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ANNUAL REPORT OF IRRIGATION AND DRAINAGE
INVESTIGATIONS, 1904.

REVIEW OF THE IRRIGATION WORK OF THE YEAR.
By R. P. TEELE.

In providing for the continuation of the work of the irrigation
investigations of the Office of Experiment Stations through the season
of 1904, Congress added to the lines of work already carried on the
investigation of plans for the ‘‘ removal of seepage and surplus waters
by drainage,” and changed tbe title of the work from ‘‘Irrigation
investigations” to ‘‘Irrigation and drainage investigations.” The
paragraph of the law providing for this work is as follows:

IRRIGATION AND DRAINAGE INVESTIGATIONS: To enable the Secretary; of Agriculture
to investigate and report upon the lawsof the States and Territories as affecting irriga-
tion and the rights of appropriators and riparian proprietorsand institutions relating
to irrigation and upon the use of irrigation waters at home and abroad, with espe-
cial suggestions of the best methods for the utilization of .irrigation waters in agri-
culture, and upon plans for the removal of seepage and surplus waters by drainage,
and upon the use of different kinds of power and appliances for irrigation and
drainage, and for the preparation, printing, and illustration of reports and bulleting
on irrigation and drainage, including employment of labor in the city of Washington
or elsewhere; and the agricultural experiment stations are hereby authorized and
directed to cooperate with the Secretary of Agriculture in carrying out said investi-
gations in such manner and to such extent as may be warranted by a due regard to
the varying conditions and needs and laws of the respective States and Territories
as may be mutually agreed upon, and all necessary expenses, sixty-seven thousand
five hundred doliars.

As suggested by the law the work is carried on very largely in
cooperation with the agricultural experiment stations of the States,
thereby securing the use of their equipment and the services of their
scientists at an expense much smaller than would be required to do the
same work independently of the stations, while the cooperation with
this Office enables the stations to enlarge their work on these lines to
an extent which would be impossible without the funds supplied by
this Office. This cooperation has also brought about a degree of coor-
dination in the work of the various stations which would not otherwise
exist. The function of this Office in this work has been to bring about
a degree of harmony in the work of the stations and to bring together,

19



20 IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.

digest, and publish the results of experiments and observations, con-
sidered from a standpoint broader than that of any of the individual
stations. The cooperative work has in some cases been aided by State
appropriations, California providing $5,000 for the work in 1904, and
Nevada providing $1,000 for the work of the same year. The cooper-
ative work has been carried out as follows:

Prof. S. Fortier, with headquarters at the University of California
at Berkeley, has had charge of all work in that State. The university
and the State experiment station have aided in the work of this Office
by giving a headquarters office free of rent, by aiding in the testing
of pumps in the mechanical laboratory, by making free of cost a large
number of water analyses, and by aiding in a study of the effects of
irrigation on the quality of fruits and vegetables. Professor Fortier
was assisted by Prof. J. N. Le Conte and Prof. E. J. Wickson, of the
State University, and Mr. Frank Adams and Mr. A. J. Turner, of
this Office.

In Nevada we have cooperated with the State experiment station
under a special State appropriation, the work being under the direc-
tion of Prof. Gordon H. True, of the State station.

In Oregon the field work was carried on under the direction of
Director James Withycombe, of the State station, with Prof. F. L.
Kent as assistant.

In Washington field work was carried on under the direction of
Prof. O. L. Waller, of the State station, with Albert L. Smith as
assistant.

In Idaho Mr. W. F. Bartlett, of this Office, was detailed for field
work in cooperation with the State engineer’s office.

In Utah field work was under the direction of Director J. A. Widt-
soe, of the Utah Experiment Station, with Prof. W. W. McLaughlin
as assistant.

In Montana field work was carried on under the direction of Director
F. B. Linfield, of the State experiment station, with Prof. J. S. Baker
ag assistant.

In Colorado field work was carried on in part by Mr. A. E. Wright,
of this Office, and in part under the direction of Prof. L. G. Carpenter,
director of the State experiment station, with Mr. S. L. Boothroyd
and Mr. P. J. Preston as field assistants.

In Nebraska field work was under the direction of Prof. O. V. P.
Stout, of the State University.

In Kansas field work was carried on at Garden City under the direc-
tion of Mr. A. E. Wrightand Mr. A. B. Collins, of this Office, and at
Hays under the direction of Mr. J. G. Haney, of the State experiment
station.

In Louisiana field work was carried on by Prof. W. B. Gregory and
Prof. Morton A. Aldrich, of Tulane University.
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In New Mexico field work was under the direction of Prof. J. J.
Vernon, of the State experiment station. _

In Arkansas the work was in part under the direction of Director
W. G. Vincenheller, of the State experiment station, and in part done
by C. E. Tait, of this Office.

In Indiana field work in drainage was under the direction of Prof.
W. D. Pence, of Purdue University, assisted by Mr. K. B. Duncan.

In Iowa field work in drainage and the testing of drainage and
pumping machinery was under the direction of Prof. C. J. Zintheo.

In Wisconsin field work was under the direction of Prof. A. R.
Whitson; in New Jersey, under the direction of Prof. E. B. Voorhees;
in Porto Rico, under the direction of D. W. May, special agent in
charge of the experiment station, and in Hawaii, under the direction
of Jared G. Smith, special agent in charge of the experiment station.

In addition to the work done in cooperation with the State stations
investigations along certain lines have been carried on by the agents
of this Office, the irrigation work being under the personal direction
of the Chief and the drainage work under the supervision of Mr. C. G.
Elliott. drainage engineer.

LEADING LINES OF WORK.

The work of this Office in studying the duty of water began with
the collection of information as to the quantity of water used in gen-
eral practice. This included the measurement of water diverted by
canals at their head gates, measurements of discharges of laterals at
their head gates, and measurements at the margin of fields being irri-
gated. The farmers were requested to use water according to their
usual custom, just as if no measurements were being made. This
information was to serve as a basis for a more scientific study of water
requirements of crops. Records of these measurements have been
published in previous annual reports of this Oftice.“

During the season of 1903 a more scientific study of the water
requirements of crops was undertaken. Experiments were begun to
determine quantities of water which will produce the largest crop
returns under varying conditions. These have been continued through
the season of 1904. Such experiments were made in California, Utah,
Nevada, and New Mexico. The results of measurements in New
Mexico are contained in the report of Professor Vernon, on pages
305-317. A much larger number of measurements have been made in
California and Utah, but it was deemed advisable to continue the
experiments at least another season before attempting to draw con-
clusions. Such experiments must necessarily cover a number of years
before the results can be considered completed.

aU. 8. Dept. Agr., Office of Experiment Stations Buls. 86, 104, 119, and 133.
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In connection with the experiments to determine the water require-
ments of crops, data regarding the cost of water and lands and the
cost of applying the water to crops, and crop returns have been col-
lected in an attempt to work out the principles which should guide
farmers in determining how much water to apply to crops. Under
certain circumstances it would be to the profit of the farmer to secure
something less than the largest crop per acre, if by so doing he could
secure crops from a larger area. On the other hand, where the area
of land is limited and water is plentiful, it would be to his profit to
secure less than the largest product per unit quantity of water, if by
increasing the depth of water applied he could secure a sufficiently
large increase in the product per acre. Sufficient measurements have
not been made, so far, to work out these principles. Experiments are
being continued which in time will give the data necessary for such
computations. The measurements made by the agents of this Office
during 1904 are given in detail in the reports which follow, and those
measurements and measurements previously made by this Office and
by the State experiment stations and reported in their bulletins are
summarized on pages 25-35.

Closely allied with the study of the duty of water is that of methods
of applying water to land. It is found that by applying water by
one method a given quantity of water can be made to serve larger
areas than when it is applied by another method. Methods vary with
the character of the soil and with the character of the crops and with -
the available supply. The experiments of this Office are for the pur-
pose of determining what methods are best suited to various classes
of soil which are found throughout the arid region and the different
crops which are raised by irrigation, and to varying conditions of
water supply. During the year 1904 a bulletin® on this subject was
published by this Office and the reports given in this volume contain
further information on the same subject. This is summarized on pages
51, 52. Great numbers of farmers.are beginning irrigation each year
and it is probable that with the construction of irrigation works by
the Government and by private individuals the number of such begin-
ners will increase very rapidly within the next few years.

The condition of the lands which are to be reclaimed varies widely
from that of the humid region from which the settlers will come, and it
has therefore been deemed advisable to collect information as to
methods of preparing land for irrigation. Bulletin 145 mentioned
above contains descriptions of methods of clearing and the implements
used, with statements of the cost of such work. Further information
is given in the reports which follow, and this is summarized on pages
50, 51. In this work the attempt is made to give directions which
can be followed by any farmer of ordinary intelligence, in order that
time and money may not be wasted in doing this work by wasteful

aU.S. Dept. Agr., Office of_l-lx;x%riment Stations Bul. 145.
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methods. The preliminary work necessary before crops can be raised
by irrigation is much greater than that required in the humid region,
since the land must be brought to even slopes, if not leveled, in order
that water may be spread over it. This fact is often overlooked by
those buying land to be reclaimed by irrigation, and the added expenses
for this work have proven very discouraging and often caused failures.
In these reports the attempt has been made to state fairly the expenses
necessary for preparing land, in order that intending settlers may
intelligently weigh the advantages and disadvantages of beginning
agriculture in irrigated regions.

It has been found in collecting information as to the duty of water
that there is a very wide difference between the quantity of water
diverted by canals and that delivered to the land by the same canals.
In some places this loss between the head gate and the farm is as great
as 90 per cent, and it has been necessary for irrigation engineers to
plan works to carry much larger volumes than would be necessary if
all or a large part of the water diverted reached the land. In order
to give irrigation engineers a basis on which to conclude the additional
size of channels necessary, a large number of measurements of the
losses from existing canals have been made. These measurements
have shown that losses were much greater than was previously sup-
posed, and have called attention to the need and possibility of adopting
methods which will check the losses. A series of measurements on a
canal will show not only what losses occur but also where these losses
occur, and enable the owners to check the losses by improving canals
or ahandoning especially bad sections. Seepage losses are of impor-
tance not only to the owners of the canals from which the water is
lost hut also to the owners of land lying under canals, since the water
lost tends to injure the lands lying below the canals and makes their
drainage necessary. The measurements made by this Office since the
beginning of the work are summarized on pages 35-38.

While water is lost from canals through seepage, most streams show
a gain in flow from this source. Water which leaks from canals and
that which is applied to the lands finds its way by gravity back to the
streams. The quantity of water which returns to the streams is a very
important matter for irrigation officials, modifying and complicating
their distribution of water. Measurements show that this return
seepage to the streams of the arid region is constantly increasing,
making possible a constant increase in the area which may be served
by them. The measurements of return seepage are summarized on
pages 38-50.

The pumping of water for irrigation is becoming constantly more
important. In- many regions where the stream supply has been
exhausted continuous irrigation has raised the level of the ground
water until very often the supply of water for irrigation can be secured
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by pumping more cheaply than in any other way, and large areas can
be reclaimed for which there is no supply from streams. In parts of
California and Colorado pumps are being installed- in the midst of
regions which are irrigated with river water and increased areas are
being reclaimed.

In semiarid regions there are vast areas for which no stream water
is available. For these Jands the pumping of underground water or
the collection of storm water in reservoirs is the only source of supply
for irrigation. During the season of 1904 several agents of this Office
were detailed to study the operation of existing pumping plants to
determine the extent of the water supply, cost of wells, cost of pump-
ing machinery, cost of fuel and of operation, and collect information
as to crop returns, to determine not only the possibilities of pumping
in semiarid regions, but its profitableness. It is not expected that
pumping in these sections for general agriculture will prove profitable,
becuuse the lifts are generally high and the cost of fuel is high, but it
is believed that it will prove profitable to pump water for vegetables
and fruit and some forage, the irrigated areas to be farmed in conjunc-
tion with large areas of unirrigated land. The information collected
on this subject is summarized on pages 52-63. The detailed reports
are found on pages 195-255, 341-507.

The studies of irrigation in the humid sections of the United States
carried on in previous years were continued during 1904. These in-
cluded the irrigation of rice in Louisiana and Texas, the irrigation of
rice in Arkansas, and the irrigation of cranberries in Wisconsin and
New Jersey. Reports from these various points are contained in the
following pages and the results summarized on pages 68-75.

The studies of tbe laws and institutions controlling the distribution
and use of water have been continued during 1904. The work on the
Platte River and tributaries, begun in 1903, was completed;¢ the his-
tory and present conditions of the Modesto and Turlock irrigation dis-
tricts in California are reported on (pp. 93-139); the operation of
some parts of the irrigation law of Idaho, passed in 1903, was inves-
tigated; and information has been collected concerning the laws and
institutions of other States. (See pp. 63-68.)

The drainage work of the Office differs from irrigation work in that
it consists very largely in giving advice to individuals and associations
interested in the reclamation of particular tracts of land. This work
is carried on in various localities in all parts of the United States.
In the arid region large sections have been ruined by seepage water
from canals and irrigated lands and it is necessary to remove this sur-
plus water from the wet lands or intercept it before it reaches them.
Throughout the Central States large areas of river-bottom land are
annually overflowed, and the drainage engineers of this Office have

a U. 8. Dept. Agr., Office of Experiment Stations Bul. 157.
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assisted the owners of these bottom lands in preparing plans for the
protection of their lands from overflow and the removal of the surplus
water. Along the Atlantic coast studies of the reclamation of salt
marshes have been made, and in the South experiments with drainage
as a means of reclaiming eroded hillsides and® checking erosion have
been carried on with very good results. A study of the reclamation
of the Everglades of Florida has also been made, and plans for an
experiment in draining these lands have been made, but have not yet
progressed far enough to give any results. The detailed report of
drainage investigations is given on pages 643-743.

// DUTY OF WATER.

The measurements of the quantities of water used are divided into
four classes: Measurements of (1) the quantity of water entering main
canals; (2) the quantity of water entering laterals; (3) the quantity of
water used on individual farms, and (4) the quantity of water used on
separate crops.

MAIN CANALS.

The results of the measurements of the first class are of especial use
to the builders of irrigation works, whether public or private. They
give a fairly definite idea of the quantity of water which must be
diverted from a stream to reclaim an acre of ground, and hence are
the basis for the computations of the promoter and also for the work
of the engineer.\ For the convenience of those interested in this sub-
ject the results of former vears have been incorporated in the table
with those for 1903 and 1904, which are published for the first time.
The following table does not include all of the records of the duty of
water under main canals, those for Arizona made by Dwight B. Heard
not being received in time to be published in this report:

Quantity of water uged per acre under main canals, 1899-1904.

[Acre-feet.]

Name of canal.

Arizona:
.lAru‘:ma, Maricopa,and Salt

Poplar. .
Pioneer ditch {Tule River).
Pleasant Valley .........cccooiieaaa....
Santa Clara Valley ......................
Pioneerditch........

Statler............
Turlock district ..
Modesto district................

8outh Tule Independent............|oceeeeen coiiial. . P PO SN
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Quantity of water used per acre under main canals, 1899-1904—Continued.

Name of canal. 1899. | 1900. | 1901. ’ 1902, | 1908. i 1904. t‘;’;"'
1
Colorado: .
AMItY ..ooeeiaieeneeen @anenn 4.92 {
Grand Valley......coveiiiieiaiainnnnns leseonacs . :

Tetsel
Idaho: Raft River. below Langsford's bridge.
Montana:

Nevada: Orr dllch
Nebraska:

Utah

Keefer Extension of Grand Valley.......

Lake

New Cache la Poudre .
Home Su dp ..........
Loveland and Greeley
Farmers Irrigating..
Sup

Pioneer Union
Brantner..........

Farmers Independent.
Brighton .......... ..
Platteville . ..
Lower Latham .
Weldon Valley ..
Fort Morgan
Upper Platte and Beaver .
Lower Platte and Beaver

Gird Creek
Highline ......
Kuhen ditch .
Middle Creek .

g

Gothenberg ........cceveivieiieinnnnnns
Mitchell and Gering ....
Winters Creek...........
Sutherland and Paxton...
North Platte...............

Lower ...... veecnee
Big ditech................
Logan and Richmond.....

Tanner ditch..................
Farrand Harper ....................
Logan, Hyde ark and Smithfield..
Bear RIVET «...vu.n..... Ceeteecieeaaaas

Washington:

Wyomin,

Natches River—
Nutchesand Cowitche...............
Natches Valley Irrigation Co........
New Shannon.......cccceveveenennn.
R.8. and C.ditch...................
Selah Valley Co........... teeeeneaee
WapALtO...ociir teiiiiiiiaiiaaaanann
Yakima Valley Irrigation Co........
Yakima River—
Fowler diteh ..........coooiiiiaai...
New Reservation.................. ..
N.P. IrrigationCo...................
Prosserditch ......cooovviaia.... .
Selah and Maxee.................
sunnyside.....oceiiiiiiiiiiinian...

Can 'i No. 2, Wyoming Development Co.
Deer Creek—
Arnold No. 1..........
Mortimore......coeueiniiiiieii..
Toland Nos.2, 3, andd and Heming-
way Nos, lund?(LnttleDeerCreek)
Little Suppl{ Long, and Heller
De Voe and Walkinshaw ............
Young, Olsen. and Heller...........
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Quantity of water used per acre under main canals, 1899-1904—Continued.

Name of canal. | 1899. | 1900. | 1901. | 1902, i 1903. | 1904. ‘:‘;‘;"‘
Wyoming—Continued
Horseshoe Creek—

Macfarlane No. 1 .c.oeinnniniienandineniiiiinnanaiiiniindeeanane, 8.70 8.70
Macfarlane No. 2............ ceneeanen R ] [ 14,42 14. 42
Reeder ..... lecsssoenfecssscneleneccnss .| 13.80 ... 13.80
Waln No. 1 11.25 |. 11.25
P. Freaney........ 19.88 |. 19.88
Waln Hi 4.51 |. 4.51
St. Dennis........ 9.78 |. 9.78
M. Moran....... 21.13 |. -21.13
T. Freaney No.1..... 4.86 4.86
T. Freaney No.2.... 12.91 12.91
T. Freaney No.3 . 11.62 11.62
B O JRE 117 ¥ o ) PO 5.82 5.82
Moran No.1 4.89 I, 4.89
Moran No.2 . 9.67 |. 9.67
P.J. HallNo.1. 4.68 |. 4.68
W. E. Conalo.. 8.26 |. 3.26
P. Paulsen No. 1 . NR . 17.74 |. 17.714
Moran and TOTRErsoN .....eveeveeeecdieeenee]ieeinniloennnnns . 13.38 |. 13.33
03543 +.70) 1 AR PR P P - 8.61 8.61
Wellman and Dupes.......ccveeivei]vieeiifonnenne]enannnns . 5.1 5.7
Dupes and Skolinski ......ooeveeiiifieeeeen]eiaiii it 8.92 8.92
Walker No.1 ....ooveenennn. .- .. 5.59 |. 5.59
Shives ......ccveeieiiaeinninnnns 6.42 |. 6.42
Howard, Smith, and McDermo! 10.88 |. 10.83
Walker N | 4.52 |. 4.52

Average 4.49 | 4.08 | 7.06| 57| 6.18

This table shows a fairly close agreement for the first four years
given. The measurements for 1903 and 1904 were made on different
ditches than those for the previous years and the higher averages for
these vears require explanation.

The figures given for Idaho are hardly comparable with those for
the other States, because up to June 19 the measurements were made
at a certain point in the Raft River and the duty figured on the basis
of the acreage under all the canals below the point of measurement,
and no record is given of the flow of the river below the head of
the lowest canal. After June 19 the diversions were measured, but
no account was taken of the losses and waste from the canals.

The measurements on Deer Creek and Horseshoe Creek, Wyoming,
represent a duty based upon the amount of water diverted, but this is
above the true duty, because no record is taken of the waste and
return flow at the ends of the canals. Certain features of irrigation
practice on these two streams make the amount of waste water large.
A relatively large area is devoted to the production of native hay, and
many of the farmers keep a constant flow of water across their fields,
so that something like a third or more of the water returns to the
stream without being used. The figures on return seepage on page
50 are very instructive in this connection.

Averaging the figures in the above table gives a depth of 5.13 feet
as a general average for all the canals on which measurements have
been made. The list includes canals of all ages and all degrees of effi-
ciency. Some of the Utah canals have been in use for nearly half a
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century, while the Washington canals have been used for only a few
years.

The Gage canal is cemented, so that there is practically no loss of
water, while one of the Tule River canals is reported as losing in 2
miles more than 90 per cent of the water entering it. Furthermore,
the canals are distributed widely enough to be representative of the
whole arid region. The general average of 5.13 acre-feet may there-
fore be considered a very fair statement of the quantity of water
which on the average is being supplied at the head of a canal for each
acre of land to be irrigated. Stated in another way: Where a known
volume of water can be obtained, the area of land which, according to
present practice, can be irrigated with that supply will be 1 acre for
every 5.13 acre-feet of water available. As has been stated, this
represents present practice, and it should not be considered as repre-
senting what is possible. In fact, the possibility of a much more
economical use of the water supply is the basis for the hope of a great
future expansion of agrjculture in many sections where the supply of
water is now all in use.

The smallest quantity given in the table is 1.15 acre-feet per acre,
under the Middle Creek canal, in Montana, in 1902; the largest is
21.13 acre-feet per acre, under the M.. Moran ditch on Horseshoe
Creek, Wyoming, in 1903. If the latter locality could get along with
as little water as the former, the water used under the M. Moran ditch
would serve more than eighteen times the area now farmed. Both of
these canals are extremes; but a comparison of the average of all the
measurements made in Colorado in 1903, 3.27 acre-feet per acre, with
the average of all measurements made in Wyoming in the same year,
8.52 acre-feet per acre, likewise shows a very wide difference in the
quantity of water used. These comparisons indicate that a more care-
ful use of the water supply in certain districts would make possible a
great expansion of the area devoted to agricultural production.

LATERALS.

The following table gives all the measurements at the heads of
laterals which have been made by this Office in the four years covered
by the investigations.
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Quantity of water used per acre under laterals.

Canal. ! Lateral. Year.' State. IQuantity.
| 1

Lo Acrefeet.

Modesto district .........cc.oee.. Lateral No.1........cc....... 1904 California ........ ! '{)
Turlock district............ ... Lateral No.3..... 904 ..... do....... . 7.69
Pioneer....... P ... Flume lateral No. 2 . 1901 ..... do....... 1.41
Amity ...... vee ... Biles lateral........ .| 1899 | Colorado .... 1.82
Lake.......... ... Lewis lateral ..... ... 1901 'L do..... 3.1
Ridenbaugh .. ... Rustlateral ...... ... 1899 ' Idaho ... 5.06
Do........ et eaeeeee cean do....c....... .| 190: d 6.49
0 S Crawford lateral ... 3.38
Do........ .. Huntington lateral. 3.04
Do | Creeson lateral . 4.48
Do Hunter lateral.. 4.24
Do Rutledge lateral 3.9
Do , Tuttle lateral... 5.47
Do ." Pollard lateral . 8.81
Do .... Clark lateral.... 4.64
Do .. eneeeiiaeeaeaaaaas Perkins lateral ... 4.49
1 Brose lateral.................. 5.93
PeCOS «veicenaneeanareniennnnannns | Division No. 1................ 6. 51
DO ciiiiaiiiiiiiiieianeaans y Division No. 2................ 4.58
07 J AP Division No. 3 ................ 2.95
0.7 Y ; Division No. 4................ 3.56
) 02 T i Division No.1................ 4.65
Do. ... Division No. 2.. 3.39
Do . ." Division No. 3 2.48
Do .| Division No. 4 2.27
Do I Division No. 1 5.11
Do ." Division No. 2 3.91
Do ... Division No. 3.. 3.02
Do . A, Division No. 4........... ... 1.88
Bear River........cooeveenann.... | Lateral A15......cccevneen.... 1.84
AVETREE. et eenenntniiaans cateneiaaneaaneenesneneasnnnses covneeloononsansaensennansan 4.08

These measurements can hardly be considered as representative,
since only eight canals are represented. They show, however, a
decrease in the average quantity of water supplied for each acre of a
little more than 21 per cent, compared with the average for main
canals (see pp. 25-27). If the averages given for the laterals in this
table are compared with those for the main canals from which they are
taken, the following results are obtained:

Comparison of quantities of water furnished by main canals and laterals therefrom.

[Acre-feet per acre.]

. . Average
Cahal. Average for laterals

for canal. for same.
T3 =2 l 8.01 1.41
Amity.. .. 1.92 1,82
Lake... 2.58 3.11
Pecos .. ' 7.90 3.69
Bear River 4.84 1.84
Modesto district .... 13.18 5.76
Turlock district..... 8.34 1 7.69
AVCIREC .« oeeceniotaneaenacaeaeasaoanssasrascssossocesassesnsassnsansan ' 7.11 3.67

Assuming that the laterals given fairly represent all those from the
canals named, less than 52 per cent of the water entering these canals
reaches the laterals. The figures given for the Lewis lateral are abnor-
mal, since this lateral shows a greater quantity delivered per acre than



30 IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.

does the main canal. There is probably some local cause for this. It
is not likely that the others can be considered as representative of
canals generally, but they show the conditions on the canals named.

- FARMS.

The measurements of the quantities of water used on individual
farms are brought together in the following table: .

Quantity of water used per acre on individual farms.

! Water
State. Farm i Crop. used per
| I acre.
i
i l | Acre-feet.
VANCE «oviiiiiiiiiiiiiiiiiiiiiaaaeaianaaanas Alfalfa and barley’ 1.98
Arizona Experiment Station.................. Mixed............ l 5.70
; Mgc';sured to all consumers under Pioneer ,.....do............ 3.19
‘ tch.
Sprottorchard .......cccooiviiiiiiiiiiianiannns ‘ Oranges and lem- 1.55
Selected farms under Pioneer ditch .......... : 2.00

Pumped water—average for four years on 25 |

&

farms—Lindsay Water Development Co.
I'A. F. Lo

Nebraska.............. D.W.Daggett ......ccoovniiiinarinnnacnannnnn
..i J.J. Hagerman, 1899
..| J.J. Hagerman, 1900
.| J.J. Hagerman, 1901
Average of 70 under Northern canal, N. Mexico .
ﬁmn uist
au

—

..| Lower Rattlesnake ranc
...{ Upper Rattlesnake ranch

.| Jordan orchard
../ Dunn hopyard ..

.l R.D. Youn,
Sigman’s ranch .
Webber’s ranch .

-
@ PHROE D RRWARPOROTN NWREEN

SREIBILSHI=BRITSRIRY SREERS

g

l
1
|

Mr. Reed explains that the water used on the Hagerman farm in New
Mexico is used largely for ornamentation, and should not, therefore,
be included in the averages. Excluding these, the average for farms
is 3.07 acre-feet per acre. This is about 69 per cent of the average
quantity diverted per acre, showing a loss of 31 per cent between the
heads of canals and the place of use, on the assumption that the meas-
urements are representative, showing a possible source for expansion
by saving the losses.

These measurements differ so widely, even where conditions are
apparently uniform, that they serve to emphasize what has been
already mentioned—the possibility of future development by exercis-
ing economy in the use of water.
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CROPS.

The earlier investigations on this subject were carried on with a view
to ascertaining the depth of water applied to the different crops in
actual practice. More recently experiments have been undertaken to
determine how much water should be used in the production of the
various crops in the different parts of the country in order that the
water shall be used most economically.

Quantity of water used in practice.—A large number of measure-
ments of the depth of water applied to different crops were made dur-
ing the years 1899, 1900, and 1901. These measurements are given in
the following table:

Depths of water applied to different crops.

Number Depth of water applied.
f meas-
Crop. o . |
n:‘e':‘w Maximum. Mlnlmum.' Average.
Alfalfa: Feet. Feet. Feet.
. . 3.93 2.04 3.12
1.80
6.56
3.51
8.11
3.39
Barley: |
Arizona . D S 1.60
Montana 6 1.98 85 1.41
Wyoming . D P P 1.90
Total ANA AVETBZE .......cceeeecanecnnnannacananes [ i 1.98 1.49
T 2.10
| S PR I .70
2 ! 2.10 70 1.40
i
2 4.01 1.84 2.98
11 6.00 .67 1.74
2 1.64 1.55 1.60
6 2.70 45 1.35
21 6.00 .45 1.78
D P 1.27
3 3.06 1.48 2.11
2 .50 1.48 1.49
) S P P 5.59
) 6.03
8! 6.03 127 2.76
D A SR 2.40
2 1.10 35 .73
Total ANA AVETARE ....cuuveeeeeennnnnnnnnnnnnnseenn 3 2.40 | .35 1.28
Potatoes: l
4 2.13 2.00 2.10
Nevada ... 2 8.16 7.43 ‘ 7.80
Wyoming....... ) O PO TN 3.63
Total AN AVerBEe .....ocveerceeneerennnenccroeann. 7 8.16 | 2.00 | 3.94
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Depths of water applied to different crops—Continued.

Number Depth of water applied.
Crop of meas- ——--— - |
. ure- 5

ments. Maximum. Minimum. | Average.

Sugar beets: i Feet. Feet. Fect.
Arizona.. eend! 2 2,50 2.50 2.50
Montana. S 1.46
Total ANd BVETARE. «..vvvnencneneninninininnennnns [ 3 2.50 | 1.46 2.15

Wheat: l

Arizonf................ sesvesessascaseossasnnnansanee 6 2.17
Montana... 3 1.18
Nevada . 2 11.34
Utah........... 8 1.42
Total ANd AVETBEE «..ununennneeeeereneannnninnnnnns 19 2.68
Hops, Washington .......coeoeiiiiiiiiiiiiiiiiiian., ! 1 3.43
New meadow, Idaho................... ceee cees 1 3.32
0Old meadow, Idaho.......oooiiiiiiiiiiiiiiia. . 1 2.3%8
Onfons, Arizona...... Ceeeeaereieaaen P, - 1 6.20
Peaches, Arizona .... ‘ 1 3.40
Strawberries, Arizona 1 6.20
Tomatoes, Arizona... ! 11 4.30
Watermelons, Arizona | 2 3.25

These measurements differ as widely as those given in the preceding
tables, but the averages show in a general way the relative quantities
of water used for the different crops included in the table. These
averages, for the crops which are generally raised, are repeated in the
following table, which also gives the season during which the crops
named require water. The season is found by taking from all the
statements on that subject which have been contained in reports to
this Office the first and last dates for each crop. Statements referring
to Arizona are omitted because irrigation continues throughout the
year in that Territory, and its seasons are peculiar to itself.

Depth of water used for different crops and the irrigating season for each.

Depth | | | Deptn |
Crop. of irri- Irrigating season. ! Crop. | ofirri- | Irrigating season.
gation. l gation.
—_ N - .
Feet. Feet.
Potatoes.......... 3.94 May 17 to Sept. 15. 2,15 July 18 to Aug. 17.
Alfalfa ool 8.39 Apr.1toSept.22. ! Of 1.73 | May 22 to Aug. 20.
Orchard . 2.76 ' Apr. 15 to Sept. 2. | 1.49 | June 12 to Aug. 1.
Wheat ' 2.68 Apr. 1 toJuly 26, 1.40 . July 24 to July 29,

1 '

The average depth given for wheat is undoubtedly too large, on
account of the excessive quantities used in Nevada. The season for
sugar beets, as given in the table, refers to Montana alone, and is too
short for States farther south. It should be extended at least to
September 1. Making these allowances, the table shows that in
general the most water is used in the production of those crops which
bave the longest seasons. The statements made in this table are of
vaJue as showing what crops can be raised with a given water supply.
The grain crops require the least water, and require it at a season of
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the year when the streams supply the most. Orchards, potatoes,
alfalfa,and sugar beets require water during the season when the flow
of streams is at a minimum, and hence only small areas of these crops
can be raised without storing water. On the other hand, these
crops give much larger returns than the grain crops. The following
table gives the average returns per acre for the crops named in the
last preceding table:

Crgp returns per acre.

Potatoes . ..ot iiiieacccaciaaaaan $75. 44
Orchard ... . i ieeeieeaaeaaaa. 53.77
Sugarbeets ...... ... .. il 42.99
Alfalfa . i iiiiiieieieaacaaa. 25. 36
Barley ... e iiieeeeiiieeieaaaa 24. 82
S 4 7 1 15. 95
110717 & + 15. 32
L0 2 15. 22

Dividing these into two groups, those requiring water late in the
season and those not requiring it then, gives average returns of $49.39
per acre for the late crops and $17.83 per acre for the early crops, a
difference of $31.46 per acre in favor of the late crops. Grouping
the crops in the same way and reducing the figures given for wheat to
agree with those given for oats, the late crops require approximately
double the depth of water required by the early crops. Leaving out
of consideration the cost of land and the labor required on the different
crops, a like quantity of water used on 1 acre of late crops will pro-
duce a value of $49.39 and used on 2 acres of early crops will bring a
return of $35.66, a balance of $13.73 in favor of using the water for 1
acre of late crops. Against this must be charged the cost of storing
the extra water. The portion of water which must be stored will vary
with the localities and with the seasons, but 1 acre-foot per acre is cer-
tainly a safe estimate. The average cost of reservoirs in the Cache la -
Poudre Valley, Colorado, as given in a previous bulletin of this Office,*
is %5 per acre-foot of capacity. The annual maintenance charges are
but a few cents per acre-foot, showing a good protit from the late
crops, leaving out of account the extra cost for the double area of land
required for the grain crops. The above figures show that it is much
more profitable to store a part of the flood waters of the early summer
for use on late crops than to extend the area of the early crops to the
limit of the water supply. In other words, where the late summer
flow of streams is now fully appropriated but there is an unused flood
discharge, storing the flood waters will be more profitable than build-
ing canals to bring the flood waters to new land.

Experiments on the duty of water.—Investigations have been carried
on by this Office, in cooperation with several of the agricultural

aU. S. Dept. Agr., Office of Experiment Stations Bul. 92.
30620—No. 158—05—3
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experiment stations, to ascertain how much water should he applied
to a given area of land in the production of a given crop, in order that
the best results shall be attained.

The method has been to secure several plats of land which have a
uniform soil and to apply water in varying depths to the different
plats in the production of a given crop. Such work has been included
in the cooperative investigation in California, experiments being car-
ried on at Pomona and Chico. The results have not yet been reported.
The cooperative irrigation work with thé Utah station consists almost
entirely of experiments along thisline. The crops included are Italian
rye grass, orchard grass, alfalfa, wheat, barley, corn, oats, potatoes,
carrots, onions, cabbage, and sugar beets. Plats of each crop are to
receive different quantities of water, receive water at different stages
of their growth, to have water applied by different methods, and are
to be cultivated at ditferent times and with varying degrees of intensity.

In addition to the plat experiments at the agricultural experiment
station, arrangements have been made with farmers living in different
parts of the State to irrigate and cultivate their crops according to
plans made by the agents of this Office, the work being in a general
way similar to that at the experiment station, but done under field
conditions. Records are kept showing the time each plat or field is
watered, the depth of water received, the dates when it is dulti-
vated, the yield per acre, and any other facts which are necessary to
make the statement complete. The records for the work of 1904 have
been brought together, but one year’s work is not considered a suffi-
cient basis for definite conclusions. Therefore these records will not
be published until next year. Similar experiments were made in New
Mexico in 1904, and the report is given on pages 305-317. The experi-
ments seem to indicate that the product increases more rapidly than
the quantity of water applied to a certain point, after which the total
product per acre can be increased for a time by further additions of
water, but a point i~ finally reached where the total product per acre
decreases as the quantity of water applied is increased. This means,
of course, that the maximum product per inch in depth of water
applied is reached long hefore the point of maximum return per acre
has been reached. In the production of oats at the Utah station, for
example, it was found that the largest product per acre was secured
where water was applied to a depth of 30 inches, but the largest prod-
uct per acre-inch of water was secured when the depth was limited to
15 inches. In the production of wheat at the New Mexico station it
was found that the largest product per acre-inch was secured when
the depth of water was limited to 24 inches, but that the product per
acre continued to increase until 35.3 inches had been applied.

It is very evident, therefore, that where land is plentiful and water
is scarce it is poor economy to continue to apply increasing depths of
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water until the product per acre has reached the maximum, when the
same water could be made to produce a much larger product by apply-
ing it to a larger area of land. If more labor were not required per
acre-inch of water, where the given amount of water is applied to the
larger area of land in the production of a given crop, it would seem
that the depth per acre should be so limited that the product per acre-
inch of water shall reach the maximum. But as a matter of fact more
labor is required when the larger area is used, for there are certain
field operatious, such as plowing, sowing, and reaping, which cost
about so much per acre. It would appear, therefore, that neither the
largest product per acre of land nor the largest product per acre-inch
of water would prove most profitable to the farmer. The most profit-
able use of the water lies somewhere between these two extremes.
In some localities where water is abundant the economic use of water
will lead to the application of a greater quantity per acre than where
the water is scarce. It is only by careful experimentation that the
farmers of each district will be able to adjust the relations between
the quantity of the water and the quantity of land to be watered by a
given water supply so as to secure the largest net profit in return for
their own exertions.

The relative scarcity of water, as compared with the area of land
which could be irrigated were the supply sufficient, gives great impor-
tance to the work of this Office along the lines of conserving moisture
in the soil, so as to reduce the quantities which must be supplied by
irrigation. The high valae of irrigated products and the limited water
supply in California make this work of especial importance there.
Canals have been cemented to avoid seepage losses; water is taken to
the fields in underground pipes, and in some sections is distributed
over the fields in pipes or hose. This Office is extending a step farther
the means of saving water by making experiments to determine what
methods of applying water and of cultivation after irrigation will
reduce to the lowest point the water requirements of cropsand the losses
from evaporation. The experiments are still in progress, but some
results can be given. Water was applied by three different methods:
(1) Flooding the surface; (2) in furrows 3 inches deep; and (3) in fur-
rows 12 inches deep. Taking as a basis the quantity of water evapo-
rated under surface flooding, applying water in furrows 3 inches deep
hrought about a saving of 13 per cent, while applying it in furrows 12
inches deep brought about a saving of 25 per cent.

LOSSES OF WATER FROM CANALS.

Since, the beginning of this investigation measurements of the losses
of water from canals have been made in connection with the studies of
duty of water to compare the losses from canals and from irrigated
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ficlds. The details of the measurements on any canal are of value
chiefly to the owners of the canal, by showing them the losses which
they sustain and where these losses occur, enabling them to determine
whether they can afford to make the expenditures necessary to improve
their canals. The averages, however, from measurements covering
a large number of canals are of general interest, since they indicate
something as to the amount of loss which must be reckoned with under
average conditions. The following tahle brings together the measure-
ments made by this Office during the years which the investigation
has been conducted:

Losses from canals from seepage and evaporation.

! Volume Loss per mile.
N carried (cu-
Name of canal. bic feet per Cublc feet oo Date.
’ second). per second. .
Arizona: i
N 770 £ T 79.90 0.70 | 0.8% ' June 26,1900,
DO oot 93. 25 LTH .80 | Aug. 4, 1900,
Do . 113.00 4 .48 1 Oct. 8, 1900.
Consolid; 124.60 .88 .70 | May 29, 1900.
Do 22.80 .50 2.20 | June 26, 1900.
Do 53.25 .70 1.31 | Aug.4,1900.
Californin: ‘ .
Callison sleugh ......... 55,00 .. 5.20 | June 6,1901.
Tipton irrigation district 75.50 6.80 | May 28,1901,
DO cevvniiniainia.., 48.70 | 6.75 | June 17, 1901.
Fine diteh 21.20 ' 1.33 | May 24,1901.
DO cevieiaiiiiiiiaan 81.90 16.00 | June 18, 1901.
AY nndulm diteh ..ol 16. 00 46.00 Do.
...................... 16.00 | 44.50 | June 21,1901,
D ...................... 10.20 64.00 | July 1,1901.
Porterslough ............... 97.60 .80 | June 1,1901.
DO e 3.70 , 11.50 ' July 9, 1901.
Poplur dm h.oool 35. 30 6.25 | June 12,1901,
DO et 73.30 8.25 June 14 1901.
DO oo, 73.30 . 2.84
)1 Y 42.80 i 9. 50 luue 24 1901,
0 7 SR 26.90 | 6.55 | June 29,1901,
DO cvviiiiiiiiiii 21.90 7.66 Do.
Planoditch................. 7.50 16.00 | July 1,1901.
Pioneer ..ol 45.00 . 2.14 | May 20, 1901.
DO ceviiiiiiii s 37.70 . .46 | May 31,1901,
DO ceiiiiiiiiiae 27.70 1. 45 Do.
| 020 S 37.2 2.20 | July 10,1901.
00 i 23.90 | 1.09 Do.
l’lcnmnt Valley ditch. 5.60 11.11  July 2,1901.
........ 4.90 8.60 | Aug.1,1901.
leh Tult dit 7.90 2.80 | July 8,1901.
...................... 5.60 . 2.50 | Aug.4,1901.
I)m'hos in Santa Clara Valley.............o. ... . 6.00 | 1904,
Imperial— |
Blrch lateral .............. 17.75 L2500 1.40 1904,
...................... 24. 45 .20 L8O 1904,
Boach lateral ............... 7.12 A2 5.90 | 1904,
Dahlia . ..oooivvniianiaa... o 45.40 .94 2.07 | 1904.
Dogwood lateral ...l 22.60 .95 4.22 | 1904.
Holt lateral— |
First section ......oeeveieeeaaniai.. 27.28 .57 2.00 | 1904,
Second section...ooeeeiieniiinnn... | 12,92 .31 2.40 | 1904,
Rose lateral— K |
First section ........ Ceeerreaeeeies 36. 55 .75 2.07 1904,
Second section 24,54 .26 1.05 | 1904,
MOACSO «oieiiiiiiaiireianiencnacaeenannn, 260. 00 1.70 L6 | 1904,
Colorado; l
Grand Valley, high linea 139,62 | .3 .38 1 July 10-12, 1901,
Lake ... .ooeiiiiiiiiiiiiiiiiieaans 436. 33 2.23 .49 1 June 9,1901.
Idaho, Raft River: Pierce-Keogh west ditc 4.76 . .41 8 61 | 1904.

aMain line of Grand Valley canal shows a gain,
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Losses from canals from seepage and evaporation—Continued.

\l,:glel:ime } Loss per mile,
v N ca (CU-—-mm——  —
Name of canal. bic feet per Cubic feet | po con Date.
second). | persecond. ent.
Montana:
Middle Creek ......coooiiiieiiiiiiiiiiianaa, 98. 90 5.38 5.3¢ July 10,1899,
West Gallatin....... eeen .. }g ;g .98 .86 Ju}y 18-20, 1900.
armers’ ............ - . 2.19 1.65 July 30, 1900.
Middle Creek . 63. 1.16 1.84 Jun’e 27-28, 1900.
Big ditch.... 254.47 2.96 1.16 | Aug. 9-13, 1900.
Republican....... 120. 49 3.05 2.53 July 21-24, 1900.
Nebraska: Culbertson 80. 62 1.94 2.41 Aug. 7-8,1894.
Oregon, Klamath Coun |
Adams ditches— !
Newditch...ooooiiiiiiiiiiiianiiiia, 16.99 .29 L71 1904
0ld diteh ........ .. 18.16 .29 1.60 , 1904.
Ankeny ditch....... ceee . 43.98 .86 1.96  1904.
DO ....oeennnnnn .- 13.41 1.21 2.79 | 1904.
“t gﬂtchell ditch 3.93 i .53 13.62 | 1904.
ah: I
Logan and Richmond ...................... 8210 {..ueannnn... 2,28 ! Average of 6.
B[A)egnr;{.l Hyde Park, and Smithfield . 2,:\8 gz ‘ ............ 2.65 Average of 8.
r River...... 279, 4.02 1.44 June 25, 1901.
West line.... 138.59 42 .80  June 25-26, 1901.
Corinne line . 189 82 .69 | June 26-27, 1901.
West linea.. 319.27 3.54 1.11  Aug. 6-8, 1900.
Washington, Yakima Valle; |
Snipes lateral.......ooeiieeiiiiiiiiiaa, 63.00 L84 1.33 1904,
South Branch lateral ...........ooooia... 16.51 .13 .80 1904,
Wyoming: . I ‘
Canal NO. 2. . ociiiiiiiiiiiieiiiiiiiieienas 89.65 |.......cen.n 1.00 July 9-11, 1900.
0 P T 86.52 ..ooeiiannnn } .94 Aug. 20-22, 1900.
AVErage .......coceenninnincnaccnennei]icnanaiinian | ............ ' 6.76

aIncludes what is given as main line in measurement of 1901.

The general average of all these measurements shows that 6.76 per
cent of the water entering the canals is lost in each mile of length, the
losses ranging from 0.3 to 64 per cent per mile. The heavier losses
occur in the small ditches flowing over gravel-bottom lands, while the
small losses occur in ditches which are so situated that they presum-
ably receive drainage from higher lands and those which carry muddy
water through a fine soil and therefore become silted.

Grouping the canals given in the foregoing table according to the
volume of water carried gives the following results:

Losses of water from canals by seepage and eraporation, by groups.

Percent-

|
I No. age of loss
’ per mile,
I
Canals carrying 100 cubic feet per secogd OF MOT@.. ..ot vntaanureacancesacsanaacannn I 13 0.9
Canals carrying between 50 and 100 cubic feet per second. el 1D 2.58
Canals carrying between 26 and 50 cubic feet per second.. P b 4.21
Canals carrying less than 25 cubic feet persecond........... ..., ‘ 24 11.28

This table brings out very clearly the advantage of carrying water
in large canals rather than in several small canals, where this can be
done. Along a great many streams several canals parallel one
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another for long distances. In such situations the carrying of the
water in one large canal would mean a very great saving of water.

The figures given in the foregoing tables are the results of a single
series of mmeasurements in each case and are, therefore, liable to con-
siderable error, due to changes in the discharge of the canal during
the progress of the measurements or to conditions which are tempo-
rary. A much better measurement of the losses would be continuous
records of the flow at the upper and lower ends of the sections under
consideration. Such records were kept during the season of 1904 on
the Modesto and Turlock canals in California (see p. 116).

The records for the season are given in the following table:

Losses of water from Modesto and Turlock canals during the season of 1904.

Modesto canal:

Discharge for seasonat head................... acre-feet.. 90, 795
Discharge for season at Waterford, 22 miles below head,
acre-feet ... . i 76,717
) 07 R e acre-feet.. 14,078
Percentage of 1088 ... .oooo it 15. 51
Percentage of losspermile.... ... ... ... ... ...l .71
Turlock canal:
Discharge at head, forseason.................. acre-feet.. 166, 845
Discharge 22 miles below head.................... do.... 136,753
LOSS. wieiieeeeaaeaaaens e e do.... 30,092
Percentage of loss ... .. ... o iiiiiiiiiiiioL. 18.04
Percentage of losspermile...... ... .. ... ... ... ... .82

The single measurement of the Modesto canal previously given
showed a loss of 0.65 per cent per mile, while the record for the sea-
son showed a loss of 0.71 per cent per mile, a very slight variation.

RETURN SEEPAGE.
SOUTH PLATTE AND TRIBUTARIES.

The gain in the flow of streams,due to return seepage from the
irrigated lands lying along their courses, has been brought into great
prominence during the past few years in connection with discussions
of the use of interstate streams in irrigation. These, however, are
equally important on other streams, affecting the distribution of water
by public officials. In order that these officials may make a fair divi-
sion of the water, it is necessary that they know approximately how
much water will return to the stream along its course to supply ditches
heading on the lower sections. Measurements of return seepage have
" been carried on on the South Platte and its tributaries in Colorado
for many years. The records on the Cache la Poudre extend back to
1885, and on the South Platte to 1889.°

aColorado Station Bul. 33. bReports of the State engineers of Colorado.
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During the season of 1903, in connection with the study of rights to
water from the Platte River and its tributaries in Colorado, Wyom-
ing, and Nebraska, measurements were made to determine the amount
of return seepage on the South Platte River in Colorado and Nebraska,
on the St. Vrain in Colorado, on the North Platte in Wyoming and
Nebraska, and on the Laramie in Wyoming. These measurements
are partially reported in Bulletin 147 of this Office, but are given here
more in detail. The following table shows the gains in the flow of
the South Platte River as measured in August, 1903, by Mr. C. E.
Tait. of this Office, and Prof. O. V. P. Stout, of the University of
Nebraska:

Return seepage to South Platte River, August 3-20, 1903.

[Cubic feet per second.]

| | Dis- ' Dis- laos Gain

Length charge . charge G8in (+) N0,
Section measured. of at”  Inflow. ]3&2:: at | ?r 10;’: Jloss (—)

'section.’ upper ~ lower seZt{on per

ismt on. . station, * . mile.
Platte Canyon to City ditch............... | 91.85 1 ........ ‘ 114.80 8.69 31.64 ! + 6.04
City ditch to Littleton . ! 6.04 X 3.06 | 14.04 . 19.37 24.31 | + 8.89
Littleton to Denver .... 35.52 . 3.97| 5.69  46.36 12.56 | + 1.19
Denver to below Clear C 59.18  53.66 | 16.34 122.66 26.16 ( + 3.74

Below Clear Creek to below Brantn

diteh .. i 122.66 .74 | 156. 58 9.20 42.38 + 6.05
Below Brantner ditch t ig . 4.75 .00 " 13.00  26.81 35.06 + 4.84
Brighton to Fort Lupton........... 26.81 1 3.86' 44.33| 5.09 18.75 + 2.50
Fort Lupton to Platteville ........... 9.99 .00, 33.69 1.97  + 25.67 + 3.02
Platteville toabove St. Vrain River I 197 L0010 11,47 13.84 23.34 + 4.91

o & |
Above St. Vrain River to above Section 3 |
|

+
i

+

+

+

+

+

+

+

diteh ..o e 7.25| 13.841 96.74 | 90.99 58.13 + 38.64 -+ 5.32
Above Section 3ditch to below Big Thomp-

son River. .. ... ... i 2.50 | 58.13 | 33.09| 31.22 68.87 <+ 8.87 + 3.55
Below Big Thompson River to Evans..... 2.50 | 68.87 9.17 | 86.12 6.73 ° + 14.81 + 5.92
Evans to below Cache la Poudre River....| 6.50 | 6.73 34.22| 33.33 61.15 + 53.53  + 8.24
Below Cache la Poudre to Kersey......... 2,00 | 61.15 .00 | .00 93.31, + 32.16  +16.08
Kerwy to above Bijoucanal .............. 11.00 | 93.31 1.34 ° 10.18 116.99 | + 32.52 j + 2.96
Above Bijou canal to below Putnam ditech.| 8.00  116.99 .00 20.56  117.99 | + 21.56 | + 2.69
Below Putnam ditch to above Fort Mor- I ) |

gancanal ... ... il seeeel 16.50 117.991 .00 142,41 32.25 | + 56.67 + 3.43
Below Fort Morgan canal to below Bijou | | !

Creek. .ot . 8.00 « 32.25  2.54 .00 60.76 4+ 25.97  + 3.25
Below Bijou Creek to Fort Morgan........ i 3.00 60.76 .00 1,00 62.39! + 2,63 | + .88
Fort Morgan toSnyder...........c........ 11.50 | 101.36 , .00 1.33 | 146.27 | + 46.24 1 + 4,02
Snyderto Merino.........cooiiiiiiiiaa... 18.00  146.27 .00 151.93  29.10 | + 34.76 | - 1.93
Merino to Sterling. b B0 29,10 .85  81.20 i 22,67 | + 73.92 " + 5.09
Sterling to Iliff .. 10,00 ' 2,67 | 16.49 « 64.20 ' 14.23 | + 39.27 + 3.92
Iliff to Crook ...... 15,00 14.23 .00 13.48 536 | + 4.61 + .31
Crook to Sedgwick 17.00  5.36 000 129 5%+ 171+ .10
Sedgwick to Julesb 15,50  6.78 00 .00 77|+ LT[+ .13

Total for Colorado................... 827 ..., [N L +727.61 + 3.30
===
Head of Western canal toOgalalla........ ¢ 26,50 91,10 00 11,25 1.99 | — 74.86 2.82
Ogalalla t0 KOrty.........ooiieiannnnna... 1300 4990 2721 .00 00} .- 771 - 59
|

Total for Nebraska ....c..occvenenne. ‘ 39.50 .iiiiie e, 1 ................ " 8257 ‘ — 2,09

The last column of the table showing the gain or loss per mile is
valuable for the purpose of comparing the gains in different sections
of the stream. The largest return—16.08 cubic feet per second per
niile—is in the section immediately below the mouth of the Cache la
Poudre, the largest tributary of the South Platte. The canals head-
ing in the Cache la Poudre, as well as those heading in the Platte, irri-
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gate large areas bordering this section of the stream, and seepage
water finding its way down the valley of the Cache la Poudre also
enters this section of the river. The next largest gain—8.24 cubic
feet per second per mile—is in the section immediately above that
showing the largest gain. This section lies just below the mouth of
the Big Thompson River, and a large part of this gain undoubtedly
comes from land watered by the Big Thompson. Similarly, the next
largest gain is in the section just below the mouth of Clear Creek.
The other sections showing the large gains are also near the mouths
of natural tributaries whose valleys are irrigated. The lowest rate of
gain is in the sections farthest down the river, where there is little irri-
gation and no tributaries. In the two sections in Nebraska, where
there is even less irrigation than in Colorado, the channel becomes
more sandy and broader. The river was entirely dry at Korty when
these measurements were made.

Measurements similar to those reported on page 39 have been re-
ported by the State engineers of Colorado covering the years from
1889 to 1902, with the exception of 1897. The results of these
measurements are given in the following table:

Gain in flow of South Platte River from return seepage.
[Cubic feet per second.]

i
Fort Morgan to Snyder ..|
Snyder to Merino......... -
|
1

: Dis- l | | I |
Section. E tance. 1889. 1890. 1891 | 1892. 1893. | 1894. { 1895,

! . | l |

Miles, . i
Platte Canyon to head of Cityditch.| 5.26|........0........ 27.57| 25.32 l 18.41  49.23 20.21
Head of City ditch to Littleton.....! . 1178 5261 44.63 23.50 | 25.59 | 56.23
Littleton to Denver... 3 43.88 © 16.20 | 59.61 | 41.27 118.92  117.80
Denver to Brighton. . 43.30 °  78.81 -13.39 | 69.73 , 84.30 I "13.89
Brighton to Plattevil X 1 4} 7g.00 { 5174 64.37 1 6591 65.01 ' 134.44
Platteville to Evans. .. ! . 2 . 72,28 12.32 | 61.11 107.46 | 4428
Evans to Putnam ditch... . 156.69 118 50 , 137.75 | 85.85  98.61 | 179.41
Putnam ditch to Fort Morgan ..... ﬁ% Migs.ss || 6058 51.80 ! "l3.m 158,52 { 211

' 3472 s8.67, 1452
. 80

Merino to Sterling ........ 33.76 46.
Sterling to 1iff............ | 24.84 }43.80 { 16,99
}‘lll’ftllt':(‘,rot)(lix...‘..Ig .. leveeenes =13.07 (ool =48
orook to Sedgwick........ . .00 . ) -
Sedgwick to State line . POR e e —3.17 [ —32.89
Total....ooviuiiiiniiinnnnnn.. ' 232.75 | 422.77 | 449.21 = 602.00 330.61 | 572,99 722.56  942.30
| ' '
Dis- | '
Section. tance. | 1896. 1898, | 1899. | 1900. 1901. 1902. 1903.
| Miles, | - ‘
PlatteCanvyon to head of City ditch.  5.25 ' 10.18 1.21 72.93 33.96' 21.22 . 504 3164
Head of City ditch to Littleton ... 6.25' 14.76  26.44 60.96 40.17 | 11.49 ' 13.24 24.81

10.50 33.95 61.63 16.40 16,22 | 85.63  24.9%0 12.56
21.25, 67.29 ' 49.66 124.01 ' 70.27 | 73.29 : 48.67 103.60
92.87 112.35 | 88,79 56.08 ' 130.67  66.24 44.42
17.00  37.59 110,97 . . 95 .
27.50 ( 87.99 160.13 , 150.38 79.14 | 182.24 92,23  139.77
" 90.61 | 94.62 97.74 1 99.79 | 90.89 | 117.28  85.27
11.60  52.79 37.13 72.63  83.77 | 65.87 . 61.33 46.24

Littleton to Denver.....
Denver to Brighton...
Brighton to Platteville
Platteville to Evans ..
Evans to Putnam ditch .
Putnam ditch to Fort Morgan.....
Fort Morgan to Snyder............
Snyder to Merino.........
Merino to Sterling ........
Sterling to Iliff............
1liff to Crook..............

s
8

»=5
g

Crook to Sedgwick........ 3.73 { 1 .71
Sedgwick to State line.... . ' . 9798 [ ° 10.67 1.97
b (31 7 )

232.75 | 608. 20 | 654. 14 il,lO‘Z.Gl %0019 | 941. 57 . 749.49  729.61
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The table shows that there is no uniformity in the gain in any
section from year to year or in the stream as a whole. The amount
of return seepage depends on so many factors which vary from year
to year that it is not to be expected that there would be any uni-
formity or any gradual increase or decrease in the seepage returns in
any given section. The amount of water coming into the stream
from the lands bordering it in any section must depend primarily
upon the amount of water received by these lands, either in the form
of rainfall or irrigation. The amount of rainfall varies from year to
year without any fixed law, and the amount used in irrigation depends
upon the amount which can be secured for that purpose. In general,
then, larger returns will be expected in wet years than in dry years,
since in such years the lands receive more water from both irrigation
and rainfall.

The rate of flow of water through soils is extremely slow, and water
applied to land at some distance from the stream takes several years
to reach the stream, so that the entire effect of heavy irrigation may
not be shown immediately in the return seepage. This would tend to
decrease the variations in the return flow due to wet and dry seasons.
It is therefore practically impossible to establish any relation between
the quantity of water received by land and the amount of water which
will be supplied by this land to the stream. However, grouping these
measurements will help to minimize the effect of variations since these
will tend to offset each other. The measurements given cover fourteen
vears. Dividing these into two seven-year periods gives the results
which are shown in the following table:

Gain or loss in flow of South Platte River by seven-year periods.

[Second-feet.]

| Before 1896. ' After 1895,

Section. Length. — - - - =
| Total. Per mile. Total. |Per mile.
Miles. ‘

Platte Canyon to City ditch 5.2 28.15 5.36 25.17 4.79
City ditch to Littleton.... 6.25 37.17 5.95 27.34 4.36
Littleton to Denver... . 10.50 56,95 5.42 28.76 2.74
Denver to Brighton .. 21.25 43.26 2.04 76.68 3.61
Brighton to Platteville..........cco.ciiiviniiiia.n. | 16.00 67.94 4.25 84.49 5.28
Platteville tO Evans. ........ccoviveiiiiiiennnanann. ' 17.00 57.32 8.37 99.53 5.85
Evans to Putnamditch............ooiiiiil, | 27.50 119. 90 4.86 127.41 4.63
Putnam ditch to Fort Morgan..........cc..oeeueen. 27.50 93. 3.89 ! 95.17 3.46
Fort Morgan to Snyder.......... 11.50 25.12 2,18 ' 59.97 5.21
Snyder to Merino .... 18.00 63. 35 3.52 76.30 4.4
Merino to Sterling 14.50 32.03 2,21 64.41 4.44
Sterling to 11iff . 10.00 16. 58 1.66 25,22 2.52
1'iff to Crook .. 15.00 © —14.838 — .99 27.92 1.86
Crook to State line.. 32.50 | —21.25| — .65 13.91 .43

In some years the sections between measurements were not the same
as those given in the table, but included two or more of the sections
as given. In such cases the gain or loss in the larger section is
divided between the sections as they are given in the table in propor-
tion to the mileage. The results given in the table are shown graph-
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ically in figure 1. In the figure the vertical scale represents gain in
cubic feet per second per mile, and the horizontal scale represents
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distance from the upper measurements at Platte Canyon. The hatched
columns show the gains in the first seven-year period, from 1889 to
1895. The solid columns show the gains in the second seven-year
period, from 1896 to 1903, excluding 1897. The difference in the
heights of the two columns for any section represents the increase or
decrease in the return waters for that section in the second seven-year
period over the return waters for the same section for the first seven-
vear period. The diagram shows that between Platte Canyon and
Denver the return seepage was greater for the first seven-year period
than for the second.

Few diagrams connected with irrigation investigations are more
instructive than figure 1. The variation in the return seepage in the
different sections of the river reflects with surprising accuracy the
influences which modified return seepage during that time. Beginning
at the upper end and taking the section embraced in the 20 miles from
Platte Canyon to Denver, we find that the return seepage during the
first period was greater than during the second period, a decrease
instead of an increase in the quantity of water returning. This is
contrary to the general tendency on western streams, and there must
have been some special reason. What was it? There were two pre-
dominating causes. During the greater part of the first period there
was no law requiring protection of priorities and requiring the division
of water between irrigation districts. The Platte River was divided
into three districts, and the section hetween Platte Canyon and Denver
was in the upper district, and the two lower districts had no legal
means of compelling the irrigators in this section to respect their pri-
orities; hence those in district 3 were, during much of the year, able
to have an abundance of water and to use it generously. The result
was a large proportion returned as seepage.

Furthermore, in the earlier period the ditches irrigated the lands
nearer the streams. Much of this land was underlaid with gravel, and
a large percentage of the water taken out returned quickly to the
stream. During the second period the law providing for recognition
of prior rights on the lower part of the stream was enforced. The
quantity of water available in this section of the stream was greatly
reduced. Water had to be used with greater economy. The result
was a less volume of return seepage. Another contributing cause was
that the earlier ditches were extended, reaching farther back from the
stream and causing the seepage water to return lower down, probably
in some cases below Denver.

In the section between Denver and Evans we find a reversal of what
took place in the section hetween Platte Canyon and Denver. In the
upper section the return scepage was less in the second period. In
the lower section the return is far greater in the second period. The
following are the reasons for this. During the first period the lands
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under some of the large ditches were not fully brought under irriga-
tion; hence the subsoil was not fully saturated amd the amount of
water finding its way back into the stream was small. During the
‘second period the extension of the irrigated area and the filling up of
the subsoil had progressed far enough to materially increase the return
seepage rate.

Another factor in increasing the seepage flow was the law providing
for the recognition of prior rights in the middle district of the stream.
This gave more water to this section,and the use of this water pro-
duced more return seepage. Still another factor was the construction
of reservoirs. The building of the reservoir above Greeley filled the
subsoil of that town with seepage water and compelled the building of
a drain. This was all seepage water. Undoubtedly a great deal of it
passed on beyond the town of Greeley and found its way into the
channels of the Big Thompbon and Platte, and the same action took
place from other reservoirs built during the latter part of the ﬁrst
period and the first part of the second period.

The sections between Evans and Fort Morgan show approximately
equal gains in the two periods. In these sections a large number of
ditches have been constructed for the purpose of collecting seepage
water for use in irrigation. This prevents this water from reaching
the river, and therefore it does not show in the measurements of
return seepage. This probably explains the fact that the volume of
water returned to the stream in these sections did not increase in the
second period as compared with the first.

When we come to the lower section of the stream, from Fort
Morgan to the State line, we find again a marked increase in the seep-
age rate during the second period. This grows out of the fact that
much of the land was not irrigated until during the first period. The
extension of the Fort Morgan and Platte and Beaver ditches, which
took place during the first period, did not result in completely satu-
rating the subsoil and bringing about the full effect of return seepage
until in the second period. In the district below Sterling there was
so little irrigation during the first period that return seepage was not
sufficient to overcome losses from evaporation, and we have there a
loss instead of a gain. The strengthening of the river’s flow by the
increased seepage in the section above has, however, made it possible
to greatly extend irrigation in the region around Sterling, and the
reduction in the flow of the stream due to evaporation has been
changed into an increase in flow by the augmented return seepage

- water during the second period.

The following table gives the results of measurements made on St.
Vrain Creek in theé fall of 1903 and also those previously made by the
State engineers of Colorado.
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Return seepage to St. Vrain Creek, Colorado, 1903.

[Cubic feet per second.]

. Dis- ' Dis-
|Length charge | Diver- charge hmn(+) ("“"("')
Section measured. i of sec- | at up- Inflow. sions atlow- 1
tion. persia- | ;S ‘ ersta- loss (—) 088 (“)
| tion. | | tion. | per mile.
~ Milea . l

Lyons to below Smead ditch............ 2.25 66,56 0.00 33.77 1 33.59 + 0.8 ( +0.36

Below Smead ditch to below Oligarchy | 1 , !
ditch : 2,50 " 31.84 .00 16.68 ' 23.41 + 8.25 +3.30

Below Oligarchy ditch to below Ni X | [
B«?Iithi 2.7 23.41 .00 18.24 | 1.41 | - .28

oW
Creek 4.75 4.41 8.67 ’ 10.58 | 14.87 +12.37 +2.60
Above Left Hand Creek to co 1.75 | 17.40 6.25 00 25,39 + 174 + .99
County line to above Boulder (reek 2.50  25.39 3.60 .00 ' 40.60 | +11.61 +4.64
Above Boulder Creek to bridge.. ... 6.75  40.60 l .91 8.68 | 46.97 + H.46 + .81
Bridge to mouth of creek ............... 6.50 ‘ 38.29 .00 .00 ' 42,001 + 3.71 + .57
TOtAl «eeneneeeeeeeeeeeeeeannnnn D M L4318, +1.45
i

Whole stream: | . | i
October 17-19, 1900, ...eeeveven. ... 75 | 66.24 .. +36.41 ] 122
July and August, 1900. .. . N 3 P PP | ........ +28.74 + .97
August, 1902, .ooiiiiiiiiiiaa 2975 ooieiaen s P D L +13.38 i + .45

The measurements show a gain throughout the course of the stream
with the exception of one short section.

In the following table are brought together the measurements
of return seepage to the other tributaries of the South Platte, as
reported by the State engineer of Colorado and the Colorado Experi-
ment Station. The measurements for the Cache la Poudre from 1835
to 1895 are taken from Bulletin 33 of the Colorado Experiment Sta-
tion. All the other measurements are from the reports of the State
engineers.

Return seepage to the other tributaries of the South Platte.

[Cubic feet per second. ]

Flow ml Inflow . out- |

N is- irom Diver- flow at
Stream and date. tance. (PP tributa- sions. ! lower | Gain.

, ries. . station.,

Cache la Poudre: I Miles, ‘ ‘ ‘
October 12-15, 1885 : .| 735,00 ' 1 I 6140 15817 86.96
October 14-17, 1559 . 38.60 68, 157. 80 9. 89 98.97
October 16-18, 1390 38.60 148.85 | 32.73  100.
October 29-30, 159 38. 60 22, % 79.
March 11-12, 1892 34.85 96.
October 5-8,1892. ..o iiieinnnann ... 3%. 60 08,
November 9-11,1893................. 38. 60 .
March 13-15, 1:494... ............ 38.10
August 20-23,1894 . ... ...l 38.10
October9-14,189.............ccae.... 3%.10

90 ........... 38.10

Big Thompson

wu ...........
July 18-21,1900 . ....coviiin i e
September B-18,1900 ........ciiniiinnnn

September and July, 1901 .
JUuly, 1902, o cceet tiveeiiiet tireritieeeieeeaaaea
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Return seepage to the other !ributaries of the South Platte—Continued.

Inﬂou \ Out-
Flow at .
from Diver- |flowat| . .
Stream and date. tance. | UPPET liributa. sions. | lower | Gain.
[ station. ries

station.‘

Litt)e Thompson

August, 1902.
Boulder Creek:
T900 . ccet ettt ee et e e eaae e laaaaaaas
August and Septemher DL 1) S,
%temher. ........................................
South Boulder (,reek 1900 . ceeeiiiiiiii i eie e eeiaas
Clear Creek
October 29 to November 17,1900 .................
September, 1901
September, 1902
Bear Creek:
October 27,1900 ..
September, 1901 ..
September, 1902

All of these streams are extensively used for irrigation and all show
substantial gains from seepage. The valleys of all these streams open
into the South Platte Valley, and undoubtedly a large part of the
return seepage enters the South Platte rather than the stream from
which the water was diverted. The volume of return seepage from
the lands watered by these streams is, therefore, larger than the tigures
given in the table indicate.

The results given above are secured by making series of measure-
ments. During the season of 1903 an attempt was made to keep a
complete record of the diversions from the South Platte and its
tributaries. Records were kept by the water commissioners in coop-
eration with the agents of this Office. These records are more or less
complete, and in only a few instances do they include all of the small
ditches. Ditches which have such early rights that it is seldom neces-
sary for the water commissioners to regulate them, and those which
head on the lower sections of the streams and are supplied by seepage
and are therefore not regulated by the water commissioners, were not
included in the records of diversions. For the same season records of
stream flow were kept by the United States Geological Survey. From
the records of stream flow and diversions the following table has been
compiled. This table shows the average flow of the stream for each
month, the average volume of water diverted, and the difference
hetween the stream flow and the diversions.



REVIEW OF THE WORK OF THE YEAR. 47

Return seepage to tributaries of South Platte.

[Cubic feet per second.]

. [
Diver- Excess

Stream and date. Flow.

sions, of flow,
Clear Creek:
May,1908. ... .ot - 249 193 A
June, 1903 . 806 540 ' 266
July, 1903 426 142
August, 1903...... . . 218 105 13
September, 1903 ..........cooiiiiiiiiinnnn.. e ... 124 63 61
October (21 days), 1908 ... .co.inir e 110 b9 51
St. Vrain Creek: '
R 772 588 184
., 405 361 | 14
135 ¢ 146 , --11
Sep g ’ 67 99 —-32
8ig Thompson River: | I i
May, 1903.. 259 220 | 39
June, 1903 897 905 -8
July, 1903. . 573 | 485 | o
August, 1903 169 ' 150 19
September, 1903 .. 95 ! 65 30

This table shows considerable excess of flow over diversions except
in a few months. This, however, leaves out of consideration the small
ditches before referred to. In order to make the measurements on the
South Platte of value records of flow of these streams where they
enter the Platte should have been kept, since any excess in these tribu-
taries goes to supply ditches in the main stream. This would help to
account for the large excess of diversions over stream flow in the
South Platte from Denver to Julesburg. It is a fair assumption that
after the flood period in June the diversions by the small ditches not
included in the above records fully equal the excess of flow over
recorded diversions. The South Platte may, therefore, be considered
independent of these tributaries in the late summer. The following
table showing return seepage to the South Platte River during July

and August is based on this assumption and shows the gains in the
river for those months:
Return seepage to South Platte River, July and August, 1903.
[Cubic feet per second.]

Dis- " Dis- |

Percent-
i charge Diver- | charge A
Section. atupper| sions. |atlower G8&IN: ”‘f“"?‘
. station. station, ' gain.
South Platte to Denver: . I . }

Ju ( 333 ’ 165 328 140 39. 66
217 46 | 108 37 17.05
328 ’ 6311 192° 495 150.90
108 384 | 137 413 382,41
192 636 3 447 232, 81
137 ! 302 130 295 215,33
3™ 1,432 3 1,084 307, 08

217 N33 130 3 343.73
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The single series of measurements made during August showed a
gain of 730 cubic feet per second. while the records show an average
gain for the whole month of 743 cubic feet per second.

NORTH PLATTE AND TRIBUTARIES.

A series of measurements covering the North Platte River from the
Colorado-Wyoming line to Kearney, Nebr., was made during the
months of August and September, 1903. The results of these meas-
urements are given in the following table:

Return seepage to North Plalte River, 1903.

[Cubic feet per second.]

Lengl ' ll)is~ lm.«. : Gain
ength charge fnp. | ChATEE Gain ()| (- ) or
Section measured. ol at Inflow. ﬂ:;\r at ' or loss(--)
section. upper ™| lower Joss (=).|  per
station. . station. mile.
|
Colorado-Wyoming line to above Doug- | Miles. '

JAS CTCEK ©.vennseeneenineaneannanneaanns 800 260.2 0,00 0.0 216.90 , - 43.32 | — 5.40
Above DouglasCreek toabove Sage Creek.| 52.00 216.90 279.06  56.54 | 273.70 '+ —165.72 + — 2,19
Above Suge Creek to Fort Steele.......... 22.00 . 273.70 .00 .00 | 232,58 — 41,12 — 1,87
Fort Steele to Dickenson's ranch.......... 21.00 232,58 .00 .00 | 239.32 + 6.74 + .32
Dickenson’s ranch to below Medicine . '

BOW RIVEr...ooiiiiiinieiiiineineeannn. 1100 239.32  18.05 .00 | 228.62 — 2875 | — 2.61
Below Medicine Bow River to bhelow .

Sweetwater River...................... 33.00 228.62 83.72 .00 1271.92 + 9.58! 4+ .99
Below Sweetwater River to Alcova....... 12,00 271,92 .00 L00 27510 ‘ + 318 | + .2
Alcova to Delaware Springs............... 21.00 , 275.10 .00 .00 | 257.85 | — 17.25 | - .82
Delaware Springs to below Muddy Creek.| 86.00 ; 257.85 | 15,28 .00 | 343.98 ' + 70.85 | + 1.97
Below Muddy Creek to Douglas.. 140,00 343,98 .90 -00 | 801,07 — 43.81 | — 1.10
Douglas to above Horseshoe Creek. 13.00 301.07 5,60, 5.25 | 203.53 — 7.89  — .18
Above Horseshoe Creek to Guernsey Can- | !

FOM . emenneaneaneeaenenn e ' 16.00 | 203.53 7.46 | 8.00 | 348.00 -+ 55.01 | + 3.44
Guernsey Canyon to Whale .1 14,00 | 348.00 .00 .00 | 355.87 + 7.37| + .53
Whalen to Fort Laramie 6.00 | 355.37 | 200 7174 (273,15 — 10.48 1 — 1,75
Fort Laramie to above Raw 9.00 ! 273.15 7.73 " 42,49 i 315.67 | + 77.28 + 8.59
Above Rawhide Creek to Torrington ..... | 8.00 i 315.67 .00 3.28 H 235.49 ' — 76.90 - 9.61
Torrington to Wyoming-Nebraska line e 12,00 + 235.49 .00 | 121.04 | 234.58 ; ~120.13  +10.01

] ' N r
Total for Wyoming.........cceeeu... 1364.00 ...l : ........ [ - 8.10 -~ .28
Wyoming-Nebraska State line to Mitchell | ! )

(Sept. 1-29) o .oeiiiiiiiiiiie i ' . 272,30 - 21.26 | 203.20 | 158.40 + GB.04 | + 4.86
Mitchell tOGering....covvieieniiinannnn.n. 10.50 15840 6,14 | 20.54 | 273.51 | +130.51 +12.43
Gering to Bayard..........o...oiiiiiiiln 18.50 | 273.81 | .00 | 44.78 | 204.55 | — 24.18 | — 1.81
Bayard to Bridgeport........coooviiinnen 13.30 | 204.55 ! .00 1 34.00 | 284,35 +113.80 | + 8.56
Bridgeport to Oshkosh .................... 46.50 ' 284.35 1 36.42 | 4.35 | 246.95 — 69.47 | — 1.53
Oshkosh to above Haflaud canal ......... 30.00 | 216.95 | 82.80 2,12 276.43 - 51.20 | - 1.71
Above Hayland canal to Paxton Bridge ..! 24.00  276.43 1 32.15 4.65  499.28 +235.38 + 9.81
Paxton Bridge to North Platte...... ..... 13400 499.28 L4110 11922 498,11 - 23.05 — .68
North Platte to Gothenburg............... ©36.50 , 49511 128.38 242,58 493.67 +109.76 + 3.01
Gothenburg to Lexington................. L2430 493.67 L0010 30,17 298,71 -164.79 - 6.78
Lexington to Kearney ........oocveeeen onn | 36.00 298.71 61,22 3407 116.24 -—209.62 - 5.82

Total for Nebraska .................. D286.M0 iiiees ceeiien e ceeeaens ‘ +115.18 |........
!

Throughout the entire course of the stream there are alternating
gains and losses, the largest of both gains and losses occurring in the
section immediately above the Wyoming-Nebraska line. There is a
net loss of 85 cubic feet per second in Wyoming and a net gain of 115
cubic feet per second in Nebraska. The largest gain per mile on any
part of the stream is in the section between Mitchell and Gering in
Nebraska, where the land on both sides of the river is watered. The
next largest gain 1s in the section just above the Wyoming-Nebraska
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line, where the land is under ditch. East of Gothenburg on the main
river very large losses occur, and these losses are known to continue
beyond Kearney, where the measurements were discontinued.

A series of measurements was made during 1903 on the Laramie
River also. These measurements extended from Woods Landing, near
the Colorado-Wyoming line, to the mouth of the river. Both gains
and losses are extremely small.

The following table shows the results of these measurements:

- Return geepage to Laramie River, 1903.
[Cubic feet per second.)

I
Le hlh \ r?is‘ci()('"
ngth charge <or. | Charge Gain (+), (+)or
Section measured. otti sec- ‘ at up-  Inflow., I;L'g; \ at \ ( ). 088 (—)
on. per * | lower | loss er
'station. station n?ile.
Woods Landing to below Sodergreen's | Miles.
ranch . 5.00| 76.36 1.80 ; 62.21 | 34.74 | -+18.79 | +3.76
BelowhSOdergreen s ranch to Bacon's a2 374! 110 50| 42.50 5.04 .

ranc . . . . 2. -3 - .7
Bacon’s ranch to below Cuba ditch . 5.50 | 42.80 .00 .00 | 45.66 | + 3.36, + .61
Below Cuba ditch to above Sand Creek...| 5.00 , 45.66 .00 .00 41.74| — 8.92| — .78
Above Sand Creek to below Hutton ditch.| 2.75 ’ 41.74 .00 00| 4239 + .65 | + .24
Below Hut!on ditch to above Five-Mile 000! 42.39 | 0 e 2.53 6

Creek....oooouienermaiiininiiiieeiieninnnn . 5 . . 4. + 2. + .

bove Five Mileditch to below Larami 6.75 | 44.92 I .00 00| 4291 —201| - .30

|
Below Laramie to Fisher'srancl.. 4.00 | 4291 .00 .00 45 35 + 2441 + .61
Fisher's ranch to Oasis........ .. ../ 6.00, 45.35, .00 | 12.99 + 1.60 | + .27
Oasis to above Little Laramie River....... 6% M 00| M| Ti@ @
Below Little Laramie River to below | ! l I |

Boughtonditeh ......0..c.coiiiieinein AL | 81.84 6.34 .00 | 40.44| + 2,76, + .36
Below Boughton ditch to Unjon Pacific ! ' i

Railroad ilfa ......................... 2.60 | 40.44 00| .00 4288 4+ 244! 4+ .98
Union Pacific Railroad bridge to Cooper l ]

LaKe . .otiiiiieiiiiiiiiiiiiiieiiiiiiaaes 3.00 , 42.88 .00 .00 1 46.85 + 8.97 +1.82
(‘ooper Lake to Dunn'sranch............. 4.60 | 46.85 .00 .00 | 42.35 ' — 4.50 | -1.00
Dunn’s ranch to above Wyoming Devel- i

opment Co.’s reservoir No.2............. 11.50 , 42.35 .00 .00 41,20 - 115, - .10
Below Wyomin, DevelopmentCo s reser- ‘

voir No. 2 to ge'sranch............. 9.75 | 169.45 .00 .00 | 169.27 — .181 - .02
Dodge’'s ranch to Wyoming Development .

Co'stunnel .....ooooiiiiiiiiiiiiieae 8.25 | 169.27 .00 .00 1 169.79 | + .52 | + .06
Above Wyoming Development Co.'s tun- '

nel to below same.........ccevuveunnnnn. .75 ' 169.79 .00 159.71 | 10.37 + .29 + .39
Below Wyoming Develﬁ ment Co.'s tun- ‘ |

nel to Northrop'sranch ................. 14.00 10.37 00| 3000 591 - 146] - .10
Northrop's ranch to below Combination |

ditch 7.00 591, .00 3.53 5.58 + 8.20 + .46
Belothomblnation ditch 6.00 558 ‘ 50 6.49 200! 2 a1 1 ©

ranc . . . 491 2,00 1 + 2 + .
Mullen's ranch to Uva ... 7.60 2,00 2.18 .00 6.14 + 1.9, + .26
Uva to above Scisson's ran 7.25 6.65 1.87 2.03 9.5 + 8.10| + .43
AboveScisson s ranch to Guern 410000 959 | 00| 841| 452 +387| + .38
Guernsey's ranch to mouth of river..... “| 14.26 i 4.62 .00 5.38 ‘ 8.82 | +9.68, + .68

During the season of 1903 records of the flow of Deer and Horse-
shoe creeks and the diversions from them were kept. The results of
these measurements are given in the following table.

30620—No. 158—05—4
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Return seepage to Deer and Horseshoe creeks, Wyoming.

Gal;i (+) or

|
i

| Discharge | . 'Discharge loss (~).
Month, "“at upper . Eii‘:':: at lower ———- -, —
| station. . station. Acre- Per
feet. | cent.
— - - - e — s —
Horgeshoe Creek: ' Aere-feet. | Acre-feet. | Acre-feet. I
April ..... 4,932 | 2,282 4,670 | + 2,020 1 ¢ 41
May ... , 977 8,179 7,256 + 6,458 1 + 72
June... C 4,218 8,037  3,772! 11,191 | + 265
July ... .. 1,045 2,382 719 + 2,066 + 197
AUGUSE einis viiiennriieiaeeiennecnanenes ! 338 518 375| + 555 | + 164
Deer Creek: ‘ |
12,200 | 721 10,067 | — 1,412 - 12
26,010 | 4,479 21,522 | — 9 00
8,330 | 2,810 7,795 | + 2,275 | + 27
3 485 ' 1,149 343 | + 1,007 + 2v8
AUBUSE - e e eeneesieee e eeaneeeaannnanns 80 368 reeeeeeees | + 288 | + 360

This table shows that a very large percentage of the water diverted
from these creeks returns in the form of seepage, so that the use of
their waters for irrigation does not materially decrease their contri-
bution to the flow of the North Platte.

METHODS OF PREPARING LAND FOR IRRIGATION.

During the past year a bulletin (No. 145) has been published describ-
ing methods of preparing land for irrigation. The demand for this
bulletin shows the need for information of this practical character.
Further information on this subject is included in the reports on irri-
gation in the Yakima Valley, Washington (pp. 267-278); in Modesto
and Turlock districts, California (pp. 93-139), and the Imperial Valley,
California (pp. 175-194). In sections of the arid regions where sage-
brush grows its removal is the first step in reclamation. The usual
method of removing sagebrush is by drawing over the land some heavy
beam or iron which will break down or pull up the brush. Railroad
rails are used for this, or heavy beams shod with iron and supplied with
handles so that they may be kept in position. The railroad rails are
sometimes bent into V-shape, and sometimes the base is notched to
make it take a better hold on the brush. After the brush is broken
down it is raked with'horserakes made for the purpose, what has not
heen pulled up is grubbed by hand, and the brush is then burned. In
some localities the brush is plowed out with gang plows. Single plows
will not do this work, as they are thrown out of line by the roots, but
heavy gang plows get enough hold on the ground to avoid this and
cut off the roots. This method is not so common as that described
first, and is not so easily available for the average settler as the first
method. The statements of the cost of removing sagebrush range
from $1.50 per acre to #5 per acre.

After the hrush is removed the land must be brought to even slopes
with smooth surfaces in order that water can be run over it easily.
All kinds of serapers and levelers are used for this, the most common
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being made of plank set on edge, the lower edge being shod with iron -
to make it cut into the soil. These, drawn over the surface, will
remove the soil from the high places and deposit it in the low places.
- Where large quantities of earth have to be moved ordinary scrapers
such as are used for railroad and similar work are used. The cost of
leveling land, after brush has heen removed, varies, of course, with
the original roughness of the surface and with the plan of applying
water adopted, the reports from various sections giving it as from $1
to $15 per acre. The cost of laterals and division boxes also varies
with the contour of the country and with the method of applying
water. The total for the three items—removing brush, grading, con
struction of lateral ditches or checks—varied in the cases examined
from $3.50 to $35 an acre. Add to this the price of a water right,
from $10 to $20 an acre, and it is easily seen that the farmer under irri-
gation must have considerable capital to establish himself. It is also
manifest that with an outlay so large the farmer can not afford {o
make many mistakes, either as to the tools or methods adopted, ard
no work that this Office bas undertaken has proved more useful than
the collection of information which will enable new settlers to do this
work cheaply and well.

METHODS OF APPLYING WATER.

The effect on the yield of crops of applying water by different
methods was tested in 1904 in a number of States. It is known th: t
the various methods of applying water to land are not equally suited
to all conditions and that what proves the best method in one place
may not be so in other localities. The studies of 1904 were to deter-
mine the factors which influence this aduptability. In general, it may
be stated that the check method is best adapted to light sandy soils
having a comparatively even slope of from 3 to 15 feet to the mile.
Fields having a steep slope should not be checked, since this requires
levees so high and so close together as to interfere with the profitable
use of farm machinery and also with diversitied agriculture and rota-
tion of crops. The advantage of checking is that it permits an irri-
gator to handle a large volume of water, and the cost of application is
less than that of any other method. Itsdisadvantages are the removal
of the surface soil to form levees, farm implements can not be used so
conveniently and are frequently damaged in passing over high embank-
ments, and the first cost of preparing the land is greater than by
almost any other method.

The most common method of applying water in the arid region is
by flooding from small field ditches. It is suited to the irrigation of
all kinds of grain and grasses. It has the advantage of being cheap:
it is adapted to most crops; the soil is not disturbed, and the small
ditches used do not seriously interfere with the operation of machinery.,



52 IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.

On the other hand, the labor of applying water to fields costs more
and is more disagreeable than by any other method. It is difficult to
control streams after dark or to distribute water evenly over fields in
the nighttime, and where water is not distributed evenly the best results
are not obtained.

Furrow irrigation is best for the irrigation of orchards and culti-
vated crops. The loss of water from evaporation is small. It per-
mits of the use of smaller streams of water to better advantage than
any other method. There is little displacement of the top soil, and the
surface soil is not soaked and does not tend to bake or hecome too
hard to cultivate. Its drawbacks are that land cun not be watered
so rapidly as by the other methods, and porous soils are hard to wet
uniformly throughout the furrows.

The basin method differs from the check method in having the
levees small and the basins much smaller than the checks. The use
of basins is confined for the most part to orchards, where a basin is
usually made for each tree. It has the advantage of allowing the use
of a large head of water on small tracts and requiring little time for
distribution. Itproducesaneven watering on porous soils. It has the
disadvantage of leaving the surface soil saturated and liable to bake.
It requires considerable disturbance of the soil in forming the basins
and is likely to keep the roots near the surface. since the water is
applied there.

PUMPING.

In the reports of pumping investigations carried on in different
sections the agents preparing these reports bave used the units of
water measurement common in the sections studied. For purposes
of comparison these have been reduced to common units, which are
used in the following discussion. The discharge of pumps is usually
given in gallons per minute, but to reduce this to terms of depth on
land requires several computations. In discussing pumping for irri-
gation we have used the acre-foot rather than gallons per minute, and
in computing the cost of pumping water the unit foot acre-foot is
used. This is secured by multiplying the number of acre-feet raised
in a given time by the number of feet the water is lifted. Acre-feet
is easily read in depth on land by dividing the number of acre-feet by
the number of acres to be irrigated. For purposes of comparison
with results from other pumping plants and for computing efliciency
the results are also given in terms of ‘‘water horsepower hours,”
1 foot-acre-foot equaling 1.375 horsepower hours. To compute the
efficiency of a pumping plant it is necessary to compare the power
developed by the engine with the power theoretically required to do
the work done. The former is the indicated horsepower, the latter
the water horsepower, and the efliciency is the ratio between the two.
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CALIFORNIA.

The study of pumping in California during 1904 included the col-
lection of information as to plants in Santa Clara Valley, by Prof.’
S. Fortier; the collection of information regarding plants throughout
the State, the testing of plants throughout the State, and tests of
typical pumps, by Prof. J. N. Le Conte.

A part of the land in the Santa Clara Valley is supplied with water
from streams which furnish water from January to March, but very
little outside of these dates. Other lands must be supplied from wells,
while some lands use both stream and well water. Copious winter
irrigation and intense cultivation through the summer have produced
crops on some orchards, while others are irrigated only during the
summer from pumping plants. Reports were received from 60 plants
in the Santa Clara Valley. The average lift reported is 66 feet; the
average cost of water per acre-foot is $+.38, and the average cost per
foot-acre-foot is 6.6 cents. The average depth of water applied to
lands watered by pumping plants is 1.13 feet.

The higher costs reported are for the smaller plants and those having
the smaller lifts. The report of Professor Fortier gives a compara-
tive statement of the cost of irrigating from streams and from pump-
ing plants. The average depth of water used under ditches is 2.22
feet, and stream water is sold for $2.10 per acre-foot, making a cost
of $4.66 per acre. Water is sold by the owners of pumping plants for
$13 per acre-foot, while the average depth is 1.13 feet, making the
cost per acre $14.69, or approximately 10 per acre more than stream
water. The average cost of pumped water for fuel and repairs is
given as $4.96 per acre, and fixed charges are estimated at $5.20 per
acre making the average cost of pumped water to owners $10.16 per
acre, or $5.50 greater than the average cost given for stream water.
The advantage of pumped water over stream water is that it can be
secured as needed, while stream water must be taken as it comes, and
the supply ordinarily lasts only from January through March.

The descriptions of pumping plants and data as to their operation
collected by Professor Le Conte have not been brought together and
reported upon. The report of Professor Le Conte (pp. 195-255) con-
tains field tests of 19 pumps and laboratory tests of 7 pumps. The
field tests show an average efficiency of 41.17 per cent for the plants
tested, the minimum efficiency being 26 per cent and the maximum 65
per cent. Eight plants using gasoline for fuel and varying in size
from 5 to 21 horsepower show an average cost of fuel per foot-acre-
foot of 4.5 cents. Three steam plants from 12 to 27 horsepower and
using crude oil for fuel show an average cost of 2.8 cents per foot-
acre-foot. The average size of gasoline plants is 10 horsepower, while
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the average size of stcam plants is 21.8 horsepower. The cost. there-
fore, varies approximately with the size.

The laboratory tests included the running of pumpsat various speeds
‘with given heads and varving heads with given speeds. These tests
showed very clearly that for each lift there was a definite head at which
each pump worked most efficiently and, conversely, for a given lift a
certain speed of pump gave hlghel efficiency than any other speed.
A further test was made to determine the effect of the distribution of
the head hetween the suction and discharge, but the results showed
that within the limits within which centrifugal pumps may be run the
distribution of the head between suction and lift made practically no
difference.

NEW MEXICO.

The plan of the experiments at the New Mexico Experiment Station
included a comparison of the cost of irrigating with stream water and
with pumped watér, but owing to the shortage of stream supply
it was impossible to carry out these experiments (see p. 308). The
experiments therefore included simply the keeping of a record of the
cost of supplying water to different crops with pumps. On one field
of alfalfa, which received water to a depth of 3 feet, the cost of pump-
ing water was $9.80 per acre. On another field of alfalfa, which
reccived water to a depth of 3.1 feet, the cost was $11.20 per acre.
The average cost on 4 plats of wheat was $3.70 per acre-foot. These
plats of wheat received different volumes, the experiments being car-
ried on in such a way that this cost can not be given on an acreage
basis. Corn was irrigated in the ordinary way, receiving 25 inches of
water, which cost $3.30 per acre-foot, making the cost $6.93 per acre.
Sweet potatoes received 17.62 inches of water at a cost of $4.86 per
acre. The general average of cost per acre-foot at the station was
$3.44. The lift is not given.

TEXAS.

Mr. Harvey Culbertson, of this Office, spent the season of 1904 in
western Texas, studying irrigation practice and giving advice to
beginners as to equipment and irrigation practice. A report of his
work is given on pages 319-340. In the last few years the shortage in
the water supply in the Rio Grande Valley has led to the putting in of
a large number of pumping plants in the vicinity of El Paso. The
valley at this point is underlain by 30 to 40 feet of fine sand under
which is a coarse gravel. Water is found throughout these sand and
gravel strata, and so far the supply has proven ample. Other pump-
ing plants are scattered throughout the territory visited by Mr. Cul-
bertson, and tests wer: made of a number of these plants. Seven gaso-
line plants varying in size from 2 to 7 horsepower showed a fuel cost
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of 7.6 cents per foot-acre-foot. Nine gasoline plants varying in size
from 7 to 12 horsepower showed a cost of 7.5 cents per foot-acre-foot,
with gasoline at 14 cents per gallon. The average quantity of gaso-
line used per foot-acre-foot was 0.43 gallon and the average lift 35
feet. The average discharge of pumps per acre irrigated for 31 plants
was 10.54 gallons per minute.

Mr. Culbertson describes quite a number of storage reservoirs found
throughout the country visited and estimates that by the storage of
flood waters in the streams and the collection of storm waters in reser-
voirs very large areas might be reclaimed throughout this section.

Irrigation in the section of Texas lying to the east of the region
visited by Mr. Culbertson was studied by Mr. A. J. Bowie, jr., of this
Office. The district included in Mr. Bowie’s report (pp. 347-507) lies
south of the line through Del Rio, San Antonio,and Port Lavaco, with
the addition of the Upper Nueces and Frio River valleys. In this sec-
tion the area irrigated is approximately 30,000 acres, about half of
which is in rice; corn, truck, and cotton occupy the next larger areas
in the order named. Onion culture by irrigation is attracting a great
deal of attention, but as yet no great acreage of this crop is reported.
Mr. Bowie found that the average depth of water used by pumping
plants was 2.67 feet; the average pump capacity per acre irrigated,
14.13 gallons per minute, and the pumps were operated 15.1 per cent
of the time. Part of this irrigated land is watered from artesian wells
and a part from pumped wells, the average cost for artesian wells is
reported as $57.77 per acre irrigated and $7.46 per gallon per minute
of discharge. The average cost of pumped wells is given as $14.79
per acre irrigated and $2.75 per gallon per minute of capacity of
pumps.

It is seen that the cost of artesian wells is much greater than that
of pumped wells, but in order that a comparison may be made the cost
of pumping machinery should be added to the cost of pumped wells.
The average cost of pumping machinery per acre irrigated is given as
$14.12 per acre. Adding this to the cost of wells, we have $28.91 as
the cost of wells and machinery per acre irrigated, against $57.77 for
artesian wells per acre irrigated, the cost of artesian wells being almost
- exactly double that of the others. The average annual cost of artesian
wells per acre irrigated is given as $8.63 and the average annual cost
of pumped wells and machinery, $6.13 per acre. These figures show
clearly that on an average the pumped wells are cheaper than artesian
wells, notwithstanding the fact that there is no fuel expense connected
with an artesian well.

The following table shows the depth to which wells have been sunk
in various sections in the territory studied by Mr. Bowie.
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Depth of wells in Texas.

Location. + Depth. ]! Location. ’ Depth.
. i ,
|
Feet. || i Feet.
Victoria L 90-230 | MOOre .......e.iiiiiiiiiiiiiiiiieiianaa] 100
LT 2 270 ' Pearsall i 100-240
San Antonio 1211160-1,005 | Derby ... 200
Beeville i 59-226| Devine 110

The cost of raising water per foot-acre-foot is given by Mr. Bowie
as follows:
Fuel cost of raising water in Texas.

+ Cost. ;; Fuel. Cost.

.

[ §0.0164 | Allsteam.....oueeeeeneereeeeinaeennss
| .0198 | Gasoline....
L0158 l Electricity

This table shows that steam is by far the cheaper power, but the
steam plants are larger than the others, which accounts in part for this
difference. The extreme cheapness of both wood and crude oil in
Texas is, however, the chief reason for the better showing for the
steam plants. The above figures are for fuel cost, but labor is so
cheap in Texas that the advantage is still maintained when taking into
account the cost of attendance.

LOUISIANA.

Two of the large pumping plants used for rice irrigation in south-
west Louisiana were tested by Prof. W. B. Gregory (see pp. 509-544).
One of these plants was equipped with a simple noncondensing slide-
valve engine and centrifugal pumps, while the other was equipped
with compound condensing Corliss engines and rotary pump. The
fuel cost of raising water with the first plant was 2.4 cents per foot-
acre-foot, and with the more expensive plant 0.9 cent per foot-acre-
foot, the average for the two plants being 1.6 cents. This is very
much cheaper than the cost shown in any other reports to this Office.
This is accounted for by the large size of the plants and the cheapness
of crude oil, which is used for fuel in that vicinity.

ARKANSAS.

An experiment 1n pumping water for rice irrigation in Arkansas
was carried on in 1904 in cooperation between this Office and the
Arkansas Agricultural Experiment Station. This experiment was for
the purpose of determining the character of the water supply, the cost
of pumping, and the feasibility of raising rice in this section. Water
was found at depths varying from 70 to 90 feet, and the supply is
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apparently abundant, although only a few wells have so far been put
down. Water rose to within 27 feet of the surface. At the experi-
mental farm an 8-inch well was put down to a depth of 114 feet, at a
cost of $4 per foot, including pipe. The equipment consists of a 20-
horsepower boiler and 18-horsepower engine and a 4-inch centrifugal
pump, the entire cost of machinery being $858.58. This plant was
guaranteed to raise 470 gallons per minute, with a lift of 50 feet. The
lift at starting was 27 feet, and pumping seemed to lower the water
very little. The Fuller plant, in the same vicinity, equipped with a
25-horsepower engine, 35-horsepower boiler, and 6-inch centrifugal
pumnp, supplies water to 70 acres. The cost for machinery and opera-
tion for the first year was $3,147.50, or $45 per acre irrigated.

KANSAS.

At the Fort Hays substation of the Kansas Agricultural College an
experiment in pumping water for irrigating farm crops was made in
1904 (see pp. 567-583). Fort Hays is on the high plains where it was
desired to determine hoth the extent of the water supply and the cost
of bringing it to the surface with pumps. The well was placed in the
valley of a small creek, near the bank, and water was struck at a depth
of 24 feet. The well was put down to a depth of 40 feet, the water
rising to within 24 feet of the surface. The well was made 18 feet in
diameter. A 4-inch centrifugal pump, costing $865.65, was used.
The water supply in the well was very limited and was drawn down
rapidly when the pump was run. A traction thrashing engine was used.
The cost of raising water per foot-acre-foot, including fuel, engineer,
and water tender, was 40 cents in 1903 and 30 cents in 1904. The
machinery was too large for the work to be done and was poorly oper-
ated, which accounts very largely for the high cost of pumping in this
locality. For these reasons the work in 1903—4 can hardly be taken as
a fair test of the cost of pumping in this locality. The rapidity with
which the water was drawn down in the well indicates that the water
supply in this section is quite limited.

Tests of wells at Garden City, where water is pumped from the
gravel at small depths, show that there also pumping lowers the water
very rapidly. At the Richter well, 14 miles west of Garden City, the
water was lowered 5 feet in one hour and fifteen minutes. At King
Brothers’ well one test showed a lowering of 17.8 feet in five minutes,
and another test showed a lowering of 17 feet in fifteen minutes.

COLORADO.

In the Cache la Poudre Valley in northern Colorado the water sup-
ply from the river has been so completely utilized that prices for water
rights in both ditches and reservoirs have become so high that a great




58 IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.

many have deemed it cheaper to pump water for irrigation than to
secure it from the stream. The extensive irrigation in this valley has
raised the ground water so that water is found very near the surface,
making pumping quite inexpensive. The wells reported on by Pro-
fessor Stout (pp. 595-608) range in depth from 4 to 30 feet, and water
was found at depths varying from 1.5 to 15 feet. The average cost
of wells reported on is $3.47 per acre served, the cost of pumps and
engines $6.25 per acre, making the entire equipment cost $9.72 per
acre, while ditch rights cost from $25 to $30 per acre. The average
fuel cost of pumping water with gasoline engines and centrifugal
pumps is given at 11 cents per foot-acre-foot, and with steam plants
using local coal for fuel 8 cents per foot-acre-foot. In most of the
wells the pump draws the water down very rapidly, but the wells
soon fill up when the pumping stops. The wells are in general quite
large pits, and it has been found necessary to put down pipes in the
bottom of these pits in order to secure a sufficient supply of water.
It is doubted whether the large pits are any advantage under these
circumstances, as it is probable that the pipes put in the bottom of
the pits would supply as large quantities if they were put down from
the surface without the pits.

Pumps are being put in in the irrigated regions of the Arkansas
Valley also. Here, as in the Cache la Poudre Valley, the extension of
irrigation with river water has increased the cost of rights and raised
the ground water, the two influences combining to make the pumped
supply as cheap or cheaper than a supply from the stream. With
gasoline at 20 cents per gallon the cost per foot-acre-foot was found
to be 6.7 cents. The lift at Rockyford was 13 feet. At Lamar th
lift was 10 feet and the cost per foot-acre-foot, 9.8 cents. ‘

Bringing together the results from all the territory where studies
of pumping were made we find that water is being successfully lifted
for irrigation up to 100 feet, and in some cases more than that. In
the following table the number of plants reported on for various lifts
in the different sections are shown:

Lifts through which water is being successfully pumped for irrigation.

- ' ; _ S
sUnderlo. 10 to 15.| 1510 25, 2610 5. ‘5010 100.| Q¥ET ‘Total.

1
California: | i
Le CONte covvniiiiiiieiananene, | 0 0 0 5 1 3 19
Fortier ......oooviiiiiiiiiiiiiaan, 0 0 5 2 24 9 60
ATZODR ..oooniiiiiiiiiiiii i ! 1! 0 0 ) 0 0. 6
Texas: | | |
Culbertson ........cocveeveienene. 0 0 0, 20 0 1 21
Bowie ... 0 4 6 | 29 27 3 69
TAW oeoennennnen 1 3 1 3 11 0 9
Lomsiana: Gregory (] 0 2 0 0 0 2
Colorado: i .
SIOUE ..o e, ! 3 6 7] 3 ol 0o 19
Wright ... 0 i 2 0 I 0 ] 0 2

|
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The larger number of plants reported on in California are lifting
water from depths varying from 50 to 100 feet. The lift of the plants
reported on in Arizona lie mostly between 25 and 50 feet. The same
is true of the plants in Texas, the largest number having lifts between
25 and 50 feet, although a large number of plants have lifts between
50 and 100 feet. The lifts in Louisiana and in Colorado are low. All
the plants reported on in Colorado are in irrigated sections where the
use of water has raised the level of the ground water almost to the
surface.

In the following table all the data contained in the reports regard-
ing the fuel cost of raising water are summarized. This is given in
terms of cost per horsepower-hour and cost per foot-acve-foot. The
results given from California and Arizona plants were secured by
careful tests. Those reported from Texas by Mr. Culbertson are
results of tests. Those reported from Texas by Mr. Bowie are very
largely made up from statements made by the owners of the plants
and are therefore less reliable than the other results. The results
from Louisiana were secured by tests, while those from Colorado are
largely based on statements of the owners of the plants. There seems
to be a general tendency to overestimate the discharge of pumps, and
this fact probably accounts in part for the lower costs shown for
Texas, although the cheapness of fuel and the large size of the plants
would tend to make this cost lower than in other sections.

Average fuel cost of pumping water for irrigation.
CALIFORNIA (LE CONTE).

" Cost per water horse-

Size. power-hour. ' Cost per foot-nere-foot.
Num _-» N .AVCI'- ) T _l » l- - !
Type. ;ﬁﬁrn?.«‘ ! (L';::::;“] (u:gful High- ! " Aver- ! High- : ! Aver.
! ToYater water | est LOWCS fugo est. |lo\vest. age.
I powér) norse- i
| * |power). i )
Gasoline................ ' 8| 5.021.0| 10.0|$0.060 $0.018 $0.037 ' $0.081 | $0.025 | $0.045
Steam, crude oil........ 3

12.0-27.0 21.8 .04 .015 L0200 .033 | .021 | .028

CALIFORNIA (FORTIER).

| i R
7 0.5~ 4.0 2.5 . §0.191 | §0.049 | $0.103 | $0.262 | 80.067  $0.14)
6 4.0-7.0. 66, .103 064 087 .142 L08R 120
8 7.0-10.0 8.7 | . 060 .029 L039 | .082 037 053
6 2.0- 7.0 5.3, .203 .081 A1 279 111 162
7 7.0-10.0 7.7, .100~l 057 .073 .188 078 .100
6 10.0-12.0 1.0 .072 .039 . 053 .09 © . 053 .073
7 | 12.0-13.0 . 12.4 ‘ 057+ .087 .049 079! .051 067
6, 13.0-17.0 1441 .066, .032 .47 . .090 .044 . 065
6 l 17.0-25, 20.0 | 074 l . 024 044 102 . 083 ' 061
ARIZONA.
Gasoline................ ! 3 ! 1.0- 7.0 ! 4.0 $0.076 | 20.049  80.063 | §0.104 $0.067  $0.087
Steam: |
00d....o.cunennnen | b : 1.0-33.0 10.0 ’ 13 020 .074 186 | 028 .102
Crudeoil ........... ) L0600 L 024 L 031
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Average fuel cost of pumping water for irrigation—Continued.

TEXAS (CULBERTSON).

] i | .
{ ‘ Size, Cost ;',’gfvg,ﬁ',%ﬂ.?f’m ! Cost per foot-acre-foot.
Num- ' o _AT;_ o E
Type. | ber o! i (‘:;g}{fl . agf 1| Hieh [ ‘ Ave High | !
lpl“m”s ‘ ater (":f:u‘,'r o Lowest, a‘gtcr' edy . Lowest. ﬁ‘:_r'
horse- \ porce- " I o ’ | e
| ' POWer). noiver). | [ | | X
Gasoline................ | 71 2.0-7.0 | 4.4 | $0.097 | $0.035 | $0.055 | $0.134 $0.048 $0.076
L 9, 7.0-21.0 11.5 . 055 .027 041 .075 L0387 | . 056
' ‘ ' Il
TEXAS (BOWIE).
o e e — -
Gasolin 4, 0.1- 0.4 0.2 | $0.232 | $0.152  $0.184 | $0.320 | $0.210 4‘ $0. 253
Do.... 61 .4- 1.0 6| .118| .08 .093| .163| .080' .128
6 1.0- 2.0 1.5 .072 .039 .054 . 099 . 054 .075
6 | 2.0- 4.0 3.4 072 . 050 . 066 .099 .069 L077
6 1.0- 4.0 2.5 140 .025 . 057 .193 03-“ .079
7 4.0- 7.0 5.2 070 . 006 . 029 . 096 . 008 . 040
5 7.0-12.0! 9.1 .046 .010 .021 . 063 .013 029
4 12.0- 25.0 | 18.7 .022 .018 .021 .031 .025 | .028
6 25.0- 40.0 34.4 040 . 005 017 . 054 007 .024
5 ' 40.0-160.0 9.3 009 . 007 . 008 .012 .010 .011
2 1.0-12.0 4.3 .043 . 050 .091 . 060 .076
2 12.0- 25.0 18.9 .038 .025 . 032 .053 . 086 | O
2 25.0- 45.0 36.4 .023 .on .017 .031 .016 | 023
3 45.0-100.0 ‘ 29| loR| oms o | e | lon o on

LOUISIANA (GREGORY).

Steam, crude ofl........ 2 :250.0—500.0 ' 375.0 } $0.017 | $0.007 | §0.012 | $0.024 ’ $0.009 | $0.016

COLORADO (STOUT).

$0.041 | $0.082 | $0.176 | $0.056 | $0.111
.089 | 058 | 100 | .054 | .08
COLORADO (WRIGHT).
Gasoline................ ! 2 1020 1.'.’,‘30.074{80.049‘80.061’80.102‘80.067| $0.084

The fact most strongly brought out by this table is the great reduc-
tion in cost per unit of output with the increase in the size of plants.
There is some reduction in the labor of operating plants as the size
increases, and also in the first cost of plants per umt of area served.
This brings out the very great saving which may be brought about
through cooperation between adjoining farmers in putting in large
pumping plants to serve several farms rather than maintain individual
plants.

Reduced to a fuel basis rather than cost basis, the California results
show approximately one-half gallon of engine distillate used per foot-
acre-foot of water, while Mr. Culbertson reports from Texas the use
of 0.43 gallon of gasoline per foot-acre-foot.
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The tests of efficiency of the plants in California show that the aver-
age efficiency of the plants tested is 44.17 per cent. This efliciency is
the ratio between the indicated horsepower developed by the engine
and the horsepower theoretically required to lift the water actually
delivered through the observed distance. It is estimated that good
machinery properly operated will show an efficiency of about 65 per
cent. The causes for the poor showing made are given as poor con-
nections between engines and pumps, too large engines for the work
to be done, poor care of machinery, and, with gasoline plants, wasteful
use of gasoline; with steam plants, uncovered steam pipes and boilers.
Most of these causes of loss can be cheaply remedied by exercising
a little more care in the installation and operation of the machinery.

WINDMILLS.

The constancy of the winds on the great plains suggests the wind-
mill as a promising source of power for pumping water, and windmill
irrigation has had a successful development in the vicinity of Garden
City, Kans. Facts as to the cost of mills and pumps, and the aveas of
land irrigated from them, were collected in this vicinity. One hun-
dred and seven mills, varying in diameter from 6 to 12 feet, were vis-
ited (pp. 589-592). The average discharges of the pumps operated by
these mills are shown in the following table. The second column
gives the average amount pumped in a day with a good wind. In the
third column are given the average discharges during twenty weeks,
which takes into account times when there was too little wind to oper-
ate the pumps:

Average discharge of pumps operated by windmills at Garden City, Kans.

Acre-feet per day.
Sizeof |7 1 avernme
mill, ‘ In good | A;Oerr%e
wind. . weeks,
Feet.
6 | 0.034 0.010
8 ! . 080 .024
10 .170 . 050
12 .270 .084
25 1.200 . 386

| )

The average area served by these mills is shown in the following
table: .

Areas served by windmills of different sizes.

Size of | Maxi-

f
mill. ' mum. '

- —

Feet. Acre.

|
8. Acres. Acres
6 2.5 ‘ 0.50 1.1
8 3.50 | .25 1.4
10 | 6.00 1.00 3.08
12 12,00 1.00 5.07
25 rreeeneees [ 8.00 l
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The approximate cost of mills of various sizes, the areas served hy
these mills, and the acre cost of providing a water supply are given
in the following table:

Cost of windmills.
Si;.e_of_ o Area | Costper |
1 Cost. | served. ‘ acre,
o t
l'e’el Acres,
1.23 373 17
lU | 120 3.08
12 160 5.07 \ 29,59

This table shows the great reduction in cost per acre served by using
large mills, but it also shows that with any mill the original outlay is
quite large when compared with the cost of ditches for supplying
water where water can be conveniently secured from streams.

The average annual cost of maintenance, including repairs, oil, etec.,
for 43 mills in the vicinity of Garden City, Kans., is given as $2.35
per acre irrigated by the mills. _

A windwill does not furnish a large enough stream of water for eco-
nomical use in irrigation. It is therefore necessary to provide reser-
voirs for storing the water until enough is accumulated to furnish a
stream large enough for economical use. Forty-nine reservoirs stor-
ing water pumped by mills at Garden City were measured to deter-
mine the capacity ordinarily used with the mills. The following table
gives the approximate average capacities of the reservoirs used with
the mills of different sizes:

Capacitiex of reservoirs used with windmills.

I
| Size of ! F‘:.('“‘ l
v mill. ervoir. |
l Cub. feel.
L300
i 3,400
1000
11,000

'The period during which these reservoirs will hold the discharge of
the pumps during good winds is shown in the following table:

Length of period reservoirs will hold discharge of pumpa.

| Sizeof Number
mill, of days,
Feol.
4 2.3
. N 1.0 I
| 10 .6 .
| 12 1.0

It is probable that better results might be secured if larger reser-
voirs were built. so that larger streams might be used in applying
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water to land. There is always waste in using a small stream, as a
large part of the water is absorbed by the soil or evaporated while it
is being spread over the land. The average cost of these reservoirs
is given as $60. This of course is only a rough approximation.

Taking the 12-foot mill as a basis, we have the following statement
of the cost of raising water with a windmill, not taking into account
the cost of the well and pump:

Cost of windmill irrigation.

Cost of Mill. ..o et ccceceeeeannaan $150. 00
Cost of reservoir ... ... i i ittt eiacaaciaiaaaaaaan 60. 00

Total Cost. ..o iiicaeeaaaaaaaan 210. 00
Areairrigated ... .. ... ... ..l acres. . 5
Cost peracre. ... .coenniimii i ceiiieaie e $42. 00

ANNUAL COST.

Interest on investment, at 7 percent..._.. ... . ... ... ... ..... $2.94
Depreciation, 10 percent ... .. i ittt 4.20
Maintenance. . ... ..o 2.35

Annual cost peracre..........; ......................... 9. 49

The average lift of water in the vicinity of Garden City is but 10 feet.
Where lifts are greater, the quantity of water raised by mills of the
same size will be proportionately decreased, and the area which can be
irrigated will of course be decreased in the same proportion. These
figures represent not necessarily good practice, but the average results
obtained under field conditions. It is probable that in most cases better
results than those shown can be secured, but the work this vear has
been largely to secure a basis for future work by determining what is
now being accomplished with windmills.

The average cost shown above is high, and even under the best con-
ditions windmill irrigation is expensive, but it is not expected that
water will be raised in this way for general farm crops. The quan-
tities of water required for such crops and the low values of yields will
not justify any such expense. Only the irrigation of vegetables and
fruits and a small amount of forage is contemplated, and these are all
high-priced products. A part of the expense of pumping, on the
plains at least, may be charged to insurance against drought, since it
is intended to enable farmers to tide over dry years when they would
otherwise be compelled to abandon their ranches or buy food for them-
selves and work animals at exorbitant prices.

LAWS AND INSTITUTIONS.

_ The three-years investigation of the interstate water-right problems
on the Platte River, mentioned in the previous reports, has heen com-
pleted, and the report is now in the handsof the printer. This inves-
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tigation deals fundamentally with the rights to water and the laws of
the three States under which these rights have been acquired. Physi-
cal conditions, however, have such a marked influence upon the
enforcement of these rights that the investigation included, in addition
to the laws and court decrees governing water rights, measurements
of stream flow, diversions, and return seepage. It was deemed
advisable to include also something showing the results of irrigation
in the three States, and crop returns were therefore collected. In
order to discuss interstate questions intelligently, a preliminary study
of the legal systems of the several States was necessary. This dealt
with the methods of acquiring rights, methods of determining rights,
provisions for their enforcement, and the nature of rights.

The method of acquiring the right to take water from a stream in
Colorado consists essentially in providing the means of conducting the
water to the point of use and taking the water. The method in
Wyoming and Nebraska consists in making application to the State
authorities, receiving a permit to construct works and divert water,
putting the water to use,and submitting to the State authorities proof
of the construction of works and tbe use of the water. As the result
of these methods rights in Colorado are in the first place indefinite as
to extent or nature, while in Wyoming and Nebraska they are limited
by the terms of the permit granted by the public authorities. Since
rights are indefinite in Colorado it became necessary to provide for
their defining, and this is done by the courts under a special form of
procedure provided by law. This procedure takes the form of a con-
test between individual appropriators, the State being unrepresented
in the contest. As a result the courts have decreed rights to volumes
much larger than have been used, and in many cases larger than the
canals can carry. Under the administrative procedure in Wyoming
and Nebraska such excessive rights have not been recognized.

In each of the three States water is distributed by public officials,
the systems in the three States being essentially the same.

In each of the States priority is recognized, and in order that the
right may be maintained it is necessary that the use of the water be
continued; that is, no one can hold water unused or maintain his right
to water for a period of years without having put it to a beneficial use
or provided for its use by some one else. The courts of Colorado
have decreed to appropriators in that State rights to fixed quantities
of water, and these rights may be transferred from one party to
another, and the use to which the water is put and the place of use
may also be changed, provided others are not injured by the transfers.
In Wyoming an appropriator acquires a right to sufficient water for a
given area within a fixed limit of quantity, and this right may be
transferred under certain limitations defined by statute. Rights in
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Nebraska are similar to those in Wyoming, with the exception that
the rights are inseparably attached to a particular tract of land
Neither Colorado nor Wyoming recognizes riparian rights, while
Nebraska recognizes them to a certain extent. Under the decisions
of the Nebraska supreme court lands acquired from the General
Government previous to 1889 have riparian rights, while those
acquired since that time have no such rights. Alongside of this
riparian right has existed the right to divert water from streams for
irrigation, and as between riparian rights and rights acquired by
appropriation, priority governs, as it does between different rights
acquired by appropriation. The riparian proprietor has not, how-
ever, the right to restrain diversions, but merely is entitled to dam-
ages occasioned by the diversion of water.

The differences in the nature of the rights in the three States are in
theory important. Under the Colorado doctrine, that the appropri-
ator has a right to a fixed quantity of water, any decrease in the needs
of the land or economy in use leaves the appropriator a surplus, which
he can apply to new lands or dispose of to others, while under the
Wyoming and Nebraska doctrine any surplus of water arising from
decreased use belongs to the State, to be disposed of in the same man-
ner as unappropriated water.

The recognition of the ownership of water, apart from any par-
ticular tract of land in Colorado, makes it possible for rights to
accumulate in the hands of those who hold them, for the purpose
of disposing of water to others rather than for their own use. To pre-
vent abuses of this right, the Colorado constitution provides that
county commissioners may fix rates which may be charged for the use
of water.

Each of the States recognizes priority as between appropriators
within its own limits, and the courts of Wyoming and Nebraska, as
well as of several other States and the United States courts, have
declared that priorities should be recognized regardless of State lines.
Assuming that priorities are to be recognized regardless of State
lines, we have rights differing essentially in their nature along the
same stream. If an appropriator from the South Platte in Colorado
does not need for the land which he has been irrigating all the water
to which he has a right he may apply the surplus to new lands or
transfer it to another party, while, under similar circumstances, the
Nebraska appropriator from the same stream must allow the water to
remain in the stream for later appropriators. The effect of this dif-
ference from an interstate standpoint is that improvements in practice
and the natural decrease in the needs of the lands now irrigated in
Colorado will not increase the supply of water for Nebraska since it
will be used upon new lands in Colorado. If the Nebraska doctrine

30620—No. 158—06——5
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held in Colorado, this decrease in the needs of the lands in Colorado
would go to the stream to supply later rights whether they were in
Colorado or Nebraska.

However, physical conditions and the order in which rights have
been acquired make these distinctions in rights of little consequence
at present. The nature of the country along the North Platte in
Colorado is such that the use of water there can not be enlarged to the
injury of Wyoming appropriators from the same stream, and the same
thing is very largely true regarding the country along this stream in
Wyoming. There is very little land along the North Platte in Wyo-
ming which can be irrigated except in the region immediately above the
State line. There is a possibility of an increased use which would in-
jure appropriators in Nebraska, but the nature of the rights in these
two States is essentially the same, the appropriator in each State being
entitled to only sufficient water for a given area.

There arc rights to water from the South Platte in Colorado earlier
than any rights in Nebraska sufficient to entirely exhaust the stream,
and the flow of the stream has in fact been entirely used in Colorado
for many years, while there is up to the present time very little irri-
gation along the South Platte in Nebraska. Measurements of return
seepage given on pages 48-50 show that the volume of water in the
lower section of the stream in Colorado is increasing year by year and
practically all the water received by appropriators in Nebraska, except
during floods, is return seepage water. As the volume of water in
this section of the stream increases, irrigation is being extended, and
this will in turn increase the seepage farther down, so that there is
every prospect that the supply in Nebraska will grow better.

Physical conditions are such that there is little likelibood of any
conflict between appropriators in the different States on the North
Platte and the South Platte, except in the immediate neighborhood of
the State lines. Here there will be the same opportunity for conflict
as there is between canals heading close together within the States.
At present there is no provision for the settling of such conflicts except
through the courts. Each State has officials charged with the distri-
bution of water within its limits, but none of these officials has any
authority outside of his own State. Tbe interstate question on she
South Platte comes down then at the present time to a question of dis-
tribution. Provision should be made for some officials or boards with
interstate powers.

A study of the operations of the California irrigation district law
was made in 1904 by Mr. Frank Adams (see p. 96). Mr. Adams
made a study of the history and present conditions of the Modesto and
Turlock irrigation districts. These districts were originally organized
against strong opposition and have gone through unsuccessful attempts
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to construct works and attempts to repudiate their bonds, and bave
finally completed their works and begun operations. Modesto district
contains an area of 81,143 acres and has a bonded indebtedness of
$17.10 per acre. Turlock district has an area of 176,210 acres and a
bonded indebtedness of $6.81 per acre. The California district law
requires that the water of the canals belonging to the districts be dis-
tributed in proportion to the assessments paid. Town property as
well as farm property is subject to assessment, and a strict enforce-
ment of the law would place in the hands of those who had no use for
it the right to a large part of the water supply by the district canals.
In these districts no attempt has heen made to enforce this law, but
the water is distributed in proportion to the acreage irrigated. A
system of rotation has been adopted, so that each irrigator receives a
good stream of water, the length of time which he receives this stream
being apportioned to the acreage irrigated. This system has so far
proven satisfactory, but its continuance will bring about strong oppo-
sition to the enforcement of the law when the demand for water
becomes so strong that every taxpayer in the district demands his
share. At the suggestion of Mr. Adams the districts have adopted a
system of records which will show the quantity of water received by
each farmer and the time when he receives it. These records will
form a basis for an intelligent consideration of a new system of dis-
tributing water when there is a demand for an enforcement of the law.

Mr. W. F. Bartlett, of this Office, was detailed for the season of
1904 to work in cooperation with the State engineer of Idaho. He
was commissioned water master for the Raft River, a stream which
rises in Utah and flows into Idaho. The State of Idaho enacted a law
in 1903 providing for the distribution of water by State officials, and
Mr. Bartlett’s work was to make a study of the operation of this new
law from the standpoint of one cbarged with its enforcement. His
chief difficulty was one of detail. The law requires that appropriators
shall put in measuring devices and provides that in case they fail to do
so these shall be put in by the water commissioner and the costs
assessed against the ditch owners. Mr. Bartlett found a great deal of
opposition to the putting in of these hoxes by the ditch owners and a
disinclination to pay the bills assessed against them when the measur-
ing devices were put in by the water commissioner. This state of
affairs compels the water commissioner to carry the cost of installing
the measuring devices for two or three months and take the chances of
his bills being disallowed by the county commissioners, and Mr. Bart-
lett points out the necessity of amending the law regarding this mat-
ter in such a way that either the State or the county will carry tbis
expense until it can be collected from the ditch owner. Asabove
stated. Raft River is an interstate stream, and the courts of both Utah
and Idaho have declared in favor of the recognition of priorities
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regardless of State lines. There is here the same difficulty that exists
on the Platte River, that there are no officials with interstate powers.

In connection with a study of irrigation practice in the Imperial
Valley, California, Mr. Roadhouse, of this Office, made a study of the
organization of the mutual companies controlling the laterals which
supply this valley with water. The company owning the canal and
lands gives to each purchaser of land and water for each acre a share
of stock in the company controlling the lateral which will serve the
land purchased. The holders of this stock control the affairs of their
laterals, making assessments to cover the expenses of maintenance and
operation. This same plan of organization is in some instances
extended to the sublaterals, the water users organizing in this way for
the cleaning and general maintenance of their small ditches. The
same system is found in the Arkansas Valley in Colorado, where it
has proven very satisfactory. It puts upon the farmers the responsi-
bility for the condition of their own lateral ditches, thus removing
one very fruitful source of friction between the farmers and the canal
management. Mr. Adams recommends the same system for the
Modesto and Turlock districts in California.

A study of the laws of Montana has been made by Professor Fortier,
of this Office, and the report of his work is now in hand.

The operation of the irrigation laws of Nevada has been studied by
Mr. J. D. Stannard, formerly of this Office, and Mr. A. E. Chandler,
formerly State engineer of Nevada.

In November, 1904, at the request of the Department of Justice,
Dr. Elwood Mead was detailed to assist in protecting the interests of
the Government in the litigation over the water rights of the Arkansas
River, this being an interstate case of great importance to which the
Government is a party. This case is to determine the rights of irri-
gators in different States to the water of an interstate stream. The
principle established here will govern similar cases throughout the
arid region, and will have an important influence in shaping further
developments.

IRRIGATION IN THE HUMID SECTIONS.
RICE IRRIGATION.

The water used on several fields in the rice districts of Louisiana
and Texas was measured during the seasons of 1903 and 1904, and it
is found by comparing the results of these measurements with those
made in 1901 and 1902 that the tendency is to use less water than
formerly. It is found that a deep covering of water prevents the
proper warming of the soil by the sun's rays and produces spindling
plants, which are easily blown down by the wind. In many places
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the 1ice grown on levees and other high ground is better than that
on the lower parts of the fields, where the water stands continuously.
For these reasons the tendency is toward the use of less water. This
conforms to irrigation practice of northern Italy, where it is seldom
that the water covering is more than 2 or 3 inches deep. The follow-
ing table gives a suinmary of the measurements of the water used in
rice irrigation for four years:

Nununary of resudts of measurements of the amount of water used in rice irvigation for the
years 1901, 1902, 1903, and 1904.

Depth ! pit roral E ‘ | Average
. . I n-  Total EvVApora- .. denth a <o evapora-
Yeur. | Location of station. ,J:I::ul | fall. depth. tion. | Netdepth.a  Season.b ti0|§per
| : day.
: Inchu.l Inches. Inches.! Inchez [ Inches. Duays. I Inches.
1901 ¢ I Crowley, La............ 't 16.47 | 10.04  26.51 14 | 12.04 63 ! 0. 230
1901¢ .| Ray cereenendl 5| .15 . I . 12,78 1, . 226
1902 11.08 13.34 91 . A2
19024 . . 7.10 I 19.21 | Il 150
1903.... Estherwood, La........ 12,67 19.00 15,98 . [ .160
1903....! Eagle Lake, Tex....... 7.37  13.46 7.56-11, 32 &4 | 7
1904....! Estherwood, La........, 501 1852 8. 62 9l | 164
1904} Crowley, La ..... | 5440 20054 12.6x o 136
1904....? Nottoway, Tex 1412 19.97 15.84 119 ‘ 153
Average ... 13.79 1432 €13.32 .......... 162

a Water absorbed by soil and taken up by rice plants.

b Number of days in which rainfall and evaporation were mensured.
cU'. 8. Dept. Agr., Office of Experiment Stations Bul. 113.

dU. S. Dept. Agr., Office of Experiment Stations Bul. 133.

e Using the mean of No. 6.

Analyses of water used in vice irrigation.—Many of the streams along
tlie Gulf coast have so little fall that a slight lowering of the water by
pumping produces an inflow of salt water from the Gulf. This inflow
of salt water begins long before the supply of fresh water is exhausted.
In 1902 a drought lowered the water level in the river and large quan-
tities of salt water were run on the rice fields in their irrigation. It
was found that young plants were killed by this salt water, but fields
which had made a good growth were benefited by its use. It was
feared, however, that the use of this salt water would bring about an
accumulation of salt in the soil which would prove harmful in the
future. The results of 1903 and 1904 have proved this fear to be
groundless. The heavy rains of those years have so thoroughly
washed out the salt that no difference could be ohserved hetween the
fields irrigated with salt water in former years and those which have
received none but fresh water. It is not considered advisable, how-
ever, to use salt water except in cases of extreme necessity.

A number of samples of water used for rice irrigation were analyzed
to determine their salt content. The results of these analyses follow.
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Water analysis for irrigation inrestigation.

[Parts per million.]
Labo- ' !
nt}ory ! Location. Si0..| 804 , HCO,. CL Ca. ’ Mg. K. ' Na.
No. . |
| | ! i
1873 Halfway between Lowry ! | | |
and Houckts, La ....... 9.0 263.7 20.3 | 1,846.0 46.4 | 110.9 : 85.7 | 1,048.0
1874 Center of (-ra.nd Lake, ‘ R
| O 8.0 327.2 ‘ 80.3 | 2,237.5 52.1 146.7 82.211,259.9
1875 Sea side ot Mermentau [
.................... 6.81,799.2 146.7 | 12,896.0 | 297.1 | 832.4 | 231.4 6,856.4
1876 Lower end of Grand '
R . 8.0 363.9 | 83.3 | 2,535.4 46.4 ' 162.9 53.6 1,434.7
1877 Lpper side of Mermen- | '
taudam................ 7.0 979.6 95.4 | 8§,552.0 | 222.1 " 5H91.8 | 1656.7 ' 4,566.4
1878 Center of Lake Arthur, |
...................... l 11.6 247.2  27.27 1,704.0 42.1 | 105.2 38.8! 961.9
1879 Mermenwu Bayou, Mer- ' '
mentau, La ............ 14.0 87.7 2.2, 7810 21.9 46.7 21.5 429.7
1880 Upper end of Grand ! | :
| ke, La ............ ...t 8. 290.1 80.3  1,974.9 52.9 | 126.2 32.2 1,110.0
1881 + Center of Mud Lake...... 10.8 966. 3 99.2  6,37.0  171.4 | 439.4 129.6 3,908.3
1882 Mermentau Bayou, ' . !
mouth Bayou Quene . ! ‘
de Tortue .............. 15.2 90. 7 86.3 ! 710.0 22,9 44.3 14.2 398.2
Bayou Quene de Tortue ! |
at Lichtenstein plant: | |
1885 6feet........... . 12.0 197.0 15,1 1,455.5 . 60.0 98.2: 29.4 781.5
1886 | | 20feet ....cocennennnnn 10.6 193.7 18.2 7 1,349.0 41.4 82.9 29.4 763.0
1883 | Well, sec. 10, T. 11, R. 7 ..| 15.4 101.0 | 284.6 | 57.0’ 46.4 19.4 3.1 100.2
1884 ¢ hnglish Bayou ...... .... 18.0 9.0 39.4 4.0, 5.7 6.5 2.6 7.5
From J. A. Myery, Guey- l ‘
2024 | dfeet... ... 67| 40| 212 { 8.0, 86| 57, 4.2 .6
2025 | 21 feet . .oieiiiennnnns 6.5 3.5 24.2 i 80.0 | 6.4 5.4 1 4.0 42.7
|
Labo- ) H_\'pothetical combination.
ratory Location. - - ==
No. Ca(HCOu)'_'.; CaS0,. ‘ MgSO. i . NaCl. | KCL | SiO;.
f ' ,
1873 | Halfway between Lowry | l
and Houckts, La........ 40, 2 124.1 220.1 264.5 ' 2,664.0 | 6%.1 9.0
1874 Center of Grand Lake, La. 40.2 | 143.5 282.4 356.5 1 3 201.8 | 61.5 80
1875  Sea side of Mermentau |
dam.........oooal | 194.8 846.8 1 1,502.0 | 2,103.6 17,500.5 ; 441.7 6.8
1876 , Lower end of Grand Luke |
...................... ! 14.2 120.7 ! 348.4 368.5 ' 3,646.0 | 102.4 8.0
1877 Upper side of Mermentau | | ‘ |
dam.. ..ol 126.7 648.7 662.1 | 1,824.5 | 11,604.7 : 316.8 1 7.0
1878 Centerof Lake Arthur, La. 36.1 112.9 209. 4 219.5 | 2,444.4 | 74.1| 1.6
1879 Mermentau Bayou, Mer- |
mentau, La ............. 36.1 64.6 52.6 143.1  1,079.3 ., 41.0'! 140
1880 Upper endof Grand Lake.
...................... ! 40.2 146.2 233.6 314.3 ' 2,820.8 | 61.5 8.2
1881 Centerof Mud Lake....... 131.7 472.3 | 791.1 696.5 9,932.2 | 247.4 | 10.8
1882 [ MermentauBayou,mouth I
. Bayou Quene de Tortue. 48,2 37. 4 80, 4 111.6  1,012.0 ¢ 27.1 | 15.2
Bayou Quene de Tortue
at Lichtenstein plant: | i
1885 [ (T SO 20.1 153.0 13! 300.1' 1,98.1! 6.1 120
1886 20 FECteeerenennnnann.. 24.2 95.4 | 167.1 195.7  1,939.1] 56.1| 10.6
1883 | Well, sec. 10, T.11, R.7.... IRT.9 i i [N ! 89. 4 | 59| 154
1881 ! Fnglish Bayou............ 231 ...l 1.2 ....... . 19.1 5.0 | 180
From J. A. Myers, Guey- , I
dan, La.: !
2024 dfeet il 32.1 2.4 | 2,9 | 20.2 100.7 ¢ 8.0 6.7
2025 ‘( 21 feet.vnnnninnninnn.. 25,9 ...l 4.4 14.2 ! 108.5 1 7.6 6.5

These analyses were made

under the direction of Mr. J. K. Hay-

wood, chief of the insecticide and water laboratory of the Bureau of

Cbcmistry of this Department.

ing the interpretation of these analyses says:

A letter from Mr. Haywood respect-

The approximate quantity of the various salts, especially sodium chlorid, which

are injurious to rice has not, to my knowledge, been determined.

1t is well known

that rice can stand more sodium chlorid than most crops, but how much more I am
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unable to state. I can therefore only give you interpretations based on the action
of irrigation waters upon crops in general, and for this purpose will divide the
waters into those that I am reasonably sure are very poor, those that are surely
good, and those which under some circumstances might be good and under other
circumstances bad.

1 would say that the salt content of waters 1873, 1874, 1875, 1876, 1877, 1878, 1880,
1881, 1885, and 1886 is such that they would be pretty sure to cause trouble in a
comparatively ghort time. Waters 1883, 1884, 2024, and 2025 could be used, espe-
cially in a moderately humid climate, without any fear of damage to crops. Waters
1879 and 1882 could very likely give good results in a moderately humid climate and
on a light, loose soil, but in a very dry climate or upon a heavy clay soil they might
cause damage in the course of time.

You of course understand that the above remarks only apply to these waters as
they would be used in general irrigation practice. What effect the rains, which are
to be expected in a climate like Louisiana, would have upon relieving the evil con-
ditions caused by such waters as I have indicated as *‘ poor’’ above, I am unable to
state. :

On the Mermentau River an attempt has been made to improve the
water supply by damming out the salt water during the times the
river is lower than the water in the Gulf and holding up the fresh
water when the flow is toward the Gulf. The dam on the Mermentau
was completed during the season of 1904, and to its existence is attrib-
uted the saving of the crop, as salt water entered the other streams so
early as to make it impossible to secure sufficient fresh water for the
complete irrigation of the rice.

The construction of this dam has called attention to the need of laws
for the assessment of the cost of such works against those henefited.
As originally planned, the Mermentau dam was to be paid for by
voluntary subscription, but, as is usual in such cases, a number of par-
ties benefited have refused to contribute to its cost. The estimated
cost was greatly exceeded, and it was found impossible to raise the
money by voluntary subscriptions. An appeal was made to the legis-
lature of the State of Louisiana, and an act passed which created a
board of commissioners for the Mermentau levee district, authorizing
‘the following taxes: A tax of 2.5 cents per sack of rice raised by
means of water from the Mermentau and its tributaries, and a similar
tax on cotton, sugar, fruit, ete.: a tax of 10 mills on all property sub-
ject to taxation for levee purposes, the tax not to exceed 2.5 cents per
acre on all lands subject to irrigation within the levee district, and $50
per mile for all standard-gauge railroads within the district.

Common carriers were prohibited from receiving or removing
produce on which the taxes were not paid. The law authorized the
board of commissioners.to issue bonds to the amount of $200,000 to
be used for work done or in the purchase of levees, locks, and dams
within the district. A commission was appointed, but has never
met. An injunction has been granted enjoining the board from per-
forming any of the functions or exercising any of the powers con-
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ferred upon it hy law, or in any way attempting to carry into effect
the provisions of the law. It would seem that some general law pro-
viding for the organization of districts similar to irri:ation or drain-
age districts in other States would be preferable to such special laws
as this. In such districts in other States only the tax on land is
levied and only such a tax is considered good security for the bonds
issued. The passage of such a district law, under which the cost of
dams to keep out the salt water and other improvements could be
equitably assessed against the lands benefited, would greatly promote
the rice industry by putting within the reach of those communities
a convenient means of raising money for the construction of these
works.

The success of rice growing in Louisiana and Texas has led to
experiments in its culture in other sections, particularly in the State
of Arkansas. This State contains large areas of level prairie lands
which have not been successfully farmed with other crops. They are
very wet during the spring, but during the late summer and fall are
very dry. For several years farmers in the vicinity of Lonoke have
been experimenting with rice, and during the season of 1904 this
Oftice, in cooperation with the Arkansas Experiment Station, con-
ducted an experiment in the vicinity of Lonoke to determine the
possibility of profitably raising rice on the prairie lands. Ten acres
were broken up and prepared for planting, a well was dug, and a
pumping plant purchased and installed.

An S-inch well was sunk on the experimental plat. Water was
struck at a depth of 70 feet and the well penetrated the water-bearing
strata 44 feet, making the total depth of the well 114 feet. The water
rose to within 27 feet of the surface and was lowered but little by
pumping, showing that there is a good supply at this depth. The well
cost $4 per foot, including casing and strainer, making the total cost
$456. The pumping plant consisted of a 20-horsepower boiler and an
18-horsepower throttling center-crank engine and a No. 4 centrifugal
pump. These, with all the accessories, cost $858.59. The shed cover-
ing tne pumping machinery cost $90, making a total cost of $1,404.59.
Eight acres were planted and watered. Owing to the wet spring a
part of this land was seeded so late that part of the crop did not mature,
and part of that which did mature did not fill properly. The crop from
3 acres was not thrashed, and that trom 5 acres was poorly thrashed,
owing to trouble with the machinery. The average yield estimated
from the part of the crop which was thrashed was 64.6 bushels per
acre. Those in charge of the experiment are of the opinion that in
irrigating the rice some mistakes were made, accounting in part for
the poor vield. It is hoped that a continuation of the experiment
through another year will give more satisfactory results.

Mr. W. H. Fuller has put in a pumping plant for the irrigation




REVIEW OF THE WORK OF THE YEAR. 73

of rice near Carlisle, Ark. Mr. Fuller has a 10-inch well 140 feet
deep, a 6-inch centrifugal pump, operated by a 25-horsepower engine,
and a 35-horsepower hoiler. The cost of Mr. Fuller’s plant was as
follows:

Cost of pumping plant of W. I, Fuller.

Pumping plant and accessoriesand well_..._..... ... ... $1,782.35
Rice binder ... ... i 135. 00
Total investment . ... oo i, 1,917. 35

The annual expense for pumping plant, including fuel, oil,
repairs, and attendance ... ... ... iiiiiiiiiiaaa... 405. 40

Field expenses, including plowing, seed, seeding, harvesting,
thrashing, ete... ... o .. 804. 75
Interest on investment... ... ... ... .. .. ..ol 134.21
Total ... iiiiiiiicaaaan 1, 344. 36

This pumping plant served 70 acres during the season of 1904.
The investment therefore amounted to $27.39 per acre, and the annual
expense was $19.21 per acre. The plant is considered sufficiently
large to serve 100 acres, and on this basis the investment is $19.17
per acre, and the annual expense $13.44 per acre. The yield of 70
acres planted in 1904 was 5,225 bushels, or 74.6 bushels per acre.
The cost of raising 1 bushel of rice was therefore 26 cents.

CRANBERRY IRRIGATION.

In cooperation with the Wisconsin Experiment Station, this Office
in 1904 worked to determine the relations of frost to water conditions
in the cranberry marshes of Wisconsin. The United States Weather
Bureau has established stations in the cranberry-growing region for
the purpose of predicting frosts, and this Office is at work to deter-
mine the measures of protection needed when frosts occur.

The experiments of the past year included treatment of the soil,
drainage, and irrigation. It was found that on land which was well
sanded temperatures remain much higher during cold nights than over
undrained sections of bogs. This was strikingly illustrated during
the month of August. Over the undrained hogs the temperature
went to freezing or below, while on the sanded places it was nowhere
less than 34 F. above, as will be seen by the following table:

Temperatures over ordinary bog and sanded plats during August, 1904.

’ Day of  Ordinary = Sanded

month, bog. plats, |
‘ °F, oF.
i 32,0 43.0
| s 26.0 3.0
22.. 30.5 40.0
| 30.0 | 37.0
' 32.0 36.5
28,5 37.0

|
|
|
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The following table, giving hourly temperatures on drained and
undrained bogs during the night of August 22-23, shows the effect of
drainage in preventing frost:

Temperatures over drained and undrained bog.

| Drained Ordinary
plat. bog.

Hour.

OF. ©OF.

EERILIR’
SnwoCcovo
BRBEREE
AR E—1 U]

While sanding and draining tend to keep up the temperature over
bogs, the only sure protection against frost is flooding. Where vines
are flooded they are apt to be injured unless the water is drawn off
quickly when the temperature rises. Hence effective frost protec-
tion requires such control of the water supply as will permit of the
quick flooding of vines when cold weather sets in and the quick and
complete removal of water when it ends. The work of this Office is
being directed to working out the proper arrangement and size of
supply and drain ditches to accomplish this result.

The water for flooding cranberry marshes is secured principally
by storage, and this storage is accomplished chiefly by building dams
or dikes across the slope to hold the water from larger areas of marsh
above. These dams are usually constructed of peat, taken from the
adjacent bog, and sand when it can be found within hauling distance.
A dam of this kind 18 feet wide at the base, 10 feet wide at the top.
and 4.5 feet high, was constructed at an expensc of $3.95 per running
rod. This dam later had a sand facing put on it at an expense of
approximately $2 per running rod. A part of the peat used in the
construction of the dam was taken from the inside of the reservoir,
hut it was found that removing the peat greatly increased losses from
seepage. -

The slope of the marshes is naturally slight, and the reservoirs
created by building dikes across the slope are shallow, and there are
great losses from evaporation. The loss from this cause during June
and July, 1904, amounted to 13.82 inches, or a lowering of the water
level during the season of between 1and 2 feet. This large evapora-
tion from a reservoir having an average depth of not more than 2 or
3 feet means the loss of a very large proportion of the total supply.
The growing of vegetation within the reservoir is considered by some
as a protection against this loss, but it is probable that the water
given off by the leaves is equal to that which would be lost from an
open-water surface. Increasing the depth of reservoirs decreases the
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percentage of loss by evaporation, but in the sandy soils of this
region it is apt to increase the losses by seepage. Some practical
method of checking seepage losses will be of great help to water stor-
age in the cranberry districts.

IRRIGATION IN PORTO RICO.

In the southern and southeastern portions of the island of Porto
Rico irrigation is necessary to the raising of crops, and in many sec-
tions irrigation systems can he installed at a small outlay. In those
sections irrigation will doubtless soon become an important factor in
agriculture.

In the greater part of the island the rainfall is ordinarily sufficient
for crops, but almost every year there is a period when the growth of
¢rops, especially vegetables, fruits, and sugar cane, is checked by lack
of sufficient rainfall. In cooperation with this Office the Porto Rico
Experiment Station is testing irrigation on a part of the station farm
at Mayaguez. This farm had previously been irrigated, there being
remains of a diverting dam and of ditches covering the land. In 1904
experiments were made in the irrigation of sugar cane, grapes, toma-
toes, eggplant, celery, cabbage, melons, and other truck crops.
Ground has been prepared for the irrigation of lowland rice. Thirty
or forty acres will be irrigated when the system is completed. Several
SUgar growers on the island have signified a desire to cooperate in
experiments in the irrigation of sugar cane, and during the coming
year such experiments will be carried on.






IRRIGATION IN SANTA CLARA VALLEY, CALIFORNIA.

By S. FORTIER,
Irrigation Engineer in charge of Pacific District.

INTRODUCTORY. ¢

.

Santa Clara Valley is the most important agricultural center in the
neighborhood of San Francisco Bay. Beginning at the southern
extremity of the bay with a width of 20 miles, the valley extends
southward for 70 miles, narrowing to a few hundred feet 11 miles
south of San Jose, the principal city in the valley, but widening again
below that point as it extends southward into San Benito County. On
the west the Santa Cruz Mountains separate it from the coast, some
40 miles away, and on the east a portion of the Coast Range lies
between it and the San Joaquin Valley. The valley is drained toward
San Francisco Bay by Guadalupe and Coyote creeks and their tribu-
taries, and in its southern end toward Monterey Bay by several minor
streams. As described by Profs. E. W. Hilgard and R. H. Lough-
ridge, of the California Agricultural Experiment Station, it has a
somewhat undulating surface, is dotted with clumps and groves of
oaks, and has lands of black adobes on the northern or lower portions
and lighter sandy or gravelly loams where the elevations are slightly
greater. [Excepting in the salt-marsh region near San Francisco Bay
the valley proper is throughout highly cultivated, being devoted to
the numerous deciduous fruits common to California—most largely to
the prune, for which it has long been a leading center in this country.
The yields of its fruits, and consequently the value of its orchards and
vineyards, are high; its farm homes are widely known for their taste
and comfort and for the convenience of communication and general
orderliness which they possess. Besides the city of San Jose, with
something over 22,000 inhabitants, it contains such prosperous town
centers as Santa Clara, Los Gatos, Campbell, and Saratoga, making
altogether a well-settled, well-utilized section. Its peculiarly sheltered

a Most of the field data pertaining to the duty and cost of water in the Santa Clara
Valley were gathered under the writer’s direction during the season of 1904 by Mr.
F. H. Tibbetts, then a senior student in civil engineering in the University of Cali-
fornia and now an instructor in hydraulics in the Lick School of Mechanical Arts in
San Francisco. Mr. Tibbetts has also assisted in the preparation of this report for
publication.

‘ol
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location with reference to San Francisco Bay conditions, however, as
well as the peculiar conditions of soil, climate, and markets, its social
advantages, and its people, give it a character somewhat different from
what would usually be termed an average for California, although in
its net results, as measured in the prosperity and intelligence of its
people, numerous other sections of the State are readily comparable
with it.
SOURCES OF WATER SUPPLY.

The water supply of Santa Clara Valley is derived from two dis-
tinct sources, namely, from streams and from wells. The water from
the streams is used for the most part from January 1 to March 31 «f
each year, under the usual designation of ‘' winter irrigation.” Tle
water pumped from wells comes from the water-bearing sand ar d
gravel beneath the surface, and is applied after the winter rains ha- e
ceased—that is,in ‘‘summer irrigation.” The practice of using creck
water in winter and the necessity for pumping water from wells in
summer follow naturally from the fact that the creeks which drain
the basin furnish a supply only during the rainy months of winter
and spring.

For a period of nineteen years the mean annual precipitation at the
town of Santa Clara was 16.06 inches, but of this total, 10.90 inches,
or two-thirds, fell during the four months of December, January,
February, and March. At the same place and for the same period
the average rainfall from June 1 to September 30 was less than one-
bhalf inch. This uneven distribution of the annual rainfall might not
cause so much difference in irrigation practice if a part of the pre-
¢ipitation could be withheld in the form of snow on high ranges;
but on account of the mild winter climate and the low elevation of
the Coast Range there is no snow, and only that part of the moisture
which percolates into the soil and subsoil is held back. The orchard-
ists might construct storage reservoirs and thereby retain a portion
of the winter flow of the various streams of the valley, but experience
has taught them that wherever the soil of the valley is deep and
retentive of moisture a large amount of water can be stored therein.
A reservoir formed by the open space in the subsoil beneath a culti-
vated orchard may not be the most effective, but it is very likely to bhe
the least expensive and most convenient.

The experience of a large number of fruit growers during the past
few years has clearly shown the feasibility and economy of winter
irrigation. In consequence of this, creek water, which possessed little
if any value ten or twelve years ago, being then permitted to flow
unused to the bay, is now eagerly sought for and is yearly increasing
in value. Of late years a large number of new ditches have been dug
and existing gravity plants extended, so that now almost the entire
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winter flow of these various creeks is utilized. If the flow in the
creeks were more plentiful, and if all the irrigable land were low
enough to be readily reached by gravity canals, the need of pumping
for irrigation would not be so urgent as it now is and the practice of
winter irrigation would be greatly extended. Many would gladly
irrigate in winter if water were available, because even if they pre-
ferred summer irrigation they would get along with a winter supply
for the sake of saving the expense of purchasing and installing a
pumping plant, as well as the extra expense for fuel, attendance,
repairs, etc., incurred each season by raising the water supply from
the wells. Few, however, have any option in the matter. The supply
of water in the creeks is not sufficient for all, and much of the culti-
vated land is too high to be reached by gravity ditches from the
creeks. Some of the most valuable land in Santa Clara Valley is thus
located, and its owners must either pump water, purchase a supply
from their neighbors’ pumps, or do without irrigation.

The orchardists of the Santa Clara Valley may therefore be grouped
under four heads: (1) Those who depend solely on winter irrigation
and who obtain their supply from the creeks; (2) those who pump
water either from the creeks or from wells; (3) those who purchase
water each season from a neighboring plant; and (4) those who do not
irrigate at all. These four groups, and particularly the first three,
are not distinct. It frequently happens that an orchardist uses water
from a creek ditch in winter or spring and from a well in summer.
If the annual rainfall is heavy and the streams consequently high he
may not start the pump during an entire season, keeping it rather as
an insurance against drought in dry seasons. On the other hand, in
dry seasons he may get little water from his usual creek supply and
be compelled to depend entirely on pumping. Quite often a supply
from a pump mingles with that from a creek. As regards the fourth
group, some use no irrigation water from choice, others from neces-
sity. Some are so situated that if they would obtain water they must
raise it 100 feet, and the present low price of prunes will justify the
cost of doing this in only a few cases.

The extent of the annual rainfall at Santa Clara has already been
indicated. The precipitation there is representative of the precipita-
tion throughout the main floor of the valley. In the foothills, how-
ever, it is considerably greater, being heaviest in the wooded sections
of the Santa Cruz Mountains, from which most of the water supply is
derived. :

ORCHARD IRRIGATION.

The rainfall during the dry year of 1898 was a trifle more than one-
half the normal. The year previous was likewise one of scanty water
supply. These twodry years coming in succession, followed by others
of medium precipitation, compelled a resort to irrigation, and thus
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stimulated, a majority of the orchardists have come to count on irri-
gation as they count on cultivation. Previous to the dry period
beginning in 1898 a limited area was winter-irrigated with water
obtained from the creeks, but the prevailing sentiment was opposed to
irrigation. The opposing sentiment was fostered by real estate men
and others who, with land for sale, desired to create the impression
that irrigation was unnecessary in their locality. The benefits result-
ing from a wise use of water in this valley have now, however, been
clearly demonstrated. Some of the most apparent of these to the
fruit grower have been the superior quality of the fruit produced, a
greater regularity in bearing, and, more particularly, a large increase
in yield. That these results have been obtained is admitted by nearly
all fruit growers in the valley, and the conclusion seems also to be
borne out by investigations made for the Office of Experiment Sta-
tions by Prof. E. J. Wickson, of the California Agricultural Experi-
ment Station (see pp. 141-174). In cases where fruit has been damaged
by irrigation the cause has usually been the application of too much
water or its application at the wrong time.

There is a wide difference of opinion among the fruit growers as to
the best time to irrigate and the proper amount of water to apply.
Those who are dependent on the flow in the creeks and who irrigate in
January, February, and March are apt to favor winter irrigation,
while those who own and operate pumping plants are inclined to think
that the advantages ure chiefly to be found in applying the water in
the late spring and early summer. In brietly comparing the advan-
tages and disadvantages of these two methods, it may be said that, as
regards the soil, the question hinges very largely on its depth and
texture. A deep, retentive soil will hold a large part of the water
applied in winter, and, being moist from frequent rains, will readily
absorb what is applied on the surface. Porous, gravelly soils and
subsoils, on the other hand, will lose by percolation much of the
moisture applied, and such soils should be irrigated in the spring and
summer, when the crops are in most need of moisture. In consider-
ing the loss by evaporation and percolation there is no decided net
gain either way. Much of the water applied in summer from pump-
ing plants is lost by evaporation, but probably.very little, if any,
drains from the soil. A large part is quickly ahsorbed by the trees.
In winter irrvigation the rate of evaporation is much less, but the time
during which it acts is very much greater. Also, much of the water
applied in winter undoubtedly drains away before the trees are able
to make use of it. In comparing the cost of the two methods, the
advantages are all in favor of winter irrigation. Creek water is
cheaper and more plentiful, and there is a saving in labor, since less
cultivation is required after each irrigation in winter than is required
after each irrigation in summer.




IRRIGATION IN SANTA CLARA VALLEY, CALIFORNIA. 81

THE APPLICATION OF WATER PUMPED FROM WELLS.

Water is applied to the orchards in furrows, in basins, and by flood-
ing. The furrow and basin methods are used for water that is pumped
from wells, while the flooding method is confined to low-lying, level
lands that are irrigated from the creeks. The latter method is too
wasteful of water to he adopted by the fruit growers who are obliged
to use pumped water, and this discussion will be confined to the furrow
and basin methods.

FURROW METHOD OF IRRIGATION.

The practice of furrow irrigation is gaining in favor in the Santa
Clara Valley. Many who formerly used basins have adopted furrows.
As a general rule, wherever conditions are favorable it is the most
satisfactory way of applying water to orchards. The most favorable
conditions are an even slope of from 10 to 20 feet to the mile and a
soil of fairly uniform texture. When the slope is less than 10 feet
per mile the size of the furrows should be increased, and when it
is more than 20 feet per mile the size of the furrows should be
decreased. The purpose of this adjustment is to reduce the flow on
steep grades by cutting down the cross section, and to increase the
size on flat grades to make up for the slow velocity. On very steep
grades the trees of the orchards should be planted on grade lines of
about 0.5 inch to the rod, in order to provide suitable slopes for the
furrows.

In soils that are not fairly uniform in texture, water can not be
evenly distributed by furrows. A strip of loose, porous soil, or a
pocket of sand lying between compact soils, will intercept the flow.
The result is uneven distribution and waste of water.

The number of furrows between the rows of trees varies in prac-
tice from 1 to 6, but is most frequently 4. For a light application of
water, many prefer a deep furrow in the center of the space between
the rows. This deep furrow, when made by a subsoiler, loosens the
soil to a depth of 15 inches or more. In running water through it
little is lost by evaporation, since it may be filled in with dry soil a
few hours after the water is turned off. When four furrows are made
between the rows they vary in depth from 5 to 10 inches and in length
from 500 to 3,000 feet.

The head ditches of the valley are made of the orcbard soil, and
openings are made in the lower bank to feed the various furrows.
There are a few exceptions to this. Some orchardists have provided
head flumes of lumber with holes in the side to distribute water to the
furrows. Others make use of short wooden tubes which are inserted
in the ditch bank opposite the head of each furrow.

30620—No. 158—06—=6



82 IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.

The amount of water turned into each furrow is much larger than
in furrow irrigation in southern California and varies all the way from
5 to 12 miner’s inches.

BASIN METHOD OF IRRIGATION.

For a fuller description of this method of irrigation, as well as of
the furrow method, the reader is referred to Bulletin 145 of the Office
of Experiment Stations?, which deals with methods of preparing land
and applying water. In a preceding paragraph the general state-
ment was made that under favorable conditions the furrow method of
irrigation is to be preferred. In this connection it is well to state that
some soils can not be successfully irrigated by furrows. In some
soils of Santa Clara Valley the lateral percolation is so slow that sur-
face flooding in basins is necessary. There are likewise cases where
the flow through a furrow might run for days and not get beyond a
sandy sump on its course.

1t is claimed by those who prefer basins that the top layer of soil is
the richest in plant food, that the rootlets of trees obtain much of
their supply from the ingredients it contains, and that in consequencé
the top layer should be amply supplied with moisture in order to render
this plant food available. On the other hand, there are some serious
objections to the basin method, which the fruit grower should strive
either to overcome, or, if that is not practicable, to lessen the injurious
effects of. One of the greatest of these is the loss of water by evapora-
tion from the moist surface soil and the consequent baking and
cracking of the surface. The next objection is the amount of labor
expended in preparing the basins to receive water, and, after it has
been applied, the subsequent plowing, leveling, and harrowing which
are necessary. As a rule, each irrigation calls for the twofold task
of building levees around small inclosures and of afterwards leveling
the surface to a uniform grade.

THE DUTY OF WATER UNDER TYPICAL DITCHES OF THE SANTA
CLARA VALLEY.

In order to afford an opportunity to compare the duty of water
under pumping plauts with that under gravity ditches a summary of
the results of measurements made on three ditches is herein intro-
duced. Prior to the time of making these measurements, in the early
part of 1904, little data could be obtained regarding either the capaci-
ties of the various ditches or the amount of water received by the
users.

The method followed in determining the daily flow of each ditch
was to insert a rating flume near the point of diversion or to use for

aU. 8. Dept. Agr., Office of Experiment Stations Bul. 145.




IRRIGATION IN SANTA CLARA VALLEY, CALIFORNIA. 83

this purpose a flume already in place. The elevation of the surface
of the water in each rating flume was obtained by a recording instru-
ment, and sufficient current-rieter gaugings were taken to enable
the investigator to make rating tables and compute from these the
daily discharge.

The acreage irrigated under each ditch was obtained for the most
part from the record books of the canal superintendents, and in doubt-
ful cases the owners were interviewed. Extreme accuracy as to the
extent of the land irrigated was not obtained, since both the acreage
irrigated and the flow in the creeks vary considerably from year to
year. The main purpose of this preliminary investigation was to
obtain reasonably accurate figures pertaining to the duty of water
under creeks, the waters of which were used for winter irrigation,
and to compare these figures with those obtained in connection with

pumping plants.
STATLER DITCH.

Statler ditch is one of four main ditches which divert water from
Los Gatos Creek, and is used to irrigate a portion of the orchards in
the vicinity of the town of Campbell. The association owning the
ditch, which is not incorporated, consists of ten individuals. The
surplus water is sold to outsiders, who paid in 1904 $15 per day of
twenty-four hours for a head estimated to contain 225 miner’s inches,
or 4.5 cubic feet per second, allowing 50 miner’s¢ inches as the equiv-
alent of 1 cubic foot per second. This ditch is between 4 and 5 miles
long, is from 7 to 10 feet wide, and from 2 to 4 feet deep. Its maxi-
mum discharge in 1904 was 60 cubic feet per second and its mean
discharge througbout the irrigation period of fifty days was 19.78
cubic feet per second. The area irrigated from this source from Feb-
ruary 27 to April 23, 1904, was 1,241 acres, and the annual rainfall
was 12.25 inches.

Duty of water undei- Statler ditch, 1904.

Duration of irrigation (February 27 to April 23).......... days.. 56
Areairrigated ... . ...l acres.. 1,241
Discharge of ditch. ... ... . .. ... ... ... acre-feet.. 1,961
Depth of water applied.... ... ... ... .. . ... ... feet.. 1.58

SOROSIS AND CALKINS DITCHES.

These ditches divert water from Campbell Creek at a point about 3
miles below the town of Saratoga. Since the headgates and some 600
feet of the upper portion of the ditch are operated in common, the

aThere is a difference of opinion in the Santa (lara Valley as to the value of the
miner’s inch. Some have adopted the southern California ‘‘inch,’”” measured under
a 4-inch head, while others have adopted the statutory inch, which is measured
under a 6-inch head, and is equivalent to the one-fortieth part of the standard unit
of 1 cubic foot_per second.



84 IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.

water measurements were made above the division point. Both ditches
are owned by incorporated companies organized primarily for the
purpose of selling the surplus water which remains after the needs of
the stockholders have heen supplied. Each company charges a uni-
form rate of $20 per day of twenty-four hours for a head of water
estimated to contain 1,800 gallons per minute, or 4 cubic feet per
second. To avoid litigation, the companies have agreed to sell water
to riparian owners on Campbell Creek at half rates.

The maximum combined discharge of the ditches was 91 cubic feet
per second, and the mean discharge for the irrigation period, extend-
ing from February 12 to April 23, 1904, was 38.3 cubic feet per sec-
ond. The annual rainfall for 1904 was 12.42 inches and the amount
of water applied during the rainy season was 20.05 inches, or a total
from both sources of 32.47 inches.

Duty of water under the Sorosis and Calkins ditches, 1904.

Duration of irrigation (February 12 to April 23).......... days.. 70
Areairrigated ... ... L iiiiiiiiiiiaa... acres.. 3,021
Discharge of ditches. ... ... ... ... .. ... ... ...... acre-feet.. 5,300
Depth of water applied. ... ... ... ... ... . ........... feet.. 1.75

PIONEER DITCH.

Pioneer ditch diverts water from Almaden Creek in the foothills
about 10 miles south of San Jose. Several causes combine to produce
a lower duty of water here than under the two ditches just mentioned.
The ditch being owned by a cooperative company, nearly the entire
water supply is used by shareholders, who, having to pay no fixed
charges for the water, are inclined to use it freely, if not wastefully.
Another cause of the low duty is the longer irrigation season under
this ditch. The ditch company is fortunate in possessing first rights
on the stream and in having its headgates well up in the foothills,
thereby gaining the water which would otherwise be lost by seepage in
the sand of the natural channel.

The maximum discharge of the Pioneer ditch in 1904 was 24 cubic
feet per second, and the mean discharge for a period of one hundred
and fifteen days was 13.18 cubic feet per second. This amount of
water, when applied to 900 acres, was sufficient to cover it to a depth
of over 40 inches. The rainfall at San Jose was 13 inches, thus
aggregating over 53 inches, less the loss in transit, that was received
by the crops. :

Duty of water under Pioneer ditch, 1904.

Duration of irrigation period (February 13 to June 7).. ... days.. 115

Areairrigated ... il acres.. 900
Discharge of diteh ... oo o .. acre-feet.. 3,004

Depth of water applied.. .. ... . . . . iiiiiiiaiea.. feet.. 3.34




IRRIGATION IN SANTA CLARA VALLEY, CALIFORNIA. 85

The duty of water may be more readily comprehended by some if
expressed in miner’s inches per acre rather than in depth of water
over the area irrigated. This has been done in the following sum-
mary. The value of the miner’s inch herein used is similar to that
of southern California, where 1 cubic foot per second is equivalent to
50 miner’s inches.

Miner’s inch per acre irrigated.

Statler ditch ... i, 0.797
Sorosis and Calkinsditches. . ... ... .o ... . 632
Pioneer diteh ..o i .732

Assuming that the above-named ditches are representative of all
the gravity ditches in the Santa Clara Valley, the average duty of
water in 1904 as applied in winter irrigation was 0.72 miner’s inch
per acre.

LOSS OF WATER IN TRANSIT.

The figures which pertain to the discharge of ditches given in the
preceding paragraphs are the results of measurements made near the
head of each ditch. The aggregate in all the laterals which supply
the farms under any one of the ditches under consideration would be
considerably less on account of the losses arising from seepage, evap-
oration, and from other causes. An effort was made to determine in
a general way what these losses were in five ditches. A suitable sec-
tion was chosen in each ditch of from 1 to 2 miles in length and the
discharges at both ends of the section were measured. The average
loss as found by these tests was over 6 per cent of- the flow per mile.
Thus a ditch 4 miles long, according to this average, would lose about
25 per cent. . . '

FERTILIZING VALUE OF CREEK WATER IN SANTA CLABA
VALLEY.

The creeks of Santa Clara Valley carry a considerable quantity of
sediment during the rainy period. In winter irrigation a part of this
sediment is transported by the main canals and their distributaries
and deposited with the water on the surface of the cultivated fields.
The prevailing opinion among those who use creek water in winter is
that this sediment possesses considerable value when compared with
commercial fertilizers such as are usually applied to stone fruits.

For the purpose of ascertaining the commercial value of the sedi-
ment in the water samples were taken in March, 1904, and analyzed.
Four samples of water, containing the usual amount of sediment, were
taken from a small creek east of Los Gatos on the orchard owned by
O. F. Van Dorsten. Three additional samples were taken on different
days by D. R. Pender from a lateral which supplies his orchard. The
lateral is part of a ditch system taking water from Los Giatos Creek,
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and during the three days when samples were taken the water ir it
contained an average amount of sediment. Theseseven samples were
mixed and analyzed by Prof. George E. Colby, of the University of
California.

The results of Professor Colby’s analysis will be something of a dis-
appointment to many users of creek waters who believed that their
irrigated fields were annually enriched from this cause. The report
shows that the value of the sediment is 67 cents per acre. In arriving
at this result the average depth of water applied over the surface of
orchards in winter irrigation was first obtained. This average depth
for 1904 was 2.224 feet, or 724,690 United States gallons per acre.

The following are the results of Professor Colby’s analysis as given
by him:

Analysis of an average sample of water from creeks in Santa Clara Valley.

Grains
per Parts
Constituents. United T
States mﬁelon
gallon.
Potassium sulphate (KaSOy) c.oueeniiiiiiiiiiiiiiiiiiiieiiiiiiiiaiieetraanaaann. 0.18 8.07
Sodium sulphate (N&.SOg) . .oeerneenii i it i iie it eeeeinnaenn. 2,08 35.59
Sodium chlorid g\m( 3 0 2 Y .33 5.66
Sodium carbonate (NaesCOy) cenvieiiieiiiiiiiiiiiiiiiiiii ittt iiiiteieeneanne. .61 10. 45
Sodium nitrate (NANOy)....oiiiiiiiiiiiiiiiiiiiiiiiiiieieannans -..| Ncne. None.
Magnesium carbonate (MgCOys) 1.69 | ©  23.63
Calcium carbonate ( (‘u(‘(),) . 4.14 70. 87
Calcium sulphate (CaSO,) .93 15.93
Calcium phosphate (C: MI‘-',OG 61 10. 45
1ron and alumina (Fe,0; and Al,0;) . .28 4.79
S G T ) 107 1.45 24.%8
Organic matter (large) and chemically combined water...................coeeae. 1.45 21.83
T 13.75 2 6.40
Free carbonic acid gas... ...| Small, Small.

According to the above table, and assuming that the average depth of creek water
applied to each acre is 2.224 acre-feet, the total amount of mineral matter received by
each acre would be 4,773 pounds. Of this total 3,500 pounds is sediment insoluble
and not available for plant food; the balance, 1,273 pounds, may be subdivided as
follows:

Alkali.
Pounds.
White alkali (sodium sulphate) ... .. .. . .. . . ...l 215
Black alkali (sodium carbonate) ........ ... .o ... ... 63
Common salt (sodium chlorid) ... ... ... ... . .... 36

Like most mountain stream waters this one is especially pure and admirably suited
for the irrigation of fruit trees. None of the above-named salts is sufficient in quan-
tity to injure deciduous orchards, which can tolerate 10,000 pounds of whlte alkali
per acre and 1,000 pounds of each of the remaining two.

Fertilizing ingredients.

Pounds.
Phosphoricacid ... .o il 2.9
Soluble potash ......... . ... ... i 10.1

Nitrogen ..o iiiiiiiieceanan None.
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The preceding table shows that the available potash carried to each acre of land -
by the water was 10.1 pounds valued at 50 cents, and 2.9 pounds of phosphoric acid
valued at 17 cents, or that the total added value from the water was but 67 cents.

Five hundred pounds, the minimum amount applied per acre, of ordinary fertilizer
for stone fruits contains available potash and phosphoric acid worth at least $5.
Thus it appears that over seven years of irrigation with this water, in the quantities
used, would be required to furnish prune, peach, and apricot orchards with as much
available plant food, containing no nitrogen, as is supplied by one little dressing of
fertilizer.

THE COST AND DUTY OF WATER IN 1804 UNDER 60 PUMPING
PLANTS IN SANTA CLARA VALLEY.

During the irrigation season of 1904 measurements were made of the
discharge of 68 irrigation pumps in Santa Clara Valley. The purpose
of these measurements was to aid in determining, roughly, the service
these pumps were performing and the cost of the water they raised.
No technical refinement was aimed at, but the measurements were
made carefully and the results are within practical limits of accuracy.
During each test every effort was made to have the plant being tested
run as nearly as possible under average conditions. Wherever prac-
ticable a weir notch of the trapezoidal form, 1 to 3 feet wide, cut in
a rough board dam, was inserted in the ditch leading from the pump.
In this connection it was generally necessary to build up the banks or
to deepen the channels of the ditches in order to give sufficient depth
below the weir crest to permit of accurate measurement. Measure-
ments were taken of the depth of water on the crests at regular inter-
vals, varying with the different weirs from a few hours to several
days. Ina few cases permanent weir boxes were installed and meas-
urements made for the entire season. With a few of the larger plants
the discharges were gauged with a current meter.

The results from 60 of the 68 plants tested are summarized and tabu-
lated on page 88, together with data regarding the power used, the area
irrigated, the total quantity of water used, the height 1t was lifted, and
the various items of cost. The remaining plants are not embraced in
the table because of their showing abnormal conditions. The plants
are numbered for purposes of reference.
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Swmmary of data concerning cost and duty of water under 60 pumping plants in Santa
Clara Valley in 1904.

i ' Deptt i Ofll
| Amount Depth ~ Cost of | TRISINE & mqta]
o . i of : Cost of acre-foot
ko(}. Power. Dis- | Area ‘Of‘a‘;:etg *| water %v?g}lrt water "DET | of water qvtv’:tworf
. charge. watered. " applied pe! P! 1 foot
plant , during uring raised. acre. 8Cre- | i'o per for
sedson. serson. foot. foot-acre- Season.
foot).
] ' !
Cu ft.! I i
per sec.| Acres. | Acrefect.| Feet. | Feel.
1 Steam......... 1.56 150 ' 815,47 2.10| 110 ‘$10.50 8499 | 80.045 | $1,575
d . 19 35.6 | 1.87| 50 | 10.37 554 111 197
23.5 13,4 .57| 140 5.83  10.22 ! 073 | 137
25 387 15h| 28 5.96  3.85 .137 149
15 145 .97| 28 3.73  3.86 .138 | 56
30 3.6, 1.05| 22 3.77  3.58 163 | 113
22 1.6, .58 70 3.59  6.81 .097 79
| 12.5 14 | 1L12] 58 5.60  5.00 .086 | 70
15 9.7' .65, 58 3.20 4.9 .085 | 48
12 4.4 120 50 8.33' 6.94 .139 100
I S T 64 5 3.80  5.90 .079 323
I 22,5 17.8 9 7 2.58  3.26 .121 58
18 5.1 .2 86 217, 17.65 .089 | 39
30 54.1| 1.8 77 11.40 | 6.32) .08 342
25 4.3, .51 A 3.00 | 524, .19 75
34 21.2| .62 68 244 392  .068 83
5 24 10.8' .45 44 1831 4.07' 093 “
L2 16.6| .83 24 5.55 | 6.69 279 ¢ 111
38 70.6 1.8 115 7.16 | 3.8 .034 ! 22
T 174, .97 46 6.89 | 7.13 85| 124
| 50 | 265 5 & | 334 630| 072, 167
55 | 745! 135 P 896|440 050 328
N 1079 144 24 1 3.33] 2.3 096, 250
| = 19.4 | .78 25| 144 1.8 . 067 36
70 70.2| 100 195, 253, 2.52 .129 177
| 10.5 9.4 4.70 52 895 1.90 .087 94
o1 46.5 | 4.23 52 809 1.9 .037 89
30 39.7| 1.8 37 3.30 | 2.49 .067 99
7 | 19 44.2 | 233 43 4.21| 1.81 .042 80
bo1e 245 153 43 2.81 | 1.84 .043 45
15 3.3, 2.09 34 5.67 | 2.72 .080 85
32 ; Steam......... .93 p=3 28.8 1 1.2 49 7.30 | 5.8 .119 168
33 do......... .92 21 6.6 .79 55 4.86 | 6.15 112 102
......... 2.53 20 48.2 241 60 5.75 | 2.89 .040 115
......... 1 1.30 0.5 2.9 .54! 93 4.52 | 836 .090 183
......... | 1.5 24 22.4 .93. 78 875 4.02 .055 90
......... 217 10 23.6 236, 91 21.80  9.24 .101 218
......... 1.22 20 13.6' .68 ' 121 3.65 ! 5.37 044 73
......... 1.29 36 26.8 | .77 100 6.83 892 .090 239
......... S ) 8 8.4 .43 8 2.5 | 599 070, 218
Gas........ et 82 70 33 (.47 53 311 | 6.6 125 218
......... I 1.87 40 $H | L1 8 918 815 .102 367
......... s, B | 2 40 us ! 307! 772, loes 2
......... 2.23 150 | 15850 1.05 44 2,47 | 2.33 .08 370
......... 1.22 33 57.6 1.75 91 11.42 | 6.54 .072 377
......... 2.13 60 60.6 1.01 50 258 | 2.56 .051 165
......... 1.87 35 36.2 103 38 | 314 3.04 .080 110
............ 1.17 B | W9 83 46 3.84 | 4.05 .088 n7
......... 1.23 45 726 161 38 6.24 | 3.87 .102 281
......... 1.86 34 55.4 1.63 .40 | 5.09| 3.12 078 138
Y 2 0 | 14 49 23 293 | 603 262, 88
ceeeeee L3 15 9.4 63 63 , 213 3.40 .054 32
......... 1.15 415 21.6 66 102 417 | 6.27 . 061 173
GAS..onvnnnnn 1.23 : 35 386 110 ™ 6.83 | 6.19 124 239
......... 2.70 | 139} 2023 145 60 3.76 | 2.59 043 ’ 524
GAS..eeennnnnn. .13 14 2.3 16 43 1.00 [ 6.09 | 142 14
......... 1.75 3.5 4.6 106 59 | 6.14| 5.8 .099 267
GRS.oeeenannns, .58 21 9.5 45 107 3.81 | 8.42 079 80
......... Pouar 24 | 206 &5 115 4.79 | 5.63 049 116
......... 8 10 67.2 168 110 12,12 7.2 . 066 485
Totals or |
4.38 .066 ; 11,261

averages. ........ 2,272.1 2,568, 4 113 66 I 4.96
1 i 1 1 1 ' .

Although somewhat cumbersome, the above table has been included
because of the value it may have locally in the valley and because it
may be useful for generalizations that will not be included in this
report.




IRRIGATION IN SANTA CLARA VALLEY, CALIFORNIA. 89

The significant figures of this table are largely grouped under the
headings of costs. Other features, however, are interesting, and in
the summaries below an attempt has been made to include such of
them as seem especially useful. In each case the 60 plants are divided
into groups in order to show the most common condition:

Summary of 60 pumping plants classified according to the cost of raising 1 acre-foot of
water 1 foot (that is, per fout-acre-foot).

Number for which cost is under 5 cents per foot-acre-foot ......... 10
Number for which cost is 5 to 10 cents per foot-acre-foot .......... 31
Number for which cost is 10 to 15 cents per foot-acre-foot ......... 14
Number for which cost is over 15 cents per foot-acre-foot.......... 5

Summary of 60 pumping plants classified according to cost of water per acre.

Number for which cost is under $5 per acre ..... feeececcnaaaann 35
Number for which cost is $5 to $10 peracre ............ ... ... 19
Number for which cost is $10 to $15 peracre ..................... 5
Number for which cost is over $15 peracre.. ... .. ... ......... 1

Summary of 60 pumping plants classified according to depths of water applied.

Number for which depth applied is under 1 foot.................. 29
Number for which depth applied is1to 2feet.................... 24
Number for which depth appliedis2to 3feet.................... 5
Number for which depth applied isover 3feet ... .. .........._. 2

Summary of 60 pumping plants classified according to quantity of water discharged.
Number for which discharge is under 0.5 cubic foot per second (225

gallons per minute) ......oooiiiii i iiiiiiiaiaa e 3
Number for which discharge is 0.5 to 1 cubic foot per second (225

to 450 gallons per minute) ... ... ... . .. .iiiil. 15
Number for which discharge is 1 to 2 cubic feet per second (450

to 900 gallons per minute) . ..........oioiioiiiiiiiaiaians 29
Number for which discharge is 2 to 3 cubic feet per second (900 to

1,350 gallons perminute) ... iiiiiiiiiiiiiiiiiiiaaa, 13

Of the 60 plants, the above classifications show the largest number
to fall within the groups under which the duty of water is less than
1 acre-foot per acre, the cost of water per acre under $5, the cost of
each acre-foot of water raised 1 foot is hetween 5 and 10 cents,and the
discharge of the pumps is between 1 and 2 cubic feet per second, or
between 450 and 900 gallons per minute. If the 60 plants were further
classified as above it would be found that for a majority the lifts are
between 25 and 75 feet, that 38 are steam plants, 21 gas plants, and 1
an electric plant, and that the largest number of plants water areas of
less than 25 acres.

The data given in the table above might be classified in a number of
different ways according to the information desired. The summaries
above show something of the prevailing practice as regards the more
important matters covered by the table. Following are given a few
deductions having particular reference to costs.
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RELATION OF COSTS TO LIFT.

The table on page 88 shows that the average cost of raising 1 acre-
foot of water 1 foot was $0.066 for the 60 plants included. For 9 of
the plants the height water was lifted was greater than 100 feet, yet
of these 9 the cost per foot-acre-foot was in only two cases, numbers
3 and 58, above the average of $0.066. If only the cost of fuel were
to be considered, the cost of raising 1 acre-foot of water 1 foot would
most probably increase with an increase in lift, but the cost of attend-
ance changes this condition, and is very frequently found to be the
same whether the lift is 30 feet or 100 feet.

RELATION OF COSTS TO SIZE OF PLANTS.

It may be stated as a general truth that the operating cost of pump-
ing water should be less under large plants than under small ones,
because large plants can, as a rule, be run more efficiently than small
plants, and with but a slight increase over the small plants in the cost
of attendance. The average cost per acre-foot of water under the 60
plants was $4.38. Thirteen of the 60 plants had capacities of over 2
cubic feet per second, or of 900 gallons per minute, and the cost under
these averages $3.21 per acre-foot, the cost under all but one of the 13
plants being below the average of $4.38 for the 60. Eighteen of the
60 plants had capacities of less than 1 cubic foot per second, or of 450
gallons per minute. The average cost of water per acre-foot for these
18 was $6.47, the cost under all but two being above the average of
$4.38 for the 60. These comparisons bear out the general statement
made at the beginning of the paragraph.

COMPARISON OF THE COST OF WATER UNDER DITCHES AND
UNDER PUMPING PLANTS.

The average quantity of water used per acre during the early part
of 1904 under a few typical ditches of the Santa Clara Valley was as

follows:
Avrerage quantily of water used per acre.

Acre-feet.

Statler ditch ... ... . il e eeteeacieecaaaaaan 1.58:
Sorosis and Calkins ditches ... ... . .. ... ... ... ..... 1.75
Pioneer diteh .o iiiiiiiieneaas 3.34
AVeTage L i iiiiiiiiiciiiiieeaaan 2.22

The officers of the Statler, Sorosis, and Calkins ditches, in addition
to supplying the needs of their respective stockholders, sold water to
outsiders at an average price of $2.10 per acre-foot. If it is assumed
that those who purchased water at this rate used as much as the stock-
holders, the average cost to the former would be $4.66 per acre. It
is reasonable to conclude, however that the purchaser of water from
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a ditch company would use somewhat less than one who owned an
interest in the company. . This view is strengthened by the fact that
during the year previous the average cost of water for winter irriga-
tion on 130 orchards was $2.50 peracre. It is therefore probable that
$4.66 per acre approaches the maximum cost of water for winter irri-
gation and that the average is considerably less.

As regards the cost of water under pumping plants, some orchard-
ists, as has been stated, own their plants, while others buy water from
a neighboring plant. In the case of the former the results of inves-
tigations show that the average cost for operation in 1904 was $4.96
per acre. This sum included the cost of fuel, attendance, and slight
repairs, but did not include any of the fixed charges which would
probably average fully 13 per cent of the capital invested in the plant.
In a plant which cost $2,000 and irrigates 50 acres the fixed charges
would amount to $260, or $5.20 per acre irrigated, which would increase
the average cost from $£.96 to $10.16 per acre.

The cost of water under pumping plants may be more accurately
determined, perhaps, by ascertaining the rates charged by the owners
of plants for given amounts of water applied on adjoining orchards.
These rates are usually expressed in dollars and cents per hour for the
use of the stream of water which is discharged by the pump. The
sale of water in this way has not proven wholly satisfactory, since few
measurements of the amounts delivered have been made,and since the
purchaser has seldom had any definite idea of the amount of water
applied to his orchard in a given time. The discharges given in the
following table were measured at various times, and the rates per hour
were obtained from either the buyer or the seller.

Prices paid for water from pumping plants in 1904 by Santa Clara Valley orchardists.

Size of

1
| Size of (RSO |
No. R’?:(fu‘;” stream pur-’ No. , R’l‘l'&ulr’“':slm.m pur-
| . chased. ! . chased.
! Cu. ft. per
see,
£1.00 $2.00 1.75
1.50 1.50 5]
.65 1.25 LK1
1.25 1.50 : 1. 18
2.25 1.50 . 1.03
1.50 1.50 2
1.00 1.00 .84
2.00 1.5 1.92
1.23 1.7 1.23
2.50 _—
2.50 1.55 1.44

The average rate for the 20 orchards listed in the preceding table is
$1.55 per hour for 1.44 cubic feet per second delivered, or at the rate
of $13 per acre-foot. If either this figure or the figure given in the
preceding paragraph is used, the cost of pumped water is found to be
over twice as much as the cost of creek water run in ditches.






THE DISTRIBUTION AND USE OF WATER IN MODESTO AND
TURLOCK IRRIGATION DISTRICTS, CALIFORNIA.

By FraNxk Apawms, Irrigation Assistunt.
PURPOSE OF REPORT AND CONDITIONS PROMPTING IT.

California will some day be the home of many times its present
population. This will be accomplished largely through the economic
utilization of its 14,000,000 acres of valley agricultural land. Eleven
million acres, or nearly 80 per cent of this total, is included in the
great valley drained by the Sacramento and San Joaquin rivers and
their tributaries. Over 2 per cent of the great valley, or a quarter of
a million acres, is included in Modesto and Turlock irrigation districts,
in the basin of the San Joaquin. If these two districts are to do their
part in the making of the California of the future, they will have to
maintain dense rural populations and supply food not only for many
dwellers in California cities, but for many of those people outside of
California who manufacture the goods California will import. This
will require an agricultural awakening now hardly dreamed of by a
majority of the people of these districts—an awakening that will cause
an approach to the methods and results of old-world agriculture. Such
an awakening recently began in the completion of Modesto and Tur-
lock irrigation systems, for the turning of water into these systems
marked the commencement of the change from the unprofitable one-
crop dry farming of the past two decades to the more varied and more
profitable agriculture under irrigation of the future.

The purpose of this report is to tell of the organization of Modesto
and Turlock irrigation districts, and of the present agricultural and
economic conditions in these districts, and to state the detailed results
of a study of the distribution and use of water made in 1904 by the
irrigation and drainage investigations of the United States Depart-
ment of Agriculture, in cooperation with the State board of examiners
of California and the University of California. The study had its
inception in a resolution of the board of directors of Modesto irriga-
tion district requesting the United States Department of Agriculture
to make such investigation of the various questions relating to the use

93



94 IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.

and distribution of water in Modesto irrigation district as would assist
in the establishment of proper rules and regulations for such use and
distribution. After sixteen years of planning, endeavor, and dis-
appointment, this district had so far met the problems of finance and
construction as to be ready to deliver water to the farms of the district.
The problems presented at this juncture, however, were new to the
people of these districts. On the one hand was a canal ready to carry
water; on the other were a bundred or more widely separated farms
ready to receive it. How much water was it going to be necessary to
deliver to each farmer for each acre of alfalfa or other crop irrigated?
How often, and by what method, should this water be applied to the
land? How much water was it going to be necessary to turn into the
head of a 16-foot lateral to deliver the needed amount to 100 scattered
acres at the lower end of this lateral? Should each irrigator receive
his pro rata of the available supply as a continuous stream, or should
he receive a larger volume for a shorter period? What administrative
officers and employees were going to be needed in the work of delivery
and how should they be organized so that each irrigator in the district,
whether at the head of the first lateral or at the foot of the last one,
should receive his share of the common supply with that certainty and
promptness required for successful irrigation farming in a dry, bhot
climate! How far was it going to be necessary to restrict the choice
of individual irrigators as to time and method of water delivery so as
to give that uniformity of system without which no plan of delivery
would be successful? In a word, how should the district proceed to
make the best use of the water it had obtained at the cost, measured
in money ulone, of $1,250,0007

In a way the questions presented to Modesto irrigation district were
the questions presented to all new irrigation enterprises; yet, they
were more difficult of answer and more far reaching in their applica-
tion than new irrigation enterprises have generally had to meet.
Here was a system that covered 80,000 acies of irrigable land, to
which one great canal was to deliver water to farmers having no
acquaintance with the requirements of irrigation farming, yet in
which all were coowners with the right and obligation of jointly con-
trolling and operating for their mutual benefit the water supply they
had made available. On each of the 80,000 acres of land was a bond
for its share of the million and a quarter dollars of indebtedness,
and to each acre of land was attached, presumably inseparably, its
share of the district water right. If the water supply should run
short or the canal break, there was no ownership apart from the irri-
gators and their holdings to suffer from the resulting damage; and if
the adopted system of distribution should prove unsatisfactory and
inadequate, the irrigators alone would be responsible for devising a
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better one. Even more important, as showing the necessity for a just
system of distribution, there was not an acre of land within the dis-
trict that could escape its proportion of the annual tax for mainte-
nance, operation, and betterment, regardless of whether water was
applied or, if applied, regardless of the quantity used. The practical
problems of use that met the district as a unit were therefore the
problems that met the individual landholders and irrigators, impor-
tant in proportion to the value of the land each held and difficult in
proportion to the character and location of the holding. To ignore
these problems, or even to fail in their solution, meant corresponding
reduction in the ability of each landholder to get hack from the land
his proportion of not only that which had been put into the canal, but
also of the taxes that would be levied for forty years to pay the prin-
cipal and interest on the outstanding bonds.

Modesto irrigation district lies on the north side of Tuolumne River,
east of the San Joaquin and south of the Stanislaus, and contains
81,143 acres (Pl. I). On the south side of -the Tuolumne, principally
in Stanislaus County, but also extending into Merced County, lies
Turlock irrigation district, with 176,210 acres. By being jointly inter-
ested with Modesto irrigation district in diverting works from Tuo-
lumme River above Lagrange, with conditions and needs practically
the same and only the Tuolumne separating it, Turlock irrigation
district is in many ways one in interest with Modesto district. The
two were organized in the same summer and met substantially the
same difficulties. In 1901, when Turlock canal was ready to carry

water, the tandholders in Turlock district faced the same problems of
' distrie:
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HISTORY OF MODESTO AND TURLOCK IRRIGATION DISTRICTS.
ORGANIZATION.

The history of Modesto and Turlock irrigation districts properly
begins with the failure of a quarter of a million acres of fertile valley
land to yield a certain and rich harvest practically without cost and
without work. Lying until the early sixties a vast, unfenced pasture
of flowers, clover, and alfileria, the land surrounded by Stanislaus, San
Joaquin, and Merced rivers and the foothills of the Sierra Nevada,
and bisected by the Tuolumne, had for a generation after furming
began in the San Joaquin Valley been an agricultural El Dorado.
Each season of plowing and seeding was sure to be followed by a
bountiful yield, and this in turn was followed without further seeding
by at least one and often two volunteer crops which, although reduced,
were yet profitable. The people were happy and the towns prosper-
ous. But the charm of this life broke. The time came when instead
of two or three crops of grain or hay to one plowing, two and three
plowings and an alternate season of summer fallow were necessary, or
clearly would be necessary, to raise a single crop of the old propor-
tions. With the failure of the soil came a fall in prices, the average
value of a cental of choice wheat delivered at Modesto during the five
years beginning in 1881 being $1.45, as against $1.63 for the five years
preceding. Then the people commenced to talk about irrigation.
While it is doubtful, judging from later results, if many anticipated
irrigating grain, the progressive farmers were almost a unit in believ-
ing that water for raising green feed and fruit would be a blessing
well worth striving for. Sentiment crystallized in favor of providing
water from one of the ample streams of the neighborhood, but no
satisfactory agreement could be reached as to the necessary details of
such an undertaking, and no sufficient encouragement was offered for
outside capital to work the problem out independently of the farmers.

In 1878 a law was passed creating an irrigation district, to be called
the Modesto irrigation district, and to include the land lying between
Tuolumne and Stanislaus rivers from San Joaquin River east to the
foothills. A corporation was authorized to he formed for furnishing
water to the district and the credit of the State and Stanislaus County
was loaned for the payment of bonds up to $500,000 in amount, cov-
ering the cost of canals and other irrigation works. Nothing substan-
tial resulted from this law, but with it and other enactments as a basis,
the author of the Wright law, himself a resident of the territory in
question, in 1887 submitted to the legislature the draft of a law that
proposed to enable neighborhoods in like condition with those around
Modesto and Turlock to organize as public corporations and as such
to raise money for supplying water for irrigation. The Wright law
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was approved March 7, 1887, and before the middle of the following -
July Modesto and Turlock irrigation districts had been declared
organized by the board of supervisors of Stanislaus County.

The legislature of 1897 enacted a new law for the organization and
government of irrigation districts, at the same time repealing the
Wright law and its supplementary and amendatory acts, so far as they
might be inconsistent with the new act. This act, similar in its gen-
eral features to the Wright law, was approved March 31, 1897, and is
generally known as the irrigation act of 1897.

OPPOSITION TO THE DISTRICTS.

When the districts were organized, sentiment was not unanimous in
their favor. Practically all wanted water, but, especially in Modesto
district, there was determined opposition to irrigation under the
Wright law or any other law that made a water lien general and forced
taxes to be paid on land whether water was used on it or not. Land
holdings varied in size from 160 to 2,000 or 3,000 acres, with proba-
bly more of 320 acres than of any other size. Many of those whose
holdings were free from debt and who were satisfied to continue the
old exclusive grain farming, and therefore did not want to sell,
objected to paying water taxes on their entire holdings when they
perhaps wanted to irrigate only 40 or 80 acres. In Modesto district
this class represented about one-fifth of the area of the district and
one-eighth of the assessed real property. To increase their effective-
ness in their fight against the districts, they incorporated **defense”
a~sociations and used all possible means to defeat the incurring of
debt and, when unsuccessful in that, to resist its payment. An action
brought to confirm the organization and proceedings of Modesto dis-
trict was contested and later carried to the United States Supreme
Court. To further harass the districts the opposition landbolders
refused to pay their district taxes, and when their lands were offered
for sale under the district law by the district tax collector, innumera-
ble injunction suits were brought to prevent the sales. In 1897 the
opposition elected a majority of the board of directors of Modesto
district, and for four years blocked all assessments for interest due on
the bonded indebtedness already incurred. Simultaneously with the
attempts to defeat the existence of Modesto and Turlock districts,
similar attempts were made in other districts organized under the
Wright law, and just at the time construction on Modesto and Tur-
lock canals, already several times delayed, was again getting under
way, a decision was obtained in the United States circuit court for the
southern district of California by the opponents of the districts, declar-
ing the Wright law unconstitutional on the ground that it provided
for the taking of private property without due process of law. At

30620—No. 158—05——7
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* this decision the money market refused to take more honds and work
had to be practically suspended until a final ruling could be obtained
from the Supreme Court of the United States. This was obtained in
the case of Fallbrook Irrigation District «. Bradley et al., decided
~ November 16, 1896, in which the law was declared constitutional and
the ruling of the circuit court reversed.

Even with the law declared constitutional the opposition did not
cease, and the final outcome of the enterprises was still uncertain.
Land titles were so clouded that sales practically ceased, and thousands
of acres of land that had once been considered worth $30 and $40 an
acre were carried on the county and district assessment rolls at one-
third of these values or less, with no sales at even these figures. Not
only could no land be sold at figures approaching its value, but land
that had begun to fail before the passage of the district law in 1887
was now even more difficult to cultivate profitably. Although in two
or three years during the nineties wheat had brought a fair figure, in
1899, 1900, and 1901 it was back to the ruinous prices of the panic
years of 1893 and 1894. Under these conditions, to continue the
wasteful uncertainty that had characterized the existence of Modesto
and Turlock districts for more than a decade would have been too
great a burden for even those best prepared to meet it. A change for
the better in the finances of the districts and in the attitude of the oppo-
sition was therefore inevitable. This change was gracual during the
nineties, but perhaps was brought to a head in 19Q1, on the one hand
by a sensible court decision upholding the integrity of the Turlock
district bonds and on the other by a mandate from a United States
court ordering Modesto district to levy an assessment for bond inter-
est that had been defaulted since 1897. During this year each district
reached an understanding with its bondholders, in Modesto district
resulting in the bondholders and other creditors paying three-fourths
of the sum necessary to complete the works, and in Turlock district
resulting in a settlement with all creditors and bondholders on a basis
of between 80 and 90 cents on the dollar. In both districts forty-yvear
5 per cent funding bonds were exchanged for the original twenty-
year 6 per cent bonds, this exchange being effected under authority of
a law passed in 1901. With these settlements and the new financial
arrangements effected by them, opposition to the districts ended, and
those who had been relentless against the districts came tinally to be
and are now among their staunchest supporters.

CONSTRUCTION.

Of the two districts, Turlock distriet, dating from June 6, 1887, was
the first organized. The first engineer, Mr. George Manuel, estimated
the cost of a system from Tuolumne River at $167.544.62, and his plans
were adopted, although later modified. In October, 1887, $600,000 in
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bonds was voted, the proceeds of which were to be used in construc-
tion, but it was not until 1890 that any contracts were let. In June,
1891, jointly with Modesto district, a contract was let for building the
diverting dam above Lagrange, and this was completed in December,
1893. By May, 1892, it was apparent that sufficient funds had not
been provided and an additional $600,000 was voted. Two years later
a bid was accepted for building the remainder of the system. This
last bid, however, was accepted when the financial affairs of the dis-
trict were at a low ebb, and in less than six months work under it was
discontinued and the contract declared forfeited by the board- of
directors of the district. Later, on the representation of Judge James
A. Waymire, this contract was revived, on condition that Waymire
should proceed under it and render a completed system, fit for the
conveyance and distribution of water, by April 1, 1896, at a total cost
of not to exceed $382,000. At the time of this agreement the money
realized from the sale of $708,000 worth of the $1,200,000 in bonds
voted had been spent. Owing to the difliculty of disposing of the
bonds, due to the pending litigation over them, Waymire was unable
to carry out his agreement within the time limit. In fact, the princi-
pal part of the work under the contract was done from 1897 to 1901.
On July 18, 1887, six weeks after the formation of Turlock irriga-
tion district, Modesto irrigation district was organized. Three months
later Mr. C. E. Grunsky, C. E., the engineer of the district, submit-
ted three canal routes, one with Tuolumne River as the source of
supply and a canal on the north side of the river; one with Stanislaus
River as the source of supply; and one with Tuolumne River as the
source of supply and a canal as far as Hickman on the south side of
the Tuolumne jointly with Turlock irrigation district, the Modesto
district’s share of the water to be piped to the north side of the river
from Hickman. A fourth plan submitted provided for part of the
supply to be taken from the Stanislaus and part piped across the
Tuolumne from a joint canal out of the Tuolumne carried on the south
side of that stream as far as Hickman. The plan first adopted was the
one having the Stanislaus as the source of supply, the estimated cost
being $644,750. The plan having the Tuolumne as the source of sup-
ply. with the canal wholly on the north side of the river, and estimated
to cost $1,117,860, found little favor at first, and the modification of
this plan, submitted by Mr. Luther Wagoner, under which the canal
was finally built, was not chosen until August. 1890. In November,
1887, shortly after the formation of the district, $300,000 was estimated
as the amount of money necessary for the works of the district,
and this amount was voted in December, 1837. As the final canal
route was not decided on until 1890, construction work was delayed
and the first contracts were not let until the last of that vear. By
July 1, 1895, the joint diverting dam, the headworks, the flumes in
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the upper 9,000 feet, and all the earthwork down to the east line of
the district, a distance of about 22 miles, had been completed and
accepted. At this time the first $800,000 worth of bonds voted was
gone, and although an additional $350,000 was voted in July, 1895,
none could be sold and construction work lapsed until 1902. In July,
1902, contracts were let for completing the works, and the construction
called for by them was accepted October 6, 1903. The system pur-
chased at a total cost of over $1,250,000 was, after sixteen years of
trying vicissitudes, finally ready to receive water. '

LITIGATION.

Both Turlock and Modesto districts were in litigation almost from
their organization down to 1901. The principal suits involved the
constitutionality of the Wright law and the validity of the district
bonds. In a decision in the suit of Turlock Irrigation Distriet «.
Williams, delivered May 31, 188S. and in numerous other suits the
supreme court of California upheld the law, but it was not until
November 16, 1896, when the United States Supreme Court decided
the case of Fallbrook Irrigation District +. Bradley et al., already
referred to, that a final ruling was reached on this point. The regu-
larity of the proceedings of the districts, principally in reference to the
issuance of bonds, was at stake in many suits, especially those involy-
ing the sale of land for delinquent taxes, but no decision was given
establishing material defects in the proceedings. The last important
suit of this nature, brought ostensibly to test the legality of certain
district assessments levied to pay interest on bonds, was the case of
Baldwin et al. «. The Board of Directors of Turlock Irrigation Dis-
trict et al., decided September 3, 1901. Although all bonds in both
districts were nominally awarded to the highest hidders after due
advertisement according to law, the actual sale of a large part of them
was effected through the contractors, the contracts being let with
the understanding that the contractors should either accept bonds
for work or tind a market for them. As the law provided that bonds
should not be exchanged for work, the method of disposing of them
adopted by the districts furnished ground for attack by those opposed
to the district, but in the above-mentioned case the court found not
only that there was no material irregularity in the issuance of the
bonds, but that those in possession of them at the time of the decision
had come into possession without any knowledge of the alleged
irregularity, and that therefore the bonds were valid. This suit is
interesting as being the one that finally demonstrated to the people
of Turlock irrigation district in clear terms their obligation to the
bondholders.

The trying financial difficulties of Turlock and Modesto districts,
which seriously menaced their existence for the first fourteen years
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after their organization, furnish in their own way an example of what
has had to be overcome in legitimate irrigation organization. After
the lapse of seventeen years there is not apparent any glaring unwis-
dom in the organization and management of these districts during the
period of construction. A criticism that some have urged against the
management is that many of the contracts were let at too high a figure,
vet it is a fact that some of the largest holders of contracts lost heavily,
because they were charged with the necessity and the responsibility of
selling district bonds on a market that would not receive them at a
profitable figure.® It is true that official records have not in every
case been kept with the accuracy and precision contemplated by law,
vet districts to be organized in the future are to be warned against
duplicating these omissions more than Modesto and Turlock districts
are to be condemned for them. There never was a time when the real
property of the districts was not worth far more than the amount of
their bonded indebtedness, yet for four years in Turlock district and
for seven years in Modesto district the work of construction was sus-
pended because the bonds of the districts could not be sold. If the
people of these districts had foreseen the financial stress of the early
nineties and the flood of general litigation over the Wright law that
was to be precipitated from causes largely, if not wholly, outside of
Modesto and Turlock districts, they undoubtedly would not have made
the almost fatal mistake of organizing in the face of the opposition
that was both extensive and bitter from the start. That they were
able to overcome difficulties in spite of mistakes was due to the great
latent resources of the territory the districts comprised, because it
was inevitable that so favored an area should he put to a hiczher and
more economical use than dry farming could ever make possible.

The districts ate to-day, without doubt, financially sound, and
although their securities are not active they are either already worth
par or give promise of soon becoming so. Between 35 and 40 per
cent of all of the bonds issued thus far in the districts are held by the
owners of real property or by residents in one or the other of the dis-
tricts. On March 1, 1904, the total outstanding indebtedness of
Modesto district was $1,388,511, or $17.10 for each of the 81,143 acres
in the district. Substantially onc-fourth of the district taxes are paid
in the city of Modesto, leaving an average indebtedness for the farm-
ing land of approximately $12 per acre. On May 1, 1904, the total
indebtedness of Turlock district was $1,130,400, or an average of $6.41

a During the dark days of the districts the bonds were down to 45 with practically
no sales at that figure. Unpaid interest coupons of Modesto district were seeking
buyers at 30 per cent of their face value and without finding them until about six
months before the agreement was reached with the bondholders by which the orig-
inal bonds were funded. At this time many of these unpaid coupons were hought
up by delinquent taxpayers and turned over to the district in settlement of delin-
quent taxes.
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for each of the 176,210 acres in the district. On September 10 of the
same year $200,000 of additional bonds was voted for making perma-
nent improvements in the canal system, of which $75,000 worth have
been sold at par, entirely to people within the district, increasing the
average indebtedness per acre only about 40 cents. The annual assess-
ments in both districts have varied with the assessment rolls. In 1904
the assessed valuation of Modesto district was $4,342,125 and the tax
levy $2.60 for each $100, of which $1.55 was for bond interest and
$1.05 for construction, maintenance, and operation. This required a
tax of approximately $1 per acre on the farming land. " In Turlock
district the assessment roll gave a total of $2,993,538, and the tax levy
was $3.30 for each $100, of which $2.20 was for bond interest and
$1.10 was for maintenance and operation. This required a tax aver-
aging $0.56 per acre on the land in the district.

WATER RIGHTS.

Modesto and Turlock districts base their rights to water from Tuol-
umne River on (1) deeds from M. A. Wheaton, dated August 11, 1890,
and August 15, 1890, conveying to Modesto district, and to Modesto
and Turlock districts jointly, certain land and water rights incident to
the old Wheaton dam and ditch; (2) notices of appropriation posted,
respectively, by Modesto and Turlock districts on June 21, 1890, and
on January 5, 1889, and claiming, respectively, 250,000 and 225,000
miner’s inches measured under a 4-inch pressure, and (3) the diversion
and use of water since the building of the two canals. Also, it is prob-
able that should any litigation arise over their water rights, the dis-
tricts would allege riparian proprietorship and riparian rights. The
deeds from Wheaton did not convey any definite amount of water, but
¢ the first and original water right under which water was first diverted
from the said Tuolumne River” by means of the old Wheaton dam,
which was located on the site of the present joint dam, and *‘all water
- and water rights, if any, he has upon or appurtenant to” certain lands
at the site of the old Wheaton dam. The original filing, under which
Wheaton claimed, was that of the Franklin Water Company, organized
November 30, 1854. On December 6, 1854, the French Bar Water
Company was organized, also to divert water from the Tuolumne.
November 27, 1855, the Stanislaus Water Company organized and suc-
ceeded to the rights of the Franklin Water Company and of the French
Bar Water Company, and on May 23, 1862, these *‘ rights™ came into
possession of one Elam Dye, who shared their ownership with two
partners, John Bixby and John Reedy, the last named getting full
possession by deeds of March 27, 1867, and May 7, 1868. September
6 and 16, 1870, Reedy deeded the property to Michael Kelly, who
posted a new notice of appropriation May 1, 1871, and, June 26, 1871,
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deeded his ‘“entire right, title, and interest in the Tuolumne River
and all its privileges of water and otherwise” to J. M. Thompson,
Charles Elliott, and M. A. Wheaton. By various deeds of August 26,
1871, November 8, 1871, July 30, 1872, January 27, 1873, and -Decem-
ber 31, 1873, the property came into the full possession of Wheaton,
including any rights that may have been acquired by Wheaton and
others through a notice of appropriation of 500,000 miner’s inches
under a 4-inch pressure posted May 18, 1872. The notices of appro-
priation filed June 21, 1890, and January 5, 1889, by Modesto and Tur-
lock districts, respectively, were in the usual form and were the last
of a number of such notices posted prior to these dates and after the
districts were organized in 1887.

The extent of the use of water since the construction of the canals
is shown elsewhere in this report. This use and the ability of the dis-
tricts to divert and beneticially apply water in the future are probably
the chief measures of the rights as they exist to-day. Neither district
will ever be able to either divert or beneficially use the full volumes
called for in their appropriation filings. Modesto district claimed
250,000 miner’s inches measured under a 4-inch pressure, or 5,000
cubic feet per second, and Turlock district claimed 225,000 miner’s
inches measured under a 4-inch pressure, or 4,500 cubic feet per sec-
ond. As planned Modesto canal was calculated to carry 640 cubic
feet per second and Turlock canal 1,500 cubic feet per second, but up
to the end of the season of 1904 the maximum diversion by the former
was 278 cubic feet per second and by the latter 535 cubic feet per
second. However, both canals are now being enlarged, and further
enlargements will doubtless be made as the area ready to receive water
in the districts is increased. Whether, during the years construction
was suspended, the districts used due diligence in carrying out the
purpose stated in their appropriation filing, will never assume any
importance, because no adverse claims to the Tuolumne arose during
that time. Without doubt the proper diligence has been exercised
since 1901 and will be in the future. The only adverse claim that has
arisen since 1901 is that of the Merced Gold Mining Company, which
owns a small ditch in the mountains ncar Hamilton Station, built some
twenty years ago, but abandoned and used again only during the last
few years. October 6, 1903, an injunction suit against this ditch was
filed by Modesto district in the superior court of Tuolumne County,
but this was intended chiefly to forestall the possible acquirement of
a prescriptive right and has not been pressed.

Assuming that so far as concerns the public the districts have a clear
title to so much water as they will be able to beneficially apply, the
relative rights of the two districts are presumably fixed by an agree-
ment entered into by the districts August 9, 1890, providing for the
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construction of the joint dam at Lagrange. The portions of this
contract relating to water rights are given herewith:

All water diverted by means of said dam shall be divided and distributed between
said districts in proportion to the number of acres in the respective districts.

It is further understood and agreed that in case either district shall acquire any
additional water rights, privileges, or rights in stored water above said dam, the
other district shall have the privilege of sharing in such property by paying therefor
within sixty days after written notice of the intention to purchase, or the acquisition
of such property, its proportional part of the cost and expense thereof, said cost and
the water so acquired to be divided in proportion to the number of acres embraced
in the respective districts.

As the area of Modesto district (81,143 acres) is roughly one-half
that of Turlock district (176,210 acres) the water is at present divided
between them at the rate of 2 cubic feet per second to Turlock district
for each cubic foot per second diverted by Modesto district. When
the districts become more fully developed an effort w1ll probably be
made to carry out the exact terms of the contract.

There is one ditch on Tuolumne River—that of the Lagrange ditch
and Hydraulic Mining Company—holding an earlier water right than
either Modesto or Turlock canals. This ditch heads in the canyon
some 10 miles above Lagrange dam and follows the south bank of the
Tuolumne to the vicinity of Lagrange dam, where it makes a detour to
the south and west, supplying water to the town of Lagrange and to
mining properties held by its owners. This ditch has a claimed
capacity of 100 cubic feet per second, but it has carried under 50 cubic
feet per second, when in operation, during the past few years.

MODESTO AND TURLOCK CANALS.

The diverting works and canals of Modesto and Turlock districts
are of modern type and for the most part substantially constructed.
Lagrange dam, by which water is diverted into both canals, is
recognized by engineers as a well-designed and well-built structure,
and at the time of its completion, December, 1893, had the distinction
of being the highest overflow dam in the United States. It is built
of uncoursed rubble masonry laid in cement concrete, cost $550,000,
and is located in the channel of Tuolumne River, 14 miles above La-
grange.

Modesto canal leaves the Tuolumne on the right bank of the river
at the north end of the dam, and Turlock canal heads directly oppo-
site, just above the south end, for the first 600 fect tunneling through
solid rock. For the first 5 miles both canals pass through rough
foothill country, where heavy construction was encountered, and
after that follow the open foothills until the main plain of San
Joaquin Valley is reached, 15 miles west of Lagrange. Below this,
and for the rest of their lengths, both canals and their branches or
laterals follow the more even slopes of the valley, in some cases
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F16. 1.—A 15-FooT CONCRETE DROP ON MODESTO CANAL.

F1a. 2,—SECTION OF TURLOCK CANAL, SHOWING CONCRETE LINING OF LOWER WALL.
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departing but little if any from the general section lines. Modesto
canal enters Modesto district 3 miles west of Waterford and 20 miles
west of Lagrange dam. Below this point it follows a general north-
westerly direction, the laterals, eight in all, leading to the west and
covering the various parts of the district. Turlock canal enters Tur-
lock district 4 miles east of Hickman, a small town on the south side
of the Tuolumne, 14 miles south of Waterford. One mile southwest
of Hickman it branches into Turlock main, which runs south to within
5 miles of Merced River, and feeds laterals 2, 3, 4, 5, 6, and 7, and
Ceres main, which continues west to within 14 miles of Ceres, where
it turns south, crossing lateral 2 and extending to lateral 3. Modesto
canal has a length of 45 miles and the eight laterals an aggregate
length of 81 miles. The upper portion of the main canal varies in
width from 18 to 44 feet and in grade from 1 foot in 5,000 feet, where
the bottom width is 44 feet, to 74 feet and 9 feet in 5,000, where the
bottom width is 18 feet. The laterals are 12 and 14 feet wide and 1.8
feet deep,and vary in grade from 1.8 feet to 3 feet in 5,000,according
to the width. Turlock canal, from Lagrange dam to the division
below Hickman, has a length of 23 miles. The length of Turlock
main is 11 miles and of Ceres main 14 miles. The aggregate length
of the eight laterals is 85 miles. Above the division point below
Hickman the main canal varies in bottom width from 20 feet near the
head to 70 feet through the lower foothill region and the plains. The
grade varies from 1 foot to 8 or 9 feet per mile. The two main
branches below Hickman are from 30 to 40 feet wide, and vary in
grade from 1.58 feet to 3.16 feet per mile. The laterals begin with
bottom widths of 20 feet and diminish to 12 feet, and the grades aver-
age 2.5 feet per mile.

The financial difficulties encountered by Modesto and Turlock dis-
tricts during the periods of construction compelled in some cases the
use of temporary structures. It is the policy of the districts to replace
these from time to time by permanent works, so that interruptions in
the canal flow and expenses of maintenance shall be reduced to a mini-
mum. This installation of permanent structures has already begun in
both districts. Both canals have a large number of timber drops
and also considerable lengths of wooden flumes—8,932 linear feet in
13 structures on Modesto canal, and 2,800 linear feet in 5 structures
on Turlock canal. Modesto district has already installed two concrete
drops instead of timber structures (P1. 1I, fig. 1) and is preparing to
replace in the next few years 2,950 feet of wooden flume, beginning
at the regulating gate, near Lagrange dam, with an all-concrete chan-
nel. About 4,000 feet of the channel has already been lined wholly
or in part with concrete, and a substantial concrete conduit 60 feet
long and 40 feet wide has been placed over Litts Creek, a small stream
well down in the district. All of the flume work on Modesto canal
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below the 2,950 feet at the head is substantially built and will last for
many years. It is supported chiefly by standard railroad bents rest-
ing on concrete piers. The longest of the high flumes—that over Dry
Creek, which contains 1,000 linear feet—rests partly on a steel span.
Long stretches in the upper 2 miles of both Modesto and Turlock
canals were originally built with the lower wall of clay puddle between
hand-laid slate-rock walls. These did not prove satisfactory, owing
to the decomposition of the slate rock, and it has been necessary to
line these sections with concrete. The concrete lining on Modesto
canal, already mentioned, was largely built to replace such a wall.
Turlock district has lined the outside wall of its canal in this way for
the first 4,800 feet of its length (Pl. 11, fig. 2). It now contemplates
even more costly permanent improvements by replacing 300 feet of
high wooden flume over Morgan Gulch, one-half mile below Lagrange
dam, by three lines of 6-foot inverted steel siphon, solidly embedded
at each end in concrete masonry, or by a flume carried on a steel span.
It is now replacing 1.540 feet of troublesome low wooden flume
through Snake Ravine, 1 mile below Lagrange dam, by a canal section
shelved into the sidehill, with a concrete retaining wall on the lower
side. The cost of these two improvements will approximate $47,000.
Improvements costing $11,000 are also being made in a high wooden
flume across Delaney Gulch, 5 miles below Lagrange dam. The
inverted steel siphons across Morgan Gulch will be an innovation in
these districts, and if they are adopted and prove satisfactory several
of the other ravines in the system will be crossed in the same way.
The plans for these structures, designed by Mr. S. Fortier, C. E.,
provide for five lines of pipe, having a total capacity of 1,50 cubic
feet per second, but only three lines will be installed at the start,
these three lines to cost $21,000.

The diverting and regulating works of hoth Modesto and Turlock
districts are thoroughly well built, and are of a permanent character.
Lagrange dam, already mentioned, was designed principally by Mr.
Luther Wagouer, C. E., at one time engineer for Modesto district,
and constructed chiefly under the supervision of Mr. E. H. Barton,
C. E., at one time engineer for Turlock district. The principal struc-
tures on Modesto canal, including head gates, sluice gates, regulating
gates, flumes, and drops, were designed by Mr. Otto von Geldern,
C. E., and installed under the direction of Mr. Milo Hoadley and Mr.
H. S. Crowe. The latter, at present engineer and superintendent of
the district, also laid out and constructed the main canal and its
branches within the district. In addition to Mr. E. H. Barton,
engineer for Turlock district during the construction of Lagrange
dam, those principally in charge of designing and constructing Tur-
lock canal and regulating works were Mr. George Manuel, C. E., and
Mr. R. H. Goodwin, C. E.
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Turlock canal was originally planned to carry 1,500 cubic feet per
second, and Modesto canal was planned to carry 640 cubic feet per
second. The largest amount yet carried by the former is 535 cubic
feet per second, carried in 1904, and by the latter 278 cubic feet per
second, also run in 1904, The improvements now contemplated or
heing made in Turlock canal will increase its capacity in the improved
sections to 900 cubic feet per second—1,500 cubic feet per second
through Snake Ravine—but it is probable that not more than 600
cubic feet per second will be run until after Peaslee flume, now cross-
ing Peaslee Gulch on high trestles, is replaced by a new flume or
inverted steel siphons. The latter are estimated to cost $24,500, if a
capacity of 900 cubic feet per second is provided, or $39,000 if a
capacntv of 1,500 cubic feet per second is provided. This improve-
ment is planned for 1905. With the improvements now in progress
completed, Modesto canal is expected to carry 500 cubic feet per

second.
RAINFALL.

No records of precipitation are kept in Modesto or Turlock districts
by the Weather Bureau and consequently no complete rainfall data
are available. The Southern Pacific Company and several individuals
have kept records which, although fairly complete, differ some from
each other. One of the most complete records has been kept by the
Grange Company at Modesto, and a copy of this from 1889 through
1904 is inserted below. The average annual rainfall is seen to be 12.10
inches, falling principally from October to April, both inclusive. The
precipitation during the tive months from May to September is in every
case small, although in some years a quite heavy fall has occurred in
one of these months. For all practical purposes, however, the prin-
cipal growing and harvesting season is largely devoid of precipitation,
and for any annual crops other than those planted in the fall irrigation
is necessary.

Annual and monthly rainfall at Modesto, Cal., 1889-1904.

[Furnished by the Grange Company.]

Year. Jan. Feb. Mar. Apr. May. June. July Aug Sept Oct. Nov. Dec. Total.

Im.  Im. ' In. In In. In In. In.
2 139 0w o 00 0.00 0.0 249
18 50 00 L2 00
10 .00 .0 .00 AL U R L
57 109 N L0u .00 .01 NO
521 0 00 .00 L1000
23170l T L0 L0 00 173
;.00 L0000 17 .07
2080 .29 | L0000 L300 L0225 1,32
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402 L0 Lo L0097
4.07 .67 .00 .00 00 24T 48
01 094, .00 .0 .00 .00 189
1.93 1,47 .0 .0 .0 11 71

1
AL 00 L0 L0 06 L6
L3 000 00 0 L0 L
L3600 .00 00 .00 00 L0000
139 .09 00 .00 13 257 .9

L0 .66 .04 L0201 .32 79 167 205 12.10
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DIVERSIONS FROlf TUOLUMNE RIVER IN 1904 BY MODESTO AND
TURLOCK CANALS.

In 1904, except when closed for repairs, both Modesto and Turlock
canals carried water from January until late in the fall, Modesto
canal being closed for the season September 30, and Turlock canal
running until October 20. For the 274 days from January 1 to Sep-
tember 30, Modesto canal carried a mean flow of 167 cubic feet per
second; for the 275 days from January 20 to October 20 Turlock
canal diverted a mean flow of 305.9 cubic feet per second. The
greatest amount carried at any time by Modesto canal was 278 cubic
feet per second, and the greatest amount carried at any time by Tur-
lock canal was 535 cubic feet per second. The tables below show the
amounts diverted each day of the season, and also the mean flow for
each month in each canal, the records having heen taken at the irri-
gation and drainage investigations’ gauging stations near the head
gates.® In computing the average monthly flow the full number of
days in the month was used.

Diversions from Tuolumne Rirer by Modesto canal, January 1 to September 30, 1904.

{ | | '
Day. | Jan. | Feb. | Mar. ! Apr. | May. June. July. Aug. l Sept.
' |

Cu. Jt. Cu. f.| Cu. ft. Cu. ft.| Cu. ft. Cu. ft. Cu. fl. Cu. fl. 'C‘u n

per &€C. 8ec. cr 8€C. 8€C. | per sec. per 8€c. Per 8eC. per 8€C. per sec.
1 F 178 Ipcrl52 P 22 IW 24 150 .l 218 F 266 .’ 245 ! 106
2 178 | 152 38 152 165 223 261 | 251 101
3 176 152 82 ! 160 229 | 234 266 251 80
4.. 176 152 93 | 150 223 229 266 245 80
5 93 ¢ 181 223 234 273 | 245 20
6 93 170 223 234 278 | 240 72
7 127 165 234 ! 234 278 245 | 72
8 127 , 70 234 45 266 245 | 60
9 127 160 130 127 266 240 ! 57
82 181 170 207. 266! 240 53
2 191 140 246 261 240 ¢ 45
115 194 170 256 266 234 45
152 . 181 234 251 261 223 45
152 ] 191 234, 251 256 202 45
152 181 234 256 256 229 42
152 165 2H 256 261 261 42

|
152 181 0 234 256 21 1 261
165 160 234

|
165 101 | 229 261 266 256 i 72
165 120 196, 261! 261 240 63
165 | 202 92 261 261 197 60
191 65 16 | 261 231 181 53
1910 1150 67 261 39 155 | 60
191 208 70| 261 |.ee..... 145 . 121
197 23t mol o 261 II0TIN I 145 135
150 218 165 266 170" 145 181
180 212 207 266 245 150 131
55 191 229 1 261 28 148 131
49 130 234 | 266 234 105 140
191 I 130 ¢ 234 266 | 234 135 bt
DT LI 21 o240 120 ........

AVerage.....coeeunnn. 178 79 133 159 186 242 233 209 i

a Records from Jammr) 1to April 1 furnished by Mr. 8. G. Bennett, hydrographer, l‘ S. Geological
survey.
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Diversions from Tuolumne River by Turlock canal, January 20 to October 20, 1904.

]
Day. ‘ Jan. Feb. | Mar. l Apr. May. | June. | July. . Aug. | Sept. Oct.
| | | |
cupt cun|cu cuntcun|cu fiCu . Cu i | Cuft. | Cu. g,
per sec. 8€C. | per 8eC. | per 8€C.+ per 8¢C. | per sec. | per 3ec. per sec. | per sec. | per sec.,
,’ ....... P | P 380 348 70 511 1 o....... 505 | *7 248 441
2 288 380 396 | 462 503 150 409 150 441
B e 225 380 412, 470 519 312 465 183 441
D IR P 225 388 412 478 511 449 465 150 441
B e, 286 388 412, 478 519 497 465 167 441
6 cnineeeaeanae]aneeaans 286 388 429 | 486 527 521 465 150 441
L ARSI SR 286 388 412 : 505 473 136 441
8 LI ] 286 eenn... 429 473 122 441
9l . b 446 473 122 441
348 473 109 328
[ SO 446 473 97 377
120 454 473 97 141
130 462 473 97 441
. 462 1 401 97 441
15 162 401 91 441
16 . 462 393 91 425
17 462 393 116 425
T . 462 173 143 312
........ . 3% 473 143 264
205 | 348110 462 473 158 183
205 348 |.....o. 462 457 136 ...
83| 348 |........ 462 377 109 ........
83 348 |........ 462 312 109 (........
| 29| 462 296 296 |........
&3 308 |........ 478 288 433 l.......
123 1. 462 288 76 e,
%38 191400000 470 264 441 'Ll
218 380 I........ 462 288 41 ........
238 | 380 |. 470 288 441 Ll
288 i e 170 | 3120 441 L.......
225 eeeeiil 205 ...l 248 s e,
Average ..... | 169 l 289 | 441 404 186 402

Modesto canal first carried water late in the fall of 1903. Turlock
canal commenced running a supply for irrigation in 1901, during
which season an average of about 200 cubic feet per second was run
in the irrigating months. As high as 400 cubic feet per second was
carried in 1902 and a somewhat larger amount was run in 1903.

Records of flow of Tuolumne River at Lagrange have been kept
since 1896 by the United States Geological Survey, and from these
records the average monthly flow has been computed for seven years.
These ai'erages. and the records from which they were computed, are
given below:?

Mean monthly flow of Tuolumne River at Lagrange for the seren years, 1896 to 1902.

sonth. ] 1896. 1897. l 1898, .’ 1899, | 1900, ' o | 1902,
1

Average.

Cu. ft. 1 Cu. ft. Cu. ft. Cu. ft.
per 845(‘] poer xee.
1

Cu. ft. Cu. ft. Cu. ft.
per scc. | per sec. | per sec.

per jec. per sec.
2,34 1,231 352

, 2,408 | T 3,361
1,19% 5,172 924 1,053 | 7,214
2,757 4,032 1,248 2,451 [ 3730
3,554 7,735 4,065 2,403 3,968

6,913 ¢ 8,043
5, 386 9, 394

a
x

3,035 2,181 301 826 3,708
617 237 109 12, 84
464 86 44 49 175
152 222 7 1,240 211

1,167 768 63 2,546 A1

1,115 1,104 280 1,342 1,339

a:l‘h@e records include the amounts diverted by Turlock canal and Lagrange ditch.
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The table shows that the largest flow of the river occurs in April,
May, and June, the months when the largest supply for irrigation is
needed; also that the supply is very short in August, September, and
October. ‘

For the more ready comparison of the diversions by Modesto and
Turlock canals in 1904 with the normal flow of the river the summary
given below has been prepared. This summary shows that in 1904,
except in August, September, and October, the combined diversions
by the two canals did not approach the river flow, and that from Jan-
uary 1 to October 31 they were but 15.8 per cent of that amount.
The opportunities for storage are therefore large. In August and
September, 1904, the river was raised by somewhat unusually early
rains,and the diversions during these months were more than the normal
stream flow—181.4 per cent of that normal in August and 189 per cent
of it in September.

Comparison of total diversions from Tuolumne River in 1904 by Modesto and Turleck
canals with the average flow of Tuolumne River for seren years, 1896 to 1902.

Mean fi ﬂCOTP&'iwd '
ean flow [flow ento
Tuolumne |and Turlock ' P¢reentage
Month. ive
: River, canals Jan, ¢ 1
1896 t0 1902. | 1to Oct. 20, °Y canals.
1904.
l Acre-feet. Acrefect. | Acre-feet.
January ! , 831 i4,927 14.8
February 141,673 21,201 ! 15.0
March 176, 961 15,221 | 8.6
7§ 43 1 271,577 35,733 13.2
MY ettt iiiieetetiicietei it iiaaaaas 414,672 41,679 10.1
P RN 374,519 24, 497 6.5
July . 109,817 35, 031 31.9
August. 20,721 37,645 181.7
Septemb 8,331 15,746 | 189.0
October... 22,381 15,960 | 713
November .. .. 70,096 [ ..oeneieiiiit ciiiiiaaaas
December......ooouiiiiiiii il e teeeeeen | 79,565 | e
S ST NS UUR I LTSI 257,640 14.4

If the flow to October 31 only is considered, 15.6 per cent is the
relation of diversions to the discharge of the stream.

This suammary shows thatin 1904, except in August, September, and
October, the combined diversions by the two canals did not approach
the river flow, and that for the year the diversions were only 14.4
per cent of the amount carried by the river. In August and Septem-
ber the river was raised by early rains, and the diversions during these
months were more than the normal stream flow. Water failed to spill
over Lagrange dam only from August 12 to September 24, and after
the latter date there was a large surplus.
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THE WATER USED IN 1804.

On October 22, 1887, in recommending canal routes to Modesto
irrigation district, Mr. C. E. Grunsky, C. E., estimated that enough
water would be necessary each year in Modesto district to cover the
land in the district to an average depth of 2 feet and 8 inches. In
reaching this conclusion it was estimated that the irrigating duty of 1
cubic foot of water per second would be 160 acres from March to
June, 400 acres from July to September, 640 acres from October to
December, and 1,280 acres in January and February. While it is
undoubtedly true that eventually the covering of land in Modesto and
Turlock districts to a depth of 2 feet and 8 inches each year will be
ample for the ordinary crops under average conditions, it is interest-
ing to compare the amount of water used in 1904 with Mr. Grunsky’s
original figures. To be able to determine the amounts used in 1904
gauging stations were maintained by the irrigation and drainage inves-
tigations in both Modesto and Turlock canals short distances below
Lagrange dam; also on each canal near its entrance into the districts
20 miles below, and on lateral 1 of the Modesto canal and lateral 3 of
Turlock canal.

The amounts of water diverted by each canal have already been
given in detail (pp. 108,109). Expressed in acre-feet, by months,
these amounts are repeated in the summary below. It will be noted
that Modesto canal diverted a little more than one-half as much as
was diverted by Turlock canal.

Total and monthly diversions from Tuolumne River above Lagrange by Modesto and
Turlock canals from January 1 to October 20, 1904.

Modesto | Turlock | Modesto  Turlock
Month. canal. canal. | Month. canal. canal.
Acre-fect. 1 Acre-feet. l | Aerefect.  Acre-feet.
10,917 ERUT I 171 L O i 14,506 30,725
4,550 16,651 AURUS.....oiiiiiienannann | 12,833 24,812
8,166 7.055 | ! 11,087
9, 485 26,245 | 15, 960
11,460 30,219 . —
14,419 , 10,078 l SeASON ..nnnennnnn.. i 90,795 l 166, %45

From Lagrange dam hoth canals—Modesto on the north bank of
the Tuolumne and Turlock on the south bank—pass through some 20
miles of more or less rough foothill country before reaching the land
embraced in the irrigation districts. While the diversions from the
Tuolumne at Lagrange show the gross service of the water diverted,
records kept at Waterford and Hickman, near the entrance of the
canals into the districts, indicate the amounts delivered to the disaricts.
These records are summarized on page 112. For January, Febru-
ary, and March the amounts are computed from the flow at Lagrange.
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Flow of Modesto and Turlock canals near Waterford and Hickman, respectively, during
season of 1904.

Modesto | Turlock | Modesto | Turlock

Month. canal at | canal at || Month. canal at | canal at
|Watertord.. Hickman. Waterford. ' Hickman.

! Acre-feet. Arre:-{ed. i | Acre-feet. Acre-{ed.
JADUATY . .cveieaiiaaaaaan ! 9,084 | ,200 | July...oooooiiiiiiia. 12,477 5, 430
February 8,777 | 13,221 | August...... | 11,724 ) 20, 142
March... 6,779 | 5,644 | September .. | 4,146 | 8, 347
April 7,823 21,300 | October .................. eeeeieeaaan ! 18,500

May ool 8,705 25,219

I

June...ooiiiiiiiiiinian.. 12,202 | 10, 700 | 8eason .............. 76,717 i 136,753

These two summaries, taken in connection with the areas irrigated,
show the service of water in Modesto and Turlock districts in 1904.
In Modesto district 6,895 acres were watered and in Turlock dis-
trict the area supplied was 20,000 acres. The total diversions by
Modesto canal amounted to 90,795 acre-feet, or enough to cover the
area irrigated to a depth of 13.18 feet. The total amount reaching the
district line near Waterford was 76,717 acre-feet,-or enough to cover
the 6,895 acres to a depth of 11.13 feet. The total diversions by Tur-
lock canal amounted to 166,845 acre-feet, or enough to cover the
20,000 acres irrigated to a depth of 8.34 feet. Of this, 136,753 acre-
feet reached Hickman, which was enough to cover the 20,000 acres to
a depth of 6.84 feet. Expressed differently, each cubic foot per second
diverted by Modesto canal served 41.29 acres, and each cubic foot per
second diverted by Turlock canal served 65.38 acres, both of these
areas being estimated from the mean flow for each canal given on page
110, the season being computed as extending in the Modesto district
from January 1 to September 30, and in the Turlock district from
January 20 to October 20, inclusive.

The above figures aré more valuable for stating the service of water
in 1904 than they are for showing the amount of water necessary for
the crops grown. Wasteful use was more often the rule than the
exception. Besides, much of the water applied prior to April and
during the last three weeks run in each district was put on new checks
for the purpose of settling the ground before seeding. Also, portions
of the year, especially prior to April 15, some water was allowed to
waste at the lower end of some of the laterals. Much water was also
" lost by seepage through the sandy bottoms of the laterals, and there
were losses in the main canals below the point of daily record. Records
kept on lateral 1 in Modesto district and lateral 83 in Turlock dis-
trict show more nearly the amounts of water applied to land in 1904.
These amounts are expressed in acre-feet, by months, in the summary
following.
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Summary of amounts of water run in lateral 1 Modesto district and lateral 3 Turlock
district during season of 1904.

' Modesto | Turlock i Modesto | Turlock
Month. | district, district, I Month. district, district,
i lateral 1. laternl 3.

lateral 1. | lateral 3.

Acre-fect. [ Acre-feet.
634 | 2,763

January.... R y
February ...oeeniaciiee iiinnns. . 3,300 - 504 3,020
March... 721 ! 1,415 142 654
April .... . 737 4,046 ' October....ooovvviviiii]iiieniaaaadl 1,863
May........ 729 4,081

JUNe..ceiiiiiiaiaaeaaaans . 56 1,235 ! 4,084 23,482

Six hundred and twenty-five acres were watered below the gauging
station on lateral 1 Modesto district, and 2,625 acres were supplied
below the gauging station at lateral 3 Turlock district. Up to May 1
approximately one-third of the amount run in both laterals was spilled
back into the river at their lower ends. Deducting these amounts, a
total of 3,598 acre-feet was used or wasted on lateral 1 Modesto dis-
trict, and a total of 20,195 acre-feet was used or wasted on lateral 3
Turlock district. In Modesto district this was sufficient to cover the
625 acres irrigated to a depth of 5.76 feet, or, differently expressed,
was 1 cubic foot per second average flow throughout the season of one
hundred and seventy-four days for each 60 acres irrigated. In Tur-
lock district the amount run was sufficient to cover the 2,625 acres
irrigated to a depth of 7.69 feet and enough to water 70.9 acres per
cubic foot per second average flow from the time water was turned in
until it was turned out, two hundred and seventy-five days.

There is no doubt that too much water is used by a majority of the
irrigators in both Modesto and Turlock districts. In 1904 less was
used in Turlock district than in Modesto district because much of the
land in Turlock district had been irrigated since 1901,% and also because
Turlock canal was closed for repairs for twenty-seven days in June
and July, when the use would naturally have been large. To irrigate
all of the land in the two districts under the duty obtained in 1904
would require a2 mean flow of 1,900 cubic feet per second in Modesto
canal and of 2,700 cubic feet per second in Turlock canal. There is
no likelihood, however, that such a low duty will continue long, because
there will be several factors tending to increase it. The subsoil in
both districts is generally deep, and for the first few yvears of irriga-
tion can absorb large quantities of water without injury. As the level
of the ground water is raised less water will be absorbed by the lower
strata and therefore less will be required to supply the layer utilized
by crops. Also, as irrigators become more experienced they will
learn to get along with less water, and as the irrigated area in the

a Mr. B. W. Child, superintendent of Turlock canal from 1901 to September, 1904,
reports that in 1901, 3,757 acres were irrigated in Turlock district; that in round num-
bers 7,000 acres were watered in 1902, and that 12,000 acres were watered in 1903.

30620—No. 158—05——8 .
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districts becomes increased the district officers will be compelled to
prevent all waste.

In Modesto and Turlock districts, however, as in all newly irrigated
sections, the danger of using too much water is a grave one, and if
the excessive use is allowed to continue large financial loss will be
inevitable. If the tendency to waste, already very marked, can be
checked before it becomes a habit, the saving to the districts and to
the irrigators, both in money and in friction, will be, relatively speak-
ing, almost beyond estimation.

In order to bear out the records of flow for the season already given,
the amounts of water applied in single irrigations under single laterals
and on separate farms were measured in a number of instances.
These measurements showed excessive use or excessive waste in
nearly every case. Between May 28 and June 6 enough water was
run in one lateral in Modesto district to irrigate 611 acres, principally
alfalfa, to cover the land irrigated to a depth of 1.8 feet. What pro-
portion of this was lost in transit was not determined, although it was
known to be large. On another lateral in Modesto district 13 farmers,
with 292 acres, received enough water between June 19 and July 11
to cover their land to a depth of 1.2 feet. One farmer on lateral 1 in
Modesto district used 21 cubic feet per second for twelve hours on 10
acres of alfalfa, which was enough to cover the land to a depth of 2.1
feet. Another farmer, one of the best in Modesto district, covered
26 acres of alfalfa on lateral 7 to an average depth of 0.54 foot in one
irrigation, while a neighbor on an adjoining lateral used 18.5 cubic
feet per second for eighteen hours on 16 acres of alfalfa, which was
enough to give an average depth of 1.6 feet. These figures, which
are in no way exceptional for Modesto and Turlock districts in 1904,
show that individual practice is by no means guiltless of waste. It.is
believed that the high levees and imperfect leveling are the cause of
much of the excessive use. Even on light soil a depth of 6 inches for
each watering should suftice for alfalfa in Modesto and Turlock dis-
tricts, but many checks ave so far from level that a depth of 1 foot of
water on one portion of a check often gives a depth of only 1 or 2
inches in another portion of the same check, resulting in great uneven-
ness in applying water and much injurious waste.

QUALITY OF WATER.

The water of Tuolumne River is characterized. by Prof. George E.
Colby, of the University of California, as **exceptionally pure.” A
composite sample from the river at Lagrange dam, taken from May 1
to July 1, 1904, analyzed by Professor Colby, showed a total of only
2.32 grains per gallon of solid matter. Composite samples taken from
Modestoand Turlock canals at Waterford and Hickman, respectively, 22
miles below where the river water sample was taken at Lagrange dam,

\
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showed that this ‘exceptionally pure” character was not lost through
the water passing down the canals. In neither Modesto nor Turlock
canals were the solid ingredients increased sufliciently to either improve
or injure the water. In Modesto canal the total grains per gallon
increased to 3.19 and in Turlock canal to 6.39. In the former the
sodium chlorid increased to 0.31 grain and the sodium carbonate to
0.35 grain per gallon, the other solid ingredients remaining substanti-
ally the same as at the head gates. In the latter the potassium sul-
phate (trace) and the sodium sulphate increased to 2.76 grains, the
sodium carbonate to 0.61 grain, and the organic matter and chemically
combined water to 1.74 grains. The complete analyses for the three
samples are given in the summary below:

Analyses of composite water samples from Tuolumne River and Modesto and Turlock canals.

[Grains per gallon.]

1
) Tholumne | Modesto | Turlock
Ingredient. canal at canal at

La renge Water{ord.l Hickman.

Potassium sulphate (trace).......c.....ciiiiiiiiiiiiiiiiinina.. 1

| .

Sodium sulphate (Glauber's sn]t) et f 0.50 0.58 2.76
Sodium chlorid (common salt).. e 12 .81 12
Sodium carbonate (salsoda) ..................... .25 .36 - .61
Calcium and magnesium carbonates, etc., .. :
Calcium sulphn(e (gypsum), small............... .. .87 87 1.16
Silica,chiefly...c.ooeiiiiiiiiiiiiiaiiiiiiiint .. |

oOrganic matter, no ‘‘char.,” and chem. combined water......... .58 .58 ' 1.74

TOtAl oot e s 2,32 3.19 | : 6.39

SEEPAGE LOSSES.

Of 90,795 acre-feet of water diverted from Tuolumme River in
1904 by Modesto canal, 76,717 acre-feet reached Waterford, near the
entrance of the canal into the district. Of 166,845 acre-feet diverted
by Turlock canal, 136,753 acre-feet reached Ilickman. These figures
show respective losses, in approximately 22 miles in each case, of 15.5
and 18 per cent, whlch were equlvalent to a continuous flow thlough
the season of 26 cubic feet per second in Modesto canal and 55 cubic
feet per second in Turlock canal. Considering the size of Modesto
and Turlock canals and the nature of the country through which they
pass, these losses are not as large as might have been expected. Below
Waterford and Hickman, however, and especially in some of the
laterals, the losses are known to be excessive. While it wax deemed
desirable to determine these losses by a series of current meter gaug-
ings, breaks in the canals and other circumstances prevented this
being done, except on a section of Modesto canal from Lagrange dam
to the head of lateral No. 6. A secries of such measurements was
made on this section in June, 1904, by Mr. A. P. Stover, of the irri-
gation and Drainage Investigations, and the writer, and the measure-
ments showed the approximate location of the principal losses.
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" From Lagrange dam to lateral No. 6 is 33 miles. Starting with a
flow at the dam of 260 cubic feet per second. the losses were found to
be as given below:

Summary of losses from main canal, Modesto irrigation district, between Lagrange dam
and the head of lateral No. 6, June, 1904.

i Loss per | Per cent.

Section of canal. ) | Loss. i mile,
ioCu gt Cu. ft.
per sec. | per gec.
Lagrange dam to Morton flume.......cooiviiiiiiiiiiiiiiiiiiiiieana. 9.2 3.9
Morton flume to Dallas bridge .................. . 17.4
Dallas bridge to gauging station near Waterford 14.0
Gauging station near Waterford to lateral No.6... 15.5

Lagrange dam to lateral No. 6 ...ooovuiiiieiiiiiiiniiiiinincnanna. 56.1 '

From Lagrange dam to lateral No. 6 the loss is seen to have been
equivalent to a flow of 56 cubic feet per second, or 21.5 per cent of
the 260 cubic feet per second started with. The greatest loss per mile
took place between the dam and Morton flume, principally in sections
that are now being repaired. From the dam to the gauging station
near Waterford the loss was substantially 15.6 per cent, which is
slightly more than the loss indicated by the total flow of Modesto
canal for the season, given in acre-feet on page 110.

CROPS GROWN IN MODESTO AND TURLOCK DISTRICTS.

Water taxes are paid on 250,000 acres of land in Modesto and Tur-
lock irrigation districts, but up to the close of the season of 1904 less
than 30.000 acres were irrigated. The area irrigated, however, will
increase each year, the prospects being that in 1905 it will be at least
one-fourth larger than in 1904. Until water was turned into the
canals—in 1904 in Modesto district and in 1901 in Turlock district—
the whole area in the districts was a grain field. The purpose of
watering, however, was to make possible a more diversified and more
profitable agriculture than wheat growing on a worn-out soil.  Because
it is not difficult to raise under irrigation, and at the same time
promises quick returns, alfalfa was fittingly chosen as the crop for
making a beginning under the new régime of irrigation. It is there-
fore the principal irrigated crop in the districts. If sown there in
time to get started in April it yields from one to three cuttings and
good pasture the first season. There is every reason why its growth
in these districts should be encouraged. It surpasses all other Ameri-
can forage crops, so that it is invaluable in the raising of beef and
dairy cattle. As a renewer of impoverished soils, such as those in
. San Joaquin Valley, no crop grown on an extensive scale has yvet been
found to surpass it. A yield of 5 to 6 tons per acre each year after
the first, gathered in three or four cuttings and worth $4 to $5 per
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ton in the stack, is a highly satisfactory gross return for such a crop
on land that can be purchased and planted and prepared for irrigation
for $75 per acre or thereabouts. (Granting, however, all that may be
said in favor of alfalfa and the ready market for it that is offered by
the beef and dairy interests, it would seem to be false economy to
raise it to the exclusion of almost all other field crops. It is question-
able if even 7 tons of alfalfa per acre per vear would be the best
return possible from much of the land in the districts. For soil that
will raise as wide a range of products as can be grown in these dis-
tricts, some crops should be found which, rotated with alfalfa and
grain, would give a more balanced and, in the long run, more profita-
ble production than can be derived from any single crop, even if that
single crop is alfalfa. Careful rotation in the South Platte Basin in
northern Colorado has so increased values that alfalfa is now raised
there more as a means of preparing land for more profitable crops, in
the meantime giving a fair return, than as the ultimate and most
profitable crop. Conditions are obviously different in San Joaquin
Valley from conditions in the Rocky Mountain irrigated sections, yet
the people of Modesto and Turlock districts should not fail to search
for the crop or crops that, interchanged with alfalfa and wheat, will
give them the largest possible yield from their land.

Although the chief crop, alfalfa is not the only crop grown under
irrigation in these districts. Others are deciduous fruits of various
kinds, including grapes, mostly for wine. The conditions seem admi-
rably adapted for all of these, and the extent of their profitable pro-
duction will depend on the prices at which the markets will be likely
to receive them. In the lighter soils around Turlock sweet potatoes
are now grown with considerable profit, the yield of 1903 averaging
125 sacks of 115 pounds to the acre. These were sold at the nearest
railroad station at from 80 cents to $1.40 per 100 pounds, averaging
$1.10 per hundred, which gave a good profit to the growers. In 1904,
1,100 acres were planted to this crop in Turlock district. Corn can be
raised almost to maturity in the districts without water, but requires
irrigation in May or June to carry it through the hot winds of those
months. Much of the soil is suited to the growth of sugar beets, but
whether they can be grown there has not been determined by trial,
although a considerable acreage will be planted to this crop in 1905.
Egvptian corn, melons, beans, garden truck, and numerous other field
crops are being tried. Of the fruits, the Calimyrna fig is considered
by many as admirably adapted to the conditions present, and consid-
erable areas have already heen planted, particularly around Ceres. in
Turlock district. Small fruits, such as loganberries and blackberries,
grow luxuriantly and yield abundantly, and should be protitable when
properly raised and marketed. Orvanges and lemons grow and yield
wherever planted in the districts, and in the foothill country east of
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the districts, as around La Grange, reach a high state of perfection.
They are not, however, being grown commercially in the districts to
any considerable extent.

One of the most surprising features of farm practice around
Modesto and Turlock is that no grain is irrigated. This becomes the
more surprising when yields of wheat on summer-fallow land are
reduced to 10 or 12 sacks per acre every other year, and when every
acre of dry-farmed grain land pays the same water tax as every acre
of irrigated alfalfa or vineyard. Grain growers in all parts of the
West, except portions of California, water their crops with highly
satisfactory results. If, as Modesto and Turlock grain growers claim,
wheat and barley can not be profitably irrigated in their section on a
large scale, there is little doubt that much would be gained hy water-
ing it on such a scale as farmers of 80 or 160 acres of land might do.
If, after several years devoted to alfalfa, 40 acres of irrigated wheat
would yield at the rate of 50 and 60 bhushels to the acre—yields which
are by no means uncommon where wheat is irrigated and carefully
rotated with other suitable crops—the wisdom of irrigating grain
would seem to offer little ground for controversy. Ii the spring-of
1904 the experiment of irrigating grain was tried on one of the farms
of Mr. C. N. Whitmore, near Ceres. Twoacresof barley were watered
on May 3, after the grain was headed, by flooding from small field
ditches. An average flow of 0.75 cubic foot per second was used.
covering the land to an average depth of 0.27 foot. The experiment
demonstrated that the light soil on which the experiment was tried
could be readily irrigated by the method followed, although it was
shown that a larger ‘‘head” than was used would give the bext
results. Although the experiment was tried late in the season, the
yield and quality of the grain were materially improved.

METHODS OF APPLYING WATER.

The check method is followed almost exclusively in applying water
to land in Modesto and Turlock districts. This method was copied
from other sections in San Joaquin Valley, where it has found much
favor with irrigators. That it is the best method for all the land in
these districts has not, however, been determined, and, taking experi-
ence of irrigators elsewhere as a guide, it is quite certain that some
other method would be better on some of the land. In this country
this method had its origin among Mexicans, who carried it from their
own country to San Joaquin Valley and other parts of California.
The main theory underlying it—that it permits of irrigation with a
minimum of labor—is certainly a point in its favor, yet this should
not be allowed to dictate its adoption. The application of water to
crops is more than a matter of opening and closing head gates. The
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history of wheat growing in San Joaquin Valley should be sufficient
illustration of the economic axiom that the minimum of labor gives
the minimum of yield. On land with little slope and light texture,
where water spreads with difficulty, the confining between levees of a
comparatively large stream of water for a short time is certainly good
practice. On land sloping as much as 1 foot in 100 feet, however,
where water will spread even on light soil, the breaking up of the soil
surface into levees at a cost of $18 to $30 per acre is a practice at least
sufficiently questionable to warrant careful experimenting with other
methods. One or two new settlers who have irrigated elsewhere are
irrigating alfalfa by flooding from small laterals, as is done almost
universally in the Rocky Mountain States, and also with success in
some portions of California. On land with sufficient slope so that
water will spread without being confined in checks, and where the
soil is not too light, there seems no reason why this method should
not succeed. It requires only the evening, not leveling, of the ground
surface and the construction through the field of small laterals capable
of carrying from 1 to 3 cubic feet per second, or from 50 to 150 miner’s
inches, of water. Water can be readily diverted from such laterals by
metal tappoons or canvas dams, which force the water over the banks
of the laterals or through temporary breaks in their sides, and guided
over the field by an attendant. These laterals, generally from 50 to
100 feet apart, according to crop and other conditions, follow the tops
of the ridges or along grade contours, in the former case so that the
water may be run out on both sides of the lateral, and in the latter
case so that they may be kept high enough to reach the different parts
of the fields. This method of irrigation requires much more skill in
handling water than the check method, yet where the laterals are
properly made and the water is carefully handled and no low places
are left in the field without outlets for surplus water, it will permit of
a more even application of water than can be given by the check
method where the checks vary more than 4 or 5 inches from level, as
do many of the checks now built in Modesto and Turlock districts.
If checks are within 3 or 4 inches of level, and not too large—the
area being no greater than can be watered by the available irrigating
stream without excessive watering of some portions before the water
can be made to spread to the other portions—it is probable that water
can be spread on them more evenly than it can be applied by flooding
directly from small laterals.

But little examination of many of the check levees in Modesto and
Turlock districts is needed to show that they are, as a rule, higher
than necessary, and also that they very often have slopes too steep to
permit of easy crossing with farming implements. Levees 2 to 3 feet
high are not uncommon in these districts. Such excessively high
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levees are not only very expensive to make, but they offer breeding
ground for noxious weeds, produce little, if any, yield, and greatly
detract from the appearence of irrigated fields. A number of irrigators
in these districts, however, have made checks that have proven highly
satisfactory, in which water can be applied to the crops both quickly
and evenly. Detailed surveys were made of some of these in 1904 by
Mr. A. P. Stover, of the irrigation and drainage investigations, and
the writer, and descriptions taken from these surveys, together with
suggestions regarding checks in general, prepared by Mr. Stover, are
here given. In this connection helpful suggestions were made by
Prof. M. E. Taylor, of Ceres, and Mr. L. F. Hastings, now superin-
tendent of Turlock district.” It is thought that the sketches and
descriptions will offer something of a guide to those about to begin
the construction of checks in these districts.

PREPARING LAND FOR CHECK IRRIGATION.

The settler who is about to prepare his land for irrigation with
checks has the choice of two systems. He may use the contour system
and locate all levees on contour lines, thus dividing his field into
checks of varying size and irregular shape; or he may adopt the
rectangular system, in which all levees are located on straight lines
that divide the tract into checks essentially rectangular in shape.
Which of these two systems is best of course depends entirely upon
the particular case in hand, but the advantages of the one system as
compared with the other may in the main be determined by two
factors, viz, the nature and uniformity of the slope of the tract to be
checked, and the use which will eventually be made of the tract.

If the given tract contains depressions or small swales, then, other
things being equal, contour checks should be used, for, generally
speaking, contour checks will be less expensive in construction than
rectangular checks. Contour levees may be so located as to require a
minimum amount of labor in their construction and in the leveling
of the bottoms of the checks. In constructing rectangular checks,
however, the partial disregard of contours, in order to build the
levees on straight lines, results in much more earth having to be
moved in order to properly form the levees and bring the beds of
individual checks each to its own level. Under conditions where the
slope of the tract is quite uniform in each direction and the surface is
unbroken, rectangular checks would be the ones to choose, for, although
under these conditions there would be practically no difference in the
cost, the advantage is with the rectangular system from the fact that
rectangular checks conform nicely to culture areas and to property
and subdivision lines, and by so doing add materially to the general
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appearance and attractiveness of the farm and to the ease with which
it can be cultivated.

The use to which a tract of land is to be put may, to a certain
extent, affect the style of checking adopted. Especially is this the
case on land with uneven slopes. If on such land it is expected
nothing but alfalfa or grain will be raised, it may not pay to go to the
extra expense of building rectangular checks. On the other hand, if

westorn Boundary. 4

F16. 2.—Irrigation by contour check system.

cultivated crops, such as fruit trees, vines, or furrow crops are to
eventually occupy the land, then the added initial expense of pro-
viding large rectangular checks will more than be compensated for by
the ease with which irrigation and cultivation may be accomplished.
As illustrative of the two styles of checking two sketches are given,
based on field surveys. Figure 2 shows a typical example of good
practice in the use of the contour system in the irrigation of alfalfa.
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1t represents part of the farm of Mr. George W. Horn, 3 miles north-
west of Modesto. The rectangular check system is illustrated by

m — 22N Lo ik 2L iolng Tacl 00 Rods
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Fi6. 3.—Irrigation by rectangular check system.

figure 3, which is a sketch of an alfalfa field belonging to Mr. Dan
Baldwin, 8% miles east of Ceres.

LAYING OUT CHECKS.

Regardless of whether contour or rectangular checks are to be used,
the nature and amount of slope of a tract of land are the features
which govern the location of levees and size of checks. On all land
suitable for checking which has a slope of from 4 to 10 feet per mile,
contours, or lines of equal elevation, must be located with an instru-
ment. Some farmers, with the aid of cheap leveling devices, have
tried laying out their own check systems. A few have been success-
ful, but many, from a lack of knowledge of the conditions which
should govern, have made costly blunders. Unless one is sure of his
ability to succeed in such a task, he will save money by securing the
services of a surveyor. The expense of this will of course vary with
the roughness of the land to be checked, but a good man, with his
instrument and one assistant, will outline checks on 25 to 85 acres in a
day. At this rate the cost would be 20 to 30 cents per acre. The
average farmer would doubtless have trouble in getting over more
than 6 or 8 acres in a day, which, if he considers the time of himself
and his helper, would make the cost 35 to 50 cents per acre. Not only,
then, would it be more expensive for the farmer to do the surveying
himself, but being unfamiliar with this kind of work, the chances are
he would not make the best choice of location for levees and laterals,
and that he would thus cause himself no end of labor and trouble 1n
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FiG. 1.—CONSTRUCTING CHECK LEVEE WITH SCRAPER.

FiG. 2.—CONSTRUCTING LATERAL DITCH WITH SCRAPER.
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constructing and maintaining his system of checks. Cases have
occurred where, after having gone to much trouble to lay out their
own checks, farmers have finally been forced to employ a competent
surveyor to make a complete resurvey. However, for those who
undertake the work without the help of a surveyor, the following sug-
gestions may not be out of place.

After baving determined the slope of the land, the next move is to
fix the approximate size of the checks hy the difference in elevation
between checks. The best results are obtained where the vertical dif-
ference between checks is from 4 to 10 inches. By this is meant that,
after the checks are built, the difference in level between the bottoms
of two adjacent checks should be from 4 to 10 inches, depending on
the general slope of the land. Observations in San Joaquin Valley
suggest three-fourths acre to 14 acres as the best areas for checks.
With a tract having a uniform slope the difference in level bhetween
the tiers of checks would be a constant amount, and all levees would
be approximately the same distance apart. The maximum difference
in level between checks should not be over 1 foot. If greater than
this. the levees between checks, especially on light soils, are apt to give
way under pressure of the water, and when this happens the heavy
fall to the next check causes a bad washout. Where the slope of the
land is so great as to require a larger difference than 1 foot in order
that the levees may not be less than 50 feet apart, the check system
should be abandoned and some other method of applving the water
adopted.

When the survey of a contour check system is being made usually
no stakes are set, but the location line of each levee is marked by a
shallow plow furrow, the course of which is indicated by the surveyor
walking directly ahead of the plow. In laying out rectangular checks,
the corners of checks are indicated by stakes, from which the levees
are constructed. As a guide for bringing the bed of each check to a
level, a few random stakes are set here and there between the levee
furrows, all in any particular check having their tops on the same
level.

CONSTRUCTING LEVEES AND LEVELING CHECKS.

The task of building levees and leveling checks is work that the
farmer can do himself, and by so doing perhaps secure better results,
by reason of his interest in the work, than if the work is done by
contractors. Land which is to be checked is usually sown to grain or
summer fallowed the previous year, so that the soil is in good condi-
tion to be handled with a scraper. Various implements are used in
this work, but of all perhaps the best results are secured with Fresno
and Stockton scrapers, especially where there is a long haul. (Pl III,
fig. 1.) For short hauls and for smoothing and leveling checks the
ordinary buck scraper does rapid work.
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With the levee furrows and the random stakes indicating the level
of each check as guides, the construction of the levees and leveling of
the adjacent checks can be carried on at the same time, the earth being
dragged from the highest points of the check to the nearest low place
in the levee. The object is, of course, to move the most earth with
the least haul, yet at the same time to build a levee of uniform cross
section. When the levee surrounding any check has been built to its
desired size, the check inclosed, if the scraping has heen done intelli-
gently, will be nearly level, so that but little more work with the

F1G. 4.—Cruss section of levee with wide base.

scraper will be required to true up the surface. The more nearly
level the bottoms of all checks are made the more easily will the
water when admitted cover all portions. On new soil which has
never been saturated it is not necessary to.complete the leveling
before the first application of water, for the reason that all new land
settles more or less after first being saturated, and the final leveling
should be left until after this settling has occurred. The surface of
each check should be brought 1s near to a uniform level as possible.
In one of the square checks shown in figure 3 twenty-five or thirty
readings with the instrument taken at random over the check showed
the maximum variation in level to be less than 14 inches. When a

F1G. 5.—Cross gection of excessively high levee with narrow base.

stream is turned into such a check the water soon spreads over the
entire area and the irrigation is accomplished with a small amount of
water. With level checks only a small depth of water is brought to
bear on the levees, and the danger of breaks and washouts is materially
reduced.

The difference in elevation between adjacent checks will determine
the height of the levees. The crest of the levee separating two checks
should stand 8 or 10 inches above the level of the higher check. Its
top width should be not less than 2 feet, and its hottom width—say
for a 1-foot levee—should be at least 15 feet. Such a levee (fig. 4)
has easy-sloping sidex and rounded top, over which all farming imple-
ments may easily pass in any direction and on which crops will grow
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without difficulty. In both of the districts levees have been given a
narrow base and steep-sloping sides (tig. 5). If this has heen done to
avoid encroaching upon the area of the check, an unwise move has
been made. Where levees are steep sloped with narrow base, no
implement can be taken over them without danger of damaging the
levees as well as the implement, and no crop will grow on such a levee.
The chances of the levees breaking under water pressure are increased
by their diminished cross section. Levees built broad and low form
no obstruction in the field; they are more lasting, and owing to their
flat slope the crop grown, if it be like alfalfa, will entirely cover the
levees, and the whole area of the field is made productive.

DISTRIBUTING LATERALS.

The location of laterals will be governed by the character of the
slope of the ground. On light soils a grade of 2 or 8 feet per mile
should be the maximum. In general, the best results will be obtained
if each check is supplied directly from a lateral. Such an arrange-
ment is shown in figure 2 (p. 121), each check heing-flooded directly
from the lateral that forms a portion of its boundary. In practically
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FIG. 6.—Cross section of well-made later...

all cases such an arrangement of laterals is possible, and where the
expense of constructing the extra channels required is not prohibitive
this plan should be adopted. In cases where it is necessary to supply
one check through another, a broad shallow depression across the
check through which the water is to be carried will confine the flow of
the stream and lead it to the check to be watered without its spread-
ing over the hottom of the higher check. If this depression be made
10 or 12 feet wide and 4 to 8 inches deep and given just enough slope
to drain nicely toward the lower check gate, the crop will cover the
sides and bottom of the channel, and all implements will cross it with-
out inconvenience. '

In the construction of laterals the scraper is worked at right angles
to the line of the lateral, as shown in Plate 111, tigure 2. The earth
to form the banks is' taken from the bottom of the channel and from
the high parts of adjacent checks. In figure 6 a good section for an
ordinary-sized lateral is shown.
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SETTING CHECK BOXES.

Various forms of check boxes are used, the size depending on the
amount of water to be controlled. Serviceable hoxes can be made of
1-inch or 13-inch lumber, with 2 by 4 framing timbers. If made of red-
wood, such boxes should last ten to twelve years. Whatever the style
of box used, it should be so constructed and puddled, when set in the
banks of the lateral, as to withstand the greatest pressure of water
that will be brought to bear upon it. Flashboards should be made
of 2-inch lumber, preferably 6 inches wide. With this thickness of
lumber the boards will not warp out of shape-when left in the sun.
In setting boxes the floor should be placed 10 or 12 inches below the
level of the check to lessen the liability of the water washing under
the boxes as it leaves the lateral. For average land good check boxes
can be provided for from $4 to $5 per acre.

COST OF CHECKING.

No exact estimate can be given of the expense of checking, as the
price will vary widely with the character of the land. For contour
checks, the cost of building levees, leveling the checks, and construct-
ing laterals will average about $7 or &8 per acre on ordinary land,
including surveying at 20 to 30 cents per acre. Check boxes at $
to $5 per acre would bring the total expense up to $12 or $15 per acre.
In building rectangular checks on uniformly sloping land one man
with four horses and a scraper can check and level at the rate of 1 acre
in two to two and one-half days. In exceptional cases one man, if the
land be quite smooth, can do this work at the rate of an acre a day.
This would not include the construction of laterals.

GROUND-WATER RECORDS.

Experience in other irrigated sections justifies the presumption that
sooner or later the level of the ground water underlying the surface
of the soil in Modesto and Turlock districts will rise in places to the
point of injury to crops. When this takes place the saturated land
will have to be either drained or abandoned. Some data were collected
in 1904 to ascertain the ground-water conditions in these districts,
with a view to indicating the direction in which the people of these
districts will need to take steps to forestall injury. Besides obtaining
miscellaneous figures as to the rise of the ground water in both dis-
tricts since irrigation hegan, systematic records were obtained weekly
during the season from 13 wells in Modesto district. These wells
were scattered in a linear distance of 30 miles, extending from Modesto
east along the Waterford road to Waterford; from Modesto north
along the McHenry road to the farm of Mrs. I. T. Bangs; from the
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Southern Pacific main track, near Salida, west along the McNeal road
to the farm of Mr. A. Shearer; and from Modesto west along the Maze
road to the farm of Mr. C. D. Butler. The first measurements were
made in April and May, and the last ones in October, except that some
of the voluntary observers failed to send any reports for the last part
of the season. The table below shows the results of these measure-
ments by months, the nanies of the observers, and the location of the
wells. The figures for each month represent the maximum rise dur-
ing the month, but do not show the fluctuations from week to week.

Table showing rise of ground water in 1904, in sections of the Modesto irrigation district,
as indicated by reports from 15 wells.

Depths to water, by months, in feet. | Net
—_— s i 'change
! | ' hg:lxui for sea-
Name of observer.|  vrocation. . | change "‘;" lt"
Apr. | May. i June.! July. | Aug. | Sept.| Oct. |during 1€
. l geason, Fise (+)
. ! | | * and
I i | fall(-)
|
(‘.J.lf’arry(Spank-i Waterfordroad} 40.80 | 40.25 39.85 | 39.35 , 38.75 2.30 i +2.10
er farm). , '
T. K. Beard...... 144,25 43.85 , 43.50 |... 1.35| +1.35
J. A.Turpen(Du- % 61.00 65.00 65.50 |.. 4.50 l —8.60 *
vison road) | ' ! |
E.M. Welch.....°..... 7! 5.75 i 75.60 75.35 ....... 7B - .35
U. G. Bradley..... “aterl‘ord ..... | 78.2 | 78.00 | 77.40 77.40 77.40 .86 | + .8
J.C.Geer........i McHenryroad.' 29.25 28.25  27.15 25. 10 24.50 | 26.65 | 26.90 4.75 | +2.85
J. H. Boren . do......... } 32.10 | 31.50 | 81.15 . 31.65 ....... 30.65 |....... 1.45 ¢ -+1.45
Mrs. I.T. Bangs.. RO« (o 31.00 | 30.65 | 29.15 'i.oeitiei e 1.85 1 +1.8
J. T. Gish \lo\eal road .1 19.75 | 18.85 l 18.95 | 17.95 17.85 i 1.90 ! +1.90
B. C. Campbell. .do ., 16.00 | 15.00 | 15.00 . . .00 | .00
C. M. Beckwith .. 15.70 | 15.56 l 15.70 . 1.70 1 +1.70
L. W.Shearer (A. 12.75 {1 12.90 | 12.00 1.30 . +L15
Shearer farm). l i I
C. M. Maze....... .60 ; 28.66 | 27.85 | 3.45 +3.45
w E. Garrison... ..... [ I leveenes | 22.65 | 22.00 21. 122,00 | 105, + .65
C.D.Butler...... .....do.........i....... | ls.?:’»i 13.350 ....... 1200| 11. 95| 12. 1.80 +1.00

The last column in the table shows that there was a net rise for the
season in all but 3 wells, and that the greatest net rise in any of
the 15 wells was 3.45 feet, on the farm of -Mr. C. M. Maze, 1 mile
west of Modesto. This well is within one-fourth mile of a main lateral
and near land that was irrigated. The well on the Davison farm,
reported by Mr. J. A. Turpen, is within a few hundred feet of Tuolumne
River and shows no results of value. The wells reported by Mr. U. G.
Bradley and Mr. E. M. Welch are outside of the irrigation district,
but within one-half mile of Modesto canal. The casing in the well
reported by Mr. B. C. Campbell is of new galvanized material, with
soldered joints which cut off connection with surface water, and no
change was shown throughout the season. Five of the wells showed
a net rise for the season less than the maximum change, indicating
that the level of the ground water began to recede toyard the end of
the season when the amount of water carried in the canals and applied
to the land decreased. In no case was the rise very marked.
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Mr. D. P. Howell, formerly a well borer of considerable experience
in Modesto and Turlock districts, states that up to the fall of 1903,
and since water was turned into Turlock canal in 1901, there has been
a rise in the ground-water level in parts of Turlock district of 16 to 18
feet. Shortly after making the observations on which this statement
was based, water was out of Turlock canal for two months, and dur-
ing this time the boring of 5 wells showed that the water level
returned to nearly its original level. Mr. P. W. Christensen, engi-
neer on the Bald Eagle ranch, 5 miles north of Modesto, reports that
when water was first turned into Modesto canal in 1903 the water in
a well on this ranch rose 1.5 feet in three weeks, and that the rise in
the nine months prior to October, 1904, was 7 feet. The main canal
of Modesto district is one-half mile from this well and the well is in
the center of an irrigated tract on which a large amount of water was
used in 1904. The most dangerous rise of ground water so far has
been in gections of Turlock district, where water has been used since
1902. According to the reports of a number of old settlers, the water
levels in the wells around Turlock originally stood 20 feet ‘below the
. surface. Measurements made in 1904 showed it to be within 7 to 9
feet of the surface. Water has been running in lateral No. 4 of Tur-
lock canal, one-half mile north of Turlock, for three seasons, and
from 200 to 500 acres have been irrigated. Nearer this lateral water
was found within 3 to 5 feet of the surface in October, 1904, and it
has also been found within‘a few feet of the surface in other parts of
the district.

While the data given above are incomplete they are sufficient to
show that the problem of ground water is one that already demands
the attention of the people of these districts. The soil is generally of
a sandy nature, allowing water to percolate rapidly from canals and
laterals, and encouraging the use of excessive amounts of water in
irrigation. The surface soil is as a rule underlaid with a hardpan
layer, varying in hardness and thickness, sometimes appearing on the
surface and sometimes found 5 or 10 feet and even more below. The
uneven plane of this hardpan layer, as well as its uneven texture,
some being fairly impervious and some rapidly softening when wet,
will cause the rise of the water plane to be more pronounced in some
spots than in others, as it will also cause the immediate effects of
excessive irrigation to vary with locality. The danger will of course,
first appear in the lower sections of the districts where water is nat-
urally not far below the surface. In the higher sections it will be
first evident along canal and lateral banks and in the depressions.

It is without” doubt one of the legitimate functions of the district
organizations to watch the rise of the ground water, and it is believed
that it will make no mistake in taking steps to do so. If every farmer
would watch the water level in his own well and report to the district




MODESTO AND TURLOCK IRRIGATION DISTRICTS, CAL. 129

authorities, the labor and cost of this would be greatly reduced. Pre-
ventive measures prior to injury, such as the lessening of leakage from
canals and the lessening of waste in irrigation and drainage after
injury, will be fields of effort in which the districts will be compelled
in self-defense to exercise such prerogatives in these regards as the
irrigation district law gives them. The prevention of leakage and
waste is unquestionably both a right and a duty of the districts, and
the getting of results in drainage would be greatly simplified if the
irrigation district law were amended to permit joint action in drainage
without any additional organization, such as the drainage law of the
State requires. Some kind of effective cooperation in drainage will
eventually be necessary in these districts, and it would seem to be an
unnecessary complication to organize drainage districts for that pur-
pose. which is the method provided by law, when the irrigation dis-
tricts already provide the necessary organizations.

THE DISTRIBUTION OF WATER.

Modesto and Turlock districts have before them no small task in
devising systems of water distribution that will result in the eco-
nomical and just division of water among their many irrigators.
Especially is this true because such systems, if effective, will require
the active and business-like cooperation of several hundred—eventually
several thousand—individuzl farmers, mostly untrained in the ordi-
nary methods of business and unused to working together for a
common purpose. These men have not only to learn by experience
and careful study what distributive systems are best suited to their
needs and conditions, but perhaps more difficult, they have to learn to
stand by each other and their officers in carrying into effect the sys-
tems they choose. Each individual irrigator is conscious of his right
to help manage the affairs of the district, but is not always careful to
be sure of his facts before complaining, or, in the face of complaints
from others, to stand by the officers he helps to elect. Very naturally
the result is not always happy. In fact, it clearly indicates that if the
relations between the irrigators and the distributing officials are to be
congenial and the highest possible duty is to be obtained for the water
of the districts improvements in distribution will have to be made. It
is a settled rule in business that no enterprise of magnitude can suc-
ceed without system. There seems no reason why Modesto and Tur-
lock districts, with $2,500,000 invested in canals that cover a quarter
of a million acres of fertile land, are exceptions to this rule. So far,
however, Turlock district has not even equipped a district office nor
furnished the superintendent with the conveniences necessary for the
conduct of his work, and this despite the fact that water has been in
Turlock canal for four seasons. It is believed that the irrigation and
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drainage investigations can do Modesto and Turlock districts no
greater single service than to urge upon them the necessity for giving
greater attention than they have in the past to the details of water
distribution. While it is true that water in some amount can ke
" delivered to some of the farmers without any system and that in some
way or other crops can be raised and settlement increased, there is no
plainer fact in connection with these districts than that, without care-
ful regard to what becomes of the water diverted by the canals and to
the methods by which it is divided and applied to the land, these dis-
tricts will fall far short of their opportunity to make this section one
of the most attractive places in California for the farmer of small
means. So far the cost of water in thesc districts has been much less
than in most irrigated sections, and eventually, as the bonds are paid
off, the cost will decrease. With the careful use of water and sensible
cropping and methods of culture, a wide range of products can be
grown. Markets for the purchase of supplies are close at hand, and
facilities are ample for the transportation of the products of the irri-
gated farms. There is no more stable branch of agriculture in the
West than the raising of beef and dairy cattle, and there is no exten-
sive area in California better suited to it than these districts. The
climate is healthful, even if slightly oppressive in some of the summer
months, and good land is plentiful and can be purchased at reasonable
figures. There is opportunity for every farmer to raise the principal
staples and some of the luxuries of his home food supply, and there
are suflicient near-by markets to absorb the surplus of the poultry
yards and vegetable gardens. With the opportunities of building up
thriving rural communities which these natural advantges offer, the
districts would surely fall far short of their duty if they hindered
future progress by failing to provide the machinery for economical
water distribution, a needed assurance to intending settlers that they
will be protected in their right to an ample water supply.

It is believed that the first essentials of distributing systems for
these districts are records of the amount of water heing diverted and
used, and of the time and amount of water delivery to irrigators.
These records can be kept under the direction of the superintendents
by the caretakers and ditch riders along the canals and laterals, and
with slight expense to the districts, except that to make them of value
they will have to be gathered on forms furnished by the districts, in
strict compliance with instructions from the superintendents, and later
systematically filed in the district offices. The records showing the
amounts of diversions from the Tuolumne will aid in establishing a
definite water right for the districts, and when compared with the area
irrigated and the area to be irrigated, will give an index of how much
diversions will have to increase or how much use will have to decrease
before all of the land in the districts can receive water. Records of
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the daily diversions from the main canals by the laterals will tell if the
different sections are receiving the proportions of the supply due them,
and will be a definite guide to the superintendents and ditch riders in
dividing water among the irrigators. Records of the time water is
delivered to each irrigator and of the amount of land watered by each
farmer at each irrigation will furnish evidence to the superintendents
that ditch riders are or are not doing their duty, and will be an official
basis for settling disputes with irrigators as to whether they have
received their just share of the supply. If compiled and published,
these records will be a guide to new settlers in the districts as to the
amounts of water it is customary to apply to the various crops raised
in the districts. They will also awaken an interest among the farmers
in the affairs of the districts which almost no other agency would arouse.
A beginning was made in gathering these records in 1904 by the irri-
gation and drainage investigations, and the favor with which they were
received by the irrigators and the deductions possible from them are
adequate proof that the districts will make no mistake in continuing
them. These records show for 1904 the daily diversions for both
Modesto and Turlock canals at Lagrange dam, the amounts entering
both districts each day 22 miles below the dam, and the amounts used
on lateral 1 in Modesto district and on lateral 3 in Turlock district.«
The keeping of records is not, however, all there is to a distributing
system. There must first be a basis that determines how much water
each irrigator shall receive. The law under which the districts
operate provides, in section 18, *‘ that all waters distributed for irri-
gation purposes shall be apportioned ratably to each landowner upon
the basis of the ratio which the last assessment of such owner for
district purposes within said district bears to the whole sum assessed
upon the district.” Without accurate measuring facilities at the head
of each farm lateral, which can not be found at present in either dis-
trict, the letter of this law can not be followed, and the result is that
in practice no attention is given to it. Instead, water is distributed in
proportion to the area being irrigated, which, so far as the irrigators
on any one lateral are concerned, and barring tine points of exact jus-
tice, is certainly the more sensible and more feasible plan. It would

aSince the above was written, Modesto irrigation district hasadopted forms for the
keeping of records of water delivery and use in accordance with suggestions by the
irrigation and drainage investigations and the superintendent of the district. These
forms are for keeping daily records (1) of the amount of water diverted by Modesto
canal at Lagrange dam, (2) of the amount reaching the district line near Waterford,
(3) of the amount diverted from the main canal by each lateral, (4) of the time water
is delivered to each irrigator, and (5) of the work performed by each ditch tender.
Each ditch tender is provided with a book for keeping the records and with cardsand
blanks for forwarding weekly reports to the superintendent, and the latter are to be
filed in the Modesto irrigation district office in Modesto. These several forms are
shown at the end of this report. (See pp. 137-139.)
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be quite difficult at present even to prepare a schedule of delivery
that would follow the letter of the law and give water to each land-
holder in proportion to the taxes paid by each, especially considering
that no water whatever is now needed or desired for a large part of
the land within the districts. A temporary disregard of that part of
the law providing for this basis will work no hardsbip, nor will it be
likely to cause any difficulty, because in a new section, where the
water supply is not severely taxed, all expect to give and take for the
common good. It should not be forgotten, however, that practice
eventually becomes settled policy, which it is always difficult to change.
If it appears clear that water can not be distributed in irrigation dis-
tricts in proportion to assessments paid (and experience in Modesto
and Turlock districts should in large part be conclusive as to this), an
effort certainly should be made to have the law changed to provide a
basis of division that can be followed. No matter how impracticable
of application a law may be, when water becomes more difficult to get,
and hence more valuable, some one will be certain to demand the
strict enforcement of the law, regardless of what may be the conse-
quences to others. Such has been the lesson of irrigation throughout
the West. Modesto and Turlock districts will take no unnecessary
precaution if they forestall any suclf result by seeing to it that the law
and the fact coincide.

The question of whether water should be distributed on a time basis,
or whether each irrigator should receive a small flow continuously, is
being met in a practical way in Modesto and Turlock districts. Asa
rule, each irrigator is allowed a ‘“head” of water for a length of time
in proportion to the number of acres he is watering. In Modesto dis-
trict the head is considered to be 9 cubic feet of water per second, and
the rules provide that no irrigator shall be allowed such a stream for
more than one hour for each acre. In Turlock district the head is
made 6 cubic feet of water per second, which is allowed for one hour
per acre, except in time of low water, when the rules provide that
proportionately less shall be given. If, instead of the usual head for
a limited time, irvigators raising garden truck or other crops requir-
ing frequent watering desire a small stream running continuously, an
effort is always made to supply it.

As a matter of fact, while the ‘“heads™ mentioned above are pro-
vided for in the rules of the district, in practice irrigators are given
what their laterals will carry, or what the ditch tenders can deliver to
them. This amount varies widely above and below the limits set in
the rules. Nothing else can be done, because there are no measuring
devices at the heads of these laterals, and the ditch tenders can not
measure water without them. Within a very few years it will be
necessary for the districts to insist on having such measuring devices.
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This will be demanded not only by the interests of the individual irri-
gators, but also by the interests of the whole number of irrigators
represented by the districts. If experience of irrigators elsewhere
is any guide to what will best preserve harmony in Modesto and
Turlock districts, each district should demand as nearly uniform
measuring devices as it will he practicable to install. This the districts
unquestionably have authority under the law to do. Not only should
these measuring devices be uniform, but they should measure with
approximate accuracy. It is believed that it is practicable to install
such devices in most of the farm laterals. Many such devices have
been designed in the West, but few have proved entirely satisfactory.
What is the most satisfactory tvpe it is not now possible to determine,
although it is probable that light will be thrown on this subject by
the investigations of small measuring devices now being conducted by
the irrigation and drainage investigations in several States in the West.
When there is sufficient grade in the farm laterals to give the required
free overfall, no device is likely to be designed that is superior to the
Cipolletti weir. On many of the laterals in Modesto and Turlock
districts, however, the necessary fall is not available, and consequently
some modification of the rating flume or opening under pressure will
have to be adopted.

The vital point in any distributing system is in getting competent
and tactful ditch tenders, and in providing the canal superintendent
with sufficient help, so that their work can be properly supervised.
Men of good judgment can divide water with fair satisfaction if they
are provided with no measuring devices whatever. Constant practice
enables them to estimate the desired ‘*head™ with a considerable
degree of accuracy. With proper measuring facilities, however, their
work is very much more satisfactory. If ditch tenders in Modesto
and Turlock districts could look forward to promotions and increases
in salaries at detinite times for efficient and faithful ~ervice, so that
there would be inducements for them to remain permanently in the
service of the districts and to prepare themselves for their duties. it
would be possible to secure better trained men than are now employed.
To be thoroughly competent a ditch tender charged with distributing
water to irrigators should be familiar with the ordinary units of water
measurement, and with the more simple methods of measurement—
that is, he should know the meaning of such common terms as ‘“ miner’s
inch” and ‘¢ cubic foot per second,” and should be able to install and
use such devices as measuring weirs or flumes. He should also under-
stand thoroughly the basis on which water is being divided. the
approximate water requirements of the principal crops, the evils and
evidences of overirrigation, and how to apply water to land. With
this knowledge, practical experience in repairing breaks, energy, tact,
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and faithfulness, a ditch rider could make himself the most useful
man in the community, and hav.. his advice sought and followed by
irrigators. It is not reasonable, however, for the districts to expect
to get men with these qualifications unless a greater veward is prom-
ised than the present wage of $50 a month, or $60 a month where a
horse is needed. In 1904 Modesto and Turlock districts together
paid out not to exceed $10,000 for the services of ditch tenders charged
with the division of water. This water made possible the production
of crops worth at the least a quarter of a million dollars. It is entirely
reasonable to suppose that better trained ditch riders would have
greatly increased the output of the 27,000 acres that were irrigated.
An increase in value of only 25 cents an acre would have made good
a substantial addition to the salaries of the men who divided the
water, besides providing the salaries of at least one overseeing assist-
ant to aid each superintendent.

Both Modesto and Turlock districts offer excellent opportunities for
the organization of local associations of water users, especially of those
taking water from any one lateral or sublateral. Central associations
for each district have already been formed, but it is believed that as
the interests of the irrigators on any lateral or sublateral become more
closely welded, as they will when more land is brought under irriga-
tion, the irrigators will find it to their advantage to organize. The
main laterals will some day bear the same relation to the main canals
as independent ditches on many streams bear to the streams from
which they lead, and while the interests and rights of the different
laterals will always be largely in common, they will also be largely
independent. Extravagant use of water by a farmer on one lateral may
not affect the welfare of another farmer on another lateral, but it does
vitally affect the interests of every other farmer on the same lateral.
An organization of all having this common interest to prevent waste
and improve practice could accomplish much good. Such an associa-
tion could also deal as a unit with the superintendent in the appointment
of a ditch tender, and it is certain that any such organized cooperation
would be welcomed by the superintendent. An association of users
on a private sublateral could act intelligently in the employment of a
water master or ditch foreman, who could receive the supply for the
entire sublateral from the ditch rider on the main lateral and distrib-
ute it according to the rights of all and the rules of the association,
subject, of course, to the general regulations of the district. Whether
such associations are or are not formed, it is certain, if the most is to
he made of the water, that the irrigators will have to take an active,
intelligent interest in the problems of distribution and be ready to
cooperate with the superintendents and ditch riders under them in a
business-like, effective manner.
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CONCLUSION.

When grain growing yielded large returns, both in bushels and in
money, and when the people were few and the areas large, bonanza
farming in San Joaquin Valley was the best farming for both the
land and the people bécause it was the only farming possible while
this great valley was changing from a pasture to a farm. It demon-
strated California’s worth as an agricultural State and advanced her
well up in the list of wheat producers of the country. The time came,
however, when bonanza farming was no longer protitable, and when
the natural opportunites of the valley could be most nearly tuken
advantage of hy changing it from a 10-horse to a 2-horse country.
This change took place, or is taking place, later in the sections cov-
ered by Modesto and Turlock districts than in some others in the
valley. Its results, however, are already apparent even to the hur-
ried traveler, whose eye can not escape the refreshing change from
the homeless fields of growing grain or stubble of only four years ago
to the 40-acre and 80-acre tracts of alfalfa, each with its plain but
substantial farm house and barn, and its checks and lateral ditches.
Intensive farming, with large returns from small areas, is taking the
place of the soil exploitation of the past half century, and the people of
these districts are face to face with an opportunity to create attractive
and prosperous communities that will be a credit to themselves and to
California. They have practically the first right to one of the best
irrigation supplies in the State—a river that in almost any other irri-
gated section would be called upon to fill several score canals and
ditches. They have soil that offers no more than the ordinary
problems of culture and management, and a climate that is highly
favorable to nearly every agricultural product California will be called
upon to grow. But with these natural advantages they have serious
responsibilities. By their own experience they must develop systems
of management and cropping and rotation that will simultaneously,
and without wasteful periods of fallow, yield rich harvests and con-
serve soil fertility; by sceing the evils of overirrigation they must
learn the careful use of water; by slow and trying tests of canal and
water management they must devise systems of water division and
distribution that will insure each irrigator his just share of an ample
supply. As more land is prepared for irrigation and more crops
planted that will require a late water supply, reservoirs will need to
be constructed on the upper waters of the Tuolumne, and the districts
will be required to face the problems this additional supply will entail
with the same resolution that was required in the building of canals
and diversion works.

It is well for Modesto and Turlock irrigation districts that bonanza
grain farming ceased to be profitable. So long as it was profitable the
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better things that water and small areas and thrifty farmers would
bring could not come. A few farmers bad become rich by it, but
many more were made poor and the towns were languishing. The
gang plow and combined harvester had made the valley what it was,
but if continued in operation they promised to bring about its ruin.
It was therefore a distinct economic gain when lurge areas of grain
land were included within the districts and made liable for taxes which
the old styleof farming would not justify. The breaking up of these
areas is,of course,already under way, and with the present district
organizations in operation it is inevitable that it shall continue until
the average farm unit is 40 acres, or even less, rather than many times
that, as in the past. It is natural, however, that there should have
been decided opposition to any law or any organization that required
a general water tax, whether water was used or not. It is also natural
that farmers who once made fortunes in these districts without irriga-
tion should even to-day be reluctant to learn the new lesson that irri-
gation requires. Nevertheless it is certain that advance has begun,
and that this advance will be'rapid or slow as the settlers in these dis-
tricts learn how to use water carefully and effectively and how to
stand by each other in dividing and distributing it.
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FORMS FOR CANAL RECORDS.

On recommendation of the irrigation and drainage investigations,
the forms printed helow have been adopted by Modesto irrigation
district for keeping records of the diversion and use of water. Form
No. 1 represents a page in the ditch tenders’ record books and is
designed for keeping track of the flow of water in the main canal and
in the laterals. Form No. 2 represents one side of a mailing card for
use in forwarding records of the flow in the main canals and laterals
to the superintendent. Form No. 3 represents a page in the ditch
tenders’ record hooks and is designed for keeping a record of the
delivery of water to users and of the daily work performed by the
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ditch tenders.
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Form No. 4 represents the sheet to be used by the

ditch tenders in forwarding to the superintendent weekly reports of

water delivered and work done.

No.

1.

Mobpesto IrRrRIGATION DISTRICT.

Record of gauge heights in

Gauge height.

Feet.

Day. I Time. -

Tenths.

|
'
|
{

during month of

, 190—.

——— e

Gauge height.

Feet. Tenths.

No. 2.

Mobesto IRRIGATION DISTRICT.

Record of gauge heights in

for week ending

, 190—.

l Gauge height.

Time.
1

Tenths.

Remarks.
Feet.

I
Month. Day. ‘
|
1

Under ‘* Remarks’’ mention any unusual conditions, as * flood,” ** break
how long water was out of ditch and when, if at all.
Forward this card promptly at end of week.

-—

in ditch,” ete., and state

(8ignature,) —— —.
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No. 3.
Date ——— 190—.

Mobesto IRRIGATION DISTRICT.

Water delivery record.

| | | rriga
Time water 1_\nlmb_e To ‘ aeres i ted.

dlivert e orchaca
I ate shut off. © Alfalfa. and Other.
, sate. jvineyard.

Users receiving water this date.

Was supply ample or short on this date?
Work done on this date in addition to delivering water:

No. 4, page 1.
Section or lateral —.

MobEesto IRRIGATION DISTRICT.

Report of water delivered and work done during week ending , 190—.

Number of acres irrigated.

Number of ' -
Users receiving water during week. hours Orchard |
waterused.| Alfalfa. and vine-, Other. Total.
1

i ; yard.
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No. 4, page 2.

Work done during week in addition to delivering water:
Sunday:
Monday:
Tuesday:
Wednesday:
Thursday:
Friday:

Saturday:
.— ———, Ditch Tender.

{Indorsement.]

MobpEsto IRRIGATION DISTRICT.

Report of ditch tender on







RELATION OF IRRIGATION TO YIELD. SIZE, QUALITY,
AND COMMERCIAL SUITABILITY OF FRUITS

By E. J. Wicgsox,

I‘rofmor of Agricultural Practice in the University of California and Horlwultund of the
California Agricultural Experiment Station.

INTRODUCTION.

In earlier publications of the Department? the writer has endeavored
to prepare useful statements of irrigation policies and methods from
the point of view of the irrigator himself, securing the data by careful
inquiry from the experience of several hundred irrigators in the
Pacific coast States. These publications have been helpful to many
beginners who have a strong liking for plain prescriptions and they
have also had a certain interest to those conducting special investiga-
tions. It has seemed fitting to pursue the inquiry along the practical
side one point further and draw from experienced irrigators their con-
clusions as to the effects of irrigation upon the commercial availability
and value of fruits. The inquiry had the further object of securing
practical suggestions for the assistance of beginners. The following
questions were prepared with the idea of drawing out experience upon
several lines of value and importance in commercial fruit production:

(1) Can you give weight or measure of the product of a single irri-
gated tree or vine, or per acre?! Compare with nonirrigated.

(2) Is there any difference in regularity of bearing?

(3) How do irrigated and nonirrigated fruits compare in size, flavor,
aroma, and general appearance?

(4) What bas been your experience in shipping irrigated fruits, or
in selling to shippers?

(3) What has been your experience in canning irrigated fruits, or
in selling to canners?

(6) What has been your experience in drying irrigated fruits, or in
selling to driers?

(7) Has your irrigated fruit won prizes or awards at fairs or expo-
sitions? If so, when and where?

aFarmers’ Bulletin No. 116, ““Irrigation in fruit growing;’’ Farmers’ Bulletin No.
138, “Irrigation in field and garden;”’ and Bulletin No. 108, Office of Experiment
Stations, ‘‘Irrigation practice among fruit growers on the Pacific coast.”

141
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(8) Do you know of fruits or fruit trees or vines being injured in
any way by irrigation? If so, in what respect?

These questions were sent to about 300 growers of irrigated fruits
in the States of ldaho, Washington, Oregon, and California and to a
number of shippers, driers, and canners who had used irrigated fruits
in their trade or manufacture. The respouse from all the above-indi-
cated interests was very satisfactory; a very free expression of belief
and a very ample citation of experience were secured. It is the aim
of this publication to deduce from this collection certain facts which
seem to be clearly established by experience; to enforce them, where
desirable for beginners in irrigation, with some account of the general
principles which underlie them; to give due attention to responses
which seem to contradict the prevailing conclusions on the same peoints
and to account for the divergence of views by reference to different
controlling conditions which give rise to it.

The citation of experience in condensed form will follow as closely
as possible the exact wording of the writers, whose names are given.
The geographical arrangement will be in general from north to south,
as previously followed in Bulletin No. 108 (Office of Experiment Sta-
tions), to which the reader is referred for description of the irrigated
areas and a map of the distribution of irrigation practice. That bul-
letin also introduces the names of many who have contributed to the
present inquiry, and calls attention to interesting features of their
irrigation and cultivation methods. In this respect this report may
be regarded as supplementary to Bulletin No. 108.

QUANTITY OF PRODUCT AS AFFECTED BY IRRIGATION.

This is a matter which is really not in controversy in its general
features, for there is a general disposition to credit irrigation with
greatness of product; in fact this concession is often made with the view
of denying its desirability—a question which will be discussed later.
There is, however, a question newly broached and now commanding
much attention, viz, how far is irrigation desirable in regions of con-
siderable rainfall, or, in other words, how much water can a fruit tree
or vine use to the profit of its owner? It is more clearly appearing
each year, as Pacific coast trees become older, larger, and with greater
hearing capacity, that more water is desirable than earlier in the life
of the plant and that in the same locality some water in addition to an
average rainfall, and much water in addition to an occasionally scant
rainfall, make for the strength and capacity of the tree, which are
manifested in the aggregate weight of the product. The recognition
of this fact is carrying irrigation practice each year farther into the
regions where the heaviest rainfall is received, which, on the annual
rainfall figures alone, are called humid. Really, the districts in which

v
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the advantages of irrigation are now most warmly discussed are the dis-
tricts where a few years ago freedom from irrigation was gloried in, and
in such districts the most striking instances of the commercial benefits of
irrigation are to be found. The old contrast between the desert and the
irrigated garden remains, of course, but it is accepted and admired in
silence. The contrast which awakens most interest is that between the
product of irrigation and that of rainfall where the latter was formerly
held to yield all the water that could be desired. It requires a few
more years of experience to multiply instances along this line, but they
will be found ere long in great numbers in western Washington and
Oregon and in northern California.

In the individual reports of observation on the influence of irriga-
tion upon the volume of produce, all comments from strictly arid
localities are omitted. Where it is manifestly impossible to grow
fruit without systematic irrigation, the considerations which it is
aimed to develop in this connection do not appear, because the use of
irrigation is essential to any produce at all. The comments of cor-
respondents upon the growth of berries and of citrus fruits are also
largely eliminated because the shallow rooting of the former and the
evergreen growth of the latter render both dependent upon irrigation
during the long, dry season to a degree beyond any requirement of
deep-rooting deciduous fruit trees and vines. The following excerpts
from correspondence then apply to localities where it is quite possi-
ble to grow the fruits, at least on some soils, with some degree of
success, without irrigation, so that comparison with adequate use of
water can be made:

IDAHO.

W. G. Whitney, Payette: The weights of single fruits by irrigation are increased
about 10 per cent and the crops about 50 per cent.

L. A. Porter, Porters: I have kept no account of unirrigated trees, as neither the
growth nor the fruit was such as to excite admiration.

WASHINGTON.

C. Robinson, Chelan: Trees here are planted close, say 16 to 20 feet each way. As
they get large the number must be reduced unless irrigation can be had.

A. L. Graham, Anacortes: No fruits are grown by irrigation as yet, but probably
all would be benefited in dry seasons, especially apples and pears during August and
September.

Jason Whinery, Spokane: I can not irrigate my land, but most of it would be
greatly benefited by it.

OREGON.

Seufert Brothers, The Dalles: I have picked 500 pounds of fruit from a Royal Ann
cherry tree 12 years old. Without irrigation it would not yield a pound, as it is on
dry soil.

W. Dimmick, Hubbard: Not much irrigation is needed in the Willamette Valley,
though it might be used to some advantage.

Ray C. Brown, Roseburg: The prevailing opinion of fruit growers in this section
is that deciduous fruits need no 1irrigation. For myself, I am of the opinion that the
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moisture retained in the soil during the protracted drought of July, August, and Sep-
tember would easily admit of supplement by judicious irrigation.

A. H. Carson, horticultural commissioner, Grants Pass: There is not a 40-acre
tract of land in Josephine County on which an abundance of water can not be had
by digging wells, and with cheap gasoline or electric power it is profitable to dig the
wells and use the water. Especially is this true when it is known that one acre,
intelligently handled with water to irrigate with, will, during a year, produce ten
times as much as without. To illustrate, Olwell Brothers, of Central Boint—com-
mercial apple growers—have made a success growing apples without irrigation.
These successful men do not allow themselves to drift—-theyv keep on doing things.
As an experiment, last year, in their orchard at Central Point, they put in a gaso-
line pumping plant, which cost them for well and gasoline engine and gasoline for
the season, $720. They irrigated 100 apple trees and last fall sold the apples from
their irrigated trees for $1,100—$380 more than their plant cost them. Without
irrigation, these 100 apple trees, owing to the very dry season and the very dry
ground where they were situated, would not have matured a dollar's worth of mar-
ketable apples.

CALIFORNIA.

Owen Daily, Whitmore, Shasta County: I can not give weight or measure, but I
believe irrigated trees produce twice the amount of fruit that can be had from non-
irrigated trees and of better guality.

W. E. Whitmore, Whitmore, Shasta County: Mr. W. A. Smith owned a dry ranch
10 miles from Millville, at an elevation of 1,200 to 1,500 feet, the =oil rocky, a clear-
ing of blue oak and digger pine. He had early grapes, but Muscats did not mature.
He secured irrigation water, and since then has had good Muscats also.

George A. Lamiman, Anderson, Shasta County: The yield of good-sized trees by
irrigation will be aboat 200 pounds of fruit, while nonirrigated trees will yield from
40 to 50 pounds.

George H. Flournoy, Corning, Tehama County: Thomas White, of Richfield, gath-
ered in 1903 from 50 to 60 pounds of peaches from trees planted in dormant bud in
1900. Nonirrigated trees of the same age bear nothing. There are some lands in
this gection upon which fruits do well without irrigation, but I do not know of any
that would not be benefited both in quality and quantity of products by the proper
use of water.

W. E. Hazen, Manton. Tehama County: I have picked and weighed a ton of
apples from one irrigated tree. Prunes do about the same. Nonirrigated trees do
about one-half as much.

J. L. Barham, Manton, Tehama County: Irrigated apples are large (16 to 22
ounces) and plenty of them. Irrigated prunes run mostly 40 to 50’s and 50 to 60’s.

G. M. Gray, Chico, Butte County: I am satisfied I have doubled my fruit crops by
irrigation.

Rio Bonito Orchard Company, Biggs, Butte County: Irrigation is the life of prune
trees. In our experience, when over half a mile from a river, irrigation has increased
the size of the trees about 30 per cent and the crop about 100 per cent. Since com-
mencing irrigation I have never had a failure of the prune crop, regardless of years of
drought and other causes. Prunes have yielded 12.6 tons to the acre, green weight.
Cling peaches 6.5 tons to the acre of 2} inches in diameter (cannery size) and clean
fruit. Pears, unirrigated because out of the reach of water, are an uncertain crop.

A. D. Cutts, Liveoak, Sutter County: We have determined that to get the best
results with deciduous fruits we must keep moisture at the roots of the trees from
the time they start growth until the fruit is picked. There is no question in my
mind as to the value of irrigation to this end, as we have grown larger peaches than
before, while most growers who do not irrigate get very small fruit.
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C. E. Burng, Fulton, Sonoma County: From what I see of orchards in this county
I am ~ure that the trees are suffering for lack of moisture and would be greatly bene-
fited by irrigation. Some of the trees have light crops, but still do not look as
healthy and vigorous in leaf and shoot as they should.

E. W. King, Ukiah, Mendocino County: Two great dangers of fruits here are, first,
frost; second, hot weather in July and August, which burns the fruit. The latter, I
believe, would be obviated by irrigation, and the quality and quantity of the fruit
much improved. '

A. E. Burnham, Healdsburg, Sonoma County: I have an early cherry tree which,
after bearing three or four years, began to die back. The leaves would droop and
wilt soon after the fruit was ripe. 1 had a well sunk close to it for my windmill an?
3,000-gallon tank, for house and barn use. More or less water was thrown around
the tree and it started to recover, and has borne several crops of better fruit, and
to-day it is perfectly healthy. All it has had has been plenty of water in the dry
season. I have 4 cherry trees in my dooryard, and in 1903 apparently every bloom
stuck, and about the time the fruit should begin to swell out the cherries looked as
though they would be good for nothing; but I ran water from the tank by tons until
1 had the ground soaked deep. The fruit began to swell out and the leaves brighten,
and the result was I sold nearly $40 worth of fruit for canning from 4 trees.

John T. Harrington, Colusa: I have grown oranges weighing 78 pounds to the box
by irrigation and a thorough system of cultivation.

T. J. Wagoner, Rough and Ready, Nevada County: From 3 irrigated Crawford
peach trees I have picked 40 boxes of fruit. The average of the orchard was 8 boxes
per tree (20 pounds per box), and they sold at 50 cents per box.

P. W. Bautler, Penryn, Placer County: Fruits can be grown without irrigation, but
it is absolutely obligatory in this region that they have irrigation if grown for profit.

W. R. Fountain, Newcastle, Placer County: My 780 cling peaches (irrigated) have
vielded from 53 to 70 tons of canners’ size fruit, and are cropped every year.

F. B. McKevitt, Vacaville: I have known a single irrigated 2-year-old peach tree
unpruned and the long growth staked up to produce 200 pounds of peaches.

W. J. Pleasants, Winters, Yolo County: We have in Pleasants Valley about 25
inches of rainfall upon an average each year. 1 do not believe we need irrigation
here for growing fruit because of the heavy clay subsoil which prevents the water
from escaping from below. On the other hand, any soil that has a gravelly or sandy
subeoil can be greatly benefited by irrigation because the rainfall in the winter goes
through and leaves the tree roots dry. Land with this gravelly or sandy subeoil
should have water in spring and summer to get the best results. A great deal of the
soil of the Sacramento Valley has such subsoil and shows the want of summer irri-
gation. In many places irrigation would double the production and value of the
lands. .

Edgar J. De Pue, Yolo, Yolo County: We are fully satistied that without irrigation
our crop would virtually have perished during the past few years. \We have 500
acrer and aim to irrigate the whole of it. We have found water particularly bene-
ficial to almonds, assisting the development of the hull as well as the kernel and
preventing ‘‘sticktights.”

Charles W. Landis, Folsom City, Sacramento County: The early varieties of decid-
uous fruits are not irrigated here, and plums and prunes seem to mature without
irrigation. No satisfactory results have been obtained from irrigating aimond trees.
.Peaches and grapes are irrigated, though all these fruits will grow and come to
maturity without water yet the net results usually pay more than the expense of
irrigation.

William Johnston, Courtland, Sacramento County: Twice in my life I thought it
best to irrigate peach trees, and these times were two dry years twenty vears apart.

30620— No. 158—056——10
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At these times the water applied proved of great value, but ordinarily I do not think
we need irrigation.

Vital E. Bangs, Modesto, Stanislaus County: 1 know of but one orchard here that
has yielded fair crops without irrigation and that is an olive orchard half a mile
north of Modesto, but even this orchard could be made to increase its yield by
irrigation.

A. J. Hesse, Merced, Merced County: I have irrigated peach trees seven months
from planting which are larger than the average of 4-year-old trees planted on an
adjacent dry land and grown without irrigation.

W. 8. Shelly, Hollister, San Benito County: On land short of natural moisture
irrigation will increase production from 10 to 20 per cent.

Charles Downing, Armona, Kings County: My pear orchard is subirrigated by
seepage from the main ditches. There are two or three spots where the ground is
higher than the average of the orchard on which the trees are not of as vigorous
growth nor do they yield fruit of the same value as the average trees of the orchard.
In my peach orchard a sand streak is noticeable by failure of trees to grow, probably
because the streak will not hold the water.

Frank Femmong, Ahwahnee, Madera County: I have weighed 80 pounds as the
product of a single irrigated grape vine and estimated 5 tons on one-half an acre.

H. J. Dennison, Nordhoff, Ventura County: The soil of the Ojai Valley is very
deep and rich, and with good winter rainfall and spring rains we can grow very good
fruit without irrigation. I have, however, a few fruit trees near a water tank, which
have been irrigated, and their product is larger and the fruit finer and larger than
unirrigated trees. I believe irrigation would much improve the product, and in dry
years would perhaps double it.

E. 8. Thacher, Nordhoff, Ventura County: I am now beginning to irrigate a large
olive orchard, being satisfied that in this locality olive trees can not be made to bear
heavily without water after they have gained considerable size.

Robert Dunn, Fillmore: By my experience in Ventura County I found that irri-
gated apricot trees averaged 300 pounds per year for five years, while other trees of
the same age in the sanfe soil, but not irrigated, did not average 100 pounds per tree.

P. F. Cogswell, Eimonte, Los Angeles County: My English walnut trees (on sandy
loam, 25 feet to water) are vigorous and thrifty, showing large new growth each year
and well-filled nuts of good weight. In other orchards on equally good soil and
other conditions the same, but not irrigated, or so little water used as to be practi-
cally useless to a walnut, the trees show little or no growth, much dead wood in the
tops, and nuts small and not well filled. In another situation a 12-year-old walnut
orchard, unirrigated, yielded less than $20 per acre, while irrigated orchards of the
same age yielded $100 per acre, and the umirrigated trees of 12 years old are no larger
than irrigated trees at 5 years of age.

H. D. Brigg+, Azusa, Los Angeles County: I have always irrigated, as I knew the
returns would not be satisfactory if I did not. I have picked 1,000 pounds of apri-
cots from one tree.

Henry D. Engelhardt, Glendora, Los Angeles County: A tree or vine properly irri-
gated will bear 50 to 100 per cent more fruit than one which bas no irrigation.

James Boyd, Riverside: I have a small family orchard of deciduous fruits which
has been irregularly irrigated with waste water, but not irrigated from July to Sep-
tember. This year the irrigation has been regular and thorough, and the trees and
fruit are in better shape than ever before, apples especially. The trees have much
better foliage, are making a better growth, and the fruit is better developed.

J. H. Reed, Riverside: We had considerable mixed plantings of deciduous fruits
with oranges, and used plenty of water, but judiciously. Our trees were in bearing
much earlier than adjacent nonirrigated trees—in fact, paid for the planting and care

——
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of the citrus trees up to the time the latter began bearing. This was a great saving,
not to speak of the increased crops later.

I. Ford, Redlands: Apples can be grown in the mountains at 5,000 feet elevation
without irrigation by capeful cultivation, but with a full crop the fruit is much finer
and larger with irrigation. Ten-year-old apple trees will yield 10 tons per acre with
a fair crop. My Ben Davis apple trees, planted in 1899, averaged 40 pounds per tree
in 1903, 4,800 pounds per acre, as the trees are planted 15 by 20 feet, with expecte-
tion of thinning the trees when older. This would not be possible without irriga-
tion, as in that case the trees ought to be planted not closer than 30 by 30 feet; in fact,
an apple grower at Julian, not using irrigation, says he would plant apple trees 50
by 50 feet, as they bear so much better. The difference in productfion of 120 trees
or 20 trees per acre for the first five years of bearing will pay for the orchard many
times over, and this is inade possible by irrigation.

W. S. Corwin, Highland, San Bernardino County: Irrigated trees give "6 per cent
more fruit than unirrigated.

C. A. Walter, Independence, Inyo County: My experience of forty years convinces
me that the best way to raise fruit is by irrigation.

R. Egan, Capistrano, Orange County: With full-bearing English walnut trees, 30
trees to the acre, the yield for several years has been 125 to 135 pounds per tree.

A. S. Bradford, Fullerton, Orange County: The yield of peaches, apricots, and
apples has been fully one-third to one-half greater with lrrlgauon and the fruit is
larger.

D. Edson Smith, Santa Ana, Orange County: In a few localities, where the soil is
of such nature that it persistently retains its moisture, apricots may be grown to per-
fection with proper cultivation when we have an unusual amount of rain, but asa
general proposition irrigation is necessary in order to secure the best fruit.

H. Culbertson, El Cajon, San Diego County: It is safe to say that an orchard irri-
gated from the first, compared with one not irrigated, will yield five times as much
fruit at 5 years old. The difference for grapes would not ordinarily be so great.
Peaches at 8 years old, under proper treatment, will yield an average of 300
pounds of marketable fruit to the tree. I have done this and know of others who
have done better. Well-irrigated raisin grapes with me have produced 2 tons of
raisins to the acre, where one-fourth that amount would have been a good yield with-
out irrigation.

Lewis E. Kent, Poway, San Diego County: There is no doubt about the desira-
bility of irrigation, as one can easily see the increased crops by irrigation, grapes and
olives especially.

It is very significant that there is such unanimity in favor of irriga-
tion, although many of the growers, whose conclusions are quoted
above, are situated in districts having considerable rainfall. It is
notable that, in fact, no reports denying the efficiency of irrigation in
increasing the product of trees and vines were received, although there
are, manifestly, conditions under which irrigation is not essential to
the fullest service of the fruiting plants and therefore hardly worth
providing.  Correspondents, however, did not consider this point
worth making in their reports. This clearly indicates a change in the
public mind with respect to irrigation in fruit growing and betokens
full recognition of its importance. A few yearsago objections to irri-
gation as either unnecessary or undesirable, or both, would have been
urged by scores of correspondents when offered such an opportunity
as this inquiry placed before them.
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REGULARITY OF BEARING AS AFFECTED BY IRRIGATION.

This subject has only recently risen to its proper place in the discus-
sion of fruit-growing policies on the Pacific coast. The declaration
of the principle on which regular production rests that the fruiting
plant requires moisture for two distinct functions during its active
season is not new, but the appreciation of its truth and practical bear-
ings is recent. It has been forced upon the attention by investigations
at the Wisconsin Experiment Station,? showing that the tree, in cer-
tain cases at least, was devoting energy to the development of the
fruit buds for the following year and carrying the burden of the cur-
rent crop at the same time. It was known that the tree forms fruit
buds in the later months of growth after its fruit may have matured,
but the announcement of the earlier undertaking of this function
strongly emphasizes the necessity of ample moisture supply, not alone
for the current crop but for the succeeding crop. For this reason an
effort was made in this inquiry to secure facts from wide observation
as to the relation of irrigation to regularity of bearing. Formerly
recourse was had to pruning to lessen amount of bearing wcod and
reduce the burden of the tree after the fruit had set. The newer
idea is to supply water to enable the tree to carry more fruit to satis-
factory size and at the same time to prepare for the following year.
In fact the relation of adequate moisture to the strength and effective-
ness of the fruit bud has come to be widely appreciated. The follow-
ing are the views of growers upon these points:

IDAHO.

A. McPherson, Boise: Irrigated trees bear more regularly.
L. A Porter, Porters: 1 donot think thereisany difference in regulanty of bearing.

WASHINGTON.

F. E. Thompsyn, North Yakima: Irrigated fruits bear more regularly in this
locality.
J. H. James, Waitsburg: My experience is that there is not much difference in
regularity of bearing.
OREGON.

Seufert Brothers, The Dalles: Irrigated are surer to bear because growth is later on
soil filled with cold water, and the bloom is delayed until after early spring frosts are
over. We never miss a crop.

J. R. Casey, Ashland: Regularity of bearmg is in favor of irrigated trees.

CALIFORNIA.

Owen Daily, Whitmore, Shasta County: Irrigated trees will bear more regularly.

George A. Lamiman, Anderson, Shasta County: Irrigated trees are more regular
in bearing. .

O. E. Graves, Redbluff, Tehama County: Irrigated prunes are more regular in
I)earing

aAmmaI Report for 1899.
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Fred Scharr, Redbluff, Tehama County: Irrigation after fruit ripens, to keep the
buds growing for the next year, insures regularity of bearing.

George H. Flournoy, Corning, Tehama County: After twenty years’ experience, I
am perfectly assured that irrigated trees are much more regular in bearing.

W. E. Hazen, Manton, Tehama County: Apple trees will bear every other vear.
If they bear a full crop one year they will not bear the next. Prunes will bear
regularly every year. .

J. L. Barham, Manton: Irrigated trees are far more regular in bearing.

G. M. Gray, Chico, Butte County: One corner of my peach orchard that was not
irrigated last year has this year less than half the crop per tree that is seen upon the
part that was irrigated. This is clearly to be seen. I need no better demonstration.
The maturing of the pits of the current crop, the girth of the wood, and the devel-
opment of fruit buds for the following year are going on in midsummer and are a
great draft upon the tree. The development of the coming buds seems first to suffer
when moisture is scant. I have found that giving fruit trees and vines on valley
land a good irrigation from June 15 to July 15 will very materially help both the
present and coming crop. ’

Rio Bonito Orchard Company, Biggs, Butte County: Irrigated fruit trees are more
regular in bearing.

G. W. Thissell, Winters, Yolo County: Many orchards fail to produce a gocd crop
of fruit annually for want of sufficient water. The fruit is poor and insipid and the
trees are not able to mature fruit buds for the following year. Irecently visited as
fine a Muir peach orchard as there is in the State—on the choicest of fruit land on
Putah Creek. Trees which had been given a little water were bendingto the ground
with large fruit, while the trees with noirrigation had wilted leaves and peaches the
size of walnuts, and yet the trees were on the hest of land. The fruit was too small
to cut for drying and the trees will have no fruit next year.

E. A. Gammon, Courtland, Sacramento County: Regularity of hearing is on the
side of irrigated trees. Irrigated pears are not g0 apt to fall; the stems seem to have
more life in them.

W. W. Hinsey, Fairoaks, Sacramento County: In regular hearing there is a large
difference in favor of irrigated trees.

Charles W. Landis, Folsom City, Sacramento County: I have never noticed any
difference in regularity of bearing.

F. B. McKevitt, Vacaville, Solano County: Irrigated trees bear more regularly.

H. T. Fuchs, Grass Valley, Nevada County: My observation is that irrigated trees
are more regular in bearing. Fruit trees and grapevines will not produce good fruit
in this section unless they are irrigated or highly cultivated.

P. A. Butler, Penryn, Placer County: Irrigation insures much more regular bearing.

W. R. Fountain, Newcastle, Placer County: Many orchards are rented to China-
men and others who object to taking pains to irrigate after the fruit is picked. For
this reason the early fruits get less irrigation than the later varieties. It seems to
be a fact that irrigation after the fruit is picked is making good regular bearers of the
Alexander and Hale early peaches which have been disposed to drop their buds
just prior to blooming and to drop the fruit while small.

J. W. Violett, Ione, Amador County: Irrigated orchards appear to bear more
regularly.

A. E. Burnham, Healdsburg, Sonoma County: I know that old Sonoma County,
that boasts of nonirrigated crops, could make hundreds of thousands of dollars more
from her orchards if the waste waters were properly used in July and August. The
trees would live longer and bear more regularly, for the new wood and especially
the buds would be strong and well matured for the coming year. I do not mean to
drown the trees, but one irrigation, or at most two, is enough in this county if the

.
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ground is thoroughly soaked and, when dry enough, cultivated to mellowness and
fineness. -

A. Block, Santa Clara, Santa Clara County: I believe irrigated fruit trees bear more
regularly.

F. M. Righter, Campbell, Santa Clara County: Regularlty of bearing and plenty of
moisture go together.

H. Hoops, Wrights, Santa Clara County: If intelligently applied, lrngatlon makes
trees more regular in bearing.

W. 8. Shelly, Hollister, San Benito County: I have not noticed any difference in
the regularity of bearing.

W. T. Kirkman, Merced, Merced County: Irrigated fruit trees are more regular in
bearing.

Dr. W. N. Sherman, Fresno, Fresno County: The olive trees along or near irriga-
tion ditches show a marked superiority to those without access to water.

E. S. Thacher, Nordhoff, Ventura County: I had a few acres of apricots, prunes,
etc., but found them unprofitable because I was not prepared to irrigate them.

C. C. Teague, Santa Paula, Ventura County: While it is possible to grow fairly
good products from young orchards without irrigation it is simply out of the ques-
tion when the trees get older. Many growers in this county used to think when
their deciduous trees began to go back when they were 10 or 12 years old, that it was
on account of old age. This was before they began to irrigate. Since then it has
been demonstrated beyond doubt that the trouble was not in the trees, but in the
fact that the water in the subsoil became exhausted after a number of years and the
annual rainfall not being sufficient to wet the ground down to a depth of more than
4 or 5 feet the lower roots were in dry earth and consequently could not help to sup-
port the tree. It is now the universal belief that it does not pay to set outan orchard
in this valley unless one has water for irrigation. It makes little difference with the
deciduous trees on deep soils whether the water is put on during the winter or the
summer, but most growers prefer the former, when the trees are dormant.

F. F. Stetson & Co., Los Angeles: We heartily favor irrigation, believing that the
trees bear more fruit and with greater regularity—that is, there are fewer seasons
with short crops.

H. D. Briggs, Azusa, Los Angeles County: With irrigation properly applied and
fertilization, trees will bear every year unless unfavorable temperatures prevail. By
irrigation the tree is enabled to overcome the exhaustion of heavy bearing and to fill
out the buds for the next year’s fruiting so that the fruit will ‘‘stick’’ instead of
blasting. )

llenry D. Engelhardt, Glendora, Los Angeles County: The irrigated tree and vine
will produce fruit more regularly.

William Chappelow, Monrovia, Los Angeles County: Nonirrigated fruit trees are
very irregular in bearing with us.

N. E. Chesebro, Covina, Los Angeles County: There is a great difference in regu-
larity of bearing in favor of irrigated trees.

J. W. Mills, Ontario, San Bernardino County: Until the last two years our almond
trees would only bear during the most favorable seasons. They had received some
irrigation since planting, but only during the last two years have we given them
water enough to keep them growing while they were maturing a crop of nuts. Both
vears they have grown good crops. The more liberal irrigation has made them grow
large nuts and a growth of new wood at the ends of the branches (not suckers) from
6 inches to 2 feet in length. This seems to insure regular bearing, even though the
temperature on three days in February and while the trees were in full bloom fell to
24°, 27°, and 25° and three days following reached 28° and 30° F.

1. Ford, Redlands, San Bernardino County: Trees are earlier and more regular in
bearing when kept thoroughly irrigated and cultivated.
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W. 8. Corwin, Highland, San Bernardino County: Regularity of bearing is decid-
edly on the side of irrigated trees.

James Boyd, Riverside, Riverside County: Crops on irrigated trees are better in
every way. :

L. L. Bequette, Whittier, Los Angeles County: There is no difference in regularity
of bearing.

J. B. Neff, Anaheim, Orange County: I have always had a crop of English wal-
nuts on irrigated trees, while others have had but a small unprofitable crop.

A. 8. Bradford, Fullerton, Orange County: The yield is regular when water is
used, otherwise there are off years. By irrigation in the summer the formation of
fruit buds for the next season’s crop is promoted.

James W. Hyne, S8an Marcos, San Diego County: When irrigated and kept in a
thrifty condition fruit trees bear more regularly.

Chester Gunn, Julian, San Diego County: Irrigated trees bear more regularly.

H. Culbertson, El Cajon, San Diego County: There is a decided difference in the
peach, especially in the shy-bearing varieties and late irrigation is what-produces the
results.

C. A. Walter, Independence, Inyo County: There is much difference in regular-
ity of bearing; the irrigated tree is always in trim to bear, is healthier and leafs out
earlier.

These reports presenta vast preponderance of observation and expe-
rience that irrigation does promote regular annual fruit bearing.
There are a few instances in which the opposite view is expressed and
others in which the observer is in doubt. In some cases probably the
opposing observation rests on experience in situations where trees are
not helped in regularity of bearing by irrigation because they really
have a greater amount of available moisture, though the rainfall may
not be greater, than is available on adjacent places where the contrary
observation is made. This is strikingly true in the case of Whittier,
Los Angeles County, Cal., where Mr. Bequette reports regular bear-
ing without irrigation. Whittier is a low-lying region with great
depth of soil and ground water within reach of deep-rooting trees.
In such a situation irrigation is naturally less likely to be profitable,
because the trees are supplied by the underground movement of water
and enjoy more than their share of the scant rainfall of the district.
There may be similar conditions to explain the conclusions of the few
others who hold a negative view.

QUALITIES AND COMMERCIAL CHARACTERS OF IRRIGATED
FRUIT.

The desirability of irrigated fruits, for qualities which appeal to
the fruit eater and for characters which win the fruit trade, has long
been in controversy, and the prejudice against irrigation from these
points of view has been most outspoken. This prejudice still exists
in the minds of those who have not had opportunity for careful com-
parative judgment and no experience to distinguish between properly
irrigated and excessively irrigated fruit. Of course, theoretically the
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best fruit must come from the tree which has moisture continuslly
present during its growing period in the amount required for perfect
development of its fruit. Too little water for such perfect growth
would injure the fruit and too much water would also injure it, and
although the injuries proceeding from lack and from excess might be
different, they would all render the fruit defective. But there have
been prejudices against irrigated fruit which have been slow to dis-
appear even among fruit growers, who might be presumed to have
the best opportunities for speedily reaching sound judgments on the
matter. ) o

The first striking character of irrigated fruit to attract attention was
unusual size, and such size was often found to be unmatched by rich-
ness and flavor. Medium-sized fruit was better to eat. The general
conclusion then was that water artificially applied made a fruit fine to
look upon but not otherwise desirable, and from this single observa-
tion arose the quite generul opinion that the farther it departed from
largeness the better the fruit; therefore the smaller the fruit the
richer in sugar and the more refined the flavors and aroma. 1t is dif-
ficult to replace this opinion by urging theoretical considerations of
the actual need of the plant for a continually adequate moisture sup-
ply, nor do the determinations of sugars and essences by fruit analysts
nor the awards of exposition juries convince all whom they reach. 1t
seems desirable then to cite general experience of those who judge
fruits by ordinary sense methods or by commerecial standards in order
to determine whether such experience reinforces the conclusions
reached by those who approach the problem along lines popularly dis-
tinguished as *‘scientific.” This was the motive in the inquiry upon
which this report is based.

The attempt was made to secure the results of the experience of
fruit growers, some of whom could give comparative judgment and
others of whom perhaps had grown only irrigated fruit and could
speak positively from experience as to its suitability for various com-
mercial purposes. Although the writer was aware of the general
change in the mind of growers toward the use of water even in regions
of considerable rainfall, he must acknowledge that the declaration of
the benefits of irrigation in developing desirable qualities in fruit is
sharper and wider than expected and there can be no question as to
the impression and influence which will follow the publication of the
testimony here presented.

IDAHO.

A. McPherson, Boise: Irrigated fruits are the best in every respect.

L. A. Porter, Porters: Irrigated fruit is superior in every way. In fact, without
irrigation it js hard to always get moisture enough to bring the fruit to perfect.
maturity, hence it lacks in size, flavor, and general appearance. I consider it almost
impossible to produce perfect cherries, peaches, or pears in an unirrigated orchard.




RELATION OF IRRIGATION TO VALUE OF FRUITS. 158

They always lack the size, color, and rich flavor that comes to a perfectly irrigated
fruit. I have noticed that young unirrigated trees bearing few fruits will mature
them, while in a year or two, while the trees are more heavily loaded, the fruit will
be small and lacking in flavor.
W. G. Whitrey, Payette: Irrigated fruits are much larger, more juicy, and much
nicer looking.
WASHINGTON.

E. H. Libby, Clarkson: Our fruits are all irrigated. On the higher lands, from
1,500 to 2,000 feet above our level, the apples are about half the size of ours. That
fruit rightly irrigated and thoroughly cultivated is fully as good as a like variety.
grown without irrigation is the experience of the writer, which has extended over
much of the United States and Canada.

Jason Whinery, Spokane: Irrigated fruits are better in every respect if the land is
dry and the rainfall short. Some years there is no need for irrigation here.

F. A. Huntley, North Yakima: I consider properly irrigated fruits superior in
every respect. I find irrigation in July to stimulate and prolong the growing period.
Nonirrigated sections often lack sufficient moisture in midsummer to mature the
fruits.

F. E. Thompson, North Yakima: Irrigated fruit is larger and better in appearance
and as good in flavor as unirrigated. -

Chas. 8. Simpseon, North Yakima: Irrigated fruits are better in every respect than
unirrigated.

-J. H. James, Waitsburg: Irrigated fruits are a great deal better in size and nicer
in every respect.

OREGON.

8. A. Miller, Milton: Irrigated fruits are larger and the flavor is usually as good,
sometimes better. This is especially true when the nonirrigated fruit does not get
sufficient moisture.

R. H. Weber, The Dalles: I have noticed that irrigated fruit is apt to be larger
than that grown without irrigation; flavor, aroma, and general appearance would,
however, be in favor of the latter.

Reufert Brothers, The Dalles: Irrigated fruit is 100 per cent better, but water mnust
be used with judgment. Do not irrigate on extremely hot days; do notswamp your
land and cause it to bake.

J. R. Casey, Ashland: Irrigated fruit is much nicer in every respect.

CALIFORNIA.

W. E. Whitmore, Whitmore, Shasta County: J. H. Whitmore, at 2,000 feet eleva-
tion, on a slope facing southwest and on a little flat at its base, raises very fine table
grapes of various kinds, but is extremely careful to give very little water. P. Gutt-
mann, altitude 2,600 feet, has beauntiful Muscat and Black Hamburg grapes, but as
he kept water un nearly all of the time they were about as sweet as a lemon.  Prop-
erly watered, he found they improved in flavor.

Owen Daily, Whitmore, Shasta County: Irrigated fruits are much larger, better
flavored, and finer looking.

George A. Lamiman, Anderson, Shasta County: Irrigated fruit is double the size
and is beautiful in color and splendid in flavor, while nonirrigated is rather dryv and
insipid and lacking in color.

Fred Scharr, Redbluff: Properly irrigated fruit will be one-third larger. Nonirri-
gated fruit will be more aromatic and better flavored, but the large size the market
calls for must be secured even at the expense of quality.

0. E. Graves, Redbluff: Irrigated prunes are much larger.
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Mrs. Emma E. Yager, Manton, Tehamna County: Irrigated fruits mature better,
and if properly irrigated are fine.in flavor and appearanee.

W. E. Hazen, Manton, Tehama County: Irrigated fruit is larger and has better
flavor and general appearance. Irrigated apples color better.

J. L. Barham, Manton, Tehama County: Irrigated fruits are far better than non-
irrigated in every way. )

George H. Flournoy, Corning, Tehama County: My experience is that irrigated
fruit is superior in every respect.

G. M. Gray, Chico, Butte County: Irrigated fruits are at least 30 per cent better
in all respects.

Rio Bonito Orchard Company, Biggs, Butte County: Irrigated prunes are better in
every way. Irrigated peaches are larger and handsomer, but in flavor and aroma
they are inferior in freestone peaches and to a less degree in clings.

L. F. Moulton, Colusa, Colusa County: Irrigated fruit is much larger, equally as
fine in flavor and aroma, and excellent in general appearance.

C. A. Thomas. Woodland, Yolo County: The character and quality of our.fruits
are improved by irrigation. The almond in every way is benefited, and adjacent
orchards show the advantage of irrigation over nonirrigation with equal cultivation.

Edgar J. De Pue, Yolo, Yolo County: We are irrigating 500 acres of fruit trees.
We have found that the fruit on trees along the ditches which received more water
than the average was of better quality, and matured and kept better than that from
trees which had less water.

G. W. Thissell, Winters, Yolo County: There is no comparison in size and quality
between irrigated and nonirrigated fruit when the trees need water. If there has
been a series of wet years, some orchards will need no irrigation, but others on dif-
ferent soil will require irrigation at the proper time.

F. B. McKevitt, Vacaville, Solano County: Irrigated fruit is larger, equally hand-
some, and has the saime aroma, but the flavor is not so fine as the unirrigated.

Foster Brothers, Dixon, Solano County: Irrigated fruits are far superior.

E. A. Gammon, Courtland, Sacramento County: Irrigated fruit is much better in
size, flavor, and general appearance.

° Charles W. Landis, Folsom City, Sacramento County: The irrigated fruits have
better size, flavor, aroma, and general appearance.

T. J. Wagoner, Rough and Ready, Nevada County: Irrigated is more than twice
the size of nonirrigated, and the amount of the crop is twice as great. The nonirni-
gated fruit lacks in flavor.

H. T. Fuchs, Grass Valley, Nevada County: Irrigation improves both size and
flavor if it is not overdone.

Felix Gillet, Nevada City, Nevada County: My experience is that in the moun-
taing vastly finer fruits and nuts are grown by regular irrigation to the amount avail-
able by the natural retentiveness of the soil. In some soils several good soakings,
especially in June or July, may be enough, though more frequent irrigation, say
once a week for ten weeks or more on soils not retaining moisture well, may be even
more beneficial. Irrigation of both tree fruits and grapes should stop as soon as
they have attained three-fourths to four-fifths of their size to allow them to acquire
flavor. I have a Winter Royal pear tree, 33 years old, the largest of my collection,
which bears 1,000 pounds of pears, which keep until April or May and then ripen.
The fruit is medium sized and very juicy without being irrigated. A friend planted
a tree of the same kind in a clover patch, where water was run continually and four
or five crops of clover cut. This tree grew finely, bearing large crops of pears twice
the size of mine, but ripening about December. With other pears I find that irriga-
tion improves them very much in size and general appearance, but winter kinds
seem to lose keeping quality if irrigated unless it is done moderately and stopped
rather early in the season. The difference between irrigated and nonirrigated fruits,
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as far as size and general appearance are concerned, is remarkable, though I admit
that in certain rich and deep soils, naturally moist, as fine fruit can be grown with-
out irrigation as on dry shallow soils with it. I find that nuts of all kinds are also
much improved in size if properly irrigated, and if irrigation is stopped when the
nuts have pretty nearly attained their size the quality will not be impaired. Fil-
berts are immensely benefited by irrigation. Irrigation makes the peach more juicy,
which is a decided gain. Compare a juicy peach with one that is dry and mealy—
what a difference.

P. W. Butler, Penryn, Placer County: Irrigated fruit is much larger, of better
flavor and aroma, and generally better looking.

W. R. Fountain, Newcastle, Placer County: Irrigated fruit is larger and prettier
and is all right to eat.

A. E. Burnham, Healdsburg, Sonoma County: I had twenty-five years’ experience
in growing fruit and vegetables in Utah, where I had to depend on irrigation, and I
raised as fine peaches, plums, and pears and better apricots than I have ever raised
since coming here, both in size and flavor, and I have had as good as any seen
around here.

John Rock, Niles, Alameda County: The character of the fruit depends upon how
the irrigation is done. The use of too much water will swell the fruit at the expense
of flavor. ’

Edward M. Ehrhorn, Mountainview, Santa Clara County: I can see a great differ-
ence in quality and flavor of irrigated fruits if not too much water is used.

A. Block, Santa Clara: Irrigated fruits are larger and better, particularly if prop-
erly fed when required. My trees are 40 to 50 years old.

8. P. Sanders, Cupertino, Santa Clara County: At the West Side Drier the man-
ager declares in favor of nonirrigated fruits on the ground of flavor, aroma, etc.

J. H. Flickinger (mmpany, San Jose: Irrigated fruits are better in size and gen-
eral appearance, but not as good in flavor.

F. M. Righter, Campbell, Santa Clara County: Irrigated fruits are larger, more
acid, and of superior appearance. I have not detected any difference in aroma.

H. Hoops, Wrights, Santa Clara County: Irrigated fruits are larger, but they have
less flavor and the general appearance is not 2o good. Some fruits will bear heavier
irrigation than others.

W. S. Shelly, Hollister, San Benito County: Flavor and appearance are not hurt
by winter irrigation and size is increased.

W. W. Hinsey, Fairoaks, Sacramento County: Irrigated fruits are better in every
respect.

J. W. Violett, lone, Amador County: The size and general appearance of fruits is
greatly improved by irrigation, and that is the principal point to be gained for the
grower.

J. M. Harris, Miami, Mariposa County: Irrigated fruit has better color and finer
appearance and just as good flavor as nonirrigated. All kinds of fruit must have a
certain amount of moisture, natural or artificial.

Frank Femmons, Ahwahnee, Madera County: Irrigated fruits are better developed
in ail their qualties if water is used with good judgment.

C. A. Walter, Independence, Inyo County: Irrgated fruit is twice the size, is
sweet, and of the finest flavor.

N. J. Cooley, Bishop, Inyo County: Irrigated fruits are generally larger, but if
irrigated when ripening the flavor is injured, especially in the case ot winter apples.

W. T. Kirkman, Merced, Merced County: In this region irrigated fruit is superior
to unirrigated in all respects.

Dr. W. N. Sherman, Fresuo, Fresno County: Irrigated fruit is superior in size,
quality, and flavor. Irrigated trees come in‘o bearing 1n one hait the time of other
trees.
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George C. Roeding, Fresno: Irrigated fruits average much larger and as a rule
are much brighter in appearance. The flavor of fruite adapted to this section is
very good and all are irrigated unless water is available by underflow.

Thomas Jacob, Visalia, Tulare County: Irrigated fruit is usually much larger and
finer lookihg than fruit grown without water, but there is some question as to flavor.

J. V. Webster, Creston, San Luis Obispo County: Fruits properly irrigated are
almost invariably larger and finer in appearance, but usually not so fine in aroma
and color.

James A. Girard, Cayucos, San Luis Obispo County: Irrigated fruit is larger and
better in general appearance, but the flavor and aroma are not improved. I am
inclined to believe that on good s=oils fruit does as well here without irrigation as
with it.

Elwood Cooper, Santa Barbara: Where it is possible to grow fruit without irriga-
tion the quality is better; they are more firm and better in every way.

0. N. Cadwell, Carpinteria, Santa Barbara County: Our English walnuts need
more water than we can get to finish up their growth and ripen, as the moisture
leaves the ground fast from the last of July to September 15, when they seem to call
for more. Most of our apples, pears, and peaches are poor without irrigation.

E. S. Thacher, Nordhoff, Ventura County: In high, well-drained situations, such
as that of this ranch, all kinds of fruits that will grow here may be irrigated to their
great advantage as to size and beauty and with no loss of flavor and aroma. Some
restraint should doubtless be used when fruit is filling out, but to keep a tree in
lively, thrifty growth by a continuous supply of moisture in a well-cultivated soil can
only improve the quality of the fruit as well as the quantity.

H. J. Dennison, Nordhoff: Irrigation will give fruit one-third larger and more
juicy.

Robert Dunn, Fillmore, Ventura County: Irrigated fruit is better in size, quality,
and general appearance.

F. F. Stetson & Co., Los Angeles: Irrigated fruit is better in size and general
appearance. .

H. E. Chesebro, Covina, Los Angeles County: Irrigated fruit is larger, better in
flavor and color.

H. D. Briggs, Azusa, Los Angeles County: Irrigated fruit is far superior, provided
the water is not applied too near the ripening. With us water should not be used
closer than three weeks of ripening.

Henry D. Engelhardt, Glendora, Los Angeles County: Water must be used with the
best possible judgment, and when thus irrigated a tree or vine, if given proper cultiva-
tion between irrigation, will produce fruit which for size, flavor, aroma, and general
appearance will doubly surpass that from a nonirrigated tree or vine.

J. A. Graves, Alhambra, Los Angeles County: For my own use 1 would prefer
deciduous fruits grown on proper land without irrigation, but as a commercial propo-
sition I should prefer to grow these same fruits with irrigation.

William Chappelow, Monrovia, Los Angeles County: Irrigated fruit is by far the
best in every way.

W. W. Bliss, Duarte, Los Angeles County: Irrigated apricots, plume, and peaches
are larger and more juicy; the pits of the peaches are more apt to split. These same
fruits unirrigated are firmer, finer flavored, and contain more sugar.

L. L. Bequette, Whittier, Los Angeles County: The flavor of nonirrigated fruit is
better, as it is not so watery.

J. Edson Smith, Santa Ana: I have been growing deciduous fruits for twenty
years. As a general proposition, such fruits grown in southern California, with
proper irrigation, are better in size, flavor, aroma, and general appearance, both of
fresh fruit and dried or canned, than fruit grown without irrigation.
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C. P. Taft, Orange, Orange County: Irrigated fruits are, in my opinion, superior to
nonirrigated, climate and soil being the same, except when raised on naturally moist
goil where irrigation is unnecessary.

A. S. Bradford, Fullerton, Orange County: My experience -has been entirely in
favor of irrigated fruits. I have neighbors who are trying to grow deciduous fruits
with no irrigation, and hardly ever have any fruit. They wonder how I always have
fruit in abundance agd =o fine. The secret is in the use of water. Irrigated fruits
are very much finer, larger, and handsomer, and the flavor is excellent—none better.

J. B. Neff, Anaheim, Orange County: Irrigated fruits are usually much larger and
finer in appearance.

C. J. Merryfield, Colton, San Bernardino County: Irrigated fruits are larger and of
finer appearance, and as good in flavor as can be had.

W. 8. Corwin, Highland, San Bernardino County: If properly irrigated and
thinned, the irrigated fruit is larger, better in flavor, and in general appearance.

1. Ford, Redlands, San Bernardino County: Nonirrigated apples have high color,
but in a dry year particularly are very much smaller and of poorer quality. -

W. E. Atwater, Riverside, Riverside County: Fruit from irrigated trees is larger
and more juicy, but when overirrigated the fruit lacks flavor.

Edward L. Koethen, Riverside: Our fruit is all irrigated, and apricots from non-
irrigated trees are small as compared with ours. Olive trees will not bear here
unless irrigated. Orange trees would die.

James M. Hyne, San Marcos, San Diego County: Irrigated fruit with me is larger
and more fully developed, with flavor fully as good and in fact more luscious.

H. Culbertson, El Cajon, San Diego County: In our soil all ‘the good qualities of
fruits are improved by proper irrigation. 1 1mean by proper irrigation the amount
and frequency necessary to keep the tree in a thrifty condition so that at no time
does it show lack of water. The soil may be oversupplied with water, when both
flavor and aroma may be seriously affected. On our dry soils, without water, peaches
will have a bitter flavor about the pit that is never found with irrigated. Apples
without irrigation are small, thick-skinned, tough, and altogether undesirable, while
if well supplied with moisture, say 4 inches per acre per month, will give good-sized,
thin-skinned, tender and juicy, good-flavored fruit. With oranges the more regular
and proper the supply of water the better the quality; very little water will not pro-
duce sweet fruit. Improper irrigation of oranges is doing much against the reputation
of California oranges.

Chester Gunn, Julian, San Diego County: Irrigated fruits are larger and of as
good flavor if properly irrigated, but when heavily irrigated, just at ripening, they
are apt to be hurt. :

C. J. Johnston, San Diego, San Diego County: Properly irrigated fruit is always
superior. Size, flavor, aroma, and general appearance are almost under control of
the grower who has irrigation water. :

The foregoing testimony certainly establishes beyond question the
quality and commercial standing of irrigated fruit through more than
a thousand miles of distance along the Pacific coast. In this distance
the conditions range from fairly wintry to strictly semitropical and
from fully arid to quite humid, judged by the annual rainfalls in the
different localities. In all these wide ranges there is the evidence of
extended experience that irrigation improves fruits in all respects, pro-
vided water is supplied at times and in amounts which trees under the
different circumstances require for the best discharge of their fruit-
bearing function. Obviously there are conditions under which irriga-
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tion is unnecessary, and there is irrigation practice which may tend
toward the development of some desirable characters and the loss or
reduction of others, but these facts do not militate at all against the
wise use of water. The cases in which preference is expressed for
nonirrigated fruits are manifestly those in which the natural moisture,
conserved by thorough surface cultivation, is adequate. When this
is the case, an excess of moisture by irrigation is liable to work injury
by enlargement at the expense of quality, and growers are quick to
detect this, but the other end of the scale, where quality is lost because
the moisture is inadequate to the development of fair size, is more apt
to be overlooked. The bent of the tree seems to be toward the attain-
ment of size in its fruit. If it is sharply arrested in this by drought
the fruit is tough, acrid, and scant of perfume. If the moisture is
excessive, so that the tree has free course to indulge its bent for size,
it fails to develop quality.

IRRIGATED FRUIT IN LONG-DISTANCE SHIPMENT.

The next point of inquiry was as to the suitability of properly irri-
gated fruit for shipment long distances, as is required by the present
state of the world’s fruit trade. During the last quarter of a century
fresh fruits from deciduous trees have been carried longer distances
in the world’s commerce than ever before and in quantities altogether
beyond anticipation indulged in at the beginning. It is also true that
the fruits of this class which have successfully traversed longest dis-
tances are those grown by irrigation. The employment of irrigation
is, of course, not the cause of this exceptional durability during trans-

‘portation. The absence of rain and the consequent atmospheric
aridity during the development of the fruit are the chief causes of
the peculiarly durable tissue of the fruits and are the causes also of
the resort toirrigation, which enables the tree toso thrive upon adequate
soil moisture that it is able to meet both the thirst of the air and the
requirement of the fruit. Fruit grown in a dry summer air is of the
most lasting character. This was demonstrated by experience in parts
of California where the winter’s rain, conserved by constant summer
cultivation, was adequate to the needs of the trees and vines. At first
it was a question whether the same effect could be secured by irriga-
tion during the dry season, and the impression that it could not pre-
vailed quite generally. Later experience shows that this impression
was wrong, and there can perhaps be no more sweeping demonstration
of this than the fact that by far the greater part of the Pacific coast
fruits successfully marketed on the other side of the continent and
even beyond the Atlantic Ocean is grown by irrigation as a supple-
ment to winter’s rainfall.  Still this fact is not wholly appreciated, and
among growers unacquainted with irrigation practice there is still too
wide a belief that it is the artificial use of water which makes fruit
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soft and perishable. That this is not the case, when the water is
wisely used, is supported by the following declarations of experience
and observation, although dissenting opinions are also included:

IDAHO.

W. G. Whitney, Payette: I have had the best of success in shipping irrigated fruit.

A. McPherson, Boise: My experience in shipping irrigated fruits has been very
ratisfactory.

L. A. Porter, Porters: Unirrigated apples are usually better keepers, as, not being
fully matured, they wilt. With Bartlett pears the rule is reversed and the irrigated
pear will hold up much better. All irrigated fruits are the best sellers, on account of
size and general good qualities. I ship east some 200 cars annually from both irri-
gated and unirrigated sections. :

WASHINGTON.

E. H. Libby, Clarkston: Well grown, well picked, and well packed irrigated fruits
ship safely and eatisfactorily.

F. E. Thompson, North Yakima: I have had ten years’ experlence in fruit ship-
ping, and have shipped irrigated fruit as far as New York City without complaints.

J. H. James, Waitsburg: I have had good success in shipping irrigated fruit.

OREGON.

8. A. Miller, Milton: Irrigated fruit is always in demand, as it is larger and of
higher color than the unirrigated.

R. H. Weber, The Dalles: Nonirrigated fruit being firmer will stand shipping
better.

Seufert Brothers, The Dalles: Our irrigated fruit has shipped successfully, and we
raise three to four times as much per acre.

J. R. Casey, Ashland: Shippers prefer irrigated fruits.

CALIFORNIA.

George A. Lamiman, Anderson, Shasta County: I have shipped irrigated frmts for
five years with an increasing demand for them. I have not shipped nommgated
fruits, as they are too small.

W. E. Hazen, Manton, Tehama County: I have no trouble in shipping nor in sell-
ing irrigated fruits.

O. E. Graves, Redbluff, Tehama County: I have sold irrigated prunes to shippers,
usually at good prices.

Fred Scharr, Redbluff: When a tree gets too much water the fruit will be softer and
will not ship so well. The care is to irrigate deeper and not so often.

George H. Flournoy, Corning, Tehama County: Irrigated fruits, and in fact all
irrigated products, carry as well as nonirrigated.

L. F. Moulton, Colusa, Colusa County: Reasonably irrigated fruits are so much
larger and finer in appearance, and as the flavor is not deteriorated and the shipping
qualities not impaired, it follows that such fruit is much sought for by shippers.

F. B. McKevitt, Vacaville, Solano County: Irrigated fruit grown on uplands and
where there is considerable iron in the soil ships perfectly. On heavier land it does
not show the same shipping quality.

Foster Brothers, Dixon, Solano County: Peaches, prunes, and such fruits stand
shipping well when irrigated, but pears do not.

E. A. Gammon, Courtland, Sacramento County: My experience in shipping irri-
gated fruit has been good; there is no hesitation on the part of shippers to buy
irrigated fruits.
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W. W. Hinsey, Fairoaks, Sacramento County: Being more juicy, the lrngated
fruits will perhaps not carry so well, but they wxll sell better, and we grow fruit to
sell, not to keep.

Charles W. Landis, Folsom City, Sacramento County: Buyers seldom distinguish
between irrigated and nonirrigated fruit, but what amounts to the same thing, they
set standards of size, etc., which are more surely attained by irrigation. With the
exception of the mildewing of grapes, I have never heard any complaint that irri-
gated fruits did not ship as well as nonirrigated. When fruit is sold on the trees a
clause is inserted in the contract as to irrigation.

T. J. Wagoner, Rough and Ready, Nevada County: Irrigated fruits are not good
in shipping if they are allowed to become too big and juicy.

T. J. Fitch, Loomis, Placer County: The shipping quality of properly irrigated
fruits seems to be demonstrated by the fact that such fruits constitute a considera-
ble part of our eastern shipments, and have for the last twenty years or more. In 1902
almost one-third of the fresh fruit sent east was shipped from Placer County, where
irrigation is sine qua non. It opens out well if properly packed and cared for in
transit.

P. W. Butler, Penryn, Placer County: There is but little nonirrigated fruit grown
in this section, and this is generally rejected by shippers because of its inferior size.

W. R. Fountain, Newcastle, Placer County: In our home market we have shippers
and buyers both soliciting irrigated fruit, and it is easy either to consign or to sell.

W. Sharwood, Soulsbyville, Tuolumne County: The apples from our irrigated
orchards are said to bring the highest prices in the San Francisco market. No one
is foolish enough to try to grow fruit in this district without irrigation.

J. M. Harris, Miami, Mariposa County: I have had good success in selling irrigated
fruits.

John Rock, Niles, Alameda County: Irrigated fruit will carry well if irrigation is
done in the winter or while the fruit is small.

Edw. M. Ehrhorn, Mountainview, Santa Clara County: I have had no difficulty
in shipping irrigated fruits.

A. Block, Santa Clara, Santa Clara County: My experience favors irrigated fruit
for shipping, provided it is not irrigated too close to ripening.

S. P. Sanders, Cupertino, Santa Clara County: I only irrigate in winter from a tor-
rential stream; such irrigation is held not to affect the carrying quality of shipping
fruits.

H. Hoops, Wrights, Santa Clara County: I have generally improved the quality
of my fruit by irrigation, and therefore get better prices from fruit shippers.

J. V. Webster, Creston, San Luis Obispo County: My experience is that irrigated
fruits do not ship so well as nonirrigated, decaying and tading in color much more
rapidly.

Dr."W. X. Sherman, Fresno, Fresno County: For eighteen years we have obtained
the highest prices on table grapes of any shipped from this State. In 1902 our tahle
grapes netted us $500 per acre.  The fruit is grown with irrigation.

J. 8. McCormick, Fresno: We irrigate everything. We sell to shippers to ship the
fruit to the east, and hear no complaint about its not keeping.

George C. Roeding, Fresno: Shippers take irrigated fruits as readily as nonirri-
gated, and they carry fully as well.

Charles Downing, Armona, Kings County: My pears, grown on trees subirrigated
by seepage from main canals, have always brought top prices in New York and
Chicago. I have shipped peaches from trees similarly irrigated, but while some
have brought, good prices the result as a whole has not been satisfactory, the claim
being made by consignees in many instances that the peaches from the district do
not carry as well as those from the mountain districts.
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Thowmas Jacob, Visalia, Tulare County: Fruit grown on low land or where much
water is used does not seem to carry as well as fruit grown on drier land.

C. A. Walter, Independence, Inyo County: Irrigated fruits are best for shipping.
They are firmer, have better color, and look better when packed than fruit that has
been scant of water.

- N. J. Cooley, Bishop, Inyo County: I have market for more irrigated fruits than
1 can supply, and always at top prices.

William Chappelow, Monrovia, Los Angeles County: I thmk unirrigated fruit
handles best.

W. W. Bliss, Duarte, Los Angeles County: Nonirrigated fruit ships better, as it is
firmer than irrigated fruit.

Henry D. Engelhardt, Glendora, Los Angeles County: For shipping purposes, give
me the irrigated fruit every time.

L. L. Bequette, Los Nietos (Whittier), Los Angeles County: Irrigated peaches and
apricots will not stand shipping so well.

A. D. Bishop, Orange, Orange County: 1 have been shipping irrigated fruits and
selling to shippers for more than twenty years with satisfactory results.

W. 8. Corwin, Highland, San Bernardino County: A large, juicy apple, if picked
at the proper time, will keep fully. as well as nonirrigated fruit and will sell for a far
higher price.

J. H. Reed, Riverside, Riverside County: We shipped no fresh fruits, but our irri-
gated fruit was much sought for by the local trade because of size and general
appearance as well as quality. '

Hemet Land Company, Hemet, Riverside County: We get the top price for all
the irrigated fruits we raise.

T. J. Bryan, Lemongrove, San Diego County: I never shipped anything but irri-
gated fruit, which ships well if properly handled.

Chester Gunn, Julian, San Diego County: Where irrigated early- the fruit is large
and well colored, and preferred for ehipping to that not irrigated.

C. J. Johnston, San Diego, San Diego County: I do not clip lemons immediately
after irrigation or rains. The fruit is apt to be too sappy to hold up. I wait four or
five days before clipping.

. ) ARIZONA.

A. J. McClatchie, Phoenix: I shipped irrigated fruits regularly to the Pan-Ameri-

can Exposition at Buffalo, N. Y., with success.

The foregoing statements establish beyond question the availability
of irrigated fruits for shipping and afford warning against the excess-
ive use of water also, for it is clear that those of opposing view speak
from experience with an amount of so0il moisture which promoted
ovetgrowth and softness of tissue. Some fruits are more liable to
this evil effect than others on account of their own characteristic pulp
formation. It is also true that perishability in the pulp is due to
excessive moisture supply, whether it be from natural underflow or
from irrigation, and, as might be expected, the greatest dangers in
irrigation are likely to be encountered on low, rich, and retentive
soil~ and the least danger in soils naturally drier and open to a free
movement of water. This diversity in soil and situation explains some
of the contiadiction in the testimony, while other indications of the
destruction of shipping quality are due to unguarded use of water.
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SUITABILITY OF IRRIGATED FRUITS FOR CANNING.

The next inquiry as to the value of properly irrigated fruits related
to their suitability for canning. Upon this point there has been less
controversy, and yet claims of superior richness and firmness in unir-
rigated fruits always carry a reference to thinness of juice and mushi-
ness in processing which have been freely attributed to irrigation.
When, however, it is shown that irrigation can be-used to the general
improvement of the fruit trees which are scant of moisture during the
filling and ripening period of the product, the improvement includes
the character which canners especially esteem and are willing to pay
extra prices for. That this is true is shown by the following declara-
tions which refer to irrigated fruit, particularly from the canner’s
point of view:

IDAHO.

A. McPherson, Boise: I have canned my own irrigated fruit and have sold it to
canners—both very satisfactorily.

WASHINGTON.

J. H. James, Waitsburg: I have found irrigated fruit a little too juicy for canning.
F. E. Thompson, North Yakima: I have only canned irrigated fruit for our own
use. We coneider it fine.

OREGON.

Seufert Brothers, The Dalles: We can our irriga-ted fruit and sell it well. We pay
25 per cent more for irrigated fruit and find it cheaper for our canning.

CALIFORNIA.

Owen Dailey, Whitmore, Shasta County: I prefer irrigated fruit for canning.

George A. Lamiman, Anderson, Shasta County: Canners pay the highest prices
for irrigated fruit, especially pears.

W. E. Hazen, Manton, Tehama County: Irrigated fruits can well and are profit-
ably sold to canners.

J. L. Barham, Manton, Tehama County: Our fruit brings the highest prices and it
is all irrigated. I have shipped to the eastern markets right from the tree mostly.

George H. Flournoy, Corning, Tehama County: 1 have received top prices from
canners for irrigated fruits and never heard any complaint. ' For home canning I
prefer irrigated fruit.

G. M. Gray, Chico, Butte County: My experience in canning irrigated fruits and
in selling them to canners has been very satisfactory.

Rio Bomito Orchard Company, Biggs, Butte County: Our experience in selling
irrigated fruits to canners has been satisfactory.

L. F. Moulton, Colusa, Colusa County: Being much larger, smoother, and finer,
the irrigated fruits command the highest and best market among the canners.

F. B. McKevitt, Vacaville, Solano County: As a general thing canners prefer irri-
gated fruits because of the larger size.

Foster Brothers, Dixon, Solano County: Irrigated peaches and apricots are superior
for canning, but not pears.

E. A. Gammon, Courtland, Sacramento County: My experience in canning irri-
gated fruit has been good. I have no trouble with it.
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T. J. Wagoner, Rough and Ready, Nevada County: Canners will not have the
unirrigated fruit if they know it. While the irrigated fruit sells quickly the other
is dull.

P. W. Butler, Penryn, Placer County: None but irrigated fruits can be successfully
grown in this section for canning.

W. R. Fountain, Newcastle, Placer County: Canners are after our irrigated cling-
stone peaches.

(). H. Bentley, San Francisco: The question of irrigation is of vital interest to
evervone engaged in the handling of California fruits. From the canners’ point of
view there can be no question as to the benefit of intelligent irrigation in soils which
require it. Peaches are, perhaps, our staple, and their quality is generally improved
by irrigation except when they are grown in a soil that en)owa natural subirri-
gation.

John Rock, Niles, Alameda County: Canners never object to irrigated fruit if it is
large and firm. Large sizes bring better prices.

Edward M. Ehrborn, Mountainview, Santa Clara County: I have had no difficulty
in shipping irrigated fruits to canners.

A. Block, Santa Clara, Santa Clara County: I have no trouble selling irrigated
fruits to canners; on the contrary, they like it.

S. P. Sanders, Cupertino, Santa Clara County: Canners’ agents inquire on buying
if apricots have been irrigated, and prefer those that have not heen irrigated late.

J. H. Flickinger Co., San Jose, Santa Clara County: Irrigated fruit is good for
canning.

F. M. Righter, Campbell, Santa Clara County: We think irrigated fruit is best for
canning and canners prefer it, though its superior size may have most to do with
their preference.

Dr. W. N. Sherman, Fresno, Fresno County: Where fruit, peaches in particular,
is thinned and watered at the proper time it is much larger and greatly superior in
every respect for canning purposes. We have canned from 4,000 to 7,000 cans a year
of such fruit with success.

J. S. McCormick, Fresno: We gell irrigated fruit to local canners and to the can-
ners of San Francisco at satisfactory prices.

George C. Roeding, Fresno: The flavor of canned fruits from irrigated sections is
excellent.

Frank Femmons, Ahwahnee, Madera County: Irrigated fruit canned for home use
has given entire satisfaction.

J. M. Harris, Miami, Mariposa County: I have had good success in canning irri-
gated fruit. 1 have now a jar of irrigated peaches that I put up in 1877. Irrigated
fruit sold for canning has always brought the very highest price.

Thomas Jacob, Visalia, Tulare County: We think either very moist land or irriga-
tion necessary to make good canning fruit.

W. S. Shelly, Hollister, San Benito County: Winter irrigation is no detriment to
fruit for canning.

J. V. Webster, Creston, San Luis Obispo County: Manifestly size and general
appearance are eminently eseential in fruits for canning, and irngation, properly pur-
sued, tends toward those characteristics.

Robert Dunn, Fillmore, Ventura County: 1 prefer irrigated fruits for canning,
and iy experience is that canners take the best fruits, which can usually only he
secured from irrigated trees.

F. F. Stetson & Co., Los Angeles: We use nonirrigated fruits almost wholly, but
firmly believe that the frmit would be of better quality if the trees were irrigated
moderately—say, twice during the season’s growth. We helieve such fruit would be
of better size, flavor, texture (being firmer or less mealy), would cook better and
look better after canning. Irrigated peaches have less red around the pit.



164 IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.

Henry D. Engelhardt, Glendora, Los Angeles County: Properly irrigated fruit
will can best, but overirrigated fruit will be watery and will spoil easily.

H. D. Briggs, Azusa, Los Angeles County: For nimeteen years I have canned,
largely for home use, and have sold large amounts to canners, and always received
the top price for well-grown, irrigated fruit.

W. W. Blisg, Duarte, Los Angeles County: I have sold but few peaches to canners.
For our own use we like nonirrigated fruits better.

J. B. Neff, Anaheim, Orange County: Canners buy irrigated fruits in preference
because of superior size. The fruit will be equally solid as the nonirrigated if not
watered within one month of picking.

C. P. Taft, Orange, Orange County: Fruit irrigated before ripening is better for
drying but not for shipping or canning, but fruit on any soil which lacks sufficient
moisture will be better if irrigated whether dried or sold to canners.

A. S. Bradford, Fullerton, Orange County: We never have any trouble canning
irrigated fruit, and canners prefer irrigated fruits because they are larger and finer.
Such fruits command about $10 per ton more on account of size, etc.

C. J. Merrytield, Colton, San Bernardino County: Canned irrigated fruit has a fine
appearance and superior flavor.

W. 8. Corwin, Highland, San Bernardino County: I have had first-class success in
canning irrigated fruits and in selling to canners.

James Boyd, Riverside: No objection is ever made to irrigated fruits by canners;
on the contrary irrigation gives more desirable fruit for canning.

Joseph Wallace, San Jacinto, Riverside County: Fruit moderately irrigated is much
better for canning purposes.

H. Culbertson, El Cajon, San Diego County: Well irrigated fruit is practically the
only fruit that canners will buy in this section.

This declaration of the suitability of irrigated fruit for canning is
of great commercial significance, and it should be considered in con-
nection with the present output of the canning industry in California,
as compiled by the California Fruit Grower and published in its issue
of April 9, 1904:

California fruit and regetable pack by varieties.

( nses.a [ Cases.a
Variety. —_—— - = = Variety.
1902, 1903, L1902 1903.
AppleS. i 6,683 5,023 Strawberries............. 6,205 15,320
Aprhnlﬂ 236,071 | b«l“ :l(» i
16, 661 Total table fruits .." 1,925,326 2,415 941

119,297 | Pie fruit, 2§ pounds...... | 77, 889 49, 582
206, 66 Pie fruit, gallons, X 203, 596 %l 496
( lu rries, w hm-. ...... 03 392 Jams and jellies ......... 45,979 | 36, 455
CUPTUIS e eeenononeoins Wy
Figs oo 1,000 Total fruits ........ 2,252,790 | 2,733,504
Gooseherries aesa] e Tomatoes, 2} and 'ipounds 70, 810 | 835, .{94
Grapes... L 52,621 Tomatoes, gallons ....... 76,242 1.
Loganherr . 4,307 Peas ............. . 57,710
Nectarines | 3!1 Asparagus .. 227,126
Pears Beans and other v -
Peaches bles coiiiiiiiiiiiaiiit. 39,380
Peaches
Plums. 25,567 Total fruits and
Quinees 115 vegetables .o..... 3,404, 058 4,077,078

Raspberries IR

6, 505

az (lon n 2} pound cans,

Upon the basis of 5 cents per pound. selling price for canned fruits,
and 24 cents per pound for canned vegetables, the valuation of this
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product in 1903 is over $10,500,000 and the products still meet a grow-
ing demand. The canning quality of irrigated fruits thus becomes of
the widest importance in the development of those parts of the arid
region which favor the growth of fruits and vegetables desirable to
canners. ’

SUITABILITY OF IRRIGATED FRUITS FOR DRYING.

The next -inquiry related to the suitability of properly irrigated
fruits for drying. This is a quality which has had to meet a strong
negative from the first and many growers are still disposed to deny it.
This is not remarkable, for does it not seem reasonable that fruit which
has to be brought into preservable form by the expulsion of a large
percentage of its moisture by heat would be made better for that
process by growing it in a way which would naturally reduce the
amount of that moisture? In fact, so strongly did this consideration
appeal to many growers a few years ago that it seemed to them silly,
as the common saying was, * to force a tree to pump its fruit full of -
water which has to be driven off again in the preparation of the prod-
uct.” Several propositions which are fundamental in successful fruit
drying were not then recognized at their full value. They are better
understood now because the chemists have made many comparative
analyses of dried fruit, because the dealers have learned what con-
sumers will pay most for, and because growers have secured many
hints of practical value from their own experience. The breadth of
this experience can be readily understood when it is remembered that
in California alone the annual product of dried fruits of all kinds is
nearly 340,000,000 pounds, and not less than half of this amount is
made from fruit grown with irrigation, and this half has a vastly
higher market value than the other half. A few of these propositions
which have been shown to be fundamental in successful fruit drying
may be briefly stated, as follows:

(1) The best dried fruit is secured from the fruit which is best
before drying.

(2) Good size is as profitable in dried fruit as in fresh or canned
fruits.

(3) Fruit which is deficient in flavor and richness does not improve
in drying and acrid flavors which are apt to be developed in fruit
which is not able to mature properly are intensified in drying.

(4) Though the best drying fruits are those which naturally possess
a certain firmness of texture and density of juice, it is not possible to
imitate these natural conditions nor to advance them by denying the
tree the amount of water which is necessary to the vigor of the tree
and the full development of the fruit. For instance, the Muir peach
has naturally rather dry flesh and the popular cling peaches are of
very firm flesh, but these natural endowments of the varieties can not



166 IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.

be successfully produced in other varieties nor enhanced in the varie-
ties themselves by denying the trees the water necessary to produce
satisfactory size of fruit, for it is clearly shown by all lines of investi-
gation that adequate size, in each variety according to its own natural
standard, helps in the development of other qualities of the variety
in their fullness.

(5) While all these things are true it is also true that water in excess
of the amount required by the tree to attain its highest quality of
product is apt to force the tree beyond its best work and it matters
not whether the water reaches the roots by irrigation or by natural
movements of water through the soil. Of course in a semiarid country
there is greater danger and greater actual occurrence of excess by
irrigation than by natural movements and consequently blame attached
to it in the popular mind.

These considerations hold in the growth of fruit for all purpose-.
but they are advanced in this place because in the growth of fruit for
drying the sharpest issues have arisen, the greatest inconsistencies
have been alleged against irrigation, and this is the place for the vin-
dication of the practice of irrigation against wrong conceptions of its
effects. This is the last ditch of the nonirrigators, and a deep stream
of water is now flowing through it, as the following reports clearly

demonstrate:
IDAHO.

L. A. Porter, Porters: I have found that irrigated prunes make the better cured
product, as they have more sugar in the juice and dry plumper. 1 can pay more for
them. A

A. McPherson, Boise: I have had good results in drying irrigated fruits.

W. G. Whitney, Payette: I have had splendid success in drying irrigated fruits.

WASHINGTON.

F. E. Thompson, North Yakima: I have only dried irrigated prunes. One hun-
dred pounds French yield 41 pounds dried; 100 pounds Italian yield 32 pounds dried
J. H. Jarnes, Waitsburg: T have had good results in drying irrigated fruits.

OREGON.,

Seufert Brothers, The Dalles: We knew that driers pay the largest prices for the
largest fruit. In a dry country the fruit gets sun enough to offset any greater amount
of water supplied by irrigation.

CALIFORNIA.

Owen Daily, Whitmore, Shasta County: I consider irrigated fruit best for all
purposes.

George A. Lamiman, Anderson, Shasta County: As irrigated fruit is larger and
better flavored, it commands a higher price after drying.

0. E. Graves, Redbluff, Tehama County: Irrigated prunes are as easily dried as
those not irrigated. .

Fred Scharr, Redbluff: Trrigated fruit will shrink more in drying.

J. L. Barham, Manton, Tehama County: We have had first-class results in drying
irrigated fruits.
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Mrs. Emma E. Yager, Manton: According to my experience irrigated fruits dry
well.

\W. E. Hazen, Manton: Irrigated fruit makes better dried fruit than nonirrigated;
it has a better flavor.

George H. Flournoy, Corning, Tehama County: If properly irrigated, fruits of all
kinds make a better dried product than nonirrigated fruits.

G. M. Gray, Chico, Butte County: It takes a few more pounds of irrigated fruit
to make a certain weight of dried fruit, as a rule.

Rio Bonito Orchard Company, Biggs, Butte County: Our experience in drying
irrigated fruit has been satisfactory.

L. F. Moulton, Colusa: Reasonably irrigated fruits dry well and sell for the high-
est prices to driers.

G. W. Thissell, Winters, Yolo County: It requires more pounds of irrigated fruit
to make a pound of dried fruit than it does of nonirrigated fruit, but the heavier
vield and the larger size under irrigation, also the advantage in handling, drying,
and selling large fruits more than compensate for the greater shrinkage in drying.
The money is in the irrigated orchard.

F. 8. McKevitt, Vacaville, Solano County: If properly irrigated the fruit will dry
as well, and the yield from the same weight of fresh fruit will be as large as with
the unirrigated.

Foster Brothers, Dixon, Solano County: The drying of irrigated fruits of all kinds
is satisfactory.

John Rock, Niles, Alameda County: Fruit grown with winter or early spring irri-
gation will dry as well as unirrigated and is more profitable, as it is of better size.
It will have more sugar than fruit grown on dry land.

Edward M. Ehrhorn, Mountainview, Santa Clara County: There is a little more
loss in drying irrigated fruit, but I believe this is offset by the larger size of the fruit
secured by irrigation.

S. P. Sanders, Cupertino, Santa Clara County: Fruits irrigated late in the spring
and in early summer shrink more and are off in flavor. Driers buying fruit green
seek and pay more for nonirrigated, but growers hardly understand the reason for
the discrimination.

J. H. Flickinger Company, San Jose, Santa Clara County: In drying, the shrink-
age is greater with irrigated fruit.

F. M. Righter, Campbell, Santa Clara County: If fruit is heavily irrigated late in
the season it will show greater shrinkage in weight in drying, but it will not other-
wise be inferior. The conmercial driers look upon it in this light and prefer irri-
gated fruit, because the product is larger and hence of better grade.

W. S. Shelly, Hollister, San Benito County: Winter irrigation causes no greater
shrinkage.

J. V. Webster, Creston, San Luis Obispo County: As irrigated fruit is larger, and
as the larger dried fruits have the higher commercial value, irrigation is often an
important agency toward profitability, but my observation is that the nonirrigated
fruit excels in everything but size.

Charles W. Landis, Folsom City, Sacramento County: The better the green fruit
the better the dried fruit.

W. T. Kirkman, Merced: Muir peaches well irrigated will dry about one from five
and make first-class dried fruit, selling for the highest quoted prices. We have had
very satisfactory success in drying irrigated fruits.

George C. Roeding, Fresno: Irrigated fruits dry as well as nonirrigated and are
much brighter in appearance.

Dr. W. N. Sherman, Freqno We dry about 150 tons annually of raisins, and have
done so for about ten years. We dry about 25 tons of peaches. All these are grown
by irrigation. .
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John C. Nourse, Fresno: The percentage of shrinkage or loss of weight in drying
fruit, either irrigated or nonirrigated, is about the same, except where the water has
been applied immediately preceding the ripening of the fruit, when the ¢hrinkage in
the irrigated fruit is greater. Our dried fruit from irrigated apricots, pears, peaches,
nectarines, and raisin grapes compare favorably with the same fruits in any other
part of the State.

J. 8. McCormick, Fresno: We dry irrigated fruit every year, and it commands as
good prices as nonirrigated fruit in other parts of the State.

Charles Downing, Armona, Kings County: Orchards in this district are chiefly
grown by seepage irrigation from main ditches. Almost all the peaches and apricots
are dried, yielding usually a little more than a ton of dried fruit to the acre. Raisins
also go about a ton to the acre for the first crop, second-crop grapes going mostly to
the wineries. A piece of 20 acres, or allowing for avenues, etc., about 17 acres actu-
ally, of Muscat vines, planted 10 by 10 feet, produced, in 1901, 96.4 tons of grapes of
22 per cent sugar test. In 1902 this same piece gave 168.4 tons of about the same
sugar test. The vines were 13 years old in 1901. One edge of this vineyard is one-
eighth of a mile from the nearest ditch. :

Thomas Jacob, Visalia, Tulare County: Nonirrigated fruit dries heavier and retains
its color better after bleaching than fruit grown on wet land or with inuch irrigation.

J. M. Harris, Miami, Mariposa County: I have always dried irrigated fruits with
the best success.

C. A. Walter, Independence, Inyo County: Irrigated fruit, being large and rich in
flavor, is the best fruit for drying.

Robert Dunn, Fillmore, Ventura County: I prefer irrigated fruit for drying, as it is
as a rule larger.

Henry D. Engelhardt, Glendora, Los Angeles County: Deciduous fruit grown with
about two light irrigations during the dry season in southern California will produce
the best results in drying qualities.

J. B. Neff, Anaheim, Orange County: Driers prefer irrigated fruit, if not irrigated
within a month of ripening.

A. S. Bradford, Placentia, Orange County: The fruit driers make no distinction
between irrigated and nonirrigated fruits, and the largest fruit commands the best
price. .

A. D. Bishop, Orange, Orange County: My experience in drying irrigated fruits
has been entirely satisfactory.

H. D. Briggs, Azusa, Los Angeles County: 1 have dried fruit every year since 1890,
more or lesg, and always with fair results. Ialways prefer irrigated fruit, if water has
not been used within three weeks of ripening.

L. L. Bequette, Whittier, Los Angeles County: Irrigated fruits do not dry so well.

W. 8. Corwin, Highland, San Bernardino County: Irrigated fruit dries well.

Joseph Wallace, San Jacinto, Riverside County: Nonirrigated fruit is much better
for drying, provided, of course, that it will attain proper size without irrigation.

Hemet Land Company, Hemet, Riverside County: We have dried irrigated apricots
and peaches for five years and always get paying prices for them.

Edward L. Koethen, Riverside: Irrigated apricots make an excellent dried product.

J. H. Reed, Riverside: I kept careful account during two or three years of our
dried irrigated fruits as compared with the same kinds of fruit unirrigated which we
dried for neighbors under precisely the same conditions. 1 was surprised at the
increased product of cured fruit from the irrigated lots. As to quality, the increased
price received for the fruit settled that.

H. Culbertson, El Cajon, San Diego County: Our experience is that irrigated fruit
is the only fruit that will pay expenses. By actual test I have found the actual cost
of preparing peaches for drying to be two or three times more for small fruit than
for large fruit well developed under irrigation. Of course, thinning (or spacing the
fruits on the twigs) is one of the most important factors.
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Very clear conclusions can be secured from a careful study of the
foregoing declarations of experience. It is desirable to consider them
as a whole and not as isolated statements. For instance, Mr. Thissell's
and Mr. Ehrhorn’s statements complete the showing of the greater
shrinkage in drying, as shown by Mr. Gray, the Flickinger Company,
and others, and Mr. Jacobs shows that shrinkage is experienced in
fruit grown on land naturally wet as well as on that excessively irri-
gated, while Mr. Wallace shows when nonirrigated fruit is superior
and explains the preference which Mr. Bequette has expressed in all
the answers which he has made. He has land naturally moist enough
for the fullest requirements of the trees and has no need of irrigation.
Reading dissent then in the light of such interpretation there remains
a clear and emphatic affirmation from the experience of many that
irrigation is widely the surety of satisfactory size and quality and of
profit in the growth of fruit for preservation by evaporation.

IRRIGATED FRUITS AT POMOLOGICAL FAIRS.

The pomological fairs within the irrigated regions and the great
expositions at home and abroad during the last quarter of a century
have atforded an opportunity for contrasting displays of irrigated and
nonirrigated fruits. Irrigated fruit is conceded to he rich in show
features. Its size and beauty have always commanded admiration,
and its superior attractiveness has bheen sufficiently demonstrated by
the fact that in earlier expositions in California, and possibly else-
where also, it was often set apart in a class by itself, so that the com-
petition of nonirrigated fruit with it for the same awards might bhe
avoided. A question was, however, addressed to growers as to their
experience with irrigated and nonirrigated fruits at the fairs, in the
hope that some instructive contrasts might be brought to light. The
answers received do not, however, attain such ends, although they do
constitute an interesting record of experience, and in some cases shed
a unique light on the durability of irrigated fruits in long shipment
and during the trying exposure on the show plates. There has per-
haps been no clearer demonstration of these facts than the award at
the Paris Exposition of 1900 to the apples grown with irrigation in
Idaho. The same behavior of irrigated fruits has been manifested at
all American expositions since the Centennial, at Philadelphia, in 1576,
which was the first great opportunity for the irrigated fruits from
California. The following declarations of individual experience along
these lines are of interest:

IDAHO.

L. A. Porter, Porters: My irrigated fruit was given awards at the Columbian Expo-
sition, at the Pan-American, and at the Spokane Fruit fairs for many years.

A. McPherson, Boige: My irrigated fruits have taken prizes at the Chicago, New
Orleans, and Omaha expositions.
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WASHINGTON.

E. H. Libby, Clarkson: Irrigated fruits of this valley have won prizes at the
Columbian Exposition, at Omaha, at Spokane Fruit Fair year after year, and sweep-
stakes regularly at the Lewiston State Fair.

F. E. Thompson, North Yakima: Our irrigated fruit has taken awards at Wash-
ington State Fair and at Spokane Fruit Fair.

OREGON.

S. A. Miller, Milton: I was given awards at the Spokane Fruit fairs in 1895 and
1896 for the largest apple on exhibition.
Seufert Brothers, The Dalles: We took prizes for our irrigated cherries and Hun-
garian prunes in the Oregon exhibit at the Columbian Exposition.
J. R. Casey, Ashland: I have taken prizes with irrigated fruit at the southern
Oregon district fairs.
CALIFORNIA.

W. E. Hazen, Manton, Tehama County: My irrigated fruit has won prizes at the
Redbluff district fairs.

J. L. Barham, Manton: Our irrigated apples have taken prizes at the State fairs
whenever exhibited.

George H. Flournoy, Corning, Tehama County: I have always received a majority
of the premiums at county fairs in my county and received gold medals at the Mid-
winter Fair in San Francisco.

L. F. Moulton, Colusa: My irrigated prunes won the highest awards at the Mid-
winter Fair of 1894.

John Rock, Niles, Alameda County: My irrigated fruit took a gold medal at the
California State Fair in 1896, also a Wilder medal for olives at the meeting of the
American Pomological Society in 1895.

A. Block, Santa Clara: The American Pomological Society at its Cedar Rapids
meeting gave me a Wilder niedal for irrigated pears.

T. J. Wagoner, Rough and Ready, Nevada County: Placer and Nevada counties
have taken leading prizes at leading fairs and the fruit was all from irrigation.

P. W. Butler, Penryn, Placer County: Ten to fifteen years ago I exhibited irri-
gated fruit yearly at the State fairs in Sacramento, and on peaches have always taken
prizes—sometimes more than any other exhibitor in the State.

W. N. Sherman, Fresno: We received a gold medal for irrigated fruits at the Paris
Exposition; two gold medals and eighteen blue ribbons at the California State Fair
of 1902 for irrigated fruits and other local awards.

George C. Roeding, Fresno: Our irrigated frnits won prizes at the State Fair in
1902 and at county fairs for a number of vears. X

(. A. Walter, Independence, Inyo County: I have taken prizes with irrigated
fruits at the Inyo County fairs a number of times.

A. D. Bishop, Orange: I was awarded a medal at the Columbian Exposition n
1893 for irrigated fruits and have taken numerous premiums at our county fairs,

C. P. Taft, Orange: My irrigated loquats took a diploma at the Pan-American
Exposition. 1 have won many prizes with irrigated fruits at the fairs in California.

D. Edson Smith, Santa Ana, Orange County: My irrigated deciduous fruits, hoth
fresh and dried, have taken first prizes at several fairs of the Southern California
Pomological Society in Los Angeles.

James Boyd, Riverside: 1 have had the best success and have taken premiums at
the Los Angeles and other fairs, both tor fresh and dried fruits, in competition with
unirrigated fruit from other southern counties.

H. Culbertson, EI Cajon, San Diego County: I have taken prizes for irrigated
fruits at our county fairs and at the Columbian Exposition.
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ARIZONA.

A. J. McClatchie, Phoenix: Our irrigated fruits won prizes at the Pan-American
Exposition.

"WIURIES ALLEGED AGAINST IRRIGATION.

The last inquiry submitted to correspondents was intended to afford
opportunity for alleging all objections to the use of water in fruit
growing, so that full measure could be taken of this phase of the col-
lective mind of fruit growers. Naturally, though many ¢orrespondents
expressed themselves in answer to the question: ‘“Do you know of
fruits or fruit trees or vines being injured in any way by irrigation,
and if so, in what respect?” there were but few distinctive objections
and much repetition in the recital of them by different observers.
For this reason the plan cof citing individual declarations, which has
heen followed in the compilation under the previous headings, will be
abandoned and, in the interest of brevity. only objections in some
respect different from others will be entered upon the following rough
classitication of statements:

INJURIES DUE TO THE GROWER HIMSELF,

Careless irrigation often injureés trees and vines.

The things to know are when to irrigate and how much. Just enough at the right
time insures the best possible results, but some growers seem to be unable to learn
this.

Trees are not injured when intelligence enters into the use of water.

Fruit trees are often injured by too much irrigation—in fact, many are killed by
it. It also spoils the fruit.

INJURIES DUE TO THE WATER.

Too much water remaining too long around the stems of low-set orange trees
causes root rot or gum disease.

Some kinds of fruit are especially injured by overirrigation.

Trees can be drowned by too much water or may die from too little of it.

Some grapevines have been killed—apparently by too much water.

Deciduous fruit trees are injured by too much water and by allowing it to run
around the body of the tree.

Too much water on or near the surface will injure fruit trees. Some orchards
where water is plentiful are being ruined by too much of it, even in the mountains
where natural drainage is usually all that could be desired. The trees are sickly
and the fruit of little value.

If too much water is used the fruit will drop and the trees show a sickly appear-
ance in the middle of the spring. Moderate irrigation will not do this.

Orchards and vineyards are killed by overirrigation, because of the raising of the
water level too near the surface.

In low places, especially where the ground water is too near the surface, irrigation
has had bad effects. Fruits have not such good flavor, grapes are late, and some-
times trees are killed.

Orchards have been killed outright by constant irrigation by Chinamen growing
vegetables among the trees. :

One prune orchard ot 150 acres, in Santa Clara County, Cal., has been abandoned
and the trees dug out. For ten years they have been irrigated abundantly, at great
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expense, and supplied with fertilizers also. Adjoining orchards not irrigated are
still thrifty and bearing tolerably well. It has been claimed that the water washed
the fertilizing substance out of the soil.

Summer irrigation promotes a root system near the surface and proper develop-
ment of fruit on trees with such a system of feeders requires irrigation. In other
words, an orchard once irrigated will suffer more from drought than one never
irrigated.

INJURIES DUE TO LACK OF DRAINAGE.

Where water is allowed to stand or there is insufficient drainage the leaves turn
vellow, and if the trees are not looked to they are apt to die.

- Too much water with poor drainage will sour the goil and cause gum disease and
vellow leaf.

Trees can be injured, especially on roots which do not like too much water and on
soils where the subdrainage is defective.

Thousands of acres of trees and vines are seriously injured by seepage of water
from ditches and the raising of water levels. Drainage of land to remove surplus
water is one of the greatest needs in some localities.

There are 35-year-old apple trees at the Hicks ranch in San Bernardino County,
Cal., that have a ditch of water running constantly within 5 feet of the trunks and
vet are very thrifty and bear nearly every year apples of highest quality. They will
not grow, however, in a swamp, but must have some drainage.

Fruit trees are injured by subirrigation without drainage for surplus water. Stand-
ing water is destructive to the roots.

There may be injuries by irrigation in the case of using excessive amounts of water
a few days before picking. Walnuts are never injured by irrigation on land that has
good underdrainage. The land might be leached out, perhaps, but there is no direct
injury to the tree.

INJURIES DUE TO LACK OF CULTIVATION.

Trees are injured by too much irrigation and not sufficient cultivation.

Too much water continuously will check growth, turn foliage yellow, and stunt
the tree. The land should be cultivated between irrigations until there is but little
moisture at the surface, but not allowed to hecome dry enough to curl the leaves.
This will make healthier trees and a better quality of fruit than overirrigated land,
but the irrigation should be thorough and deep. )

Too much or too frequent flooding around the tree with too little cultivation
between irrigations may do injury. Too many people who have plenty of water use
it too frequently, thinking to escape the trouble of cultivation. )

Sometimes fruit trees are irrigated continuously and never cultivated so as to open
the soil to sunshine and air. Such trees are not so stocky and strong.

Irrigation without cultivation—and that in the most thorough manner—is produc-
tive of injurious results, and where irrigation has not given satisfactory results it will
be found that it was not followed by the proper cultivation.

.
INJURIES DUE TO TEMPERATURE DURING ITRRIGATION.

Where hardpan is near the surface, care must be taken or the tree or vine is very
likely to be injured if much water is applied in warm weather.

Carelessness in flooding trees in hot weather may injure them, but when judgment
is used in irrigating, trees are not injured by water.

Both trees and vines may be “‘scalded’’ by allowing water to stand too long in hot
weather.

Orchards have been injured by too much irrigation, causing the roots to scald.
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In the daytime the ground and the water get hot, and to let the water strike the
tree then will scald the bark. It takes very little of that to ruin a tree.

Sunshine reflected from water running below against the trunk causes sunburn.

There have been a good many orange trees ruined by flooding the trees, running
a furrow, or digging to the root crown, thereby cooking it and finally ruining the tree.

Fruit trees are sometimes injured by receiving too much water during hot spells
during the summer.

In Arizona fruit trees have been injured by scalding, even when a very small
amount of water has been put on in hot weather.

In Idaho trees left to dry out in summer have been made to take a late growth by -
irrigation and have suffered by early freezing. It is also true that trees have been
saved, by having irrigation late in the fall, from a heavy winter freeze where there was
lack of moisture, while unirrigated trees in the same locality were killed by drying
out by such severe freezing. Water to keep trees from destruction by *‘freezing
dry”’ must be applied late and when the temperature becomes low enough to pre-
vent new growth. )

INJURIES TO FRUIT BY IRRIGATION TOO NEAR RIPENING.

Flavor and keeping quality of the fruit are hurt by heavy irrigation just as the
fruit is ripening. The best time to irrigate is early in the growing season.

Water at some periods is said to retard the ripening of fruits.

Late and excessive irrigation is injurious both to fruits and their products.

If irrigation is applied within three weeks of ripening the fruit is apt to be watery
and liable to decay.

In Nevada County, Cal,, a large, late, blue grape (Ramonia Transylvania), with
water running near the vine all summer, never ripened and hardly colored, keeping
sour and green, while on the other vines of the same kind (but little irrigation or
none at all) the grapes ripened nicely, being of a dark-blue color.

Winter irrigation is often superior to summer irrigation for deciduous fruits. Many
injure their orchards and affect the fruit disadvantageously by late irrigation, espe-
cially after the fruit begins to mature.

Some peaches and apricots have overgrown and lost flavor from too much water.
Apricots are very sensitive to water, and with reasonable rainfall, and well cultivated
and thinned, will mature good fruit without irrigation, as they nearly all ripen in
July. Farly peaches will not stand much water.

Study of these alleged injuries due to irrigation clearly shows that.
they are attributable not to irrigation but to the errors in the use of
water. Every other agricultural agency is not only subject to misuse,
but is actually misused with resulting injury, hardship, and loss; but
as irrigation is a newer art to Americans and its requirements not
well understood, it is not strange that injury properly attributable to
the actor isx so frequently attributed to the instrument. It becomes
clear, then, that there is no blame attaching to irrigation which might
not also attach to rainfall or to natural overflow—in fact irrigation,
being wholly under the control of the operator, should be held the
more innocent. It is an old proverb that ‘ no man can farm against
the weather,” but it is certainly a fact that a man can farm against
injuries by irrigation as soon as he has the requisite intelligence and
the energy to act upon it. There is, manifestly, no injury by irriga-
tion which can not be avoided by the use of the right amount of water
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at the right time and in the right way upon the soil naturally right
for it, or corrected by the arts of tillage and drainage, and these cor-
rective arts are neither new nor peculiar to irrigation practice; they
are the old arts which have demonstrated their value through centuries
of rainfall farming. '

And yet, simple as the matter is upon last analysis, the steps of
attaining it are really new and strange and are apt to fail of recogni-
tion and appreciation. In connection with his response to the ques-
tions of the present inquiry, Mr. J. H. Reed, of Riverside, Cal., gives
these pertinent observations and conclusions:

There is one thing we must keep more prominently in mind; that is, that success-
ful, practical irrigation is not so easy a thing to learn and practice as many suppose.
The blundering unsuccess of untrained beginners does more to retard the progress of
irrigation in new districts than all things else. I recently visited a semiarid section
in Nebraska where a few years before a much-needed irrigation plant and plenty of
cheap water had been secured. It had proved so unsatisfactory as to discourage not
only those immediately interested but the whole region as to the practicability of
successful irrigation. 1 found the condition easily explained by the utter careless-
ness of application and management of water, while with practical direction it might
have been made of vast benefit locally and a useful object lesson for the whole region.

I fully understand that irrigation of deciduous fruits may be mismanaged or over-
done, as with citrus fruits, but I can not understand at this late day how there can
be any question as to the great value of irrigation intelligéntly applied to deciduous
fruits, both as to quality and quantity of product.

The foregoing observations and conclusions explain why it is neces-
sary to undertake such inquiries as form the basis of this report.
Though the practice of irrigation will be continually improved by the
results of scientific experimentation and exposition, the extension of
the practice and the realization of the benefits thereof will be largely
achieved by the wide publication of the teachings of experience.



IRRIGATION CONDITIONS IN IMPERIAL VALLEY, CALIFORNIA®

By J. E. RoapRousk, Agent and Expert.
SALTON SINK.

Salton Sink is situated in the eastern part of San Diego County,
Cal., hemmed in by scattered spurs of mountain ranges. On the
north is the Chocolate Range, an extension of the San Bernardino
Mountains; on the west and southwest are the San Jacintos and
Cocopahs, interrupted by Signal Mountain at the north end of Laguna
Salada (Salt Lake), a body of water which is replenished annually from
the south by the Colorado overflow. In the northeast the Colorado
is kept out by 30 or 40 miles of sand hills, often capped with mesquite
trees, which diminish in size and number toward the international
hboundary, almost disappearing along the Alamo channel. There is a
gentle slope of from 5 to 10 feet per mile to the northwest from Vol-
cano lakes, and the elevation ranges from sea level at the boundary
to 287 feet below sea level in the trough of the sink. The sand hills
on the west have been aptly named Superstition Mountains because
of their unstable character, the hills advancing by the sand falling
over from the top in the direction the wind is blowing. Mud volea-
noes in the vicinity of Volcano lakes (from which the lakes are named)
and along the east rim of Salton Sink well up quantities of hot mud,
which forms smooth, cone-shaped piles about their craters, or flows
sluggishly down the slope. At about sea level and along the north
and east sides of the valley an old sea beach is plainly visible, strewn
with logs and periwinkle. In the north several fresh-water springs
come out in this beach formation, and flowing wells are found along
the line of the Southern Pacific Railroad.

It is probable that Salton Sink was once a part of the Gulf of Cali-
fornia, into the north end of which Colorado River emptied its mil-
lions of tons of silt and suspended organic matter, both vegetable and
animal. The continued process gradually elevated the river mouth,
forming a delta, which finally built itself across the gulf to the
Cocopah Mountains, making % large inland sea. The flow into this
sea grew less as the silt barrier increased, and finally ceased, except

a This report is based on field observations made in Imperial Valley in the sum-
mer of 1903.
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during the period of overflow, when a layer of mud would be spread
over the gently sloping plain, decreasing in size of particles toward
the north, and leaving sediment in fan-shaped layers. A boring for
artesian water at Imperial has shown a succession of these layers
to a depth of 598 feet, within which no water was found. The soil
consists of two distinct classes, one a hard compact clay, wetting
slowly and becoming plastic and adhesive, found along New River
and formed by backwater: the other a silt or loam soil, found in
a broad belt in Mexico and extending along and to the east of Salton
channel. The latter soil is of the class formed by flowing waters, and
ranges from fine silt to sand, with occasional clay. It is easily till-
able, absorbs water readily, and melts down quickly with irrigation.
Coarse and sandy in Mexico, it grows more clayey toward the sink.

To the eye most of the plain of the valley appears smooth and level,
with occasional sagebrush and arrow weed. Where moisture is plen-
tiful arrow weed (Fluchea sericed) grows abundantly, forming dense
groves 6 to 10 feet high. Around the salt spring called Soda Spring,
near the mouth of San Felipe Creek, a heavy growth of salt grass
(Distichlis spicata) occurs, accompanied by mesquite (Prosopis juli-
Hora).  Cottonwoods (Populus spp.) and willows (Saliz spp.) border
Cameron and Blue lakes in the course of New River. The creosote
bush (Larrea tridentata) is widely distributed. In the region of Salton
Sink the saltwort (Sueda sp.) is abundant and suggests the presence of
alkali.

Late in the fifties a bill was presented to Congress providing for
national aid in the construction of a canal from the Gulf of California,
in Mexico, to Salton Sink, leading the waters of the Gulf into the sink
and making an inland sea with an area of over 500,000 acres. It was
hoped thus to put an end to the hot winds which blow from the south
over the San Jacinto Mountains into Riverside and West-San Diego
counties and burn up the crops. A sea 25 miles wide and 60 miles
long would be substituted for a barren desert, and the (Gulf breezes,
instead of parting with their moisture, would be further charged by
the rising vapor from the inland sea and carry this moisture to the
west side of the San Jacintos. The civil war caused this project to be
forgotten, but another way of moderating the climate, quite as effect-
ive and more profitable to the country if successful, yet entailing
great risks, was later worked out, namely, the conversion of this
desert into vast irrigated ficlds, and it is with this that this brief
report deals.

Colorado River is about 60 miles from Salton Sink. For years
engineers considered means for diverting this river into Imperial
Valley in the sink, their plans being invariably rejected by capital as
involving too great risk. In 1891 an unusually large precipitation on
the Colorado watershed caused the period of high water to be long
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extended, resulting in the flooding of thousands of acres in Mexico
and in a large flow into Salton Sink, lasting from March until July.
This flow was so great that the lower levels of the sink were covered-
and the flood found its way to Salton, in the northern end of the
region. The luxuriant growth of vegetation that followed the subsid-
ence of this flood demonstrated the great fertility of the soil of the

valley.
CLIMATE.

The situation and topography of Imperial Valley lead one to expect
long. hot summers. The days are hot from May until September, and
the glare of the sun on the light, fawn-colored earth is intense.
During June and July a southerly breeze in the evening makes most
of the nights comfortable. This will improve with the wide exten-
sion of vegetation. Most objectionable are the dust storms, common
during this season. These winds are responsible for the migratory
sand hills, which in some instances reach a height of 30 feet. With
the extensive growth of trees and plants these conditions will improve.

The low humidity makes the sensible temperature Jess than the ther-
mometer suggests. The table below shows that the maximum temper-
ature of 123~ F. in 1902 and 121° in 1903 occurred in June, the hottest
throughout California. The precipitation is insignificant.

Following is a table of temperatures at Imperial, Cal., for 1902
and the first half of 1903:

Temperature records at Imperial, Cal., 1902-8.

Maxi- ' Mini- | I | Maxi- | Mini-

Date. mum. mum. | Mean. Date. | mum. | mum. Mean,

°F. OF. °F. ! © o | OF. oF.
12 —JANUATY .coonnnnnnn 84 24 5 | 1902—October............ Cos 30 2.4
February .......... K7 | 29 5 November......... 87 33 NS
March ...... . 94 | 31| 63 December ... - 84 32 385
Apnil... . 109 ¢ 38| 4.4, 1903—January........... l 83 32 5.2
May.... 113 | 511 818 February .......... 94 26 00,7

June . 123 7! 89.3 March.... 104 3N 6>
July....... 114 511 881! Apnl .. 107 , 0 76,2
AURUSE. . o.ieeinannn 114 | 62 i $90.1 May ... N 118 51 85
September ......... 112 | 51 I 85.6 June....o..oaolll ' 121, 66 - 9.5

The total rainfall for 1902 was 1.30 inches and the mean tempera-
ture for the year was 73.5° F.

NATURAL WATERWAYS.

There are two natural waterways into Salton Sink, Alamo River,
sometimes called Salton River, and New River. The Alamo receives
its supply. which is during overflow ouly, througha number of willow-
fringed channels, which collect a portion of the Colorado flood in the
vicinity of and below the international houndary, in the Rancho Algo-
dones, where thousands of acres are flooded during this period. Wind-
ing its way past Seven Wells, Gardners, and Alamo Mocho for 30

30620—No. 158—05—12
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miles in Mexico, it crosses the boundary into California at Monument
218, then meandering northwest through the sand hills and in cut to
Mesquite Lake, 25 miles distant, the latter acting as an equalizer of
the flood flow. Thence a smaller channel leads north, winding west-
ward below Brawley, and finally emptying into Salton Sink where the
water sinks into the earth, or, spreading over the marsh, evaporates,
leaving only a deposit of salt. :

A portion of the overflow on the lower Colorado finds its way
through the Algodones by the sluggish Rio Padrones into Voleano
Lake, thence by Hardys Colorado to the Gulf of California. During
the very high water of 1890 a portion of the flood found its way from
Volcano Lake north past the base of the Black Buttes (the terminus
of the Cocopah Mountains), in Mexico, cutting its way to the bound-
ary at Calexico about 8 miles west of the Alamo crossing, forming
Cameron and Blue lakes, cutting a deep channel west of Brawley, and
finally flowing parallel to the Alamo, entering the sink near it. A
considerable territory below the houndary was overflowed. Before
this there had been 1o flow to the north for several years and the
water courses were clogged with sand. The first observations of the
flood were made in 1890, but not until 1900 were careful records kept.
The flow for 1892 was small. The records from 1893 to 1896, inclusive,
are wanting. In 1897 there was a medium flow, while for 1898 the
flow was small. The flow in 1899 began July 10 and continued until
September 30. In 1900 the flow was large and began about June 15.
In 1901 2 medium flow commenced June 6, and reached a maximum
June 18. In 1903 the flow commenced June 8, with a maximum July
10, the largest since 1890.

The following measurements weve made of the flow of New River
in 1903:

.

Gaugings of New River, 1903.

Cu. ft

per sec.
June 22, at No. 8 flume northwest of Imperial ... ... ... .. ... 150
June 24, 2 miles above California-Mexican boundary............. 293
June 25, 1 mile west of Blue Lake... ... .. ... ... .. ... .. .. 238
July 10, south of Hunt linein Mexico. ... ..., 407

The measurements made in Mexico on July 10, 1903, show the
maximum flow for the season. About this time the stream began to
recede. The measurements made June 22 and June 25 were partially
waste water from the main canal. Water ceased to flow across the
houndary about July 15. The case with which the water found its
way into a barren desert, the appearance of fish and waterfowl in the
lakes, and the growth of vegetation wherever water had reached
caused much speculation as to the possibilities of this region. The
press all over the West was writing about the flooded desert, and
engineers at once organized reconnaissance parties for exploration.
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ATTEMPTS AT RECLAMATION.

The period from 1893 to 1896 was largely one of discovery, prelimi-
nary organization, and enlistment of capital. Numerous parties were
organized for various purposes. Land grabbers made desert filings
and improvement companies advertised to locate settlers for a fee.
The first worthy and hona fide effort at reclamation was in the forma-
tion of the Colorado River Irrigation Company, in 1893. This com-
pany organized to divert water from the Colorado below Yuma and to
convey it to Salton Basin for irrigation and domestic purposes. The
company never accomplished more than the preliminary surveys,
owing to its failure during the financial depression of 1896. But the
promise of large returns was too great to allow this enterprise to be
forgotten, although there was in it a great element of risk. In a
semiarid region some returns are possible without irrigation. Here
every morsel of food, every article of equipment, even to drinking
water, had to be freighted with teams. In spite of the risk involved
and the fate of the Colorado Irrigation Company, the California
Development Company was formed in 1896 to bring water to this for-
bidding district. The rights of the Colorado River Irrigation Com-
pany were purchased and a corps of engineers set to preparing maps
and estimates. It was found necessary either to convey the water
through a tunnel over 15 miles in length, north of the international
boundary, or to make a long detour southward and westward through
Mexico and then northward again into California. As the cost of
such a tunnel was entirely beyond the means of the company, the latter
course was decided upon.

Mexican law provides that only Mexican corporations shall own and
control enterprises within certain distances of its borders on the Mex-
ican side. Accordingly, a Mexican corporation was organized, and
this corporation purchased 100,000 acres of land along the boundary
through which the canal must pass. Concessions were obtained from
the Mexican Government carrying authority to proceed, and the next
step was to encourage settlement. All of the land of the valley was
public up to the Southern Pacific Railroad grant, in which the railroad
owned every alternate section. Title to the public land could he
obtained in two ways—either by settlement under the homestead act,
requiring the beginning of residence after six months and its continu-
ance for five years to gain title to 160 acres—a thing quite impossible
without water—or by filing upon 320 acres of land under the desert-
land act. Under the latter law residence is not necessary, but a pay-
ment of 25 cents per acre is required when the application is filed, and
satisfactory proof of the expenditure of work worth at least §1 per
. acre per year for three years. To cbtain a patent an additional pay-
ment of $1 per acre is necessary, together with satisfactory proof that
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one-eighth of the entire acreage has been irrigated and brought under
thorough cultivation. The applicant must also prove a perpetual
right to water from a reliable source, a perpetual contract with a sub-
stantial company in possession of ample supply heing accepted by the
Government. The California Development Company solicited settle-
ment according to this law, the settler purchasing land from the Gov-
ernment and entering into a perpetual contract with the company for
one share of water stock for each acre of land.

APPROPRIATIONS FROM THE COLORADO.

There was water in the Colorado, believed to be sufficient for the
irrigation of the entire delta, which, mostly below sea level, was easily
irrigable by grayvity. On April 25, 1899, the company posted a notice
filing on 10,000 cubic feet of water per second, to be diverted at a
point 1.5 miles, more or less, above the international boundary and
to be conveyed in the canal to the previously described Alamo channel
and by it carried through Mexico.

The drainage of the Colorado, according to the United States Geo-
logical Survey, is about 225,049 squave miles. The first measurement
of the discharge, made at Stones Ferry August 18, 1875, was 18,410
cubic feet per second. March 15, 1876, the discharge at Yuma was
7,659 cubic feet per second. Recent measurements made by the
United States Geological Survey at Yuma are:

Cu. ft.

per sec.
July 10, 1895. ... ... ... ..... et ieeteeeeceeecceenaeaaaas 45, 533
August 18, 1901 L. i iiiiiiieiiiiiaaaan 18, 683

The mean discharge for 1902 during the months of greatest use of
water was:

Cu. ft. | Cu. ft.

per sec. per sec.
March.oo..ooooiiiiiiiaiaaaa.. 4,903 July...ooiiiiiiiiiiiaiaaaa.. 45,527
April ool 6,179 August ... ....oi..... 4,183
1) F: 3 R 35,961 { September ... ... ............. 3,819
June ... 42,520 , October......ooiiiiiiiaaa.. 4,299

These measurements show that for only three of the eight months
of the growing season was there in 1902 sufficient flow in the river to
meet the claims tiled.

The following will give an idea of the amount of water used in 1903
as determined by gaugings:

Cu. ft.

per. ~ec.

May 29, main canal at houndary bridge...........ciiivaiiaiaat. 492
May 30, east side below lake ... ... i i il 122
June 11, Holt heading. ... .. . i i iiecaiaaaaaanan 27
T 641

A considerable part of this 641 cubic feet per second was wasted at
the time of measurement, but this amount will be utilized with the
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extension of the system. The largest estimated flow for 1903 was
1.428 cubic feet per second during the June flood, only a portion of
which went through the Colorado heading, the remainder overflowing
through the Algodones into the Alamo. In filing on so large an
amount the example of a good many other companies was being
followed, with a large safety factor.

THE CANAL SYSTEM.

As seenduring the summer of 1902, the canal system consisted of the
temporary wooden heading at Hanlon's on the Colorado, 70 feet wide,
and 8 miles of excavation and 30 miles of natural channel above the
crossing at Monument 218 (map, Pl. 1V). Here the system branches
to supply the mutual water companies, Holt canal supplying district
No. 7, a continuation of the channel furnishing district No. 5, and a
large main canal supplying district No. 1in the center, district No. 6
on the west, through the Wisteria branch, district No. 4 by an exten-
sion north, and district No. 8 by a flume over New River. The laterals
as a rule follow section lines. The method adopted for naming the
laterals is worthy of mention. They are usually given names of trees,
each system of laterals in alphabetical order, as, Beach, Birch,
Boundary; Dablia, Date, Dogwood; Palm, Palmetto, Peach, etc. The
sublaterals are numbered in order from the head gates, as, Elder No. 1,
Elder No. 2, Elder No. 3, etc. '

ORGANIZATION.®

The California Development Company was incorporated in April,
1896, under the laws of New Jersey. The company diverts the water
of the system from the Colorado in California, about 1.5 miles above
the Mexican boundary, and at the boundary delivers it to La Sociedad
de Yrrigacion y Torrenos de la Baja California, the Mexican corpora-
tion, which in turn delivers it to mutual water companies above
the boundary at Sharps. These companies are similar in organization
to other mutual water companies in California, and are organized to
own the distributing systems that carry the water from the main canal
of the California Development Company to the farmers. The Mexican
company joins the California Development Company in contracting to
deliver water to mutual water companies, but as all the stock of the

« Since this report was written the conditions of organization have changed some-
what, but are not yet settled. There have been some difficulties hetween the Cali-
forma Development Company and the settlers, due to a failure on the part of the
company, owing to lack of funds, to deliver water contracted for, and to matters
pertaining to the water nghts of the enterprise. Itisthe desire of some of the settlers
to have the United States Government purchase and complete the system under the
reclamation act of 1901. By direction of Congress an investigation of the affairs of
the enterprise is being made by the Secretary of the Interior.
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Mexican Company is owned by the California Development Company
the two companies are practically one, and according to the contract
the mutual companies deal directly with the California Development
Company. Another company, the Imperial Land Company, has been
organized to act as the agent of the California Development Company
in the sale of water rights, or mutual water company stock, and town
sites, and to otherwise further the interests of the company and of the
settlers. The mutual water companies deal with this company and
with the California Development Company and the settlers deal with
the mutual water companies. The capital stock of the California
Development Company is $1,250,000, which has all been issued.

WATER RIGHTS.

To obtain water from the company’s system it is first necessary to
purchase a water right in the form of stock from the mutual company
in whose territory the land to be irrigated is situated. Stock is sold
in California only to the mutual companies, and the mutual companies
sell only to landholders. Every owner of land must own as®many
shares of stock as he has acres of land. This is a necessary provision
to prevent speculation and to insure the universal use of water.

" The following is a synopsis of the joint contract between the (ali-
fornia Development Company, Sociedad de Yrrigacion Terrenos de la
Baja California, and the mutual water companies:

EXTRACT FROM THE ARTICLES OF AGREEMENT OF THE CALIFORNIA DEVELOPMENT
COMPANY.

On July 24, 1901, at the city of Los Angeles, a contract was entered into between
La Sociedad de Yrrigacion y Terrenos de la Baja California (Sociedad Anonima), party
of the first part, organized under the laws of the Republic of Mexico, Imperial Water
Company No. 1, party of the second part, organized under the laws of California,
and the California Development Company, party of the third part, organized under
the laws of New Jersey; wherein first party agrees upon demand of second party to
perpetually deliver to second party any amount of water, not to exceed 4 acre-feet
per annum for each outstanding share: Provided, however, That the amount to be
delivered shall not exceed 400,000 acre-feet per annum, to be delivered to second
party at the point on the international boundary line between the United States of
America and the Republic of Mexico where main canal, constructed by first party,
crosses the line, for and in consideration of 50 cents per acre-foot.

Second party agrees that the third party shall have exclusive right to collect all
moneys for the sale of stock of second party as treasury stock. It is further agreed
between the first and second parties that *‘second party shall receive and pay for not
less than 1 acre-foot of water Tor each share of its stock outstanding upon the first day
of July of each year,”” and that the price of 50 cents per acre-foot shall in no event
be increased.  In case of failure of second party to make payvment, the first aud
third parties, or either of them, may cease to deliver water until arrearage is fully paid.

The California Development Company agrees to construct and maintain a main
canal from the boundary line to the laterals of the stockholders, sufficient to supply
4 acre-feet per annum for each outstanding share of stock. In the event that the
company shall fail to construct canals and convey water as agreed, second party shall
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have the right toenter upon said canal and to make such enlargements and repairs as
may be necessary to give sufficient capacity and shall have the right to convey water
through said canal. The cost of same shall be a claim against party of the third part.
The Development Company agrees to construct a system of distributing ditches in such
manner as to convey the waters from said canal to a point upon each governmental
subdivision of 160 acres of land, from which it is practicable to irrigate the same by
gravity. Laterals and ditches as soon as completed are turned over to, and are
thereafter owned and controlled by, the mutual water companies upon acceptance by
an authorized representative or engineer. The amount of water to be delivered at
the boundary line by first party shall be increased 2 per cent to allow for seepage
and evaporation.

The term “‘acre-foot’’ of water shall be construed to mean 43,560 cubic feet of
water.

The company further agrees to keep the system in good repairs, and to deliver the
aforesaid amount of water, but said party shall not be held responsible for failure to
deliver the water from any cause beyond its control, but shall exercize due dili-
gence in protecting the system of canals, and in restoring and maintaining the flow
of water therein.

1t is finally agreed that for the faithful performance of all the termsand conditions
of this agreement, severally to be performed, the first and third parties do each per-
petually guarantee such performance by the other, and do severally and perpetually
bind themselves to said second party that such performance be made.

This final clause results in practice in the California Development
Company having the entire management of the head works and main
canals in California and Mexico.

The contract is fair, concise, and positive, hinding the seller and
user alike, and showing good faith on the part of the Development
Company.

IMPERIAL WATER COMPANY NO. 1, A TYPE OF MUTUAL
WATER COMPANY.

Of the mutual water companies, Imperial Water Company No. 1
bas the oldest organization, and after it have been fashioned all of the
others. Therefore it will be considered in detail as a tyvpe of the
mutual companies. Its present articles of incorporation, filed Sep-
tember 23, 1900, state the purpose of the company to be as follows:

(1) To secure a supply of water for irrigation, domestic, and other purposes from
La Sociedad de Yrrigacion y Terrenos de la Baja California (Sociedad Anonima);
(2) to distribute water at cost to stockholders only on lands owned by them in the
prescribed boundary; (3) to construct conduits for distribution; (4) to utilize power
and to do any and all other acts that may be necessary in connection with the suc-
cessful management of the principal objects for which the corporation ix formed;
() the amount of capital stock iy $1,000,000, divided into 100,000 shares of the par
value of $10 each.

The board of directors elects a superintendent, who has entire charge
of the systems and their maintenance. He has personal supervision of
the mains and laterals, and is the mediator hetween the company and
the user of water. His salary is $200 per month. His duties are
arduous and require an intimate acquaintance with irrigation practice.

.



184 IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.

The zanjeros, or ditch tenders, are appointed by and are amenable to
the superintendent, to whom they report daily at the oftice in Imperial.
Each zanjero inspects his division of canal daily, observing and regu-
lating the flow in the laterals and the amount going to each user. The
zanjeros receive $80 to $90 per month, with a house furnished.

Imperial Water Company No. 1 has an area of nearly 100,000 acres
under canals, over 2,600 of which were under irrigation in 1903. The
surface of this land is in general a smooth, apparently level, gently
sloping plain, admirably adapted to irrigation. Vegetation is scarce
or entirely absent. By the use of parallel borders with length in the
direction of the greatest slope the settlers have been able to apply
irrigation with but little leveling. Exception must be made for the
lands sloping to Mesquite Lake in the northeast corner, where there
is a high gradient and the land is, as a rule, badly gullied. The
natural situation of Mesquite Lake makes it admirably adapted for
a sump into which the surplus water from the irrigated fields may
flow. The canals are constructed 6 feet wide and 1.5 feet deep for
160 acres, and 14 feet wide and 1.5 feet deep for 640 acres. The com-
pany assumed that the land should receive 4 acre-inches in ten days, 1
acre-foot in thirty days, and 4 acre-feet in one hundred and twenty
days. For alfalfa it is assumed that 4 acre-feet will be required
during a season of eight months.

COST OF WATER RIGHTS.

To encourage settlement and also to procure needed funds for con-
struction, the California Development Company sold stock carrying
water rights in advance of its ability to deliver water. The price of
this first stock was reduced from $10 per share to $8.75, and a further
reduction was made by giving a drawback of $3, in company bonds,
for each of the first 50,000 shares issued. These bonds were receiv-
able in payment of final installments on the stock, thus reducing the
cost of the 50,000 shares to $5.75 per share. Since these shares were
sold the price of stock has been constantly on the increase. October
15, 1900, and continuing to October 1, 1901, the selling price was
$11.25. From October 1, 1903, to June 1, 1904, it was $15. On this
latter date it reached $20, payable $5 in cash and the halance in five
yearly installments.

IMPERIAL WATER COMPANY NO. 4.

Imperial Water Company No. 4 was incorporated to irrigate 17,500
acres of land adjoining that of Imperial Water Company No. 1 on the
north and including the rest of the territory between the Alamo and
New rivers. Water is supplied by an extension of main canal No. 1
from a point in sec. 36, T. 16 S., R. 13 E., and known as the Bay Win-
dow. From there it flows north with a fall of 0.07 to 0.35 foot per
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1,000 for 14.5 miles, then running northeast for 1.5 miles to the land
watered by this company. When measured at the turn on June 4,
1903, the width was 16.6 feet and the discharge was 49 cubic feet per
second. There is a deplorable lack of good canals in district No. 4.
Those that are there were made with a wing plow drawn across the
virgin plain and finished with the *“V” scraper. As a result much
trouble has heen experienced and much time has been consumed in
tryi ing to sluice them out to useful form, in many cases the lateral not
giving satisfaction until enlarged with other implements. The struc-
tures, too, were faulty in pattern and construction and it has usually
been necessary to replace them after a considerable loss of time and
expense. The land in district No. 4 is naturally adapted to irrigation,
baving a slope of 3 to 12 feet per mile to the northeast, with few hum-
mocks or sand dunes and but little mesquite brush. The soil, which
varies from a coarse to fine loam, with a little clay, is readily cultivable
and promises large yields. The gradual slope to the Alamo makes
drainage easy, when found desirable, as it probably will be in the
course of time.

Centrally located in district No. 4, and 12 miles north of Imperial,
is the town of Brawley, which promises to be the center of districts 4
and 8. The town is unique in its buildings, which are almost all
‘“ dobies,” their material being made on the spot by turning the water
from the ditch onto the place to become cellar, molding the bricks from
the mixture, drying in the sun, and cementing the walls with the wet
material directly from the earth. These structures, not easily affected
by outside temperatures, are cool in summer and may be kept warm
in winter; an overhanging roof protecting alike from the sun and ero-
sion by rain.

IMPERIAL WATER COMPANY NO. 8.

Imperial Water Company No. 8 was formed to irrigate 40,000 acres
of land on the west side of New River, northwest of Imperial and join-
ing district No. 4 on the west. The slope is greatest to the north and
the district is to be irrigated by a supply ditch running north and
south, with east and west laterals every mile. The main canal, Tama-
rack, which was in process of construction when visited in July, 1903,
is supplied by the same main as district No. 4, having its source just
below the turn in section 18 in the northwest corner of district No. 1,
and leading thence over New River by a 6-foot flume. It is proposed
eventually to get a supply by damming New River west of Imperial.
If this is done extensive flood gates must be provided to allow for the
overflow from the Colorado by way of Volcano lakes, which, July 10,
1903, when measured above the boundary line, amounted to 2,673
cubic feet per second. A portion of district No. 8 is dotted with hum-
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mocks 12 to 20 feet high, which it would seem could not be profitably
leveled. .
Imperial Water Company No. 8 is a bonded company. The Impe-
rial Construction Company purchased from the California Develop-
ment Company all the stock of Imperial Water Company No. 8§ and
undertook the construction of the distributing system. The water
stock is paid for with the bonds of the mutual company. These bonds
run for twenty years from January 1, 1903, with interest at 6 per
cent per annum, payable semiannually in January and July of each
year. The yearly payments begin January 1, 1908, at the rate of $1
per share, and continue until 1923, when the final payment will be
due. The Imperial Construction Company guarantees to complete the
system and turn it over to Imperial Water Company No. 8 free of
indebtedness other than the bonded debt of $20 per share of stock
sold. The agreement provides that besides the payment of 25 cents
per acre, required by the Government as the first payment on the land,
$1 per acre shall be paid for bonds. Water Company No. 8 has been
called the poor man’s friend because the initial payment is small, but
many settlers do not look with favoron the long protracted payments.

IMPERIAL WATER COMPANY NO. 6.

Imperial Water Company No. 6 was incorporated to irrigate 25,000
acres of land contiguous to the Mexican line and between New River
and Signal Mountain. This body of land is supplied with water by a
flume over New River at a point in Mexico known as the Z 4 crossing,
whence the flow is through Wisteria canal. At the time of this
inquiry there was no cultivation in district No. 6.

SEEPAGE.

1n the arid region where irrigation is practiced the soil is, as a rule,
pervious and deep, allowing the leakage or seepage from the canals
and the surplus from overirrigation to sink into the sand with no
harmful effects at the surface. Ordinary sand will absorb 25 to 50
per cent of its bulk of water, and if 30 to 60 feet deep, as is often the
case in the great interior valleys, it is plain that an immense quantity
can he stored hefore making its appearance on the surface. The soil
conditions in Imperial Valley are unusual. The soils are clay and fine
silt from Colorado River, the coarser materials carried by the river
having been deposited on the higher land in Mexico. An irregularity
of strata prevails on the surface and henecath. A particular type,
for example a clay, may have perfectly definite limits. A common
form is that which assumes the shape of a lake with a definite line
of division hetween sand and clay. All the conditions would sug-
gest that this was once a lake into which the silt-laden waters had



IRRIGATION IN IMPERIAL VALLEY, CAL. 187

flowed until the surface was raised above the surrounding country,
after which the lake was cut off from the supply stream by the shift-
ing sand. The hard winds are a universal leveler and tend to pare
down in one place and to build up in another. The less adhesive
particles are rapidly carried away, leaving the clay standing above
the general level. Through all of these types water seeps slowly but
constantly, both horizontally and vertically. The hot sun warms the
soil, tending to accelerate the flow. That which remains on the sur-
face tends to deflocculate or destroy the porosity, reducing aeration
and resulting in a stunted plant growth. The best conditions are
where the soil spaces are half filled with air and half with water.

Before the building of canals water remained in Cameron and Blue
lakes for long periods of time after the cessation of flow in New River
in July.

In passing through the soil, water dissolves the salts, which are pres-
ent in these alluvial deposits as a result of rock disintegration, from
which they are derived: Evaporation of the water causes them to
precipitate and to be deposited on the surface as alkali. The deposits
may increase from year to year sufficiently to preclude plant growth.
The results of seepage in Imperial Valley were noted particularly
along several of the laterals. A deposit was found on the surface of
the ground along the side of one of the canals 10 to 20 feet from the
banks. The deposit had a dark, greasy appearance, and when touched
to the tongue was strongly biting and corrosive. An analysis of this
deposit, made by Dr. R. H. Loughridge, of the University of Cali-
fornia, showed it to contain a high percentage of calcium chlorid, one
of the most harmful salts. Similar deposits were observed on other
laterals. On the east side lateral in the Holt district a portion of the
canal is cut through a stiff clay, which, when wet, shows great solu-
bility and sinks or runs together, leaving great holes. In the lower
stretches of this district there is a hardpan of cemented sand which
disintegrates at once when water is applied, becoming loamy, owing
to the fact that the cementing material is soluble.

The losses from the canals, which in part are the cause of. this
deposit, were measured in a number of instances during the summer
of 1903—namely, on Birch, Beach, Dahlia, Dogwood, Holt, and Rose
laterals. The results of these measurements are given below:

Seepage measurements in Imperial Valley, 1903,
[In cubie feet per second.]

BIRCH LATERAL, JUNE 16.

Inflow: Nearhead gate ... . . . .. .iii.ii.ie-. 17.75
Outflow: Four miles below head gate ... ... . . ... ... ... 16.75
Losa in ReCHON - oL i ciiiiacciaaaaaan 1. 00
Loss permile c.. oo oo ..l it .25
Percentage of loss .., . . L i 5. 63

Percentage of loss per mile. ... ool 1.41



188

IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.
BIRCH LATERAL, JUNE 23,
Inflow: Head gate ... ... .. oo il 24. 45
Outflow: Three miles below head gate ......... . ... .. ... ... 23.86
Lossinsection oo .59
Losspermile ..o Ll .20
Percentage of loss . ... ool 2.41
Percentage of loss permile. ... . ... .. ... L il .80

BEACH LATERAL, JUNE 23.

The channel of Beach lateral is flat, sandy, and weedy, with 2 miles
in embankment.

Inflow: Near headgate............... e eeemeeeeeeeeceaaa 7.12
Outflow: Weed’s ranch, 6.5 miles below ... ... .. ... ._...... 4.37
Losg in section . ..u e i 2.75
Losspermile ..o il .42
Percentage of 1088 . ... .voen ool 38.62
Percentage of loss permile.. ... ... ... ...l .. 5.90

DAHLIA LATERAL, JUNE 7.,

The first half of the section is in a slight cut, with the remainder
silted somewhat, especially in the last 2 miles. .

Inflow: Nearhead gate .. ... ... .. .. .. ... ... ... 45. 40
Outflow: 9.5milesbelow...... ... ... ...l 36. 45
Lossinsection ......oooi ool 8.95
Losspermile ..o ..o o il .94
Percentage of 1088 . ..o ooooooioi il 19.7

Percentage of loss permile. ... ... ... ... il 2.07

DOGWOOD LATERAL, JULY 8.

This lateral was in poor condition, with deposit of silt inside and
levees partially weedy.

Inflow: Nearhead gate . ... e e eeecann 22. 60
Outflow: Six milesbelow ... ... il .. 16.88
Loss in section ... ittt 5.72
Losspermile ... . il .95
Percentage of loss .. ..o il 25032
Percentage of loss permile.. ... ... il 4.22

HOLT LATERAL, FIRST SECTION.

The soil which this lateral passes through is irregular, with strata of
silt and clay.

Inflow: Below head gate ... .. ... .. ........... ee.. 27,28
Outtow: Five miles helow .. .oooeooiee i . 24,44
Lossin section . ... oo iiiiiiiiiiiiiaaa. 2.84
Loss permile . ... oo .97
Percentage of 1088, . ... .l 10.00

Percentage of loss permile. ..o iiiaiiiiiiiL, 2.00
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HOLT LATERAL, SECOND SECTION.

The soil along this section is a coarse silt.

Inflow: Near Hickory ... oo iiiiiiiiaaaaas 12. 92
OQutflow: 3.5 miles below, at Raymonds Corner ................ 11.82
Lossingection . c.oeenonmne e 1.10
Losapermile cooounimi i iiiiiiee e .31
Percentage of 1088 .. .ocv it 8.51
Percentage of loss permile...... ... .......... feeeceniccaaas 2.40

ROSE LATERAL, FIRST SECTION.

Inflow: Belowhead gate. ... ... .. ..o .. .iiiiiil.. 36.55
Outflow: Six miles below, near Imperial Road..... ... ........ 32.01
Lossinsection ... i iiiaiia e 4.54
Losspermile «..oooo oo i .75
Percentage of loss .................. et etccteceaceneaaa 12.42
Percentage of losspermile..... ... .. ... ... il 2.07

ROSE LATERAL, SECOND SECTION.

Inflow: Below head gate....... ..o iiiiai i, 24. 54
Outflow: 4.75 miles helow ... .. i i, 23. 32
Lossinsection ........ooooiioomi i iiiciaiiiaaaaa 1.22
Losspermile ... . liiiiiill. .26
Percentage of 1088 . ..o vonmiina i 4.97
Percentage of loss permile..... .. ... ... ... ... ... 1.05

METHODS OF LEVELING LAND.¢

The land in Imperial Valley has a uniform grade of 2 to 6 feet per
mile. This would seem to be a very satisfactory grade for the appli-
cation of water, but the presence of * mesquite mines,” sagebrush, and
greasewood on the tops of hummocks makes the land hard to level.
The most satisfactory implement yet adopted for removing sagebrush
is an old railroad rail bent in a V shape and hauled over the ground by
a team at each end, which breaks off the shrubs or tears them out by
the roots. For leveling the land, a number of kinds of implements are
used, each adapted to particular conditions.

THE SCRAPER.

This implement is in great favor in Imperial Valley, hoth for level-
ing land and digging laterals. It is strong, portable, and has a wide
range of use. It loads quickly, loses but little in hauling, and after
the load is dumped, the team may be turned quickly. For the larger
hummocks this is the only implement practicable.

a For a more complete description of the methods of leveling and preparing land
in Imperial Valley and elsewhere, see U. S. Dept. Agr., Office of Experiment Sta.
Bal. 145. :
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THE LEVELER.

Where the hummocks are not high and are more or less uniform in
size they can be more cheaply and more quickly smoothed by other
means than by the use of the scraper. An implement in favor in
Imperial Valley for this work is the rectangular leveler. This imple-
ment consists of a rectangular frame 30 feet long and 12 feet wide, made
of 4 by 12 inch timbers, preferably Oregon pine. The leveler resem-
bles a sled in construction, the 30-foot timbers corresponding to run-
ners, and the 12-foot timbers, six in number and spaced 6 feet apart,
corresponding to crosspieces. The leveleris hauled from one end, the
six crosspieces, which should be shod on their wearing sides with & by
4 inch steel plates, acting as scrapersand leveling down the hummocks.
The fourth crosspiece from the front is attached to hangers in such a
way as to be free to be moved up and down by means of levers, by
means of which this crosspiece can be made to cut more deeply than do
the others. This machine weighs from 1,600 to 2,000 pounds and
requires 16 horses. It is an effective implement.

THE PLANER.

This implement is very satisfactory for use on slightly uneven ground.
It is composed of a horizontal or base timber 4 by 12 inches, and a ver-
tical back 2 by 18 inches. The timhers are held together by the exten-
sion of the steel plate with which the base is shod, and also by } by 1
inch straps from the toe of the base to a point near the top of the ver-
tical back. The base is beveled toward the front and shod with plate
steel to make it take dirt. Each end extends 1 foot bevond the end of
the vertical portion, and to this extension is bolted a footboard. Out-
side of and below the foothoards are the iron hangers to which the
team is attached. On each foothoard stands’a driver of four animals,
and the two drivers together govern the action of the planer. On
approaching a mound the drivers stand on the forward end of the foot-
hoards, depressing the blade. As the planer moves forward a layer of
earth is shaved off and gradually scattered by the drivers standing on
the rear of the foothoards. The team may be quickly turned and the
mound again approached. The manipulation is easy, simple, and effect-
ive. The planer is of especial value in conjunction with the leveler.
When the large machine bas removed the brush and pared down the
major partof the hummocks the remaining part may be quickly removed
by the planer. 1n this way the land may be more cheaply prepared
than by the use of the railroad iron and scraper.

THE ‘‘ A” CROWDER.

There are several devices in use for making borders or levees—the
scraper, the wing plow, and the A crowder, each having particular
merit. The scraper, while admirably adapted for moving earth short
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distances or in slight elevation, does not have a continuous process.
Besides, it lifts the dirt, when crowding or shoveling would accom-
plish the same result more economically. The wing plow takes advan-
tage of this principle, crowding the dirt by means of a long moldboard.
For small borders the wing plow accomplishes the same results as the
scraper more cheaply and quite as satisfactorily. Although the wing
plow has the advantage of continuous process, there is a considerable
loss of power by the pressure against the land side to overcome the
pressure of the moldboard. There is the additional objection that
. the wing plow makes a border which is too sharp and abrupt to
travel over with machinery. The A crowder gives a continuous proc-
ess, utilizes a portion of the power lost with the wing plow by com-
pensating pressure from either side, and at the same time makes a
more desirable border. The crowder is made by placing 2 by 16 inch
timbers on edge with 12.5 feet between them at the front and 3.5 feet
hetween them at the rear. This implement draws the dirt in from
the strip 12.5 feet wide and leaves it in a ridge behind. On each side
are three rows of vertical 4 by 4 inch timbers 4 feet long, to which
the cross and angle braces are bolted, giving the strength necessary
to overcome the heavy side draft in crowding the earth. Steel plates
£ by 6 inches line the inside along the bottom from end to end, to
resist the wear from constant rubbing. At the rear is a 20-foot
extension 2.5 feet wide attached to and working as a hinge on the
rear of the crowder and governed by a lever. By raising and lower-
ing this lever the top of the border may be made smooth and com-
pact. On the front of the crowder are bolted stout wear irons, to
which 14 to 16 horses are hitched. - The driver rides on the front.
A strip of earth along the line of the proposed levee is plowed and
the crowder following makes a medium border by going over once.
If a more compact levee is wanted the process is repeated. By rais-
ing the chains on the front to which the horses are hitched the height
of the levee may be further increased. It is usually about 2.5 feet
wide on the top.and 18 inches high, with a slope of 2 to 1. A single
plow in one cut fills the furrow on either side. A plat of 150 acres
was provided with borders 100 feet apart in a day. For the con-
struction of temporary borders the chain on the side which is to be
the inside of the levee is fastened 12 inches from the bottom, and on
the other side only 6 inches from the bottom. The machine has its
greatest usefulness on long, straight borders such as are customary in
Imperial Valley, where the grade is regular and gradual. The lines
for the borders are usually laid out with a surveyor's instrument.

THE USE OF THE SCRAPER IN MAKING LATERALS.

In California the scraper is used almost exclusively in canal work,
and the usefulness of this implement is well demonstrated by the fact
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that where it is properly handled it will move the most dirt for the
least amount of money and at the same time leave a channel of the bhest
form. For the use of beginners and those not familiar with the use
of this implement the following description of the method of construct-
ing a small lateral is here inserted. The lateral described is one
which was observed in the process of actual construction in Imperial
Valley.

The land on the place under consideration is a fine sandy loam with
a small amount of clay and a surface slope of 3 to 4 feet per mile.
The ditch, when finished, is to be 6 feet wide on the bottom and 14
feet wide on the top, with banks 1.5 feet above the ground surface
and ditch bottom 6 inches helow the level of the ground. * The banks
are to be 2 feet wide on top, with inside slope of 2 feet horizontal to 1
foot vertical and outside slope of 1 foot horizontal to 1 vertical. In
making the lateral the first thing to do is to lay out its position, which
in Imperial Valley is done by dividing the land into squares parallel
to section lines. A strip 6 feet wide is then plowed throughout the
length of the lateral, which is to be the bottom. Eight feet on either
side of this strip are plowed two other 6-foot sections which are to
supply earth for the banks.

Now the scraper is brought into service. First a load is taken from
the side section and hauled till dumped for bank. Then, while driving
in the same direction, a load is taken from the middle section and
dumped as a beginning of the opposite bank. The team is then turned
and the process repeated, but from the opposite direction, and this
working hack and forth is continued until the embankments have the
desired height, with all of the loose earth removed from the middle.
In this way the team is kept almost constantly in useful work instead
of spending a large part of the time walking back with an empty
scraper for another load. If the scraper is skillfully managed the
embankment will be perfectly regular and the plowed earth will all
bhe removed from the sides and center. By dragging a V on either
side of the banks any irregularities may be leveled.

THE USE OF WATER.

At the time of this investigation the conditions were not auspicious
for a study of the use of water. The country was new and only a
small portion of the land was under irrigation. The water first ran in
the laterals in June. 1900, and before this time both water and feed
had to he hauled for long distances. Since the introduction of water,
progress and immigration have been very rapid.

An observation of the growth of crops was made on the ranch of
the Calexico Cattle Company, situated 1.5 miles northeast of Calexico,
on sections 4 and 9. The ~oil on the ranch is a deep loam or clay of



IRRIGATION IN IMPERIAL VALLEY, CAL. 193

great fertility and shows no appearance of objectionable salts. Most
of the soil has no grit, which suggests that the soil particles are exceed-
ingly fine. The water supply is had from Birch lateral. It was found
impossible at this time to determine the amount of water necessary
for the various crops, but observations show that the very fertile soil
combined with the warm days and mild nights made the summer
growth rapid and luxuriant. The fine texture of the soil, causing per-
colation to be slow, combined with the excessive evaporation, makes
it necessary to apply water frequently, but in small amount. Any
excess on the surface became so warm as to destroy vegetation.

The following table gives data as to the irrigation of crops on this
ranch and notes as to their condition:

Crop data for ranch of Calexico Cattle Company.

Number
{-’“ Crop. of lrrlga-‘ Remarks.
o tions, |
1 Milo maize ....... 6 ! 7 feet high; heavy stalk and head.

2 Millet............ 6 4 feet high: heavy hay, Fivlng 4 tons per acre.

3 Egyptian corn.... 4! Extra heavy stand, yielding 1.5 tons per acre, and forage for

. cattle; sandy soil.

4 Alfalfa .... .- 5 Ome crop of hay, 2 tons per acre; used for pasture the rest of the
time; thickened much.

5 Kafir corn. .. 4 | 4 feet high and fairly good head; not very successful.

6 Sorghum......... 5|7 feeltt lhigh and good forage crop; eaten in preference to corn by
cattle.

7 Egyptian corn.... 5 | 6 feet high with large heads; would run about 1.5 tons per acre.

8 Kafircomn........ 5 Beﬁtltlecl;i stanid than other; 6 feet high with good heads and well-

grain.
10 Millet ............ 4 | 4feet high with heavy head and good for seed or hay; eaten
! clean bi' cattle.

11 : Sorghum ......... 38 | Three full-grown crops, 5 feet high, all grazed by cattle; old
sorghum stubble.

12 | Egyptian corn.... 4 | Part was old stubble from year beforc and part resown; better

. than year previous, which ran 1.25 tons per acre.
13 Sorghum.... 5 A\{]erage yield of 6 feet; good stand for cattle feeding; all grazed
y cattle,

14 Milo maize ....... 5 | Planted middle of July, which was too late for same, but made a

| good forage crop for cattle, and was about 4 feet high.

15 | Egyptian corn.... 6 | Sown early and was the heaviest crop on the ranch, or in the

\ \ri(-]illtltiitl 'édmn 2 tons per acre, and the stalks left for forage;
| we! i
16 , Egyptian cornand 4 | Sown August1; too late; did not head much, but made fair forage;
i sorghum. height, 4 feet; not time to mature.
17 . Milo maize ....... 6 | Height 10 to 12 feet; no way to average the tonnage, as it was fed
I~ to cattle, but was heavy.

18 Sorghum ......... 6 ' 7feet high; 10 tons of stalk per acre.

19 | Barley eee 3 Now has height of 20 inches and a stand which will run about 4
tons per acre when cut for hay.

20 ' Egyptian corn.... 8 | Good stand of grain for late sowing and for the amount of irriga-
tion given; it is the only fully matured crop made on three
irrigations.

21 Millet cooeinieniifenannnnn. . Not a success on account of too late sowing, and the water being
allowed to stand on the ground ai.er the first irrigation.

1t was observed that crops require less water the second year than
the first. Most crops were irrigated six times. In but one case was
a crop matured with three irrigations. ’

AQUATIC VEGETATION.

The canals and laterals in Imperial Valley, especially those of least
grade, are subject to clogging by the aquatic growth that thrives with
considerable luxuriance in the hot climate of the valley. Among the
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weeds, cat-tail (Zypha latifolia), often called tule, is by far the most
troublesome in this locality. It finds an ideal habitat in the slow-
- flowing, silt-laden waters of the Colorado, and has been found to
almost completely clog and choke a lateral in two years. The only
method yet devised of clearing channels iff such a condition is to stop
the flow, and while the ditch bottom is still wet dig the cat-tails out
with sharp shovels. A less expensive way where practical is to turn
out the water, and when the ditch is dry enough mow and remove the
tules and plow and scrape out the roots, and with them the collected
silt.  Another method of removing weeds is dragging a heavy chain
up the channel, a team hitched to each end. The weeds, already bent
downstream by the flow, are broken off near the roots and, floating
down, are dragged out with grappling hooks as they collect in the
drops below or in the small laterals. Care must be taken that the
drops are kept clear to avoid backing up of the water, causing breaks
in the ditch banks. In some partsof Tmperial Valley the weeds on the
banks are more trouble than those in the streams. If the banks are
smooth and regular, the weeds can he mowed. This is necessary two
“or three times a season.

The users of water on the Birch lateral bave organized the Birch
Ditch Company for the purpose of keeping the lateral free from vege-
tation. The company has issued one share of stock for every acre of
land, which is assessed quarterly for an amount sufficient to meet the
expense incurred. The board of three directors, elected annually,
elect a chairman and meet quarterly, at which time the ditch must be
free of weeds, each director having in charge one-third the length.
The ditch must be freed from sand bars, willows, tules, and arrow-
weed for a distance of 10 feet on either side from the base of the levee.
The directors are paid for the time they are actually engaged in super-
intending the work. The constltutlon states that ‘“the ditch shall be
cleaned and kept clean.”




MECHANICAL TESTS OF PUMPS AND PUMPING PLANTS USED
FOR IRRIGATION.

By J. N. LE CoNTE,
Assistant Professor of Mechanical Engineering, University of California.

INTRODUCTORY.

During the past year the division of irrigation and drainage inves-
tigations of the Office of Experiment Stations, United States Depart-
ment of Agriculture, has been engaged in collecting data for the use
of the irrigator on the subject of the cost of pumping water for irriga-
tion. The work has consisted of the collection of data, first, through
the medium of the mails; second, through actual mechanical tests of
pumping plants in operation, and, third, through laboratory tests of
several leading types of pumps.

Of these three general sources of information the second is the one
principally to be depended on for the cost of power, and the first,
together with general information on the market value of machinery,
for the cost of installation. In every case it has been the aim to select
fairly representative plants and to determine the cost of the installa-
tions complete, then to measure the quantity of water pumped per
hour, the actual height through which this water is lifted, and the
cost for the fuel or other source of power necessary to accomplish
this. Other expenses, such as fixed charges, wear, repairs, and those
due to carelessness and ignorance, have not been estimated.

The collecting of data through the medium of the mails and the
actual work in the field has been carried on by Mr. A. J. Turner,
formerly agent and expert of this Office. In part of this work he has
been assisted by Mr. James Strachan. The laboratory tests of pump-
ing machinery and the final collecting of results have been made by the
writer. The work so far accomplished consists of the collection of
" data on something like 500 pumping plants scattered over the State of
California. The returns from some of these are complete, from others
but fragmentary; but the whole, arranged in the form of a card index,
have been of great service. The work consists also of mechanical tests
on 19 plants situated in the Sunta Clara Valley, in the San Joaquin
Vaulley, and in southern California near Riverside. Among these 19
plants are included some operated by gasoline engines, electric motors,
and steam engines, and some using both centrifugal and plunger
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pumps. Laboratory tests have been made to determine the exact efli-
ciency, for various speeds and heads, of three of the more prominent
makes of centrifugals and of one make of reciprocating pump.

FIELD TESTS.
WORK PREPARATORY TO THE TESTS.

Before entering the field for the purpose of testing plants much
preliminary work was necessary, which caused considerable delay.
Apparatus had first to be purchased and constructed. In regard to
the first item, the purchase of the following apparatus was allowed:
Two steam-engine indicators with attachments for indicating gas
engines and with reducing motion complete, 2 indicating wattmeters
with a range from zero to 15 kilowatts at 300 volts, 1 alternating
current voltmeter, one 60-pound pressure gauge, 1 vacuum gauge, one
75-foot tape, 1 speed counter, 1 level, and 2 hydrometers.

These instruments, where necessary, were calibrated. For example,
the springs of the indicators were tested on the gauge-testing appara-
tus of the mechanical laboratory at Berkeley, and were found to he cor-
rect within the necessary limit of error. The gauges were similarly
tested and a scale of corrections applied where needed. In order to
be certain that their constants did not change, they were frequently
checked against standard test gauges. The wattmeters ave, for our
purposes at least, standard, and no calibration of these is necessary.

To aid in the measurement of water in localities where it was difli-
cult to install a permanent weir a portable weir box has been con-
structed. This consists of an oiled canvas box 6 feet wide, 10 feet
long, and 2 feet deep, surrounded with a rim of iron pipe. A 3-foot
rectangular weir is inserted in one end, and baflle plates arranged to
still the water. The whole can be folded up in a form convenient for
transportation.

METHODS PURSUED.

In making a mechanical test of a pumping plant of the ordinary
tvpe there are necessary to be known all of the following quantities:
(1) The power developed within the engine or motor; (2) the amount
of fuel or electrical energy used in maintaining this power for a given |
length of time, and, in the case of the steam engine, the amount of
water evaporated in the hoiler; (3) the market value of fuel or elec-
trical energy; (4) the gauge head against which the pump operates; (5)
the total measured lift of the pumpj; and (6) the volume of water pumped
per minute or hour. The first of these is measured by the indicator
in case the power 18 obtained from an engine, or by one or two watt-
meters where the power is electrical. For a steam engine of ordinary
dimensions and for some kinds of gasoline engines the indicator gives
quite accurate results—quite as close as a weir is for-the measurement
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of water. For other kinds of gasoline engines the results are far
from being good. Fortunately, however, the reading of the indicator
affects in no way the final measurement of the cost of pumping,though
its indications are important in showing where the losses occur. The
wattmeter is a far more precise instrument than the indicator when
used with an oil engine. The amount of oil used by an engine was
generally measured as follows: The position of the surface of the oil
in the supply tank was noted at the beginning of the test. After the
test a weighed quantity of oil of the same kind was poured into the
tank until the surface was brought back to the same position. The
amount remaining was weighed, and this subtracted from the original
amount is the weight used by the engine. The density of the oil being
taken with the hydrometer, the volume can be computed. In the case
of larger quantities of crude oil used in steam plants the volume was
computed from the dimensions of the oil tank, and the fall in surface
level, or by actual weight,and the same method is pursued to measure
the water evaporated by a boiler. The gauge head pumped against was
measured by the two gauges inserted at right angles to the inlet and
outlet pipes of the pumps, due allowance being made for their differ-
ence in level. In certain cases where it was not possible to attach a
pressure gauge, the gauge head above the pump had to be estimated
from the measured lift. In a few cases where it was not possible to
measure the suction lift, it had to be estimated from the vacuum-gauge
readings. In regard to these two, the measured lift is of more impor-
tance, from our standpoint, than the gauge head, and similarly the oil
used per hour is of more value than the indicated horsepower. If we
have the quantity of fuel or electrical energy used, the measured lift,
and the quantity of water pumped per minute, the most important
part of our test is complete. All other measurementsare intermediate
and serve to show the points at which power is lost in the system.
Finally, the discharge from the pump has in every test been measured
with a weir. In most cases permanent weirs were placed by the par-
. ties owning the plants, so as to be used in the future for a continuous
record. In some instances very good weirs were found already
installed, and in others the portable weir hox was used. The depths
on the weirs were measured to within one-sixteenth of an inch only,
further refinement not being considered necessary.

It must not be supposed that these tests are of the highest degree of
accuracy. The main object was to determine, among conditions which
varied to some extent, the cost of pumping water on a small scale, and
a wide field had to be covered in a short time.

Difficulties were encountered in making these tests, which caused
much loss of time. Many excellent plants could not be tested owing
to interference with irrigation in progress. Alloil and steam engines
are not fitted with indicator attachments, without-which a complete



198 IRRIGATION AND DRAINAGE INVESTIGATIONS, 1904.

test is not possible. Many pumps have no provision for attaching
gauges, and often a plant can not be shut down to make changes, or the
owner is not willing that such changes be made. Voltages on electric
motors vary widely, and unless within the range of our wattmeters
transformers have to be inserted, and these are not always obtainable.
In some instances after inserting the wattmeters the power was found
to be beyond the range of one of them. At one place elaborate prep-
arations, occupying several days, were made for testing a certain large
plant, but the test had to be abandoned through changes in the plans
of the owners. From this it is seen that every plant is not in a posi-
tion to be tested. In fact, it has required much looking about among
many installations and over a wide area to find these 19 plants where
nearly all required conditions could be fulfilled.

DESCRIPTION OF PLANTS AND RESULTS OF TESTS.

In the tabulated results, which are descrlbed below, the following
terms and quantities are used:

The speed of the engine and pump is taken in revolutions per minute.

The pressure gauge is read in pounds per square inch.

The vacuum gauge is read in inches of mercury.

The discharge, suction, and total gauge heads are read in feet.

The weir is read in inches, except where the portable weir box is
used, and there it is read in feet. The discharge of the weir is read
in gallons per minute, the foot-gallon being equal to 231 cubic inches
and weighing about 8.36 pounds.

By hydraulic horsepower is meant,

Gallons per minute X total gauge head X 62.5 _ gallons per minute X h
448 X 550 3,942

The area of the indicator card is taken in square inches, and its
length in inches.

By the number of the indicator spring is meant that pressure per
square inch which will move the pencil 1 inch on the paper.

The mean effective pressure is taken in pounds per square inch.

The indicated horsepower is the power developed within the engine
cylinder. )

The foot-gallon is the amount of work required to raise a gallon of
water 1 foot high. It is equal to 8.36 foot-pounds. A foot-acre-foot
is the amount of work required to raise an acre-foot of water 1 foot.
1t is equal to 2,712,000 foot-pounds.

The scale for the density of oils is the ordinary Baumé scale.

A kilowatt hour is the amount of electrical energy used in one hour
when flowing at the rate of 1,000 watts.

If these definitions are borne in mind the following description of
the tests will be easily understood.
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PLANTS USING GASOLINE OR OIL ENGINES.

Plant No. 1.—The plant owned by Mrs. S. L. Winchester, located
near Campbell in the Santa Clara Valley, consists of a 35-horsepower
gasoline engine, a No. 5 single-runner vertical centrifugal pump.
The engine cylinder is 12 by 20 inches; speed, 210 revolutions per
minute; pulley, 76 by 14 inches; belt, 12 inches. The suction and
discharge openings of the pump are 5 inches in diameter, the discharge
pipe 8 inches in diameter from pump to floor level, enlarging there to
12 inches in the horizontal lead to
the weir box. Thereare two 6-inch
suction pipes as shown in figure 7.
The pump is direct belted with
quarter-turn belt to the engine,
28 feet 3 inches between centers.
The discharge was measured over
a 3-foot rectangular weir, in port-
able weir box. Static head above
pump is 60 feet (measured); static
head below pump 9 feet (estimated);
total mean lift, 69 feet.

This plant is a type of the great
majority of pumping installations
used in this district, where the gaso-
line engine is the source of power.
Its general arrangement is shown
in sketch (fig. 7). In these plants
the pump is located at the bottom
of a rectangular pit, whose depth
is dependent on the plane of the i
ground water, and from which the ¢
wells, usually from 1 to 6 in num-
ber, are sunk. These wells are
usually from 150 to 250 feet in FiG. 7.—Pl:in _O[ pum[:'{ng plant owned by

. Mrs. 8. L. Winchester.

depth, and cased with perforated

casing. The suction pipes are ahout 40 feet long, and should be
considerably larger than the pump inlet. The check valve is placed
immediately above the discharge opening, and the discharge pipe
increased from one and one-half to twice the diameter of the opening.
The shaft is vertical and supported at intervals by bearings. The
engine is helted with a single quarter-turn belt, which is the best
possible arrangement under the circumstances. The general arrange-
ment of machinery here shown is perhaps the best, where the vertical
centrifugal pump is used, and providing the pump is running at its
proper speed good efficiency may be expected.

k29"

58’
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‘The results of the testof this plant are given in the following table:
Test of plant No. 1, owned by Mrs. S. L. Winchester, March 16, 1904.

Revolutions ! ' | Mean |
per minute. Gallons|  Hy- |.goctive, Explo- | Indi-
Time. AR cha e ‘Suction’ g‘otsl l pler niraullc pressare,. slongper cated
: En. | hen g ead. | min- | horee- | RUSSSURE) € 908 PET| horse-
gine. ‘ Pump. 1 ute. | power. spring. power.
b
. .
Feet. [ Feet. | Feet. ‘ Pounds. ‘
210 700 63.1, 12.8| 75.9 980 18.8 62.8 | 102 36.6
212 730 63.1 12.8 76.9 980 18.8 62.1 106 87.3
210 4 722 63.1 ‘ 13 76.1 984 19 62.4 105 87.4
210 | 723 63.1 13.1 ! 76.2 988 19 64.2 104 38.2
+

216 726 63.1 ; 13.1 76.2 ‘ 984 18.9 57.9 108 85.7
216 727 63.1 13.5 76.6 988 19.1 56.5 107 34.5
216 727 63.1 13.5 76.6 988 19.1 59.3 108 36.6
216 727 63.1 | 13.6 76.7 969 17.3 61.4 102 35.8

216 725 63.1 13.7 76.8 980 19 65 100 37.1

216 725 63.1 13.5 76.6 980 19 66.9 102 33.1
216 727 63.1 13.6 76.7 975 19 64.8 9 36.6
216 724 63.1 13.6 7.7 975 19 65.8 100 37.6
216 730 63.1 18.7 76.8 975 18.9 58,7 103 8.5
216 ‘ 724 68.1 13.7 76.8 975 18.9 66.8 104 39.6
214 | 724 63.1 1 13.4 i 76.5 ‘ 980 18.9 61.8 ‘ 104 36.57

The combined efficiency of engine and pump was 51.7 per cent. The
oil used was 48° engine distillate, costing 11.5 cents per gallon at the
warehouse or 12 cents delivered; density, 0.794; total oil used, 149.5
A pounds in four hours—22.6

F e gallons in four hours, or 5.65.
—éa_x—-— = # — gallons per hour and 0.155

XH gallon per indicated horse-

5 _ *M power hour. At 12 cents

per gallon the cost of fuel
is 67.8 cents per hour. The
total mean lift of the pump
being 69 feet, and the quan-
tity of water pumped per
- . minute being 980 gallons,
the total amount pumped per
hour is 58,800 gallons, and
the useful work done in an
hour 4,058,000 foot-gallons,
atacostof 67.8 cents. Hence
Y. = —_— the cost per 1,000,000 foot-
i § gallons is 16.7 cents; the oil
per 1,000,000 foot-gallons is
1.39 gallons; the cost per
foot-acre-foot is 5.42 cents; and the oil per foot-acre-foot is 0.45 gallon.

A plant of this type requires little expense for attendance, the
attendant doing other work most of the time. The cost of the instal-
lation (1895) is said to have been $3,000.

Plant No. 2.—The plant owned by J. C. Lewis i is located at Eden-
vale, in the Santa Clara Valley. It consists of a 22-horsepower gaso-

'

Fi6. 8.—Plan of pumping plant owned by J. C. Lewis.
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line engine and a No. 5 single-runner vertical centrifugal pump.
The engine cylinder is 11 by 12-inches; speed 240 revolutions per
minute; pulley 31 by 10 inches, and belt 9 inches. The suction and
discharge openings of the pump are 5 inches; discharge pipe 9 inches
throughout; two suction pipes 5 and 6 inches in diameter. The pump
is direct belted with quarter-turn belt to engine, 19 feet 8 inches
between centers. The water is measured over a 2.5-foot Cipolletti weir
put in for test and left in place. The static head above pump is 27
feet 8 inches (measured); the static head below pump is 3 feet (esti-
mated); the total mean lift, 31 feet. This plant is practically identical -
in general arrangement with the preceding one. The discharge pipe
empties directly into the flume and therefore presents no sharp turns
to obstruct the stream. The suction head is remarkablv low; in fact,
the pump is often complet,ely submerged when not in use. The sketch
(fig. 8) shows the main features.
The results of the test are given in the followmo table:

Test of plant No. 2, owned by J. C. Lewis, zlpril 25, 1904.

IRevolutlons per. . | Mean i
minute. | pjs- Gallons) _Hy- | oqoctive| Explo- | Indl-
Time, [ cnaige Spetion) Toml | per”| dmulic SCShne | GRR | e

n- . : : .

gine, | Pump. ea ute. |power. SP(:'“EK- ' minute. | ,over.

. Feet. | Feet. | Feet. Pounds. |
1 239 60| 23| 51| 884 385 1195 13.2
2 239 692 28.8| 49| 832 39.8| 1195 13.7
2, 239 60| 28.3' 49| 332 30.8| 1195 13,7
2. 238 688 28.3 | 7 85.3 | 396, 19 | 136
3 239 60| 2831 7 35.3 888 120 - 134
3.15.. 238 6% | 2.3 7 35.3 | 396! 119 | 136
3.30.. 238 690 | 28.3 7.2| 8.4 38.9 19 ! 13.3
3.15. 238 600| 283. 74! 357 39 19 . 134

400, 28 60 283 74| 8.7 | 38 119 13

415 238 60 283 7.4' 367! 3881 119 13.3
430 288 | 690! 283 7.4 37| Kl 119 133
| W4 60 i B3 66 | 3.9 30.6 | 1192 13.41

The combined efficiency of engine and pump is 52.2 per cent. The
oil used was 44° engine distillate, costing 11.5 cents per gallon; density,
0.811. The total oil used was 5.84 gallons in three hours, or 1.95 gal-
lons per hour and 0.145 gallon per indicated horsepower hour. At
11.5 cents per gallon the cost of fuel is 22.4 cents per hour. The total
mean lift being 31 feet and the quantity per minute pumped bheing 796
gallons, the useful work per hour was 1,480,000 foot-gullons, at a cost
. 0f 22.4 cents. Hence the cost per 1,000,000 foot-gallons was 15.1 cents,
the oil per 1,000,000 foot-gallons was 1.31 gallons, the cost per foot-
acre-foot was 4.9 cents, and the oil per foot-acre-foot was 0.42 gallon.
For purposes of comparison, taking the cost of fuel at 12 cents per
gallon, these figures become: Cost per 1,000,000 foot-gallons, 15.8
cents; cost per foot-acre-foot, 5.12 cents.

The efficiency of this plant is practically the same as that of No. 1.
The two are of particular interest as showing the results obtained from
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.

a low-lift and a medium high- llft plant, using practically identical
machinery.

Plant No. 3.—The plant owned by William Bogen, located at Engle-
wood Ranch, near Campbell, Santa Clara Valley, consists of a gasoline
engine and a No. 4 compound double-runner vertical centrifugal
pump. The engine cylinder is 11.5 by 18 inches; speed, 190 revolu-
tions per minute; pulley, 30 inches in diameter. The suction and
discharge openings of the pump are 4 inches; discharge pipe, 7-inch
casing throughout, with one short-radius elbow. There are two suc-
tion pipes, 5 inches in diameter, fitted with short-radius elbows. The
engme is belted straight to a 36-inch pulley on a jack shaft. The
pump is belted with quarter-
turn belt to 60-inch pulley
on jack shaft (fig. 9): the
pump pulley is 12 inches.

The water was measured
over a 3-foot rectangular
weir i portable weir box
during the test. A 244-inch
Cipolletti weir was placed by
our party March 22, 1904.
The static head above pump
was 80 feet (measured); the
static head below pump, 9
_ feet (measured); total mean
| lift, 89 feet. The general
T T arrangement of machinery is
indicated in figure 9. The
installation of the pump is
practically the same as in No. 1, but the engine is belted to a jack
shaft, and this to the pump, presumably to get the proper speed on
the latter. The suction head is low.

The results of the test are given in the following table:

I
k!

sopr

F16. 9.—Plan of pumping plant owned by William Bogen.

Test of plant No. 3, owned by William Bogen, March 21, 1904.

‘ Revolutions I I Mean

per minute.  pis- § ‘Gallons' effective  Explo- | Indi.

Time. ——— charge Suetion Total (%5, d alie pressure, sions per ' cated
: , head, Nead. head. i ; horse. I No.120' minute, ' HOTe:

Englnv.‘ Pump. ' power. sprlng power.

i
Feet Feet. ! Feet. ! Pounds. ‘

730 78.8 1 126 91.4 1 341 50 9 2.2
730 R. 8 13.7 92.6 330 60.2 | 7 21.3
747 8.8 14.2 92.9 | 336 . 58.7 74 20.5
747 78.8  14.4 93.2 ‘ 336 | 58 78 21.4
757 78.8, 14.0 93.8 33¢ . 48.2 1 86 19.4
760 78.8 ’ 14.6 94.3 | 347 . 50.1 80 18.9
765 78.8| 15.1] 93| 471 47.5 £ 19.3
762 78.8 15.3 9.1 344 1. 48.5 80 18.3
760 78.8 15.6 94.3 ' 336 !. 55 80 20.8
0 7881 159 b7 333 .. 53.8 80 2.8
Average.. 187 ‘ 752 78.8 14.6 l 93.47 ‘ 338 ! 53 | 81.2 20.24
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The combined efficiency of engine and pump is 39 per cent. The
oil used was 48° distillate, costing 11.5 cents at the warehouse, or 12
cents per gallon delivered; density, 0.794. The total oil used was
14.43 gallons in three hours fifty minutes, or 3.76 gallons per hour,
and 0.186 gallon per indicated horsepower hour. At 12 cents per
gallon the cost of fuel is 45.1 cents per hour. Taking the total
lift at 89 feet and the quantity of water pumped at 338 gallons per
minute, the useful work done in an hour was 1,808,000 foot-gallons,
costing for fuel 45.1 cents. Hence the cost per 1,000,000 foot-gallons
was 25 cents; oil per 1,000,000 foot-gallons 2.08 gallons; cost per foot-
acre-foot 8.11 cents, and oil per foot-acre-foot 0.67 gallon.

The comparatively great expense of operating this plant is due to
several causes. In the first place the amount of oil used hy the engine
is excessive (0.186 gallon per indicated horsepower per hour). The
intervention of the jack shaft in the belting scheme is a bad one, and
wastes a great deal of power. Furthermore, short-radius elbows are
not to be used except where absolutely necessary, and also the water
is lifted a foot too high. Finally, the smaller size of pump (No. 4) can
not give as high an efficiency as the No. 5 pumps of the preceding
tests, other things heing equal. There appears to be no good reason
why a single pulley 50 inches in diameter on the engine and a direct
quarter-turn belt could not have been included in the original design.
Leaving out of account any possible error in the design of this class
of pump, it is evident that if this plant operated at an efficiency equal
to the two preceding, the cost for fuel would not have exceeded 29
cents per hour. In other words, the loss per hour due to this cause
is 16 cents, which in a month of continuous running (ten hours per
day for twenty-six days) amounts to $41.50.

The cost of this installation complete is said to have been $3,500.

Plant No. }.—The plant owned by S. K. Jackson, Santa Clara Val-
ley, consists of a 25-horsepower gasoline engine and a No. 4 single-
runner vertical centrifugal pump. The engine cylinder is 12 by 17
inches; speed, 190 revolutions per minute; pulley, 60 inches diameter;
and belt, 8 inches. The inlet and outlet openings of the pump are 4
inches in diameter, discharge pipe 74 inches throughout, with one 90~
elhow. There are two suction pipes, + inches in diameter. The pump
is direct belted to engine with quarter-turn belt. The water is meas-
ured over a 24-inch Cipolletti weir put in for test and left in place.
The static head above the pump is 53 feet 7 inches (measured); the
static head below pump 26 feet (measured); total mean hift about 80
feet.

This plant is similar in all respects, except size and make of pump
and engine to No. 1, and therefore no sketch is shown. In running
this test trouble was occasioned by hot crank-pin brasses, which neces-
sitated a shut down fiom 1.33 to 1.57 p. m.
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The results of the test are given in the following table:

Test of plant No. 4, owned by S. K. Jackson, April 19, 1904.

! | | . .
Revolutions
i per minute. E Dis- o tion Total :Gallons d:i\;iic’cyeg?ﬁ'e‘ Explo- ‘!‘;’gii
Time. i~ .charge " 008" head. | T | “horse- |Pressure, sions per| } oo
. head. . * 'minute. No. 120 ' minute. 8
[Engine. Pump. . power.| o ing. power.
1 | pring.
Feet. Feel. ’ Feet. l Poundz,
172 970 | 64.5| 23.8' 783! 88 | 7.5 53. 4 86 23
182 988 b6 212 81.8’ 451 | 9.3 57. 91 25
177 972 . 54.6| 26.1 | 80.7 1 402 | 82 55.8 88.5 | 23.4
186 | 1,000 54.6 | 30.6 &5.2| 476 10.2 51.6 93 22.8
188 1,004 546, 30 846 451 | 9.6 50| o 211
1821 ‘983 56| 2727 8L8 402 83 50.4| o 21.8
188 9% ! 546 86| 832 426 | RS 52.8 92 71
Average.. 12| 87 (546 27.6 822! 426.6 8.5 | 53.7' 9.8 | 23.31
0 " i I

The combined efficiency of engine and pump was 45 per cent. The
oil used was 49° distillate, costing 10.5 cents per gallon; density,
0.790. The total oil used

was 10.59 gallons in three

l hours and twenty-six min-
utes, or 3.086 gallons per

J_ ) hour and 0.132 gallon per in-
dicated horsepower per hour.
At 10.5 cents per gallon the
l ' cost per hour for fuel is 32.4
cents. The total mean lift
being 80 feet and the quan-
tity of water pumped per
minute being 427 gallons, the
! useful work in an hour is
' 2,050,000 foot-gallons, at a
: cost of 32.4 cents. Hence,

l ) - cost per 1,000,000 foot-gal-
Ty lons is 15.8 cents; oil per

“‘“ 1,000,000 foot-gallons, 1.5
gallons; cost per foot-acre-
foot, 5.15 cents, and oil per
foot-acre-foot 0.49 gallon. Using distillate at the uniform price of
12 cents, these figures become: Cost per 1,000,000 foot-gallons, 18
cents; cost per foot-acre-foot, 5.84 cents. Further information fur-
nished by the owner of the plant develops the fact that he is
accustomed to use a tank of from 103 to 109 gallons during thirty-six
hours’ run. This is at the rate of 3.02 gullons per hour, a result
practically identical with the test. The following are said to he the

i

7" 6
—=

F1G. 10.—Plan of pumping plant owned by S. H Shelley.

costs of the installation: Engine, $1,200; pump, with shaft, $300;

wells, $300; erection and building, $200; total, $2,500.
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Plant No. 5.—This plant, owned by S. H. Shelley, Santa Clara
Valley, consists of a 19-horsepower gas engine, furnished with a
retort and a No. 4 single-runner vertical centrifugal pump. The
engine cylinder is 8.5 by 15 inches; speed, 240 revolutions per minute;
pulley, 48 inches in diameter; belt, 8 inches. The inlet and outlet
pipes of the pump are 4 inches in diameter; the discharge pipe, 8
inches in diameter to flume, but with 6-inch side outlet 5 feet long to
weir box. This latter was used on test. There are three suction
pipes, two 5 inches in diameter and one 4 inches in diameter, as shown
in sketch (fig. 10). The pump is direct connected with quarter-turn
belt to engine, with 32 feet between centers. The water was measured
over a 16-inch rectangular weir put in for test and left in place. The
static head above pump is 75 feet 6 inches (measured); the static head
below pump, 12 feet (measured); the total mean lift, 87 feet 6 inches.

This pump was worn and leaking, due to bad usage and badly
balanced runner, which caused heating and wear within the pump.
When not running the pump was covered with water, and when running
it was not easy to insert a pressure gauge at the pump on account of
high pressure. The vacuum-gauge connection was already in, but the
gauge head on the discharge had to be estimated from the measured
head and frictional losses. :

The results of the test are given in the following table:

Test of plant No. 5, owned by S. H. Shelley, May 4, 1904.

Revolutions ' I : | ! Mean i |
per minute | pjs. . (Gallons' Hy-_ 'ogoitive! Explo. | Indf:
Time. _ charge bggh&)n g‘g;gl LA dl:'g;quelc pressure, | s10ns per f‘“g‘_’
l head. ad. : t OTSE- TN0.120 | minute, 'Orse-
Engine | Pump. ute. ,power.' 10 power.
, | | pring. i
| | - T
+ Feet.  Feet. I Feet ! | ! Pounds. ‘
1027 ........... 226 820 76 | 8.8 l 84.8 226 I 4.8 72.3 113 17.6
11.00 28 830 6 9.4 8.1, 247 5.3 78.6 114 | 19.4
11,20 236 l 836 76 10.9 86.9 ' 247 5.4 77.1 118 { 19.6
11.40. pir) 823 76 11.2 l 87.2 247 5.4 75.7 113.5 18.5
1200 . 229 | 82 1 76 10.8 | 86.8 240 | 5.3 | 72.4 114.5 17.9
12,20 236 | 836 76 10.9 ! 86.9 247 54 ' 7.7 118 18.5
12,30 236 | 86 | 76| 10.9 ‘ 86.9 47| 54 ..l leenns
100............ 226, 820 76 10.9 86.9 247 5.4 ! 7.7 118 x5
L2, i 230 | 829 ’ 76 10.1: 86.1 | 240 , 5.2 74.0 115 18.3
1L40......... .. 234 | %38 76 1.6 87.4 247 ) 78.1 17 19.7
200, ... e 228 , 832 | 76 11.6 87.6 247 55 | 4.8 114 18.4
22..... .- 229 l 828 76 11.7 87.7 247 | 5.5 75.2 114.5 18.6
2.40 . 230 1 830 ' 7 1.8 8.8 233 ] 53 76.8 115 o
3.00 228 827 76 11.3 87.3 240 53 | 74.1 114 182
3N 230 | 836 76 12.1 88.1 255 5.7 4.5 115 18.5
310 230 | 836 7 11.9 1 87.9 233 A2 76.6 115 | 19
.00 28! 83 | 76| 104 8.4| 13’ 30 | ains 14 19.5
1.0 232 830 76 10.2 86.2 161 33 a72. 9. 116 18,2
140 225 ' 812 | 76 9.5 85.5 Ist 1 4.0 ai3 b, 112.5 17.2
4.597 232 ' 822 7 10.1 6.8 225 4.9 l a72.3 | 116 | Ix1
Average.. 230 | 828.3 l 76 10.8 86.8 . 229 5.04 | 74.9 ' 115.1 18. 56
. | \ ‘

aNo. 200 spring.

The combined efficiency of engine and pump is 27 percent. The oil
used was 36.8° Coalinga oil, costing but 5 cents a gallon. It is under-
stood that this kind of oil is no longer on the market; density, 0.845.
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The total oil used was 126 pounds in six and one-half hours; 17.89 gal-
lons in six and one-half hours, or 2.75 gallons per hour and 0.148 gal-
lon per indicated horsepower per hour. At 5 cents per gallon, the cost
of fuel is 13.75 cents per hour. Taking the total mean lift at 87 feet,
and the discharge at 229 gallons per minute, the useful work done in an
hour is 1,196,000 foot-gallons at a cost of 13.75 cents. Hence we have:
Cost per 1,000,000 foot-gallons, 11.5 cents; oil per 1,000,000 foot-
gallons, 2.3 gallons; cost per foot-acre-foot, 3.73 cents, and oil per foot-
acre-foot, 0.75 gallon. The low cost in this case i~ entirely due to the
cheapness of the fuel used, for otherwise the performance of the plant
is exceptionally poor. It can not be stated without a test what
efficiency the plant would give with the 12-cent distillate used in some
of the others, but assuming it to be the same, since the engine was in
- no way responsible for the bad showing, the cost per hour for oper-
ating the plant would be 33 cents. This gives, cost per 1,000,000
foot-gallons, 27.6 cents; cost per foot-acre-foot, 9 cents.

The comparatively low efficiency of this plant is due to several
causes, the principal one of which is the bad condition of the pump
itself. Being badly worn, it probably leaked air at the stuffing box,
a state of affairs fatal to good efficiency. Again, there was heating
within the-pump, due to the failure of the water balance to work prop-
erly, causing a loss of energy. The piping of the suction also might
have been improved upon by inserting the ‘“tee™ (see fig. 10) in the
horizontal instead of in the vertical branch. The plant has, since this
test, been overhauled and put in good condition.

LPlant No. 6.—This plant is owned by S. H. Shelley, Maybulv
road, near San Jose, Santa Clara Valley. It consists of a 19-horse-
power gas engine and a retort, and a No. 5 single-runner vertical
centrifugal pump. The engine cylinder is 8.5 by 15 inches; speed, 220
revolutions per minute; pulley, 39 inches in diameter. The inlet and
outlet pipes of the pump are 5 inches in diameter; the discharge pipe
8 inches throughout, with one long-radius elbow. There are two
5-inch suction pipes. The pump is direct belted with quarter-turn
belt to engine, with 26 feet between centers. The water was meas-
ured over a 2.5-foot Cipolletti weir put in for the test and left in
place. The static head above the pump is 52 feet 4 inches (measured);
the static head below pump, 4 feet (measured); and the total mean lift
about 56 feet. This plant 1s similar in arrangement to No. 1, and
therefore no sketch isappended. Having a low suction lift and larger
pump with exactly similar engine and fuel, we should expect better
results than in the preceding. The results of the test are given in
the table following.
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Test of plant No. 6, owned by S. H. Shelley, May 7, 1904.

T 1' | :
Mean |
Gallons. Hy-
Dis- 'giction Total =~ per |draulic eﬂec:llve iExP‘O'
head. | head. ' min- ' horse- | FRSSSU®, Sions per
| : ute. |POWer.| cpring. |

Revolutions
per minute.

Time. T
Engine.' Pump. '

Indi-
cated
horse-
{power.

Feet. Feet.

R
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—

et ST RO ES NS D b bt rt SJ QY ST O R e e g
x»

EERENREESSRREERY I

Oy Y e e i ]

8 BRREBEBURRLERREEEE

ES N RS PRUPRPRPS PR PR PR PRPR PR PR PR PR PR PR PN IR}
T R R R s e

57.88%  444.1

aXNo. 200 spring.

The combined efficiency of engine and pump is 34 per cent. The
oil used was 36.7° Coalinga distillate, costing 5 cents per gallon (same
as No. 5); density, 0.846. The total oil used, 14.04 gallons in six
hours, or 2.34 gallons per hour, and 0.122 gallon per indicated horse-
power per hour. At 5 cents per gallon the cost per hour for fuel is
11.7 cents. From the total mean lift of 56 feet and mean discharge
of 444 gallons per minute we find that the work done per hour was
1,499,000 foot-gallons, at a cost of 11.7 cents. Hence the cost per
1,000,000 foot-gallons was 7.84 cents; oil per 1,000,000 foot-gallons,
1.57 gallons; cost per foot-acre-foot, 2.54 cents, and oil per foot acre-
foot, 0.51 gallon. Of course the extremely low cost is due principally
to the cheap fuel. Putting it approximately on the 12-cent per gallon
basis, as in the preceding case, we find the cost per 1,000,000 foot-gal-
lons 18.8 cents, and the cost per foot-acre-foot, 6.1 cents—not as good
a showing as made by Nos. 1 and 2. This plant gives a very fair
result. The performance of the engine is excellent, for we find bhut
few engines fulfilling their guarantees (one-eighth gallon per brake
horsepower per hour) after heing in service, and pretty severe service
at that, for several years.

Plant No. 7.—This plant. owned by Darrell & Schumacker, Man-
chester avenue, Los Angeles. consists of a 22-horsepower gasoline
engine and a No. 6 single-runner vertical centrifugal pump. The
engine cylinder is 10.5 by 18 inches; the speed, 200 revolutions per
minute; pulley, 40 inches in diameter: helt, 10 inches. The inlet and
outlet openings of the pump are 6 inches in diameter: discharge pipe,
7 inches outside diameter, casing direct to flume without etbow. There
are two suction pipes, 6 mches in diameter, with long-radius screwed
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elbows. The pump is direct belted, with quarter-turn belt to engine,
with 10-inch pulley, 26 feet between centers (tig. 11). The water was
measured over a 24-inch Cipolletti weir put in for the test and left in
place. The static head above the pump is 20 feet (measured); the
static head below pump is 11 feet (measured), and the total mean lift.

31 feet. The test on this

26— ——] plant is incomplete on ac-

/l —_— — count of the fact that our
F15 Na— party was -not allowed to
= measure the oil. All that

could be obtained on the sub-
ject of oil consumption was
gathered from the attendant,
0 who stated on .one occasion
that 2 gallons per hour were
used, and on another that
. one-eighth gallon per horse-
power hour was the con-
sumption. The former is
] . evidently but a rough ap-
ﬁi proximation. and the latter
' is probably the builder’s rat
FiG. 11.—Plan of pumping plant owned hy Darrell & ing. Furthermm'e, it was
Schumacker. not practicable to insert a
gauge on the pressure side, but this necessary omission does not in
any way affect the final or gross eficiency. The gauge head has been
taken as the static lift plus the computed losses.
The results of the test are given in the following table:

Test of plant No. 7, owned by Darrell & Schumacker, June 11, 1904.

i | o T

Revolutionx . ' Mean i
perminute. | pis. | Gallons = Hy- —qoitivel Explo- ' Indi-
mime, -2 | bl sptond toat [ gl (e SR gt
Engine. Pump.: head. ute. power. ~0. 120 minute. o co

i | spring. 1

| Feet. Fect
21 13.0

Pounds.

198 70 614
19 749 2 13 7.6
195 719 2| 138 6.2 |
198 T 2| 12 .1
198 2| 143 79
19% 755 21 .6 78.6 |
198 62 21 1.3 774!
19 760 21 113 678 |
Avemge.. 198 1 2l ' 13.3 22|

The combined efficiency of engine and pump is 34.5 per cent. The
oil used was 44- enginc distillate, costing 10.5 cents per gallon; density,
0.811. 'The consumption taken at 0.13 gallons per indicated horse-
power per hour,® gives 2.38 gallons per hour used, costing 25 cents pe1

@ Average consumption shown on previous tests.
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hour. The useful work was 1,351,000 foot-gallons in one hour. Hence
the cost per 1,000,000 foot-gallons was 18.5 cents; oil per 1,000,000
foot-gallons, 1.76 gallons; cost per foot-acre-foot, 6 cents; oil per foot-
acre-foot, 0.57 gallon. With distillate at 12 cents per gallon these
become: Cost per 1,000,000 foot-gallons, 22.2 cents; cost per foot-
acre-foot, 7.2 cents. No great reliance can be placed upon these
results, as the oil was not actually measured. The low combined
efliciency, no doubt, is partly due to the small discharge pipe, which

- r——:s' 1" e—
§M> 7™

79’

'y

2489 Pump

T

I

F1G. 12 —Plan of Hermosa pumping plant, Portersville, Cal.

is but five-eighth inch larger than the pump outlet. It should have
been 8 or 10 inches in diameter, connected with taper fittings.
Plant No. 8.—The Hermosa plant, at Portersville, San Joaquin
Valley, consists of a 30-horsepower gasoline engine, and a deep well pis-
ton pump (fig. 12). The engine cylinder is 10 by 16 inches; the speed,
270 revolutions per minute; pulley, 28 inches in diameter; the belt,
9 inches. The pump is a double-acting piston pump, two pistons
working on two rods. An overlapping stroke on the pistons is
obtained by means of noncircular gearing. The pump barrel is 9

30620—No. 158—05——14
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by 24 inches. The discharge pipe is 10 inches in diameter; there 1s
no suction pipe, as the pump is operated below water. The pump is
belted direct to engine, with 16-foot centers. The water is measured
over a 16-inch rectangular weir put in for the test and left in place.
The total mean lift is 145 feet (measured). This pump discharges its
water through 1,020 feet of redwood pipe, and therefore the test is
not quite a fair comparison with those on preceding plants, for the
reason that it not only has to lift the water, but also transportsit 1,020
feet, encountering frictional resistance the whole way. Inasmuch,
bowever, as the pipe is large (10 inches in diameter) and the velocity
small (1.6 feet per second), the friction head will be small —smaller, in
fact, than in most direct-lift plants. We therefore insert it in direct
comparison with others. The engine appeared to be overrated.
because it was just possible to keep it up to its work, and the brasses
heated badly. The belt centers were also too short. It was intended
to run the engine on crude oil, but this was found so unsatisfactory
with the retort used that the attempt was abandoned and distillate
substituted.

The wells are two in number, sunk in the bottom of two pits. The
main pit is 6 feet deep, and from it a 12-inch well is sunk. This con-
tains the pump, the bottom of whose cylinder is 71 feet below the
bottom of the pit. The piston rods extend upward through the well
to the crank disks on the engine-room floor. At a distance of 70 feet
from this pit another is sunk below the water line, connected to the
main well by a tunnel, and fed by a 10-inch well sunk in its bottom.
It was in this pit that the water level was observed during the test.

The results of the test are given in the following table:

Test of plant No. 8, the Hermosa plant, May 21, 1904.

Revolutions . I Mean ;
per minute. | Dis | Float | po.. (S8lone HY. | effective| Explo- ~ Indh
Time. — -—|charge| read- | , o !EIn- [“horse. | Pressure, | sions per horse-
Engine| Pump. | Nead- | ing. ute. |power. §°' 120 | minute. ,00r
' pring.
Feet. | Ft. In.| Feet. ! Pounds.
35 90 (65 4 145.6 69.2 129 ........
H 9|5 0 I 146.2 .8 127.5 ........
35 90 | 56 10 ' 147 66.1 182.5 ........
36 90 157 2 147.4 68.6 136 |I........
35 90 | 5 2 147.4 7.5 132.5 ........
36 90 [ H7 2 147.4 78.8 136 ........
35 90 | 57 21 147.4 65.3 135 ........
35 90 |57 2 147.4 66.7 4 ...
33 90 2} 147.4 68.5 129 ........
35 80 | 67 b5 147.6 69.6 1815 ........
35 9 (67 7 147.8 70.4 181 ........
35 90 |57 9'148 65.7 133.5 ........
35 90 | 57 11  148.1 68.1 I ..
35 % |58 01482 66.3 183.5 -.......
Average..| 265 35 90 |........ l147.36 68.25 | 182.4 | 28,08
I i

"The combined efficiency of engine and pump is 51 per cent. The
oil used was 48° distillate, costing 12 cents per gallon. The total oil
used was 11.82 gallons in two hours forty minutes, or 4.43 gallons
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per hour and 0.154 gallon per indicated horsepower per hour. At 12
cents per gallon the cost of fuel per hour is 53.2 cents. The useful
work done in an hour is 3,470,000 foot-gallons, at a cost of 53.2 cents.
Hence the cost per 1,000,000 foot-gallons is 15.3 cents; the oil used
per 1,000,000 foot-gallons, 1.28 gallons; the cost per foot-acre-foot,
4.97 cents, and the oil per foot-acre-foot, 0.42 gallon.

Plant No. 9.—This plant, owned by the Chase Nursery, Corona,
Riverside County, Cal., consists of a 75-horsepower gasoline engine and
a triplex plunger pump (fig. 13). The engine cylinders, 3 in number,
measure 11 by 12 inches; the speed is 290 revolutions per minute.

F16. 13.—Plan of pumping plant at Chase Nursery, Corona, Cal.

The engine is direct connected to the pump and is fitted with a retort.
The pump cylinders, 3 in number, are 14 by 12 inches; the suction
pipe, 12 inches in diameter with 1 elbow; discharge pipe, 10 inches
at pump, with 1 elbow and check valve, enlarging to 18 inches
outside the pump house. The water is measured over a 25-inch rec-
tangular weir at the upper point (No. 3), and a 36-inch rectangular
weir at lower point (No. 2). The weirs were already in place and
were used with small alterations. The total mean lift to point No. 3
is 195 feet (measured); the total mean lift to point No. 2, 133 feet
(measured). In this plant the water is drawn from a canal under a
low head and forced directly into a main 4,210 feet in length. The
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first section nearest to the pump is 18 inches in diameter, 1,660 feet
in length, and is carried to a point 80 feet above the pump, where
outlet No. 1 is taken off. Above this is 1,215 feet of 16-inch pipe to
outlet No. 2, 133 feet above the pump, and the last section, consisting
of 1,356 feet of 14-inch pipe, reaching an elevation of 200 feet at
outlet No. 3.

The engine could not be satisfactorily indicated, owing to the exces-
sive vibrations of the pencil on the drum of the indicator. The indi-
cated horsepower and combined efficiency are therefore not given.
The pump is of the ordinary geared triplex type, with a check
valve in the discharge. In starting, a by-pass is opened, and this
is closed when the engine is up to speed. The gearing between
the engine and pump has a ratio of about 1 to 7.3. The displacement
of the pump, 946 gallons per minute, does not agree well with the
measured discharge, 868 gallons per minute, for there is seldom so
great a difference in pumps of this class. No investigation was made
as to the cause of this discrepancy.

Two tests were made on this plant—one with the water discharging
at No. 3 and another (incomplete) at No. 2. The results, with the
water discharging at point No. 3, are given in the following table:

Test of plant No. 9, Chase Nursery Company, at point No. 8, June 19, 1904.

i{evoluuons per’ 1 :
Time. minute. cl?ais-e S,‘:c“(‘l)" ’l’ll‘g;%‘ G“;',LC;"’
. —_— . ead. .
Engine.‘ Pump. head. minute.
| . Feet. Feet.

2.45 5. 39 187 5.7
3.15 285 39} 187 5.7
3.40 285 39} 187 5.7
1.00 . 205 39} 187 5.7
420 .. 285 39}, 187 5.7
4.40 .. 290 39} 187 5.7
455 .. 39, 187 5.7
5.00 298 | 34} 187 5.7
AVEIABE. «o e 289 ‘ 391 187 6.7

The oil used was 44° engine distillate, costing 9.5 cents per gallon;
density, 0.80. The total oil used was 119.5 pounds in two hours ten
minutes; 17.92 gallons in two hours ten minutes, or 8.27 gallons per
hour, costing therefore 78.5 cents per hour for fuel. The useful
work was 10,050,000 foot-gallons in an hour. Hence the cost per
1,000,000 foot-gallons was 7.81 cents; oil per 1,000,000 foot-gallons,
0.814 gallon; cost per foot-acre-foot, 2.5 cents, and oil per foot-acre-
foot, 0.26 gallon. If oil costing 12 cents per gallon were used, and
assuming that the efficiency remained the same, we would have: Cost
per 1,000,000 foot-gallons, 9.8 cents, and cost per foot-acre-foot, 3.18
‘cents. But if Coalinga oil at 5 cents be substituted—and the makers
of the engine claim it will work as well or better with this fuel—the
cost falls to: Cost per 1,000,000 foot-gallons, 4.1 cents; cost per foot-
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acre-foot, 1.33 cents. These results of course can not be vouched for
without actual tests and are merely mentioned as possibilities.

The test with the discharge at point No. 2 gives merely a few meas-
urements on head and quantity, for because of an unfortunate accident
it was not possible to measure the oil. The results are as follows:

Test of plant No. 9, Chase Nursery Company, at point No. 2, June 20, 1904.

Revolutions per| . | Hy-
Time minute. s suction | Total | G81lons  grguic
. - heag. | head. | head. | PET  horse-
Engine.| Pump. o ‘ °  power.
Feel. ' Feet.
301 40 127 ¢ 5.7
301 40 127 5.7
286 10 127 5.7 ..
285 40 127 5.7 1.
288 40 . 127, 5.7 .
290 40 127 5.7 1.
802 40 127 5.7
302 40 127 5.7
300 40 127 | 5.7
295 40 127 | 5.7, 132.7 868 | 29.2

The results obtained for this plant are by far the best of any of the
gasoline engine plants tested. The low cost of operation appears to
be due to the highly efficient pump, the direct connection of the engine
to the pump, the highly efficient pipe line, and the low cost of fuel.
To this must be added the comparatively large size of the unit.

PLANTS USING ELECTRIC MOTORS.

Plant No. 16.—This plant, owned by the Sunnyside Water Com-
pany, near Portersville, in the San Joaquin Valley, consists of a 50-
horsepower induction motor, 7,200 alternations, 2-phase, 2,000 volts,
830 revolutions per minute, and a No. 4+ compound horizontal cen-
trifugal pump. Theinlet and outlet openings are 4 inches in diameter;
the discharge pipe, 13 feet of 6-inch casing, to 90 elbow, enlarging
to 10-inch at main discharge. Redwood pipe in main line. There are
three suction pipes, 6 inches in diameter in 10-inch wells, 140 to 150
feet deep. The pump is direct connected to motor (fig. 14). The
water is measured over an 18-inch Cipolletti weir at upper point
(No. 2) and 15-inch rectangular weir at lower point (No. 1). These
weirs were already in place.

The static heads above pump are, at point No. 2, 123 feet (measured),
and at point No. 1, 94 feet (measured); the static head below pump
27 feet (estimated), and the total mean lift at point No. 2, 150 feet, at
point No. 1, 121 feet. We have here a type of electric pumping plant
widely used in the San Joaquin Vallev. The pump and motor are
directly connected, usually on one base, and are placed at the bottom of
a comparatively shallow pit, from which the wells are sunk. The pit is
curbed or lined with concrete. The power is usually obtained through
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high pressure, long distance transmission lines, from water-operated
plants in the foothills of the Sierra Nevada Mountains. In this local-
ity power is sold at a flat rate of $50 per horsepower per year, whether
the plant is running or not. This rating is based upon the measured
horsepower delivered to the motor when first installed, and not upon
the nominal horsepower of the motor. This measurement is checked
up occasionally by the power company. When power is obtained

ﬁi_

Fi.. 14{.—Plan of pumping plant owned by Sunnyside Water Company, Portersville, Cal.

under these conditions there is no common ground upon which to hase
a comparison between the running cost of motor and gas-engine driven
plants, unless the actual numher of hours of running during the year
are known. Fairly exact figures have been obtained from some of the
plants on this latter point, and tend to show that the run varies from
about two thousand five hundred hours in small private plants to five
thousand hours in larger plants owned by water companies. It is
probably best to rate the cost of raising 1,000,000 foot-gallons, not in
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dollars and cents, but in kilowatt hours, since this latter unit has a
different price in each locality.

Two tests were made on this plant—one with the water discharging
at point No. 2, and another at point No.1. The resultsareas follows:

Test of plant No. 10, Sunnyside Water Company, at point No. 2, May 18, 1904%

Revolu- . Kilowatts.

tions per Dis- |g,otion| Total | G8llons xl‘;‘yg“‘“‘ " |Electric-

Time. ‘minute | b8 head. | head. T ¢ horse- alhorse-
of pump. head. ‘ minute. , power. | Meter A.\I Meter B.| power.

| |
Peet. Peet. | Feet. 1

868 | 125.8| 2.8 163.6 388 . 16.1 46 | 13 6.9

875 | 125.3 27.9 | 153.2 388 15.2 13 12.5 H.2

875 | 126.3 28.31 158.6 388 , 14.8 18. 14 36.9

875 | 125.3 28.8 ' 153.6 388 16.3 18.75 13 35.7

877 | 125.3 28.5 ‘ 153.8 388 15.4 14 ! 13 36.2

874 | 125.3 28.3  153.6 388 ; 15.8 13.75 12.75 36.5

875 | 125.3 28.3 © 163.6 388 | 14.8 13.76 12.6 35.2

868 | 125.3 27.8 1 153.1 338 14.7 13.75 12.5 85.2

876 | 125. 28.3 153.6 388 14.8 13.76 12.5 36.2

876 | 125.3 28.3 153.6 388 4.5 18.75 12.5 35.2

875 | 125.3 28.3 153 6 388 14.8 13.75 | 12.75 35.5
Average .. 874 1253 282 183.5 3%8  15.11 26.57 35.61

) .

The combined efficiency of motor and pump is 42 per cent. The
mean power used during the test was 26.57 kilowatts. The useful
work in an hour was 3,500,000 foot-gallons; hence, the kilowatt hours
per 1,000,000 foot-gallons were 7.59, and kilowatt hours per foot-acre-
foot, 2.46. It is not known on what horsepower rating the price of
power is paid, but assuming it to be the electrical horsepower meas-
ured on the test, and that the time of pumping is five thousand hours
per year, we can arrive at a rough estimate of what it is costing to
pump water here. Fifty dollars per horsepower per year means $67
per kilowatt per year, and taking five thousand working hours in the
year, we see that the cost of a kilowatt hour on this basis is 1.34 cents;
hence, cost per 1,000,000 foot-gallons = 10.2 cents; cost per foot-acre-
foot = 3.31 cents. If the hours of running are only 2,500, the above
figures will be doubled.

The results of the test with the water discharged at point No. 1 are
as follows:

Test of plant No. 10, Sunnyside Water Company, at point No. 1, May 19, 1904.

Revolu- ] . Kilowatts. Elec-
vonsper' DS | guction Total ; Gallons | Hydrau-| =" "7 | moon
Time. minute | c):'ean €| head. ' head. minute e ':3;8 "| Meter A ! Meter B, horse-
of pump., . : .| power. - Meter B nower.
Feet. Fect. I Feet. |
874 98.1 29 ¢ 127.1 478 15.3 13.5 | 12.5 34.8
876 98.1 29.5 ! 127.6 478 15.4 13.6 12.56 34.8
876 98.1 29.5  127.6 478 15.4 14 13 36. 2
876 98.1 29.5  127.6 478 15.4 13 12.3 33.9
875 8.1 29.5 \ 127.6 478 15.4 12.25 .2
2| 8.1 29.5 ! 127.6 478 15.4 13751 12 34.6
875 98.1 2.6 127.7 478 15.5 13.25 11.75 33.6
872 98.1 29.6 127.7 478 16.5 13.5 | 12 H.2
873 98.1 29.6 127.7 478 15.6 18.75 . 11.75 | 84.2
f—_— — —_— - R S —— —_—
874 98.1 | 29.5 .6 478 16.4 25.72 ' 34.5
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The combined efficiency of motor and pump is 45 per cent. The
mean power used for the test was 25.72 kilowatts, and the useful work
done in an hour is 3,470,000 foot-gallons; hence, kilowatt hours per
1,000,000 foot-gallons, 7.41; and the kilowatt hours per foot-acre-foot,
2.4., Taking the year’s run at five thousand hours we have: Cost per
1,000,000 foot-gallons, 9.9 cents, and cost per foot-acre-foot, 3.2 cents.

.
] '
\11

F16. 15.—Plan of pumping plant owned by Mr. Hall, Lindsay, Cal.

Plant No. 11.—This plant, owned by Mr. Hall, Caledonian Colony
Lindsay, San Joaquin Valley, Cal., consists of a 10-horsepower induc-
tion motor, 7,200 alternations, 2-phase, 200 volts, 1,120 revolutions
per minute, and a No. 4 single-runner horizontal centrifugal pump,
with inlet and outlet pipes 4 inches in diameter; discharge pipe 6
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inches in diameter, with a straight rise to box. There is one suction
pipe, 6 inches in diameter, and one check valve. The pump is direct-
connected to motor (fig. 15). The water is measured over a 24-inch
Cipolletti weir, put in for test and left in place. The static head
above pump is 26 feet (measured), the static head below pump 13 feet
2 inches (measured), the total lift 39 feet 2 inches. This plant is well
arranged except for the check valve in the suction. The results of
the test are given in the following table:

Test of plant No. 11, Hall’s Caledonian Colony, May 22, 1904.

1 1
Revolu- H . ) Kilowatts. \ .
- 'tions per ct?"’ e, Suction | Total ‘Gallef:ns llil"l:l;:s:-% - Elle“"‘c’
e | minute | G| head. | head. . FT wer. | Meter A o o
' of pump. . | i -| power. iNeter A. Meter B.| power.
|
Feet. | Feet. I
4.30 1,188 %, 2.2 3.85 2,95 | 9.1
445, 1,180 2% 20.4 3.83 295 | 91
500.. 1,195 26 | 20.4 3.8 3 9.2
5.15.. 1,190 %, 204 3.8 3 ' 9.2
5.30.. 1,19 26! 206 38! 3 | 9.9
545, niss ! 2% 208 3.80 3 91
6.0) 1,189 26 | 20.8 | 3.80 | 2,95 ! 9
1,18 | 21 205 465 426 5.03 6.81 , 9.13
' t

The combined efficiency of motor and pump is 55 per cent. The
mean power used for the test was 6.81 kilowatts, and the useful work
in an hour was 873,000 foot-gallons. Hence the cost is, kilowatt
hours per 1,000,000 foot-gallons, 7.8; and kilowatt hours per foot-
acre-foot, 2.53. A plant of this sort would probably not run much
over 3,000 hours in the year. On this basis a kilowatt hour would
cost 2.23 cents when paid for at $50 per horsepower per year, and we
find: Cost per 1,000,000 foot-gallons, 17.4 cents; cost per foot-acre-
foot, 5.64 cents. The performance of this plant is better than that of
No. 10. It is well designed and gives an excellent efficiency.

Plant No. 12.—The plant owned by Miss Ruby Johnson, near Lind-
say. San Joaquin Valley, consists of a 10-horsepower induction motor,
7,200 alternations, 2-phase, 200 volts, 1,120 revolutions per minute,
and a No. 3 single-runner horizontal centrifugal pump, with inlet
and outlet openings 3 inches in diameter. There is a straight lift to
*‘tee” near flume. There are two suction pipes, 5-inch outside diam-
eter casing, one direct from pump suction and the other connected by
side outlet; one 6-inch and one 10-inch well. The pump is direct
connected to motor. The water is measured over an 8-inch Cipolletti
weir, already in place, and used for the test after small alterations.
The static head above the pump is 53 feet (measured): the static head
below the pump, 29 feet (measured); the total mean lift, 82 feet. The
results of the test are as follows.
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" Test of plant No 12, owned by Miss Ruby Johnson, May 23, 1904.

Revolu . | i Kilowatts. |
+ Dis- Gallons; Hydrau- ' Electric-
Time. !lo?s&eé cha Suce:l((lm '!‘g::al per | lic horse-, . al horse-
{ minate | 5, | - iminute, power. | Meter A. Meter B. power.
of pump. ! !
|
" Feet. | Feet. | Feet. |
63.5 28.9 | 82.4 ‘ 3.25 1 3.00 8.38
5.5 289 824 | Sosm) se, sk
. B35 28.8 [ 82.8 . 3.80 ! 3.03 8.44
| 835|200 825 0 8%, 3| 84
' 83.5 28.9 | 82.4 . 3.32 2.92 8.38
53.5 28.9 | 82.4 . 3.30 3.00 8.44
53.5 29.3 | 82.8 . 8.35 2,95 8.45
63.5 29.4 | 83.9 . 8.87 | 2.95 i 8.48
63.6 29.4| 83.9 . 3.38 2.95 8.48
« 83.5 29.4| 83.9 . 3.3 2.95 8.4
. 5.5 29.1 82.87] 104 2. lsl 6.30 8.4

Floer line '

1 J/J_i__

75" Lo we:

39
-—e— —f% -

|

]
—Tar |
| oy Sk Wirer

!

FI6. 16.—Plan of pumping plant owned by Lindsay Water and
Development Company.

The combined efficiency

of motor and pump is
26 per cent. The mean
power used for the test
was 6.3 kilowatts, and the
useful work done in an
hour is 507,000 foot-gal-
lons; the kilowatt hours
per 1,000,000 foot-gal-
lons, 12.4; and kilowatt
hours per foot-acre-foot,
4.03. In this plant the
suction lift is altogether
too high. When so high
as this a vacuum may
form in the runner which
causes an immediate fall-
ing off in efliciency. Lah-
oratory tests have shown
that this vacuum may
form long before a gauge
connected to the suction
elhow shows a vacuum.
High suction head also
induces leakage of air at
the stuffing box. It ap-
pears also that the pump
is running below speed,
1,210 revolutions per
minute being much more

nearly the proper speed. In such direct connected pumps this can
not be altered. A pump as small as this can not be expected in any
case to give an efficiency comparable with 5-inch and 6-inch pumps.
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Plant No. 13.—This plant is owned by the Lindsay Water and
Development Company, near Lindsay, in the San Joaquin Valley (fig.
16). It consists of a 50-horsepower induction motor, 2-phase, 2,000
volts, 830 revolutions per minute—7,200 alternations; and a No. 6
single-runner horizontal centrifugal pump, with inlet and outlet open-
ings 6 inches in diameter; discharge pipg 8 inches in diameter, with one
elhow to ditch and three elbows to weir box. Diffuser on end of dis-
charge line. There are two suction pipes, one 8 inches in diameter
directly from well to suction elbow, and one 4 inches in diameter enter-
ing by side outlet from well 24 feet away. The pump is direct con-
nected to motor. The water is measured over a 26-inch Cipolletti
weir, already in place at time of test. The static head above the pump
is 44 feet 6 inches (measured); the static head below pump, 19 feet
(estimated); the total mean lift, 63 feet 6 inches. The results of this
test can not be given full credit, as it was afterwards discovered that
an elbow or some sort of fitting was attached to the inside end of the
pipe to which the pressure gauge was attached. This fitting was
directed downward so as to receive the impact of the discharging
stream, and therefore caused the pressure gauge to read slightly too
high by an amount not greater than the velocity head. It was not
possible to remove this without taking down the discharge pipe.
However, as the velocity head did not amount to more than 2.5 feet,
and as the effect upon the gauge was probably less than this amount,
the efficiency test is inserted. The effect of the elbow would be to
increase the apparent efficiency of the pump as based on gauge read-
ings, but to lower the actual efliciency of the plant by obstructing the
flow. The pump was so arranged as to be raised and lowered on a
cage within the pit. Sections of the suction and discharge pipes could
be removed or inserted to allow for this change. This is an excellent
plan when the level of the ground water is known to change.

Two tests were made on this plant, one with the pump partly throt-
tled by a gate valve in the discharge and the other full open. It is
understood that the first of these two corresponds with the ordinary
running conditions. The practice of running a pump throttled can not
be other than a wasteful one.
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The results of the first test are as follows:

Test of plant No. 13, Lindsay Water' and Development Company, pump throttled,

May 24, 1904.
1
Revolu- Hydrau- Kilowatts, ]
tions per| Dis- Suction Total 1Gallons‘ lic |-—————Electrical
Time. minuté charge ' "head. ' head. | horse- horse-
of pump. head. ' ) : mmu"e‘power. Meter A. | Meter B., power.
; .
Feet. | Feet. | Feet. |
863 74.1 19.6 i 93.7 , 752 7.76 12.75 27.8
863 73.8 ! 19.8 93.7 | 750 7.50 13 21.5
864 73.5 1 19.9 1 93.5| 750 7.50 13 27.5
864 73.5 20.3 ! 93.8 767 7.50 13 21.5
864 7.5, 204! 93.9' 767 180 18 2z
864 72.7 20.6 { 93.3 ‘ 767 7.50 13 21.5
864 7.7 I 20.6 { 93.3 | 767 7.50 18 ‘ 27.6
864 72.7 20.6 93.3 ' 767 7.62 13.20 27.8
.864 72.7 | 2.6 93.3| 767 7.52 13.20 27.8
864 72.4 20.8 93.2 i 767 7.52 13 2.5
864 72.4 | 21 | 93.4, 767 7.30 13 27.2
864 72.5 | 21.1 93.6 | 767 7.75 13 27.8
864 72.5 2.1 93.6 | 767 7.75 13 27.8
864 72.4 | 21 | 93.4 i 767 7.80 13 27.9
Average..| 86| 729, 205 93.5] 7621 i 18.08 20.58 | 758
B i ' 1

The combined efficiency of motor and pump is 65 per cent. The
mean power used for the test was 20.58 kilowatts, and the useful work
done in an hour is 2,910,000 foot-gallons. Hence, kilowatt hours per
1,000,000 foot-gallons, 7.1: kilowatt hours per foot-acre-foot, 2.3.
If, however, the pump had been working on a bona fide head of about
90 feet as shown by the gauges, instead of wasting 28 feet by throttling,
we should have had 4,180,000 foot-gallons of work in an hour, and the
expenditure would have been only 5 kilowatt hours per 1,000,000
foot-gallons, and 1.62 kilowatt hours per foot-acre-foot. The time
during which this plant is operated averages for the past three years
almost exactly five thousand hours per yecar. It is not known upon
what horsepower rating the charge of 30 per year is based, but assum-
ing it to be the same as given in the test, the cost of operating the
pump in its throttled condition is 9.5 cents per 1,000,000 foot-gallons,
or 3.08 cents per foot-acre-foot.

The results of the second test are as follows:

Test of plant No. 13, Lindsay Water and Derelopment Company, pump full open,
May 24, 1904.

| Revolu- | | Kilowatts. Elec-
. tions per Suction | Total Gallons Hydrau- — - — —l trical
Time. | minute hurge head. head 1m|'|)1€::-te lie hwoge Meter A, Meter B, horse-
“of pump. ' po ete \ ¢ _power.
o S D _
, ' © Fet. Pt Fat | B
135 ieeaas. 861 43.6 | 27.1 70.7 1,123 .......... 10 15.5 34.2
140, ‘ 864 43.6, 202, 705 | L1238 ... 9.5 5.5  3%5
Average..| B 215 0.7 : 1123 20.15, 25.25 33.85

The combined efliciency of motor and pump is 62 per cent. The
mean power used for the test was 25.25 kilowatts, and the useful work
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done in an hour 4,300,000 foot-gallons. Hence, the kilowatt hours
per 1,000,000 foot-gallons, 5.87; the kilowatt hours per foot-acre-foot,
1.9; and at five thousand hours’ run per year the cost per 1,000,000
foot-gallons is 7.9 cents; the cost per foot-acre-foot, 2.56 cents. Noth-
ing could show more clearly the evils of throttling a pump. The
plant otherwise gives a remarkably high-efficiency.

Plant No. 1}.—The plant owned by Norcross & Crane, Lindsay,
Cal., in the San Joaquin Valley, consists of a 7.5-horsepower induction
motor, 2-phase, 200 volts, 7,200 alternations, 1,120 revolutions per
minute, and a No. 8 single-runner horizontal centrifugal pump, with
inlet and outlet openings 3 inches in diameter; discharge pipe 6 inches
in diameter throughout; one 3-inch check valve and taper connections.
It has direct discharge into box without elbows, and no diffuser.
There is one suction pipe 6 inches in diameter, 40 feet long; pit 8 feet
square, 31 feet deep. The pump is direct connected to motor. A
16-inch Cipolletti weir was used. The static head above pump is 30
feet 6 inches (measured); the static head below the pump, 11 feet
(estimated); total mean lift, 41 feet 6 inches. The results of the test
are as follows: '

Test of plant No. 14, owned by Norcross & Crane, May 25, 190;.

v .

Revolu- . . 5 I Kilowatts, Elee-

Time tions p(er cﬂ;e | Sll:ctign ;Il'ot::jl ‘(:n‘lle(;ns l}i{-yl(ll(:ar«li- ST Sa— ltriml

. minute ead.  head. ' | . horse-
' of pump. head. ‘ minute. power. | Meter A.,, Meter B. power.

| .
‘ Feet Feet. | Feet

2.45.. 31 13.4  44.4 . 475 6.74
2.55. . 31.1 13.3! 4.3 § 6.23
3.00. 31.1 13.3 '+ 44.3 5 6.23
3.10. 31.1 13.3 . 44.3 6.33
3.20. 313 13.4 .7 6.27
3.30. 31.3 13.2 4.3 6.30
3.40.. 31.3 13.2 4.3 6.23
350.. 31.3 13.3 446 6.29
4.00.. 31.3 13.: 44.6 6.29
4.10.. 31.3 13.4 4.7 6.29

4200 iiiinnn-. 3.8 13.5 44.8 6. 2
3.2 13.3 4448 6.314

The combined efficiency of motor and pump is 45 per cent. The
mean power used for test was 4.67 kilowatts, and the useful work,
627,500 foot-gallons per hour; therefore, the kilowatt hours per
1,000,000 foot-gallons were 7.4, and the kilowatt hours per foot-acre-
foot, 2.42. The number of hours run in a year is about two thousand
six hundred in this plant, hence the cost of a kilowatt hour is 2.58
cents, the cost per 1,000,000 foot-gallons is 19.2 cents, and the cost per
foot-acre-foot 6.26 cents. The arrangement of machinery is here good,
though a diffuser on the discharge might have helped. The results
are fair, but show clearly the lower efficiency of the smaller pump,
other things being equal.
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Llant No. 15.—The plant at the Peyton station of the Temescal
Water Company, Ethenac, Riverside County, Cal., consists of a 40-
horsepower induction motor, 50 cycles, 3-phase, 220 volts, 750 revo-
lutions per minute; diameter of pulley, 16 inches; 12-inch belt, and a
triplex plunger pump, with three plungers 14 inches in diameter; 15-
inch stroke; pulley 50 inches in diameter; discharge pipe 12 inches in
diameter, one elbow and one check valve; three suctions—one 7-inch
suction to well No. 1, one 10-inch suction with 8-inch side outlet to
well No. 2, one 8-inch continuation to well No. 3 (see fig. 17). The

Motor Puliey
"

Fie. 17.—Plan of Peyton pumping plant belonging to Temescal Water Company.

pump is belted direct to motor. A 50-inch rectangular weir, with stee-
edges, was already in place at time of test. The static head above
pump is 14 feet (measured); the static head below pump, 22 feet (meas-
ured); the total lift, 36 feet. Here we have a plant similar to that at
Corona (Plant No. 9), but with a low lift. The measured discharge,
1,232 gallons per minute, does not check with the pump displacement,
1,495 gallons per minute. The results of this test are given in the
table following.
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Test of plant No. 15, Temescal Water Company, Peyton station.

' | [ Kilowatts. |
| Revolu- | ! i . owatts.
Time MBS ol Shelgn | T e e
" pump. ; head. ead. * 'minute. power. |Meter A.| Meter B.| power.
" Feet. | Feet. f
50 2.4 23.8 . 3.80 | 1.2 24.1
50 22.4 28.8 . 3.80 M| 23.9
50+ 2.4 2.8 . 3.70 13.9 23.6
50 22.4 23.8 3 3.70 I 13.8 2.5
50 2.4 24 3 3.70 18.7 2.3
a0 224 24 | 464 leeenianns 370 187 23.3
500 2.4 23.9 | 46.27 « 1,282/ 4.4 l 17.62 23.61
| | I
|
o [} l
P
) ' —
|
3!
~
) ‘S

Fi1G. 18.—Plan of pumping plant E, belonging to Temescal Water Company.

The combined efliciency of motor and pump is 60.9 per cent. The
mean power used for the test was 17.62 kilowatts: the useful work
done, 2,661,000 foot-gallons per hour: therefore the kilowatt hours
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per 1,000,000 foot-gallons were 6.63; the kilowatt hours per foot-
acre-foot, 2.15. The results of this test show that the triplex plunger
pumps, even when designed for the purpose, do not work at their
best on heads so low as this. The same is borne out by the laboratory
tests on small pumps of this type. The installation is, nevertheless,
a most excellent one. “All the plants of the Temescal Water Company
are supplied with electric power from a central station owned by the
company. It is understood that the cost to the company for fuel alone
is not above 1 cent per kilowatt hour. To this of course must be added
the cost of labor; taxes, and depreciation of plant, etc., which will
probably raise the cost to 2.25 cents. On this supposition the figures
become: Cost per 1,000,000 foot-gallons, 15.15 cents; cost per foot-
acre-foot, 4.91 cents.

Plant No. 16.—The equipment at station E of the Temescal Water
Company, Ethenac, Riverside County, Cal., consists of a 20-horse-
power induction motor, 6,000 alternations, 3-phase, 200 volts, 930
revolutions per minute; pulley, 11 inches in diameter; 8-inch belt;
and a No. 5 single-runner vertical centrifugal pump, with inlet and

outlet openings 5 inches in diameter; discharge pipe 9 inches to elbow, .

then 12 inches to canal; one 6-inch check valve and taper connection;
three suction pipes; one 6-inch suction, 5-inch side outlet to well No. 1;
one 3-inch continuation to well No. 2; one 6-inch pipe to well No. 3;
pulley, 18 inches in diameter (tig. 18). A 20-inch rectangular weir
was already in place. The static head above the pump is 31 feet
(measured); the static head below the pump, 22 feet (estimated); the
total mean lift, 53 feet. In this station we have a vertical centrifugal
pump belted to a motor. The results of the test are as follows:

Test of plant No. 16, Temescal Water Company, Station E, June 16, 1904.

Re\olu | l Gallom Kilowatts.
. Hydrau- . Electric-
tions per Suction = Total per _—
Time. minute ‘(hurge head. ' head. | ie I:‘o;:e Meter A ‘\leterB h h‘gg;e
of pump. | | u!e . PO | . PO
I e R - - . AR
‘ 1 Feet. ! Fret.z Fggl. l | i
11.00... .- 33.6 23. B 10.8 5.05 21.25
11.10 . ('»00 | 33.6 i 22,7 56.3 | 10.7 5 l 21.05
11.20 - HRY 34.8 ‘ 22.7 | d.H ! 10.7 5 21.05
11.30 . Huh | 31.8 22.7 57.5 11 5 21.45
11.40... ....‘ 595 1 34.8 ! 22.81 57.6 .. 11 5 21.45
145 I 6 Bimi 229 577000 11 5 21,4
e T (B T A% 11 5 214
1200002000000 5% 348 23 578 Ll ol m | 5 21.45
| : o
Avomgo..] Cose us : 29 bT.4| b4 7.92 15.91 [ 232

The combined efficiency of motor and pump is 37 per cent. The
mean power used for the test was 15.91 kilowatts, the useful work per
hour, 1,730,000 foot-gallons; hence, kilowatt hours per 1,000,000 foot-
gallons, 9.19; kilowatt hours per foot-acre-foot, 2.98. The low effi-
ciency of this pump appears to be due to the fact that it is running under
speed for the particular head existing at the time of the test. Accord-
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ing to the manufacturer’s catalogue this pump should have run 670
revolutions per minute at 55-foot head. i

The Temescal Water Company has four other pumping stations inthe
immediate vicinity, known as stations No. 1, No. 2, No. 4, and power-
house station. An attempt was made to test No. 2 and No. 4, but it
was found that the power was beyond the range of the wattmeters.
Data, however, were obtained from the engineer in charge, on the per-
formance of five of the stations, as read on their recording wattmeters
and weir gauges. These are all centrifugal stations with 5-inch
pumps, and 40-horsepower, 220-volt motors.. The data furnished by
the engineer are given in the following tables:

Records of pumps of Temescal Water Company.
APRIL 19-26, 1904.

: | |Kilowatt | Kilowatt
s . Gallons . Mean | Foot-gal- ! hours hou
Station. Hr“']‘:":s r | Head. 13.33 kilo- | lons per fw%g' pex-m
nute. l watts, hour. | "foot. | foot-acre-
| l | . gallons. foot.
| '
| 20. 6.86 2.23
8.88 2.88
l 7.21 I‘ 2.34
6.75 2.19
9.22 2.
.20 2.3
MAY 5-10, 1904,
l H ]
1,30 36 3,360,000 20.00 | 3,003,000 6.66 2.16
500 | 54! 1,203,000 13.22| 1,620,000  8.16 2.65
1,265 | 50 | 6,147,000 : 36.60 | 3,795,000 9. 64 3.13
1,250 50 ' 4,542,000 | 27.04 | 3,750,000 | 7.2 2.34
554 I 53 1 1,660,000 , 17.00 | 1,762,000 9.64 3.13
1 !
MAY 2431, 1904.
6.21 2.02
7.08 2.20
9.78 8.17
7.52 2.44
10. 66 . 3.46
I
6.66 ' 2.16
6.93 2.25
7.20 2.34
911 2.96
6.63 ‘ 2.15
7.39 2.40
9.37 | 3.04
7.28 2.36
980 | 3.18
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Our own results on Peyton station are 6.63 kilowatt hours per
1,000,000 foot-gallons, and 2.15 kilowatt hours per foot-acre-foot; and
on station E are 9.19 kilowatt hours per 1,000,000 foot-gallons, and
2.98 kilowatt hours per foot-acre-foot—a very fair agreement.

PLANTS USING STEAM ENGINES.

Plant No. 17.—The plant owned by O. F. Von Dorsten, near Camp-
bell, in the Santa Clara Valley, consists of a 75-horsepower steam
engine; a fire-tube boiler 54 inches in diameter, 16 feet long, pressure
95 pounds, oil pump 3 by 2 by 3 inches, with feed pump 44 by 3 by
4 inches, feed-water heater; temperature of feed water, 180° F.; a
No. 6 single-runner vertical centrifugal pump with inlet and outlet
openings 6 inches in diameter; discharge pipe 9.5 inches in diameter
to vertical standpipe 2.5 feet in diameter; pulley 18 inches in diame-
ter; pump direct belted with quarter-turn belt; centers, 35 feet 9
inches. Balanced slide-valve engine, with cylinder 12 by 20 inches;
speed, 150 revolutions per minute; pulley, 8 feet in diameter; belt, 12
inches. A 30-inch rectangular weir was used. The static head above
pump at point No. 4 is 80 feet 6 inches (measured); static head below
pump, 8 feet (measured); the total mean lift at point No. 4, 88 feet 6
inches. In this steam plant the general arrangement of engine and
pump is quite similar to the gasoline plants, and requires no further
description. The pump discharges into a tall standpipe, from which
a pipe line conducts the water to various outlet points, No. 4 being
the farthest removed and Nos. 3, 2, and 1 being successively nearer to
the pump. There seems to be no possible use for the standpipe as an
aid to conducting the water, but it was useful in the test itself as
furnishing an actual measure of the lift. By this means the frictional
resistances of a long pipe line are not charged against the plant in the
calculation of its power value. Since the fuel test was made for point
No. 4 alone, the measured lifts for the other points are of no particular
value, but are inserted merely as a matter of interest: Total mean lift,
point No. 3, 88 feet 6 inches; total mean lift, point No. 2, 82 feet 6
inches; total mean lift, point No. 1, 70 feet 6 inches. The results of
the test are as follows.
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Test of plant No. 17, ouned hy O. F. Von Dorsten ( point No. 4), April 13, 1904.

Revolutions | i ! | I Mean
per minute. | pie. | 8 ! Gal- | o | Tem- | e E Indi-
— - Dis | Suec- ons er pera- tive
Time. ' chal ealge htiog Kg{ﬁl | p;ar ld;g:’sl;f’ | pres- ' ture t’dOI | pres- . hotrgg
Engine.| Pump. ‘ ea | l\l:tg , power. | sure. 1 water | \';g %  power.
, spring.
Feet. °F. Pounds.
152 | 798 86 52.8 46.2
150 | %00 86 56 48
151 802 84.6 59.8 51.6
151 798 86 54.4 46.9
151 800 84.6 52.8 45.6
151 | 802 84.6 563.3 46
151 | 800 84.6 51.4 4.3
151 800 86.9 51.4 4.3
151 | 800 86.9 54.3 46.8
151 | 800 86.9 54.9 47.4
151 | 799.5 i 86.7 M.1 | 46.7

The combined efliciency of engine and pump at point No. 4 is 50 per
cent; at point No. 3, 55 per cent; at point No. 2, 52 per cent; at point
No. 1, 39 per cent. The oil used at point No. 4 was crude oil, 16.5°
Baumé, costing 75 cents per barrel of 42 gullons; density, 0.975; total
used for test, 853.9 pounds in 4.25 hours, 201 pounds per houl or
24.7 gallons per hour, costing, therefote, 44.1 cents per hour for
fuel. Water evaporated: Total for test, 10,473 pounds in 4.25 hours,
or 2,418 pounds of water per hour; factor of evaporation, 1.0703;
2,588 pounds of water per hour from and at 212° F.; 12.86 pounds of
water from and at 212° F. per pound of oil; 51.8 pounds of steam for
all purposes per indicated horsepower of engine. The useful work
done in an hour is 4,970,000 foot-gallons, at a cost of 44.1 cents; cost
per 1,000,000 foot-gallons, 8.9 cents; oil per 1,000,000 foot-gallons,
4.97 gallons; cost per foot-acre-foot, 2.9 cents; oil per foot-acre-foot,
1.65 gallons.

This plant shows a higher efficiency and lower cost for fuel than
most of the gasoline plants. The first seems to be due principally to
the comparative large size of the unit; the second, to this and to the
low cost of the fuel. It must be borne in mind, however, that a steam
plant requires an engineer constantly in attendance, whose wages alone
would make the cost of operation double the fuel cost in this case.
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The results of tests at points 3, 2, and 1 are given in the following

table: )
~ Test of plant No. 17.

POINT NO. 8, APRIL 13, 1904.

Revolliltlons ' Mean ef-'
per minute. Dis- i Gallons | Hydrau- | fective Indicated
Time. T charge Sgg;ign i gg‘:ﬁl g]er lic horse- |pressure,  horse-
En- - p.m head. s minute. | power. | No.40 | power.
gine. * P- spring.
' ! |
P i T
| ‘ Feet. Feet. . Feet.
79.8 16.3 96.1 1,003 49.6
79.8 16.6 96.3 1,098 |. 44.6
78 16.2! 96 1,093 48.1
78 16.1 | 9.1 1,093 49
8.9 16.3| 9.6 \ 108 51| 5.8 41.8
POINT
73.5 55. 00 7.75
78.5 53. 80 46.10
738.5 5.4 46.64
78.5 54.54 47.04
73.5 ) ‘ 9 98 46.88
POINT NO. 1, APRIL 14, 1904.
150 i 800 70.8 11.0 59.8 5.3
150 : 800 70.8 11.4 58.4 50. 1
150 800 70.8 1.9 58 49.7
150 800 70.8 12,1 55.8 ! 47.8
it sL | 70.8 122 60.4 51.7
Average..| 150 ' 800 ‘ 70.8 11.7 58.5 50.1

|
|
|

Plant No. 18.—This plant, owned by H. Booksin, Willow Glen dis-
trict, Santa Clara Valley, consists of a 75-horsepower Corliss steam
engine: 44 inches by 14 feet return tubular hoiler, and a No. 6 single-
runner vertical centrifugal pump. The engine cylinder is 11.5 by
20 inches; speed, 115 revolutions per minute; belt, 12 inches. The
boiler is 44 inches in diameter, 14 feet long, and has a feed-water
heater; the temperature of feed water, 144° F. (average); boiler pres-
sure, 95 pounds. The pump has inlet and outlet openings 6 inches
in diameter; 32-inch runner; discharge pipe 12 inches throughout;
one 6-inch check valve; taper connection; one long-radius elbow; suc-
tion pipes, 5 in number, in two pits. The pump is belted direct with
quarter-turn belt, 27-foot centers. The water was measured over a
36-inch rectangular weir, placed in a portable weir box. The static
head above the pump is 48 feet 3 inches (measured); the static head
below the pump, 6 feet 6 inches (measured); the total mean lift, 5¢
feet 9 inches. In this plant the water discharges into a tank, from
which it passes through a 12-inch main to the distributing system.
The mean lift is measured to the level of the water in the tank, since
the discharge is below the surface. The results of the test are as
follows.
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Test of plant No. 18, owned by H. Booksin, April 24, 1904.

‘Revoh‘mons per| ' Mean
{  minute. i . Gallons Hydrau effective |Indic:
Time. LT charge Suction l’]l‘::gl {)e lic horse- pressure, hor;‘e"?.j
Engine. Pump. i minute. | power. | No.40 | power.
| | | | . | spring.
Feet. Feet. Feet. : ! Pounda.
16 ! 48.5 10.9 | 5.4 1,664 24.7 o 85%
116 518 48.5 11.1 | 5.6 1, 669 25 87 .
114 513 48.5 10.8 | 59.3 1,628 - 24.4 83.4 |,
14 516 48.5 1 59.5 | 1,646, 24.4 84.3 |
115 518 48.5 11.6 | 60.1 1,669 25.3 ¢ 86.1 |.
113 512 48.5 11.3 | 59.6 | 1,628 ' 24.5 | 81.8 |.
114 514 48.5 11.1 | 59.6 1,646 | 24.7 ! 84.1 |.
115 , 518 48.5 12.1 | 60.6 1,664 25.4 85.8 |..
115 518 48.5 12.2 | 60.7 1,664 ' 25.5 82.7
114 515 48.5 11.6 | 60.1 1,651 ' 25 | 819
114.6 | 516.2 ’ 48.5 11.4 | 59.85 | 1,653 | 25.09 | 84.2

The combined efficiency of engine and pump is 50 per cent. The
oil used was crude oil, 16.6° Baumé, costing 75 cents per barrel of 42
" gallons; density, 0.956; total used, 730 pounds in four hoursand forty
minutes, or 156 pounds of oil per hour; 19.6 gallons of oil per hour,
costing 35 cents per hour for fuel. Total water evaporated for test,
5,889 pounds in three and one-half hours; 1,682 pounds per hour; factor
of evaporation, 1.109; 1,865 pounds of water per hour from and at
212° F.; 11.93 pounds of water from and at 212° F. per pound of oil;
33.2 pounds of steam for all purposes per indicated horsepower of
engine. The useful work done in an hour is 5,420,000 foot-gallons,
at a cost of 35 cents; hence, cost per 1,000,000 foot-gallons, 6.46 cents;
oil per 1,000,000 foot-gallonb, 3.62 gallons, cost per foot-acre-foot, 2.1
cents; onl per foot-acre-foot, 1.17 gallons

The exceptionally low fuel cost in this case is due to several causes.
The first of these is the cheapness of the fuel, the second is the com-
paratively large size of the engine and pump, third the good arrange-
ment of machinery, and fourth the type of engine. The first three
of these are found in the preceding test (No. 18), but the fourth,
which makes up the difference between the two, lies in the engine.
An engine of this class uses steam more economically than a slide-
valve engine. This shows at once in the steam consumption per
indicated horsepower. Test No. 17 shows steam per indicated horse-
power per hour, 51.8 pounds; test No. 18, steam per indicated horse-
power per hour, 33.2 pounds. The boiler, however, is not working
as well, as seen by the evaporation per pound of oil; test No. 17
shows water evaporated per pound of oil, 12.85; test No. 18 shows
water evaporated per pound of oil, 11.93. Both these effects lie out-
side the combined efficiency.

Plant No. 19.—The plant owned by Floyd Lundy, Berryessa, Santa
Clara Valley, consists of a 40-horsepower balanced slide-valve steam
engine, a 40-horsepower return tubular boiler, and a No. 4 single-
runner vertical centrifugal pump. The engine cylinder is 9 by 12
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inches; speed, 250 revolutions per minute; pulley, 42 inches in diame-
ter; belt, 10 inches. The boiler dimensions are not given; the feed
pump is a 3 by 2 by 8 inch duplex; oil fed by gravity; feed-water
heater; temperature feed water, 123° F.; boiler pressure, 100 pounds.
The pump has inlet and outlet openings, 4 inches in diameter; discharge
pipe, 10 inches throughout; one 4-inch check valve; taper connections;
one long-radius elbow; two suction pipes, 5-inch casing; the pump is
direct belted with quarter-turn belt to engine. A 24-inch Cipolletti
weir, put in by our party, was used. '

The static head above the pump is 62 feet 6 inches (measured); the
static head below the pump, 8 feet 9 inches (measured); the total mean
lift, 71 feet 3 inches. This pump had a bad upthrust, heating the
lower collar hox at the pump head. The results of the test are given
in the following table:

Test of plant No. 19, owned by Floyd Lundy, June 8, 1904.

iRew’)JlJlixltlil(l)tr;s per, | | | Hy- | Mean
Time. o cl?als-e Suction Total Gm‘;"sldraﬁlic;ﬂr:ég:: Inl:l(i)cma;ed
‘Engine. Pump, Nead. | head. | head. 1 inute. ;’Oo‘&(:ﬂ No.40 : power.
| o '. ' ‘ *| spring. |
e I R .
| Feet. | Feet. | Feet. Pauuda.‘
1.30 246« 836  63.4, 125 75.9 57.5 2.3
- womoal omloa i) g
2.30.. .4 3. . 27
8.00.. 245 834  63.4 | 13.41 76.8 56 26.5
3.20 250, 855 63.4! 124 758 56.6 2.8
3.40 244 832 634 12.4| 5.8 55.6 26.1
400.. 250 844 63.4 ’ 1.1 76.5 55.2 26.6
420, 244 83 634! 121 755 51.9 2.8
4.40.. 251 848  63.4! 137 77.1 56.2 27.2
5.00.. 252 855 63.4| 13.9 T71.8 55.4 26.9
5.20 2451 835 63.4| 125  76.2 55.6 2.8
5.40 252, 860 63.4| 1281 7.2 56.7 2.5
M3 5 6 I 18.0 7.4 691 | 146 | 56.1 26.76

|
i
!
!
|
|
|
|

The combined efliciency of engine and pump is 43 per cent. The oil
used was crude oil, 17° Baumé, costing 75 cents per barrel of 42 gal-
lons; density, 0.954; total oil-used in test, 58.9 gallons in four hours
and ten minutes, 14.07 gallons per hour, costing 25.1 cents per hour
for fuel. No test of water evaporated was made. The useful work
done in an hour is 2,530,000 foot-gallons; hence, cost per 1,000,000
foot-gallons is 10 cents: oil per 1,000,000 foot-gallons, 5.56 gallons;
cost per foot-acre-foot, 3.3 cents; oil per foot-acre-foot, 1.8 gallons.
That this plant does not equal the performance of plant No. 17, where
the same type of engine is used, appears to be due to the smaller unit.
The performance is, however, very good.

LABORATORY TESTS.

The field tests which have just been described, though comparatively
few in number, give a very fair idea of the combined efficiencies and
fuel costs which now prevail in the average pumping plant in opera-
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tion. How much of the variation therein is due to difference in
arrangement of machinery, to neglect, to improper speed of pump, or
to different types of pumps, is to be determined by a much more
extensive investigation than the one completed in 1904. In regard to
the two latter causes it may be of interest to present the results of tests
made in the hydraulic laboratory of the University of California.
These, of course, may not represent actual working conditions; in
other words, they are made under the best possible conditions, but
they are all made under exactly the same conditions, and therefore
show most perfectly the effect of variation of speed or head on the effi-
ciency of the pump, and the relative efficiencies of several different
makes of pumps.

GENERAL DESCRIPTION OF LABORATORY.

The water supply of the laboratory is contained in a series of con-
crete-lined tanks sunk in the floor of the main court of the mechanical
engineering building at Berkeley. One of these tanks, 19 by 19
feet in area and 12 feet deep, is used as a storage tank, and three
others of the same depth, and ranging from 7 by 7 feet to 11 by 19
feet in area, are used as measuring tanks. In the main supply tank
two 8-inch suction pipes are hung, each provided with a large foot
valve. The pump to be tested is connected to one or the other, de-
pending on whether the scroll is right or left handed. The discharge
is passed through a gate valve and thence to a trough, which conducts
it to the weir box. This is 16 feet long, 6 feet wide, and 2 feet deep.
The water is passed through three baffle plates before reaching the
weir. This latter is a 30-inch rectangular weir with sheet-iron edges,
and the discharge can be either returned to the supply tank direct or
can be turned into any one of the measuring tanks by a system of
sliding gates made absolutely tight by rubber valves. The weir has
been carefully rated by passing the water for a definite time into a
measuring tank and noting the rise of the surface therein. These lat-
ter have been gauged by pouring in weighed quantities of water and
noting the rise. For ordinary centrifugal pump tests the weir alone
was used, the discharge being returned directly to the supply tank.
For more careful tests regarding the effects of the diffuser and on
triplex plunger pump tests, the measuring tank was used. The head
was measured on two gauges inserted at right angles to the suction and
discharge pipes, credit for the difterence in level between the gauges
being also allowed the pump. These gauges are carefully compared
with a mercury column and with a standard-weight gauge tester before
each test.

The mechanical power applied to the pump is measured on a 20-
horsepower transmission dynamometer, which in its turn receives its
power from a 15-horsepower direct-current electric motor. The speed
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of the pump is taken at intervals on an ordinary revolution counter,
and is also shown on a high-grade tachometer. This latter is used
principally to detect variations in speed, which can be checked at once
and the speed held absolutely constant by & rheostat in the field of the
motor. In order to get a wide range of speeds for different tests a
series of ten pulleys from 4 inches to 16 inches in diameter are used
on the motor.

In making a test the pump is placed in position and connected to the
suction and discharge. ' The smallest pulley is put.upon the motor, and a
measurement of power, head, and discharge made, with the discharge
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F16. 19.—Section of centrifugal pump used in test No. 1.

valve wide open. Thedischarge valveis then partly closed,thusincreas-
ing the effective head, another measurement made, and so on till the
valve is entirely shut. Meanwhile the speed is held constant by the rheo-
stat. The next larger pulley is then placed on the motor, and a set of
measurements made on a higher speed, and so on till the maximum
capacity of the motor or weir is reached. The efliciency of the pump
is thus determined from far below to far above its rated capacity.

In the following tables the pump speed is in revolutions per minute;
the dynamometer horsepower is the actual horsepower applied to the
pump hy the belt; the total head pumped against is the sum of the
readings of the two gauges corrected for errors, and expressed in feet of
water, plus the difference in level hetween the gauges measured in feet;
the hydraulic horsepower is the theoretical horsepower required to raise
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the water through the given head; the efficiency isequal tothe hydraulic
horsepower divided by the dynamometer horsepower. This method
of expressing the efficiency of a pump charges neither the friction
head of the piping, nor the velocity head of the entering water against
the pump. While the former is evidently a just requirement, since
we are measuring the efficiency of pumps, and not schemes of piping,
it is not so clear that the velocity head should not be charged against
the pump. Still, since the addition of taper connections and enlarged
discharge pipes, as are used on most modern plants, tend to eliminate
this factor, and since the efficiency is usually expressed in this way, the
definition has been retained.

CENTRIFUGAL PUMPS.

Test No. 1.—No. 4 single-runner horizontal centrifugal pump with
inlet and outlet diameters 4 inches; diameter of runner, 14 inches; type,
open runner, diverging vanes; vortex obstructed at two points by
bridging, and discharging into scroll. Pulley, 10 inches in diameter.
This pump is of the open-runner type, that is to say, the runner con-
sists of four blades or paddles, not connected in any way except at
the hub. The general dimensions are shown in the sketch (fig. 19).
The results of the test are given in the following table:

Results of test No. 1.

l Dynmnom-l | " Hydraulic !_

No. m eterhorse- Discharge. Total head. orse- | Efficiency.
. power. | . power. |
. . i
'Revolulitms l Cubic feet '
| per minute. per sccond. Feet. ' Per cent.
477 1 114 0.406 | 12.2 0.56 49.1
477 .54 0 12.7° 0 | 0
604 2,83 .891 16.6 | 1.68 59.4
604 ' 2,28 .587 19.1, 1.27 55,7
604 1.07 0 19.2 0 0
727 5.06 1.221 2.4 3.11 61.5
727 1.38 | . 956 2.2 2.73 62.3
27 3.04 .35 26.5 2.21 56.1
77 3.30 | T304 2.6 1.64 9.7
727 1 1.72 0 30.2 0 0
809 | 7.26 | 1.422 26.8 ! 4.33 59.6
809 6.72 1.233 29.3 4.10 61
809 6.32 1.088 31.2 1 3.85 60.9
809 | 5.75 i .938 32.5 ! 3.46 60.2
09 | 5.10 746 34.2 2.90 5.9
809 | 4.00 .438 35.8 1.78 44.5
809 2.28 0 36 0 0
964 | 12,79 1.806 35.5 7.28 57
964 | 11.98 1.641 38.3 7.4 59.6
964 . 11.12 1.441 41.7 6.82 61.3
964 10.19 1.252 4.8 6.37 62.5
964 | 9.31 1,025 475 5.54 59.5
964 | 6.9 “590 b2 | 344 195
964 4.11 .093 51.3 .54 13.1
964 3.36 0 51.5 0 0
1,076 | 18.00 | 2.020 42.2 9.68 53.8
1,076 16.92 1.828 1’ 9.95 59
1,076 ' 15.70 1.669 9.1 9.30 59.2
1,076 | 14.46 1. 481 53.8 9.06 2.7
1,076 | 13.38 1.252 57 . 8.11 60.6
1,076 | 11.62 1.022 59.5 6.91 5.4
1,076 | 8.59 528 63.2 3.79 4.1
, 1,076 | 4078 0 63.5 ! 0 0
_ 1,170 | 19.36 1.669 61.8 11.70 60. 4
1,170 18. 40 1.502 66 11.25 61.1
1,170 ‘ 16.22 ! 1.221 69.9 9.69 59.7
1,170 | 13.76 . . 891 73.4 0 7.43 54
1,170 | 9.86 429 4.5 3.63 36.8
1,170 6.09 0 7| 0 0
Y i

.
I
i
|
!
|
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The results of the test are best shown by the curves on figure 20.
These curves are typical in form for a fairly designed ceutrifugal
pump. By reference to them it will be observed that for every speed
there is a definite head at which the pump works best, and, conversely,
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FiG. 20.—Efficiency curves, test No. 1.
for a- given head there is a definite speed at which the pump works
most efliciently. These matters can be better discussed when the tests
on the other pumps of this type have been given. .
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Fi. 21.— Efficiency curves, test No. 2.

Test No. 2.—The pump is a No. 4 single-runner horizontal* cen-
trifugal pump, similar to the first one tested, except that there is
slightly different curvature to the runner blades. The results of the
test are as follows.
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Results of tedt No. 2.

T
Pum Dynamom- ' . Hydraulic
No. eoend | eter horse- Discharge. Total head.  horse- | Efficiency.
peed. power. . power.
Revolutions + Cubic feet
per minute, , per second. Feet. ! Per cent.
| PRI 455 1.09 0.411 9.8 0.49 4
e 455 .83 0 ' 10.6 0 0
3 533 1.79 . .686 1.5 .89 19.7
1 533 134 .361 13.4° .55 41
5 533 71 0 13.8 0 0
6.. 629 3.09 .956 15.5 1.68 54.4
7 629 2.74 762 1.3 1.50 5.7
8. 629 1.93 .375 + 18.4 .78 40. 4
9. 629 1.05 18.9 0 0
10. 729 5.21 1.221 19.8 2.75 52.8
1. 729 4.94 1.106 21.4 | 2.69 4.4
12. 729 4.36 .20 23.1 2.41 5.3
13 . 729 3.70 . 691 24.2 1.90 51.4
.. 29 2.56 .316 24.4 .97 | 3.2
15.. 729 1.54 24.7 0 0
16. 834 7.64 1.441 24.4 4 . 52.3
7., 834 6.90 1.227 26.8 3.74 51.2
18 834 5.89 . 926 30.4 3.20 | 5.3
19 .. 834 4.42 592 32.3 2.17 0.1
2 .. 834 2.93 .151 33 .57 19.4
2. 834 2.09 0 33.5 o |
>l 938 11.55 1.669 30 5.78 .
% 938 10.50 1.474 33.9 5.68
2. 933 9.62 1.272 36.9 5.33
25 . 938 8.18 992 4.5 1.67
2 . 938 6.40 .633 42 2.02
5. 938 3.08 42.5 0o
™ 1,020 14.35 1.733 38.3 7.52
2. 1,020 13.54 1.573 41.5 7.41
30 .. 1,020 12.74 1.396 | 42.5 6.68
3., 1,020 11.09 1.176 7.3 6.32
32 1.020 9.33 817 50.8 1.72
33 1,020 6.28 . 357 53.5 2.17
34 1,020 4.26 53.7 0 |
35 . 1,085 16.76 1.704 47 9.09
3% 1,085 15.74 1.502 9.6 8.46 |
37 1,085 14.52 1.309 53 7.88
I 1,085 12.39 1.040 56.3 6.65
19 1,08 9.94 .691 59.3 4.65
0. 1,085 6.98 257 65,6 1.91
1 1,085 5.14 0 66 o

The efficiencies given by this pump are distinctly lower than those
given by the first one. The results are shown graphically in figure 21.

Test No. 3.—The pump is a No. 4 single-runner horizontal centrif-
ugal pump. The inlet and outlet openings are 4 inches in diameter;
both are in the axis of the pump; diameter of runner, 9 inches; type,
closed runner; pulley, 6 inches: discharging against guide blades which
carry the water back to axis and out. The results of the test are
given in the table following.
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Results of test No. 3.

‘ Efficiency.
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The very low efficiency given by this pump appears to be due to
two causes—obstruction of the discharge and circulation within the
pump. Both of these are fatal to good operation. It will be noted
that the pump requires as much or more power to drive it when the
discharge valve is closed and it is delivering no water at all as when
throwing its full stream. The whole power in the first instance is
absorbed by friction and circulating currents, and these latter are more
or less destroyed by the rush of the stream when wide open. The
poor efficiency when pumping full open is due to obstructed discharge.
It is to be regretted that the head could not have been still further

FIG. 23.—Section of pump used in test No. 4.

reduced, so as to give a clear maximum on the curves (fig. 22), but it
is evident that the last points are quite near this maximum.

Test No. 4.—This is a No. 4 single-runner horizontal centrifugal
pump, with inlet and outlet openings 4 inches in diameter; inlet axial,
outlet tangential; diameter of runner, 14 inches; type, closed runner;
pulley, 9 inches; discharging into scroll; no bridging. This pump
has a closed runner of the ordinary type, ‘ finished ™ on the outside
only. The passages are rough cored (tig. 23). The results of the
test are given in the table following.
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" Results of test No. 4.

! Hydraulic '
. horse- Efficiency.
power.

eter horse- Discharge. Total head
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Fia. 24.—Efliciency curves, test No. 4.
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The efficiency curves are of the ordinary type (fig. 24). It will be
noticed that the highest value reached is about 71 per cent when run-
ning at 893 revolutions per minute on 40.6-foot head.

Zest No. 5.—The pump was a No. 4 single-runner horizontal cen-
trifugal pump, with inlet and outlet 4 inches in diameter; inlet axial;
outlet tangential; diameter of runner, 18 inches; type, closed runner;

F16. 26.—8ection of pump used in test No. 5.

pulley, 10 inches; discharging into scroll, no bridging (fig. 25). This
runner is ‘“finished” on the outside, and one side of the inside chan-
nels is ¢“finished.” The results of the test are as follows:

Results of test No. 5.

'p e sl
ynamom- Hydraulic
No. speetf ieter horse- | Discharge. gg:‘al orse- |Efficiency.
p()wor | . power,
Revolutamwl ! Cubic Jeet ‘
per minute. | per second. Feet. | Per cent.
1 627 | 5.98 . 2.5 3.55 59, 4
21l 637 | 5. 82 1.202 26.2 | 3.58 61.5
3.0 L e 5.57 1,082 27,9 3.43 61.6
ol . 627 | 5.18 . 956 29.9 ' 3.24 62.5
5., 627 4.89 833 31.8 3.01 61.5
6 627 | 4.34 1660 | 33.6 | 2.52 58
7 627 2.20 f) 37.5 0 0
8 726 9. 44 1.601 29.5 5.36 56.8
9 726 9.35 1.544 30.9 | 5.42 58
10 726 9,27 1.467 32.9 5,48 59
11 726 8.70 1.316 36.4 | 5.44 62.5
12 726 7.94 1.106_| 39.8 | 4.94 62.2
130 726 7.30 .891 42,6 4.31 59
14.. 726 6.05 .623 6.3 3.27 54
15 .. 726 2.78 0 ! 50.6 0 0
16 . 804 12.73 1.669 39.2 7.43 58, 4
17 .. 804 12.28 ¢ 1.523 42.3 7.32 59.6
18 804 11.56 . 1.389 5.6 7.19 62.2
19 804 10.80 1.221 9.1 6.81 63
20 . 804 9.96 ' .998 52.6 5.96 59.8
21 804 8.57 778 | 36.2 4.96 57.9
P 804 3.88 [ 62.8 0 0
2 905 16.23 1488 | 60.2 10.15 62.5
24 905 15.22 1.809 | 63.8 ! 9.55 62.8
25. 906 14.38 | 1.137 67.4 8.71 60. 6
2% 905 12.67 . 908 | 71.0 7.32 | 7.8
Er OO 905 10.7 .623 74.8 5,29 | 49.5
28 905 6.14 0 : 81.0 - o 0

1
!
)
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Figure 26 shows the efficiency curves as determined by this test,
These five efliciency tests are the only ones so far completed on cen-
trifugal pumps. Additional tests on the fourth pump were made to
determine whether air, churned up in the supply tank by the return-
ing discharge from the weir, reached the suction pipe of the pump and
affected the efficiency, and whether the efficiency of a pump working
on a definite head and speed was affected by the way in which that
head is distributed between the suction and discharge.

The first of these is easily tested by running a test in the ordinary
way and then turning the discharge into some other tank and repeating
the test. The results in the two cases were found to be identical,
showing that the tests had in no way been affected by the air of the
return. The same thing was tried on another pump, with similar
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Fi6. 26.—Efficiency curves, test No. 5.

results. This might have been predicted from the fact that the suc-
tion takes its water from a point 6 feet distant from the point of return
and 6 feet helow the surface. )

The second was tested in the following manner: A gate valve was
placed in the suction, as well as in the discharge. By this means a
given total head could be maintained, and at the same time distributed
in any way between the suction and discharge. The results showed
that the distribution of the head between suction and discharge had no
effect on the efficiency of the pump. The pump was well packed in
this instance, but an imperfect packing of the gland would doubtless
have shown a variation in favor of the low suction head.

TRIPLEX PLUNGER PUMPS.

Test .No. 6.—The pump tested was a single-acting triplex pump,
2-standard style, with plungers 5.5 inches in diameter; 6-inch stroke;
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inlet opening, 5 inches in diameter; outlet, 4 inches in diameter;
ratio of gearing, 5 to 1; pulley, 24 by 6 inches. This is a fair type of
the triplex pump, having, however, but two standards. This does
not give the steadiness of double-geared four-standard type. The
water in all cases was measured with the greatest possible care in the
standard measuring tank. The total number of revolutions for the
entire test was taken on a revolution counter, and the speed deduced
therefrom. The pressure was measured on an 8-inch test gauge, or on
the platform-gauge tester direct. The latter was found best on account
of excessive vibrations at high heads, which made the reading of an
ordinary gauge almost impossible. Since the efficiency of a plunger

r
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F16. 27.—Efficiency curve, triplex pump, test No. 6.
pump is not intimately connected with the speed, as is that of the cen-
trifugal, the test was made at but one speed. The test resulted as
follows (tig. 27):
Text of 53 by 6 inch triplex pump.

N ' . ! I Hy-
! Dynamom- . ' Discharge Percent- ¥ s
- Pum Discharge , < Total draulic| Efticien-
No pee(l) | eter horse- . > bydisplace-] ageof ! "
g] | by tank, °° head. horse- cy.
power. | . ment. | slip. | power.

—_ - - - -
| Cubicfect  Cubic feet | i '
per secomd.  per second. Feet. | Per cent.

2.83 0. 262 0. 267 1.87 32. 4 0. 96 33.8
4.13 , 262 ! .267 1.87 76.2 2.26 54.8
5.71 . 260 . 266 2.25 1225 3.62 63.3
7.14 255 | . 261 2.30  168.7 4.88 68.4
8.89 260 | 267 2.62 215 6.35 1.4
10.06 260 266 2,25 261 7.70 76.6
12.17 260 | 266 2,25 307.2 9.07 7.5

It is seen here that the efliciency increases rapidly with the head.
This is, however, largely a matter-of packing. A plunger pump
should be packed only tight enough for the particular head under

30620—No. 158—85——16
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which it is used. It is probable that the glands were packed too tight
for low heads in this pnmp. The pump was tested just as received
from the manufacturer. ’

Zest No. 7.—This test was made with a single-acting triplex pump,
2-standard style, with plungers 4 inches in diameter; 6-inch stroke;
inlet, 8 inches in diameter; outlet, 2.5 inches in dianeter; ratio of
gearing, 5 to 1; pulley, 20 by 4 inches. The test resulted as follows:

Test of 4 by 6 inch triplex pump.

[ g l Hy- '
Dynamom-, Discharge | Percent- -
Number,  Pump Clorhone” Rlschunee PGS Tl To qraitie e
peed- " power., | F * |placement.| slip. < y.
. | power.
' Revolutions Cubic feet | Cubic feet
per minute. per second. | per second. | Feet. . Per cent.
D 64. 1.77 0.1361 0.1405 3.14 1.1, 0.17° 9.7
2. 3.19 .1359 L1392 2.37| 100 ' 1.54 : 48.4
3. 4.30 1338 . 1380 3.04 | 170 | 2.58 60
4. 5.42 1312 . 1384 3.041 239  38.64, 67.1
5 6.86 1348 L1394 3.87| 300 | 473 69
1
l ............ R 3.09 |........ | ........ R

The resulting curve of efficiency is shown in figure 28. This shows
a lower efficiency than No. 6, necessarily true, other things being
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Fi6. 28.—Efficieney curve, triplex pump, test No. 7.

equal, on account of the smaller size of the pump. The effect of tight
packing is well shown in the figure. The full-line curve shows the
efticiency when first received and tested the same day. The lower
dotted curve shows part of the eficiency curve taken a few days later,
when the packing had hecome water-soaked and swelled.

CONCLUSIONS.

The principal results of the field tests may now be brought together
for purposes of comparison.
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In looking over this table it will be noticed that the cost per 1,000,000
foot-gallons with gasoline engines (uniform rating) varies from 9.8
cents to 27.8 cents. The first of these is obtained with a large and
expensive equipment, and the latter with a worn and leaking pump in
a small station. The mean cost with good stations of moderate size
seems to he about 16 cents. For electric plants the cost varies from
5.9 kilowatt hours to 12.3 kilowatt hours, or from 14.7 cents to 30.7
cents (uniform rating).” The mean value for the best plants appears
to be about 7 kilowatt hours, or 17.5 cents. For steam plants of
from 40 to 100 horsepower 9 cents per 1,000,000 foot-gallons should
cover the cost of fuel. It is interesting to note how these compare
with results obtained from the known efficiencies of the machinery.
The actual power necessary to raise 1,000,000 foot-gallons in an hour
is 4.21 horsepower. The efficiency of a good centrifugal pump, if
running at exactly the correct speed, should easily reach 65 per cent.
Allowing, however, for friction in pipes, check valves, and lost veloc-
ity head, it will not rise much over 60 per cent, and in fact few rise
so high. This requires, then, 7 brake horsepower on the engine or
motor. A new engine, perfectly adjusted, will run on one-eighth
gallon of distillate per brake horsepower per hour, but it has been
our experience that an engine in service some-time, and perbaps not
in the best adjustment, consumed more like one-sixth gallon per
indicated horsepower per hour, or, say, 0.17 gallon per brake horse-
power per hour. Hence, to develop 7 brake horsepower will require
1.19 gallons of distillate, which, at 12 cents per gallon, costs 14.3 cents.
No centrifugal plant which we tested fell to so low a value as this, the
difference being due to lower efficiencies of engine and pump than
assumed here. Furthermore, 7 brake horsepower is equal to about 8.2
electrical horsepower at the meter, or 6.14 kilowatts. One of the plants
tested fell even below this. Finally, 7 brake horsepower means about
7.8 indicated horsepower in a steam engine cylinder. A good engine
of, say, 50 horsepower should give a horsepower hour on 30 pounds
of water. A fair tubular boiler should evaporate 11 pounds of water
with a pound of oil. Hence, the 7.8 indicated horsepower for an hour
should be made with 21.3 pounds of oil. A harrel of oil weighs about
335 pounds and costs, say, 75 cents. Hence, the cost of pumping
1,000,000 foot-gallons should not exceed 1.8 cents. All stations tested
considerably exceeded this.

The main quantities which affect the final result, so far as the
machinery alone is concerned, are: First. Size of plant. The larger
the plant the more efficiently it will perform. This holds for both
engine and pump. Second. The condition of carryving full-rated load

a Uniform rating taken at 12 cents per gallon for distillate and at 2} cents per kilo-
watt hour for electrical energy.
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on both engine and pump. An engine too large for its work is running
uneconomically. Third. The most direct possible transmission between
engine and pump. Fourth. Large suction and discharge pipes, with
the fewest possible number of bends. Fifth. Care, cleanliness, and
intelligence in operation. More expense is incurred hy neglect of the
last precaution than all others combined. Minor considerations are a
low suction lift and a free check or foot valve.

In selecting the kind of power it must be borne in mind that fuel is
far from being the only cost incurred. An electric motor, for example,
costs practically nothing for attendance and repairs. A gasoline engine
costs but little for attendance when in good running condition, but
may run up a large bill for repairs if not intelligently handled. A
steam plant requires an engineer constantly in charge, and wages here
become a large itein. But, on the other hand, a good engineer insures
the proper care that machinery of this class should have. The condi-
tions are so varied in different localities that no fair decision can be
reached as to which of these forms of power is preferable, but the
most general possible statement, which must be taken with many quali-
fications, is as follows: When electric power is obtainable, it is best.
For small plants not so favored the gasoline engine is the only resource,
while for large plants a good steam engine may give better satisfac-
tion in the long run. For very large installations, or where many
farms combine interests for pumping purposes, the steam central
station, with electric distributing system, is by far the best.

The accompanying diagrams may help the prospective irrigator in
estimating roughly the cost of installation and operation (fuel only)
of a proposed pumping plant.

There must first be known the area to be irrigated (acres), the depth
of one irrigation (inches), and the time in which it is nccessary to apply
this water. These latter items are not within the province of the
present chapter, and must be taken froni a knowledge of the duty of
water in the particular locality desired. Knowing, however, the first
two of these, the total amount of water, in million gallons, is at once
taken from the diagram (fig. 29). For example, if 80 acres is to be
covered 6 inches deep with water the resulting amount is 13,000,000
gallons. The third item may be given either in the actual num-
ber of hours of pumping, or in the number of days, together with
the number of hours which constitute a day’s run. These heing
known, the quantity to be discharged per minute can be read from
figure 30. For instance, if the 13,000,000 gallons is to be pumped in
twenty days, running fourteen hours per day, the course of the dotted
line of the tigure brings us to 760 gallons per minute, the required
capacity of the pump. On this depends in a measure the size of
the pump., which may be taken from the builders’ rating, or, if the
pump be a centrifugal, directly from figure 30. For example, in the
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case just cited, 760 gallons per minute lies between the lines shown
for a No. 5 and a No. 6 pump. Hence the latter would probably
be taken. This determination of size is only approximate, as centrifu-
gals will work very well considerably ahove their normal rating.
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F1. 29.—Millions of gallons of water required to cover a given area to a given depth.

Sizes of plungers and the other types of pumps must be taken from
the builders’ rating.

Now, in order to calculate the power to drive the pump, it is neces-
sary to know the total lift under working conditions. This should
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not be taken from the mere standing level in the surrounding country
before pumping is commenced, but from the final level that the water
takes up after pumping has been carried on for some time. The best
way to tind this is to hire a portable plant and run a test for several

18 20 22 24

MILLIONS OF GALLONS

/6
F1G. 30.—Gallons per minute required to supply a given quantity of water in a given time.
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days. If this can not be done the level should be estimated by noting
the fall in ground water in neighboring plants. Reference to the field
tests will show that the gross efficiency of the average centrifugal
pumping plant seldom exceeds 50 per cent, rated from the brake horse-
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power. Reference to the case cited on page 238 shows that this should
reach 60 per cent or over, but, allowing something for probable drop
in the level of the suction and other possible defects, we will figure

WY FUV IVUV 1IUV 'ewy
GALLONS PER MINUTE

1%

60 55 S0 45 40 35 30 25

BRAKE HORSE POWER,ENGINE OR MOTOR

our engine size (brake horsepower) on a 50 per cent efficiency for a
No. 6 pump. Larger pumps will give higher and smaller ones lower
efliciencies. Therefore, for a centrifugal pumping plant, the neces-

F16. 31.—Brake horsepower necessary tolift given quantities of water,
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sary brake horsepower, by which engines and motors are rated, can
be taken from figure 31. For instance, with the discharge of 760 gal-
lons per minute and lift of 60 feet, we find the brake horsepower
necessary will be 22. '

Having now the main dimensions of the proposed plant the cost of
the machinery becomes the next factor. Taking first the cost of the
pump we may get a rough idea from the annexed diagram (fig. 32).
For example, one No. 6 pump will cost, f. 0. b. San Francisco, $160.
This is the pump only, including, however, a foot valve and pulley.
Similarly for the engine. If a gasoline engine be used we get an idea

400
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150 ——+ 7

100 e

S0 o

NO 2 3 4 s 6 7 8 9 10 n /12
S/ZE OF PUIIP

Fi1G. 32.—Approximate cost of centrifugal pumps.

of the cost of a first-class engine of ordinary type from figure 33, if it
be lessthan 12 horsepower, or from figure 34, if it be over 12 horsepower.

In the figures the upper curve represents approximately the highest

prices paid for such engines, and the lower the lowest prices. The
" heavy curves between are the average prices paid. The diagrams do
not include, however, certain specially high-priced gas engines, nor
do they include very cheap engines. The powers corresponding to the
short heavy lines are the ones which may be found in stock. 1f the
required power falls between two of these the next higher must be
taken. Taking again the example which we are carrying through,
we find that the cost of an engine of about 25-brake horsepower would
be $1,200, f. 0. b. San Francisco. Figure 35 gives exactly the same
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data on induction motors. For instance, the nearest motor to our
required 22 horsepower is 39 horeepower, and the cost of this will he
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F16.°33.—Approximate cost of small garoline engines.
about $800.2 The prices of steam engines and boilers are so varied,
and the data so far obtained are so limited, that no curves can be given

ST OF LARGE 64,
Fia. 34. —Approximate cost of large gasoline cuglnen

for them. The same applies to the cost of boring the wells. In the
most general terms it may be stated that the cost for machinery and

¢ These are appr(mmatvl\ figures for July, 1904. The price of 1nductlon motors
has been very greatly reduced during the past year.
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erection alone should not exceed $80 per horsepower, and for the
entire plant, including wells and building, $100 per horsepower.
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F1G. 35.—Approximate cost of induction motors.

As to the cost of producing power a more exact statement can be
made. Reference to figure 36 will give the cost in cents per hour for
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fuel, which should not be exceeded in a well-designed plant using a
good gasoline engine and centrifugal pump. For example, such a

900 1000 //00 1200 /:
GALLONS PER MINUTE

0 //0 (00 .90 80 .70 .
COST PER HOUR FOR FUEL

plant lifting 760 gallons per minute to a height of 60 feet, with engine
distillate at 11 cents per gallon, should not cost over 40 cents per hour

F16. 36.—Cost of fuel per hour with gasoline pumping plauts,




v L
" .

TETS OF PUMPS AND PUMPING PLANTS. 253

to run (fuel only). The same plant electrically operated (fig. 37)
should not take over 19 kilowatts to run, and if power be hought by

J )

GALLONS PER MINUTE

[ O s ot (N TN U T T T N N S T Y T N I O v |

RN EEN

| 1 1O 1 T I I I

60 55 S0 45 40 35 30 25 20 /5 /0 & 0 /00 200 300 400 $00 600 700 800 900 /1000 //00 1200 1300

KILOWATTS

meter at the rate of 2.5 cents per kilowatt hour (fig. 38) it should not
cost over 48 cents per hour, but if the rate is 6 cents per kilowatt

F1G. 37.—Electrical energy necessary for operating pumping plants.
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hour the cost will be nearer $1.14 per hour. Similarly, if a flat rate
of $50 per horsepower year be charged, and it is run two thousand

o

800 900 /1000 /100 12
GALLONS PER MINUITE

60 .50 .40

GOST PER HOUR FOR ELECTRICAL ENERCY

180 (10 100 .90 .80 .70

N NN NN

five hundred hours in the year, then from figure 39 the cost should not
exceed 51 cents.

F16. 88.—Cost of power per hour for electric pumping plants at meter rates.
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It must be understood that these figures are approximate only, and
are not intended to represent what any plant may do, but a limit

00 /000 1100 1200 130
GALLONS PER MINUTE

F1G. 39.—Cost of power per hour for electric pumping plants at a flut rate of $50 per horsepower per year.

S50 40 30

COST PER HOUR FOR ELECTRICAL ENERGY

0 110 100 .90 80 70 .60

beyond which, if the cost rises, it shows an error in design or
operation.






IRRIGATION IN KLAMATH COUNTY, OREG.

By F. L. KenT,
Assigtant Agriculturist, Oregon Agricultural College.

The nature of the work in Klamath County, Oreg., during the sum-
mer of 1904 may be briefly summarized as follows:

Determination of losses by seepage and evaporation on Adams
ditches, the Ankeny, and the Mitchell lateral; the duty of water on
38.5-acre tract and a 3-acre tract owned by N. S. Merrill, a 40-acre
tract and a 95-acre tract owned by William Ball, a 118-acre tract
by free flooding and a 110-acre tract by checks, both owned by Ankeny
and Cantrell; comparison of labor required in different methods of
irrigating; determination of evaporation from Adams ditch for one
month; collection of samples of soil and irrigation waters for analysis;
collection of data relative to alfalfa growing, and photographing irri-
gation works and haymaking appliances.

Irrigation has been practiced in Klamath County for a considerable
time, the property of the Klamath Falls Irrigation Company, com-
monly known as the Ankeny ditch, having been built in 1884, and
that of the Little Klamath Ditch Company, locally known as the
Adams ditch, having been- built in 1885. Each of these systems has
been enlarged to more than twice its original water-carrying capacity.

The first-named system is now supplying water to about 4,000 acres,
but could easily be enlarged to cover about 10,000 acres, which area of
land lies within easy reach. Under this system water is sold on the
basis of $2.50 per California miner's inch, each user taking about 1
inch for every 2 acres. The water supply is taken directly from Kla-
math Lake and distributed along about 16 miles of main ditch.

The Little Klamath Ditch Company (Adams ditch) takes its water
supply from Little Klamath Lake by a channel recently cut through
about 4 miles of tule growth discharging into White Lake, thence
through a deep cut of about 1 mile into the Lost River Valley. Here
two branches about 8 miles in length supply about 5,000 acres on the
south side of Lost River, while the greater portion of the water pass-
ing through the cut is flumed across Lost River and distributed by
means of two main ditches of about 32 miles total length to about
8.000 acres. Under this system water is delivered to users at the rate
of $1.50 per acre for the season.
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That portion of the water which is not flumed across Lost River
belongs to a stock organization known as Yan Brimmer Ditch Com-
pany, which operates about as follows: There are about 5,000 acres
under the ditch, each acre of which represents one share. On May 1,
1903, when the ditch property was purchased from Van Brimmer
Brothers, the originators of the system, the sum of 5 per share was
paid in for the purchase of the property. The cost of maintenance is
to be assessed pro rata per share, and it is estimated that this item will
amount to less than 25 cents per share annually, which assumption is
warranted by the results of the past two growing seasons.

On Sprague River the canals of the North Fork Irrigating Company
and the Sprague River Irrigation Company, each cover about 2,000
acres. These ditches are about 12 and 11 miles long, respectively,
including the principal laterals. They are both stock concerns, the
shares being held by the water users.

On Wood River prairie, which lies to the northward of Klamath
Lake, some 3,000 to 4,000 acres are irrigated from tbe mountain
streams fed by the snows of Crater Lake Mountain (Mount Mazama)
and other high mountains. Here, as on Sprague River, the water is
very cold (54¢ F. observed at 2 p. m., July 7) and is used mainly for
the irrigation of wild grasses. It is doubtful if simpler irrigation
engineering problems can be found anywhere than those of the Wood
River prairie. The whole area slopes uniformly toward the south
with a fall of 8 to 5 feet per mile. Wood River and smaller streams
have such very low banks that the water may be diverted at almost
any point. The uniformity of the surface, and the ease with which
the soil is worked, make it possible, as reported, with three horses on
a plow and six on a road machine to construct between 4 and 5 miles
of ‘*surface ditch™ in a day. And the system of applying the water
is quite as simple. As one user expressed it, ‘‘there is no system;
water is simply led out on the higher lands and allowed to flood those
of a slightly lower level. The water is generally turned on to wild
meadows about June 1 and left on from four to six weeks.”

Under the Ankeny and Lost River systems, the principal crop grown
is alfalfa, although wheat, oats, and barley are largely grown. Alfalfa
yields 4 to 5 tons of hay per acre per season, there being two cuttings.
Wheat yields, per acre, 20 to 30 bushels; oats, 30 to 50 bushels, and
barley, 40 to 60 bushels. Two and sometimes three irrigations per
season are applied to alfalfa, the first about May 15, and the second
about July 15. (Grain usually gets but one irrigation, and that about
June 15 to 30. Irrigators estimate that about the same amount of
water is applied at each irrigation.

In addition to the systemsalready mentioned considerable irrigation
is done with the water of springs. The Griffeth and Bord water
wheels on Lost River each furnish sufficient water to irrigate 250 acres,
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and Mr. F. J. Bowne, of Bonanza, upper Lost River Valley, has this
vear (1904) installed a steam pumping plant designed to supply water
for the irrigation of about 1,800 acres.

Some idea of the climatology of the region may be gained from the
Weather Bureau reports, as furnished by voluntary observer Marion.
Hanks, near Klamath Falls, and given in the following table:

Precipitatitm near Klamath Falls, Oreg.

Year. Jan, | Feb. Mar.' Apr. May June., July. Aug. !Sept |Oct Nov. tDcc 'Toml
_ _ . — e »I . __\___x
!
In | . ottt In | .
1901......... | 5.30| 1.8 ... s o o-g o Trice. Trage. 1.6 | 0.90 129!229i ........
1902......... i Trace., 2.50 ' 0.50 : 1. 17 0.50 | Trace., 1.75 | 0 8| .79,3.20 1126
1903..0000000 | 3.9 Trace. 1.18| (20 |...... | 1.93,0 .......................... 1.86 ...,
1904......... | 1.00 4.601362 ...... TR 53 U L HN IS oo feeeevann
' Il ! v
Monthly temperature averages, Klamath Falls, Orey.
T o, ;
Year. Jan. | Feb. | Mar.! Apr.ll\lny.l.lune.l .luly.I Aug. , Sept. Dec.i Total
OE OR | 0}'. OR " QF OF | O_F'_ OR
64.8| 57.2 68.1| 70 ! 54.6 51.9 40 8826 47.3
52.8 | 60.7 63.2| 68.3, 64 |47.4|38.433.3 48.3
L. 63.4 7 65.1 ... 33.8 f........
I 58 | L. R P P eeeennn B R EE] CEPETE! FRPPIN
! |

In the Wood River region the average temperature is somewhat
lower and the precipitation somewhat greater than near Klamath Falls,
while in the Lost River region the average temperature is higher and
the annual precipitation rather less. The Sprague River section very
closely resembles the Wood River region as to temperature and pre-
cipitation. The whole area is above an elevation of 4,200 feet, conse-
quently summer frosts are quite liable to occur.

The work discussed below was carried on during the months of July
and August. A very unusual rainfall during the first ten days of the
month of July interfered with the work, as the Ankeny ditch was
injured to such an extent that it supplied no water to users for more
than a week. An unusual amount of spring rain delayed plant growth
and threw the irrigation periods considerably later than usual. In fact
the July rains furnished so much water that several growers deemed
it unnecessary to irrigate their grain crops, hence it is probable that
the duty of water, as indicated by these investigations, is higher than
would ordinarily be the case.

LOSSES FROM ADAMS DITCHES.

The seepage and evaporation losses from the Adams ditches were
measured July 15 and 16, 1904. The old ditch has a fall of 1.8 feet
per mile and the new ditch a fall of 0.7 foot per mile. The results of
the measurements are given in the following table.
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Losses from Adams ditches.

{In cubic feet per second.]

OLD DITCH.
Discharge 600 feet below Lost River flume ... .. ... ... .... 16. 99
Diversions .. ... ... i 1.37
Discharge 6 miles below upper measurement........_.... 13.89
) . 15. 26
Lossin6miles.... .. .. ..o . ..., 1.7
Percentage of loss ... ... ... ... ciieciii...... 10. 24
NEW DITCH.
Discharge 300 feet below Lost River flume ... . ... ... ... ... 18.16
Discharge 8 miles below ... ... . .. .. ... 15. 88
Lossin8miles.... ... .. . .. . . . ...l 2.28
Percentage of loss . ... ... ... ... il 12.55

LOSSES FROM ANKENY DITCH.

The losses from the Ankeny ditch were measured twice during the
season. The ditch was built on a grade of 1 foot per mile. For the
first mile the ditch follows a very rocky and, in places, steep hillside,
where much of the loss doubtless occurs. August 9 the velocities
were measured by the use of floats and August 20 by the use of a cur-
rent meter. The results of these measurements are as follows:

Losses from Ankeny dilch.
[In cubic feet per second.}

~ AUGUST 9.

Discharge 200 feet below power plant....... ... ... ... ....... 43. 98
Diversions . .....ooeoiiii ittt aaaaaan 2.00
Discharge 6.5 miles below upper station................_. 36. 38

—— 38.38

Lossin 6.5 miles ... ... . i iiiimiiiiiiaiiii i 5.60

Percentage of loss % . .. . .o i, 12.73

Avgust 20.

Discharge 200 feet below power plant..... ... .o ... 43. 41

Discharge 6.5 miles below upper station. ... ... ... ....... 35. 57

Lossin6.5miles ........ ... .. iiiiiiiiiiiii... 7.84

Percentage of loss ... e, 18. 06

LOSSES FROM MITCHELL LATERAL.

The losses from the Mitchell lateral of the Ankeny ditch were
measured August 9. For a large part of the distance between the
points of measurement this lateral was overgrown with sweet clover,
alfalfa, etc., while in other places occasional gopher holes allowed
considerable water to escape. It doubtless represented as unfavorable
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conditions as would be found on any of the laterals of the Ankeny
system. The results are as follows: '

Losses from Mitchell lateral.

[In cubic feet pe»second.] -

Discharge one-half mile below head gate....................... 3.92

Discharge 14 miles below upper station ........ ... ........... 3.12
Lossin1dmiles... ... ... ... o i ... . 80
Percentage of loss . ... ... ... . iiiiiiiiiiiiiiiaa. 20

DUTY OF WATER.

The field work of 1904 was limited to the months of July and
August, and therefore it was not possible to secure complete records
of the water used during the season. The plan followed was to
determine the quantity used in a single irrigation and from this esti-
mate the quantity used during the season.

N. 8. MERRILL’S 38.5-ACRE TRACT OF ALFALFA.

This field was irrigated July 24-28. The water was measured over
a Cipolletti weir and the depths recorded by an automatic register.
The total amount was 20.09 acre-feet, giving an average depth over
the 38.5 acres of 6.27 inches. In the opinion of Mr. Merrill, who
applied the water, this was about the usual quantity he has been in
the habit of applying at each.of the two irrigations annually given
this field. The check system was used, this being the method usually
followed among the water users in the Lost River Valley.

N. 8. MERRILL’S 5-ACRE TRACT OF ALFALFA.

This field was irrigated July 28-30. The water was measured over
the same weir used in the preceding measurement. At one point the
water broke over the check levee and a considerable amount ran on to
other lands, and there was fully 6 inches of water in parts of some of
the checks twenty-four hours after the water was turned off. The
results are, therefore, considerably higher than would normally be
-obtained. The measurements show that 8.77 acre-feet of water was
used, giving an average depth of 1.75 fect.

WILLIAM BALL’S 40-ACRE TRACT OF ALFALFA.

This field was irrigated July 17-21. Owing to the delay in getting
water into the main ditch this field did not receive irrigation which it
should have had about the middle of June and had received no water
prior to this time. The field received 29.29 acre-feet, giving a depth
of 8.78 inches.
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WILLIAM BALL'S 95-ACRE TRACT OF ALFALFA.

This field was irrigated July 23-27. It had received the usual irri-
gation in June. The field received water from two laterals, the total
amount supplied to the two being 47.83 acre-feet, giving a depth of
6.05 inches.

ANKENY & CANTRELL’S 118-ACRE TRACT OF ALFALFA.

This field was irrigated August 8-11. The water was applied by free
flooding and was supplied by two laterals. The total amount received
wus 48.46 acre-feet, giving a depth of 4.92 inches. The comparatively
small quantity necessary to irrigate this field was due to the large head
used and to the fact that the alfalfa had made considerable growth
since cutting, thus lessening evaporation. However, some of the high
spots received no water, and it is probable that the irrigation was not
quite heavy enough.

ANKENY & CANTRELL’S 110-ACRE TRACT OF ALFALFA.

This field was irrigated August 14-18. It received 54.2 acre-feet,
giving a depth of 5.92 inches. The water was applied by the check
system.

These two fields belonging to Ankeny & Cantrell furnish data for
comparison of the cost of irrigating by the check system and by free
flooding. Applying the water by free flooding required two men and
a team for one day; and plowing furrows and otherwise preparing
ditches for tlre distribution of water, the services of two men for five
days were required to apply the water, and the days were very long.
Allowing $2.50 per day for each man and $2 for the team, the cost of
spreading the water on the 118 acres amounts to $32, or ahout 27 cents
per acre. In applying water by the check system practically no prep-
aration was required before turning on the water, and one man work-
ing five days was easily uble to attend to the handling of the water for
110 acres. Taking the same wages as before, the cost would amount
to $12.50, or a little more than 11 cents per acre. This does not take
into account the cost of checking the land, which depends to a consid-
erable extent on the slope. Mr. N. S. Merrill, who is a firm believer
in the check system, estimates that his checking has cost him about
$10 per acre, but he has some land upon which the check levees are
not more than 1 rod apart with a fall of 1 foot between checks.

Mr. J. F. Adams, who has superintended a large amount of check
construction, says that one man with a *“ Buck scraper™ and a 4-horse
teain can construct about one-fourth mile of checks per day for a 3-inch
fall, and such a working outfit is worth about §5 per day. On this
basis, using as an example the 80-acre field of Mr. M. E. Robinson, a
sketeh of which accompanies this report (fig. 40), the cost of construct-
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ing the check levees would amount to about $60. The cost of locating
the levees would probably amount to $20 additional, making the cost
of putting in the checks about &80, or about $1 per acre in this par-
ticular case. This is an ideal field for the application of the check-
ing system, although there are other checked fields of equal area in
the Lost River system which have a less amount of levee work. To
the above estimate should be added the cost of putting in twenty gates,
two for each levee, although in many cases canvas, manure, or dirt
dams are used in the laterals instead of gates. The manure or dirt
dams are not to be recommended, as they require too much labor.

A peculiar feature of the practice of water users under the Adams
and the Ankeny ditches is their attitude toward the use or nonuse of
the checking system. Ankeny & Cantrell are practically the only
users of checks under the Ankeny ditch, and they propose to decrease

‘ SUPPLY OITCH
’
\K ) SuPPLY DITCH.
—— ———————
FI1G. 40.—Plan of farm of M. k. Robinson, saowing contour levees.

and perhaps eliminate their checked area, while practically all of the
users under the Adams ditch follow the check method. The lands
covered by these two ditches approach within less than 10 miles of
each other, and to a close observer there appears to be no particular
difference in the character of the soils, except perhaps the presence of
a little more sand and a trifle less clay in the region served by the
Adams ditch.
EVAPORATION.

In the absence of a regular evaporation pan, a pan 13 by 9 inches
and 9 inches deep, inclosed in a wooden framework suitable for prop-
erly floating the pan, was placed in the Adams ditch on July 24 and
filled to a depth of 7 inches. The evaporation by seven-day periods
was as follows: First period, 2.5 inches; second period, 3.125 inches;
third period, 2.5 inches; fourth period, 2 inches; next three days,
0.875 inch. Total for thirty-one days beginning July 24, 11 inches.-
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ANALYSES OF SOIL AND WATER.
SOILS.

The samples of soil were taken to determine the effect upon the
soil of the continued growing of alfalfa irrigated from the waters of
the Adams ditch. The claim had been set up that the waters of this
ditch carried a considerable amount of organic matter by reason of
the water slowly passing through a considerable area of tule growth
before reaching the ditch; hence its use would tend to build up the
land irrigated therefrom. Sample A was taken from virgin soil
which had never been irrigated. Sample B was taken from a field
which had been growmg alfalfa continuously for nine years, having
grown just one grain crop prior to being seeded to alfalfa. The sam-
ples were taken about 150 feet apart and represented apparently
exactly the same original soil conditions.

The results of the analyses are as follows:

Analysis of soil irrigated by Adams ditch.
[Determinations made by F. E. Edwards, Oregon Agricultural College.}

Sample A Sample B
Constituent, . (vir,z (nine vears
| .in alfalfa).

' Per cent. I Per cent.

Potash ( 0.43 0.41
Lime (Ca i{ © 1.56 .98
Magnesia ( g(g .11 .05
Phosphoric acid (P:0;) ... .09 .085
B8 - 1.66 177

These analyses would seem to show that the soil is built up by grow
ing alfalfa under the irrigated conditions already described, but
whether the increase in the nitrogen content is due to the character of
the irrigation waters or to the growing of the alfalfa on the land is
not determinable in this case.

IRRIGATION WATER.

The waters of Lost River, which are used at the F. J. Bowne pump-
ing plant, come from a large number of springs. An analysis of this
water with reference to its use both for boiler and irrigation purposes
gave the following:

Analysis of waters of Lost River, Ovegon.

[Determination by A. L. Knisely, Oregon Experiment Station.]

‘ Grains | i " Grains
: Parts p':'rI ! . : Parts per
Constituent. per Constituent. N er
tmitlion, o R | million. gn‘l’lun,
- — L= - P,
1?.3 0.3 i (l;sC(g)a ........................ ' 7.5 1.5
. €,0; ! !
1 108 T AVON} <o 52 .30
3. 2% SMOgeeeiiiieis ciiiiiia 2.9 | 2,24
l l
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The following analyses, made by A. L. Knisely and F. E. Edwards,
of the Oregon Experiment Station, give an idea of the composition of
the irrigating waters furnished by the Ankeny and Adams ditches:

Analysis of waters from Ankeny and Adams ditches.

Parts per million.
- . _l_‘ I

Constituent. Lime | 2.

3. | 5.

Klamath! Adams. Ankeny Adams Ankeny.

| Lake. | :

i

Total solids (110° C.) ..rvovssnrvsess oo | so7 167 128 | 369.6| 1744

anic matter ...... . 76 8 ...l ! 80 60

Gi ca (Si0g) «ovveeen.. | 34 16 37 45 40
SOdium ch orlde (NaCl) 50.9 75.4 50.9 23 11.5
Sodium carbonate (N: 56.8 187.8 25 | 148.4 31.8
Sodium sulphate ( nésg& .................................. RETTTT PN | 85.5 42.5
Calcium carbonate ( ) I, 125 1072.5 ....o..lL . 38 85.2
MNagnesinm carbonate (MgCOsy).. cealereeeneaen 21,7 looeeea.... : 63.4 ..........
NitrOgen (N) . .ueeeecenaneroanneannnns eent 8.4 9.3 6.2 i
Iron and alumina (Fé;05+AlOy) .. OSSR TR I R RO | 2'9

For grains per gallon use the divisor 17.12.

Nos. 1, 2, and 3 are from samples taken in 1903, and 4 and 5 from
samples taken in 1904. Nos. 2 and 4 were taken at practically the
same points and seasons of the year, namely, about August 1, at which
time the ditches were carrying an average quantity of water, and the
same may be said of Nos. 3and 5. No. 1 was taken for the purpose
of determining whether any considerable change took place in the
composition of the water used by the Adams ditch by reason of pass-*
ing through the tule growth and White Lake. The results seem to
indicate an increase in both organic matter and soluble salts, particu-
larly sodium and magnesium carbonates.

PRACTICE IN ALFALFA GROWING.

Several growers were interviewed under each of the two systems
previously referred to, the results indicating that there was no essen-
tial difference in the methods followed under the two systems. In the
matter of preparing the ground, it is the practice to grow grain for two
or more years after clearing away the sagebrush before sowing to
alfalfa. The seeding is uniformly done with a press drill, and as a
rule no *‘nurse crop” is used. When such a crop is sown, barley
seems to be preferred. Eight to 10 pounds of seed per acre is the
amount usually sown, although one grower recommended 20 pounds,
and another regarded 6 pounds, or even less, as being sufficient if it
can be evenly applied.

The time for seeding has quite a range, some preferring to sow early
in April. Others consider June 1 to 15 as the proper season. One of
the oldest and most successful growers says he has had excellent results
from sowing during the latter part of February. If the seed is sown
early, that is, prior to May 15, it will not as a rule require irrigation
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to start a vigorous growth. Two irrigations are usually given the
fields, but there is a growing sentiment in favor of three applications
of water, and it is the opinion of the writer that the latter practice will
soon become general. With three irrigations they would come about
four weeks apart, beginning usually about May 15.

The first cutting usually takes place about July 1 and yields 2 to 2.5
tons of hay per acre. The second cutting usually takes place about
September 15 and yields 1.5 to 2 tons per acre. From four to six
weeks’ fall pasture is usually obtained after the removal of the second
cutting. The renewal of an alfalfa field is usually recommended after
seven to nine years of growth, although some well-cared-for fields
seemed to be in prime condition at twelve to fourteen years of age.
Treatment similar to that given new land is recommended before
reseeding to alfalfa.

In the opinion of some of the most successful growers, more dumage
is done by the use of too much water and imperfect drainage than from
the use of too little water. Especially is this true under the checking
system. It certainly does not take an experienced eye to see that there
is much waste of water under each of the ditch systems which have
been discussed.




IRRIGATION INVESTIGATIONS IN YAKIMA VALLEY,
WASHINGTON, 1904.

By O. L. WALLER,
Irrigation Engineer, Washington Agricultural Erperiment Station.

In the Yakima Valley there are thousands of acres of land along the
rivers, bottom lands or river bars, composed of such materials as a
very rapid stream would deposit, principally coarse gravel with very
little soil over the surface. Such lands under present methods of
spreading require very large quantities of water at a wetting and very
frequent wettings. In some instances 1 cubic foot per second is used
on 10 acres, and rarely does a second-foot serve more than 30 acres.
These lands are supplied from small private ditches that in most in-
stances have been in use many years. They were the first appropria-
tions from the stream, taken when water was abundant. The supply
being so plentiful, there was no need of careful distribution. The
drainage through the underlying gravel being perfect, there was no
fear of alkali, and slovenly methods of spreading have always obtained.

The writer has in mind one instance where the land was so stony it
could not be plowed, no attempt was made to level, the sagebrush was
grubbed, the seed was scattered broadcast, and the water run over as
best it could he. When seen the farmer was cutting a fair crop of
alfalfa hay. ’

Under other conditions these wasteful methods would not only dam-
age the lands themselves, but would materially shorten the water sup-
ply. On these river-bar farms, however, no damage is done; on the
other hand, these great, deep gravel bars act as a reservoir to hold
back enormous quantities of water used early in the season. The
canals heading farther down are beneficiaries, since this stored water
returns slowly to the streams and keeps up the supply during months
when there is a shortage. This would largely compensate if the same
methods were not continued through the months of short supply.
During these months they really waste water enough from thc already
scant supply to water three or four times the area of all the lands so
wastefully served. This of course limits the reclaimed acreage lower
down the valleys. If the water could be carefully and economically
used on these gravelly lands from July on, they might materially aid
in the solution of storage problems.

267
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The seepage waters from the irrigated lands under the Indian canals
and from the Sunnyside lands from the middle of July on, supply the
major part of the water used for power and irrigation at Prosser.

Measurements taken the latter part of August showed something
over 20 per cent as much water returning to the Yakima River from
Union Gap to Prosser as was used at that time for irrigation between
the two points. This return water for the future will likely be all
that will be required for irrigation and power purposes at Prosser.

SEEPAGE.

Some seepage measurements on Sunnyside laterals show surprisingly
small losses. Observations on 25,060 feet of Snipes Mountain lateral,
an extremely well-silted channel, carrying 63 cubic feet per second
showed only one-fourth of 1 per cent per 1,000 feet, or 1 per cent of
the amount carried for every 4,000 feet. The velocity in this lateral
is slow and the sediment precipitated is mostly very fine sand and silt.
The water always runs muddy. )

Three-fourths of a mile of the Sunnyside Supply, a lateral carrying
9.25 second feet, showed too small a loss to be worth considering. The
upper end of this lateral was well scoured, deep down into the hardpan,
the water ran muddy, and nearly the whole stretch was lined with fine
silt. ’

Of the South Branch, a lateral carrying 16.51 second feet, 1.29 miles
showed a loss of only 1 per cent in the entire distance, and this loss
was due largely to evaporation. The gradient was extremely flat, the
channel wide, the water much spread out over side berms and silt bars.
The water ran muddy; silt was deposited in profusion. The gaugings
were made about noon with the mercury 103- F. in the shade.

COST OF PREPARING LAND FOR IRRIGATION.

The cost of preparing land for irrigation in the Yakima and Natches
valleys is dependent on the strength of the sagebrush growth, the
character of the soil, the work of the wind, evenness and slope of the
surface, relative proportion of ditch and flume, checks and drops and
other timber structures. As these conditions vary greatly thronghout
the valley there must be quite a wide difference in expense accounts.

Through personal interviews and correspondence considerable data,
hased on actual experience, were secured. Some are given helow.

We cleared 340 acres of sagebrush in the Kittitas Valley and put it in grain last
spring. We used very heavy double-gang plows, each drawn by six large mules,
putting the plows right into the sagebrush. We get the plows to turn a very deep
furrow, thus getting well down on the roots of the sage and giving the plow such a
firm grip that the heaviest sage would not cause it to jump or dodge. The plows cut

the sage cleanly and on the large brush raised and threw them to one side rather
than covered them. This work we had done under contract at $3 per acre, 5 acres
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being an average day’s work. It cost us $1.50 per acre to pick and burn the brush,
and 75 cents per acre to harrow and drill in the grain.

We experimented with walking plows and found that they would not work at all,
as they could not be kept in the ground; we also tried very heavy single-riding
plows, but found that they did not take grip enough to prevent their dodging side-
ways when they encountered heavily rooted clumps of sage. The heavy gang plow
will cleanly remove any sage that it is possible to get the motive power through or
over. We found the mules much preferable to horses, as they were steadier, easily
clambered through, around, and over the sage, and did not skin their legs like horses.

The rage was the ordinary sagebrush of this locality, in some places quite dense
and heavy, often shoulder high, in other places it was small and scattering with a
thick growth of white or yellow sage. We did not grub except here and there a
clump of unusually large brush that it would have been impossible for mules to
climb over or straddle. (By straddle I mean the dodging of the brush by a mule
going on eitherside of it.) We found by plowing very deeply that the plows stood
up to the brush much better, did not dodge or jump, and more effectively removed
them. The plows did not clog to any extent. The brush was bent over by the
frame of the plow, and when the roots were cut by the plowshare they sort of kicked
themselves free and rolled outon top of the ground. We afterwards picked them by
hand and burned them. The total expense of grubbing by hand on the entire tract
was $14. Certainly the gan r plow is the cheapest and best device for clearing sage-
brush land.

The land was fairly smooth and was not blown into hummocks. [t settled very
evenly and was not graded after first watering. The wind did not trouble us in the
least at any time; it never does in Kittitas County. It sometimes caused a little
bother in haying, making stacking a little troublesome, but does not interfere with
seeding in any way. The water caused no trouble and washed no gullies.

The land cleared was SW. }, sec. 19, T. 17 N, R. 20 E.; the W. } of NW. }, sec
30, and the W. } of E. 3, sec. 30, same township and range.

J. E. Frosrt.
ELLENSBURG, WasH., December 6.

1 can not give the information so much in detail as you woula probably like. The
coet per acre of improving my land in the lower Sunnyside Valley (NE. } NW. },
sec. 11, T. N,, R. 23 E,, W. M.) was as follows:

Cost per acre of preparing land for irrigation.

Clearing and burning brush___ ... .. . . . .. ... $5. 00
Leveling, building head ditches, seeding and watering first time. 15.00
Seed, 16 pounds of alfalfa, at 15 cents per pound......._... ... 2.40
3 pecks of wheat, at 60 cents per bushel....... ... ... ... .. .. .45
Lumber for head ditch, checks, and lath for spouts..._......... 2.00

Total . ... it eeaccccccccaeaaaans 24.85

The wheat and alfalfa for first year paid cost of irrigation, about $1.50 per acre.

The cost of building flumes, if irrigation is from flumes only, would be about $4 to
$5 per acre for good, substantial flumes laid on the ground. Head ditches, count-
ing labor of building, checks, spouts, etc., would be somewhat cheaper, about $2 to
$3.50 per acre, but they are more expensive to maintain and operate.

These figures are for rough, sandy soil, with agood slope. Flat, sandy land would
cost more to level. 8mooth, rolling land would cost less.

The brush was what we would call heavy, the larger being 3 to 5 feet high and 3
to 6 inches through at the ground; probably 6 to 10 clumps to the square rod.
The brush was first railed by dragging a 12-foot length of 60-pound railroad iron
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across and back over the same strip in opposite directions, thus forcing the bLrush
both ways. This required four strong horses. As the soil was rather sandy volcanic
ash, this effectually loosened and pulled up three-fourths of the brush. The loosened
brush was then raked into windrows by a brush rake. The process left everything
flattened and easy of attack with the grubbing hoe.

This land was gently rolling, with some few wind-formed hummocks from 1 to 2
feet high around the sagebrush, which were almost entirely leveled by the railing.
This land was carefully graded the first time and required no additional work after
the first watering. It sloped so gently that the water did not wash or cut deep
gullies. The soil is a light, sandy loam about 60 feet deep with occasional streaks of
hardpan.

Ross K. TIFFaxy,
Chief Engineer, Washington Irrigation Company.

Mr. J. T. Brownfield reported as follows on 20 acres near Prosser
(NE. §, NE. 1, sec. 4, T. 25, R. E., W. M.):

Grubbing and burning was contracted at $2.50 per acre. The halance of the work
by myself.

Plowing, ten days with 2 horses.

Harrowing, three times, five or gix days.

Leveling, ten or eleven days with a scraper and straightedge, using four horses.

Planting, 4 acres of potatoes, one and one-half days, 32 sacks of potatoes, $20; 3
acres of oniong, two days with planter, $3 for seed; 2 acres of pumpkins, two hours
with hoe, 2 pounds of seed, $2; 5 acres of grain, wheat, and oats, 10 bushels of seed,
$12, one-half day to sow and harrow, 2 acres not in; 4 acres of corn, carrots, beans,
parsnips, tomatoes, etc., seed, $5, and one day required to plant, using hoe and
planter. Ditches for watering are included in the above estimate.

We use a railroad rail to loosen sagebrush and think it the best. Some, however,
use plowshare steel drawn out sharp and bolted to a heavy piece of timber. This
gives weight enough to pull up the brush. The field is then raked, grubbed, and
raked again. The most satisfactory tool for collecting the brush is a rake with
heavy iron teeth, mounted on wheels and operated by a lever like the common self-
dump hay rake. It takes from 4 to 6 horses to pull one of these, but they do the
work thoroughly.

This land was about an average of the country, neither hilly nor rough; some
draws to fill and some knolls to take off. The soil is too heavy to blow into drifts;
consequently it was easily leveled.

This land was planted to hoed crops so that it might be regraded at the end of the
season and before finally seeding to grass. To protect the land from washouts and
gullies considerable care must be exercised when water is first applied and until the
ground is thoroughly settled.

The soil here is a heavy gray or black loam with gravel under and big bowlders
on top and bed rock under the gravel at 3 to 7 feet deep. There is more or less
alkali in places which comes to the top and forms a white crust, but the drainage is
good and will help to get the alkali out of the ground.

Neil Campbell, on 80 acres of alfalfa near Wapato, E. $ of NW. }
and W. § of W. 4, sec. 23, T. 11, R. 19, reports $13.50 per acre for
all expense, exclusive of laterals, head ditches, and furrowing.

The sagebrush on same would average from 2 to 3% feet high and
would average about 3 feet apart. To loosen it he used a heavy piece
of timber faced on ground side with an 8-inch piece of steel beveled on
the edge; that is, the piece of steel would have about the same bevel

1
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as a wood chisel. Holes were drilled through this, through which
$-inch bolts were inserted to hold it to the timber, which should be 10
to 12 fect long and 16 inches square. To this four horses are hitched.
It is dragged over the sagebrush and back, loosening and breaking
most of the clumps. The rake consists of a piece of timber 12 feet long
and 8 inches square, with 2-inch holes bored through about 12 inches
apart; into these are put oak teeth, and shafts or long handles are
attached. These are placed over the hind gear of a wagon between
standards. The rake is then chained to the wagon. One man drives
and another holds the shafts of the rake, and when he wishes to clean
the rake of brush he bears down on the shafts, lifting the rake clear
above the brush, leaving it in windrows or piles; after this fires are
started, which are followed by the plow, and what sage is left, which
will be considerable, is grubbed out and picked by hand. This was
not hilly land, but had numerous little hummocks. For getting same
in shape for irrigating a steel scraper was used which required four
horses to operate. This moves dirt rapidly. One man can operate it
and with a little experience can make a nice, even grade for irrigating.
The land was graded and seeded to alfalfa before water was applied.
One inexperienced in grading should water and regrade after first
irrigating and before seeding to secure an even surface.

The land here slopes so gently that the water can be applied by the
furrow system without danger of washing or cutting gullies. The
soil is clay liberally mixed with gravel.

Mr. H. J. Postma, in the Moxee Valley, furnishes the following
itemized list of labor expended in preparing the land and planting 20
acres of potatoes (this land is the E. 4 of NE. { of the SE. }, sec. 36,
T. 13 N., R. 19):

Two days railing, 2 men and 6 horses; two days raking, 1 man and
2 horses; after railing it was grubbed, eigbt days grubbing, 1 man;
4 days burning; plowing, twelve days, 1 man and 3 horses; one day
harrowing on 6 acres, 2 horses, 1 harrow; leveling, four days for 1
man with 3 herses, two days for 1 man with 4 horses; planting, six
days for 1 man and 2 horses; ditching, six days for 1 man and 1 horse;
seed, 13,500 pounds of potatoes, at $6 per ton, $40.50; 300 lath tubes
and a little flume, $18.

The sagebrush on this land averaged about 2 feet high, but was
thickly distributed over the land. The land was cleared by using a
16-foot railroad rail bolted to a piece of timber so that the edge of the
rail stood like a scraper. Bolted to this timber and extending back
for 2 men to stand on were 2 planks. Six horses pulled this machine
over the sage and back, pulling up much of it and breaking down
some. The work was done in the spring when the ground was moist.
After this the brush was raked into windrows and burned. The land
was comparatively even, showing but few wind hummocks. There
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were a few draws where the filled earth settled considerably, but pota-
toes were planted on these so that the land could be regraded before
seeding.

" The soil is a rather heavy sandy loam underlaid with hardpan which
in places comes quite close to the surface. This hardpan softens by
watering and is freely penetrated by alfalfa roots.

Mr. Jones A. Aves, near Wapato, put in 20 acres by his own labor
during the spring of 1904. He estimated the cost of grubbing and
plowing at $3.50 per acre, or $87.50; leveling, $1 per acre, $25. The
sagebrush on this land averaged 3 to 4 feet high and pretty well cov-
ered the ground. It was easily grubbed when the ground was wet.
The young and willowy brush was plowed out, but the ranker growth
was grubbed. The big, coarse brush lifted the doubletrees and forced
the plow out of the ground. It is best first to use a breaker, consist-
ing of two railroad rails 12 feet long bolted together. This, hauled
over and back, will break off and pull up most of the brush, after which
the plow will usually complete the work. Before plowing, however,
the loosened brush must be raked and burned. When the grubbing
hoe is entirely relied upon, one-half to three-fourths of an acre is a
day’s work for 1 man.

- The soil is from 1 to 4 feet deep and is underlaid with gravel, is of
a yellowish-brown color, and very easy to work. The surface being
quite even very little leveling was required. This farm was on the
Yakima Indian Reservation, which bas only a gentle slope, so that the
water rarely washes out gullies. ‘The subsoil being coarse gravel,
large quantities of water were required the first season or until the
ground was well settled.

Arthur Belliveau reports the following expenses incurred in clearing
40 acres and planting it to potatoes in the Moxee Valley:

. Cost of clearing 40 acres and planting potatoes.
Grubbing, raking, and burning sagebrush, at $2.50 per acre...... $100°
Plowing, at $2 PETACTE «oeennniiin ittt i 80
* Four days’ scraping with 2 teams and 2 men, at $6 per da\ ....... 24
Leveling, 1 man and 2 teams, eight days, at $5 . _................ 40
Planting, sixteen days, 3 men and 1 team, at $5....... .. .. ... 80
Seed, 17 tons, at $6 per ton . ... .iiiiiiiiiiiiiaiaeaaa. 102
Ditching, eight days, 1 man and 1 horse, at $2 ...... ... ... ... 16

Average cost per acre, $11.05.

Mr. John Michels on 340 acres of reservation land reports a cost of
$31.50 per acre for improvements. One hundred and eighty acres
of this was seeded to alfalfa at a cost of $40 to ¥45 per acre. Cost of
grubbing and burning was $2.50 per acre and plowing $2 per acre.
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DUTY OF WATER.

That group of ditches diverting water from creeks the flow of which
is either all' covered by decrees or else the entire flow used, was
reported last year and consequently will be omitted from this year’s
investigations. The lands covered by this group amount to about
41,000 acres cultivated and some 24,000 acres under ditch but unculti-
vated, and will remain covered with sagebrush until more economical
methods in the use of water shall release some of that now wastefully
applied, to be used on these fertile and valuable lands.

A very considerable part of the water used on these lands is covered
by court decrees, and in most instances the decrees protect an extensive
and wasteful use so out of proportion to the needs of the land that in
some instances through the rise of alkali they have become worthless
except as reclaimed by expensive drainage.

The following tables show the result of measurements made in 1904.
In some cases continuous records were kept and in others single
measurements were made:

Ditches in Kittitas County.

Depth applied. Discharge.
I'}cre:d __‘___._|,,_-_' - Di
rrigated.| np,y June. July. | Aug. | Sept. ;Total. Date. (?h&:ée.
- = - [ 4 I
‘ ! i l Cu. ft.
Yakima River: : Inches.!Inches. Inches. Inches. Inches. Inches. per sec.
oo | '(July 13 27.7
Bull Ditch Co............. DI 11 et lAug. 8
Cascade Canal Co ........ .. R D
Ellensburg Water Co..... ! N
Ellison & Bruton......... < . et ieeeae iieeee teeeaeaees
Andrew Oleson........... . .
West 8ide Irrigation Co.. W ) e et teeeeee ceeeneaeas
l‘ennnewa& River: : :
H. H. Knight..

Masterson dite
Tomas ditch...

William Krueger..
Contratti....
Gabrial Gandolph.
John Granslina..
Frank Amosso...
Banka & Contratt
Costa & Caldrin .
Cosettl Brothers.... .
West Fork................
East Fork........ e !

30620—No. 158—05—18
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* Ditches heading in the Natches River.

Depth applied. Discharge.
Y D i I Dis
rrigated. . . -
| May. | June. July. Aug. Sept. Total.' Date. t charge.
R P - — ,
| : ' I l Cu. jt.
Inches.! Inches. lm'llea. Inches. Inches. lnchec. per s,
Nfﬁ-ith;v%a;ern Water and . : ' X !

Union diteh..........

City ditch......

Old Schanno .....

New Schanno
Broadgage............
Fruitvale.....................
Yakima Valley lrrization Co
Basketfort DitchCo...........
Schules & Rodenback (up-

%er) ...................... 60
Sc l;les & Rodenback (low- { 6
Scott Ditch Co..c.oevveennnnn. 153 .
The Powell Ditch Co......... 249 .
The Fortune Ditch Co.. 201 .
John Foster .................. | 40 .
Foster Natches Irrigation Co. 42 .
Natches Valley Irrigation

CO..eneecinniainiiaanannns 1,612
Leach & White........ . 125
Long & McCormick .... 160
Morrissy .....coiiiuen.n 145
Friend & Jacobson ..... 31
Chapman & Shearer.... 5.
Friend & Jacobson ..... . 0
Nelson & Jacobson............ 90
The Kelley ditch............. 385
The Denton & Lowrey ....... i 197
The Clark ditch.............. i 274
WAapato. . .ovvivineiiinnnnnnn. 1,700
Selah Vallo) COuvvnnnnnnnns 1 5, 500
W.'s. (‘armack ............... ; 120
Harry Griffen ................ 10
W, R Stevens. .. oeeeenneneenn ! 10
Frederick & Beck ............ '

James Beek ..ol B
James Markel ................ 175
George Johnson .............. 15
Z.H.Benton.................
R.S.andC.......ooovveunn.nn

From Big Rattlesnake Creek:
MceDaniels, Williams & Abel. 245
Mile Creek: Ahol,.lohn.«on & i
McDuniels........... creeeen 130

a April, 4.25 inches.
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Canals heading in the Yakima River in Yakima County.

f Depth npplied Discharge.
1 Acres  —-— - -
Jrrigated. yp, ’ June. ' July. ' Aug.  Sept. Total Date. ‘c‘?ai:ée

. '

! | |
! Inches.|Inches. lnclaea lIchs Inches 'lnchea
............... 5500 9.00| 9.257 9.7
775 9.00

} 3,000 3.12 712 | 10,76 8.75  7.00

1,400 7.50 | 19.25 | 37.25 A 26.50 39.75
9.50 | 17.75

17.75 l .............. "

Perry Cleman .

McDonald........
Bright & Hutton ...
Reard

Bakey, Martin & ‘\Hllon . e
Hatch diteh ... ... ... 3
sunnyside canal ............. 32,000 | 11.60 ' 12.30 | 10.70 | 12.80 | 11.80 1a73.00 !
Prosser Falls Land and Irri- | ]

gation Co.......ooooueennnen 1300|684|710i757|690.510'h4769.

P. Irrigation Co., Kiona... ......... oo o e )
N. P. Irrigation Co., Kenne- ! [roreees
3T PSS 3,500 | 19.00 | 18. 75 17.75 182 ... 98.50

«March, 0.49, April, 5.74; October, 85.  bApril, 4.84; October, 7.16; November, 2.18. . April 7.

The Toppenish, Hatch, Kirkwood, P. Queen. J. L. Craib, and Free-
man ditches are all on the Yakima Indian Reservation and cover lands
that have been under cultivation for some time and should require
hardly as much water as the Gilbert. The soil is fairly deep and ix
partly supplied by subirrigation.

The Perry Cleman, McDonald, and Bright & Hutton ditches, sup-
plied from a slough, are also on the Yakima Indian Reservation, but
cover new lands. The first two named get very little water after
August 1; the Bright & Hutton get none after July 15. The soil
under these ditches is 3 to 4 feet deep and is underlain with gravel.

The Beddoe, Milner, Moody, Pardin, Read, Jellum, and Heaton
ditches extend from Wapato down the river 4 or 5 miles. The reser-
vation lands supplied by these ditches have 3 to 4 feet of soil and a
gravel subsoil, are very low, scarcely rising above high water, and on
account of the coarse gravel subsoil must be affected by the high
waters in June and July.

The ditches receiving water from the Natches River cover low bot-
tom lands, old river bars, with little or no soil above and a deep gravel
subsoil. These lands use the maximumn amount of water and always
will until better methods of distribution come into use. The ditches
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are dug in the gravel, and as the waters of the Natches are exception-
ally clear, no silt is precipitated. After flowing long distances in such
rivers it is distributed into laterals, head ditches, and long furrows
of the same kind of naterials. With the limited force in the field it
was impossible to measure all the water carried by these ditches dur-
ing the season, but one or more measurements of most of them were
made and a careful estimate of the acreage secured. The ditches and
canals referred to are named as follows: Fruitvale, Old Schanno,
Schuler and Rodenbach, John Foster, Foster Natches, Broadgage,
Basketfort, Scott Ditch Company, Powell Ditch Company, Fortune
Ditch Company, Leach & White, Long & McCormick, Morrissy,
D. A. Ball, W. S. Carmack. James Beck, James Markel, George
Johnson, Friend & Jacobson, Chapman & Shearer, Nelson & Jacob-
son, Harry Griffen, W. S. Stevens, Frederick & Beck, Z. H. Benton.

The excessive use of water and lack of drainage in the Natches Val-
ley is shown particularly on the north side by a small waste creek near
Shearers. This creek carries the waste waters from a number of
canals supplying lands on higher benches and slopes. When mneasured
in July it was discharging 14 cubic feet per second, und was sufficient
to successfully irrigate 1,400 acres of land.

The upper Schuler & Rodenback, the Denton & Lowery, and the
Clark ditches water land on the first bench. The soil under these
ditches is from 4 or 5 to 20 feet deep, and should not require large
quantities of water. However, the drainage is good and the large
amounts used seem to do little damage. The above lands generally
are conditioned about the same as those under the Wapato, on the
opposite side of the river.

The soil under the ditches heading in the Yakima River, in Kittitas
County. is much the same. It is heavier than much of that in Yakima
County, is all underlain with gravel, and under present methods of
distribution requires very large quantities of water. The water is car-
ried in open ditches and distributed through furrows, in many instances
as much as 20 to 30 feet apart, requiving a large and long watering to
thoroughly wet between the furrows.

About Ellensburg more water is used than by the West Side Irriga-
tion Company, on the opposite side of the river. The soil under much
of the West Side canal ix deeper.

The Ellensburg Water Company and the Bull ditch cover very
stony lands throughout most of their courses. Marshy and alkali
lands, however, are slowly telling the story of overwatering.

Mr. R. P. Tjossem, under the Bull ditch, has already. reclaimed a
72-acre tract of black alkali land by deep underdrains. He commenced
work as an experiment, but its marked success has called the attention
of hi~ neighbors; whose lands must soon be drained or abandoned.
Only the lands underlain with hardpan scem to be affected. Wherever
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there is a deep gravel subsoil with an absence of hardpan the under-
drainage is good. .

The lands under the ditches heading in the Teannaway are pretty
well watered by heavy snows, and consequently require less irrigation
than those at lower levels farther down the Yakima River. The soil
is deeper than about Ellensburg. Timothy hay is the leading crop.

Single gaugings were made on the Knight, Masterson, Thomas, and
Dysart ditches July 14, 1904, showing an average duty of 1 cubic foot
per second to 62 acres. Such a duty for the middle of July would
point to a very high mean duty for the irrrigation season.

The ditches gauged cover about 43 per cent of the lands receiving
water from the Teannaway, and the quantity used may fairly be taken
as a mean for the entire valley.

The Taylor, Fowler, Granger, Hubbard, and Moxee canals take
water from the Yakima River above North Yakima and supply low-
lying lands, Some of the lands under the Taylor ditch are subirri-
gated. The depth to water in the wells is considerably affected as the
irrigation advances, and in some instances the water becomes brackish.
Under this ditch the water is distributed by flooding. Two irriga-
tions are generally considered enough for a crop. This is an old
ditch, appropriates 2,100 inches of water, uses no measuring device,
and every man takes and uses to the limit of his desires. The gaugings
from July 1 to August 17 show a duty of 80 acres per cubic foot per
second. '

All except the Taylor are on the east bank of the river and irrigate
lands in the Moxee Valley immediately east of North Yakima.

The damaging effects of overwatering, or possibly it would be better
to say lack of drainage, are frequently seen in this valley. Here the
soil is underlaid with hardpan along which the surplus water from the
upper levels follow and ultimately comes to the surface, depositing
black alkali. The 80-acre hopyard of Mr. Hiscock was in the line of
this seepage and very much damaged. He put in extensive under-
drains and has been very handsomely paid for the undertaking from
the increased profits. On August 1, 1904, the outlet drain from the
yard discharged 3.7 second-feet, at least enough to irrigate 370 acres
of land. :

Results under the Washington Irrigation Company’s canal, the
Sunnyside, show very marked improvement.

In 1900 they used no measuring boxes. Since that time practically
every service has to be supplied with a Cipolletti weir, and during the
season of 1904 the company employed a man to keep the weirs in order
and to see that the farmers made proper use of the water supplied and
that waste was cut off. From the old régime of using and wasting all
the water they wanted to the present one of plenty but none to waste,
the company has met and overcome many difficulties, but through all
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of it there has been rigid fairness. The results of 1904 show com-
mendable progress, at least when it is remembered that the 75-acre duty
secured for the season is based on measurements made at the intake
and that the water was distributed through 50 miles of main canal and
about 300 miles of lateralx.

Of the canals irrigating bench lands, where the soil may be con-
sidered deep and where the conditions correspond fairly well to those
under the Sunnyside, only those of the Yakima Valley Irvigation Com-
pany and the Selah Valley Company secured a higher duty, and in both
instances the supply canals were much shorter and the system of
laterals much less extended.

The water duties in Washington have been extremely low and that
on the low gravel bars is yet, but the uplands show marked improve-
ments. Men are studying conditions; are anxious to protect their
own lands from expensive drainage enterprises and alkali deposits.
While many men believe that the more water the more grass is a
true saying, they are wondering how many years their lands will stand
that kind of abuse and still raise grass. The alkali wastes along the
Ahtanum and a few similar spots well distributed throughout the
Yakima Valley stand as reminders of what was once the finest grass
tields in the State but now covered with salt grass, greasewood, and
ponds of water. For many years men did not know the cause of such
desolation and financial loss. They were even slow to believe that the
raising of the water table had anything to do with it, but people have
been reading the best literature on irrigation, have been observing,
and are becoming more careful in the use of water.



IRRIGATION CONDITIONS IN RAFT RIVER WATER DISTRICT,
IDAHO, 1904.

By WiLLiam Francis BarTLETT,
Agent and Erpert.

CONDITIONS WHICH GOVERN THE CONTROL AND DIVISION OF
WATER.

The drainage area of Raft Riverand its tributaries is comparatively
small, comprising all told 410,000 acres. From the standpoint of size
and the area reclaimed by its waters Raft River has relatively little
importance in the irrigable area of Idaho. From the standpoint of
problems involved in the control and distribution of its waters, prob-
ably no stream in Idaho presents more serious complications. If the
difficulties met with were purely physical, it would be a simple matter
to overcome them. In diverting water from Raft River and its tribu-
taries no very difficult engineering obstacles need be encountered.
However, few water users have had the benefit of engineering advice
or assistance in laying out their ditches, which are in poor condition,
due in most cases to an excessive grade. But the condition of ditches
has been a minor factor in the control and distribution of water.

Raft River water district of water division No. 2, State of Idaho,
includes Raft River and its tributaries between a line running east and
west through the center of township 13 south and the Idaho-Utah
State line, and between ranges 22 and 28 east of Boise meridian.

TRIBUTARIES TO RAFT RIVER.

The South Fork of Raft River rises in Utah among the Raft River
Mountains, 15 miles south of the State line. The North Fork rises in
Idaho on the eastern slope of the Goose Creek Mountains and flows
south into Utah, where it meets the South Fork. The junction of
these streams forms the main river, which flows north over the State
line through a canyon, and for 6 miles farther flows through a narrow
valley skirting the southeastern border of Almo Valley. The river
then turns abruptly east and again enters a narrow strip of land
hemmed in on both sides by lava hills and high mesas to emerge 6
miles farther on into Raft River Valley, through which it takes a
direct northerly course, emptying into the Snake River 45 miles by
section lines north of the Idaho-Utah State line. Raft River Valley

279
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varies in width from 2 to 15 miles, between the Black Pine Mountains
lying to the east and high lava hills rising in the west. No tributaries
flow from these hills to Raft River except little torrents in the early
spring. The river receives its entire supply from the drainage of the
mountains along the southern border of the State and the Goose Creek
Range, in which Almo Creek has its source. Almo Creek is to-day
the most important, and in fact the all-important, tributary to Raft
River in the Raft River district. From Goose Creek Mountains it
takes a generally easterly course and 15 miles from its head empties
into Raft River about 5 miles north of the Idaho-Utah State line.

Four other streams that at one time were tributaries to Raft River
rise on the northern slope of the Raft River Mounta'ns in Utah and
flowing north empty or at one time did empty into Raft River in
Idaho, anywhere from 4 to 10 miles north of the State line. These
streams are Clear, Six Mile, One Mile, and George creeks, the waters
of which are usually all used for irrigation before reaching the main
channel of the river.

The rights to water from Raft River and its tributary, Almo Creek,
were adjudicated in 1893 in the district court for Cassia County. This
decree has proved anything but satisfactory. This is mainly due to
the provision in the decree for a measuring device. The wording of
the decree is as follows: ‘‘Each appropriator, under and by virtue of
this decree, is hereby required to build and maintain a box at the head
of his ditch 164 feet long with three-eighths of-an inch fall to the rod,
with a head gate so arranged as to take the amount of water to which
he is entitled under this decree.” How was a man who never meas-
ured water in his life to know how to ‘‘so arrange his head gate as to
take the amount of water to which he is entitled under this decree”?
How wide and how deep should his box ‘164 feet long with a three-
eighths of an inch fall to the rod” be in order ‘‘to take the amount to
which he is entitled under this decree”? Unless the water user is
familiar with the use of Kutter’s formula in figuring out proper cross
sections he is as much at a loss to know how to measure the exact
amount of water diverted from the stream as he was before the decree
was rendered. It is needless to say that Kutter’s formula is not a
household word on Raft River.

The order of the court, after describing such a box for measuring
water, further states: ‘“ And every person is prohibited and enjoined
from taking any water from said river or its tributaries at any time
except through such a hox and as authorized by this decree.” The result
has been that although the water users were not learned in hydraulic
formulas or accustomed to their application, they were ready to take
every advantage of a decree such as the above and put in boxes 164
feet long with a three-eighths inch fall to the rod of any depth and
width they chose and so arranged their head gates as to take almost



IRRIGATION IN RAFT RIVER WATER DISTRICT, IDAHO. 281

any quantity of water they wished. Who was to say whether they
were taking too much or too little, since they complied with the order-
of the court to the letter, so far as they understood it, and the water
master knew no hetter how to measure water than the water user
diverting it¢{ This particular paragraph in the decree of the court has
heen the great stumbling block which has delayed the inangurating of
a proper system for the measurement and distribution of water for
Raft River and Almo Creek. To-day many of the water users insist
upon the box measurement as prescribed in the decree and refuse to
put in weirs. The water master can only endeavor to persuade the
water user to place a standard weir in his ditch; he can not compel
the adoption of the weir as a measuring device, for there is the decree
always held up before him and no statute nor direction of water master
or water commissioner or State engineer has availed to overcome its
defects. The result of this state of affairs has been that water masters
have assumed an arbitrary way of guessing at the volume of water
each user was entitled to and allowing the appropriator to take only
that volume. The fact that both the water master and the water user
were conscious that neither could measure water accurately was a con-
stant source of friction, especially during the lower stages of the river,
when the water became scarcer each day and more necessary to the
farmer. Charges of gross favoritism against the water master and
countercharges of theft of watei against the water user were of daily .
occurrence.

THE MANNER IN WHICH THE DUTIES OF THE WATER MASTER
ARE AFFECTED BY THE NATURE OF WATER TITLES AND THE
STATE IRRIGATION LAWS.

Such was the condition of affairs when the irrigation law of 1903
took effect. The passage of this law could in no way affect the decreed
priorities on any stream in the State, but the provisions of the bill for
dividing the State into three water divisions (sec. 13) and for the
appointment of a water commissioner for each water division (sec. 17)
have been a long step forward in helping to solve the many complex
questions arising on both decreed and undecreed streams. These pro-
visions are important, since through them the services of a man may
be secured whose duty it is to establish administrative measures
according to law for the proper control of the water districts under
his charge. -

PROVISIONS FOR WATER COMMISSIONERS AND WATER MASTERS.

The water commissioners are appointed by the governor, with the
consent of the senate. The law provides that one of the water com-
missioners first appointed shall hold oftice for a period of six years,
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one for four years, and one for two years, but that after the expira-
tion of the first terms each commissioner appointed shall hold office
for six years, or until his successor shall have qualified.

Such water commissioner shall possess such theoretical knowledge of the science
of hydraulics as will enable him to supervise the construction of such measuring
devices as may be necessary to place in any ditch, canal, or stream for the proper
measurement of water. He shall be acquainted with the streams of his district and
shall be capable of instructing the water master who may be placed in charge of such
streams in all matters in relation to the distribution of the water of such streams in
accordance with the priorities of the rights of those using such waters.

The water commissioner must give hond in the sum of $5,000.

The water masters for the water “districts within a division are
appointed by the water commissioner of that division. Each water
master holds office for one year; or until his successor is appointed,
and may be removed for failure to perform his duty as water master
upon complaint made to the water commissioner in writing. He must
give bond in penal sum of $500.

DIFFICULTIES ENCOUNTERED IN INSTALLING MEASURING
DEVICES.

The first water master appointed on Raft River by the water com-
missioner after this new law went into effect had had no training or
experience in hydraulics. He was, however, a conscientious worker
- and endeavored to the best of his ability to divide the water in an
equituble way. As an experiment, he placed several weirs in different
ditches along Almo Creek, with the consent of the water users.
Unfortunately, these so-called weirs in no case met the conditions
necessary for a measuring device. When in the season of 1904 a
proper weir was set to meet the conditions necessary to make the weir
an accurate measuring device, the water master of that season was
told he did not know his business, and was threatened in every way
for placing in the canal a weir with the correct dimensions. When it
came to measuring the water over the new weir the difference in dis-
charge between the two measuring devices was so marked that vigor-
ous objection was made by the water users, and after the weir was set
it was pried up with crowbars and the water allowed to run under the
weir board. The penalty for this offense under the new law is a fine
not to exceed $100, or imprisonment in the county jail not to exceed
six months, or both fine and imprisonment.

As it was the desire of the State engineer and the water commis-
sioner to help the water users to understand the new rulings and
requirements and to straighten out the difficulties met with with as
little friction as possible, it was thought best not to prosecute the
offenders. The new State irrigation law was still on trial. Much
opposition to its operation in various districts was shown, and, in
order to spare it from open political antagonism, as was threatened in
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some sections of the Raft River water district, the water master’s atti-
tude had often to be more conciliatory than he personally deemed
best.

DEFECTS OF THE PRESENT LAW AS APPLYING TO THIS DISTRICT.

The weakest point in the new law encountered by the water master
on Raft River in the season of 1904 was the same as the weakness of
the old law, and is found in section 31, which reads as follows:

Sec. 31. The appropriator of any of the public waters of the State shall maintain,

to the satisfaction of the water commissioner of the district in which such appropri-
ation is made, a substantial head gate at the point where the water is diverted, which
shall be of such construction that it can be locked and kept closed by the water
master or other officer in charge; and such appropriator shall construct and main-
tain, when required by the water commissioner, a rating flume or other measuring
device as near the head of such ditch as is practicable, for the purpose of assisting
the water master in determining the amount that may be diverted into said ditch
from the stream. Plans for such rating flumes or ather measuring devices shall Le
furnished by the State engineer. It shall also be the duty of those taking water
from a stream whose waters have been allotted to place at suitable intervals on said
stream, under the direction of the water commissioner of the division in which such
stream is situated, suitable measuring devices, so that the flow of such stream may
be properly measured. If any user or appropriator of public waters that may or
may not have been allotted should neglect or refuse to put in such head gates or
measuring devices as will provide for the proper distribution of said water according
to the rights of the several parties entitled to the use thereof, after ten days’ notice
to do so by the water commissioner, it shall be the duty of said commissioner to put
in such head gates, flumes, or measuring devices at the expense of the county where
the expense is incurred, and said water commissioner shall make up a sworn state-
ment of the cost of such head gates, flumes, or measuring devices, which shall be
presented to the board of county commissioners at their first regular meeting after
the performance of such work, and said county commissioners shall present a bill of
costs to the owners of said ditch or ditches: Provided, That if the owner of any such
ditch shall refuse or neglect for ten days after the presentation of such bill of costs
to pay the same, or any other charge made against such ditch or owner thereof
under the provisions of this act, the water commissioner shall order the head gate of
such ditch closed and locked until such charge or charges shall be paid.

The weakest point in this section is embodied in the clause which
makes it obligatory upon the water commissioner to put in head gates,
flumes, or measuring devices, should the user or appropriator neglect

. or refuse to do so after ten days’ notice, and to present the bill of
costs to the board of county commissioners, who in turn present the
bill of costs to the owner of the ditch or ditches in which the head
gate, flume, or measuring device has been placed by the water com-
missioner, with the provision—

That if the owner of any such ditch shall refuse or neglect for ten days after the
presentation by the county commissioners of such bill of costs to pay the same, or
any other charge made against such ditch or the owner thereof under the provisions
of this act, the water commissioner shall order the head gate of such ditch closed

and locked, and such head gate shall remain closed and locked until such charge or
charges shall be paid.
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The water commissioner of water division No. 2 has a large number
of water districts in his division. It can be readily understood that
he has hundreds of ditches in these new districts which need head
gates and proper measuring devices. To impose upon him personally
the carrying of these bills for lumber and other materials necessary -
for the construction of head gates and measuring devices and the cost
of labor for their construction and iunstallation is out of all reason.
He would have to be an incipient millionaire to bear the first expense
and would have, besides, to run the risk of having his bill disapproved
for some unforeseen reason by the board of county commissioners,
after perhaps carrying the bill for three months before that body
meets to pass upon it. i

The intent of this section of the law is obvious. It was meant to
enable the water commissioner to enforce Lthe law in regard to putting
head gates and measuring devices in ditches by depriving refractory
persons of the use of water until such head gates and devices were
provided. But this penalty can not be imposed until the bill for the
cost of material and labor has been passed upon and approved by the
board of county commissioners, and they in turn present the bill to the
owner of the ditch in question, who still has ten days of grace to pay -
the bill after presentation. The whole process could easily involve
three months’ time in the Raft River water district, almost the length
of the irrigation season.

A water master hardly feels justified in incurring bills of this nature
at the expense of the water commissioner or himself, for in sparsely
populated districts like Raft River labor is not always easy to obtain,
and in most cases for both material and labor cash must be paid.
But neither the water commissioner nor water master has authority
to draw upon the funds at the disposal of the county commissioners,
except through the customary process of presenting a sworn state-
ment of expenses incurred, at the regular meeting of the board, which,
in Cassia County, is at the end of every quarter, or three months.

The water master of the Raft River water district for the irrigation
season of 1904 was an agent of the irrigation and drainage investiga-
tions of the United States Department of Agriculture, who undertook
the charge through the request of the State engineer and the water com-
missioner of division No. 2. He was versed in hydraulics and accus-
tomed to the use of the current meter for measuring the discharge of
streams and ditches and used one the entire season to properly regu-
late the distribution of water. Only a few of the water users on Almo
Creek questioned the accuracy of measurements made with the current
meter, but they were the men who questioned every measuring device
and preferred to trust to their own guess at the amount of water flowing
in streams and ditches rather than depend upon recognized standard
measuring devices.
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WATER TITLES.

The decreed rights to water from Raft River and Almo Creek range
in dates from 1871 to 1887. The total amount of water decreed from
these streams is 142.34 cubic feet per second, or 7,117 miner’s inches.
This is divided among thirty individuals. The largest total appro-
priation is by the Keogh Brothers, or the Raft River Land and Cattle
Company, of 44.9 cubic feet per second, or 2,245 miner’s inches, the
dates of their priorities ranging from 1871, the date of the oldest right
on the river, to 1883, one of the later rights.

The next largest right under the decree is that of the Durham Land
and Cattle Company, which is entitled to 22.22 cubic feet per second,
or 1,111 miner’s inches, with rights dating from 1872 to 1884.

Eleven other rights decreed to water users on Raft River proper
amount to 2,001 miner’s inches or 40.02 cubic feet per second; the
largest individual right equals 536 miner’s inches and the smallest 40.
Two rights included in these eleven, comprising 330 miner’s inches,
have heen abandoned. '

The decreed rights from Almo Creek include a total of 35.60 cubic
feet per second, or 1,760 miner’s inches, divided into various-sized
allotments among sixteen different parties to. the decree, the largest
individual amount being 200 inches and the smallest 50 inches, the
dates of priority ranging from 1878 to 1585.

ATTITUDE OF THE IRRIGATORS.

On assuming the duties of water master in Raft River water district
for the season of 1904, after having been duly called to such duty on
April 15 by a signed petition from two water users on Raft River, the
water master's introduction to the water users of his district was in
the form of a threat of an injunction from the water users of Almo
Creek, restraining him from exercising any jurisdiction over that
particular section of the Raft River water district.

Almo Creek, as has been said, is the principal tributary to Raft
River in this district, and under the terms of the decree is recognized
as a tributary until June 15 of each year. According to the judg-
ment rendered by Judge Lyttleton Price in the Raft River contempt
case, ‘‘ the water flowing in Almo Creek up to that time each vear is
Raft River water and is intended to be dealt with and awarded and
distributed as such.” Judge Price also says:

From the commencement of irrigation each year to June 15, priorities of right
maust be recognized and enforced between all parties to the decree, those resident on
Raft River and on Almo Creek alike in all respects.  Aiter June 15 each year prior-
ities of right on Almo Creek are to be recognized and enforced as between residents

on Almo Creek only, regardless and irrespective of the dates of the rights of resi-
dents on Raft River.
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The decree of the district court is explicit, but the water users of
Almo Creek wished to have the Raft River decree reopened and Almo
Creek set aside as a separate and distinct water district for the entire
irrigating season of each year instead of from June 15 each year as
the decree specifies. They thought that to serve an injunction on the
Raft River water master restraining him from exercising jurisdiction
over the stream would be the first step in legal proceedings. On
April 19 the water master was informed that an injunction would be
served against him within a few days and that he might as well not
waste his time inspecting that section of the district. However, the
water master was obliged to follow out the orders of the court speci-
fied in the decree and instructed the representative of the Almo Water
. Company to put in a proper measuring device at the head of their
canal; and those who divert water directly from Almo Creek were
also instructed to put in measuring devices, the Cipolletti weir being
suggested as the best one. The water users, having been advised by
lawyers not to recognize in any way the authority of the Raft River
water master, refused at that time to heed any instructions from him.

The earliest rights on Raft River are held by Mr. J. M. Pierce and
the Keogh Brothers. Their farms are adjacent and are situated at the
lower end of the Raft River district. The Pierce ranch has a water
right for 10.72 cubic feet per second, or 536 miner’s inches, dated
from 1871. The Keogh Brothers hold rights for 10.1 cubic feet per
second, or 505 inches, dating from 1871; 16 cubic feet per second. or
800 inches, dating from 1879; 2.4 cubic feet per second, or 120 inches,
dating from 1881; 6.4 cubic feet per second, or 320 inches, dating from
1882, and 10 cubic feet per second, or 500 inches, dating from 1883—a
combined quantity of 44.9 cubic feet per second, or 2,245 inches.

Lying immediately above these two large ranches are five smaller
ranches. Their water rights are all of later dates—1884, 1886, and
1887. Their combined rights amount to 18.60 cubic feet per second,
or 930 inches.

Above these ranches are the holdings of the Dm ham Land and Cattle
Lompdm , which extend for 7 miles up the river. This land is entitled

0 22.22 cubic feet per second, or 1,111 inches, with priorities dating
flom 1872 to 1884. Above this ranch are Io(atod three small ranches,
whose combined water rights amount to 4.1 cubic feet per second, or
205 inches, all dating from 1882.

It will be seen that the earliest rights are attached to land lying at
the very lowest extrennty of the Raft River district. The owners of
these rights have naturally guarded them jealously, and friction has
always existed between owners of the two larger ranches and the own-
ers of the smaller ranches lying immediately above them.

To judge whether the river had a suflicient amount of water to fill
the 1884 rights or only enough to satisfy the 1883 rights was the task
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of the water master, who at best could make an approximate estimate
only, as there was no measuring device in the river to gauge the amount
of water flowing therein. This decision was of vital importance to the
possessors of 1884 rights. With the conviction that the water users
above them on the stream, both on Raft River and Almo Creek, were
taking more water than they were entitled to, while the water master
at times was allowing a greater supply of water than was necessary to
pass their bead gates to supply the rights below them without allowing
them a drop, the farmers with 1884 and later rights felt that they were
**between the devil and the deep sea.”

On the other hand the water master was often found fault with by
the larger ranch owners for not satisfying their rights before favoring
the later ones. The friction caused in the division of water on the
lower end of the river resulted in the farmers seeking outside advice
in regard to reliable measuring devices. Weirs were placed in several
ditches. One was set for the Keogh Brothers by the then State
engineer, Mr. Mills. Mr. F. M. Langford, a holder of an 1884 right,
who from his theoretical knowledge of hydraulics and bis practical
experience is the best informed man on the river in regard to the flow
of water in streams and ditches, helped set two or three other weirs,
and an endeavor was made to measure accurately the water on the
lower end of the river. However, weirs were not placed in all ditches,
and the uncertainty as to the quantity of water received by those
ditches where the old measuring box was still in use was a cause of
continual dissatisfaction.

In 1904 the farmers on Raft River proper showed a willingness from
the start to accept the recommendations of the water master and to
place in their ditches what measuring devices were necessary or to
repair those that needed alteration. However, much dissatisfaction
has been felt by these men because, while they are entirely willing to
have the water decreed to their lands measured by the most accurate
measuring devices which can be made, the Almo Creek water users
still continue to have their water measured to them by guess or
through useless measuring devices.

STATUS OF THE ALMO WATER COMPANY.

The Almo Water Company is composed of all the parties to the
Raft River decree who derive their water supply from Almo Creek
and its tributaries, with the exception of one man near the mouth of
the creek who controls 140 inches of water. This company has com-
bined all the decreed rights into one common right, irrespective of pri-
orities. To those members of the company who are parties to the
decree are given shares in the Almo Water Company on the basis of
14 shares to 200 inches of decreed water. The Almo Water Company
owns 100 shares, according to a statement made by Mr. Harold King,
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whose father, Mr. Thomas O. King, is a party to the Raft River
decree and entitled to 180 inches of water from Almo Creek, with a
priority of 1880. These shares, however, can not be sold by the com-
pany as a company, but shares can and have been sold by the share-
holders of the company to farmers who have no decreed rights from
Almo Creek. These farmers are outside of the Raft River decree and
are entirely dependent upon the water company for their water sup-
ply. If the water company were dissolved, the farms which have
been built up by men who own shares in the Aimo Water Company,
entitling them to a certain amount of water from the company’s ditch,
but who are not parties to the decree and have no legal rights to water
from Almo Creek, would be left without water and ruined. As has
been said, there are 16 water users on Almo Creek who are parties to
the Raft River water decree and are also members of the Almo Water
Company, but besides these individuals water is supplied from the .
Almo Canal to at least 10 other individuals who have no legal water
rights.

The Almo Water Company is not an incorporated company; it has
no legal standing. At the same time the members of the Almo Water
Company claim their company is not subject to taxation even in the
- face of the law, which reads as follows:

The following property is exempt from taxation: All irrigating canals and ditches
and water rights appurtenant thereto, when the owner or owners of said irrigating
canals and ditches use the water thereof exclusively upon land or lands owned by
him, her, or them: Provided, In case any water be sold or rented from any such canal

. or ditch, then, in that event, such canal or ditch shall be taxed to the extent of such
sale or rental.

Article XV, section 1, of the constitution of Idaho reads as follows:

The use of all waters now appropriated, or that may be appropriated for sale,
rental, or distribution; also of all water originally appropriated for private use, but
which after such appropriation has heretofore been, or may hereafter be sold, rented,
ordistributed, is hereby declared to be a public use, and subject to the regulation and
control of the State in the manner prescribed by law.

Section 2 of the same article reads:

The right to collect rates or compensation for the use of water supplied to any
county, city, or town, or water district, or the inhabitants thereof is a franchise, and
can not be exerciged except by authority of and in the manner prescribed by law.

In distributing water from the Almo canal, each owner of a share
or shares is given water according to the number of shares owned.
Two shares may represent an ‘‘irrigating stream™ for two hours: 20
shares, for twenty hours; o1 when the water supply is low and water
becomes scarce in the canal, 2 shares may represent only the use of an
**irrigating stream” for one bour, and 20 shares the use of an irrigat-
ing stream for ten hours. The water in the canal is divided, distrib-
uted, and rotated at the discretion of a committee of three members of
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the water company, who hold their positions by election. The water is
not measured in any regular way, but is distributed in *‘irrigating
heads” determined by the private water master the company appoints
for that purpose.

The members of the Almo Water Company claim that under the
Raft River decree certain of their members are entitled to specific
amounts of water from Almo Creek with various dates of priority
from 1878 to 1885, and that if through methods of economical rota-
tion of the water to which their canal company is entitled they can
increase the irrigable area of their community by selling or renting
the surplus water gained by the practice of rotation, that they should
be and are entitled to dispose of the water decreed to members of the
company in a way to obtain its highest efficiency.

The water users on Raft River who are parties to the decree and who
divert water from Raft River proper have an entirely opposite opinion
as to the rights of the Almo Water Company to dispose of any surplus
water by renting or selling it. Their contention is that if the parties
to the Raft River decree on Almo Creek can not put all their water to
beneficial use upon the land to which the findings of fact made the
same appurtenant, the Alino users have no right to sell the excess to
be conveyed to other lands, but must turn it back into the stream
and allow it to go to the next appropriator. The decree reads:

It is further considered, ordered, adjudged, and decreed that when the waters
appropriated are not needed for useful and beneficial purposes, all water shall be
turned into the stream and allowed to go down to the next appropriator.

The water users on Raft River proper further contend that in every
case where water is sold and delivered from the Almo Water Com-
pany’s canal it is conveyed farther away from Almo Creek than it
would be if applied to the lands designated in the findings of fact
when the decree was rendered, and that by so conveying the water of
Almo Creek away from the lands adjacent to it, the appropriators
below are deprived of the benefits of return seepage to the stream
which they formerly enjoyed when the water of Almo Creek was
applied to the lands to which it was legally made appurtenant.

THE WATER SUPPLY.

On April 8 the water master set a gauge rod graduated to feet and
tenths in Raft River under Mr. F. M. Langford's bridge, and a daily
record of gauge heights was kept by Mr. Langford until June 19.
Frequent measurements were made with the current meter at the
bridge to determine the discharge of the river at that point for differ-
ent gauge heights. This point was selected for its convenience hoth
for keeping a record and for determining the quantities’available for
the holders of later priorities.

30620—No. 158—05——19
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A summary of results of observation from April 8 to June 19 are
given in the following table:

Discharge of Raﬂ River at Langford bridge.

Average  Highest Lowest dis-'

3 H Total for
Date. daily dis- discharge  chargein
charge.  in month. | month, month
Cubic feet  Cubic fect ' Cubic feet
per gecond. per second. | per second. | Acre:feet.
. £ 4 8 a75.3 112.5 38 3,432.3
May. . ool 98, ’ 192 | 20 6,02
T T Y b72.8 | 112.5 l 38 | 2,738.3
a23 days. 519 days.

The amount of water necessary to fill all decrees below the Langford
bridge is 59.22 cubic feet per second, or 2,961 inches. The number of
acres actually irrigated below this point is 2,196. Reference to the
table will show the average daily discharge for April, May, and June
to have been in excess of the amount necessary to fill the decrees below
the bridge. But the water supply in Raft River during the irrigation
season of 1904 was considered by the irrigators much in excess of the
average.

On May 1 a gauge rod was set in Almo Creek near the footbridge
opposite Mr. G. W. Clark’s house. This point was below all diversions
from Almo Creek and half a mile above the junction of Almo Creek
and Raft River. Mrs. Clark very kindly kept a duily record of gauge
beights from May 1 to June 25. However, owing to the fact that at
high water Almo Creek overflows its banks above Mr. Clark’s house
and floods his fields, making temporary channels through them, the
gauge heights above 2.4 feet are not to be depended upon. Having
made due allowance for this condition in calculating the discharge for
different gauge heights, the following table represents very closely the
flow of Almo Creek at this point for the months of May and June:

Discharge of Almo Creek below all diversions.

Average Highest Lowest
Date. daily dis- | discharge | discharge
charge. | in month. | in month.

Total for
month.

Cubic feet | Cubic feet | Cubic feet
per second. | per second. | per second. ' Acre-feet.
46 75 9 2,847

JUDE coiiiiiiiciiciiactieticcnteticcccacaccteatcncane a4l 70 1 2,008

a9 days.

. Raft River above its junction with Almo Creek was measured three
times during the season. On April 9 it was discharging 34 cubic feet
per second; on May 31, 47 cubic feet per second; and on June 8, 32
cubic feet per second. By July 16 no water was flowing across the
State line from Utah into Idaho. The flow from Reed Springs, which
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comes into Raft River from the east between the State line and Almo
Creek, was the main supply of Raft River after the middle of June.

On May 13 a gauge rod was set in Almo Creek above all diversions,
and arrangements were made with Mr. W. E. Johnston, a possessor
of one of the oldest rights on the creek, to read the gauge rod daily.
Mr. Johnston read the rod daily for about one week, when the Almo
Water Company ordered him to stop keeping records.

The object of keeping a daily record above all diversions on Almo
Creek and below all diversions was to determine the amount of return
seepage from the irrigated fields to the creek, and the information
might have been of great value to the people of Almo. The measure-
ments made below the diversions showed that not less than 35 cubic
feet per second, enough to satisfy all their decrees, was passing down
river up to June 15. If measurements throughout the season of the
supply above all diversions had been made it would bave helped to
determine in a more satisfactory way the effect of irrigation along
Almo Creek on the supply lower down.

SEEPAGE.

The following table shows the gains and losses from seepage and
evaporation in 254 miles of Raft River, from the mouth of Reed
Springs to the head of the Pierce-Keogh west ditch, indicated by
measurements made August 7 to 9:

Seepage measurements on Raft River.

Distance '

N Loss ()
Discharge
Date. . No. Station. from sta- orgain (+
! tion 1. ! at station. per mile. )

‘ " Cubic JSeet | Cubic feet
' Miles. \per second. | per second.
|

August 7.., 1 | Mouth of Reed 8prings.......ccceivueiniiiiiieaiienaanan.tl 2,15 i,
..... 2 | Ford near county bridge.................. . 3 i 2.00 ' --0.05

..... ' 8 | { mile below old Tom uwin ranch house . 6 2.74 + .25

A st 8.., 4 | 100 yards below Murray bridge ........... 9 2.5° — .07
..... ' 5 The NAITOWS ..ooieeninnnitiainnnennnns 13 7.48 +1.24

..... ! 6 | 8tockade corral, Bull ranch . 17 6.74 — .18

A t9..! 7 Langford bridge............. 20 5.61 - .38
..... I 8| Kirk bri dge . = 23 3.38 — .74
Do..... ! 9| At head of Pierce & Keogh ditch ................ 25§i 2.45 - .87

In the first 10 miles the flow remained about the same. At the
Narrows the amount of water in the river was found to be almost
three times that at the station 4 miles above. At this point two lava
hills on opposite sides of the river approach to within one-quarter of
a mile of each other. Although not apparent as an outcrop, a ledge of
rock beneath the surface of the bed of the river probably extends
across it and forces all the water to the surface. Some farmers on
the river contend that springs rising in the bed of the river at this
point cause the increase in flow. If there are springs they are not
perceptible.
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In the 6 miles below the Narrows the river loses only 1.13 cubic
feet per second, but between stations 7 and 8 it loses 2.23 cubic feet
per second, and in the next 24 miles loses 0.93 cubic foot per second.
There were no ditches diverting water from the river during these
measurements and the sky was clear. The temperature during the
three days ranged between 75-.and 80° F. during the hottest part of
the day.

Seepage measurements were made also on the Pierce-Keogh west
ditch on July 20. This ditch is 44 miles long and was chosen as typ-
ical of the ditches on Raft River, none of which is in good condition.
For twenty-four hours before measurements with a current meter
were commenced the discharge measured at the head of the ditch over
‘a 6-foot weir was .23 cubic feet per second. This was the discharge
over the weir at the time gaugings were made. The first gauging
was made 1 mile below the weir and the discharge at this point was
found to be 4.76 cubic feet per second. The first mile of ditch was in
foul condition, in some places deeply scoured, in others the flow of
water was retarded by growing willows or great clots of earth which
had fallen from the banks. Two miles below the weir the discharge
amounted to 4.10 cubic feet per second. The hed of the section above
this point consists of very sandy soil. Three miles below the weir the
discharge was 3.96 cubic feet per second. The section above this
point was bordered by meadow land on both sides of the ditch, the bot-
tom of which was lined with a very soft, fine mud, averaging 0.3 of a
foot in depth. The last measurement was made 4 miles below the
weir, the discharge amounting to 3.52 cubic feet per second. The last
section of ditch has an uneven grade. In some places it is scoured to
gravel and in others the grade is so slight that scdiment has collected
in long stretches on the bottom of the ditch. Disregarding the meas-
urement at the weir the total loss in 8 miles of ditch was 1.24 cubic
fect per second. The greatest loss occurred in the second mile of
ditch, which is built through very sandy soil. The next section, which
was lined with fine mud, gave comparatively no loss. Consideling
the poor condition of the (llt(h tlle loss of 1.24 cubic feet per second
did not seem surprising.

DUTY OF WATER.

Forage crops, such as wild or native hay and alfalfa, are the prin-
cipal crops irrigated from Raft River and Almo Creek. Some grain
is grown, but only in small patches of from 1 to 25 acres. In Almo a
little fruit and some garden truck are raised. The study of the duty
of water from Almo Creck was altogether prohibited by the attitude
of the irrigators. Upon Raft River two farms were chosen where
accurate records could be kept of the amount of water used in the
irrigation of two tracts of alfalfa. One tract comprises 31.82 acres
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belonging to Mr. Langford, and the other 39.25 acres, owned hy
Mr. J. M. Pierce.

Mr. Langford's alfalfa field had received no water during the irri-
gation season, which lasts from April 1 to October 1, for two years
previous to the season of 1904. His crop was a failure both years,
but most of the plants lived, owing no doubt to the supply of moisture
stored in the ground by the overflow of the river in the early spring,
during which an adjacent field was flooded. The alfalfa plants were
scattered over this field in bunches 2 or 3 feet apart. These bunches
were unusually large and the stalks rather coarse.

A gauge rod was set in the ditch supplying this field, and measure-
ments made of the discharge at the upper edge of the field. Mr. Lang-
ford kept a record of the gauge heights, reading the gauge morning
and evening while water was being applied. The first irrigation the
tract received in the season of 1904 was on May 29 and 30, when an
average of 3.16 cubic feet per second was applied. On June 5 the
next irrigation was begun, and it lasted for eight days in succession,
the flow averaging 2.98 cubic feet per second. In all, 59.71 acre-feet
was applied to this tract of 31.82 acres, which is the equivalent of a
depth of 1.88 feet over the irrigated area. Several sharp showers of
short duration fell over this field during July, and on July 5 a heavy
rain storm, amounting to 1} inches in ten hours, proved of additional
beuefit to the alfalfa.

The first crop from this field yielded 80.8 tons and the second crop
25.3 tons, the total of 106.1 tons giving an average of 3.33 tons per
acre for the entire tract. The field is a rather uneven, rolling piece
of ground, but special care was taken to lead the water to all parts of
the tract by a sufficient number of laterals or field furrows. The soil
in this tract consists of a very fine volcanic loam of great richness.
Considering how comparatively thin this stand of alfalfa was, the yield
proved to be large.

Mr. Pierce’s alfalfa field, containing 39.25 acres, is a very level tract
of an irregular shape. The main supply ditch which runs north
divides at the upper extremity of the field into two streams, one skirt-
ing the western border and the other the eastern border of the field.
These two ditches have been run on commanding ridges and water the
tract lying between them from both directions. Mr. Pierce has laid
out an excellent system of laterals in this tract, and consequently the
entire area is very easily watered. A gauge rod was placed in the
supply ditch above the point where it divides into two streams, and
Mr. Jesse Pierce kept a record of the gauge heights at all times this
tract was irrigated. Measurements were made at the gauge rod to
determine the discharge at that point for different gauge heights.
Irrigation of this tract was commenced June 8 and continued every
day until June 30. The amount of water applied varied from 4.8
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cubic feet per second to 1 cubic foot per second, the average for the
twenty-three days being 2.57 cubic feet per second. The total amount
applied during this period was 117 acre-feet. The next irrigation
occurred July 7 and 8, and averaged 3.5 cubic feet for forty-eight
hours, giving a total of 13.86 acre-feet. The third and last irrigation
occurred from July 16 to 22, inclusive. The average amount applied
daily during these seven days was 3.76 cubic feet per second. The
total amount was 52.11 acre-feet. The total amount applied to this
tract during the thirty-two days water was running was 182,96 acre-
feet, an average of 4.66 acre-feet per acre.

The alfalfa in this field was three years old and of excellent quality.
The first crop was cut when in three-quarters blossom and vielded 104
tons, the second crop yielded 76 tons, the total giving an average of
4.59 tons to the acre. It will be observed that this is close to being 1
acre-foot per ton per acre.

A comparison of the amount of water applied to crops upon Mr.
Langford’s and Mr. Pierce’s fields is of interest. Mr. Langford could
not have used any more water on this particular tract of alfalfa if he
had wanted to. It was not to be had. He was obliged to be satistied
with one irrigation. On the other hand Mr. Pierce possessed an earlier
water right and he used as much water as he deemed his crops needed.
Both fields were supplied with a suflicient number of laterals to serve
the crops to advantage, but the Langford field was harder to irrigate
than the Pierce field on account of its contour, which has a very even,
smooth surface, and so received a more uniform supply of water over
its entire area. The surface soil of the Langford field is deeper and
more retentive of moisture than that upon the Pierce tield, which has
also a very open subsoil. This in part accounts for the higher duty
of water obtained by Mr. Langford.

It must be stated that Mr. Langford's success with this alfalfa field
is very exceptional for Raft River. The average duty of water is
low, taking Raft River as a whole. Calculating the amount of water
passing the Langford bridge from April 8 to June 19, inclusive, and
adding to it the various amounts used by the farmers below that point
between June 19 and August 1, as given by the water master’s report,
the total for the season amounts to 13,185 acre-feet. This amount was
applied to the cultivated area comprised in the Burrows, Oleson, Keogh,
and Pierce ranches, which is estimated at 2,196 acres. This would
give a duty of water of 6 acre-feet to the acre, or during the season
the entire area received enough water to cover it 6 feet deep. Aside
from this must be taken into account the fact that during February,
Raft River overflowed its banks and submerged large areas of culti-
vated land, especially on the Keogh ranch, which helped wonderfully
to raise the ground-water level under the whole ranch.
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The showing Mr. Pierce makes is also much above the average.
Probably no man on Raft River gives so much time and intelligent
attention to the irrigation of his crops as Mr. Pierce. Other irriga-
tors on the river could imitate bim to advantage in supplying their
fields with a sufficient number of laterals to supply water with the
greatest economy to every part of the irrigated area. A great fault
with most irrigators on the river is their tendency to make the water do
all the work. Instead of taking time and trouble to plow a suflicient
number of laterals for an efficient service of the field they attempt to
force the water over too great distances, often overirrigating the
upper portions of a field and not supplying enough water to the lower
ends.

INTERSTATE QUESTIONS.

Raft River is an interstate stream. The North Fork, or Junction
Creek, rises in Idaho and flows into Utah. The South Fork, which is
the main river, rises in Utah, as do the tributaries, George, One Mile,
Six Mile, and Clear creeks. Before the settlements were established
along the tributaries of Raft River the waters of these streams emptied
into Raft River in Idaho. Now they seldom do. The water is gen-
erally exhausted for irrigation before it can reach the main river
channel. ‘

The claim is made by the water users on Raft River in ldaho that,
with but few exceptions, all the farms in Utah along Raft River or its
tributaries were located subsequent to the farms on Raft River in
Idaho. The correctness of these claims will have to be determined in
the courts, as will the rights to the use of water from Raft River and
its tributaries, as between the irrigators in Utah and those in Idaho.

Along the South Fork are located four ranches comprising in all
about 620 acres, with possibly 450 acres actually irrigated with the
waters of South Fork. Three Government surveys have been made
through this valley, but none has been accepted. The owners of the
farms hold their land through squatters’ rights. The valley of the
South Fork where these ranches are located is very narrow. The
farmers bhave taken up their land in strips of a quarter of a mile in
width, including in places both sides of the creek. These fields have a
pronounced slope toward the creek and are hemmed in on each side of
the stream by high mesas running parallel with it. Wild hay, timothy,
alfalfa, and grain are the crops grown here. The oldest ranch on the
South Fork was settled in 1881, the next in 1882, and the other twoin
1836. The feeling of the ranch owners is best expressed by Mr. John
Lind, one of the four. He claims that the water users on South Fork
had never considered the subject of prior rights on Raft River in Idaho
until two years ago, when summons was served upon him and his
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neighbors by the sheriff to defend themselves against a lawsuit insti-
gated by the Keogh-Brothers over the rights to the use of water from
Raft River and its tributaries. The suit is still pending. Mr. Lind
claims he has used the water of Raft River for twenty years without
any protest from users with prior rights in Idaho, that the oppor-
tunity to protest against his using water has gone by, and that by
right of constant use of water for beneficial purposes for twenty years
he can not now be deprived of the use of the water nor subjected to
curtailment of its use on account of prior rights in Idaho. Mr. Lind
claims with others that irrigation of the narrow strips of sloping land
bordering the river is a positive benefit to irrigators below, as the
valley serves as a reservoir holding water back until late in the season
when the seepage augments the flow of the stream when most needed.
Mr. Lind further states that the farmers in Idaho do not appreciate
the real reason why of late years water has become so scarce. He
claims the water supply was much greater some years ago, before
large bands of sheep were driven into the valley and grazed upon the
surrounding hills and mountains. Before their advent the vegetation
on the hills and the underbrush on the mountains held the winter
snows much longerand conserved the water supply. Now the herbage
is eaten away by the sheep, and sheep herders have heen responsi-
ble for forest fires, and therefore the physical conditions have changed
and the water pours off in great floods two months earlier in the spring
than formerly. Mr. Lind thinks such physical conditions must be
taken strictly into account in justly settling the present claims to the
prior rights between water users of Raft River in Utah and Idaho.
George Creek is the first stream rising in Utah to enter Raft River
in Idaho. This creek is bordered with farms from the mouth of the
canyon from which it em