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Summalry
PURPOSE

Conservation of Nebraskats water resources is
vital to the conssrvation and preservetion of its
aconomic and sasciel resources. general 4distribution
of information oconcerning the possibilities and meth-
ods avejlabie for the oconservation of our water re-
sources is highly desirable.

The purpose of this very trief summary of the
water resources of HNebraska 1is to present a quick
picturs of the various msthods of conserving those
resources and the extent to which they have been put
into operation in the state. Among the sevarcl of-
ficial agencies  interssted in water oconservation,
particular emphasis has beon giver to cne or anotner
of s number of wuys of oconserving nur molsture, the
methode of corservation depending on the statutoery
purpose for which eaclL jarticular orpanization has
been aet wp.

Reference haa been mude to and material has been
drawn from the work 2f many individusls and sgencies
in assenlling tho material in tiis report. There hes
been no a*temp. to wurk out detailed plans for any de-
velopment, lurge or small. Thet appeara to be the
jot of ™mction® srencies lepgally sut up for the pur-
pnsa. It does ssem desirauble, Lowevur, te oOutline
sone of the accepted nethods of moisture oqnservation
aud the extent of tle devaloynent eof the use of thoss
methods in Nebraskn. -

A SULCARY OF TEE REPORT WITH :K OTTLINE OF
A WAT™ER CONSFRVATTON PRCGRAN FOR ISRRASKA

GENERAL DsSSCRIPTION

Nebraska, &s an sgricultural state, is dependent
upon the conseivation of its two basic resources soll

and water for its economic socurity. The ocumulative
sft'ects of the curren: devastating drought hawe
threatered this socurity in some areas of the stute,

and have shurply decreased the sgricultural income in

others.

desirnuted ty
Lebraska ex-
all psrts of

Occupying .urts of the regious
ceographers as sub-humid and semi-arid,
periences years whan the preciritstion in
the stute is less than 20 inches. §ince [0 incres ¢f
precipitation 1is consicered the line of demsrcation
for the semi-arid rerion, the entire state, therefore,
would fall 4n the soni-arid cutezory dvring some
-ericds of drourht. Zvery nurt of the siuty at some
Time or upnother guiters Irom elther a lack of toual
supply of woisture or a propcr distrikution or both.

Under ordiinar;” cornditions the amount of precip-
itation in the eastern third of the state is adequate
without supplemental water (or prolitable apriculture,

althouch tl.ore are years of crep shortages and even
failures. Generally sneuking, until the last few
years, the periods of drourht in this section of the
state liave not teen of sufficient cduration or inten-

sity to cause interest to be aroused in lurye irriga-
tior. projects. 1In the westorn two-thirds of the state
Lowever, the norral suprly of preciuitation i3 in-
adocuvte for succussful Intensive arricviture. The
only reans of producing prolitable yields in areas of
spocialized farming is throurh the conservatioa of the
avajlable water supply and its artificial aoplication
‘to crops.

xi

Until comparatively recent yeers, it was believ-
ed 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 result of the ex=
tenuating drought and with improved engineering and
irrigation metnods, experts believe that irrigation
can be made .wasible in every purt of the stute where
the water supply is availgble and topography and soils
are suitutle. In fact, large-scele irrigation proj-
ects have recently been developed ecast of the 100th
meridian anc there are now extensive projects proposed
in the extrems esstern part of the strre. Generally
spoaking, local sentiment throughout the state svems
o favor ihe changes in cgricultural and farming meth-
ods vhich would be necessary under irrirztion.

In the western two-thirds of the state, the
paramount bproclem is providing supplerental wator for
irrigation in areas meeting 21l other requirements
for successful irripation. Adjusting land use prace
tices in ercus with limited erd nrndeperdable rrecip-
itetion is more or less a problem throughcut the
eniire stute. The -ccontrol of flood watcrs in cone-
junstien with irrigatinn is of msjor importancc on the
Rerublican River, in the southern part of the state,
and {n minor driinnge husine in the eastern rurt. The
need for aistement of pollution is somewhat localized
und is not =« major crotlem Irom a state-~wide view-
point.

Clirmty

The wide wvarlation of Nebruska's olimate is
largely the result of its geogravhicz position. The
precipitation is flustuating ard undependable. 1t
decroases from east to west across the state at s
felrly oonstart rate. The records indicate that the
annual pyecipitation vwariaes from 9.47 to 27.48 inches
in thc wegtern part of the state, and from 20.86 to
60,31 inches in the ewstern pert. There are a grester
number of years with th2 annuul jprecipitation below
the mean than those abovo, therefore, the depurturus
above the mean are greuter than those Lelow it. Dur-
ing June 16 per cent of the total amnunl precipitation
oocusrs amd in January 2 per cent. These ore the mon-
ths when the maxiznum and minimum amounts occur. Aboovt
69 rer cent of the annual supply Ualls during the five
months' period from May to September.

puring the past 90 years lebraska hus experienc-
od three mujor droughts with internediate pericds of
sub-norrul rprecipitation. Thase ecyclical droughts
culninated in the early Sixtles, the early INinaties
and the late fThirties - the one through which we are
now passing., The current drought starting immediately
followirg 193C with ite accompunying adverse aconomic
vonditions is consider=d the mest devastating »f reve
ord, Above normal tcmperutures end excessive rates of
svaporatisn which usually accompany subnormal precip-
itation have caused added damage to crops and accent-
uated drourkt conditions. oOnly omce, 1538, durirg
thias ten-year pariod was the total annual amount in
excess of the rean. Since 123C, Nebrusks has & cum-
ulatea deficiuncy of precinitatior of 45.2 inckes be-
low the mean of 22.7 inchos. This deficiency i3
equivalent to the total preciritetion of two norral
years.

Intersst in irrigation ircroasos proportionutely
with thie decrease in precipitution, snd emch succeed-
ing drought intensifies interest in developinz new
irrigation enterprises. 7This interest in the eastierr,
and to some extert in ocentral Nelreska, however, has
kervtofore quickly sutsided with the return to heavier




precipitation. Past experience, therefore, emphasizes
the importance of the proper attitude on the purt of
those veople inciuded within the limits of & proposed
prolect as o fuctcr contrituting to the success of
that enterprise.

Population Trends

It i3 doubtful {f the ssttloment in any other
state in the union has been more greatly influerced

by & fluctuating and undependables water supply for
agriculture than Las Netraska. variastle precipitation
and inadequate water storayge and irripution facilitles
have resulted in periods of low" arricultural oproduc-
tion. Droughts with thelr accormpanying crop failures
and a depressed agriculture Lave caused restless pop-
ulation mevements within tho state and some migration
from the state, Nelraska has shown a povulation de-
crease of 4.7 per cent btotweon 19350 and 1040, as com-
pared with an increase of €.3 per cent Yetveen 192

ard 1230. Suventy-seven of the O3 counties showed
decreases since 1530. Two of the nine cities in the
state of more than 10,000 (Tastings and Norfolk) show-
od decreases during the past decade. The recorcs re-
veal a close correlation butween changes irn precipita-
tion and populction. . more stabilized agriculture
estutlished on sound water conservation policies is
absolutely essentisl to the rnaintenance of our present
population. Irripation development on some of these
streans not only pave rreater use to areas of profite
alle agriculture which othervwise would be nothing
more thar grazing land tut it also created greater
urban cormunities to sorve the rural irrigated areas,
thereby increassing the population capucity of those
arcus.

The size of rarm units averages 190 acres in the
eastern part of the state and 835 acres in the wastern
part, with a state average of 366 acres. By excluding
the irrigated section, the slze of farm units in the
western part of the state uverages 970 amcres.  About
70 per cent of the 122,643 farms in Nebraska have from
100 to 176 aores. The Furesu of Reclemation indicates
that the irrigated area per farm in the gGreat Plains
Region should average about E0 acres, with a rural
population of 4 persons end a town population of 8
persons per farm. With & maximum of irrigation de-
velopment and the resulting readjustment of tenure,
Nebtraska will be capatle of supporting a somswhat
larger and more prosperous population.

WATER SUPPLY
surface YWater

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 wunderground supply reser=
voirs. During the current drought the surface waters
have been noticeatly depleted. The annual surface
inflow to the state averages about 2,000,000 acre-feet
from the states of South Dokota, Wyoming, Colorado,
and Kansas, through the Nicbrara, North and South
Plattes and the Republican rivers. (Only an insignif-
fcant quartity is contributed by South Dakota and the
ares to the north - the lurrest contribution is from

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

River which forms the sa3tern boundury of Nebraska.
therefore, 4,80C,000 acre-feet net cririnating within
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Water Resources of Nebraska

tte confines of this stete have passed out and on to
the Gulf of Mexice. Not all of this water was unused,
for some was return flow after Laving served its pur-
pose for both irrigation and nower. Upstream develop-
ment in Wyoming, together 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 wuse on these
projects together with evaporation losses. TUltimate
irrigation development in Nebreska will nct result in
retaining all this outflow, but the additional arcas
susceptible of beins served will utiliie part of it.

ground water

No other state in the GCreat Plains has a greater
abundance or a hetter distributed supply of under-
ground water than has Nebraska. It is estimated by
goologists that the total wunderground supply would be
sufficient +to cover the surface of the state to a
depth of 20 fest. The Ploistocene sands and gravels
eres for the most part water-besaring and, where they
can te encountsred at relatively shallow depths pro-
vide excellent supplies for irrigation pumping. With
the exception of certain small areas the largest of
whioch 1s the glaciated sarea in the three tiers of
counties along the Missouri River in the eastern part
of the state, the geology of the state is such as to
provide a lurre storare 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 enters it.

Groundwater is important not only as a source of
supply for pump irrigation, but it is likewise a sour-
ce for much of our surface supply as well. If it were
not for the umderground supply seeping into drainage

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

trerefore of major
servetion progrem.

importance in any state water con-

Streams

In centrast to the deficiency in precipitation,
Xetraska is well served by 2 network of streams orig-
inatinr both outside and within the borders of the
state. The Yissouri and the Platte rivers which give
life +to many of the inhatitants of' this state have
thelr origins in the snowclad peaks of the continental
divide. Cther lesser streams such as the Loup, Elk-
rorr, ricbrura and Frenchman rivers originating in the
sarcy soils of the state five added security to the
population in the arcas they traverse, tecause of the
dependatility of tieir water supply. Streams with
little or no depencdsble tause flows such as the Repub-
lican iiver and most of its tritutaries are dependent
more directly upon the errantic precipitation.

IRRIGATION

Cravity

Irrigation pructices ir
eerly Sixties and gradually
the Plutte River system into

Yebragka began in the
exterded westward along
tolorado and Wyoming
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witis perrment settlement. Irripation pgradually in-
cressed from aprroximately 12,000 acres in 1890 to
rearly a millien acres at the present time. Develop=-
ments have now Lteen extended to all the princinal
water courses.

The most extensive irrigstion development in
Retreska has taken pluce In the North Platte Valley in
Mebtraska where about 450,000 acres are irripgasted. The
next larcest arsa is along the muin stem of the Platte
River east of the city of North Platte where approxi=-
mately 171,000 acres are under irripstion.  An addi-
tionel 164,000 acrcs will be included in the section
unon completion of the Tri-Count; project. There are
80,000 acres now under irrigaiion on the Loups and
29,000 acres on the Republican system in Yebraska.
The remeining 106,000 acres under irrigation are dis-
‘trituted along the South Platte, ¥iotrara, Tthite, Tlk-
horn and Plue rivers and other less important streams.

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

Platte River

In gereral, the water supply of the Platte River
RBasin above Fearney, Nebraske is fully appropriated,
trs leaving no possitilities for appreciable further
covelopment. In fact, irrigation has been developed
to the point where it has exceeded the dsperdakle
water supply aveilable for direct diversion. ZRelow
this point thkese are areus where the torogrephy and
soil types meet the reguirements for successful irr-
iration, but the absence of an adegquate wuter supply
for dircet flow irrigation from this point to the
mouth of the Loup River renders the feasibility of
additional develcpments questioneble. Yuch of the
land in this section of the tasin upor which it is
rhysieally possible to conduct water has bteen included
in previously proposed projects, some of which were
considered imoracticable, while other parts were luter
incorporated into new potential developments. The
appropriation for storuge at the Kinplsey Reservoir
claims sll the residual seasonal and ncn-seasonal flow
at the dam site. The release of storape water from
the Xingsley Reservoir for developing downstream hLy-
droelectric powser and for delivering wrter to irriga-
ticn projects will result in return flow of sufficient
quantity to have a stablilizing erfoct on the lower
river flow so thst at least a partial water suuply
will be provided for some projects which have teen
without water during recent drought years. In the
¥orth Platte valley and the TFlatte Valley as far eest
as Cothenburg, the return flow is largely responsible
for stabilizing the river discharge btecause the en-
tire water suprly, except that lost by evuporation
end by consunptive use, is retained in the valley by
impervious Erule clay and discharged to the middle
portion of the river. The water is temporarity stor-
ed in the alluvium and returned to the river. Betwesn
Gothenburg and C(entral City the Flatte hiver flows on
a sand skeet which extends south to the Republican
River. §ince this is not a closed section and the
direction of movement of the wunderground supply is
defiritely to the southeast, naturzlly larce quan-
tities of the Platte Liver wster supply are lost by
migrating to the Republican and plue rivers. Geolo-
g,1sts have estimated the annual amount at 200,000
acro-feet,

The Loup River is the source of supply for the
proposed lcwer Platte pvroject embracing land 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 Douglas counties. By assum=
ing a diversion duty of 1.54 acresfeet, a total of
284,900 aore-feet would be required to deliver 1.00
acrezfoot to the 185,000 acres. This is equivalent to
940 sescond-feet for the May to September period, or
808 second-feet of direct flow in addition to 40,000
scre-feet of supplemental storage. A study of the
records indicates that there 1s adequates run-off to’
supply the irrigation 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 mean of 1,710,262
acre-fest 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 of 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 1f the 3,100 second-feet
limit had been maintained. However, during the period
of actual operation rot all the divertable streamflow
has been utilized by the Loup River project. For ex-
ample, of the total annual run-off of 1,340,441 acre-
feet in 1940, 1,211,859 acre-feet or 90.2 per cent
were below the 3,100 second-feet limit, 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. VWith increused electric consumption,
no doubt, a greater proportion will be used 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.,
Tr.e development of storage facilities recessary to re-
duce the diacharge to this average does not seem econ-
omicalily Jjustifiable. The inter-connection of the
three large hydro plants has 2 tendency to stress the
importance of raising the 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
psak discharges in excess of 3,100 second-feet had
been stored and released tc supplement the natural
flow whenever +the daily discharze fell below 2,000
second-feet, a storage capacity of only 260,000 acre-
feet would have besn needed. During the seme period,
there would even then have besn a shortage of 450,000
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
& channel reservoir site & short distance below the
confluence of the North and Middle Loup rivers near
the town of 3t. paul averares 1,980 second-feet or 84
per cent of' the Loup River discharge at Colurmbus .
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-
taired at the potential $t. Paul dam.

The sppropriations for project oropesals along
the Dismal, (edar, Gsalamus, and Middle Loup rivers
will be junior %o the loup River Nistrict. The nsc-
8ssATYy reserveir canacity to retain all pesk discharg-
85 in excess of the power disirict's 3,100 3econé-rect




would make it possible to replace the natural flow
diversion by the upstresm irrigation districts, both
existing and contemplated. Furthermore, the resulting
greater uniformity of flow through the vower plaent at
Columbus would erneble the Lower Flatte irrigation dis-
trict to operate without a local storages reservoir,
and would also be beneficial to other potential davel-
opments below tiies mouth of the Loup River. It is evi-
dent therefore that a channel storage raservoir of
sufficient capucity above the (olumbus project would
stabilize the flow of the stream for the benefit of
the Columbus Power Plant as well as any other projects
developed in the future below the C(Columbus Power
Plant.

The upstresm  contouplated projects
irrigate an additional 95,200 acres. Assuming a div-
srsion duty of 1.54 acre-leet and a net delivery of
1.00 acre-foot per acre to the land, the stream flow
would be depleted by 59,000 acre~-feet after having
crodited the return flow as the result of theso dsvsl-
opments. The maximum deily diversion during July for
thase contemplated upstream projects would agrregate
680 second-feet which represent 16.3 per eent of the
Loup River Powsr District's appropriation and 33 per
cent of the mean discharge at Columbus for the month
of July.

propose to

Republican River

The mean annual discharre of the Republican Riv-
er near hardy, Nebraska during the last eleven years
with the flood discharges of May and June, 1835 ex-
cluded is 439,600 acre-{eat. Above Hardy, Colorado
contributes 26.4 pc- cent of the net water supply with
34.4 per cent of the area, Ncbrasxa 56.5 per cent of
the water supply and 43.2 per cent of the area, and
Kunsas 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 Colorado is 14.5 scre~fest, 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, 2§,000 acres or T6.7
per cent are in Nebraska. pevelopment on the French-
man has been more extensive than on any other stream
in the Nebraska portion zf the basin with 16,000 acros
under irrigation. The South Fork and the North Fork
of the Republican ere the tributaries next in impor-
tznce with reference to the amount of land now irr-
igated, their irrigated areas being located in Colo-
rado, KXansas, and Nebraska. 1f all the availaeble
water supply were conservsd by meaens of storage facil-
jties and released when nesded for irrigation, the
supply would greatly exceed tha amount now needed for
existing projects. The sxisting developments have de-
pended almost entirely on direct flow diversion.

in the

of the Republican River arnd
its tributaries in Nebraska can be sxpanded 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
Besin in Nebraska which meet all the requirements for
successful irrigution except eveilable water supply
during the irrigaticn season.

The irrigated areas
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The three states of Colorado, Kensas and Nebras-
ks are negotiating for a compact for the purpose of
developing a plan for the allocation of the water sup~
ply of the Republican Kiver Busin.  Such a compact is
essential before any developments ior utilizing the
water asupply of this interstats stream do as not to
cause any future conflict among these states in the
aquitable apportionment of the waters of the basin.

The Army Engineers are reviewing their previous
report on a flood control plan for the Kansas River
pasin which includes the Republican River in Nebraska
in order to consider an alternative plan of develop-
ment for the entire valley to include & channel reser-
voir near Republican City, Netraska, in combination
with the wupstream tributary reservoirs. They are
working in close cooperation with the Bureau of Recla-
mation for the best possible means of developing irr-
jgation 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 soil clessifications in these areas, the aveila-
bility of the water supply, and the best possible
methods of conserving and utillzing the surface water
sunply in eech basin.

4 channel reservoir neer Republican City in con-
junction with certain tributary reservoirs 1a consid-
ered to bs the most desiratle 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 substentially 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 tasin 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 61 per cent of all damages suffered and 106
of the 110 lives lost during the 1835 flood occurred
above the channel reservoir site.

puring the devastating flocd of 19356 the crest
discharge at the Harlan Ccounty reservoir site reached
250,000 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 Lngineers of the design flood
discharges based on the transposition of the maximum
recorded storms 1in 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 rprotection tc the area below the Harlan
County site.

In the consideration of a basin-wide {lood con-
trol plan for the Republican River, resources of all
the agencies which might contribute under the authore
ity of the Wheeler-case act should be brought together
to make possitle the inclusion of the irrigation de-
velopment in conjurction with flood control which
might not be feasible if considered without the possi-
bility of all agencies cooperating in its development.
The most fuvorusiile ressrvoir 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 Republicean; ir Nebraska the Enders on the French-
man River and sites on ruffale, Rock, Red Willow, and
¥edicine creeks, and the lLarlan County on the Repub-
lican River. All trness sites except the Wray, Buffalo
and Rock Resarvoirs which are for irrigation only,
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were selected by the Army Engineers as presenting the
most favorakle possitilities of development for flood
control with reference to the ratic of cost to bene-
fits. The eight tributary reservoirs would provide
storage capacity aggregating 356,100 acre-feet of
which 237,700 acre-feet could be wutilized for flood
control. Storage capacity in the proposed Harlan
gounty reservoir could be reduced accordingly if the
tributary reservoirs were developed.

Pump

The first pump irrigation, motivatsed by wind-
mills, started soon after the initiatlon 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, until at present, there are more
than 2,000 wells in operation. It is estimated that
10,000 acres are now being served by pump irrigation
in 80 counties. The greatest concentration of such
enterprises is in puffalo, Dawson and Hall counties in
Central Nebruska. 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 place
largely along streams with the lower lift and less ex-
pense encountsred in applying the water, but recently,
installations are being made in the tlains Area whers
the lif'ts are considerably sreater.

Pump irrigation is gaining in popularity, be-
oause the areas to be served do not have to be favor-
ably situated along the streams, nor do they have to
rely on the uncertaln and vurying supply ot water from
those streams. Installations have been succesaful at
many scattered points throughout the western tiree-
fourths of the astats.

Thers is & vast field for developing pump irr-
.igrtion in Nebraska where hundreds of thousands of
acreg mest all the requirements for successful irr-
‘igation; Practically all of the possibilities for the
‘development of pump irrigation in the state are within
areas comprising sbout 24 per cent of the total area
of the state, This area supports 29 per cent of the
total rural furm population of the state. Within this
24 per cent of the atate's area, there are many areas
both large and small which would be susceptible of
successful pump irrigation because of favorable soil
and topography and the availability of ground water.

Administration

S§ince the ground waters of Nebraska have not
Leen deolared public waters, there are no statutory
provisions for their control or use. We have assooi~
ated the underground water supply with the land for ao
long that now we repgard the ownership of any land as
ineluding the underlying water supply as well. If no
extensive uses were to be made of this supply, there
would be no nuwed of administrative meusures. However,
the demands mude upon the underground water supply
have shown a decided increuse during recent years.
Unrepulated uses of this vital natural resource will
eventually result in conflicting claims. The succeas-
ful operution of new or amended laws will be better
assured if the riphts to use ground wator have not be-
come too extensively vcested.  Appropriate and timely
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lagislaticn ror the rerulation of use will help grest-
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 Reclammtion, Federal loans are available for
pump irrigation only where the individualts right to
appropriute the underground water is in accordance
with proper atatutory requirements for the regulation
and protection of appropriators.

the uttempts to
in unsuccessful

“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 successful administration of the ground wat-
or is by no means an easy task. In fact, it is one of
the most intricate and complicated functions to come
within the duties of any state agency. It must be
considered in this 1light end undertaken in the most
wholehearted and scientific manner.

With present-day techniques, it is now possible
to determine the quantity of water available in any
area and to identify such an ares, to determine the
source of supply, the direotion of movement, specific
yield, and the ultimate disposal of such water. The
geologic faotors affecting natural replenishment and
depletions in emoh area must be oarefully evaluated,
Such & soientifio study will reveal the amount of wat-
or that oan be artifically withdrawn trom a certain
area without seriously disrupting the balance between
inflow and outflow.

Appropriations should limit the quantity of wat-
or to be withdrawn in any seuson, the amounts corres-
ponding with the duty of water in each partiocular
area. The legal requirement for beneficial use in any
area should be kept within the limits of the available
supply. Provi.ions should te made to have the au‘hor=
iged state agenoy prepare annual statements of each
well in operation showing elevations of water table,
extent of draw-down, quantity and time water was used,
methode of use and any other data which would be of
assistance 1in administering effeotively the laws re-
lating to underground water. Legislation should pre-
soribe penalties for wasting or contaminating <the
underground water aupply.

§mall Weter Facilities

Nebraska with its thousands of miles of ravines
and intermittant drainage oourses has almoat unlimited
possibilities for developing smmll-scale water facili-
ties to provide water for supplemsntal irrigation
projects, water for farmsteads, arnd water for live-
stock. wWater conservution facilities are of paramount
importance in this state as a necessary aid to adjuste
ing and improving existing 1and wuses. This work
should be undortaken only under the direction of teche
nical assistants and on the basis of developing indi-
vidual projects whickh form an integral part of the
best plun poasible for conserving and utilicing the

ter supply of the basin. Care should be exercised
in order that each individual project will serve the
greatest utility to the area involved.

The original approach to controlling and con-
sorving water wus to start with it after it had reach-
ed the stream clunnels. The more recent conception of




watar control in the interest of public weltare is to
atart where the rain falls - that is, before it has
acoumulated and while it is atill 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 stock and domestic water supplies,
and make possidle larges family pardens. Greater ata-
bility in these thres items would make it poasible for
many farm operators to cope successfully with the proe
longed droughta cccurring in the western two-thirds of
the stats. Such control would also reduce the likeli-
hood of floods.

Many devices, ocenturies old, could well be re-
vived to accomplish the objeotives listed in the fore-
going paragraph. Small single or multiple field irr-
igation systems oconstructed on minor drainages, flood
irrigation from many ncrmally dry draws, local re-
charging of ground water supplies to make amall pump
irrigution projects possible, stock watering ponds,
and stock and domestic wells are among the devices
available for use in semi-arid regions.

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

is complicatsd

The early impetus to the <development of small
water fecilities had originated from federal legisla-
tion authorizing such work to be undertaken coopera-
tively in & 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 3So0il Conservation dis-
tricts.

FINDINGS AND RECOMMEKDATIONS

Nebraska, comprising a part of the Greut Plains,
experiences all the agricultural riskas common to this
region. Since the land use problems of this state
arise principally from undependable rainfall, thus
preventing e secure establishment of agricultural
economy, the effective conservation and utilization of
the available surface and underground water supply be-
comes & metter of basic concern.  Although individual
and cooperative actions have resulted in notable prog-
reas during the current drought period, nevertheless,
considerably more constructive action remains to be
done. Rehatilitation 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, & water conservation program
for Nebruska should include:

1. ¢onserving molsture where it falls by use
of the cropping practices developed by re-
search anc experience as purticularly adapt-
ed to our soils and climzte.

2. The extensive development of small water
facilities with proper technical sssistance.
such facilities to include small single or
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multiple field irrigation systems on minor

drainages, flood irrigation from normally
dry draws, looal recharging of ground water
aupplies to make amall pump irrigation de-

velopments possible, stock watering ponds
anrd stock and domestic wells, eto.

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

4. Construction of large-scale gravity irr-
lgation 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 land 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 & basin, such
a8 flood control and irrigation, the portion
of the total cost chergeable to irrigation
is within the land's ability to repay.

6. Flood control dams as a part of & basin-
wide plan of development for all water uses,
inoluding irrigation.

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

The determination of “:e feasibility of large=-
scale gravity tyve irrigation rrojects as listad under
item number 4 involves a number of factors some of
which can be cleared up in existing records but many
require detaliled fleld studies +to determine their
effect on the feasibility of the project under consid=-

eration. The queation of available water supply in
the stream 1is generally a matter of record. Such
questions as those of the Lest dam sltes, acreage of

suitable solls, and the portion with adaptable topog-
raphy, require rather costly detailed field surveys.
Such surveys have been and are belng made by the sev-
eral federal agenciea with finances, organigation, and
legal authorization for such surveys. The conclusionas
contained irn this report have teen drawn from the best
information available at this time, but, perhaps, fur-
ther investigations will result in cenclusions differ-
ent from those herein presented.

In further explanation of item 4, it is noted
that under the Reclamation law prior to 1839 all costs
of reclamation projects were charged to irrigation
with powsr revenues helping to repay the cost of con=
struction and operstion. Subsequent 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 amcun* allotted to it.

Also the Wheeler-case law of 1639 authorizes the
construction of projects with the aid of other pFed«
eral felief agencies, but not to exceed the use of
$1,000,0C0 for each project. This legislation provid-
ing for relief labor permits the cornstruction of proj=-
ects with costs in excess of repuyment ability, and
brings into the crtegory of feasibility severasl proj-
ects which otherwise lade the necessary repayment
ebility.
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PHYSICAL CHARACTERISTICS

LOCATION AND TOPOGRAPHY

LOZAT [UH

The State of Nebraska is located & little north
of tne geopruphic center of the United States. The
srester part of the State 1lles within the Great
Plains; a vast eastward-sloping plateau located be-
tweun the Hocky Mountains and the Central Lowland. In
the emstern end of the State, a strip averaging 70
miles in width lies in the Dissected Till Plains sec-
tion cof the Central Lowland Province. Thls ares
apLroximately perallels the Missouri  River. In
Nebraske there are no well-marked surface features
merking 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 pleains 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 Nebrasks from Missouri
and Jowa 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
wast longitude and from 40th to 43rd parallel north

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

parts, approximately equal in size, and also intc 2

different climatic regions,
TOPOGRAPHY

Nebraska has an expansive, gently rolling +to
rough topography. It 1is broken in places by low
nhills, occasional isolated buttes, mesas, "bad lands,"
ravines and several relatively shallow east-flowing
streams, The most important streams of the state ars
the Missouri, Platte, Niobrars, Loup, Elkhorn, Nemsaha,
Blue and Republican,

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

The surface of Nebraska slopes gently south-

sastward. The highest elevation of 5,340 feet is in
Banner 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 emst is about 9 faet per mile.
The average elevation of Nebraska approximestes  that
of both the United States and the earth. These av-
arape olevations follow: (&) Nabraska, 2,547, (b)

Urnited States (excepting Alaska) 2,500 feet, and the
(c) sarth 2,800 feet.

PHYSICAL DIVISIONS

Nebraska 1ies wholly within a mjor 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 Missourl Plateau, the High Plains, and the
Plains Border all withian +the Great Plains Province,
and the Dissected Till Piains within the Central
Lowlands.

(1) Missouri Plateau

The Missouri Platsau occupies only a small area
in Northwest Nebraske an:'mting to approximately
3,400 square miles, or 4 per .e.* of the State. This
region is so named because it is ~rained by the Nis-
sourl River and its tributaries. The Missouri Plateau
has a topography rosulting from degradation and
sxtensive fluviatile terraoces.

\2) High Plains
The High Plains Section as herein considered,

comprises approximately 57,000 square miles or 74 per
cert £ +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-topped table-

lands dominate the landsoape, These are remnants of
extensive depositional plains oonsisting of sands,
gravels, and clays laid down by river outwash from
the Rocky Mountains., The deposits range in thickness
from 400 feet 1n the west to 100 feet in eastern
Nebraska, In places the surface of the High Plains
in Nebraska has been severely modified by erosion
producing the Sand-[iill region by wind action and the
Badlands by water erosion.

In western Nebraska the vertical walls bounding
the Platte River Valley have been incised by
tributery streams producing a series of promontories
that project into the valley. Several such isclated
buttes are known as Scotts Bluff, Chimey Réck, and

Jdail Rooks On the boundary between Wyoming and
Nebraska, the North Platte River has windened its
valley intc a basin 20 +to 30 miles across, This

basin, surrounded by rether vertical walls, is known
as Goshen Hole,

The Pine Ridge, a sandstone escaroment, forms u
portion of the morthern boundary of the Iigh PFlains,
The abrupt drop to the north starts rnoeur

Uourlas
! OUT. U5,
dyoning and extends eastward for soms 300

mitag,
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From Pine Ridge to the Platt~ River the High
Plains are comparatively lavel, excopt for valleys of
socondary streams and sand hills, In north-cenirul
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 locally by the wind
erosion of +the sandy underiying bedrock and sandy
mantlerocks They vary in height rrom 25 to 100 feet
or more. The finer material was carried farther east
by the wind,making loess deposits often 100 feet in
thickness in 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
sxceptions, 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 removed by
erosion, and which is now dissected but not reduced
to the low, flat relief whioh characterizes +the
Central Lowland. .
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(4) Dissected Till Plains

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

The Dissected Till Plains weare s0 named bscause
they are chiefly occupied by hills formed in glacial
drift. Some of these hills are thinly strewn with
boulders and some are deeply gullled, but genorally
their surface is comparatively smooth,

The surface of the Dissected Till Plains is
modified by numercus creeks and rivers and by uplends
and hills capped with loess. Among the valleys which
breex the topography are those of Wahoo, Salt, and
Weeping Water oreeks, <the Little Nemaha and Big
Nemaha rivers, the lower courses of the Big Blue and
1ittle Blue rivers in socutheastern Nebraska and the
Elkhorn River and Logan Creek im  Northzastern
‘Nebraske,

TOPOGRAPHIC UNITY

Although the topography of Nebraska shows con-
siderable diversity, it presents marked geographic
unity in oompactness of area, general geologilc
structure, efficiency of rainfall, end utilization of

the land. In these respects the different aections
of the region have more aimilarities +than dis-
similarities,

GENERAL GEOLOGY

A oomparatively thick layer of mantlerook occurs
over much of the State of Nebraska, Exposures of bed-
rock are limited to the tablelands and to the valleys
of streams whioch have cut through the overlying man-
tlerock exposing +the bedrook. The mantlerock,
Pleistocene and recent in age, consists of relatively
unconsolidated %o loosely oonsolidated sedimentary
material, During the Pleistocene Age eastern Nebraska
was twice overridden by ioe sheets; the first being
knewn as the Nebraskan glacier and the second as the
Kansan glacier. These ice 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 known as +till.

West of the area covered by ice, thick sands and
gravels sacoumulated during ¢the period of ice in-
vasion, This acoumulation was the result of incressed
precipitation, rapid erocsion in the higher lands to
the west, and deposition on the sloping plains of
central Nebraska, The eastwnrd-rlowing streams were
dammed by the edvancing ice sheets, causing deposition

of their load of sand and gravel, Subsequent to the
seoond glacial advanoce, wind erosion increased during
whe dry periods of +the Pleistocene resulting in the
formation of the Loveland and Peorian loesses, whioch
are accumulations of wind-blown dust. These extend
over much of the area south and east of the Sand
1Iills, At the same time the dunesand of the Sand
Hills was formed by the weathering and reworking of
the saendy Tertiary bediock and earlier Pleistocense
sands and grevels.

The bedrock forms the platform upon which the
mantlerock has been 1laids The exposed bedrock
includes, from oldest to youngest; the Permo-Pennsyl-
vanian limestones and shales, the Dakota group of
sandstones and shales, Graneros shale,Graenhorn line-
gtone, Carlile shals, Hiobrara chalk formation,
Pierre shale, and Fox idills-Laramie sandstones and
shaleg. The above belong to the Cretaceous nge. The
following bedrock formations; Brule-Chadren 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 Nebrasks was made
in 1903 by the Federal Division of Soils, now known
as the Bureau of Chemistry and Soils. In 1512 the
first appropriation was made by the Nebraska Legis-
lature for use Iin classifying and mapping the soils
of the State, by counties, in cooperation with the
Federal Buresu. To date all of the ocounties are map-
ped in detail except 8 in the sand-hill region
which have been covered by a soil reconnsissance and
in which detailed work is now in progress.

As soil surveying is e relatively new science,
it had to be learned step by step. The topographie
relations, the great variety of parent soil meteri-
als, and the olimate and vegetation, all of which
affect the character of the solil, had to be evaluated
a8 they were encountered in the fleld and the whole
system of soll oclassification and mapping was per-
fected gradually. Some of the earlier surveys were
rather general and are being revised, The recent
work is on a sound sclentific basis.

In the county surveys the soils are classified
(1) according to their variocus characteristics such
as color and depth of topsoil, lime ocontent, texture,
oconsistence or degree of compaction, moisture re-
taining capacity, and infiltration rate and other
features which have a bearing on their productivity,
use suitabilities, and cultural requirements. Areas
of the different kinde of s0il are delineated on soil
maps which also show the location of cultural and
drainage features.

The soil map 1is mcoompanied by & report which
includes information concerning the topography, drain-
age, and climate of the county, the egricultural
development, and the character of the solls. Infor-
mation on relative productivity, management
requirements, suitablility for different crops, and
susceptibility to erosion of each soil is also in-
cluded in so far as determined by field experiments
and observations,

In making & soil survey it is necessary to group
the soils into mapping units on the basis of their
externnl and internal features, The three principal
units are: (1) series; (2) types; and (3) phase. In
places 2 or more of thess may occur in such a mixed
pattern that they cannot be clearly shown separately
on & map but must be mapped as (4) a complex. In ad~
dition there are areas of land, such as dunesand,
river wash, et ocetera, which have no true soil and
are called (5) miscellansous land types.

The most importent of these units is th:s series
which includes solls that have developed from similar,
although not necessarily identical kinds of parent
material and that have the same genetic horitons ar-
ranged alike in <the soil profile, Thus, a series
includes socils having essentially the aame color,
structure, and other important internal character-
istics and the same natural drainage conditions and
range in relief, The texture (2) of that portion of
vhe soil commonly plowed may very 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 soll series in Nebraska,

Within a scil series are 1 or more soil types
defined according to the texture in the upper part of
the soil. usunlly to about the plow depth. The name
of* the soil texture to this deoth. such as silt losm,

clay loam, sand or fine eandy loam, 1s added to the
series name to give the complete name of the aoil
type. For example, Marshall silt loam and Carrington
fine sandy loem are soil types within the Marshall
and Carrington series, respectively. The soil type ia
the principal unit of mapping, and because of its
specifio character 3is ususlly the unit to whioch ag-
ronomic deta are definitely related.

A phase of a so0il tyne is a soil which differs
from the type in some minor features, generally ex-
ternal, that may be of special importence in land
use, Unusual varistions in <the relief or in the
amount of stone on the land may necesaitate the reo-
ognition of rolling, hilly, or stony phases of any
given soil type,

To date, about 4256 different kinds of soil,
representing soil types and phases of 64 soll series,
are reocognized in Nebraska. In additioen, several
miscellaneous land types are mapped. These include
bedlands, dunesand, marsh, river wash, rough-broken
land, and rough-stony 1land, all of which influence
the agrioulture in the localities of their ocour-
rence.

The Generalized Soil Map of Kebraska, Plate VII,
shows the general distribution of the more extensive
soll series in the State. In the following parsgranhs
brief desoriptions of these series are given and a
few orop adaptions are explained.

BOYD SBRIES

The Boyd soils bave developed on bluish-gray,
dense-clay shales of the Pierre formation over large
areas in Bouth Dakota and traocts of oonslderabls sise
in northeastern and north-central MNebraska. They
oocupy areas runging from nearly level +o hilly and
broken, but most of them, in this State, are on steep
valley sides where run-off is rapid and erosion 1is
severs. These scils receive enough precipitation to
support & mixture of plains and prairie grasses and
produce rapid vegetal decay but the molsture does not
penetrate the ground deeply,

The scil section is ocomposed mainly of heavy in-
tractable olay although the surfmos layer, which
averages about 8 inches in thiockness,has an abundance
of decomposed grass remmins in the asmoother areas
where it is almost black, Its high organio-matter
oontent makes this layer quite friable when moderate-
ly supplied with moisture. When extremsly wet or dry,
the Boyd soils are diffiocult to handle, Most of them
are lmmaturely developed and rest on the parent shale
within a depth of 3 feet., They are limy below 12
inohes, and, except in severely eroded areas, <there
is a noticeable zone of lime accumulation in the sub~
soil. Their water~holding ocapscity is high but they
ebsorb moisture slowly and the greater part of the
precipitation runs off or ewaporates without ma=-
terially benefiting the vegetation. )

Owing to their generally unfavorable surface
features, slow moisture absorbing rate, and to their
intreactable nature except under favorable moisture
conditions, most of these solls are better suited for
the produotion of pasture and hay greasses <than for
cultivetion, They countain variable quantities of
selenium which is highly toxic to animals and which
in some areas is taken up by plants in amounts in-
Jurious to livestook, Corn, oats, millet, and sorgo
ars ¢rown on the smoother tracts where they do fair-




10

.
Iy well in seasons of normal or above norml
precipitation, but the land is rather droughty and
orop yields are lower than on more friable soils,

BUTLER, FILLMORE, AND SCOTT SERIES

These soils, only the larger areas of which are
indicated on the accompanying map, owe their features
mainly to poor or imperfect drainage. They are prin-
cipally in small shallow basins, 1locally known as
"buffalo wallows" or "lagoons", scattered throughout
the finer textursd aud more nearly level-lying solls
of the uplands and terraces. They have develcped on
loess, a 1light-colored floury silt, which has or
formerly had, some lime. The Scott soils are also
developed on 1limy clays and fine-grained sandstones.
They have the poorest dralnage of any soils on the
uplands or terraces in Nebraska. Storm weter ocol~-
lects in the basins where they ocour and often
remains on the surface for eseveral weeks, disappear-~
ing slowly through seepage and evaporation. The
Fillmore soils are in poorly drained basins but have
not besn subjected to such prelonged inundations as
have <the BSoott., The Butler soils are mostly 1n
barely perceptible basins, snd on nearly level areas
where drainage is imperfect but where water stands on
the land only et places and for short periods. In
eastern Nebraska some of the Butler scils are on
slight slopes where surface drainage, although good,
is slow.

Differences in the drainage c¢onditions have
oaused marked differences espeoially in the subsoil
layers of these soils. All of the subscils have a
well developed olaypan due to the downward trans-
location of clay by percolation waters. In the Scott
types the olaypan 1s very thlok,is blulsh~gray and is
thoroughly leached of lime, whereus in the Fillmore
and Butler types it is much thinner, is almoat black
and has & well=developed zone of lime eacoumulation
near its base. The surface scils of the Socott and
Pillmore types are dark and mellow, especlally in the
upper part, and at most places rest on the olaypan
within depths of 6 and 8 inches respectively., The
surfuce layers of the Butler types average about 16
inches thivk, and are separated from the claypan by
several inches of friable subsoil material, They
contain an abundance of 8ilt and are friable through-
out,

Most areas of Scott or Fillmore solls are
unsuited for ocultivated orops on acocount of poor
drainage and the shallow depth to the claypan. They
are chiefly suitable for native pasture and hay land.

The Butler soils, as a whole, are well suited
for the production of all orcps commonly grown in the
State. Their general productivity may be somewhat
reduced in dry years by the relatively impervious
claypan ldyer, but most of them are in southeastern
Nebraska where the precipitation is sufficlent 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 eand north-
eastarn Nebraska where they have developed from the
weathered surface of glacial drift. They also ocour
in Iowa, Missouri, and Minnesota, The drift is ex-
tremely variable in texture but generally contains
considerable amounts of coarse material including
gravel and boulders of various sizes mixed with its
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more abundant silt and clay constituents. It was left
by the ice during glacisl times and was later covered
by Peorian loess. The loess was subsequently removed
over considerable areas by erosiocn, exposing the
drift to weathering and scil development.

All sreas oocupied by Carrington and Shelby
soils have adequate surface drainage. On most of the
steaper slopes rapid run~off has ocaused considerable
erosion in oultivated fields. The Carrington solls
are in the 1less steeply sloping areas. Theyhaw
maturely developed profiles inoluding very dark,
granular, and friable surface soils from 10 to 15
inches thick, underlain by brownish, moderately heavy
subsoils which rest on weathered drift at about a 4-
foot depth. The entire soll section has been leached
of its 1lime, These 30ils are suited to sany orop
commonly grown in eastern Nebrasks. Nearly all of
them are under oultivetion, chiefly for corn. They
have a higher clay ocontent and slower infiltration
rate than some of the asscciated more friable solls
developed on loess., However, they are in the highest
precipitation belta of the State where moisture is
sufficient for seatisfactory ylelds, even on the
heavier soils, exospt 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 soiles or has sub-
sequently removed much of the developed soil material.
They are everywhere immature with thin-dark to light-
ocolored surface layers. At most places they rest on
drift within a depth of 2 feet, Locally the drift is
exposed, These eoils are not well suited for oulti-
vated orops owing chiefly +o their shallow nature,
unfavorable surface features, and rather low organio-
matter content, Looally, they contain an abundance
of coarse glacial gravel and boulders. They erode
rapidly under tillage unless carefully managed but
are well suited for pasturs 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 & moderate precipi-
tation, slow surface and under-drainage and a
mixture of plains and prairie grasses. They have
almoat black, silty, and friadble surface soils, from
12 to 14 inches thick. The upper part of the subsoil
is e brownish, almost impervious olaypan produced by
fine mineral materiel released mainly from the over-
lying 1layer and carried down by percolating water.
The lower part of the subsoil, a zone of lime enrich-
ment, consists of friable 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 limy.

Within areas of Crete svils are numerous shal-
low,poorly drained busins occupied by Scott, Fillmore,
and Butler soils, Small undulating areas of Hastings
soils and nerrow steeply sloping strips of Colby
soils are too small for differentiation on the ac-
companying map.

Prior to 1923 areas now kmown to be occupied by
Crote soils wers shown on the county soil maps as
Grundy socils which are mno longer recognized in
Nebraska.

Although the Crete +types include a claypan in
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their gubsoils, +they are 3in a region where thée prs-
cipitation iz sufficlent for satisfactory ylelds of
most orops and practioally all of them are under
cultivation. Wheat and aarn are the principal crops.
Wheat usually does better than ocorn because it
matures oerlier in the summer while the molature
stored above the olaypen from winter and spring pre-
cipitetion is sufficlent to mintain normel or
near-normal growth. The claypan and underlying layers
of this soil probably do not supply much moisture tc
grain erops.

DAWES AND DUNLAP SERIES

The Dawes and Dunlap soils are onnesrly level to
gently sloping areas and in shallow sage or basins,
scettered over the uplends in western Nebrasks. They
have developed under the influence of a low precipi-
tation, short plains gresses, and slow surface and
under-drainags, mostly from limy Tertiary sandstones
and olays. Some of them have developed, in part a%
least, from wind-blown silts deposited since Tertiary
times.

The surface layers of these scils are dark brown,
being somewhat lighter in coler +then those of solls
on similar relief farther east. They are everywhere
friable, ere composed at most places mainly of silt
and range from 9 to 12 inches in thickness. The sub-
soils in the Dunlap types are <+thiock and moderately
heavy with a frieble zone of 1ime enrichment be-
giming at about & 3~foot depth. Those in the Dawes
soils are thin with e hesvy olaypen layer in the
upper part end the friable 1lime gone begins at aboub
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 chiefly for growing
winter wheat, rye, oats, &nd petatoes, which yield
profitably except in the driest years. The Dawes
soils, chiefly located in southwestern Nebresks, are
used mainly for corn and winter wheat production, but
to some extent for growing sorgo. Their heavy clay-
pans limit +the storege of readily awvailable moisture
largely to the surface soils which may become too dry
for profitable corn ylelds in seasons of subnormal
precipitation, Where they oocupy depressions, how-
ever, the Dawes soils seldom dry out sufficlently 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 ANSELMC SERIES

Dunesand and the soils of the Valentine, Gannett
and Anselmo series, collectively, occupy seversl 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 1its surface this lend 1s 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 little
moisture to be lost through ewaporation, and in the
climatic region of their occurrence, are eble to hold
most of the absorbed water until it is nesded by the

vegetation, Even +the most sandy materiel of the
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region can hold at least & inches of water within a
depth of 6 feet where it is accessible +to the roots
of most plants, Since this materisl continually de~
livers moisture to the vegetetion during the growing
season, a cluse balance is maintained between the
amount of water taken in from precipitation and thea-
mount removed by plants.Thus,not much of the moderate
reinfall can seep to the water table during that
season. Most of the water reaching surface drainage
in the sand hills percolates below the reach of plant
roots when the vegetation is dormeant, Were it not
for their unsteble 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"™ soils which lose more
than half of the precipitation +through run-off and
evaporation 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,
1t consists of a monotonous succession .of irregularly
distributed hills and ridges whioh are oomposed en-
tirely of gray sand or are thiokly ocapped with this
meterial, The higher intervening sand vvalleys,
pookets, and swales are ocoupied by the Valentine
solls, and the lower and molster ones by the Gannett
soils which 1lis &t or near the level 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 resistance of their sandy
perent mterials, none of these soils have well de-
veloped zones or layers of true soil charsoter. Aside
from the Gannett types they are low in lime, huve
sooumulated 1ittle orgenic mtter, and have thin,
light-brown surfuce scils. The aubsoils in the
Valentine types consist of incoheremt gray sand,
whereas the corresponding layers in the Anselmo soils
are compogsed of light-brown fine, sandy loam to loamy
sand. The Gannett types have developed under ex-
ceasive moisture, and the mapid growth and decay of
tall grasses, rushes, and sedges, These types have
thiek, highly organic end almost black surface lay-
ers overlying water-logged sand subscils in whleh
ooours a thin greenish-blue layer of sandy oclayet or
near the top of the water table, They are fuintly
imy in most places, ‘

Except locally, the region cccupied by dunesand
and associated sandy soils is better suited for past-
ure and hay lend than for the production of cultivated
erops, The largest cattle renches of the B5tate are
looated in this region. The utilizetion of dunesand
and the greater part of the Valentine solls depends
almost entirely upon preservation of the grass cover,
When cultivated, the sand drifts and the land becomes
useless even for grazing purposes. The Sand Hills
are well graased at preaent, except looally, They
inolude some of +the most dependable grazing land in
Nebreska.

The Gannett solls are too wet for ocultivation
but rank among the most productive for mative hay in
the pleins region. They supply most of the hay used
for carrying ocattle through the winter months in the
Send Hills,

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

The Epping and Orells socils are in northwestern
Nebraska and adjacent parts of Wyoming and South
Dakota where they osour over limy Tertiary olays and
8ilty clays; chiefly in undulating to rolling areas.
Many of them are on steep and gentle slopes. A part
of the COrella solls iu Wyoming are in walley-like
situationa. All types of these seriee are developing
under a low precipitation, short plains grasses, and
slow vegetal deony. The Epping soils are on the more
silty and less variegated beds of the Brule and Chad-
ron formations; whereas, the Orella types are mostly
on the more variegated (gray, green, and red) clay
and sandy olay beds of the Chadron formation which
underlies the Brule.

These soils are very immature with thin grayish«
brown to dark grayish-browm, silty to clayey surfaoce
s30ils that are low 1in organic matter and rest on tne
parent formations ususlly within a depth of 9 inches.
They have slow infiltration rates and the greater
part of the precipitation runs off or evaporates with-
out greutly benefiting the vegetation, Most of them
erode easlly and the areas inolude exposures of the
underlying perent material which give the land sur-
face & spotted dark and light appearance. They are
developing on the same formations from which the bad-
lands of South Dakota have eroded and at places
inolude patches of inoipient badlands in Nebraska.

None of the Epping and Orella solls are well-
suited for dry-land farming, chiefly on sccount of the
thin surface soll and slow infiftration rate. lMany
tracts are too gullied for cultivation. Some of the
smoother areas are used for growing wheat and rye but
satisfactory ylelds of these crops are obtained only
in years of high preoipitation. The greater part of
the land is st111 covered with buffslo end grams
grasses and is included in pastures. The grazing
value of the range on +the Epping is slightly higher
than thet on the Orella solls., In Goshen County,
Wyoming some of the lower and more nearly level-lying
Orells types are used for growing sugar beets under
irrigation.

HASTINGS SERIES

The #oils of the Hastinge series are transition-
al in cheraster between the Crete and Holdrege soils.
They are on the nearly level to undulating loess-
mantled uplends in east-central Nebraska where they
have developed under an annual precipitstion of from
24 to 28 inches, good external drainmge,and a vegetal
cover consisting chiefly of prairie grasses,

The surface soils, which average about 14 inches
in thickness, have socumulated 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 congiderable olay, carried down from the
surface layer by percolating 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, moisturse, and orep
roots. 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 light-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 Boils on the uplands of Nebrasks for corn. wheat.
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oats, alfalfs, and other orops commonly grown in the
sastern and central parts of the State. Their silty
stone-free nature, high organic-matter content, good
drainaga, and, except locully, their freedom from ex-~
cessive wind or water erosion combine 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 ocentral and south~central
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 luxurient, and vegetal decay, although
sufficiently rapid to supply an abundance of organie
matter, is somewhat slower than in the Hastings soil
region, As 8 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
huve received less clay and are more friable than
those of the Hastings soils and the zone of lime en-
richment lies higher in the seil section, usually
between depths of 36 and 48 inches. The Holdrege
solls 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 occcupy steeply
sloping areas where rapid surface run-off removes
the products 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 ereas adjacent to deeply en-
trenched streams and ~n 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 ocolored. They rest, usually within a depth of
6 inches, on the parent loess, Many of the steeper
slopes within areas of these soils, are charscterized
by short vertical breaks, known as "cat steps™,caused

by so0il slipping.

In Kansas, the Celby 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 elimete than to erosion,.

The Holdrege and Colby soils of Nebraska, although
closely assoclated, differ widely in use capabilities.
The Holdrege types are well suited for general farm-
inge They are as productive as any of the soils on
the uplands in the oclimatic region of their occcur-
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 sulted for cultiva~
tion ochieily because of unfavorable relief, low
organic-matter content, and susceptibility to eroasiom,
Most areas of thess soils are included in pastures,
although hay and cultivated orops are produced on the
more gradual slopes.
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HCLT SERIES

The Holt soils are on soft, light-colored, and
limy sandstone of the Ogallala formation in north-
eastern and north-~central Nebrasks and adjacent parts
of South Dekota, They ocoupy uplands: ranging from
undulating to steeply sloping or hilly. 1In this
State most of them are in areas of rolling to strong-
ly rolling relief. The precipitation wunder 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, In their
more nearly level distribution, their surface layers
are thick,well supplied with organic matter, and very
dark, Loem, or one of the sandy-loam textures pre~
dominate in most places. The subsocils, which are
rather thin, oconsist of 1light-colored, fine sandy
loam to sandy loam with @ pronounced zone of lime
enrichment in the lower part. They gradually become
coarser downward and at about 3 feet merge with +the
underlying sandstone, fragments of which may oceur
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 bedrecck is usually
within a depth of 2 feset.

All types of this series absorb the precipi-
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 cultivation. Corn 1is grown chiefly. The
rougher areas sare 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 uplande in Nebraske; and
ocour extensively in vestern Kansas, They resemble
the Holdrege soils in many respeots but have developed
under the influence of a drier olimate, less abundant
vegetation consisting mainly of short plains grasses,
and slower vegeial deoay, The rather low precipi-
tation of from 18 to 20 inches, has not penetrated
the ground deeply, 4s a result of these influences
the surface so0ils, which average about 10 inches in
thickness, are dark brown instead of almost bHlaok as
in the Holdrege types. The silt-loam texture pre-
dominates, The upper part of the subsoil is oamposed
of brownish-grey friabloe silt loam, The lower part;
as in all normally dJdeveloped socils of oentral and
western Nebraska, is the zone of lime enrichment, It
begins usually at about a 30-inch depth, ocnsists of
grayish-white limy and floury silt and extends down-
ward 8 or 10 inches where it rests on the parent
%gorian loess,

The Kelth <typea are among the best dry~-farming
soils on the uplande in the western parts of Nebraska
and Kansas, Nearly all the area ocoupied by them ie
used for growing oorn, wheet, and oats, Bome sorgo
is also produced, The yeilds vary in proportion to
the amount of available molsture, which is the ochief
farming hazard in this region, These so0ils have
sufficient nutrient reserve +to permit higher orop
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yields than the precipitation can maintain, 1In years
of normal or subnormal rainfall they are considerably
less productive than the Holdrege so0ils, which are
farther east, In wet years, orops on the Keith
types may produge mors than double their average
¥ields.

The soils of the Colby aerles bear the same re=
lationship to both the Keith and the Holdrege soils.
They ocoupy the rougher, more severely sroded parts
of the loessial uplands in both +the Holdrege amnd
Keith soils areas, and are described in oconneotion
with Holdrege soils,

MARSHALL AND KNOX SERIES

The Marshall and Knox soils are mainly in east=-
ern Nebraska and western Iowan where they have
developed, or are developing, on wupland areas of
Peorian loess in a region of rather high preeipi-
tation and rapid vegetal decay--the Marshall under
prairie grusses 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 bdroken, The
Marshall <types are in undulating to rolling areas
where water run-off has not prevented the aoccumu-
lation of organic mtter., They are everywhere well
draineds In many of the cultivated fields they are
subject to considerable erosions The surface soils
range from about 10 to nearly 20 inches in thiockness,
the depth depending on the erosion oonditions both
during and subsequent to <their development, They
have accunulated an abundance of organic matter, are
nearly black and are granular and friable throughout,
The silt-loam texture predomimates. The upper part
of the subsoil is brown, and although less granular
than the overlying layer, 1s very friable., It rests
on light-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 Marshall soils are rather low but not de-
ficient 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 lowsr pary
of the scil section,

The Marshall soils are commonly regarded as the
best generel farming soils of <the wuplands in
Nebrasla, Most of the ares occupled by them has been
under cultivation sinoce early settlement. They are
well suited for growing all the staple orops commonly
produced in the State,.

The Knox solls ocoupy those parts of the loess-
mantled upland where serosion has prevented the
development of Marshall s8o0il or hes 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 desp drainags 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 formerly supported a grass cover.
They consist mainly of slightly oxidized, brownish-
colored floury silt, the top 4= to S-inch layer of
which may or may not be darkened by crganic mtter,
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 Knox soil area is in-
cluded in pastures and woodlands although a large
percentage is under cultivation or in orchards. These
soils are highly productive considering their shallow
character and low organic-matter content. Under care-
ful management, 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 production.

MOODY AND CROFTON SERIES

The Moody soils have developed under mixed
plains and prairie grasses from unusually limy loess
deposits and are very dark and friable. They ocoupy
nearly level to atrongly rolling uplands over most of
northeastern Nebraska 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 causing oconsiderable erosion in plaoces,
These soils have almost black surface layers and are
somewhat similar to the Holdrege soils of south-
central Nebraska and northern Kansas but differ from
them in having slightly thinner surface soils and
more limy subscils, Their outstanding feature, and
the one which serves to distinguish them from most
other loess-derived soils, is a subsoil zone, which
is unusually rich in small lime oconoretions, This
zone, which is very light-colored, rests on extremely
limy loess at about a 30-inch depth. The loesa has
few or no lime conoretions.

The Moody soils are well suited for all the
staple crops of the region with <the possible exocep--
tion of wheat, whioch seems %o be more frequently
injured by rust in northeastern Nebraska than else-
where in the State. This probably is due to climatic
influences rather than to the character of the soil.
Nearly all the Moody soils are used for growing corn,
oats, and alfalfa whioh yleld about the same as on
the Marshall soils, or only slightly lower.

The Crofton soils ocoupy severely eroded tracts
within the Moody soil areas. They are simply Moody
soils from which erosion has removed all or most of
the upper soil mierial keeping the concretionary
zone on or near the top of the ground. Any surface
soil which may be present is silty, friable, almost
black and doses not ordinarily exceed 5 inches in
thickness. The zone of lime conorctisns serves to
distinguish the Crofton from the closely associated,
but more severely eroded, Knox svils in whichk no
concretionary zone ococurs,

The Crotton soils are not very extensive, Most
of them are on +the steeper parts of cultivated
fields. They grow the same crops as the surrounding
Moody soils but require more careful management than
the Moody and are not quite as productive. They can
ba profitably farmed if means are taken to curtail
erosion and maintain an adequate nitrogen supply:
Some of these soils in the blufflands along Missouri
River are on slopes too steep for cultivation
and are included in pasture lend.

PAWNEE SERIES

The Pawnee saries includes claypan soils on the
weathered surface of glacial drift in southeastern
Nebraska and northeastern Kansas. These soils ocoupy
undulating to rolling areas in which the drift _is
composed mainly of clay with relatively small admix=-
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tures of sand and gravel., Surface drajnage is
sverywhere good, and on some of the more rolling
areas rapid run-off has caused considerable erosion
in cultivated fields. Internal drainage is imperfect
owing to slow infiltration through the claypan. The
precipitation has been sufficient for prairie grasses
and rapid vegetal decay. Most of +these soils have
accumulated an abundance of thoroughly decomposed
organic remains. The surface soils average about 10
inches in +thiclmess, and, except on the steeper
slopes, are almost black. They are very granular but
their clay content makes them less friable than the
surface layers of most loess-derived soils. The silt
loam, loam, and clay-loam textures predominate., The
upper part of the subsoil is dark grayish-brown,
heavy clay loam. This rests abruptly at a depth
ranging between 14 and 20 inches on the olaypan,
which consists of almost impervious brown to dark-
brown gritty clay from 8 to 15 inches thiockZ. The
olaypan is underlain by a moderately friable, light-
colored zone of lime enrichment which merges with the
parent drift, usually within a 5-foot depth.

The Pawnee soils absorb water slowly, Jossing
much of it through run-off. Their rather hee.y sur-
face layers make cultivation difficult except under
8 narrow range of soil-moisture conditions. In
places these layers have been so thoroughly leached
of 1lime that they are becoming injuriously acid for
orops requiring a high lime content. The soils are
not deficient in plant nutrients. Their 1location in
a region of sufficient precipitation prevents them
from becoming droughty except in occasional yecrs.
Under careful management they are almost as produc-
tive of the staple crops as are the most friable
soils of the smooth, loess-mantled uplands. Some
lime 1is needed to counteract acidity in places,
especially if alfalfe is grown. The more rolling
areas cf these solls 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, oclay 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 occupy well-drained, rolling to
hilly uplands in the White River and Hat Creek drain-
age bnsins of Nebraska, and cover much of South
Daukota west of Missouri River.

Theece soils, like those of the Boyd seriuvs, con-
sist mainly of dense, almost impervious clay from the
surface dowrwarde They are limy to or near the top
of the ground but do not have & well-developed zone
of 1ime onrichment even on the smoother areac. The
surface layers have acoumulated only a little organie
matter and are dark grayish-brcwn instead of nearly
black as in the Boyd soils., The profile r9sts on the
parent shale, usually within a depth of 2 feet. OUm
some of the steeper slopes the shaele is exposed.

The Pierre soils are unsuited for cultivated
crops except where they receive supplemental water
through run-off from higher levels or through ir-
rigation, The native vegetation on them consists
largely of western wheat grass which grows too
sparsely to have a high grazing value but is one of
the most nutritious hay grasses in the Tigh Plains
region,
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ROSEDUD SERIES

The soils of this serles have developed on
perent materials, weathered in situ, from light-gray,
soft, limy sandstones (Gering, Arikaree, and Ogsllala
formations) of Tertiary age, They occupy extensive
areas of nearly level to strongly-rolling uplands in
western Nubraska, and the adjucent parta of adjolning
states, The Sidney soils, mepped in one of the
earlier county surveys, are now included in the
Rosebud series.

The Rosebud scils 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 extermal and internal
drainage, and are not subject to destructive erosion,
except on the steeper slopes where water run-off is
rapid and in some oultivated fields where wind
erosion has become seriocus, Within areas of these
soils are numerous patches and narrow strips where
the limy sandstone is &t or near the surface of the
ground., These patches are occupled by the severely
eroded Canyon soils whioch are not sufficiently ex-
tensive to be indicated on the accompanying nép.

The surface 8o0ils 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 prinocipal textures are silt loam,
loam, and very fine sandy loam, although coarser tex-
tures are common in same areas, The upper subsoil
layer is grayish-brown, The lower one, the zone of
maximum 1ime enrichment, is almost white. At most
places it rests on partially disintegrated sandstone
within a depth of 2 feet. On parts of the Dalton
Table in Cheyenne County, Nebraska, the bedrock is
below & 5-foot depth.

A11 the Rosebud soils are friable and absorb
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, snd very fine sandy loam +%ypes of this serles
ocoupy probably 90 per cent of the dry-farming land
in +the "panhandle" section of the State. They are
the chief wheat soils of western Nebraska ealthough
corn, oats, rye, and barley are also produced. The
crop ylelds on these soils compare favorably with
those obtained on the best scila of the uplands in
this region,

ROUGH BROKEN AREAS OF SHALLOW STONY SOQILS

These aroas include rough stony land 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 alcng Niobrara, Flette, and Republican rivers,
can be legibly indicated on the accompanying map.
‘Numerous patches and narrow strips, too small to be
shown on this map, are in the bluffs along Miassouri
River and along many of the drainage ways in  the
southeastern, western, and north-central parts of the
State. Stone-free tracts of broken land developed
on loaess are not included,

Within thess areas most of the soils, where suf-
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ficlently developed to he classed as such, are stony
and extremely shallow, Throughout the western part
of the State, the broken stony land has been carved
mainly from Tertiary sandstone formations on which
the C(anyon soils represent the first states of soil
development, In the southeastern and eastern parts,
this land 18 oococupied chiefly by Permian or Pennsyl-
vanian limestones on which the shallow end stony Sogn
soils occur and by exposures of Dakota sandstone
where lanoaster soils asre beginning to develop.

The rough, broken areas of shallow, stony soils
are used chiefly for grazing land, although Thay is
cut in places and some of the more gradual slopes are
under cultivation. None of the solle 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 destroyed. On some holdings, however,
they occupy the only tracts that can be farmed.

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

The s8oils 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 wuplands of north-central
Nebraska, where they collectively cccupy large areas.
They have developed on sand or water-worn gravels
which were depocsited in the region during Pleistocense
times, forming broad sand-gravel plains west of the
Kansan Glacier, The gravel and some of the sand came
partly as inwesh from westerly regions and partly as
outwash from the glacial debris. Windblown material
from disintegrating Tertiary sandstones probably con-
tributed to the sand deposits.

Differences in the solls throughout this region
are due mainly to local differences in the texture of
parent materials and in drainage conditions. The
soils of the Thurman and Thurston series have de-
veloped under good drainage from parent material
composed largely or entirely of sand. In the Thurman
soils the surface layers have accumulated an a-
bundance of organic matter, are very dark and from 8
to 14 inches thiock, whereas in the Thurston soils
they have a lower organic content, are brown to dark
brown, and exceed 8 inches in thickmess 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 slight 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 Xansas
drif% and would not be included with Shelby soils.

The soil types belonging to the Ewing series and
the upland phases of the 0'Neill series have very
dark surface 1layers 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 whore drainage is imperfect, the coarse
material in the upper part of the subsoil is cemented
with silt and clay and is moderately compact. The
remainder of the subsoil is incoherent. The subsoils
of types belonging to the upland phases
0'Neill series are loose,
throughout.

gravelly, and incoherent

The soils of all +these series are low in lime

of the’
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but - do not seem to be lime-deficient so far as the
vegetation is concerned, 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.
Each of the series includes some types which give
larger returns when used for growing corn, rye, and
sweet oclover than can be cbtained from the native
grasses, Purt 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 Thurmen,
Thurston, and Bwing soils are not droughty. Those
having the finer-textured topsoils are highly pro-
ductive under oultivation, if wind erosion 1is
controlled.

UNDIFFERENTIATED SCOILS OF TERRACES

The areas shown as undifferentiated soils of
terraces, on the acoompanying map, include the larger
developments of terrace or bench lands in Nebraska.
They lie at several different levels and were formsd
before the streams, along which they cccur, became so
desply entrenched. Most of the older and higher Yer-
races are from 40 to 100 fest above the present fisld
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
pieins, are entirely alluvial,

All the benches lie nearly level, 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, 0'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 last four include
relatively coarse-textured soils with inccherent sand
or gravel subsoils and substrata.

The Waukesha, Hall, O'Neill, and Sloux soils
have accumulated an abundance of organic matter and
have elmost black surface layers from 10 to 14 inches
thicke Most of them are in eastern Nebraskas, 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 light-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 solls
formerly mapped in Nebraska under the name Plain-
field,

An abundance of lime occurs in the Hell, Tripp,
Cheyenne, and Yale solls. The lest named have rather
heavy upper subscil layers. The other soils on ?he
benches do not have much lime or unusual 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 corn and alfalfa than the best
80ils 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
central Nebreska 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'Nelll end Sioux series give the high-
ost yields. All except the most sandy types of these
soils are used chiefly for growing ocorn and alfalfa
for whioh they are well suited, if care iz taken <o
control wind erosion. The extremely sandy Sparta
soils and the gravelly Cheyemme socils are included
meinly 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 conditions of restricted
drainage. They lie only a few feet above the beds of
the dreinage ways and are subject to overflow during
poriods of unusually high water. The terrain is
practically 1level except for a barely preceptible
gslope down the valleys and for minor irregularities
oaused by old and active stream channels, slight
olevations, and shallow depressions,.

The character of the so0il at any particular
place on the bottomlands is governed lergely by the
character of the sediment on which it is developing.
Since the streams oearry sediment of wmany textures,
the recent alluvial material 1s mnaturally complex.
The coarser materials are deposited near the channels
and the finer farther bgck, owing to the assorting
power of currents of varying velocities. In places,
fine material is found near +the stream, This 1is
caused by a comparatively recent ochange in the
position of +the channel, which may alsc result in
sand being depesited over celay or vice versa. Strata
of widely verying textures may +thus overlie one
another, dependent upon +the course of the stream and
the character of its load et the time of deposition.
At places, light-colored material may overlie a dark
surface soil, Subsequent accumulations of decomposed
grass remains have changed most of the sediments into
productive soils,

The finer btextured bottomland deposits in this
State are classed with types of the Wabash, Lamoure,
Laurel, Minatare, Genesee and Ray soil series; the
sandy deposite with +types of the Cass and Sarpy
series. The Wabash, lamoure, end Cass soils have ac-
cumulated an abundanese of organic matter and have
very dark surface layers. In the Wabash and Lamoure
types +the dark color oontinues to & considerable
depth. In +the Cass so0ils it gives way to gray,
usually below 8 or 10 inches, The Laurel and Minatare
types have dark-brown surface layers, whereas, the
Genesea, Ruy, and Sarpy soils are very light colored
at the surface, The subsoils, are friasble and silty
in the Laurel and Genesee soils, moderately heavy in
the Wabash end Lamoure, aud very heavy and clayey in
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the Minatare soils. They consist ol incoherent sand
or mixtures of sand and gravel in all types of the
Cass and Sarpy soils. The Ray soils are simply Webash
soils which have been covered by light-colored sedi~
ment, ranging from a few inches %o about 2 feet in
thickness. They are of local occurrence in Nebraska.
Aside from types of the Lamoure, Laurel, and Minatare
series, which are highly calecareous, 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 solls are
either 8o poorly drained, or so dissected by stream
meanders, that they are of value chiefly for pasture
or hay land. Where adsquately drained, +the Wabash
and Lamoure scils give higher yields of corn and al-
falfa +then can be obtmined without amendments on any

19

other soil in Nebraska, Well=-drained areas of Laurel,
Ray, and the flaer textured types of Cass soils also
give high yields of corn and alfalfa, A largs part
of the Laurel and Minatare soils are under irrigation
and used for the production of sugar beets., In places
these and the lamoure so0ils are +too alkaline for
cultivated crops. The Genesee and Sarpy soils are too
low in organic matter to be highly productive without
emendments. Most of them, in this State, are either
poorly drained or covered with forest growth, or
both, They are used chiefly for pasture land and hay
productions The scils of the bottomlends, 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 aburndant 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 oomprehensive explanation of methods ef classifying and mapping soils the resder is refer=
red to the chapter "Soil Survey Methods and Definitions" in the later reports on county soil surveys, published
by the Bureau of Chemlstry and Soils, United States Department of Agriculturs,

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

EROSION

THE BFFECT OF EROSION IN NZBRASKA

When the white men first explored Nebraska, they
found little erocsion +taking place, The: found the
hills, perticularly in eastern Webraska, covered with
a dense growth of grass, underlain with a thick mat
of deoaying debris, The valleys wers even more dense-
lv covered with grasses and asedges. The =oil
underneath the prairie wes black and spongy, the re-
sult of centuries of accumulating humus, The valleys
bordering +the streoams were boggy and abounded with
springs. Clear water flowed oonstantly in the
streams, The upland draws in the more favorable parts
of the State were heavily covered with the big blue-
stem and alough grasses, Springs ooccurred in many
of the draws,

This abundance of water, springs, and marshy
flat lands was the nstural presult of the prairie
cover. The +tall grass with its underlying debris
provided a condition of utmost effectiveness for
rapid absorption of reinfall and for holding winter
snows. Under 4these oconditions, run-~off oould occur
only from extremely heavy rains of more than usual
duration, As a consequence, +the deep subsoils of
eastern Nebrauska were filled to capaoity with water
throughout their entire depth, Excess water in the
upper profile drained toward the draws and the wvalley
land, thus creating springs and providing a constent
and even source of water for streams.

After 40 %o 60 years of farming, road cors truc-
tion and drainage, the native vegetative covering has
been considerably changed. Only in a few scattered
areas over the State can the originsl type of prairie
now be found, It has been replaced by grain, forage

crops, weeds, and grasses of introduced species.
There has been imposed upcn the land an irtensive use
through modern methods of ocultivation and through
heavy grazing of the lands left in nmative graas, The
conventional metheods of land cultivation have been
conducive to rapid run-off and water erosion which,
in many areas, has carried away a great portion of
the dark topsoil, Deep gullies have formed in many
of the cnoe heavily-grassed draws and wind erosion is
becaming an increamsingly sericus problem in same of
the sendier areas., The resulting greater run-off
carried away increasing quantities of topsoil, BHain-
fall, beating upon eroded and exposed soil, puddles
its surface, seals its pores, and oreates a condition
conducive to maximum run-off.

The history of erosion in Nebrasks for the past
40 to 60 years,indicates that unless ocontrol messures
are used many now fertile fields will socmer or later
be unfit for tillage. The history of farming has been
that little attention is paid to erosion control
until damage 1is s0 grent +that the original produc-
tiveness of the s8o0il cannot be reclaimed. This has
already happened on same fields in Nebraska and,
since erosion accelerates itself,the rate of destruc-
tion can be expected to increase year by year.

EROSICN PREVENTION AND CONTROL

the most eftective methods of preventing ero-
sion, practiced by a few furmers, consist of leaving
grass and permanent 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 tha
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Extensinn Service, by construocting brush dams and an
ocoasional drop-inlet earth dam for  gully control,
and establishing a few terracing demonstrations. The
CCC Cemps, under the Forestry Service, established
numerous farm demcnstrations chiefly showing how to
control gully -erosion by temporary dems, permanent
structures and tree planting.

The greatest impetus %o soll conservation work
in Nebruska 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 eontrol demon=-
strations in 1936.The demonstretions hold the rein 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 angd
sheet erosion is controlled by the use of crop
rotaticns, farming on the contour, strip cropping,
terracing, re-grassing end reforesting steep or
severely eroded fields., Gully erosion in cultivated
fields 1is being controlled by seeding the drainage-
ways to a mixture of grasses and legumes. Brosion 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 have been left on the flelds to demon-
strate wind-erosion control with a good cover.

In 1940 this +typs of demonstration wes
being varrijed on in 11 ocamp 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

Waler Resources of Neliraska
Conservation District. Landowners in such lepally
constituted Soil Conservation Districts, through the
Soil Conservation Service of the United Stetes
Department of Apriculture, may obtain technical as-
sisteance in planning end putting Iinto operation
complete erosion ocontrol programs. Approximately
3,000 farm demonstrations have been established by
the above-mentionsd organization.

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

Wori: has started under the Water Facilities pro-
grem in 8 counties, which enabtles the fam eperators
to construet fecilities designed to wutilize supple-
mentel water supplies. Complete  surveys  and
conservation plens ere developsd in conjunction with
the utilizetion of facilities established under this
progrem. Such facilities consist of flood-spreading
structures, retention, detentiom, and diversion dems,
smell reservoirs,stock-watering ponds, and irrigation
pumps . A few demonstrations in 10 additional counties
are contemplated d.ring the yeer. This program is
edministered through the established agencies of the
Soil Conservation Service, the Bureau of Agricultural
Economics, apd the Ferm Security Administretion.

Although precipitation has been abrormally low
during the period of years the conservation demon=-
strations have been in operation, in many instances
erop yields have been increased by scil conservation
prectices 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 its geo-
gruphic 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 its position in the general west-east
path of ocyclonic 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. Tha
climate is characterized by comparatively short, hot
summers, by long, c¢old winters, and by fluctuating
rainfall.

SUNSHINE

Nebraska has the high percentage of sunshine
essential to crop development, Injury to crops
usually ocecurs when there is a lack of moisture in
the soil., When the socil is moist the sun evaporates
s part of the moisture, thus cooling the soil pro-
portionataely.

TEMPERATURE

Nebraska experiences wide diurnal and snnual
temperature variations. These pertially result from
the rapid heating and oooling of the land surface.
January is wusually the coldest month, and July thse
warmest. Winter temperatures frequently drop %o 28
degrees below zerc. A few coldost 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 Nebraske does not 1limit the growth of crops com-
mon to the temperate zone. In the north-central and
northwestern seoctions of the State 1low, variable
rainfall and a shorter growing season somewhat limit
productiveness.

The mesn temperature of the State decreases
northward with latitude and westward with altitude.
The following table shows the mean annual tempera-
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 T4 48
Southwestern 26 75 50
Southeastern 25 ™ 52

The average temperature of the State is 48.5
degrees, The highest mean temperature, 52 degress,
occurs in the southeastern portion of the State at an
elevation of 900 feet. The +temperature decreasses
westward along the southern border %o 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 southern tier of counties.The temperature
decreases northwerd  eboist:' one:dégree ' for each: 38
niles throughout: most o the

more rapid in the h6r¥hy$3$§fn5#P##ibﬁ;ﬁﬁa5IQ5§frdnid‘

near the Missouri: River in the - northéagtern.ssotion,
Temperatures . rangs; !
northeast . to les;

n,, 46 degrees in'the dorthwest

respectively,

GROWING SEASON

The growing, or frost-~free season, is compara-
tively 1long 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 5th. Fifty
per cent of the time the last killing frost of spring
may ocour any time from April 25th in the southeast
to May 15th in the northwest,

PRECIPITATION

Nebraska 1lies in the general path of +he low=
pressure storm area that moves soross the United
States from west to east.These large cyclonic eddies,
500 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 of the storm is near
enough to Nebraska,

There 1s an average of 2 of +these storms
passing across the country each week with fair weath-
er between. If the center ¢f 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 i3 less rapid and less pronounced,

The precipitation of Nebraska is deficient and
fluctuating. 1t decreases from east to west across
the State rt a fairly constant rate. The mean annual

e State, .The.decreage s

o nearly 48 .degress i the . oo it OF RAINFALL

where ths'elevntgbn,tbakhqb:1,?09&f§8§ qg@“ﬁ;ﬂdﬁ ibet;_l

21

precipitation 1is 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
wastern Nebraska, and from 20,86 inches te 50.31
inches in eastern Nebrasks,

Rainfell racords in Nebraske cover a period of
more than 60 years. Fragmentary records are available
for longer periods. Existing evidence indicates that
the wet and dry years alternmate in approximately regu-
lar cycles, However, factors determining these
cycles and predictions are highly speculative,

There are years

during which eve r{ of th
State suffers Ve .

from deficient moisturs, although the

territory east of the 100th meridian usually has suf-

profitable
Long~time precipitation

5

ficient preoipitation for
production,
& groater mumber of years having defi

¢ agricultural
"redords reveal
ient departures.

than those having excess departures, hédefore, the
departures dbove the mean are:' grégtes:‘than those
belaw the moari.  The resprds also :ghiw . ‘that dry and-

wek periods tend to alternate,  result

ih a series’

. of ‘minor cyoles within:thﬁﬁnajéﬁ \ydrdlogid oyoles,

The smount of rainfell: " ii

{ : obrésle’ © increases
from early springtime %o Jund,

;during’wiidh month it

is the hoaviest. It decreases; gradually  until’
December. The averags reinfall . of 'June: is over 5
inches in the southeastern part 'éf the State and

slightly less than 2 inches
ern part.

in the extreme west-

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

Many practices may be followed which will
increase the effectiveness of the rainfall and reduce
the hezards associated with unfavorable weather con=
ditioms. Continued research and plaming in  this
field are imperative. In =addition more extensive
weather reports should be cbtained. New drought -
resistant crops such as soy beans could be introduced
in Nebraska. Research in climtology should be en-
couraged.

DROUGHTS

Droughts in Nebraska usually occur during the
summer and fall months. There have been 3 severe
droughts in Nebresks and in adjacent states during
the past 80 years, Less severe ones have come at
relatively regular interwals. The fundamental cause
of droughts has not yet been established, Scientists
agreo that the ohielf elements are low relative
humidity, hot winds, high soil temperature, excessive
evaporation, and deficisent rainfall; the last being
the dominant factor, The lollowing summary shows the
precipitation deficiencies in Nebraska during the
recent drought period:




22

Waler Resources ot Nebraska

Departure ' Deficient rainfall is the principal cause of the
From Per Cent ourrent devastating drought, Insufficient preocipi-
Year Ammual Mean Deficiency tation and cther asscolated unfavorable weather
olements influence <+the so0il moisture and water
1931 19.27 3.63 : 15.9 supplies generally. The consideration of the offects
1932 20,54 2.36 ¢ 1043 of drought 1is imperative in any long-time program
1932 20,23 2.67 T 11.7 for the oonservation of the water supply. Past
1934 14.31 B.59 37.5 recordn 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 yeara,
1937 17.66 5.24 22.9
1938 22.23 «87 2.9
1939 16.28 6.62 29.0
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GROWTH OF POPULATION
UNITED STATES AND NEBRASKA
1870 -~ 1940
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POPULATION

INFLUENCE OF CLIMATIC CONDITIMNS ON SETTLEMENT

Nebraske 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 North Central states. The
foreign=born population of the State ceme from
various FBuropean countries, although there are repre-
sentatives of  nearly every civilized country
inoluded in that group

Perhaps the settlement of no other State has
been more greatly influenced by an undependable
water supply for crop production than Nebraska.
Variable precipitation and drought ocaused fluc=-
tuating agricultural production. The ebb and flow of
the migrating population were directly related to
poor and good erop yields. Abundant harvest result-
ed in periods of prosperity and encouraged
jmmigration. Drought, crop failure, and a depressed
agriculture caused e mumber of settlers to emigrate
from the State. Slow growth or a static population
followsd guch periods of crop failure and "hard
timﬂSJ"

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

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

January 1, 1930
January 1, 1935

581,300 (Bstimated) 0.5
580,694 (Estimted) 0.l

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

The long, slow process of experimentation %o
develop egricultural methods and crops suited to
semiarid climetic conditions begun by the early
pioneers still continues. The conservation of water
by all available means for Nebraska farm crops oc-
cupies a place 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 census records show & rapid growth in popu-
lation in Nebrasks up to 1890. For the next 40 years
population increased slowly. The 1940 census indi-
cates a 4.7 per cent decrease since 1930.

1910 1920 1930 1840

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

There nmas been & steady increase in the propor-
tion of native-born  Nebraska population which
anmounted to 70.4 per cent of the white population in
1930, Other percemtages for the same ysar are listed
as follows: 19.5 bora in other states and outlying
possessions, 8.4 foreign=-born whites,and 1.0 negroes.
The remaining 0.7 per cent were composed of various
colored races. Nearly 60 per cent of the mative-born
white population ceme from the neighboring states of
Kansas, Missouri, Iowa, and Illinois. The 479,853
persons of foreign parentage were classified in 1930
according to the following percentages:

Germans 35.1 Irish 545
Czechs 10.8 English 4.9
Swedes 10.4 Canadians 3.9
Danes 7.0 Polish 3.4

Russians 6.6
Mixed And Qther lNationalities 12.4

The trend +oward urbanization has been steady
since 1900, In 1900, 24 per cent of the population
were clessified as urban end this figure increased to
35 per cent 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 percentages by
river basins,)
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POPULATION TREND BY COUNTIES
NEBRASKA 1900-1940
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RURAL POPULATION
PERCENTAGE OF INCRFASE AND DECREAST
BY COUNTIES 1920 -1930
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FARM POPULATION
INCREASE AND DECREASE

1930 + 1939
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DENSITY OF RURAL FARM POPULATION
NEBRASKA 1930
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AGRICULTURE, INDUSTRY, AND COMMERCE

AGRICULTURE

Nebraska is primerily an agricultural State. Ac=-
cording to the United States Agricultural Census for
1935 approximately 9% per cent or 46,615,762 mcres of
the land arsa of the State was in farms. Of the

land in farms, approximately 44 per cent was Iin

cultivated crops, 63 per cent in pasture and native
meadows, and 3 per cent in other use,

Acoording 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 semployed in manufacturing and
mechanical industries, in trade and service ocou-
pations, the majority was engaged in handling and
processing farm prodiucts, or in giving service to
those vngaged directly or indireoctly in agriculturel
production. Thus, it is evident that a large majority
of the Nebraska population 1s dependent upon
agriculture for a livelihood,

CLIMATE AND CROP YIELDS

Variable olimatic conditions influence agri-
cultural production in Nebraska more than any other
factor. Precipitation, temperature, length of grow-
ing season, and svaporation govern, to some exteni,
the choice of %he cropping system. The annual and
seascnal distribution of the precipitation determine,
in a large measure, +the crops and agricultural
practices.

The years of extreme maximum and minimum precip-
itatimt for the 39-year period, 1900 %o 1938,
occurred in 1915 and 1934 respectively and are shown
on Plate x1. The line of 20-inch precipitation
gonerally accepted as differentiating the subhumid
and semiarid belts, 1lies wost of Nebraska during
yoars of abnormally high precipitation. For example,
in 1915, the year of maximum precipitation, the 20~
inch line was in eastern Colorado, and Wyoming, In
1934, the year of minimum precipitation,this line re-
ceded eaatward touching only a few places in eastern
Nebraska, Even the avemge or nomal annual precip=-
itation may be so poorly distrituted or of such a
type &8 %o result in crop failurea., Periods of
heavy precipitation may be followed by  extended
droughts.

Precipitation also tends to run in oycles, For
several years the total annual may deviate from the
long-time average, For example, from 1910 tc 1930
there was a general upward trend, reaching 25.63
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. 1In 1914 the precipitation was
only 20,78 inches, and in 1916 it dropped bdack 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 subnormml preci-
pitation beginning with 1931, Weather Bureau records
show a gemeral similarity of trend in each of the

3 mejor drought periocds, namely: 1864, 1854, 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
precipitation, In each period the recovery from the
low peoint was marked by a sharp rise in precipi-
tation. Both 1865 and 1894 were followed by
oscillations cn gradually rising levels for a decade
or longer. The fluctuations which have occurred in
ths past may be considered as typical and, therefore,
may be expected to recur In the future.

The most significant fmot about the precipi-
tation in Nebraska is <that it varies widely about a
critioal point. In the subhumid belt the average
precipitation 1is sufficient if properly distributed
to produce good yields of the common crops, and high
yields in especlally favorable years, In these areas,
however, the orops may fail in years of subnormal or
of poorly distributed precipitation. Even iIn the
semiarid belt profitable orops can be produced in
yoears of normal or above normal precipitation if well
distributed, but generally yields are more variable
and not as high asz 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 life
were olosely associated with environmental factors.
The kinds,distribution,and growth of grasses, shrubs,
trees, and animals were long~time indices of mnatural
land and water wuse, and climatic 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 crops 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 agricultural experiment sta-
tions and related agencies have been the basis for
erop and animal improvement and produstion practices,
The several agricultural associations of the State
are furthering the cultural methods and farm enter-
prises +that are best suited 4o the climatic
oonditions and needs of Nebraska, Experience and
technical 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 commercial interests
promote the setilement 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 social development than the soils and olimatic
conditions 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 overstocked, and large farms and
ranches e&re 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 wheet prices and the patriotioc appeal dur-
ing the World War urged increased wheat production
and exerted an important influence on the agriculture
of the State. An influence greater than war prices
was the tractor, the combine, and the large-soale
plowing and planting maohines introduced during and
after the War. As a result, thousands of acres were
plowed, which should have been 1left in permanent
grass, ' )

Inevitably, drought years recur with dismaying
regularity, es Llllustrated during the period since
1930, and severe lossos are experienoed, especially
where eagriculture hes been overextended and in-
sufficient reserves provided, Crops, pastures, end
water supplies dry up, and atoock is rushed to market.
Strong winds loosen, lift, aund carry such quantities
of the dry, 1light topsoil +that the sky is darkened
with dust, With the dwindling farm inocme, prineipal
and interest payments and taxes beocoms delinquent,
and mortgages are foreclosed,Local gavernmental units
find it difficult to raise sufficliert revenue to oon-
tinue operation. The federal govermment is called
upon to make emergency feed and seed loans. Local
business enterprises fail, and many families are
foreced to move tp go or relief. :

In 1930, 44,708,566 acres or 91 per ocent uf the
total land area of the State was reported in farm
land, Of this ares 43 per ocent of the land in farms
was under ocultivation, 53 per cent in wild hay and
permanent pasture, and 4 per cent in other uses,

In 1935, 46,615,762 acres or approximately 95
par cent of the total land area of the State was re-
ported as farm land. Much of the farm 1land of +the
State, however,because of unfavorable relief or soil,
is held in permanent grazing or meadow land.

For the State aa a whole, 44 per cent of <the
land in farms was under oultivation in 1935; 53 per
cent vas wild-hay 1land and permenent pasture; and 3
per cent wae 1n other wuses. In the eastern and
southern parts of the State and other arable fa
areas, from 50 to 90 per cent of the farm land within
individual townshipe is commonly found to be under
culéivation. In the sand-hill area of mnorthern
Nebraska and similar areas, where +the land is wused
mainly for grazing and production of wild hay, many
townships report 1less than & per cent of the farm
land under cultivation.

It is rather generally believed that most of the
land well suited to cultivation physloally,and consi-
derable 4that is poorly suited hes already been
brought into ecultivation, The ocultivation of marginal
land which may prove profitable only under favorable
conditions is & questionable practice.

Waler Resources of Nebraskd

0f the oultivated land, approximately 50 per
cent is nermally planted to corn;36 per sent to small
graing; 8 per ocent to teame hay; and 6 per cent to all
other orops,

TYPES OF FARMING

In every farming area there are fairly wellw
defined reasons for the development of the particular
type of agrioulture found there. Although the
progress in any particular direction may not alweys
prove profitable, it indioates that farmers have at-
tompted to adapt their methods to the oonditions
oonfronting them end to secure maximum returns from
the resources at their oommand.

- As & result, farmers in various areas of tho
State follow different lines of production, They make
an effort to adjustv their ocrop production and methods
to prevailing physical and economioc oonditions. This
adjustment has proceeded to the point where the agri-
culture of the State oan be divided inko areas of
tather distinot types of farming.

The warious types of farming result from two
general groups of factors. One of these inoludes
that large body of faotors, physioal and biological,
such as soll, 4opography; drsinage, precipitation,
evaporation, inseoct pests, dizeases, and adaptation
of plants and animals, The other group consists of
economio factors such as awailability ef labor and
capital, relative prices of farm produocts, relative
coets of the items needed for production, and ohangen'
in technique,

INTENL.VE AND EXTENSIVE AGRICULTURAL METHODS

Crop production varies from relatively intensive
production of ocorn and other feed grains in the
eastern part of the State and orops in irrigated
areas, to extensive production of grass and hay in
the range areas of the sand hills. The eastern half
of the State ia devoted principally to the production
of corn, small grains, alfalfa, hogs, and cattle.
Sugar beets and potatoes are important c¢rops in the
irrigated sectione -of the west,

Livestock production ranges from intensive meat
production in the eastern part of the State, and
whole milk production near urban centers, +to exten-
sive production of range 1livestook in the sand hills
and other range areas. Sheep production is an
important livestock enterprise in the irrigated areams
of western Nebiaska, and the production of hegs in
sastern Nebraska. For the entire State, hogs rank
first and cattle second in importance, The only means
of using pasture land is through the grazing of live-
stock, Furthermore, 1livestock usually provides the
most economic means of wutilization of much of the
feed, grain, and forage orops which occupy such a
large proportion of the arable areas of Nebraska.
With the exception of wheat, only a small proportion
of the most important crops of Nebraska are marketed

in their original form.

FARM SIZE AND TENANCY

In 1930 <there were 129,458 farms in Nebraskm
with a oombined area of 44,708,565 aores, or an
average of 345 aores per farm. In 193§, theres were
133,616 farms with an average size of 349 acres, The




General Section

1937 Agricultural Census estimated thet Nebraska has

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

The change in ths size of farms has been more
pronounced in some parts of the State than in others,
During the period from 1900 to 1935 the number of
Nebraska farms of 1less than 3 acres decreased while
the number from 3 to 99 inecreased. 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
weatern 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 tendeney for individual holdings in the Sand
Hille to increase in size, From 1930 to 1935, farms
ranglng in slze from 175 to 500 acres in some  other
sections of the 8tate increased at the expense of
those of 1,000 aores or over. In the irrigated aress
the trend was toward a small screage., ¥From 1930 +to
1935, farms from 175 to 500 acres in slze gained in
number, while the number in +the 80 and 640 groups
4ecreased.

Slizhtly less than 50 per ecent 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 ovmed and in part leased, In
some counties the proportion of farm tenancy was over
55 per cent, with the proportion of lend operated by
tenants . running much higher. The increase in farms
poperated by tenants has been fairly steady during the
past 26 years,

FARM INCOME

During the period from 1923 to 1934, 71 per ocent
of the Nebraska agricultural income ocame from live=
stock and livestock products, and 29 per cent from
the sale of crops. Gross farm income has advanced
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 averapge., The severe drought of
1934 and the short corn orop in 1936 prevented the
gross fayrm income fram reaching higher totals. The
failure of the corm crop in 1934 necessitated a
drastic reduction in hog production, which is one of
the leading sources of Nebraska farm income, Had
production been near rormal, the farm income Juring
19368 would have approximated tha 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 largest cash
income, although sales from sheep and cattle are im-
portant in the areas where feed 1is avallable, In
the eastern part of the State,hogs and cattle provide
a large percentage of the farm income with wheat as
the prineipal cash crop. Some oats and barley are
8130 so0ld.

CROPPING SYSTEM

Nebrasks does not have a large number of
important orops. Her erop 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 wes occupied by corn, 2C per cent
by wheat, 14 per cent by oats, 7 per cent by alfalfa,
and 10 per cent by minor erops. The acreage of wild
hay, which is not c¢lassed ms a cultivated crop, was
nearly two and one-half times <+that of alfalfa. lore
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 wutilizing
pasture land, forage and feed e¢rops is through live-
stock, Consequently, the major part of such crops
moves to market in the form of livestock or live-
stock products.

GRAIN CROPS

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

Corn

Corn ocoupies more than twice the area devoted
to any other cultivated crop,and it has a gross value
greater than that of any other orop. Nebrasks is
normally third in the United States in ocorn pro-
duetion with en average harvest of 224,000,000
bushels, It is in the western part of the great corn
belt which extends from central Nebraska to central
Ohio, Because of solls, relief, climate, and other
conditions corn is not of equal importance in all
sactions of the State.

The largest area of consentrated corn production
is in northeastern Nebrasks, exkending westward from
the Mlssouri River, with +the greatest density 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 salong the Missourl BRiver in the southeastern
part. The north-central and western parts of the
State have the lowest percentage of farm area in
corne This 1s largely accounted for by the small
percentage of land under cultiwvation or that it ranks
less important than the small grains in these arable
areas.

The number of bushels of corn grown and its
value very greatly from year to year, (See table in
appendix), The b-year average from 1926 to 1930 was
9,010,000 acres yielding 24,79 bushels per acre, and
the +total production, 223,395,000 bushels. The
average price was 64 cents per bushal; 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 1833,

Wheat

Wheat is the leading ocash crop in Nebreske. The
State is 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 1is winter
wheat, There is consideradble spring 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 B85 per cent of the crop
moves out of +the county where grown and smaller
portiona are sold direct to local mills, A small
part of the crop 1s utilized on +the farm for other
purposes than seed. Experiments show ground wheat %o
be equal, pound for pound, in value %o corn, for
fattening 1livestock. Only in cases of abmormally
narrow spreads between prices of wheat and feed
graing is much wheat used for 1livestock feed in
Nebraska.

Wheat iz essentially a 8outhern and western
Nebraske orops It is confined largely to. the “pan-
handle" and to the territory south of the Platte
River. The principal area of concentrated wheat
producticn is in the southern tier of counties of the
"panhandle" section and in the adjacent counties to
the east, The second area of importent wheat pro-

duction is in +he counties just south of %the Platte
River in south-central Nebrasia.

Hard winter wheat is the prevailing type grown
in Nebraska, except in the northern oocunties of the
"panhandle®™ where red spring wheat is important, In
1930 Nebraska ranked seoond among the states in
production and value of winter wheat, and eleventh in
spring wheat, Nebraskea 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 yesrs. In
1930 winter wheat production reached an all-time high
of 71,934,000 bushels, The production dseoreased for
the next 4 years reaching a low point in the drought
year of 1934, Since that +ime production has been
gradually approaching normal.

Oats

Oats follow corn and wheat in importance as a
grain crop in Nebreska., Ip 1927, oats occupied 14
per cent of the cultivated land and § per cent of the
farm area of the State. Production of oats is of
most importence in the eastern <third of the State
with the area of concentrated production in north-
eastern Nebraska where corn is the leading crop.
Cats are roteted with com, sweet clover or alfalfa,
and are used principally as stock feed.

Barley
During the past few years, berley has increased
in acreage especially in western Nebraske. In 1925,

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

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

areas of concentrated barley
The one is in the irrigated
centered in Scotis

There are two
production in Nebreaska.
area of the North Platte Valley,

Bluff County; the other is in the asouthern ¢tier of
counties of this region.
Rye

Rye 1is better edapted to sandy 1land than are
wheat, barley, and oats. In a belt bordering the
sand-hill section of Nebraska, rye is rather impor-
tant, ocoupying as high a8 10 to 14 per cent of the
farn area in o few townships in Holt end Antelope
counties, RKye is one of +the most profitable orops
that can be grown on soils of light texture or low
ferﬁility.

Water Resources of Nebraska

Spelt and Grain Sorghums

Spelt and grain sorghums are grown in She south-
western and western cournties for stock feed. The

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

The production wand wvalue of' vats, rye, barley,

spelt, and grain sorghums in 1930,

when the prices
were relatlvely low were as i'ollows:

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 1,006,000 362,000
Grain (sorghum) 17,000 340,000 272,000
Total Value 32,773,000

Forage Crops

The more important forage orops of Nebraska avre
the native pasture grasses, wild hay, alfalfa, swoet
clover, red clover, timothy, sudan grass, millet, and
forage sorghums.

Native Grasses

Nebraska is well supplied with native forage
vlants, 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 occuples more than twice the acreage of

alfalfa, Dbut in tomnage it is less important, Fron
the standpoint of feeding wvalue, wild hay is about
three-fourths as valuable as elfalfa. More than
3,000,000 aocres of our native preiries 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 couxtry, the hay flats of the Sand
Hills, snd +the wet bottom lands of the Platte, and
other vallsys in the State ars the main sources of

this hay. The prinecipal area of concentrated wild
hay production 3is in the north-cemtral part of
Febraskam. This is an area of light soils, where it

covering to

is highly essential to maintain a grass
of "blow-

prevent wind erosion and the development
outs"., Such oconditions necessitete a system of
pgriculture that will utilize to best advantage the
native vegetation. This is done by grazing and cut-
ting the native grass hay.

The largest centers tor the production and ship=-
ment of native hay are at Newport, Bessett, Atkinson,
0'Keill, and Ewing. Some of this hay is shipped te
Wisconsin, Minnesota, Iowe, and lissouri, but most of
it is fed to livestock within the State.

Alfalfa
The two outstanding leguminous forage crops in

Nebraska are alfalfa and sweet clover,the former used
mainly for hay and the latter for pasture.
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Alfalfa is the lesding hay ocrop of the State
from the standpoint of tonnage produced, The main
use of alfalfa and octher hay crops in Nebraska is
feed for livestock. For the S-year period, 1923-
1627, slightly less +than 4 per cent of the hay
ocrop of the State was reported as @marketed. The
greater part of the alfslfa crop went to livestoek
feeders within the States The largest aree of oon-
centrated alfalfa production 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 arops of alfalfa are
grown on the upland, especially until the deseper
seated subgoil moisture is exhausted.

For a few yoars, Nebraska ranked second among
the states in the acreage and value of alfalfa. It is
now first in acreage. From the 1,135,000 acres in
this orop in 1930, about 2,973,000 tons of hay were
cut, an average of 2,12 tons per aore. In addition,
a large amount of pastursge was provided and from
30,000 acrea, 84,036 bushels of seed were harvested.
The valus of the crop in 1930 was $25,130,211 for
hay, and $997,420 for seed. The leading coumties for
sesed production were Sioux, Dawes,Cherry, and Dawson,
whereas the leading county for alfalfm-hay production
wag Scotts Bluff,

Sweet Clover

Swest elover is rapidly inoressing in acreage on
the uplands where it fits imto systems ef rotatiocm.
The greatest wvalue of sweet olever is for pasture and

" soil improvement.
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In 1930 thers werse 1,126,000 asres
of swoet olover in the State. Mucsh eof +this was
pastured to oattle and other animals. From 21,000
scres of sweet olover 90,300 bDushels of seed were

harvested, and a oonsiderable acreage was out for
hly;
Value of Hay

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

Sugar Beets

The growing of beets in Nebraskm for suger
production is confined largely to the irrigated areas
of Scotts Bluff, Morrill, Dawson, Linceln, 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 advanced year
after year in Nebraska until the combined annual out-
put of <the seven factories is now about 2,780,000
sacks or 275,000,000 pounds. Part of the Nebraska-
made sugar is consumed withirn the State, but much of
it is shipped in earlcad 1lcts to ocut-state markets.
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According to the census, the 1930 production and
valus of suger beets Iin Nebraske were as follows:
scres under ocultiwation, 81,000; average yleld, 14
tons per aore; total tons, 1,132,000; wvalue of orop,
$7,924,000, Although the yield was increased, there
was g reduction from the 1529 acreage.

The 1930 value of beets in +the leading counties
was: Soobts Bluff §5,100,000; Morrill $1,059,282;
Dewson $315,567; Lincoln $164,164; Sioux $179,305;
Garden $164,682; Kimball $115, 388,

Potatoes

Potatoes are raised in gardens or in small
fields in every county in Nebraska. They are growm
commeroielly, principally in the western countiss and
in the central counties along the Platte River. The
counties leading in the commercisl production of food
potatoes are Scotts Bluff, Sioux, Morrill, and
Kimball, located in the irrigation districts. Those
leading in the production of seed potatoes ere: Box
Butte, Sheridan, and Dewes. Sootts Bluff Jleads in
the value of food potatoes, 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 leading
counties in the walue of potato production in 1930
were;Scotts Bluff- $1,471,138; Box Butte- $1,367,711;
Sioux~ $666,830;8heridan~- $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 tuv other enter-
prises. The different orops are fitted together to
make up the oropping system, Certain factors suoh as
climatio conditions,solils,relative yields,wariablility
of yields, labor requirements, and 1elation tolive-
stook enterprises have an important in‘luence on the
choice of orops and their relative importance.

LIVESTOCK

Livestock holds an importent place in Nebraska
agriculture, As an aversge Yor the S-year period,
1923«1927, 75 per oent of the grows farm income of
Nebrasks fearmars was derived from livestock and live=-
stock produo¥s.

Long distsnces to markets make it desirable to
convert much of the bulky farm products into products
of less volume in proportion to value in order to re-
duce transportetion costs. This process is partially
acocomplished through livestock.Livestook enterprises,
however, are not of equal importance in all parts of
the State. There are distinct differences in the
geographiocal distribution and type of production of
the several olasses of farm animals.

Cattle

Beef sattle end dairy csttle pley an important
part in the agriculture of Nebraska. A favorable
climate, abundant supply of clean water, and  good
rarketing conditions make becf and dairy-cattle in-
Justries irportant factors in the life of the State,

Waler Resources of Nebraska

Beef cattle are almost as important a s‘_ourco of
gross income of Nebreska farmers as are hogs. For

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

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

The heavy concentration of beef cattle is in
northeastern Nebragska where the number of hogs per
section is alsoc highest. Another area of oconcentra-
tion of beef cattle lies tc the west of north-central
Nebraska. The most specialized cattle raising area
is in the sand-hill region, bscause of its abundant
grass for grasing and hay, its water supply, and be-
cause other forms of agriculture are poorly suited to
the sandy scils of this area. The areas showing the
fewost ocattle per section are the southern"panhandle"
and southwestern sections of the State where there is
relatively little pasture and hay, and the proportion
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 raising and Tinishing of market ocattle,
or commercial feeding.

The cattle are trailed to shipping points and
sent principally to Omaha, Esnsas City, 8t. Joseph,
and Sioux City as feeders or for slaughter, Other
markets include Chicago and Denver, and small loosl
markets. In 1930 there were 2,312,000 cattle of the
beef type in Nebraska. Of these, 1,357,501 beef cat-
tle and oalves were marketed with a wvalue of
$114,707,838, Nebrasks is not an important dairy
state, although dairying 4is an important supplement
%0 the general farming sasystem. For the S5-year
period, 1925-1927, reoceipts from the sale of dairy
pi'oducts made up about 8 per cent of the gross income
of Nebrasks furmers. The dairy enterprise has been
gaining in importance. 1In 1935 it ranked next ¢to
hogs and cattle among the livestook enterprises and
provided 11 per cent of the gross farm inoome. The
highest oconoentration of milk cows is in ocounties
adjacent to the largs sitles, especially in Dguglas,
Washington, and Lancaster counties.

Aside from the oounties named above., the
distribution of milk cows 1is fairly uniform imn <the
eastern third of the Stete. The areas of low oom-
centration are the north-central, southwestern, and
westorn ocounties (exoepting Scotts Bluff County), the
lowest being in the sand-hill sectiom.

Butterfat is the chief form in which dairy prod-
ucts are sold. Production of fluid milk is of major
importance only near Omaha and Lincoln. Chesse. .
samfacture is a growing industry in the North Platte
Valley particularly in Scotts Bluff County, ZThrough-
out the State cream is separated from the milk omn the
farm and sold on the butterfat basig. In soms
localities where dairying is important, the butterfut
is manufectured into butter. Omaha mmkes more butter
then any other city in the world, averaging over
30,000,000 pounds annually, Kebrasks has 108
creameries with an average annual production of
85,000,000 pounds of butter.

Hogs
Hog production is +the most important livutogk
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snterprise in Nebraska when measured in terms of
gross farm income. For the b=-yasar period, ending
in 1936, 26 per cent of the gross farm income of
Nebraska farmers was derived from hogs. Plate (X
shows that +the distribution of hogs in the State
coinocides quite olosely with the distribution of the
corn ‘acreage. Northeastern Nebraska 1s the most
important area of hog production with Burt County
having had 327 head of hogs per section of 1land in
1928, and 4 other nearby counties over 250 head per
section. The Sand Hills end western and southwestern
Nebraska have the fewest hogs per section. The sand-
hill region has a large percentage of hay and pasture
land and low production of feed greins. 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. 1In
eastern Nebrasks where production of slaughter hogs
is the prevailing praoctice, 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 5-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 merket. They are put in-
+o the feed lots in the fall and disposed of in late
winter and sarly spring. Sootts Bluff, Merrick, and
Sarpy counties are the most importent feeding centers.
Hall, Kance, and Burt ocounties also have large oom-
meroial feeding ocenters. :

Commercial sheep feeding furnishes a means ot
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marketing surplus feeds, usually to good adventage.
Beet suger by-products in the western,and alfalfa in
the central and eastern Nebrasks feeding sections,
respectively, are the basic rations.

General purpose flocks are found most often in
eastern and central Nebraska, and less often in the
sand-hill area.

Poultry

Poultry ranked next below hogs and beef cattle
as a source of livestock income during the G5~ysar
period 1923 to 1927. The poultry industry is now
surpassed by deirying. For the b-year period,
1923 to 1827, sales of poultry products provided 6.%&
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 ar & side
line.

The chiaf concentration of poultry is in south-~
eastern and sast-centrel lebraske and the number per
seotion decreases rather rapidly northward and west-
ward across the States. The greater number of farms,
tha larger feed supply, ani the better markets are
fuotors accounting for mere poultry in eastern and
southern Nebraska.

AGRICULTURAL PROGRAMS

During the past few years a great deal of at~
tention has been given %o the organization of agri-
cultural progrsms, The ultimete objective of these
programs, whether on a county, state, or national
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vasis, is to aid farmers, both as individuals and as
groups, to adopt practices and systems of farming
which will conserve the resocurces more adequately and
inorease farm inoome. This is true whether the
particular program be so0il or moisture comservatiom,
better crop rotations, Iimproved varieties of crops,
disease control. better feeding practices, or adjust-
ments to merket outlooks. Before much progress oan
be made in +this direction, it is necessary to know
what the situation is in each area of the oounty,
state,and region and not only to obtain more aoccurate
information on yields, produotion, and feeding
practices, but also to determine what farming systems
are best suited to the varicus situations in dif-
ferent areas.

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

Woter Resources of Nebraska

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

Studiss made with +%the view of determining
standards of performence, 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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General Seclion

MANUFACTURING

INDUSTRIES OF NEBRASKA

The manufacturing industries which were based
and developed 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 development 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 establishments

69

industries
in Nebraska.

During normal years these industries provide work for

approximately
mineral products have an anmal value of about a half

billion dollars.
cent of total wvalue

raw products.

390,000

STATISTICS OF REPRESENTATIVE MANUFACTURED PRODUCTS

NEBRASEA, 1936
Value of Value added
Rumbar of Producte by Manufac-
Estab- Number of Nebraska's (1,000 +ture (1,000
Industry lishments Employees Rank dollars) dollars) Looation of Establishments
Meat Paocking 17 5,849 8 105,511 12,733 Omshe, Lincoln, Grand Island,
Hastings, Soottsbluff, MeCook,
and Falls City.
Wheat Milling 79 957 11 23,806 3,972 Omaha, Lincoln, Grand Island,
Hastings, Crete, Ravemma, and
Jthers.
Butter 102 1,084 8 23,164 3,643 Omaha, Lincoln, Grand Island,
Hastings, Fremont, Norfolk,
Alliance, Crete, and Orleans.
Brewing 5 337 21 2,252 1,511 Omsha, Columbus, and Crete.
Poultry 26 566 5 5,633 802 Well distributed throughout
‘the State.
Ioe Cream 29 203 31 1,425 726 Well distributed throughout
the State.
Stook Feed 14 139 28 1,985 505 Widely distributed throughout
the State.
Canning 8 464 27 1,540 416 Fremont, Norfolk, Seottsbluff,
Nebraska City,and Plattemouth.
Source: United States Census snd Biemnial Census of Mammfastures
VALUE OF MANUFACTURED PRODUCTS
BY INDUSTRY GRQUPS
Nebraska, 1900-1935
(Thousands of Dollars)
Industry 1900 1909 1914 1919 1921 1923 1925
Food 86,964 126,896 151,925 433,801 217,562 262,818 295,870
Textiles products 2,564 2,049 1,427 6,993 1,305 2,046 4,046
Forest products 4,476 3,223 2,141 1,206 2,625 3,638 1,916
Printing and publishing 3,431 6,754 7,880 15,156 15,402 15,819 16, 207
Chemicals 1,863 1,923 1,825 5,653 2,450 4,123 3,875
Rubber 930 2,184 2,649
Leather 2,064 1,583 833 1,521 680 1,001 1,039
Stone and clay 2,754 3,108 2,288 3,488 2,489 3,383 3,342
Iron and steel 3,360 355 1,239 3,112 2,523 3,326 3,194
Nonferrous 954 624 650 2,233 1,108 1,258 2,416
Hachines 1,083 3,143 3,295 8,213 4,224 3,523 3,745
Transportation 394 634 436 6,308 . 636 792 490
Railroad repair 2,624 4,642 6,737 17,909 16,900 18,727 15,408
Petroleum and coal 526 1,415 1,928 2,446 3,004 3,185 3,241
lfiscellaneous 30,944 42,670 39,012 86,985 60,486 88,769 88,819
Totals 143,990 199,019 221,616 596,042 333,666 415,057 443,308
Sources: United States Census and Biennial Census of Manufactures

Where no figuree are given the produets have been grouped under other industries.

Description of Industry

Proocessing fattened cattle,
hogs, and sheep.

Wheat 4is milled and made
ready for further proe-
essing.

Butterfat is collected at
many stations throughout
the State and shipped to
the factories where it is
manufactured into butter.

The menufacture of beer.

Dressing poultry.

Dairies, creameries, and
other establisiments manu-
facturs this product.

Grains, elfalfa, sugar-beet
molasses, beet pulp, cotton
osks, et cetera are milled
into atock feed.

The products
corn, tomatoes, beans,
pumpkins, squash, cabbage,
apples, and cherries.

canned are

persons.

Processing adds more
and 25 per cent to the value of

Agricultural end

than 25 per

Remarks

The most important manufactur-
ing industry in Nebraska.Omaha
is one of the largest meat
packing cembers in the world.

The baking industry makes ex-

tensive use of Nebraska's
milled wheat.
Nebraska oreameriss produce

annually about 85,000,000 1lbs.
of butter.

Subsequent to the repeal of
prohibition, the manufacture
of beer has become an impor-
tant Nebraslka industry.

About 25,000,000 chickens are
produced anmually in Nebraslka.

About 3,000,000 gallons of ice
cream are made annually.

These products bring stock
raising and meat packing into
oloser harmony.

Home canning is also of major
importance.

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 50,175
420,084 484,268 294,095 194,310 255,445
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TRANSPORTATION

m

The development of transportation in Nebraska
revoals the successive svolutionary changes occurring
in all progressive frontiers. As far back as 1855,
the Territorial Legislature passed an act which pro-

vided for the surveying of public roads. The same
yvear Congress authorized the oconstruction of +the
first federal higlwey in the State, extending from

Omaha to Fort Kearney
Kearney.

sar  the present ecity of

m

The first legisleative authorization for a State
Higlhway Department in Nebraska was in & 1913 law,
which authorized counscl teo countles concerning high=-
way improvements. Thse first concentrated action of
the Stete for highway improvement followed a joint
meeting of representetives from the State Higlway
Department and +the sounties 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.

RATIRADS

The transcontinental 1line of the Union Pacific
Reilroad was completed to the west coast in 1869,
Other important reilroads 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 railroad, Nebraska has
an adequate railway system. Two high-speed trens-
continental lines trauverse the entire length of the
State. Other main lines and numerous branch liaes
serve practically every community and are capabls
of handling all traffic originating in the State.

PlatelL XV shows the railrcad lines of Nebraska.
The railrond milsags of various lines is listed be-
low:

Failroad Mileage
Chicapgo, Burlington, and Quincy 2,8564.59
Union Pacif'ic 1,356.97
Chicago and Northwestern 1,100.97
Missouri Pacific 559,31
Chicago, St. Paul, Minneapolis

and Omaha 261.45
Chiecago, Rock Island, and Pacifie 250,46
Omaha Bridge & Terminal 1.45
Total 6,185,20

The webraska State pighway System as outlined in
the 1839-1940 Biennial Report of +the Bureau of Roeds
and Bridges was made up of approximately 9,000 miles
of marked and maintainsd roads and 2,220 miles of
roads designated for the State system but not main-
tained by the State. This total approximates 11,220
miles.

Hebrraska
materials for all types
crushed stone, and

import bituminous
from steel mills.

the State.

is well

Waier Resources OF Nebraska

Sand,

supplied with read-surfacing
of roads.

gravel,

cament are produced in adequate
quantities for road construction.

is fabricated

It is necessary to
m terials, lumber,
Howevor, steel

and preducts
in

Highway U. S. 20,Us S« 30, Us Se 6, and Nebraska

2 traverse the State
Ue Se 73, Us S.

Nebraske 14,

north=-south direction,.
ways traverse the
their length
northern section of the State

774 Vs Be 8L,

except U. Se

in an east-west direction,
U. S. 281, U. Se.
15, and 19 +traverse the State in a
All of the above-named
Platte River Basin for a mri of
20 which crosses
including the

and
83,

high=

the
Minor

tributaries of the Missouri,the Elkhorm,the Niobrara,

and the White

River-ilat Creek Basin,

U. Se 6 and U.

S. 30 are surfaced throughout +their length with con-
crete or bituminous materials.

Iighway Us. S« 30 follows the Platte River, South
Platte River, and Lodge Pole Creek across the State.
The major portion of this highway is in the Platte
River Basin as illustrated by the higlway map of the
State Highway System, page 72, Other routes oross
several river basins in traversing the State,

ATRWAYS

Three major airlines cross MNebraska: (1) The
"mited Airlines,operating from coast to coast,crosses
the S .te from east to west; (2) the Mid-Continent
Lirlines, operating from Minneapolis +%o Kansas City

o Sioux City and Omaha, crosses llebraska from north
t. soath; and (3) the Inland Airlines operating be-
tween Cheyemme, Wyoming, and Huron, South Dakota
crosses the panhandles A branch of the United Air-

lines also operates between Denver and Grand Island.

As shown by the following table,

42 Nebraska

towns have larding facilities for aircraft. The air-

ports at COmaha,

North Platte, and Grand Island are

capabtle of handling the largest airliners
cperating.

NEBRASKA AIRPORTS

January, 1941

Ainsworth Gordon Stuart
Alliance Grand Island Tecumseh
Atkinson Hastings Tekamah
Auburn Hayes Center Valentine
Beatrice Hebron York
Big Springs Holdrege Wayne
Blair Kearney
Bridgeport Kinball To be com=-
Broken Bow Lincoln (3) pleted in
Chadron Long Pine 1841
Chambers Norfolk
Columbus North Platte Clay Center
Crawford Ogallala Falls City
Crete Omaha Imperial
Fairbury Rushville Nebraska City
Ft. Crook Scottsbluff Neligh
Ft. Robinson Sidney
Fremont St. Paul
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RAILROADS OPERATING IN NEBRASKA

CHICAGO, ST. PAUL MINN AND OMAHA
CHICAGO, ROCK ISLAND AND PACIFIC
GCHICAGO, BURLINGTON AND QUINCY
GHICAGO AND NORTHWESTERN

UNION PACGIFIC

MISSOURI PAGCIFIC

OPERATING IN OMAHA ONLY

GHICAGO AND GREAT WESTERN
ILLINOIS CENTRAL
WABASH

MAIN LINES
BRANCH LINES

NEBRASKA STATE PLANNING

—————

RAILROADS IN NEBRASKA
1939

TOWNS OVER 2500 AND

BOARD

TERMINAL POINTS ARE SHOWN

Groftan@_C

munml--ml
@

SOURGCE-NEBRASKA RAILWAY COMMISSION

W.P.A. OP. NOS. I65—B1-6999 AND 465-81-3-155
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NEBRASKA HIGHWAY SYSTEM
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General Section

75

NAVIGATION

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

The existing mavigation project for the improve-
ment of the Missouri River from Kensas City, Missouri
to Sioux City, Iowe was provided for in the River
and Harbor Act adopted January 21, 1927. This project
which provided for the construction of a 6-foot chan~
nol has been completed between Kansas City and Omaha,

2 distinect wunits of improvement de=-
signed to stabilize and regulate the channel of the
rivers The Fort Peck Reservoir, near Glasgow,
liontena regulates the downstream flow. This reservoir
has a capacity of 20,000,000 acre-feet. The construc-
tion of bank revetments, permeable dikes, and the
removal of snags stabilizes the channel.

There ure

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

he proposed method of operating the Fort Peck
Reservoir provides for a minimum flow of 30,000
second-feet at Yankton, South Dakota, except under
unusual drought conditions, when a slight reduction
in the amount may be required.

During periods of high water a  satisfactory
channel now exists between Kansas City and Omaha for

barges and commercial tows loaded to a draft of 5.5

teet. During the low water period in the fall the
channel in this section accomodates drafts of only 4
feet. With favorable progress +the channel from

Omhe to Sioux City may be opened to mavigation in
1941, This will give Nebraska a total navigable
water front of aboubt 240 miles.

The recently completed 6-foot channel of the
Missouri River between Kansas City and Omaha was of=
ficially opened to commercial mvigation June 3, 1939
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,

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

The newly completed river channel between Rulo
and Florence has been 1lighted and marked. One
hundred buoys and 37 day markers were installed. The
buoys indicate the course of the channel. After
commercial mavigation is established lights 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

UNITED
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$160,000,000 will have been expended.

An authorization by the River and Harbor Act
May 31, 1939 includes additional improvement of the
dissouri River end provides for the construction of a
9-foot channel not less than 300 feet wide from Sioux
City to the mouth of the river. The first cost is
estimted 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 Omaha

and Sioux City.

Waler Resources of Nebraska

The improvement of the matural outlet should re-
sult in reduced transportatian rates to the principal
industrial centers of .the East, and to the points of
consumption for our agricultural products.
conditions should serve as stimuli to the industrial

devel opment within our State.

Nebrasks is
the' United States.

WILD LIFE AND RECREATIONAL PACILITIES

STATE AND FEDERAL PARKS, RECREATION GROUNDS,
AND GAME RESERVES
Nebraska, 1939

NATIONAL FORESTS

Hebraska National Chsrry Me rriman) 217 808
Nebraska National Thomas Halsey ) ’
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
Arnold Lake Custer Arnold 40
Ballard's liarsh Cherry Valentine 1,500
Blue River Seward Milford 14
Champion Lake Chase Champion 16
Cottonmill Lake Buffalo Kearney 100
Cottomrood Lake Cherry Merriman 160
Puke Alexis Hayes Hayes Center 100
Elkhorn River Dodge West Point 200
Fontenelle Forest  Douglas Omeha 2,500
Frenont Dodge Fremont 307
Frye Leke Grant Hyannis 345
Goose Lake Holt Clearwater 350
Hackberry Lake Cherry Wood Lake 440
Hastings Adams Ayr 55
Jefferson County Jefferson Alexandria 30
Litchfield Sherman Litechfield 20
Long Lake Brown Ainsworth 80
Loup City Sherman Loup City 51
l'ermphis Lelke Saunders Memphis 147
Pevmee Lalke Webster Guide Rock 40
Fibel Lale Wheeler Spalding 80
Fletieview Cass Louisville 120
Pressey Custer Calleway 80
Rat and Beaver Cherry Wood Lake 444
Revenna Buffalo Ravenna 80
Richardson County Richardson Verdon 56
U. F. Pits Dodge Fremont 307
Walgren Lake Sheridan Hay Springs 130
liellfleet Lincoln Wellfleet 110
Yiildeat Hills Scotts Bluff Scottsbluff 1,000
Total g,971

Plate L XX shows
connected with the navigable waterways of

These

how

NAME COUNTY TOWN ACRES

STATE PARKS
Arbor Lodge Otoe Nebraska City 65
Chadron Dawes Chadron 804
Fort Kearney 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 Oakland 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 Lancaster Lincoln 160
Lancaster Lencaster Lincoln 42
Lincoln County Lincoln North Platte 14
Loup County Loup Taylor 2,720
Madison Madison Norfolk 10
Niobrara Island Knox Niobrarsa 562
Nuckolls County Nuckolls Bostwick 1,850
Pierce County Pierce Pierce 160
Rowell Antelope Tilden 440
Saunders County Saunders Ames 72
Saunders County Saunders Ashland 500
Saunders County Saunders Cedar Bluffs 3,425
Saunders County Saunders Wehoo 1,760
Sheridan County Sheridan Hay Springs 2,660
Stanton and Cuming Stanton and

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

and Banner  Scottsbluff 800
Total 38,874




General Section
FEDERAL GAME RESERVES

National Water

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

Wild 1ife and recreational facilities in Ne=-
braska have been affected by the development and use
of the water resources of the State, Irrigation,
drainage, and industries have had a tendenscy 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 factor in
reducing waterfowl and fish population. On a lesser
soale perhaps wild 1life has been reduced by the
drainage of small marshy and swampy tracts on farms,
These were essential habitats for many fur-bearing
animals and afforded feeding, watering, and resting
places for a varlety of other forms of wild life,
However, the widespread develomment of farm ponds and
stock-watering places is evidence of a change of
sentiment about drainage, In some parts of the State
farmers have constructed small dams to conserve sur-
plus water supplies, Such supplies are conduoive to
the conservation and propagation of wild life,

Recent droughts have seriously affected the
aquatic habitat of wild 1life in Nebraska, During
periods of low water the wild life of the marshes and
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lakes which cannot migrate perishes, Many fish lakes
dried up reducing the normal hatch of game birds,
There has been some progress in restocking fish and
pame in depleted areas, Severe winter conditions
during drought periods freeze shallow lakes to the
bottom killine large numbers of fish, Holes are
sometimes ocut in the 1ice or artesian wells 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
bodies of water,

The fluctuation of the water levels also affects
the growth of various kinds of vegetation upon whioch
migratory waterfowl, muskrats, beaver, and mink feed,
Fitting wildfowl requirements into an engineering
program is a promising field for study and investiga-
tion.

The oreation of an adequate system of refuges
along the prinoipal routes of migration and at points
of greatest oonocemtration is desirable even though
any worthwhile refuges are destined to interfere to
some extent with boating, <fishing, and shooting. To
be effeoctive any system of refuges should harbor
througnout the open season the most important water-
fowl speoies in shooting areas. Refuges and sanghu=
aries present excellent opportunities to stimu=
lete interest in better wild-1life management,

POLLUTION

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

PUBLIG AND PRIVATE
NEBRASKA
1939

TOWNS WITHOUT
SWIMMING POOL
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SWIMMING POOL
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destruction, Sewage and industrial wastes should be
treated before they are discharged into streams.

The summer low-water conditions are dangerous
because of the reduced supply of water and the highly
concentrated pollution substances, High temperatures
also increase toxioity,

While pollution has reached the nuisance stage
in only a few areas it should be oonsidered an im-
portant factor in the utilization of our water
resources, Inoreasing population and manufactures
will intensify the problem to a point where water
treatment will become imperative,

Water Resources of Nebraska

KESERVOIR LAKES

lakes oreated by +the oconstruction of large
power and irrigation deams are of great value to the
conservation of wild life,

Restoration of wild 1life involves the re-estabe
lishment of their habitats, For aquatic birds and
animals suitable- waters must be made accessible,
Improved methods of land use will tend to provide
additional food and cover whiech is the first require=
ment for terrestrial animals,
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WATER RESOURCES

SURFACE WATER AND GROUND WATER

SURFACE WATER

Surface water is the precipitation residue in
excess of absorption and infiltration. Surface water
may also be a portion of the ground water that re-
appears from the ground-water supply directly into
the drainage courses. The wide variation of such ele-
ments as precipitation, evaporation, run-off, ground
seepage, and transpiration also affect the surface-
water supply. Although rainfall and run-off are the
major factors determining supply of surface water,
physiography and climate are also important factors.

A natural balance of retarded .gurface flow,
underground storage,and the seepage frgm uuderground-
storage supplies tends to maintain @ fairly regular
supply of water in streams, lakes, and ponds. The
replenishing sources for stream flow are precipita=-
tion, underflow of rivers, upstream contributions,
and subsurface flow from adjoining Iland, The
seotional contributions to river discharge vary
acoording to the +thickness of the water-bearing
formation, the area, degree of saturation, and the
permeability of the soils, The factors atfecting the
quantity of river-water loss are permeability and
gradient of adjoining lands, the quantity of water in
the rivers, and the rate and amount of evaporation.
In some parts of the State surface water is augmented
by irrigation practices, while in osher parts it is
depleted.

STREAMS

The general direction of +the. major stresm

courses of Nebraska is from northwest to southeast.
The streams of +the State +vary considersbly in
quantity of water and uniformity of flow, because of
geologic, soil, and climatic oconditions of their
basins., Those fed mainly by surface run-off vary more
in discharge; those heading in the ground water of
sandy lands, a8 in the Sand-Hill Region maintain a
more uniform flow. All the larger streams within or
adjoining the State have been 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 cooperation
with the United States Geological Survey maintains
automatic-recorder equipment at 48 stations, in
Nebraskas The resulting daily discharge records ere
invaluable in plamning for the future utilization of
the water resources of this State. Long-time records
for Nebrasks are perhaps more nearly camplete than
for any of the other western states where irrigation
is practiced extensively.Qur streams present problems
relating to drainage, flood oontrol,irrigation, power
development, wild 1ife, domestic water aupply, and
recreational use.

LAKES

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

COMPARATIVE MEAN DISCHARGES OF STREAMS
. NEBRASKA

WIDTH OF THE STREAM
INDIGATES MEAN FLOW IN
SECOND FEET ON THE
FOLLOWING SCALE

8:z
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3

THOUSANDS OF BECOND FEET

WEBRASKA STATE PLANNING &

SOURCE —DEPARTMENT OF ROADS AND IRRIGATION
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AREA OF SURFACE WATER

The oombined area of the intermittent lakes and
marshes averages about 163 square miles, and that of
the permanent streams about 495 square miles. The
maximun area of +the surface water of the State, not
inoluding floods, is about 890 square miles. The av=-
erage is about 640 square miles. The droughts of 1934
and 1936 reduced the oombined area %o about 300
square miles.

The area of +the water surface of the S8tate has
been inoreased oonsiderably during the past few years
by the oconstruction of reservoirs in conneotion with
water power, irrigation, and erosion-control works.
When the reservoirs are filled, the irrigation and
water-power projects now under oonstruotion, or
authorized for oonstruotion, will add about 42,600
aores of water surface to the State. The evaporation
loss from the reservoirs and other free-water sur-
faces of the State is considerably less than the
amount of direot rainfall they receive.

VOLUME OF SURFACE WATER

The amount of surfece water, like the soil
moisture, varies greatly throughout the year. Not
including the discharge of +the Missouri, the annual
inflow is about 2,000,000 acre-feet from Kansas,
Colorado, Wyoming, and South Dakota, through the
Republicen, South Platte, North Platte, and Nicbrara
rivers, and their +tributeries. The outflcw by Hat
Creek, White, Niobrara, Little Blue, Big Blus,
Republioan, and Platte rivers, is about 6,800,000
acre-feet. This shows that the outflow exceeds the
inflow by about 4,800,000 aore-fest, or an amount
equal to slightly more +then 5 per oent of the total
volume of the mean annual rainfall of the State.

The annudl discharge of the Missouri River
varies belween 25,000,000 and 52,000,000 acre-feet at
Rulo. Of this, there are only about 5,800,000 acre=-
feet contributed by Nebraska ocreeks and rivers.
About 1,000,000 acre-feet are contributed by Nebraska
streams below Rulo, Nebraska. Consequently, the
volume of surface water in the State is relatively
small,

In 1931 the Surface Water Division of the United
States Geological Survey entered into a cooperative
agreement with <+the Nebraska Department of Roads and
Irrigation in extending the study of the water re-
sources of Nebraska. This study has been ocontinuous.

FLOOD WATERS

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

Nebraska floods occur within the period April
1st to August 31lst, More than 50 per ocent of the
floods come in June. The control of excess 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
ol low flow and drought.

SARLY FLOODS

Destructive stream floods have occurred in
Nebraska during its entire history. Several of the
early floods are matters of legend and tradition
rather than of historical record. One of the early
floods ocourred in 1785, a year known in Middle

Water Resources of Nebraska

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

The next great flood occurred in 1826. The
spring season of that year was characterized by ex-
cessive rainfall +throughout the Middle West. The
Missouri and Mississippl rivers were at high stage
during April and May.

Another maximum flood visited this area in 1844,
Sufficient evidence exists to establish it as ome of
the greatest floods in the history of this territoxry,
Monetary loss was small because Nebraska was not yet
settled.

Other general <floods ooccurred in 1845, 1851,
1858, 1881, and 1886 although little 1is known
concerning them.

One of the most important floods accurately re-
ocorded ocourred during the latter part of May and the
first part of June, 1903. It resulted in very high
flood stages throughout the central and eastern part
of the Missouri River Basin. It was exceeded only by
the flood of 1844,

Floods in the Republican-Eansas River Basin sub=
sequent to that of 1903 ocourred in 1904, 1908, 1915,
1923, and 1935, None of them equaled the flood of
1903 in eastern Kansas, although the flood of 1935
in the upper Kansas River closely approached it.

at the crest of the 1936 flood, the discharge
was approximately © times greater than had ever been
previously recorded. Previous floods were as high as
24,500 cubic feet at Hardy, Nebraska, where the river
crosses the state line into Kansas. The 1935 <flood
discharged 225,000 second-feet at this point,

After a month of greater-than-normal precipi-
tation, exceptionally 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 occurred
there during a period of at least 70 years.

The Republican River Valley from the eastern
part of Colorado to Junction City, Kensas, a distance
of 350 miles, was flooded for a width ranging from
three-quarters of a mile to 1.5 miles. More than
100 1ives were lost and much livestock and many
buildings were destroyed. Thousands of acres of rich

farm land, ocovered by deposits 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 line of the Burlington Route from Chicago and
8t. Louis to Denver, about 40 miles of track were de-
stroyed. Regular train schedules were not resumed
for three weeks. The loss of the railroad, chargeable
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 Missouri River Division
of the Corps of Engineers, United States Army, and
The State Engineer of Nebraska,
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Crest of Discharge

Area of lean Crest Dis-

Cross- Velocity charge in

Section in Feet  Cu., Feet

Point on River Sq. Feet Per Sec. Per Sec.
lNewton, Colorado 23,900 4,30 103,000
Max, Nebraska 25,000 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, Nebraska below the movth of
Medicine Creek, where 280,000 second-feet was reached
at crest discharge. At Bloomington, Nebraska  the
river rose from 7.5 depth at €: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 eny
previous flood.

The following teble shows losses based on in-
vestipations made by the Missvuri River Division of
the Corps of Engineers, United States Army, the State
Engineer of llebraska, the division of Water Resources
of the Kansas State Board of Agriculture, and Colcrado
state and county officials:

Summary of Losses in Colorado and Nebraska

Colorado Nebraska
Lives Lost 6 94
Livestock Lost 300 8,100
Poultry Lost * 46,500
Highways Damaged (Miles) "5 341
Highway Bridges Damaged '6 307
Crops Deamaged (Acres) *x 42,000
Farm Land Damaged (Acres) 15,000 57,000

Total Value of
Property Loss

* do kecord

" Estimated

' Does not include county bridges

*» Ares damage in Colorado was chiefly hay land and
js included under farm land damaged

2 Includes deamage to county bridges and roads

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

0§79%0,000 #§7,632,000

The largest single item of loss in Nebraska, and
the one requiring conslderable attention is the
future land use in the flood 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 areuas.

Two of the most destructive floods in the
history of the State occurred in the Republican River
Valley in May 1935, and in the Missouri River Valley
in eastern and southsastern Nebraska July 1838. These
floods were caused by cloudbursts and excessive rain=
fall, Both incurred great loss of lif'e and property.

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

tributeries; 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 MNay 28th,

when the water at lMeCook, 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, 31st, and June
1st. The third flcod occurred on June 16th and 17th
at McCook, but did not eause any additional damege.

In 1935 farmers planted & limited area of the
flood plain to such crops as corn and cane, but re-
turns were disappointing. An extensive well-planned,
treseplanting program is being considered for the
rehabilitation on lands rendered wunfit for culti-
vation by floods.

MISSQURI RIVER FLOOD

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

The flood was caused by ©xcesslve precipitation
and melting snow in the Upper Missouri, and Yellow-
stone basins of Wyoming and Montena,.supplemented by
considerable discharges from streams farther down the
river. including, the Platts.

The Nebraska State Plamning Doard and federal
ngenciss are considering plans for the development of
ways and means by which & recurrence of severe flood
damages may be avoided.

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

flood control should be supplemented by & proper
adjustment in land use. The developmeni of water=-
cunser vinz tillage practices and water-retarding

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

The =rest of +the flood reached Bismarck, North
Dakota on July 8th; Pierre, South Dukota on July 10th;
and Omaha on July 1lth. 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 gnd 120 thousand second-
feet. At Omaha the stage remained above 16 feet from
July 3rd to July 17th,and above 18 feet from July 9th
to July 15th. The partial operation of the Fort Peck
Reservoir this year reduced the flood stages which
would otherwise have occurred, by about 1.5 feset.

Official estimates of property loss in the
Missouri River flood are not available at this time,
No loss of life wes reported, Unofficilal roports
estimate heavy losses of livestoeck and propérty.
Thousands of acres of rich farm land were inundeated,
and crop loss reacncd into thousands of dollars.

GROUND WATER

Ground water is one e¢f +the most important
resources of Nebraska. Some authorities suggest that
it is of greater importance thean the soil.

The more readily available ground-water supply
is mbout 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 & rectangular tank about 390 faet
deep and 10 miles wide, oxtending the length of the
State. Much ground water has been lost in late
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geologic times because deep wvalleys tap the water-
bearing mantlerock resulting in considerable
underflow leakage.

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

water. Although the ground-water supply has not been
seriously depleted in any part of <the State, there
are places where +the water table has been lowered.
Such conditions require the initiation of conserva-
tion measures.

WATER HORIZONS

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

Mantlerock Horizons

Most of the surface 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 unconsolidated mantlerock covers
large areas of Nebraska. A large part of the loess

in south-central Nebraska is underlain by 2 thick
sand and gravel deposits known as Holdrege-Grand
Island sands and gravels which outecrop at places
along the borders ot the Republican, Little Blue,
Platte, and Loup valleys. These deposits which carry
much ground water, underlie the middle course of the
Platte Valley and reach mnorthward and westward for a
considerable distance under the sand hills and at
places into the hard lands. These water-bearing
strata pinch out south of the Republican River in
Nuckolls, Webster, Franklin, and Harlan counties.

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

Glacial deposits of wvarying thickmess ocoupy the
drift-hill area in southeastern Nebraska. The 200
feet or more of drift, in Nebraska, includes 2
fairly persistent sand and gravel sheets and 2
boulder-cley deposite called +%ill sheets. Both were
formed by gleociers but differ thusly; till 1s ice=
transported, and the associated sands and gravels are
water-laid.

Bedrock Weter 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 domestic water supplies and secure water for
special purposes.

Salt Water Horizons

Water Resources of Nebraska

In some small areas of Nebraska there is a
searcity 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 sources of salt water occur as follows:
(1) in the Dakota group; and (2) in zones of the
Permian end Pennsylvenian System, as at Lincoln, and'

near Union and Unadilla.

ARTESIAN WELLS

Much of the State is wunderlain by formations
carrying water under pressure. The pressure may be
suffiociently strong to ocause a flow when tapped by
wellss The pressure 1s developed in aquifers con-
fined between impervious strata.

All ground waters oontain some salts in
solution, The chemical qualities of artesian water
seem to vary with the distance it has moved from the
point of intake to the place where it is tapped by
wells. Other contributing factors are: (1) the rate
of movement; and (2) the continuity of the reservoir
rocks The leading artesian aquifers are the sub-
glacial gravels, Holdrege sand and gravel, Ogallala
formation, Chadron formation, Dakota group sandstones,
Mississippian limestone, Niagaran dolomite, Galena
dolomite, ©&t., 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, hence the water from most
of these wells is chemically and physiecally a mixture
of them all.

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

There is a great waste of artesian ww.ii watger.
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 much advantage exocept in places 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. Tnere
are a rnumber 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 conserving the artesian
waters of the State against waste. ‘

At present there is a special demand for infor-
mation concerning the distribution and configuration
of water-bearing formations, and the origin, movement,
quantity, quality, and awvailability of ground water.
There is need for a water-table record showing depth,
draw-down, and seasonal fluctuations, Since 1930 an
investigation of the ground-water levels in Nebraska
has been in progress by the United States Geological
Survey in cooperation with the Water Survey of the
Conservation and Survey Division of the University of
Nebraska. The Central Nebraska Ground-water Survey,
although a separate investigation, served to in-
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augurate the iluctuation studies. Studies were mmde
of the grend=-water resources of the Platte River
Valley in central Nebrasks where periodic measure-
ments of the water levels have besen 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 cases pumpage. The present State-wide
water-level program incorporates a number of these
original Platte Valley wells, so that the continuity
of these records has not been broken.

A resume of the periodic observations ot water
levels in central Nebraske since 1930 written by a
member of the State Water Survey furnishes the fol-
lowing data: periodic 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 weter 1levels in
the wells show & declining fluctuation renge from 1
to B feet during +the period October 1930 <to October
1934, This indicates a general decline of the ground=-
water 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, barometrie pressure,
end the season of the year.

The greatest decline of the ground-water table
oceéurred in parts of the walley between Cozad and
Keurney. In this area, the principal cause for the
decline was probably subnormal precipitation, com-
bined with a relatively small amount of surface water
availabla for irrigetion in the last 4 years., The
decline ranged from 4 to 8 feet in an area north of
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Cozad and Lexingtun, and from 3 to 4 feet in an area
on the north side of the valley from Lexington to
beyond Kearney.

East of Kearney the decline of the water table
has been generally less +than the decline west of
Kearney. 1In the area east of Kearney the decline was
less becausc the water table had not been built up
to any great extent by surface irrigation prior to
1930, Such decline was due largely +to subnormal
precipitetion and pumpage.

A comparison of the relation between fluctuating
water levels in 20 wells between Grand Island and
Kearney, and precipitation show +that water lsvels 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 depth to water is less than
10 test. The we.ils are in the same stretch of the
Platte Valley, but those of the latter group are
located nearer the river where the elevations are
lowsr, and the water table is not far below the
surface.

active fluctuations in the shallower
wells is due +o 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 level during the
growing season. In the winter and spring pericds 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 last half of 1932 the water levels
in all wells in the 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 consequently consider=-
able water percolated into the ground and was added
to the ground-water reservoir during this recharge
periods As a result, the water level did not reach
as low a level in 1932 as it did in 1931, Siuce 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, which was one of the warmest on record, the
ground water declined more mnoticeably 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 & consideration of such factors as annual
and monthly precipitation, atmospheric temperature,
the depth to ground water, wind movement, barometriec
pressure, and the season of the year.

PRESENT STATUS OF GROUND-WATER LEVELS

At the time of the last readings in the fall of
1938, ground-water levels showed normal annual and
seasonal fluctuations. Records for the bottom-land
wells reveal a maximum fluctuation of 3.23 feet for
the 5-yoar periods 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
0.1 of a foot below the normal high, and the 1938 low
was 0,3 of a foot above the normal low. At the last
reading in the fall of 1938, the shallow wells were
1.35 feet higher than the low recording of 1936.

terrace-land wells (15 to 30 feet) the
for the 5-year period, 1934
to 1938 inclusive, was 1.87 feet. The high record
occurred in June 1935, and the low in August 1937.
The fluctuation high for 1938 in terrace-land wells
wms 0,18 feet lower than the normal high, and 0.0%
feet lower than the normal low.

For the
maximum fluctuetion range

The maximum fluctuastion range of deep wells (30
to 275) during the 5-year period, 1Ys4 to 1Ys¥, was
0.55 feet, The high was reached Jume 1935, and tﬁe
low August 1937, The fluctuation high for 1938 i=z
these wells was 0.12 feet lower than the normal high
and 0.16 feet lower than the normal lowe

IRRIGATION AND RECLAMATION

kvery section of XYebraska has one or more
specific water problems, These may be related to
irrigation, domestic water supply, flood, dralnage,
navigation, pcllution, wildlife, or power. Some areas
have a complexity of such problems.

The attempt of individual communities to solve
weter 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-
duced from time to +time by state and federal
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agenciss. The most recent of these is organized ana
directed through +the correlated efforts of  she
federal, state, and local divisions of the water re-
sources committees,

However, interest in irrigation and reclamation
throughout the history of Nebraska, increased or de-
creased in direct relation +to the failure or success
of agricultural production. Nebraskans have always
experienced the effects of alternating humid and arid
climatic cycles. Economic losses resulting from un=
stable climatlic conditions have stimulated interest
in planning for conservation and efficient use of the
water resources of the State., Long-time records
prove that floods and droughts are normal recurrences
within climatic cycles.

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

The settlement of Nebreska was made by people
from the humid eastern states. They plowed, sowed,
and cultivated too often without harvest.Agriocultural
ocrops and methods applicable in humid states were
unsuited to the variable olimatic conditions of this
State. Consequently, the slow, difficult process of
agricultural adjustment commensurate with the demands
of the hazardous physical environment still remains
unfinished. The economic security of Nebraska ocon-
tinuously expands or painfully contracts according
to the alternating periods of adequate rainfall or
withering drought. The future permanent economic and
social stability of the State will be threatened pro-
portionately to the deficiency of precipitation
occurring within the hydrologic ocycle.

Levertheless, suggested irrigation programs ¢o
insure dependable orop production has met with con-
¢ loerable disapproval and condemmation throughout the
history of the State. During the early years,
irrigation was considered with much caution. The
severe droughts from 1894 to the present have greatly
influenced public opinion in favor of irrigation and
the construction of new projects. The struggles and
triumphs experienced by Nebraskans by which they be-
came "water minded" will be developed in subsequent
paragraphs.

HISTORY OF IRRIGATION

The droughts occurring in the 1860's and 1890's,
and the 1930's focused attention of state and federal
irrigation organizations on Nebraska. Each drought
cycle brought greater disaster because of steadily
increasing settlement and development stimulated
during wet cycles. The struggle and triumph of irri-
gation in Nebraska are based upon human suffering, the
untiring efforts of far-sighted individuals, and the
cooperative planning betwesn stutes and federal
organizetions,

The challenge of droughts hes been met 1in
various ways and degrees of permanency during the
irrigation history of our State. As early as 1860,
4 miles of ditch ocaenals were in operstion. Since
that time,imterest in irrigation has been intensified
with each recurring drought.Development of irrigation
has been in progress to the present time.

[RRIGATION LEGISLATION

State legislation governing the development of
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irrigation was enacted slowly. It is epparent that
the statesmen of territorial days did not foresee the
necessity of providing for dirrigation 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 differences between England
and WNebraska, the common .aw was not entirely
applicable to our State.

Provisions of law relating to internal improve-
ments were extended to irrigation canals 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 beneficiul or useful purpose could be acquired by
appropriation. The court held thet this law abrogated
the common law of riparian rights. This law 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 convention was the appointing
of a commictee 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 committee was finally passed as the
"Parnell Bill", and appears in the statute books
today with 1little modification.

A committee appointed at the Lincoln meeting
arranged for an interstate oonvention composed of
delegates from Nebraska, Kansas, Wyoming, Colorado,
North Dakota, South Dakota,Texas, and the territories
of Oklahoma and New Mexico. This convention was
held in Kansas in 1892,

An irrigation bill introduced 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 drourhts occurring in 1894,

‘and 1895 resulted in crop failure 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 unappropriated water for beneficial
use was never to be denieds The law &also 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
A secretary who shall be
employed as were also a
secretaries and water commis-
Up to 1912 no irrigation company measured
except the Farmers Canal, the

Public Lands and Buildings.
a hydraulic engineer was

number of assistant
sioners,
water to +the users
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extension of which was a United States Reclamation

project. Its measurements were taken at the farmers'
headgates.
In 1911 the State Beard of Irrigation was re-

placed by the State Board of Irrigation, Highways,
and Drainage. The law also provided for the
cancellation of appropriations eafter 3 years of non-
use,

When
fective

the Civil Administrative Code became ef-
in 1919, the Department of Public Works was
created which took over the power and duties
assigned to the old State Board of Irrigation,
Highways, and Drainage.

In 1933 the Legislature changed the name Depart-
ment of Public Works <o 1its present name, the
Department of Roades and Irrigation.The State engineer
was given the additional duties of cheirman of the
State Planning Board, Director of the Motor Vehicle
Division, and Director of Highway Safety and Patrol,

DEVELCPMENT OF IRKIGATION

The irrigation industry has made slow but ex-
tensive growth since the early nineties, but has not
as yet developed the meximum use of our water
resources. The objective of the State is to develor

our irrigation possibilities as fully as possible
but with every safeguard against failure. Since the
lend aree suitable for irrigation far exceeds the

amount of water available for reclamation, it is
necessary for the State to control the allocaticn ang
distribution of water in order +to secure maximuy
benefit from it.

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 seamson. To insure
a dependable irrigation flow when most needed,
attempts were made to pressrve the ronseascnal
flood flows. Regulating reservoirs were constructed
such as the Pathfinder and Guernsey in Wyoming, and
lake Alice, Lake lMinatare, and others in Nebrasks,
making a total reserveir storage of about 1,300,000
acre-feet in the North Platte Valler in Wyoming and
Nebraska prior to 1956. The capacity of irriration
reservoirs now under construction or completed are
as follows:

Reservoir Capacity (acre-feet)

Kingsley (under construction) 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 chennel 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 distriects having
claim to Pathfinder storage by virtue of their so-
called Warren Act contracts. The application of this
water builds up the ground-water storage in the ter-
race and slope lands of the valley from which there
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is an all-year return flow to the river. By reser-
volr and ground-water storage the flow of the upper
coursa of the river is stabilized.

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

SAND-HILL STORAGE

The Send-Hill area is an important water storage
region. It lies between the Platte and Niobrara
rivers in north-central Nebraska, The Sand-Hill
country occupies approximately 22,000 square miles,or
14,000,000 acress The area is generally covered with
a loosely compacted, fine-grained, wind-blown sand.
This formation ranges from 25 to 100 feet in thick=-

ness. Beneath the wind-blown sands, beds of loosely
compacted sands end clays outerop in most of the
valleys.

The Sand-Hill area, 1like a great sponge, has
absorbed and stored vast quantities of rainfall over
& 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 contains
about 100 feet of water,

Sand-iill ground water is the important regu-
latory factor in the projscts on the Loup rivers,
because it gives a uniform flow to the streams where
they leave the sand hills, However, in their lower
courses, +the surfece run-off +o the rivers is less
uniform and might be regulated by reservoir storage.

NEW IRRIGATION PROJECTS

Plate IXXV shows the existing and
irrigation in Nebraska in 1940,

contemplated

A Nebraska authority states that it would be
possible to trace a fairly accurate weather chart by
reviewing the applications made for water approp=-
riations as recorded in the Stete engineer's office,
During dry years there are meny applications, During
wet years the number is reduced to a minimum,

Recent droughts, especially those occurring in
1934 and 1935, agein emphasized the need for more ex-
tensive irrigativn. These drought®s molded publie
opinion favorably for additional irrigation develop=-
ment, In 1933 the Nebraska Legislature passed Senate
File number 310 which authorized the organization of
public power and irrigation distriets. Under this
lew the following self=-liquidating, federal projects
were organized, approved, and are now under varying
stages of construction or in operation: (1) Central
Nebraske Public Power and Irrigation District which
will irrigate 200,000 acres; (2) +the Platte Valley
Public Power and Irrigetion District developed
primarily for power, will deliver supplemental water
to 102,000 acres under previously existing irrigation
projscte below North Platte; (3) North Loup Public
Power and Irrigation District to irrigate about
38,000 acres; (4? Middle Loup Public Power and Irri-
gation District to furnish water for 45,000 acres.
When these federally financed projects are completed,
Nebraske will have an additional area of more than
300,000 ecres which represents an increase of some
43 per cent of the land now under irrigation in the
State.

Water Resources of Nebraska

FEDERAL APPROPRIATIONS

The total allotments covering both loans and
grants made by the Federal Govermment for the 4
public power and irrigation districts in the State

are $50,267,000. 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 gllotted to the Loup
River Public Power District, and $10,791,500 to 28
Rural Electrification Districts.

IRRIGATED ACREAGE .
The acreage of irrigated land for each county in

Nebraske as indicated by the county eassessor's
records is shown in the following summary:

LAND IRRIGATED

Acres

Total Pump
Pump and Ditch

County 1937 1940
Adanms 274 450
Antelope 22 389
Arthur 0 10
Banner 78 1,365
Blaine 140 220
Boone 515 1,273
Box Butte o] 3,960
Boyd 11 65
Brown 310 572
Buf'falo 22,350 34,081
Burt ] 60
Butler 143 759
Cass 120 150
Cedar 0 20
Chase ¥ 2,257
“herry 1 2,662
{ ayenne 321 4,248
Clay 44 327
Colfax 110 2,462
Cuming 380 783
Custer 354 4,711
Dakota 0 130
Dawes 32 11,118
Dawson 14,201 88,400
Deuel 2,087 6,860
Dixon 19 64
Dodge 624 1,362
Douglas 1,205 1,235
Dundy 75 4,020
Fillmore 22 365
Franklin 387 1,260
Frontier 0 353
Furnas 379 1,018
Gage 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
Hitchcock 319 10,980
Holt 112 160
Howard 492 550
Jefferson 124 220
Johnson 4 41
Kearney 1,365 9,892
Keith 2,160 25,060
Keya Psha 0 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 [¢] 5
perkins 148 480
Phelps 1,342 8,200
Pierce 661 656
Platte 223 1,335
Polk 30 428
Red Willow 1,462 5,150
Richardson 9] 35
Rock 95 280
Saline 188 309
Serpy 108 200
Saunders 20 410
Scotts Biuff 647 201,000
Seward 118 536
sheridan 121 1,000
Sherman 40 3,830
Sioux 78 28,383
Stanton 190 1,417
Thayer 228 340
Thomas 40 44
Thursten 1 34
Valley : 226 12,201
Wash ington o 120
Weyne 0 50
Webster 75 710
Wheeler 0 46
York 81 656

Total 73,089 693,970

The foregoing table shows that irrigation 1is
practiced in 88 of the 93 counties in Nebraska.Scotts
Bluff County has the largest irrigated acreage with
29 per cent or the total irrigated land in the §tate.
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, less than 2 per cent of Nebraska is
now being Iirrigated. These comparisons show that
there is & relatively small portion of the State
under irrigation, and that the existing possibilities
for expansion are promising.

Of the 17 states 1in which irrigation 1is
practiced, California has the greatest irrigated area
with over 4,000,000 aores. Colorado ranks 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 5 per cent of the
400,000,000 acres oultivated in the United States.

SENEFITS OF IRRIGATION

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

A comparison of differences in crop production
on irrigated and unirrigated 1land further umphasizes
the advantages %o be enjoyed by the induction of suo-
cessful irrigation practices. The amount of inorease
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ir, orop yields is dependent upon a number of factors
emong which are the physical features of the 80il and
the amount and distribution of moisture. Therefore,
no reliasble figure can be given with reference to the
inorease that would be applicable under all condi-
tions and in all looalities. The most valumble data
available are the records maintained at the State
experiment stations where research has been oconducted
to determine the inorease in orop ylelds for irri-
gated land over that on dry lsnd under similar
conditions, ‘

Records show +that the application of supple~-
mental weter when needed results in the difference
between 100 and 300 buahels of potatoes per acre;
between 2 end 4.5 tons of alfalfa per acre, and
between no sugar beets and 16 tons of sugar beeis per
acre., The above statistiecs indicate the advantages
thet ocan bs expected when supplemental water is
available and is applisd at the proper time. The
records used in this study were obtalned over a
period covering 10 to 12 years, and therefore, repre-
sent an average of osonditions for the period of the
experiment,

The benefits of irrigetion resulting in the
increased production oapacity of the land are re=-
flected in other ways. With reference to population
statistios, Scotts Bluff County 1s a good example,
since 1t has the largest irrigated aoreage of any
county in +the State. The assurance of orop ylelds
every year is very necesaary, and one of the induce-
ments for the location of manufacturing plants used
in processing agricultural products.

Throughout 50 years of irrigetion experience

Nebrarkens have beooms Inoreasingly irrigation~
sonscious, Thiz 1s attested by +the magnitude of
resent irrigation undertakings which will result in
facllitles for the oonservation and wutilization of
our 2 greatest natural resources, water and soil,
The Keystane Reservoir with 2,000,000 aocre-feet of
storage, the SButherland Reservoir with a capacity of
178,000 acre-feet, and the projects on the North,
Middle, and Loup rivers together with existing
projects will be oapable of transforming hazardous
agriocultural areas inte productive fertile valleys
adequately served with electrioity, and the assoclated
sonveniences of the urban centers, Irrigation plans
will de gontinued until all available irrigable land
within the limits of feasibility is developsd to the
maximum expansion.

Thus, it 4is possible for a State of great
agrioultural risks to become a land of reasonable
security in the future., To achieve agricultural
stability in ap unstable climatic environment is the
challenging tesk to siate and local community plan~
ning, If the change is to ooccur, the State and minor
civil divisions of the region no less <than the
Federal Government must energetically attack the
problem, Federal progress slong some lines will be
conditivned in large measure by the extent to which
complementary action is effected by the State and its
subdivisions. The success or failure of an active
long-term program of readjustment and development for
Nebraska will depend ~very largely wupon 1local
attitudes, policiea, and aotion,

The recent droughts are only temporary setbecks
and if proper adjustments and full utilizetion of the
water resources are made, a much 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 Flatte, Ifarmers began to
use windmille 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 5 irrigation wells were 1n
operation in the Platte River Valley prior to the
yoar 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 lIrrigation
systems being revived again. The total annual pre-
cipitation is not always a yardstick by which to
estimate the amount of supplemental water necessary.
The corn crop of Nebraske 1s dependent upon ampls
rainfell in July and August, the season when drought
often ocecurs.

A preliminary study of pump-irrigation costs was
made in Nebraska by & representative of the United
States Department of Agriculture in 1913, This
report shows that at that time there was a great
variation in the methods of well sonstruction 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-dismeter deep ones. This misunder-
standing was costly to many early pump irrigators.

As well machinery developed, and the proccess of
digging irrigation wells was better understood, holes
of small diameter and greater depth oame into common
uso.

Early oasings were often made of wood; however,
in some cases, a rough wall of stone was laid wup.
Later the perforated galvanized oasing oame into very
common: ugse and there was developed precast oconorete
casings of various diameters and designs. Metal and
conorete oansings were oommonly sunk by removing the
material from the interior with a sand bucket and ap~-
plying pressure to foroe the tube downmard. Ko
attempt was made to place soreened gravel around the
outside of the casing., Later development consisted
of pouring screened gravel around the casing and
allowing it to settle with the oasing. One of the
later developments oonsisted in putting down a large=
size blank oasing to +the required depth. The
perforated casing was placed inside and centered.
Screenad gravel was poured between the 2 and the
blank oasing removed. This produced the so-called
"sravel packed" well whioch 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 thie a small-diameter oasing penetrated the
water-bearing strata. In this pit was pleaced a
horizontal ocentrifugel pump which, because of its
simplicity and low first cost,has always been popular
in irrigation practice. This partioular type of pump,
however, is ordinarily installed near the water sur~
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face in order that a short suction line can be used
to facilitate priming and increase the effiolency,
Rotary pumps were used at an early date and were also
placed in pits in order that they might operate near
the water table., The water 1ift, which consisted of
a series of buckets mounted on an endless chain, made
an early appearsnce in the wmlley. Later cams the
vertical centrifugal pump which at that time required
a oasing 36 inches or more in diameter. A later de-
sign oould be lowered into a 24-inch hole., The deep-
well turbine developed about 1901, also made an early
appeanrence in the Platte Valley and now promizes to
be ocne of the most popular of all irrigation pumps.

_ As is gonerally the oase in all newly irrigsted
regions, mter-handling methods were orude and little
attempt was mde at land leveling, oconstruotion of
borders, or use of corrugations. For the most part,

» ontire discharge of the pump was oconducted in ome
toh to soms row orop where the flow was dirédotedto

& fow rows and largely left to take oare of itself,

PRESENT DEVELOPMENT

There is indeed rocom for a great deal of
standardization both in the methods of well oconstruo=
tlon 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 capable
operstors who understand well-drilling and develop-
mont practices. There has been a tendency of late
years to standardize on the use of the 18 or 24-inch
diametor wood, metal, or concrete casings put down by
the gravel-pack method,

Nithin the last year or two, well drillers from
Califc-nia have iniroduced the so-called "stove pipe"
oasing into western Nebraska for deep wells. Thia
casing, mede of red steel, 1is foroed downward with
lrrge hydraulic jJacks as sand and gravel is removed
from the interlor with a sand bucket. As the casing
is lowered, a oareful log is kept of the position and
extent of all water-bearing material, When drilling
is completed, 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 cases
to say nothing of the omve-ina which genersally oocour-
red lowering the ground around the ocasing for several
feot, At present, 1if it is necessary to remove fine
materials from the water<bearing gravel, 1t is done
by lowering the surge blook into the casing and os-
cillating it up and down beneath the water surface
with the well rig. Water is alternmately drewn in and
driven out through <the perforations. 7This process
brings in some sand which osn be removed with a
buoket 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 charscter and
extent of water-bearing gravels in all parts of the
State. Tests have established the faot that
considerable depth of water-bearing material is
important if wells of high yleld are to be obteined.
The yield of a well is measured by what is mown as
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"specific ohpacity®. The water surfsce within a well
lowers preceptibly as the pumping proceeds. This
lowering of the water surface is known as "draw-
down®., The speoific ocapacity is the number of
gallons yielded per minute per foot of drew-down of
the water surface. In other words, it is the dis-
charge in gallens per minute per foot of draw-down.

Tests mde by the Department of Agricultural
Engineering, University of Nebrasks in 1931, brought
to light many important facts regarding the yield of
wells. That the depih of gravel strata is important
is exemplified in the following data:

Woll Number 8 Well Bumber 13

Diameter of casing 24 inoches 24 inohes inside

Depth of well 54 feet 80 feet

Depth of water 36,33 feot 86,58 feet

Discharge per foot 32 gal. per 66,5 gal. per
of draw-down minute minute

The test of the above wells showed that well
Number 8 had a draw=down such that when pumping 690
gallons per minute, the total 1ift 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 apparent,

In the old days, many wells were looated by
guess, although in some oases the so-called “water
witoh" was brought into play definitely to deocide the
matter, Now the drilling of test wells of smll
diameter to sample the ocharacter and extent of the
water~bearing strata has beoome s mtter #f regular
routine with all reputable well men. T

MATCHING PUMP TO WELL

When the driller has completed a well, and turned
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-
ster of casing and depth of water-bearing mterial
may have widely varying specific oapacities (yield
in gallons per minute per foot of draw-down). It is
not possible for a manufscturer to sell the land-
owner a pump extotly fitted to any partioular well
until & pump test has been run to determine just what
type of bowl assembly end impeller is needed to de-
velop the best possible efficiency. Pumps are aold
without this information every day but the farmer mmy
contribute hundreds of gallons of engine fusl or pay
for many kilowutts of electricity which go for no
purpose exoept to pay for a job of mismtohing 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 sold for any job and farmers
are rapidly learning that high efficiency pays good
dividends when an outfit is operated through s long
pumping season, or when the total 1ift is consider-
able,

Careful matehing is partioularly important where
direst-osonnected electrioal ocutfites are wused, Most
of the motors which the farmer will purchese are of
the oconstant-speed type which means that ~tMe pump
will operate at a given discharge and heads "It qay
be that the well is capable of producing only 800
gallons per minute, in which case there would be se-
rious oonsequences if the pump were so oporated that
the discharge was 1,000 gellons per minute, Some
wells have characterigtics which make it more
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economical +to pump them at less than their maximm
sapacity, hence the importance of sorreetly 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 which wlll develop
high efficiency if information regarding the yield of
the well oan be furnished, The day of blind well-
drilling and pump fitting is rapldly drewing to a
olose and so much +the better for the future of pump
irrigation in Nebraska,

TYPES OF PUMPS UBED

For pumping from sand pits, streams, and shallow
wolls the horizombtal centrifugal pump has many adven-
tages, It is comparatively cheap iIn first cost, light
in weight, has few moving parts and is now so well-
designed +that high efficiencies are developed, It
my be had in sizes which will deliver from &0 to
5,000 gallons per mimute against heads of from 0 te
200 or nmore feet. In ordinary installations, the
pump proper is set upon the lake or stream bank with
the suotion line in the water and the discharge line
extending to the point of delivery, The one commen
mistake made in installations of this type is the use
of too smmll a discharge pipe giving rise to exces-
sive friction head which greatly reduces the
discharge or requires exoessive power.

The vertioal contrifugal pump is similar to the
horizontal except that the volute case and impeller
are placed beneath the water surface dnd are carried
on & heavy metal frame, or on the discharge pipe, The
shaft leads from the impeller to the surface where it
may bs driven by & belt or directly connected to @
power unit, This type of equipment iz particularly
woll adapted to wells in which there is considersble
fluctuation of the water table, but where the total
head does not exceed 60 feet. A casing at least 24
inches in diameter is necessary to aocommodate the
large sized volute,

A third type of pump which is beooming inoreas-
ingly popular, because ef its rugged construction,
long life, wide adaptability, and relatively high
efficienoy, is the turbine. It works on the same
principle as the types Just described except that it
is smaller in diameter and may be designed to operate
with any 1ift from 50 to 800 feet, 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 bottem of the well.
Bach impeller with its volute case of bowl assembly
is known as a stage end and in ordinary irrigation
practice from 2 %o 6 stages are necessary to raise
water efficiently, depending on the 1lift.

Pumps of thiz type are designed to meet almost
any condition of 1ift and quantity of weter desired.
The propeller and mixed-flow pumps are somewhat simi-
lar in design to the turbine and have wide usage in
irrigation practice for ocertain conditions of 1ift
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 1ifts and more
eontinuous operation are contemplated, consideration
may well be given to the multiple "V" belt drive
which is proving popular due +to its long 1life and
high effiolency. When an internal combustion motor
s 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 powser.

POWER OF PUMPING

The farm tractor is yet by far the most popular
type of power wused for pumping in Nebraska., The
farmer has the +traoctor, so why not use i%? In many
cases, this is good logic.

When the power required is too greet or when the
outfit must be operated continuously through the sum-
mer and fall monthas, then an engine power unit or an
eleaotric motor may prove more profitable. The light,
high-speed Diesela are gaining in popularity because
of thelr cheapness cof operation. The first cost 1is
high, however, and to be profitable a long-running
season is necessary, during which a largs acreage of
ground can be covered. The operating cost may be only
one-fourth that of an erdinary gasoline engine,

With the sver-increasing expansion of elsctric
power lines, there is sure to be added Interest in
electric motors as & means of driving pumps. The
same drives as mentioned for engines may be used for
them but the direct~connected arrangement iz more
popular. When directly oomnected, the pump must run at
uniform speed and, therefore,is limited by its design
to some specific head and delivery. Greatly added
running costs may result if a careful job of matching
pump, motor, and well is not done.

In several commnities, speciaily designea power
lines ure being carried inte 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-gpeed
type and have been operated by tractors. With engine
power it was possible to drive the ocutfit at any de-
sired speed by ohanging the throttle. If the delivery
was such that the well was pumped cut the speed could
always be reduced. When the change to electricity ls
made, care must be used to get well engineered drives
if the venture is to be attended with much success.

It would seem only logiocal 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 availabls, & motor may be used to determine
horsepower requirements and efficiencles 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 which 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 coat of pumping quite
closely. Thers are, however, many conditions which
enter into and vary the situation when dealing with
plants which have already been installed, Fixed costs
are arrived at by figuring interest on the investment
plus depreciation on the equipment to which is added
taxes. Figures on operating costs are made up of such
items as fuel, lubricating oils, repaire, cost of
electricity, attendance, et cetera. Thus, on a
plant recently examined, the costs were arrived at as
follows: .
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Well........--.-... ‘500.00
s 8 & 2 ® 8 8 ® & & > 8 s 450.00
Power Unite ¢« o o s ¢ ¢ o ¢ ¢ o o 700,00
Total Cost $1,650.00

Intersst on $1,650.00 at 6% . « § 82,50
Depreciation on well at 3% . . . 15.00
Depreciation on pump at 8% « « . 36,00
Depreciation on engine at 12%4. . 84.00
Total Fixed Cost Per Year $217,50

If 100 ecres are irrigated. it is apparent that
the fixed oost per more will be $2.17 regardleas’
of how much the plant is operated, The necassity of
watering & fairly large soreage with expensive pump-
ing plants is at once recognized.

Operating costs may vary a great deal, depenaing
upon many factors. Low plant efficiencies mean high
operating ocosts, and these low efficiencies may be due
to & great many things which only careful examinmation
or actual test will disocover.

Assuming & belt and pump efficlency of 60 per
cent and an engine burning tractor fuel at 10 cents
per gallon, the fuel cost only for 1ifting encugh
water to cover an acre one foot deep through warioua
heads would be about as followa:

Foot of lift Cost per acre-foot
10 $ .26
20 .52
30 .78
40 1.0¢
50 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-
dioated, Suoccessful pump irrigation under any
condition requires a well-engineered plant. Under
actual conditions, surveys seem to indlcate that a
figure of 10 cents per mcre-foot per foot of 1ift for
a total cost of pumping is perhaps a good average
when all things are taken into consideration.

Figures on highly efficient Diesel or electri=-
oally operated plants show total costs 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 Nebraslkm are
woat of & 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
which the glaoclers which invaded eastern Nebraska ex-
tended. West of +this line, beds of Plelstocene
gravels and sands underlie the mantle materials,
These Pleistocene depcsits are, for the most part
water-bearing, and, where they ocan be encountered at
relatively shallow depths, provide excellent supplies
for irrigation pumping. Up to the present, pump-
irrigation developments have taken place largely
along streams because of the lower lift and less
expense encountered in applying water., If a series
of dry years should follow, extensive developments
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ocan be looked for in the high plains south of s3ne
Platte River where lifts may exceed 100 feot,

The aoctual number of irrigation wells now in ex=-
igtence and the acreage irrigated is not definitely
known, Some indication can be obtained, however,from
the summary given under Irrigated Aoreage in the
Irrigation and Reclamatlon section; this suumry
shows the counties in whish pumps are foumd and the
corresponding irrigated acreage. .

The Assessor's Report for 1837 indicates that
pump irrigation was praocticed in 77 Gounties, and
that the area so irrigated was 73,069 acres of which
86,3 per ocent or 63,069 waores were loocated in 17
counties, each of which has more than 500 scres under
pump irrigation.

The number of oounties having over 1,000 acres
each under pump irrigation was 12 and these 12
counties contained 60,683 weores or 83 per ocent of
the Btate total pump-irrigated acreage.

only 6 ocountles in the Utate had over 1,500
aores each under pump irrigation but +hese £ ocoun-
ties account for 52,401 or 71.7 per cert of the total
pump~irrigated acreage in the State.

Three oounties; Buffalo, Dawson, and Hall, are
shown to contain 46,263 aores under pump irrigation
which is 63,3 per cent of the State total,

No reliable date are avallable as to the poten-
tial capaoity of irrigation pumps now existing in the
8tate but it is thought to average about 750 gallons
per minute, and that the average pericd of operation
varies from 200 to 400 hours per year. The average
area irrigated by each pump probably varies from 50
to 60 aores, and the average amount of water pumped
is probably about 1 acre-foot or less per aore irri-
gated.

PROBABLE BENEFITS FROM IRRIGATION

With the exception of material gathered at the
North Platte and Mitohell Experiment stations,little
actual experimental data exist as to the inoreased
yields to be expected from application of 1irrigeation
water. These data obtained under ocertain soll and
climatic conditions ocould not be expected to apply
universally over the State of Nebyraska but will serve
to give some indication as to the increases to be
expected,

In the irrigation of ocorn at the North Platte
Experiment Station in the years from 1925 to 1934
inclusive, +the application of 13,74 inches of water
produced an average yleld of 55.82 bushels as con=
trasted to 18.54 dry land or an inorease of 37.27
bushels per more. This represents an inoreased yield
of 2.58 bushels per inoch of water appllied.

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

1925 to 1935 inolusive, an
of irrigation waiter has been
This has inoreased the

In the 11 years,
average of 25,38 inches
applied to potatoes per year.
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yield from 99.5 -bushels per aore on dry land to 3383
bishels for irrigated land or an increasse of 233.8
bushels per aore. In other words, each inch of water
added has produoced 10,74 bushels of potatoes.

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 the orop on land which has recently been
in alfalfa, and from which the subscll moisture has
been remoyed by its deep-root system, In the 10
years, 1926 to 1936 inclusive, an averge applioation
of 18,15 inches of water per year has produced 4,82
tons of alfalfa per acre as contrasted with 1,95 tons
under dry land conditions or an inorease of 2,67 tons
per acre. In other words, each inch of water added
has produced 435 pounds of alfalfa..

PROPOSED PUMP-IRRIGATION PRCJECTS

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

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

organized in Eall,Dawson, Merrick,Box Butte, and Clay
counties. The estimated cost and number 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 Publie Pump-

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

Irrigation District 275,465 16,000
panhandle Publiec Pump-

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

Irrigation District 608,000 20,000

Total $2,046,785 100,000

WATBR POLLUTION

Pollution of streams, lakes, and ground water is
rapidly becoming a menance in Nebraska., Thewater
supply 1s polluted and contaminamted 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 decaying
organic materisls thus becoming not safely potabls.

Sources of water supply of meny muniocipalities
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
conditions.

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 sources of oontamination and water
supply. Most drinking water in the State is drawn
from wells with an abundant ground-water supply.
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Except in a few areas, the supply 1s sufficlent. This
does not mean +that all town and farm water supplies
are free from pollution and contaminetion,

Recent water surveys furnish waluable data
concerning water-bearing formetions, and the source,
depth, quality, direction, and rate of the movemsnut
of pground water. These data afford acientific
guidance in the location and development of sanitary
rural end urban water supplies. The following rules

relate %o senitary well water oonservation in
Nebraska;

l. Open or dug wells are not sanitary.

2. The well driller must lmow 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 ocontaminated underflow from
privy vaults, cess pools, leaky sewers, flooded
streams and obther sources. It ls necessary that wells
be lcocated upgradient from sources of pollution and
contemination, '

4, When the farm home, town, or olty is located
in a bread wvalley, the well or wells should be placed
up-valley and the sewage disposal down=-wvalley from
the home, town, or oity.

6. Every municipality should protect its water-
producing ground against pollution or relocate the
water supply on clean, protected ground,

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

7« In places where the ground water is sepa-
rated by oley layers at first, seocond and third
waters, the well should be sunk to the lcwer water-
bearing sands. The upper water, which may be polluted,
should be adequately cased off.

8, Spring water in generaul is not a sanitary
source of drinking water because it is supplied from
local drainage areas. These areas are apt to become
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 1is one of the
largest of.its kind in the United States. Its members
cacperate with the Geological and Water Surveys of
the University of Nebraska 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 valuable data to
the surveys on well logs.

WATER TREATMENT
Polluted end contaminated waters are unsafe for

domestic use without adequate treatment consisting of
sedimentation, meration, flooulation, filtration, and

disinfection. The sewage treatment v..ries with the
type and subsequent use of the water. The usual
chemicals used are alum, lime, soda, and ehlorine.

Finally, hard water should be softened by the appli-
cation of small quantities of lime, Thus far no
practical method has been devised %o improve the
potability of salt water.
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Most of the well water in Nebraske is maturally
safe for drinking purposes, therefore water treat-
ment is less ocommon in the State +than in most other
states. The careless disposal of sewage and indus-
trial wastes is fast polluting the ground water,
lakes, and streams, making water +treatment increas-
ingly necessary.

At present, the major streams of the Statear
rather seriously polluted. Ample legal authority
exists to control stream pollution by requiring the
instellation of necessary treatment works. The State
Department of Health gives sadvisory service to
improve the operation and maintenance of existing
treatment plants., The major problems consist of the
diffioculty of seouring State and local approprietions
larges enough to provide an adequate staff to insure
efficient and continuocus operation of such plants,.

Study should be given to sewege and industrial
waste treatment plants now operating to devise a
guidance program for lcoal administration and techni=
cal supervision of such works. The major objective
ie to insure their ocontinuous and satisfactory
operation,

REGULATIONS RELATING TO WATER SANITATION

No municipality, distriet, corporation, company,
institution, person or persons, shall install, change
or make alterations in or additions to, or enter into
contract for installing, changing, making alterations
in or additions to any water works system to serve
more than twenty~five persons, any sewersge system to
gserve more than +twenty-five persons, or any swimming
pool, public swimming or bathing place or places,
until ecomplete plans and specifications fully de-
sorib.ng the proposed construction, alterations or
additions have been submitted to, and received the
written 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, end the other for the engineer submitting
such plens and specifications. Thereafter such plans
end specifications must be substentially 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 Treatment
System Pools System Planis
Municipal popu=-
lation with ac-
cass to service 219,621 159,283 201,175 122,362
Per cent of muni-
cipal population
with access to
service 95 69 87 53
Total municipal population of Basin 230,528
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DOMESTIC UTILIZATION OF WATER
LOUFP RIVER BASIN
Estimated Population, 1938

Water Public Sewage
Supply Swimming Sewsr Treatment
System Pools System Plants
Muniecipal popu-
lation with ac-
cess to service 39,522 13,648 29,309 11,781
Per cent of mumi-
cipal population
with access to
service a8 31 66 26
Total munioipal population of Basin 44,684
DOMESTIC UTILIZATICGN OF WATER
REPUBLICAN RIVER BASIN
Estimated Population, 1938
Water FPublio Sewnge
Supply Swimming Sewer Treatment
System Pools System Flaents
Municipal popu-
lation with ac-
cess to service 40,034 26,2656 30,342 16,269
Per cent of mmi=-
cipal population
with access to
service 88 58 67 36
Total municipal population of Baain 45,444
DOMESTIC UTILIZATION OF WATER
ELKHORN RIVER BASIN
Estimated Population, 1938
Water Publie Sewage
Supply Swimming Sewer Treatment
System Pools System Plants
Municipal popu-
lation with ac-
cess to service 56,422 24,311 51,268 18,564
Per cant of muni-
cipal population
with aoccess to
service 895 1] 86 31
Total municipal population of Basin 69,378
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 .o n 78 60
Total municipal population of Basin 102,290

Water Resources of Nebraska

DOMBSTIC UTILIiATION OF WATER
NICBRARA RIVER BASIN
Estimated Population, 19538

Water Public Sewage
Supply Swimming Sewer Treatment
System Pools System Plants
Municipal popu-
lation with apo~
cess to servioce 13,623 4,227 9,653 5,697
Per cent of muni-
cipal population
with access to
servioe 87 27 62 36
Total municipal population of Basin 15,694

DOMESTIC UTILIZATION OF WATER
MINOR MISSOQURI RIVER EASIN ABOVE PLATTE
Estimated Population, 1938

Vater Public Sewnge
Supply Swimming Sewer Treatment
System Pools System Plants

Municipal popu-

lation with ao-

cess to service 253,580 231,596 247,308 6,399

Per cent of muni-

oipal population

with access to

servioce 99 91 97 3

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

MINOR MISSOURI RIVER BASIN BELOW PLATTE
Estimated Population, 1938

Water Public Sewage
Supply Swimming Sewer Treatment
System Pools Systenm Plants

Municipal popu-
lation with ac-

cess to service 37,467 14,542 28,013 2,958
Per cent of muni-
oipal population
with access to
sorvioce 90 36 67 T
Total mmiocipal population of Basin 41,544
VUUMESTIC UT.iLIZATION OF WATER
WHITE RIVER BASIN
Eastimated Population, 1938
Water Publiec 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-
c¢ipal population
with acceas to
service 95 93 93 93
Total mmnicipal population of Basin 6,808
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ELECTRIC POWER

The devel opment of the electric light and power
jndustry in Nebrasks began about 1882. Electric
trolley cars were opersted in Omaha for the first
time in 1887 and in Lincoln about 1890. It was not
until 1900 +that electricity came into more general
use in the State. Today nearly every town has either
a power plant prndueing electricitv or is connected
to a high-voltage power line, Rumal electrification
is developing rapidly in Nebraska-

The following table shows the annual inoreuse in
the number of oconsumers cf electrloity during recent
Years:

OF PRINCIPAL CUSTQAER

ELECTRIC EITE]
Nebraska, 1526-1637

Vunicipalities

Comme roial Reilronds and
Year Service Miscellaneous Hesidential Farms Total
1826 33,202 392 172,802 2,500 208,986
1927 35,356 529 181,751 4,000 221,666
1528 36,491 474 186,144 8,760 208,368
1029 30,034 632 194,542 7,485 241,673
1530 38,860 817 199,332 &,960 247,778
1631 41,151 1,263 173,13 9,030 245,480
1532 42,054 528 163,777 9,660 236,01¢
1533 41,040 502 182,802 8,522 233,876
1934 41,207 636 186,360 9,544 237,837
1938 42,087 707 181,392 0,046 244,152
1936 43,102 1,066 193,137 10,698 24k,194

1637 43,050 Beg 165,346 12,583 251,665

Source: Cfompiled by the Edison Electric Institute for the lebraska Stete Planning Board

RURAL EILECTRIFICATION

For a number of years conditions were not
favorable to the development of rural electritication
in the State. The following are some of the Factors
which have helped to make rural electrification pos-
sible:

(1) Enabling legislation under which the farmers
could organize,

(2) Supply of wholesale electric energy at low
cost,

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

In 1633 the Legislature pessed Senate File 31C
vermitting the organization of public power dis-
tricts, To date, 20 rural electrification districts
have been organized under this law, Plate LXXXI shows
the Nebraska Rural Electrification Districts that
have been organized under Senate File 310.

HYDROELECTRIC PONER

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 Irrigation Distriet and +he Loup River
Public Power and Irrigation District are operating
and the Central Nebraska Public Power and Irrigation
District is wunder construction., When completed ths
last named will be the largest hydropower plant in
Nebraska,

TRANSNMISSIQN LINES AND RURAL ELECTRIFICATION

The large federal power projects are being tied
together by 2,000 miles or more or kigh-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 munic-
ipalities of the States The cost of this electric
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 ialy
287 power sites developed in Nebrasks, & number  of
which are operating at +this time. There are 22
hydropower plants in the Big Blue River, the most
completely developed river in the Gtate. The largest
hydroelectrioc power projects in +the State are those
near EKearney,Gothenburg,Valemtine, Boelus, Fullerton,
Sargent, Ericson, Bamston, and Svperior in addition
to the Public Power Distriot plagts recently complet-
ed or undor oconstruction, Thers are, in addition,
potential power sites which could be developed when
the demand for eleotric energy increases.

TYPE OF PRIME LIOVER

3team is the principal type of prime mover used
in the generation of electric enmergy in Nebraska. In
1936, 80 per cent of the generating capacity of the
State was steam, 15 per cent internal combustion, and
5 per cent hydro. In 1938, by including the Suther-
land and Leup River projects, the rate of gemerating
cepacity by types was changed to 62 per cent steam,
13 per oent internal ocombustion, end 25 per cent
hydro. The hydrogenerating capacity inoreased from
13,713 kilowatts in 1936 to 85,866 as shown in the
raport of the 1938 Electric Power Statistics by the
Federal Power Commission. With the completion of the
Tri-County project it will be increased further to
137,366 kilowatts, representing about 34 per cent of
the total generating capacity of the State.

NEBRASKA RURAL ELECTRIFICATION DATA
November, 1340

Liles of
Tracsmission Lines

Allotments [ CITcuit ]'_
(2)Auth.NSRC Energized Present | Ultimate

Rural Public Customers

(1} Total
Power Disiricts RIA

Eocne-iance §231,00C 234.40 114 117 447
Buffalo County 399,000 184.25 164 277 460
Eurt County 522,000 648.85 513 781 1,028
Eutler County 1£0,C00 158,76 138 157 303
Ceder-Knox 373,000 493.68 347 s82 749
Chimney Rock 275,250 341.95 245 530 667
Cuming County 680,300 687.10 583 895 1,061
Dawson County 427,000 270.60 289 441 63€E
Eastern Nebraskae 1,746,000 2,459.40 1,500 2,7c0 4,322
Gering Valley 45,000 4T7.E65 38 108 126
sfall County 172,000 122.50 140 150 348
*pamilton County 223 ,50C 294.00 a8 89 486
Howard County 425,000 602.05 330 318 1,135
Tancaster County 586,950 652.82 479 663 1,240
Loup kiver 547,000 692.25 493 581 1,359
Ledison County 290,000 362.75 223 215 BE2
#)Nerrizk County 125,000 112.00 106 130 267
Norris 367,000 594 .85 400 536 £69
Northeast Nebr. 306,000 376.00 220 365 659
Polk County 482,500 507.26 380 556 855
Roosevelt 227,000 228.50 195 535 550
Seward County 284,000 308.00 237 311 532
Southeastern Nebr. 441,500 436,75 465 765 1,100
Southern Nebr. 430,000 430.00 355 562 1,825
Stuntcn County 165,C00 226.50 142 © 178 347
Thayer County 187,000 173.00 0 [s] 382
Tiayme Cournty 387,500 439.E61 186 348 834
York County 283,000 256.80C 178 222 608

Totals  (1)$10,791,500 12,382.46 8,560 13,156 23,655
(1) 1ncludes §536,260 for wiring and irrigstion equipment
(2) Nebraska State Railway Commission as of October 15, 1940

= Districts recently consolida*ed with Southern Nebraska R.P.P.D.

Compiled in the office of ‘he Nebraska State Planning Board
from data furnished by Fower Distrigts
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| LOUP RIVER PUBLIC POWER DISTRICT 9 ALMERIA PUBLIC POWER & IRRIGATION DISTRICT |7 PANHANDLE PUBLIC PUMP IRRIGATION DISTRIGT
2 PLATTE VALLEY PUBLIC POWER 8 IRRIGATION DISTRICT 10 UNITED PUBLIC POWER & IRRIGATION DISTRICT I8 MERRICK GOUNTY PUBLIC PUMP IRRIGATION DIST
3 NORTH LOUP PUBLIC POWER 8 IRRIGATION DISTRICT Il WHITE TAIL PUBLIC POWER 8& IRRIGATION DIST |19 HALL COUNTY PUBLIC PUMP IRRIGATION DISTRICT
4 MIDDLE LOUP PUBLIC POWER 8 IRRIGATION DISTRICT |2 REPUBLICAN RIVER PUBLIC POWER & IRR. DIST 20 DAWSON COUNTY PUBLIC PUMP IRRIGATION DIST
5 CENTRAL NEBRASKA PUBLIC POWER 8 IRRIGATION DIST |3 BEAVER-SAPPA PUBLIC POWER & IRR DIST 21 CEDAR VALLEY PUBLIC POWER 8 IRRIGATION DIST
6 BENKLEMAN-HAIGLER - ARIKAREE PUBLIC POWER & IRR.DIST |14 MIRAGE FLATS PUBLIC POWER & IRR DIST 22 SARGENT PUBLIC IRRIGATION DISTRICT
7 IMPERIAL VALLEY PUBLIC POWER 8 IRRIGATION DISTRICT 15 DISMAL RIVER PUBLIC IRRIGATION DISTRICT 23 HARVARD PUBLIC POWER & IRRIGATION DISTRICT
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NEBRASKA STATE PLANNING BOARD WPA OP NO 465-81—3—155
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NEBRASKA RURAL ELECTRIFICATION DISTRICTS
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SOUTHEASTERN NEBRASKA PUBLIC POWER DISTRICT il BURT COUNTY RURAL PUBLIC POWER DISTRICT 21 HAMILTON COUNTY RURAL PUBLIC POWER DISTRICT

I

2 CHIMNEY ROCK PUBLIC POWER DISTRICT 12 CUMING COUNTY RURAL PUBLIC POWER DISTRICT 22 CEDAR—KNOX RURAL PUBLIC POWER DISTRICT

3 GERING VALLEY RURAL PUBLIC POWER DISTRICT I3 SOUTHERN NEBRASKA RURAL PUBLIC POWER DISTRICT 23 LOUP RIVER PUBLIC POWER DISTRICT

4 ROOSEVELT RURAL PUBLIC POWER DISTRICT |4 DAWSON COUNTY PUBLIC POWER DISTRICT 24 SEWARD COUNTY RURAL PUBLIC POWER DISTRICT
5 MADISON COUNTY RURAL PUBLIC POWER DISTRICT I5 CLAY COUNTY RURAL PUBLIC POWER DISTRICT 25 YORK GCOUNTY RURAL PUBLIC POWER DISTRICT
6 NORRIS RURAL PUBLIC POWER DISTRICT 16 BUFFALO COUNTY PUBLIC POWER DISTRICT 26 WAYNE COUNTY RURAL PUBLIC POWER DISTRICT
7 LANCASTER GOUNTY RURAL PUBLIC POWER DISTRICT |7 BOONE—NANGE RURAL PUBLIC POWER DISTRICT 27 MERRICK GCOUNTY RURAL PUBLIC POWER DISTRICT
8 .EASTERN NEBRASKA PUBLIC POWER DISTRKT I8 BUTLER COUNTY RURAL PUBLIC POWER DISTRICT 28 NORTHEAST NEBRASKA RURAL PUBLIC POWER DISTRICT
9 POLK COUNTY RURAL PUBLIC POWER DISTRICT 19 HALL COUNTY RURAL PUBLIC POWER DISTRICT 29 THAYER GCOUNTY RURAL PUBLIC POWER DISTRICT

10 HOWARD COUNTY RURAL PUBLIC POWER DISTRICT 20 STANTON COUNTY RURAL PUBLIC POWER DISTRICT

NEBRASKA STATE PLANNING BOARD W.P. AL PROJECT O.P. NO. 465-81—-3—133%
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GENERATING CAPACITY IN KILOWATTS
BY TYPE OF PRIME MOVER

NEBRASKA
1926—1938

PERCENTAGE PRODUCED

| 00
. - Z %
- /
Z 60 1 =
w
5]
x
w 40— ——
a
20— — —
o
1926 * 1927 ¥ 1928 1929 1930 193] 1932 1933 1934 1935 1936 1937 1938
CAPACITY I'N KILOWATTS
400 ==
360 =
320 p— =
280 —
2
@ / /
- / /
- / / /
a /
z 200 —
o
4 %
o
160 =
w
o
]
120 —-— —
o
z
<
w
2 Bopl— —— =
o
x
—
40— g o Eég
[¢]
1926 % 1927 % 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 1938

% INTERNAL COMBUSTION INCLUDED WITH STEAM
LEGEND

=
7 INTERNAL
R
BTEAM A COMBUSTION [I] HYDRQ

SOURCE—EDISON ELECTRIC INSTITUTE
FEDERAL POWER GCOMMISSION FOR 1937 -~ 1938

NE®“WRASKDA TATE PLANNING BOARD WPA OP NOS 165-B1—6999 AND 465-81— 3—| |5

LXXXII




OF ELECTRIC ENERGY
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PRODUCTION OF ELECTRICITY
FOR PUBLIC USE

BY TYPE OF OWNERSHIP
KWH GENERATED BY STEAM
NEBRASKA 1920—1938
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PRODUCTION OF ELECTRICITY
FOR PUBLIC USE

BY TYPE OF OWNERSHIP
KWH GENERATED BY INTERNAL COMBUSTION
NEBRASKA 1920— 1938
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PRODUCTION OF ELEGCTRIGITY

FOR PUBLIC USE
BY TYPE OF OWNERSHIP

KWH GENERATED BY WATER P OWER
NEBRASKA 1920—1938

PERCENTAGE PRODUCED
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DUCTION OF ELECTRICITY
FOR PUBLIC USE
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MONTHLY PRODUGTION OF ELECTRICITY
FOR PUBLIC USE
BY FUEL AND BY WATER POWER
FOR WATER YEARS 1920-1938
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