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To his Excellency

The Honorable Dwight Griswold
Governor of Nebraska

Lincoln, Nebraska

My dear Governor:

On behalf of the Nebraska Stale Planning Board, I have the hornor
of presentirg herewith a copy of WATER RESOURCES OF NLBRASKA - REVISED
1941, This report has been rrepared by the staff of the Board with
assistance from the many :tate and federal agencies active in fields
concerned with the conservation and utilization of our water rescurces.
The financisl assistance oi the Work Projects Administration through
officisl project number 485-81-3-155 has made possible the preperation
of this report.

Special acknowledgement is made to the followirng agencies for
their cooperation in suppl,ing certain sections of the report falling in
their respective fields. Credit for basic data presented graphically or
pictorially is acknowledged on the individual illustrations.

Nebraska Department of Ccllege of Agriculture
Roads and Irrigetion University of Nebraska
Netraska Public Power and Soil Conservation Service

Irrigation Districts
Division of Conservation
Public Works Advinistration and Survey, University of
Nebraska
U. S. Army Engineers

Copies of this report will be distributed to public officials,
public libraries, educational institutions and interested state and fed-
eral agencies.

Very respectfully,

MM'
wWardner G. Scott

Stute Enginser &
Chairman
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Summary

PURPOSE

Conservation of Nebraska's water resources is
vital to the conssrvation and preservation of its
3conomic and s>cial resources. Generul distribution
of information concerning the possibilities and meth-
ods avejlabie for the conservation of our wataer re-
sources is highly desirabtle.

The purpose of this very trief
resources of Nebraska is to present a quick

of the warious meathods of conserving thoee
resources and the extent to which they have been put
into operation in the state. Among the sevarcl of-
ficial agencies interested in water oconservation,
particular exrhasis has beon pgiver to cno or another
of a number of wuys of oconserving nur molsture, the
methods of corservation depending on the statutory
purpose ror which eacl wurticular orranization has
been set up.

summary of the
water
picture

Reference haa been mude to and material has been
drawn from the work >f many individusls and egencies
in assewlling tho material in trnis report. There has
teen no a*temp. to wurk nut detailec plans for any ce-
veloprent, large or small. Thet appears to be the
Jot of "actiorn® arencies legally sut up for the pur-
pnse. It does ssom desiruble, hLowevur, t@ outline
some of the accepted nethocds of moisture oqnservation
ané¢ the extent of t} e devalopment of the use of those
muthods in Nebraskn. '

A SUISARY OF THE REPORT WITH +N C"TLINE OF
A NATER CONSFRVATION PRCGRaM FOR NEERASKA

GENSRAL DsSSCRIFTION

Nebraska, as an agricultural state, is dependent
uron the conseivatior of its two basic resources soll

and water for its economic socurity. The cumulative
eft'ects of the current devastating drought hawe
*threaterec this socurity in some areas of the state,

and have shurply decreased the agriculturaul {income in

others.

Occupying ,uvrts of the regions
ceographers as sub-~humid and semi-aridi,
periernces year: w!en the precircitation in
the stute is less than Z0 inches. Since O inctes of
precipjtation is consicered the line of demsrcation
for tle semi-arid regio:, the entirev state, therefore,
would fall 4{n the soni-aric cutegory during some
~ericds of drourkt. Zvery nurt ol the Sstnte at some
T1me 9r unother gufrers ram either a lack of total
supply of wmoisture or a propcr distritution or both.

desi nuted ty
Nebraska ex-
all psrts of

Under ordinury corditions the amount of precip-
itation in the eastern third of the state is adequate
without supnlemental water for profitable agriculture,

although tlore are years of crop shortages and even
failures. Cenerally sne«king, until the 1last few
years, tke periods of drourkt in tnis section of the

state liuve not teen of sufficient
sity to cause

cduration or inten-
interest to be aroused in lurge irriga-
tior. projects. In the western two-thirds of the state
Lovwever, the norral suprly of preciritation i3 in-
adocuunte for successful intensive apricuv.ture. Thre
only reuns of producing profitable yiselds in areas of
specializéd farming is through the conservatioa of the
available water supply and its artificial aoplication
‘to orops.

xi

Until oomparatively recent yeers, it wes believ-
ead by many that irrigation could be practiced success-
fully only in that portion of the stuto west of the
100th meridian. At present, as a 1result of the ex-
tenuating drought and with improved engineering and
irrigation metnods, experts telieve that irrigation
can be made ivasible in every purt of the stute where
the water supply is availgBle and topography and soils
are suitutle. In fact, large-scale irrigation proj-
ects have rscently been’ developed cast of the 100th
merician anc there are now extensive projects proposed
in the extremo eastern part of the strre. Generally
speaking, local sentiment throughout the state swvems
to favor the clanges in ggriculturel and [arming meth-
ods which would be necessery urder irrigution.

In the western two-thirds of the state, the
paramount proclem is providing supplerental watcr for
irrigution in areas meetinc =zll other requirements
for successfui irrigation. Acjusting land use prace
tices in ercus vith 1limited erd murdeperdahle rrecip=-
itetion is more cr 1less a problem throughcut the
endire state. The centrol of flood watcrs in con-
Junction with irrigatinn is of major importancc on the
Rerublican Kiver, in the southern part of tne state,
and in minor drainnge busine in the eastern purt. The
need for atsatement of pollution is scmewhat localized
und 18 not 2 mijor crotlem from a state~wide viewe
roint.

Climaty

The wide variation of Nebruska's olimate is
largely the result of its geogravhicz position. The
precipitation is flustuating ard undependsble. It
decroases from east to west across the state at a
feirly constant rate. The records indicate that the
annual pyecipitation vuries from 9.47 to 27.48 inches
i thce weptern part of the state, and from 20.86 to

6C.31 inches in the eustern purt. There are a grezter
number of yeaurs with th2 annua)l rrecinitetion below
the mean than those abovo, therefore, the deperturcs

above the mean are greuter than those Lelow it. Dur-
ing June 16 per oent of the total annual precipitation
oocuss and in January 2 per cent. These ore the mon-
ths when the maxinum and minimam amounts occur. About
69 per cent of the annual supply falls during the five
months' period from May to September.

puring the past 90 years Nebraska has experienc-

ed three mujor droughts with internediate pericds of
sub-normul precipitation. Thase cyclical droughts
culriinated in the early Sixties, the early rinaties

and the late Thirties - the one through which we are
pow paseing. The current drought starting immediately
followirg 123C with ite accompunying advbrse economic
conditions is considersd the most devastating of reu-
ord. Above normal tcmperatures end excessive rates of
evaporation which usually accompany subnormal precip-
itation have caused added damage to crops and accent-
uated drourkt conditions. Only once, 1938, cdurirg
this ten-year jreriod was the total annual amount in
excess of the rean. Since 1923C, Nebrusks has a cum-
ulatea cdeficiwncy of precinitatior of ¢85.2 inckes be-

low the mean of 22.7 inchos. This deficiency i3
equivalent to the total precicitetion of two norral
jyears. '

Intervst in irrigatton licroeasos proportionately
with tlie decrease in precipitution, and each succeed-
ing drought <!ntensifies interest in developiry nrew
irrigution enterprises. This irnterest in the eastierr,
and to some extert in oentral Neitreska, however, has
kervtofore guickly sutsided with the return to heavier



precipitation. Past experience, therefore, omphasizes
the importance of the prorer attitude on the purt of
those reople inciuced within the limits of a proposed
project as a fuctcr contritutirng to the success of
tlat enterprise.

Population Trends

It is doubtiul if the settloment in any other
state in the union has been more greatly influerced
by a fluctuating and undependavle water supply for

agriculture than has Netraska. Variatle precipitation
and inadequate water storage and irripation facilities
have resulted in periods of low‘ arricultural produc-
tion. Droughts with their accorpanying croc faeilures
and a depressed agriculture rave caused restless rogp-
ulation necvements within tho state and some migration
from the state. velruska has shovm a povulation de-
crease of 4.7 per cent totween 1950 and 1940, as com-
pared with an increase of €.3 per cent ‘ltetveen 1220
ard 1230. Soventy-seven of the ©3 counties showed
decreases since 1530. Two of the nine cities in the
state of more than 10,000 (vastings and Xorfolk) show-
eod decreases during the past decade. The recorcs re-
veal a close correlation between changes irn precipita~
tion and populetion. . more stabilized agriculture
estutlished on sound water conservution policies is
absolutely essential to the ruintenance of our present
population. Irrigution development on some of these
strearms not only gave rreator use to areas of profit-
alle agriculture which othervise would be nothirg
more tharn grazing land tut it also created greater
urban cormunities to sorve the rural irrigated areas,
treroty increasing the population capucity of those
arcus.

The eize of tarm units averages 180 acres in the
eastern part of the state and 835 acres in the western
part, with a state average of 365 acres. By excluding
the irrigated section, the size of farm wunits in the
western part of the state averages S70 acres. About
70 per cent of the 122,543 farms in Nebraska have from
100 to 175 acres. The Eureau of Reclamation indicates
that the irrigated area per farm in the Great Plains
Region should average about E0 acres, with a rural
population of 4 persons and a town population of 8
persons per farm. With a maximum of irrigation de-
velopment and the resulting readjustment of tenure,
Nebraska will be capatle of supporting a somswhat
larger and more prosperous population.

WATER SUPPLY
surface water

The amount of surface water available esch year
for the state as a whole varies almost proportionately
with the precipitation occurring over the drainage
area even though some of the streams maintain a fairly
constant flow from natural underground supply reser-
voirs. During the current drought the surface waters
have been notioeatly depleted. The annual surface
inflow to the state averages about 2,000,000 acre-feet
from the states of South Dakota, Wyoming, Colorado,
and Kansas, through the Niobrara, North and South
Plattes and the Republican rivers. Only an insignif-
icant quantity is contributed by South Dakota and the
ares to the north - the lurrest contribution is from

viyoming. The outflow 1is atout €,800,000 acre-feet
arnually and moves generally in a southeasternly di-
rection, where it ultimately reaches the Vissouri

River which forms the seastern bouncury of Nebrasla.
Therefore, 4,80C,000 acre-feet net cricinating within
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Water Resources of Nebraska

tre confines of this stete have passed out and on to
the Gulf of Mexico. Not all of this water was unused,
for some was return flow after having served its pur-
pose for both irrigution and nower. Upstream develop-
ment in Wyoming, tosether with the operation of re-
cently constructed irrigation projects in Nebraska
will reduce the quantity of water leaving the state in
an amount equivalent to the consumptive use on these
projects torether with evaporation losses. Ultimate
irrigation development in Nebraska will not result in
retaining all this outflow, but the additional areas
susceptible of being served will utilize part of it.

Ground water

No other state in the Creat Plains has a greater
abundance or a hetter distributed supply of wunder-
ground water than has Nebraska. It is estimated by
geologists that the total underground supply would be
sufficient to cover the surface of the state to a
depth of 20 feet. The Pleistocene sands and gravels
are for the most part water-bearing and, where they
can te encountered at relatively shallow depths pro-
vide excellent supplies for irrigation pumping. With
the exception of certain small areas the largest of
which 1is the glaciated area in the three tfiers of
counties alons the Missouri River in the eastern part
of the stute, the geolozy of the state is such as to
provide a lur-e storage capacity for underground water
in all ourts of the state. The direction of movement
of the underground wuter supply is much the same as
that of the surfuce wuters. Considerably more under-
ground water leaves the state than erters it.

Groundwater is important not only as a source of
supply for pump irrization, but it is likewise a sour=
ce for much of our surface supply as well. If it were
not for the underground supply seening into drainage

courses, some of the present perennial streams would
be only intermittent in character. The replenish-
ment and conservation of the underground supply is

trerefore of maJjor
servetion program.

importance in any state water con-

Streams

In contrast to the deficiency in precipitation,
Netraska is well served by 2 network of streams orig-
inatins both outside and witkin the borders of the
state. The Yissouri and the Platte rivers which give
life to many of the inhatitants of this state have
their origins in the snowclad peaks of the continental
divide. Otl.er lesser streams such as the lLoup, Elk-
rorrn, Xicbrura and Frenchman rivers oririnating in the
sarcy soils of the state five added security to the
pooulation in the arcas they traverse, tecause of the
dependatility of tieir water supply. Streams with
little or no devencdsable tuse flows such as the Repub-
lican liver and most of its tritutaries are dependent
more directly upon the erratic precinitation.

IRRIGATION

Cruvit;

Irrigation pruactices ir
eerly Sixties and gracually
the Plutte Fiver system into

Yebraska btegan in the
exterded westward along
Colorado and Wyoring



Summary “

vwitii perrmrert settlemert, Irrigation gradualiy in-
creused f{rom urrroximately 12,000 acres in 1890 to
rearly & millicn acres at the present time. Develop-
ments have now teen extended to all the oprincinal
water courses.

The most extensive irrigstion development in
retrusks has taken pluce in the Lorth Platte Valley in
letraska where about 450,000 acres are irrigated. The
next larrest arsa is along the muin stem of the Platte
River east of the city of XNorth Pl.tte where approxi-
mately 171,000 acres ere under irrijyation. An adci-
tiorel 164,000 acres will be included in the section
uoon completion of the Tri-Count;  project. There are
80,000 acres now under irrigation on the Loups and
29,000 acres on the Republican system in 1Yebtrasia.
The remaining 106,000 acres uncer irrigation are dis-~
‘tributed along the South Platte, Niotrara, White, Flk~
horn and Plue rivers and other less important stroams.

The major possitilities for the further develop-
ment of gravity irrigation in the statc are situated
in the Reputlican Valley, the tributuries of the Loup
and the Platte totaling aporoximately 500,000 acres.

rlatte River

In gereral, the wuter supply of the Platte River
Rasin above FKearney, MNebraska is fully erpropriated,
thus leaving no possitilities for appreciable furthrer
dovelopment. In fact, irrigation has been developed
to the point where it has exceeded the deperdatle
water supply aveilable for direct diversion. Relow
this point these are areus where the topogrephy and
soil types meet the requirements for successful irr-
ication, but the absence of an adeguate water supply
for dircet flow irrigation from this point to the
mouth of the Loup River renders the (feasitility of
additional develcpments questionable. Luch of the
land in this section of the tasin upor: which it is
rhysically possible to conduct water Las teen ircluded
ir. previously proposed projects, some of which were
considered impracticable, while othrer parts were luter
incorporated into new potential developments. The
appropriatior for storuge at the Kinglsey Reservoir
claims sll the residual seasonal and non-seasonal flow
at the cdam site. The release of storage water from
the Kingsley Reservoir for developing downstream hy-
droelectric power and for delivering wrter to irriga-
ticn projects will result in return flow of sufficient
quantity to have a stabilizing effoct on the lower
river flow so thst at least a partial water suvply
will be provided for some projects which have teen
without water during recent drought years. In the
North Platte Valley and the Flatte Valley as far east
as Cothenburg, the return flow is largely responsible
for stabilizing the river discharge tecause the en-
tire water suprly, except that 1lost by evuporation
end by consunptive use, is retained in the vszlley by
impervious Brule clay and discharged to the micdle
portion of the river. The water is temporarity stor-
ed in the slluvium and returned to the river. Between
Gothenburg and Central City the Platte River flows on
a sand sheet which extends south to the Republican
River. Since this 1is not a closed section and the
direction of movement of the underground supply is
defiritely to the southeast, naturally 1larce gquan-
tities of the Platte River water supply are lost by
migrating to the Republican and Rlue rivers. Geolo-
ists have estimated the annual amount at 200,000
acre-feet.

The Loup River is the source of supply for the
proposed lcwer Platte oproject embracing 1land on the
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north side of the Platte River between the Loup River
on the west and the Elkhorn River on the east in
Platte, Colfax, Dodge and Douglae counties. By assum-
ing a diversion duty of 1.64 acreyfeet, a total of
264,900 acre-feet would be required to deliver 1.00
ncretfoot to the 186,000 acres. This is equivalent to
940 second-feet for the Nay to September period, or
808 second-feet of direct flow in addition to 40,000
acro-feet of supplemental storage. A study of the
records indicates that there is adsquate run-off to’
supply the irrigaticn requirements of the Lower Platte
projeot over and above that needed for existing and
proposed projects in the Loup River Basin.

Loup River

Based on the last ten-year msan of 1,710,262
acre-feet the annual shortage of the Loup River in
supplying the Loup River Public Power District with
3,100 second-feet (the capacity of the feeder canal,
although the appropriation is 3,500 second-feet) with-
out storage facilities would have been 753,348 acre-
feet or 33.5 per cent of the ultimate, while at the
same time, there would have been a unattainable run-
off of 219,280 acre-feet or 12.8 per cent of the total
supply in the form of peak flows which could not have
been utilized for power purposes as direct flow diver=-
sions. This quantity would have passed down the river
unused by this project even if the 3,100 second-feet
limit had been maintained. However, during the period
of actual operation not all the divertable streamflow
has been utilized by the Loup River project. For ex-
smple, of the total annual run-off of 1,340,441 acre-
feet in 1940, 1,211,859 acre-feet or 90.2 per ocent
were below the 3,100 second-feet 1limit, although only
760,353 acre-feet or 62.8 per cent of the divertable
annual supply was actually diverted by the Loup River
Power Project. ¥ith increused electric consumption,
no doubt, a greater proportion will be wused in the
future.

A maximum storage capacity of 700,000 acre-feet
would have been nesded to reduce the discharge for the
past ten yoars to the average of 2,360 second-feet.
The development of storage facilities necessary to re-
duce the discharge to this average does not seem econ-
omically Justifiable. The inter-connection of the
trhree large hidro plants has u tendency to stress the
importance of raising thke minimum flow to a certain
level rather than to reduce the total supply to an
average. However, during the last 5 years, if all the
peak discharges in excess of 3,100 second-feet had
been stored and released to supplement the natural
flow whenevsr the daily discharze fell below 2,000
second-feet, a storage capacity of only 260,000 acre-
feet would have teen needed. During the seme period,
trere would even then have been a shLortage of 460,000
acre-feet in supplying the 2,000 second-feet minimum.
liowever, without storage facilities the shortage
would have been 910,000 acre-feet. The annual flow at
a channel reservoir site a short distance below the
confluence of the North and Niddle Loup rivors near
the town of 3t. Paul averages 1,980 second-feet or 84
per cent of the Loup River discharge at Columbus .
Satisfactory control of storage releases for either or
both the power plant et Columbus and the potential
irrigation project on the Lower Platte could be main-
tained at the potential §t. Paul dam.

The sappropriations for project ovroposals along
the Dismal, Cedmr, Calamus, and Yiddle loup rivers
will be junior *o the 1loup River District. The nsc-
essary reservoir canacity to retein all peak discharg-
os in excess of the power distirict's 3,100 3sconc-“ect



would make it possible to replace the naturzl flow
diversion by the upstream irrigation districts, both
existing and contemplated. Furthermore, the resulting
greater uniformity of flow through the vowar plant at
Columbus would eneble the Lower Flatte irrigation dis-
trict to operate without a locel storage reservoir,
and would also be beneficial to other potential devel-
opments below tiie mouth of the Loup River. It is evi-
dent therefore that a channel storage raservoir of
sufficient capucity above thne Columbus project would
stabilize the flow of the stream for the benefit of
the Coluntus Power Plant as well as any other projects
developed 1in the future below the Columbus Power
Plant.

The upstresm contounlat:d projects propose to
irrigate an additional 95,200 acres. Assuming a div-
ersion duty of 1.54 acre-r'eet and a net delivery of
1.00 acre-foot per acre to tne land, the stream flow
would be depleted by £9,000 acre-fset after having
credited the return flow as tl:e result of theso deval-
opments. The maximum daily diversion during July for
thase conterplated wupstream projects would agrregate
680 second-feet which represent 16.3 per eent of the
Loup River Power District's appropriation and 33 per
cent of the mean discharge at Columlus for thc month
of July.

Republican River

The mean annual discharre of the Republican Riv-
er near Lardy, Nebraska during the last eleven years
with the flood discharges of May and June, 1935 ex-
cluded is 439,600 acre-{eet. Above Hardy, Colorado
contritutes 26.4 pc. cent of the net water supply with
34.4 per cent of the area, Ncb-aska 56.5 per cent of
the water supply and 43.2 per cent of the area, and
Kansas 17.1 per cent of the water supply and 22.4 per
cent of the area. The average run-off per square mile
of drainage 1rea in Colcrado is 14.5 acre~feet, Ne-
braska 25.1 and Kansas 14.6. Fifty-five per cent of
the total annual run-off{ above Hardy occurs during the
May - September period, tnat is to say, the irrigation
season. The annual inflow from the principal tribu-
taries 1lying in Nebraska approximates 180,000 acre-
feet annually. Practically all of this contribution
is from the northwest.

Of the total of 37,800 acres now being irrigated

Republican River Basin, 29,000 acres or 76.7
per cent are in Nebraska. Development on the French-
man has been more extensive than on any other stream
in the Nebraska portion =f the basin with 16,000 acres
under irrigation. The South Fork and the North Fork
of the Republican are the tritutaries next in impor-
tance with reference to the amount of land now irr-
igated, their irrigated areas being 1located in Colo-
rado, Kansas, and Nebraska. If all the available
water supply were conserved hy means of storage facil-
ities and released when necded for irrigation, the
supply would greatly exceed the amount now needed for
existing projects. The sxisting developments have de-
pended almost entirely on direct flow diversion.

in the

of the Republican River and
its tributaries in Nebruska can be expanded consider-
ably if neans can be found to provide storage facili-
ties for supplying supplementel water for this acreage
when the natural flow is inadequate during the summer
months. In other words, it is estimated that there
are 100,000 acres of land in the Republican River
Basin in Nebraska which meet all the requirsments for
successful irrigution except available water supply
during the irrigaticn season.

The irrigated areas
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The three states of Colorado, Kansas and Nebras-
ks are negotiating for a compact for the purpcse of
developing a plan for the allocation of the water sup~
ply of the Republican XKiver Busin. Such a compact is
essential before any developmenta ior utilizing the
water &upply ot this interstate stream so as not to
cause any future conflict among these states in the
egquitable apportiomnment of tne waters of the basin.

The Army Engineers are reviewing their previous
report on a flood control plan for the Kansas River
Basin which includes the Republican River in Nebraska
in order to consider an alternative plan of develop-
ment for the entire valley to include a channel reser-
voir near Republican City, Netraska, in combination
with the wupstream tributary reservoirs. They are
working in close cooperation with tre¢ Bureau of Recla=-
mation for the best possible means of developing irr-
igation in combination with flood control on the Re-
publican River. The Bureau of Reclamation studies in-
clude a determination of the areas that are physically

capable of being served by gravity-type irrigation,
the seil classifications in these areas, the aveila-
bility of the water supply, and the best possible

methods of conscrving and utilizing the surface water

sunply in esch basin.

A channel reservoir near Republican City in con=-
junction with certain tributary reservoirs ia consid-
ered to be the most desirable plan of development be-
cause it would give some protection to the entire
basin and complete protection to half of it. Such a
plan is believed feasible, inasmuch as the benefits to
irrigation on the Republican and flood control on the
Republican and Kansas rivers would be substantially in
excess of the costs to be involved. This plan is de-
sirable because the tributary developments are needed
in order that the maximum protection may be afforded
the entire basin and the maximum use be made for irr-
igation. The need of the tributary reservoirs as a
protective measure is further substantiated by the
fact that €1 per cent of all damages suffered and 106
of the 110 lives 1lost during the 1935 flood occurred
above the channel reservoir site.

During the devastating flood of 1935 the crest
dischuarpge at the Harlan County reservoir site reached
=20,000 sscond-feet, although the discharge below that
point could have been reduced to bank-full state with
a reservoir capacity of 350,000 acre-feet. A deter-
mination by the Army Engineers of the design flood
discharges bused on the transposition of the maximum
recorded storms in that vicinity which occurred in
1903 and 1935, revealed the need of a reservoir capac=-
ity totaling 1,008,000 acre-feet in order to provide
complete rrotection to the area below the Harlan
County site.

In the consideration of a basin-wide flood con-
trol plan for the Republican River, resources of all
the azencies which might contribute under the authore
ity of the wWheeler-case act should be brought together
to make possivle trke inclusion of the irrigation de-
velopment in conjunction with flood control which
might not be feasitle if considered without the possi-
bility of all agencies cooperating in its development.
The most fuvoruai;le reservoir sites for such consider-
ation appear to be as follows: in Colorado, the Wray
site on the MNorth Fork of the Republican, Beecher Is-
land on the Arikaree and the Hale on the South Fork of
the Republicen; ir Nebraska the Enders on the French-
man River and sites on Fuffalo, Rock, Red Willow, and
vedicine creeks, and the Liarlan County on the Repub-
lican River. All trese sites except the Wray, Buffalo
and Rock Resarvoirs which are for irrigation only,
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were selected ty the Army Engineers as presenting the
most favorable possitilities ot development for flood
control with reference to the ratio of cost to bene-
fits. The eight trilutary reservoirs would provide
storuge capacity aggregating 356,100 acre-feet of
which 237,700 acre-feet could be wutilized for flood
control. Storage capacity in the proposed Harlan
county reservoir could be reduced accordingly if the
tributary reservoirs were developed.

Pump
The first pump irrigation, motivated by wind-
mills, started soon after the initiation of gravity

type irrigation in the early Sixties, although in 1912
there were only five irrigation wells in operation in
the Platte River Valley. The number of well install-
ations has increased in varying degrees, depending on
the precipitation, wuntil at present, there are more
than 2,000 wells in operation. It is estimated that
100,000 acres are now being served by pump irrigation
in 80 couaties. The greatest concentration of such
enterprises is in Puffalo, Dawson and Hall counties in
Central Nebraska. They are located in the beds of
Pleistocene deposits extending west from the western
border of the till sheet.

Up until the past few years of the present
drought, pump irrigation developments have taken plaoe
largely along streams with the lower 1ift and less ex-
pense encountsred in applying the water, but recently,
installations are being made in the Tlains Area where
the lif'ts are considerably greater.

Pump irrigation is gaining 1in popularity, be-
oauss the areas to be served do not have to be favor=-
ably situated along the streams, nor do they have to
rely on the uncertain and vurying supply ot water from
those streams. 1Installations have been successful at
many socattered points throughout the western tl.ree-
fourths of the stats.

There is a vast field for developing pump irr-
igrtion in Nebraska where hundreds of thousands of
acrve meet all the requirements for asuccesaful irr-
?igation; Practically all of the possibilities for the
‘development of pump irrigation in the state are within
areas oomprising about 24 per cent of the total area
.of the state. This area supports 29 per oent of the
total rural furm population of the state. Within this
24 per ocent of the state's area, there are many areas
both large and small which would be susceptible of
succeasful pump irrigation because of favorable soil
and topography and the availability of ground water.

Administration

Since the ground waters of Nebraska have not
beon deolared public waters, there are no statutory
provisions for their control or use. We have assool-
ated the underground water supply with the land for 30
long that now we regard the ownership of any land as
including the underlying water supply as well. If no
extensive uses were to be made of this supply, there
would be no nved of administrative meusures. However,
the demaids mude upon the underground water supply
have shown a decided increuse during recent years.
Unregulated uses of this vital natural resource will
eventually result in conflicting claims. The success-
ful operution of new or amended laws will be better
assured if the rights to use ground water huve not be-
come too extensively vcsted. Appropriate and timely
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lagislaticn tor the rcrulation of use will help great-
ly in eliminating probable future difficulties and
will help in promoting the best use of this basio re-
source.

Likewise, according to Commissioner Page of the
Bureau of geclemation, Federal loans are available for
pump irrigation only where the individualts right to
appropriute the underground water 4s in aoccordance
witl proper statutory requirements for the regulation
and protection of appropriators.

_Without proper administration,
utilize the ground water may result
and costly experiments in attempts to irrigate in
areas not suited for such enterprises. It may further
prove harmful in depleting the supply much needed for
domestic and municipal uses.

the uttempts to
in unsuccessful

The suoccessful administration of the ground wat-
or is by no means an easy task. In faot, it is one of
the most intrioate and complioated funotions to come
within the duties of any state agenoy. It must be
oonsidered in this 1light and undertaken in the most
wholehearted and soientifio manner.

With present-day teohniques, it is now possible
to determine the quantity of water available in any
area and to identify suoh an ares, to determine the
souroe of supply, the direotion of movement, speoifio
yield, and the ultimate disposal of such water. The
geologio faotors affeoting natural replenishment and
depletions in each area must be carefully evaluated.
8uoh a scientifio study will reveal the amount of wat-
or that oan be artifioally withdrawn trom a oertain
area without seriously disrupting the balance between
inflow and outflow.

Appropriations should limit the quantity of wate
or to be withdrawn in any seuson, the amounts oorres-
ponding with the duty of water in eaoh partioular
area. The legul requirement for beneficial use in any
area should be kept within the limits of the available
supply. Provi:ions should be made to have the au‘hor-
ized state agenoy prepare annual statements of eaoh
well in operation showing elevations of water table,
extent of draw-down, quantity and time water was used,
mothode of use and any other data whioh would be of
assistance in administering effeotively the laws re-
lating to underground water. Legislation should pre-
soribe penalties for wasting or contaminating the
underground water supply.

Small Water Facilities

Nebrasika with its thousands of miles of ravines
and intermittant drauinage oourses has almost unlimited
possibilities for developing small-scale water facili-
ties to provide water for supplemental irrigation
projeots, water for farmsteads, and water for live=-
stock. Water conservation facilities are of paramount
importance in this state as a necessary aid to adjust-
ing and improving existing 1and wuses. This work
should be undertaken only under the direction of teoh-
nical assistants and on the basis of developing indi-
vidual projects which form an integral part of the
best plun possible for conserving and utilizing the
water supply of the basin. Care should be exeroised
in order that each indivicdual project will serve the
greatest utility to the area :involved.

The original approach to controlling and con-
sorving water wxas to start with it after it had reaoh-
ed the stream cl.aunels. The more recent conception of



water control in the interest of public weltare is to
start where the rain falls - trat is, before it has
acoumulated and while it is still in the controllable
stage. The employment of one or more of the available
methods of conserving moisture where it falls would
materially increase individual farm feed and forage
supplies, improve stook and domestic water supplies,
and make possible large family gardens. Greater sta-
bility in these .three items would make it possible for
many f{'arm operators to cope successfully with the pro-
longed droughts occurring in the western two-thirds of
the state. Such control would also reduce the likeli-
hood of floods.

Mary devices, centuries old, could well be re-
vived to accomplish the objeotives listed in the fore-
going paragraph. Sumll single or maltiple field irr=-
igation systems oonstructed on minor drainages, flood
irrigation from many normally dry draws, 1local re=-
charging of ground water supplies to make small pump
irrigution projects possible, stock watering ponds,
and stock and domestic wells ars among the devices
available for use in semi-arid regions.

The develorment of such devices 1is complicatzd
by the fact that their design and construction often
requires exrerisncec or technical assistance not al-
ways readily available. 4is the need and demands for
these small water facilities have been evidenced, a--
ricultural agencies have developed organizations for
the purcose of meeting the cemand in a limited way as
far as finances permit.

The early impetus to the cevelopment of small
water fecilities had originated from federal legisla-
tion authorizing such work to be undertaken coopera-
tively in a limited way by the agencies of the Depart-
ment of Agriculture and through technical assistance
furnished in areas included in Soil Conservation Dis-
tricts.. While assistance in areas designated for the
small water facilities program is limited generally to
those individuals without credit resources, there is
no such restriction in the Soil Conservation dis-
tricts.

FINDINGS AND RZCOMMENDATIONS

Nebraska, comprising a part of the Greut Plains,
experiences all the agricultural risks common to this
region. Since the land use problems of this state
arise principally from undependable rainfall, thus
preventing a secure establishment of agriocultural
economy, the effective conservation and utilization of
the available surface and underground water supply be-
comes a matter of basic ooncern. Although individual
and cooperative actions have resulted in notable prog-
ress during the current drought period, nevertheless,
considerably more constructive action remains to be
dane. Rehstilitation and stabilization of agriculture
in Nebruska can be accomplished only by the basic re-
adjustments of the wuse of our land and water re-
sources.

In general terms, a water conservation program
for Nebruska should include;

1. Conserving moisture where it falls by use
of the cropping practices developed by re-
search anc experience as purticularly adapt-
ed to our soils and climste.

2. The extensive development of small water
facilities with proper technicul assistance.
Such facilities to include small single or
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multiple field irrigation systems on minor
drainages, flood irrigation from normally
dry draws, 1looal recharging of ground water
supplies to make small pump irrigation de-
velopments possible, stock watering ponds
and stock and domestic wells, eto.

3. Development of pump irrigation wunder
statutory provisions to establish an orderly
distribution of the urderground water sup-
ply. Such provisions will insure - maximum
benefits from the available supply.

4. construction of large-scale gravity irr-
igation projects (a) where feasible as to
ability to repay total costs, (b) where the
difference between the total cost and that
portion of the cost which the 1land might
reasonably be expected to repay could be fi-
nanced by relief agencies under cooperative
arrangements, or (o) where in the consider-
ation of all possible phases of develop=-
ment of the water resources in a basin, such
as flood control and irrigation, the portion
of the total cost chargeable to irrigation
is within the landt's ability to repay.

6. Flood control dams as a part of a basin=-
wide plan of cevelopment for all water uses,
including irrigation.

6s That some state agency be empowered to
take an active part in the investigations
and detailed planning necessary for the de-
velopment of a comprehensive coordinated
plan for the oconservation of all available
water wherever leasible.

The determination of ‘e feasibility of large-
scale gravity typoe irrigation rrojects as listed under
item number 4 involves a number of factors some of
which oan be cleared up in existing reoords but many
require detailed field studies to determine their
effect on the feasitility of the project under consid-

eration. The question of available water supply in
the stream 18 generally a matter of record. Ssuch
questions as those of the bLest dam sites, acreage of

suitable soils, and the portion with adaptable topog-
raphy, require rather costly detailed field surveys.
Such surveys have been anc are being made by the sev=-
eral federal agencies with finances, organization, and
legal authorization for such surveys. The conclusions
contained ir this report have been drawn from the best
information available at this tire, but, perhaps, fur-
ther investigations will result in conclusions differ-
ent from those herein presented.

In further explanation of item 4, it is noted
that under the Reclamation law prior to 1939 all costs
of reclamation projects were charged to irrigation
with power revenues helping to repay the cost of con-
struction and operation. gubsequent to the Reclama-
tion Project Act of 1939, construction costs are a-
lloted to irrigation, power and flood-control on the
basis of probable benefits - with irrigation repaying
only the amoun’ allotted to it.

Also the Wheeler-case law of 1539 authorizes the
oonstruction of projects with the aid of other Fed-
eral Relief agencies, but not to exceed the use of
$1,000,CCO for each project. This legislation provid-
ing for relief lsbor permits the corstruction of proj-
ects with costs in excess of repuyment ability, and
brings into the cetegory of feasibility several proj-
ects which otherwise 1luck the necessary repayment
ebility.
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PHYSICAL CHARACTERISTICS

LOCATION AND TOPOGRAPHY

LOCATIUH

The State of Nebraska is located a little north
of the geograuphic center of the United States. The
rrester part of the State lies within the Great
Plains; a vast eastward-sloping plateau locatedbe-
tweun tiie Hocky Mountains and the Central Lowland. In
the eastern end of the State, a strip averaging 70
miles in width lies in the Dissected Till Plains sec-
tion of the Central Lowland Province. This area
apirroximately parallels the Missouri River. In
Nebraska there are no well-marked surface features

marking the boundary between the glaciated Central
Lowland and the Great Plains. Along the eastern
border in Nebraska the Great Plains merge into the

more humid plains unmarked by any radical differences
in altitude, topography, climate, or soil.

BOUNDARIES

The Missouri River is the only natural boundary
of the State. It separates Nebraska from Missouri
and lowa on the east, and from South Dakota on the
northeast. Political 1lines mark the boundaries
between Nebraska and South Dakota on the north,
Wyoming and Colorado on the west, and Colorado and
Kansas on the south.

Nebraska extends from the 95th to 104th meridian
west longitude and from 40th to 43rd parallel north

latitude. The State is approximately 207 miles wide,
460 miles 1long with an area of about 77,520 square
miles, The 100th meridian divides the State into 2

parts, approximetely equal in size, and also intc 2

different climatic regions,
TOPOGRAPHY

Nebraska has an expansive, gently rolling to
rough topography. It is broken in places by low
hills, occasional isolated buttes, mesas, "bad lands,"
ravines and several relatively shallow east~flowing
streams, The most important streams of the state are
the Missouri, Platte, Niobrara, Loup, Elkhorn, Nemaha,
Blue and Republicane

The physical divisions of Nebraska as used in
this report are the same as those developed by the
United States Geologic Survey and Nevin Fenneman.

The surface of Nebraska slopes gently south-

eastward. The highest elevation of 5,340 feet is in
3anner County, in western Nebraska, and the lowest
roint of 835 feet 1is in the extreme southeastern

corner of Richardson County. The average decline in
elevation from west to east is about 9 fset per mile.
The avorage elevation of Nebraska approximates  that
of both the United States and the earth. These av-
erape elevations follow: (a) Nebraska, 2,547, (b)
United States (excepting Alaska) 2,500 feet, and the
(c) earth 2,800 feet.

PHYSICAL DIVISIONS

Nebraska 1ies wholly within a major physio-
graphic division known as the Interior Plains, and is
a part of the Great Plains and the Central Lowluua
provinces within the Interior Plains., Such divisions

are based on similarity of surface features. Because
of local differences in appearance, the area within
the State is further divided into 4 sections known

as the Missouri Plateau, the High Plains, and the
Plains Border all withia the Great Plains Province,
and the Dissected Till Plains within the Central
Lowlands.

(1) Missouri Plateau

The Missouri Platsau occupies only a small area
in Northwest Nebraska an:'vtting to approximately
3,400 square miles, or 4 per .e.* of the State. This
region 1is 8o named because it 15 ~rained by the lis-
souri River and its tributaries. The Missouri Plateau
has a topography rasulting from degradation and
oxtensive fluviatile terraces.

\2) High Plains

The High Plains Section as herein considered,
oomprises approximately 57,000 square miles or 74 per
cent f the total area of Nebraska. This section
extends from the 1,500-foot contour 1line, which
approximately marks the eastern boundary of the Great

Plains in Nebraska, +to the base of the Rocky
Mountains,.
In the High Plains Section, flat-toppeu table-

lands dominate the landscape. These are remnants of
extensive depositionmal plains consisting of sands,
gravels, and clays laid down by river outwash from
the Rocky Mountains. The deposits range in thickmess
from 400 feet in the west to 100 feet in eastern
Nebraska. 1In places the surface of the High Plains
in Nebraska has been severely modified by erosion
producing the Sand=liill region by wind action and the
Badlands by water erosion,

In western Nebraska the vertical walls bounding
the Platte River 7Valley have been incised by
tributary streams producing a series of promontories
that project into the valley. Several such isolated
buttes are known as Scotts Bluff, Chirmey Réck, and
Jail Rocke On the boundary between Wyoming and
Nebraska, the North Platte River has windened its
valley into a basin 20 to 30 miles acrosse This
basin, surrounded by rather vertical walls, is known
as Goshen Hole,

The Pine Ridge, a sandstone escaroment, forms
pertion of the northern boundary of the Iigh [lains,
The abrupt drop to the north starts recar
Wyoming and extends eastward for some 300 =

108,

vourlas,
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From Pine Ridge to the Platt~ River the High
Plains are comparatively level, excont for valleys of
socondary streoams and sand hills, In north=centrul
Nebruska the High Plains include an area of approxi-
mately 20,000 square miles of dunesand. The main
surface features of the region are sand hills, small
basins, dry valleys, wet valleys, marshes, and lukes.
The sand hills were formed 1locally by the wind
erosion of the sandy underiying bedrook and sandy
mantlerock. They vary in height :rom 25 to 100 feet
or more« The finer material was carried farther east
by the wind,making loess deposits often 100 feet in
thickness 1in eastern Nebraska, Kansas, and western
Iowa,

The High Plains, from the Platte River to the
southern boundary of the State, are gently rolling

throughout, On the eastern mrgin they merge imper-
ceptibly into the Central Lowlands with occasional
exceptions. 'The western edge of the Central Lowlands

is continually being pushed westward by the erosion
of the eastern margin of the High Plains,

(3) Plains Border

A relatively small part amounting ¢to 3,900
square miles, or 5 per cent, in southeastern Nebmska
lies within the Plains Border. This area consists of
a strip of rough country 1lying between the High
Plains on the west and the broadening Central
Lowlands on the east. It is an area from which the
Tertiary Mantle has generally been removod by
erosion, and which is now dissected but not reduced
to the 1low, flat relief whioh oharacterizes the
Central Lowland.

Water Resources Of Nebraska

(4) Dissected Till Plains

Glaciation greatly influenced the geography of
eastern Nebraska. Thick layers of glacial drift were
deposited east of a line extending soutn of Boyd to
York and Thayer counties coextensive with the drift
of the Kansan and Nebraskan glaoiers. These deposits
occupy about 13,220 square miles or 17 per cent of
the total area of the State.

The Dissected Till Plains were so named because
they are chiefly occupied by hills formed in glacial
drift. Some of these hills are thinly strewn with
boulders and some are deeply gullied, but genorally
their surface is comparatively smcoth.

The surface of the Dissected Till Plains is
modified by numerous oreeks and rivers and by uplands
and hills capped with loess. Among the wvalleys which
break the topography are those of Wahoo, Salt, and
VWeeping Water oreeks, ~“he Little Nemaha end Big
Nemaha rivers, the lower courses of the Big Blue and
Little Blue rivers in southeastern Nebraska and the
Elkhorn River and logan Creek im  Northzastern
‘Nebraska,
TOPOGRAPHIC UNITY

Although the topography ef Nebraska shows oon-
siderable diversity, it presents marked geogruphic
unity in occmpactness of area, general geologic
structure, efficiency of 1ainfall, and utilization of
the land. In these respects the different seotions
of the region have more similarities than dis-
similarities.

GENERAL GEOLOGY

A oomparatively thiok layer of mantlerook occurs
over muoh of the State of Nebrasia. Exposures of bed-
rook are limited to the tablelands and to the valleys
of streams whioh have cut through the overlying man-
tlerock exposing the bedrook. The mantlerook,
Pleistocene and recent in age, consists of relatively
unconsolidated to loosely oonsolidated sedimentary
material, During the Pleistocene Age eastern Nebraske
was twice overridden by 1ioe sheets; the first being
kmown as the Nebraskan glaoier and the second as the
Kansan glacier. These ioe sheets, upon melting and
retreating northward, deposited the load of material
which they had acoumulated in their southward ad-
vance., The material thus deposited is a mixture of
clay, silt, sand, and boulders lmown as till,

West of the area covered by ice, thiok sands and
gravels aooumulated during the period of ice in-
vasion. This aooumulation was the result of increased
precipitation, rapid erosion in the higher lands to
the west, and deposition on the sloping plains of
central Nebraska. The eastward-rlowing streams were
dammed by the edvancing ioe sheets,causing deposition

of their load of sand and gravel, Subsequent to the
second glaoial advance, wind erosion increased during
vhe dry periods of the Pleistocene resulting in the
formation of the Loveland and Peorian 1loesses, whioh
are aocumulations of wind-blown dust. These extend
over much of the area south and east of the Sand
IIills, At the same time the dunesand of the Sand
Hills was formed by the weathering and reworking of
the candy Tertiary bediock and earlier Pleistocene
sands and gravels.

The bedrock forms the platform upon which the
mantlerock has been laide The exposed bedrock
includes, from oldest to youngest; the Permo~Pennsyl-
vanian limestones and shales, the Dakota group of
sandstones and shales, Graneros shale,Greenhorn line-
stone, Carlile shalse, Niobrara chalk formation,
Pierre shale, and Fox Hills=-Laramie sandstones and
shales, The above belong to the Cretaceous nge. The
following bedrock formations; Brule-Chadron clays,
Gering-Arikaree sands“-nes, and the Cgallala group
limy sandstones, are of Tertiary Age.
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General Section

MAJOR SOILS OF NEBRASKA

The earliest soil survey in Nebraska was made
in 1903 by the Federal Division of Soils, now kumown
as the Bureau of Chemistry and Soils. In 1912 the
first appropriation was made by the Nebraska Legis-
lature for use in classifying and mapping +the soils
of the State, by counties, in cooperation with the
Federal Bureau. To date all of the counties are map-
ped in detail except 8 in +the sand-hill region
which have been oovered by a soil reconnaissance and
in which detailed work is now in progress.

As soil surveying is a relatively new science,
it had to be learned step by step. The topographic
relations, the great variety of parent soil materi-
als, and the olimate and vegetation, all of whioch
affect the character of the soil, had to be evaluated
as they were enoountered in the field and the whole
system of soil oclassification and mapping was per-
feocted gradually. Some of the earlier surveys were
rather general and are being revised. The recent
work is on a sound scientifio basis.

In the county surveys the soils are classified
(1) according to their various charaoteristics such
as oolor and depth of topsoil, lime content, texture,
oconsistence or degree of oompaotion, moisture re-
taining oapacity, and infiltration rate and other
features whioh have a bearing on their produotivity,
use suitabilities, and cultural requirements. Areas
of the different kinds of soil are delineated on soil
maps which also show the location of cultural and
drainage features.

The soil map is acoompanied by a report which
includes information ooncerning the topography, drain-
age, and olimate of the oounty, the agricultural
development, and the character of the soils. Infor-
mation on relative produotivity, management
requirements, suitability for different orops, and
susceptibility to erosion of each soil is also in-
cluded in 8o far as determined by field experiments
and observations.

In making a soil survey it is necessary to group
the soils into mapping units on the basis of their
external and internal features. The three principal
units are: (1) series; (2) types; and (3) phase. In
places 2 or more of these may oocur in such a mixed
pattern that they ocannot be clearly shown separately
on a map but must be mapped as (4) a complex. In ad-
dition there are areas of land, such as dunesand,
river wash, et oetera, which have no true soil and
are called (5) miscellaneous land types.

The most important of these units is ths series
whioh inoludes soils that have developed from similar,
although not necessarily identiocal kinds of parent
material and that have the same genetio horizons ar-
ranged alike in <the soil profile. Thus, a series
inoludes soils having essentially the same color,
structure, and other important internal charaoter-
istios and the same natural drainage conditions and
range in relief., The texture (2) of that portion of
She soil commonly plowed may vary within a series.
The series are given geographic names taken from
localities near which <they were first identified.
Marshall, Carrington, Holdrege, and Crete are the
names of important soil series in Nebraska.

Within a soil series are 1 or more soil <types
defined according to the texture in the upper part of
the soil. usually to about the plow depth. The name
of* the soil texture to this denth. such as silt loam,

clay loam, sand or fine sandy loam, is added to the
series name to give the complete name of the soil
type. For example, Marshall silt loam and Carrington
fine sandy loam are soil types within the JMarshall
and Carrington series, respeotively. The soil type is
the prinoipal unit of mapping, and because of its
speoific character is usually the unit to which ag-
ronomio data are definitely related.

A vhase of a soil tyne is a soil which differs
from the type in some minor feature, generally ex-
ternal, that may be of special importance in land
use., Unusual variations in the relief or in the
amount of stone on the land may necessitate the reo-
ognition of rolling, hilly, or stony phases of any
given soil type.

To date, about 425 different kinds of soil,
representing soil types and phases of 64 soil series,
are reoognized in Nebrasia. In addition, several
miscellanecus land types are mapped. These include
badlands, dunesand, marsh, river wash, rough=broken
land, and rough-stony 1land, all of which influence
the agrioulture in the 1loocalities of their ocour~
rence,

The Generalized Soil Map of Rebraska, Plate VII,
shows the general distribution of the more extensive
soil series in the State. In the following paragranhs
brief desoriptions of these series are given and a
few crop adaptions are explained.

BOYD SBRIES

The Boyd soils bave developed on bluish-gray,
dense-clay shales of the Plerre formation over large
areas in Bouth Dakota and tracts of oonsiderable sisze
in northeastern and north-central JMNebraska. They
oooupy areas ranging from nearly level +to hilly and
broken, but most of them, in this 8tate, are on steep
valley sides where run-off is rapid and erosion is
severe. These soils receive enough preoipitation to
support a mixture of plaine and prairie grasses and
produoe rapid vegetal decay but the moisture does not
penetrate the ground deeply.

The soil section is composed mainly of heavy in-
tractable oclay although the surface layer, whioh
averages about 8 inohes in thiokness,has an abundance
of decomposed grass remmins in the smoother areas
where it is almost black, Its high organic-matter
oontent makes this layer quite friable when moderate-
ly supplied with moisture. When extremsly wet or dry,
the Boyd soils are diffioult to handle, Most of them
are immaturely developed and rest on the parent shale
within a depth of 3 feet. They are limy below 12
inohes, and, exoept in severely eroded areas, there
is a noticeable zone of lime acoumulation in the sub-
soil, Their water-holding oapacity 1s high but they
absorb moisture slowly and the greater part of the
precipitation runs off or evaporates without m-
terially benefiting the vegetation. ’

Owing to their generally unfavorable surfaoe
features, slow moisture absorbing rate, and to their
intraotable nature exoept under favorable moisture
oconditions, most of these soils are better suited for
the produotion of pasture and hay grasses than for
oultivations They contain variable quantities of
selenium which is highly toxic to animals and whioch
in some areas is taken up by plants in amounts in-
Jurious to livestoock.s Corn, oats, millet, and sorgo
are ¢rown on the smoother tracts where they do fair-
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Ly well in seasons of normal or above norml
precipitation, but the land is rather droughty and
orop ylelds are lower than on more friable soils,

BUTLER, FILLMORE, AND SCOTT SERIES

These soils, only the larger areas cf which are
indicated on the accompanying map, owe their features
mainly to poor or imperfect drainage. They are prins
oipally in small shallow basins, 1loocally known as
"buffalo wallows" or "lagoons", scattered throughout
the finer textured and more nearly level-lying soils
of the uplands and terraces., They have developed on
loess, a light-colored floury silt, which has or
formerly had, some lime. The Soott soils are also
developed on 1limy olays and fine-grained sandstones.
They have the poorest drainage of any soils on the
uplands or terraces in Nebraska. Storm water ocol-
lects in the basins where they ocour and often
remains on the surface for several weeks, disappear-~
ing slowly through seepage and evaporation. The
Fillmore soils are in poorly drained basins but have
not besen subjected to such prolonged inundations as
have the 8oott. The Butler soils are mostly 1in
barely perceptible basins, and on nearly level areas
where drainage is imperfect but where water stands on
the land only at places and for short periods. In
‘eastern Nebraska some of the Butler soils are on
slight slopes where surface drainmage, although good,
is slow.

Differences in the drainage oonditions have
caused marked differenoces espeocially in the subsoil
layers of these soils. All of the subsoils have a
well developed olaypan due to the downward trans-
location of clay by percolation waters. In the Soott
types the oclaypan is very thiok,is bluish-gray and is
thoroughly 1leached of lime, whereus in the Fillmore
and Butler types it is much thinner, is almost black
and has a well-developed zone of lime aocumulation
near its base. The surface scils of the Socott and
Fillmore types are dark and mellow, espeoially in the
upper part, and at most places rest on the olaypan
within depths of 6 and 8 inches respectively., The
surface layers of the Butler types average about 16
inches thisk, and are separated from the olaypan by
several inches of friable subsoil material. They
oontain an abundance of silt and are friable through-
out.

Most areas of Scott or Fillmore scils are
unsuited for oultivated orops on account of poor
drainage and the shallow depth to the olaypan. They
are chiefly suitable for native pasture and hay land.

The Butler soils, as a whole, are well suited
for the production of all orops commonly grown in the
State., Their general produotivity may be somewhat
reduced in dry years by the relatively impervious
claypan layer, but most of them are in southeastern
Nebraska where the preoipitation is suffiocient to
largely offset the deleterious effect of this layer.

CAKRINGTON AND SHELBY SERIES

The Carrington and Shelby soils are on strongly
rolling to hilly uplands in southeastern and north-
eastern Nebraska where <they have developed from the
weathered surface of glaocial drift. They also ocour
in Iowa, Missouri, and Minnesotas The drift is ex-
tremely variable in texture but generally contains
considerable amounts of coarse material inocluding
gravel and boulders of variocus sizes mixed with its
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more abundant silt and olay constituents. It was left
by the ioce during glacial times and was later covered
by Peorian lcess. The loess was subsequently removed
over oonsiderable areas by erosion, exposing the
drift to weathering and soil development.,

All areas oocupied by Carrington and Shelby
8oils have adequate surface drainage. On most of the
steeper slopes rapid run~off has ocaused considerable
erosion in ocultivated fields, The Carrington soils
are in the less steeply sloping areas. Theyhaw
meturely developed profiles including very dark,
granular, and friable surface soils from 10 to 15
inches thick, underlain by brownish, moderately heavy
subsoils whioh rest on weathered drift at about a 4-
foot depth. The entire soil section has been leaoched
of its 1lime. These soils are suited to any orop
commonly grown in eastern Nebraska., Nearly all of
them are under oultivation, ochiefly for oorn. They
have a higher clay ocontent and slower infiltration
rate than some of the associated more friable soils
developed on loess. However, they are in the highest
precipitation belts of the State where moisture is
sufficlent for satisfactory yields, even on the
heavier soils, except during the driest years. At
places their surface layers are slightly acid.

The Shelby soils are on the steeper slopes and
sharper hill and ridge-tops where rapid run-off has
prevented the development of mature scils or has sub-
sequently removed much of the developed soil material,
They are everywhere immature with thin-dark to light-
colored surface layers. At most places they rest on
drift within a depth of 2 feet, Locally the drift is
exposed, These soils are not well suited for oculti-
vated ocrops owing chiefly to their shallow nature,
unfavorable surface features, and rather low organio-
matter content. Locally, they contain an abundanoe
of coarse glacial gravel and boulders. They erode
rapidly under tillage unless carefully managed but
are well suited for pasture land.

CRETE SERIES

The Crete soils are on nearly level tablelands
mainly in south-central Nebraska and the adjoining
part of Kansas, They have developed on Peorian
loess under the influence of a moderate precipi-
tation, slow surface and under-drainage and a
mixture of plains and prairie grasses. They have
almost blaock, silty, and friable surface soils, from
12 to 14 inohes thiok. The upper part of the subsoil
is a brownish, almost impervious olaypan produced by
fine mineral material released mainly from the over-
lying layer and carried down by percolating water,
The lower part of the subsoil, a zone of lime enrich-
ment, consists of frisble silt or silty olay
containing an abundance of lime. It rests at a depth
of about 40 inches on the parent loess, which may or
may not be 1limy.

Within areas of C(Crete 8vils are numerous shal-
low,poorly drained basins occupied by Scott, Fillmore,
and Butler soils, Small undulating areas of Hastings
8oils and narrow steeply sloping strips of Colby
solls are too small for differentiation on the ao-
oompanying map.

Prior to 1923 areas now known to be oococuplied by
Crete soils were shown on the county soll maps as
Grundy soils which are no longer recognized in
Nebraska.

Although the Crete types include a claypan in
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their subsoils, they are in a region where the prs-
cipitation 18 sufficient for satisfactory yields of
most orops and preotioally all of them are under
cultivation, Wheat and anrn ave the princiral crops.
Wheat usually does better <than oorn because it
matures earlier in the summer while the moisture
stored above the oclaypan from winter and spring pre-
cipitation is suffioient to maintain normal or
near-normal growth. The claypan and underlying layers
of this soil probably do not supply much moisture tc
grain crops.

DAWES AND DUNIAP SERIES

The Dawes and Dunlap soils are onnearly level to
gently sloping areas and in shallow sags or basins,
soattered over the uplands in western Nebrasks. They
have developed under the influence of a low preoipi-
tation, short plains grasses, and slow surface and
under-drainage, mostly from limy Tertiary sandstones
and olays., Some of them have developed, in part at
least, from wind-blown silts deposited since Tertiary
times,

The surfaoce layers of these soils are dark brown,
being somewhat 1lighter in color than those of soils
on similar relief farther east. They are everywhere
friable, are composed at most places mainly of silt
and range from 9 to 12 inches in thickmess. The sub-
goils in the Dunlap types are thiok and moderately
heavy with a friable zone of 1lime enriohment be-
ginning at about a 3-foot depth. Those in the Dawes
8oils are thin with a heavy olaypan layer in the
upper part and the friable 1lime zone begins at about
a 2-foot denth.

Practically all areas of these soils are under
cultivation. The Dunlap types, which are chiefly in
the northwestern part of the State, are among the
most productive dry-farming soils of the uplands in
that region. They are used ochiefly for growing
winter wheat, rye, oats, e&nd pctatoes, which yield
profitably exoept in the driest years., The Dawes
soils, ohiefly located in southwestern Nebraska, are
used mainly for corn and winter wheat production, but
to some extent for growing sorgo. Their heavy clay-
pans 1limit the storage of readily awvailable moisture
largely to the surface soils which may become too dry
for profitable corn yields in seasons of subnormal
precipitation. Where they oocupy depressions, how=-
ever, the Dawes 8o0ils seldom dry out sufficiently to
cause total ocorn failures. They are only slightly
inferior to the Dunlap soils for wheat production and
are well suited for growing sorgo.

DUNESAND AND THE VALENT INE, GANNETT, AND ANSELMO SERIES

Dunesand and the soils of the Valentine, Gannett
and Anselmo series, collectively, ocoupy several thou-
sand square miles in the vast sand-hill region of
north-central and southwestern Nebraska and adjacent
part of South Dakota and Colorado. Throughout this
region the land is mantled with sand or extremely
sandy soil absorbs practically all of the pre~
cipitation as rapidly as it falls. Despite the coarse
texture of its surface +this lend 1is not droughty,
The sandy materials act as highly efficient reser-
voirs for the storage of moisture for plants. They
not only absorb the precipitation but permit 1little
moisture to be 1lost through evaporation, and in the
climatic region of their occurrence, are able to hold
most of the absorbed water until it is needed by the

vegetation. Even the most sandy material of the
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region can hold at 1least 6 inches of water within a
depth of 6 feet where it is accessible to the rocots
of most plants. Since this material continually de-~
livers moisture to the vegetation during the growing
season, a close balance is maintained between the
amount of water taken in from precipitation and the a-
mount removed by plants.Thus,not much of the moderate
rainfall can seep to the water table during that
season. Most of the water reaohing surface drainage
in the sand hills percolates below the reaoh of plant
roots when the vegetation 1is dormant. Were it not
for their unstable nature under tillage and low sup-
ply of plant nutrients, many of the soils in +this
region would be better suited for cultivated orops
than are most ‘“hard-land" s8oils which 1lose more
than half of the precipitation through run-off and
eveboration even on the smoother areas,

Dunesand, although not a soll, is far more ex=-
tensive than any of the soils in the sand-hill region.
It oonsists of & monotonous suocoession  of irregularly
distributed hills and ridges whioh are oomposed en-
tirely of gray sand or are thickly oapped with this
material, The higher intervening sand rvalleys,
pookets, and swales are oooupied by the Valentine
soils, and the lower and moister oneas by the Gannett
8soils which 1lie at or near the 1level of the water
table. The Ahselmo soils are in the broad well-
drained valleys mostly between the sand=hill and
loess regions, where they have developed on mixtures
of sard and loess,

Owing largely to the resistanoe of their sandy
parent mterials, none of these soils have well de-
veloped zones or layers of true soll charaoter. Aside
from the Gannett types they are low in lime, huve
aooumulated 1little organio mtter, and have thin,
light-brown surface soils. The subsoils in the
Valentine types ooneist of inooheremt gray sand,
whereas the corresponding layers in the Anselmo soils
are composed of light-brown fine, sandy loam to loamy
sande The Gannett types Mave developed under ex-
oessive moisture, and the rapid growth and decay of
tall grasses, rushes, and sedges. These types have
thiok, highly organio snd almost black surface lay-
ers overlying water-logged sand subsoils in whioch
ocours a thin greenish-blue layer of sandy olayst or
near the top of the water table. They are faintly
1imy in most plaoces.

£xcept locally, the region oooupied by dunesand
and associated sandy soils is better suited for past-
ure and hay land than for the productionof cultivated
orops. The largest cattle ranches of the State are
looated in this region. The utilization of dunesand
and the greater part of the Valentine solls depends
almost entirely upon preservetion of the grass ccver,
When oultivated, the sand drifts and the land becomes
useless even for grazing purposes. The Sand Hills
are well grassed at present, exoept loocally, They
inolude some of <+the most dependable grazing land in
Nebrasks.

The Gannett soils are too wet for oultivation
but rank among the most productive for native hay in
the plains region. They supply most of the hay used
for carrying oattle through <the winter months in the
Sand Hills,.

The greater part of the Anselmo soils is fairly
stable under cultivation and is used chiefly for grow-
ing corn. These soils give profitable yields even in
the drier years. They usually oooupy only a small
part of the ranches on which they ooour.
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EPPING AND ORELLA SERIES

The Epping and Orella soils are in northwestern
Nebraska and adjacent parts of Wyoming and South
Dakota where they oocour over limy Tertiary olays and
8ilty clays; ohiefly in undulating to rolling areas.
Many of them are on steep and gentle slopes. A part
of the Orella soils iu Wyoming are in wvalley-like
situations., All types of these series are developing
under a low preoipitation, short plains grasses, and
slow vegetal decay. The Epping soils are on the more
silty and lees variegated beds of the Brule and Chad-
ron formations; whereas, +the Orella types are mostly
on the more variegated (gray, green, and red) olay
and sandy olay beds of the Chadron formation which
underlies the Brule,

These soils are very immature with thin grayish=-
brown to dark grayish-brown, silty to clayey surfaoce
301l1s that are low 1in organic matter and rest on tne
parent formations usuklly within a depth of 9 inches.
They have slow infiltration rates and the greater
part of the precipitation runs off or evaporateswith-
out greutly benefiting the vegetation. Most of them
erode easily and the areas inolude exposures of the
underlying parent material which give the land sur-
face a spotted dark and light appearance. They are
developing on the same formations from which the bad-
lands of BSouth Dallota have eroded and at places
inolude patoches of inoipient badlands in Nebraska.

None of the Epping and Orella soils are well-
suited for dry-land farming, chiefly on aoocount of the
thin surface soil and slow infiltration mte. Msny
tracts are too gullied for oultivation. 8ome of the
smoother areas are used for growing wheat and rye but
satisfaoctory yields of these crops are obtained only
in years of high precipitation, The greatsr part of
the land is still oovered with buffalo and grama
grasses and is inoluded in pastures. The grazing
value of the rmnge on the Bpping is slightly higher
than that on the Orella soils. In Goshen County,
Wyoming some of the lower and more nearly level-lying
Orella types are used for growing sugar beets under
irrigation.

HASTINGS SERIES

The soils of the Hastings series are transition=-
al in oharacter between the Crete and Holdrege soils.
They are on the nearly 1level to undulating loess-
mantled uplands in east-central Nebrasikm where they
have developed under an annual precipitation of from
24 to 28 inches, good external drainage,and a vegetal
oover consisting ohiefly of prairie grasses.

The surface soils, which average about 14 inches
in thickness, have aocumulated much organic matter
through the decay of grass roots, which makes them
almost black. They are very friable. The silt loam
texture predominates. The upper part of the subsoil
has received considerable clay, carried down from the
surface layer by peroolating water. It is heavier
than the corresponding layer of the Holdrege types
but is not as dense as the claypan in the Crete soils.
It is easily penetrated by air, moisture, and orop
rootss The lower part of the subsoil, beginning at
an average depth of 4.5 feet, is a zone of lime en-
richment., It oconsists of 1light-gray, friable and
highly-calcareous silt or silt loam which merges into
the parent Peorian loess at about a 6-foot depth.

The Hastings types rank among the most product-
ive s0ils on the uolands of Nebraska for corn. wheat.
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oats, alfalfa, and other crops commonly grown in the
eastern and central parts of the State. Their silty
stone-free nature, high crganic-matter content, good
drainage, and, except locully, their freedom frcm ex-
cessive wind or water erosion oombine +to make them
well suited for general farming purposes.

HOLDREGE AND COLBY SERIES

The soils of these series occupy most of the
loess-mantled uplands in central and south-ocentral
Nebraska, and cover large areas in Kansas., The Hold-
rege types are on the nearly level to gently rolling
areas where conditions have been favorable for normal
soil development. In most characteristics they are
similar to the Hastings soils, The precipitation,
however, is slightly lower, the grass growth is a
little less luxuriant, and vegetal decay, although
sufficiently rapid to supply an abundance of organiec
matter, is somewhat slower than in the Hastings soil
region. As a result of these differences, the surface
soils of the Holdrege types, although almost as black
as those of the Hastings, are a trifle thinner, aver-
aging only about 12 inches in depth. The subsoils
have received less clay and are more friable than
those of the Hastings soils and the zone of lime en=-
richment lies higher in <the soil section, usually
between depths of 36 and 48 inches. The Holdrege
soils rest on limy Peorian loess similar to that on
which the Hastings soils have developed.

The Colby soils of this State are mostly within
larger areas of Holdrege soils, but occupy steeply
sloping areas where rapid surface run-off removes
the produots of soil development almost as fast as
formed, and keeps the raw, limy loess at or near the
surface of the ground. In Nebraska, the Colby soils
are chiefly in hilly areas adjacent to deeply en-
trenched streams and nn the steeper slopes of valleys
and canyons which have extended through headward
erosion into the Holdrege soil areas. Their surface
layers are silty but very thin and at most places are
light colored. They rest, usually within a depth of
6 inches, on the parent loess. Many of the steeper
slopes within areas of these soils, are characterized
by short vertiocal breaks, known as "cat steps™,caused
by soil slipping.

In Kansas, the Colby soils, although formed on
loess, are in a more westerly and drier region than
they are in Nebraska, and on smoother terrain. There
they are fully developed and owe their features more
to the semiarid climate than to erosion.

The Holdrege and Colby soils of Nebraska, although
closely associated, differ widely in use capabilities.
The Holdrege types are well suited for general farm-
ing. They are as productive as any of the soils on
the uplands in the olimatic region of their occur=-
rence and are used for growing all the staple crops
rormonly produced in the State. They give somewhat
lower yields than are obtained on the best soils of
upland areas farther east, but this is owing more to
the lower precipitation in the Holdrege region than
to any deficiency in the soils.

The Colby soils are not well suited for cultiva-
tion ochietly because of unfavorable relief, low
organio-matter content, and susceptibility to erosion,
Most areas of these s8o0ils are inoluded 4in pastures,
although hay and cultivated crops are produced on the
more gradual slopes.
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HCLT SERIES

The Holt soils are on soft, 1light-colored, and
limy sandstone of the Ogallala formation in north-
eastern and north-central Nebrasha and adjacent parts
of South Dekota., They occupy uplands: ranging from
undulating to steeply sloping or hilly. In this
State most of them are in areas of rolling to strong=-
ly rolling relief. The precipitation wuvnder which
they have developed has been sufficient to support a
nixture of prairie and plains grasses, and to promote
moderately rapid vegetal decay.

The Holt soils are everywhere friable., 1In their
more nearly level distribution, their surface layers
are thick,well supplied with organic matter, and very
dark, Loam, or one of the sandy-loam textures pre-
dominate in most places, The subsoils, which are
rather +thin, consist of light-colored, fine sandy
loam to sandy 1loam with a pronounced zone of lime
enrichment in the 1lower part. They gradually become
coarser downward and at about 3 feet merge with the
underlying sandstone, fragments of which may occur
throughout the soil section.

In their more steeply sloping or hilly distri-
bution the surface layers of +these soils, although

dark, are thin; the subsoils are rather poorly
developed with barely perceptible zones of lime
onrichment, and the sandstone bedrock is usually

within a depth of 2 feet.

All types of this series absorb the preoipi-
tation readily, Considering their shallow profiles,
they have high mnisture-holding capacities. On the
more nearly level areas they are admirably suited for
general farming and practically all these areas
are under cultivations Cormn 1is grown chiefly., The
rougher areas are suitable mainly for pasture land.
In some of them the surface soils are rather sandy
and have a tendency to drift when the protective
grasses are destroyed.

KEITH AND COLBY SERIES

The Keith soils are on the most westerly part of
the smooth loess-mantled uplands in Nebraska; and
ooour extensively in vmestern Kansas, They resemble
the Holdrege soils in many respeots but have developed
under the influence of a drier olimate, less abundant
vegetation oonsisting mainly of short plains grasses,
and slower vegetal deoay, The rather low preoipi=-
tation of from 18 to 20 inches, has not penetrated
the ground deeply, 4s a result of these influenoces
the surface soils, whioh average about 10 inches in
thiokness, are dark brown instead of almost black as
in the Holdrege types, The silt-loam texture pre-
dominates, The upper part of the subsoil is oamposed
of bromish-gray friable silt loam, The lower part;
as in all normally developed aso0ils of oentral and
western Nebraska, is the zone of lime enrichment, It
begins usually at about a 30-inoh depth, oonsists of
grayish-white limy and floury silt and extends down-
ward 8 or 10 inohes where it rests on the parent
%¢orian loess,

The Keith types are among the best dry-farming
soils on the uplands in the western parts of Nebraska
and Xansas, Nearly all the area oocupied by them is
used for growing oorn, wheat, and oats, Some sorgo
is also produoed, The yeilds vary in proportion to
the amount of available moisture, which is the ohief
farming hazard in this region, These soils have
sufficient mnutrient reserve to permit higher orop
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yields than the preoipitation oan maintain, 1In years
of normal or subnormal rainfall they are oonsiderably
less produotive than the Holdrege soils, which are
farther east, In wet years, orops on the Keith
types may produoce more than double their average
¥ields,

The soils of the Colby series bear the same re-
lationship to both the Keith and the Holdrege soils.
They oooupy the rougher, more severely eroded parts
of the 1loessial uplands in both the Holdrege and
Keith soils areas, and are desoribed in oonmeotion
with Holdrege soils,

MARSHALL AND KNOX SERIES

The Marshall and Knox soils are mainly in east=-
ern Nebraska and western Iowa where they have
developed, or are developing, on upland areas of
Peorian 1loess in a region of rather high precipi-
tation and rapid vegetal decay-~the Marshall under
prairie grasses and the Knox under both grass and
forest growth. A modified form of the Marshall types
ocours locally in north-central Nebraska on unusually
thin loess deposits overlying sand.

The relief in areas of these soils ranges from
nearly level to extremely rough and broken. The
Marshall types are in undulating to rolling areas
where water run-off has not prevented the aocumu-
lation of organioc matter. They are everywhere well
drained. In many of the cultivated fields they are
subject to considerable erosion, The surface soils
range from about 10 to nearly 20 inches in thickmess,
the depth depending on the erosion oonditions both
during and subsequent %o their development. They
have accumulated an abundance of organio matter, are
nearly black and are granular and friable throughout,
The silt-loam texture predominates. The upper part
of the subsoil is brown, and although less granular
than the overlying layer, is very friable. It rests
on 1light-brown silt loam of the lower subsoil which
merges with grayish-white floury silt of the parent
Peorian loess at depths ranging from 4 to 6 feet,

The larshall s8oils are rather 1low but not de-
fioient in lime, In most areas of these soils there
are places where part of the lime, formerly present
in the parent loess still remains in the lower part
of the soil section,

The Marshall soils are commonly regarded as the
best general farming 8oils of <the uplands in
Nebrasim., Most of the area occupied by them has been
under ocultivation since early settlement. They are
well suited for growing all the staple orops commonly
produced in the State.

The Knox soils ocoupy those parts of the loess-
mantled upland where erosion has prevented the
development of Marshall soil or has removed all or
part of the Marshall profile subsequent to its de-
velopment, They are chiefly in steeply sloping and
rough and broken areas bordering deep drainage ways.
Some of tha largest developments are in the bluff-
lands along either side of Missouri River. These
soils are mostly timbered, although some areas in
cultivated fields formerlv supported a grass cover,
They consist mainly of slightly oxidized, brownish-
oolored floury s8ilt, the top 4- to 6-inch layer oi
which may or may not be darkened by organic matter,
Most of the Knox soils are limy to or near the sur-
face-of the ground.
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The greater part of the Xnox soil area is in-
cluded in pastures and woodlands although a 1large
percentage is under cultivation or in orchards. These
solils are highly produotive oonsidering their shallow
character and low organio-matter oontent. Under care-
ful managemsnt, designed to retard erosion and supply
nitrogen, they are well suited for growing the staple
farm crops wherever the land *s not too steeply slop-
ing for cultivation, They ure admirably suited for
apple and grape produotion,.

MOODY AND CROFTON SERIES

The Moody soils have developed under mixed
plaias and prairie grasses from unusually limy loeasa
deposits and are very dark and friable. They ocoupy
nearly level to strongly rolling uplands over most of
northeastern Nebrasim and the adjacent parts of Iowa,
Minnesota, and South Dakota. All of them have good
surface and under-drainage, the former being rather
rapid and ocausing oonsiderable erosion in places.
These soils have almost blaok surfaoe layers and are
somewhat similar to the Holdrege asoils of south-
oentral Nebraska and northern Kansas tut differ from
them in having slightly thinner surface soile and
more limy subsocils. Their outstanding feature, and
the one whioh serves to distinguish them from most
other loees-derived soils, is a subsoil zone, whioh
is unusually rioh in emall lime oonoretions. This
zone, which is very light-oolored, rests on extremely
liny loess at about a 30-inch depth. The loess has
few or no lime conoretions,

The Moody s8o0ils are well suited for all the
staple crops of the region with the possible exocep-
tion of wheat, whioh seems <to be more frequently
injured by rust in northeastern Nebraska than else-
where in the State. This probably is due to olimatio
influences rather than to the oharaoter of the soil,
Nearly all the Moody soils are used for growing oorm,
ocats, and alfalfa whioch yield about the same as on
the Marshall soils, or only slightly lowxer.

The Crofton soils ooocupy severely eroded traots
within the Moody soil areas. They are simply Moody
soils from whioch erosion has removed all or most of
the upper soil mtierial keeping the ooncretionary
zone on or near the top of the grounds Any surfaoe
soil whioch may be present is silty, friable, almost
blaok and does not ordinarily exoceed 5 inches in
thickness, The zone of lime oonorctisns serves to
distinguish the Crofton from the olosely assooiated,
but more severely eroded, Knox svils in whick no
oonoretionary zone ooours,.

The Crotton soils are not very extensive. Most
of them are on the steeper purts of oultivated
fields. They grow the same crops as the surrounding
Moody soils but require more careful menagement than
the Moody and are not quite as produotive. They can
ba profitably farmed if means are taken to curtail
erosion and meintain an adequate nitrogen supplye.
Some of these 80ils in the blufflands along Missouri
River are on 8lopes too steep for oultivation
and are included in pasture land.

PAWNEE SERIES

The Pawnee series includes olaypan soils on the
weathered surfaoce of glacial drift in southeastern
Nebraska and northeastern Kansas. These soils oooupy
undulating to rolling areas in which the drift i=
comrosed mainly of clay with relatively small admix-
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tures of sand and gravel. Surfaoce drainage is
everywhere good, and on some of the more rolling
areas rapid run-off has caused consideratle erosion
in oultivated fields. Intermal drainage is imperfect
owing to slow infiltration through the olaypan. The
preoipitation has been sufficient for prairie grasses
and repid vegetal decay. Most of <these 8o0ils have
aooumulated an abundanoe of +thoroughly decomposed
organio remains. The surfaoce soils average about 10
inches in thickness, and, exoept on the steeper
slopus, are almost blaok. They are very granular but
their clay oontent makes them less friable than the
surfaoe layers of most loess-derived soils, The silt
loam, loam, and olay-loam textures predominate. The
upper part of the subsoil is dark grayish-brown,
heavy olay loame This rests abruptly at a depth
ranging between 14 and 20 inoches on the olaypan,
which oonsists of almost impervious brown to dark-
brown gritty olay from 8 to 15 inohes thioZ. The
olaypan is underlain by a moderately friable, 1light-
oolored zone of lims enriohment whioh merges with the
parent drift, usually within a 5-foot depth.

The Pawnee 8oils absorb water slowly, oJsing
muoh of it through run-off. Their rather hes:.y sur-
faoe layers make cultivation difficult exoept wunder
a narrow range of soil-moisture oonditionms. In
places these layers have been so thoroughly leached
of 1lime that they are beooming injuriously aoid for
orops requiring a high lime oontent. The 8o0ils are
not deficient in plant nutrients. Their location in
a region of suffiolent preoipitation prevents them
from beooming droughty exoept in occasional yecrs.
Under careful management they are almost as produc-
tive of the staple orops as are the most friable
soils of the smooth, 1loess-mantled uplands. Some
lime is needed to oounteract aoidity in places,
especially if alfalfa is grown. The more rolling
areas cf these soils are best suited for pasture
lard,

PIERRE SERIES

The Pierre soils differ from those of the Boyd
series mainly in having lighter-colored surface lay-
ers and thinner profiles. They have developed on
bluish-gray, dense, olay shales of the Pierre for-
mation as have the Boyd soils but are in a region of
lower precipitation, shorter grasses, and a slower
vegetal decay. They oooupy well-drained, rolling to
hilly uplands ia the White River and Hat Creek drain-
age brsins of Nebrasku, and cover muoh of South
Dakota west of Missouri River.

These 80ils, like those of the Boyd serius, oon-
sist mainly of dense, almust impervious olay from the
surface dowrwarde They are limy to or near the top
of +the ground but do not have a well-developed zone
of lime onriochment even on +the smoother arsac. The
surfaoe layers have aooumulated only a little organio
matter and are dark grayish-brcwn instead of nearly
blaok a8 in the Boyd soils. The profile r9sts on the
parent shale, usually within a depth of 2 feet. (m
some of the steeper slopes the shale is exposed.

The Pierre s8oils are unsuited for cultivated
orops exoept where they reoceive supplemental water
through run-off from higher levels or through ir-
rigations The native vegetation on them consists
largely of western wheat grass whioh grows too
sparsely to have a high grazing value but is one of
the most nutritious hay grasses in the Iligh Plains
region.
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ROSEBUD SERIES

The s8oils of this series have developed on
parent materials, weathered in situ, from light-gray,
soft, limy sandstones (Gering, Arikaree, and Ogallala
formations) of Tertiary age. They occupy extensive
areas of nearly level to strongly-rolling uplands in
western Nubraska, and the adjacent parts of adjoining
states. The Sidney soils, mapped in one of the
earlier county surveys, are now included in the
Rosebud series.

The Rogsebud soils differ from those of the Holt
series which are farther east in a region of higher
precipitation, taller grasses, and more rapid vegetal
decay, mainly in having lighter-colored and thinner
surface layers. They have good external and internal
drainage, and are not subject to destructive erosion,
except on the steeper slopes where water run-off is
rapid and in some ocultivated fields where wind
erosion has become serious, Within areas of these
soils are numerous patches and narrow strips where
the limy sandstone is at or near the surface of the
ground. These patches are occupied by the severely
eroded Canyon soils which are not sufficiently ex-
tensive to be indicated on the accompanying nap.

The surface 8oils of the Rosebud types average
about 10 inches in thickness. They are very friable,
but have not accumulated much organic material, and
are dark grayish-brown instead of nearly black as in
the Holt soils., The principal textures are silt loam,
loam, and very fine sandy loam, although coarser tex-
tures are common in same areas. e upper subsoil
layer 1is grayish-browne The lower one, the zone of
maximum lime enrichment, is almost white. At most
places it rests on partially disintegrated sandstone
within a depth of 2 feete On parts of the Dalton
Table in Cheyenne County, Nebraska, the bedrock is
below a 5-foot depth.

All +the Rosebud soils are friable and absordb
moisture readily, The infiltration rate is more
rapid on the sandy than in the silty types but the
former are rather unstable under cultivation and are
used mainly for pasture and hay land. The silt loam,
loam, and very fine sandy loam types of this series
occupy probably 80 per cent of the dry-farming land
in the "panhandle" section of the State. They are
the chief wheat 8o0ils of western Nebraska although
corn, oats, rye, and barley are also produced. The
crop ylelds on these 8oils compare favorably with
those obtained on the best soils of the uplands in
this region,

ROUGH BROKEN AREAS OF SHALLOW STONY SOILS

These aroas include rough stony 1land that is
topographically unsuited for farming except on in=-
cluded strips of alluvium and in small tracts on the
uplands which have escaped destructive erosion. Only
the larger areas, such as Pine and Wild Cat ridges
and the wider broken and stony strips on valley
slopes along Niobrara, Platte, and Republican rivers,
can be 1legibly indicated on the accompanying map.
Numerous patches and narrow strips, tco small to be
shown on this map, are in the bluffs along Missouri
River and along many of the drainage ways in the
southeastern, western, and north-central parts of the
States Stone-free tracts of broken land developed
on loess are not included.

Within thess areas most of the soils, where suf-
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ficiently developed to he classed as such, are stony
and extremely shallow. Throughout the western part
of the State, the broken stony 1land has been carved
mainly from Tertiary sandstone formations on which
the Canyon soils represent the first states of soil
development. In the southeastern and eastern parts,
this land 1is oocupied chiefly by Permian or Pennsyl-
vanian limestones on which the shallow and stony Sogn
soils ocour and by exposures of Dakota sandstone
where lancaster soils are beginning to develop.

The rough, broken areas of shallow, stony soils
are used ohiefly for grazing land, although hay is
cut in places and some of the more gradual slopes are
under cultivation, None of the soils in these areas
give high yields of grain or tame-hay crops, except
in the most favorable seasons. Nearly all of them
are subject to severe erosion when the native
vegetation is destroyede On some holdings, however,
they ocoupy the only tracts that can be farmed.

THURMAN, THURSTON AND EWING SERIES AND UPLAND PHASES
OF THE O'NEILL SERIES

The 8oils of these series have dark and moder-
ately thick surface layers and sand or gravel
subsoils, They are intricately associated on the
smooth to gently rolling uplands of north-central
Nebraska, where they collectively occupy large areas.
They have developed on sand or water-worn gravels
which were deposited in the region during Pleistocene
times, forming broad sand-gravel plains west of the
Kansan Glacier. The gravel and some of the sand came
partly as inwash from westerly regions and partiy as
outwash from the glacial debris. Windblown material
from disintegrating Tertiary sandstcnes probably con-
tributed to the sand deposits.

Differences in the soils throughout this region
are due mainly to local differences in the texture of
parent materials and in drainage oconditions. The
soils of the Thurman and Thurston series have de-
veloped under good drainage from parent material
composed largely or entirely of sande In the Thurman
soils the surface layers have accumulated an a-
bundance of organic matter, are very dark and from 8
to 14 inches thick, whereas in <the Thurston soils
they have a lower organic content, are brown to dark
brown, and exceed 8 inches in thiokness only locally.
The upper part of the subsoils of types belonging to
these series contains enough silt and organic mtter
to produce a brownish color, and s8light coherence.
The lower part consists of incoherent gray sand.

Some of +the areas mapped as Thurston soils in
early surveys are on exposures of <typical Kansas
drift and would not be included with Shelby soils.

The soil types belonging to the Ewing series and
the upland phases of the O0'Neill series have very
dark surface layers ranging from 8 to 1l4 inches in
thickness. The subsoils are composed mainly of
brownish, incoherent sand-gravel mixtures, In the
Ewing types, however, which ocoupy slightly depressed
areas where drainage is imperfect, the coarse
material in the upper part of the subsoil is cemented
with 8ilt and clay and is moderately compact. The
remainder of the subsoil is incoherent. The subsoils
of types belonging to the upland phases of the
0'Neill series are 1loose, gravelly, and incoherent
throughout.

The soils of all these series are low in lime



18

but - do not seem to be lime-deficient so far as the
vegetation is conoerned. Many of them have such
sandy and unstable surface layers or such porous and
droughty subsoils that they are unsuited for culti-
vation, and remain in native pasture or hay land.
Bach of the series includes some types which give
larger returns when used for growing corn, rye, and
sweet clover +than oan be obtained from <the native
grasses, Part of the types are within or near larger
areas of dunesand and, although not well suited for
cultivation, must be farmed in order +to produce
grain for the work animals and to supplement the hay
ration of cattle during the winter, The Thurman,
Thurston, and Ewing soils are not droughty. Those
having the finer-textured +topsoils are highly pro-
ductive under cultivation, if wind erosion is
controlled.

UNDIFFERENTIATED SOILS OF TERRACES

The areas shown as undifferentiated soils of
terraces, on the accompanying map, include the larger
developments of terraoce or benoh lands in Nebrasksa.
They lie at several different levels and were formed
before the streams, along whioh they oocur, beocame so
deeply entrenched. Most of the older and higher ter-
racos are from 40 to 100 feet above the present field
plains, Several of them, in the eastern part of the
State, are capped by windblown silts and only their
basal portions are water-laid. The lower terraces,
few of which are more than 20 feet above the flood
plains, are entirely alluvial,

All +the benches lie nearly 1level, except for a
gentle slope down-valley and toward the trunk
streams. The surfaces of the more silty ones are
modified, here and there, by small, shallow depres-
sions in which storm water accumulates, but the bench
land as a whole is well drained. None of it is
subject to overflow from the main streams. Some of
the more sandy benches have wind-roughened surfaces
at places but local differences in elevation do not
ordinarily exceed 2 feet.

The terraces or benches in this State are occu-
pied by soils of eight series; Waukesha, Hall, Tripp,
Yale, O'Neill, Sioux, Sparta, and Cheyenne,. The
first four series named include soils which have
developed on silty terraces and which are relatively
fine-textured throughout. The 1last four include
relatively coarse-textured soils with incoherent samd
or gravel subsoils and substrata.

The Waukesha, Hall, O0'Neill, and Sioux soils
have accumulated an abundance of organic matter and
have almost black surface layers from 10 to 14 inches
thicke Most of them are in eastern Nebraska, al-
though the Hall types are in the central part of the
State. The Tripp, Yale, and Cheyenne soils are in
western Nebraska, where they have developed under a
rather low precipitation and slow vegetal decay.
Their surface layers are only moderately supplied
with organic remains and are dark grayish-brown. The
soils of the Sparta series have very 1light-colored
surface layers with practically no organic matter.
They consist of gray almost pure sand or mixtures of
sand and gravel, This series includes all soils

formerly mapped in Nebraska under <the name Plain-
field.

An abundance of lime occurs in the Hall, Tripp,
Cheyenne, and Yale soilss The last named have rather
heavy upper subsoil iayers. The other soils on the
benches do not have much lime or wunusual compaction
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in any part of the profils.

The finer textured soils of the terraces include
some of the most valuable crop land in Nebraska. The
Waukesha soils hold first place in the eastern part
of the State for general farming purposes. They pro-
duce a little less covn and alfalfa <than the best
soils of the flood plains but are suited for a wider
variety of crops and give higher yields of all crops
than are obtained on any soils of the uplands. The
Hall soils rank first for general farming throughout
oentral Nebraska and the Tripp soils hold first place
in the western part of the State. Most of the Tripp
and a large part of the Hall soils are under irri-
gation; the former are used mainly for corn and sugar
beets; the latter for corn and alfalfa,

Of the coarser textured soils on the terraces
those of the 0'Neill and Sioux series give the high-
est yields. All exoept the most sandy types of these
soils are used chiefly for growing corn and alfalfa
for whioh they are well suited, if care is taken to
control wind erosion. The extremsly sandy Sparta
soils and the gravelly Cheyenne soils are included
mainly in pasture land.

UNDIFFERENTIATED SOILS OF BOTTOMLANDS

The soils on the bottomlands or flood plains of
the State are developing from a variety of recent
stream sediments under oonditions of restrioted
drainage. They lie only a few feet above the beds of
the drainage ways and are subjeot to overflow during
periods of unusually high waters The terrain is
practically 1level exoept for a barely preceptible
slope down the valleys and for minor irregularities
caused by old amd active stream channels, slight
elevations, and shallow depressions.

The character of the so0il at any particular
place on the bottomlands is governed largely by the
oharacter of the sediment on which it is developing.
Since the streams oarry sediment of wmany textures,
the recent alluvial material is naturally complex.
The coarser materials are deposited near the channels
and the finer farther bgok, owing to the assorting
power of ourrents of varying velocities. In places,
fine material 1is found near +the stream. This is
caused by a comparatively recent change in the
position of <the channel, which may also result in
sand being deposited over clay or vice versa. Strata
of widely varying textures may <thus overlie one
another, dependent upon <the course of the stream and
the character of its load at the time of deposition.
At places, light-colored material may overlie a dark
surface soil. Subsequent accumulations of decomposed
grass rema ins have changed most of the sediments into
productive soils,

The finer textured bottomland deposits in this
State are classed with types of the Waktash, lLamoure,
Laurel, Minatare, Genesee and Ray soil series; the
sandy deposits with types of the Cass and Sarpy
series. The Wabash, lamoure, and Cass soils have ac-
cumulated an abundance of organic matter and have
very dark surface layers. In the Wabash and Lamoure
types the dark color oontinues to a considerable
depth. In the Cass s8oils it gives way to gray,
usually below 8 or 10 inches. The lLaurel and Minatare
types have dark-brown surface layers, whereas, the
tenegsee, Ruy, and Sarpy soils are very light colored
at the surface. The subsoils, are friable and silty
in the Laurel and Genesee soils, moderately heavy in
the Wabash and Lamoure, and very heavy and clayey in
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the Minatare soils. They consist ot inconerent sand
or mixtures of sund and gravel in all types of the
Cass and Sarpy soils. The Ray soils are simply Wabash
8oils which have been covered by light-colored sedi=-
ment, ranging from a few inches to about 2 feet in
thickness. They are of local occurrence in Nebraskae
Aside from types of the Lamoure, Laurel, and Minatare
series, which are highly calcareous, the soils of the
bottomlands in Nebraska contain little or no lime.

In the broader stream valleys of the State, the
greater part of the soils on Lottomlands have suffi-
cient natural or artificial drainage for cultivation.
In the narrower valleys most areas of these¢ soils are
either 8o poorly drained, or so dissected by stream
meanders, that they are of value chiefly for pasture
or hay land. Where adequately drained, the Wabash
and Lamoure soils give higher yields of corn and al-
falfa than can be obtained without amendments on any
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other soil in Nebraska. Well-drained areas of Laurel,
Ray, and the ficer textured types of Cass soils also
give high yields of ocorn and alfalfa. A large part
of the Laurel and Minatare soils are under irrigation
and used for the production of sugar beets. In places
these and the Lamoure soils are too alkaline for
cultivated crops. The Genesee and Sarpy soils are too
low in organic matter to be highly productive without
amendments. Most of them, in thils State, are either
poorly drained or oovered with forest growth, or
bothe They are used chiefly for pasture land and hay
productions The s8oils of the bottomlands, as a
whole, are not as well suited for small grain crops
as for corn and alfalfa. Small grains thrive on most
of the better drained and finer textured types of
these soils but the abundant moisture supply tends to
produce rank vegetative growth at the expense of the
grain, and delays maturity. The abundant moisture
also promotes the development of long, rather weak
stems which may break and fall in windy weather,

(1) For a more comprehensive explanation of methods ef classifying and mapping soils the reader is refer=
red to the onapter "Soil Survey Methods and Definitions" in the later reports on county soil surveys, published
by the Bureau of Chemistry and Soils, United States Department of Agriculture,

\%} Texture refers to the relative proportion of the various size groups of individual soil grains;
8ilt, sand, clay, etce This and other soil terms are defined in "A Glossary of Special Terms Used in the
Soils Yearbook™ ppe 1162-1180s Yearbook of Agrioculture, 1938; United States Department of Agriculture,

EROSION

THE EFFECT OF EROSION IN NEBRASKA

When the white men first explored Nebraska, they
found 1little erosion +taking place, The;- found the
hills, partioularly in eastern Nebrasim, ocovered with
a dense growth of grass, underlain with a thick mat
of deoaying debris. The valleys were even more dense-
lv ocovered with grasses and sedges. The soil
underneath the prairie was black and spongy, the re-
sult of centuries of acoumulating humus., The wvalleys
bordering the streams were boggy and abounded with
springs, Clear water flowed oonstantly in the
streams. The upland draws in the more favorable parts
of the 8tate were heavily covered with the big blue-
stem and slough grasses. 8prings ooccurred in many
of the draws,

This abundance of water, springs, and marshy
flat lands was the natural result of the prairie
ocover, The tall grass with its underlying debris
provided a condition of utmost effectiveness for
rapld absorption of rainfall and for holding winter
snows, Under these oonditions, run-off ocould ooccur
only from extremely heavy rains of more than usual
duration. As a consequenoe, the deep subsoils of
eastern Nebraska were filled to capaocity with water
throughout their entire depth. Excess water in the
upper profile drained toward the draws and the valley
land, thus creating springs and providing a oconstant
and even source of water for streams.

After 40 to 60 years of farming, roed cors truc-
tion and drainage, the native vegetative covering has
been oonsiderably changed. Only 1in a few scattered
areas over the State can the original type of prairie
now be founde It has been rerlaced by grain, forage

crops, weeds, and grasses of introduced species.
There has been imposed upon the land an irtensive use
through modern methods of cultivation and <through
heavy grazing of the lands left in native grass. The
conventional methods of land cultivation have been
conducive to rapid run-off and water erosion which,
in many areas, has carried awmay a great portion of
the dark topsoils Deep gullies have formed in many
of the onoce heavily-grassed draws and wind erosion is
becaming an inoreasingly serious problem in same of
the sandier areas. The resulting greater run-off
carried away inoreasing quantities of topsoil., BRain~-
fall, beating upon eroded and exposed soil, puddles
its surface, seals its pores, and creates a condition
conducive to maximum rum-off,

The history of erosion in Nebraska for the past
40 to 60 years,indicates that unless centrol measures
are used many now fertile fields will socmer or later
be unfit for tillage. The history of farming has been
that 1little attention is paid to erosion control
until damage 1is so0 great that the original produc-
tiveness of the 8o0il cannot be reclaimed. This has
already happened on some flelds in Nebraeka and,
8ince erosion accelerates itself,the rate of destruo-
tion can be expected to increase year by year.

EROSION PREVENTION AND CONTROL

rhe most eftective methods of preventing ero-
slon, practiced by a few farmers, consist of leaving
grass and perménent vegetation in drainageways and on
steep slopes. However, the number of farmers who
have done this is relatively small, A few demon~
strations were established by County Agents and the
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Extensinn Service, by constructing brush dams and an
occasional drop-inlet earth dam for gully control,
and establishing a few terracing demonstrations. The
CCC Camps, under the Forestry Service, established
nuvmerous farm demonstrations chiefly showing how to
control gully -erosion by tempcrary dams, permanent
structures and tree planting.

The greatest impetus to soil conservation work
in Nebraska was given by creation of the Soil Con-
servation Service by Congress in 1935. Twenty-three
CCC Camps were assigned to the Soil Comservation
Service to establish complete erosion control demon-
strations in 1935.The demonstrations hold the rain on
the slopes,insofar as possible, by practices that are
fitted to the physical features of each farm such as
degree of erosion and topography, and yet make the
best use of the 1land., Moisture is conserved and
sheet erosion 1is controlied by the use of crop
rotaticns, farming on the contour, strip cropping,
terracing, re-grassing and reforesting steep or
severely eroded fields. Gully erosion in cultivated
fields is being controlled by seeding the drainage-
ways to a mixture of grasses and legumes. Erosion in
pastures is being reduced by deferred and judicious
grazing, contour furrowing and terracing, with the
gullies fenced and in many cases, planted to trees.

Wind erosion has been controlled on areas lack-
ing cover due to drouth or grasshoppers,by mechanical
means such as contour, basin,or blank listing in the
fall, Crop residues, such as straw, stubble, and
cornstalks heve been left on the fields to demon-
strate wind-erosion control with a good cover.

In 1940 this typs of demonstration was
being uvarried on in 11 camp areas, 3 demon-
stration areas and a number of Soil Conservation
Districts. Twenty-one Soil Conservation Districts
have been voted upon favorably for organiza-
tion wunder the law of the Nebraska Soil

Water Resources of Neliaska
Conservation Diatrict. Landowners in such legally
constituted Soil Conservation Distriets, through the
Soil Conservation Service of the United States
Department of Agriculture, may obtain tschnical as-
sistance in planning and putting into operation
complete erosion ocontrol programs. Approximately
3,000 farm demonstrations have been established by
the above-mentionsd organization.

An educational progrem has been concucted co-
operatively by the Soil Conservation Service and
Extension Service, consisting of field tours, observ-
ing demonstrations.

Wor}: has started under the Water Facilities pro-
gram in 8 counties, which enables the famm operators
to construct facilities designed to utilize supple-
mental water supplies. Comnlete  surveys and
conservation plans are developsd in conjunction with
the utilization of facilities established under this
program. Such facilities consist of flood-spreading
structures, retention, detention, and diversion dems,
small reservoirs,stock-watering ponds, and irrigation
pumps. A few demonstrations in 10 additional counties
are contemplated d.ring the year. This progrem is
edministered through the established agencies of the
80il Conservation Service, the Bureau of Agricultural
Economics, and the Farm Security Adninistration.

Although precipitation has been atnormally low
during the period of years the conservation demon-
strations have been in operation, in many instances
crop yields have been increased by soil conservation
practices in addition to the saving of topsoil.

During 1938 there were more acres of contour
plented and tilled crops, more contour strip crop-
ping, and more successful seedings of adapted grasses
on e:oded lands than in any previous year.

CLIMATE

The climate of Nebraska results from 1its geo~
graphic location near the center of a large continent
in the eastern rain shadow of the Rocky Mountains,
its distance from the Atlantic Ocean and Gulf of
Mexico, and 1its position in the general west-east
path of cyclonic storms. Nebraska has two rather
well-defined climatic belts; subhumid east of the
100th meridian, and semiarid west of it, with an
intormediate or transitional zone between them. The
climate is characterized by comparatively short, hot
summers, by long, cold winters, and by fluctuating
rainfall.

SUNSHINE

Nebraska has the high percentage of sunshine

essential +to crop development. Injury to crops
usually occurs when there is a lack of moisture in
ths soil., When the s8o0il is moist the sun evaporates

a part of the moisture, thus
portionately.

cooling the s8o0il pro-

TENMPERATURE

Nebraska experiences wide diurnal and sannual
temperature variations. These partially result from
the rapid heating and ocooling of the land surface.
January is wusually +the coldest month, and July the
warmest. Winter temperatures frequently drop to 25
degrees below zero. A few coldest winter temperatures
fall to 40 degrees below zero. Temperatures of 100
degrees or more are registered during the hottest
days of summer. The temperature in the greater part
of Nebraska does not limit the growth of crops com-
mon to the temperate zone. In the north-central and
northwestern sections of the State 1low, variable
rainfall and a shorter growing season somewhat limit
productiveness.

The mean temperature of the State decreasss
northward with latitude and westward with altitude.
The following table shows the mean annual

temperu-
tures for four parts of the State:
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Mean Temperatures in Degrees

Section of State January July Annual
Northwestern 21 71 46
Northeastern 20 74 48
Southwestern 26 75 60
Southeastern 25 i 62

The average temperature of the Sta£e is 48.5

degrees. The highest mean temperature, 52 degrees,
occurs in the southeastern portion of the State at an
elevation of 9500 feet. The temperature decreases
westward along the southern border to 50 degrees in
Dundy County at an elevation of 3,000 feet.  However,
the mean annual temperature is about 51 degrees in
most of the southerm tier of counties.The. temperature
decreases northward ' aboit-" one: dOgree' for each 38
miles throughout: moat of the S&hte.

near the Mlssouri,ﬂiwbr Ln the: - aorthoagtorn saotion.
Temperature& rangs; . 1
northeast . to less.than 45 degrees inithe northwast
where the elevntion ro ches: 1

reapectively. A

GROWING SEASON

The growing,' or frost-free season, is compara-
tively long in Nebraska, decreasing in length from
about 175 days in the southeast to 125 days and more
in the northwest portion. Records reveal that the
first fall frost in Nebraska may be any time from
early September to as late as November Sth, Fifty
per cent of the time the last killing frost of spring
may occur any time from April 25th in the southeast
to May 15th in the northwest.

PRECIPITATION

Nebraska 1lies in the general path of the low-
pressure storm area that moves aoross the United
States from west to east.These large oyclonic eddies,
600 to 2,000 miles in diameter, bring the greater
share of the precipitation to Nebraska. They move
with an average speed of 600 miles in 24 hours. Each
storm causes an average of 1 or 2 rainy days as it
passes eastward, when the center cf the storm is near
enough to Nebraska.

There 18 an average of 2 of these storms
passing across the country each week with fair weath-
er between. If the center of the storm passes over
the State, the change in weather conditions is rather
rapid. However, if the center is some distance north
or south of the State, the change in weather condi-
tions is less rapid and less pronounced.

The precipitation of Nebraska is deficient and
fluotuating. 1t decreases from east toc west across
the State ct a fairly constant rate. The mean annual

.The .decrease 48

more rapid in tbﬁ horthwhstorn tection and Ieaa ‘rapid f of :minor cyclea within th’ nnje

ron. nearly .48 degress - in the DISTRIBUTION OF RATNFALL

1,300 feet and 3,700 fosk, - .
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precipitation is generally less than 20 inches
west of the 100th meridian and more than 20 inches
east of it, Records show that the annual precipi-
tation varies from 9.47 inches to 27.48 inches in
western Nebraska, and from 20,86 inches to 50,31
inches in eastern Nebrasksa,

Rainfall records in Nebraska ocover a period of
more than 60 years. Fragmentary records are available
for longer pericds, Existing evidence indicates that
the wet and dry years alternate in approximately regu-
lar oycles, However, factors determining <these
ocycles and predictions are highly speculative.

There are years during which every part of the
State suffers from deficient moisture, although the
territory east of the 100th meridian usually has suf-
ficient precipitation for profitablo agricultural
production. Long-time precipitatiofi. redords reveal
a greater mumber of years having dofieianbxdepartures‘

than those having excess departures &ﬁefor,’ the
departures dbove the maan are:’ grdti n those
belo# the meari. The reoords also “ghd dﬁht dry and-
wet; periods tend to nlternlte,:\reuulting in a series

The amount of rainfhll i Nbbrqaknff increases
from early springtime to June,’ - dﬁring‘whiuh month it
is the heaviest., It decroaeo; gra ually until’
December.  The average rainfall.. of June" is over 5
inches in the southeastern pﬁrt of ‘the: ‘State and
slightly less than 3 inches in the extreme west~
ern part.

About 69 per cent of the rainfall occurs during
the five-month growing period beginning with April
and ending with August.

¥any practices may be followed which will
increase the e ffectiveness of the rainfall and reduce
the hazards associated with unfavorable weather con-
ditioms, Continued research and plaming in  this
field are imperative, In addition more extensive
weather reports should be obtained. MNew drought -
resistant crops such as soy beans could be introduced

in Nebraska. Research in climatology should be en-
couraged.
DROUGHTS

Droughts in Nebraska usually occur during the
summer and fall months., There have been 3 severe
droughts in Nebrasia and in adjacent states during

Less severe
relatively regular intervals,

the past 80 years. ones have come at

The fundamental cause
of droughts has not yet been established. Scientists
agree that the ochief elements are low relative

humidity, hot winds, high soil temperature, excessive
evaporation, and deficient rainfall; the last being
the dominant factor. The following summary shows the
precipitation deficiencies in Nebraska during the
recent drought period:
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Departure ' Deficient rainfall is the principal cause of the
From Per Cent ocurrent devastating drought,. Insufficient precipi-
Year Annual pean Deficiency tation and other asscociated unfavorable weather

elements influence <the soil moisture and water

1931 19.27 3.63 ' 15.9 supplies generally. The consideration of the effects
1932 20.54 2.36 . 10,3 of drought 1is imperative in any long-time program
1933 20,23 2.67 ’ 11.7 for the oonservation of the water supply. Past
1934 14.31 8.59 37.5 recorda justify <the prediction that future decades
1935 22.64 «26 1.1 will experience the usual irregular fluctuations in
1936 14.42 8.48 37.1 precipitation of dry and wet years,
1937 17.66 5.24 22.9
1938 22.23 67 2.9
1939 16.28 6.62 29.0
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GROWTH OF POPULATION
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POPULATION

INFLUENCE OF CLIMATIC CONDITIGNS ON SETTLEEKENT

Nebraska has a heterogeneous population. The
native-born population of Nebraska consists chiefly
of people whose ancestors came from the New England,
Middle Atlantic, and East Narth Central states. The
foreign-born population of the State came from
various European countries, although there are repre-
sentatives of nearly every civilized country
included in that group

Perhaps the settlement of no other State has
been more greatly influenoed by an undependable
water supply for crop production than Nebraska.
vVariable precipitation and drought caused fluc=
tuating agricvltural production. The ebb and flow of
the migrating population were directly related to
poor and good crop yields. Abundant harvest result=-
ed in periods of ©prosperity and enoouraged
immigration. Drought, crop failure, and a depressed
agriculture caused a nmumber of settlers <to emigrate
from the State. Slow growth or a static population
followed suoh periods of crop failure and "hard
timos."

The following 1losses {o the farm population are
shown by the United States census for the years
listed:

Year Population Change
Per Cent
Jamuary 1, 1910 631,467
January 1, 1920 584,172

January 1, 1930

Te
581,300 (Estimated) O.
January 1, 1935 O.

580,694 (Estimuted)

= oo,

These restless movements reflect faulty and un-
sound adjustments of the population to the land. A
more stabilized agricultural productian might have
been assured and much suffering alleviated,had the
early settlers realized that agrioultural methods and
crops adspted to the subhumid or humid climates from
which they came were not suited to their new semiarid
environment. Crop failure due to droughts, practi-
cally unimown 1n eastern United States, came too
often in lebraska.

The long, slow process of experimentation to
develop agricultural metrods and crops suited to
semiarid climatic corditions begun by tle early
pioneers still continues. The conservation of water
by all available msans for Nebraskn farm crops oc-
cupies a plaoe of major importance in local,county,
and State planning today, A variable water supply,
resulting in a varying agricultural production,still
profoundly influences the mobility of the population
of the State,

The ocensus recoras snow a rapid growth in popu-
lation in Nebrasia up to 1890. For the next 40 years
population increased slowly, The 1940 oensus indi=-
cates a 4.7 per ocent decrease sinoe 1930.

1910 1920 1930 1940

1,192, 214 1,296,372 1,377,963 1,313,468

There nmas been a steady increase in the propor-
tion of netive-born Nebraska populatien which
amounted to 70.4 per cent of the white population in
1930, Other percentages for the same ysar are 1listed
as follows: 19.5 born in other states and outlying
possessions, 8.4 foreign=-born whites,and 1.0 negroes.
The remeining 0.7 per cent were composed of warious
colored races. Nearly 60 per cent of the native-born
white population came from the neighboring states of
Kansas, Misscuri, JIowa, and Illinois. The 479,853
persons of foreign parentage were classified in 1930
according to the following percentages:

Germans 35.1 Irish S
Czechs 10.8 English 4.
Swedes 10.4 Canadians 3.
Danes 7.0 Polish 3.
Russians 6.6

Mixed And Other ationalities 12.4

O oo

The trend toward urbanization has been steady
since 1900, In 1900, 24 per cent of the population
were classified as urban and this figure increased to
36 per oent in 1930, The 1930 census lists 35 towns
with populations over 2,500 and 8 over 10,000. (See
table in appendix for population and peroentages by
river basins.)
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RURAL POPULATION
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AGRICULTURE, INDUSTRY, AND COMMERCE

AGRICULTURE

Nebraska is primarily an agricultural State. Ac=
cording to the United States Agricultural Census for
1935 approximately 95 per cent or 46,615,762 acres cf
the land area of the State was in farms. Of the
land in farms, approximately 44 per cent was in
cultivated crops, 53 per cent in pasture and native
meadows, and 3 per cent in other use.

According to the 1930 census 39 per cent of ail
persons gainfully employed in the State were engaged
in agriculture. The Department of Agriculture
estimates the corresponding per cent for 1935 as 38,
Of those gainfully employed in manufacturing and
mechanical industries, in +trade and service occu-
pations, the majority was engaged in handling and
processing farm products, or in giving service to
those ungaged directly or indirectly in agricultural
producticn. Thus, it is evident that a large majority
of the Nebraska population 1is dependent upon
agriculture for a livelihood.

CLIMATE AND CROP YIELDS

Variable oclimatic oconditions influence agri-
cultural production in Nebraska more than any other
factor. Precipitation, temperature, length of grow-
ing season, and evaporation govern, to some e.utent,
the choice of +the cropping system. The annual and
seasonal distribution of the precipitation determine,
in a large measure, the crops and agricultural
practices,

The years of extreme maximum amd minimum precip-
itatim for the 39-year period, 1900 to 1938,
occurred in 1915 end 1934 respectively and are shown
on Plate x 1, The line of 20-inch precipitation
gonerally accepted as differentiating the subhumid
and semiarid belts, 1lies west of Nebraska during
years of abnormally high precipitation. For example,
in 1915, the year of mximum precipitation, the 20~
inch 1ine was in eastern Colorado, and Wyoming. In
1934, the year of minimum precipitation,this line re-
ceded eastward touching only a few places in eastern
Nebraska. Even the average or normal annual preoip-
itation may be so poorly distrituted or of such a
type as to result in crop failures. Periods of
heavy precipitation may bve followed by  extended
droughts.,

Preoipitation also tends to run in oycles. For
several years the total annual may deviate from the
long~time average, For example, from 191C tc 1930
there was a general upward trend, reaching 25.G3
inches in 1930, During this period the =annual
precipitation exceeded its normal only 6 times but
an outstanding departure occurred in 1915 when the
average precipitation of the State reached a record
point of 35,60 inches. In 1914 the precipitation was
only 20,78 inches, and in 1916 it dropped back to
19,08 inches. The latter remained the 1low point
until 1934,

Following 1930 the gemeral trend has been down-
ward with 7 successive years of subnormal preci-
pitation beginning with 1931, Weather Bureau records
show a general similarity of trend in each of the

3 major drought periods, namely: 1864, 1894, and
1934, Each period was preceded by nearly a decade
wherein the general trend was downward but was inter-
rupted by isolated years of sharply increased
precipitations In each period the recovery from the
low point was marked bty a sharp rise in precipi-
tation. Both 1865 and 1894 were followed by
oscillations on gradually rising levels for a decade
or longer. The fluotuations which have oocurred in
the past may be oconsidered as typical and, therefore,
may be expected to recur in the future.

The most significant faot about the precipi-
tation in Nebraska is that it varies widely about a
oritical point. In the subhumid belt the average
precipitation is sufficient if properly distributed
to produce good yields of the common ocrops, and high
yields in especially favorable years. In these areas,
however, the crops may fail in years of subnormal or
of poorly distributed preoipitations Even 1in the
semiarid belt profitable crops can be produced in
years of normal or above normal precipitation if well
distributed, but generally yields are more variable
and not as high as in the subhumid belt.

ADAPTATION OF AGRICULTURAL CROPS AND PRACTICES TO
CLIMATE

Early settlers found that the natural relation-
ships existing between plant, animal, and Indian 1life
were olosely associated with environmental factors.
The kinds,distribution,and growth of grasses, shrubs,
trees, and animals were long-time indices of natural
land and water use, and climatiec influence. The
native vegetation in the State shows a definite
adaptation to the precipitation, temperature, grow-
ing season, and soils. This relationship indicates
the inherent agricultural possibilities of the dif=-
ferent areas. Only within recent years have these
relationships been generally recognized and applied.
The introduction of farm orops and methods from
regions generally unlike <those in Nebraska proves
hazardous and sometimes unsuccessful. Such crops and
practices are generally either discontinued or
modified.

The results from agrioultural experiment sta-
tions and related agencies have been the basis for
orop and animal improvement and production practices.
The several agriocultural associations or <the State
are furthering the oultural methods and farm enter-
prises that are best suited to the climatic
conditions and needs of Nebraska., Experience and
teochnical information have established a background
for the practiocal application of ccnservation
principles, which are essential to continued agricul-
tural development.

AGRICULTURAL EXPANSION

Optimism, local pride, and commeroial interests
promote the settlement and development of a new land.
Such influences frequently tend to bring about more
intensive land use with its accompanying commercial
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and sooial development than the soils and olimatic
vonditions will justify éven during the more
favorable years. Successive favorable years create
the widespread opinion that climatic conditions have
become permanently dependable. As a result, more in-
tensive land use is stimulated, land prices rise,
range lands are overstooked, and large farms and
ranches are subdivided into smaller units. Crop
acreage is expanded indiscriminately on both good and
poor land. New business enterprises are established
and roads and schools are built to serve the growing
demand, all on inflated values.

High wheat prices and the patriotio appeal dur-
ing the World War urged inoreased wheat production
and exerted an important influence on the agriculture
of the State. An influence greater than war prices
was the traotor, the oombine, and the 1large-scale
plowing and planting machines introduced during and
after the War. As a result, thousands of acres were
plowed, which should have been left in permanent
grass. )

Inevitably, drought years recur with dismaying
regularity, as illustrated during the period sinoce
1930, and severe 1losses are experienced, especially
where agrioulture has been overextended and in-
suffioient reserves provided, Crops, pastures, and
water supplies dry up, and stook is rushed to market,
Strong winds loosen, 1ift, and oarry such quantities
of the dry, 1light topsoil +that the sky is darkened
with dust, With the dwindling farm inocome, prinoipal
and interest payments and taxes become delinquent,
and mortgages are foreclosed.Local gavernmental units
find it difficult to raise sufficiert revenue to oon-
tinue operation. The federal government is called
upon to make emergency feed and seed loans. Local
business enterprises fail, and many families are
forced to move tp go or relief.

In 1930, 44,708,565 aores or 91 per ocent uf the
total land area of the State was reported in farm
land. Of this area 43 per cent of the land in farms
was under cultivation, 63 per cent in wild hay and
permanent pasture, and 4 per ocent in other uses.

In 1935, 46,615,762 aores or approximately 96
per ocent of the total land area of the State was re-
ported as farm land. Much of the farm land of +the
State, however,because of unfavorable relief or soil,
is held in permanent grazing or meadow land.

For the State as a whole, 44 per cent of the
land in farms was under oultivation in 1935; 53 per
ocent vas wild-hay land and permanent pasture; and 3
per cent was in other |uses, In the eastern and
southern parts of the State and other arable farming
areas, from 50 to 90 per ocent of the farm land within
individual townships is commonly found to be under
culcivation. In the sand-hill area of northern
Nebraska and similar areas, where the land is used
mainly for grazing and production of wild hay, many
townships report less than 6 per cent of the farm
land under oultivation.

It is rather generally believed that most of the
land well suited to cultiwvation physically,and oconsi-
derable <that 1is poorly suited hes already been
brought into cultivation. The ocultivation of marginal
land whioch may prove profitable only under favorable
conditions is a questionable praotioe.

waler Resources of Nebraska

Of the ocultivated 1land, approximately 50 per
cent is nearmally planted to ocorn;36 per cent to small
grains; 8 per cent to tame hay; and 6 per ocent to all
other orops.

TYPES OF FARMING

In every farming area there are faivly well-
defined reasons for the development of the partioular
type of agrioulture found there, Although the
progress in any particular direction may not always
prove profitable, it indiocates that farmers have at-
tempted to adapt +their methods to the oonditions
oonfronting them and to seocurs maximum returns from
the resouroces at their oommand.

As a result, farmers in various areas of the
State follow different lines of production. They make
an effort to adjustv their orop production and methods
to prevailing bhysical and economioc conditions. This
adjustment has prooeeded to the point where the apgri-
oulture of the State oan be divided intoc areas of
tather distinot types of farming.

The warious +types of farming result from two
general groups of faotors. One of these inoludes
that large body of factors, physical and biologiocal,
such as soil, topography, drainage, precipitation,
evaporation, insect pests, diseases, and adaptation
of plants and animals. The other group oconsists of
economic factors suoch as availability ef labor and
capital, relative prices of farm products, relative
costs of the items needed for production, and changes'
in technique,

INTENL.VE AND EXTENSIVE AGRICULTURAL METHODS

Crop production varies from relatively intensive
production of oorn and other feed grains in the
eastern part of the State and crops in irrigated
areas, to extensive production of grass and hay in
the range areas of the sand hills. The eastern half
of the State is devoted principally to the produoction
of corn, small grains, alfalfa, hogs, and cattle,
Sugar beets and potatoes are important orops in <the
irrigated seotionez -of the west.

Livestook production ranges from intensive meat
produotion in the eastern part of the State, and
whole milk production near urban ocenters, to exten-
sive production of range 1livestook in the sand hills
and other range areas. Sheep produotion is an
important livestook enterprise in the irrigated areas
of western Nebiaska, and the production of hogs in
eastern Nebraska. For the entire State, hogs rank
first and ocattle seoond in importance. The only means
of using pasture land is through the grazing of live-
stocke Furthermore, 1livestock usually provides the
most soonomic means of utilization of much of the
feed, grain, and forage crops which oocoupy such a
large proportion of the arable areas of Nebrasha.
With the exception of wheat, only a small proportion
of the most important orops of Nebraska are marketed

in their original form.

FARM SIZE AND TENANCY

In 1930 there were 129,458 farms in Nebraska
with a oombined area of 44,708,566 aores, or an
average of 345 aores per farm. In 1936, there were
133,616 farms with an average size of 349 aores, The
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1937 Agricultural Census estimated that Nebraska has

134,000 farms, averaging 349 acres. The farms in the
ranching and small grain areas in western Nebraska
average much larger than +this, whereas the farms in
eastern Nebraska average considerably less.

The change in the size of farms has been more
pronounoed in some parts cof the State than in others.
During the period from 1900 tc 1935 the number of
Nebraska farms of less than 3 acres deoreased while
the number from 3 to 99 inoreased. There was
practically no change in the number having from 100
to 174 acres. This latter group is the most common
size, constituting 70 per cent of all farms. Ex-
cluding the irrigated sections, the farms in the
western part of the State are much larger than those
in the eastern part. Many of the farms in the west
are from 500 to 1,000 acres, or even larger. There
is a tendency for individual holdings in the Sand
Hills to inorease in size, From 1930 to 1935, farms
ranging in size from 175 to 500 acres in some  other
sections of the State inoreased at the expense of
those of 1,000 acres or over. In the irrigated areas
the trend was toward a small acreage. From 1930 to
1935, farms from 175 to 500 aores in size gained in
number, while the number in the BO and 640 groups
4ecreased.

Slizhtly less than 50 per cent of the farms in
the State were operated by tenants in 1935, In addi-
tion, erother 20 per cent of the farms consisted of
land which was in part ovned and in part leased. In
some counties the proportion of farm tenancy was over
55 per cent, with the proportion of land operated by
tenants . running much higher. The increase in farms
operated by tenants has been fairly steady during the
past 25 years.

FARM INCOME

During the period from 1923 to 1934, 71 per ocent
of the Nebraska agricultural income oame from live=-
stook and 1livestock products, and 29 per oent from
the sale of crops. Gross farm income has advanc &
steadily since 1932, the low point of the depression.
Gross farm income for 1935 amounted to $252,449,000
as compared with $166,905,000 in 1932, However,
gross income for 1935 was not much more than 60 per
cent of the 1925-29 average. The severe drought of
1934 and the short corm crop in 1935 prevented the
gross farm inccme fram reaching higher totals. The
failure of the corn crop in 1934 necessitated a
drastic reduction in hog production, which is one of
the leading sources of Nebraska farm inoome. Had
production been near rormal, the farm income Aduring
1936 would have approximated the 1925-29 average,even
with prices somewhat lower than <those premiling.
Sugar beets and potatoes provide the western irri-
gated portions of the State with the 1largest cash
income, although sales from sheep and cattle are im-
portant in +the areas where feed is available., In
the eastern part of the State,hogs and cattle provide
a large percentage of the farm inoome with wheat as
the principal cash crops Some oats and barley are
a.80 sold.

CROPPING SYSTEM

Nebraska does not have a large number of
important orops. Her crop production is confined
mainly to the staple grain and forage crops. Corn,
wheat, oats, alfalfa, and wild hay were of such im=-
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portance that each occupied more than a million acres
on Nebrasku farms in 1937, In that year, which was
not an unusual year, 49 per cent of the cultivated
area of the State was cocupied by corn, 20 per cent
by wheat, 14 per cent by oats, 7 per cent by alfalfa,
and 10 per cent by minor orops. The aoreage of wild
hay, which is not oclassed as a cultivated crop, was
nearly two and one-half times that of alfalfa., More
than 45 per cent of all land in farms was pasture
land. This percentage has not changed materially
since 1924. The most economical way of utilizing
pasture land, forage and feed crops is through live-
stocks Consequently, the major part of such crops
moves to market in the form of 1livestock or 1live-
stock products.

GRAIN CROPS

The grain orops of Nebraska include corn, wheat,
oats, barley, rye, emmer (spelt), and the grain
sorghums. The value of the annual production of these
crops in the State averages about $247,000,000.

Corn

Corn cccupies more than twice the area devoted
to any other ocultivated orop,and it has a gross value
greater than that of any other ocrop. Nebraska is
normally third in <the United States in corm pro-
duction with an average harvest of 224,000,000
bushels., It is in the western part of the great corn
belt which extends from central Nebraska to ocentral
Ohio, Because of soils, relief, climate, and other
conditions ocorn is not of equal importance in all
sections of the State.

The largest area of conuentrated corn production
is in northeastern Nebraska, extending westward from
the Missouri River, with the greatest demnsity near
the river. 1In this area several of the counties have
from 50 to 60 per cent of their farm land in cornand
a mich larger number have from 40 to 50 per cent.
Other areas of the State having high concentration of
corn production are the east-central in the lower
Platte River Valley, the north and east-central part,
and along the Missouri River in the southeastern
parte The north-central and western parts of the
State have +the lowest percentage of farm area in
corn. This is largely acocounted for by the small
percentage cf land under cultivation or that it ranks
less important than the small grains in these arable
areas.

The number of bushels of corn grown and its
value vary greatly from year to year. (See table in
appendix). The 5-year average from 1926 to 1930 was
9,010,000 acres yielding 24,79 bushels per aore, and
the total production, 223,399,000 bushels. The
average price was 64 cents per bushel; the value of
the average crop $142,152,000 per year. The price of
corn decreased markedly during the depression years
of 1931, 1932, and 1933,

Wheat

Wheat is the leading cash orop in Nebrasikme. The
State i8 second in the production of winter wheat,
and third in all wheat, producing on the average
56,000,000 bushels annually. Wheat is largely grown
on the hard lands of the plains and tablelands. About
92 per cent of the total wheat acreage is winter
~sheat, There is considerable s8pring wheat in the
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northwestern ocounties, but elsewnere in the State
winter wheat is much more important, because it is a
more certain and productive orop.

On the average about 85 per cent of the crop
moves out of the county where grown and smaller
portions are sold direct to local mills, A small

part of the crop is utilized on the farm for other
purposes than seed. Experiments show ground wheat to
be equal, pound for pound, in value to corn, for
fattening 1ivestock, Only in cases of atmormally
narrow spreads between prices of wheat and feed
grains is much wheat used for 1livestock Zfeed in
Nebraska.

Wheat 1is essentially a southern and western
Nebraska orope It is confined largely toc +the "pan-
handle" and to the territory south of the Platte
Rivers The principal area of concentrated wheat
production is in the southern tier of counties of the
"panhandle" section and in the adjacsnt ocounties to
the east. The second area of important wheat pro-

duction is in the counties just south of the Platte
River in south-central Nebraska.

Hard winter wheat is the prevailing type grown
in Nebraska, except in the northern ocounties of the
"panhandle" where red spring wheat is important. In
1930 Nebraska rasnked second emong the states in
production and value of winter wheat, and eleventh in
spring wheat. Nebraska in 1923 ranked eighth for
winter wheat and tenth ror spring wheat. For the 5-
year period, 1926-1930, its rank was: fifth in winter
wheat in 1926, and second for the next 4 years. In
1930 winter wheat production reached an all-time high
of 71,934,000 bushels. The production decreased for
the next 4 years reaching a low point in the drought
year of 1934, Since that +time production has been
gradually approaching normal.

Oats

Oats follow corn and wheat in importance as a
grain crop in Nebraska, Ipv 1927, oats occupied 14
per ocent of the cultivated land and 5§ per cent of the
farm area of the States Production of oats is of
most importance in the eastern +third of the State
with the area of oconcentrated production in north-
eastern Nebraska where corn 1is the 1leading orop.
Cats are rotated with corm, sweet clover or alfalfa,
and are used principally as stock feed.

Barley
During the past few years, berley has Iincreased
in acreage especially ir western Nebraska. In 1925,

ocoupied 233,000 aores; in 1927,
430,000 acres; and in 1929,

the barley crop
259,000 acres; in 1928,
688,000 acres.

There are two areas of oconcentrated barley
production in Nebraska. The one is in the irrigated
area of the North Platte Valley, centered in Scotts
Bluff County; the other is in the southern tier of
counties of this region.

Rye

Rye 1is better adapted to sandy land than are
wheat, barley, and oats. In a belt bordering the
sand-hill section of Nebraska, rye is rather impor-
tant, ocoupying as high as 10 to 14 per cent of the
farn area in a few townships in Holt and Antelope
onunties. Rye is one of <the most profitable orops
that oan be grown on 8oils of light texture or low
fertility.

Water Resources of Nebraska

Spelt and Grain Sorghums

Spelt and grain sorghums are grown in the south-
western and western ocounties for stoock feeds The

first is of minor importance whereas grain sorghums
are inoreasing in importance.
Production and Value of Minor Grain Crops

The production and wvalue of oats, rye, barley,

spelt, and grain sorghums in 1930,
were relatively low were as 1'ollows:

when the prices

Acres Bushels Value
Oats 2,485,000 80,017,000 22,405,000
Barley 725,000 22,330,000 7,816,000
Rye 333,000 4,995,000 1,898,000
Spelt (emmer) 43,000 1,006,000 382,000
Grain (sorghum) 17,000 340,000 272,000
Total Value 32,773,000

Forage Crops

The more important forage crops of Nebraskz are
the native pasture grasses, wild hay, alfalfa, sweet
clover, red clover, timothy, sudan grass, millet, and
forage sorghums.

Native Grasses

Nebraska is well supplied with native forage
plants, especially in the sand-hill region and on wet
bottom lands. These plants form our permanent pasture
lands and native hay meadows which support extensive
cattle raising in different parts of the State.

Wild hay ocoupies more than twice the acreage of
alfalfa, but in tonnage it is less important. From
the standpoint of feeding wvalue, wild hay is about
three-fourths as valuable as alfalfa. More than
3,000,000 acres of our native prairies are cut an=-
nually, yielding more than 2,600,000 tons of hay with
a value of $16,200,000 or more. Cherry, Holt, Rock,
and Lincoln oounties lead in this production. The
Prairie Plains wuvountry, the hay flats of the Sand
Hills, and the wet bottom lands of the Platte, and
other valleys in the State are the main sources of

this hay. The principal area of oconcentrated wild
hay production is in the north-central part of
Nebraska. This is an area of light soils, where it

is highly essential to maintain a grass
prevent wind erosion and the development
outs"., Such oonditions necessitate a system of
agriculture that will utilize to best advantage the
native vegetation, This is done by grazing and cut-
ting the native grass hay.

covering to
of "blow-

The largest centers tor the production end ship-
ment of native hay are at Newport, Bassett, Atkinson,
O'Neill, and Ewing. Some of this hay is shipped to
Wisconsin, Minnesote, Iowe, and kissouri, but most of
it is fed to livestock within the State.

Alfalfa
The two outstanding leguminous forage crops in

Nebraske are alfalfa and sweet clover,the former used
mainly for hay and the latter for pasture.
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Alfalfa is the leading hay orop of the State
from the standpoint of tonnage produced. The main
use of alfalfa and other hay orops in Nebraska is
feed for 1livestook. For the S5-year period, 1923~
1927, slightly 1less than 4 per cent of the hay
orop of the State wms reported as ®arketed. The
greater part of the alfalfa crop went to livestook
feeders within the State. The largest area of ocon-
oentrated alfalfa produoction is in the Platte Valley
of oentral Nebraska, where much of the land is sub-
irrigated. In eastern sNebraska where precipitation
is less a limiting factor heavy orops of alfalfa are
grown on the upland, especially until the desper
seated subsoil moisture is exhausted.

For a few years, Nebraska ranked seoond among
the states in the aocreage and value of alfalfa. It is
now first in acreage. From the 1,135,000 acres in
this crop in 1930, about 2,973,000 tams of hay were
cut, an average of 2,12 tons per acre. In additionm,
a large amount of pasturage was provided and from
30,000 aores, 84,036 bushels of seed were harvested.
The value of the crop in 1930 was $25,130,211 for
hay, and $997,420 for seed. The leading counties for
seed production were Sioux, Dawes,Cherry, and Dawson,
whereas the leading county for alfalfa-hay production
was Scotts Bluff,

Sweet Clover

Sweet elover is rapidly inoreasing in acreage on
the uplands where it fits imto systems ef rotation.
The greatest value of swset olever is for pasture aad

" soil improvement.
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In 1930 there were 1,126,000 aeres
of sweet olover in the State. Much eof this was
pastured to cattle and other animals. From 21,000
acres of sweet olover 90,300 bushels of seed were

harvested, and a considerable acreage was cut for
hly.
Value of Hay

The total value of the annual hay production of
Nebraska is about §50,000,000 of which alfalfa, wild
hay, and sorghum lead in the order named,

Sugar Beets

The growing of beets in Nebraska for sugar
production is confined largely to the irrigated areas
of Scotts Bluff, Morrill, Dawson, Linccln, Sioux,
Garden, and Kimball counties,

There are seven sugar beet factories in
Nebraska. These are located at Grand Island, Bayard,
Minatare, Scottsbluff, Gering, Mitchell, and Lyman.
With the exception of Grand Island the factories are

all in +the irrigated areas of the North Platte
valley. They are operated for about three months of
the year.

The production of beet sugar has advanoed year
after year in Nebraska until the oombined annual out-
put of the seven faotories is now about 2,750,000
sacks or 275,000,000 pounds. FPart of the Nebraska-
made sugar is consumed within the State, but much of
it is shipped in carlcad lc¢ts to out-state mmrkets.
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Aoccording to the ocensus, the 1930 production and
value of sugar beets in Nebraska were as follows:

acres under oultivation, 81,000; average yield, 14
tons per acre; total tons, 1,132,000; value of orop,
$7,924,000, Although the yield was increased, there
#as a reduction from the 1929 acreage.

The 1930 value of beets in +the leading ocounties
was: Sootts Bluff $5,100,000; Morrill $1,069,282;
Dawson $315,567; Lincoln $194,164; Sioux $179,3065;
Garden $164,682; Kimball $115, 388,

Potatoes

Potatoes are raised in gardens or in small
fields in every ocounty in Nebrasia. They are grown
commercially, prinoipally in the western counties and
in the central counties along the Platte River. The
counties leading in the commercial production of food
potatoes are Sootts Bluff, Sioux, Morrill, and
Kimball, located in the irrigation distriocts. Those
leading in the production of seed potatoes are: Box
Butte, Sheridan, and Dawes. Socotts Bluff leads in
the value of food potatces, and Box Butte in pro-
duction and walue of seed potatoes.

Produotion in 1930 was as follows: acreage-
94,000; average yield-100 bushels per acre;production
9,400,017 bushels; value- $7,990,017. The 1leading
counties in the value of potato produotion in 1930
were;Sootts Bluff- $1,471,138; Box Butte- $1,367,711;
Sioux- $666,830;Sheridan- $485,813;Kimball $440,813;
Dawes- $362,957,

Combination of Crops and Livestook

The true significance of each oron tecomes more
apparent when considered in relation tv other enter-
prises. The different orops are <fitted together +to
make up the oropping systems Certain factors such as
olimtio oonditions,so0ils,relative yields,variability
of yields, labor requirements, and 1elation to live-
stook enterprises have an important in”luence on the
choioce of orops and their relative importance.

LIVESTOCK

Livestook holds an importent place in Nebrasia
agrioulture. As an average Yor the 5-year period_
1923-1927, 75 per cent of the gries farm inoams of
Nebraska farmars was derived from livestook and live-
stook produste,

Long distances to markets make it desirable to
oconvert much of the bulky farm produots into produots
of less volume in proportion to value in order to re-
duce transportation costs. This process is partially
acoamplished through livestock.Livestook enterprises,
however, are not of equal importance in all parts of
the State. There are distinot differences in the
geographioal distribution and type of production of
the several olasses of farm animals.

Cattle

Beef cattle and dairy cattle play an irportant
part in the agriculture of Nebraska. A favorable
climate, abundant supply of clean water, and  gooc

rarketing conditions make becf and dairy-cattle in-
Justries irportant factors in the life of the State.

Water Resources of Nebraska

Beef cattle ere almost as important a a.‘ource of
gross income of Nebraska farmers as are hogs. For

the 5-year period, 1923-1527, sales of ocattle and
calves make up 28 per cent of the income as compared
with 30 per cent from hogs. Plate' LiX shows the
distribution of cattle in Nebraska in 1935.

The leading phases of the beef cattle industry
in Nebraska are cattle breeding, raising,feeding, and
slaughtering, and meat packing.

The heavy concentration of beef ocattle is in
northeastern Nebraska where the number of hogs per
section is also highest., Another area of oonoentra-
tion of beef cattle lies tc the west of north-central
Nebraska. The most specialized cattle raising area
is in the sand-hill region, because of its abundant
grass for grazing and hay, its water supply, and be-
cause other forms of agrioulture are pcorly suited to
the sandy soils of this area. The areas showing the
fewest ocattle per section are the scuthern"panhandle"
and southwestern sections of the State where there is
relatively little pasture and hay, and the praportion
of land in feed grains is relatively smll.

The kind and quantity of the feed grains,forage,
and pasture largely determine the type of cattle en~-
terprise - whether it is the production of feeding
cattle, the rmaising and [ inishing of market oattle,
or commercial feeding.

The cattle are trailed to shipping points and
sent principally to Omaha, Eansas City, 8t. Joseph,
and Sioux City as feeders or for slaughter. Other
markets include Chicago and Denver, and small 1local
markets. In 1930 there were 2,312,000 cattle of the
beef type in Nebraska. Of these, 1,357,501 beef oat-
tle and oalves were marketed with a walue of
$114,707,838. Nebrasia is not an important dairy
state, although deirying is an important supplement
%o the general fa system, For the S-year
period, 1923-1927, receipts from the sale of dairy
pi'oduots made up about 8 per cent of the gross inoome
of Nebraska farmers. The dairy enterprise has been
gaining in importance. In 1935 it ranked next to
hogs and cattle among the livestock enterprises and
provided 11 per ocent of the gross farm income. The
highest ooncentration of milk cows is in ocounties
adjacent to the largs oities, especially in Dguglas,
Washington, and Lancaster oounties.

Aside fram the oounties named above, the
distribution of milk ocows is fairly uniform in the
eastern third of the State. The areas of low oom-

centration are the north-central, southwesterm, and
western counties (excepting Scotts Bluff County), the
lowest being in the sand-hill section.

Butterfat is the chief form in which dairy prod~-
wots are sold. Produotion of fluid milk is of major
importance only near Gmaha and Linooln. Cheese. .
mamifacture is a growing industry in the North Platte
Valley particularly in Scotts Bluff County. Through-
qut the State oream is separated from the milk em the
farm and sold on the butterfat basigs. In some
localities where dairying is important, the butterfat
is manufactured intc butter. Omha makes more butter
than any other oity in the world, averaging over
30,000,000 pourmds annually, Nebrasia bhas 108
creameries with an average annual produotion of
85,000,000 pounds of butter.

Hogs
Bog production is +the most important livestock
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enterprise in Nebraska when measured in terms of
gross farm inoome. For the 5~ysar period, ending
in 1936, 26 per oent of the gross farm inoome of
Nebraska farmers was derived from hogs. Plate LX
shows that the distribution of hogs in the State
coinoides quite olosely with the distribution of the
corn ‘aoreage. Northeastern Nebraska is the most
important area of hog production with Burt County
having had 327 head of hogs per section of land in
1928, and 4 other nearby oounties over 250 head per
seotion. The Sand Hills and western and southwestern
Nebraska have the fewest hogs per seotion. The sand-
hill region has a large peroentage of hay and pasture
land and low production of feed grains. Western and
southwestern Nebraska have more feed grain available,
but the types of hay and pasture are more suitable
for cattle proauction than for hog production. In
eastern Nebraska where production of slaughter hogs
is the prevailing practioe, a large proportion of the
hogs on hand are being fattened for market.

Sheep

Sheep are of importance in only limited areas of
the State. For the 6-year period ending in 1935 about
2 per cent of the gross farm income of Nebraska
farmers was derived from this source. The most im=-
portant phase is feeding for market.Sheep are shipped
into certain feeding areas largely from western range
states and are finished for market. They are put in-
%o the feed lots in the fall and disposed of in late
winter and sarly spring. Sootts Bluff, Merriok, and
Sarpy oounties are the most important feeding centers.
Hall, Nance, and Burt oounties also have large oom-
meroial feeding oenters, ‘

Commercial sheep feeding furnishes a means ot
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marketing surplus feeds, wusually to good advantage.
geet sugar by-products in the western,and alfalfa in
the central and eastern Nebraska feeding sections,
respectively, are the basic rations.

found most often in
and less often in the

General purpose flocks are
eastern and central Nebraska,
sand-hill area.

Poultry

Poultry ranked next below hogs and beef cattle
as a source of 1livestock income during the 5~yesr
period 1923 to 1927. The poultry industry is now
surpassed by dairying. For the 6-year period,
1923 to 1927, sales of poultry products provided 6.5
per cent of the gross income of Nebraska farmers.
Commercial poultry farms are relatively unimportant
in Nebraska. The bulk of poultry products is produc-
ed on farms where the enterprise is handled at a side
line.

The chief ooncentration of poultry is in south-
eastern and east-central liebraska and the number per
section decreases rather rapidly northward and wsst-
ward across the State. The greater number of farms,
the larger feed supply, ani the better markets are
fuotors accounting for mere poultry in eastern and
southern Nebraska.

AGRI CULTURAL PROGRAMB

During the past few years a great deal of at-
tention has been given to the organization of agri-~
cultural programs. The ultimate objective of these

programs, whether on a oounty, state, or national
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basis, is to aid farmers, both as individuals and as
groups, to adopt practices and systems of farming
which will conserve the resources more adequately and
increase farm income. This 1s true whether the
particular program be 8oil or moisture conservation,
better crop rotations, improved warieties of orops,
disease control., better feeding practices, or adjust-
ments to market outlooks. Before much progress oan
be made in +this direction, 1t 1s necessary to know
what the situation is in each area of the ocounty,
state,and region and not only to obtain more accurate
information on yields, production, and feeding
practices, but also to determine what farming systems
are best suited to the wvarious situations in dif-
ferent areas.

Generalized reoommendations have limited value
and may be misleading. However, it is possible +to
make significant recommendations when farming systems
ars analyzed in terms of more specific conditions,

Waler Resources of Nebraska

A farmer ocannct stop with: the selection of &
fixed system of farming since it may not prove
profitable to follow rigid production standards over
a period of years,Because it is impossible to control
production and prices, some short-time adjustments in
the general plan are often desirable. As prices
shange, the returns to be expected frow different
organizations 1likewise change. If a farmer 1is +tc
follow his economic advantage, he must take changing
price and production relationships into account in
making his plans for any particular year.

Studies made with the view ot determining
standards of performance, ylelds, and production
practices, will be more reliable and +trustworthy if
confined to +type areas in which <there is a fairly
high degree of uniformity of these factors. Likewise,
income studies would be more realistic and suggestive
if the results were analyzed from the standpoint of
type-of-farming areas and further restricted to show
returns from tarms of the same size and type.
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PERCENTAGE OF CROP LAND IN INTERTILLED,

“LOSE DRILLED AND TRUE CONSERVING GCROPS
N EBRASK A 1929
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i “FENDS IN TYPES OF FARM TENURE
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IN PRINCIPAL CLASSES OF CROPS

BY COUNTIES
1210-1935
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TREND OF PRINGCIPAL CROPS BY GOUNTIES
TILLED AND ROUGHAGE IN ACRES
NEBRASKA 1910-1935
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General Secfion

MANUFACTURING

INDUSTRIES OF NEBRASKA

The manufacturing industries which were based
and developod on the natural resources of the State
in harmony with physical enviromment have prospered.
The need and envirommental conditions have been con-
ducive to the successful develoyment of meat packing,
grain milling, beet-sugar manufacturing, and the
manufacturing of stone, sand, and clay products.

There are more than 75 well defined
end 1,150 manufacturing establisiments

69

industries
in Nebraska.

During normal years these industries provide work for
approximately
mineral products have an anmial value of about a half

billion dollars.
cent of total value

raw products.

390,000

STATISTICS OF REPRBSRNTATIVE MANUFACTTRED PRODUCTS

YEERASKA, 1836
Valus of Valus added
Rmbdar of Produota by Memufao-
Eetab- Hmber of Nebraske's (1,000 ture (1,000

Industry lishmente Employeee Rank  dollare) dollara) Looation of Establistments

Weat Packing 17 5,849 8 105,511 12,733 Omaha, Lirooln, Grend Islend,
Hastings, Soottebluff, KoCook,
and Falle City.

Wheat Milling 79 957 11 23,808 3,972 Quaha, Linooln, Grand Island,
Hastings, Crete, Ravemna, and
sthers.

Butter 102 1,084 8 23,154 3,643 Omaha, Lincoln, Grand Island,
Hastings, Fremont, Norfolk,
Allience, Crete, and Orleans.

Brewjug 5 337 21 2,232 1,511 Cmaha, Columbus, and Crete.

Poultry 26 566 5 5,633 802 Well distridbuted throughout
the State.

Toe Cream 29 203 31 1,425 726 Well dJdietributed throughout
the State.

Stock Feed 14 139 28 1,985 505 Widely distriduted throughout
the Stabe.

Canning 8 464 27 1,940 416 Fremont, Norfolk, Socttsbluff,
Bebraske City,and Plattsmouth.

Source: United States Census snd Biemnial Census of Mamfastures

VALUE OF MANUFACTURED PRCODUCTS
BY INDUSTRY GROUPS
Febrasim, 1900-193§

(Thousands of Dollars)

Industry 1900 1909 1914 1919

Food 86,964 126,896 161,925 433,891 217
Textilea productas 2,564 2,049 1,427 6,993 1
Forest produots 4,476 3,223 2,141 1,206 2
Printing and publishing 3,431 6,754 7,880 15,156 15
Chemioals 1,853 1,923 1,825 5,653 2
Rubber 930 2
Leather 2,064 1,583 833 1,521

Stone and clay 2,754 3,108 2,288 3,486 2
Iron and steel 3,360 355 1,239 3,112 2
Nonferrous 954 624 650 2,233 1
Kechines 1,083 3,143 3,295 8,213 4
Transportation 394 634 436 6,308 p
Railroad repair 2,624 4,642 6,737 17,909 16
Petroleum and coal 525 1,415 1,928 2,446 3
fiscellaneous 30,944 42,670 39,012 86,985 60
Totals 143,990 199,019 221,616 596,042 333
Sources: United States Census and Biennial Census of Manufactures

1921

,562
,305
,625
,402
,450
,184

680
,489
,523
,105
,224

636
,900
,094
,486

,665

1928

262,818
2,046
3,638

15,819
4,123
2,649
1,001
3,383
3,326
1,258
3,523

792

18,727
3,185

88,769

415,057

Where no figures are given the products have been grouped under other industries.

1926

295, 870
4,046
1,916

16, 207
3,575

1,039
3,342
3,194
2,416
3,745
490
15,408
3,241
88,819

443,308

Desoription of Imdustry

Proosesing fattened oattle,
hogs, and sheep.

Wheat 4{s milled and made
further proo-

Butterfat 1s eollected at
mauy stations throughout
the State eand ehipped to
the factories where it is
manufactured into butter.

The menufacture of beer.

Dresaing poultry.

Dairies, creamerise, and
other establislmente manu-
faoture this produot.

Grains, slfalfa, sugar-beet
molasses, beet pulp, cotton
ocake, et cotera are milled
into stock feed.

The producte canned are
oorn, tomatoes, beans,
pumpkins, squesh, cabbage,
apples, and cherries.

persons.

Processing adds more
and 25 per cent to the value of

Agricultural and

than 25 per

Remarks

The wost important manufaoctur-
ipg industry in Nedbrasks.Qmaha
1s one of the largest meat
packing oenters in the world.

The baking industry makes ex-

tensive wuse of Nebraska's
milled wheat.
Nebraska oreameriss producs

annually eabout 85,000,000 1lbs.
of bdutter.

Bubseguent to the repeal of
probidition, the manufacture
of baer has becoms an impore
tant Hetraska industry.

About 25,000,000 chiokens are
produced anmually in Nebraska.

About 3,000,000 gellone of ioe
oreem are mads annually.

These products bring etoock
raieing and meat packing into
oloser harmony.

Eoms cenning
importande.

is also of major

1927 1929 1931 1933 1935
294,644 334,086 215,368 135,371 180,442
3,010 1,142 1,185 870 232
4,120 5,597 3,551 1,877 3,656
16,397 18,932 16,529 10,935 12,902
3,952 5,395 3,208 1,682 2,688
2,695
1,533 1,716 135
2,275 2,430 1,433 523 1,138
1,708 2,304 1,709 1,035 1,330
1,305 1,094 773 349 665
5,832 6,068 3,829 1,436 1,167
656 542 220 76 742
14,991 18,888 9,389 6,217
3,605 3,939 2,397 173
63,361 82,135 34,504 34,139 50,176
420,084 464,268 294,095 194,310 255,445
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Water Resources Of Nebraska

TRANSPORTATION

EARLY ROAD SYSTEMS

The development of transportation in Nebraska
reveals the successive evolutionary changes occurring
in all progressive frentiers. As far back as 1855,
the Territorial Legislature passed an act which pro-
vided for the surveying of public roads. The same
year Congress authorized +the eonstruction of the
first federal hig!mwgy in the State, extending from
Omaha to Fort Kearney near the present city of
Kearney.

The first legislative authorization for a State
lighway Department in Nebraska was in a 1913 law,
which authorized counscl to counties concerning high-
way irprovements. The first concentrated action of
the State for highway improvement followed a joint
meeting of representatives from the State Higlway
Department and the :zounties as provided by this
statute. The present era of road construction was
initiated by the passage of the Federal-Aid Road Act
by Congress in 1916, and the acceptance of the terms
of this Federal Act by the 1917 State Legislature,

RATIRQL DS

The transcontinental 1line of the Union Paoifio
Railroad was completed to the west ooast in 1869,
Other important railroads were constructed throughout
Nebraska from 1870 to 1890 Even though there are a
few points in the sparsely settled sand hills which
are more than 30 miles from a railrmad, Nebraska has
an adequate railway system. Two high-speed trans-
continental lines truverse the entire length of the
State. Other main lines and numerous branch liaes
serve practically every community and are capable
of handling all treffic originating in the State.

PlateL X Vshows the railroad lines of Nebraska.
The railroad milsage of various lines 1is listed We-
low:

Railroad Mileage
Chicago, Burlington, and Quincy 2,854.59
Union Pacific 1,356,97
Chicago and Northwesteirn 1,100.97
Missouri Pacific 359,31
Chicago, St. Paul, Minneapolis

and Omaha 261.45
Chicago, Rock Island, and Pacifio 250,46
Omaha Bridge & Terminal 1.45
Total 6.185.20

HWIGHWAYS

The Nebrasks State Highway System as outlined in
the 1839-1940 Biennial Report of the Bureau of Roads
and Bridges was made up of approximately 9,000 miles
of marked and meintainsd voads and 2,220 miles of
roads designated for the State system but not main-
tained by the State. This total approxirates 11,220
miles.

llebreska is well supplied with roade-surfacing
naterials for all types of roadse Sand, gravel,
crushed stone, and cement are produced in adeguate
quantities for road construction. It is necessary to
import bituminous m terials, lumber, and products
from steel mills. Howevor, steel is fabrioated in
the State.

Highway U. S. 20,Ue Seo 30, Us Se 6, and Nebraska
¢ traverse the State in an east-west direction, and
e Se 73, Ue S 77, Us S. 81, U. S. 231, U. S. 83,
Hebraska 14, 15, and 19 +traverse the State in a
north-south direction. All of the above-named high=
ways traverse the Platte River Basin for a mrt of
their length except Us Se 20 which crosses the
northern section of the State including the  bMinor
tributaries of the Missouri,the Elkhorm,the Niobrara,
and the White River-llat Cresk Basin. U. S. 6 and U,
S. 30 are surfkced throughout their length with con-
crete or bituminous materials,

Ilighway U, Ss 30 follows the Platte River, South
Platte River, and Lodge Pole Creek across the State.
The ma jor portion of this highway is in the Platte
River Basin as illustrated by the higlway map of the

State Highway System, page 72, Other roules oross
several river basins in traversing the State.
ATIRWAYS

Three major airlines cross Nebraska: (1) The

"nited Airlines,operating from coast to coast,crosses

the Si.te from east to west; (2) the
Airlines, operating from Minneapolis

Sioux City and Omaha,
t mth; and (3) the Inland Airlines
twgen Cheyenne,
crosses the panhandle,.

Wyoming,

and Huron,
A branch of the

Mid=Continent

to Keansas City
crosses Nebraska from north
operating  be~

Scuth Dakota
United Air-

lines also operates between Denver and Grand Island.

As shown by the following table,

42 Nebraska

towns nave larding facilities for aircraft. The air-

ports at Omaha,

North Platte, and Grand Island are

capable of handling the largest airliners
operating.

NEBRASKA AIRPORTS

January, 1941

Ainsworth Gordon Stuart
Alliance Grand Island Tecumseh
Atkingon Hastings Tekamah
Auburn Hayes Center Valentine
Beatrice Hebron York
Big Springs Holdrege Wayne
Blair Kearney
Bridgeport Kinmball To be com-
Broken Bow Lincoln (3) pleted in
Chadron Long Pine 1941
Chamters Norfolk
Columbus North Platte Clay Center
Crawford Ogallala Falls City
Crete Omaha Imperial
Fairbury Rushville Nebraska City
Ft. Crook Sco ttsbluff Neligh
Ft. Robinson Sidney
Fremont St. Paul
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NAVIGATION

Commercial mavigation in Nebraska is possible
only on the Missouri River. The flow of the other
streams is too irregular and shallow.

The existing mavigation project for the imprave=~
ment of the Missouri River from Kansas City, Missouri
to Sioux City, Iowa was provided for in the River
end ilarbor Act adopted January 21, 1927. This project
which provided for the construction of a 6-foot chan~
nel has bsen completed between Kansas City and Omaha.

There wre 2 distinct units of improvement de-
signed to stabilize and regulate the channel of the
river. The Fort Peck Reservoir, near Glasgow,
liontane regulates the downstream flow. This reservoir
has a capacity of 20,000,000 acre-feets The canstruc-
tion of bank revetments, permeable dikes, and the
reiroval of snags stabilizes the channel.

‘avigation above Kansas City is dependent upon
the release of water from the Fort Peck Reservoir,
since the normal 1low-water flow is definitely in-
adequate to meaintain navigable depths. The navigation
program depends, therefore, upon the rate of im-
pounding at Fort Peck as determined by precipitation
and run-off in the tributary area.

he proposed methiod of operating the Fort Peck
Reservoir provides for a minimum f{low of 30,000
second~feet at Yankton, South Dakota, except wunder
unusual drought conditions, when a slight reductiamm
in the amount may be required.

During periods of aigh water a  satisfactory
chanrel now exists between Kansas City and Omaha for

barges and commercial tows loaded to a draft of 5.5
teet. During the 1low water period in the fall the
channel in this section ascomodates drafts of only 4
feet. With favorable progress the chamnel from
Omha to Sioux City may be opened to mavigation in
1941. This will give Nebraska a total navigable
water front of abcut 240 miles.

The recemtly completed 6-foot channel of the
Missouri River between Kansas City and Qumaha was of-
ficially opened to commercial mvigation June 3, 1839
by the arrival of a Diesel tow boat which brought 2
barges containing 350,000 gallons of gasoline. The
cargo was equal to 44 railroad tank cars of gasoline.

When commercial pmavigatiwn was initiated on the
river June 3, 1939, Army Engineers reported the chan-
nel in excellent conditian. Ilowever, the channel is
still being shaped into its fimal course. Finishing
improvements are being put on the cut-off stretch
near Plattsmouth.

The newly canpleted river channel between Rulo
and Florence has been lighted and marked. One
hundred buoys and 37 day markers were installed. The
buoys indicate the course of the channel. After
cormercial mvigation is established 1lights will
probably be installed to permit night navigation. At
present the river is lighted only below Kansas City
for night navigation.

Army engineers have spent 12 years and nearly
$140,000,000 to transform <the Missouri River into a
navigeole stream. When the 764-mile stretch from
St. Louis to Sioux City is completed approximately

PRINCIPAL WATERWAYS
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$160, 000,000 will have been expended.

An authorization by the River and Harbor Aot
May 31, 1939 includes additional. improvement of the
digsouri River and preovides for the construction of a
9-foot channel not less than 300 feet wide from Sioux
City to th® mouth of the river. The first cost is
estimmted at $6,000,000, When the 9=foot channel is
completed the type of equipment found in the remain-
der of the system will be able to operate to Qmha

Waler Resources of Nebraska
and Sioux City,.

The irprovement of the mmtural outlet should re-
sult in reduced transportatia rates to the principal
industrial centers of .the East, and to the points of
consumption for our agricultural productse. These
conditions should serve as stimili to the industrial
devel opment within our State, Plate L xIx shows how
Nebraska is connected with the navigable waterways of
the' United States.

WILD LIFE AND RECREATIONAL FACILITIES

STATE AND FEDERAL PARKS, RECREATION GROUNDS,
AND GAYE RESERVES
Kebreska, 1939

NATIONAL FORESTS

Merriman)

lebraska National Cherry 217.808
Yebraske National  Thomas Halsey ) i
“Wood and Timber .
Reservation Sioux Fort Robinson 10,240
Totel 228,048
STATE FISH HATCHERIES
Benkelman Dundy Benkelman 30
Gretna Sarpy Gretna 50
Rock Creek Dundy Benkelman 120
Schlegel Creek Cherry Valentine 560
State Fish Hatchery Cherry Valentine 480
Total 1,240
STATE RECREATION GROUNDS
Armold Lake Custer Arnold 40
Ballard's liarsh Cherry Valentine 1,500
Blue Rivor Seward Milford 14
Champion Lake Chase Champion 16
Cottonmill Lake Buffalo Kearney 100
Cottomwrood Lake Cherry Verriman 160
Duke Alexis Hayes Hayes Center 100
Elxhorn River Dodge West Point 200
Fontenelle Forest Douglas Cmaha 2,500
Trenont Dodge Fremont 307
Frye Lake Grant Hyennis 345
Goose Lale Holt Clearwater 350
reckberry Lake Cherry Wood Lake 440
Zastings Adams Ayr 55
Jefferson County Jefferson Alexandria 30
Litchfield Shermen Litchfield 20
Lorng Lake Brown Ainsworth 80
Loup City Sherman Loup City 51
"emphis Lake Saunders Memphis 147
Pawnee Lake Webster Guide Rock 40
Fibel Lalie Vheeler Spalding 80
Flatieview Cass Louisville 120
Pressey Custer Callaway 80
Rat and Beaver Cherry Wood Leke 444
Ravenna Buffalo Ravenna 80
Richardson County Richardson Verdon 55
U. F. Pits Dodge Fremont 307
‘ialgren Lake Sheridan Hay Springs 130
Tiellfleet Lincoln Wellfleet 110
‘iildecat Hills Scotts Bluff Scottsbluff 1,000

Total

NAME COUNTY TOWN ACRES

STATE PARKS
Arbor Lodge Otoe Nebraska City 65
Chadron Dawes Chadron 804
Fort Kearmey Kearney Newark 40
Niobrara Island Knox Niobrara 408
Ponca Dixon Ponca 200
Stolley Hall Grand Island 43
Victoria Springs Custer Anselmo 60
Total 1,620

STATE GAME RESERVES

Burt County Burt Oskland 50
Cass County Cass Murdock 2,560
Columbus-Genoa Platte Columbus-Genoa 2,500
Dakota County Dakota Jackson 760
Dodge County Dodge Fremont 1,425
Douglas County Douglas Valley 750
Garden County Garden Oshkosh 7,000
Jefferson County Jefferson Fairbury 1,080
Lancaster Lencaster Lincoln 160
Lancaster lancaster Lincoln 42
Lincoln County Lincoln North Platte 14
Loup County Loup Taylor 2,720
Madison Madison Norfolk 10
Niobrara Island Knox Niobrara 562
Nuckolls County Nuckolls Bostwick 1,850
Pierce County Pierce Pierce 160
Rowell Antelope Tilcen 440
Saunders County Saunders Ames 72
Saunders County Saunders Ashland 500
Saunders County Saunders Cedar Bluffs 3,425
Saunders Coumnty Saunders Wahoo 1,760
Sheridan County Sheridan Hay Springs 2,660
Stanton and Cuming Stanton and

Cuming Stanton 776
State Game Farm Madison Norfolk 160
Walton Lancaster Walton 5,188
Washington County Washington Fort Calhoun 1,450
Wildcat Hills Scotts Bluff

and Banner  Soottsbluff 800
Total 38,874
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FEDERAL GAME RESERVES

National Water

Fowl Sanctuary Garden Munper 41,000
Niobrara National Cherry Valentine 16,681
Total 57,681
Grand Total 336,434

wild 1ife and recreational fuollities in Re-
braska have been affected by the development end use
of the water resouroes of the State, Irrigstion,
drainage, and industries have had a tendensy to di-
minish or pollute the lakes, marshes, and streams,

The depletion of bodies of water such as Cres-
cent lake in Garden County is a prime fwotor 4n
reduoinz waterfowl and fish population. On a lesser
soale perhaps wild life has been reduced by the
drainage of emall marshy and swampy traots on larms,
These were essential habitats for mamy furebearing
animals and afforded feeding, watering, and resting
places for a variety of other forms of wild 1ife,
However, the widespread develomment of farm ponds and
stock-watering places 1is evidence of a ohange of
sentiment about drainage., In some parts of the State
farmers have constructed small dame to conserve sur-
plus water supplies, Such supplies are conduoive to
the conservation and propagation of wild 1ife,_

Recent droughts have seriously affeoted the
aquatic habitat of wild 1life in Nebraska. During
periods of low water the wild 1ife of the marshes and
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lakes which camnot migrate perishes, Many fish lakes
dried up reducing the normal hatoh of game birds,
There has been some progress in restocking fish and
game in depleted areas, Severe winter conditions
durin;y drought periods freesze shallow lakes to the
bottom killine 1large numbers of fish, Holes are
somstimes ocut in the 1oe or artesian welld are
put down in the lakes to keep them open, To prevent
loss, the fish are sometimes seined from the shallow
lakes in the fall and transferred <to more stable
bodiss of water.

The fluctuation of the water levels also affeste
the growth of varioue kinds of vegetation upon which
migretory waterfowl, muskrats, beaver, and mink feed,
Fitting wildfowl requiremente into an engineering
program is s promising field for study and investiga-
tion.

The oreation of an adequate syetem of refuges
along the principal routes of migration and at points
of greatest ooncentration is desirable even though
any worthwhile refuges are destined to interfere to
same extent with boating, fishing, and shooting. To
be effective any system of refuges should harbor
througnout the open season the most important water-
fowl speoies in shooting areas, Refuges and sangtu-
aries present exoellent opportunities to stimue
lete interest in better wild-life management,

POLLUTION

Water pollution is destructive to fish, water-
fowl, and their food an nesting materials, Pollu=-
tion such as sewage and industrial waste results in
toxic oonoentrations that are the causes of muoh

PUBLIC AND PRIVATE SWIMMING POOLS
NEBRASKA
1939

o TOWNS WITHOUT
SWIMMING POOL

A PRIVATELY OWNED
SWIMMING POOL

° MUNICIPALLY OWNED
SWIMMING POOL

e e —

[ ] ‘. o

NO VILLAGES UNDER 200 POPULATION SHOWN

NEBRASKA STATE PLANNING BOARD

SOURTCE-~LEAGUE OF NEBRASKA MUNICIPALITIES
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destruction, Sewmge and industrial wastes should be
treated before they are discharged into streams,

The summer low-water conditions are dangerous
beoause of the reduced supply of water and the highly
conoentrated pollution substanoces, High temperatures
also inorease toxioity,

While pollution has reached the nuisance staze
in only a few areas it should be oonsidered an im=
portant faotor in the utilication of our water
reaouroes, Inoreasing population and manufaotures
will intensify the problem to a point where water
treatment will beoome imperative,

Water Resources of Nebraska

KESERVOIR LAKES

lakes oreated by <the oonstruction of large
power end irrigation dams are of great value to the
conservation of wild life,

Restoration of wild 1ife involves the re-estab-
lishment of their habitats. For aquatic birds and
animals suitable waters must be made a&ooessible,
Improved methods of land use will tend to provide
additional food and oover whioh ias the first require-
ment for terrestrial animals,
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WATER RESOURCES

SURFACE WAYER AND GROUED WATER

SURFACE WATER

Surfaoce water 1s the preoipitation residwe in
excess of absorption and infiltration. Surfaoce water
may also be a portion of the ground water that re-
appears from the ground-water supply direotly into
the drainage courses. The wide variation of suoch ele-
ments as precipitation, evaporation, run-off, ground
seepage, and transpiration also affect the surfaoe-
water supply. Although rainfall and run-off are the
mjor faotors determining supply of surface water,
physiograpvhy and olimate are also imporsant factors.

A natural balance of retarded .gurfece flow,
underground storage,and the seepage frgm uunderground-
storage supplies tends to maintain e fairly regular
supply of water in streams, lakes, and ponds. The
replenishing souroces for stream flow are preoipita=-
tion, underflow of rivers, upstream oontributions,
and subsurface flow from adjoining 1land. The
seotional oontributions to river discharge vary
aooording to the thlokmess of the water-bearing
formation, the area, degree of saturmtion, and <the
permsability of the soils. The faotors atfecting the
quantity of river-water 1loss are permeability and
gradient of adjoining lands, the quantity of water in
the rivers, and the mate and amount of evaporation.
In same parts of the State surfaoce water is augmented
by irrigation praotioces, while in oSher parts it is
depleted.

STREAMS
The general directiom of the. ma for etream

oourses of Nebraska is fram nortlwest to southeast.
The streams of <the State vary oonsiderably in
quantity of water and uniformity of flow, because of
geologic, s8oil, and olimatio oonditions of their
basins. Those fed mainly by surface run-off vary more
in discharge; those heading in the ground water of
sandy lands, as in the Sand-Hill Region maintain a
more uniform flow. All the larger streams within or
adjoining the State have bheen gauged at regular
intervals for several years. The discharges of these
streams are quite well known. At +the present +time,
the Department of Roads and Irrigation in oooperation
with the United States Geological Survey maintains
automatic-recorder equipment at 48 stations, in
Nebraska, The resulting daily disoharge reocords are
invaluable in plamming for the future utilization of
the water resouroces of this State. Long-time reoords
for Nebraskm are perhaps more nearly oamplete than
for any of the other western states where irrigation
is practioed extensively.Our streame present problems
relating to drainage, flood oontrol,irrigation, power
development, wild 1ife, domestic water supply, and
reoreatiomal use.

LAKES

The lakes are numerous but usually small and
shallow. Counting those with areas of 15 aores or
more, the State has more than 2,300 lakes, marshes,
and artifioial reservoirs. Most of the natural lakes
and marshes are in the Saad-Hill BRegion. They are
shallow, many of them intermittent. About 1,000 of
them became dry during the reoent drought.

COMPARATIVE MEAN DISCHARGES OF STREAMS
' NEBRASKA

WIDTH OF THE STREAM
INDIOATES MEAN FLOW TW
SECOND FEET ON THE

FOLLOWING SCALE

NEBRASAA STATE PLANNING

SOURCE —DEPARTMENT OF ROADS AND IRRIGATION

5 48T -wi—3—i88
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AREA OF SURFACE WATER

The ocombined area of the intermittent 1lakss and
marshes averages about 163 square miles, and that of
the permanent streams about 495 asquare miles, The
maximum area of <the surface water of the State, not
inoluding floods, is about 890 square miles. The av-
erage is about 640 square miles. Ths droughts of 1934
and 1936 reduced the ocmbined area to about 300
square milss.

The area of +the water surface of the State has
been inoreased oconsiderably during the past few years
by the oonstruotion of reservoirs in comneotion with
water power, irrigation, and erosion-ocontrol works.
When <the reservoirs are filled, the irrigation and
water-power projeots now under oonstruotion, or
authorized for oonstruotion, will add about 42,600
aores of water surface to the 8tate. The evaporation
loss fram the reservoirs and other free-water sur-
faces of the State is oconsiderably less than the
amount of direot rainfall they receive.

VOLOME OF SURFACE WATER

The amount of surface water, 1like the soil
moisture, varies greatly throughout +the year. Not
inoluding +the disoharge of the Missouri, the annual
inflow is about 2,000,000 aore-feet from Kaneas,
Colorado, Wyoming, and South Dakota, through the
Republican, South Platte, North Platte, and Niobrara
rivors, and their +tributaries. The outflow by Hat
Creek, White, Niobrara, Little Blue, Hig Blue,
Republioan, and Platte rivers, is about 6,800,000
aore-feet. This shows that the outflow exceeds the
inflow by about 4,800,000 aore~feet, or an amount
equal to slightly more than 5 per oent of the total
volume of the mean annual rainfall of the State.

The annudl discharge of the Missouri River
varies between 25,000,000 and 52,000,000 aore-feet at
Rulo. Of this, there are only about 5,800,000 aore-
feet contributed by Nebraska creeks and rivers.
About 1,000,000 acre-feet are contributed by Nebraska
streams below Rulo, Nebraska. Cocnsequently, the

volume of surface water in the State is relatively
small.

In 1931 the Surface Water Division cf the United
Statea Geological Survey entered into a oooperative
agreement with the Nebrasla Depsrtment of Roads and
Irrigation in extending the study of the water re-
souroes of Nebraska. This study has been oontinuous.

FLOOD WATERS

Bvery large stream in the State reaches flood-
stage in some part of its oourse. The streams in
Nebraska whioh are subject to floods throughout their
oourses are the Missouri, the Republican, the Platte,
and the Loup rivers.

Nebraska floods ooour within the period April
lst to August 3lst. More than 50 per oent of the
floods ocome in June. The ocontrol of exocess run-off
tends to equalize maximum and minimum stream flow.
‘Peak flows are retarded and reduced to provide
dependable water supply for irrigation during periods
0ol low flow and drought.

SARLY FLOODS

Destruotive stream floods have ooourred in
Nebraska during its entire history. Several of the
early floods are matters of legend and tradition
rather than of historical reoords One of the early
floods ooourred in 1785, a year kmown in Middle

Water Resources of Nebraska

Western Regions as "The Year of the Big Waters™. All
the steams of the North and Middle West reaohed
flood stages. These were reoorded on the Mississippi
in the vicinity of <the present site of St. Louis.
Probably very little damage was done because Nebraska
wag undeveloped at that time.

The next great flood ooocurred in 1826, The
spring season of that year was oharaoterized by ex-
oessive rainfall throughout +the Middle West. The
Missourl and Mississippl rivers were at high stage
during April and May.

Another mximum flood visited this area in 1844,
Suffiolent evidence exists to establish it as one of
the greatest floods in the history of this territoxy.
Monetary loss was small because Nebraska was not yet
settled.

Other general floods ooourred in 1845, 1851,
1858, 1881, amd 1686 although 1little 1is lmown
oonoerning them.

One of the most important floods acourately re-
oorded ooourred during the latter part of May and the
first part of June, 1803, It resulted in very high
flood stages throughout the ventral and eastern part
of the Missouri Rlver Basin. It was exoceeded only by
the flood of 1844.

Floods in the Republiocan-Eansas River Basin sub-
sequent to that of 1903 ooourred in 1904, 1908, 1915,
1923, and 1936, None of them equaled the flood of
1903 in eastern Eansas, although the flood of 19356
in the upper Kansas River olosely approached it.

at the orest of the 1936 fleod, the discharge
was approximately 9 times greater than had ever been
previously recorded. Previous floods were as high as
24,500 cubic feet at Hardy, Nebraska, where the river
orosses the state line into Kansases The 1935 flecd
disoharged 225,000 second-feet at this point.

After a month of greater-than-normal preoipi-
tation, exoeptionally heavy rains during the night of
May 30, and 31, 1935, followed by moderately heavy
rainfall during the next 2 days, caused the great-
est flood on the Republican River that had oocurred
there during a period of at least 70 years.

The Republican River Valley from the eastern
part of Colorado to Junotion City, Eanses, a distanoce
of 350 miles, was flooded for a width ranging from
three-quarters of a mile to 1.5 miles. More than
100 1ives were 1lost and muoh 1livestook and many
buildings were destroyed. Thousands of aores of rioch

farm land, oovered by deposite of sand brought down
by the flood waters, were greatly damaged. Nearly
all the highway bridges over the river were either

destroyed or rendered impassable. The highways along
the valley were washed out in many places., On +the
main 1line of the Burlington Route from Chicago and
St. Louls to Denver, about 40 miles of track were de-
stroyed. Regular train schedules were not resumed
for three weeks. The loass of the railroad, ohargeable
directly to the flood in the Republican River Valley,
was estimated at $1,500,000,

The following data showing the orest of the
flood at various Nebraska points are based on the
investigations made by the Missourl River Division
of the Corps of BEngineers, United States Army, and
The State Bngineer of Nebraska.
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Crest of Dischurge

Area of Meun Crest Dis-

Cross- Velocity charge in

Section in Feet Cu. Feet

Point on River Sq. Feet Per Sec. Per Sec.
Newton, Colorado 23,900 4,30 103,000
Max, Nebraska 28,000 7,60 190,000
Bloomington, Nebraska 56,800 4,41 250, 000
Hardy, Nebraska 45,900 4.91 225,000

The estimated maximum flow at any point on the
river was at Cambridge, lebraska helow the movth of
Medicine Creek, where 280,000 second-feet was reached
at crest discharge. At Bloomington, Nebrasksa  the
river rose from 7.5 depth at 6:00 P.M., May 31lst, to
a crest depth of 20.4 at 10:30 P.M., June lst with a
width of flow of 1.5 miles. At points on the river a
12-foot greater rise was recorded over that of any
previous flood.

The following table shows losses based on in~-
vestigations made by the kissuuri River Division of
the Corps of Engineers, United States Army, the State
Engineer of llebra.ka, the division of llater Resources
of the Kansas State Board of Agriculture, and Colorado
state and county offioials:

Summery of Losses in Colorado and Nebrasia

Colorado Yebraska
Lives Lost 6 94
Livestock Lost 300 8,100
Poultry Lost * 46,500
Highways Damaged (Miles) L) 341
Highway 3ridges Damaged #6 307
Crops Damaged (Acres) ** 42,000
Farm land Damaged (Acres) 15,000 57,000

Total Value of
Property Loss

*  do iecord

BEstimated

' Does not include county bridges

*» Area damage in Colorado was chiefly hay land and
is included under farm land damaged

) Includes damage to county bridges and roads

4 Includes $1,500,000 loss of Burlington Railroad
directly chargeable to the flood, a small part of
which occurred in Colorado

0§$7%0,000 #§7,532,000

The largest single item of loss in Nebraska, and
the one requiring considerable attention 1is the
future land use in the flovod plain. This area was
severely damaged by deposition of sand and gravel and
by the cutting away of top soil, Strong winds stir
up dense clouds of sand which whip about cutting off
vegetation. The resuit is much damage and discomfort
in adjoining arsas.

Two of the most destructive floods 1in the
history of the State occurred in the Republican River
Valley in May 1935, and in the Misscuri River Valley
in eastern and soutksastern Nebraska July 1938, These
floods were caused by cloudbursts and excessive rain=
falle Both incurred great loss of life and propertye.

Several floods of considerable intensity have
been recorded in the Rerublican River Valley and 1its

tributaries; one in 1905 and 1915, and 4 1in 1935,
3 of which occurred within a period of 17 days.
The first of the 1935 floods occurred on Uay 28th,

when the water at licCook, Nebreska reached about the
same stage as the flood of 1915, which, up to tha%
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time, was +the worst flood in the history of  this
area. The second flcod, and the worst in the history
of the river, occurred on May 30th, 3lst, and June
ist. The third flood occurred on June 1€th and 17th
at McCook, but did not cause any additional damage.

lirited area of the
corn and cane, but re-
An extensive well-planned,
is being considered for the
rendered unfit for culti=-

In 1935 farmers planted a
flood plain to such crops as
turns were disappointing.
treesplanting program
rehabilitation on lands
vation by floods.

HISSOURI RIVER FLOOD

The Missouri River Valley in eastern and south-
eastern Nebraska experienced a severe flood July 2 to
18, 1938, Complete and accurate data on the damages
and losses in the affected area are not availablo at
this time.,

The flood was caused by excessive precilpiltation
and melting snow in the Upper Missouri, and Yellow-
stone basins of Wyoming and Montana,.supplemented by
considerable discharges from streams farther down the
river. including the Platte.

The Nebraska State Plaunning DBoard and federszl
uwgonciss are considering plans for the development of
ways and means by which a recurrence of severe flood
damages may be avoided,.

The plan for flood control includes the con-
struction of reservoirs on the larger tributaries for
the retention of maximum flood flows. Any plan for

flood control should be supplemented by a proper
adjustment in land use. The development of water-
cunserving tillage practizes and water-retarding

factors is a very important part of a comprehensive
Tood=prevention and control program.

The ~rest of the flood reached Bismarck, North
Dakota on July 8th; Pierre, South Dakota on July 10th;
and Omaha on July 1lthe The United States Geological
Survey has not made a final determination of the
exact discharge at the crest of the flood, but at
Omaha it wes between 115 and 120 thousand second-
feet. At Omaha the stage remained above 16 feet frum
July 3rd to July 17th,and above 18 feet from July 9th
to July 16th. The partial operation of the Fort Peck
Reservoir this year reduced the flood stages which
would otherwise have occurred, by about 1.5 feet.

Official estimates of property 1loss in the
Missouri River flood are not available at this time.
No loss of life was reporteds Unofficial roports
estimate heavy 1losses of 1livestook and property.
Thousands of aores of rich farm land were inundated,
and crop loss reacra.d into thousands of dollars,

GROUND WATER

Ground water 4is one c¢f the most important
resources of Nebraska. Some authorities suggest that
it is of greater importance than the soil.

The more readily available ground-water supply
is about 750 times the total volume of the surface
water of the State. It is estimated at approximately
10 times the average annual rainfall or an amount
sufficient to fill a rectangular tank about 390 fect
deen and 10 miles wide, extending the length of the
State. 1liuch ground water has been lost in late
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geologic times because deep valleys tap the water-
bearing mantlerock resulting in oonsiderable
underflow leakmge.

Maintaining a permanent ground-water  supply
causes grave ooncern. Reoent drought, waste, and
drainage have resulted in heavy losses of ground

water. Although the ground-water supply has not been
seriously depleted 1in any part of <the State, there
are plaoces where the water table has been lowered.
Suoh conditions require the initiation of oonserva-
tion measures.

WATER HORIZONS

There are many water-bearing horizons in the
State. Their distribution is not uniform. Some areas
have 1little or no ground water and other areas have
vast quantities of it. In some seotions the water
horizons are shallow, and in others they are deep.

Mantlerook Horizons

Most of the surfece of Nebraska is underlain by
thick layers of soil and subsoil, and thick open=-
textured mantlerock. Thick layers of sand and gravel
facilitate the accumulation and storage of relatively
large quantities of the rainfall as ground water. The
importance of these favorable conditions for ground-

water storage 18 not generally understood or
appreciated.

Relatively wunoonsolidated mantlerock covers
large areas of Nebraska. A large part of the 1loess

in south-central Nebraska is underlain by 2 thick
sand and gravel deposits known as Holdrege-Grand
Island sands and gravels whioh outcrop at places
along the borders ot the Republican, Little blue,
Platte, and Loup valleys. These deposits whioh carry
much ground water, underlie the middle course of the
Platte Valley and reaoh northward and westward for a
oonsiderable distanoe under the sand hills and at
places into the hard lands. These water-bearing
strata pinoh out south of the Republican River in
Nuckolls, Webster, Franklin, and Harlan oounties.

The sand-hill areas are occuplied at the surface
by dunesand and other sandy materials. The materials
of the alluvial lands vary greaily in texture, grad-
ing from 8ilt to sand and gravel, In places along
larger valleys suoh as the Platte, Loup, and Republican
there are terraoes capped with loess.

Glaoial deposits of varying thiolmess ocoupy the
drift-hill area in southeastern Nebraska, The 200
feet or more of drift, in Nebraska, inoludes 2
fairly persistent esand and gravel sheets and 2
boulder-oley deposits called %11l sheets. Both were
formed by glaolers but differ thuslLy; till 18 tce=
transported, and the associated sands and gravels are
water-laid.

Bedrcck Water Horizons

In Nebraska it is not generally necessary to tap
the bedrook waters. However, there are places where
comparatively deep wells must be made in order to ob-
tain domestio water supplies and secure water for
special purposes.

Salt Water Horizons

Water Resources of Nebraska

In some 8mall areas of Nebraske there is a
soarcity of good drinking water. In other areas
shallow ground water makes weak wells that become dry
or nearly so during droughts and increase in yield
after wet years. In some places the water is saline
or alkaline creating difficult water-supply problems.

The main souroes of salt water occur as follows:
(1) in the Dakota group; and (2) in zones of the
Permian and Pennsylvanian System, a8 at Lincoln, and'

near Union and Unadilla.

ARTESIAN WELLS

¥uch of the State is underlain by formtions
carrying water under pressure, The pressure may be
suffioiently strong to oause a flow when +%apped by
wells. The pressure 1is developed in aquifers con-
fined between impervious strata.

All ground waters oontain some salts in
solutions The ohemical qualities of artesian water
seem to vary with the distanoe it has moved from the
point of intake to the place where it is tapped by
wells, Other oontributing faotors are: (1) the rate
of movement; and (2) the oontinuity of the reservoir
rooke The leading artesian aquifers are the sub-
glaoial gravels, Holdrege sand and gravel, Ogallala
formation, Chadron formaetion, Dakota group sandstones,
Mississippian 1limestone, Niagaran dolomite, Galena
dolomite, St. Peter sandstone, and the Jordan sand-
stone. In order to secure a maximum supply of water
the wells are usually left open to a number of
different water horizons, henoe <the water from most
of these wells is chemioally and physioally a mixture
of them all.

There are more than 1,500 flowing wells in the
State. Many of them are 1located in <the sand-hill
region. They are used for about the same purposes
as other wells. The waters from mineralized artesian
wells are used for sanitarium, bathing, and other
purposes.

There is a great waste ot artesian wwe.i waters
Many wells have oeased to flow becauss of the
collapse of corroded casings, while others no longer
flow because of a reduction in hydrostatic pressure.
The artesian waters of the State have not been used
to muoh advantage exoept in plaoces where <there is
scant, shallow, well water, and in parts of the sand-
hill region where the wells are shallow and
inexpensive. At Beaver Crossing flowing wells are
used in the development of small streams and ponds
for trout oulture, and a number of other uses. There
are a number of places in the State where artesian
water is impounded in fish ponds and lakes.

In 1935, the Legislature assigned to the State
Geological Survey the duty of oonserving the artesian
waters of the State against waste.

At present there is a speoial demand for infor-
mation oonoerning the distribution and oonfiguration
of water~bearing formations, and the origin, movement,
quantity, quality, and availability of ground water.
There is need for a water=-table reocord showing depth,
draw-down, and seasonal fluotuations, Sinoe 1930 an
investigation of the ground~water levels in Nebraska
has been in progress by the United States Geologioal
Survey in oooperation with the Water Survey of the
Conservation and Survey Division of the University of
Nebraskn. The Central Nebraska Ground-water Survey,
although a separate investigation, served to in-
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augurate the fluotuation studies. Studies were muas
of the grcund-water resources of the Platte River
Valley in oentral Nebraske where periodic measure-
ments of the water 1levels have been made on
approximately 120 irrigation and test wells since
August 1930, to determine their fluctuation in
response to precipitation, irrigation, stream flow,
and in some oases pumpage. The present State-wide
water-level program inoorporates a number of these
original Platte Valley wells, 8o that the continuity
of these reoords has not been broken.

A resume of the
levels in central Nebraska since
member of the State Water Survey furnisnes the fol-
lowing data: periodio observations were made in
about 100 wells located in the Platte River Valley in
central Nebraska between Grand Island and Cozad.
These observations reveal that +the water 1levels in
the wells show a declining fluctuation range from 1
to 8 feet during the period October 1930 to October
1934. This indicates a general deoline of the ground-
wate~ table throughout +this part of the Platte
Valley. The general decline cannot be interpreted as
permanent but results from the interrelated factors of
annual and monthly precipitation, temperature, depth
of ground water, wind movement, barometrio pressure,
and the season of the year.

periodic observations ot water
1930 written by a

The greatest deoline of the ground-water table
oocurred in parts of the valley between Cozad and
Keurney. 1In this area, +the principal cause for the
decline was probably subnormal preoipitation, com-
bined with a relatively small amount of surface water
availabls for irrigation in the last 4 years. The
decline ranged from 4 to 8 feet in an area north of

Water Resources Of Nebraska

Cozad and Lexingtun, and from 3 to 4 feet in an area
on the north side of the valley from Lexington tc
beyond Kearney.

East of Kearney the decline of the water table
been generally less +than the decline west of
In the area east of Kearney the decline was
the water +table had not been built up
extent by surface irrigation prior to
due largely to subnormal

has
Kearmney.
less becaus
to any great
1930. Such decline was

precipitation and pumpage.

A comparison of the relation between fluotuating
water levels in 20 wells between Grand Island and
Kearney, and precipitation show that water lavels in
wells with water tables more than 10 feet below the
surface generally rise and fall less than the water
levels in wells where the denth to water is less than
10 teet. The we.ls are in the same stretch of the
Platto Valley, but those of the 1latter group are
located nearer the river where the elevations are
lower, and the water table is not far below the
surface,

active fluctuations in the shallower
wells is due to recharge from precipitation which is
more readily reflected where the water table is
shallow, resulting in more pronounced fluctuations of
the water level. The roots of plants draw water
directly from the zone of capillarity (capillary
fringe) just above the saturated zone causing
appreciable declines of the water lsvel during the
growing season. In the winter and spring periods of
1931, 1933, and 1934 the average rise was less than
1 inch in the deeper but more <than 1 foot in the
shallower wells, Consequently, the net decline in
the last 4 years was nearly the same in each group.

The more
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During the 1last half of 1932 the water
in all wells in the

levels
Platte Valley showed rather high
rises due to an above normal precipitation at that
time. From October 1931 to April 1932 the average
precipitation recorded at Grand Island and Kearney
was slightly above normal, and oonsequently consider-
able water percolated into the ground and was added
to the ground-water reservoir during this recharge
periode As a result, the water level did not reach
as low a level in 1932 as it did in 1931, Since July
1932, the precipitation has been about 22 inches below
normal - almost the normal precipitation for 1 year.

The water level in the valley has suffered annual
declines,

In 1935, when precipitation was above normal
during the fourth, fifth, and sixth months. ground

water rose considerably. As rainfall decreased the
water table dropped accordingly. During the summer
of 1936, whioh was one of the warmest on reoord, the
ground water declined more notioeably in the shallow
wells, less in the terrace wells, and least of all in
the deep wells,

Thus, the study of fluctuations of ground water
requires a consideration of suoh factors as annual
and monthly preoipitation, atmospheric temperature,
the depth to ground water, wind movement, barometrie
pressure, and the season of the year.

PRESENT STATUS OF GROUND-WATER LEVELS

At the time of the 1last readings in the fall of
1938, ground-water levels showed normal annual and
seasonal fluctuations,. Records for the bottom-land
wells reveal a maximum fluctustion of 3.23 feet for
the 5-yoar period. The high recording occurred in
June 1935,and the low in August 1936, The fluctuation
high in bottom~land wells for the entire State was
O.1 of a foot below the normal high, and the 1938 low
was 0.3 of a foot above the normal low, At the 1last
reading in the fall of 1938, the shallow wells were
1,35 feet higher than the low reoording of 1936,

For the terrace-land wells (15 to 30 feet) the
maximum fluctuetion range for the 5-year period, 1934
to 1938 inclusive, was 1.87 feets The high record
occurred in vune 1935, and the low in August 1937,
The fluctuation high for 1938 in terrace-land wells
was 0.18 fest lower than the normal high, and 0,05
feet lower than the normal low.

The maximum fluctuation range of deep wells (30
to 275) during the 5-year period, lus4 to lysy, was
0.55 feet. The high wes reached Jure 1935, and t@e
low August 1937, The fluctuation high for 1938 iz
these wells was 0.12 feet lower than the normal high
and 0,16 feet lower than the normal low.

IRRIGATION AND RECLAMATION

kvery section of Nebraska has one or more
speoifio water problems. These may be related to
irrigation, domestio water supply, flood, drainage,
navigation, pcllution, wildlife, or power. Some areas

have a oomplexity of suoh problems.

The attempt of individual oommunities to solve
water problems involving county, state,and interstate
interests on a local, and sometimes temporary, basis
often results in aggravating rather than solving the
problem. Broader planning programs have been intro-
duoed from time to time by state and federal

Water Resources of Nebraska

agencies, The most reoent of these is organized ama
direoted through the oorrelated efforts of she
federal, stats, and local divisions of the water re-
sources committees.

However, interest in irrigation and reolamation
throughout the history of Nebraska, increased or de=-
oreased in direot relation to the failure or suoocess
of agrioultural produotion. Nebraskans have always
experienced the effeots of alternating humid and arid
olimatic oycles. Eoonomio 1losses resulting from un-
stable climatio conditions have stimulated interest
in planning for conservation and efficient use of the
water resouroes of the State. Long-time records
prove that floods and droughts are normal reourrenoes
within climatio cycles.

Nebraska lies in twu fluctuating climatic zones;
subhumid east of the 100th meridian, and semiarid
west of it, with a twilight zone betweem the two.

The settlement of Nebraslsa was made by people
from the humid eastern states. They plowed, sowed,
and oultivated too often without harvest.Agrioultural
crops and methods applicable in humid states were
unsuited to the variable olimatic oonditions of this
State. Consequently, the slow, difficult prooess of
agrioultural adjustment commensurate with the demands
of the hazardous physical enviromment still remains
unfinished. The economio seourity of Nebraska oon-
tinuously expands or painfully oontraots acoording
to the alternating periods of adequate rainfall or
withering drought. The future permanent eoonomic and
social stability of the State will be threatened pro-
portionately to the defioienoy of precipitation
oocurring within the hydrologic oyole.

overtheless, suggested irrigation programs ¢e
insure dependable orop production has met with con-
¢ iorable disapproval and condemnation throughout the
history of the State. During the early years,
irrigation was oonsidered with much caution. The
severe droughts from 1894 to the present have greatly
influenced public opinion in favor of irrigation and
the oonstruotion of new projeots. The struggles and
triumphs experienced by Nebraskans by whioh they be-
came "water minded" will be developed in subsequent
paragraphs.

HRISTORY OF IRRIGATION

The droughts ocourring in the 1860's and 1890's,
and the 1930's focused attention of state and federal
irrigation organizations on Nebrasikm. Eaoh drought
oyole brought greater disaster beoause of steadily
inoreasing settlement sand development stimulated
during wet oycles. The struggle and triumph of irri-
gation in Nebraske are based upon human suffering, the
untiring efforts of far-sighted individuals, and the
oooperative planning between stutes and federal
organizations,

The ohallenge of droughts has been met in
various ways and degrees of permanency during the
irrigation history of our State. As early as 1860,
4 miles of ditch canals were in operation. Since
that time,interest in irrigation has been intensified
with eaoh recurring drought.Development of irrigation
has been in progress to the present time.

[RRIGATION LEGISLATION

State legislation governing +the devolopment of
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srrigation was snacted slowly. It is apparent that
the statesmen of territorial days did not foresee the
necessity of providing for irrigation enterprises in
the Constitution adopted in 1866.

In 1867 the territory adopted the common law of
England except when it conflicted with the consti-
tution of the United States or those of the separate
states. Due to climatic differenoes between England
and Nebraska, the common :(aw was not entirely
applicable %o our State.

Provisions of law relating to internal improve-
ments were extended to irrigation oanals by a law of
1877, "This law empowered canal companies to issue
bonds and condemn right-of-way canals", This included
the common-law rule as to riparian rights, and the
rule held until abrogated by statute.

The State Legislature passed the Saint Raynor
Law in 1889 which provided that rights to use water
for beneficial or useful purpose could be acquired by
appropriation. The court held that this law abrogated
the common law of riparian rights. This lew of 1889
required +the posting of notices on the bank of the
stream at the point of intended diversion, and the

location of diversion, but no provision was made for
policing diversions in order of priority.

The first State irrigation convention was held
February 11, 1891 in Representative Hall, Lincoln,

Nebraska. Delegates from 36 counties attended. The
important work of the oonvention was the appointing
of a commivtee to prepare and present a bill on irri-
gations The bill was defeated in the Legislature
March 21st, 1891, with a vote of 35 to 32, Failure to
obtain a constitutional majority ended all hope of
legislation during t.ae session of 1891, The bill
prepared by this oommittee was finally passed as the
"Parnell Bill", and appears in the statute books
today with little modification,

A committee appointed at <the Lincoln meeting
arranged for an interstate oonvention ocomposed of
delegates from Nebraska, Kansas, Wyoming, Colorado,
North Dakota, South Dakota,Texas, end the territories

of Oklahoma and New Mexiocos This oonvention was
held in Kansas in 1892.
An irrigation bill introduoed in the 1893

Legislature was bitterly opposed and defeated. The
Saint Raynor Law was amended to permit the filing
of water-rights on streams 20-feet wide or more.

Serious State-wide drouschts ocourring in 1894,
‘and 1895 resulted in crop faiiure and heavy livestock
losses, These droughts profoundly influenced irri-
gation legislation. On April 14, 1895 an irrigation
code became a law in Nebraska, It was quite complete
in nearly every detail, and was taken from the
Wyoming Irrigation Code. This law dedicated the
water of every natural stream to public use, and the
right to divert wunappropriated water for beneficial
use was never to be denieds The law &lso provided
that the priority of the use of water was to be
administered and recognized as follows: (1) for
domestic use, (2) for irrigation, (3) for power and
manufacturing purposes. This law provided a State
Board of Irrigation, with a membership of 3, namely:
the Governor, Attorney General, and Commissioner of
Public Lands and Buildings. A secretary who shall be
a hydraulic engineer was employed as were also a
number of assistant seoretaries and water commis-
sioners., Up to 1912 no irrigation company measured
water to the users except the Farmers Canal, the
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of whioh was a United States Reclamation
Its measurements were taken at the farmers®

extension
projeot,
headgates,

In 1911 the State Board of Irrigation was re-
placed by the State Board of Irrigation, Higlways,
and Drainage. The 1law also provided for the
cancellation of appropriations af%er 3 years of non-
use,

When the Civil Administrative Code became ef=-
fective in 1919, the Department of Fublic Works was
oreated whioh took over the power and duties
assigned to the o0ld State Board of Irrigation,
Highways, and Drainage.

In 1933 the Legislature changed the neame Depart-
ment of Public Works ¢o its present name, the
Department of Roads and Irrigation.The State engineer
was given +the additional duties of ohairman of the
8tate Planning Board, Direotor of the Motor Vehicle
Division, and Director of Higiway Safety and Patrol.

DEVELOPMENT OF IRRIGATION

The irrigation industry has made slow but ex-
tensive growth since the early nineties, but has nci
as yet developed the maximum use of our water
resources. The objective of the State is to developr

our irrigation possibilities as fully as possitle
but with every safeguard against failure. Since the
land area suitable for irrigation far excoeds the

amount of water available for reclamation, it is
necessary for the State to control the allocation ang
distribution of water in order to secure maximun
venefit from ite

WATER STORAGE

Marked improvements have been made in the
methods of storage and use of water for irrigation
in Nebraska. Pioneer irrigators experienced the

hazard of a low, undependable water supply diverted
from streams during the irrigation season. To insurec
a dependable irrigation flow when most needed,
attempts were made to preserve the nonseasonal
flood flows. Regulating reservoirs were constructed
such as the Pathfinder and Guermsey in Wyoming, and
lake Alice, Lake Kinatare, and others in Nebraska,
making a total reservoir storage of about 1,300,000
acre-feet in the Naorth Platte Valloy in Wyoming and
Nebrasla prior to 1936, The capacity of irriration
reservoirs mow wunder construction or compleved are
as follows:

Reservoir capacity (acre-feet)
Kingsley (under ccnstruction) 2,000,000
Sutherland (completed) 178,000

Total 2,178,000
Nonseasonal water impounded in the Pathfinder
reservoir is released during the irrigation season

and flows in the channel of the North Platte River to
a point near Whalen, Wyoming where much of the stor-
age flow is diverted for United States Reclamation
projects in +that state and also in Nebraska. In
Nebraska there are 7 irrigation districts having
claim to Pathfinder storage by virtue of their so-
called Warren Aot contracts. The application of this
water builds up the ground-water storage in ths ter-
race and slope lands of the valley from which there
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is an all~year return flow to tho river. By reser-
voir and ground-water storage the flow of the upper
course of the river is stabilized.

The Kingsley and Sutherland reservoirs will sup-
ply water for the irrigation districts between North
Platte and Grend Island and will have a tendency to
stabilize the flow of the river for power develop-
ments,

SAND-HILL STORAGE

The Sand-Hill area is an important water storage
region. It lies between the Platte and Niobrara
rivers in north-central Nebraska, The Sand-Hill
oountry occupies approximately 22,000 square milss,or
14,000,000 acress The area is generally oovered with
a loosely compaoted, fine-grained, wind-blown sand,
This formation ranges from 25 to 100 feet in thiok=-
ness. Beneath the wind-blown sands, beds of loosely
compacted sanda and clays outcrop 1n moat of the
valleys,

The Sand-~Hill area, 1like a great sponge, has
absorbed and stored vast quantities of rainfall over
a long period of time. In some parts of the area the
ground is water-saturated to a depth of 300 feet or
more., Thus, 300 feet of water~filled earth oontains
about 100 fest of water,

Sand-}{ill ground water 1is the importent regu-
latory factor in the projects on the Loup rivers,
because it gives a uniform flow to the streams where
they leave the sand hills. However, 1in their lower
courses, the surface run-off to the rivers 1is less
uniform and might be regulated by reservoir storage.

NEW IRRIGATION PROJECTS

Plate IXXV shows the existing and
irr gation in Nebraska in 1940.

contemplated

A Nebraska authority states that it would be
possible to trace a fairly aocurate weather chart by
reviewing the applications made for water approp-
riations as recorded in the State engineer's office,
During dry years there are many applioations. During
wet years the number is reduoced to a minimum,

Recent droughts, espeoially those oocurring in
1934 and 1935, again emphasized the need for more ex-
tensive irrigativa. These droughts molded publio
opinion favorably for additional irrigation develop-
ment, In 1933 the Nebraska Legielature passed Senate
File number 310 whioh authorized the organization of
public power and irrigation distriots. Under this
law the following self-liquidating, federal projeots
were organized, approved, and are now under varying
stages of construotion or in operations (1) Central
Nebraske Public Power and Irrigation Distriot which
will irrigpate 200,000 aores; (2) the Platte Valley
Public Power and Irrigation District developed
primarily for power, will deliver supplemental water
0 102,000 acres under previously existing irrigation
projeots below North Platte; (3) North Loup Public
Power and Irrigation District <to irrigate about
38,000 aores; (4) Middle Loup Publio Power and Irri-
gation District to furnish water for 45,000 acres.
When these flederally financed projeots are completed,
Nebrsska will have an additional area of more than
300,000 agres whioh represents an increase of some
43 per cent of the land now under irrigation in the
State.

Waler Resources of Nebraska

FEDERAL APPROPRIATIONS

The total allotments oovering both loans and
grants made by the Federal Govermment for the &
publio power and irrigation districts in the State

are $60,267,000. A substantial part of the total
allotment is to be used for the irrigation phases of
these developments. In addition to these irrigation

projects $12,814,000 has been &llotted to the Loup
River Publio Power District, and $10,791,500 to 28
Rural Electrification Distriots.

IRRIGATED ACREAGE
The acreage of irrigated land for each county in

Nebraska as indicated by the county assessor's
records is shown in the following surmary:

LAND IRRIGATED

Acres

Total pump
Pump and Ditch

County 1937 1940
Adams 274 450
Antelope 22 389
Arthur 0 10
Banner 78 1,365
Blaine 140 220
Boone 515 1,273
Box Butte 0 3,960
Boyd 11 65
Brown 310 572
Buffalo 22,380 34,081
Burt 0 60
Butler 143 759
Cass 120 190
Cedar 0 20
Chase 1 2,257
“rerry 1 2,662
yanne 321 4,248
Clay 44 327
Colfax 110 2,462
Cuming 380 783
Custer 354 4,711
Dakota 0 130
Dawes 32 17,128
Dawson 14,201 88,400
Deuel 2,087 6,860
Dixon 19 64
Dodge 624 1,352
Douglas 1,208 1,235
Dundy 75 4,020
Fillmore 22 365
Franklin 387 1,250
Frontier 0 353
Furnas 379 1,018
cage 139 200
Garden 408 24,080
Garfield 189 2,790
Gosper 285 1,283
Greeley 131 1,650
Hall 9,702 15,278
Hamilton 1,430 1,974
Harlan 569 1,577
Hayes 360 1,349
Eitchcock 319 10,980
Holt 112 160
Howard 492 550
Jefferson 1% 220
Johnson h ! 41
Kearney 1,365 9,892
Keith 2,160 25,060
Keya Paha (o] 65
Kimball 403 7,674
Knox 77 220
Lancaster 85 110
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Lincoln 1,901 47,260
Logan 22 22
Loup 211 5,115
Madison 403 1,366
Merrick 1,448 4,717
Morrill 229 84,500
Nance 67 473
Nuckolls 147 400
Otoe 0 5
Perkins 148 480
pPhelps 1,342 8,200
Pierce 651 656
Platte 223 1,335
polk 30 428
Red Willow 1,462 5,150
Richardson 0 35
Rock 9§ 280
Saline 168 309
sarpy 108 200
Saunders 20 410
Scotts Bluff 647 201,000
seward 115 536
Sheridan 121 1,000
Sherman 40 3,830
Sioux 78 28,383
Stanton 190 1,417
Thayer 228 340
Thomas 40 44
Thurston 1 34
Valley : 226 12,281
Wash ington 0 120
Wayne (o] 50
Webster 75 710
Whe eler 0 46
York 81 656

Total 73,0859 693,970

The foregoing table shows that irrigation 1is
practioed in 88 of the 93 counties in Nebraska.Scotts
Bluff County has the largest irrigated acreage witl
29 per cent or the total irrigated land in the State.
The total area of the State now capable of being
served by present irrigation facilities is 40 per
cent of the total area susceptible +to reclamation,
and 4 per cent of the total cultivated land in the
State. However, 1less than 2 psr cent of Nebraska is
now being irrigated. These comparisons show that
there is a relatively small portion of the State
under irrigation, and that the existing possibilities
for expansion are promising.

Of the 17 states in which irrigution 1is
practiced, California has the greatest irrigated area
with over 4,000,000 aores. Colorado renks second
with 3,300,000 acres, Nebraska holds eighth place
with less than a million acres. It is not generally
realized that the irrigation development in the
United States is rather small, For example, the total
irrigated area in the 17 states is approximately
18,500,000 acres, which is about § per cent of the
400,000,000 aores ocultivated in the United States.

3ENEFITS OF IRRIGATION

The benefits derived from irrigation are not
confined to the irrigated areas alome, but are ex-
tended to every part of the State. To those living
outside the irrigated territory oome benefits in the
way of greater wealth for our State. During drought
years, feed and general farm commodities are shipped
fror. the irrigated areas to needy portions of the
State,

A comparison of differences in orop production
on irrigated and unirrigated 1land further .mphasizes
the advantages to be enjoyed by the induction of suo-
oessful irrigation practices.s The amount of inorease
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in orop yields is dependent upon a number of faotors
among which are the physical features of the soil and
the amount and distribution of moisture. Therefore,
no reliable figure can be given with reference to the
increase that would be applicable under all ocondi-
tions and in all localities. The most valuable data
available are the records maintained at the State
experiment stations where researoh has been oonducted
to determine the inorease in orop ylelds for irri-
gated land over that on dry land under similar
conditions, ‘

Records show that the appliocation of supple-
mental water when needed results in the difference
between 100 and 300 bushkels of potatoes per aore;
between 2 and 4.5 tans of alfalfa per acre, and
between no sugar beets and 15 tons of sugar beets per
acre. The above statistios indicate the advantages
that ocan be expeocted when supplemental water is
available and is applied at the proper time. The
records used in this study were cbtained over a
period covering 10 to 12 years, and therefore, repre-
sent an average of sonditions for the period of the
experiment,

The benefits of irrigation resulting in the
inoreased produotion ocapacity of the land are re-
fleocted in other ways. With reference to population
statistios, Sootts Bluff County is a good exmmple,
since it has the largest irrigated aoreage of any
oounty in the States The assurance of orop ylelds
every year is very necessary, and one of the induoce-
ments for the location of manufaoturing plants used
in processing agriocultural products.

Throughout 50 years of irrigation experience

Nebraskans have beocome inoreasingly irrigation-
sonsoiouss This 1is attested by the magnitude of
resent irrigation undertekings which will result in
Tacilities for the oonservation and utilization of
our 2 greatest natural resources, water and soil,
The Keystone Reservoir with 2,000,000 aore-feet of
storage, the Sutherland Reservoir with a ocapacity of
178,000 aore-feet, and the projeots on the North,
Middle, and Loup rivers together with existing
projects will be ocapable of transforming hazardous
agrioultural areas into produotive .fertile valleys
adequately served with eleotricity, and the associated
aonveniences of the urban centers. Irrigation plans
will e qontinued until all available irrigable land
within the limits of feasibility is developed to the
maximm expansion.

Thus, it 1is possible for a 8tate of great
agrioultural risks to become a land of reasonable
security in the futures To achieve agricultural
stability in ap unstable climatic environment is the
challenging task to state and local community plan-
ning. If the change is to occur, the State and minor
civil divisions of the region no less than the
Federal Government must energetically attack the
problem. Federal progress along soms lines will be
conditivned in large measure by the extent to whioch
complementary aotion is effected by the State and its
subdivisions. The suocess or failure of an active
long-term program of readjustment and development for
Nebraska will depend very 1largely upon looal
attitudes, policies, and aoction.

The recent droughts are only temporary setbaoks
and if proper adjustments and full utilization of the
water resources are made, a muoch safer and more
prosperous future lies ahead for Nebrasks.
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PUMP IRRIGATION

Soon after-irrigation from surface supplies was
begun in the valley of the Platte, farmers began to
use windmills as a means of raising water from wells,
The records show that many windmills were in use for
irrigation purposes prior to the year 1900, It is
probable that at least & irrigation wells were in
operation in the Platte River Valley prior to the
year 1912, Since that date, the number of wells has
increased steadily,

The progress of irrigation in Nebraska has been
erratic largely because of the variation in precipi-
tation. The occurrence of a number of wet years
occasioned abandonment of ditches and wells, whereas,
a few dry years would find all types of irrigation
systems being revived again. The total annual pre-
cipitation is not always a yardstick by whioch to
estimate the amount of supplemental water neocessary.
The corn crop of Nebraska 1s dependent upon ample
rainfall in July and August, the season when drought
often occurs.

A preliminary study of pump-irrigation costs was
made in Nebraska by a representative of the United
States Department of Agrioulture in 1913. This
report shows that at that time <there was a great
variaticn in the methods of well comstruction and
pump design.

Because of a decided lack of good well=-drilling
equipment, there was a tendency to use wells of large
diameter dug by hand. For the most part, the depth
was limited to 25 or 30 feet due to the type of
equipment used and the existence of a common belief
that large-diameter shallow wells produced better
yields than small-diameter deep ones. This misunder-
standing was costly to many early pump irrigators.

As well machinery developed, and the process of
digging irrigation wells was better understood, holes
of small diameter and greater depth cams into common
use.

Early oasings were often made of woodj; however,
in some cases, a rough wall of stone was laid up.
Later the perforated galvanized oasing came into very
cormon use and there was developed precast oonorete
ocasings of various diameters and designs. Metal and
ooncrete casings were commonly sunk by removing the
material from the interior with a sand bucket and ap~-
Plying pressure to foroce the tube dowrnward. Ko
attempt was made to place soreened gravel around the
outside of the casing. Later development oonsisted
of pouring screened gravel around the ocasing and
allowing it to settle with the oasing. Ome of the
later developments consisted in putting down a large-
size blank oasing to the required depth.
perforated ocasing was placed inside and ocentered.
Soreened gravel was poured between the 2 and the
blank casing removeds This produced the so-called
"gravel packed" well which has proven so successful
in many areas where it has been impossible to get
good results with old-time methods.

Many of the early wells oonsisted of large-
diameter pits dug to s point near the water surface.
Below this a small-diameter oasing penetrated the
water-bearing stratas In +this pit was placed a
horizontal ocentrifugal pump which, because of its
simplicity and low first ocost,has always been popular
in irrigation praoctice. This partiocular type of pump,
however, is ordinarily installed near the water eui-
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face in order that a short suction 1ine can be used
to faoilitate priming and 1inocrease the efficiency.
Rotary pumps were used at an early date end were also
placed in pits in order that they might operate near
the water table. The water lift, which oonsisted of
a sories of buckets mounted on an endless chain, mde
an early appearance in the walley. Later came the
vertioal ocentrifugal pump which at that time required
a oasing 36 inches or more in diameter. A later de-
sign oould be lowered into a 24-inoh hole. The deep-
well turbine developed about 1501, also made an early
appearence in the Platte Valley and now promises to
be one of the most popular of all irrigation pumps.

As is generally the oase im all newly irrigated
regions, water-handling methods were orude and little
attempt was mmde at land leveling, oonstruction of
borders, or use of corrugations. For the most part,
3; entire discharge of the pump was oonducted in ome

tch to some row orop where the flow was dirboted to
a few rows and largely left to take oare of itself,

PRESENT DEVELOPMENT

There is indeed room for a great deal of
standardization both in the methods of well oonstruoc-
tion and general design of the irrigation plant. At
the present time, there are in operation in the State
many heavy duty well-drilling rigs manned by oapable
operators who understand well-drilling and develop-
ment practices. There has been a tendency of late
years to standardigze on the use of the 18 or 24-inch
diameter wood, metal, or concrete casings put down by
the gravel-pack method.

Within the last year or two, well drillers from
Califc-nia have introduced the so-called "stove pipe"
oasing into western Nebraska for deep wells. This
casing, made of red steel, is foroed downward with
l#rge hydraulio jJacks as eand and gravel is removed
from the interior with a sand bucket. As the casing
is lowered, a careful log is kept of the position and
extent of all water-bearing material. When drilling
is ocompleted, a perforation devioce is lowered inside
the casing and perforations are cut opposite strata
nf favorable water-bearing gravel.

Well development by surging and proper pumping
methods 1s better understood now than in former
years. Under old methods of development, the pump
was started and often discharged great quantities of
sand which damaged impeller, bearings, and volute oases
to say nothing of the oave-ins which generally ococur-
red lowering the ground arocund the casing for several
feet. At present, if it is necessary to remove fine
materials fram the water-bearing gravel, it is done
by lowering the surge block into the casing and os-
oillating it up and down beneath the water surface
with the well rig. Water is altermately drawn in and
driven out through the perforstions. Thie process
brings in some sand which oan be removed with a
bucket and when the pump is installed, it is started
slowly and brought up to speed through several hours
time.

Much has been learned about the character anmd
oxtent of water-bearing gravels in all parts of the
8tate., Tests have established the faot that a
considerable depth of water-bearing material is
important 1if wells of high yield are to be obtained.
The yield of a well is measured by what is known as
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“specific ochpaoity®. The water surfuce within a well
lowers preceptibly as the pumping prooceeds. This
lowering of the water surfuce is known as “draw-
down®, The speocific oapacity is the number of
gallons yielded per minute per foot of draw-down of
the water surface. In other words, it is the dis-
oharge in gallons per minute per foot of draw-down.

Tests made by the Department of Agriculturai
Bngineering, University of Nebrashka in 1931, brought
to light many imporbant fuots regarding the yield of
wells. That the depth of gravel strata is important
is exemplified in the following data:

Well Rumber 8 Well Rumber 13

Diameter of casing 24 inoches 24 inches inside

Depth of well 54 feet 90 feet

Depth of water 36.33 feot 66,68 feet

Discharge per foot 32 gal. per 66.5 gal. per
of drew-down minute minate

The test of the above wells showed that well
Number 8 hed a draw-down such that when pumping 690
gallons per minute, the total 1lift was 41 feet, while
well Number 13 was capable of discharging about 1,200
with a total 1ift of 42 feet. The great euperiority
of well Number 13 is immediately apparemt.

In the old days, mbany wells were located by
guess, although in some ocases the so-oalled “water
witoh" was brought into play definitely to deoide the
matter. Now the drilling of test wells of smll
diameter to sample the ocharacter and extemt of the
water-bearing strata has became a mtter #f regular
routine with all reputable well men. e

MATCHING PUMP TO WELL

When the driller has campleted a well, and turnad
it over to the landowner, the next job is <that of
purchasing a pump, Tests made in the valley of the
Platte in 1931 showed that wells of identical diam-
oter of oasing aend depth of water-bearing material
may have widely wvarying speoific oapaocities (yield
in gallons per minute per foot of draw-down). It is
not possible for a manufacturer to sell the land-
owner & pump exactly fitted to any partioular well
until & pump test has been run to determine just what
type of bowl assembly and impeller is needed to de-
velop the best possible efficiency. Pumps are sold
without this information every day but the farmer may
ocontribute hundreds of gallons of engine fuel or pay
for many kilowutts of eleotrioity which go for no
purpose except to pay for a job of miematching pump
to well, Good well drillers are rapidly preparing
themselves to render a well-testing service. Some
pump manufacturers practically insist on a well test
before a pump will be socld for any job and farmers
are rapidly learning that high efficiency pays good
dividends when an outfit is operated through a long
pumping season, or whem the total 1lift is oonsider-
able.

Careful matohing is partioularly important where
direct-oconnected electrical outfits are used. Most
of the motors which the farmer will purchase are of
the oonstant-speed type which means that “the pump
will operate at a given discharge and head:' ' It may
be that the well 1is capable of produoing only 800
gallons per minute, in which case there would be se~-
rious oconsequences 1if the pump were so operated that
the discharge was 1,000 gallons per mirmte. Some
wells have ocharacteristios whioh mke it more
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eoconomical to pump them at less than their maximm
sapaocity, henoce the importance of oorrestly fitting
the pump to the job.

Most pump manufacturers have oonducted exhaus-
tive tests on their equipment, and are prepared to
furnish the purchaser an outfit whioch will develop
high efficiency if information regarding the yield of
the well ocan be furnished. The day of blind well-
drilling and pump fitting is rapidly drawing to a
olose and so much the better for the future of pump
irrigation in Nebraska.

TIPES OF PUMPS UBED

For pumping from sand pits, streams, and shallow
wells the horizontal ocentrifugal pump has many advan-
tages. It is comparatively cheap im first ocost, light
in weight, has few moving parts and is now so well-
designed that high effioiencies are developed. It
my be had in sizes which will deliver from 50 to
6,000 gallons per mimite againat heads of from O to
200 or more feet. In ordinary installations, the
pump proper is set upon the lake or stream bank with
the suction line in ths water and the discharge line
extending to the point of delivery. The one oommon
mistake made in installations of this type is the use
of too small a discharge pipe giving rise to exces-
sive frioction head which greatly reduces the
discharge or requires excessive power.

The vertioal centrifugal pump is similar to the
horizontal except that the volute case and impeller
are placed beneath the water surface &nd are oarried
on a heavy metal frame, or on the discharge pipes. The
shaft leads from the impeller to the surface where it
may br driven by a belt or direotly connected to a
power unit. This type of equipment is particularly
well adapted to wells in whioh there is considerable
fluctuation of the water table, but where <the total
head does not exceed &0 feet. A ocasing at least 24
inoches in diameter 1is necessary to acocommodate the
large sized volute.

A third type of pump whioh is beocoming increas-
ingly popular, because ef its rugged construction,
long life, wide adaptability, and relatively high
offioiency, is the <turbine. It works on the same
principle as the types Just described exoept that it
is smaller in diameter and may be designed to operate
with any 1ift from 50 to 80C feets The shaft comes
to the ground surface to permit a drive. It runs down
inside of the discharge pipe to the impellers mounted
in the bowls and placed near the bottom of the well.
Bach impeller with its volute case of bowl assembly
is known as a stage end and in ordinary irrigation
practioe fram 2 to 6 stages are necessary to raise
water effioiently, depending on the 1lift.

Pumps of this type are designed to meet almost
any condition of lift and quantity of water desired.
The propeller and mixed-flow pumps are somswhat simi-
lar in design to the turbine and have wide usage in
irrigation practice for ocertain conditions of lift
and discharge.

In the early days the common type of drive was
the flat belt which resulted in efficiency losses of
from 10 to 15 per cent. When high 1lifts and more
oontinuous operation are contemplated, consideration
my well be given to the multiple "V" belt drive
which is proving popular due to its long 1life and
high effioienoy. When an internal combustion motor
3 used for power the modern bevel-gear drive may be
substituted for the belt and a direct-connected ar-
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rangement employed with little loss of power.

POWER OF PUMPING

The farm traotor is yet by far the most popular
type of power used for pumping in Nebraska. The
farmer has the <tractor, so why not use it? In many
cases, this is good logioc.

When the power required is too great or when the
outfit must be operated continuously through the sum-
mer and fall months, <then an engine power unit or an
eleotric motor may prove more profitable. The light,
high-speed Diesels are gaining in popularity because
of their ocheapness of operation. The first cost 1is
high, however, and to be profitable a long-running
season is necessary, during whioh a large acreage of
ground can be ocovered. The operating cost may be only
one-fourth that of an ordinary gasoline engine.

With the ever-inoreasing expansion of electrio
power lines, there is sure <to be added interest in
eleotrio motors as a means of driving pumps. The
same drives as mentioned for engines may be used for
them but the direct-conneocted arrangement is more
popular., When direotly connected, the pump must run at
uniform speed and, therefore,is limited by its design
to some speoific head and delivery. Greatly added
running oosts may result if a careful job of matohing
punp, motor, and well is not done,

In several communities, speciaily designea power
lines are being carried into rural districts with the
expectation that farmers will see fit to use the new
form energy for pumping. In many instances, the pumps
now owned by the farmers are of the old, slow-speed
type and have been operated by traoctors. With engine
power it was possible to drive the outfit at any de-
sired speed by changing the throttle. If the delivery
was such that the well was pumped out the speed oculd
always be reduoed. When the change to electrioity is
made, care must be used to get well engineered drives
if the venture is to be attended with much success.

It would seem only 1logical that a pump test
should be run on the well to determine its yield and
the most economical pumping rate., If electrical pow-
er is available, a motor may be used to determine
horsepower requirements and efficiencies of the pump
at various speeds. When the most efficient operating
conditions are discovered then a drive may be design-
ed which will give best results. A motor whioh is
too big for the job at hand may prove expensive and
one which is too small will overload and heat danger-
ously in the summer,

PUMPING COBTS

Under given conditions of 1ift and discharge, it
is possible to estimate the cost of pumping quite
oclosely. There are, however, many conditions which
enter into and vary the situation when dealing with
plants whioch have already been installed. Fixed costs
are arrived at by figuring interest on the investment
plus depreciation on the equipment to whioh is added
taxes. Figures on operating costs are made up of suoh
items as fuel, 1lubricating oils, repairs, oost of
electrioity, attendance, et oetera. Thus, on a
plant recently examined, the costs were arrived at as
follows:

Water Resources of Nebraska

Woll......‘..-.-...'500.00
Pu!ﬂp.--..cuu|nu--- 450,00
Power Unite s+ ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ 700.00
Total Cost $1,650.00

Interest on $1,650.00 at 5% « « $ 82.50
Depreciation on well at 3% . . « 15.00
Depreciation on pump at 8% « . « 36,00
Depreciation on engine at 12%. . 84.00
Total Fixed Cost Per Year $217.50

If 100 aocres are irrigated, it is apparent that
the fixed oost per aore will be $2.17 regardless’
of how much the plamt is operated. The neocessity of
watering a fairly large aoreage with expensive pump-
ing plants is at onoe reoognized.

Operating oosts may vary a great deal, depenaing
upon many factors. Low plant effiolenoies mean high
operating oosts, and these low efficiencies may be due
to a great many things which only careful examination
or aotual tsst will disoover,

Assuming a belt and pump effiociency of 60 per
cent and an engine burning traotor fuel at 10 oents
per gallon, the fuel ooet only for 1ifting enough
water to cover an aore one foot deep through various
heads would be about as followa:

Foot of 1lift Cost per acre-foot
10 $ .26
20 .52
30 .78
40 1.04
§0 1.30
60 1.56
80 2.08
100 2.60

Low engine and pump efficiencies may produce
fuel costs several times as great as those above in-
dicated. Successful pump irrigation wunder any
condition requires a well-engineered plant, Under
aotual conditions, surveys seem to indicate that a
figure of 10 cents per acre-foot per foot of 1lift for
a total cost of pumping is perhaps a good average
when all things are taken into consideration.

Figures on highly efficient Diesel or eleotri-
cally operated plants show total ocosts as low as 3
cents to 3 1/2 cents per acre=foot per foot of lift,

DISTRIBUTION OF PUMP-IRRIGATION WELLS

Practically all irrigation wells in Nebraska are
west of a line passing north and south along the
eastern edge of Hamilton County. This line marks the
western border of the till sheet or the point at
whioh the glaciers which invaded eastern Nebraska ex-
tended. West of <this 1line, beds of Pleistocene
gravels and sands underlie the mantle materials.
These Pleistocene deposits are, for the most part
water-bearing, and, where they can be encountered at
relatively shallow depths, provide exoellent supplies
for irrigation pumping. Up to the present, pump-
irrigation developments have taken place largely
along streams because of the lower lift and 1less
expense encountered in applying water. If a series
of dry years should follow, extensive developments



General Seclion

ocan be looked for iun the high plains south of tne
Platte River where lifts may exceed 100 feet.

The aotual number of irrigation wells now in ex-
istence and the aoreage irrigated is not definitely
known. Some indication can be obtained, howwver, from
the summary given under Irrigated Aoreage in the
Irrigation and Reclamation section; this summry
shows the counties in which pumps are foumi and the
oorresponding irrigated aoreage.

The Assessor's Report for 1937 indicates that
pump irrigation was practiced in 77 cdounties, and
that the area so irrigated was 73,069 aores of which
86,3 per oent or 63,069 aores were located 1in 17
oounties, each of whioh has more than 500 aores under
pump irrigation.

The number of oounties having over 1,000 aores
each under pump irrigation was 12 and <these 12
oounties ocontained 60,883 aores or 83 per oent of
the Btate total pump-irrigated aoreage.

only 6 oounties in the &tate had over 1,500
aores each under pump irrigation but these & coun-
ties account for 652,401 or 71.7 per ocert of the total
pump-irrigated aoreage in the State.

Three ocounties; Buffalo, Dawson, and Hall, are
shown to oontain 46,263 aores under pump irrigation
whioh is €63.3 per cent of the State total.

No reliable data are available as to the poten=-
tial capacity of irrigation pumps now existing in the
State but it is thought to average about 760 gallons
per minute, and that the average period of operation
varies from 200 to 400 hours per year. The average
area irrigated by each pump probably varies from 60
to 60 aores, and the average amount of water pumped
ia probably about 1 aore-foot or less per aore irri-
gated.

PROBABLE BENEFITS FROM IRRICATION

With the exception of material gathered at the
North Platte and Mitohell Experiment stations,littled
actual experimental data exist as to the inoreased
ylelds to be expeoted from application of irrigation
water, These data obtained under certain soil and
climatic conditions oould not be expected toc apply
universally over the State of Nebraska but will serve
to give some indication as to the inoreases +to be
expected.

In the 1irrigation of oorn at the North Platte
Experiment Station in the years from 1925 to 1934

inclusive, +the application of 13,74 inohes of water
produced an average yield of 55.82 bushels as oon-
trasted to 18.54 dry land or an inorease of 37.27

bushels per aocre. This represents an inoreased yield
of 2.58 bushels per inoch of water applied.

In the years from 1927 to 1935 inoclusive, silage
corn was irrigated with an average appliocation of
13.18 inches of water. This produced an average yield
of 10,56 tons of fodder per aocre or 1,171 pounds of
silage per inch of irrigation water added. As no re-
cords of dry land silage ylelds are available, no
comparison between irrigated and dry 1land yields is
possibles The highest single yield of corn silage
obtained under irrigation up to the present is 20,3
tons per acre.

1926 to 1935 inoclusive, an
of irrigation water has been
This has inoreased the

In the 11 years,
average of 25.38 inohes
spplied to potatoes per year.
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yield from 99,5 -bushels per aore on dry land to 33&3
bishels for irrigated land or an inorease of 233.8
bushels per acre« In other words, each inch of water
added has produoed 10,74 bushels of povatoes.

The greatest use of irrigation water for alfalfa
at the North Platte Station has been for the purpose
of restoring water to the subsoil preparatory to re-
seeding of ths orop on land which has reoently been
in alfalfa, and from which the subsoil moisture has
been remoyed by its deep-root systems In the 10
years, 1926 to 1935 inoclusive, an average applioation
of 18,16 inches of water per year has produced 4.62
tons of alfalfa per aore as centrasted with 1.95 tons
under dry 1and oonditions or an inocrease of 2.67 tons
per aore. In other words, each inch of water added
has produced 436 pounds of alfalfa.

PROPOSED PUMP-IRRIGATION PRCJECTS

Five new public pump-irrigation projects have
been approved by the Departmemt of Roads and Irri-

gation, and four of these applications have been
filed with the Public Works Administration in
Washington, D. C. These irrigation districts were

organized in Hall,Dawson, Merrick,Box Butte, and Clay
counties. The estimated cost and mumber of acres for
each project are as follows:

Name of District . Estimated Cost Acreage
Hall County Publis Pump- ’

Irrigation District § 364,230 30,000
Dawson County Public Pump-

Irrigation District 358,600 24,000
Merrick County Public Pump-

Irrigation District 275,455 16,000
Panhandle Public Pump-

Irrigation District 440,500 10,000
Harvard Public Power and

Irrigation District 608,C00 20,000

Total $2,046,785 100,000

WATER POLLUTION

Pollution of streams, lakes, and ground water 1s
rapidly becoming a menance in Nebraska. Thewater
supply is polluted and ocontaminated by garbage, in-
dustrial refuse, offal, and seepage from ground water.
Unsanitary disposal of foul materials which makes
streams unrightly, filthy, and unsuited for bathing,
boating, and wild 1life, is now prohibited by law.
Shallow ground waters absorb the odors of deocaying
organio materials thus becoming not safely potable.

Sources of water supply of many municipalities
are unfavorably located in relation to sewage dispos-
al and sources of water pollution and contamination.
Town and oity garbage, industrial refuse, and sewage
in streams are often responsible for unsanitary
oconditions.

SANITARY WELL WATER

Unfortunately the sources of most water supplies
are poorly 1located with reference to sanitation be-
cause too little thought has been given in the past
to the relation of souroces of ocontamination and water
supply. Most drinking water in the State is drawn
from wells with an abundant ground-water supply.
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kxcept in a few areas, the supply 1s sufficient. This
does not mean that all town and farm water supplies
are free from pollution and contamination.

Reoent water surveys furnish valuable data
ooncerning water-bearing formations, and the source,
depth, quality, direction, and rate of the movement
of ground water. These data afford scientifio
guidance in the location and development of sanitary
rural and urban water supplies. The following rules
relate to sanitary well water oonservation in
Nebraska s

l, Open or dug wells are not sanitary.

2. The well driller must know the structure of
the land, the depth of the water table, and the
direction of the ground-water movement in order to
determine the sanitary location of a well,

3. Wells should be located where they will not
catch the polluted and oontaminated underflow from
privy vaults, cess pools, leaky sewers, flooded
streams and other sources. It is necessary that wells
be located upgradient from souroes of pollution and
contaminatione '

4, When the farm home, town, or city is looated
in a broad valley, the well or wells should be placed
up-valley and the sewage disposal down-valley from
the home, town, or oity.

6o Every municipality should proteot its water-
produoing ground against pollution or relocate the
water supply on clean, proteoted ground,

6. Wells should be graded up, and enolosed to
prevent the entry of surface drainage and the trap-
ping in them of frogs, mice, rats, and other animals,

Te In places where the ground water is sepa-
rated by oclay layers at first, seoond and third
waters, the well should be sunk to the lower water-
bearing sands. The upper water, which may be polluted,
should be adequately cased off.

8, Spring water in general is not a sanitary
source of drinking water because it is supplied from
local drainage areas. These areas are apt to beocome
contaminated because there is usually a shallow depth
of earth through which the water filters from the
surface to the aquifer.

The Well Drillers Association is one of the
largest of:its kind in the United States. Its members
ocoperate with the Geological and Water Surveys of
the University of Nebraske and the State Department
of Health in a program of well water improvement. The
University of Nebraskm offers short courses and ex-
tension service for the well drillers, who report the
depths, types of wells, and other vwaluable data to
the surveys on well logs,.

WATER TREATMENT

Polluted and contaminated waters are unsafe for
domestio use without adequate treatment consisting of
sedimentation, aeration, floculation, filtration, and
disinfections The sewage treatment v..ries with the
type and subsequent use of the water. The usual
chemicals used are alum, 1lime, soda, and chlorine.
Finally, hard water should be softened by the appli-
cation of small quantities of lime. Thus far no
practioal method has been devised <to improve the
potability of salt water.

Water Resources of Nebraska

Most of the well water 1n Nebraska is maturally
safe for drinking purposes, therefore water treat-
ment is less common in the State +than in most other

states, The careless disposal of sewnge and indus-
trial wastes is fast polluting the ground water,
lakes, and streams, making water treatment inoreas-

ingly necessary.

At present, the major streams of the State are
rather seriously polluted. Ample 1legal authority
exists to ocontrol stream pollution by requiring the
installation of necessary treatment works. The State
Department of Health gives advisory service to
improve the operation and maintenance of existing
treatment plants. The major problems oonsist of the
difficulty of seouring State and local appropriations
large enough to provide an adequate staff to insure
efficient and continuous operation of such plants.

Study should be given to sewage and industrial
waste treatment plants now operating to devise a
guidance program for local administration and techni-
cal supervision of such works. The major objeotive
is to 1insure their ocontinuous and satisfaotory
operation.

REGULATIONS RELATING TO WATER SANITATION

No municipality, district, corporation, company,
institution, person or persons, shall install, change
or make alterations in or additions to, or enter into
oontract for installing, changing, making alterations
in or additions to any water works system +to serve
more than twenty-five persons, any sewerage system to
serve more than twenty-five persons, or any swimming
pool, public swimming or bathing place or places,
until complete plans and specifications fully de-
sorib.ng the proposed construction, alterations or
additions have been submitted to, and received the
~ritten approval of the State Department of Health.

Plans and specifications for water works, sewer-
age systems and swimming pools must be submitted in
triplicate, When approved, one of these is for filing
as a permanent record with the Department, one is for
the owner, and the other for the engineer submitting
such plans and speoifications. Thereafter such plans
and specifications must be substantially adhered to,
unless deviations are submitted to, and receive the
written approval of the State Department of Health.

DOMESTIC UTILIZATION OF WATER
PLATTZ RIVER BASIN
Estimated Population, 1938

Water Public Sewage
Supply Swimming Sewer Treuatment
System Pools System Plants
Municipal popu-
lation with ac-
cess to service 219,521 159,283 201,175 122,362
Per cent of muni-~
cipal population
with access to
service 95 69 87 63
Total municipal population of Basin 230,528
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DOMESTIC UTILIZATION OF WATER
LOUP RIVER BASIN
Estimated Population, 1938

Water Public Sewage
Supply Swimming Sewer Treatment
System Pools System Plants
Municipal popu-
lation with ac-
cess to service 39,522 13,648 29,309 11,781
Per cent of muni-
ocipal population
with aocess to
service 88 31 66 26
Total munioipal population of Basin 44,684
DOMESTIC UTILIZATION OF WATER
REPUBLICAN RIVER BASIN
Estimated Population, 1938
Water Publio Sewage
Supply Swimming Sewer Treatwment
System Pools System Plants
Municipal popu-
lation with ac-
cess to service 40,034 26,265 30,342 16,259
Per cent of muni-
cipal population
with acoess to
service 88 58 67 36
Total municipal population of Basin 45.444
DOMESTIC UTILIZATION OF WATER
ELKHORN RIVER BASIN
Estimated Population, 1938
Water Public Sewage
Supply Swimming Sewer Treatment
System Pools System Plants
Municipal popu-
lation with ao-
cess to service 56,422 24,311 51,268 18,564
Per cent of muni-
ocipal population
with access to
service 95 41 86 31
Total municipal population of Basin 59,378
DOMESTIC UTILIZATION OF WATER
BLUE RIVER BASIN
Estimated Population, 1938
water Public Sewage
Supply Swimming Sewer Treatment
System Pools System Plants
Municipal popu-
lation with ac-
cess to service 99,857 72,234 79,549 61,168
Per cont of muni-
cipal population
with access to
service 98 . n 78 60
Total municipal population of Basin 1oz, 29n

Water Resources of Nebraska

DOMBSTIC UTILIZATION OF WATER
NIOBRARA RIVER BASIN
Estimated Population, 1938

Water Publio Sewage
Supply Swimming Sewer Treatment
System Pools System Plants
Municipal popu-
lation with ao-
oess to service 13,623 4,227 9,653 5,697
Per cent of muni-
cipal population
with access to
gservice 87 27 62 36
Total municipal population of Basin 15,694

DOMESTIC UTILIZATION OF WATER
MINOR MISSOURI RIVER BASIN ABOVE PLATTE
Estimated Population, 1938

Water Public Sewage
Supply Swimming Sewer Treatment
System Pools System Plants

Municipal popu=-

lation with ac-

cess to service 253,580 231,595 247,306 6,399

Per cent of muni-

ocipal population

with access to

service 99 91 97 3

Total municipal population of Basin 254,959
DOMESTIC UTILIZATION OF WATER

MINOR MISSOURI RIVER BASIN BELON PLATTE
Estimated Population, 1938

Water Public Sewage
Supply Swimming Sewer Treatment
System Pools System Plants

Municipal popu-
lation with ac-

cess to service 37,467 14,542 28,013 2,958
Per cent of muni-
cipal population
with access to
servioe 90 35 67 7
Total municipal population of Basin 41,544
UUMESTIC UT1LLZATION OF WATER
WHITE RIVER BASIN
Estimated Population, 1938
Water Public Sewage
Supply Swimming Sewer Treatment
System Pools System Plants
Municipal popu-
lation with ac-
cess to service 6,486 6,309 6,309 6,309
Per cent of muni-
cipal population
with acocess to
service 95 93 93 93
Total municipal population of Basin 6,808
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ELECTRIC POWER

The devel opment of the electric light and power
industry 1In Nebraska began about 1882. Electric
trolley cars were operated in Qmaha for the first
time in 1887 and in Lincoln about 1890. It was not
until 1900 that electricity ocame into more general
uee in the State« Today nearly every town has either
a power plant producing electricitv or is connected
%o a high-voltage power line. Rural electrification
is developing raupidly in Nebraska-

The following table ahows the annual jnoreuse in
the number of oonsuwmers cf electricity during reoent
yoars:

HUBZR OF PRINCIPAL CUSTGLERS
USING E1FCTRIC ENERGY
tebraska, 1926-1537

lunicipalities

Coymme roiel Reilroads and

Yeer Service t'iscellaneous Kosidertisl Farms Total
1226 33,200 392 172,802 2,500 208,986
1927 35,356 529 181,781 4,000 221,666
1528 36,491 a4 166,14¢ 6,760 229,369
1929 30,032 632 134,542 7,485 201,803
1€50 38,860 617 199,832 §,960 247,778
1931 41,151 1,263 1°1,13€ 2,930 245,460
1532 42,054 528 163,777 2,660 236,01¢
1933 41,049 502 182,502 9,522 235,875
1034 41,207 836 186,360 9,544 237,837
1038 42,087 a7 1£1,392 9,046 244,1%2
1936 43,102 1,086 193,137 10,699 248,164
1£37 43,050 826 125,346 12,583 261,665

Source; fompiled by the Idison Electric Institute for the Nebtraska State Flanning Board

HURAL EIECTRIFICATION

For @ number of years oonditions were not
favorabls to the development of rural eleotritication
in the 8tates The follawing are some of the Fastors
which have helped % make rural eleotrification pos-
sibles

(1) Enabling legislation under which the farmers
oould oregmnize.

(2) Supply of wholesale eleotric energy at low
oost.

(3) Available money for financing at a low rate
of interest.

In 1533 the Legislature pessed Senate File 310
vermitting the organization of public power dis-
tricts, To date, Z0 rural electrification districts
have been orgenized under this law. Plate 1XOXI shows
the Nebraska Rural Electrification Districts that
have beon oreganized under Senate File 310,

HYDROELECTRIC POWER

Also organized by authority of Senate File 310,
are the 3 large Public Works Administration proj-
ects. Of these 3 projects the Platte Valley Public
Power and Irrigatiam District und the Loup River
Public Power and Irrigation District are operating
and the Central Nebraska Public Power and Irrigation
District is wunder construction. When oompleted ths
last named will be the largest hydropower plant in
Nebraska,

TRANSMISSIQN LINES AND RUKRAL ELECTRIFICATION

The large federal powar projects are being tied
together by 2,000 miles or more or righ-voltage
transmission lines in order +to avoid standby costs

and to increase the dependability of service. The
hookup includes the Sutherland, Tri=~County, Columbus,
and the other projects which will serve the rural
electrification districts, institutions, and munioc-
ipalities of the State. The oost of this eleotric
distribution system will be approximately $20,000,000.,

In an effort to use the potential power in the
streams of the State, there have been approxim <aly
287 power sites developed in Nebrasim, a number of
which are opersting at ¢his time, There are 22
hydropower plants in the Big Blue River, the most
completely developed river in the Gtate. The largest
hydroelectrioc power projeots in the State are those
near Kearmey,Gothenburg,Valentine, Boelus, Fullerton,
Sargent, Erioson, Bumston, and Svperior in addition
to the Public Power Distriot piapts recently oomplet-
ed or undor constructions Thers are, in addition,
potential power sitee which could be developed when
the demand for eleotric energy increasee.

TYPe OF PRIME LIOVER

3team is the principal type of prime mover used
in the generation of electric energy in Nebraska. In
1936, 80 per oent of the generating capacity of the
State was steam, 15 per cent internal combustion, and
5 per cent hydro. In 1938, by inoluding +the Suther-
laud and Leup River projeots, the rate of generating
capacity by types was changed to 6Z per cent steam,
13 per cent internal oombustion, end 25 per cent
hydro. The hydrogenerating capacity inoreased from
13,713 kilowatts in 1936 to 85,866 as shown in the
report of the 1938 Electric Power Statistics by the
Federal Power Cormissicn, wWith the completion of the
Tri-County projecc it will be increased further to
137,866 kilowatts, representing about 34 per cent of
the total generating capacity of the State,

KEBRASK2 RURAL ELZCTRIFICATION DATA
November, 1340

Lilas of
Tracsuission Lines

Allotrents TEu.
(szuﬂl-usﬁc Energited | Present | Tltimate

Rural Public

(1} Total
power Districts REA

Customers

Boone-{ance $231,00¢C 234.40 114 117 447
Buffalo County 399,000 184.25 164 277 460
Eurt County 522,000 648.85 513 781 1,026
Zutler County 1€9,C00 168,76 139 157 303
Ceéer-Knox 373,000 493.88 347 582 7¢4
Chimney Rock 275,250 341.98 245 530 667
Cuming County 660,300 667.10 563 895 1,061
Dawson County 427,000 270.50 289 441 636

Eastern Nebraake 1,746,000 2,459.40 1,500 2,700 4,322
Gering Valley 45,000 4£7.66 38 105 126
sFall County 172,000 122.50 140 150 348
*¥amilton County 227 ,50C 294.00 98 89 486
Eoware County 425,000 802.05 330 318 1.185
rancaster County 566,950 652.82 479 663 1,240
Loup kiver 5¢9,000 692.25 493 581 1,339
Ledison County 290,000 362.75 223 215 6€2
slerrick County 125,000 112.00 106 130 267
Norris 357,000 594.85 400 536 569
Nortlieast Nebr. 306,000 376.00 220 365 669
Polk County 482,500 507.25 380 556 855
Roosevelt 227,000 228.50 195 836 65C
Seward County 284,000 308.00 287 311 832
Southeastern Nebr. 441,500 436.75 465 765 1,100
Southarn liebr. 430,000 430.00 385 562 1,825
Stuntcn County 165, CO0 226.50 142 + 178 347
Thayer County 187,000 173.00 0 0 382
Tayne County 387,500 439.61 196 345 8534
York County 283,000 256.80 178 222 608
Totals (1)810,791,50C 12,382.46 8,560 13,158 23,655

(1) Includes §536,250 for wiring and irrigation equipment
(2) Nebraska State Railway Commission as of October 15, 1940
+ Districts recently consolida*ed with Southern Nebraskm R.P.P.D.

Compiled irn the office of “he Nebraska State Planning Board
from date furnished by Fower Districts
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PRODUCTION OF ELECTRICITY
FOR PUBLIC USE

BY TYPE OF OWNERSHIP
KWH GENERATED BY STEAM
NEBRASKA 19520—1938
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