THE SUBHUMID STATES.

in the sublhamid states, namely, North Dakota, South Dakota, Nebraska, Kuansas, and Texas, 66,965 acres, or
104.68 square miles, were irrigated in the census year ending May 31,1890, The aggregate number of farms upon
which irrigation was practiced was 1,552, the average number of acres per farm being 43.  The term “subhumid”
as applied to extensive areas in the United States includes belts of country ou each side of the arid region, these
forming the debatable ground between it and the comparatively well watered regions east or west. The western
subhuinid region is much narrower than that on the east and the states crossed by it lie for the greater partwithin
the arid region. Ou the other hand, the subhumid region on the east, crossing broad prairies, includes the greater
part of the states above named. In this discussion of irrigation by states and territories it becomes a matter of
convenience to classify these states under the one designation of subhumid, although their eastern ends are within
humid regions, and in the case of Texas, at least, the western prolongation lies far within the arid region.

The following table gives for each of the states under discussion the number of irrigators and other items.
This table has been obtained by compilation of the enwmerators’ returns for each irrigator in these states.
Olassitying these according to size, it has been found that of the 1,552 irrigated areas 7 were of (40 acres or
upward, 12 of from 320 to 640 acres, and 40 of from 160 to 320 acres. These 59 areas contained an average of 341
acres each, or in all 20,146 acres, a little under one-third of the entire amount in the 5 states, The remaining
1,493 irrigated arveas, undeér 160 acres in size, averaged 31 acres each and comprised 69.92 per cent of the total.

NUMBER OF TRRIGATORS, AREA IRRIGATED, AND AVERAGE SIZE OF IRRIGATED FARMS
IN THE SUBHUMID STATES IN 1889
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COMPARISON O GOSTS AND VALUES.

The average first cost of bringing water to the land throughout these 5 states, as .espimated from ﬂx_e
statements of the farmers, was $4.07 per aere, while the average selling value placed by the irrigators upon their
water rights wherever these were transferable was $14.81 per acre. The average annual expense o‘f water l‘el.lt‘dl
or of maintaining the ditches was $1.21 per acre, and the average cost of preparing the ground for cultivation,
excluding the cost of bringing v ater to the land, was $4.62 per acre, as given by the farmers. . .

Tn the following fable the more important of the foregoing statements are compared with those for the
adjoining states on the west, namely, Montana, Wyoming, Colorado, and New Mexico:
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2568 IRRIGATION.
GENERAL DESCRIPTION.

The country under discussion forms part of the Great Plains region lying west of the Mississippi and extending
to the base of the Rocky mountains. The surface of this plain rises as « whole toward the mountains, the increase
altitude on a line through Kansas and Colorado, for example, being from 1,500 feet up to 5,000 feet in a distance in
of 400 miles, or under 9 feet per mile. The Rocky mountains in the northern half of their length in the United
States have a decided trend to the northwest, and the plains sweep:around far to the west, extending in northern
Montana even beyond the meridian of Salt Lake city. Taking any north and south Jine nearly at right angles to
the greatest slope and passing, for example, through western Kansas, it is found that the plains for the most part
descend from. the south toward the nortl, the highest points being on the Ilano Estacado of Texas, where the
general altitude is about 4,000 feet. On going northerly from this locality, and neglecting the river valleys, the
surface through western Kansas is found to be at an altitude of about 3,000 feet, continuing, with slight
undulations, to South Dakota, where the surface is about 2,000 feet, tinally dropping off to or even below 1,500 feet
on the north line of Dakota. This gradual northerly slope of the Great Plains counteracts to some extent the
differences in climate due to the position farther to the north, so that the contrasts in temperature and in other
climatic factors are not as great as might Le expected.

The soil of this region, taken as a whole, is as rich as that of any purt of the United States, and in almost
every respect, save that of moisture, the country is an ideal one as regards agriculture, but unfortunately the lack
of rain atecritical times during the summer, together with the occasional liot winds so destructive to vegetation,
renders doubtful the suceess of furming by ordinary methods. The amount of rainfall and the time of occurrence
vary widely from year to year, decreasinyg as a whole for a few years and then increasing for longer or shorter
periods, the duration of these osecillations being a matter of uncertainty. These nonperiodic oscillations of the
annual rainfall are more noticeable in such a country, where in ordinary years there is hardly enongh to mature
the crops, for in the years when the amount of precipitation during the smmmer is a little above the average
the crop yield may be phenomenally large. On the otlier hand, during years of scanty rainfall the erops usnally
fail, reducing the population to the verge of famine. ' .

These changes in the amonnt of moistare and the consequent success or failure of crops have resulted in great
hardship to most of the settlers, who, coming with small means and no experience in farming in such a climate, have
lost their property and have been saved from starvation in many instances only through outside aid. Thousands
of families have been compelled to leave their homes., Among the special schedules of the Census Office there ave
hundreds of statements reciting the desperate situation of the people, especially in the year 1890, with many
touching appeals for aid. Although a large number of families have left this subhumid area, others are constantly
coming in, and the population as a whole does not show the rapid decrease which might be expected from an
examination of individnal statements. The change in population iy perhaps Dbest shown by the statistics for
western Kansas, in which state an annual census has been made. Taking, for example, the counties of Norton,
Graliam, Trego, Ness, Hodgemau, Ford, and Clark, and all those to the west of these, the total population, as
shown by the state census was, in 1883, 20,042; in 1884, 23,957; in 1885, 33,7585 in 1886, 85,193; in 1887, 138,283;
in 1888, 138,717; in 1889, 121,071, and in 1890, according to the Eleventh Ceusus of the United States, 102,394,
Aceording to these figuies the greatest population was in 1888, this declining in 2 years by 36,323.

In many respects the settler in a snbhumid country is less fortunate than one in the arid region, especially if
his means are scanty. In order to secure the title to his land he must of necessity expend nearly or quite all of
his money, and if his first crop is a failure his situation is desperate. Many a man in spite of this has been
induced to endure great hardships in the hope that the succeeding year might be favorable and the crops approach
the wouderful yield of which e has perhaps seen examples. More than this, there have beew hiopes held out of a
permanent change in the climate, or that water can be procured in some novel way, or the rainfall increased by
mechanical effects.  On the other hand, the settler in the arid region knows that there can be no hope of success
except by irrigation, and it he secures a water supply he is reasonably certain of success, and is not called upon
to endure yeurs of privation while experimenting in methods of agriculture or waiting for a fortunate season.

The fact that there is nearly enough rain to insure the success of’ erops in the subhumid region is not as great
a benefit as is often inferred, for, as stated above, farmers are induced to take chances on the fortunate oceurrence
of rain at critical times, and in the long run they are disappointed. It is difficult to convince the people in many
localities of the necessity of developing to the utinost capacity every possible source of water supply and of
maintaining and pushing forward the work even during yvears of unusual precipitation. There is a tendency to
neglect systematic effort in this direction, and schemes projected in one year are sometimes dropped in the next,
There are many localities where, in spite of poverty, it would be possible by united and persistent application to
save storm water or develop other sources of supply., Each year people are misled by some new theory which
promises to increase the available moisture without involving the laborious construction of the class of works
which have proved successtul in the past. At one time they have been excited by anticipations of securing artesian
water, again by hopes of employing the so-called * wndertlow ” or the ultimate success of the rain makers.

In view of the many failures reported from western Kansas and Nebragka, it is surprising to note the large
acreage in cereals in this part of the eountry. According to the agricultnral returns for the census year there
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ge, yfa on the other hand the yield per acreis relatively small and uncertain. The vumber of failures ean not
'b ) usuer}‘mxu:d, but in 1889 and 1890 it was so large that the majority of the population were discouraged and,
):np-(;vijivshad. Thi possibility of irvigation has Deen rveceived with great enthusiasm, and most of t.h: egsity
avatable sources of water have been employed to & greater or less extent, as shown by or of irrigators
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dreas upon which valuable crops can be raised with certainty are of the greatest importaunce in 1)r¢)m«)t§11g the
prosperity of the communities in whieh they oceur, If a farmer can be sure of obtaining from a small area au
amount of produce sufficient to furnish food for his family he will be less dependent on the suceess of his grain
trops, or can devote the greater part of his land to cattle raising. The principal obstacles to the introduetion of
levigation, Desides lack of water, have been the prejudice and ignorance of the peovple regarding the subject, It
has beeu faured that if' it were known that irrigation was necessary or even beneficial the reputati-nn of the country
wonld be injured. The sensitiveness on that point has tended to disappear, owiug to the severe effects of the
fll‘(.)11g1.1ts of recent years, und theve is & more general demand for the introduction of systems of water supply.
Forlack of knowledge of the best means of obtaining water and of applying it to the erops progress has heen slow.

WATER SUPPLY.

The lavgest amount of water for irrigation is obtained from rivers which, heading in the Rocky mountains,

-How in a general easterly course across the plains, emptying into the Missonri river ar farther south into the

Mississippi. These have an enormous drainage area and at certain seasons of the year cairy a correspondingly
large quantity of water. During the hot weather, when water is most needed, their channels, especially within the
subbunid vegion, become nearly or quite dry. This is due both to losses by evaporation and to diversion of water
by irrigating eanals and ditehes near the base of the mountains. Along each of these rivers, notably the Platte
and the Arkansas, large canals have been built, receiving occeasionally an abundant supply of water. Attempts
have heen made to increase and render perennial the amount of water in these vanals by continuing them up the
river and in o geneval way pavallel to it at a grade less than that of the bed of the stream wntil they have
penetrated water-bearing sands or gravel,  The mmount of water obtained in ‘this way has been relatively smuall.
but being available at o critical time it is valuable.

A source of water supply secondary only to that ebtained frowy che lavge rivers js found in the springs or
streams fed Ly them. Thege springs oceur in great abnndance in many parts of the eastern avid and the subhomid
regions, water coming from coarse material, beds of sand and gravel, usually found below the surface murls. A
small part of the rainfall finds its way down to these pervious beds, where it is stored, ultimately escaping
wherever an opportunity occurs. The streams formed by the union of water from various springs are usually
largest near their sources, dwindling in size rapidly from these points unless re-enforeed by storm water, Their
channels continue in a general easterly direction toward more hwmid regions, where the amount of water gradually
increases, to be finally discharged into one of the larger rivers of the eountry. Many small ditehes have been
built, taking water at points a short distance below the springs and carrying it out to one or two farms.

The third source of water supply is from wells drilled or dug through the surface clays or marls down to the
water-bearing sands and gravels, usually found at from 50 to 300 feet below the surtace. A few'ut’ these flow,
especially those upon the lower lands, but the great majority must bhe pumped, wind power being commonly
employed. These wells seem almost inexhaustible by the machinery ordinarily used, and furm.?h water not rgxly
for domestic purposes and watering cattle but in many instances for gardens and trees. Their more extensive
utilization for irvigation rests on the relative cost of raising the water aud the value of the products. A small
amount of irrigation has been carried on by means of storm waters held in snitable reservoirs. There are I‘mf,
many places where the topography of the snrface is favorable for the construction of these, but all snch localities
will probably be utilized in the future. ' o

The examination of sources of water supply points to the conclusion that cutside of the canals in a few u-t the
large river valleys the development of irrigation depends upon the ut'ilizat.ion in each locality of all of_‘ the available
water, either in large or small guantities and from whatever source it may come, whether from springs, wells, or

storms, and that it is impossible to lay down any general scheme applicable to the country as a w}xoie. Each
and where water can be obtained if it is to be had, and having done so,

3 ity must ascertain for itself how ' .
e i only by the results of practical.

the question as to whether the water can be profitably employed is to be answeret

trial,
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The average distribution of rainfall by months is comparatively uniform in .the four 11()1"13].1(31'1,1 states under
discussion. Taking all of the rainfall data up to 1889, as furnished by the Chief Signal Officer, it appears that the
average annual rainfall at all stations for the time during which observations were made was for the Dakotas 19.30
inches, for Nebraska 27.83 inches, and for Kansas 29.88 inches. These figures apply to the sta;tes as zm‘whole,ri‘:he
average precipitation on the eastern side being greater and that on the western less than the figures glven. .U‘le
percentage of rainfall by months, on the contrary, is comparatively uniform across ez'wh of these states, to a cert.:mn
extent, regardless of the total amount of precipitation. The following table gives In round numbers the average
zamfall by months for the two Dakotas, Nebraska, and Kansas:

AVERAGE PER CENT OF MONTHLY RAINFALL FOR SUBHUMID REGION.
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Trom the above figures it is evident that April, May, June, July, and August are the rainy months, from 66
‘to 70 per cent of the precipitation occurring during this part of the year. Thisis peculiarly favorable in many
‘ways to agriculture, rendering it possible to cultivate crops in localities where, judging from the mean annual
rainfall alone, their suecess would appear doubtful. In Texas, as pointed out by General A. W. Greely, there is
not the same uniformity throughout the state in the distribution of rainfall by months, there being more than one
distinet type. Of the types mentioned by bim two of most interest in this - discussion are, first, that represented
by the precipitation at Forts Sill, Griffin, and Eliott, in or near the “Panhandle” of Texas, and, second, that by the
rainfall at Forts Bliss, Davis, and Stockton, in the extreme western prolongation of the state. Taking the average
in each of these groups, it appears that the first agrees fairly well with the figures above given; but in the case
of the second. the greatest rainfall oceurs later in the season, coming in Angust and September, as shown by the
Hfollowing table: ~

AVERAGE PER CENT OF MONTHLY RAINFALL IN TEXAS.
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NORTH DAKOTA.

In North Dakota irrigation was practiced in 1889 on farnis in two counties namely, Boford and IMlanner
‘these being in the extreme northwestern corner of the state, north of the Missouri i’iver. V,Vater fro;n ébrﬁési;hﬁ '1.113:{
pumped wells was used to o greater ov less extent on gardens and fruit trees in the eastern end of the thjte (but
in this connection these comparatively isolated cases have not been considered. In Buford county ’,che kill:ri ,‘Lted
land is in the vieinity of Williston, the irrigating ditches leading from Muddy creek and its tributaries 'mdgc'blso
from Stony creek, both of these flowing into the Missowri. In Flannery county the land is wm:ered( frdx’ncBe'\:rer
Jones, and other short creeks flowing southerly from the bigh prairies. The ditches h#ve bet;n built b c(slwtth;
owners majuly for the purpose of raising forage erops and produce for home cousumptioﬁ. ' Y
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Eleventh Census of the United States.
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THE SUBHUMID STATES.

IN NORTH DAKOTA IN 1889,

NUMBER OF IRRIGATORS, AREA IRRIGATED, AND AVERAGE SIZE OF IRRIGATED FARMS

26t
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GENERAL DESCRIPTION.

In varions counties throughout the western part of North Dakota farmers state that although the soil is rich yet
no dependence can be placed upon the crops. There is rarely rain enough through the summer to afford sufficient
moisture, and in 1890 many of the settlers became completely discouraged and abandoned their homesteads., Ix
Burleigh county, near the center of the state, it is reported that from 1880 to 1890 there were only three good
crop years, namely, 1882, 1884, and 1885, the rainfall at other times being deficient, except perhaps in 1888, when
the main losses were by frost. In any one county or group of counties it rarely happens that all farmers suffer
alike, Usnally there are local rains covering small areas, and thus one field or part of a farm may receive a faic
amount of moisture while another part is dry.

It is impossible to dvaw any sharp line between the connties needing irrigation and those which do not, but it
is sufficient to say that on the eastern edge of the state there is usually an abundant rainfall, while on the western
side “dry? farming rarely succeeds. The water supply is not especially tavorable for the growth of irrigation.
In the eastorn part of the state, in the James River valley and in that of the Red River of the North, are many.
artesian wells, but these can hardly be counted upon as a large factor in irrigation, being of far greater importance
for domestic and wunicipal supply. Besides, irrigation is not really necessary, although of great benefit in.
increasing the yield per acre. - The Missouri viver tlows through the state, entering near the northern end of the
western side, and trending in a general southeasterly and southerly direction. In this part of its course the
river has a fall of only abous 1 foot to the mile, aud diversion of its waters into short canals is almost it not quite
impossible.

Flowing into the Missouri river from the north are a number of creeks, receiving water from springs or fhouy
the dvainage of the prairvielike divide between the Missouri and Mouse rivers. Most of these streams. are
comparatively short, and some of them become almast, it not quite, dry during the snmmer. By means of a proper
system of storage several thousand acres could be irrigated in the valley along the Missouri. On the south or
west side of the viver the opportunities for diverting waber are even Wworse than on the east. Most of the perennial
streams have cut deep gorges, in which there is 1o bottom land, and mwany of them ﬂllctllate so greatly in quantity
of water discharged that irvigation is almost impossible, ~

h DIVERSION OF MISSOURI RIVER.

The practicability of diverting water from the Missonri river by means of a large canal built ona gentle grade
has been frequently discussed, and hopes have been entertained that water could be brought over into the valleys
of the James and Mouse rivers. It has been ascertained by the United States Geological Sirvey that the low
water level of the water in the Missouri at the mouth of Milk river, Montana, is approximately 2,020 feet; at Fort
Buford, at its junction with the Yellowstone, 1,855 feet; at Williston, Buford' count.?', at the mout.h.of Muddy
creck, 1,820 feet, and ab Bismarck, Burleigh county, 1,620 feet. - The elevations (-)t the lowest p01njss of‘ the
divide between the Missouri river and the drainage basins of the James and Mouse rivers have been :}scert\amed‘
to be as follows: north of Dog Deun Butte in Churel county the lowest poin?s a}'e over 2,100 fget, while gouth m‘.‘
it the lowest gaps are respectively 9,048 feet, 2,022 feet, 1,950 feet, and 1,9%3.teet, the lnst-.benl'lg at, fhe heud of
Painted Woods creek. Where the Northern Pacific railroad crosses the dl'Vlde the eleva'tu')r% is 1?m0 feet. .A
diteh starting at the mouth of Milk river, Montana, and const»m'cte(} ou 1}111f0rm grade of 6 11‘1ches to the mile,
would have to be about 450 miles long in order to reach the divide in Sheridan county south of Dog ‘Deu Butte.
Tt would then have an elvation of a little nnder 1,800 feet, or 70 teet 10\\'e~r ﬂ"l?m t}le lowest gap 111'ent10ned. The‘
line for a ditch on this grade would be af an average distance of about 5 miles n‘w'nu ﬂ‘xe Missouri for a Iellzgfhkut
400 miles, leaving the river at about the northern side of McLean ‘c().unty and passing to the }1ort‘11 of‘ Tu;t 2 a (;1
The land below this line is rich and snitable for agriculture, but ib is apparent from the above figures that suc
B profoct can hardy 00 oo Zeea:fl‘bgﬁlis survey along the northern and eustern sides of the Missouri river

The country esamined in the counr - CUSTOLTHL 2 e
is a rolling 1)1‘1:13}(;‘111 deeply cub in a few places by coulees and bounded by bluffs along the Missourd river of from
< 1) l Lty -
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200 to 400 feet in height, The divide between the Missouri and the rivers m‘entigned -abov‘e i nlllmikseg mbﬁ;:)?::
irregular hills, at the buse of which are many small lakes or lake beds, some of these ‘belng' as mucF as - erq !
diameter, Most of these lakes have no ontlet and as a consequence tlhey are sm:()ngly allxal}ne. r0111‘1 kI{ K
small amount of water escapes, but this soon disappears in the dry channel during the S'unllllel‘. qt les S;c ‘ .' :S
obvious that water ean not be held by storage in any of these lakes exce.pt by enormously increasing the i .uim{__:(?
area and concentrating, if possible, the flowing water at a single point. 'l‘l'xe lakes fluctuate grealtl.y, x‘mtuf
acenmulating during some years and then diminishing during several 's,uccessw»e sulm‘ners:.’ The same 1er,‘1 ue7?
streams which draiu large areas of this prairie country.” The I\‘IOU.SG river and streams tributary to James river
frequently cease to fiow in summer, the water standing in pools in the'bed.s.. y ] oredices
The prairvies northeasterly from the Missouri have a rich soil, wh'mh in years of abundant rain a“‘ ]]n 1())1(1_‘ ll((t_;‘%
heavy erops of wheat. Settlement has progressed rapidly near the railroads, but away from these few_ 1p 1@ anty
are to be found. There is good grazing over the entire area, and along the streams are a few tree:s;. Most of t_h(‘ml,
however, have been cut off by the settlers. Attempts have been made to secure artesmp water in a few_ localities,
At Bismarck a hole was drilled to the depth of 1,200 feet, but without sueccess., Ordinary dug or drilled wells

msually find a supply at from 50 to 100 feet or more,
ARTESIAN WELLS,

Flowing wells have heen found in the eastern end of the state in the valley of the James river, and that of the
Red River of the North, which forms the boundary line between this state and Minuesota, By far the greater
number of wells are in this latter area, there being but a few comparatively deep wells in the James River valley,
The most northerly well in this area is that at Devils lake, in Ramsey county, which has reached o depth of 1,611
feet. This is 3.5 inches in diameter at bottom, and delivers water at the rate of 60 gallons per minute,

At Jamestown, in Stutsman county, about 85 miles south of the locality above mentioned, 2 other wells have
been drilled, 1 to a depth of 1,523 feet. This is 8 inches in diameter at top aud 3.5 inches at bottom, 1t delivers
Wwater at the rate of 167 gallons per minute. Another well has heen drilled to the depth of 1,321 feet, but has been
abandoned. At Ellendale, in Dickey county, 65 miles south of Jamestown, a well 4.75 inches in diameter was
drilled in 1885 to the depth of 1,087 feet, at a cost of 84,000. This discharges at the vate of 1,700 gallons per
minute, furnishing water for city purposes. The surplas s conducted for half a mile to a farm, where it is nsed
for ivrigation. These wells just mentioned all obtain water from what is known as the Dakota sandstone.

In the valley of the Red River of the North ave a large number of flowing wells, both in Minnesota and in North
Dakota. These range in depth from 100 to 200 feet as a general rule, though many are shallower or deeper..
Taking the counties in order from north to south, these wells are reported in Pewbina, Walsh, Grand Forks, Traill,
Cass, Richland, and Sargent counties, North Dakota, and in Kittson, M avshall, Polk, Norman, Olay, Becker,
‘Wilkin, and Traverse counties, Minnesota. All, or nearly all, of the wells in these counties obtain water from beds
of sand and gravel buried beneath thick, impervious strata of clay, all of these being the result of glaeial action
followed by the effects of sedimentation from rivers and lakes. , '

The water from these wells is used almost entirely for household purposes and for watering cattle, The
amount from any one well is usually small, and would be almost insignificant for use in irvigation if it were
necessary to attempt this method of agriculture, As it is, there is an ample rainfall, and large erops are raised
almost every year. The water is usually clear, cool, aud agrecable to the taste, although it often contains a
notable amount of saline matter. Even when too salty for honsehold use cattle will drink it eagél‘]y. Many of the
farmers in North Dukota state that the water from their wells injures or even destroys vegetation, and that it will
kill grass and willows in a short time. This effect is possibly due in many instances to the low temperature of the
water, and in others to the saline contents. : '

Within the connties mentioned almosh every farmer has his own flowing well, and, if the water is good, he finds
it a great convenienee. The cost of these wells was formerly 81 per foot for the first 100 feet and $1.50 for the
second 100 feet. At a later time the ordinary contract price was 80 cents for the first 100 feet and corresponding
rates for greater depths. Nearly all the wells ave 2 inches in diameter, although there are a few 4 inches or larger.
These are mainly deeper wells, which often have larger flow. For all practieal purposes the shallow wells with:
small flow are as useful as the larger, since even the smallest supplies sufficient water for house and cattle, As a
general rule, it may be said that the water from these larger, deeper wells is more luble to be salty and of less
value for all purposes. v . ' :
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SOUTH DAKOTA,

‘ 'lrrigation in South Dalkota is practiced mainly in what are known as the Black Hill counties, on the west

side of the state, namely, Butte, Lawrence, Meade, Pennington, Custer, and Fall River, In addition, to areas ilLi’hern
counties a small amount of land is watered by means of artesian wells in the castern part of the state (’I‘hf; stlre“ 68(?
in tlie counties mentioned rise in the Black Hills, and, ﬁ()wing outwardly in nearly every (1irectim'n finall 'Ylu(:il;m
those on the north forming the north fork and the others the soath fork of the Clie renne river ;:h se 3 ¥ "
nearly encireling this mountain area. ! o Fhese streums

NUMBER OI* IRRIGATORS, AREA IRRIGATED, AND AVERAGE SIZE OF IRRIGATED FARMS
IN SOUTH DAROTA IN 1889, o
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Among the monntains at the altitude at which timber is found there is an abundance of moisture for cereals
and grass. These are raised to a considerable extent in the valleys or parks of this area. Lower, among the
foothills, the rainfall is usually deficient, and farming without irrigation can hardly be said to be profitable.
‘Whenever the rainfall is more ample than usual wheat, oats, corn, barley, and millet are raised. Many of the
farmers in these lower valleys make a living by working part of their time at the mines, and in this way manuage
to maintain themselves throngh years of dronght, Some of the settlers, failing to raise crops for several years in
succession, have abandoned their homesteads. ‘

In the counties easterly from the Blacl [Tills the rivers for the most part flow in deep, narrow channels 100 or
more feet below the general surface. During certain seasons of the year they discharge a considerable amonut of
water, bnt in summer the streams gradunally diminish until they almost, if not qunite, disappear. The small amount
of water available during the irrigating season, together with the unfavorable topography of the country, renders
irrigation by ordinary means impracticable. Beyond the Missouri there are possibly a namber of tributaries which,
with storage, could be utilized, but at present the hopes of the farmers are centered upon the development of
artesian waters,

WATER SUPPLY,

The principal streams used for irrigation in the Black Iills region are Redwater, Hay, Spearfish, False Bottom,
Bear, and other creeks rising in the northern end of the mountains and flowing partly through Lawrence and
Butte counties, On the east are Rapid and Battle creeks in Pennington and Custer counties, and on the south
Beaver, Fall, and Cascade creeks in the southern part of Custer county and in Fall River connty. The ditches
taking water from the creeks to the land are usnally small, having been constructed by individual farmers or by a
partnership, each person of which is entitled to a certain proportion of the water.

The water supply is ample for the area now irrigated, but if -the greater part of the ditches projected or under
construction are completed there will undoubtedly be a deficiency, especially dnring the bot weather.  Most of the
streams flow throughout the year, but they become very low during the summer, and a comparatively small diversion
of water at that time will leave the channels dry. The greatest development of irrigation is in the vieinity of
Rapid, where there are from 8 te 10 ditches, % few of them of relatively large size. In the vicinity of Minnesela
and to the south of it are also a number of ditches, and near Buifalo in Custer connty. = At this latter place a well
6 inches in diameter has been drilled to the depth of 800 feet in the hope of obtaining an artesian flow. Outside
of the lower valleys around the Black Hills region are broken plateau and prairie lands stretehing far away, npon
which grazing is the only industry, Farming has been tried at various places, but with little success, principally
on account of the lack of water and of the nceasional ocetirrence of hotwinds. The soil on many of these fable Jands
between the streams is good and a few fair crops have been raised. ] )

The Belle Fourehe, or north fork of the Cheyenne, which receives the drainage from the northern pz}rt o.t the
Black Hills, except in spring, is a small stream, and its banks are so high and the slope is so small that it wﬂ.l ’be
hardly possible to divert any water upon the adjacent land. This, as previously stated, is the prevailing condition
of the streams after they leave the foothills. Therc are a number of places in which reservoirs could be made, but

.
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for the most part these localities belong to individuals whose opposing interests prevent concerted action toward
their utilization. ’

The Westside Water Supply Company has constructed a ditek from Redwater ereek, heading about 1.5 miles
southerly from the town of Miunesela, in Butte county, and carrying water out on the west side of the creek. It
is abont 5 miles long, 6 feet wide, and cost $1,600. The ditch was first used in 1890. Heading on the same stream
ahove this ditch is the canal owned by the Redwater Land and Canal Company, taking water out toward the north
and east. The total length is estimated to be 35 miles, average width 12 feet, and the cost was abont $75,000. The
canal was made by enlarging and extending two ditches purchased by the company. Water has been supplied to
irrigators at the rate of from %1 to 81.50 per acre each year.

The Little Giant ditch takes water from Rapid creek, in Pennington county, ranning out on the north side of
the valley. It is 4 miles long, about 5 feet wide, and cost about $2,400. It is owned by farmers, who divide the
water among themselves. The Lonetree ditch takes water below the Little Giant, the hiead being about 8 miles
southeast of Rapid. This diteh is 5 miles long, about 6 feet wide, and the cost was probably $4,500. In this
valley, which is from 1 to 2 miles wide, the ditches are short and take water to comparatively few farms. The
creek has a decided fall, and in places crosses from side to side, cutting into the bluffs on one side of the valley
and then swinging across to those opposite, The various ditches, of which there are probably 8 in use, alveady
cover the greater part of the farming land from about 3 miles west of Rapid down to a point 12 miles east. ‘

ARTESIAN WELLS.

The flowing wells in this state, as in North Dalkota, are found mainly near the eastern end, extending in a
broad belt sontherly down the James River valley to the Missouri, the greater number being found in the sountlieastern
corner of the stute and mainly in the counties of Bouhomme, Yankton, and Clay. A few shallow wells are found
near the northeastern corner of the state, in Grant county, these being in all probability similar to those in North
Duakota and Minnesota, and marking the southern end of the artesian area of glacial origin,

This state coutains wells which have a very large flow. The amount of water from one of these wells compared
to that generally coming from artesian sources is enormous, It is, however, usnally greatly exaggerated, and it is
difficult in a matter of this kind, where local pride enters so largely, to arrive at the exact condition of things. So
far as can be ascertained probably the largest well does not-deliver continuously over 3,000 gallons per minute, or
6.68 second-fect, although it has often been asserted that 1 or 2 of them flow at the rate of 10,000 gallons per
minute. These large wells, in spite of the quantity of water they deliver, show no signs of exhausting the supply,
although from analogy it is to be presumed that as the country develops the number of wells will be increased
until the discharge begins to show signs of diminution. '

Most if not all of the wells obtain water from the Dakota sandstone, which underlies the greater part of this
state, as well as of North Dakota, Omitting the minor inequalities, as a whole, the distance from the snrtace to
the Dakota sandstone becomes less in going from north to south or from west to east, so that the shallowest wells
are those on the James river and Missouri bottoms in southeastern South Dakota. East of this region of shallow
wells, and notably in Minnehala county, the Dakota sandstone abuts against crystalline rocls, which come to the
gurface, and in which no flowing water is found, although a well has been sunk to a depth of 600 feet.

1t should be noted that nearly all the more important wells, or at least those first drilled, are in or near towns,
and that in many counties where wells exist none have been reported as being upon farms, This is due to the fact
that the trial borings Liave been made mainly by munieipal corporations or associations of citizens for the pmpose.
of obtaining a domestic supply of water, and it is only in localities where the wells are comparatively shallow and
inexpensive that they have been put down to any extent by farmers. It is obvious that the ordinary farmer cuan
not incur the expense of deep drilling unless he has more than usnal assurance of success.

Tuking the eounties in geographical order from north to south, the most northerly wells are in Brown county,
which adjoins Dickey county, North Dakota. At Frederick a well over 1,100 feet in depth discharged, Wll(:,ll
cumpletgd, atithe rate of 120 gallons a minute, while other wells at Columbia, Aberdeen, and Groton, averaging
about 930 feet each; are reported to have discharged from 800 to 1,000 gallons a minate. In Marshall county, on
th‘f’ east, a well at Britton 1,000 feet deep Howed 850 gallons a minute. In Day county, at Andover, south of
BI’Itt'OXI and east of Aberdeen, a well 1,000 feet deep flowed 250 gallons & minute. In Edmunds county, at Ipswich,
30 miles xf'est of Aberdeen, a well 1,270 feet iu depth, is reported as discharging considerable quantities of soft,
though slightly brackish, water.

Taking next the counties to the south, the largest number of wells is in Spink county, the depth being
about 900 fe.etf These are found at Mellette, Ashton, Doland, Redfield, and other localities. Wells have also
be.en dr'llled in Faulk county, to the west, and in Hughes, Hyde, and Hand counties, to the southwest, the well at
‘M_lller, in the last name.d cpunty, being nearly 1,150 feet in depth, and discharging as high as 1,000 gallons per
minute, and at Harold, in Hugh_es county, 1,450 feet deep, and dischargin g 150 gallons per minute.

In Bea,d.le county, south of Spink, the most notable group of wells is at Huron, where the depth is about 900
feet. The discharge from some of the wells of this county is enormous, and the pressure is sufficient to furnish

.
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short time before the wells at various towns will by suceess or failure outline the limits of the artesian area. The
-only drilling in the extreme western part of the state as yet reported is one in Pennington county, 350 feet in depth,
from which no water is obtained.

NEBRASKA.

In the following table are given in alphabetical order the counties within which irrigation was carried on
during 1889, - In the description, however, following the table, these counties, for convenience, have been grouped
aceording: to their geographic position. The figures of cereal production of the state show that the total area
devoted to the cultivation of cereals in 1889 was 7,961,969 acres. Taking all the counties in the western part
of the state lying beyond the one hundredth meridian, it has been  found that cereals were raised upon 749,871
acres, over one-half of this area being in Indian corn. Comparing the irrigated acreage with the cereal crop
alone in this part of the state, it appears that all of the land upon which crops were raised by irrigation was only
1.57 per cent; of the area upon which small grains were produeed. In this part of the state, where the climate is
semi-arid, the average yield of the cereals per acre was considerably less than in the state as a whole; for example,
Indian corn yielding 17.33 bushels against 39.40 bushels per aere for the whole state, and wheat 11.27 bushels
against 13.23 bushels per acre.

NUMBER OF IRRIGATORS, AREA IRRIGATED, AND AVERAGE SIZE OF IRRIGATED FARMS
IN NEBRASKA IN 1889. .
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NORTHWESTERN COUNTIES.

In Dawes and the adjoining counties of' Sioux, Boxbutte, and Sheridan, in the extreme northwestern corner of
Nebraska, are a few small irrigating ditches taking water out upon low land or meadows along the streams. The
water is used mainly upon hay lands and for gardens or small patches of vegetables upon cattle ranches.
The principal streams from which water is derived are Hat ereek, which flows northerly into the south fork of
Cheyeune river; White river, which also flows northerly into South Dakota, and the head waters of Niobrara river,
flowing easterly near the state line. The water comes mainly from springs, and the streamns do not fluctnate as
widely or with the regularity of the snow fed rivers of the Rocky mountains. The supply as a whole is very
‘small and wholly insufficient for the needs of any general system of irrigation. In order to extend the area
enlfivated in this manuer it will be necessary to store all of the water that can possibly be held, utilizing each
favorable depression. _

The total area devoted to cereals in these four counties in 1889 was 146,163 acres. Of this there were in
barley 3,492 acres, in buckwheat 383 acres, in Indian corn 58,365 acres, in oats 37,307 acres, in rye 2,449 acres, and
in wheat 44,165 acres, the latter producing an average of 11.43 bushels per acre. There have been a number of
years in which crops have failed entirely. In 1887 and 1888 the yield as a whole was good, but the light rainfall
of 1889 and 1890 did not furnish sufficient moisture and the crops were almost a complete loss, so that hundreds
of farmers were without seed for the following year. The soil throughout this area is rich and with moisture
produces abundantly. The hot winds, however, are apt to occur during the summer, and there have been heavy
losses from hail. Water for ovdinary purposes is obtained from wells of from 50 to 150 feet in depth. One well
in Sioux county is reported to be 298 feet deep, and the water is strongly impregnated with oil.
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COUNTIES ALONG NORTH PLATTE RIVER.

The counties of Cheyenne, Deuel, Scotts Blnff, Banner, and Kimball form the southwestern corner of the
western prolongation of Nebraska. The North Platte river flows diagonally through this portion of the state, and
the South Platte crosses a corner of' Denel county, the two streams uniting some distance further to the east. On
the south is Lodgepole creek, which flows easterly from Laramie county, Wyoming, through Kimball, Cheyenne,
and Deuecl counties, entering the South Platte. Throughout these five counties agriculture has been carried on in
places since about 1885, but with varying sucecess. In 18586 and 1887 the crops were fairly good, but in 1889 and
1890 the yield was very small and many of the farmers were reduced to poverty.

The total area in these five counties upon which cereals were raised in 1889 was 54,814 acres. Of this there
were in barley and buckwheat 423 acres, in Indian corn 43,819 acres, having an average yield of 5.96 bushels per
aere, in oats 4,016 acres, in rye 617 acres, and in wheat 5, 939 acres, with an average yield of 6.50 bushels per acre,
The losses incurred during the years of drought have called attention to the necessity ot providing means of
irrigation and o number of projects have been undertaken, the principal source of water supply for this part of
the state being the North Platte (1), a large river, discharging many times ag much water as the South Platte.

Bven during the dryest part of the year the amount of water in the North Platte appears to be sufficiently
great to supply canals of considerable size, and when irrigation has been thoroughly developed it is probable that
the available water supply will be somewhat increased by seepage. Beginning at a point in Wyoming above the
state line, and extending down through the counties above named, there are wany localities favorable for the
diversion of water, A nwumber of irrigating ditches and canals have already been built, a few of these being in
size comparable to those near the head of the South Platte. Surveys have also been made for great systems of
irrigation, for whose construction millions of dollars wonld -be required. The amount of land irrigated in 1889 is
almost insignificant in comparison with the area later brought under diteh. In Scotfs Bluff county the development
has been especially rapid, although Cheyenne and Denel counties,are receiving their share of attention,

Water is diverted mainly upon the valley land along the river. This is bounded by bluffs, in places rising to
a height of several hundred feet, rendering it almost impossible to bring water upon the higher plains or plateans
between the streams. The soil on these higher Iands is reputed to be better than that in the valleys, sinee it is
less sandy and comparatively free from alkali. If canals succeed in bringing water to ﬂns height large areas,
embracing thousands of acres of rich soil, can be watered.

Through Scotts Blaff county probably the greater part of the irrigation is earried on along the north side of
the stream, where the topography is in places more favorable for the construction of ditches than on the south
side. As the river is very shallow and the sand drifs into the headworks, it is usnally a matter of difficulty and
expense to keep the water flowing into the ditches. Hxperiments have been made with the use of steam vacuum
pumps to raise water, but the expense of running these has been found in many instances to be too great to be
profitable.  On the bottom lands from the Wyoming line casterly a number of farmers’ ditches have Dbeen
constructed and several large canals projected. The prineipal ditches are, on the north side, the Farmers,
Tinterprise, Winter Creek, Minatave, Alliance, Brown Oreek, and Lee Oreek, and on the south side the Laramie
and Scotts Bluff, Mitchell, Castle Rock, Chimney Rock, Belmont, Empire and Logan, '

The I‘(umen canal hcruls on the north side of the viver, 1 mile east of the state line, If construeted as
projected it will be 75 miles long, Work was begun in the spring of 1888, and water was used to a- small extent
in 1800. 1t is 14 foet wide on bottom, 6 feet deep, and is planned to have a grade of slightly over 1 foot per mile.
This canal is owned by a mrpomh(m, and with the exception of the l\lmmtare is stated to be the only one selling or

a In 1801 the smte mwimlu of \V\ oming mf\de ETaY nru] mensurements above the mouth of Laramie river, and in the fall of 18‘)" the mpngmphm N nf the Ummd
States (teological Survey ganged the river at points in Nebraska. The results of these different measurements are given in the fullowing table:

GAUGINGS 0OF NORTH PLATTE RIVER.

T ) t
| Drainage | igonurge
DATES, Loeality. 8 UATE ! in F;&(lcennd-
miles,
June 8,180k . cevsreniiiireen Douglas, Wyoming....o.... P ! B,665 1 10,130
Qctober 13, 1801.. .| Tairbanks, Wyoming. ... cooivimneeuaiieenas : 16,775 1 . AT
November b, 1892 .| Donglas, Wyoming...lvcouemuas e emam—neaias 14,665 05
December 4, 1801. .0 Douglas, Wroming «cceereenvarviniiriinaiens 14, 665 'j T
. Septomber 14, 1882 . ...| Nerth Platte, Nebraska 28,250 | 770
October 8, 1892, ... .o-...; Cnmp Clarke, Nebraska 2,207 | 335
November?, 1892 .......... North Platte, Nebraska ...... 28, 250 1,070
November 22, 1802 ......... l North Platte, Nebraska 28, 25 1,370 “

Fairbanks is some 50 miles or more below])tmg,,lns and abont 12 miles abeve the mouth of Laramie river. The town of North Platte, Neb., i3 near and
botween the junction of tho North and Svuth Platte rivers. and Camyp Clarke is about halfway between Fort Douglas, Wyo., nod the town of North Platte.



THE SUBHUMID STATES. 265

powerhlrror maechinery, sugh as printing presses-and Houring wills, The largest well probubly flows at the rate of
"(ﬁf_ﬂ‘ly 3,000 gallons a minute, or about 6.6 second-feet, and is reported to have thrown a 2.inel ‘streani’ mihe
height of 90 feet. Omne well at }emsp has been put down for irrigation on a farm near Huron. This well is 8360 feet in
depth,j 1;‘0 water, however', coming in below 802 feet. It cost $1,800, is 4 inches in diameter, and discharges af the
rate of 60 gallons per minute. In 1890 about 40 acres were irrigated and in the succec(Hng' year approximately
100 acves. The pressure of the water at the surface of the ground is reported to be 120 poundé per square incle. )
' South'erly fr'om this, in Sanborn county, are many comparatively shallow wells, which supply a small amonunt
of water for ordinary nses. Little if any of this water is used for irrigation, since the amount fx-(;m any one well is
usua.lly too small to be profitably employed. It is stated that the ground around some of these wells where the
k\vnter is allowed to stand and evaporate becomes coated with alkali, and that plants have heen killed by it. At
Woonsocket are deep wells notable. for their large amount of water and high pressure. One of them is“rqu,n-t»ed
to have thrown o 4-inch stream 70 feet in height for a period of over five minntes, and to have « disehurge of
about 2,700 gallons per minute, or 6.2 second-feet. Such wells as these will be of great value for use in irrigating
during years of deficient rainfall, : i “

In Miner county are many shallow wells similar fo those of Sanborn county. Some of these wells of 100 feet or
more in depth do not tlow, although the water rises nearly to the top. In Jerauld eounty, west of Saubort, i well
has been drilled to the depth of 799 feet, the water obtained, however, being alkaline and carrying a small amount
of oil.  Other attempts, with possibly better suceess, have been made. In the next tier of connties to the sonth
many wells have been drilled, those near the western end being the deepest.  For example, in Brale conpty, wells
at Cliamberlain and Kimball have depths of 1,000 feet or more, and in Aurora, at Plankiuton; and in the viciuity
of White Lake, depths of about 900 feet, all of these yielding large quantities of water.

In Davison county, south of' Sanborn, are comparatively few wells, and most of thent are less than 200 feet it
depti. Lrrigation has been tried by means of water from these wells, and it is stated that the results have in the
main been successtul.  Where tailures are reported it is probable that water hus not been applicd skififnlly.
In Hanson, east of Davison county, the counditions are very similar, the wells, which are comparatively shallow,
being pub down primarily for watering cattle and for householduses. Very little of the water has been used for
irvigation, and in many instances the surplus water from the wells is regarded as a nuisance. sinee it occasionally
injures vegetation, especially where the ground is already paturally moist.

I MceCook eonnty comparatively few flowing wells ave veported. There have been a number of failures, the
drillers striking, it is stated, the hard erystalline rock, which bars tarther progress. The water from the sueepsstul
wells sometimes carries small amounts of ivon, sulphur, and other minerils, and a little petrolenm. There lave
been a few erop failures, and the farmers look upon irrigation as oceasionally necessary.  In Tu%'ncr_:uul H |,m-hi'umn
counties, south of MeQook, the wells are quite shallow, being generally fI‘OH.l b‘(.) _rn 1‘()1) feet in depth, They
discharge small quantities of water, noue of which, so tar as veported, is used for irvigation,  In Douglas connty,

west of TTutehinson, a well has been bored at Armour to a depth of about 50 feet, furnishing water for town
purposes at the rate of 1,400 gallons per minute, . . . o o

In Bonhomme, Yankton, and Clay counties, lylng a_luug the north side 0? the M'hsuun riv ‘gr, the \\4:]15.311(,
mainly from 300 to 400 feot in depth and farnish from 100 to 200 gallons per nnu?te. I.‘heyvm-e f‘,m.nd.n“fmlf‘ ‘bm
the lower grounds near the viver and in the James and Vern‘ullon valleys. In Clgy cu'untlx thu '.m- < ff:l-h”“.m,
that it may bo said that there is one on nearly every fm‘u}. Tor stoek and houschold f»e' ﬂll‘f}.ﬂl 'I.sﬁu‘lbl fpu»;u:x‘u;?
to the value of the water and the great benefits derived from these WQHS‘, but on the spbj(ﬂ:‘[‘o‘f ;r: mlnr‘x?n.t z ; Ix.-s
a wide range of opinion. A few farmers state that 1)y.proper use of \vzitt?x- t.he. 3"1(:;1(} ll'mi »:(t);“u:ln:i ,:”;N;
especially dﬁring the first year, Others state that during the second year the le.\,l‘l t~t ltd.‘ :1 x:tv ﬂu‘;,yu ;‘;n‘m;‘
that by too lavish use of the water alkali has developed }11)0]1' the surface. ‘-Si:rlll,} O}fhtf:‘fb ‘hl‘d & iu;.( e ..ﬂ”: fer Jron
Fgnoznoe 1 applying W'(USUGY t?li ]%f ]lzr?1132‘3)‘2;‘1?;?1;131];1?6]112‘;'1(t-if;lill;ﬁ%]s{:;?(*'r‘;ii(llxl'la;ud cfhezu;lv il:u:h‘. The prices

The wells in this paxt of South Daiota, especiatly O 5 v Y of from 300 to 330
quoted are from $75 For a 9-inch well of a depth of 275 to 300 feeﬁﬁ‘ up t(; $3U01f0§v :i,? 1:’:1151‘\: ;‘1})1 »tt 1; :In(ut ;m“ o
feet in depth. A o matter of conrse, the older wells, or ‘tl'mse, first put (Yo;vfxi ’nazl ! g,“\‘ C;%‘n,mn‘ e Tt
De the 1)1'ésent prices for the same work. Upon the p'mme, above the ‘w\ %L) nl, q:] \S(tam.le\‘,( : T\nﬁ “ﬂ,u e o
that they mnst of necessity be deeper and are more lable to encounter gravel 2

i P ~ or one 3 or 4 inches in diameter.
£950 to $300 for a 2-inch well and from $400 to 1,000 for o R -

3 3, W T
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renting water rights. Enterprise ditch heads & miles east of the state line and covers land between the Farmers
canal and the viver. It is 20 miles in length, and in its course is reported to cover ahout 8,000 acres.

Winter Creek eanal heads at a point nearly north of Gering, covering in turn land under the Emnterprise
canal, It is 14 miles long, 16 feet wide on bottom for the first 2 miles, then narrowing to 12 feet wide for the
remainder of the distance. Stock in the canal is divided into 168 shares or water rights, each of these entitling
the holder to 26.5 inches of water. The water duty is estimated to be 1 in¢h per acre. The company owning
this ditch was organized in 1888, and the work of construction was carried on so that irrigation was practiced
in 1889 and later with fairly suceessfal results. The Minatare canal heads about 5 miles above the town of that
name and covers a narrow strip of land along the north bank of the river. It is owned by a corporation composed
mainly of farmers. It is about 10 miles long, the bottom width of the main. canal being 30 teet and of the branches
14 feet. Work was begun in 1888, and water was turned into the canal in August of that year. The appropriation
calls for 864,000 cubic inches of water, whatever this may be. The capital stock of the company is placed at
850,000, and the par value of a shave is stated to be $100. Each share represents 40 inches of water. Aun 80-acre
water right has been sold for $200. It is difficult to estimate the actual cost of this work. In order to maintain
and keep the diteh in repair there is an assessment of labor and also a cash levy of about 310 per 80 acres to pay
the salary of a superintendent. This is one of the first successful canals in this part of the state, und on this
aceount has attracted considerable attention,

The Alliance, Brown Creek, and Lee Creek ditches head in suecession down stream, being wholly within
Cheyenne county. The Alliance isabout 10 miles long, was built by farmers, and is reported to be highly successtnl,
Brown (‘reck canai heads east of Camp Clarke. The appropriation calls for 10,000 inches of water, and the work,
when completed, is to be 12 miles long, 50 feet wide on bottom, and nearly 3 feet in depth. The Lee Creek is a
small private diteh 7 miles long, heading near the lower end of Brown Creek ditch.

Taking the eanals on the south side of Platte viver in ovder down stream, the first project of importance is the
Laramie and Scotts Blaff canal. On this, howewer, little if any eonstruction worlk has as yet been done. It is to
head in Wyoming, 6 miles west of the Nebraska line, and as planned is to be 80 miles in length. The surveyed
line follows along the bottom of the bluffs or hills of the valley and covers all of the available land in Scotts Blaft
county between these and the river. The grade for the first 40 miles is planned to be 0.3 feet per mile and from
that point 0.75 feet per mile. It is estimated that the area between this and the other irrigation systems is 48,000
acres, - -

The Mitehell canal heads in Wyoming, 1 mile west of the state line, and on that acconut possibly enjoys
certain advantages over other irrigating systems taking water at lower points in the state of Nebraska. It is 25
miles long and has a fall of 1.5 feet per mile. When weasured in the ume over Horse creek the canal was carrying
24 second-feet, at a time of low water. The stock of the company is divided info 370 shares of a par value of $100
each, A share is understood to entitle the owner to the use of 20 inches of water upon 20 acres of land. The cost
of a perpetual water right is also given at &7 per acre, or water is rented at the rate of 82 per acre. The annual
cash assessinent has been $3.10 per share, together with a work assessment ot 3 days’ labor per share. Construction
work was begun in the fall of 1890, and water was used in the latter part of the following year in order to wet the
ground for the following season. The canal is reported to cover 17,000 acres, and assuming that the cost of
construction was, as estimated, $34,000, the average first cost of irrigation would be only 82 per acre. The cost of
the preparation of the land for cultivation was also estimated to be 82 per acre, an amount lower than in other
parts of this district. In comparison with this the land under the canal is stated to be worth $15 per acre and
npward. The Central is a small difch heading near Gering and covering a small area near the town. - It is about
4 miles long and is used both for irrigation and milling purposes.

The Castle Rock canal heads about 4 1niles east of Gering and extends al(.mg' the south side of the river for
about 17 miles. The bottom width is 16 feet, and the cost is stated to have been upward of $1,000 per mile,
Along the eourse of the ditch is one flume 200 feet in length, but otherwise the work is comparatively simple. The
ownership is in shares of $100 each, and the water rights are fixed at 40 inches for 40 acres. The irrigation works
commonly kunown as the Chimney Rock take water from fhe sonth side of the North Platte river about a mile west
of the Cheyenue county line and 12 miles west of Camp Clarke. The main ditch is 10 miles long, and has a fall of
1.66 feet per mile. It has been built by farmers, and the cost can not be ascertained. Work was begun in 1889, a
little irrigation being dome in the following year. 'The crops irrigated are wheat, oats, corn, barley, and flax.

The Belmont Irrigating ‘Canal and Water Power Company has constructed a eanal 32 miles long, 40 feet wide
-on bottom at head, 3 feet deep, and Wi_th a grade of 2.6 feet per mile. The head is 4 miles west of Camp Clarke, the
canal leaving the river and following along the upper edge of the bottom lands. The notice of appropriation was
filed in December, 1889, and construction work was begun in the following year. [t covers 26,000 acres, making
the average cost of construction 34.75 per acre. A counsiderable acreage under this canal was devoted to the

-cultivation of flax, and the yield, 14 bushels to the acre, was considered to be a success. Twenty inches constitute
@ waiter vight, or watber is rented at $2 per acre. ‘ :
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N The .PJm]m'e i a .small.dltch, heading a short distance below the Belmont, and covering land under that van
It is G miles long, 3 feet wide, and the cost was very low, probably not more,th'm fir qf’ ) nelet that canal.
The Logan is another small private ditch, about 2.5 miles ,loug irrigating a sm‘xl‘l %tl““'“f 1 E“ 1 o pu aore covered.

Axway from the North Platte a small amount of water is o,bta.i ‘:1 fg , L (1 “lp l o e e ok
from springs and wells. Thewells ar . , = a1 _ue rom Lodgepole and nrh.er crecks, and also
pring ‘ § are usually from 150 to 300 feet in depth, and when complete, inelnding windmill
and t‘a.nk, }z()ﬂ‘l} ‘[’1:(’)11‘1.9&53()0 to $500. The amount of water obtained is large and the supply can ;'ill‘t;l\' hv?'x]::::l:rt?«!
}:h;]vln’l((la;ull]s 'b%;r’nllg?m'(i ‘f91111(1 in 111@11;7 logalit?es, @11(1 ’Fhe water sometimes forms ponds nf (m;xsidt-mhlv am.
y escaping by evapo ation. In the northern end of Deunel connty the lakes are especially mumerons, the
waters from some of these probably escaping into Blue river, which flows southerly into the North l'mm? ln tIu;
valleys along Pumpkinseed creck and Lodgepole creek are a number of small pri‘vate ditches, irrigating :vardw&
trees, and small areas of field crops, the water being utilized as far as possible without water z~:turu§1:e. L;iﬂeﬁ »i«:
ercek flows from the Liavamie hills in Wyoming easterly across the plaing, its water usually disupp(iurin Jeq in;‘:() th«;
sandy soil. At places, however, it appears on the surface during a part of the year at least, and can be div«:rtmi
for irrigation, After crossing the state lineinto Nebraska the creek furnishes water for several ditches, vach mkmﬁ
out apparently all of the water at the pointof diversion. As an example of these ditches, may be given that of the
North Side Irrigating and Milling Company, heading about 8 miles west of Kimball. 1t is 4.5 miles loug., averages
8 feet in width, and cost 8300, It was begun in 1889 and first used in 1890, The cost of water is stated to be abput
$1 an acre each season.
' KEITH, LINCOLN, AND COUNTIES T0 THE NORTH.

Keith and Lincoln counties lie northeasterly from Colorado, a corner of the first being adjacent to Sedgwick
county, Colorado. Both the North and South Platte flow easterly through Keith county at au average of about 5
miles apart, finally uniting their waters in the eastern half of Lincoln county. To the north are 2 tiers of counties,
tho first tier containing Arthur, McPherson, and Logan counties, and above these Grant. Hooker, and Thious,
Oherry connty, whose aren is greater than that of the 6 just mentioned, includes the lands to the South Dukots line
and ndjoing Sheridan county, which lies on the west. Throughout these 9 counties agriculture is carried on i
favorable localities, stock raising, however, being the principal industry. In Keith and Lincoln counties $4,74
acres of cereals were raised in 1889, of this amount 58,421 acres being in Indian corn, with an average produetion
of 22.94 bushels per acre, and 14,102 acres in wheat, averaging 12.06 bushels per acre. In the 7 remaining conutien
the total area of cereals was 57,578 acres, and of this there were in Indian corn 46,449 acres, producing on an average
17.20 Dushels per acre. The experience of several years has convinced the farmers that greater success cun be
attained only by irrigation. ‘

The Niobrara river, which flows from Sheridan eounty across the northern end of Cherry connty, farpishes a
porennial supply of water, the quantity not varying greatly throughogt the year. It ﬂuws‘ thruug)h @ BAITOw

ralley, canyon like in character, with little if any frrigable lau(.l a?ung tl}ls part of its c(l)urse. South of Thl;‘i .s‘tr'mu'n
are the North Loup, the Middle Loup, and Dismal river, its prineipal TI‘lblltilI‘.S:,‘. .All of these :;s:tremps'reug;w their
water from springs, and their discharge, like that of the Niobrara, fluctuates w1t1}111 narrow hnut“:;. it ix stated t]'a;a
oven in the driest weather the rivers do not fall perceptibly, and that atter a rain they 'are?y rise more thap i fomet
or so. The country drained Dby these streams consists largely of wind sculptured sand hills rising 1o hex;,r}fts wl
from 10 to 200 fect and inclosing small valleys. The bottoms of some of these valleys are wet and erops of hay

can be ent.  The grazing on the sand Nills is good, and the springs and lakes farnish water sufticient for the needs
of cattle.

The South Loup, rising in Logan county, is less regular in its.beha,viu?' .th;m. tll‘c+ s.trean;sv 1113111;341 {‘ﬂ,ffc:"a.'. ]:t
occasionally becomes nearly or quite dry in summer (10\\jn to Fh(? point where it unites W}th «:t 1;,'1 ,t,lﬁ ?I”;u,un;, N »
waters have been used to a gmall extent for the frrigation of kitehen gardens an‘d ’F{'cefas. 'lh( er ~t um‘x,,' ;”;“
this area arve usaally from 150 to 300 feet in depth, and, Where\ier the owner hias suﬂurxm.tt‘ mv.m;: i}l]i 1’.‘,}?;”:; 5,:?,
windmills.  On the high table-lands between the streams mentioned above are lz}rge‘:u m; ni - uh: : t;;(x ,nw:im
would be very productive if water could be h:%d. There does ?10‘5' seem jco Pfi any 1;;;&}11.\ of securing il
Gnpply, exeept n o loaltie, by storogo f oy WSS 0 SR st o ity e contine

ricult levelopment of this par ate ans ‘Tigati f necessity be confined t
the éilllll(;%}tbf atlh(il ‘;}’01%111 Platte. Alveady numbfzr of ditches, both in Ixletgx a,xidkLxx(:)u:llll;“(ft_l:ﬁ:::l;:; I;;; :1 ;&;;ri
wmstrueted and others are 1)rojected. Besides thfz river, there‘gtvrfva a n_ll}xnbtal 0 ‘Lrt‘.el Hr;:b;: q:rea I e the
north of the river in Deuel and Keith counties which could be m@(le tq gerw, a conside - ' m: i%r’imt’im; o e
north side of Platte valley. The poor crops of 1889 and 1800 stimulated the building atic ks,

o T Vi 1 crecks, the former i
\ mong the most important of the side streams useful for irrigation ave Blue and Birdwood crecks, the fomuer
Among $ iy B

: atter :0 miles below in Keith county. ‘
Deuel county, and the latter about 60 mile o s onnines among the sand hills, flows southwesterly and
Blue creek is about 30 miles in length and, rising 1 npd s gt ; ,ﬂ“ ¢ %rpamq S S bl i€
oy ‘ qrried, asdn most 0 ige strean %, 1
¢ i 1 Platte. The volume of water carried, 3 i
southerly into the North Platte. water catit an moss ! ‘ 2 somewhat i
remml‘ka%ly uniform throughout the year, excepting in times of heavy rains, when the flow is somew nereased.
cul . : -
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The discharge, when ineasured, amounted to 105 second-feet. It heads in what is locally known as the lake
region, a country dotted by lakes, some fresh, others alkaline. Along its valley are lands adapted - to irvigation,
but ouly one small diteh has been constructed, this being on the west side sbout 3 miles above the mouth of the
ereek. A larger diteh could be taken out farther up the ereek, covering a considerable area of land in the valley
and on the Platte bottoms. ‘

The valley of Platte river eastward trom Blue creek has a large and well distributed water supply.
Numerous streams discharging from 3 to 5 second-feet during the sammer come from the sand hills and have a fall
sufficiently great to allow of taking their waters to almost any point desired. Along Otter creek are a few
small ditches, aggregating about 4 miles in length, and also along White Tail ereek is a diteh which irvigates
lands in the open valley. Most of the water of these ditehes is used in the production of hay, which, when loaded,
is valned at from $7.50 to $9 per ton,

Birdwood creck is probably the largest tributary of the North Platte in western Nebraska.,  When measured
in September it was discharging at the rate of 126 sccond-feet, the flow not luctuating greatly thronghout the
year. Near the junction of the east and west forks, aml about 10 miles above the mouth of the ereek, work has
been begun on a ditch presumably fur the purpose of irigating some of the laud now used for grazing. The
valley of the ereek is, however, narrow, the prineipal boly of irrigable land being near the mouth.

On the south side of the North Platte river, about 3 miles above the mouth of Birdwood creek, is the head of
the North Platte canal, covering land between the North and South rivers. The total length of the canal is 23
miles, the average width L6 feef, and the cost is stated to have been $40,000, the laterals being built by farmers at
their own expense.  Water is diverted by means of a wing dam built of timber and having a length of 1,550 feet.
The canal is owned by a eorporation, which has sold perpetual water rights at the rate of $6.25 per acre. The
anmual assessments are not to exceed 810 for 80 acres.  The unit of distribution is 1.44 second-feet per 80 acres.
This is claimed to be the pioneer diteh of the region, being first nsed in 1885.

During the summer the South Platte Is often dry, and its surface flow can not therefore be depended upon
for purposes of irrigation, In the fall the water gradually begins to flow again, and by November the discharge
reaches several hundred second-feet.  Three measurements of the amount in the stream were made by topographers
of the United States Geological Survey shortly after the fall rains. In October the discharge at Juleshurg, Colo.,
was 653 second feet, in early November at the bridge south of the towi of Novth Platte 460 second-feet, and late in
November at the same point 645 second-feet.  The bed of the stream is very broad, and during the summer sfter
the disappearance of the flowing water the sandy channel, as well as the adjacent Tow land, remains saturated to
within a short distance of the surface. Attempts have been made to draw upon the water thus stored in these
pervious beds under or adjacent to the river ¢hannel, bringing it out by means of ditches built at a less grade than
that of the stream, in order to utilize this during the months of July, August, and September. One of these
projects, built by the Ogallala Water Power and Irvigation Company, heads about 10 miles above Ogallala, on the
north side of the stream. The diteh is 12 miles long, about 10 feet wide, 1.5 feet deep, and has a grade of 1.5 feet
per mile. It empties into a small reservoir covering about 20 acres, and located 1.5 miles northwest of the town.
At the head of the ditch is a box culvert 10 feet wide, 3 feet deep, extending for about one-fourth of a mile up
the river parallel to the bank, its upper end opening to receive the water whenever there is any in the ehannel.
During the summer, when the bed is dry, it is expected to obtain water by means of an open diteh dug in the bed
of the stream extending another fourth of a mile above this culvert. Water seeps into this ditch and enlvert and
is also collected by means of a small drain or channel extending from the head of the main diteh diagonally across
the bed of the river. On October 1 there was found to be about 2 second-feet thus obtained, and at a point 3 miles
below the headworks this little stream had inereased to nearly 3 second-feet. The drainage channel was first
constructed in 1890 during the great druught, but the amount of water obtained at that time was less than had
been anticipated. The canal was built by a corporation, but the county, or rather Ogallala precinct, voted to issue
bonds to the amount of $35,000 to aid in the work. Little, if any, water has been used for irrigation, and the project

‘15 not generally considered as successful. :

On the south side of the river is what is known as the Hollingsworth ditel, owned by the South Side Trrigation
and Water Power Company. 1t ix about % miles long and averages 4 feet in width. It carries water only in times
of flood. being used to some extent for irvigation in the early part of the year. Wlen constructed it was supposed
that a large perennial supply could be obtained from the ground water satu rating the pervious beds of the valley,
bnt as a result of experiments in other loealities less confidence has been placed in this,

Along the Platte river east of the junction of the north and south branches are several small ditehes and also 2
canals of notable size, both of these being on the north bank. They were coustructed, however, mainly for the
purpose of obtaining water power, little, if ‘any, of the water being employed in irvigation. The first of these ig
the Gothenburg canal, in Lincoln county, and east of this the Kearney canal. in Buffalo county, The head of the
former is near Brady island, from which point it contivues easterly for about 9 miles, swinging back from the river
and gradually mounting the lower blaffs to a point north of and above the town of Gothenburg, where it empties
into a reservoir. From this the water is taken in large pipes to supply tarbines, which in turn furnish power
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to dynumos b SV as well as that at K s
poWir 1113:;;1 . \;11‘111;; ;?:tﬁu:;; Yel{l thytlll(mt d‘t‘ I\gfl.l‘{xet\:, lurn?shes qn excellent examplé of the utilization of water
hoped theat o oy uld at first appear to be wnfavorable eircumstances. In the case of this canal also it was
waiter, :'u;d &/t (lt ;211]11121& ‘1‘0:?21;3?113:3 :,:):gldé b:(s) :;glg:mf:;lltlecllo'l' rendered more constant by drawing upon the ground
this acenmnlated \V&tél‘. TZsts welre, Zmlso made‘a‘bg':clezhz Ll?rulgh jfh]e)nm.rsh?:\' and Jow !:mds » o ber Lo bring vt
the engineer in charge states that aftér passing thro;t oh 15 L;?: ’ t ib T g e oL Tiver bed of (e Dlatts: m{d
thickness was reached; below this ﬁl turu'\%ere found éz‘ln 1')- Lffi‘ﬂ:)i brand e gr;n"el  haxd da-} " et fee_t ”
of that in the wopet 15\; olov s Tt v m.—ldgrf (.‘ ‘ml(. \,,rlx ayel, Fhe.\var.er in the latter rising fo the height
sl 3, 8 we b or a distance of’ 1.5 miles up stream. all giving the xame
' Tho' Kearney canal is of interest more from the side of water power than from that of irrigation, The head 1=
in the \rlt.iillity of Elm creek, and from that point it extends easterly for about 15 miles to a 1'«;‘561'\'1;ir near t;)i\'xx..
Water is taken directly from the river, and during the summer the various rivulets fowing in the broad saudy
' Uh_mmel are brought together aud forced over to the north bank by means of a temporary obstruction of sods and sand

laid diagonally up stream. Targe amounts of money have been spent in excm*aﬁnglﬂud makiuﬁ long treuvhe;s" in
the sands and gravels of the bottom lands. It is claimed that this work was ut least pau-tiacilv sslrcessf'ul hut
apparently this part of the project has been abandoned.,  In addition to the canals built or projw:i’ed to tuke \\,'ater
from Platte river, plans have becn made for utilizing the supply in the forks of the Loup ri\.'er: far example, to
cover lands near Brokenbow, in Custer county, and the town of Loup, in Sherman county. Both of these poihte@
are east of the one hundredth mevidian, which for eonvenience has been assumed to be the eastern houndary of the
irrigated region. '

SOUTHWESTERN COUNTIES,

The counties of Perkins, Chase, Hayes, Frontier, Dundy, Hitcheock, and Redwillow are in the southwestern
corner of Nebraska, east of Colorado. They lie mainly within the drainage basin of the Republican. river, whick
flows in an casterly direction along the southern boundary of the stute. During the census year irriguti;m was
practiced to avery small extent, and at that time most of the farmers indignantly denied that it was necessary. It
was only after the unnsually severe drought of 1390 that the majority gave up hopes of waking u suceess of =dry
farming”.  The serious losses of crops and the poverty prevailing at that time among the farmers caused many to
leave this part of the state, while those who remained eagerly disenssed the possibilities of irrigation. the few small
ditehes already constructed having proved the suecess of this method of agriculture.

The surface of this part of the state as a whole falls from the Platte river southward toward the Republican,
and this, combined with the general easterly slope of the plains, gives the diagonal, southeasterly tremd to these
streams and allows their head waters to approach to withina few miles of the Platte. It is stated in the report by
Samuel Aughey on the physical geography of Nebraska that the Republican receives by seepage a portion of the
waters of the Platte. It is probable, however, that the rainfall upon the pervious beds of this part of the state
will fully account for the presence of springs supplying the tributaries of the Republican. On the divide between the
Platte and the Republican and the numerous tributaries of the latter stream the soil is unusually fertile, and with
gufficient rain produces largely. Many farmers state, Lowever, that during 4 or 5 years they have not been able
to Taise a fair crop, and one person writes that the average yield per acre for 10 years in suecession has not bien
one-third of that in the eastern part of the state. In these 7 counties in 1889 cereals were raised on A0HRT20 acres,
Trontier couuty containing the greatest ared, namely, 101,026 acres. Taking the connties together, there were in
barley and buckwheat 1,533 acres, in Indian corn 277,337 acves, averaging 19.65 Lushels per aere, in oats 43,473
acres, in rye 12,030 acres, and in wheat 72,347 acres, averaging 11,17 bushels per acre. '

The principal water supply of this area is derived from Frenchman creek, which 1"1.T'es. i.n Phillips «:m?nty,
Colorade, flowing easterly throngh Chase and Hayes counties into Hiteheock county, where it joins the Republicat.
This creek flows throughout the year without great fiuctnations. The Republican river, ou the other hand, has beer
nearly ov quite dry during the summer, in that of 1800 no water appearing in the bed, althongh the szu')ds and
gravels beneath the gurface remain saturated. In this yeav construction was begun on 2 nuber ut u:{xmi:&
designed to take water from both of these streams and to carry it out upon .the valley lads. Thg soil n.t th_g
divides between the rivers might be made fertile as well as that of the lower irrigable ground,'but th‘u elevation is
too great to render ib profitable to condnct the comparatively limited fvater supply the r(f:quweq dlﬁtu{u:u. ‘ The
wells on the higher ground ave from 100 to 300 feet in depth, (1epegdmg upon the elevation, water being found
at approximately the level of that in the valley streams. L ‘

In Chase and Hayes counties ditches have been taken out from the Frenclnan and 1t§ 1)1‘11101‘1)3.] mbut.m-y, and
farther down the strean arve canals covering land in the vieinity of Culbertsom. Ou' t'he:, I’uep’ubhgun au'ni‘dltche‘s ut
ghort intervals from near Wray, in Yuma county, Colorado, taking water out in the vicinity _ot Haxg!ur, l.:mkalje;lnani
Trenton, Culbertson, MeCook, and Cambridge. Apparently sowe of Fhese have be.e'n 'pro_]ect;edwm.th h‘tt ﬁ-«ltgg:;}
to the amount of water available, and it is only a question of a short time when, duaring the fh y,”e‘l&)’_’bfg L tle wi L
be » deficiency and ouly a portion of the land under ditches can be watered. Iu‘the ecase of many of the new
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anals dependence is being placed upon the water which remains saturating the sands of the ri‘ver bed mt‘ter the

stream has dried. The amount of water in these sands, as previously stated, is appatrently 1nexh'zmst1ble by

ordinary methods of pumping, but for the needs of several irrigating canals it is small. One of the earliest systems

of irrigation is the canal of the Haigler Land and Canal Company (formerly the Farmers' Golox:ado and Nebraska

Diteh Company), which takes water from the south side of the north fork of the Republican river near the town

of Laird, Colo. It is 13 miles long, averages about 8 feet in width, and cost $5,000. Farther east, near the‘

town of Benkleman, arewhat are known as the Porter ditches, and farther down, near ()ulbertgo{x, are the worksof
the Culbertson Irrigation and Water Power Company and of the Cambridge and Arapahoe Irrigation Company,

both of these being on the north side of the creek. On the south side of' the Republican are the Farmers, Trenton,

and Meeker ditehes,

The (‘ulbertson canal was begun in 1890, and was planned to be 80 miles in length, 32 feet in width near the
head, and to cost $170,000. It is estimated that a supply of 400 second-feet can be obtained, and that the lands
ean be irrigated at the rate of 200 acres to the second-foot. The Meeker diteh heads at the junction of Frenchman
creek and Republican river, south of the town of Culbertson, and from this point continues easterly, coyering land
south of the river to and beyond McCook. The line as surveyed extends to a point southeasterly from Cambridge,
and then swings back from the river to the vicinity wt' Wilsonville. The amount of water available from the river
seems hardly. sufticient to supply such a long canal.  So far as known, systematic records of the amount:of water
in these streams have not been kept. Two gaugings, however, were made, showing that the discharge of
Frenchman creek in late November was 177 second-feet, and of Republican river above Frenchman creek 209
second-feet. These measurements were made after several days of heavy rains and snow storms, and the
quantity of water was greater than during the summer. Judging from the statements of the residents of this
locality, the average snmmer discharge of Frenchman creek is somewhat less than 175 second-feet, and the
Republican above this junction possibly discharges about 200 second-feet throughout the winter, the quantity
fluctuating widely on account of the irregular floods.

ARTESIAN WELLS.

These wells are prineipally in the northeastern part of the state, the largest number being in Knox, Cedar,
and Dixon counties, on the south side of the Missonri river, opposite Clay and Yanlkton counties, in South Dakota.
There are also a number of shallow wells in the valley of the Elkhorn river, in the southern half of Holt county,
about 75 miles southwesterly from thie group first mentioned. There are also reported to bea few shallow flowing
wells in Seward county, about 30 wmiles west of Lineolu, the capital of the state. Thewells in Cedar and adjoining
counties probably receive their water supply from the Dakota sandstone, this being the southern end of the
developed artesian areq, while the small flowing wells of Holt and Seward counties obtain water from gravels of
comparatively recent origin. '

In Knox county; at the Santee agency, a well has been drilled to the depth of 604 feet, at w cost of $1,600, the
discharge, however, being only 6 gallons per minute. This small amountis accounted for, inpart, by the statement
that the wellis on high ground. The small wells nearer the Missouri river discharge more freely, In Cedar
county a large number of wells have been put down in Bow valley and near the Missonri river, these being mainly
employed for watering cattle. Little if any of the water has been used for irrigation. Some of the wells have
stopped flowing, clogged by sund, or the leakage throngh the casing is so great that none of the water reaches the
surface.  In Dixoun county the wells are on the bottom lands, near Newcastle. Irvigation has never been tried,
althongh the water is reported to be good, and the excess in a few instances is used for fish ponds,

In Holt connty the flowing wells consist simply of a pipe from 1.25 to 2 inches in diameter, driven through the
clays, sands, and gravels to a depth of from 50 to 185 feet, or until an ample supply of water is found. The water,
which is clear and cold, usually rises to the surface, or even to a height of 5 feet or more above. The temperature
is probably too low for the water to be used immediately for irrigation, even if it were desirable to do so. These
wells cost, on an average, $48, and can be obtained almost anywhere on the low ground. A deep well 6 inches in
diameter has been started at O'Neil, the county seat, the intention being to drill down to the Dakota sandstone,
and a depth of about 1,450 feet has been 1eached, Water, it obtained sufficiently pure and in large quantities,
will be used for city purposes. ' '

The wells in Seward county reported to be flowing are at Beaver Crossing. They are very shallow and have
been put dqwn for the purpose of -obtaining water for stock. East of thig locality, at the city of Lincoln, a well
hias been drl.lled to the depth of 985 feet, obtaining a large amount of water at various depths, some of this being
strongly Lu‘hne. Still lelrther to the east, in Otoe and Nemaha counties, which border on the Missouri river, ave
-fe)veral borings from vgl‘uch salt 'Wm‘er ﬂpws. At Unadilla a salt well 280 feet in depth discharges at the rate of
32 wallons an hour. South of Lincoln, in Gage county, a well at Beatrice has been drilled to the depth of 1,200
feet, but without success. '

Thr(mghmlt central and western Nebraska no flowing wells, with possibly one or two excep.tion.s, have been
found. Whater for domestic purposes and for watering cattle, as a rule, can be obtained only by drilling to a depth
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of from 100 to 200 feet, windmills being used to raise it to the surface. In many places springs abound, but these,
compared to the needs of the people, are very small and widely scattered. In Boxbutte, Cherry, Cheyenne, and
neighboring counties, tn the northwestern part of the state, the common wells are reported to be from 35 to 250 feet
in depth, and in Deuel county from 140 to 300 feet. In Frontier couuty, toward the southwestern part of the
state, it is stated that water is very scarce, and that the wells, which are upward of 300 feet in depth, are often
pumped dry in from 1 to 2 hours. In Custer and Dawson counties, about the center of the state, the wells, notably
on the high ground, are 300 or even 400 feet in depth, costing about $1 per foot. Noue of these, except possibly
one or two on the bottom lands, discharge any water. In McPherson county one small well, 28 feet in depth, is
reported to discharge a small amount.

KANSAS.

In Kansas, as in Nebraska, the counties are discussed in groups according to geographic position, those in the
northern part of the state being considered first and then the group next adjoining on the south. In the 32
counties in the western end of the state in 1889 there were raised 775,753 acres of cereals, the greater part, namely,
523,030 acres, being in Indian corn, the average yield of which was 13.43 bushels per acre, or about one-third the
average for the whole state. Second in importance to this was wheat, there being 126,247 acres, averaging 10.23
bushels per acre, while the average yield of the state was 19.21 bushels per acre. The area irrigated is almost
insignificant, it being only 2.68 per eent of the acreage producing cereals.

NUMBER OF IRRIGA-TORS, AREA IRRIGATED, AND AVERAGE BIZE OF IRRIGATED FARMS IN KANSAS IN 1889,
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NORTHWESTERN COUNTIES,

Cheyenne, Rawlins, Decatur Norton, Sherman, Thomas, Shen(hn, and Graham counties in the northwestern
corner of Kansas are drained for the most part by tributaries of the Republican and Solomon rivers, both of
which streams flow easterly and then southeasterly into the Kansas river. Springs flowing throughout the
year furnish water to these streams, keeping up a nearly constant supply near the head waters. At some
distance below the springs the streams dwindle during’ the hot weather to a mere thread, and a few of the minor
tributaries become dry. A small amount of irrigation has been successfully carried on, a3 shown by the table
above, the water being diverted by a few ditches. The method of applying water more commonly in use in
this part of the state is what is known as subirrigation. Dams are built across the small streams, holding the
water until it backs up and covers the bottoms, in this way completely saturating the ground, and by percolation
moistening a large area of low land in the vieinity. The prineipal streams employed in irrigation ave the south
fork of the Republican, Beaver, Sappa, and Prairie Dog ereeks, and the north and south forks of Solomon river,

In these 8 counties cereals were raised in 1889 on 534,445 acres. Of this there were in barley and buckwheat
1,126 acres, in Indian corn 374,501 acres, producing on an average 15.68 busbels per acre, in oats 40,379 acres, in
Tye 36,693 acres, in wheat 81 74.6 acres, averaging 10.28 bushels per acre. Some of the farmers state that for
many years in succession,.owing to the deficiency and irregularity of rain, they have not been able to raise a
profitable crop, although the soil is remarkably fertile. On account of failures of crops many farms have passed
mto the hands of loan and trust companies, the owners not being able to pay the interest. The hope of ultimately

irrigating the land hag prevented many of the farmers from leaving the country.

The rain storms on thislevel country are often violent, and are therefore not as efficient in wettmg the soil as
longer and more gentle showers. The country as a whole consists of rolling prairie, but slightly cut by the creeks,
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and even where too dry for cultivation it is valuable for stock raising, Water is brought to the surface by means
of windmills, from wells of from 50 to 230 feet in depth, and is utilized mainly in watering cattle, a few gardens
only being irrigated in this manner. Above St. Francis, in Cheyenne county, is the ditch system, known as the
LEmerson, taking water from the south fork of the Republican river, the head being near the state line. These
ditehes are to be continued along the southeastern side of the river, down to St. Francis, passing by one or two
reservoirs in which surplus water can be stored for use in time of need. Under these is a ditch known as the
Benkleman, heading about 5 miles lower down, and keeping nearer the river. :

WEST CENTRAL COUNTIES.

Wallace, Logan, Gove, Trego, Greeley, Wichita, Scott, Lane, Ness, Garfield, and Hodgeman counties include
the central portion of western Kansas lying worth of counties traversed by the Arkansas river, “As in the case of
the region farther to the north, small areas scattered through this region are irrigated by water obtained from
springs or small creeks formed by springs, or in a few cases by pumping from deep wells. The suppply is not
snfficient for general irvigation, but it has enabled experiments to be made in many localities demonstrating the
value of artificial watering. The counties lie within the drainage basins of the Saline and Smoky Hill rivers,
both of which flow easterly into the Kansas river, and on the south include part of the head waters of Walnut
creek and Pawnee fork, flowing into.the Arkansas. - These streams receive most of their watér from springs
discharging throughout the year almost without change. During the summer season the creeks shrink to
insignificant proportions, and without some method of holding water they are of little importance in irrigation.
By diverting the water, near the points where it issues from the ground, and using it before much of it has time
to evaporate a larger acreage can be watered than at lower points. )

The rainfall is exceedingly irregular, and even if there happens to be plenty for part of the crop at least there
is liability of loss by the hot winds occurring in July and August. Some of the farmers state that they have tried
vear after year, but have not succeeded in raising a profitable crop. They have lost nearly all their possessions in
attempting to farm and only remain through hopes of the introduction of irrigation. The total area upon which
cereals were raised in 1889 in these 11 counties was 132,426 acres. Of this there were in barley and buckwheat
364 acres, in Indian corn 77,106 acres, averaging .84 bushels per acre, in oats 10,145 acres, in rye 15,514 acres,
and in wheat 29,207 acres, averaging 11.62 bushels per acre. The total population was 26,014,

The greater part of this area is a gently undulating plain cut in a few places by ravines, or draws, as they are
locally called. The surface of the soil is in most places so packed by the trampmg of animals that it seems to be
fmpervious. Below this and extending to depths of from 50 to 100 feet or more is a porous material resting upon
beds of sand or gravel. This latter deposit is saturated with water, and to ordinary pumping machinery the
supply seems almost inexhaustible. Hopes have been entertained that by suitable machinery some of this water
can be brought to the surface at a cost so low that it can be profitably used in irrigation. Attempts have been
made to secure artesian wells, but unfortunately without success. At Jetmore, Hodgeman county, a hole has
heen drilled to the depth of 1,000 feet without obtaining flowing water, and at Larned, Pawnee county, salt water
has been struck. Water is diverted by means of ditches from Beaver or Ladder creek, from Rose creek near
Wallace, and from a number of other streams. Most of these are very short, only about a milein length. Among
the most important of these ditches is that belonging to the Elkader Water Power and Irrigation Company, taking
water from Beaver creek. It is 3 miles long and about 3 feet wide. It was begun in 1888 and it was used to a
small extent in 1890,

COUNTIES ALONG ARKANSAS RIVER.

Hamilton, Kearny, Finney, Gray, and Ford counties are traversed by the Arkansas river, which flows in a
general easterly course from Colorado. Water for irrigation is diverted from this river by means of several large
canals, heading in succession from a point near Syracuse down to and beyond Dodge. This stream is about the
only source of supply, except in the case of wells from which water is pumped to irrigate a few acres.

Agriculture without irrigation has been attempted in many localities in these counties, but the results have
been so discouraging that many farmers have abandoned their homes and with their few movable possessions have
gone fo other states. The soil on the plaing, especially to the north of the river, is fertile, and the climate is
favorable to agriculture in all respects except that of moisture. Although many attempts at farming have been
made by persons from various parts of the United States and Europe, having all degrees of skill, comparatively
few have prospered, the most successtul persons being those engaged in raising cattle, the buffalo grass furnighing
excellent grazing. The total area upon which cereals were raised in these 5 counties in 1889 was 51,587 acres.
Of this there were in barley 410 acres, in Indian corn 33,009 acres, averaging 9.22 bushels per acre, in oats 10,002
acres, in rye 3,056, and in wheat 5,110 acres, averaging 8.60 bushels per acre. : ’ -

The soil on the so-called table lands or plains is superior to that in the valley of the Arkansas, this latter
being more or less sandy and occasionally impreguated with alkaline salts, but the higher land can not be brought
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under irvigation except to a small degree by long canal lines or by storage reservoirs. Water for domestic nse
is obtained by means of wells of from 30 to 300 feet in depth. Some of these are pumped by windmills, but the
supply obtained by this means is too small for the irrigation of more than a few acres.
In 1889 a preliminary line was run by engineers of the United States Geological Survey to determine the
possibility of diverting the water of the Arkansas upon the high lands in Hamilton and Finney counties, This
survey, starting about 10 miles west of the Kansas-Colorado line, followed along the north side of the river, the
line passing about 4 miles north of Syracuse and 8 miles north of Kendall. It then turned and passed northerly
across the high land. This work showed that if water could be stored in sufficient quantities to supply all the
sanals it wonld be possible to bring under irrigation a large part of the land in the counties north ot and adjoining
© the Arkansas in western Kansas. In short, the amount of land which can be watered is only limited by the
available supply.

) The Arkansas river, although having a large drainage area, is 4 somewhat unsatisfactory stream for purposes
of ivrigation. The greater part of the water is diverted for use in Colorado long before the stream reaches the

" Kansas line, and the channel of the river in the connties named above is occasionally dry, the duration of drought
being apparently longer in the lower counties than in those up stream. During June and into July there is
usually a period of high water, during which the canals can be filled. There has been general complaint among
the farmers regarding the irregularity of water supply and of the methods of canal control. Some of the canals
were built with the intention of obtaining a supply of water from what has been termed the “underflow”, or water
saturating the permeable beds of sand and gravel under or adjacent to the river, The amount of water thus:
obtained has been too small to repay the outlay. Added to this the fact that many of the farmersare notskilled in
irrigation, it results that there is more or less dissatisfaction, intensified by the too sanguine hopes of great benefits.
to be received from this method of agriculture. The annual cost of water and the uncertainty of obtaining it each
year have deterred many farmers under the canals from attempting to irrigate. Those, however, who have received
a sufficient supply and have used it to advantage have prospered.

MAP OF IRRIGATING CANALS ALONG ARKANSAS RIVER IN WESTERN PART OF KANSAS.
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The principal canals in order from the Colorado line easterly are on the north side of the river, the A]la,m(o{
Amazon, Southwestern, Kansas, Garden City, BEureka, and Pawnee .cana.lis, and on the s‘outh the Western u;}m :
and South Dodge. The Alamo canals take water out on the north side of th(? Arkansas river, canal No.vl 11(33,;l ing:
about 6 miles below Coolidge and canal No. 2 about 5 miles lower down, be'mg(g abf)ve Syracuse. Bqth o]f:rtffasteﬁ;
flow in a general parallel course to and beyond Syracuse. The total length is 20 miles, the- average W:ldtll‘l ;) eet,
and the total cost was $17,000. The canals were begun in 1888 anc}l used ’;o a ingﬁl gfi;)%n; ;1 31:9 succeeding year.
The company does not sell water rights, but delivers the water each year for about $1. P acre. 1 }

The lA]]n};zon canal of the Synﬁicaée Lands and Lrrigation Compa.my was projected to 'take “:ater fmmtbvclt(;lv;
the bed of the river by means of a deep trench heading about 3 miles above Hartland in ‘Ke.drngtf clo?u I;Vl: the
canal continuing to a length of upwards of 100 miles. Water first used ﬂ‘qm the canal ‘wastdxlvel 1§c 2;) L e
river by means of & temporary wing dam of sods, the permanent inlet not having been constructed. No perp

water rights are sold, but the charge for water hag been $2 an acre,

’
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The Southwestern canal, owned by the Southwestern Irrigation Company, heads about a mile above ’Harrtla-.nd,
.Kc;;u-ny county, and follows along the river on the north side in a general northeasterly d_irection. It;. ig 40 n111‘1e5
long and 20 feet wide. Below this ave the Kansas and Garden City canals, both belonging to the Garden ,(Jlty
Irrigation Company. The length of the first is 20 miles and the average width 16 feet, and the‘length of tlfe
second is 12 miles and width about 12 feet. Both of these cover land in the vicinity of Garden City. Wateris
Jdelivered to the land at the rate of $1.25 per acre, no rights being sold. Under many of these canals there h‘as
Deen considerable diffienlty in persuading the farmers to use the water in a proper way or even to employ it at all,
and as a rule more water has been turned on to the fields than can be properly used.

The canal of the Kansas Water Works and I[rrigation Company, formerly known as the Eureka, takes water
from a trench on the north side of the Arkansas, west of Ingalls, Gray eounty. The total length of the canal is
96 miles, the average width 30 feet, depth about 4 feet, and the costis stated to have been §2,000,000. Tt was begun in
1854, used in 1887, and finished in 1839, The first 40 miles consist of o series of heavy cubtings in rock and earth,
10 flumes being used. The grade of this part of the eanal is about 20-inches to the mile, while the average fall of
the Arkansas river here is 7 feet per mile. Thus in the neighborhood of Dodge the canal has attained a height of
about 100 feet above the river, and, having reached the top of the bluffs, continues to Spearville and Kinsley, being
for the greater part of the way on a low tableland or platean, where the topography is such that water can be
taken out by laterals on each side. The canal is owned by a corporation, which sells water to farmers, water
rights being valued at 815 per acre, subject to an annual assessment of $1 per acre. Tt is considered that 1 miner’s
iuch per acre under a 4-inch pressuve is sufficient, , ‘

. It was the original intention to divert water by means of a dam in the Arkansas, but the structure built for
‘this purpose was washed away by a flood in 1890. This attempt having failed, a trench, known as the gathering
«chanuel, was excavated parallel to the river at a depth of about 10 feet below the level of the stream and for a
length of nearly 2 miles. It is proposed to lift water from this gathering channel or reservoir into the canal by
means of four centrifugal pumps, each eapable of delivering 16,000 gallons of water per minute, or 35.65 second.feet,
and all driven by 2 engines of 40 horse-power each. It is claimed that'when the water is lowered from 4 to 5 feet
by means of the pumps the inflow is so great that the supply appears to be inexhaustible by such means.

The South Dodge canal, owned by the Western Kansas Water Works, Irrigation, and Land Company, is on
the sonth side of the Arkansas, the headworks being about 6 miles west of Dodge. It continues in-a general
Southeasterly course and at a distance of about 3 miles from the river, ending at Mulberry creek, near Ford. The
‘total length when completed will be 30 miles, and the average width about 20 feet. Tt is proposed to supply water
Wlaring the summer to this canal by means of 2 centrifugal pumps drawing from o gathering channel similar to
that on the north side of the gtream, '

The canal of the Western Irrigation and Land Company heads on the south side of Arkansas river about 1.5
miles west of Hartland. The main canal is 25 miles in length, and has a width of from 30 to 35 feet near the
upper end. The company has also constructed 35 miles of laterals of from 8 to 12 feet in width. The total cost is
stated to have been $100,000. ’

COUNTIES SOUTIL OF ARKANSAS RIVER.

Stanton, Grant, Haskell, Morton, Stevens, Seward, Meade, and Clark counties include the area in the
southwestern corner of the state south of the Arkansas river. These are for the most part situated within the
drainage basin of the Cimarron river, or creek, which cuts across the southeastern corner of Colorado and flows in
1 northeasterly direction through Morton, Stevens, and Grant counties, then turns nearly at a right angle and
continnes through Seward and Meade counties, finally erossing the scuth end of Clark county. This stream and
some of its tributaries are the principal source of water supply sonth of the Arkansas, It is a small, Shallow
stream, hardly more than a broolk, at some parts of its course flowing thronghout the summer and at others the
water during the hot weather oceasionally disappearing through evaporation. (@) A few diteches have been
constraeted at various points along the banks of the Cimarron, and surveys have been made in order to determine
in a general way the feasibility of larger irrigating systems depending for their water supply in part at least upon
storage. ‘ .

Many farmers state that they have tried for at least five yeaxs to raise erops, but have failed in nearly every
season. The rain is very irregnlarly distributed, and while some faring may receive it in one year, others do not.
All crops and fruit trees do well in the early months of the year, but during the long, dry summer, with its hot
winds, they wilt and dic uoless a rain storm happens to oceur at the eritical moment. Inthese 8 counties cereals
were raised in 1889 on 57,295 acres. Of this there were in barley and buckwheat 138 acres, in Indian corn 38,414
acres, yielding 8.30 bushels per aere, in oats 5,583 acres, in rye 3,061 aeres, and in wheat 10,094 acres, the average
yield of wheat being 6.60 bushels per acre.

The largest ditch in use in 1889 was that of the Claremount Land and Irrigation Company, taking water from
the Cimarron river, the head of the ditch being near the northeast corner of Beaver counnty, Oklahoma, 3 miles

i

a When measured on October 23, 1892, by topographers of the United States Geolugieal Survey the discharge was found to be a trifle less than 15 second-feet
ata poict one-half mile below Arkalon, Kan.
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south of the Kansas line and a short distance west of the one hundredth meridian. The total length of the ditch,
which ends in Clark county, Kansas, is 8.5 miles, average width 15 feet, and the cost was &6,500. The ditelr
was built to water the Claremount ranch, there being very little demand for water along the line of the diteh in
Oklahoma. The supply is not sufficient f()r the land ander the ditch, especially during the summer. The water:
is used mainly to irrigate crops sown in the fall, namely, wheat, rye, and barley, it having been found that one
irrigation in fall, winter, or spring insures a erop. In Beaver county, Oklahoma, are other ditches taking water-
from the Cimarron, and also one diteh from Paladora creek, in Grand valley, this stream receiving its water from:
springs.
ARTESIAN WELLS.

In Kansas there are two small groups of artesian wells in the southwestern corner of the state, in Meade
and Hamilton counties, and also several deep wells in various parts. of the state, some of which discharge small
quantities of water, this being, however, usually saline. In Meade county the wells.range from 50 to 210 feet in
depth, averaging 153 feet, and with a flow of 49 gallons per minute. Nearly all of them are only 2 inches in
diameter, and consist simply of a pipe forced throngh the unconsolidated clays and sands. The water is reported
to be pure and sweet and suitable for all uses. It is employed in irrigation as far as pessible, since there are many
seasons in which no erops can be successfully raised without the application of water. The first flowing wells were
sunk in 1887, and since that time, with the number increased each year, no decrease in the supply has been noted.

In these wells great trouble is frequently experienced on account of the fine sand which flows in and rapidly
fills the pipe. This comes with great rapidity at times and in almost inexhaustible quantities. There appears to-
be little regularity in the stratification of these wells, and it is reported that water is struck af irregular depths, a
well on high ground frequently reaching a flow at less depth than one on lower ground.

In Hamilton couuty, along the Arkansas river, near Coolidge, and also over the line in Colorado, are a few
deep wells flowing from 10 to 50 gallons per minute. One of these, 275 feet in depth, 5 inches in diameter, flows
at the rate of 20 gallons per minute. The owner las built a reservoir in which to store the water to be used for
irrigation. In Morton county, in the extreme southwestern corner of the state, a well was drilled in 1888 to the
depth of 700 feet, This is reported to deliver water at the rate of 30 gallons per minute, irrigating a garden
containing vegetables, corn, and trees. In other parts of this county water is pumped from shallow wells by means
of windmills. At Santa Fe, in Haskell county, a well has been drilled to the depth of over 1,000 feet, but it
bas been abandoned, although water is reported to have risen to within 50 feet of the surface.

Northerly from this locality, particularly in Liogan county, wells are put down to the depth of 300 feet and over
in order to obtain water. This usually rises to within 100 feet of the snrface. In Trego county, about the center
of the western half of the state, a well was sunk to the depth of 650 feet at Gibson, obtaining only a little water
at the bottom. Sontheasterly from this latter locality, in Pawnee county, on the Arkansas river, at Larned, a well
910 feet deep, 8 inches in diameter, drilled in 1888, at a cost of about 83,500, yields a small amount of water carrying
a notable amount of mineral matter. This is reported to flow to the height of 10 feet or more above the surface
and to be highly medicinal in character, Near Great Bend, in Barton county, brine has been encountered. At
Jetmore, in Hodgeman county, 45 miles westerly from Larned, there is reported to be an unsuccessful well 1,000
feet in depth. .

In Reno county, easterly from Pawnee, ordinary water wells are obtained at depths of from 10 to 30 feet, water
being brought to the surface by pumps usually driven by windmills, The prevalence of a large amount of water
saturating the porous beds beneath the surface has given rise in this part of the state to certain ideas concerning
what is called the “sheet water?”, popularly supposed to be flowing beneath the surface. The structure and
character of the unconsolidated layers beneath the surface promote the retention in eonsiderable quantities of the
water which falls as rain or snow throughout that part of‘ the state, so that wells dug or pipes.driven down to
these porous layers receive an ample supply.

In the northeastern part of Kansas several deep wells have been drilled. For example, in Marshall county,
at Marysville, a hole was bored for coal to the depth of 1,360 feet, encountering 4 water bearing strata. The casing:
has been pulled, and the water, saline in character, now ﬁows in a small stream. Westerly from Marshall connty,.
near Jamestown, in Cloud county, there is reported to be a flow of brine. About 50 miles east of Marysville, at
Sabetha, in Nemaha county, the railread company has drilled a well to the depth of 200 feet, the water, it is.
reported, flowing to the surface.

In the eastern end of the state water is pumped from wells 100 feet or more in depth, and in Miami county are
a nnmber of gas wells which have encountered salt water at depths from 200 to 300 feet. South of here, in
Bombon county, near the southeastern corner of the state, are deep wells, some put down for gas, a few of which
are reported to discharge a little water. Southeasterly, in Neosho county, it is stated that mineral water is.
obtained at depths of 100 feet, and in Montgomery county there are probably a few flowing wells on low land.
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TEXAS.
PANHANDLE COUNTIES.

In the following discussion of the condition of irrigation in Texas during the census year the counties are
taken up in groups according to their geographic position, these in the northern extremity, known as the
“Panhandle” of Texas, being mentioned first. Included in this area are the counties of Lipscomb, Hartley,
Hutchinson, Hemphill, Oldham, Carson, Donley, Collingsworth, Hall, Floyd, and Motley, where there were in all
22 irrigators and 566 acres upon which crops were raised by the artificial application of water. These counties
and the adjoining counties are mainly upon the Staked Plains, where the rainfall is usually sufficient to produce
good crops of wheat, oats, barley, potatoes, and grass. The soil throughout this region is very fertile, and with
sufficient moisture the yield is always large. Irrigation may be regarded as exceptional, being practiced in only a
few localities where water can be readily had. _

In Hartley county is a small ditch from Romero spring, and in Hutchinson county another from a creek
tributary to the Canadiun, South of this, in Carson county, water can be obtained only from wells, this county
being on the high divide between the Canadian and Red rivers. Here all kinds of stock, both in summer and
winter, find feed on the wild grasses. Water for stock is obtained by means of wells of from 200 to 350 feet in
depth, and is raised by windmills, no flowing wells being reported. In afew instances steam power has been
introduced for the purpose of pumping water, the supply of which at the depths given is apparently inexhaustible.
In Hemphill county, farther down the Canadian river, a little irrigation is practiced. above the town of Canadian
by means of water from Clear creek. TFarther south, in Childress county, water is obtained from wells of from 40 -
to 1430 feet deep, none of these flowing. South of the Red river, in Hardeman and ‘Wilbarger counties, test wells
have been drilled, in the former to the depth of 1,200 feet without suceess, and in the latter reaching salt water at
520 feet,

TRANSPECON COUNTIES,

In El Paso and the adjacent counties of Jeff Davis, Reeves, Ward («), Presidio, and Pecos there were 178
irrigated crop areas, having a'total of 8,039 acres. Tliese counties lie in the extreme western end of Texas, south
of New Mexico and north of the Rio Girande. The surface of the greater part of this region, known as Transpecos
Texas, is composed largely of short monntain ranges having a general northwesterly and southeasterly trend and
rising abruptly from the plains which sarronnd them. These plains are composed of light materials washed or
blown from the mountain masses, and the soil is rich and highly productive whenever irrigated, Various
nutritious grasses, the most valuable of which is known as gama grass, are to be found on the plains and hill
slopes, furnishing excellent pasturage for cattle. The water supply, however, is so deficient that during a great
part of the year there is not enough for cattle to drink, and thus vast areas are rendered useless.

“Irrigation is carried on at a number of places along the Rio Grande from E1.Paso down to Presidio both in
Texas and in Mexico, There is a large canal Leading at El Paso and carrying water of the Rio Grande to Ysleta,
San Elizario, and other small towns down to Fabens. This canal is reported to be 40 miles long and 60 feet wide
at the head. Besides this large canal, lately completed, each town has its own acequia, which has been in use for
a eentury or more. The supply of water in the Rio Grande is ample in most years excepting in the months of
August and September. In 1889 and 1890 the ziver ceased flowing about the latter part of July and the bed
remained dry until late in the fall, so that the necessities of water-sto rage were more clearly seen than ever before.

Above the town of El Paso is a suitable locality where, by the construction of a dam at the narrow Pass near
the town, an enormous amount of water can be held for use during the dry months. Thisloeality has been carefully
-examined by the United States Geological Survey, and it has been found that by the construction of a dam 60 feet
high above the river bed a lake about 14 miles long and 4 miles wide would be created. This lake would contain
-over 300,000 acre-feet, and of this amount at least 200,000 acre-feet conld be made available, an amount sufficient to
Increase the area under cultivation along the river by atleast ten times. The water supply at this point is discussed
unde.lf .the head of Donna Ana county, New Mexico. Among the high mountains there are unquestionably many
localities at which flood water can be held in storage reservoirs. In a land utterly devoid of perennial streams,
waterworks of this kind have more than usual value, from the fact that they render available vast areas of
pasture ]:m(ll, and in some instances render possible the development of the mineral wealth of the conntry.

In J eft I)'a.vis county, in the vicinity of Fort Davis, a small amount of land is irrigated. Also in Pecos county
areas of considerable size in the vicinity of Fort Stockton and to the north of this, toward the Pecos river, are’
cultivated by means of water from springs. These springs form small creeks, of which the principal are Comzm,che
Leon, Santa Lucia, and Santa Rosa. A number of ditches take the water from these creeks and bring it out upoxi
the ranches near the southern edge of the Pecos valley. ' , :

In Pecos valley some land was cultivated in 1889 by means of water from the Pecos river taken out by the
Hardman canal, Pecos River canal, and other ditches. The principal canal, however, is farther up the 1jivér, in

« Ward connty 18 included in this grouping, althongh east of the Pecos river.
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ﬁis:’;l‘aﬂ;:l:‘l;gi’t H(lhljugll& )flifibvgsoil]lle%“egz:::l(zoll;ea{%llxg about'.l() miles 130i'fhe1:1§' from Pecos and earrying water
! ( ! nty. The main ditch is 3.75 miles long and 30 feet wide, Water is
to Lo diverted by means of & brush and stone dam, raising the level about 2.5 feet. At its lower eid the muin
vcmm‘l bragchgs, the Bast Valley canal being carried across the Pecos river into Ward county, and the West Vulley
u}nnl contmu}ng‘ down to and beyond Pecos, When completed there will be about 30 miles of braneh or distribulix::r
ditches covering the lands between Pecos and Barstow. The cost of the water right is about 210 per acre :’u::i
the annual assessiment $1.50 per acre. The canal is rapidly approaching cmnpletién, allowing the cultivation of
large arveas. Throughout this part of Texas small patehes of land are cultivated wherever sufficient water eun be
(ound.  Corn, wheat, oats, and barley, beans, cotton, and fruit are thus raised. It may be said that planting and
harvesting go on continually thronghout the year. Often two crops of corn are raised on the same land, or one
crop of wheat followed by one of corn; three or fonr crops of peas are obtained each vear, and veget;ﬂﬂe:\t are ty

be had ab all seasons if there is sufficient water.

The method of irvigation along the Rio Grande is in general that pecnliar to old Mexican settlements.  Water
is usually applied to the land by flooding within small borders or ridges of earth, these borders being a foot or
more in height and about 18 feet apart, dividing the land into squares or rectangles, Water is allowed to Aow
from oue square to another until the surface of the gronnd is completely saturated. This method requires a large
amount of personal attention and care on the part of the irrigator. Attempts have been made in varions purts of
this region to find water by deep wells.

Along the Toxas and Pacifie railvoad, through western and transpecos Texas, welis Iave been drilled in
nearly overy county, but often without suceess. In Mitchell connty, at Colorado city, the well, 1120 feet in deph,
reachied salb water, while that to the west, in Howard county, passed through salt water for about 300 feer, Iy
Midland county a hole 350 feet in depth did not reach flowing water, and in Ector connty, at Odessu, a well 850 fect
in depth was w failure. At Pecos, however, in Reeves county, arvtesian water has been found, but further
the west the deep wells have not been successful so far as flowing water is concerned. In El Puso county u well
at Torbert 1,100 feet in depth has been abandoned. “Another, at Sierra Blanca, 943 feet deep obtains plenty of
Drackish water, but does not flow. At Finlay a well 1,080 feet deep did not reach good water and was ubandons,
and at 11 Paso no water was reached ab 800 feet,

GOUNTIES NEAR THE HEAD WATERS OF BRAZOS RIVER.

In tho countios Iying on or near the head waters of the Brazos river 31 ilrrigutrors were 1'(51'011&:«.1, h‘avi:x;{.un
irrigated crop arca of 18D acres. These counties are Taylor, Jones, Shackel'ford', loung, .Ba'ylor, W 1{'-h‘1tu. ‘s\‘m‘,
together with the neighboring counties of Hood and .Somervell. Nearly all Qt this land is lI‘Il;,"ltLd by w uyt.rfr f{'( i
wells, cither flowing or raised by windmills. At Abilene, Taylor coupty, a smz}ll acrea}ge is ll.llg:tt&d: b.) ‘Zl.illTI']i
from Cedar ereek and also by windmills, Nearly all erops can be raised in ordinary seasons \Vlﬂ'll)ut wngutmn.‘

In soveral ingtances farmers have constructed reservoirs to‘holid rFain and flood waters. Ixf Young m‘»m‘:ty. h_.‘r
example, w reservoir is being built by a farmer, the dam fq;‘ which s <00 feet long, 11110 lf?et w ullclt t};.l.‘::‘{ :1?1!‘1 f »
feet ab top. Water is toDbebrought to this in part Py a dxtcl} ruuning zurognd the Lxl au; ;0 en :1{:441“,1?‘utmu'llii}a}'
avea tributary to the reservoir. When full about aeres will be cm:ered tn a deptl{u . 1';)1‘11. .” "1’ ! "%";.’-'t', m
walker will be distributed by means of pipes and open ditches. In &mnervell‘ counytgv‘ ll‘(lf&}‘ \r L “[ ;« 1]111,,‘:; 11;31;:1
being done by artesian wells, although.in the valleys ]arlge areas could be (fnveloed( by (4158 ;c: i "11 L(]l:l‘ -:t?, n 1:}.‘, 1:, ‘.“;t
streams.  Tn the vicinity of Glenrose there are at least GO :11'Ee51an wells, _frqm 20 ) t: ; P;; ;1(‘“;11] y}hlmn ..{“m,é‘
ranges from $150 to $500 each. The water has been succeslsmlly usyed]f:ol xri-llgaﬁ {Di m\li‘ul;t\ 'm EOTL, I,
and garden vegetables. Itis asserted that there are 200 of these wells in the Paluxy valley.

oM GREEN AND ADJOINING COUNTIES.

he head waters of the Colorado river and extending to a;nd includhf;z
rop areas, having a total of 5,531 acres, These cou;}txes,gmxrmd in
Concho, Menard, McCulloch, Coleman, Brown, San ha}m,_:md
from the small tributaries near their heads, enmparatively
ave attained a size sufficiently great to be called

In Tom Green and other countigs on t
Lampasas county there were 1§9 irmgated‘ (
order are, Martin, Midland, 'Irlop, Tom stenz o
Lampasas, - Water for irrigation is taken principaily

s i 1 h 'y
itt ( e‘ s diverted ‘ ! e mall Str]‘eﬂlns ab ]:)Olllts Where the h ‘ Y V ¢ cattd
11ttl “\qb b dlv . d lé;n) glyl O}.}];}hese CO“.nt].eS especia]ly San Sﬁbﬁz ﬂnd Lampﬂasas, are nﬂted fl)l the ]M‘ge -‘*I’rl“gﬁ
I‘ivelk. Thc 11101“(3 sou 1er. - Anias]

; i inos discharge as muelt as 5 second-feet
i f ¢ e creeks. A few of these springs dischary !
i for ain source of supply for t t _ ing schary e thene.
Which . ttlslfm‘zgzl that the water can be used for running machinery, such as Houring mills,  Many
and are so sitna af ) o o
\ ili in any’ and the water runs to waste. . ; ]
P hot been utilized in any way & R e Qtaked Plains and flow in a
how (:Y(‘,l ,ém"el» 2 O:ivor and many of the creeks supplying it rise in the edge of tl.le1 St.;l:.c;i '1\:12131 et AN
EY ¥ L. . - A . i , o5, *
L 01110 l terly course nearly parallel with the Red fork of Colorado river, Wit L w }n( t 1( : “mm% b ot
g(?nel-znl SO,l}t 1eas .a,lly be uti]izbd for irrigation, sinee it would be a matter of comparatively filll:nﬁ:éfs ‘ va1 O e
o e?mi” ctile valleys or even tpon the plateaus bounding these. The Concho especially « )
water upon the tertiie vale
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for irrigation, the discharge being probably more coustant than that of the other rivers and thelands to be irrigated
at a relatively low altitude. .

In Menard county the greater part of the area irrigated is covered by the diteh of the V.aug]imn Agrm}ﬂtuml
and Mechanieal Company, taking water from the south side of the San Saba river. This‘stremn is fed mz.unly by
springs and flows throughout the year. The head of the ditch is 4 miles west of Menar@vﬂ]e. The].ength_ls about
9 -miles, average width 8 feet, and the cost was $20,000. The anunual charge for water is $2 per m_mer’s inch, 100
miner's inehes being the quantity discharged throngh a box 10 inches square under a head of 2 inches. Under
this eanal small grain is irvigated at intervals of from 12 to 15 days, corn at from 15 to 20 days, and cotton at from
18 to 25 days.

The value of irrigation in this loeality may be judged from the fact that land worth 81.50 per acre before being
brought under irrigation is after the introduction of this method of agriculture valued at$50 an acre at least. By
thorough watering it is reported that from 1 to 2 bales of cotton per acre are raised, while on the same land without
water less than one-fourth bale ean be raised. The annual charge to the irrigators is $2 per miner’s inch a year,
an ineh being supposed to water an acre. ‘Water is applied to the cotton by runnping it in furrows, and to small

" grain by flnoding. ‘
" In lrion county, in the vicinity of Sherwood, are a number of small ditehes, of which the prinecipal are the
Lackey and McDonald ditches, taking water from Spring creek, and Stetson ditch, taking water from Dove creek,
both of which creeks ave tributaries of Conclio river, one of the branches of the Colorado river. The water, as in the
case of the other streams, comes mainly from springs, and there is an amount ample for all present needs. Alfalfa,
grass, wheat, oats, and other grains are irrigated by flooding, while the corn, potatoes, and gardens are kept wet by
moans of furrows. It is reported that cotton is becoming a favorite crop for irrigated land, 1.5 bales or more to the
acre being raised. At localities away from the streams water is obtained at depths of from 50 to 100 feet and is
raised to the surface by means of windmills. The Sherwood irrigating diteh takes water from Spring creek, 2
wiles west of Sherwood, and carries it out on the south side of the creek’ for a total distance of about 3.5 miles.
The width is 6 feet, and the cost when built, in 1884, was $1,000. Water is diverted from the river by a dam of
rock and planks. In 1889 about 300 acres were irrigated, this area being largely in oats and sweet potatoes,
together with gardens. In 1890 cotton was tried for the first time, three-fourths to one bale per acre being raised.

Fast of Irion county, and farther down the stream, in Tom Green county, are a few small ditches irrigating land
above San Angelo, the prineipal crops being corn, cotton, oats, beans, pease, and minor vegetables. Ifarther up the
Coneho river, in Martin and Midland counties, a small amount of irrigation is carried on by means of water pumped
from wells of a depth of 10 to 100 feet. On the Staked Plains wells of this latter depth seldom fail to find ample
water, and the wind movement is sufficient to keep mills in active operation. The water is carefully controlled and
allowed to flow into small basins around each fruit tree, or run in furrows to vegetables, so. that a comparatively
small amount is sufficient for a large area. At Marienfield projects for greatly increasing the fruit area have been
started, and there is probability that the acreage will inerease rapidly.

TRAVIS AND NEIGHBORING COUNTIES.

In Travis aud the adjacent counties of Williamson, Burnet, Coryell, Bell, Falls, and Milam there were 19
irvigators and a total irrigated crop area of 364 acres. In these counties irrigation is exceptional, since erops are
raised each year without the artificial application of water, A few small farms, however, scattered here and there
are irrigated by means of little ditches from springs, by flowing wells, or by water pumped by windmills. The
yield per acve is greatly inereased by this means, and vegetables are raised at nearly all seasons.

In Fravis county, about 15 miles northwest of Austin, o small ditch is taken out of Cypress creek, which
receives its water mainly from springs, and market gardens arve irrigated. In Coryell county, on Leon river, 5
miles sontheast of Gatesville, the Sheridan ditch takes water from Fort Gates creek. This stream generally
furnishes ample water, but becomes dry perbaps once in 12 or 15 years.. Corn, cotton, and sweet potatoes are
irrigated, as well as various garden vegetables. For sweet potatoes and cabbage water is used from the middle of
Aypril to the middle of September at intervals of about 15 days, and for cotton from the 15th of June to the 1st of
October at the same intervals.

BEXAR AND XNEIGHBORING COUNTIES.

In Bexar and other counties lying southwest of Coloradoriver and sounth of San Saba river, one of its branches,
there were 139 irrigated areas, having a total of 1,009 acres. These counties in order from north to south are
Mason, Llano, Kimble, Gillespie, Blanco, Kerr, Kendall, Hays, Bandera, and Bexar. Asin the case of the other
areas deseribed, a lirge part of the irrigation is earried on by water from springs. At San Autonio, in Bexar
county, however, water is obtained directly from San Antonio river by means of two ditches, one on each side of
the stream. These ditches were coustructed by the early Mexican settlers, and have been controlled. largely
according to customs instituted by the first inhabitants. There are two commissioners, whose duty it is to
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supuxﬂnﬁgxul tllle ditehes on the east :amd west side of the river, to keep them clean and in repair, and to see that
alll parties (‘,lltl‘tl@d FO the water receive their proper share. Crops are vaised in the vicinity without irrigation, hut
this method of agriculture possesses the advantage of enabling market gardeners to raise vegetables thruu;:huut
the year. There are also in the vicinity of San Antonio a number of artesian wells. ‘

. In Ha,y_s county some water is taken from Cypress fork of Blanco river by two or more small ditehes, one of which
is nsed mainly for sapplying power for a mill. In this county there is reported to be u flowing well of a depth of
131 feet 5 inches in diameter, flowing at the rate of less than a gallon a minute. In all of these counties the small
irrigating ditches are occasionally not used for weeks at a time, since the ground often receives suflicient moisture
from rains. Some of the farmers speak unfavorably of irrigation, saying it robs the soil of its richness; and that a
heavy application of fertilizers is necessary. This perliaps is because the spring water used is geuera]l& very clear,
and if employed in excess it washes away valuable mineral salts. : ‘

In Kimble county attempts have been made to divert water from the South Llano river at a point 4 miles
above Junction by means of a dam 7 feet high. This, however, has been injured by spring freshets, so that irrigation
on o cousiderable seale has not been possible. There is a large amount of fine, rich valley land, and usnally ample
water in Little Llano river. Corn, oats, wheat, sorghum, cane, and potatoes are now raised without irrigation.
Where water can be had four erops of alfalfa are obtained.

VALVERDE AND NEIGHBORING COUNTIES.

In Valverde and the neighboring counties of Edwards, Kinney, Uvalde, Medina, Maverick, Zavalla, Dimmit, and
Lasalle were 75 irrigated crop areas, having a total of 2,547 acres. These counties lie along and northeast of the
Rio Girande, extending from the mouth of the Pecos to the head waters of tributaries of Nueces river, which flows
in a general southwesterly direction, parallel to the Rio Grande, into the Gulf of Mexico. - Over a great puart of
these connties erops can be raised without irrigation, but with it the yield is larger, and there is greater assurance
of success. v

All of the irrigation is done by means of water from springs or from small creeks formed by these. The water
is usually clear, since it comes from limestone strata, and does not carry in suspension the fine sediment so
valuable for fertilizing purposes. In this it differs from water from the Rio Grande, which is remarkably ricl in
silt. Great care, therefore, must be used in applying this water in order that it may not wash away valuible salts
already contained in- the soil. The principal crops are corn, cotton, sugar cane, sorghumn, wheat, oats, and hay.
Whenever water is abundant these are irrigated at short inter rals throughout the year nunless there happens to he
an unusual amount of rain. )

Ak the town of Del Rio, in Valverde county, lands are watered by means of ditches from San Felipe creck.
Water is turned into the laterals of shareholders for from 2 to 5 Lours per share at intervals of 15 days. It ix
applied to the land usually in the old Mexican method, and since many of the laborers are unreliable or uu..skil!ed,
the results arve not always satisfactory, the lands sometimes being washed or injured by caveless apphcatmf;.
Irrigated land, however, is guoted as selling at $100 per acre. In general 2 crops f’f corn are planted, ﬂl('i first in
Fubi'luwy or March, and the second in June. It is stated that the June corn, coming probably from Mexlc‘o. does
better than the earlier corn. Three or sometimes 4 crops of sorghum are raised, mainly for feed. At this town
there is a well sunk to a depth of about 430 foet. Water rises within 45 feet of the top, but it is reported to be
heavily charged with mineral matter. ) . .\ ..

In Zavalla county water is taken from the west side of the Leona river by the ditel (.)f the om:mffhc Ir.m;:utum
Company. This stream is a tributary of Frio river, .which ﬂomﬁ intf) ‘ic' .Nueces. It is fgfl}b;* syrmgs, is ‘1‘;1}1:'-15?
dry, but is subject to occasional floods fron} local rains. The diteh is 3 miles long, about 8 feet \‘x ide, an&vcm‘x:u:i
approximately 6 second-feet. Water is diverted by a perr@uent dam of Wood, brush, and.' stone, ) atu s
distributed to those entitled to it, each person using the full stream for as many hours as }le has acres 1;1
wltivation. 'The first cost of water right was about $12 per acre, and the annual assessment .:‘»0 cents ';m :‘u,»m:;
Crops in this county are raised without irrigation, but the farmers state that they can not be §ule of more than 2
llopilz‘nli‘f‘i‘oyﬁgi{:ty , east of Zavella, are several flowing W:alls. On onoe farm zﬂ.':»out 20 m?les m?thitstﬂ of fhe (.:',e;nrrier
of this county, on San Miguel creek, are three, IGQ feet, 266 feet, 'emd 391 fget in erth, 1espec11\ e 21 s ﬂa{w 11:;51 L:m],(.nﬁ
rate of b gallons, 8.5 gallons, and 6.5 gallons a minute. The third well is on Iugheqr gIr(A)un(,H, aug ) kxt)u‘g,b:m‘ ﬂ,m
deeper discharges: less water than the secoud. Il} 1o case does the water I‘ISB) more. t (11(1‘11(11 t?rt sele 504‘11“)“;: ﬁw
swrface of the ground. The cost of such wells is usu.ally $1 a foot for tl..\ev ﬁrs‘t hun aef ’ :e ,T 1 ..‘e ‘.Ve;k for
the second hundred feet, and so on, 50 cents per foot bemg.added forueaehvmcre@‘ae of: 1"0 ) e‘:"c'u f;e:ther t‘.) me
usually cased with pipe from 3 to 6 inches in dian}etel‘, .costmg from 2.")"’5(‘)‘ 5 ien:; per foot. Sti
east, in Atascosa county, is a well 315 feet deep, 1n Wlucl} the “'*a-ter rmﬁ.‘s to t ;31‘ D- round rregularly distributed

", In the counties of southern Texas, south of the Colorado river, ﬁm\'lng wells are do ‘ 15(‘ e countios
from about the vicinity of San Antonio down to the c.oast. The wells in ‘Hays, Bartxh erar: ;Lln( ar:a m;xini . ’at Sun
are small and shallow, yielding ouly enough water for cattle. In Bexar county the wells a v
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Antonio. These are upward of 800 feet in depth. In Medina county a well 1,000 feet in depth did not reach fresh
water. In Uvalde county, west of Medina, the water obtained from flowing wells is reported to be impregnated
with mineral matter, but, on the contrary, south of this locality, at Carrizo Springs, in Dimmit eounty, the water
from artesian wells is sufficiently pure to be used for irrigation. In Webb county, south of Dimmit, at Laredo, on
the Rio Grande, there have been repeated failures in the attempt to secure flowing water. To the eastward, near
the coast, fresh water has been obtained in Victoria county from wells 825 to 946 feet in depth. This w_ater will
rise to a height of 50 feet above the surface. At Corpus Christi, in Nueces county, a well 1,700 feet in depth
contains water highly charged with mineral matter.

ARTESIAN WELLS.

In the preceding description a number of fowing wells have been mentioned, mainly in connection with their
use in irrigation. In the following paragraphs, however, mention is made of the artesian wells which were
ennmerated withont special regard to the way iu which their waters were utilized. These wells are as & whole
found mainly near the center of the state, scattered over a broad belt extending in a general north and south
direction between the ninety-sixth and ninety-ninth meridians, the greater number being in the vicinity of the
cities of Dallas, Fort Worth, Waco, and towns farther to the south. The position of these wells is governed by
the peculiar geologic structure of the state, the largest number of wells being located in such position that they
reach a thick sandstone at the base of the cretaceous, known as the Trinity sands. This sandstone, as deseribed
by k. T. Hill, comes to the surface in an irregular line extending from Cocke county southwesterly and southerly
through Montague, Wise, Parker, Erath, Comanche, Mills, Lampasas, Burnet, and Blanco couuties. Irom this
line of outerop the sandstone dips easterly or southeasterly, at a gentle angle, toward the Gulf, the dip being
slightly greater than the fall of the surface, so that the bed is found at a greater and greater depth as borings are
made to the eastward,

The principal flowing wells of the state are found within the belt of country about 80 miles in width lying to
the east of this outerop, but this area by no means includes all of them. There are other sandstones lying above
the Trinity sands which also slope toward the Gulf faster than the land descends, and at localities in sontheastern
Texas, where the Trinity sands are buried too deep to be reached by the drill, these overlying porous layers are
frequently pierced, yielding artesian flows. The wells, however, receiving water from these sandstones do not
as a rule yield as large a quantity, and there is less certainty of success in the deeyp borings for water.

West of the line where the Trinity sands come to the surface, as above described, is a group of rocks which
belong mainly to the coal measures and dip toward the west and northwest, having in general a basin like structure.
Flowing wells have been obtained near the edge of this basin, but the water is generally saline in character or so
heavily charged with mineral matter as to be uniit for most purposes.

In the following descriptions the counties will be taken up in general order from north to south, The most
northerly well is probably in Grayson county, 16 miles northwest of Sherman, and was bored in the search for
coal. This is 480 feet in depth, and is reported to have passed through 3 water-bearing strata at 140, 160, and 180
feet from the surface, respectively. A pure water, pleasant to the taste, now flows from the lowest water bearin g
sandstone. The well is situated in heavily timbered creek bottom land, and the water has been of little use.
At Paris, in Lamar county, 75 miles east of this point, a well has been drilled to the depth of nearly 450 feet, but
without obtaining flowing water. In Denton county, southwest of Grayson county, the wells on the low ground,
averaging 360 feet in depth, discharge small quantities of water, while those on the higher land are pumped for
the purpose of turnishing water for cattle, ‘

In Jack county, about 60 miles west and therefore outside of the area underlaid by the Trinity sands, there are
reported to be a number of flowing wells of a depth of about 100 feet. These wells and others now pumped by
windmills were drilled for the purpose of obtaining water for stock. Southwesterly from this locality, in Palo
Pinto, Stephens, and Kastland counties, which, as in the case of Jack county, are within earboniferons areas, a
number of wells have been drilled in order to prospect for coal. At Strawn a well 546 feet deep, and costing $700,
discharges mineral water which comes from a depth of 321 feet beneath the surface, At Graham, in Young county,
a well 300 feet deep reached salt water only. In Stephens county wells averaging 130 feet in depth discharge
from 3 to 10 gallons per minute of water suitable for cattle. In one instance irrigation has been suceessinlly tried
ou a sm all scale, but the amount of water available is too small to he economically handled. At Breckenridge, in
th'lS county, a well was drilled tcf the depth of 1,400 feet, but without sucecess, and in Bastland county, at the town
of the same name., about 23 mllgs south of Breckenridge, a well 1,300 feet deep is reported to be a failure.
Another well at (isco, about 7 miles west, was drilled to the depth of 1,680 feet, passing. through strata bearing
galt water. ,

In l’zq~ker county, east of Palo Pinto, there are several shallow flowing welly discharging a small amount of
Wa.ter. At Weatherford a hole was drilled to the depth of about 500 feet, the prineipal amount of water, however,
being foul_ul near the surface. In Tarrant county, still farther to the east, are a larger number of deeper flowing
wells, delivering on an average about 10 gallons per minute of good, soft water. The average depth of these wells
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