 foot per second, two full end contractions.

East Riverside irrigation district.—It is stated that on June 10, 1898, 4.4 second-
feet were being pumped for this district at the head of the Vivienda pipe line.

September 17, 1898, at 4 p. m., measurement showed that 4.43 second-feet were
flowing over a weir 3.83 feet in length at the reservoir at the head of the Vivi-
enda pipe line, which runs to East Riverside. Head 0.55 foot, two full end con-
tractions, velocity of approach less than 1 foot per second.

March 18,1899, 4.25 second-feet were flowing over the same weir; head 0.54 foot.

June 23, 1899, at 4 p. m., there were 2.08 second-feet flowing over the same weir;
head 0.33 foot.

March 1, 1900, there were 6.59 second-feet flowing over a weir 4.16 feet long in
the tunnel pipe line; head 0.6 foot, no velocity of approach, two full contractions.

June 12, 1900, the discharge over the foregoing weir measured 5.88 second-feet;
head 0.542 foot, two full end contractions, velocity of approach less than 1 foot
per second.

Colton Terrace Water Company.—June 30, 1898, 1.97 second-feet were flowing
over a weir 2 feet in length at Reservoir Hill; head 0.456 foot.

September 22, 1898, 1.61 second-feet were flowing over a weir at the head of the
pipe line above First street in San Bernardino; head 0.3 foot, length of weir 3 feet.

March 13, 1899, 1.69 second-feet were flowing over the same weir; head 0.31 foot.

June 26, 1899, 1.8 second-feet were flowing over the same weir; head 0.26 foot.

August 26, 1899, the discharge measured the same as on June 26,

Mareh 17,1900, the discharge over the same weir measured 1.69 second-feet; head
0.31 foot.

June 12, 1900, the discharge over the same weir measured 1.54 second-feet; head
0.292 foot, velocity of approach less than 1 foot per second, two end contractions.

City of Colton pumping plants.—June 26, 1899, 2.09 second-feet were flowing
over a weir 4,17 feef in length at the head of the pipe line of the First street reser-
voir in San Bernardino; crest of weir 18 inches wide, head 0.29 foot.

August 26, 1899, 1.52 second-feet were flowing over the same weir,

August 26, 1899, the pumping plant west of Mount Vernon avenue was dis-
charging 2.37 second-feet over a weir 2 feet long in the pipe line; head 0.52 foot,
two full contractions, velocity of approach less than 0.5 foot per second.

March 17, 1900, the First street pumps were discharging 2.57 second-feet over.a
weir 4.15 feet long, crest 18 inches wide, head 0.33.foot, two full contractions,
velocity of approach less than 0.5 foot per second.

June 12,1900, the discharge of the two pumping plants.measured-3.21 second-feet.
The First street pump was discharging 1.23 second-feet over a weir 4.15 feet long
at the head of the pipe line; head 0.23 foot, velocity of approach less than 0.5 foot per
second, two full contractions. The Mount Vernon avenuepumps were digcharging
1.98 second-feet over a weir 2 feet long in the reservoir; head 0.46 foot, two end con-
tractions, velocity of approach less than 0.5 foot per second.

Whitlock ditch.—June 29, 1898, at 5 p. m., the discharge measured 0.34 second-
foot in the flume on Styles street across the McKenzie ditch; the water area was
2.65 square feet, surface velocity 1.6 feet per second, coefficient 80 per cent.
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October 6, 1398, the discharge in the flume measured 0.38 second-foot, water area
0.338 square foot, velocity of approach 1.42 feet per second, coefficient 80 per cent.-

March 1, 1899, the discharge in the flume measured 0.47 second-foot, water area
0.59 square foot. velocity of approach 1 foot per second. coefficient 80 per cent.

June 27, 1899, the discharge in the flume measured 0.277 second-foot, water area
0.6 square foot, velocity of approach 0.66 foot per second, coefficient 80 per cent.

August 28, 1899, the discharge in the flume measured 0.094 second-foot, wuter
area 0,147 square foot, surface velocity 0.8 foot per second.

March 15, 1900, the discharge in the same flume measured 0.282 second-foot,
water area 0.145 square foot, surface velocity 1 foot per second.

June 23, 1900, the ditch at this point was dry.

Bloomington flume.—September 17, 1898, at 4.00 p. m., the Bloomington flume
was discharging 5.49 second-feet of water over a weir2 feet in length at the upper
end of the flume. That weir was rubmerged 0.41 foot; the head was (.96 foot,
velocity of approach less than 0.5 foot per second, two end contractions.

_June 23, 1899, 5.930 second-feet were flowing over the same weir. The weir was
submerged 0.19 foot, the head was 0.95 foot, velocity of approach 2 feet per second,
two end contractions.

August 26, 1899, 3.05 second-feet were flowing over the same weir, which was
not submerged. The head was 0.62 foot.

March 16. 1900, the weir at the upper end of the flume was found to be destroyed;
3.8 second-feet were measured by floats at the lower end of the flume; the water
area was 3.05 square feet, surface velocity 1.66 feet per second, coefficient 80 per
cent.

June 12, 1900, the discharge near the end of the flume measured 3.68 second-feet,
sectional area 3.93 square feet, surface velocity 1.25 feet per second, coefficient 75
per cent. ’

Johnson & Hubbard pumping plant.—March 16, 1900, 1.26 second-feet were
flowing in the flume at the lower end of the pipe line just east of Colton. The
water area was 1.1 square feet, surface velocity 1.43 feet per second, coefficient 80
per cent.

Comparative amounts of water, in second-feet, flowing in canals above Colton.

: June, | Sept., | Mar., | June, | Aug., | Mar., | June, | Sept.,
Naane of ditch, 1898, | ‘1808, | ‘1899, | 1899." | 1899, | 1900." | "1900." | "1900.
Haws & Talmage ... _......... 0.84 0.00 0.28 0. 0.00 0.00 0.00 0.00
RabelDam .._.._. _. | 5.3 3.07 2.36 1.54 .04 .54 .35 [irg
Shay or Stout Dam 2.30 2.08 2.23 1.13 .90 507 .40 16
McKenzie .......... 2.54 2.08 9.40 3.86 2.00 2.30 1.57 1.69
Meeks & Daley.._.. o] 8.42|b17.00 | 17.00 | 15.48 | 10.45 13.94¢ 13.78 14.68
Beam . ... ... .67 b, 65 .72 .52 .40 6 .50
Riverside Water Co., upper
canal® ___._.___._._._..........._| 59.04| (L34} 60.53 | 53.92 | 52.04 61.94 52.94 61.02
Timber _..........._.... - .00 .00 .00 .00 .00 .00 00 .00
Gage canal, Santa Ana R 1.16 1.16 .72 .24 .64 .395 29 17
utage canal, Palm avenue ©26.26 |¢25.07 [¢26.68 [c25.22 (¢23.47 |c¢2L.96 |¢32.23 | ¢27.85
Logsdon & Farrel .72 .63 1.61 1.15 .54 1.26 49 .20
Whitlock ._....... . .31 .38 AT .28 094 .23 .00 .00
Daley.__.. . .63 .67 1 .51 .51 .72 1.12 .54
MclIntyre. 1 . 038 .82 .15 .00 14 .01 .00
Whiting ......____.. .26 .01 .76 . 246 .0 1.12 .13 .00
Swamp ___.......... R 1.00 1.02 .85 17 .69 .70 .89 .86
Ranchero........... b1.75 1.64 1.64 1.00 .41 .24 .55 1.33
Ward & Warren.................| 2.32| b2.32 3.00 .615  1.56 2.55 1.70 .53
Mill flume, Riverside Water Co.| 3.12 3.86 5.30 7.29 2.56 2.67 2.17 .94
Mill pump, Riverside Water Co.| 1.94 2.04 (d) 1.7 1.67 (d) 1.88 1.52
Camp Carlton._____.__._ ... .61 1.20 2.13 1.62 1.02 2.55 2.60 1.67
East Riverside.......... R 4.40 4.43 4.25 2.08 2.00 6.59 5.88 3.70
Colton Terrace Water Co.......| 1.97 1.61 1.69 1.30 1.30 1.69 1.54 1.53
City of Colton..._.__.___. 6.82 7.40 3.20 5.49 3.89 4.94 3.21 3.54
Bloomington flume ......._.._... 5.26 549 | (4) 5.93 3.05 3.80 3.68 3.28
Total ... ... 188.11 | 144.69 | 146.44 | 132.11 | 110.14 | 131.46 | 117.41 | 125.61

= Above Slover Mountain. bInterpolated. c¢River water not included. = dPumps not run.
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Return water, natural flow in second-feet, compared with developed water in
San Bernardino Valley above Colton.

Name of ditch.

Haws & Talmage -
Rabel Dam
Shay or Stout Dam
McKenzie
Beam ...
Riverside Water Co., , up
percanal _____.
Gage canal, Santa Ana
River........... .
Gage canal, Palm avenue

MclIntyre._.
Whiting ..

Swamnp ...
Ranchero. ...

Water Co.........
Mill pump of Riv rsi
Water Co.... .
Camp Carlton diteh. .
East Riverside distri
Riverside Highland Wa-
ter Co
Colton Terrace Water Co..
City of Colton pumping
plant___....
Bloomington flume. .
Meeks & Daley ditch

June, 1898. September,1898.| March, 1899. June, 1899,
Devel- Devel .1 | Devel- Devel- .
oped. !Natura.l. oped. Natural oped. Natural. oped. Natural.
0.00 0.28
3.07 2.36
2.08 2.2
2.08 9.40
.65 .12,
43.80 42.49
1.16 .12
""" 63 ikl
.38 AT
.67 .1
.038 .82
.01o .16
1.020 .85
1.640 |. 1.64 |.
L7200 1.49

Total - e e 61.525 70.59
August, 1899. March, 1900. June, 1900. September, 1900.
Name of diteh. y -
]g;‘égl. Natural. 2‘3};31' Natural. %Eégl_ Natural. ]?)EZEI. Natural.
Haws & Talmage 0.00
Rabel Dam . .07
Shay or Sto .16
McKenzie . 1.69
per canal __. 3402
Gage canal, Santa
River_._. A7
Gage canal
Weir - oo | 24T | 2196 |l 2228 | 785 oo
Logsdon & Far .20
‘Whitlock - .. 00
Daley..... .5t
Mc[nt} Te .00
Whiting .00
Swamp .86
Ranchero. . .53
Ward & Warren........_..| 156 ..........] 160 .95 | 160!  .10| .53 |cccceo.no-
Mill flume of Riverside
Water Co . ____..__.....___. .94
Mill pump of Riverside
WaterCo......coooo_....) L67 | ]oo... Notrun.| L8 |........|] 1.52|.ccccoocan
Camp Carlton diteh ____...| 102 |.........| 255 ... 260 |..ccooo..| 167 |cemmiaaa.
East Riverside district, or
Riverside Highland Wa-
terCo.ceee o . 2.00 | oo..o. 6.59 ... 5.838 |.couaoo. 390t
Colton Terrace Water Co..| 1.80 j........_. 1.69 ... 1.54 | 153 oot
Cltff of Colton pumping
ant . . 3.8 | ... 4.94 4L ... 3.2 . 354 ool
Bloomington flume .. 3.05 |.o.ec. oo 3.80 Joooionan 3.68 | oo 3.28 |cociaa o
Meeks & Daley ditch ......|....... 10.45 | ... 13.9%¢ |.....__. 13.78 | ..o 14.68
Total - oo 65.46 44.68 | 67.67 63.79 T4.48 42.93 | 71.42 54.18

2 Interpolated.
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From the two preceding tables it will be noted that despite severe
droughts which existed from 1898 to 1900, inclusive, the output of
water from the gravel beds above Colton has but slightly diminished,
the total being 144.69 second-feet in September, 1898, as compared
with 125.61 second-feet in September, 1900. The amount of developed
water in September, 1898, was 66.38 second-feet and in September,
1900, 71.42 second-feet, while the natural return water between the
same dates decreased from 78.31 second-feet to 54.18 second-feet.
During this period much development work was done, and while
these new supplies do not mean an absolute addition to the output
from the district, the fact that the total supply was maintained not-
withstanding the drought is a decided achievement.

The most important question in considering this underground water
supply is the rate at which the gravel beds will be recharged during
wet years. This underground reservoir is of sach magnitude, how-
ever, that it will require a term of years to demonstrate what these
conditionsare. Certainly more water can not be permanently pumped
from a reservoir than its mean inflow. During this investigation an
effort has been made to determine the elevation of the water plane
throughout the valley above Colton, as shown on PL. I. During the
last four years the plane of saturation has been lowered. After a
cyele of rainy years observations of these same wells should be taken
to determine what the rise, if any, in the water plane has been. Not
until this has been done will it be possible to state whether the supply
is of a permanent nature. The data now at hand, though meager,
indicate that 140 second-feet can with safety be continuously with-
drawn, but this amount should not be greatly inereased.

WELLS.

There are a large number of artesian wells near San Bernardino and
Colton, in the basins of Santa Ana River, Lytle Creek, and Warm
Creek. On page 530 of Physical Data and Statistics of California,
published by the State engineering department in 1886, is given a list
of 408 artesian wells above Colton, 208 of which were measured and
found to be discharging 20.11 second-feet. Nearly all of these wells
must have been near San Bernardino and Colton, and all of them
must have been in San Bernardino Valley. In 1898 the wells in Santa
Ana River Basin proper that supply irrigation water were all flowing
wells. In the basin of Lytle Creek the wells are more numerous,
and are owned either by individuals or by small corporations. In
the town of San Bernardino many artesian wells have been bored
for domestie purposes during the last twenty years, which when prop-
erly eapped furnished water under pressure to many houses. These
wells are from 200 to 400 feet deep, and all are driven through layers
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of clay and gravel. They cost (in 1898), cased, from $1 per lineal foot
for 4-inch wells to $2 per lineal foot for 10-inch wells. Some of them
furnished as much as 50 miners’ inches of water; many of the smaller
wells flowed only 3 to 5 miners’ inches. During the last four years
many of these wells in the city of San Bernardino have ceased to flow,
and the discharge of all of them has greatly decreased. These wells
afford a very cheap water supply in a locality where the large irriga-
tion companies charge from 5 to 20 cents for a run of 1 miners’ inch
for twenty-four hours. The area of artesian lands in this basin was
32 square miles in 1897 and 15 square miles in 1900. The irrigation
companies have purchased these water-bearing lands. About fifty
wells have been sunk in the Lytle Creek Basin. The prices at which
the lands are sold vary widely. In Augnst, 1888, the Riverside
Water Company paid $25,000 for 40 acres of artesian land in the
Warm Creek bottoms. In 1898 the same company bought the water
right to 72 acres of excellent artesian lands in the Warm Creek
Basin for $50 an acre. The latter price has also been paid in several
localities northwest of San Bernardino, between the Lytle Creek Wash
and the mesa to the west, which seems to be an extension of the
Bunker Hill dike. Pumping plants have been placed in many of the
wells, and the supply has thus been increased. The result has been
to very largely exhaust the small domestic wells in the city of San
Bernardino, and it would now appear that it has become a contest
between the owners of the pumping plants as to which shall control
the water. It probably is largely a question of pumping out an under-
ground reservoir, and the man who taps it lowest down and has the
strongest pump will get the most water. The results of a series of
interesting experiments made by Prof. E. W. Hilgard on the wells
at the head of the Gage system are given under the description of
the water supply of that system. These experiments show that in
April, 1889, capping and uncapping 27 adjoining flowing wells did not
produce an immediate effect upon the surrounding wells.

The table on pages 84 and 85, showing the effect of opening and clos-
ing neighboring artesian wells of the Gage canal system, is also of
interest in considering this matter. Observations of 55 wells were
made in Oectober, 1892, and while the volume of water increased as
more wells were sunk, the aggregate flow is not so great, by 52 per cent,
as the sum of the flow of the individual wells when all of the wells
except one were closed.

The question whether the water supply in the aggregate can per-
manently be increased by digging larger wells and pumping is of
course a vital one in this connection. An artesian basin is practically
an underground reservoir. In this case it is probably refilled during
wet years, principally by the winter floods from the surrounding moun-
tain drainage basins and from the return water from irrigation.
‘When the reservoir is filled the basin runs over at its rim and permits
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larger surface flow. The wells tapping this basin at its lowest depres-
sion probably occupy the most favored positions, and those at the
upper rim the poorest positions. All draw from the same source, and
it is exceedingly difficult to tell which wells are responsible for the
draining of those that have failed. It isclaimed by the owners of the
newer pumping plants that the failure of the wells that ceased to flow
in 1898 is due to the series of dry years that preceded.

During the winter of 1897-98 there were very few floods, and even
the normal winter flow of the streams was diverted for irrigation pur-
poses. The same condition prevailed in the winters of 1898-99 and
1899-1900. The points of diversion on some of the surrounding
streams have been moved higher up into the canyons and tunnels run
under the stream beds to bed rock, which tends to decrease the sup-
ply of artesian water. While the wells near San Bernardino have
failed and the wells in the Lytle Creek Basin have fallen from 19.12
second-feet in June to 13.94 second-feet in September, those in the
lower central portion of the main valley have held their own. There
is apparently no redress at law for those whose wells have failed,
because it is difficult to show any direct stream relation between given
groups, and at present the law does not take cognizance of so complex
conditions.

The more an artesian basin is drawn upon the greater will be its
storage capacity in unfilled voids during the following season; conse-
quently it is possible that the total output from this basin may be
permanently increased by tapping it more extensively in the lower
levels. As a water supply is controlled absolutely by its minimum
production, and as many of the artesian wells about San Bernardino
failed during the summer of 1898, it is clear that the limit of artesian
supply near the 1,100-foot contour has been reached. The limit of
maximum available supply entering the artesian reservoir is gov-
erned by the area of the intake, the velocity of the entering water
through the intake, and the length of time during which the entering
water is available. These conditions are manifestly difficult of
determination.

The large number and the great capacity of wells that have been
bored in the lower regions of the artesian belt have so mnearly
approached the carrying capacity of the gravel and have so diminished
the pressure at the lower wells that it is difficult to obtain a definite
idea of the elevation at which water may be found in the upper
regions of the artesian belt. A distinct grade is very noticeable in

.the crest of all wells when their pressure is considered. The flowing
of water from these wells is changed from a condition of hydrostat-
ics to one of hydraulics. It is of interest to note that when a well
has an even flow over its casing, so that the height of rising water in
the center of the well above the casing can be accurately measured,
this height may be considered as the head on a weir, the length being



LIPPINCOTT.] WELLS. 41

the circumference of the pipe, end contractions being eliminated.
The probable error in this computation ordinarily will not exceed 4
per cent.

All of the wells in San Bernardino Valley in the Redlands and San
Bernardino quadrangles, irrespective of their size or producing
capacities, were visited by the representatives of the Geological Sur-
vey during the summer of 1900. The 412 wells in the Redlands
quadrangle were inspected by Mr. Louis Mesmer, of Los Angeles,
Cal., and the 478 wells in the San Bernardino quadrangle were
inspected by Mr. C. J. Roney, observer. The results of their obser-
vations are contained in Part II of this report—Water-Supply and
Irrigation Paper No. 60.

Artesian wells of the Rwerside Water Company.—During the last
thirteen years the Riverside Water Company has sunk 70 artesian
wells in the Warm Creek Basin east of Colton and San Bernardino,
varying in depth from 60 feet to 590 feet and in diameter from 6 inches
to 10 inches. The largest well developed by the company previous to
1898 was in the bottom land of Santa Ana River, in lot 2, block 54,
San Bernardino Rancho, about 2 miles east of the town of Colton. In
the spring of 1898 the managers of the Riverside Water Company
decided to increase this development by sinking numerous shallow
wells 8 or 9 inches in diameter about 300 feet apart, and close enough
to discharge their waters directly intothe company’s main conduit lead-
ing to Warm Creek. For this purpose two hand rigs were procured
and 13 wells were sunk, at an average cost of $1.75 per foot, the
result being an inerease of 282 miners’ inches (5.64 second-feet).
These wells were bored through alternate layers of sand and clay to
water-bearing gravel and bowlders by means of derricks and sand
pumps.

The total output of this tract, as measured June 30, 1898, was 554
miners’ inches (11.09 second-feet), 79 miners’ inches (1.58 second-
feet) of whieh goes to the Ward & Warren ditch, the remaining 445
miners’ inches (9.51 second-feet) being delivered into Warm Creek
just above the Riverside Water Company’s upper canal diversion.

One of the largest wells was sunk on the south side of Warm Creek
in lot 11, block 51, San Bernardino Rancho. It was commenced in
January, 1898, and was completed in February, 1898, the total cost
being $1,100. It is 590 feet deep, has a 10-inch casing of No. 10 iron,
B. W.G. The water all comes from the bottom, and when com-
pleted the well flowed 120 miners’ inches (2.4 second-feet). During
the summer of 1898 a basin was placed around this well and con-
nected by a pipe to the main channel of Warm Creek. Twelve feet
of pipe was cut off from the top of the well to make it correspond
with the bed of Warm Creek. This increased the flow to 150 miners’
inches (3.0 second-feet). The cost of water from this well was $7.33 per
miners’ inch. There are seven wells on this tract, the aggregate flow
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of which in August, 1898, was 340 miners’ inches (6.8 second-feet).
This water is earried in a vitrified clay pipe direct to the natural chan-
nel of Warm Creek, with whose waters it mingles, and on its course
toward Riverside is allowed to pass through the various head gates
of the irrigating ditches and is not deducted from the other stream
measured at the Riverside Water Company’s upper canal.

During the months of March and April, 1900, the Riverside Water
Company sunk three wells, to an average depth of 552 feet, in block
44 of the San Bernardino Rancho. The water all comes from the
extreme bottom of these wells. The pipes are 10 inches in diameter,
of No. 12 iron, B.W.G. On May 19, 1900, the total flow of these
three wells was 420 miners’ inches (8.40 second-feet).

Martius well.—The Martius well, at Tippecanoe station, on the Riv-
erside Motor Railroad, may be taken as a type of numerous pumped
dug wells. It was excavated in 1893, is 20 feet deep and 12 feet in
diameter. The wall is of dried brick laid on a wooden toe of crib
work. Mr. Martius says that at first he used a steam engine to run
the pump, but the cost was $3 for a day of ten hours. He now (1900)
uses a 9-horsepower Webber gasoline engine, and the cost of pumping
is $1.30 a day, or at the rate of 1.44 cents per horsepower per hour. A
centrifugal pump is used, and 15 miners’ inches (0.30 second-foot) of
water are raised. This water is used for irrigation and street sprink-
ling. Ordinarily the cost of gasoline for power is about 33 per cent
less than this amount.

PUMPING PLANTS.

One feature of special interest in the pumping plants in this valley
is the use of electric motors for developing power. The mountain
- streams enter the valley on very heavy grades, and when diverted
from their canyons into canals they obtain as much as 400 or 500 feet
head in 4 or 5 miles length of econduit. The water is then dropped
through large steel pressure pipes to nozzles which play on impulse
water wheels of the Pelton, Knight, or Tuthill make.» These wheels
have velocities so high that they can be coupled on the same shaft
with the dynamos, thus eliminating loss by gearing. By means of
transformers the voltage of the current to be transmitted is ‘“stepped
up” to from 20,000 to 40,000 volts, i. e., it is driven over the transmis-
sion line under very heavy pressure to the point where it is intended
to be used. Itisthen ‘“stepped down” to alow voltage for the motor
which drives the pump. The 3-phase motor is the machine usnally
employed for this work. Numerous plants of this class have been in
service in this locality for the last two years. They give little or no
trouble, and are easilystarted under a load. One attendant can watch
three or four of these plants when they are situated within distances of

aFor description of some of these power plants,see Nineteenth Ann. Rept. U. 8. Geol. Survey,
Pt. IV,
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from a half to a fourth of a mile of one another. The 20-horsepower
motor and the centrifugal pump is the most popular plant. The motor
is spherical in shape and only 4 feet in diameter. The amount of cur-
rent used for power is metered and paid for at meter rates. Single or
2-phase motors have been tried for this work, but difficulty is found in
starting them under a load. A secondary small machine called an -
‘“‘exciter” has been used in starting them, but even then trouble is
experienced. The method of obtaining power by the simple turning
of a switch, without the usual accompaniments of dirt and heat and
with the little attendance that is required by a plant of this character,
is ideal. It is a great improvement over the gas engine. Motors run-
ning horizontally, attached to the vertical shaft of the centrifugal
pump, are now (1900) made, and give increased efficiency.

Descriptions of the pumping plants located east of Mount Vernon
avenue, San Bernardino, in the Lytle Creek bottom, are given below.
It is difficult to determine the volume of water pumped, as the pumps
do not run with uniform speed and usually discharge into pipe lines.
The statements of owners as to volumes discharged have usually been
accepted, and while the amounts they give are probably somewhat in
excess of the average flow, this will tend to compensate for a number
of minor flowing wells or windmill plants not visited or considered in
this connection.

East Riwverside Pumping Company, Raynor ranch.—In June, 1898,
the East Riverside Pumping Company was using at one of its wells a
General Electric 20-horsepower 3-phase motor under 550 volts pres-
sure. The power is measured by meter and costs (1898) 1 cent per
hour per horsepower for 20-hour days, or $6 a month. The power is
furnished by the Redlands Electric Light and Power Company and is
developed at the drop in the Mill Creek Canyon. In 1898 the electric
motor was consuming 16 horsepower and was lifting 85 miners’ inches
of water (1.7 second-feet) 28 feet high with a Byron-Jackson No. 6
centrifugal pump discharging through a 6-inch pipe. The total out-
put from the plant of this company is 221 miners’ inches (4.43 second-
feet), as determined by weir measurement in September, 1898. The
water is carried through the Vivienda pipe line to the East Riverside
irrigation district.

City of Colton pumping plant.—The pumping plant of the ¢ity of
Colton furnishes water for irrigation and domestic use at and near
that city. Two of the wells (Nos. 2 and 3) are located on what is
known as the Barnhill and Lamb tract, block 25, San Bernardino
Rancho. The third well is on the south line of First street. All are
in the Lytle Creek Basin. These wells are locally known by numbers.

Well No. 1 has a General Electric 20-horsepower 3-phase motor
applying 14 horsepower in running a No. 6 Byron-Jackson vertical
centrifugal pump, and on June 27, 1898, it was lifting 121 miners’
inches (2.42 second-feet) 35 feet high per day of 20 hours, which is
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equivalent to 101 miners’ inches (2.02 second-feet) for a 24-hour day.
This i3 a cased well.

Well No. 2is a 10-inch cased well. A General Electric 20-horsepower
3-phase motor of 550 volts capacity is running a No. 10 Byron-Jackson
horizontal centrifugal pump, and in June, 1898, was said to be lifting
60 miners’ inches (1.2 second-feet) of water 34 feet high per day of 20
hours, equivalent to 50 miners’ inches (1 second-foot) for a 24-hour
day. On September 22, 1898, this plant was furnishing 81
miners’ inches (0.62 second-foot), weir measurement.

Well No. 3 is a 10-inch cased well on the Lamb tract.
A 10-horsepower 3-phase electric motor with a capacity of
550 volts is running a Byron-Jackson horizontal centrifugal
pump which on June 27, 1898, was raising 50 miners’ inches
(1 second-foot) of water 35 feet high per day of 20
hours, equivalent to 42 miners’ inches (0.83 second-
foot) for a 24-hour day. This plant is running
with remarkable smoothness, there being no jar and
scarcely any appreciable sound from either pump
or motor.

Well No. 4 supplies the domestic service
of Colton. It is of special interest owing
to the grouping of the wells that are oper-
ated from one centrifugal pump. The pump
is 16 feet below the surface of the ground,
in apit. The suction pipe from the pump is

WELL 140 feet
G

Fi1c. 1.—Plan of city of Colton pumping plant, showing group of wells operated by one cen-
trifugal pump.
led to four cased wells. A deep trench was dug for these pipes. Fig.
1shows thelocation of the wells and pump. This plant islocated north-
west of the Santa Fe Railroad, at the crossing of Lytle Creek. The
pump was originally situated on the surface of the ground, but during
the summer of 1898 it was lowered 16 feet, all of the connections of
the wells beinglowered also. The pump isa No. 8 Byron-Jackson ver-
tical centrifugal, and is operated by a General Electric 20-horsepower
3-phase motor, which is developing 24 horsepower. On June 27, 1898,
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110 miners’ inches (2.2 second-feet) of water were being pumped, and
on September 22, 1898, 150 miners’ inches (3 second-feet), per day of
20 hours. The wells are all 10-inch cased wells. The pumps were
lowered because of the falling of the water plane. The plantis entirely
successful. A plant of similar design is located near Exeter, Cal.,
in the bottoms of Kaweah River.

Pomeroy & Marble wells.—The pumping plant of the Colton Ter-
race Citrus Land Company is at the corner of Mount Vernon avenue
and Mill street, San Bernardino. A No. 4 Byron-Jackson horizontal
centrifugal pump is run by an 8-horsepower gasoline engine. There
is one well (cased) 100 feet deep, from which on June 18, 1898, 40
miners’ inches (0.80 second-foot) were being lifted 32 feet. On that
date there was also an artesian well furnishing water to this system
from this locality. The latter well was flowing 40 miners’ inches (0.8
second-foot).

Colton Terrace Orange Land and Water Company.—The wells of
this company are four in number and are from 200 to 300 feet deep.
They are 7-inch cased wells and are about 150 feet apart. This plant
is of special interest, as the water is lifted by an air system. A
20-horsepower single-phase electric motor costing $700 was originally
used to operate a Stillwell-Bierce air compressor. The electric motor
was a failure and it was replaced by steam. From the air compressor
the air is conveyed through a reservoir to a distributing pipe system.
Thirteen horsepower is now being expended; but it is proposed to
increase the number of wells, when more power will be required. The
wells are bored and cased and a $-inch air pipe is run down to almost
the bottom of each well. A stopcock is placed near each well to regu-
late the volume of air entering it. (See Pl. VIII, B.) The water is
raised by the expansion of the air in the lower portion of the well
pipe. The feature of special value in the system is that the lifting
force can be indefinitely distributed to the numerous wells in the
various localities. The illustration (Pl. VIII, B) shows a well into
which an excessive amount of air has been admitted. Ordinarily just
enough air is passed to produce a flow about 2 or 3 inches above the
top of the well. The water stands naturally at a level of 20 feet below
the surface. On June 30, 1898, the wells were producing 98.5 miners’
inches (1.97 second-feet). This system of pumping does not as a
rule give a working efficiency of more than 35 per cent and is prov-
ing a disappointment in several localities. In 1900 this method of
pumping had been discontinuned at this plant.

In PL VIII, 4, is shown a pumping plant near El Monte The
water supply is from five cased wells in the gravel beds below the
mouth of San Gabriel Canyon. The output is approximately 500
miners’ inches.

Bloomington pumping.plants.—The water flowing in the Blooming-
ton flume is a combination of 100 miners’ inches (2 second-feet) of
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Lytle Creek water for the domestic supply of the city of San Bernar-
dino and the output of three pumping plants in the Lytle Creek
Basin. The irrigation water is being used near Bloomington, on the
Citrus Belt irrigation district. The pumping plants are—

No. 1: A 20-horsepower gasoline engine expending three-fifths of
its indicated power is pumping from a 10-inch cased well 400 feet
deep. A No. 5 Byron-Jackson centrifugal pump is used, which on
September 12, 1898, was lifting 56 miners’ inches (1.12 second-feet).

No. 2: A 20-horsepower Daniel Best gasoline engine using 16 horse-
power is running a Byron-Jackson centrifugal pump which lifts from
a 10-inch cased well 469 feet deep 100 miners’ inches (2 second-feet)
of water. The water is raised 22 feet. On June 18, 1898, the plant
was pumping 115 miners’ inches (2.3 second-feet) and on September
12, 1898, it was pumping 100 miners’ inches (2 second-feet).

A Pelton wheel is run from 100 miners’ inches of water, which is
dropped 80 feet from the Lytle Creek Improvement Company’s canal,
about 14 miles north of the base line at the west bank of the Lytle
Creek Wash, and develops 24 horsepower. Omn June 18, 1898, 110
miners’ inches (2.2 second-feet) of water were being raised 46 feet from
two wells and conveyed to the Citrus Belt irrigation district, near
Bloomington.

Minor pumping plants.—Johnson & Hubbard have two 10-inch
cased wells, one 190 and the other 260 feet deep. In June, 1898, a
3-phase electric motor developing 26 horsepower and a Byron-Jackson
centrifugal pump were used to lift 120 miners’ inches (2.4 second-feet)
of water 40 feet high. The well furnishing the supply is located near
the corner of Mill street and Mount Vernon avenue, San Bernardino.
This water irrigates orange land north of Colton. The plant is used
at intervals of a few days.

A well 2 miles northeast of San Bernardino is operated by an elec-
tric motor and a centrifugal pump. On September 9, 1898, it was dis-
charging 25 miners’ inches (0.50 second-foot). The water is being
used on the Chinese gardens at the point of development. This well
is pumped from only at intervals of about ten days. It is at the cor-
ner of the base line and Waterman avenue.

There are several other sinall pumping plants using water a few
days each month which are not described here, because they are of
relatively small importance.
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STREAMS TRIBUTARY TO SAN BERNARDINO VALLEY
ABOVE AND BELOW SLOVER MOUNTAIN.

For the purpose of making comparisons between the surface waters
entering San Bernardino Valley above and below Slover Mountain, the
following table of discharge measurements made in the summerof 1898 |
is introduced. Tt must be remembered that the summer of 1898 was
preceded by a series of unusually dry years, and that the streams of
the State were then at an extremely low stage. Mill Creek and Santa
Ana River were visited by local storms during the latter part of
August, and the flow from the Santa Ana had been specially
reenforced by the water discharged from the Bear Valley reservoir,
which regulates the flow from 54 out of 183 square miles of its
drainage basin. The flow of Plunge Creek has been reenforced by
development works in the bed of its canyon.

Discharge measurements of mountain streams in San Bernardino Valley above
Slover Mountain, 1898.

Point of measure- Dis- Dis-
Stream. ment, Date. charge. Date. charge.
Sec. feet Sec.-feet.
San Timoteo Creek.... ._.._. Above Brookside*.._| Junel?. .. September 8. .
Mlll Creek .| Crafton divide ...___[...do...... 18 10 ..... [ Lo OO 13.07
........................ MacIntosh develop- |-..do...... 280 Aol .28
ment.
Santa Ana River ......._.... At Warmsprings |...do...._. 40.30 | ... [ U T, 37.91
(including g olen
tunnel, 1.24).
Plunge Creek............ ... At headworks....._. .do...... 2.26 September 9. .20
Clity Creek._.__._ oo ce-do o ...  Junell._. 3.03 ... do - .07
East Twin Creek . __.____.___ Canal and develop- |.. do...... 2,05 | ... do-_. .. .73
ment water.
‘West Twin Creek _......___. Headworksand Hot |.__do...__. 218 |..... do........ .38
Springs. .
Lytle Creek Anglo-American | Junel0. . 10.73 | August27.... 10.01
Canaigre Co.

Total. .o i June . ... 79.88 | September. .. 63.15
Rising or return water - ____| ... ... ... June ____. 71.25 | September._. 78.31
Discharge from wells . ... | ccooooeomeioaiioaaio|codOain s 66.86 |.....do ....... 66. 38

Total.. S N June ..... 138.11 | September.. 144,69
Deductflow from surround- | -o.-oooooowoeoooeoooo ..do...... 79.88 |..... L Lo T 63.15

ing mountain streams.
Excess of return water. .| . ... ._...... June..... 58.23 | September. .. 8l.54
» Estimated.

Dtscharge measurements of mountain streams in San Bernardino Valley velow
Slover Mountain, 1898.

Point of measure- Dis- Dis-
Btream. ment, Date. | charge. Date. charge.

Sec.-feet. Sec.-feet.

San Antonio Creek.......... Division weir. ....___ June 2._. 6.43 | August 26.... 5.18
Cucamonga Creek. . .| Incanyon............|....- do.... 22,08 | .... [ Lo J 1.04
Deer Creek . ......... .| At headworks....._.|._... do.... 21,40 |.. ..do ........ (]
Coldwater Creek._....._ .| Incanyon............ July 1... 46| uly 31l....... .16
Temescal artesian wells .__.|.__._ i o N I do.... 7.00 | August 30.... 7.00
Temescal Creek ......._..... Below lake .......__.{...__ do.... 8.75 | August —_...|. 3.00
Total. i i i e e 2012 |l 17.08

» Estimated.
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Return waters in San Bernardino Valley below Slover Mountain and above River-
side Narrows, 1898.

Point of measure- Dis- Dis-
Stream. ment. Date. | charge. Date. charge.
Sec.-feet. Sec.-feet.
Lower Riverside canal..._.. Near headworks at | Junel7. .. 10.27 | August 27 8.50
E. Riverside.
Spring Brook............_....| South of Rubidoux | Junel9... 2.92 | Augnst 28_... 1.27
Mountain.
Evansditch..._...._..._.... Right Lank, § mile |{...._ do.... 5.68 {_....do._.._._ 4.87
below bridge.
Rubidoux canal ..._.._..._.| Right bank, 1 mile ;_____ do.... 8.94 | August 27._.. 8.50
1sou’ch of county
ine.
Santa Ana River ._....._.___ 4miles below River- | June20... 47.63 | August 29.... 39.056
side
TOtal oo oooee e e e enaeoel| JUMG ... 75.44 | August _____. 62.19

Return waters in San Bernardino Valley between Riverside Narrows and the lower

Santa Ana Narrows below Rincon, 1898.

Point of measure- Dis- Dis-
Stream. ment, Date. charge. Date. charge.
Sec.-feet. Sec.-feet.
Small diteh_ ... Right bank, 2 miles | June?20... 8.76 | August ._.... 23.76
below Riverside
Narrows.
Griffiths ditch.__ ... R;ggtﬁazliwgqec 28,T.)...._ do.... 9.99 | ____ do..o 29,99
Townsend ditch....._.._.... Lett; bank, sec. 28,T. |..... do... 4.80 |..... doioas 24,80
Small canal ... .. ......... Leftbank 2milesbe- | June2l... 3.18 | August 29.__. 4.15
low Rincon.
Cucamonga developments..| At Red Hills_._.___.. ‘ June ._... 26,80 | September 9. ©6,80
Santa Ana River ......._.._. At lower narrows ! June?2l.___ 79.81 | August 29.... 62,67
below Rincon.
Total.......... | June ._._. 108.33 | August -..... 92.16
DOl At Riverside Nar-|.._.. do.... 47.63 |_....do......_. 39.05
rows.
Return water between Riv- |.. ... ... . ._..| ... do... 60.70 {.___. do........ 53.11
erside and Rincon Nar-
rows.
Total returmng between | ... ... [, 6.4 ... 62.19
Sloyer Mountain and Riv-
erside Narrows.
Total returning be- |... .. i amloeeeeaaeaas 186,14 |ooooee e e 115.30
tween Slover Moun-
tain and Rincon.
Surrounding mountain |._. ... ... .i|ieecmiaaos 2132 | 17.08
streams between Slover
Mountain and Rincon.
Total excessof return ... ... oiilfiacaeei 15.02 |. ool 98—.:"2
water between Slo-
Xéer Mountain and
in
Excess above Slover Moun- |.o.voe vomoeeeeee oo e 58.23 ... ... 81.54
tain.
Grand total excessof | .. .. ... ... 178.85 | oo 179.76

return water in San
Bernardino Valley
above Rincon.

= Bstimated.

b Includes 1 second-foot developed at mouth of Cucamonga Canyon.
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In considering the volume of return water at Riverside Narrows in
the summer of 1898, as compared with the amount of irrigation water,
the water that is applied for irrigation below the Colton or Bunker Hill
dike should be included. A divide oceurs about 1 mile west of Arling-
ton, to the west of which the drainage is into Temescal Creek and nof
into Santa Ana River above Riverside Narrows. A portion of the
water of the Riverside Water Company and the Gage canal—a vary-
ing quantity, probably 1,000 miners’ inches in average volume—is
applied to alfalfa fields and orange lands south of this divide. It is
quite possible, however, that a portion of the water applied to the
higher lands north of the divide and southwest of Riverside finds its
way to the north of the divide.

Discharge measurements of Santa Ana River.

Date. Point of measurement. Discharge.
1388, Miners’ in.| Sec.-feet.
July 16 Jurupa Narrows R 505.0 10. 10
July 17 ceedoo L. 525.0 10.50
Do Auburndale bridge 728.5 14.57
August 21._ .| Jurupa Narrows .. 425.5 8.51
August 22.........| Auburndale bridge . 664.5 13.29
September 14 ... Jurupa Narrows . o...o.oooiiiioiniianiinann R 474.0 9.48
September 15.__.. Auburndale bridge - ... ... il 709.5 14.19
1889,
August 13.........| Jurupa Narrows....-. 550. 0 11.00
August 14.._._.._.| Auburndale bridge .5 15.55
September 27 _. .. Jurupa Narrows ._.. - R - 560.0 120
September 28..... Auburndale bridge - ... ... coiiiiiiiiiiiiiiiaaes 832.5 16.65
1890.
August 12. .._._._.} Jurupa Narrows .. 937.9 18.76
August 13.._......| Auburndale bridge 1,112.5 2.25
1891.
September 9 ._._.. Jurupa Narrows ... oo i ciiie i 775.0 15.50
September 10_._.. Auburndale bridge . ... ... o ceiiiaiiamiea. 1,281.5 25.63
1892.
September 10 .__. Jurupa Narrows .. ... ... eeiiiieiiaa. 1,469.1 29.38
September 11____. Auburndale bridge . ... ... 2,171.4 43.43
1899.
August 30._._._. 2,655.0 53.10
September 12 . 2,992.0 59.83
1900.
July 28 ... ... [ L 2 2,722.0 54. 45
October 5 ._..._._.|.._.. s s 8,4871.0 GY. 74

Of the foregoing measurements those for 1888 to 1892 were made
by F. C. Finkle while he was chief engineer of the Jurupa Land and
Water Company and the Stearns Ranchos Company. These meas-
urements show the gradual increase, despite the drought, in volume
of flow of the river at this point, due to the extension of irrigation on
lands above. '

IRR 59—02——4
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Estimated monthly discharge of Santa Ana River and Santa Ana canal 2 miles

above mouth of its canyon above Redlands, near Warmsprings.

[Drainage area, 188 square miles.]

Discharge in second-
Soet. Run-off.
Total in
Month. Second-
Maxi- | Mini- | pro. . acre-feet. | popihin| feet per
mum, | mum. : inches. square
mile.
1896.
September ... 91 41 69 4,124 0.41 0.37
October - .. 186 54 71 4,372 44 .38
November .._.._...._........ 56 34 37 2,148 B .19
December.......cccauz.- J 18 37 39 2,435 .24 .21
1897.
JANUALY - seaeet amior cvesnsamnsronaansan.s 10t 68 4,179 .41 .36
e AR A
a e mmm Ameceemmmememmei e mammssamm———— 3 ) . .
April o i iaiies 190 lig 15';0 2, 883 .28 Zg
B 6 6 .46 .
60 79 4,723 47 .42
70 83 5,007 .50 44
b4 K 4,628 .46 .40
35 88 62,571 6.25 .47
58 67 3,968 .39 .35
45 54 3,347 .33 .29
40 45 2,678 27 .24
2 2,040 .21 .18
JANUATY Zaeeeecamececeeceamceeeaaamans [ivg 42 49 2,987 .30 .26
February. t_i(li é&% i?) i 2843 . 31 .;A;:
. vy . .
37 39 2,333 23 .21
15 34 61 3,127 W37 .32
02 40 48 2,840 .28 .25
58 38 43 2,625 .26 .23
61 36 43 2,653 .26 .23
The year - v ocueee o coeeiae e =70 29 48 34,334 3.41 .25
1598 . ey
' fRiver .... 38.0 .
September........... ... ....|[FAVER ---- S0l 2=l om 0.20
October . ... ____ River .__. 26.0 1,581 .16 14
November . R Y U S 22.0 285 .13 .12
December ... ... ...__. e..do..__ 22.0 1,364 .14 12
1899 .
. . [River ... 25.9
January ... 1Canal - 2.0 1,593 .18 -4
February . ..cooeo oo oo {g;;;’i "1% 1,516 .15 15
fRiver .. 3L.6
March —oooooeee e {Ganal = k2! 110 19 Bl
4 [River . 24,
April ... i 5 P14 14 13
iver .2 5
MAY - oeee oo een e {camat 5 boo1s a4 12
iver 22, .
JUNE oo {[E o B } 1,315 .13 12
iver . 2.
B 10 N ol i Iousn 14 12
iver . 2.
August oo ({BIvER - (1001 0 ot 781 .08 .01
Theyear. ... ... . .. |eccece- 1.0 24.7 17,795 1.78 A7
1899. = —
September ... ... ... 12 10 12 690 0.07 0.06
QOctober ... . 19 12 17 1,015 .10 i)
November 49 17 -21 1,268 .13 Al
December - o oomv i e 36 18 23 1,427 14 12
1900.
JANUATY seeeciir it am i ieiiae e 36 19 23 1,414 14 12
3 19 % 1,488 14 13
250 2 57 3,505 .35 .30
25 19 22 1,309 .13 .12
2 11 19 1,168 12 10
12 9 11 676 N .06
S 9| =3 16,596 1.65 .12

|
‘
|
|
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Estimated monthly discharge of Sarta Ana River and Santa Ana canal 2 miles
above mouth of its canyon above Redlands, near Warmsprings—Continued.

Dischar%g aig second- Run-off.
Total in .

Month. Second-
Maxi- | Mini- Mean acre-feet. Depthin| feet per
mum. | mum. ) inches. | square

mile.
11 12 714 Rt .08
12 14 1 .08 .07
14 107 6,367 .63 .57
25 28 1,722 17 .15
31 "8 4,796 47 41
48 194 10,774 1.07 1.03
15 4,181 41 .36
39 43 2,559 26 .23
35 42 2.582 25 .2
30 37 2,202 22 .20
3 38 2,337 23 20
31 50 3,074 31 .27
| 59 2,169 | 417 .31

Drainage areas of Santa Ana River above Rincon.
Square miles.
South of Mill Creek ... __ . .. ____..._. e e e e 10.0
Mill Creek . . o e e e el 46.2
Santa Ana River .. . ... ...l iiiioieao_.-..... R08.2
PlungeCreek. ... .. ... e 1T

Reservoir between Plunge and City creeks _______________________________ 2.7
City Creek ___.__.. - e e e 216
Drainage between Clty and Sa.nd creeks ________________________ e 1.9
Sand Creek ... . ... . . e e a. 8.2
thtIeSandCreek._.-_.__-._.“_-_._ PR BN
Drainage between Little Sand Creek and East Twin Creek .. .. ..._..._.__ 2.5
East Twin Creek ... .. ... ... e e ceiieeicas 9.2
West Twin Creek . .. . e ieiooo 5.3
Drainage between West Twin Creek and Devils Canyon ..._.._.__ .. ____._. 4.0
Devils Canyon _ ... il e T
Cajon Pass Basin. . .. .. . ool iii..... 88.0
Sycamore Flat . .. . e e e .. 2.8
Liyt1e CTO8K oot oo e e e e e 51.9

Total mountain drainage above Colton._.._._._. e e 483.3
Crafton Hills and San Timoteo Basin________._ B 135.0
San Bernardino valley lands above Colton ... ... __.____.__.___._ _____. 132.0

Total drainage area above Colton .. ......_..__ . __ .. ___..____.___.._.'150.8

Mountain dramage ahove Rincon and below Colton.
Square mile

Drainage north of Grapeland _.__. . ______.__ ____ . ___ . __._..... __.... 2
San Savain Canyor _ ... ... B
Morse Canyon _ ... ..o loioii il aiiiciaei et e L
East Etiwanda Canyon ___._.__ . _ .. .. . ... ... . . ... ... _........ ... &
Day Canyon ... .. o . oot el o 6.
Deer Canyomn . .o oo e e 4
Drainage between Deer Canyon and Cucamonga Canyon._......._. __.._... 3.

1.

S.
7
4
9
2
9
2
7
Cucamonga Canyon . ____ ... ... .. .. ciiiieiiiiciaiiiiiicii.io... 11,0
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Square miles.

Drainage between Cucamonga Canyon and San Antonio Canyon.._._. _._. 1.2
San Antonio Canyon . ... . . ... 26,7
Thompson Creek _. _ .. .. .. . . .. . iiiiiiiiiiii..... B.B
Liveoak Creek .. . . e . 2.7

Total in mountains .. . ____ . . L . e el 7.1
Foothills around Rlvermde el e e ieembeae e . 62,0
Flat valley land between Rincon and Colton ....................... .. - 393.0
Temescal Creek hills below Elsinore Liake .. ______.__.__ ... ... ... .. . 163.1
Chino Creek foothills. ... .. ... _ . ... .. ... ..... 22.b

Summary of drainage areas.
Square miles.

Mountains above Colton .. _____.__ . .. ... .. 483.3
Mountains above Rincon and below Colton .. . _ __ __..__.______ 7.1

Total in mountains above Rincon.._.___ . .. ___._...____.._....... bddb. 4
Hills above Coltol . - ... .. ... _ ... .. ._........._1835.0
Hlllqaroundeerelde._.____________ N U N ()
Hills of Temescal Creek below Lake Elqlnore e o eee....1638.1
Hills of Chino Creek ... ... ... . .. ... ... ... ... ..... 225

Total in hills above Rineon____ ... _ . . ... .. .... 382.6
Valley above Colton .. - e e i aaa--. 18200
Valley below Colton and above Rlncon ___________________________ 393.0

Total in valley above Rincon__ ... _ . ____. ... ... ....... 525.0

Total drainage area above Rincon . __ __. _____. ... .... _....... 1,463.0

The precipitation for the seasons 1896-97 and 1900-1901 was about
normal. KEach year, however, was preceded by droughts. The dis-
charge in second-feet per square mile of drainage basin of Santa Ana
River proper, as given in preceding tables, was 0.45 second-foot per
square mile in 1896-97, and 0.31 second-foot in 1900-1901. An esti-
mated discharge for normal years of 0.40 second-foot per square mile
from the moumtainous portion of the basin above Colton is believed
to be conservative. As the percentage of run-off increases with the
depth of rainfall, the average annual discharge is greater than the
run-off in years of average rainfall. The Bear Valley reservoir, which
regulates the discharge from a portion of the basin of Santa Ana
River, was completely emptied during both of the years mentioned,
and consequently does not affect the totals. A portion of the larger
floods are known to pass Colton, and are permanently lost so far as
the gravel beds above Colton are concerned. Little surface run-off
would occur from the flat and sandy valley lands and hills, but cer-
tainly an appreciable amount of the rainfall would sink into the
ground and increase the underground supply. The latter supply is
believed to be sufficient to offset the loss due to a portion of the larger
floods passing the Colton dike unabsorbed. It is not claimed that
these quantities are capable of exact determination. Many and
expensive observations would be necessary to ascertain this, but it is
thought that an estimate based upon existing data and experiences
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gained elsewhere will be of interest on this important subject. While
the run-off per square mile of the Cajon Pass Bagim is known to be
less than that of the Santa Ana proper, that of Mill Creek and Lytle
Creek is greater, and the Santa Ana Basin is probably typical of the
average. The estimated annual run-off, in second-feet per square
mile, from the 483 square miles of mountain drainage basins tributary
to San Bernardino Valley above Colton, assuming the run-off to be
0.40 second-foot per square mile, is 193.3 second-feet. During aver-
age years probably 50 per cent of this is diverted for irrigation at the
mouths of the mountain canyons, and half of the water applied for
irrigation may be assumed to be lost by evaporation, the remainder
sinking into the ground. Thus one-fourth of the discharge from the
mountains may be considered as permanently lost during average
years, leaving a net remainder of 75 per cent, or 145 second-feet, as a
reasonable estimated annual recharge of these gravels.

In June, 1898, the total seepage and return water entering San
Bernardino Valley above Rincon was 274.25 second-feet, as shown in
the foregoing tables, and at the same time the aggregate flow from
the surrounding mountain drainage basins was 101 second-feet,
making a total of 375.25 second-feet. The develcped water around
Pomona (amount not known), however, is not included, and portions
of the return water obtained near Colton and used around River-
side doubtiess return to the river above Rincon. Tt is difficult, how-
ever, to analyze the situation further than has been done. Degpite
the recent dry years the increased flow of the river at Auburndale
bridge is in all probability due to increased irrigation in the valley,
particularly near Riverside, and is especially significant.

The Cucamonga Water Company derives its water from the Red
Hills. The company supplies Cucamonga proper, also North Ontario,
and irrigates about 5,000 acres of citrus fruits. In August, 1898,
there were in addition 52 miners’ inches (1.04 second-feet) of water
developed at the mouth of Cucamonga Canyon. The Red Hills areso
named from the red clay occurring there, which forms a dike across’
the sand and gravel drainage lines of Cucamonga Creek. This
forces the underground water to the surface, where it appears in
springs and cienagas. There is an aggregate length ot 8,000 feet of
tunnels in this water-bearing land. There are 36 miles of 6-inch drain
tiles in the distribution system.
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The following is a compilation of all available measurements:

Discharge measurements, in miners’ inches, of cienagas and waler developments
at Red Hills, near Cucamonga.

EAST SIDE.
|
g |83 8 8 ? 2
=1 a5 & 8 5
L=} — o ] -
-] ) 1 =
% — 4 E = i
A - - I
4 >0 : Qg = - 2 .
: - < (28] RS o™ Q&
Date. Observer. 2 g :2 s 4 .3 _g§ =8 28 |Total
wE | A g | 82 | SE5 | SR | 52
i MR- 5] E- 31 - B
c |g7=| 8 | * g $
o o5 < © =] =1 —
e |83 & | & g g .
2 E=C | g 3 2 S
¢} =] &} = > &} 3 \
|
Sept.26,1885 | Wm. M. Fitzhugh ..| 225.36..._.__.

Nov. 30,1886 | J.P.Culver.__._._._ 261.43| 64.67
July 24,1887 | ¥. Eaton ..... .

July 13,1888 | J.P.Culver.
July 13,1889 | E. T. Wright._

July 14,1890 |..... d .| 260.03| 228.53
Do ... 266.82| 238.04
July 14,1893 | E. T. Wright .. ......|.... .. |..._....
Sept. 15,1804 | ... d . ol 160.31] 182.84
June 12,1895 198.53) 154.87
Aug. 20,189 | F.E. 132.40| 137.90)
Aug. 10,1897 |____. do......_. 104.900 120.10,
Aug. 5,187 | N. W.Stowell. _..._[..__.._. PR,
Aug. 13,1898 .E. . - 76.68] 95.91
Apr. 1,1809 | N.W.Stowell.._..._.| 107.25] 98.20
Do ..... Newman and Finkle| 107.25 98. 20|
Aug. 21,189 | E.T. Wright._.__._.| f91.58] 80.95
Feb.3and 5, | Newman, Trask, | f97.06] 77.22].
1900, and Finkle.
= Estimated. e March 15.
b» Tunnel. fIncluding China cienaga.
cExtent of tunnel begun August 11. & Flow, 27.00; pumped, 75.00.

4 Measurement by N. W. Stowell. b Flow.
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Discharge measurements, in miners’ inches, of cienagas and water developments
at Red Hills—Continued.

WEST SIDE.

% g |- IR
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g5 A g “ < & i) )53
R @ 2 . =2 a o]
Hesl B K Boi ?:? g 3 -1 2 &
A i | Bw || vy 0§ |83 8 8| 8
Date. Observer. a6 8 ol o | R | eig | 3 =S| B | & =
’O*Z 2 k] Bg o S& 3 ;%3 i 2 i
o © g g o | A 3 > @ o s
[ b=t 7] 3 = —_ o ol & 3 S
wa | © o - 2179 s |DR B hey
888 % % 1Z1: |Elk5 5 % 3
g 2 . g = s | 4 2
&8 £ |4 |B|E& |8 |BR|&|& | &
Sept. 26,1885 V]\J’m.hM. Fitz- 56.47| 45.27) #9.00(____ ____|8L.00}. ..o |-cciaifaionas 10.81{111. 74| 406.07
ugh.
80
97.

Nov.30,1886 | J.P.Culver ....|9.50 .90(¢18.40] ... _...| 2.16|..... o® | 21.83(134. 46, 474.03
gu%y %’%% (};‘ga(go? Fall’97,#1.00 . _.._.. 216.76(. ... .|14.50 Qgﬁ %g{;
uly 13, .P.Culver . 5 X 51 98, 69.
July 13,1889 | E.T. Wright __. . 02(216. . 53| 520.73

July 14,1890 |._._. do ... 3.08 . 821216. 76
Do ...... J.P.Culver ...| 8.14 :21216.76/ .
June?9,1893 [ E.T. Wright .. .._..
July 14,1893 |___.. do -....
Sept. 15,1894 | __. _ do -
June 12,189 |__ . do -
June14.18% | N. W. Stowell __| . 00|
Aug. 20,189 | F.E. Trask ..... [P .
Mar. 2,1897 | N. W. Stowell .|
Aug. 10,1897 | F.E. Trask .|
|
Aug. 5,1807 | N. W.Stowell _.
Aug. 13,1898 | F.E.Trask .....| .00 "} ] .| ... }990 %
ﬁl]gili*’%ggg N.Vg.stowell._} €0y E.‘?,LOO‘ e 50 h13.00f .00] 2¢.4 hete
pr. 1,1899 | _____ (L, e DR ) PR SO PO
Do ......| Newman and . .00 11549 ._.._. 7900 o faeeaenn R
Finkle. | |
Aug. 21,1899 ' E.T. Wright - .00 .____. .|| I }%7 14
Aug. 25,1899 | E. 'r.d Frigxée|,,., 313 ... 268 61. 80) :
an f . i
Finkle. 1 ’
Feh.3and5, | Newman,, .00 3.91.____. 145/ .. RN DS SR N SO
1900. Trask and 252. 81
Finkle. Rt
Feb. 11,1900 | Trask and |...._ 3.81; .56 1L.20)..... 55.90|......[76.25. ... 61.47
Finkle. ‘ !
a Estimated. f August 4, well No. 2 cut.

»China garden included in cienaga D.
c(lonstruction begun in January, 1888.
4 Length, 2,000 feet.
eCaved in.

g June 12, not pumped.
b July 24, not pumped.
iMarch 15.
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The following diagram, fig. 2, shows the relation that exists between
the rainfall and developed water at Red Hills:
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Fra. 2. —Diagram showing relation of rainfall to developed water at Red Hills. Dotted line
3nows rainfall, in inches, as measured at San Bernardino; dot-and-dash line shows discharge, in
miners’ inches, from all of the developments at Red Hills, exclusive of the Stowell wells; dash
line shows discharge, in miners inches, of east cienagas and Y tunnel, exclusive of Lone Star;
heavy solid line at bottom shows discharge, in miners’ inches, from 90-acre tract at west end of
hill, exclusive of the Stowell wells.

From 1888 to 1900 many lineal feet of tunnels were run and numer-
ous wells were sunk at the Red Hills for new water supplies, but in
spite of this development the amount of water available materially
diminished—from 406 miners’ inches to 253 miners’ inches. Although
this decrease is influenced by the diminished rainfall during the
period, it is improbable that all of the work performed resulted in
much if any permanent benefit to the irrigators. The gravel beds
above the Red Hills are much smaller than those above Colton, and
consequently are more quickly drawn down. The chief question in
situations of this kind is how large a water supply can be counted
upon to recharge the underground reservoir. This can be determined
by measuring the area of the tributary drainage basin from the topo-
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graphic atlas sheets of the United States Geological Survey. To this
area should be applied the mean annual run-off. In this case the
mean annual run-off, in second-feet per square mile, can be obtained
from a study of records of discharge of San Gabriel and Santa Ana
rivers.” The Red Hills are shown on the Cucamonga atlas sheet of
the Geological Survey, and are 2 miles northeast of North Ontario.

Estimated monthly discharge of San Gabriel River and canals near Azusa.

[Drainage area, 222 square miles. ]

Discharge in second- Run-off.
feet. Total in -
Month. ;. Second-feet
. Maxi- | Mini- acre-feet. | Depthin o oo pave
mum. | manl. Mean. inches. mile.
1895,
September . ... .. . ..ol 39 29 { 32.0 1,928 0.16 0.14
October _.__....._.. . 32 21| 29.0 1,811 .16 .13
November 50 291 40.0 2,892 .20 .18
December 57 37| 42.0 2,561 .22 .19
January. 51 2 | 37.0 2,275 .20 17
February 54 36 | 41.0 2,358 .19 .18
arch ... 169 38 [ 111.0 6,825 .58 .50
April . 91 401 54.0 3,213 .28 .25
. A 42 29| 36.0 2,214 .18 .16
JUDO. e e e e 26 13| 19.0 1,131 .09 .08
JUly . e e 15 91 12.0 738 .06 .05
AUZUSt e i i e e e eene 36 91 14.0 861 .07 .06
Theyear .. .. oot ot 169 9| 39.0 28,307 2.39 17
18 1] 18.0 774 0.07 0.06
138 10| 24.0 1,476 .13 1
40 15| 19.0 1,131 .09 08
37 17| 22.0 1,353 .12 .10
JaAnUAYY i e ieceoas 147 25| 58.0 3,617 .29 .26
February - oo s 1,713 64 | 345.0 19,146 1.58 1.55
, 765 294 | 466.0 28,623 2.42 2.10
370 201 | 204.0 17,519 1.48 1.32
196 94 | 145.0 8,851 NG3 .63
91 54| 68.0 4, .34 .81
52 27| 38.0 2, .20 7
34 22| 26.0 1,613 14 12
1,765 10 | 126.5 90, 479 7.61 .57
September ... ... ... O 23 18| 21.0 1,226 0.10 0.09
October _ ... . ... 1,640 22| 9.0 5,595 47 .41
November .. e e e e e 34 31| 33.0 1,860 .15 .14
December .o ieeie ccaianne e e 3¢ 281 310 1,875 .16 14
BESTITS o P 63 271 40.0 2,453 .20 .18
February - 70 321 40.0 2,241 .19 J18
arc 83 281 85.0 2,131 .18 .16
April . 31 25| 33.0 , 950 AT .15
May - 83 25| 36.0 2,228 .19 .16
June. 30 14| 19.0 1,159 .10 .09
July . ... 15 9| 1L0 672 .06 .05
August __.......... 9 5 7.0 456 .04 .03
The year ..o 1,640 5| 83.0 23,841 2.01 .15
1898,
September 10 6 8 467 0.04 0.04
October . 10 8 9 533 .05 .04
Novembe: 11 8 10 580 .05 .04
December . 18 12 14 832 .07 .06
January 33 15 23 1,414 12 .10
February 28 20 22 1,244 11 .10
rch .. - 40 18 26 1,623 .14 .12
April ._...... e eemeeaeeemce e 28 16 21 1,262 .11 .10




58 WATER IN SOUTHERN CALIFORNIA, PART 1.

[NO.59.

Estimated monthly discharge of San Gabriel River and canals near Azusa—Cont'd.

Discharge in second- R Run-off.
feet.
Total in Second-
Month. Maxi- | Mini- | acro-feet. ]?ep]t;h in| feet per
ean. inches. square
mum. | munm., mile.
17 12 14 812 0.07 0.06
22 5 10 565 .05 .04
4 3 4 221 .02 .02
6 4 5 295 .03 .02
m 3 14 9,878 86 06
September 6 3 37 2,202 0.19 0.17
October _._....._.._.... 35 4 12 738 .06 .05
November 24 10 14 833 07 .06
December . .. .o e 39 16 20 1,230 .10 .09
1900.
111 E:E o U e 89 22 32 1,968 .16 4
February ..o 23 18 20 1,150 .09 NG
March - oo 30 16 20 1,230 .10 .09
i 26 13 17 1,012 .09 .08
86 16 37 2,275 .20 A7
22 8 15 893 .08 07
10 4 6 369 .03 .03
5 4 4 246 .02 .02
3 20 14,146 1.19 .09
3 4 238 0.02 0.02
4 5 307 .02 .02
5 136 11,068 .93 .84
31 40 2,460 21 .18
LS (1 TN PN 1,450 28 169 10,391 .87 N
February ........ . 2,605 137 696 38, 654 3.27 3.14
arch ... _........ - 440 135 221 13,589 1.15 1.00
April ._.._ 130 95 110 6,545 .56 .50
May -..... . 272 83 121 7,440 .63 .55
June_ ... _.._.... . 93 41 63 3,744 .81 .28
July ..o.ooieiills - 41 4 30 1,845 .16 14
ANGUSE oo e eeean 21 15 20 1,240 .10 .09
The year ... o iiesicies 5,200 3 139 97,526 8.23 .63
Discharge measurements of mouniain streams of San Gabriel Basin, 1898.
Stream. Point of measurement. Date Dis- Date Dis-
g g . charge. - charge.
Sec.-feet. Sec.-feet.
San Gabriel River| Power company headworks | Julyl....| 15.37 | August23.... 7.88
(includes developed water).
Dalton Canyon ...| Incanyon.-.__..... . o o feomiiiaaaa. Aungust25.._.. .05
San DimasCanyon| N ISR N August 26.... .06
Sawpit Canyon ... Julyl. ... August 23.... .00
Total .o | e eaas July...... August ...... 7.49
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Return waters of San Gabriel Basin near El Monte Narrows, 1898,

Stream. Point of measurement. Date. ch]g,i‘sée. Date. clgi?ée.
Sec.-feet. bec.-feet.
‘Whittier ditch ... El Monte road crossmg [ July3..L. 1.83 | August 31.. 1.80
DO .oeeeee ol Pumpingplant ... ____..__..._.|..... do.... 1. 40 ..... do........ L40
Temple ditch_.____. In narrows . PRSI [ S 9.06 |..... [0 7 S 6.88
San Gabriel River._| First é:hannel—B aldwin®s |00 do ... 8.79 |..... do........ 7.81
roa
Do ... 01d channel—Baldwin’s road {.... .do ... 6.18 [..... do....... 6.17
Do ... ... Camper’s station'. ..__....._..]..... do.... 3.86 |__... do._....... .63
Puente ditch ....___ San Gabriel Narrows ......_.|..... do.... 2.44 |. ... do....... .00
San Gabriel River..| Old Mission bridge ...........| ... do.... 29.79 |..... do........ 27.91
Total flow In | . i ]eeet do.... 62.85 [..... do........ 52.60
narrows.
Mountain streams_ ... . .. i |l do.... 15,71 ... do ... 7.49
Excess of re- | oo oo aiaeiiiaaial do.... 4714 ... [« T JR—— 45.11
turn water.

For a description of the settlement of the San Bernardino and Red-
lands distriets, see the Nineteenth Annual Report of the United States
Geological Survey, Part IV.

RIVERSIDE DISTRICT.
HISTORY.

The first irrigation movement in the Riverside district was made
by the Silk Center Association in November, 1869. This was a coloniz-
ing enterprise for the production of raw silk. Arrangements were
made for the purchase of 5,000 acres of land from the Jurupa and
Rubidoux ranchos, and 1,400 acres of Government land were occupied
under the United States land laws. The town of Jurupa was started
on these lands, the name being changed in 1870 to Riverside. This
association filed the first water notices for the settlement and began
the construction of a canal in 1870. 8ilk culture was abandoned the
year that the movement was initiated. New parties allied themselves
with the colonizing movement, and the Southern California Colony
Association was founded, with Judge J. W. North, president; Dr.
J. P. Greves, secretary; Dr. K. D. Shugart, treasurer; and Mr. T. W.
Cover, superintendent. Construction of the canals was begun in
October, 1870. The first canal was built during the winter of 1870-71,
on a grade of 1 inch to 100 feet, from a point on the south or left bank
of Santa Ana River about 2 miles below Colton. The total length
was 13.5 miles. It was 8 feet wide on the bottom, 12 feet wide on top,
and 3 feet deep; the alignment and grade were very irregular. It
had a capacity of a little more than 700 miners’ inches (14 second-feet)
down to the Spanishtown flume, and 500 to 600 miners’ inches (10 to
12 second-feet) below that point. The conduit to the Pachappa Arroyo
cost from $50,000 to $60,000. During the fall of 1871 this ditch was
extended to Terquisquite Arroyo. By 1875 the ditch had been im-
proved so that it carried 1,000 miners’ inches (20 second-feet), but at
that time not more than 500 acres were irrigated. This is now known
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as the old upper canal of the Riverside Water Company. The diver-
sion is by means of a brush dam, and the conduit is wholly in earth.
There are no engineering features of interest.

In 1874 S. C. Evans, of Fort Wayne, Ind., and W. F. Sayward, of San
Francisco, purchased 8,000 acres of land adjoining Riverside and
united with the owners of the San Jacinto Sobrante Rancho, which
is situated still farther to the south, to construet another canal from
Santa Ana River for the irrigation of their lands. The former of the
proposed settlements was called the New England Colony and the
latter the Santa Ana Colony. The Southern California Colony Asso-
ciation began suit to prevent the construction, which had been already
started, of the new canal across their lands. The dispute was ended by
the New England and Santa Ana colonies purchasing, in May, 1885,
a four-sevenths interest in the original association for the sum of
$50,000. In April, 1875, the Riverside Land and Irrigation Company
was organized by the members of the three original colonies or com-
panies, and by March, 1877, this new company had absorbed all of
the land and water holdings of its predecessors. In 1876 the new or
lower canal of the New England and Santa Ana colonies was com-
pleted, at a cost of $120,000, and during the season about 2,000 acres
were irrigated by the two canals. In July, 1879, the Riverside Canal
Company, which was organized for the purpose, purchased all of the
water rights and conduits of the Riverside Land and Irrigation Com-
pany, the latter receiving as compensation all of the capital stock
of the new company. The value of each share was placed at $20, and
20,000 shares were issued. It was further agreed that the stock should
be adjusted so as to correspoud with the number of acres for which
water was obtained. The avowed original intention of the company
was to have each share of stock cover a particular acre irrigated; but
the sale of stock in some instances was made to persons who had not
bought land from the company but had obtained it from the Govern-
ment. By this method of disposing of the stock of the canal com-
pany those originally in power found that they would soon lose
control, and therefore they passed new resolutions, assigning two
shares of stock to each remaining acre, the canal company holding
the shares at a par value of $10 each, one share to be issued with each
acre of land and the other share to remain in the hands of the com-
pany until it had sold the majority of its lands, when the landowner
conld at his option purchase it at the original price.

The purpose of the Riverside Land and Irrigation Company was
primarily to promote the sale of its irrigated lands. As their affairs
progressed and the lands were sold the company naturally desired to
continue its benefits by handling the waterworks of the irrigators and
by expanding its water rights over more lands. Water rates were
advanced from $1.92 an acre, in 1878, to $2.23 an acre, in 1881. These
movements on the part of the commpany were naturally opposed by the
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irrigators, and a protracted struggle ensued. The irrigators organ-
ized the Citizens’ Water Company with which to battle for their claims.
About this time a State law was passed giving the county boards of
supervisors the right to regulate water rates and compelling the eon-
tinued delivery of water at uniform rates to irrigators to whom water
had previously been sold. The Riverside Canal Company claimed
that it had the right to charge such rates as would insure the main-
tenance of its plant and interest on the investment and to charge a
bonus of $20 to landowners holding no stock. To this the irrigators
replied that the original investment had been more than returned to
the Riverside Canal Company from the sales of its irrigated lands.
The courts, as is usual in cases of this nature, were slow and indecisive
in their judgments. This dispute, which we see repeated in every
irrigation locality, lasted from 1882 to 1885 and ended in the Holt
compromise. By this agreement the Riverside Water Company was
organized by the irrigators to deal in all classes of water property.
They issued 24,000 shares of stock covering certain specified lands,
to be an appurtenance thereof, two shares to apply to each acre,
and afterwards to be transferable only with the land. Shares were
issued for 6,000 acres of land then irrigated, and another 6,000
acres were specified for which water eould be sold as a surplus was
developed. This unirrigated land belonged to the old Riverside Land
andIrrigation Company. It wastransferredtothenewcompany, called
the Riverside Land Company, and one-half of the stock was issued tothe
Riverside Water Company and one-half to Evans and Felton, the lat-
ter the controllers of the old Riverside Land and Irrigation Company
and the Riverside Canal Company. The Riverside Water Company
paid to the Riverside Canal Company $70,120 in bonds and exchanged
stock of the old company for stock in the new at the rate of two shares
of the old stock for one share of the new. The cost of the purchase
to the new company was about $120,000. Residents within the pre-
sceribed limits who did not own canal company stock were permitted
to purchase it at the rate of $10 a sharve, two shares to the acre. The
irrigators thus control the Riverside Water Company, elect their offi-
cers, and determine their own water rates. This method of manage-
ment has proved sucecessful, while both eorporate and irrigation dis-
triets have been continuously unsatisfactory. Itis aninteresting fact
that no definite decisions were reached through the courts, but that
settlements were the result of compromise. The Riverside Water
Company now successfully operates the plant. It delivers water to
the stockholders at cost, and has improved and extended its works
by the sale of bonds secured by the property of the corporation and its
stockholders.*

»The foregoing historical statement is largely obtained from Irrigation in Southern Cali.
fornia, by William Ham. Hall, State engineer, 1888,
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The general development of the Riverside district is shown in the
following table:

Table showing commercial growth of Riverside.

Orange .
Popula- s Assessed | Post-office
Year. f ship- 3 ;
tion. ments. valuation. | receipts.
Casr-
loads.
375 | $3,586,933 $4,044
25 3,978,699 10,288
982 4,418,035 10,198
1,500 4,588, 890 11,591
1,446 4,830,575 , 362
2,100 5,834,000 15,458
2,526 5,392, 251 16,764
1,928 4,958, 247 6,243
2,800 | 4,437,004 ,085
2,018 4,588,181 14,147
2,508 3,875, 236 15,143
4,000 |{ 34 %84 56 16,513
2,048 | 15125, 61 16,555
3,799 ’
LR T 5 400,89 19,336
+City valuation. ¥ County valuation. <To date. 1Estimated.

The city has two banks of deposit, one savings bank, thirteen
churches, and eight schoolhouses. It has a debt of $120,000, and the
tax rate is 65 cents on the hundred dollars. The ratio of its bank
deposits and assessed valuation to its population makes it probably the
first city in per capita wealth in the United States. The city covers
56 square miles, the corporate limits being extended to the outlying
lands, largely for the purpose of local water and horticultural con-
trol. In June, 1893, it became the county seat of the newly formed
county of Riverside.

The canals of the Riverside Water Company cover 12,000 acres of
land, of which 8,500 acres are now being irrigated. The remaining
3,500 acres are to be sold and improved. The main canals aggre-
gate 36 miles in length, while the lateral pipes, the flumes, the
cemented and open ditches for distribution exceed 150 miles in
length. Water is conveyed direct to every subdivision of the 8,500
acres under the irrigating system.

RIVERSIDE WATER COMPANY.=?

WATER SUPPLY.

The Riverside Water Company obtains its supply from Warm
Creek, from Santa Ana River, and from artesian wells.

Warm Creek has its source in San Bernardino Valley, 34 miles east of
the town of San Bernardino, and is fed entirely by springs and return
water along its course. The flow is uniform, being about 80 second-
feet during the irrigating season. It hasno defined surface connection

2The writer is indebted to Mr. Kingsbury Sanborn for most of the information contained
herein regarding this company.
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with the mountain drainage line. Its source is largely near Harlem
Springs, about 4 miles east of the city of San Bernardino.

The surface water of Santa Ana River is all diverted near the
mouth of its canyon above Redlands, and for miles the bed of the
stream below that point is totally dry during the jrrigating season,
but gradually the underflow comes to the surface at points south of
the town of San Bernardino, and uniting with the return waters from
irrigation on the mesas on the north side of the river amounts to 8
second-feet and becomes a valuable adjunct to the Riverside Water
Company’s supply.

The artesian wells of the Riverside Water Company are located on
several tracts of land, all situated in San Bernardino Valley east of
Colton, San Bernardino, and the dike previously referred to. They
vary in depth from 68 feet to 590 feet, and in diameter of the casings
from 6 inches to 11 inches. The largest is a 9-inch well near Harlem
Springs, 594 feet deep and flowing, on August 26, 1898, 3 second-feet
of water.

The distinctive feature of the water supply of the Riverside Water
Company is its constancy. Warm Creek is the principal source of
supply. The volume that is available at the headworks of the canal
(see Pl. IX) remains practically constant, winter and summer, dry
years and wet years, except when the unusual floods from the moun-
tain basins are projected far out into the valley, flowing continuously
through to the narrows. As has previously been explained, the sup-
ply is largely regulated in the underground reservoirs of the valley.
The point of diversion being at the lower level of the reservoir insures
a continuous flow, even dnring dry years. The driest cycle of seasons
of which there are records of stream flow is the five last past, and it is
claimed by the water company that its supply was equal to the nor-
mal during the summer of 1898, On June 30, 1398, there were flow-
ing in the canal at the old Colton mill, above all diversions, 3,473
miners’ inches (69.46 second-feet) of water. This is considered a
normal summer flow from the various sources of supply.

Construction of the Davis well, which was leased by the owner,
Capt. Louis 8. Davis, to the Riverside Water Company for the season
of 1899, was started April 27, 1899. The well was completed May 12
of the same year. It is 510 feet in depth, has a 10-inch pipe, a No. 12
iron casing, and the same size all the way down. The cost was $804.
The water all comes from the bottom of the well. When firgt finished
it rose 34 inches above the top of the casing, and by weir measure-
ment amounted to 350 miners’ inches. The well is located in the
northeast corner of lot 17, block 44, of the 12-acre survey of the San
Bernardino Rancho. On October 2, 1899, it was flowing, by weir
measurement, 233.7 miners’ inches.

On April 3, 1900, the Riverside Water Company was successful in
obtaining another large flowing well in San Bernardino County, the
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water in which rises 12 inches above the casing. The well yields
more than 150 miners’ inches, making it the second largest well in
San Bernardino County. It is located near the Davis well. The
strike came at a particularly opportune time, as Captain Davis refused
to lease the Davis well to the water company this year (1900), and the
water was shut off from the Riverside ditches about April 1, 1900.
The strike was made at a depth of 540 feet. This well is the fourth
in the district that is now flowing more than 100 miners’ inches. The
Riverside Water Company has a large tract of land in line with these
wells.

MAIN CANAL.

The main canal of the Riverside Water Company has a capacity of
100 second-feet. It diverts water from Warm Creek, a half mile east
of the town of Colton and just above the junection of Warm Creek
with Santa Ana River, by means of a well-constructed brush dam.
The canal follows along.the west or right bank of Santa Ana River
for a quarter of a mile. At that point a 6-foot drop is made through
a turbine wheel which develops about 25 horsepower during the dry
summer months. This power is used to pump 104 miners’ inches
(2.08 second-feet) of developed water from a pit and trench extend-
ing into and across the sandy bed of Santa Ana River. From this
drop the water enters a cement-lined canal. Thence it crosses the
Santa Ana in a substantial redwood box flume about 14 miles long,
supported the entire distance upon piling. (See Pl. LXIII, B, of the
Twentieth Annual Report, Part IV, p. 554.) The flume box is 8 feet
wide, 4 feet deep, and on a grade of 26 feet above the bed of Santa
Ana River in the highest place. After crossing the river the water
enters a 60-foot tunnel, then a short stone ditch, and finally the
long tunnel, which is 3,250 feet in length, 7 feet and 8 inches
wide at bottom, 8 feet and 4 inches wide at the 4-foot mark, and
 feet high. The top of this tunnel is roofed with heavy timbers
covered with redwood lagging and resting on brick piers laid in
pure cement. The bottom and the walls between the piers are made
of well-rammed concrete, the whole being covered with a coating
of pure cement. After the water leaves the tumnel in its course
toward Riverside it makes a drop of 40 feet at Highgrove and fur-
nishes, from a Stillwell & Bierce turbine, 250 guaranteed theoretical
horsepower, which is now used by the San Bernardino Electric Light
and Power Company to develop electricity, which is supplied to Colton
and San Bernardino for illumination and power purposes. At River-
side the upper canal is connected with the lower canal by a 32-foot
fall, which furnishes power to the National Ice Company for the
manufacture of ice. The canal runs through the city of Riverside,
making four more drops before it reaches its destination in the
Temescal Wash.
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Owing to the loss of water by seepage and evaporation during the
hot sumner months of the irrigating season, and to save the expense
of cleaning vegetation from the canals, it has been found economiecal
to plaster the banks (see P1. X). The usual method followed is to first
thoroughly wet the canal, when dry, by building earth dams at inter-
vals which will bring the water as near the top of the canal as possible.
The water is allowed to soak into the 'ground and the remainder is
drained off. After the canal has again become dry enough to work
it is excavated to a subgrade three-fourths of an inch outside of the
section of the bank and below the true grade. Thelining is extended
on each side of the top of the bank for a distance of 5 inches and a
depth of three-fourths of an inch. Just before plastering, the banks
of the canal are thoroughly wet, by spraying or sprinkling. The
cement mortar, which is applied to a depth of three-fourths of an
inch, is composed of one barrel of pure Portland cement to four bar-
rels of clean, sharp sand thoroughly mixed dry on a floor, after which
sufficient water is added to moisten to the proper consistency and the
whole is again thoroughly mixed. The canal is first plastered on the
sides and a selvage of 5 inches is built on each side of the top; the
bottom lining is put in last. It is finally completed by washing with
two coats of liquid cement. After the cement mortar is in place the
canal is kept moist for six days, so that it will harden with uniform
color.

MEASUREMENT OF WATER.

An important detail in connection with this canal system is the
measurement and division of the water. Near the head of the main
canal, where it crosses the Southern Pacific Railway’s main line to
Yuma, is a weir which measures the greater portion of the water
diverted by the company. A device of local origin has been con-
structed for permanently recording the discharge over the weir. It
is made in Riverside, by Mr. C. H. Watson, and costs, set up, about
$50, or $40 in the shop.

AUTOMATIC WATER REGISTER.

This is a register for recording accurately the elevation of the sur-
face of water in either a reservoir or a flowing stream. It consists of
an upright revolving cylinder the motion of which is regulated by
clockwork, covered by the record sheet of paper, which is ruled in
vertical lines, each space representing one hour of time, and in hori-
zontal lines measuring the elevation, which is marked npon the record
sheet by a pencil fixed upon an upright rod terminating at its lower
extremity in a float resting in the water. The register is inclosed in a
substantial wooden box or ease 45 inches in height, 17 inches in width,
aad 12 inches in depth, which is provided with a secure lock. The rod
extending from the recording pencil to the float passes through the
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bottom of the box, and the float rests in a well of still water so con-
nected with the main body of water as to maintain the same elevation
of surface as the main body and still be free from wave motion and
the effects of currents. The float is so weighted as to be steady in the
water, and by the direct action of the rod it imparts to the recording
pencil firmness and accuracy.

The register described, which is the size generally used to record
the fluetuations of streams running over weirs and to measure in that
way the volume of water in ordinary streams, has a cylinder which
will record a rise or fall of 22 inches and upon one record sheet show
the exact elevation of the water surface each hour for an entire week,
at the end of which the clock must be wound and a new record sheet
be placed upon the cylinder. The same record sheet can, however, be
made to do service for four or five weeks by changing the elevation of
the pencil at the beginning of each week and noting its relation to
the datum. A telescoping arrangement of the float rod provides for
this.

The revolution of the cylinder is produced by means of a cord
passing over a small pulley at the end of the cylinder. This cord,
which is treated so as to be unaffected by moisture, also passes over
a pulley upon the spindle of the clock, and terminates at each end in
a metal weight. These weights are so adjusted that the heavier one
provides all the power to revolve the cylinder, the motion of which is
steadied by the lighter weight and accurately regulated by the move-
ment of the clock.

The recording pencil may be either an ordinary lead pencil or a pen.
It is gently pressed upon the recording cylinder by an ingenious con-
trivance consisting of an arm or spring, and can be set back from the
cylinder when necessary to change the record sheet.

This register is in use on many streams and by many water com-
panies in southern California.

The water for irrigation is delivered, by means of vitrified pipes, to
a small bay, from which it passes over a weir to the orchard lateral.
A gate, known as the Watson gate, which is cheaply constructed and
easily handled is inserted in the discharge pipe from the canal and
set 80 as to give the desired head on the weir of the lateral. For a
description of this gate see paper entitled Water Supply of San Ber-
nardino Valley, in the Nineteenth Annual Report of the United
States Geological Survey, Part TV, pages 595 to 596.

The constancy of the volume of the supply of water in this locality
is particularly favorable to the use of these devices, which are local
developments.
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SALE AND DISTRIBUTION OF WATER.

The water is conveyed, by means of pipe lines and cement and
earthen ditches, to the highest corner of each 10-acre lot. Irrigation
water i$ sold for 15 cents a miners’ inch (0.02 second-foot), twenty-
four hours’ run. The quantity that an irrigator may use is not lim-
ited. One miners’ inch flowing twenty-four hours is equal to 12,925
gallons. When the water is piped under pressure and not measured
it is sold at the rate of $10 an acre for the season, unrestricted service.

To 1899 the Riverside Water Company’s irrigaling system is said
to have cost $337,757.83 and its domestic system $168,181.80. The
following is the annual statement of the secretary of the company on
December 1, 1899:

Assets.
Irrigating plant, value December 1, 1898 ___ ... __.___ ... ____..___._ $822,118.28
Improvements, 1899:
Cooley waterright .. ... .. _______ . __._ ... _.._. $4, 006. 40
Zanjerohouses . ... ... . ... .. _.____.__..... 71.95
Telephone (construction) ... .. __.._ ... . ... 184. 50
Lateral ditches - ... ___.__. ... __ ... ____. .. ... 336.84
Pipelaterals.___ .. ...__...._ . __..._..._....... 2381516
Engineering . ... _._._. .. _____._.__.... RSO 350. 81
Storm ditch . ... .. .. ... ... 700.30
Artesian wells _..___.__ ... _._._................ 5,097.98
General improvements . ____ ... ___.._.._____..... 2,575.61"
— 15, 639. 55
Value of plant December 1, 1899 __ . __ .. ... _ .. __.._.__._.. 837,757.83
Domestic system, value December 1, 1693_. .__.__. __.__ 167,496.70
Improvements, 1899 . .. . .. .. ... 685. 10
——  168,181.80
Furniture and fittings ... ____ ... ... .. . ... ... . ... 1,144.07
Rubidoux hotel site ... . . .. ... 1, 000. 00
Sinking fund .. ... 33,028.00
Livestock - ... o i il ool 863.23
StockofB,lvermdeLa.ndLompany g mmm e e e 109, 344. 11 .
Due from domestic water users .. ___ .. ___ ____._____._ ... _..._. 2,452.44
Due from Riverside Land Company__... ... ... . ... ._.._. 13, 815.23
B 1 Yo ) 7,432.61
Solvent accounts due ............................................. 744.94
Cashonhandandinbank . ... ... ... .. ... ... ... 7,032, 68
Operating expendilures,
Legal expense .. e e L. .. $2,452.00
Telephone (operatmg) ................................. 395. 84
Bond eXpense . ... ..o 583.11
Cookranch_ .. .. .. . ... ... 561.80
Intereston bonds_ .. ... ... ___ .. _______._____....... 33,221.53
Interest and exchange . ... .. ... . . .. . . .. ___. 54.31
Taxes - .. oo cciimeiaa. e e e—aaan 6,313.17
Printing .. ... ....._._ e el 125.00

Advertising ... .. ... ... 66. 38
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Stationery.. .. ... _ . ... $59.72
Breaksinecanmals. __.__ ... ... ... ___ ... ... ........ 107.95
Repairs ... ... .. ... ... ... ... .s 4,938.25
Salaries ... ....___. el il ... Bb,157.00
Cleamngcanalsandlaterals e e 4,082.10
Expense (office rent,ete.) ... . . ... ... ... 654. 94
Nightwatch _.__________ .. ... .. .. ... ___....... 90. 20
Zanjerowages_ . ......_... ___..__.. . e ... b097.15
Domestic water salary. ... .. ... ... ___.__._....... 1,200 00
Feed . . . . i i 462. 15
Postage .. ___ .. ... __ e e e 186. 50
Piperepairs. - .. ... . 274. 64
Temporary waterleased.. .. .. ... ___ ... ___............. 8,439.14

$70,142.88

Total . .. ... 1,252,439.84

Liabilities.
Capital stock._ . S 236, 380.00
Bondspayableln 1912_-_._-_____- e e e e e 812, 500.060
Dividends (from land company) .........._... ........ ..........  20,000.00
Lossand gain ... ... e, 86, 058. 77
Accounts payable .. ... ... iiieeioan 62. 50

Operating income.

Ranch. ... L. ... $1,897.32
Water salesbythemch e i eieeolo.. b9,454.10
Water sales by theacre_._._..__. .. . . _ ... .. _._..... 5,678.60
Water Power ._.............. ... . . 4,891.65
Domesticwater. ... ... _______ . ... .. __.......... 24,662.65

Rent .. il il . 859. 25
—_— 97, 438. 57

Total .. __.._. __._... ... 1,252,439.84

The receipts of the company for water service are shown in the
following table:

Receipts of Riverside Water Company for water service.

Irrigating | Domestic

Irrigating | Domestic
system. gystem.

system. system. Year.

R E B

xw.c%w
EEEEEE

1886. . .. .o..........| $21,418.81 $120.
1887 24, 919A47 558,
. 53 830. 4:
26,304, ]6
33,516.00 - -
37,421.45 ,209. - .

39,557.10 2 X 65 127 70

1893 . _.... o.............| 83,88¢.01

Q=3

RN

I
=
B

The capital stock of the Riverside Water Company is $240,000,
divided into 24,000 shares of $10 each, intended to cover 12,000 acres,
two shares of stock being issued for each acre of land. Of thisentire
capital stock, to December 31, 1899, there had been paid in and stock
issued for $236,380, or 11,819 acres. The amount of cash expended by
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the company to that date was $1,252,439; the value of the plantis esti-
mated at $2,500,000. The amount expended annually since its organi-
zation, in purchase and construction, is shown by the following table:

Annual expenditures of Riverside Water Company in purchase and construction.

1885 .. $120,000.00 | 1893 _. .. .. ____.. ...._. $84,583.91
1886 ... ... 27.00 | 1894 .. ... ___.._. 783, 267.72
1887 ... 598.56 | 1895 . .. . _..._.. _.._... 16,049.32
1888 .. ... 64,657.98 | 1896 .. ... ____........ 11, 404. 47
1889 ... . ._....... ... 811,962.02 | 1897 el ... 9,681.32
1890 .. .. ... _.._.. 41,862.22 | 1898 ___ _.. .. ... ._...... 18,255.85
1891 . ... .. ... ... 178,666.59 | 1899 = ___.. .. oo ... 16,824.65
1892 ... e e .. .. b9.T18.72

Water rates fixed by the board of city trusiees of Riverside.

1885 to 1888, inclusive, 74 cents for1 miners’ inch, 24 hours' run.

1889 to 1897, inclusive, 10 cents for 1 miners’ inch, 24 hours’ run, or $7 per
acre per annam, unlimited service from pressure pipes.

1898 to 1900, inclusive, 15 cents for 1 miners’inch, 24 hours’ run, or $10 per
acre per annum, unlimited service from pressure pipes.

DOMESTIC SYSTEM.

Water for municipal and domestic purposes was at first obtained
from the irrigating canals; but in 1886 the Riverside Water Company
began the constrnction of its domestic system, by which artesian water
for municipal and domestic usesis delivered through a well-conceived
and comprehensive pipe system, under a pressure of not less than 70
pounds to the square inch. The capacity of the system is 3,000,000
gallons-daily. The water supply is from eighteen artesian wells lo-
cated in lot 4, block 65, San Bernardino Rancho, about 234 miles east
of the town of Colton. The wells vary in depth from 111 feet to 344
feet, and cost, on an average, $500 each.

In the fall of 1887 the first group, consisting of six 11-inch wells,
were sunk to an average depth of 115 feet, and flowed, when finished,
about 5second-feet. These wells were sufficient to supply the domestic
consumption of Riverside for several years; but as the demands for
water increased the company found it expedient to construet more
wells, which they did, using casings of smaller diameter and sinking
the wells deeper in order to tap lower subterranean strata. The
water from all of these wells is conducted through a gravity vitrified
pipe line to a circular cement-lined reservoir, where it is aerified over
a partition. (See Pl. VI, B.)

From the veservoir the water passes through three screens, of dif-
ferent size mesh, to a 17-inch steel pipe. Pipe of this size extends for
a distance of 3.8 miles, when it is reduced to 16-inch steel pipe for
the remainder of the distance (4.3 miles) to Riverside. The pipe line
has a total fall of 172 feet to the center of the city of Riverside, and a
capacity of 3,900,000 gallons daily. In the c¢ity the larger mains—
6-inch, 8-inch, and 9-inch—run east and west and are connected
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at intersecting streets with smaller pipes. The fire hydrants are
attached to the large mains and afford excellent fire service.

"GAGE CANAL SYSTEM.»

The Gage canal is in Riverside and San Bernardino counties. Its
initial point is in the bed of Santa Ana River, in lot 4, block 69, San
Bernardino Rancho; or a more specific deseription wopld be SW. }
sec. 13, T. 1 8., R. 4 W., 8. B. M. The initial point has an absolute
elevation above sea level of 1,035 feet. 'The terminal point of the canal
is at the south boundary of SE. 1sec. 19, T. 38, R. 5 W., S. B. M.
The total distance between the two points, following the line of the
canal, is 20.16 miles. The constructiont of the canal proper was begun
in the year 1885 and was finished as far as flume No. 9, over Terquis-
quite Arroyo, in the year 1886. The actual work of construetion of
the remaining portion was begun in the spring of 1888 and was practi-
cally completed during that year. The whole of the canal was exca-
vated, generally in the clay formation, on a gradé of 2 and 3 feet to
the mile, and to a uniform depth of 4 feet, with varying width of
bottom.

The accompanying map (Pl I) shows the location of the canal in
relation to all of the intermediate points and the adjacent territory.

Pls. VII, 4, and XI, and figs. 3 to 14, inclusive, show features of

the system.
HISTORY.

The construction of the Gage canal was begun by Mr. M. Gage in
the year 1885, and was finished so that water was run through it as
far as Terquisquite Arroyo in the fall of 1886. During the winter of
1886-87 all of the tunnels were thoroughly cemented on the sides
and bottom, to a depth of from 4 to 6 inches, with Portland cement con-
crete, and then tops were timbered.

Up to that time the work was under the supervision of C. C. Miller,
as engineer, and R. Gage, as superintendent of construction. On
January 18, 1887, W. Irving took charge of the work as engineer, Mr.
Gage remaining as superintendent of construetion.

During the early part of the year 1887 a temporary connection was
made between the head of the canal and the river, and water was run
continuously to East Riverside in quantities varying from 300 to 500
miners’ inches, as the demands of the owners of the land required.

The average grade of the canal between the head gates and Ter-
quisquite Arroyo is about 24 feet to the mile, and the total distance
11.9 miles. During the spring of 1887 a survey of the continuation
of the canal below Terqnisquite Arroyo was made by W. Irving, the
trial line being run and general location determined on or about
March 15 of that year. The grade on which the continuation was
made was about 2 feet to the mile,; or about 0.04 foot to the station.

aThe writer is indebted to Mr. William Irving, of Riverside, for most of the facts herein
contained regarding the Gage canal.
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On August 1, 1887, the permanent head gates were located and the
work of construetion was begun. In November, 1887, the water was
turned into the canal through the new head gates, which are shown
in fig. 3, page 86. In fig. 4, page 87, is shown a section of the
headworks.

On August 15, 1887, the work of constructing a submerged dam for
the diversion of water to the canal and for carrying the water from
the sources on the north side of the river was begun, the dam being
completed about the end of November of that year.

In the same year Mr. M. Gage claimed to be the owner of all of the
water flowing in Santa Ana River at the point of diversion, which at
that time was said would equal, on an average, about 450 mjiners’
inches, or 9 cubic feet per second, during the irrigation months. At
the same time Mr. Gage had developed, by means of fourteen artesian
wells, about 600 miners’ inches, as measured by G. O. Newman, mak-
ing a total of 1,050 miners’ inches, or 21 cubic feet per second.. The
owners of the Gage canal bought the Camp Carlton ditch, one of the
old water rights of Santa Ana River, upon the ownership of which it
based in part its claim to the total flew of the river at its headworks.
In consideration of this transfer the vender was to receive water from
the Gage canal. )

At that time Mr. M. Gage was the owner of all of the lands known
as the Orange Grove Homestead, amounting to about 2,300 acres and
situated in and forming part of the San Bernardino Rancho. Santa
Ana River flows through these lands for a distance of about 3% miles,
the course of the river being S. 65° W., on a line passing through
points of entranee and exit. The lands described form both banks
of the river throughout very nearly its entire course. In consequence,
Mr. Gage, as riparian owner, claimed all of the water flowing in
the river at that point. About the end of June, 1887, the Riverside
Water Company entered suit against him, denying his right to take
more than a certain amount of water from the river. The case was
tried, and the judgment, which was given in the early part of 1888,
limited the amount of water to be taken from the river by Mr. Gage
during the irrigation season—including the months of May, June,
July, August, and September—to 289.5 miners’ inches. Under that
decision it is presumed that during the remaining seven months all
of the water flowing in the river may be taken out and nsed by those
who can obtain it.

In the spring of 1888 the total available supply to the Gage canal

was as follows:
Miners® inches.

River water .. ... .. e e e ..o 280,58
Parish ditch,say ... ... o......-- 80.0
From wells. ..o et e - 600.0

Total (1887, 1888) ... . .. o iieiiiiniiaaeaao-2 9105

Or 18.39 cubic feet per second.
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During a flood in Santa Ana River in the month of February, 1888,
the submerged flume was carried away, and up to the present time
it has not been replaced.

In the latter part of 1887 and the early part of 1888 the portion of
the canal below Terquisquite Arroyo was finally located, the ter-
minal point being on the SE. 1 sec. 19, T.38., R.5 W., S. B. M., 8.26
miles distant from the terminus of the upper section, measured on
the line of the canal. This makes a total length of canal equal to
20.16 miles between the head gates and the lower end, or the point
above described.

The work of construction on the second or lower section of the
canal was begun in the early part of the year 1888, Grant Brothers
having the contract for the earth work. Flumes Neos. 9 to 13, inclusive,
were constructed by Mr. M. Gage, under the supervisionof W. Irving,
as engineer, and R. Gage, as superintendent of works, and the whole
was practically completed in the early part of August of the same
year (1888), except a short interval (about 1,700 feet) through see. 21,
T.38.,R..5W., 8. B. M.

On March 31, 1888, the water was first turned into flume No. 9, over
Terquisquite Arroyo, and from thence over to flume No. 10 and into
the canal below for a distance of about 600 feet. After that date it was
run to section 21, as already described. Theamount of water running
in the Gage canal during the month of July, 1888, was from 500 to 700
miners’ inches, measured at flume No. 3, which was used for the irri-
gation of lands north of Terquisquite Arroyo, a portion of the water
wasting at flume No. 11, Arlington Heights.

During the year 1888, commencing about the month of April, a num-
ber of wells were sunk in the river bottom near the point where Moun-
tain View avenue crosses the river. This group of wells was known
then and for sometime afterwards as group E. They were eleven in
number, including two wells excavated in 1887 a short distance west
of the avenue, the remaining nine being located east of the avenue,
seven of them on the south side of the river and two on the north side.
This group (E) of wells was redesignated in 1892, and they are now
known as wells Nos. 28 to 38, inclusive, and form part of a general
numbering (1 to 55) of all the wells tributary to the eanal. They all
are 10 inches in diameter, and at the time of excavation Nos. 28, 29,
33, 34, and 35 gave a very large flow and added greatly to the water
supply. The combined flow of the eleven wells equaled 677 miners’
inches.

During the year 1888 three additional wells were excavated on the
east bank of the canal between flume No. 1 and the point where the
Santa Fe Railroad crosses the canal. These wells are 10 inches in
diameter. They formerly were known as part of group B, but now
are known as Nos. 7, 8, and 9. They have added about 120 miners’
inches to the general supply. At the end of the year 1888 the total
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water supply available was equal to about 1,500 miners’ inches, as

follows:
' Miners’ inches

Group B (No0s.7,8,9,11,and 12) ... ... ... . ... ... - .......-.. 250.0
Group C (Nos. 45,46,47,48,49,and 50) . ____ e immmeeea-..- 28,0
Group D (Nos.51,52,53,and 54) .. ... . ... oo 45.0
Group E (Nos.28 to 88,inclusive) . ._....... ... _....._...... B85
Parish diteh . . . - 5.0
River water ... .. .. .. .o oo . 289.5

Total .. ... .. ... . ... e iiwe.o--21,500.0

or 30 cubic feet per second.

During the year 1889 the Gage canal below Terquisquite Arroyo
was completed in all of its parts and the water was run to the lower
end. Improvements all along the line between the head gates and the
terminus were made to grade by releveling, cutting, and filling, by
increasing the strength of banks in the fills and wherever else needed,
and by relining the flumes to grade where they had settled on their
foundations.

The maintenance of the canal was under the supervision of Mr. M.
Gage, represented by Mr. Irving, as engineer, and the expense was
borne by Mr. Gage, excepting the portion between tunnel No. 13 and
Terquisquite Arroyo, which was partially borne by the East Riverside
Water Company. Many serious breaks occurred during the year 1889,
causing several days’ interruption in irrigation and zonsiderable
expense for repairs.

The total cost of construction of the portion of the canal south of
Terquisquite Arroyo, including flumges Nos. 9, 10, 11, 12, and 13, was
$30,250.73, as follows: Cuts and fills, $14,849.81; flumes (2,750 feet),
$13,900.92; engineering, $1,500. Total length of canal, 8.22 miles.

During the months of June and July, 1889, Mr. E. Low planted to
orange trees the greater portion of the south-central 80 acres of
sec. 35, T.28.,,R.5 W.,8. B.M: On this land was used, in 1889, the
first water from the Gage canal below flume No. 9 for a useful purpose.

During this and the previous year the lands of Arlington Heights
were platted in a most thorough manner by Messrs Whitten and
Rawsoun, under the supervision of Mr. Irving, the street divisions
generally inclosing 40 acres and the block thus formed being sub-
divided into 10-acre lots. All acreage is exclusive of streets.

,JDuring the early spring of 1889 one more well was sunk, forming
part of group B and now known as No. 10 in the general numbering.

On April 17, 1889, by request of the Home Life Insurance Company,
of San Francisco, Prof. E. W. Hilgard, of the University of California,
made an examination and measurement of all water flowing or possi-
ble to flow at that date from the water sources of the Gage canal.
The following are the results of the measurements made while all of the-
sources were flowing simultaneously and had been flowing for about
thirty-six hours. The designation of the wells which was adopted by
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Professor Hilgard was the letters A, B, C, and D for certain groups
of wells which afterwards were known as B, C, D, and E, the A in the
latter enumeration representing the Hunt & Cooley wells, in which
Professor Hilgard was not interested. In the following enumeration
the latter designation has been adopted, making it agree with all of
the other references, to which will be added the present numbering:

Miners’

inches.

Group B, or Nos. 7 to 12, inclusive (6 wells) ... _ ... ... .. 260.0
Group C, or Nos. 45 to 50, inclusive (6 wells) ... .. ... 225.0
Group D, or Nos. 51 to 54, inclusive (4 wells) ... _._...._ 35.0
Group E, or Nos. 28 to 38, inclusive (11 wells)_ ... ... _____. 571.0
Parish ditch.. . ... __. .. PP 1 { 0 |
South side streams (estlma.ted) e e e e 5.0
Water right in Santa Ana Rwer__;_ e emeemaL... 280.5
Total . . e o 1.612.5

On July 27, 1889, by request of the Riverside Water Company Mr.
G. O. Newman, representing that company, and Mr. Irving, repre-
senting Mr. M. Gage, examined for the first time since the decision of
the court was rendered the diversion of water from the river through
the Gage canal. They measured the total flow in the canal on the
weir at flume No. 3 and determined the net produect to be 746 miners’
inches.

Miners’
inches.
Wells of group E (Nos. 1, 2,3, 4,6,7,and 8, or, according to the present

nuwmbering, Nos. 88, 37, 86, 35, 33, 32, and 31) total discharge______. 320.0
‘Water rightin river._____ .. _ .. ... 289.5
Parich ditch (estimated) .. _.._._. . . ... ... ......._._. 120.0
Total water lowing at head gate ... ... . ... ... _______. 729.5
Measured water flowing into head gates over weir. _.._.____._____ 594.0
Balance unused . .. __ .. . L liiaiooo.o.o.. 135.5

The difference between the amount of water at the head gates and
that at flume No. 3 is accounted for by the discharge of the wells of
group B below the head gates. On July 26 or the day previous there
was a larger quantity of water discharging into the canal at the head
gates, as shown by the following:

Miners’

. inches.
Water vight inriver .. _. ____ . . . ... 289.5
Product of seven wells .. - ____ ... e oo 300.0
Parish ditch . . .. 140.0
Total at lower weir . __ . _ . ... o .........T729.5
Deduct amount at head-gate weir ... _...____.._... e 679.0
Balance unused_ . .___. . ... . .. ____.__ cece....io_..... B50.5

The flow of water in the canal during the year 1889 varied from a
maximum of about 800 miners’ inches in July to about 500 miners’
inches in November.
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During the year 1890 many changes and improvements were made
in connection with the canal and the lands of Arlington Heights.
Mr. Gage had visited England in the fall of 1889, and had interested
capitalists in his enterprise of developing the lands at Arlington
Heights. In furtherance of the project two representatives, Messrs.
T. Waterhouse and Wilson Crewdson, were sent by them to River-
side to examine the property. Their report being favorable a com-
pany was formed, the capital stock of which was placed at $1,255,000,
divided into 5,000 A shares of $250 each and 1,000 B shares of $5 each.
On December 13,1889, a provisional contract was entered into between
Messrs. M. Gage and Wilson Crewdson, which was assigned to the
new company, known as the Riverside Trust Company, Limited.

During the early part of the year 1890 pipe lines of riveted steel
- plate were laid on Adams and Jane streets, and substantial bulkheads
were constructed in the eanal where the pipe lines entered. A
vitrified pipe line similarly connected was laid on Evans street as far
as Dufferin avenue. During the fall and winter following the canal
was lined with masonry at the lower fill, between Harrison and John
streets, and at flumes Nos. 13, 12, 11, 10, and 9. Retaining walls of
masonry were also constructed at the ends of all of these flumes, thus
removing the woodwork from contact with the clay. In addition to
this the fill at Hall’s reservoir and Eighth street, north of Terquis-
quite Arroyo, was lined with masonry and cement plaster.

A portion of the Williams tract lying east of the east and north line
of the bluff of Santa Ana River, amounting to about 430 acres, was
purchased by the Riverside Trust Company, Limited, in 1890. This
purchase extended the frontage on both sides of the river 1 mile
farther to the east, thus making a continuous frontage due east-west
of 4 miles, or by following the course of river about 4} miles.

During the year it was determined to construct a levee on the south
side of the river, beginning at the head gates and extending east, and
in connection therewith to construct a flume immediately behind it
for the conveyance of water from the artesian wells, and if thought -
necessary to carry therein to the head gates the river water that could
be taken out at a higher point. Piles 8 inches by 8 inches by 16
feet were driven at 16-foot intervals on the line determined for the
levee, and an embankment of brush and sand was formed behind
the piling and eonnected to it. The flume was placed 50 feet from the
face of the levee. It was constructed of cedar framing and sheeting,
and was gradually submerged below the surface of the ground as it
extended up the river. About 1,000 feet of these works were built
during the.year, extending upstream from the old head gates.

No official measurement of the water of the Gage canal was made
during the year 1890, measurements having been deemed unnecessary
" because there was not a scareity of water. Well No. 55 (the Camp
well) was excavated during the year, but was not then used as a part
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of the canal water supply. Its flow was estimated to be 50 miners’
inches.

During the year 1891 pipe lines were placed on Maude, Horace,
Washington, Gratton, Irving, Jackson, John, McAHister, and Stuart
strects, and laterals from them were run to the lands of Arlington
Heights, amounting in the aggregate tomore than 1,000 acres. Masonry
foundations were built for all of the flumes from No. 9 to No. 13,
inclusive, and bulkheads were constructed at the canal for all of the
entering pipe lines. Arrangements were made to cement the canal
from the head gates to flume No. 6 wherever it had not already been
cemented. During the latter part of the year contract therefor was
made with Gray Brothers, of San Francisco, and work was begun in
December between flumes Nos. 1 and 2. The work consisted of a
thorough reconstruction of the canal by a realignment and regrading of
all parts, resulting in a more perfect cross section. Plaster three-
fourths of an inch thick, composed of one part Portland cement and
four parts clean, sharp sand, was applied to all parts of the eanal in
natural banks; to all partsin made banks and side-hill work the ounter
slopes were lined with 6-inch masonry and then were plastered with
cement. The endsof all flumes were incased in masonry abutments
and retaining walls, freeing them from contact with the earth. During
that year (1891) about 1,000 acres of land were planted on Arlington
Heights. In 1889 an employee of the company was stationed at flume
No. 3, whose duty it was to keep in repair the section of the canal
along the bluff and to make a daily record of the quantity of water
flowing in the ecanal at {lume No. 3.

During the winter of 1890-91 floods carried away a portion of the
levee and the casing of the channel behind it. This was owing to
obstructions in the channel above the works, causing a diversion of
the river which forced it to approach the levee at almost right angles,
resulting in the cutting of a passage which exposed the channel behind
to the destructive action of the water. During that season wells Nos.
1 to 6 and Nos. 13 to 27, inclusive, were excavated, making in the
aggregate 21 additional wells.

The cementing of the canal as far as flume No. 6, as previously
determined, was completed during the spring of 1892. In that year
pipe lines also were placed on Arlington avenue and on Ana, Mary,
Madison, Evans, St. Lawrence, Jefferson, Irving, Monroe, Van Buren,
Robert, and Harrison streets, and a large number of laterals were
extended from the mains to the lands and connected with the irrigating
flumes. Considerable additional land was planted during the year,
but not so much as during the previous year. Arrangements were
also made to continue the cementing of the canal from the point
where it had been completed in the spring to the upper end of flume °
No. 10, south of Terquisquite Arroyo. Contracts for this work were
entered into with Gray Brothers. The work was begun during the
month of December and continued during the remainder of the winter.
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In this same year (1892) James Sheddan was made zanjero of the
canal above flume No. 3, including head gates, artesian wells, and
river, and the work of levee construction was carried on with vigor.
The part of the levee between the head gates and well No. 39 was
completed during the year and was tested by the floods of the follow-
ing winter, with fairly satisfactory results. Wells Nos. 39 to 44,
inclusive, were excavated, making 6 additional wells added to the sys-
tem that year.

. On November 11, 1892, careful measurements were begun of the
total water supply of the Gage canal system developed up to that
date, and were continued several days, for the purpose of determining
many factors in connection with the water sources. The chief results
are summarized in the following table:

Artesian wells of Gage canal system, 1892.

s . Temper-
Distance Diam- Pres- | Capac-
No. of well. apart, |PePth Gion asvl,;rtzl(.)f sure. | ity.
: ! Miners’
Feet. Feet. | Inches.! Degrees. | Feet, ' inches.
A e e e 656 10 75 25 5,
2 1,216 534 10 74 70 32.50
R 382 10 74 76 29.00
N 525 482 10 74 74 41.20
52 561 820 10 73
6 265 784 10 74 80 45.00
Vo 4,620 196 10 70 11 13.70
B e e e et s 190 10 70 11 21.00
L SR, 204 142 10 7 11 3. 50
10 i 148 10 68 12
A 714 M1 7 67 28 24.50
O e e aan 80 181 7 68 29 21.60
18 o o 765 10 70 16 86.50
) £ 472 10 70 17 10L50
15 1,680 518 10 64 17 62.50
16 1 388 10 66 50 50.00
17 175 380 10 50 32.00
18 480 386 10 62 50 27.00
19 330 196 10 62 17 43.50
20 .. 27 124 10 62 12 9.50
-1 260 116 10 62 13 24.70
2 - 270 134 10 62 17 50.50
|2 P 168 10 62 11 36.00
U e i 265 166 10 62 14 26.00
25 . 320 152 10 62 14 19.70
S 280 123 10 62 13 21.00
2. 125 10 62 14 9.00
7 U 144 10 62 15 38.00
20 310 140 10 62 16 28.30
30 e 790 138 10 62 13 11,20
31 430 106 10 64 15 3.70
32. 130 10 64 16 16.20
33 . 315 146 10 63 18 41.00
U 550 116 10 63 16 48.00
5 130 134 10 63 15 30.50
36 - 120 116 10 64 16 16.00
3 (R, 680 147 10 66 16 42.00
38 - 90 122 10 66 16 28.75
39 276 115 10 66 17 10. 50
40 1,090 169 10 66 ik 77.15
41 474 193 10 66 14 63.50
42 510 192 10 66 17 85.75
43 510 390 10 66 18 109. 75
44 500 24 10 64 20 92.75
45 - 1,580 123 7 62 25 76.50
T U PP 15 133 7 62 25 6. 70
AT e e e e i5 133 7 62 25 24.40
4B e 40 139 7 62 23 29.33
49 e 50 211 7 .62 23 28.40
B0 - e e e e e e raan 40 100 7 62 25 15.00
.............................................. 1,590 300 10 64 22 80.00
1) 7Y PRSPPI (NSRRI (RPN (RN B P, 1,793.45
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It will be understood that the gagings are minimum measurements
taken at the end of the irrigation season and while all of the wells
were running ‘open and part of them had been running open during
the season. The pressure (in feet) of each well was taken while it
was closed. The average flow for each well is 35.15 miners’ inches;
the total flow is 1,793.45 miners’ inches, or 23,243,112 gallons daily.

The work of completing the cementing of the canal was prosecuted
during the first three months of the year 1893 aud was completed in
time for irrigation. Pipe lines were placed on Monroe and Gibson
streets and laterals were laid to about 800 additional acres of land.
An improved hydrant and hydrant box were adopted—the latter being
formed of cement—and attached to all of the irrigation laterals and
flumes that were put in during that year; in cases where new boxes
were needed elsewhere the improved boxes were placed on the old
forms. About 800 additional acres were planted to oranges and
lemons during 1893, and arrangements were made during the latter
months of that year for the cementing of certain portions of the canal
south of flume No. 10 in the same manner as work already done, but
the company decided this time to do the work under its own supervi-
sion. The work of excavating the channel behind the levee was also
carried on, and was completed as far as the finished portion of the
levee. The levee was extended up the river about a half mile, or a
considerable distance above the adjacent wells. No additional wells
were excavated during the year.

In 1894 the work of cementing the canal south of flume No. 10 was
proceeded with during the spring months, and about 1,200 feet imme-
diately south of the flume and Arlington avenue were cemented;
water service was added to about 200 aeres of land, which were
planted the same year to orange and lemon trees. The trenching on
the south side of the river was continued during the spring of that
year, and at a distance of 5,650 feet (1.07 miles) upstream connection
was made with the river. The river water owned by the Riverside
Trust Company was diverted into this new channel, and the whole
supply on the south side of the river, including the wells, was
carried through the channel to the head gates. A channel on the
north side of the river from the head gates upstream was also com-
menced and a large portion of it was finished that year.

During the years 1895 to 1898, inclusive, the levee in the river bot-
tom was extended and added to from time to time, until now it extends
on both sides of the river a distance of about 2 miles upstream from
the original headworks.

WATER SUPPLY.

The water supply of the Gage canal system is, as already stated,
largely from artesian wells. During years of drought the supply is
wholly from wells. The number of wells has been increased from
year to year, as the demand for water grew and as the old wells
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became silted up. It is also probable that the extreme drought from
1892 to 1900, coupled with the general inereased demand upon this
artesian basin, has reduced the flow of the wells. Their mainte-
nance is remarkable, and is one of the numerous evidences of the
vast extent of the supply.

The number of wells in the Gage system and their output are as

follows:
Miners’ inches.

1887, 14 wells, approximately . . ... . .. .. __.. .. .. .. 600
Fallof 1888,26wells_.__ ... .. .. _____._ ... ... ...... 1,185
Spring of 1889,27 wells . . ... _ ... ... . . .. .......... 1,091
October, 1892, 65 wells ... _ . . . .. ___ _ ... ___.. 1,793
June, 1899, 68 welis __. __ __ __ ... ... _..__.._.. _... 1,440

In Jun<, 1899, 55 of the 68 wells were flowing and 13 of them were
not flowing. The maximum output is stated by the company to have
been 1,440 miners’ inches. The company has a right to 289.5 miners’
inches at its headworks on Santa Ana River, but during recent dry
years this has been of little value. On June 20, 1899, there were at
that point 12 miners’ inches, and on February 21, 1900, 20 miners’
inches. The Parish dit-ch; which is said to have a normal flow of 120
miners’ inches, is now dry.

The sources of water supply to this canal, including the right to
develop additional water over an area of 438 acres forming part of a
block of water-bearing land, are 2,331 acres, all of which are owned
by the company. In 1893 the supply, including river water, was esti-

mated as follows:
Miners' inches.

Santa Ana River _ . ___ . . ... .._....... .. 289.50

Artesian wells, 55 in number, measured at their minimnum flow

" (October 10, 1892) .. . ... . o iiiiaie....1,793.45

Parish diteh ... ... . ___. ... ___. e 20.00
Total. o e e o2 R,102.95

The artesian wells are distributed over a considerable area, bnt
generally extend (for a distance of 15,800 feet) along the canal bank
and the river bottom, as shown on the map, P1. 1.

All of the wells were driven by means of a sand pump working
inside of a thick, double iron casing or lining, the lining being forced
down by means of hydraulic jacks as the pump continued to exca-
vate. The lining is of No. 10 or No. 12 gage iron, in two thicknesses,
so that it can be built up and made continnous by inserting inside
and outside lengths alternately, each length being 2 feet long and
breaking joint in the center. The casing fits so exactly that in a
short time the lining becomes, by oxidation, water tlght at least
sufficiently so for the purpose.

As already stated, in the spring of 1839 Prof. E. W. Hilgard, of the
University of California, made an examination of the artesian water
supply of the Gage canal system for the Home Life Insurance Com:
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pany, of San Francisco. He was given exceptional opportunities for
an exhaustive study, and his report, which is of general interest, is
freely quoted from below. He states that the water supply at that
time (April, 1889) was as follows:

Miners’ inches.

Supply from 27 wells ... ... ... ... ... ..1,001
Parish ditch . . oo 1B7
Water right in Santa Ana River ... ... .__._.. ... ...__..... 289
South Side ditch (estimated) ... - ... ... _. 75

Total . .o e .. 1,612

On June 30, 1898, there was flowing in the Gage canal at Palm
avenue a total of 1,313 miners’ inches; on June 20, 1899, 1,273
miners’ inches; and on February 21, 1900, 1,129 miners’ inches. A
reference to the table of rainfall on page 17 will show that the last
eight, years have been years of unusual drought, and that the season
of 1888-89 was in a group of wet years. These wells have, therefore,
maintained thejr supply in the face of the drought and in spite of the
fact that the underground gravel reservoir has been heavily drawn
upon by other sources. (See general discussion of water supply,
page 36.)

The following extracts are made from Professor Hilgard’s report:

The bulk of the supply of the Gage Canal is at present {rom artesian wells, of
which there are 42 on the Victoria tract. On the ‘“ water tract ” prozer there are 27
now flowing or ready toflow. These wells arelocated in four groups, designated by
the letters of the alphabet, from A to D. The lettering for these groups of wells
is that adopted in the State engineer’s report on irrigation ‘n southern California.
The difference in the number of wells forming the several groups and the increased
supply of water are due to the boring of additional we'ls since the State engineer’s
observations were made.

The wells of each group are separately numbered, in general upstream and
counting from south to north. The following data show the number of each
group, distances from each other and from the head gate of canal, and the meas-
ured flow of each well in miners' inches of 4-inch pressure, the measurement
usually adopted in southern California.

GROUP A.

Six wells in line along the canal, the nearest being 2,400 feet from the head gate,
and the total distance from No. 1 to No. 6, 1,665 feet.

Measurements of wells tn group A.

leitglgce Diame- Dlgit:g.;ce Diame-
Number of well. ter of |Discharge.||Number of well. ter of |Discharge.
wellnext| = O wellnext| °°f 0
above, | PIP® above, | DIP®
Miners’ Miners®
Feet. Inches. inches, Feet. | Inches. inches.
1., 249 10 36 | 5. 67 K
2. 304 10 68 |1 6. o e T 46
3. 323 10 35 -
4 22 10 18 Total .. |t 260
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GROUP B.

Six wells occupying an area of somewhat less than an acre (3,900 square feet),
distance 1,200 feet from the head gate in a northwest direction; distance from
(center of) group C, 3,276 feet. -

Measurements of wells in. group B.

Difsx.tg‘:xllce Diame- Difs;‘tg:’;ce Diame- |
Number of well. wellnext| ter of |Discharge. Number of well. wellnext| ter of |Discharge.
above. | PiPe above. | PiPe
Miners’ , L Miners’

Feeti5 I nches.7 in ches’.38 5 Feetio In ches’., tnches. 63
15 7 17 || 6ol 7 20

40 7 36
7 39 Total ..o macmaaes 225

GROUP C.

Consisting of four weak wells, all with 7-inch pipe, among the first bored, and
left as they are at an average depth of about 110 feet on account of difficulties
encountered in the cobble layer at bottom, for overcoming which suitable tools
were not then at hand. The wells are between 10 and 18 fee’ apart only, and
yield from 7 to 12 inches of water each; total, 35 inches. One good 10-inch well
would probably give better results than the four small ones.

This group is distant 4,550 feet northeast from group B and 2,100 feet from tlhe
center of group D. Area actually occupied, 360 square feet.

GROUP D.

This group consists of 11 wells (all with 10-inch pipe), ranging in depth from
110 to 160 feet. Nine are located on the south side of and mostly quite near to the
river bed; two are near the north bank, one being in the preseﬁt bed. The dis-
tance between the centers of groups A and B is about 5,800 feet; between D and B,
4,400 feet. The elevation above group B is about 18 feet; above group A, 31 feet.
Area actually occupied by the group, 17 acres.

Measurements of wells in group D.

Distance Distance
Number of well. Wefﬁoxtlre‘sxt Discharge. Number of well. w efllioxtxre‘axt Discharge.
above. above.
Miners® Miners®
Feet. inches. inches.
80 51 22
687 51 37
1y 43 | 56
139 55 4
566 82 ——
815 65 571
42 35

All the measurements recorded above correspond to the condition of the wells
about thirty-six hours after all had been uncapped and had been running their full
streams. .

This point is of some importance, because measurements made immediately or
soon after uncapping a well that has been closed for some timea.show at first a con- -
siderably larger dscharge, evidently due to accumulated pressure, or what might
be called a ‘“local head,” requiring some time to run down to the nominal dis-
charge.

IRR 59—02——6
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DEGREE OF INTERDEPENDENCE OF WELLS.

The extent to which the discharge of any well or group of wells is influenced by
that of others situated at a greater or less distance is a question of great practical
interest, since upon the answer depends ihe aggregate amount of water to be
expected from further developments an the ‘water tract” by boring additional
wells. I have tested the point in a variety o? ways, the more important being the
following:

(1) Well No. 6 in group B has for some time past remained capped, with an inch
pipe carrying the water to a dwelling house some 300 yards away, the water reach-
1ug the level of 26 feet above the casing when a’l the other wells of the group are
capped. It was found when all the other wells are uncapped the water level at
the house falls about 8 feet 7 inches. As stated above, the total flow of the wells
of this group is 225 inches; that of No. 6, 20 inches. It is distant only 40 feet from °
well No. 5, having a flow of 63 inches, and all the rest of the group lie within 130
feet. Yet the measurement shows that the opening or shutting down of a flow of
205 inches, or more than ten times the amount of the flow of No. 6, influences its
head to the extent of not quite 14 per cent, or thrée-quarters of 1 per cent of the
total discharge of the group. ) :

(2) Well No. 2 of group D had been steadily running for upward of a year, all
the rest of the group, as well as those of groups B and C, being closed. It was
then discharging about 61 inches. After nine other wells (Nos. 3 to 11, inelusive)
had been uncapped, No. 2 was found to have decreased to 57 inches in the course
of about three hours. On opening No. 1, within 80 feet of No. 2, its flow fell off to
55 inches, and forty-eight hours afterwards it had reached its minimum flow of
48.4 inches, which, however, five hours after was found to have risen again to 51
inches, the figure adopted in the table above. Such fluctuations of a few inches
appeared of measurements made at different times of the day, in almost all cases
of strong flow, possibly as the result of barometric variations or other diurnal
causes.

It will be seen that in the case of this well the letting loose of 520 inches of water
within an area of 17 acres immediately adjacent caused a decrease of ‘the flow it
had when running by itself of only 10 inches, being aous one-sixth, or, say, 17 per
cent, of its maximum flow when all the rest were closed, or 14 per cent of the total .
discharge of the group. It will be noted that this is very nearly the same ratio as
in the case of well No. 6 in group B reported above.

(3) After the wells had all reached a state of sensibly normal discharge, groups
C and D, with their aggregate discharge of 606 inches, were shut down about 5
p. m., in order to observe the effect on other groups.

Group B was measured at 10 p. m., and was found to be discharging 211 inches.
Six hours before, when all the other wells were still open, the flow was 205 inches,
thus showing an increase of 6 inches, possibly caused by the shutting down of an
aggregate of 606 inches at the average distance of about a mile. This is 4 very
slight effect at best, being less than 1 per cent of the total amount shut off, or
three-fourths of 1 per cent of the total discharge concerned, and less than 3 per
cent of the discharge of the five open wells of the group. But the fact that on
the morning of the same day these wells stand credited with a discharge of 215
inches renders it even doubtful that the shutting down of groups C and D caused
the observed increase. and thatit was not merely due to diurnal variations referred
to above and known to exist. Unfortunately my time did not permit of the con-
tinuation of the observations so as to settle this point definitely.

(4) On the following day, eighteen hours after the shutting down of all the
other groups, representing an aggregate of 831 inches, at an average distance of
about 5,000 feet, group A was remeasured. It was found that the discharge of
well No. 1 had decreased from 86 to 29 inches, evidently in consequence of being
loaded down with a quantity of gravel that had slid in from above, the pipe having
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sunk below the ground level. In the rest of the group (Nos. 2 to 6) there had

been an increase over the discharge observed in the afternoon of the previous day

from 224 to 233 inches, a difference of 9 inches in the total dischargecf the group,
or 4 per cent of its volume, but only a Jittle over a third of 1 per cent of the total
discharge concerned.

(5) A striking proof of the relative independence of thesg, wells of-one another
when situated at reasonable distances apart is found in the ‘‘local head.” or accu-
millation of pressure that takes place so soon as an individual well is shut down.
‘When measured immediate’y after uncapping. a well that has remained closed for
some time is found to discharge from 15 to 17 per cent.(in the large wells) more
than its normal flow, to whjch it settles down after a lapse of from twenty to

. thirty hours. This accumulation and slow running down proves conclusively
- that we have here to do, not with an ordinary hydrostatic column, but with a mass
of water so subdivided by the c’osely pacted materials intervening between the
vents made by the auger and in the interspaces in which the water is stored that
a rapid transmission of pressure is not possible, and that the laws of hydraulics
and friction, rather than those of hydrostatics, must be held to govern the discharge.
Moreover, it proves that hundreds of inches of water discharge bear but a very
small ratio to the total supply that lies behind these artesian fountains.

The nature of these materials as disclosed by the auger or sand pump is found
to be gravel (ranging from pea size up to cobbles of greater diameter than even
. the 10-inch pipes), tightly packed with sand of various degrees of finéness. Cob-
bles nearly filling the pipes—over 7 pounds in weight—have in several instances
been ejected by the water pressure from some of these wells, The character of
these cobbles can not be mistaken: they represent the same rocks that have been
and are now being brought down from the Santa Ana and Mill Creek canyons at
the head of the valley, where a wilderness of the same materials (ranging all the
way from fine sand up to bowlders of 5 feet in diameter) cover many square miles
of surface and are shown in every break of the country. There, as well as in the
borings, occasional sheets or strata of clay or other impervious materials alternate
with the gravel and cobble deposits, and with the penetration of each such clay -
layer additional water pressure is obtained in the wells. The sources of Warm
Creek, the Parish Ditch, and of such outflows as ‘“ Hunt’s Spring ™ doubt!ess indi-
cate the termination or th:e perforation from some cause of such impervious water-
shedding strata not far from the surface.

On page 23 is an analysis of water from wells in groups A and D of
this system.

In October, 1892, the owners of the Gage canal system conducted
a series of experiments on 55 artesian wells and obtained results at
variance with the previous experiment.* The numbers indicated in
the first column of the table correspond with numbers on Pl. I and
show the locations of the wells. The third column of the table gives
the distance to the nearest well, the fourth column the static pres-
sure, in feet, when each well is closed. The fifth column (final meas-
urement, r¢duced to miners’ inches) gives the amount of water that each
well was flowing at the end of the experiment, when all of the wells
following it in the table were open. For instance, when well No. 115,
which corresponds to well No. 1 of the Gage Canal Company’s num-
bering, was open and all of the other wells were closed its discharge was
in both instances 5 miners’ inches. When well No. 116 was open and

»This is probably due to the more complete development of tha entire supply by the Gage
Canal Company and others,
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all of the other wells were closed its discharge was 46 miners’ inches;
but when all other wells following in the list were open its discharge
was 32.5 miners’ inches. The seventh column gives the percentage of
decrease in the flow of-this particular well under the foregoing condi-
tions. The eighth column gives the cumulative number of the origi-
nal measurement, in miners’ inches. In other words, it is the sum of
the flow of any well and of all of the wells preceding it in the table,
on the basis of one well alone being open. For example, well No. 115
being open and all of the other wells closed, it flows 5 miners’ inches.
‘Well No. 116 being open and all of the others closed it flows 46 miners’
inches. Then the cumulative number of the original measurement,
in miners’ inches, corresponding to well No. 116 would be the sum of’
these two volumes, or 51 miners’ inches. Theninth column gives the
cumulative number of final measurements, in miners’ inches, which is
the sum of the discharge, on the basis of the other wells all flowing;
as, for instance, in the case of well No. 116, when the other wells are
open it would discharge 32.5 miners’ inches, which added to the dis-
charge of well No. 115 gives a total for the two wells of 37.5 miners’
inches. The teunth column gives the percentage of decrease at each
point of comparison between the seventh and eighth columns. The
last column of the table gives the temperature of the water.

Fifty-five wells are considered in these experiments, and while the-
total volume of water obtained increased as more wells were opened,
the aggregate flow is not so great, by 52 per cent, as the sum of the
flow of all of the individual wells.

From the foregoing it will be seen that in this particular instance a
gain was made by boring as many as 55 wells, but it is also indicated
that the number of wells could not be increased indefinitely at a finan-
cial profit.

Table showing effect of opening and closing neighboring artesian wells of the Gage
canal system.*
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Miners'| Miners’ Miners’| Miners’ De-
. Feet. | Feet. |inches. |inches.|P. cent.|inches.| inches. |P.cent./grees.
San Bernardino | 115 1 24.75 5. 00| 5.00) 0 5. 5.00 0 75.0
Do....c......| 118 2 1,216] 170.40| 32.50] 46.00 30| 51. 00 +37. 50 21| 74.0
117 3 75.90) 29.00, 37.00 22| 88.00] 66. 50| i 74.0
18] & 525  73.60{ 41.25] 48.75 15| 136.75 107.75 214 74,0
119! 5 551 23.00 3. 50| 3. 50 0] 140.25 111.25 21| 73.0
120 [i] 2065/  80.50( 45.00| 51.75 13 192.00, 156. 25| 9 1.0
121 7 4,620 11.00; 13.75 27.50 50| 219.50! 170. 00| 23| 70.0
122| 353 11.00]" 21.00] 46.00 55| 265. 50! 191. 00 281 0.0
123| 9 204 12,50 3. 50) 9.75 64| 275.25)  194.50 29| 70.0
124 1 821 12,501  3.25 6. 00 46| 281. 25 197.75 30 | 68.5
25 11 714 28.00] 24.50] 58.00 58] 339. 25 222. 25| 3| 6i.0

aCourtesy of W, Irving, engineer of Gage canal system.
bThese are the numbers shown on PL I.
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Table showing effect of opening and elosing neighboring artesian wells of the Gage
canal system—Continued.
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Miners'|Miners' Miners'| Miners® De-
Feet. | Lbs. |inches. |inches.|P.cent.|inches. | inches. |P.cerit. grees.
San Bernardino| 1260 12 80! 29.00 21.621 49.75 57 389.00 243.37 373 8.0
O e -] 127 13| 765 16.10,  86.50( 150. 00| 43| 539.00{  330.37 39 | 760.
1280 14 530  16.95/ 101.50 162.00| 37 TL.00|  431.87 39 | 70.
1290 15 1,680 »17.00) 62.50{ 80.50 23| 781.50|  494.37 37| 64.
130, 1§ 1801  50.601 50.000 60,50 18| 842.001  544.87 36| 66.
181 17 : 175 50.00] 82.000 37.50- 15 879.50] 576.27 35 | 65,
1321 18§ 480/ »50.00 27.00] 71.50 63 951.00;  603.37 387 | 62
133 19 330  16.95 43.50| 148.00 70/1,004.00;  646.87) 43| 62
134 20| 270 12.000 9.50, 60.00 84(1,154.001  656.37 62.
135‘ 21 2600 13.20( 24.75 104.00 77/1,258.00]  681.12] 46 | 62.
136 22| 270)  16.90{ 50.50, 146.00 661,404.00]  731.62] 48 | 62.
391 23 265/ 10.90] 36.00| 132.50 73(1,536.000 767,62 51| 62.
392 24 265 13.80f 26.000 68.75| 6211,605.25]  798.62 51| 62
398 25 320] 13.80 19.75| 68.75 711,6724.00f  813.37 521 62.
394 26 280 12.60 21.00( 75.00; © 121,749.000 - 834.87 54 | 62.
395 27 3200 13.80 9.00|  34.00] 73/1,783.00]  843.87] 54 | 62.
396 28 2800 15.00 38.00] 88.50 581,871.501  881.87 5 62.
397 29 810 16.10| 28.85 47.00 30(1,918.50]  910.22] 3 | 62
398 30 790 12.60, 11.25( 30.00] 63(1,948.50|  921.47] 53 | 62.
3991 81 430 14.90 3.7 9. 50| 601,958.00]  925.22 64.
4000 32 35 16.10] 16.25( 28.50) 48(1,986.50]  941.47] 53 | 64.
401 33 315 18.40f 41.00] .90.00 55(2,076.50, 982, 47| 63.
4020 34 5501 () 48.00  98.30, 52(2,174.80; 1,080. 47| 53 | 63.
408 35 1300 15.50, 30.50{ 65. 75| 54|2,240.556( 1,060, 97| 53 | 63.
404| 36 1200 16.10] 16.€0{ 29.50 486|2,270.051 1,076.97] 53 | 64.
405/ 37 680 16.000 42.00] 92.00 55/2,862.05| 1,118.97 54 | 66.
406) 3B 90  16.00) 28.75 48.7H 4112, 410. 1,147.72 53 1 66.
407 39 2791 16.90)  10.500 24.75 5812,435. 55/ 1,158.22 53 | 66.
408 40| 1,090 16.900 77.15 166.00) 53|2,601.55 1,235.87 53 | 66.
155 41 474 13.80] 69.50{ 168.00 5812,769.55) 1,304, 87| 53| 66.
156( 42 510 16.90, 85.75( 169.00 50/2,938.55( 1,890.62 53| 66.
157 43 5100 18.00| 109.75 137.00 20[8,075.55 1,500.37 52 | 66.
158 44 307)  20.000 92.75] 146.0C 37(3,221.55 1,593.12 51 | 64
159 450 11,5801 25.00( 16.50| 46.25 60(3,267.80 1,609,62 51 | 62
1601 46 15 25.00 6.70| 16.75 6013,284. 55/ 1,616.32 51 | 62.
161} 47 15 25.00] 26.40/ 66.00 60(3,850. 550 1,640.72 52 | 62.
162) 48 40/  25.00] 29.33 50.84 60(3,401.39 1, 670. 05! 51 | 62.
1631 49 50 23.20| 26.40{ 76.00 60/8,477.39| 1,698.45 52 | 62.
164 50| 40|  25.000 15.00 »20.00 253,497.39| 1,718.45 51| 62.
409 51 4,440 19.00!  00. 00 7.00 1003,504.39] 1,713. 45| 52| 64,
4100 52| 200 19.00f 00.00f  7.10] 100(3,511.49 1,713. 44| 52| 64
411] 53] 25 19.00] 00.00 7.00] 1003,518. 491 1,713.45 52| 64.
Do. 412 54 25/ 19.00( 00. 10. 50 1003,528.99| 1,713.45) 52| 65.
San Bernardino | 169 55 5,000, 22.00 80. 150.00 56/3,678.99| 1,793, 45] 52 | 64.

a Estimated. b Left open.

DIVERTING DAM.

The river water is diverted into the canal by means of temporary
brush and sand dams, which are renewed each year; but owing to the
natural conditions in the river bottom the renewal is a work of small
expense compared with the cost of permanent works sufficient to with-
stand the action of floods, which sometimes exceed 2,000 cubic feet
per second over a bed composed of sand and gravel several hundred
feet in depth. In a few hours after the river reaches its maximum
discharge it recedes to its normal flow, when the whole of it can if
necessary be diverted into the canal by throwing up an embankment
of sand a few inches above the water surface.
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HEAD GATES.

The head gates are strongly constructed of heavy timbers and have
three sets of regulating gates, opened by means of ratchets and pin-

N

b

.
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EIG. 3.—Plan showing arrangement of head gates of Gage canal.

ions, one set being sand gates for the discharge of the surplus water
and the moving sand. (See fig. 3.)
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The water discharges out of the head gates into a settling basin,
from which it is measured over a weir into the canal. Figs. 3, 4, and
5 show the head gates and the measuring weir. In connection with
the weir there is an automatic register by means of which a record is

F16. 4—Section of headworks of Gage canal, on line A-B of fig. 8.

made of the amount of water flowing into the canal at all times during
the irrigation season.

In addition to the automatic register there is an automatic electric
alarm by means of whieh high and low water during the night are

L]

' Outlet gates of divisio
Top of . N %ﬁvmse
easarngwerr ---{ : w%‘ﬁ'zz}-w

Floorof
meas? werr

F16. 5.—End elevation of measuring weir on Gage capal, showing end elevation of outlet gates
beyond.

made known to the attendant. The eylinder on which the changes
are traced receives its motion from a clock movement and makes one
revolution in seven days.

The weir over which the water is measured is 23 feet long. The
canal at the weir is 24 feet wide and serves
as a settling basin for the moving sand,
which at times causes trouble. For a dis-
tance of a few hundred feet from the head
gates the banks of the canal are lined with
wooden sheeting, gradually narrowing from
awidth on the bottom of 24 feet at the head
‘gates to 10 feet where the cemented portion
begins. From that point for a distance of
2,950 feet the canal gradually rises from the {-
river bottom proper to the plain of the first [TIrCONCTRETE 0 4y
mesa lands and to flume No. 1, over a Fra.6.—Section of tunnel No. 1,
small local arroyo; thence, at a distance I °arthof Gage canalsystem.
of 8,500 feet, through the same mesa lands to flume No. 2, over a
small creek; thence, at a distance of 15,650 feet, through the mesa
lands to tunnel No. 1 and the base of a range of foothills; thence, at
a distance of 21,050 feet, by a series of tunnels and along the face of
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the foothills to flume No. 3. A section of tunnel No. 1 is shown in
fig. 6. The canal continues along the bluffs in a series of tunnels,
fills, and flumes Nos. 4, 5, and 6 until it passes onto the upper plains
at a distance of 27,200 feet. From that point it follows the natural
contour of the land, crosses an arroyo by means of flume No. 8 (flume
No. 7 being now a fill), and at a distance of 45,600 feet from its head
it passes through the projecting point of a foothill by means of a
tunnel, and then continues along the natural
contour to flume No. 9, over Terquisquite
Arroyo, at a distance of 62,800 feet, or 11.9
miles; then, by means of flumes, fills, and
cuts, it crosses the arroyo between the foot-
hills and follows the natural contour of the
land to the end, the total length being
106,444 feet, or 20.16 miles.

CEMENT LINING.

BN Generally the slope of the sides of the
Fra. j;;g;;teig of ltg;:g;nmk canal is 4 perpendicular to 3 horizontal.

’ From the head gates to flume No. 10 the
canal is lined with masonry, as are also all tunnels and fills, to a depth
of 5 inches, and then is plastered with cement mortar; the remaining
portions are lined with cement plaster to a thickness of three-fourths
of an inch. Of the whole length of the canal (20.16 miles) 14.5 miles

'Fm 8.—Plan of bulkhead and orchard lateral connection on Gage canul system.

are lined with cement. Most of this work was done during the winter
months from 1891 to 1894, and at an average cost of $1.50 per foot, or a
total cost of $114,135. While it can be said that this cement 1]1111]0‘ has
not stood well, it can also be said that if has stood better than was
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expected under the conditions. When in increasing the capacity of
a channel it is a question of spending $75,000 in one case and $200,000
in the other case, and saving an important percentage of irrigation
water, it may be excusable to take some risk. Large surfaces of
cement coating three-fourths inch thick can not be expected to stand
much strain under the action of storm waters, and it is to this action
that nearly all ruptures of the coating are due. Had there been
intervals of time during recent dry years to close the canal for repairs
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F16. 9. —Cross section of bulkhead and orchard lateral on Gage canal system, on line C-D of fig. 8.

its <ondition would be much better. No repairs have been made
during the last four years, and the estimated cost of a thorough reno-
vation is less than $1,000, which spread over four years is-only a
fraction of 1 per cent of the original cost.

The cross section of the canal varies with the distance from the
head gates. The bottom width below the head gatesis 10 feet, as
already stated, which is gradually reduced to 6 feet at lume No. 10;
from that point to near the end the width is 5 feet. The canal has a
uniform depth of 4 feet\t.hroughout its entire length.
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F16. 10.—Longitudinal section of bulkhead and orchard lateral on Gage canal system, on line
A-Bof fig. 8.

The total length of tunnels is 5,250 feet. Where they pass through
earth formation the bottom and sides are lined with concrete masonry
and the roofs are heavily timbered.

The total length of flumes is 4,000 feet. All are strongly framed,
rest on masonry foundations, and have retaining walls and founda-
tions at each end where they connect with the other parts of the canal.

CAPACITY.

The cépacity of the canal at various localities, as stated by the

engineer of the company in 1899, is as follows:
: Miners’ inches.
Canal 1.5 miles from headworks. . ... et eeiaeicacnt ceae e 9,646
Tunnel 8 miles from headworks . ... ... oo . .. 4,630
Flume 4 miles from headworks. .. ... ... .. .. ... 4,270
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Miners’ inches.

Woeir 5.7 miles from headworks . .. .. ... ... ... .. ... 2,215
Flume 7.5 miles from headworks ... . _.____._............_...... 4,060
Flume 11.9 miles from headworks __.______..... ____. e aan 3,166
Canal 12.5 miles from headworks ... .. ... . o . ieeeoo. 4,375
'Flume 14.75 miles from headworks ... .. __. .. ... ... .. ....... 3,436
Flume 18.5 miles from headworks . _.___. _ ... .. . ... _....__... 8,350
Pipe line (12'inch) to San Jacinte Land Company from south end

of canal " . .. o e eeimee e --.. 848
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F16.11.—Plan showing junction of canal and flume on Gage canal system.

Fiq. 12.—Longitudinal section of canal and flume on Gage canal system.

In 1899 the upper section of the canal was carrying 1,440 miners’
inches; at the lower end of the middle section there were 742 miners’
inches, while at the extreme southerly end of the canal the San Jacinto
Land Company was taking out through its pipe line, for the supply to
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530 acres under cultivation, all of the water remaining in the canal,
viz, about 106 miners’ inches, or 1 miners’ inch to each 5 acres.  This

e e = /3,00 e —— —>!
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F16. 14.—Cross sections of Gage canal: @, 336 feet from head; b, 1.62 miles from head; ¢, 3 miles
from head; d, 8.55 miles from head; e, 18.69 miles from head; f, at terminus.

duty of 1 inch to 5 acres was then and still is in force on all culti-
vated lands under the Gage canal. The canal gave nearly the full
water supply to its underlying lands during the drought of 1897-1900.
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The following table gives the value of the hydraulic elements in
the various sections of the canal.

- Table showing value of hydraulic elements in sections of Gage canal.

A B. C. D. E. F.

Distance from head, in miles..._. 0. 064 1.62 3 8.55 18,69 |- ceeaonn-
SIOPe - . oo L .000413 . 00052 . 000383 . 000478 . 0004 0. 0004
Area of cross section,in feet ... . 47.25 45.5 83.25 33.67 26.68 23.18
Perimeter of cross sectlon, in

square feet....._... peae 19.80 19.1 15.60 15.75 13.75 2.7
Hydraulic mean radius .......... 2.38 2.38 2.13 2.13 1.94 1.82
Coefficient of roughness.. - 014, 014 014 014 .014 .014
Coefficient . - 121 121 119 119 118 118
Discharge, in miners’ inches . ... 8,953 9,646 5,635 6,380 4,875 3,686

DIVERSIONS.

East Riverside.—About 30,000 feet from the head gates the first
distributing pipe in the East Riverside district connects with the
canal, and from that point to flume No. 9, over Terquisquite Arroyo,
distributing pipes enter the canal at intervals of about one-fourth
of a mile. Throughout this whole distance metal valves inserted in
brickwork are provided at all distributing points. (See figs. 8, 9, and
10.) 'TFhe distribution system is under command of an officer whose
duty it is to subdivide the water to the several owners in accordance
with their shares and with the Dby-laws adopted by themselves,
through their representatives, for its management and distribution.
Fig. 11 shows the junection of canal and flume generally used on the
Gage canal system.

The amount of land served by the canal in the East Riverside dis-
trict, extending from the first diversion described to flume No. 9, its
southerly limit, is 3 ,620 acres, nearly all of which is now under
cultivation.

Lands served by Gage canal in East Riverside district.

Acres.

Growing oranges .. ... ... ... ..ol eiiiciicieicaaeono.. 3,000
Growinglemons......._.. ... ... .. ... ... 40
Growing deciduous fruits. ... . Lo ... 40
Growing alfalfa ______ . ... . ... 40
Total cultivated area ... ____ ... _..._.... ... 3,120
Uncultivated area ... ... . ... ... .. ... ... 500
Total ... . . e e oo 8,820

Arlington Heights.—At a distance of 71,900 feet from the head
gates, and about 14 miles from flume No. 9, the lands of Arlington
Heights are reached. These lands are subdivided, by streets, at
intervals of one-fourth of a mile, each block of about 40 acres being
bounded by streets and the block again subdivided into 10-acre lots,
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The total acreage served by the canal at Arlington Heights is a
little more than 4,890 acres, divided as follows:

Lands at Arlington Heights served by Gage canal..

Acres.

Growing oranges. .. ... ... _..___....ooo.o.__.... 2,200
Growing lemons_ . __ . .. . iiiiiana. 520
Growing grape fruit. ... ... ... ... ... .........._....... 170
Total cultivated area ____. .. ... ... .. .. ...... 2,890
Uncultivated area ._.. ... .. .. . ... . .. e ... 2,000
Total area subject tocanal ... ..__ .. .. _..._.___. . ... 4,890

Pipe lines.—The distribution of water is by means of steel pipes
.carried down each street transverse to the canal, with lateral connec-
tions to each 10-acre lot, the water being carried to the highest point
and furnished with a hydrantand measuring weir. From the hydrants
open flumes are laid along the highest boundaries of the lots, from which
the water is served to the irrigating furrows between the trees. At
the end of each pipe line where it enters the canal bulkhead is a
regulating valve and a measuring weir. (See figs. <8, 9, and 10.)

The main pipe lines on the streets vary in diameter from 10 inches
at the canal to 6 inches at the lowest point. The greatest pressure
to which the pipes are subjected is equal to a head of 164 feet, or 70
pounds to the square inch. The pipes are formed of riveted steel
‘plate, No. 14 to 18 gage, coated with an asphaltum preparation.

On the distribution system of Arlington Heights there are 287
hydrants, or an average of one hydrant to each 10 acres. The
hydrants are manufactured by the Lacy Manufacturing Company, of
Los Angeles, from a special design by Mr. William Irving, engineer
of the Gage canal system. Hydrants are furnished to the irrigators
at a cost of $10 in place. Over the hydrant is set a cement hydrant
box, which is made by the Gage Canal Company and set in place at
an expense to the irrigators of $10 each, which represents the actual
cost. In the distribution system of Arlington Heights there are the
following lengths of steel pipe:

4,800 feet of 12-inch, costing 66 cents per foot laid.
4,000 feet of 10-inch, costing 56 cents per foot laid.
36,500 feet of 8-inch, costing 47 cents per foot laid.
88,400 feet of 6-inch, costing 36 cents per foot laid.
. 147,200 feet of 4-inch, costing 26 cents per foot laid

This represents a total cost of $92,660 for the pipe in that system.

Detailed data pertaining to the distribution system of East River-
side under the Gage canal can not be obtained, but the cost, using the
Arlington Heights factor of acreage, which will give results very close
to the correct figures, would be $102,000. The method of distribution
for East Riverside lands under the Gage canal is similar to that
described for Arlington Heights.
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San Jacinto Land Company.—The following lands, which are
adjacent to the south and west boundaries of Arlington Heights, are
served by the Gage canal at its extreme southwesterly terminus:

. Lands of San Jacinto Land Company served by Gage canal;

. Acres.

Growing oranges _. ... ... ot ceooiico i e 452
Growinglemons. ... ... ... .oeecaao.... 60
Growing grape fruit. ... .. ... ... _._............... 18
Total cultivated area ... ... .. ... ._....._........ 530
Uncultivated area . ... .. .. . ... ... ooo.oo......120
Total area subject to canal _.________. .. ___._ ... ... 650

DUTY OF WATER.?

The duty of water under the Gage canal system is equal to.1 miners’
inch 10 each 5 acres of land, continuous flow. Its equivalent is 0.02
cubic foot per second, which converted into the form of an equivalent
annual rainfall equals very nearly 35 inches depth of water over the
whole area of land. As the periods of irrigation are generally at
intervals of one month, each monthly 1rr1gat10n is equal to a ramfall
of nearly 3 inches.

Under this system the purchaser of land becomes a shareholder in
the canal and the water sources, and by virtue of his water stock has
a voice in the management of -everything pertaining to the water
service. The management consists of a board of directors elected
annually by the owners of the lands and the stockholders in the canal
company. E

The portions of the by-laws which provide for the issuance ot stock’
carrying water rights and for the distribution of the water are as
follows:

ARTICLE V.

CAPITAL STOCK.

SEc. 1. The board of directors shall cause to be issued certificates of stock to
subscribers or purchasers of stock o to persons with whom the corporation may
bargain or contract in relation to the purchase or use of water or water rights or
property of any kind or character, and shall cause such stock and certificates
thereof to be issued in accordance with the direction of any of the above-named
persons; and thereafter shall cause to be issued to stockholders or their assignees
certificates of stock, in accordance with law and their articles of incorporation
and these by-laws and rights of the parties, which certificates shall be signed by
the president and secretary; and all stock (or new stock issued or to be issued in
lieu thereof) sold, bartered, or exchanged for the purpose of purchasing water to
e supplied to or flowing in the canal or canals sed or owned by the corporation
shall have attached thereto and transferred therewith and evidenced by indorse-
ment on the certificate thereof a water right or rights to the use of water delivered
at the main canal in continuous flow under a 4-inch pressure in the proportion of
one-tenth of an inch under said pressure to each share: Provided, That the board
of directors shall, in their discretion, have power to affix to such water rights when

*Detailed descriptions of the use and duty of water under the Gage canal system are given'in
Bull. 86 U. 8. Dept. Agr., office of Experiment Stations, Pt. 1, p. 74, Pt. I, pp. 131-148.
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the same are first granted such terms or conditions as to application or use of
water for specific purposes as they may contract or see fit, and to provide that
such conditions shall be observed, otherwise such water right to be void, but
thereafter such terms or conditions shall not be changéd except by consent of the
stockholder holding such water right: And provided also, That such water right
shall be subject to the provision of the articles of incorporation in that behalf and
to these by-laws or any amendments thereof and to the rules and regulations
which are or may be from time to time adopted by the board of directors. Cer-
tifica'es of stock shall not be issued in less amount than one share.

SEc. 2. No transfer of stock shall be binding on the corporation unless duly
entered on its books, nor shall stock be issuable until the owner thereof cor his
duly authorized agent shall have signed a receipt therefor on the stub of the stock-
certificate book and until all the previous assessments and water rates as pro-
vided by these by-laws and the articles of incorporation, levied thereoa according
to the law and according to these by-laws and the articies of incorporation. have

been fully paid.
. ArTICLE VIIL

AS TO BY-LAWS,

These by-laws, or either or any of them, by section or article, may be re;ealed,
amended, or added to, or new by-laws adopted in their stead, either by the stock-
holders at any meeting thereof or by the majority of the board of directors at any
meeting thereof.

v

ARrTICLE IX.
MISCELLANEOUS.

SEc, 1. An inch of water in these by-laws referred to is defined to be a continu-
ous flow.of water through an aperture one (1) inch sguare under a pressure of four
(4) inches, measured from the center of such aperture to the surface of the water.

Sec. 2. Each stockholder is entitled to water in continuous flow, or its equiva-
lent, taken monthly, according to the by-laws and regulations of the corporation.
Should any stockholder desire to have furnished in one day the supply of water to
which he is entitled for a cerfain number of days not to exceed thirty days (nor in
excess of the capacity of the distributing pipe or pipes to his land or lands), he
shall give the corporation at Jeast four days' notice of such desire and accept the
water on any day or days that the company may be-able to arrange for the supply
thereof,

-

COST.

The cost of the system to 1893 is as ,fqllo'ws:
Cost of Gage canal system to 1893.

Main canal and ¢onnected works, inc!ué.ing rights of way ...... $285, 000
_Distributing pipe lines and connected works..._._.... N o2 70,000
Artesian wells._.___ ____ ._. i 50, 000
‘Water sources and connected lands . _ .. ____ . . ... ..o _...._ 175, 000

Total .. ... illieiiii mmmemceemcccean-—-. 580,000

[For index see end of Part II, Water-Supply and Irrigation Paper
No. 60, which contains deseriptions of the East Riverside irrigation
district, the Riverside-Highland Water Company, and the lower San
Bernardino Valley above Rincon, also complete data of the 890 wells
in the San Bernardino and Redlands quadrangles, and notes con-
cerning the manufacture of Portland cement in southern California. }
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