DEPARTMENT OF THE INTHRIOR,
CENSUsS OFFICE.

.
ROBERT P. PORTER, CARROLL D. WRIGHT,
Superintendent. . Commissioner of Labor in charge.
Appointed April 20, 1889 ; resigned July 31, 1893, Appointed Qutober 3, 18038,

R EPORT
AGRICULTURE BY IRRIGATION

| WESTERN PART OF THE UNITED STATES

Al THE

ELEVENTH CENSUS: 1890.

F. H. NEWELL,

SPECIAL AGENT.

WASHINGTON, D. C.:
GOVBERNMENT PRINTING OFFICE,
1894,



CONTENTS.
. Page,
Letter of transmittal of the Commissioner of Labor in charge to the Secretary of the Interior. .. ...cooovrniiianiiniiieaaaan gvii
"WESTERN PART OF THE UNITED STATES:
Number of farms and ares ITIGATEM .o ue e e e e e i et teeae s eme e meee e e ceetaieeenaeas i annan 1,2
Percentage of land surfaee irrigated. oo uv e ier coee o cin e i i tta e r e e e r e imenne e 2,8
. Percentage of number of farms frrigated ... ... oo e e et eaeaea s P 3
Percentage of farm area irrigated ........ e e e e e e e m—m e emes e eea e e anaraaan 3,4
Character of crops and proportion Irrigated ... . oot iin il et e et item e et remeaeemreeaan e s ranmae 4,5
Valte 0F 1anQ AN CT0DB. ¢ n o e e e eaaan aemaar cmcate tauans amnatnnan atc o aaimas sabon heer e nn naeeansany thes e 56
ST 3003 G 21 1T O e e e e acaeaabea e raana smanaa e anan 6-8
Cost of irrigation............. .. e e eme N aemn ek mate aw e e eeas mana e anaeaeaet e eane e amesaateaa e mmne e 8,9
Total investment and eBhaneed VALUG - .« oo i it et e it o cimcmamas caumme e tiesreaeta amanananassemnte e an 9-11
Costi of irrigating canals .. ... .. S . 11
7 T3 ) gy 11,12
Duty and value of water..... 0 12,13
RAINTII] oot v e cm et umms cecmse e ot e et emaeatmceo o e caan s o s e maaaaa e et tmei e aneon. 13, 14
B 7320 TN S 14-19
B Y Ts g 31 P AR U Uy S 19
Methods of conducting Waber .. ... .o e e el aiee it tr v eaes ctecnen aaasamneeenene 19, 20
Methods of applying water e e e e e e e e et e e e e me e e e i anaee 20,21
STATES AND TERRITORIES:
8 L7 Y A PSP P 22-32
(0T (73T G SRR 33-89
COLOTAMD wime vmmeaenanaen cmmamn cmmmhe samane cas o Sameas mm e s ameaa satm oo amma e meeeam e et emam e e 90-135
TARTIO « - e e e e ceee e e e e e et e m mam man et man emn e e e e e m e e i ———————n 136-156
TLODIBIILA -« v e waa mme e = maa mm s mmmm e mm s m el eema dmm e e e mn e een e e mas Ceme mmma me s e e nnes e nnnaaes e 157-176
Nevada ..c.vene v vnnnacannans e R R 177-192
New Mexico oo iis eaeieee cieeecmacrme e cadacen e e e e e e e e e amee men e e mnanaaaneeneaan 193-201
0 Tk LT TT T PR PR P 202-217
L1718 R eme em e mem e e emm s e me e i e taaans i mana aameeeaseeneameae e 218-235
WaBINEHOTL - - e et it i e e R 236-247
L1 P ER T TR T e 248-256
SUBHUMID STATES: S
GEMErAl TOIMATIES .« - oo cemae e cen cmmmac cemm e e aaa memeae c i cme aneetea it am e et maeaaaonmeec aeenasss s ame e 257-260
North Dakoba, .o ccae iieene icaecamcea e eie ammac e mmnssmanas e tecmeemame e e et e 260-262
Soutlh Dalkotar . ovue v i r e e g U S 263-266
Nebraska.eeees cecvcsecincmonmonnanas P e e e e m4m mmmee emeemu e ammcmae s aan s anesemmens rame ot sane ey naoany 266-273
T TI S & et m e iae cmtwommmo s cmemem e e chmm e memaasamneememme mmtm mcwecea mmas caee s b e e e me e wamm e e i 293-277
TEXAS cvevmeamanmnan fe e eeeeae ame aasa e cacietveesssamaameenrmane et et anaa emmessanesacmasamseaecan e 278-283

1ii



-Irrigating eanals in the vicinity of Greeley, Weld county, Colorado

“Wyomning, showing irrigated areas in 1889 . ... ... . ieeiiiiiiai il
' Irnn‘atmo‘ canals along Arka,ns'ms river in western part of Ixansqs. e e e e e e

‘Daily discharge of Rio Grande above Del Norte, Rio Grande county, Colorado...... «

R A i

LIST OF ILLUSTRATIONS.

View of cement lined canal near Santa Anita, Los Angeles county, California, illustrating improved mothod of conducting water.
View of orange orchard, showing method of applying water by hasins on F6Iraces ...ooieiii e imieii il
View of Kern river and canal on south side above Bakersfield, Kern county, California. ... ..o.oo ool

. View of cement distributing ditch, North Pomona, Los Angeles county, California, illustrating method of distributing water to

ey 30 727 o TSR T T R L e L
View of distributing ditel, Los Angeles county, California, illustrating method of conserving water by cement lined ditches ..
View of 52-inch redwood pipe crossing Warm Springs creek near Redlands, San Bernardino county, California, on the main

high line of the Bear Valley BOILA] e e e ee e d e MM assame e aeneraraneua e aat nme ran bamee am e nn e e
View of artesian well and measuring device, Gage system, San Bernardino couniy, Californiey «veeee oot i e e

View at upper end of tunnel about one-half mile below head of North Poudre eanal, Larimer connty, Colorado................ :

Scene on Rio Grande canal near Del Norte, Colorado, showing bifureation gates, ahout 2 miles below main head gate_.........
Scene on south branch of Payette river at point of diversion of the canal of Payette Valley Irvigation and Water Power

Company, about 2 miles above Emmett, Ada county, IAOh0. .t eeenemo e
View of Brunean dam and canal, Owyhee county, Idalio. . i e it cie i i e rremaaa e
View of valley and bench lands along West Gallatin river, Gallatin county, Montana. ... ........ .. S e eeeeeeeemeeeaan
View in canyon of Bear river, Boxelder county, Utah, looking east, showing waste ways of Bear River canal on the left .......
View of Belmont canal near head, Cheyenne county, Nebraska.... ..cooiveioiiiiniiiiiiniana.. Cerreerreaen meemeneanans

MATPS.

Western part of the United States, showing location of areas irrigated in 1889 ... .. il
Irrigation eanals in the Gila valley, ATIZ0ona - o o oo oo i e et et etanna e e
Relative location of irrigation districts of California. .....ooo i ou i e i e i, :
Irrigating canals in the vieinity of Tresno, Fresno county, California ... ..o ... e e e eea e e ctm e e
Irrigating canals in the vicinity of Bakersfield, Kern county, California
Irrigating canals in the vieinity of Tunlare, Tulare county, California
Colomdo, showing irrigated areas In 1880 ... .o oo e et i i i eameaaen
Prineipal irvigating canals of Conejos and Rio Grande counnties, Colomdo

Tdaho, showing irrigated areas in 1889 . ... cien cem it e it i ime ettt et et et ceee aeee et aaa. . aan
Irrigating canals in the vieinity of Idaho Falls, Bingham county, Idaho
Montana, showing irrigated areas in 1880 .. .. L. i o i et eaeaan
New Mexico, showing irrigated areas in 1889 :

Utah, showing irrigated areas In 1889 . . oo e i e

-n

‘

 DIAGRAMS.

Classification of irrigated farms acCOTdING B0 8126 ..« ae it e e e e e et e e e e e e e aans
Annual rainfall at important stations in the western part of the United States. . ..o veew oot i e,
Averape monthly precipitation at important stations in the western part of the United States
Daily discharge of Salt river at Arizona dam, Maricopa’county, Arizona....... .
Daily discharge of Arkansas river at Canyon, Fremont county, Colorado

Daily discharge of West Gallatin river below Spanish creek, Gallatin county, Montana

Daily discharge of Yellowstone river at Horr, Park county, Montana,

Daily discharge of Truckee river at Vista, Waghoe county, Novad o .o iure cuae et ittt e e e e e e e e e

Daily discharge of Owyhee river at Rigsbys, Malheur county, Oregon

Daily disclinzge’ of Bear river at Collinston, Boxelder eounty, Utah
iv

Page.
19
20
51

57
59

72
73
118
128

141
155
166
223
261

28
39
48
H4
85
91
105
134
137
147
157
108
218
248
275

13

14

27
111
128
167
174
190
214
223

p

L e

32



»

LETTER OF TRANSMITTATL.

DEPARTMENT OF THE INTERIOR,
CeNsus OFFIOR,
WasHINGTON, D. C., May 31, 1894,
SIR: ‘

I have the honor to transmit herewith the Report on Agrieulture by Irrigation in the western part of the

United States, prepared. by My, Frederick Haynes Newell, special agent, under the general direction of Mr, John
Hyde, formerly special agent in charge of the division of agriculture.

Very respectfully, , , :
CARROLL D. WRIGHT,

_ Commissioner of Labor in cherge.
Hon. HoxE SMITH, '

Secretary of the Interior.



This report shows the relative importance of irrigation under the general heads of the Arid region, \'vheré
irrigation is essential, and the Subhumid region,where the rainfall in some seasons tempts the agriculturist to

INTRODUCTION.

BY F. H. NEWELL.

depend upon a supply that fails to develop his crops in other seasons,

TIn the first, or arid region, are embraced part or the whole of certain states and territories, namely:. Arizona,

California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utal, ‘Waghington, and Wyoming.

In the subhumid region are embraced parts of certain states, namely: North Dalkota, South Dakota, Nebraska,

Kansas, and Texas. .

The following condensed tables present the number of persons who irrigate their farms, aggregating 52,584;
the acres irrigated, aggregating 3,564,416; the average size of irrigated farms for the regions treated, 68 acresy
the average value of products per acre for the arid region, $14.89, first distributed by states and territories for

the arid région, and next by states

for the subhumid region,

TOTAL NUMBER, TOTAL AREA, AVERAGE SIZE, AND AVERAGE VALUE OF PRODUCT PER ACRE OF IRRIGATED

FARMS IN THE ARID REGION,

Average »

Number of | Aren iryi- | ; siize ?fl l\%z}.l?xrél i
STATES AND TERRITORIES, irrigators | gated in 1880, ZRBRMCT | products

in 1889, in acres. nores fn | Der aere

* in 1889,

Total .......................... 52, 584 3,564, 416 68 $14, 89
ArIZonga «.oooiiiiili i 1,075 65, 821 61 13,92
California .. 18,732 1,004, 233 73 19, 00
Colorado. ... 9,850 | 890, 735 9”2 13.12
Idaho....... 4,228 217, 005 50 12,03
Montana ... 3,706 350, 682 95 12,96
Nevada....... . 1,167 224, 403 102 12,92
New Mexico .. 3,085 91, 745 30 12,80
Oregon - 3,150 177,944 56 13.90
Utal ...e-.... SN 9,724 263,473 27 -18.03
Washington. . 1,046 48, 709 oW 17.09
Wyoming -eooviivnniiiiiniiannn, 1,017 220, 676 119 8.25

The table for the subhumid region does not show the value of products per acre.

TOTAL NUMBER, TOTAL AREA, AND AVERAGE SIZE OF IRRIGATED FARMS IN THE SUBHUMID REGION.

A;mru 8
Number of | Area irri- | , 5128 0
STATES, irrigators |gated in 1889, };ﬁ}ﬁ:t?g
in 1889, in acres, acres. in
188
b 17 1) AP . 1, 552 a6, 965 43
North Dakofa . .ueeemtianeuiineiiiiaiiaraeiiiiaen s LT 445 G
South Dakota . .ecemveeoiciniaeeoieeenniacraiacenanas 189 15,717 83
BOL:Y3) R R 214 11,744 65
519 20, 818 40
L OXAB e meaeessuceserrosmmanareonsnmnsonteanansesonmnne 623 18,241 29

vii



viil - IRRIGATION. | o

The area irrigated by artesian wells was but 1.429 per cent of the irrigated land. The number of wells, the bt
area they lirigated in each state and territory, with various-details, appear in the follolwing‘table: !

ARTESIAN \VELLS ON FARMS IN JUNE, 1890.

WELLS USED IN
Average IRRIGATION. -
Tota: Average | Average | discharge _Acres Total F
STATES AND TERRITORIES. numbér depth cost per | in gallons ||~ B R irrigated acroage #
‘I in feet. well, por Computed || Per well. | irrigated. i
1 innte. Per cent. p .
| minn number. .
U N ~—— }’ e—
SR 8,007 | 210. 41 $245. 58 84. 43 48, 64 3,930 13.21 51, 804 ,
e e e s | e o = |
California......... N 3,210 248, 00 425, 00 164. 00 64,17 2, 160 {
CoLOTAO . et e, 596 251, 00 221, 00 39, 00 67,85 345 18.01 6, 213 N
T N 28 83,00 33, 00 11.00 50, 00 14 13.21 185
P (T U 58 202,00 175. 00 44, 00 41.37 24 18.71 [ 320
Montana..ooovuiiiciininiaann e teetreameereaaimatanaanaraieas ae . 14 366. 00 473, 00 28,00 42,85 6 3.00 18
Nebrasko coooeeanaaoon et e ra e e aean e baannnn s g1 247.00 173. 00 13. 00 7.40 7 1,00 7
Navadn oot et a3 | 215, 00 607. 00 6.00 60, 00 20 1L.00 20 :
North DaROtA. «vunn e et it ciieiieeeiicavceianan, rertraaneaas 461 j 196, 00 265, 00 21.00 S 2.17 10 2. 00 20 ;
Oregul. o covercenrncanan At mm e s et sne b en et eramm e [} } 70.00 260, 00 15,00 50, 00 3y 4,00 12 i
South DAt ..o oeeniimiveti e 8271 26.00 168, 00 51,00 13.46 71 6,68 474 *
TeXAS v nvienrrannnn N P D84 ; 202. 00 354, €0 ©19,00 27.82 it 3001 448
Ttah. oo e ermmerae o 2, 524 146, 00 78. 00 26,00 48,49 1,224 4. 74 5, 802
TaSHIIZEON +vntaemn st e e ol 1m0 812, 00 8. 00
WYOIENLE < ev e cmemeemens e et 5| 210,00 456, 00 8. 00 |
L]
o




IRRIGATION IN THE WESTERN PART OF THE UNITED STATES

NUMBER OF FARMS AND AREA IRRIGATED.

‘The area irrigated within the arid and subhumid regions in the western part of the United States during the
census year ending May 31, 1890, aggregated 3,631,381 acres, or 5,674.03 square miles, approximately four-tenths
of 1 per cent of the total land area west of the one hundredth meridian. Of this irrigated area very nearly
two-thirds was devoted to the raising of various kinds of forage. The total number of irrigators was 54,136, or,
more correctly, this was the aggregate number of farms or agricultural holdings upon which crops were mlsed by

~means of irrigation. In this connection it may be well to note that the definition of a farm adopted for the
purposes of the census includes ¢“all considerable nurseries, orchards, and market gardens, owned by separate
parties, which are cultivated for pecuniary profit and employ as much as the labor of one able-bodied workman
during the year”. “A farm is what is owned or leased by one man and cultivated under his care. A distant wood
lot or sheep pasture, even if in another subdivision or district, is to be treated as a part of the farm, but wherever
there is a resident overseer or a manager there a separate farm is to be reported”. Under this classification a
person can have but one farm, unless the estate is so large as to require a resident farmer upon each tract.

The following table gives the items mentioned above for each state and territory lying within the arid region,’
and also for the states largely within the subhumid region on the east, the statistics for these latter being grouped
under the single designation “ sublumid region ”:

NUMBDR OF IRRIGATORS, AREA IRRIGATED, AVERAGE SIZE OF IRRIGATED FARMS, AND AVERAGE VALUE OF
PRODUCTS PER ACRE IN BEACH STATE AND TERRITORY IN 1889.

. r
Numbey of | Areairr: AJ;;‘:}EO vAw‘lrglen%?
STATES AND ‘'ERRITORIES, irvigators. gated in® irrigated products
aores. farms in
acres, per acre.
i
Total coeer i 54,136 | 3,031,381 67 $1d. 89
ATIZ0DA e mes et s ariiinea e 1,075 @5, 821 61 13,92
California. .. 13, 732 1,004, 233 3 19. 00
Colorado. ... 9, 659 890, 735 92 13.12
Idaho ... .. 4,323 217, 005 50 12.93
Montana. . . 3, 706 350, 582 95 12, 96
Nevada ..... . 1,167 224, 403 102 12,92
New Mexico 3, 085 01, 7456 30 12,80
Oregon.- .. - 3, 150 177, 044 56 13,90
Utah........ . 9 724 268, 473 27 18,03
Washington ................. . 1,040 48, 790 47 17.09
‘: Wyoming. ool 1,97 229, 676 120 8,2
% Subhumid region ......oeiemiienan.. 1,552 66, 905 + [ PR

The average size of such portions of farms as were actually irrigated was 67 acres. This is the result obtained
by dividing the total avea irrigated by the total number of holdings. This acreage was large, from the fact that in
many of the states of the far west large areas of hay lands were flooded, little care or attention being bestowed
upon them, This was notably the case in Nevada and W yoming, and o a less extent in Montana and Colorado.

The average value of products per acre from this irrigated land was $14.89, this being the quotient obtained
by dividing the total value of all products ¢ sold, consumed, or on hand in 1889” by the number of acres irrigated.
There was a tendency apparent from many of the returns received from farmers to underestimate the value of
products and to overestimate the acres irrigated. As a vesult the value of products per acre obtained in this
way was far less than has been popularly supposed was obtained from irrigated lands.

The term “ subhumid 7 is generally understood as applying to a portion of the Great Plains lying to the east of
the arid region, and is so used in this report upon irrigation. As a matter of course there is on the western side
of the arid region a strip of country which may be designated as sublumid, but this area, on account of the
diversified topography, is comparatively narrow and restricted, sinece the arid region extends on the southwest to
the shores of the Pacific ocean and on the northwest to the Cascade range. TFor purposes of discussion the
subhumid region is therefore considered as extending in a broad belt lying across the country in a north and

1
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9 ~ IRRIGATION.

south position and including portions of the states of North Dakota, South Dakota, Nebraska, Kansas, Oklahoma,
and Texas. The western extremity of Texas lies far within the arid region, but since the greater part of Texas 18
subhumid, the irrigation statistics for the whole state have heen placed in this category. .

The following table gives for these subhumid states the principal facts relating to irrigation, namely, the
number of irrigators or holdings, the acreage irrigated, and the average number of acres in each holding. - Fhe
‘average value of products has not been ascertame(l since in these states, where some crops were raised DY
irrigation and others witliout the artificial application of water, it has been impossible to discriminate between the
produets raised by these two methods of agriculture. The table shows in a general way an increase in the number
of irrigators and in acreage irrigated from north toward the south, which is due largely to the fact that conditions
of summer aridity inerease with lower latitudes, and also to the greater density of population and more easily
available water supply toward the south.

NUMBER OI" IRRIGATORS, AREA IRRIGATED, AND AVERAGE SIZE OF IRRIGATED IFARMS IN THE SUBHUMID STATES

IN 1889.
[ .+ Average
Number | Arca irri- sizo of
STATES, ofirri-  gatedin | drrigated
gators. | avres. ! farma in

| . aeres.

North Dakota ; 445
South Dakota - w9 L 15,717
Nebraska....... ; 21 11,744
Kansas ..cvoenaon.. e nmmeaaan S 519 21,318
TEXAS wnmnremmcmmnmreesanen o aeaennt 623 % 18,241

The relative position of these irrigated areas in both arid and subhumid regions is shown on the accompanying
plate, the small green patehes, mainly along the streams, indicating the principal places where crops were raised.
by the artificial application of water. In size these pat('hw of color are not comparable among themselves, as on.-
the scale of the map it is unposublc to represent them in their true proportion, and where a number of small
holdings or groups of holdings are near together they have been run into one spot whose size is relatively too
large. . -

PERCENTAGE OF LAND SURFACE IRRIGATED.

The relative number of agriculturdl ho]dan\ on whicl irrigation was practiced and the proportion of these as
regards area are shown in the appended table. Omitting the subhumid states, in which irrigation may be considere(l
as exceptional, the total area irrigated was 3,564,416 acres, or 5,568.40 square miles. This is almost exactly
one-half of 1 per cent of the total land area “of the states ,md territories within which irrigation was commonly

wacticed.  In this comparison the area of 13 eastern counties of W ashington and 16 eastern counties of Oregon
hus been taken instead of the total for the two states. The largest percentage by states was found in Colorado,
reaching 134 per cent, and the smallest percentage 11'r1(rqfed among arid states and territories was in Armona,
where the area was less than one-tenth of 1 per cent.

AREA IRRIGATED IN STATES AND TERRITORIES WHOLLY OR PARTIALLY WITHIN THE ARID REGION.

5\ & N AREA IRRIGATED. ’ 1 HOLDINGS (.'l).\"l‘;‘\l}"l!\'ﬁ IRNIGATETY AREAS,

i Total ‘ f— : . e e

STATES AKD TERRITORIES. l (ﬂ";l‘l?ﬁg (])llglil‘g}:ﬁla i E;’Pn‘;l‘l::t : Ter cent
Acres. ‘ land sar enumer- [ Total | bar of Total aren of tatal

i Tace of ated. \ numher. H fﬂl‘l“ﬁ in N acres. areg 1irrl-

state. i ; [ state. gated.

- — SN SO [ | - B, . -

Total ..ooeulvininnnnn.. . 3, 564, 416 0.50 § 123,143 52,084 | 17,199, 20,72
PR L p—— - . . _—

ATIZON «enerveneans eennnnns, (;.,,m { .00 | - 1,4% 1,075 |f 75,30 152, 345 13,21
Californin 1,004,283 | 1.0 52,894 i 13,732 | 25.86 5, 622, 000 17,86
Colorado .- $00,735 ( 13t 16,380 9,650 | 5894 2, 865, 009 1. 09
TABNO. e cvuemarrianaanann.n 217,005 | 0. 40 8,003 | +823  asar 832, 000 26,08
MONEAND eenenianeieninai . 850,582 | 0.38 5, 603 i‘ 8,706 l 06. 14 1,520, 853 93,05
Nevadeereeeronnns 224,408 | 082 | 1,297 | 1167 | 9L | 1887700 14,13
Now Moxico 91,745 | 012 || 4488 | 3,085 | 69,20 510,177 17.98
Oregon (e} e 177,044 ! w80 | 10,150 | 3,150 | 81,01 | 1,120,000 %, 80
TR cermeremmn e e 203,473 | 0.50 L waw [ e | o246 196,000 22,03
Washington (.. venennnn.... 48,700 | 0,98 10,692 | 1, 046 9.78 | 287,000 17,00
Wy OmIRE o e ccece i maeac s . 299, 676 w] 0.37 3,125 : Lo | oL | 1,506,850 15.24

aSixteen eastern counties only. b Thirteen eastern counties only.
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GENERAL DISCUSSLON, 3

Jonsidaring the counties of these states in the order of the pereentage of total arewnjrvigated, Boulder county,
Colow leswds the st with TLOE per cent ol its entive area ewdtivated by means of irrigation in 1889, Noxt comes the
county south of this, namely, Jefferson, with 7002 per cent, Both of these are in the vicinity of Denver and af the

eastern (ront of the Rocky mountains, wheve the water supply is unusuadly targe and convenient. The following
lU(()llllll('\ contavin the largest proportions of Tands upon which erops were vaisad by irvigation in 1880

. BEROCENT, PEIL CENT.
Boulder vounty, Colo oo ii i i i LD Subt Lalee commty, Tl oo i e e v 0o 06
JuetTerson oy, (ol v e e e s vrne it e v a e 742 | “Tulare cortnl,y, il e e e e e 4,71
Pavis comnly, Utalto . ooovimmcan e iiaon e RIR | Cresber connly, Colo o e e i e e £, Btk
Ormnge county, Uil oo ot e e T D Caehio connty, Ui oo 4.48:
Woeler connty, (Mol .ooeeiaaee. e ey s N ‘ Weld eaunty, (ol oo i e e s 4 80

PERCENTAGE OF NUMBER O FARMS IRRIGATEL.

The total munber off vt ennmerated fn the [T western stales and tervitories named in the preceding table
wad 120 LGS, omitling certain western counties of Oregon and Washington, Lo compavison therewich it has been
found that 32,554, or 42,70 per cont, of these s contained ireigated areas; that is (o sy, within the avid region,
or al least within the area hounded by state and county lines, and inelnding the greater parl off the arid region,,
irvigation was practieed upon less than one-hall of the holdings, which wider the consus elassificntion were
designated as “farms”, Of the remaining formsy on which frvigation was not practived, by iy the greater number
were what ave commonly known as eattle ranches, while on others crops were radsed by dependenes upon the
SINTHAN

The lavgest proportion of frvigated fvems to the total nanber was tound in Utaby where over nine-tentls of the
agricwltural holdings contaived devigatel areas, The smallest proportion was in Washington, the 13 eastern
eountios of whicly, although vegarded as heing in part, i not wholly, within the arid vegion, contained relatively a
s o ber of irvigated sreas, agpregating in fael less than one-tenth of' the (otal number of s, Arrd.ngmg
the states and territories in the order o the importance of frvigation as shown by this elassilication, the resi(lts
obliined weey
SPATES AND PERRITORIES IN THE ORDER O THE PROPORTION OF TUE NUMDBER OF FARMS [RRIGATED . TO PHIS

TOTAL NUMBER OF AGRICULTURAL IHHOLDINGS,

Pyt
CPERCENY. o PEKR UENT.
Lo Utal..... R LR R R R D R DR 240 DO Wyeming ...l Creearae i aadias P LOL B
I T LR T ) P T s, 0RO
H T 3 B S O T T Y S RN T s O 71
4o New Mesien oo e G20 g, (‘nlii'ur.ni:t(h)..........u..........................,.;; R 1S
Dy MOTIHIE weites v nee neaamnmc e cmesmaaenncesansarescnnana (6, 14 T AWRRIEIEEON (8] veer e s e s e ee e e vanenee .78
[T U1 V18 1 I 6o T ;.
o Sisteen csiern conntivn only, b Inehwdingg the whole stura, - (e fallisving paeagraple) e Thilvteon eustern connties only.

Considering this table as w whole, it may be sald that (n the states and territories in the upper part of the list
frrigntion was the rale, while in those toward the foot it had less fmportanee, and in the caso of Washington it
may be considered as almost exceptional. The velative position of California vequives explanation, for in that state,
with its enormons ares and great diversity of topography, frvigation plays o peeuliay part,  In the uorthern and
southern eounties ivrigation was practiced on o great majority ol the foms, while in the connties near the cunter
of the state, especinlly those bordering npon the bay of San FPrancisco or the Pacilie ovean, it h,m buen exeeptional,
there being but few connties in the state whera it is not practiced to o greater or loss v\(vnt,. Ftho buy and coast
countivs, L4 in number, ave deducted, Californin takes a position above Oregon, thus h{m!(lmg ninth in the list
instead of tenth, with o percentage of 48.65 of tho fems rigated.

PEHROENTAGE O FARM ARBA IRRIGATLED,.

The total aren of the 52,584 ageieultural holdings of which o part was frvigated, as shown by the preceding
table, was 17,100,025 aeres, or an average ol 327,00 acves each, The total area iveigated was 3,064,416 acres, or
80,72 per eent off the total area of these farms, In other words, in these 11 states and tervitories less than half
of the farms eontained irvigated areas, and of this latter munber one-fth of the area was snecosstully ivvigated,
I now it is asswned that the averagoe size of “H agricultoral holdings, 327,09 acres, devived as above from less
than half’ o the farms, .1])1»!10.4 to the whole, 123,143 farms, the total were 1},3,‘(‘ ol these agricultural holdings would
bu 40,278,844 neres,

In ecomparison with this total furm area of 40,278,844 neres the 3,504,410 neres of imvigated crop formed
avidently only 885 per cent ot the land owned by farmers within the hl,ﬂf(‘a uml fervitories clusw‘nuted This is a
signifleant fact, especially in comparison with the water sapply, for it has been found upon @ detailed examination
of euch county and loeality that as o rule the greater part if not all of the easily availuble water sapply has been
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utilized, and in 1888 and 1889 the losses through drought were enormous, yet less than one:tent]_a of the land

belonging to the farmers actually produced a crop by means of irrigation. It must be borne in Ir.un.d, h‘owever,

that a portion of the remaining nine-tenths, especially in the state of California, does not require irvigation, and
that a still greater portion is ungiiestionably above the reach of water; but from a careful cousideration of these

figures it would seem as though all of the water supply of the arid region must be needed to properly irrigate the

lands already owned by farmers and not fully utilized, provided that theselands are so situated as to be susceptible

of irrigation. : :

Comparing the states and territories among themselves as regards the completeness of irrigation of the area
of the farms which were wholly or in part cultivated in this manner, it is seen that Arizona stood at the head, with
a percentage of 43.21, while Nevada came last, with only 14.13 per cent of the area of each farm irrigated.
Arranging these in the order of this relation, the following result is obtained:

STATES AND TERRITORIES IN THE ORDER OF THE PROPORTION OF LAND IRRIGATED TO THE TOTAL AREA OF
LAND IN FARMS WHOLLY OR PARTLY IRRIGATED.

: PER CENT. | PER CENT.
1o ATIZODA (oot e et e et 48,21 | 7. CAlifOrnin «oeevevmnm e oelonsiaii e et 17,86
2. C0JOTRO0 - oot eimen e e e e e 81,09 | 8 WaShilgbom o veeeveemneeet ceenen e va e 17.00
8. Idaho oieooaalll e et aaans 26.08 | 9. OreBom .cvuonnenn i e 15. 89
4. Montana............ e e e et amaee s 28.05 | 10. Wyoming.. ... ocommiomiii il e e 15. 24
e 2 T T {1 14.13
6, New MoXICO. ..o euvriiieciiee eivnveceanne e e 17,081 ‘

In Wyoming and Nevada the agricultural holdings were generally very large, being used chiefly for stock
raising, and, therefore, as might be expected, the irrigated portions from which crops were cut were but a small
percentage of the whole area. Thus, although irrigation was essential, these divisions came near the hottom of
the list.

In the case of the subhumid states any comparison of the area of crop irrigated with the total area of the
state would have little value, as irrigation is exceptional and is practiced in widely scatteredlocalities, The following
table shows the relation between the irrigated area and the total size of the agrieultural holdings on which this
method of agriculture was practiced. Taking the 5 sublumid states as a whole, only 6.40 per cent of the farms
owned by men who practiced irrigation was actually cultivated in this manner. Incomparing the percentages for
the states, it is to be seen that these diminish in order from north to south, ranging from 34.77 in North Dakota,
the highest, to 2.43 in Texas, the lowest. * The small percentage in the latter state was due partly to the fact
that irrigation was largely carried on by means of water from springs or wells, small areas of garden, fruit and
shade trees, and forage crops being watered on each farm, even where field crops were raised by dependence upon
rainfall, X ‘
TOTAL AREA OF FARMS IN SUBHUMID STATES ON WHICH IRRIGATION WAS PRACTICED, TOGETHER WITH AREA

AND PERCENTAGE IRRIGATED IN 1889,

" Acrea irri-
Total area f Per cont
STATES. ) o gated in h

in aeres, neres. irrigated.
Total .ooeveiviiiiiiiaiia, <adl 1,045,003 60, 965 G, 40
North Dakott ceeeee cvvvinenanrnnn., © 1,280 445 3¢,
South Daketa..o..oovveiiiniia oo 52, 466 18, 717 29, 96
Nebraska ..oooveiaveiiiiniio... 81, 305 11, 744 14, 44
JLCETR T 161, 020 20, 818 12,98
TEXAS ¢ eea e iiae et eee e 749,922 18, 241 2.43

CHARACTER OF CROPS AND PROPORTION IRRIGATED.

The character of the crops raised by irrigation is shown in a broad way by-the table on the following pagé, in
which a classification has been made into two great groups, comprising the cereals on the one hand and the forage
and miscellaneous crops on the other, forage forming by far the greater part of this latter group. This table serves
to show that over one-third of the area irrigated was devoted to cereals, namely, wheat, oats, Indian corn, barley,
rye, and buckwheat, the importance of these products being in the order named. Of the remainder of the crop
over 60 per cent eonsisted of forage, including various native and cultivated grasses, alfalfa or lucern, and other
clovers, also wheat, oats, and related cereals cut before maturity for forage purposes. The widespread practice of
using the cereals for hay, especially when owing to searcity of water a fair crop of grain could not be produced,
hasintroduced considerable confusion in the returns, and in some instances cansed the products per acre and their
values to appear remarkably small. The irvigated areas devoted to fruits are included with miscellaneous crops,
ginee, although of great value, they form but a relatively small percentage.
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GENERAL CHARACTER OF CROPS IN THE ARID REGION IRRIGATED IN 1889, BY STATES AND TERRITORIES. |

SPATES AND TERRITORIES, acreage - _ -
uugutul
Per cent. Acres. Per cent, Acres,
B 01 2 R 3, 564, 416 65,51 2, 328, 016 34. 60 1, 236, 400
ATIZODMA - o e iice e 45, 821 (5. 82 43,321 34, 18 22‘ 500
California 1,004, 238 47,22 474,238 52.78 530, 000
Colorado....... 890,735 70. 25 625, 735 29,75 285, 000
TAANO0 < n e eenannn 217, 005 70.97 154, 005 29, 03 63, 000
Montanf......... 360, 582 78, 61 276, 582 21.39 75, 000
Nevada..ooonnnn .- 224,403 93. 32 200, 403 6. 08 15, 000
New Mexie0 . oo e icmrrecmaenaes 91,745 36,78 833, 745 63,22 68, 000
- - 177, 044 69, 99 124, 544 30, 01 53, 400
203,473 56,35 148, 473 43,65 115, 000
48,799 57.00 28, 200 42,01 20, 500
229, 676 91.73 210, 676 8,27 19, 000

Throughout the arid region as a whole over 80 per cent of the crop area, including as a matter of course the
forage plants, was irrigated, but at the same time there were counties lying well within this great region where as
high as from 20 to 40 per cent of the area cultivated was utilized without the artificial application of water.
Examples of this were found in northern Utah, where, as in the, Cache and Malade valleys, large areas were
profitably cnltivated by what is known as ¢ dry farming?. The large size of the counties and the restricted areas
in which agriculture has heen conducted render figures somewhat misleading in detail, as, for. example, in the.
southeastern corner of California, in San Diego, San Bernardino, and adjoining counties, in which the statistics.
obtained apply only to the regions near the coast, where from 20 to 60 per cent of the crop arveas were irrigated.
The greater portion of these counties, that ]ymg east of the mountains near the coast, can produce nothing
without water artificially applied. On both sides of the main body of arid lands, as might be inferred, there were:
counties in which the greater part of the crop area was not under ivrigation, and beyond or adjacent to these the
areas in which this method of agriculture was not in nse. Along the border and even well within the arid region
there were localities where it was impossible to draw the line sharply between areas irrigated and those not
watered, especially where on one farm part of a given crop was irrigated and the other part not. Many farmers
have learned that thorough cultivation will often compensate for scantiness of precipitation, and when, as was
the case in 1889, droughts were general and water was difficnlt to obtain, portions of the fields were dry farmed.

.

VALUE OF LAND AND CROPS.

" The average value of the land upon which crops were raised by irrigation, and the average value of the
products per acre are shown in the table on the following page, these averages being obtained by dividing total
values by the number of acres for which values were given; that is to say, in cases where the returns of farm -
values of products were deficient, the acreage was omitted in order to obtain the averages, it being assumed that
these few cases did not differ materially from the mean of all others. Forthe 11 states and territories given the
average value of the irrigated land, including improvements, such as fences and buildings, was $83.28 per acre,.
ranging from $31.40 per acre in Wyoming up to 8150 per acre in California. The total value of this irrigated
land and its improvements thus obtained was $296,350,000.

The average value of products for the 11 states, $14 80 per acre (to nearest figure), multiplied iiito the munber
of acres, gives in round numbers a total of $53,057,000. This average value has been obtained, as above stated, by
taking all the cases in which definite returns were made and assuming that-they represent the general condition.
In the case of the states and territories where crops are raised on the same farm both with and without irrigation
it is exceedingly difficult and not unfrequently impossible to discriminate between therm.
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VALUE OF IRRIGATED LANDS IN ARID REGION IN 1890 AND OF THEIR PRODUCTS IN 1889.

VALUL OF FARMS ON I{ VALUGE OF PRODUCTS
JUNE 1,1800. cd IN 18
Ao I -
STATES AND TERRITORIES, “;;gi‘g‘;;]d Averngo Average
maeres. | volue or | RUTEA" | valuover | hitier”
8,564, 416 $83.28 | $206,850, 000 $14.89 | $59, 057,000
65,821 48,08 3,204,000 || - 13.92 916, 000
1, 004, 233 150, 00 150, 685, 000 19. 00 19, 080, 000
800, 735 67.02 59, 696, 000 18.12 11, 686, 000
217, 003 46. 50 10, 091, 000 12.93 2, 806, 000
350, 582 49, 50 17, 354, 000 12,96 4, 544, 000
Nevada . coevneiiiniaan, 224,403 41,00 9, 200,000 | 12,62 a2, 899, 000
New Mexie0. v iiitiianas 01,745 50, 08 4, 677, 000 [ 12.80 1,174, 000
OT@ZOM v e e eeeamveenseareenrnamseeneeannns 177, 944 57, 00 10,143,000 || 13.90 2,473, 000
L1 7 USRS 263,473 84,95 22,108,000 | 18,03 4,750, 000
Washington - ....eveeueenn.n. e f 48,799 50,00 2,440,000 || 17.09 834, 000
} ALt U | 220,676 | oaw o 212, 000 ‘[ 8.25 1,895, 000

a The actuzl value of farm products for the state of Nevada as returned on the agrieultural schedules was $2,705,660. The excess of the estimate in the
above table is probably accounted for by the omission of valuations from many irrigated farms in which the only crop was alfalfa and other forage eaten by cattle,
and which were nof reported to the ennmerators. .

SIZE OF FARMS.

In a comparison of the relative size of irrigated holdings in various localities the fact brought out most
prominently by o study of the census returns is the large size of the areas devoted mainly to the raising of forage
rops, as, for example, in Nevada, Montana, and Wyoming. On the other hand, in those localities where trrigation
was highly advanced, and the products were of more than usnal value, the irrigated holdings were small. The
condition of the water supply, and the density of settlement entered often to modify this generalization, the irrigated
areas being large where water was abundant and the population was scattered. ‘

In order to examine into the average size of the majority of irrigated areas, and to eliminate the results
produced by the existence of large tracts of land owned by a few men, the table showing “relative number and
size of irrigated farms” has been prepared, in which the irrigated holdings have been classified according to size.
The larger areas have been placed by themselves, thus allowing the far greater number of moderate sized holdings
to be considered independently. TFor this classification 160 acres, or a quarter section, has been taken as.the basis,
and for simplicity, all irrigated holdings or parts of holdings under 160 acres in area have been called throughout
this report ¢“small farms”, and those of 160 acres or over have been designated as ¢ large farms?, it being understood
that these terms apply only to the areas irrigated and notito the total holding of each individual, so that if a farmer
owned 640 acres and irvigated 40 acres, the latter number was the one considered and it was classed as a small farm.

Out of the 54,136 holdings upon which crops were raised by irrigation in the census year there were 4,595 in
which the area irrigated was 160 acres or upward, the total of the same being 1,802,605 acres, or 49.64 per cent of
the whole amonnt irrigated; that is to say, 4,595 persons, or 8,49 per cent of those irrigating, owned very nearly
one-half of the total area irrigated. The great majority of irrigators, 91.51 per cent, irvigated 1,828,776 acres, or
an average of nearly 37 acres each, against an average of 392 acres upon which crops were raised by irrigation by
the few large owners. ,

RELATIVE NUMBER AND SIZE OF IRRIGATED FARMS.

UNDER 160 ACRES. 1’ 160 ACRES AND UPWARD.
STATES AND TERRITORIES. : T i T
Total irri- | Average | Per cont Total irri- | Average| Per cont
Number, t .gated area | slzein | of total || Number.| gated area | sizoin | of total
in acres. acres. area, in acres. acres. area.
|
Total.ocoaen viiiiiviieananna.a ] 49,541 ’ 1,828, 770 a7 50, 36 4, 595 1,802, 605 892 490, 64
ATiZOng.eec vt e i 996 43, 165 43 66, 58 79. 22, 656 287 84,42
Californis vovveveniriiiiiiannvannas 12,505 382, 850 30 38.12 1,187 621, 383 547 i 61.88
Colorado...c...oooenlll e 8,227 451, 2156 55 60, 66 1,432 439,520 307 [ 49,384
L 4,110 1508, 528 39 78.51 213 57,477 270 26.49
Montana... 8:130 174,000 56 49.63 576 176,578 307 50,87
Nevada--c-eviiiiieniiiiinniciia.. 823 47,812 B8 | 21.31 344 176, 501 513 . 78.69
New Mexico..ooveeiiuiiniinia., 8,022 72, 068 24 78.55 63 19,676 312 21,45
[0 2, 896 101, 788 35 57. 20 254 76,156 |- 300 42. 80
Ttabeeemn ol 9, 641 237, 616 25 90,19 a3 25,857 312 9,81
Washington.....ccoooiiiiena.... - 994 31,043 32 65. 46 52 1B, 856 324 34, 64
Wyoming. .cceviieiii i 1, 614 79, 662 50 34.82 303 149,714 494 65.18
Subhumid region..........oo.uii.l, 1, 403 46, 815 31 69.02 59 20,146 341 30.08 -
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All the cases in which 160 acres or upward of crop (large farms) were irrigated, have been tabulated (see t
following) under three headings, nawnely, those of from 160 to 320 acres, those of from 320 to 640 acres, and t
of 640 acres and upward, these figures, as before stated, applying not to the total acreage of the agricult
holding, but only te that portion upon which crops were raised by the artificial application of water.

Taking the irrigated areas of 640 acres and upward, the following table shows that they numbered 411, wit
aggregate area of 724,147 acres, or an average of 1,762 acres each. The 411 individuals or corporations ow
these irrigated lands constituted three-fourths of 1 per cent {0.76) of the number of irrigators and held 19.9

. cent of the total area. ' '

RELATIVE NUMBER AND SIZE OF LARGE IRRIGATED FARMS (160 ACRES AND UPWARD).

160 To 320 ACRES. 320 T 640 ACRES. 640 ACRES AND OVER.
STATES AND TERRITORIES. Total irri- | Average - | Totalirri- | Average Total irrl- | Average
Number. | gated area| sizein | Numbor. | gated area | aize in || Numbor. {gated area | sizein
in acres. acres. in acres. facres. in acres. | acres.
Total cevinvmreniiniaeaacan. 3,242 671, 161 i 207 942 407, 307 432 411 724, 147 1,762
-85 170 1 2 S Co7 l 10, 454 ! 183 15 G, 515 484 7 5, 687 813
Californifiee oo oo ool 788 | 162,542 - 207 243 103, 488 426 156 365, 358 2, 342
Colqrndo ........................... 1,113 224,518 1 202 244 103, 845 426 75 111, 157 1,482
TAARO . cteamiasiarerneniaiaaaanes C172 34,751 202 34 14, 036 413 7 8, 690 1,241
421 88, 094 }’ 211 1238 61, 986 423 ' 32 35, 503 1,112
201 | 46,666 | 232 | 91 41, 404 456 52 88, hdl 1,708
. 46 10,202 | 222 14 8, 460 401 3 3,014 1,008
L= o 192 38, 736 ‘ 202 49 21,110 481 : 13 16, 310 1,255
0 G5 18,234 ! 204 . 13 5, 665 427 5 7,008 1,414
‘Washington ....................... 36 7,609 ! 211 11 4,015 420 & 6 4, G42 628 N
WYOIMIDE. e et iieeeeii e aano, 181 | 85,370 | 220 93 '42,780 460 f 10 71, 564 1,460
‘ Subhumid region ..ooaooL.aal.. 40 i 8,195 \ . 205 it 12 5,423 ’ 452 i 7 \ . 6,028 933 ‘

The facts given in the two preceding tables are exhibited graphically in the following figure, which give
percentage of total area of farms of each class to the area of all farms irrigated. The black portion of eact
indicates the percentage which the total area of irrigated farms of under 160 acres each bears to all the
irrigated. Tor example, in Utah, New Mexico, and Idaho the small irrigated farms predominated, their aggr
being in excess of that of the larger farms. On the contrary, in Nevada, Wyoming, and California the
irrigated farms, though being as a matter of course less in number, surpassed in aggregate area those unde

DIAGRAM ILLUSTRATING CLASSIFICATION OF IRRIGATED FARMSQ&CCORDING TO SIZE.

Western Unitdd States__ § e L e 3’0’0’0’0’0‘0’0”“""‘" )
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. California. . oo ooooee. s R //7///A
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acres in size. The donbly crosshatched portion of each line or bar shows the percentage of area of farms of from
160 to 320 acres each, and the single erosshatehing the percentage of those of from 320 to 640 acres each, while
the open portion gives the proportion of those of 640 acres or upward. In Nevada, for example, the 52 large
irrigated farms surpassed in area those of any other of the classes above enumerated, being considerably over a
third of the total irrigated area.

COST OF IRRIGATION. -

The statistics concerning aereages and value of land and products were taken from the enumerators’ returns
for each agricultural holding. Other facts now to be discussed have been obtained by direct correspondence with
farmers by means of special schedules addressed to each irrigator. These schedules contained guestions intended-
to cover facts concerning the Iocation of irrigated land, the character of the water supply, the cost of irrigation,
methods of using the water, necessity of irrigation, the use of artesian wells and pumps, also the location of canals
or irrigating ditches, size and cost, and methods of distributing the water. In all about 80,000 replies have been
received, and from these, after proper tabulation, certain averages have been drawn, the principal of which are
shown in the following table:

¢

AVERAGE COST OF IRRIGATION AND CULTIVATION.

Y . . K T
! . i S [
. N [ Average ' ’
e Arege | Averago | drat cost |
STATES AND TRRRITORIES, | water | water rights tuuualcost) por ncre of c ’
| pights per | per nexe in | Oglqu“ctr%l I%L‘;%‘:fﬁr.‘i”; { - iy
i acre. 1890, ; peracre. tion?v : Sodein i
POtal Lo 1 $20.00 $1.07 $12.12 I TR
lem————|- - - p— i P i
Arizona......... e | 7.07 12,58 | 1.58 8,60 e . :
Californin. .oveeeereieeaansinennn. 12,95 80.28 1.60 17.48 L
COlOrRAO - e et 1 7.15 28.46 0.79 9.72 PR ,
TAGNO. + e emeeneeee e e e eneeinnns | 474 13.18 | 0.80 9,31 ‘ R
Montana... N 1504 | 0,95 8.20 ' / -
NOvAdA e ceveeeeeiiiiiaaeeeaens . 7.58 24.60 0. 84 10.57
New MeXICO. e oetecereariemeineananas ‘ 5,58 18.30 | 1.54 1171
OFCEOD. + oot N 1 15,48 | 0.04 12.50
L0 SRR bo10.66 26,84 | .91 14.85
Washington ' 4.03 13,15 : 0.75 10. 97
Wyoming...oooveimeanieaniiiiann, ! 3.62 8,69 ; 0. 44 8.23
Subhumid vegion ......ooooooiens P A0y we | L2l 4,02

As shown above, the average first cost of bringing water to the land throughout the entire arid and subhumid
regions has been $8.15 per acre. This average was derived from the statements of all persons who have
construeted ditches, or have purchased water rights from others. It included all cases from those, on the one
hand, where the farmers dug or plowed small ditches leading from the river or creek to their land, to those, on the
other, where the irrigator purchased the right to take water from some large canal, and embraced all the
intermediate conditions where water was obtained through co-operation of neighboring landowners or through
partnerships of farmers. The fact that a person has used water npon a certain number of acres entitles him in
many localities , to certain rights or privileges. It has become customary to term property of this kind a “water .
right”, and the first cost of applying the water to the land can be considered as the cost of this “water right”.

In the different states and territories there was a wide range in this average first cost of applying water to
the land, or of the water right. . The highest average was in California, where the most thorough and expensive
systems for saving and distributing water have been constructed. The lowest was in Wyoming, where enormous
areas have been covered with water by means of ditches quickly and cheaply constructed by means of plow and
scraper, the average cost in this latter state having been a little over one-fourth of that given for California.

The average value per acre of these water rights, wherever they could be considered independent of the
value of the land, was $26. This was the average of the valnes given to this privilege or property by the owners
of water rights or of independent ditches. In many localities, however, owing to the scarcity of water or to other
causes, the water right can not be taken from the land without depriving the latter of its entire value, for without
awater supply the land is worthless. In such cases the entire value inheres in the water right, and if it is assumed
that the average value of the land was $83.28 per acre, at least $80 of this, and possibly more, must be attributed
to the water right. Taking those cases in which water rights were transferable and were sold or treated like

other pieces of property, the apparent enhancement to the creator of these rights has been the difference between
826 and $8.15, or $17.85 per acre. '
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Besides the first cost of water, namely, the expense of constructing ditches from the stream or the cost of shares
in some irrigating canal, the irrigator must pay annually a small amount or must expend some labor in order to
repair the ditches and keep them in.good order, the amount being often only a few cents per acre. "Where he
takes water from some larger canal, especially one owned by a corporation, he may be compelled to pay a larger
sum, that will not only cover the cost of keeping the canal in repair, but will also pay interest on the investment,
salaries of officers, and other items of expense. In the aggregate this often amounts to $3 or even more per acre.
Averaging all the statements as to the annual cost of water, the result for the entire arid and sublhmmid regions
was 81.07 per acre. , |

Since the greater part of the irrigators owned the small ditches used for bringing water from the streams to the
land, having built such ditches at points where the conditions were most favorable for construction and maintenance,
the annuzﬂ cost of keeping them in repair has been small, mueh’ less than it would have been under other conditions.
For example, with the construction of larger irrigating works designed to carry water to land farther away from
the streams and to overcome more or less serious obstacles, the first cost of irrigation was usunally greater, as was
also the annual cost, on aceount of the heavy interest upon the original investment, and also from the fact that
salaries and other items of expense not entering into the operation of the small ditches were included.

The average cost of bringing the land under e¢ultivation beyond the expense for water, but including fencing,
was, according to the statements of the farmers, $12.12 per acre, ranging from $4.62 per acre in the case of the
subhamid states to $17.48 per acre in California, the difference being due both to the configuration and character
of the ground and to the amount of labor spent in preparing it for the various kinds of crops. For example, in most
of the states where the cost of cultivation was low the ground originally was uearly barren, and there were no plants,
except, perhaps, sagebrush, to be removed. In cases where the expense of preparing the ground for cultivation
was great, either the ground was rough and uneven, requiring more or less leveling in order that the water might
be applied economically, or it was covered with willows and other small trees, requiting considerable labor before
the fields could be brought into arable condition. Where fruit trees and vines were to be planted great expense
has often been incurred, especially in California. '

TOTAL INVESTMENT AND ENHANCED VALUE,

By making use of the averages of cost and value as given in the preceding table and applying them, with
proper modifications, to the acreage irrigated, it is possible to arrive at certain conclusions as to the amount
invested in irrigation works and in lands eultivated by irrigation, also as to the value of the same and the enhanced
value realized by the owners of lands and water rights. The results obtained are shown in round numbers
in the three following tables. In the cases of Nevada and Wyoming a mean value has been substituted for the
average first cost of water for each state, from the fact that the average first cost of bringing water to the land in
Nevada, owing to peculiar circumstances, applied to the land which was under a comparatively high state of
cultivation, and not to the hay lands, while in Wyoming the reverse was the case.

Tn the table on the following page, wider the head of ¢« Cost ”, is given the total first cost of bringing water to
the land irrigated during the census yeav, that is to say, this is in round nwmbers the sum of the amounts
obtained by multiplying the acreage irrigated by the average first cost of obtaining water, or of water rights, as
given by the irrigators. It may also be c:on‘sldered as the investment in time and money in the construetion of
irrigating systems in use during the census year, under the broad assumption that each system was employed to
its full capacity. In snch cases, however, as those in which a canal furnished water to only a small proportion of
the irrigable lands, only a portion of the total cost of the eanal would be represented in the totals showmn.

The total first cost of irrigating the designated land was for the entirve arid and subhumid regions $29,611,000,
this being the amonnt, as stated above, presumably invested in productive irrigation works. The total value of
the works or of the rights thus created, assuming that the statements of the farmers apply to all cases, was
$94,412,000, showing an apparent increase of $64,801,000, or 218.84 per cent. As to the total cost of the irrigation
works or the expenditures for irrigation upon lands which for one reason or another were unproductive, it is
impossible to obtain reliable estimates. Statements and conjectures have been made by interested parties, bub
they have no foundation so far as can be ascertained beyond the personal impressions of the individuals making
the statements.
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TOTAL APPROXIMATE COST OF PRODUCTIVE IRRIGATION SYSTEMS AND CPHEIR VALUE [N Isthy,

‘ (ot SRR E IR Tye v,

STATES AND TERRUTORIES.
A . ‘
v

B T I SOOI Taili R TR R T AR T LT (U Tt P
ADHMM s eeaaeresansemernnaes STRTI ‘ AT TR i, v
California . | 123, 405, (1 R ALET LR TIRLUO

v Colorado...oen-- 1, 0, 0 o5, i 1, UL, tht
)17 PP PPPPPP P 1,0, vt &, KL, (1
NLOIEAIME . < avssnmnm s maanasesnnanassoenns 1, 428, 60 0, W Rl
TOVARM areevm e vnevamennnns 1,201, i T,
Now Mexico .ooovareseennn- . A13, tog 1, 430,
Oragon ... vens . LR UL T, FRUUR T
L1 P . 2,780, sl 7o00 A, S
TWASHIEION - ceecrammeramareeramenanenie . 107, (i s o d40,
A T T ITRTRETE T 1, 2K1, 0t SN, o, WL i
Subhumid rogion . ST, ton s UEATL Tt

The resnlts shown in the foregoing table apply to irvigation construetions or rights cousidered apart from the
land, As o matter of fact, in the vast majority of caxes, it is practically impossible to separate Tl valups n the
arid region and assign to them a certain sum, for the value of the land is inseparably bowd ap with the question
of water supply. ‘

In considering what may have been the first cost of the irvigated Tand apon which erops were paised i the
census year it is necessary to assume a sum representing the purchase price of the wildl or desert Ll the vost of
bringiug water to the land, and that of cultivating the soil, building fenees, mud performing other neepssary
operations. The following table gives in round numbers the acreage under diseussion multiplied by the probable
first cost of the three items per acre. It also shows the total value of this same Tndd, s given previonsty, aud the
difference or inerease in value to the farmer or owner of these ivvigated aveas,  Frow the table it appesrs Tt
the total first cost of this land, excluding the sublumid states, was $77,:190,000, i the slue, s derived Drom the
statements of a majority of the owners, was $296,5850,000, showing an increase of $219,360,000, vy SRS per eent,

FIRST COST O IRRIGATED AREAS IN THE ARID REGION, INCLUDING WATER RIGITES, AND THEIR VALUL IN e,

STATES AND TERRITORIBS, ‘ First coat, \'“h": {:;“','_""" R T

] I N { BT, 00 b, B, U X ST THTR L]
ATIZON e < e v eeee et ev s s s raranesaansatvesnannen [, 114, PRI 2, R, ot
Californin HLSLE, 00 PO, A 0 TIR, B2, e
COloTANO 4 r e e newnemnsracnn s 16, 141, by a0 000, otk ¢ L4, BB e
Tdaloeeea .. e e 3, 40, Do 10, 01, 4H) [Rd WY
Montani. ... o, i, gun 17,0k 18, e, vy
Novada ... A, 005, 0, 900, (ki G, W0, i
B e 1 P PPN ; L 0T, o 4,077, o, i
Orogon R RTSEPPEPR e eteeseeemraeree oy aanay ; i, URS, oo 10, 148, tt t th, KA, hin
Utah oeennns 7, 08, 0o WOI0R AR A 1T,
Waghington ... TH, D00 O TN I YT
Wyoming... 3,454, 000 T ke b, Btk

The total amount expended each year in maintaining systems of irvigation may be assimed, for purpuoses of
:omparison, to be represented by the total acveago irrigated multiplied by the u\'\vl‘ugu vx]mulimw P eTe U
reporfed by the irrigators, This is given in round numbers in the table on the following pagge, aud the fatal vidue
of products as previously shown is placed in comparison with it, The difference i’up1'::~4mttﬁ Wonet vadue of
products from the irrigated land, or the sum by which the irvigator must veimburse hinselt tor bis fabor and
expenses and for interest on the capital invested. This table shows it B3, 704000 was the ])1‘()\)2\1)1l: mnbuni
expended during the census year ab least for maintenance of canuls aud ditehes, or 12,81 ])N" cent of the -nnunuxf
previously assamed as the fivst cost of these systems, | | N |
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TOTAL COST OF WATER AND OF MAINTAINING DIFCHES IN THE ARID REGION IN 1889-1890, AND TOTAL VALUE OF
' PRODUCTS OF IRRIGATED LANDS IN 1889,

. , STATES AND TERRITORIES. ’.Eioth‘mllngg:t I};‘(‘}(ﬁf’c‘t’; Difference.
N Ut #3, 794, 000 #53, 057, 000 $49, 263, 000
ATIZONA « e trneenirn e et e e e e e 102,000 916, 000 814, 000
California 1,607,000 18, 080, 000 17, 478,000
COLOTRAD « « e e cenaennenns 704, 000 11, 686, 000 10, 982, 000
Idaho...... N 174, 000 2, 806, 000 2,632, 000
MOTEATIB <« ceemearm e eneanenaanas Vet nenenaan, 338,000 | 4,544,000 4,211, 000
NeVALL e eneecaaanan..s 188,000 | 2, 899, 000 2,711,000
New Moxico - cveeerennnn.. 141,000 1,174, 000 1,033, 00D
OPBEOL. e tveeennenrnannas - 167,000 2, 478, 000 2, 306, 000
L S T 240,000 4,750, 000 4,510,000
WRSHIDZEOD < etaeee it e et e e © 87,000 834, 000 797,000
Wyoming 101, 000 1, 893, 000 1,704, 000
CORT OF IRRIGATING CANALS. ) .

Classifying irrigating canals and ditches according to their widths, it has been found that for those averaging
less than 5 feet in width the expense of construction, including headworks, flumes, and other adjuncts, was $481
per mile; for those 5 feet in width and under 10 feet, $1,628 per mile; and for those 10 feet or more in width,
$6,603 per mile. The greater number of the irrigating systems of the country have been constracted under sneh
conditions that the owners can not give even an approximate estimate as to what they really cost. Many of them
have been built by the efforts of a few farmers, acting originally in partnership, and have been enlarged from year
to year as more land was brought under cultivation and population increased. Farmers as.a rule have not kept
account of the amount of labor or money expended on such works, and in cases where they owned the irrigating
«ditches they have not taken into consideration the labor expended upon the ditehes at times when farm work was
not pressing, ' -

The average cost per mile of the three classes of irrigation works is given for each state and territory in the
following table, which exhibits the variations in cost due to difference in topography, thoroughness of construction,
and accidental circumstances. California heads the list as to cost. The differences in cost were due largely to the
condition of development of irrigation, the states where the methods were erude and simple generally showing a
less average expenditure, although the existence of one or two great works has introduced apparent departires
from this rule.

AVERAGE COST PER MILE OF CONSTRUCTING IRRIGATING CANALS AND DITCHES

ar 5 ;
STATES AND TERRITORIES, ggé})‘if 515‘9‘12({&‘1’“ 100%}?13’ e
width. . width.
GENEral AVeTAZD .ot e i $481 $1, 628 $35, 603
75 0 11111 T PN 471 1,674 5,274
AL 0TI e c e v oo emeee e e e e e e e e e aaanen 885 5,957 15,511
Colorad0.oennnan.. e . 380 1,131 5, 268
Idaho .vavnennn... . - 205 810 1,320
Montana...... I . 395 800 2,300
BT T 200 1,180 feieccionnnes
New Mexico g 310 58] 6, 566
Oregon aeeernenaens . 260 1, 0G0 1,300
L5 X1 S, . 403 1,025 3,072
Washington . 285 .1,286 - 2,571
W GOMMIE . - v e om e e e e e et e e e eemann e el ae e e 87 3,884
Subhumid region . .u.eue e e ieaa e 308 447 1,884
. | .

WATER SUPPLY.

Facts concerning the water supply for irrigation have been ascertained in a general way by correspondence
with ifrigators and owners of canals and ditehes, mainly by means of speecial irrigation schedules sent to all parts
of the west.,, Obviously it is not possible in this way to obtain exact statements, for data as to the amount of
water available or utilized for irrigation cam be obtained only by means of measurements made by engineers
skilled in such matters. The average irrigator has very indefinite notions concerning the amount of water flowing
in streams, especially in those of considerable size; and in fact it is alimost impossible for any person who has not
made a specialty of such matters even ' to approximate such quantities with suecess.
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As a general statement it may be said that thronghout the arid region there is hardly a stream of small size
from which water can be conducted readily upon arable land that has not been utilized to its full capacity during
the summer season. To inerease the area under irrigation it will be necessary either to use greater economy in
employing the water, so that it will cover larger areas, or to store the flood and waste waters of the nonirrigating
season.. A greaf increase in the acreage cultivated can come also by the construction of expensive works to divert
the water of large rivers upon lands which can not be watered except by the expenditure of a large amount of
capital. Taking the country as a whole, there are very few localities, if any, where, as in the past, a farmer can
divert water unclaimed by others, and by meauns of a simple diteh constraeted by himself and his neighbors bring
his farm under irvigation.

From the replies of irrigators throughout the country, it is apparent that in 1888 and 1880 there was a
deficiency of water supply for the land then under caltivation along most of the streams,. By a comparison of all
the facts it is evident that, taking the past decade as a whole, there was an unusnally large amount of water in
the streams in 1885 and 1886, and that this amount decreased year by year, although by no means constantly in
all localities. Thus it happened that while the area under irrigation was rapidly increasing, the water supply as a
whole decreased, and during the years of drought, namely, 1888 and 1889, and in some localities 1890, there was a
general loss of crops npon irrigated lands, due to the fact that alarger acreage was tilled than could be irrigated
by the methods in use, ' .

' Not only was there loss of erops in many connties, but the areas which were irrigated and from which crops
were obtained did not in many instances receive a sufficient amount of water to produce large or satisfactory
results. Many statements have been made that, owing to insufficiency of water during the last part of the
season, some of the cereal plants were cut for forage or were hardly worth the gathering. )

The simple fact that the area which can be irrigated is dependent upon the amount of water flowing in the
streams is often ignored in general discussions of irrigation and its possibilities. It is often taken for granted
that because along some river there are vast areas of fertile land, some of which has been irrigated profitably,
larger and larger areas will, with the progress of settlement, be brought under cultivation to an indefinite extent,
* the assumption being tacitly made that since the river drains a large area its waters must he proportionately

abundant. It is unfortunately the case that many of the rivers.of the arid region occupying a prominent place

upon the map carry a very smail amount of water for a part of the year, and this water is all utilized or
needed for the land now wholly or in part under cultivation.

DUTY AND VALUE OF WATRR.

The duty of water is the term used to express the relation between the quantity of water used in irrigation
and the area upon which itis employed. If a given stream flowing at the rate of 10 second-feet irvigates throughout
the season 1,000 acres, it is said that the duty of water is 100 acres to the second-foot. A second-foot of water is
the quantity represented by a stream 1 foot wide and 1 foot deep flowing at the average velocity of 1 foot per
second. The duty, as might be inferred, differs very widely with the character of the water supply, the methods
of employingit, the character of the soil and erops, and perhaps more than all with the skill and experience of the
irrigator. Ifis necessary, however, to assume certain averages in order to ascertain the valune of flowing water..

The average duty of water most widely accepted is that originally taken by Powell (a) as 100 acres to the second-
foot. In practice some irrigators undoubtedly reach a higher value and others a lower one. Thronghont the arid
region there is a popular expression of «1 inch to the acre”; that is to say, water flowing in a stream of moderate.
size will irrigate at the rate of' 1 miner’sinch to the acre. The miner’s inch is a variable quantity, depending upon
the method of measurement and the character of the aperture through which the water flows. In many of the
states most of the details of measurement are defined by statute, but even then there is often uncertainty, Ior
practical purposes, however, it may be assumed that in California 50 miner’s inches equal 1 second-foot, and in
Colorado and adjoining states 40 miner’s inches, or even less, are equivalent to the same. This rate of 1 miner's
inch to the acre, therefore, would give an extremely low duty of only 40 or 50 acres to the second-foot, but it is
probable that in many localities where tlhere is an ample water supply it is used as freely as this. The saying is so
common that the majority of the irrigators who have formed any opinion on the subject hiave given this as the
common practice. Nevertheless there can be little doubt that a higher duty is generally obtained.

Upon the new lands of Utah, Idaho, and Montana it is probable that the duty of water averages about 70 acres.
to the second-foot, and that it can be readily brought up to 100 acres. In California, in localities where water is
scarce and great earve is faken in using it, the duty has been found to be 200 acres or more, in exceptional cases

rising to 500 acres or over, this high water duty being obtained usually in the case of orchards, in which the water

is conducted by pipes to each tree. The state engineer of Colorado in the fifth biennial report estimates the duty
of water of certain.streams at from 168 to 424 acres perssecond-foot, using in this connection the acreage estimated
by the-water commissioners. By substituting the acreage from which crops were obtained as shown by this census,

@ Report on the lands of the arid region of the United States, with a more detailed nccount of the lands of Utal, by J. W. i’()well. Second edition,

Washington, 1879, pago 8.
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the duty has been found to be from 90 to 200 acres to the second-foot, This high duty of water is unquestionably
due to the fact that some of the water returns by secpage to the stream and is nused a second time. As a conservative
estimate, as well as o convenient one, 100 acres to the second-foot may be considered as the average duty which
has heen obtained nnder favorable conditions and by the employmentof ordinary skill on the part of the irrigator.

By taking a definite quantity to represent the duty of water, viz, 100 acres to the second-foot, and by
ageertaining the average value of this water to the land, it is possible to obtain some congeption of the value of
the water resources of the country., Taking the average value of the water right as $26 per acre and the average
first cost as $8.10 per acre, the difference, $17.85, can be considered as the value of the flowing water to each aere.
I then L second-foot irvigates 100 acres, its value under these assumptions is $1,785. Thus, for example, a small
river ov ereek earrying throughout the irvigating season 100 second-feet should be worth at least $178,500.

RAINIALLL,

In any diseussion of irrigation it is essential to make reference to the quantity and character of precipitation,
for this governs not only the questions as to necessity of artificially applying water, but also throws some light upon
matters of water sapply. The data concerning rainfall have been so carefully collected and published by the Unitec
States Signal Service that it is sufticient to refer to its reports. In order to show in coneise mamner some of the
prineipal facts several diagrams have been prepared giving graphically the annual and mean monthly rainfall
at vivious points in the western lalf of the United States. The first of these, entitled  “Annunal rainfall at
important stations in the western part of the United States”, exhibits by a series of vertical lines the relative depth
of rain at different points through aseries of years. Theseare arvanged in a rude geographic order, the stations given

DIAGRAM OFF ANNUAL RAINFALL AT IMPORTANT STATIONS IN THE WESTERN PART OF THE UNITED STATES,
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on the left hand side of the sheet being those near the Pacific coast and those on the right hand on the great plains of
the Mississippi basin,  The great fluctuations year by year are shown by the varying heights of these‘ Verpical lil_les
or eolanns and also the irregularity orlack of uniformity. 1t is possible to pick out one or two years dmrm ¢ which
there was unusually large or small precipitation at most of the stations, but these are rather exceptional than

.
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otherwise. In 1884, for instance, the precipitation at a number of places was above the average and in 1885
less; butb taken as awhole the plate illustrates the fragmentary character of even the hest of the data and the great
irregularity in annual rainfall. ‘ ‘

The next plate, on the contrary, is characterized by a great uniformity, since it has been constructed from
averages of from 15 to 20 years. It exhibits the average rainfall by months, the stations being arranged, as in the
other plate, with regard to their geographic position. A prominent fact seen on this plate, as on the preceding, is
the small amount of rainfall at the stations well within the arid region, but perhaps the most striking feature is
the gradual change in distribution of rainfall throughout the year fonud in proceeding from one side of the diagram
to the other. On the east, in. the Great Plains region, the greatest rain oceurs in the summer months, while in the
west, near the Pacific ocean, the summer is the time of diminishing rainfall, succeeded by the annual drought. In
the center, as, for example, at Fort Bridger, the rainfall is fairly evenly distributed or somewhat irregular. It is
also interesting to compare the minimum rainfall shown at Yuma, Arviz, with that at Portland, Ore.

General A. W. Greely, Chief Signal Officer, has classified the distribution of rain according to months under a
number of ecurves (@) typical of certain portions of the country. These curves, placed one above the other, bring
out clearly the great difference in the distribution of precipitation between California and Colorado, and show that
although in some points in California there may be. a greater annual rainfall, yet the quantity of rain which falls
during the summer is exceedingly small, and in order to save the trees and vines it becomes as necessary to irvigate
as in regions of less annual preeipitation. ‘

In the present veport, under the description of states, the quantity and distribution of the rain will be further
discussed. Throughout the greater part of the arid region there have been relatively few points where rainfall
measurements have been made, and these have been mainly in the vicinity of cities and towns of considerable size.
Councerning the precipitation on the great mountain areas, from which the important streams come, little is known.

b ARTESIAN WELLS,

A small amount of water used for irrigation is obtained from artesian wells, and thervefore the census
enumerntors were instructed te include these within the agrieultural schedule. By a tabulation of* the returns it
has been found that in the states and territories forming the western part of the United States there were 8 ,007
artesian wells upon farms in June, 1890, - The artesian wells southeast of Minneapolis, supplying many cities &nd
towns of Wisconsin and northern Ilinois, as well as points move distant, do not enter into this discussion. The
wells eonsidered were in Kansas, Nebraska, North Dakota, South Dakota, Texas, and the states and territories
west of them. -Out of this total number of 8,097 wells, st,mstu.f-. concerning the depth, cost, discharge, and other
features were obtained for 2,971, or 36.69 per cent. From this latter number of w ells, fairly distributed in each

state and county, averages lm.ve been drawn, which, when applied to the whole number, give the results shown in
the following table: -

ARTESIAN WELLS ON FARMS IN JUNE, 1830,

e - : : ‘ l B WELLS USED IN IRRIGATION,
) ' - ; A cory Averngoe
STATES AND TRERITORIDS, | l\llll(l)lt{:(]}l'. i f}%litll?ﬁ‘: ﬁ)‘sftlﬁfﬁ ?1'113““1[5%: . o Average | q o
| eet. owell. o R (,mnputul‘ area irrign. |, - Oul are
i | per minute. Per cent. number. tod per w vell n'ug:ft‘md in
; } ‘ Lo ! in ncrea. feres. -
Total............ ; 8,007 | 21041 | ; 8 930 15.21 51,96
. Culifornia ....... e Pooaee ¢ 2800 [ 16400 6417 2,000 Co18.03 38,3,8
Colorado........ R 1T - ) W] L 89.00 Tane - M5 {sOn 6,213
Idaho. ... a8 o 83,00 | 11,06 50, 00 " 14 13. 21 185
. Kausas.. ‘ s ¢ w200 | 44,00 40.68 ag 1.7 | a2
Montana:.-..oevunn.... 4D 600 | 00 98, 00 42,86 (] .00 18 .
Nebrask eoeennnninen. Sl omooaar00 Lo 1700 1m0 |7 7.60 7 . 1.00 T R U
Newaddeveeeennnnnnennn 30 216000 o0 | 6.00 0. 61 20 .00 20
North Dakota.......... 461 186, 00 265. 00 L 21.00 2,17 16 2.00 20
Oregon - aeeeeneeecnenns a 70,00 | . 250,00 15.00 | 50. 00 3 4,00 12
Sonth Dakota.......... . 527 216,00 | 138, 00 51,00 ! 13. 47 7L 6. 68 474
TeXAR - e et iamenas : S3LL 202000 | 459.00 19.00 | 97,34 146 3. 00 438
Ttah.ooienermenennn.. 2620 | u600 | 7800 26. 00 a8 an 1,924 47 5,802
Washington ........... 9 12700 ! H2.W0 T O P P S
, Wyoning....... eaee- 3 210, 00 450, 00 B0 oo famememenans ; ............
— U A

« ¥ome of these are shown diagrammaticnlly in his 1epmt. upon irrigation and water storage, published as Huuse l \u,utwu Document No, 287, Fifty-firgt .
Congrcss second session
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This table shows that 3,930 wells, or 18,54 per cent o’ the total number on farms, were employed in irrigation,
wateriug 51,5800 aweres, or an average of 1521 acres per well.  Over one-hiall' of these wells were in the state of
Californin, ivvigating 38,378 acres, or 7305 per cent of the total avea irrigated by flowing wells. The average
dischiarge of the whole nuumber of wells was H4.63 gallons per minute, or 0,121 eubie {oot per second or second-foot,
This gives o water duby ol T seeond-foot to L0917 neres; that is, the water flowing rom these wells lias irrigated
on annverage 10017 acres per second-loot,  The average depth of these wells was 21041 feet, and the ;wémge
cost was B245.058, or 8L17 per foot for all depths and conditions,  Taking as the average dischavge 54,43 gallm_]s
per minute, o B2 second-foot, the cost of the water would be 451 per gallon per minute, or §2,029.59 per second-
foat, . Taking the ligures just given for the duty of water, namely, 1 second-foot tfor T00.17 aeres, the average cost
of ferigating an acere has been IS5, The average cost of water per aere by ordinary means of irrignﬁon, as.
derived from e statements ol frrigators thronghout the entive country, was 88,15, or 43.84 per cent of the cost by
artesian woells,  This, it should be borne in mind, iy the average cost of water trom suceessful wells,  To arvive at
the netual cost due allowanee shorld be made for many attempts, aggregating perhaps thousands, to obtain fowing
water without suceess,  The total nunmber of these can not be ascertained, for failures iu this line aresoon forgotten, .
Lt the amonnt expended annnally by individuals, eities, towns, and corporations in frditless attempts must be very
Tavge, : ‘ .
At an average cost ol R24E.08 per well, the 8,007 wells vepresent an aggregate investmoent of $1,988,461.26.
The total depth dvilled op Bored in making these fowing wells was 1,703,680.77 feet, or 322.67 miles. The total
amennt disehargaed by all these wells was 410,719,710 gallons per minute, or $81.03 sceond-feet, nearly fonr-fifths of
the diseharge of the Rio Grande at Del Novte, Golo,, for 1800, and a tritfle Tess than that of the Weber river above
Ogden, Utal, for the same year,

The amount of watey discharged by artesian wells i so small that it has been fonnd convenient to eniploy a
smaller unit of measweement than in the ease of vivers and erecks. The quantities in the Iatter case are usually
exproessed incnbie feel per seeond or second-feet, Foravtesian wells the fa smadler unit often employed in vegard
to city supply, the gallon per minute, is used. A gallon per minute equals 0.002228 second-foot, and, conversely,
1 second-toot is oquivalent to LRSI gallons per minmte, 1 enbie foot heing equal to 748052 United States standard
gallons, A thivd nuitof flowing water is in popular wse, namely, the miner’s ineh, but this, as previously stated, is an
indefinite quantity, varying according to the method by which it is measaved, in some localities 40 and in others
A0 miner’s inehes making o secoud-foot,  In this discussion the gallon per minute, sinee it is In common tse, is
employed,

An artesinn well Qowing at the rate of 100 @allons per minute, or 0.2228 second-foot, will in 1 day discharge
119 nere-fools that is, it will cover 044019 of an aere 1 foot in depth, or L acre that Gaction of a foot in depth,
awd iy 1 yenr will diseharge 16120 nere-feet. Tn other words, if all this water could be saved, this number of acres.
wonld be covered T Toot in depth. At the average discharge off 5643 gallons per minute a well during 24 hours
diseharges 0.2405 aeve-foot, and in 1 year will diseharge 8779 were-feet. Al of the wells at this rate in 1 yvear
would discharge g total of THLEBE.68 aere-feet, . '

In the following table the number of wells in each county is given, together with the depth of the deeper and
shillower wells, the avernge depthy cost, and ddischarge in gallons per minute of those wells for which statisties.
were obtained: : '

ARPESIAN WRLLS, DIEPTU, COST, AND FLOW, BY STATES AND TERRITORIES AND COUNTIIES,
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ARTESIAN WELLS, DEPTH, COST, AND FLOW, BY STATES AND TERRITORIES AND COUNTIES—Continued.
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ARTESIAN WELLS, DEPTH, COST, AND FLOW, BY STATES AND TERRITORIES AND COUNTIES—Continued.
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The artesian arveas are widely scattered, and individually they are of small size, excepting those in North
Dakota, South Dalkota, and California, where the artesian conditions extend over several hundred square miles,
Tach of these arcas will be discussed or mentioned 1in its appropriate place in the following pages.

By far the greater number of the artesian wells in the west have been put down within the last decade, there
being comparatively few which have been in existence for 10 years. In California, howéver, cases are reported
where wells have been flowing for 20 or even 30 years, the discharge not having decreased except througl the
interference of other wells, The suceess attained in sinking wells in some of the valleys of California and Colorado
led to a widespread interest in such matters, and since 1884 attempts have been made to secure flowing water in
the majority of connties of the western part of the United States.

Many cities and towns have devoted money to experimental drillings, and in a few instances state governments
have favorved such works by legislation or by direct appropriation. Thé national government in the early part of
the past decade paid for the sinking of two wells upon the Great Plains, both of which were without success so far
as flowing water was concerned. Perhaps the largest amount of experimental work has been done by railroads,
whose need for pure water for locomotives has led to drilling a number of deep wells along their lines. Owuers of
eattle also, both as individuals and corporations, liave spent large amounts of money in putting down deep wells
in remote parts of the country in the hope of obtaining water for stock. In the aggregate a vast amount of
experimental work has been done; and from the knowledge obtained in this way and by study of the geological
structure the extent of conditions favorable for artesian wells is fairly well known. .

The geological conditions favoring the existence of artesian wells are found in nearly every state considered,
although in restricted areas. The most notable basins are in North Dakota, South Dakota, California, Texas,
Colorado, and Utah; their importance as regards avea and amount of water delivered being approximately in the
order named. These areas, outlined by successful wells, are small compared to the total land surface of each state,
a possible exeeption to this rule being in the case of North Dakota and South Dakota, where artesian water can
apparently be obtained over perhaps one-fourth of these states, providing that wells are drilled to a depth
sufficiently great. _

Comparatively few artesian wells have been put down for irrigation alone, and the utilization of the water in
raising crops has been what may be termed an afterthought of the owners. The greater number of the wells were
drilled primarily for the purpose of obtaining drinking water, but since the amount consnmed in this way must be
small, even insignificant, the large surplus is available for other uses. Thus it is that, although the expense of
irrigation from artesian wells is in many instances so great as to appear to be prohibitory, yet as other more
important purposes are served and the water otherwise would be wasted, it results that irrigation by this method
'is profitable, especially for intensive agrieulture. :

The advantages of artesian water for irrigation lie mainly in the matter of convenience and independence of
the owner.  Having a well on his own land, subject to his exclusive, control, the irrigator can employ the water
when he pleases without waiting for his turn, as in the case of the farmer taking water from a company ditch. On
the other hand, however, although he can obtain the water at all times, it comes, except in the case of a few
remarkable wells, in a very small stream, so small that it requires great care and patience to conduct it from point
to point. The dry soil dvinks up this little stream with a rapidity almost as great as that with which it comes, so
that many instances are reported where the farmer lhas been unable to carry the water more than 200 feet from the
well, The temperature of the water, especially from the shallow wells, is usually low, from 40 to 50 degrees
fahrenheit, varying very slightly thronghout the year. On a hot summer’s day this water, if applied at once, might
injure the vegetation.

Tor these reasons, namely, the small size of the stream and the low temperature of the water, it has been found .
advantageous wherever possible to build gmall reservoirs in which the water from the well can accumulate and
become warmed by the sun. By this means a large quantity of water, Wa,rmeq neerly to the'tempera"ture of ‘the
air, can be turned at once upon the fAelds in a stream sufficiently large to force its way from point to point, rapidly
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18 IRRIGATION.

wetting the surface with comparative uniformity. In considering the cost of irvigation by artesian wells, therefore,
the expense of cunstraeting and maintaining a small reservoir should not be overlooked. Unfortunately, in many
cases reservoirs are not feasible, eitlier on account of peculiarities of the surface or because the water from the well
does not rise to a height sufficiently great. '

Artesian water is generally regarded as having less value for irrigation than water from rivers and creeks,
from the fact that the latter usually contains a large amount of silt, which is believed to enrieh the laud. Well
water, on the other hand, is almost always clear, although it sometimes carries a large amount of mineral salts in
solution; the artesian waters ranging from those almost as soft as rain water to the strongest brine. 'When water,
although containing but a small amount of saline mafter, is nsed for irvigation, the salts left by evaporation
gradually become concentrated, and may reach a point, especially it' great care is not taken, where they completely
destroy vegetation. This also is the case with many river waters, and may be obviated to a certain extent by
thorough eultivation of the soil and proper mandgement. . ‘

The majority of artesian wells are upon low grounds, the water only rising slightly above the level of the

bottom lands of the valleys. This, as regards irrigation, is especially unfortunate, from the fact that these lower
grounds are often below irrigating canals and are to a greater or less extent wet by the seepage from the canals or
from the rivers. Wherever the pressure is sufficient to lift the water to lands upon the benches or sides of the
valley above irrigating ditches the water has unusual value, but these cases are rare, In spite of this fact,
however, flowing wells even in countries covered with a network of canals are valnable, from the fact that they
fornish throughout the year a continuous supply of water suitable for domestic purposes and for cattle. During
the winter time especinily, when the water is twrned out of the irrigating ditches, the artesian wells prove of great
service. E ' ‘
The development of the known artesian areas by the sinking of new wells has proceeded rapidly. The
examination of statements from the owners of artesian wells demonstrates unmistakably, however, that the
majority of wells show a gradual decrease in the ammount flowing from them. Many wells do not exhibit a
perceptible change in this vegard, but the number in which shrinkage has ocewrred is sufficiently great to justify
an examination into the causes prevailing in each basin or at each group of wells. This decrease in diseharge has
often resulted from mechanical imperfections in the construction of the well, which end in clogging or injury of
the tubing or easing or in filling the lower part of the well with fine sand.

A more serions canse of diminution of flow is that due to loss of hydrostatic pressure resulting from an increase
in the number of wells or from pumping one or more of them. The water in the pervious sands or gravels can never
be completely exhausted by artesian wells or even by pumping, but it is comparatively easy to make the openings
so numerous and large that water no longer has an opportunity of accumulating in the higher parts of the bed to
an amount sufficient to exert great pressure at points lower on the dip of the beds.

Examples of the injury or even total destruction of artesian wells by increase in the nunber, or by reckless
drilling through the confining strata, are to be scen in many parts of the country. The decrease of flow or complete
stoppage of many wells of the Deunver basin is well known. In California, along the coast south of San Francisco,
are a number of small artesian areas where wells have been flowing for many years. The result of putting down
new wells within the second half of the past decade has been that many of the older wells have stopped flowing
except at times of high tide or during the rainy season. In fact, it is comparatively easy to find wells in any of
the older basins which flow only during the winter. Legislative protection against interference with this valuable
class of property is in many states essential in order to prevent its complete destruction.

The largest and probably the most permanent artesian areas of -the country, namely, those of North Dakota,
South Dalkota, and Texas, lie east of the arid region and within that part of the debatable ground known as the
subhumid, where irrigation is rarely necessary, although often of great benefit. On account of the fact that good
erops are often raised by dependence upon rainfall, it has been difficult to convince the farmers within these artesian
aveas that irrigation can be made profitable or practicable from these wells. ‘Even within the arid region few
artesian wells have been put down by farmers primarily for irrigation, and it is doubted whether this can be
profitably done except in instances where it has already been proved beyond a doubt by neighboring wells that a
large artesian flow can be obtained. The risk and cost involved are often too great to justify the experiment, In
unexplored territory the chances of striking flowing water are against-the prospector, for even if the geological
structure is favorable, the beds may be comparatively impervious to water, or it may not rise to the surface, or,
as is often the case, it may be strougly saline. The expense of maintenance also in the case of wells delivering pure
?v:mte,r is oceasionally a notable amount, owing to the necessity of keeping them clean or of repairing accidental
injuries.

The efficiency for irrigation of the water from artesian wells varies widely with the character of the erops, soil,

and climate. The greater part of the water is used upon small gardens in the vicinity of houses, and for frait and

shade trees, for watering lawns, and for raising grass either for pasturage or for hay. Toward irrigating the
ordinary field erops, such as wheat, rye, oats, and corn, water from this source has been employed to only a small
extent. - As will be seen by ¢xamining the figures previously given, the nuriber of acres irrigated per well in each
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state is by no means proportional to the discharge. In California and Colorado, for instance, approximately the
same number of acres per well are irrrigated, although iu the case of the former the average discharge is over
four times as great as in the latter. This difference is traceable to the character of the soil and surrouuding
circnmstances, the diserepancy arising from the fact that in the San Luis valley in Colorade the wells irvigated
large areas of land in the immediate vicinity of canals, where the ground water stood comparatively near the
surface, and thus the small amount from an artesian well was very effective, while in some of the other states the
rground. . the vicinity of the well was dry to such depths that it drank up the water with astonishing rapidity.

RESERVOIRS.

In various parts of the country attempts have been made to increase the amount of water available during
the irrigating season by means of storage works holding a portion of the tlood waters until most needed,
Gieat interest has been shown in the development of these works, and their necessity is attested by the
popular diseussions of the advantages to arise from their construetion. Therve is hardly a county in the whole
arid region in which there are not a number of sites at which it has been proposed at oue time or another
to construct a reservoir. Unfortunately, however, experience has proved that the natural advantages for the
profitable construction of storage reservoirs are not widely distributed, and there are few places in any one state
where under present couditions it will pay to hold water. As a usual thing the loealities poiuted out ave deficient
in storage capacity or are so loeated that a perfectly safe dam can not be constructed with reasonable outlay.
Progress therefore in the increase of water supply by this means has been and must continue to be slow, velative
to the developments of systems for distributing water. In certain parts of the country, for example, in Colorado,
many small reseyvoirs have been built by farmers for the purpose of holding water for individnal use, but the
aggregate capacity of these is almost insignificant.

The best known storage works of the country are probably the Sweetwater reservoir of the San Diego Land
and Town Company; the Cnysmaca reserveir of the San Diego Flume Company; the Bear Valley reservoir,
belonging to the Bear Valley Company (these three being in southern California); TLake Yosemite, near Merced,
Cal.,, and the Castlewood reservoir, near Denver, Clolo.  In addition to these there are a number ot other works in
process ot construction or projected, notable among these being the Hemet Valley dam, the Arrowhead works of
southern California, and the Pecos dam, in southern New Mexico. ,

Besides the reservoirs mentioned above, which are wholly artificial, there arve throughout the west a nnmber of
lakes used to a certain extent as storage works. In the case of the larger of these lakes the natural fluctuations
of water level are almost beyond control, and the evaporation from the surface is wsually far greater than the
amount of water utilized. The largest of these ave Utah lake, in Utah; Bear lake, in Utab and Idaho; Lake Tahoe,
in California and Nevada; Clear and Eagle lakes, in California. 1t is probable, also, that Goose lake, in Oregon
and Californin, could Dbe used, as well as Klamath lake, by the construction of suitable outlets. .\ comparison of
these large hodies of water with the wholly artificial reservoirs is hardly possible, since the area of the former is
nearly 100 times as great.

METHODS O CONDUCTING WATER.

Water is usually brought from the running stream or reservoir by means of open ditehes or canals built on a
grade sueh that it shall flow freely. Many considerations have to be taken into account in determining the fall of
the diteh. As a general rule, the less the grade the more land the diteh will command at & given number of miles
from the head, but, on the other hand, a canal of gentle grade requires a larger cross section than one of more
decided slope, and if the velocity of the water is small the channel may be entirely choked by aquatic plants. Too-
great a slope, however, results in the washing away of the banks and bed, requiring constant care and expenditure.
Little attention was given to detaily of this kind in the laying out of the older ditches and canals. As experience
has been gained and larger and more expensive enterprises have been entered upon, engineering skill has been
called into practice, and the open channels and flomes have been improved upon in various ways. In many
instances the open earth ditebes have been replaced, in whole or in part, by eonduits less wasteful of water. In
southern California especially, where, owing to the absence of rost, there is less liability of destruction, cement
has been largely used in various ways. Tor example, some of the open ditches have been lined with stone and a
coating of cement placed upon this, making the sides and bottom of the ditch smooth and impervious, thus at the
game time increasing the capacity while diminighing the loss by seepage,

Tn various parts of the country pipes of weod or of iron are being employed to a considerable extent to
prevent loss of water, especially at points where it is difficult to maintain an open channel. The wooden pipes
are made of strips of plank, with their edges carefully beveled or fitted together, These strips run lengthwise of
the pipe, and no two terminate at the same point, so that the pipe when complete is practically continuous. The
pieces are bound togetlier and held in place by iron hoops at short intervals. The iron pipes generally employed
arc made of sheet iron put together in various ways, usnally, however, in short lengths. Many styles of pipe are
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won the market, as single and double riveted, spiral, double cemented, and coated. Cast irqn is used to only a s1}nall
extent, owing to its heavy cost. Where frosts are not feared cement or stonewf"ure p]p'es are of’gxu e.mplo,'yed,.
-especially in connection with the cement ditches mentioned above, the water in the.se. pipes being submitted tp slight
pressure. Taking the arid region as a whole, however, the open earth ditch is the rule and such devices are
exceptional, marking perhaps the beginning of better things.

METHODS OF APPLYING WATER.

The methods of applying water to the soil in use in different parts of the arid region depend largely upon the‘
‘character of the soil and crop, the quantity of water usually available, the slope of the ground, and the degmq of
skill-on the part of the average irvigator. The grasses and other forage crops, notably alfalfa, when growing
aipon nearly level ground, are usually flooded by cutting the side of the distributing ditch, constructed'along tl‘]e
highest parts of the field. The opening in the side of the ditch is usually made by a.shovel or hoe, and is filled in
-again after tle adjacent portion of the field hasbeen irrigated. Sometimes, however, small gates or openings through
the side of the diteh provided with suitable sliding doors are placed permanently, so that the quantity of water can
be regulated with some degree of care. From the openings in the side of the ditch the water i allowed to find its
way in all directions, and unless the surface is perfectly level some portions receive far more than others. Thus
fields slightly undulating wilt often show bare spots where the plants have hot rveceived sufficient moisture.
Where the supply of water is ample, especially on the edge of some broad valley, enormous areas of the native
grasses are thus flooded, little carve being taken to distribute the water evenly, since the yield per acre is at best
small.

On very gently sloping lands what is known as the check system has been largely in use, especially in
California. This consists in raising low ridges of earth, about 1 foot in height and 10 feet or more in width at the
bottom, these being built along contours and thus meandering across the fields as required by the slope of the
ground. The space between the distributing diteh and the first clieck or small levee, which may be at a distalce
of from 100 to several hundred feet, is fivst filled with water, and the soil being saturated the low levee is cut in one
or more places and the surplus water, together with an additional supply from the distributary, is allowed to fill
the second ehecks or levees. These checks are so broad and low that they do not interfere with cultivation, the
farming machinery passing over them without difficulty. Among the Mexicans this systemn of ¢hecks is carmed to
An extreme. They are placed very near together and consist of sharp, narrow ridges, inclosing patches of grain
or vegetables often not more than 20 feet square. Ilach of these in turn is madeinto a pond by tarning water
in from the neavest ditel, ‘ :

The cereals and other ficld crops ave irrigated by means of furrows, whose distance apart varies with the
character of the soil. In TUtah and many other parts of the arid region, after the grain is planted, what is known

~as a marker is ran over the field, rolling or digging small furrows 18 incles to 2 feet apart, through which the
water is allowed to flow two or three times during the growing season. Vegetables and corn are wet by twrning
water into the furrows between the hLills or rows, these having previously been plowed in a divection such that
there shall be o continnous gentle fall from the distributing ditch to the far end of the field. The irrigation of
plants on land having a decided fall requires considerable care and skill on the part of the farmer in order to
prevent the washing away of the soil and the unequal distvibution of water. TFor this end farrows are plowed,
winding along the ground in sucl. a manner as to reduce the fall, and small quantities of water are used at o time in
order that it may not break away and cut channels.down the slopes, Tor fruit trees and vines the water is usually
applied by furrows; the water seeping from these tnrrows saturates the soil uniformly, and the quantity is easily
regulated. , . _

In many cases steeply sloping lands which have been considered as useless for agricnlture have been found to
possess @ soil and elimate especially adapted to fruit culture, These lands have in many instances been terraced
and the svater allowed to flow in channels along each of the benches thus made, erosion being prevented by
conducting the water from terrace to terrace by wooden, metallic, or stone conduits, The fruit trees receive
moisture by percolation from the channels or furrows or by the complete saturation of the surrounding soil from
small pools formed on the surface. This latter method of applying water has heen largely practiced by fruit
growers, but is perhaps falling into disnse. Tt consists in surrounding each tree with a ridge of earth, forming
a basin, into which water is let from the distribating diteh. This basin system, which is similar to the methods .
practiced by the Mexicans, is used either upon sloping or level ground. Among the disadvantages of the use of
basins are those arising from the fact that the high ridges render cultivation diffcult and ‘expensive, and from g
tendency to apply too much water to a restricted area. For these reasons orchardists ave gradually learning to
apply water by means of furrows, which can be (uickly made after each cultivation. '

In order to reduce the length of these furrows and to conduct the water with as little loss as possible, small

wooden flumes, placed on or above the ground, are soinetimes built through an orchard leading from the distributin g
ditches to the furrows.

In this flume openings 1 inch square are cut at intervals of from 2 to 5 feet or more.

ac : q 1 » Q > 1 101 3 i i ’
each of these being elosed by a small metallic slide, When ready to irrigate, the small flume is filled with water

H
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and a number of the small shutters are drawn out, allowing the water to eseape into furrows, which in turn conducet
it to the trees or other plants. These wooden flumes can be laid on uneven ground or e m‘led over steeply sloping
surfaces by introducing vertical drops from time to time, thus making it possible to irrigate the hillsides.

Tlie most economical method of distributing the water applicable in the case of orchards and vineyards is that
by means of pipes laid under ground. This is, of course, very expensive, and can be only adopted where the value
of products is high, as in the case of citrus and other fruits. Attempts have been made to deliver water to trees.
and vines through porvous earthenware pipes; but this, though theoretically perfect, in practice has not beew
srecessful, owing to the clogging of the pipes by roots and other causes. Where water is brought to each tree or
group of trees by means of pipes it is customary to provide a small hydrant, throué,h which water vises to the
buI’l"L( e and is conducted away over a small adjacent area.
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50. G2
Total population (average per square mile, 0.53) vveearneeeeenam e e G h i bbb ‘)i)’ (;“)8
Number of owners of farms (2.84 per cent of populaion).....o.ooo ... R RLCLEETEERPERRPEPPRITEILETERIERTERES 1, ();',
Number of irrigators (75.89 per cent of farm owners, 1.80 per cent of popnlation) ... ... ... iiiiiiiiaiiii i S - ‘)68. 8();)
Aren of territory, land surface (112,920 square miles)......caaeavaa.n, T R R a ci es.. 15 "65’ @1
Area frrigated I CONSIS FEAY - .ottt it e ce e meen ceamr e e e anancmeaaean eon e e e (10_ - ) 0()7, 053
Aren of all Farms, 8.03 per cont IMProved. ... oo .o i i i i e e ( 0..- & ~'2(); 701
Cereals ruised in vensns year, ineluding 20 A6res MM EFe o oo oot oot i e dg..- 16’ 14
Barley, average produetion 23.77 Dushels POF ACT6 « .onv ventuu e cai et e i e e do... 4’ 31&1
Corn, average produesion 19.06 bushels per acre. ... ... ..., e e e e et do. .. 1, 4‘;‘) .
Oats, average produetion 23,10 DUShELs POT QUPE. - vttt et it e et et e ee et veee e e e do. .- G, 9):
\Wheat, average production 16.12 Dushels DeL ACTE - oo it et ot e e e e e do. .- 5, :)]::
AT Lo e et e do. .. 9;3,;2;)
Total value of all farms, including land, fenees, and buildings_ ..o oo oL i iiiiaeaaaaes “F:7, ; 2y l)()
Estimated total valne of the irrigated farme, 88 ABOTe. «o oo e man oot e et e e e e e e . $3, 204, f)‘_ )
Lstimated value of all farm produetions (sold, consumed, or on hand) Tor 1889 ..o e ffl,‘o’li’, 970
Estimated value of production, as above, from farms irrigated in whole or in PATt. oo i #$916, 0(?0
Avernge size of irrigated farms ... ... ... ... R acres. . ‘)()1
Avernge size of ivrigated farms of 160 acres and MP WAL oo v e et van oo o e e do-.- ) HSZ
Per cent of acreage of irrigated farms of 160 acres and upward to total acreage itTigated - .. oo oo eoee oo e e 3. ‘lj
Average size of irrigated farms WAL IB0 GCTES . -« o on v e o ce e e e e e e e e e e 9ACTeS. - . 13
Average first cost of Waber TIglb POT BeTe. . oot it e ittt e e e e e e . %7 9 _l
Average annual cost of WaEET PPET 0T C. . .. ven ot e e e e maea ee e ammmaneeaan H.;:u
Average livst cost per acre of preparation for culEIvAION . . o oo oo oo e e e e iieaaaan ..$8. (zQ
Average value of irrigated land, ineluding buildings, et., in June, 1890, PET BEIC. « - -« om oo e oo s ‘Hff t)g
Average annnal value of products per acre in 1880 . .. i i o e e s $13. 92

The above table gives i condensed form the principal statistics concerning irrigation in Arizona, showing its
importance to agriculture and affording a means of comparison with other branches of industry. In order to make
plain the development of irrigation in this territory relative to that of other great political divisions, it shm'ﬂd
be stated that the assumption has been made that the arid regions are bounded by certain arbitrary lines, embracing
Arizona, California, Colorade, Idaho, Moutana, Nevada, New Mexico, 16 eastern counties of Oregon, Utah, 13
eastern counties of Washington, and Wyoming, As a matter of fact, however, portions of the areas above named
are far from being arid.  On comparison with these states and territories it appears that in number of irrigators
and in acreage irrigated Arizona in 1889 stood next to the bottom of the list, coming above Washington, this latter
state having the least number of irvigators and the smallest area irrigated. In average size of irrigated farms it
was sixth, in this respect standing between California and Oregon. In average value of products per acre in 1889
it wus number 4, California, Utah, and Washington exceeding it. ‘ :

[ comparing the areal extent of irvigation it appears that a smaller proportion of the entire territory was
irrigated (less than one-tenth of 1 per cent of thé entive land surface) than in any other state or terrvitory. This is
because Arvizona embraces an enormons extent of the deeply eroded platean country traversed by the Colorado
river and also of the desertlike region adjoining the republic of Mexico, both of which areas are almost
uninhabitable. Although the number of farms and of irrigators was small, yet, the proportion of farms irrigated
was large, 75.39 per cent of the total nmmber using water. 1In this respect Arizona stood third, Utah and Nevada
exceeding it. On the other hand, in comparing the extent to which irrigation was practiced on these farms and
the relative area actually irrigated, Arizona stands at the head of the list, 43.21 per cent of the total farm area
owned by irrigators being irvigated, a percentage over twice as great as that prevailing throughout the arid region.
Inavarage value per acre of land irrigated, including improvements, $48.68 per acre, Arizona was number 8, while,
as previously stated, in average value of products, $13.92 per acre, it was number 4. In first cost of water rights
the territory was fifth, and in average annual cost of water per acre, $1.55, it was second, being exceeded only by
California.

By reference to the map of the western part of the United States it will be scen that the irrigated areas

lie maiuly in the central and southwestern half of the territory. The high plateaus of the northern part of the
territory are bounded by a series of great escarpments, the face of these extending diagonally across the center of |

the territory and facing the plains of the Gila basin, The winds from the west sweeping across the low plains are
23



ARIZONA. 23
deflected upward by the abrapt slopes and monntain masses bordering the plate wat, and o portion of their moisture
is precipitated, forming almost inmumerable ereeks which wnite to form the Verde, Salt, and other tributaries of the
Gila, and thus render possible a large amount of irvigation in the valleys, espeeially on the Gila and Salt plains
pear the point where the waters leave their canyons,  On the edge of the platean country and among the mountains
at elevabions of from 6,000 to 8,000 fect, agriculture is suceessfully carried on without irvigation, in conneetion
tsually with stock vaising or in the immediate vieinity of mining towns.  For the greater part of the tevritory,
Liowever, it may be said that iivigation is practiced or needed during the entive year.  In the lower Iying plains the
temperatire is such that crops grow and mature ab any season, providing there is a supply of moisture,  Crop
ollows crop in sucesssion, depending only upon the abundance or seaveity of water in the diteh o of the summer
rains,  Duwring the winter and in the early .s]nm;; sl Inte fall the water is used on the alfalle and hay crops, of
the former of which fron 3 to 6 euttings or even 7 are made, the average number for the whole tervitory heing 5.
Tsually two waterings are given for o entting, and Hnm the total amount of water used is in exeess of that requived
by any other erop.  Later in the spring, when the vivers begin to deeline and the water supply becomes scanty in
most; ('lil(-lms, the alfaltu is negleceted, all the water being needed for other erops, sand still Tator, 1)0101‘0 the lloods
begin, in many places the whole flow is employed upon the trees and vinos,

The water is applicd in most eases by flooding, as, for instance, on Ineern and grain, ov throngh {farrows laid
oft ab regular infervals, no especial eare being taken in the prepacation of the lields,  The Mexicans still practice
the old method of loading in small # pools” or rectangular areas separated by vidges of earth, The farmers in
nany loealities look forward to botter methods of distributing and applying water.  Since the soil and loeal
conditions vary so widely, there i no rule as to the number of waterings or time requived for the different
produets,  There is a general impression that in many cases too moeh water hias been used and that in the future
hetter erops can he matured by using the water more sparingly, as a vesult inereasing the aereage.  Shortage of

waler and Toss of erops onjrrignted Lud were reported by many of those whose vights to water were secondary to
l]um- of older eladmants. The Iatber stated that as o rule there was ample water for their needs, excepting from
the middle or tatfer part of June through July, August, and into September. Many of the field erops should have
matured hefore this timey so that what little water vemained could be used for orchards, vineyavds, and alfalfa.
The impnroved lands of the tervitory ave too valuable to be given up to the ordinary field crops and cereals, but
eould be utilized to a greater extent in the pmdm'm(m of high grades of semitropic fuits or of plants which,
whilo fowrishing - Avizona, ave less suceessiul elsewhere,  Bspecially is this the ease 16 water storage is to he
utilized bo any great extent, fov the capital invested in sueh enterprises must necessarily she so great that the
ovdinary field erops ean bardly he remunerative, Many projects of this character ave on foot, bat progross has
heen slow, sinee large capital s reguived, and there las heen very liktle definite information npen whicl to base
engineering computations,

DIIEE WIHLLH,

X

Iu this tervitory no fowing wells ware reported upon farms in June, 1890, Deep wells have been drilled in
various places, bat so e as reported without success, At Phenix o well has been drilled to the depth of 700
feot, and on the plaius of the Gila w .\hl at various depths has been sought.,  On the road between Mesaville and
Flovence is a well several bundred feet i depth, from whiclh water is drawn by horse power,  In the Verde valley,
in the central parvt of the tervitory, it v elaimad there is o flowing well, but the faets coneerning it have not been
aseertained, :

Near Pima, in Greaham eounty, @ well was drilled to the depth ol 420 feet without suceess, and in Pima county,
at Calabasas station, a well is said to have heen deilled 700 feet, but no water ever tlowed from it At various
points along the Southern Pacifie railroad are comparatively deep wells, from which water is pumped by steam
or by windmills, AL Yuma are wells from 75 to 100 fect in depth, pumped in this manmer, the water being used
to a very small extent (or fmdgation.  None of these wells flow, but it is reported that in oue case at least the
water comes (o within 20 leel of the surface,

RAINT'ALL.

The table on the following page gives the prineipal data coneerning the amount and distribution of precipitation
in Arvizenn, It shows the mean monthly and annunal vainfall at stations where measurements have been made for:
two vears o more, (1) According to this table the mean annual rainfall at stations in the territory varied from 3.06
inches ab Yuma up to 25,57 al Goodwin, in Graham county, 2 nwmber of Tocalities in the mountains showing a mean
mmu.tl rainfall of 20 inehes and over,

@ 1t v]mll by the Chiel hl"lml (lﬂh-m ol the nrmy H‘lll\ (et Congress, socond sessinn, llunnu of Representatives, Bxeewtive Document Mo, 287, Tergnrion
antd Water Stomgo in the Avitl Boglona, Febraarey 25, 1891).
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MEAN MONTHLY AND ANNUAL RAINFALL AT STATIONS IN ARIZONA.

['T. indicubes n teace of rain, less than 0,01 inch.]

T | | } ' v ; |
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feet,  record, 1 Y- R : | i 'l = | : .
S . - - ‘ S . J— -

Apacho county: Tors. Mos.! ! : | . . '

P Holbrook y. 8,047 | d 10 05k 0Tl 0 ‘7‘2 i 067 0.16 | 0. 12’; 151 ; 1 30 118 0, f)t" o1 0§ 0.72 ‘9. 29
Fort Apache .ooooo.ooooooioall 4,050 0 18 10 1.3t { L80 1 (15 ' 0.84 ‘ 0:_[:7 . ’15 ;L.UL 5 r& ..P 1 )‘l 1840 1 17 1 0§ ZI,UTL
Tort Defance. e, oovernivennnn. 6,500 1 a9 2 0,98 6.7 0.84 0 0.67, 0521 0.92 2,44 P2 3 1. 86 0,70 1,16 0, 87 14,19

Cochise connty: ) . : i |

IO 1ot cene 40600 @@ 00 0801 000| 082f 0.08] 0% 02 28, am| La| 067 044 08| 113G
Benson ... 3,680 9 10 . 0860 0,48 0,51 0,02 0. 09 0, 2_9 l ?7 \ 2,23 0. /1 . EO .24 Q. :7.’) § 06
Tort; Bowi 4,781 23 2 111 1.97 l.‘lz 0,19 0,28 0. (,:i) 3. §§ | ;’ ?P ‘1 4 0, 1,7 ; 0, ’.’:& [ :‘,’Z 15, 4£
TFort Tuachue: 4,785 4 8' 0380 1.27 U.{_)'t 0,11 ‘ 0,15 0,19 ] | 92 2 ()'1 U, :)1 i L SL P 0,95 16, -’!v.,
San Simon.. 8,611 a8 H Ry 0,28 0. 53 0. 02 | 0.11 0. Ok .55 | 164 0,22 0.30 0 0.247 0.89 4. 5

Gila county: ! | | ! ! |
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Muricopa county i : . ;

’ 1“mlt M()Dm'z'(‘ll L2500 w23 10 1.06 1,24 .74 0.42 0 0,18 0,12 - 1,20 1. -l‘?"s [ :)«_L 0. 4:_3 081 L.76 10, ?8
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Pima eounty: ; i [

Fort LU%VOHI 2,400 | «wld 5 114 ‘l 1,15 0. 83 0, QS i 0. 10 . TEU ] 471 2, ’79_ ! L .‘!8 045 i 0,52, 0.96 ;‘[2; 37
Fort Buchanan . 5,330 3 11 1,47 i L 51 i) 0, 60 0 14 11, 82 ‘ G. 16 2.08 Lig: Lo 1,15 .’,I;. 58
Camy Crittenden . 2,000 4 10 0. 55 | 1.00 V. 65 024, 0.0% 0.81 | L7000 0.85 0191 0,28 1.57 16, 51

Pinal county: : ; !
Bl‘eckeli‘idgd 8,800 | ab 10 1, 40 l 0,76 0,45 121 410 0,50 R 08 1.95 0,06 1,19 ‘ 109 17,08
Maricopa . ... 1,190 13 8 G4 046 0.60 0 014 0.07 0.06 LS 0,47 ‘ 34 0,85 i 0. 84 3.

Yavapai connty: : 1 : . ! | !

L‘}me Dutu)Creek.‘..' ............ 3,726 ab 3y 0.921 1,58 0. 95 1.03 0,13 24 019 B0 0200 046 0.6 140 14,22
Whippls Barracks (Presecott). 5,389 23 11 1,45 1,78 1. 68 0. 08 0, 58 0.17 7 3.08¢ 2,88 1,18 0,66 082 ‘ - 1,85 17. 06

Yuma county: : ;

. i 141 14 11 0. 38 | 0.45° 0,18 112 0. 06 Too A3 040 0,21 0.35: 0.04 3.06
Tesas Mill. 55 | @l v ‘ 0.58 | 0.27 “ 0,27 0,10 0,03 .. 008 00h 0.61; 0.26 0,48 3.47
o Record brokon, ‘ ~

CONDITION OF IRRIGATION IN EACH (COUNTY.

The following table gives some of the fundamental data of irvigation’ during the census year in cach of the
counties of the territory. Upon an examination of the figures it will be noticed that in general the value of
products per acre increased as the average size of farm diminished. Tor example, in Maricopa county the average
size, 108 acres, was the greatest in the territory, while the value of product, $9.26 per acre, was the least. Next
comes Yuma county, with 93 acres per farm and products averaging $10.50 per acre, then Pinal, with 60 acres per
farm and produets of $11.25 per acre. In other words, the large irvigated farms were not as closely tilled as were
the smaller, and a losver priced crop resulted.

NUMBER OF IRRIGATORS, ARIA IRRIGATED, IFARMS, AND CROPS IN BACH COUNTY IN ARIZONA IN 1889,
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Maricopaeieeeena.... 827 | 85,212 108 316 I 3,06 | 07,82 2.908 6, 330, 880 i’ G1,888 | 78.79 9,216 | 12,198 0.6} 566,90 | 60.14 ‘ 9,26
R H . |
Moha ey i 097 Heewennnidenninsas 7,259, 480 1,761 | 91,45 10 b | PN P! I (I
)mm. ........ .. hg 8,085 a6 145 000 74, 56 Q.67 G, 781, 440 31,852 | 16,24 643 891 0. 05 0.60 | 83.17 30,36
Pinal.......... fp% 115 9, 010 60 124 0 2,02 02,74 2.71 3,382, 000 20,804 | 40,89 2,066 | 1,584 0.20 | 83,26 87.09 1L 25
Favapai S al )8, 'Zgg 41 161 ‘ 1. 85 50. 52 1.05 | 18,711,040 82,417 | 52,34 L0261 1,716 0.02 [, 1161} 206.22 31,00
Yuma.uoooonannan, 6 555 93 80,40 46, 16 0.22 || '6,487,040 4, 630 | 12, 6 o] 175 0.01-) 11.99| 15.50 10. 50
— S i h - : . L

a Includes owned and hired forms, assuming one farmer fo each.

APACHE cOUNTY, located in the northeastern corner of Arizona, is second in size in the territory and sixth
in the whole United States. The Navajo and Moqui Indian reservations cover the northern end of the éouu.ty,
and the White Mountain Indian reservation is located partly in the southern end, while between these are the
railroad grants, leaving relatively little land open for settlement. The Little Colorado flows across the center of
the county, and then turning northwesterly flows through narrow canyons to the Coelorado. The principal towns
are along the Little Colorado and its tributaries entering from the south, where there ave areas of good agricultural
lands.  Asaruleirrigation is required, although, especially at-altitudes of 7 ,000 feet and upward, some dry farming

'
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is reported to be successinl.
and August,

A number of small irrigating ditclies have been reported at Shiow Low, Taylor, Snowilake, and other poiuts on
Silver creek; also at Springerville, St. Johus (the county seat), Woodruft, St. Joseph, and other points on Little
Colorado river. ~The principal crops irrigated were corn, oats, alfalfa, and beans. In the vieinity of Taylor are
the ditches covering both sides of the valley and ivrigating lands in the vicinity of Taylor and Snowflake. These
ditches are from 3 to 4 miles long, and have cost in all about $25,000. Work was begun in 1877, and the ditches
were practically completed within o few years. Water rights hiave cost from $12 to $15 per acre, and the annual
assessment has been from 90 cents to nearly $5 per acre, the latter large amount owing to injuries by tood. Tt is
stated that it is usual to give 3 good waterings to wheat and oats, 2 for a crop of corn, and 1 or 2 irrigations for
each cutting of alfalfa.

At Springerville, south of St. Johus and on the headwaters of Little Colorado rviver, are several ditches on
both sides of the stream. The principal ones were begun in 1872 and used in the following year. They ave owned
mainly by private parties, who share the expense. This is estimated to be annually about $1.25 per acre, At 8t.
Johns the main diteh is known as the Gibbons or Mill ditch. It is about 4 miles long, 6 feet wide, and has cost
probably $10,600, The principal crops irrigated arve wheat, corn, barley, and oats. The St. Joseph ditel heads
about 12 miles from Holbrook and covers land on the north side of Little Colorado river. It isuabout 7 miles long, -
6 feet wide, and with the dam has cost about $45,000. This latter, it is stated, has been replaced 8 times within
14 years. The fivst cost of water right was about $7 per acre, but the annual assessments, the greater part of
which have been for repairing the dam, have been from $2 to 85 per acre

Attempts have been made to obtain tlowing wells, and the board oi supervisors of the county, in compliance
with an act of legislature, has offered a reward of 82,000 to any person who should first obtain a flowing stream of
water of not less than 17,500 gallons per day, such well, however, not to be upon military or railroad lands nor
within 10 miles of any other flowing artesian well nor Wlthm a mile of any permanent flowing stream of water.

Cocuiss cOUNTY is in the southeastern corner of the territory bordering upon New Mexico and the republic
of Mexico. In general altitude it yanges from 3,000 to 6,000 teet and upward. Agricultural lands are to be found
in nearly all of tire valleys or broad plains, the principal irrigated arcas being on the western side of the county
along San Pedro creek and its tributaries, mainly in the vicinity of Hereford, Fairbanks, Bensoii, and Tres Alamos.
This stream furnishes the greater part of the water sapply of the vounty, the other rivers and creeks being of
such an intermittent character that irrigation is exceedingly difficult. Even in the case of the Saun Pedro there is
far more land than the water will supply, and as a result litigation has arisen coneerning the water rights.  During
periods of drought the entire amount of running water is diverted by the various dams across San Pedro creek,
some water reappearing in the channel to be again taken out at points below.

Arvound the edge of Sulphur Spring valley, which occupies the center of the county, a small amount of
irrigation has been practiced, mainly for the purpose of raising hay or for increasing the area of grazing lands.
It is veported that in many localities wells reach water at from 10 to 40 feet, and it is probable that some of this
can be brought to the surface with profit by means of pumping machinery. Deep wells have been drilled in the
hope of obtaining artesian water, but so far as can be aseertained these have not been successful. Among the
higher mountain valleys small crops have been raised without irrigation, but as a whole it may be said that this
method of cultivation is essential thronghout the county, and especially so for h‘ults With an ample supply of
water, orchards and vineyards are exceedingly profitable.

GILA COUNTY, the smallest in the territory, oceupies » position largely within the drainage basin of the Salt
river, on the south crossing the mountains and reaching to the Gila river. On account of its position it is
001111nmt1ve1y well watered, but the valleys are narrow and there is little arableland. The White Mountain Indian
regervation covers the greater portion of the county, leaving only a marrow strip of land on the western side.
The tilled land is prineipally along the Salt river, between Pinal and Tonto creeks, or in their vieinity., Among
the headwaters of Tonto ereck and in the Tonto basin, at an elevation of from 6,000 to 7,000 feet, corn and potatoes
ave raised without irrigation if the land is carefully tilled. Other crops require the artificial apphcatlon of water.

GRAHAM COUNTY lies to the southeast of Gila, between Apache and Cochise counties, filling in the eastern
side of the terrvitory. It is thus in or near the headwaters of the Gila river, and, like Gila county, is largely
mountainous. The principal area of agrienltural land is in the Pueblo valley, extending from a canyon above
Solomonsville for about 30 miles to Fort Thomas, the principal settlements being, in order, Solomonsville, Safford,
Central, and Pima. The Gila is the source of supply for the valley. A number of dams are placed across it at
111t(51‘V€llb of 2 miles.or more. When the flow of the stream diminishes in May and June the dams of logs, brush,
and stone are tightened so as to turn all the water into the canals. Below each dam, however, the water begins to
vise in the bed of the stream, so that by the time the next dam is reached there is apparently as much water as
before. If the summer rains fail the river may become entirely dry in July and Aungust, loss of crops resulting,

At present the acreage under cultivation is not greatly in excess of the usual water supply, and the losses are
ot such as to call for immediate water conservation. In view of future extensions, it is already recognized that
active steps must soon be taken, There appears to be no comprehensive ‘system of water distribution, and the

The water supply is somewhat limited, scaveity being felt especially in June, July,
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present needs, point to @ consolidation of the varions snnﬂ} ditchies into a‘few .111‘5_2,“11-11}\‘(5 .ci\'m:‘ls'.\, I:iflli Eourc'{‘:}lllf)‘;dl];:
expenses and to effect a greater economy in the use of the wg’mter. The r1ﬂve1, m,cum “l‘b ;S ] )ulti‘;mti,on ’by
unstable, and duving freshets is Hable to cut new channels, lca;vmg‘ the dams on dry 1-(uiu‘. N ﬁmllﬁ' fall ; R
drvigation is suecesstul in the valleys south ot the river at t}\g ‘fon’g of the‘mouut;un.s:, \xr‘l.xe}e sia. ] ]s. :e:x_m: 1o ; l@ “OT;
issue. The greater portion of thiswater Is lost for lack of facilities for ho.ldmg the spring low uutl_. 0 »'(51}11' -1.6 8 : 1

As examples of the irrigating ditehes brief descriptions may be given as follo\'vs: the Union u'ugimon u}n\m
Jeads about 1.5 miles northwest of Solomonsville. It is 13 miles long, 12 feet wide, and has f:ost ﬂBlp,(?()O. .lhe
“Grabam diteh heads about 2 miles east” of Safford, taking water out on the north side'of the river, 1tis 4 n?llcs
loug, about G feet wide, and has cost over $2,000. The work was begun in 1879, and it has })een en]avr.ge(l sinee
that time. It is owned by farmers, who divide the water and share the annual expenses, which arg estimated to
have been about 2 per acre. The principal crops irrigated are wheat, barley, oats, corn, 1)cemn§, Irish up(} rj»went,
Dotatoes, and garden vegetables. The Monteznma and neighboring ditches also cover land in the vieinity of
Safford, water being diverted from the Gila by means of dams built of wood, stones, and brush‘. .The',sc dams ave
-often washed out, increasing largely the annual expenditures. The ownership in most of the irrigation works is
-livided into shares, each entitling the owner to a certain proportion of the water. A water master, appointed by the
Irrigators, calls upon each when necessary to malke repairs, or hives Iabor, which is paid for by a vash assessinent.

[ the vieinity of Pima are a number of ditches owned by asssociations of irrigators, who share the work and
‘expense necessary to keep them in repuiv. The prineipal expense in these ditches is in rebuilding the diverting
dumns.  The crops irrigated are alfalfa, barley, beans, and potatoes. Alfalfa is watered after each cutting, and
the cereals receive 2 or 3 irvigations. Garden vegetables require irvigation every 8 or 10 days, orchards § or
4 wettings during the year, and vineyards 3. Difficulty has been expericnced in obtaining sufficient water on
avceount of the small size of some of these canals, althongh there is usually sufficient in the river. The owners
are generally men of small means and are not able- to vonstruct or maintain the works in the most economical
manney, and the water supply is not utilized as thoroughly as in the case of better equipped systems of supply.

Marroopa covNty, in value and extent of irrigation, as well as in agricultural development, leads the
-others in the territory. [t contains over one-lLalf of the irrigated land and the greater nnmber of the irvigating
catils. The amount of land actnally utilized in the census year was small in comparison with the area nnder
these canals, and formed an almost insignificant part of the vast extent of arable land which: with water could Le
rendered valuable. The results attained have shown that the lands of this county, especially those within the Salt
wiver valley, when properly wet, can produce enormous crops, and when planted with trees and vines have the
requisites tor the successtul cultivation of wany of the most valnable fenits, rivalin g in this respect favored portions
«of California.  In some particulars the Salt river valley and the lands along the Gila ave claimed to have advantages
for frait growing in that they ave nearer the markets of the east, so that the green finit is not only havled a less
distanee, but also is saved a day’s jonrney through the hot desert. 1t is asserted also that grapes and othey fruits
ripen earlier in the season aud ean be put on the market far in advance of the California products,

The principal irvigated aveas arve in the vicinity of Phenix, the territorial capital, and also near Mesa and
Tempe, extending along both sides of Salt river from below the Verde and the Salt River Indian reservation
westerly at intervals to and even below Gila Bend, The water supply is derived mainly from Salt river, large
anals heading also on the Gila itself below the mouth of the fivst named stream. Taken as a whole, the water
supply is large, but uetuates greatly, having far less regularity than in the case of rivers farther to the north,
.h;[e;ggyemenfs qf‘ the mnountr.ﬂowing in the Verde and Salt have been made at various points by the United States
‘Geological Survey, the most important of these being shown by the following tables:

SALT RIVER, 50 MILES ABOVE PHENIX, ARIZONA.

(Drainago avea, 5,880 square miles.)
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The longest series of observations have been carried on under the dip
headworks of the Arizona canal, of which he has been engineer,
‘on the following page. On this dia, 2
1889 by the lighter continuous line,
by the heavier broken line,

ection of Samuel A. Davidson at the
The results are shown by the table and diagram
gram the discharge for 1888 is indicated by the lighter broken line, that for
that for 1890 by the beavier continnous line, and for the following t\\'(; months
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SALT RIVER AT ARIZONA DAM, ARIZONA. (a)

{Drainage nrea, 12,200 square miles,)
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DIAGRAM OF DAILY DISCHARGE OF SALT RIVER AT ARIZONA DAM, MARICOPA COUNTY, ARIZONA.
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« Monsuroments.of Salt river ab Arizona dam were sbruptly broken by the great lood of February, 1891, This flood, which reached an estimated maximum
0f 300,000 second-lest, serionsly injured the dam and headworks of the Arizona ennnl and earvied away nearly all the dams, bridges, and other obstructions in or
aear the viver bunks, ‘The flow for two months in 1891 (estimated for February) was:
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Comparing the flow of this river with thatof many of the other rivers discussed in this report, the most notable
difference is the low water duving April, May, and June, months when the streams of the rest of the country
reaehed their highest, The suddenness with which these floods come and go in the Gila and its tributaries is in
striking contrast to the slow rise and fall of the snow fed rivers upon which most of the irrigation in the United
States depends,

The location of most of the more important canals of this and adjoining counties is shown on the accompanying
mup. Taking these along the Salt river in order downstream, the highest on the north side of the river is the
Arizong, and below this the Grand, Maricopa, and Salt viver valley, these 4 eanals forming one system and eoverin &
lands north of and around Phenix. Farther downstream, below Phenix, are the Griffin, Farmers, St. John, and
other ditches.  On the south side of the river, and heading a short distance below the Arizona, is the Highland,
whose general divection is nearly south, covering lands east of Mesa city. Below this come the Mesa, Utah, and
Tempe canals, the latter hrigating lands immediately adjacent to the town of Tempe. Below this in order are
the San Franciseo, Frencl, and Broadway. Below the junction of the Salt and Gila are a nmnber of important
canals projected and partially constructed.  The first of these is the Buckeye, on the north side of the river,
heading near the junction of the channel of the Agua Fria. About 25 miles west of this stream the chaunel of
the Hassayampa enters from the north; the Gila swings to the south for about 20 miles and then again to the
west, forming what is known as Gila Bend. Near the junction of the Hassayampa, on the right bank of the viver,
are the headworks of the Gila rviver and the Monarch canals, and about 8 miles below is the head of the Enterprise
aual. On the left bank of the Gila river, halfway between Agua Fria and Hassayampa erecks, is the head of
Rtumberg’s canal, and below this the proposed St. Louis canal. About 8 miles below Hassayampa is the dain
of the Gila Bend Reservoir and Irrigation Company, one of the largest projects in the territory, the canal tor
diverting the water coming out toward the east and south. Below this is the Lower Gila Bend or Palmmer canal.

MAP OF IRR:IGATION CANALS IN THE GILA VALLEY, ARIZONA,
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The figures near each canal line indi rate the name of the canal, as shown by the following list:
1) .-\r'iv.ngu. 9. Salt River Valley. 17, 8t. Louis. 24, Farmers.
; liilg“hlalld. 10. French. \18. Gila River. 25. Purdy.
;- 11;:{: 11, Br(.mdwuy. © 19, Monarch. 26. Contreres,
5. Te;np.e 12 G:rl’lfﬁll. 20, (Hla Beud Reservation and 27, Mohawk.
6: Gmudq 13. I:armers. Irvigation Company, 28. North Branch of Mohawlk.
.o Fl:am:i%() lt:. 8t. John. 21. Enterprige. 20, South Branch of Mohawk.
g ﬂ[-n-icn 8eo, 15. ‘Buckeye. © 22 Lower Gila Bend. 30. South Mohawk.
- M Da. 16. Rumbery’s. - 23, Sonth Gila. 31, Antelope,

o : .
il {)1;;30;&1;1:31113)(f&lllldgft}clﬁglx;s ‘“{&fter r;rom Salt river by means ot"u We,i}' or (?am over 900 feet long, located about a
BT foward ot ebly( (,,.1 J hIe canal follows the' ban?: of‘t]le river for a short distance and then gradually
early 1000 seump o the B (Zml ! 18 1e;md the botto'mnmdth is 30 feet, narrf)wing to 30, and the estimated capacity
arator the mpens»e o L,U e 12,1:;. e lel_ngj feet per nTnle. For the 'ﬁr:% 3.5 miles the canal was excavated in rock or
e (lnn‘t‘h';)f e 1}uc fon )emg‘heavy. W ork was begun in IFS.‘."). and water was first used in 1887. The

8 am ditch was 41 miles, and the cost, including the dam, about 8600,000. After leaving the
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Indian veservation lateral ditehies run sonth toward Phenix covering every seetion,  Water rights have heen sold
ab the rate of $12.50 per acre, the annual assessent bheing $1.25 per acre,

I has been found that 1 second-foot of water was suflicient to produce erops of all kinds on 80 acres of land,
For economieal nse a stream Howing at the rate ol 2 second-feet is to be preforred, and with this quantity of water
0 aeres of grain or alfall or 20 aceres of rait trees ean be fvvigated in 24 hours, The corporvation owning this
anad has purchased also the Geand, Mavicopa, and Salt river canals, covering Tancl under the Avizona, and which
ave now used Targely as distributavies, The Grand canalis 27 miles i length and has an estimated capacity of 200
second-feot. The Maricopa i abouwt 26 miles long, frow 16 to I8 leel wide on bottony, ad has o eapacity of 140
second-feot,  The Salt river canal, heading on the viver ab the same point as the Mavicopa, these together heing
known as the Gonsolidated, has o width of 22 feet, o length of 26 miles, and eapacity of about 160 seeoud-feet,
These ave connected with the Avizona canal by means of o crossent having o eapacity of 375 second-feet.

"The Mesa eandl, hoading on the south side of the river about 5 milesshelow the Arizona dan, takes water out
in tho vieinity of the town of Mesa. The total length ol the main diteh is approximately 10 miles, the averago
width L5 feet, and thae cost is placed at 875,000, Work was begun in 1878, and the canal was nsed in the following
year.  The diversion dam is of brush and stone and has been veplaced atter severad floods. The works are owned
by i eorporation consisting of {armers, the property being held in 100 shares, each of these entitling the holder to
a proporfional part.of’ the waber,  Thoe cost of the water vight was originally about 15 per acre, and the annual
tux is wbouf 81 per uere. 16 is estimated that water was used under this canal at the rate of 1 second-foot to 80
acres, although the theoretical water duty is far higher. This, as well as the adjaeent canals, is being rapidly
extendad, bringing moroe land into wse tor fruit and alfalfa, ,

The Toempe eanal is 24 miles long, abhout 26 Teet wide, and has cost over $120,000,  Work was begun in 1870
and water used in the tollowing year, 15 is owned by an associntion, each shura entitling the holder to 100 fuches
o1 ahout 2.5 second-feet, this amount being considered sufliciont for 160 acres,  The fivst cost of the water vight was
osbimated to have been 10 per acve, and the anooal assessment has vavied from 200 cents to 30 gents per acre,

The Buekeyo canal (ukes watar from the Gila about 1 miles below the jonetion of the Sall, carrying it out on
the novth side.  The river at this point as o rule flows the year round, bub is stated to have been dry in
extraovdinary seasons,  The total length of the main diteh is 28 miles, the average width 12 feet, and the cost was
estimated to be $120,000,  Work was begun in 1885 and water usad in 1888, The ownership is divided into
shares, cach of these representing S0 mingr’s inebes, The annual assessment 18 81 per miner™ inch, 16 is usually
calenlated that 80 inehes will furnish sufficient watér for 160 aeres,

Phe dam of the Gila Bend Reservoir and heigation Compuny is loeated about 45 miles southwesterly from
Phenix and 22 miles north of Gila Bend station. The eanal from this is being constroeted along the left hank of
the river and southerly toward Gila Bend station, it being proposed to continue this along and across the Southern
Dacifie railway, thus covering an immense arvea of fertile hand,  The Lower Gila Bend canal heads about 10 miles
below the daum of the ennal just mentioned sud covers o narrow strip of Tand on the same side of the river, The
total length of the main diteh is 15 miles, the average width JL1 feet, and the cost was $25,000, The canal
was bogun in 1884 and first used in 1885, Water is diverted by means of o dam of brush and stone replaced in
whole or part each year, The works are owned by fwrmers and held in 86 shares, cael entitling the holder to o
proportional part of the water.

Momave couney ocenpies the extreme northwestern corner of the territory, adjoining Utah and Nevada,  An
sxceedingly small aimonnt of cnltivation was reported, the total avea in cerveals being only 10 acres of wheat and
the totnl production 25 bushels,  Cattle ralsing was about the onlyindustry of importance,  During and before the
eensus yenr attempts af farming were made along SBandy creck, but the floods of 1889 ave reported to have washed
away more than half the farming land, and apparently it was only o question of o short time balore the rest would
be destroyed.  Taking the county as o whole there i plenty of agricultural land, but the diffienlty of obtaining
waber stands in the way of development.  Hay and grain for the mining cunps have heen brought from California,
sl butter, eggs, bacon, and similar supplies from Kansas,  The Colorado river forms a portion of the western
boundary of this county and carvies ab all times o Jurge nmount of water,  Little, i any, of this ean he utilized on
acconnt of the depth to which the viver has eut below the arable lands,  The diflicnlties of taking oub the water
of this river appear to be almost insemountable, although it iy possible that by the expenditure of large sums
Innddls v the goutheastern part of California may be reelaimed. A few measurements of the actual quantity of
water in the Colorado were made in 1875 and 1870, showing that the discharges at the times of observation varied
from 3,000 to 13,000 second-feet, and probably reachod duving flood 50,000 second-feet.

PimA couney is situated along the central part of the extreme southern bovder of the territory adjoining
Mexieo,  Agvienturs is conlined to the eastern end, near Gochise connty, where the elevations range from 2,300
feet upward,  The Santa Cruz and Sonoita oud their tribatavies are the only sources of water snpply, with the
exeepbion of a few springs among the foothills of the mountaing,  The amount of water is small in comparison to
the aereage already wnder cultivation, and erops are requently lost during the dey season. A number of ditches
are taken out in suceession along the Santa Gruz from Calabasas down to Tueson.  Iu the vieinity of Urittenden
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is the Pennsylvania Ranch diteh, 7 miles long and 3 feet wide, receiving its water mainly from the springs of
Sonoita creek, corn, alfalfa, and barley being 1lllgcht(,d. At the junction of the Sonoita with the Santa Cruz, about
8 miles north of Nogales, is'a ditch 4 miles long and 3 feet wide, which is stated to have cost 8800, Among the
ditches farther down on the Santa Cruz is one on the west side, taking water out in the vieinity of San Xavier, 4
miles inlength and from 2 to 8 teet in width. The aunual cost of water is estimated to be 50 cents per acre.
Farther north, in the vicinity of Tueson, is the Goodwin diteh, covering land on the east side of the river. Itis
3.3 miles long, about 3 feet wide, and has cost $2,500. Water is obtained from an open cut, penetrating the bed of
the river to o depth of about 6 feet. The Da,\ndmm canal takes wabter from Rillito creek, a stream usually dry
on the surface for about one-half of the year, the sandy chanuel, however, being saturated with water. Work

was begun about 1887, and the cost before completion had already reached $25,000. It is proposed to draw the

rater from a depth of 14 feet beneath the surface by means of a drain or aqueduct 4 feet 6 inches wide and 3 feet
6 inclies high at the sides. This is to be so protected that floods will pass over it without injuring it. The object
sought is to secure a permanent supply of water in order to guarantee the success of orchards and vineyards. The
ordinary surface ditches are not always surve of receiving water, and while annual erops can be raised, vineyards
and orchards have been lost or injured by total failure of supply.

PINAL couNtY inclades a portion of the Gila valley above the mouth of Salt river, and in some respects
possesses advantages for irrigation as great as those had by the lands in the vicinity of Phenix. The agricultural
land now utilized is mainly in the vicinity of Florence, along the river below the point where it cuts through a
transverse range of hills or mountains. Above this point, along and below the mouth of San Pedro creek, is a
second district in whicl ivrigation is practiced, water being obtained from the ereek at varions points above the
town of Dudleyville and also from the river in the valley below that place. The cereal most cultivated is barley,
next in importance to this is wheat. Large acreages have been devoted to alfalfa, and each year the avea in
orchards and vineyards steadily increases.

The quantity of water available has been measured for one year only. The ganging station on the Gila was
located about 15 miles above the town of Florence, at the Buttes, being thus abovu the head of canals and where,
owing to the character of the channel, the best results could be obtained. ' The following table gives the computed
discharge. This was a year of prevailing low water, and there were few of the sharp, sudden flopds so characteristic
of the stream. Oune of these occurred in August, 1890, just previous to the abandonment of the station. (a)

GILA RIVER AT BUT" ‘ES, ARIZONA.

(Drainage arvea 13,750 square miles.)
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San Pedro creek was ganged. for a time during the summer of 1890, and discharges were computed, as shown.
in the table on the following page. As previously stated, the low water prevailed during this year and little
irrigation was possible from the waters of this stream. Abuvc the point of measurement there were at the time
a number of ditehes, mainly of from1 to 2 miles in length, taking out water, so that, omitting the small floods which
occasionally oocurred and lasted for o few hours, the quantity measured may be considered perhaps as representing

theseepage water. Although this stream has a large catchment area, the run-off, like that from adjacent basins;
is e\ccedm gly small,

@ 'J.he glcutost ﬂoad k.no“n in yeurs happened in February, 1891, ‘the tutul amount of whuh huwever ]Jﬂh uot been approximated,




ARIZONA. 31

SAN PEDRO, AT DUDLEYVILLE, PINAL COUNTY, ARIZONA.

{Drainage area 2,819 sguars miles.)
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The nec(,smhy of water storage is perhaps as well a ])1)}6( iated in this eounty as in any part of the territovry..
During the census year there was unprecedented scarcity of water, due not only to a diminution of river flow, but:
- to an increased diversion on the part of all the ditches, most of w thh had been gradually enlarged from tlme to
time. Surveys have already demonstrated the feasibility of holding flood waters at various poiuts, particularly
in the valley above the Buttes, 15 miles from Florence. '

The prineipal ditches on the north side of the Gila river are Moore, McLellan, Stiles, and Swiss; on the south:
side, Brash, the Florvence canal, Montezuma, Holland, Alamo Amarilla, Brady, Adamsville, White, and Walker..
Nearly all of these are owned by individuals, the principal exceptions being the Florence canal and the Montezuma
and Alamo Amarilla ditches. The MeLellan ditch heads about 10 miles above IFlorence, covering lands on the
north side of the rviver. Itis over § miles in length, 4 feet in width, and the cost was probably $5,000. Work
was begun in 1871, and the ditch was finished in 1872, . Water is diverted by means of a dam composed of”
triangular cribs loaded down with rock and covered with brush and stone. There iy generally an ample supply,
but need of water is sometimes felt in June, July, and August. The first crop raised consists mainly of barley,
wheat, beans, and early corn, and the second crop of beauns, corn, sweet potatoes, pumpking, watermelons, and
sugar cane. Water is usually turned into the ditch in October and November, and used until the end of the
spring floods. It is stated that the water in this part of the river has been dunumhum for 6 years, owing probably
to diversions from the San Pedro and from the Gila near Solomounsville and other towns, The Swiss ditel takes.
water from the north side of Gila river in the vicinity of Floreneé. It is abount & miles long, 10 feet wide, and:
probably cost about $2,500. It was begun in 1872 and used in the same year. The water supply at this point is
often insufiicient, generally on account of the fact that it is diverted at points above by other canals having prior
rights. The need is felt most in May, June, and July, and sometimes in’ August, The principal crops irrigated
are alfalfa and grain, the latter being cut sometimes for hay, and besides these, garden vegetables and fruit trees
ave watered regularly.

The Florence canal heads about 12 miles above the town of that name and, coming out of the south side of the.
river, it is continued beyond the town in a sonthwesterly and southerly course nearly to the Southern Pacific.
ailroad. The totallength is reported to be upward of 50 miles, the average width 20 feet, and the cost was placed
at $400,000. Work was begun in 1886, and water was first uased in 1888, The diverting dam is of brush and is.
replaced each year. The canal is owned by a corporation which sells water l'ights at the rate of $8 per acre above
the veservoir and $12.50 per acre below the reservoir, The annual assessment is $1.25 per acre. A reservoir has.
been constructed about 25 miles from the head of the canal, having an area of 1,800 acres and an estimated storage.
capacity of 6,000,000,000 gallons. Besides this it is proposed to construet another reservoir at the Buttes, about 3
miles above the head gates. ‘

YAVAPAI COUNTY, the largest in the United States (a), comprises about one-fourth the area of Avizona. The
county contains an exceedingly small proportion of irrigable land, since it includes that purt of Arizona adjoining
Utah which contains the greater portion of the grand camyons of th(, Colorado. These stupendous gorges cut the:
great platean to the depth of from 3,000 to 6,000 feet. The minor lateral canyons, in which flow the tributaries of the
Colorado, are also cut to a great depth, which decreases toward their head waters. Thus the water of the northern
part of the territory, though large in amount, is wholly useless, lymg as it does hundreds and thousands of feet:
below the level of the arable lands. It is only toward the southern portion of the county, where the great platean
begins to break off and the valleys arve less deep and narrow, that agriculture has been seriously attempted.
Along the line of the Atlantic and Paeific railroad, which crosses the county from east to west, at an elevation of
from 5,000 to 7,000 feet, some crops, especially for forage, are raised without irrigation. For example, abt Ilagstaff,
at an elevation of about 7,000 feet, corn, potatoes, and vegetables, as well as a little wheat, oats, and barley are
thus cultivated, the cereals being generally cut for forage purposes. The same is true of Prescott, although near
that; place irrigation has been employed wherever practicable. On the head waters of the Agua Fria, at an
elevatlon of about 4,500 feet, there is also a little dry farmmg

@ Since 1890 Yavapai county hus been dn ided, the uorlhem pmhon W lth I‘la'rstnﬁ as the county sw’r being set off under the name of Cocunmo.
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The principal bodies of .irrigate(l lahds are along the Verde river and its tributaries, Oalk, Clear, Beaver,
and other creeks, both above and below Camp Verde, where & number of small ditches have been built by farm
owners. On Walnut creek, which heads west of Prescott and flows northerly into Big Chino valley, and on
Granite creek to the east, all the available waters are utilized and the irvigators are discussing the feasibility of
water storage. On the head waters of Hassayampa river, a short distance southerly from Prescott, two dams have
been built, mainly for the purpose of supplying water for hydraulic mining. The upper of these, that at Oro Fino,
was built about 1835, the height being about 20 feet, It is located near the mouth of the upper canyon, below
which is the turming land of Walnut Grove valley., This is about 7 miles in length and from 1 to 3 miles in
‘width., At the foot of this valley the Walnut Grove Water Storage Company built the dam the destruetion of
which by a great flood in February, 1890, caused large loss of life and property. This dam was 420 feet long on top,
138 feet wide at bottom, 15 feet wide at top, and 110 feet in greatest hieight. It was planned to use the water both
for placer mining and purposes of stock raising on the plains of the valleys below. ’

YUMA COUNTY, oceupying the southwestern eorner of the territory, comprises lands having the lowest altitude
and the hottest climate of Arizona. Tn these respects it is surpassed by the desert regions of San Bernardino
and San Diego counties, California, portions of which are far below sea level. This area possesses the advantage
of having a fair water supply from the Gila, which flows westerly through it into the Colorado, which forms the
bouudm-); between Arizona and California. Along the (iila are several places where water can be brought out by
means of canals, and the lands thus hrrigated are capable of producing semitropical fruits. The Colorado itself,
as previously stated, probably can not be nsed to any great extent tor irrigation in this territory, owing to the
almost insurmountable difficulties of diverting water. Small bodies of land are being brought under irrigation by
means of pumps, raising water to lands upon or above the flood plains, This method of obtaining the water
supply, although expensive, can probably be made profitable, owing to the value of the fruits produced.

‘ Along the Gila the principal canals projected or constructed are, on the north side, the Farmers, Purdy, and
Mohawk, and on the south side the Sonth Gila, Contreres, South Mohawk or Saunders, and Antelope, the relative
location of these being shown on the map. (¢) The Saunders is probably the oldest canal along this. part of the
river, having been used first about 1868, but not completed until 1884, It is 10 mileslong, 8 feet wide, and has cost
£25,000. Tt is owned by a company which uses the water upon its own land. The annual cost for water is about
5y cents per acre.  The principal crops are alfalfa and barley, for the former of which almost constant irrigation is
considered necessary. ) '

a Some of these schemes for diverting water were abandoned or modified, owing to the disastrous flood of 1891, which carried away mueh of the preliminary
work along the banks. '
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