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S'ummary 

PURPOSE 

Consorvation of Ne�ra skQ ' s water resources is 
vital to the cons&rvMtion and preserVRtion of its 
�conomic and s)cial resources. Generul 1istrihution 
of information concerning the poasihi!itios and me�h­
ods a'Vd l1lbll) for tn. con •• rya ti,)n of our waUr ra­
�ources is highly dedrable. 

The purpose of this v.ry hrief summary of tho 
water res�urce. of Nebraska 1. to present a quick 
pioturs of the va�io�. m.thoQ � of cons,rvin� thoe. 
resources and the .xtent to �lch they have b ••• put 
into operation in the at.te. Amonr- the aev4rLl of­
fioial agencies interested in water oonaervation, 
partioular emphas is has be on eivec to �no or .nother 
of a number of wllys of conserving 'lur mohture, th� 
methods of cocservBtion depending �n the stBtutnry 
purpoae t'or ��ch eact. i-li rticular orrani ubon has 
been set up. 

Reference haa been m�d� to and material has been 
drawn frOID the work "f many indi vidu.l. and .cencie' 
in aaseD1Ll1n[ tho II\Ilterlal in this repnrt. Th.re haa 
teen no "·.temp·� to wurk "ut detail'", rlans for an)' de­
vulo?:!:enf:, lllrt;e or 8l1'.I.<l1. Th.t appear. to be the 
jot of -.. ctioc" �rel.c1e¥ ler,1ll1;)f s�t up for the p ur­
pose. It does s��m desirMble, ho .. v�r. � outline 
some of the ao�eoted n�tr.oCs of mo1.ture o�n.ery.tioo 
alle the extent of ti.e d,,,'�lo?llIent of the u .... of tho.e 
m�t�od. in Nebraskn. 

A SUl�Y OF l'RE I!El>ORT WITH HI C"TUNE ot 
.\ WA"' .. R COIlSFRVJ.TtOli PltC'GJW.: FOR r;S!<R.'.SIA 

G�� D";SCRIPTION 

Nebr •• ke, as an agrioultural .tate, is dependent 
UFOA the cona.lvat10D of 1 h t,.o basic reaouroes .011 
and lOll ter for ita economic 8oc"ri t:'. The clDllulativ, 
.rfect. of the curren',; d .... statillg drouc.ht ha .. 
tIlreaterse. thia socuray in SOl:le area. of th,e atllte, 
_nd have s�: .. rFl�' decreased tile acriou] tur .. l 1nco:>e in 
others. 

Occup�nr .b rta of the regio"s ciesicll�ted by 
beo�ra?hers as sub-humid and .e:i-ari1, �ebruaka .x­
Feri."oes year: "!,"n t."e preci,ihtion in all pi rts of 
th .. ,t .. ·.$ h les s tJ,an to inch es. Sinc,,:O incres of 
preci?l tation i. consiaered tr.e lioe of demfor:ation 
tor t!� • •• mi-arid r.tio��. the er.til''' atate, tJ".erafore. 
would fall :\n t.�e so::-,i-arlc c�t.lory d,'rln[; so"'e 
"'er1cds of drour;ht. :;verr �t.Lrt of' ti-,D Stl1.ttt Ilt some 
�l-:-:'O .,r t4r.ot�,or :suffers :'rrm ei ti.er a lack �r tO�fll 
suprly of "T_oisture or a proper d:!.�tril:utlor.. "lr both. 

Under or,iin .. r;' cocdi tiona the OJ:lount .,f prec1p­
�tat1on in tl ...... t .. rn third of �'" stn te is aC:eq>J&te 
w1tl,out suppl.""'"1tal .. "ter for profitabl" arrl culture, 
ul t1,oufh t.',ore are ;'8&ro of crop shortaGe. ar.d evon 
f�llures. Ge nerally .:> .. �k1ng, unt il the la.t rew 
years, H.e p"ri ods of rlrour!:t in tr.i. section o! the 
state !il.i.Ve not 1 een of su ffi cie nt (:urat�on or lnten­
sl ty to cause hhreat to be arou.�d in l"rru irri!!:"­
ttor, ;>r"j .. c�s, In the ",. sto rn two-third. (If t" .. stato 
r.o ... ev�:". t.:ld nor.·,dl suprly of rrrc!:"ito.tion 13 !n-
8.0oq'.u ... t.e for �ucc�.8rul intenslvo ar,rlcl·�tur.. �e 
only "., .... na of producing profitable yidds i n  areas of 
ap"do.l1"Q fllrlll1ng is throur;h the oon.ervatioa of th" 
avallabl,,';water supply and ito artificial aopl1 cat1on 
·to cropa . 

xi 

until oomparatively reoent years, it .. as believ­
eo by many that irrigation r.ould be practiced succ.sa­
fully only in that portion of the state west of the 
lOOth meridian . At Fresent , as a z'88ult of the eX­
tenu�tin� drought and with i�proved 6ngineering and 
irris"tion n.etnods, experts believe tl-.at i rrigat.ion 
can be made "'oasible in lI'Very purt of the stoote "nere 
the water supply is a'Vaih,1l1e and tOL'ogrM!>hY and 801la 
are suit"tlA. In fact, �ar�e- scale irrigation proj­
ects have recentll' been' developed ea.t of the 100th 
merie.ian ano there ure now exten si'Ve projects proposed 
ill tLe extrema ec.stern purt o� the 3tr·-r;e. Generally 
"poukinc, local selltiment throut;hout. tho state ... eI::8 
to fayor ;-';he cLal1C�s in l:.[;riculturr..l and l'.9.ming meth­
ods 'f;hie!-. woulc b6 nec e sse.r!' under" irr:'Ct!tion. 

In the 'Ndstc'rn t."Vlo-thirds uf the state, the 
paramount pr')cle1J�!. s pro .... !.dinr: suppleF.ental wa.tor for 
i��ribu�ion i.n ar�c.s met:ltinr till other re(llllremsnts 
fnr successfu:' irric" tipn . Ad,justice; land use rrno­
tic�s in •. re:;.. v.i th II mi ted .. vI .u:deper.d"hld rre�ip­
i tfLti0n is more cr less a problem 'throt.c'lcut the 
en'�ire st,;,+.e. Tr.e centrol ot fl ood water., ic coo­
juno,tion wi th irriGllti�n is of maj or importan0c on the 
Re"ubliclln Rival', in tl,e soutl.ern part of tne state. 
a� in lI',inor dr'lir.r.se ht.sine in the eustern r"rt. The 
need for aLs.tell'ent of pollution is .icmev.hat 10o�liz"C: 
LLI)(l ilS not; a !:lc.jor !=roclem from a state-.wic.e vi e'V."­
point� 

!he wide variation of Hebraska'. olimate ia 
larr,ely the re.ult of it. geographio po.ltion. The 
precipitat ion i. flu�tuatine and undependabl.. It 
decroaa.. from .aat to ... t acro , a the .tat. at a 
fa irly oon.tant rate. rhe reoord. indicate that the 
annual precipitat ion varie. fr� 9.47 to 27.48 inoh •• 
i:> the, nJtern part of the state , and from 20.88 to 
6C.31 inches in the eastern port . Th�re are a &reater 
number of )�Mr. with ths annual �recipitstion below 
the melln than those abov'l, theref'on. the dep .. rt .. r�e 
abo'Ve the Nan are greuter than tl'.oae \'elcrt: it. our­
ing ,Iune 16 per oent of the f:o';al annua: pr,cipitation 
oocu,'s and in January 2 por cent. Tt. ••• ere th" IlU)n­
tha when the muin.wn and miniD'·.lIII lUIIount. occur. Abo�.t 
69 1'8l' cent of the annual aupply :'a11. du ring t.he fi ..... 
months ' period from way to September. 

ouri:lf; the past 90 yean Nebrulca has experienc­
ed ';;hree mMjor drnur,hts lOith i nterued iate perieds of 
aub-nom ... l rrecipitation. These cyclical droughts 
cuhdnatec in the early SlxU... the eurly l:l nsties 
and t"e l .. t.e Thi,.ties - the one tl',rough which we .. re 
DOW paaalng. The �ul'rent droullht ata.rti D€ il!ll1ledlatcly 
follow�r.f 1�3C with it. aocom:t'tlnyinc ad�rl8 economic 
oonditions is consider�d the m�st devae�tiAl "f rec­
ord. Above noro'al tc.merl<ture. e.nd excesaive rates of 
evaporation wt.1ch lIsuu i ly .. ccompany .ubnonaal precip­
itation have oaused added dama�e to cropa and accent­
uated drourht conditions. 01".1)' ono •• 19:18, durir.s 
thi. ten-ye .. r ;,ertod was tt... total annual alr.ount In 
exce •• of the r.�an. Since 1�3C, Nebr .. . ku has u cum­
ulateQ ce!'!c1 "ncy of pr6ci!'itati or: of 45.2 inc"eo be­
low tl'.e lIlean of 22.7 i nchu.. This def io iency 1. 
equivalent to tho tot"l frecicit�tion of two norrAl 
.lear •• 

InteNat in I rri gatl.on il;croasoa proportionutel�' 
wi th tl;e decrease in pnc i1'i tation. and each' .ucc�&d­
inG drou;h t �nt.nsifie. interest in de.elopin� new 
irrlt_tion enterprises. 7hi8 interest in the eust ern, 
and to SOlr� exter.t in oentral Ketra8ke, howe\',r, hUI 
h.r�tofore quickl�' o"t !.id"d wi t." ti.e rotllrn to htlavicr 



precipi tation. past exrer! once, ti .el·efo re, empl.e.size. 
the importance of the prorer 0. tti tucie on the purt of 
those ,-eople inc 1 uced wl U:in the limits of a proposed 
pro�ect as tl f .. ctr.� contril utir.g to the succes s of 
tI,at enterpr ise. 

Population � 

It is doubtful if the settlement in any other 
"tate in the union has b een more greatly influenced 
by a fluctuating and uncependable wat�r supply for 
agriculture than hilS I\ecraska. variacle preci;,itation 
and inadequate WAter storage and: irri!:"ti on facilities 
have resulted in period s of 10w\ arriculturnl oroduc­
tion. Drouehts .. ith U.eir acco",pllnyinr crop f�i l ures 
and a deprcssed agricul ture ;',no caused restless ?O�­
ulation ��ve�ents witbin tho stato Ilnd so�e mirration 
from the state. :;e\;r"skll hns shoym a i'o!'ul�tion de­
crea se of 4.7 per cent totweon 1930 a"d INO, as com­
pared witb an increase of 6.3 per cent "ety.e�r. 1920 
acd 1930. suventy-se',en of the 93 cou.''lties showed 
decl·ease . since 1930. Two of tI,e none cities in the 
state of more ti:an 10,000 (,:astings and };orfolk) show­
ed decreases during the past decade. The recores re­
veal a close correlation b�tv. e8n chan;;es in procipit a­
tion and populo. tion. :. marc stabi 11 zed aericul ture 
e5htlished on sound "ater conservution poliC ies is 
ab aolutely essential to the r:l8.i ntenance of our present 
population. IrriEution development on sOJ:\e of tI'.ese 
.trenr..s no t only Cave [rea tor use to area s of rrol'i t­
aLle a,ri cul ture which othen·.ise would be notbir.c 
mo re tJollr. gra d n;; land l.ut it al so created greahr 
urban co�unit1es to sarve tbe rural irri.ated areas, 
tI',eroby inc reasillf tI'.e population capucity of those 
arcus. 

TIle .1&e 01' 1'arm units average. 190 acres in the 
eaatern part of tbe state and 835 acr�. in the westorn 
part, with a state average of 366 acre.. By eXCluding 
tbe irrigated section, tbe si.e of farm units in the 
we.tern part of the state averaee. 970 acrea. About 
70 per cent of the 122,643 farms in Nebr�8ka have from 
100 to 175 acres. The F,ureau of Reclamation indicate. 
that the irrigated area per farm in the Groat Plains 
Region should aver,,!;e about eo acres, with a rural 
population of 4 per sons and a town population of 8 
persons per farm. Witb a maximum of irrigation de­
velopment and the resulting readjustment of tenure, 
Nebraska will be capable of supporting a somewhat 
larger and mare prosperous population . 

WATER SUPPLY 

Surface � 

The amount of surface ..... ter available e .. ch �'ear 
for the state as a whole varies almo st proportionately 
with the precip! tati on occurrine: over the drainage 
area even thougn some of tbe streams naintain a fairly 
con .tant flow from natural underground supply reser­
voir . . During tbe cu rrent drought the surface waters 
have been notioeably depleted . rhe annual surface 
inflow to the state average. about 2,000,000 acre-teet 
from the states of South Dakota, WyoIl',iIl&, Colorado, 
and Kans ... , through the Niobrara, North and South 
plattes and the Republican rivera. only an insignif­
icant quantity i. contributed by South Dakota and the 
are8 to the north - the lurcest contribution i. from 
Viyomin/:. The outflow is atout 6,800,000 acre-feet 
ar.nually and moves generally in a southe!lsternly di­
rection, where it ultimately reaches tI'le �is80url 
River which forms the eastern boun�kry of Nebraska. 
�ere��r�, 4,80C,OOO acre-teet net ori � inatinr witl'lin 
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Water Resources of Nebraska 

tI'.e confines of thie state have passed out ana on to 
tile Gulf of �exico. Not all of this water was unuaed , 
for .ome wa. return flow after having served it. pur­
pose for both irr ig�tion and ?ower . upstream dev elop­
U'.ent in ?/:,'or.ing, to!;ethsr with tI'.. operation of re­

oentll' constructed irrigation projects in Nebraska 
w111 reduce tI.e quantity of water having the state in 
an amount equiva18nt to tI'le con .�p tive u.e on tI'lese 
projects to�ether with evaporation loa.e.. ultimate 
irriration development in I\ebra .ka will not result in 
retaining all tI'lia outflow, but tI'le additional areas 
aUlceptible of bei� served w111 utilize part of it. 

No other sta�e in the Great plains has a greater 
abundance or a hetter distributed supply of under­
eround water than has Nebrllska. It is e.timated b y  
eeologists that the total underground supply would be 
sufficient to cover the surface of tI'le state to a 
deptl'l of 20 fee t. The pleistocene sands and gravela 
are for the most part water-bearing and, where they 
can be encountered at relatively shallow depths pro­
vide excellent supplies for irrigation pumping. With 
the excaption of certain small areas tI'le largest of 
which is tho glaC iated area in the tI'lree tiers of 
oounties aloll[: the Missouri River in the eastern part 
of the st"te , the (!:eologJ' of the state is suoh as to 
provid e a l�r.'e st orare capacity for underground water 
in all D!lrts of tho state. The direction of movement 
of the ·uncer<;round _tor supply is much the same as 
that of tho surface w"ters . Consjderably more under­
ground water leaves tho state U, .. n er.tors it. 

Groundwater is i!!lportant not only as a source of 
supply for pump ir l'ic;ation , but it is likewise a sour­
ce for much of our surface supply as well. If it were 
not for the undercround supplJ' s"epine into dra inage 
courses, SOMe· of the present perennial streams would 
be only intonni ttent in charncter. The re plenish­
ment and conser,ation of the und ercround supply is 
therefore of �ajor importance in any state water con­
ser\�tion program. 

streams 

In contrust to the deficier,c.' in preeipi to.tion, 
Kecre,ska. is well served by a netlvork of s creams orig­
inatinc both outside and within the border s of tbe 
s tate. The �:issouri and the !,latte rivers which eiva 
life to "'!lny of the inhaCitanta 01' this state have 
their origins in the snowc lad peaks of the continental 
dh·ide. Otl.er losser streaniS such as the loup, Elk­
r.orr., �:icbl'uro. und Frenchrr�n rivers C'ririnatinr; in the 
St\pL.:,r soils of the state [iva Eluded security to the 
po::mlo.tion in the art ns the�T traverse, bocause of the 
cerendar'ili t�' of' tLeir water s1..:.p:-,ly. streal'!1s with 
li ttle or no dene"Ghblo case flOl'S such as the Repub­
licnn ::i ver and most of its triCutaries are dependent 
mor�� d:rect!:' upon the errHtic preci-ritation. 

IRRIGAT:O!: 

CT!\vi ty 

Irritation pr"ctiees in rebraska began in tI'.e 
ear)�· Sixties and [rocually extended westward along 
U:e ph tt.c Pi \·er s::stem into colorHdo and WYOIring 
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Summary 

v.i th rerr\�3;l.£:'t settle�c!'lt. Irrig:ati C'n r;raaunlly in­
ere�sed i'rom "p;'ro"irr ... taly 12,000 acres in 1890 to 
r.early fl dllicorL ncr�s at the present til'le. Develop­
l'!".snts have nOW t'een exte:-.ded to all the :rrinci'!1a1 
WO.t6r courses. 

The most extensive irrig&tion development in 
l:el'r�sk8 ),IlS taken plYce in the l;orth platte V .. lley in 
r:ebreska where about 450,000 acres are irritrated • •  Tha 
next lar sest araa is alone the ��in stem of the platte 
River east of' the city of );orth Pl,.tt� where aooroxi­
:nately 171,000 acres are u"der irril'9.tion . A�' addi­
tio""l 164,000 acres will be included in tl1e section 
u"on conpleti on of the Tri-count�· project. There are 
130,0.00 acres noVi under irriGli1 ion on the Loups and 
28,000 aCrES on the Republicnn system in I;ebraska. 
The ren'!1.ininE; 106,000 acres uncer irrication are c!is­

, t.ributt·d along the South Platte, !:io1:rara, White, Slk­
horn and rlue rivers and other less important streams . 

The major possibilities for the further develop­
Ment of gravity irrir,ation ill the stato are si tuated 
in the Repu1:1ican Valley, the tribut!..ries of the Loup 
and the 1'latte total inc: aporoxim&.tely 500,000 acres: 

Platte River 

In ger.eral, the ·�,.ter surply of the platte River 
ll� sin above t:e"rne�', �:"bra.ka is fully .. �propriated, 
tnus le .. "ine; no possib ilities for appreciable furtt.er 
dovelopment. In fact, irrigation has been de vel oped 
to the point where it haa exceeded the deper.da1:1e 
water suppl:.' avr.ilable for direct di versioll. pelow 
thIs point tt.<'se are areas where the toroe:,raphy and 
soil t�Tes I'leet the roqu irements for successful irr­
i .�"tion, but U.e absence of an adequate wat.er supply 
for dir,ct flow irribation fro� ttis point to the 
mouth of the Loup River renders the feasib ility of 
addi tional developments questioLable . !.:uch of the 
land in this section of the basin uoor. which it is 
r-h�·sio .. lly possible to cOnCuct water I:�s been ir.clud ed 
iL pre,�ously proposed pro�ects, some of which were 
considered impracti cable, while ott.er parts Vlere ltiter 
inc orpor ated into new potential devel opments. The 
appropriation for storure at the Kinrlsey Reservoir 
claims all the residual seasonal and non-seasonal flow 
at the daIn site. The release of stornre water from 
the Kingsley Reservoir for devel0l'inr; downstream hy­
droelectric power and for delivering wrtor to irriga­
tlon pro�ects ,nIl result in return flow of sufficient 
qua"ti t�· to have a stabilizing effect on tt,e lower 
ri vel' flov; so that at least a partial water su!'ply 
will be provided for some pl'ojects which have baen 
without water dur inr recent drought years. In the 
North Platte valley and the platte Valley as far east 
as Gothenburg, the return flow is largely responsible 
for stabilizing the r iver discharge because the en­
tire water sup;:l;)', except that lost hy evu por"tion 
and by cOLsunptiH use, is retained in the valley by 
iJr.pervious Brule cla�' and discharged to the mic:dle 
portion �f the river. The water is te�porarity stor­
ed in the a lluvium and returned to the river. Be�een 
Gothenbur!,: and Centr ... l City the platte Iii vel' flows on 

a sand steet which eJrtends south to tt,e Republican 
River. Sir.ce this is not a closed section and the 
direction of movement of the underrround suppI;)' is 
defir.itely to the southenst, n6.tu""'ll�· le.l'fe quan­
ti ties of the platte River water supply are lost by 
migrating to the Reouhlican r.nd Blue rivers. Geolo­

�ists have estimated the a��ual amount at 200,000 
£lore-teet. 

The 
propoeed 

Loup River is the source of supply for the 
U,ver Platte project embracing land on the 
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Dorth side of the platte River between the Loup River 
on the weat and the ElkhorD Ri vel' on the east in 
Platte, Colfax, Dodge and Douelae oounties. By assum­
ing a diversion duty of 1.54 aore�feet, a total of 
2B4,900 aore-feet would be required to deliver 1.00 
acre,foot to the 185,000 aores. This is equivalent to 
940 aeoond-feet for the May to September period, or 
B08 .eoond-feet of direot flow in addition to 40,000 
aors-feet of supplemental storage. A study of the 
recorda indioate. that there ia adsquate run-off to . 
supply the irri�ation requirements of the Lower platte 
projeot over and above that needed for existing and 
propo.ed projeot. in the Loup River Baa in. 

Loup RiTer 

Baaed on the last ten-year moan of 1,710,262 
aore-feet the annual shortage of the Loup River in 
aupplying the Loup River publio Power District with 
S,lOO second-feet (th� capaoity of the feeder oanal, 
although the appropriation is 3,500 second-feet) with­
out .torage facilities would have been 753,348 aore­
feet or 33.5 per cent of the ultimate, while at the 
same tiu�, there would have been a unattainable I'Un­
off of 219,280 acre-feet or 12.8 per oent of the total 
aupply in the form of peak flows which could not have 
been utilized for power purpose a as direot flow diver­
siOllS. This quantity would have passed down the river 
unused by thiij proj�ct even if the 3,100 seoond-feet 
limit had been ,..intained. go"'-ever, during the period 
of actual operation not all the divertable streamflow 
has been utilized by the Loup River p,"ojeot. For ex­
ample, of the total annual run-off of 1,340,441 aore­
feet in i9�0, 1,211,859 aore-feet or 90.2 per oent 
were below the 3,100 second-feet limit, although only' 
760,353 acre-feet or 62.8 oer cent of the divertable 
annual supply W8$ actuallY

' diverted by the Loup Ri�er 
power project. r,lth inc reused electrio oonsumption, 
no doubt, a greater proportion will be used in the 
future. 

A maximum storage capacity of 700,000 aore-feet 
would have been nesded to reduce the discharge for the 
put ten yeara to the averaGe of 2,360 second-feet. 
The development of atorage facilities necessary to re­
duce the discharge to ::his aYera," does not aeem econ­
omically justifiable. The intar-col!nection of the 
trree large h�'!Iro plants has .. tendency to stress the 
importanoe of raising the minimum flow to a certain 
level rather than to reduce the total 8upply to an 
a ... rage. However, during the last 5 years, if all the 
peak discharges in exees. of 3,100 second-feet had 
been stored and released to supplement the natural 
flow whenever the daily dischr:e fell below 2,000 
aeoc.nd-feet, a storage capacity of only 260,000 acre­
feet would have been needed. During the so.me period, 
there would even then have been a shortage of 450,000 
�cre-feet in ,upplyinr, the 2,000 a econd-feet minimum. 
liowever, W1 tl':out 81:oral;e 1'acilities the shortage 
would have been 910,000 acre-feet. The annual flow at 
a cham!el reservoir site a short distance below the 
confluence of the Korth and �iddle Loup riva l'S near 
the town of 3t. paul averaees 1,980 second-feet or 84 
per cent of the Loup River discharGe at Col�bua • 

Satisfactory con�rol of storal;e releases for either or 
both the power plant at Columbus and the potential 
irrigation project on the Lower platte could be main­
tained at the potential St. paul dam. 

The �ppropriations for project oroposals along 
t:r�e Dis!nal, Ced-9.r, CalaIT'tUs J �.nd !.�ir1.dle Lo'J.p ri ,rers 
will be junior to the lonp River :Jistrict. The nec­
Bss �ry ra se rvo ir cd?Sl.city to retain all ?e�k d:sc::arg­
os In e:tcess of the po\\er d�s�rict's 3,100 36conc-Peo't 



would make it possible to replace the natur"l flow 
diversion by the upstream irrigation districts, both 
existinr; and cont�mpl"ted. Furthermore, tl.e rssul tin!; 
greater uniformi t"' of flow through the Dowar plant at 
columbus would enahle the Lovler Flatte irrigation dis­
trict to operate w:.thout a local storage reservoir, 
and would also be benefic ial to other potential nevel­
opments belo ... t:',e mouth of the Loup Hi ver. It is evi­
dent ulerefore that a channel storage raservoir of 
sufficient cap"city above the columbus project would 
stabili ze the flow of the stream for the heneri t of 
the colul:lbus power 
developed in the 
plant . 

plant as well as any other proj ects 
future below the Columbus power 

The upstrec.n ,;':mtou?lJ. ��j projects ;>ropose to 
irrigate an addi tional 95,200 acres . Assuming a div­
,ersion duty of 1.54 acre-feet and a net delivery of 
1.00 acre-foot per acre to the land, the stre�m flow 
would be deplet�d by q9,OOO acre-faet after havinG 
credi ted the ret�rn flow as t"e rasul t of these devel­
opments . The maximum dai ly diversion (Llrinc; .July for 
these contempla.te d upstream projects w8uld a[,; ['" ,regata 
660 second-feet which repr es ent 16.3 per &Gnt o� the 
Loup River ?ower District's aprropri3.tion CJ.nd 33 per 
cent of the mean discharge at COlUml'"5 for tho month 
of July. 

Re publican River 

The mean annual disch ar[e of the Republican Riv­
er ne"r hardy, Nebraska durin� the last eleven years 
with the flood discharges of May and June, 1935 ex­
cluded is 439,600 acre-feet . Above Hardy, colorado 
contritutes 26.4 pc: cent of the net water supply with 
34.4 per cent of' the area. Ncb-&.ska 56.5 per cent of 
the water supply and 43.2 per cent of the area, and 
Kansas 17.1 per cent of the water supply and 22.4 per 
cent of the area. The averaGe r�n-off per square mile 
of drainage ,rea in colorado is 14.5 acre-feet, Ne­

b raska 25.1 and Kansas 14.6. Fifty-five per cent of 
the total annual run-off above Hardy occurs durir� the 
l�ay - september period, that is to s ay, the irrigation 
season. The annual inflow from the principal tribu­
taries lying in Nebras ka approximates 160,000 acre­

feet annually. practically all of this contribution 
is from the northwest. 

Of the total of 37,800 acres now being irrigated 
in the Republican River Basin, 29,000 acres or 16.1 
per cent are in Nebraska. Development on the Frenoh­
man has been more extensive than on any other stream 
in the Nebraska portion sf' the basin with 16,000 acres 
under irrigati on . The south Fork and the North Fork 
of the Republican are the tributaries next in impnr­
tance with reference to the amount of land now irr­
igated, their irrig�ted areas being located in Colo­
rado, Kansas, and Nebr�ska . If all the available 
water supply were conserved })y means of storage facil­
i ties and released when needed for irrigation, the 
supply would greatly excced the amount now needed for 

existing pr ojects. The existing de velopments have de­
pended almost entirely on direct flow diversion. 

The irrigated areas of the Republican River and 
its tributaries in Nebraska can be expanded consider­
ably if n,aans can be found to provi de storage facili­

ties for supply ing supplementsl wa�er for this acreage 
when the natural flow is inadequate during the summer 
months. In other words, it is e stima ted that there 
are 100,000 acres of land in the Republican River 
BII-sin in Nebraska which meet all tt,e requirements for 
successful irrig ",tion except available water supply 
during the irrigation season. 

Water Resources of Nebraska 

The three states of Colorado, Kansas and Nebras­
ka are negotiating for a compact for the purpose of 
developing a plan for the allocation of the water sup­
ply of the Republican �iver B�sin. Such a compaot is 
essential before any developIJal:4ta .·or utilizing the 
water lIupply 01' this interstate stream so as not to 
cause any future cOl�lict among these states in the 
equitable apportionment of the waters of the basin. 
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The Army Engineers are reviewing their previous 
report on a flood control plan for the Kansas River 
Basin which includes the Repu blican River in lI&braska 
in order to consider an alternative plan of develop­
ment for the entire valley to include a channel reser­

voir nea r Re oublican City, Nebraska, in combination 
with the up�tream tributary reservoirs. They are 
working in close coopera tion with t:'d Bureau of Reola ­
mation for the best possible means �f developing irr­
igation in combination with flood control on the Re­
publi o an 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 classifications in these areas, the avr.ila­
bility of the water supply, and the best possible 
methods of consorvin g and utillzing the surface water 
s u �ply in eech basin. 

A channel reservoir near Republican City in con­
junction with certain tributary reservoirs i8 consid­
ered to be the most desirable plan of development be­
cause it would give some protection to the entire 
basin and complete protection to half of it. Suoh a 
plan is believed feasible, inasmuch as the benefits to 
irrigation on the Republi can and flood control on the 
Republican and Kansas rivers would be substantially in 
excess of the costs to be involved. This plan is de­
sira ble because the tri butary developments are needed 
in or der tilat the maximum protection may be afforded 
the entire b�sin and the maximum use be made for irr­
igation . The need of the tributary reservoirs as a 

protective measure is further substantiated b y  the 
fact that 61 per cen t of all damages suffered and 106 

of the 110 lives lost during the 1935 flood oocurred 
above the channel reservoir site. 

During the devastating flood of 1935 the crest 
dischal'f'e at the Harlan county reservoir site reached 
"�O,OOO

�
s9cond-feet, although the discharge below that 

point could have been reduced to bank-full state with 
a reservoir c apacity of 350,000 acre-feet. A deter­
mination by the Army E.nf,ineers of the design flood 
discharges based on the transposition of the maximum 
recorded storms in that vic inity which occurred in 
1903 and 1935, revealed the need of a reservoir capao­

ity totaling 1,008,000 ac re-feet in order to provide 
comrlete protecti on to the area below the Harlan 
County site. 

In the consideration of a basin-wide flood oon­
trol plan for the Republican River, resources of all 
the a;encies which might contribute under the author­
i ty of the Wlee ler-case act should be brought together 
to make possible the i"clusion of the irrigation de­
vel opme nt in conjunction with flood control which 
might not be feasible if considered without the possi­
bili ty of all a[:encies cooperatin g in its development . 

Tht:3 mos t f�vor:.;.;,le resarvoir sites for such consider­
ation appe0.r to be as follows: in Colorado, the lNray 
si te on the North %rk of the Repu blican , Beecher IS­
land on tLe Arikaree and the Hale on the South Fork of 
the ReDublican; it: Nebr�sk!l the Enders on the Frcnch­
T!l3.n Ri�er and si te s on ruffalo, Rock, Red Willow, and 
:�edicine creeks, and the Larll3.n County on the Repub­
lican River, All kese sites except the wray, Buffalo 
and Rock Reservoirs which are for irrigation only. 
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were selected by the Army Engineers as presenting the 
most fav0rablc possibilities of development for flood 
control with reference to the ratio of cost to bene­
fits. rhe eight trit.utary reservoirs would provide 
stor"ge capacity agf:regating 356,100 acre-feet of 
which 237,700 acre -f eet could be utilized for flood 
control. storage capa city in the proposed Harlan 
county reservoir could be reduced accordingly if the 
tributary reservoirs were developed. 

The first pump irrigation, motivated by wind­
mills, started soon after the initiation of gravity 
type irrigation in the early Sixties, although in 1912 
there were only five irrigation wel13 in operation in 
the platte River val ley. 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 
100,000 acres are nnw being served by pump irrigation 
in 80 couaties. The greatest concentration of such 
enterprises is in Buffalo . Dawson and Hall oounties in 
central Nebr,,-ska. They are located in the beds of 
pleist ocene deposits extending west from the western 
border of the till sheet. 

Up until the past few years of the present 
drought . pump irrigation developments have taken plaoe 
largely along streams with the 10Vier lift and less ex­
pense encountered ill applying the water, but recently, 
installations are being made in the �lains Area where 
the lifts are considerably i"reater. 

pump irrigation is gaining in popularity, b.­
oaus. the areas to be served do not have to be faTor­
ably lituated along the streama, nor do they haTe to 
rely on the unoertain and v�rying supply ot' water from 
thon Itreams. Instlllll1tio,na have been S'Jccessful at 
any loattered points throughout the w�atern t:.ree­
fourth I of the stat�. 

There il a vast field for developing pump irr­
i�rtion in Nebralka where hund�edl of thousands of 
acree meet all the requirementl for sucoessful irr­

,
igation� Praotioally all 01 the pOlsibilities for the 
devel�pment of pump irrigation in the state are within 
areal oomprising about 24 per oent of the total area 
of the atate. Thil area lupportl 29 per oent of the 
total rural furm population of the state. within thil 
24 per oent of the state's area, there are many areas 
both large and small which would be susceptible of 
suooessful pump irrigation beoause of favorable soil 
and topography and the availability of ground water. 

Administration 

Sinoe the ground waters of Nebraska have not 
ueen deolared public water., there are no statutory 
provisions for their control or use. we have a .. ooi­
ated the underground water supply with tile land for 30 
lon" that now we rec:ard the ownership of any land as 
incl udinC the underlyin[ water supply as well. If no 
extensive use. were to be made of this supply, there 
would be no nued of administrative measures. However, 
the demallds lIlIide upon the undercround water supply 
have shown a decided incrcu.e during recent years. 
unrerulated use. of this vital nQtural resource will 
eventually result in conflicting claims. The success­
ful operuti on of new or amended laws will be better 
assured if tho rirhts to u.e ground watn.r huve not be­
come too extensi vcly vested. Appropriate and timely 
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18cialaticn l'or the rc,ulation of u.e will help great­
ly in elim1natinc probable future difficulties and 
will help in promoting the best use of this basio re­
source. 

Likewise. according to Commissioner puge of the 
Bureau of Recl""""tion, F&deral loans are available for 
pump irrigation only where the individual's right to 
appropriute the undergroUDd water is in aocordance 
Wi�, proper statutory requirements for the regulation 
and protection of appropriators. 

Without proper administr�tion, the attempts to 
utili

"
,e the ground water may result ;'n unsuccessful 

and oostly experiments in attempts to irrigate in 
areas not suited for such enterprises. It may further 
prove harmful in depletine the supply much needed for 
domestic and muniCipal uses. 

The luooessful administration of the ground wat­
er is by no means an easy task. In faot, it is on. of 
the most intrioate and oomplioatad funotions to 00 .. 

within the duties of any state agenoy. It must b. 
oonsldered in this licht and undertaken in the most 
wholehearted and soientifio manner. 

With pres.nt-day teohniques, it is now possible 
to determine the quantity of water available in any 
area and to ldntity suoh an are., to determine the 
louroe of ,upply, the direotion of movement, .peoifio 
yield, and the ultimate disposal of luoh water. The 
g.ologio faotors affeoting natural replenishment and 
deplations in eaoh area .ust be oarefully evaluated. 
SUoh a soientitio Itud,y will reTed the amount of wat­
.r that oan be artitioally withdrawn no. a oertain 
area without leriously disrupting the balanoe betwe.n 
inflow and outflow. 

Appropriationl should limit the quantity of wat­
er to be withdrawn in any se"son, the amountl oorrel­
ponding wiUl the duty of ...... ter in eaoh partioular 
area. The legal requirement for benefioial Ule in any 
area should be kep t wi thin the limits of the available 
supply. Provi"ionl Ihould be made to have the au�hor­
iled Itate agenoy prepare annual statement I of eaoh 
well in operation showing elevations of water table, 
extent of draw-down, quantity and time water was uled, 
m.thode of uae and any other data whioh would be of 
a.ai.tanee in adminiltering effeotively the laws re­
latins to underground water. Legillation should pre­
loribe penal tiel for wasting or contaminating the 
underground water lupply. 

Nebraska with its thouaandl of miles of ravines 
and interm1tt-Jnt dr.,inage oourses has almost unlimited 
pOllibilitiel for deTeloping lmall-Ioale water facili­
ti •• to provide water for supplemental irrigation 
projeot., water for farmstead I , and water for live­
Itock. water con8ervation faoilitiel are of paramount 
importance in this state as a necedsary aid to adju.t­
ing and improving existing hnd uses. Thh work 
should be undertaken only under the direotion of teoh­
nioal a'liatant. and on the balis of deTeloping indi­
Tidud projects which form an integral part of the 
best pl�n pOlsible for conserving and utili ling the 
water supply of the basin. Care .hould be exeroised 
in order that each indivicual proj�ot will serV8 the 
greatelt utility to the area involved. 

The original approaoh to controlling and con­
lerving water w�a to start with it after it had reaoh­
ed the ,tream cl,�tUlels. The more retent conception of 



_t .. r control ill the interest of public welfare 18 to 
.tart wt.ere the rain falls - tr.at 11, before it haa 
acoumulated and whUe it 11 still ill the controllable 
.tage. The employment of one or more of the available 
method. of conserving moisture where it falls would 
materially increase individual farm feed aDd forage 
supplies, improve stook and domestic water supplies, 
alld uke pouible large family rardens. Greater sta­
bility in theae .three iteJtll would make it poasible for 
many I'arm oper"tors to cope successfully with the pro­
longed droughts occurring in the western two-thirds of 
the .tate. Such control would also reduoe the likeli­
hood of floods. 

Cany devices, oenturies old, could well be re­
vived to aocomplish the objeotives listed in the fore­
going paragraph. Suall single or maltiple fiel� irr­
igation .ystems oonstructed on minor drainaGes, flood 
irrigation from many normally dry draws, looal re­
ohartinG of ground water supplies to rAke small pump 
irrigation projects pOSSible, stock watering ponds, 
aDd stook and domestic wells arb among the devices 
available for use in semi-arid regions. 

The dev6lor:ment of such devices is co"'plicatod 
by the fact that

" 
their design and constrilction often 

requires eXFerianced or techn,cal assistance not al­
,.ays readily "vailable. As the need !lnd demands for 
these sn:all water faci11 ties have been evidenced, a::­
ricultural a�encies have developed organizations for 
the pur,:ose of meeting the demand in a limited way as 
far as finances permit. 

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

FINDINGS .urn RECOMMENDATIONS 

Nebraska, comprising a part of the Great Plains, 
experienoes all the agricultural risks common to this 
region. Since the land use problems of this state 
arise prinoipally from undependable rainfall, thus 
preventing a seoure establishment of agrioultural 
economy, the effective oonservation and utilization of 
the available surface and underground water supply be­
comes a matter of basio oonoern. Although individual 
and cooperative actions have resulted in notable prog­
ress during the current drought period, nevertheless, 
oon.1derably more constructive action remains to be 
dQne. Rehbtilit�tion and stabilization of agriculture 
in Nebr"ska can be accomplished only by the basic re­
adjustments of the use of our land and water re­
sources. 

In general terms, a water conservation program 
for Nebr�ska should include. 

1. Conserving moisture ��ere it falls by use 
of the croppin� practices developed by re­
search and experience as purticularly adapt­
ed to our soils and climate. 

2. The extensive development of small water 
faciliti6s with proper technic"l assistance. 
Such facilities to include small single or 
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multiple field irrigation systems on minor 
drainages, flood irrigation from normally 
dry draws, looal recharging of ground water 
supplies to make small pump irrigation de­
velopments possible, stook watering ponds 
and stock and domestio wells, eto. 

3. Development of pump irrigation under 
statutory provi.ions to establish an orderly 
distribution of the underground water sup­
ply. Such provision. will insure 'maximum 
benefits from the available supply. 

4. Construction of large-scale gr�vity irr­
igation projects (a, where feasible as to 
ability to repay total costs, (b) where the 
difference between the total cost and that 
portion of the coat which the land might 
reasonably be expected to repay could be fi­
nanced by relief agenoies under oooperative 
arrangements, or (0) where in the consider� 
ation of all possible phases of develop­
ment of the water resources in a basin, suoh 
as flood control and irrigation, the portion 
of the total cost chargeable to irrigation 
is within the land's ability to repay. 

5. Flood control dams "s a part of a basin­
wide plan of development for all •• ter uses, 
inoluding irrigation. 

b. That some state agenoy be empowered to 
take an a:tive part in the investigations 
and drtailed planning necessary for the de­
velopment of a comprehensive ooordinated 
plan for the oonservation of all available 
water wherever feasible. 

The detormination of" :1e feasibility of large­
scale gravity type irrigation r�ojects as listed under 
item number 4 involves a number of factors some of 
which oan be cleared up in existing reoords but many 
require detailed field studies to determine their 
effect on the feasibility of the project under consid­
eration. The question of available water supply in 
the stream is generally a �tter of record. such 
questions as those of the best dam sites, a�reage of 
suitable soils, and the portion with adaptable topog­
raphy, require rather costly detailed field surveys. 
such surveys have been and are being made by the sev­
eral federal agencies with finances, organi&"tion, and 
leral authorization for such surveys. The conolusions 
c�ntained in this report have been drawn from the best 
information available at this time, but, perhaps, fur­
ther investigations will result in conclusions differ­
ent from those herein presented. 

In further explanation of item 4, it is noted 
that under the Reclamation law prior to 1939 all costs 
of reclamation projects were ch�rged to irrigation 
with power revenues helping to repay the cost of con­
struction and operation. 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 amount allotted to it. 

Also the Wheeler-case law of 1539 authorizes the 
oonstruction of projects with the aid of other fed­
eral Relief agencies, but not to exceed the use of 
$1,000,000 for each project. This legislation provid­
ing for relief labor permits the construction of proj­
ects ,.ith costs in excess of repayment ability, and 
brings into the cetegory of feasibility several proj­
ects which otherwise luck the necessary repayment 
nbl1i ty. 
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PHYSICAL CHARACTERISTICS 

LOCATION MID TOPOGRAPHY 

The stat e of Nebraska is located a little north 
of' 1.:-.8 r;eol',.�phic center of the United stata�. The 
"ro"tor part of the State lies within the Great 
f'lains; a vast eastward-sloping plateau located be­
tHe"" 1;'1e Rocky M')untains and the Central Lowland. In 
the eastern end of the State, a strip averaging 70 
miles in width lies in the Dissected Till Plains sec­
t i.on of the Central Lowland Province. This area 
ap,roxi��tely parallels the Missouri River. In 
Nebraska there are no well-marked surface features 
marking the boundary between the glaciated Central 
Lowland and the Great Plains. Along the eastern 
border in Nebraska the Great Plains merge into the 
more humid plains unmarked by any radical differences 
in altitude, topography, climate, or soil. 

BOUNDARIES 

The Missouri River is the only natural boundary 
of the State. It separates Nebraska from Missouri 
and Iowa on the east, and from South Dakota on the 
n ortheast. Political lines 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 l04th meridian 
west longitude and from 40th to 43rd parallel north 
latitude. The State is approximately 207 miles wide, 
4GQ miles long with �n area of about 77,520 square 
miles. The 100th meridian divides the State into 2 
parts, approximately equal in size, and also intr 2 
different climatic regions. 

TOPOGRAPHY 

Nebraska has an expansive, gently rolling to 
rough topography. It is broken in plaoes by low 
hills, occasional isolated buttes, mes!'.s, "bad lands," 
ravines and several relatively shallow east-flowing 
streams. The most important streams of the dtate are 
the Missouri, Platte, Niobrara, Loup, Elkhorn, Nemaha, 
Bl ue and Republ i->&n. 

The physical divisions of Nebraska as used in 
this repo rt are the samE' as those developed by the 
United States Geologic Survey and Nevin Fen neman. 

The surface of Nebraska slopes gently south­
eas tward. The highest elevation of 5,340 feet is in 
:Janner county, in western Nebraska, and the lowest 
FO int of 83 5 feet is in the extreme southeastern 
corner of Richardson County. The average decline in 
elevation from west to east is about 9 faet per mile. 
The avo rage elevation of Nebraska approximates that 
of both the United States and the earth. The,e av­
�,.ap;e elevations follow: (a) Nebraska. 2,547, (b) 
United Stat es (exc"pting Alaska) 2,500 feet, and the 
(0) earth 2,800 feet. 

PH YSICAL DIVISIONS 

Nebraska 1 ies wholly within a rmjor physio­
graphio division known as the Interior Plains, and is 
.. part of the Great Plains and the Central Lowh".a 
provinces within the Interior Plains. Such divisions 
are based on similarity of surface features. Because 
of local differenoes in appearance, the area within 
th" State is further divided into 4 sections known 
as the Missouri Plateau, the High Plains, and the 
Plains Border all within the Great Plains Province, 
and the Dissected Till Plains within the Central 
Lowlands. 

(1) Missouri Plateau 

The Missouri Plat�au occupies only a small area 
in Northwest Nebraska &J,.:,lTTtiDg to approxirmtely 
3,400 square miles, or 4 per ,e.t of the State. This 
region is so named be cause it 1S "rained by the Mis­
souri River and its tributaries. The Missouri Plateau 
has a topography I"9sulting from degradation and 
extensiv e fluviatile terraces. 

(2) High �lainll 

The High Plains Section as herein considered, 
oomprises approximately 57,000 square miles or 74 per 
oent f the total area of Nebraska. This section 
exte'lds from the 1,500-foot contour line, which 
approximately marks the eastern boundary of the Great 
Plains in Nebraska, to the base of the Rocky 
Mountains. 

In th� High Plains Seotion, flat-toppe� 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 Rooky Mountains. The deposits range in thickness 
from 400 feet in the west to 100 feet in eastern 
Nebraska. In plaoes the surface of the High Plains 
in Nebraska has been severely modified by erosion 
producing the Sand-1l111 region by wind aotion and the 
Badlands by water erosion. 

In western Nebraska the vertioal walls bounding 
the Platte River Valley have been incised by 
tributary streams produoing a series of promontories 
that project into the valley. Several such isolated 
buttes are known as Scotts Bluff, Chimney ROck, and 
Jail Rook. On the boundary between Wyoming and 
Nebraska, the North Platte River has wind ened its 
valley into a basin 20 to 30 miles across. This 
baSin, surrounded by rather vertical walls, is known 
as Goshen Hole. 

The Pine Ridge, a sandstone escarOO1ent, ferm., " 
port ion of the northern boundary of the -:if" Fl .. li,s. 
The abrupt drop to the north starts loC!!,. J01C':lS, 
;Yymnine; and extends eastward f'or sons 300 :::: :0". 
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From Pine Ridge to the Platt" Hivor the High 
PlaIns are c ompa rat ively J.evel, excopt for valleys of 
socondary streams and sand hills. In nort:,-contr"l 
Nebr!i.ska the High Plains include an a rea of approxi­
mately 20,000 square miles o f dunesand. 'rhe main 
sur face features of the region are sand hills, SJ:lD.:l 
bas ins, dry valleys, wet valle:is, IlIlrshel, end l .. kos. 
:r:he san<l hills were formed lo ea lly by the wind 
erosion of the sandy underljinc bedrook a nd sandy 
mantlerock. They vary in height �'rom 25 to 100 feet 
or more. Tho finer DIlterial was carried farther east 
by the wind,making loess deposits often lOO feet in 
thiclmess in eastern Nebraska, Kansas, and western 
Iowa. 

The High Plains, from the Platte Ri ver to the 
southern b ounda ry of the State, are gently rolling 
throughout. On the eastern _ rgin they me rge imper­
ceptibly into the Central Lowlands with occasional 
exceptions. 'the western edge of the Centra l Lowlands 
is continually being pushed westward by the erOSlon 
of the eastern J18rgin of the High Plains. 

(3) Plains Border 

A relatively small part amounting to 3,900 
square mi les, or 5 per cent, in southeastern NeblBska 
lies within the Plains Border. This area c onsists of 
a strip of rough country lying between the High 
Plains on the west and the broadening Central 
Lowlands on the east. It is an area from whioh the 
Tertiary Mantle has generally been removod by 
erosion, end whioh is now disseoted but not reduced 
to the low, flat relief which oharacterizes the 
Central J,.ow]a.nd. 

Water Resources Of Nebraska 

(4) Dissected Till Plains 

Glaoiation greatly influenced the geography of 
eastern Nebraska. Thiok layers of glaoial drift were 
deposited east of a line extending louth of Boyd to 
York and Thayer counties coextensive with the drift 
of the Kansan and Nebraskan glaoierl. These depo.its 
oocupy about 13,220 square miles or 17 per oent of 
the total area of the State. 

The Dissected Till Plains were so named because 
they are ohiefly ocoupied by hills formed in glacial 
drift. Some of these hills are thinly strewn with 
boulders and some are deeply gullied, but gen�rally 
their surfaoe is oomparatively smooth. 

The surfaoe of the Dissected Till Plains is 
modified by numerous oreeks and rivers and by uplands 
and hills capped with loess. Among the valleys whioh 
break the topogra� are th08 e of Wahoo, SAlt, and 
Tleeping Water creeks, ';he Little Nemaha and Big 
Nemaha rivers, the lower oourses of the Big Blue and 
Little Blue rivers in southeastern Nebraska and the 
Elkhorn River and Logan Creek iR North3astern 

" Nebraska. 

TOPOGRAPHIC UNITY 

Although the topography ar Nebra.ka shOWI oon­
siderable diveraity, it preBdnts marked geographio 
unity in oompaotness of area, general geologio 
struoture, effioienoy of rainfall, and utilbation of 
the land. In these respeots the diff.rent Ie,otions 
of the region have more similarities than di.­
limilarities. 

GENERAL GEOLOGY 

A oomparatively thiok layer of mantlerook occurs 
over much of the State of Nebralka. Exposures of bed­
rock are l imited to the tablelands and to the valleys 
of streams which have out through the overlying man­
tIe rook exposing the bedrock. The mantlerook, 
P1eistooene and reoent in age, oonsists of relatively 
unoonsolidated to 1008ely oonsolidated sedimentary 
material. During the Pleistooene Age ea8tern Nebrask� 
was twioe overridden by ioe sheets, the first being 
known as the Nebraskan glaoier and the second as the 
Kansan glaoier. These ioe sheets, upon melting and 
retreating northward, deposited the load of material 
whioh they had acoumulated in their southward ad­
vanoe. The material thul deposited il a mixture of 
olay, Silt, sand, and boulders known a8 till. 

West of the area oovered by ioe, thiok sands and 
gravels aooumulated during the period of ioe in­
vasion. This aooumulation was the re8ult of increased 
precipitation, rapid erosion in the higher lands to 
the west, and deposition on the sloping plains of 
central Nebra8ka. The eaatward-l'lowing 8treams were 
dammed by the edvancing ioe sheets,causing deposition 

of their load of send -and gravel. Subsequent to tht 
seoond glaoial advanoe, wind erosion inoreased during 
�he dry periods of the Pleistooene resulting in the 
forst ion of the Loveland and Peorian loesses, whioh 
are aooumulations of wind-blown dust. These extend 
over muoh of the area south and east of the Sand 
Hills, At the same time the dunesand of the Sand 
Hills was fonned by the weathering and reworking of 
the sandy Tertiary bem'ook and earlier Pleistocene 
sands and gra vels. 

The bedrock forma the platform upon which the 
mantlerock has been laid. The exposed bedrock 
includes, from oldest to yo�gest; the Permo-Pennsyl­
vanian limestones and shales, the Dakota group of 
sandstones and shales, Graneros shale, Greenhorn 1 i,"o­
atone, Carlile shale, lIiobrara chalk formation, 
Pierre shale, and Fox Hills-Laramie sandstone:; and 
shales. The above belong to the Cretaceous "ge. The 
following bedrook formations; Brule-Chadl'ol\ clays, 
Gering-Arika ree sands�-nes, and the <gallala group 
limy sandstones, are of Tertiary Age . 
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General Sec/ion 9 

MAJOR SOILS OF NEBRASKA 

The earliest soil survey in Nebraska was made 
in 1903 by the Federal Division of Soils, now known 
as the Bureau of Chemistry and Soils. In 1912 the 
first appropriation was made by the Nebraska Legi.­
lature for use in classifying and mapping the soil. 
of the State, by counties, in cooperation with the 
Federal Bureau. To date all of the counties are mp­
ped in detail exoept 8 in the sand-hill region 
whioh have been oovered by a soil reoonnaissanoe and 
in whioh detailed work is now in progress. 

As soil surveying is a relatively new scienoe, 
it had to be learned step by step. The topographio 
relations, the great variety of parent soil materi­
als, and the olimate and vegetation, all of whioh 
affect the charaoter of the soil, had to be evaluated 
as they were enoountersd in the field and the whole 
system of .oil olassification and mapping was per­
feoted gradually. Some of the earlier surveys were 
rather general and are being revised. The reoent 
work is on a sound soientifio basis. 

In the county surveys the soils are olassified 
(1) according to their various oharaoteristios such 
as oolor and aepth of topsoil, lime oontent, texture, 
oonsistenoe or degree of oompaotion, moisture re­
taining capaoity, and infiltration rate and other 
features whioh have a bearing on their produotivity, 
use suitabilities, and cultural requirements. Areas 
of the different kinds of soil are delineated on soil 
maps which also shaw the location of cultural and 
drainage features. 

The soil map is aooompanied by a report which 
�ncludes information oonoerning the topography,drain­
age, and olimate of �he oounty, the agricultural 
development, and the oharacter of the soils. Infor­
mation on relative produotivity, management 
requirements, suitability for different or ops, and 
susoeptibility to erosion of each soil is also in­
cluded in so far as determined by field experiments 
and observations. 

In making a soil survey it is necessary to group 
the 80ils into mapping units on the basis of their 
external and internal feature.. The three principal 
units are: (1) series; (2) types; and (3) phase. In 
places 2 or more of these may oocur in such a mixed 
pattern that they cannot be clearly shown separately 
on a map but must be mapped as (4) a oomplex. In ad­
dition there are areas of land, such as dunesand, 
river wash, et oetera, which have no true soil and 
are called (6) misoellaneous land types. 

The IIIOSt important of these units is tl:3 seri .. 
whioh inoludes soils that have developed from similar, 
although not neoessarily identical kinds of parent 
material and that have the same genetio horizons ar­
ranged alike in the soil profile. Thus, a series 
inoludes soils having essentially the same color, 
structure, and other important internal charaoter­
istios and the same natural drainaga conditions and 
range in relief. The texture (2) of that portion of 
�he soil commonly plowed may vary within a series. 
rhe sAries are �iven geographio names taken fro� 
localities near which they were first identified. 
illar .. l.all, (;arrington, Holdrege, and Crete are the 
names of important soil series in Nebraska. 

Within a soil series are 1 or more soil types 
defined aocording to the texture in the upper part of 
the soil. usually to about the plow depth. The name 
or the 80il texture to this denth. such as silt loam, 

olay loam, sand or fine sandy loam, is added to the 
series name to give the complete name of the soil 
type. For example, lIarahall silt loam and Carrington 
fine sandy loam are soil types within the llarshall 
and o-rrington series, respeotively. The soil type is 
the pr:lnoipal unit of mapping, and because of ita 
speoifio charaoter is usually the unit to which ag­
ronomio data are definitely related. 

A pha.e of a soil ty�e is a soil which differs 
from the type in some minor fea�ure, generally ex­
temal, that my be of speoial importanoe in land 
use. Unusual variations in the relief or in the 
amount of stone on the land may neoessitate the reo­
ognition of rolling, hilly, or stony phas.s of any 
given soil type. 

To date, about 426 different kinda of soil, 
repr&senting soil types and phases of 64 soil series, 
are reoognized in Nebraska. In addition, several 
misoellaneous land types are mapped. These inolude 
badlands, dunesand, marsh, river wash, rough-broken 
land, and rough-stony land, all of whioh influenoe 
the agrioulture in the localities of their ocour­
renoe. 

The Generalized Soil Map of Nebraska, Plate VII, 

shows the general distribution of the more extensive 
soil .eri .. in the state. In the following paragra!lhs 
bri.t desoriptions of the.e series _re given and a 
tew orop adapt ion. are explained. 

BOYD BalBS 

!he Boyd. .011. lIave devel0pe4 on blu1ah-gray, 
den.e-olay ahal.. ot the P1erre fD�'10n OYer large 
ana. in South Dakota and traot. at oonl1derable ebe 
in northeaetern and north-central Itbra.ka. They 
ooo1lp,. areas ranging trOll nnrly lenl to hilly � 
broken, but .o.t ot the., 1n thi.� Btate, are on ateep 
�lley .id.. where run-ott 1. rapid and ero.ion i. 
eevere. Thee •• oil. reoei .. enough preoipitation to 
.upport a mixture of plaine � prairie grau .. and 
produoe rapid TBgetal decay b� the moi.ture doe. not 
penetrate the groUDd deeply. 

!h • •  oil aeotion 11 ooll!PO.ed ainly ot heavy in­
traotable olay although the aurfaoe layer, whioh 
av.rages abo� 8 inohea in thiokne •• ,lIaa an abundanoe 
ot deoomposed ,ras. r_ina in the smoother areal 
where it ia at.ost black. It. high organio-matter 
oontent akl. this layer quite triable when moderate­
ly supplied with IDOlatur •• When extr •• ly wet or dry, 
the Boyd. soUe are diffioult to handle. lIo.t ot them 
are immaturely developed and reet on the parent shale 
within a depth ot 3 fetrt. !hey are 11111Y below 12 
inohes, and, exoept in severely eroded areas, there 
is a noticeable &one of lime aooumulation in the sub­
.oil. Their _tar-holding capaoit;y 11 high but they 
ab.orb moisture alowly and the greater part ot the 
preoipitation rune oft or evaporates without ma-

terially benetiting the vegetation. 
. 

Owing to their generally untavorable surfaoe 
teatures, slow moisture absorbing rate, and to their 
intraotable nature exoept under favorable moisture 
oonditions, most of these soils are better suited tor 
the produotion ot pasture and �y grasses than tor 
oultivation. The,. oontain variable quantities ot 
seleniumwhioh ie highly toxic to animale and whioh 
in some areae is taken up by planta in amounts in­
jurious to livestook. Corn, oat8, millet, and Bargo 
are £rown on the smoother tracts where they do fair-
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1y well in seasons ot normal or above normal 
precipitation, but the land is rather droughty and 
crop yields are lower than on more rriable soils. 

BUTLER , FILlJIORE, AND SCOTT SERIES 

These soils, only the larger areas ct which are 
indicated on the aooompanying map, owe their feature. 
mainly to poor or imperteot drainage. They are prin� 
oipally in small shallow basins, locally Jmawn aa 
"buffalo wallows" or "lagocns", scattered throughout 
the finer textured aud more nearly level-lying soil. 
of the uplands and terraoes. They have developed on 
10es8, a 1ight-oolored floury Silt, whioh has or 
formerly had, some 11mB. The Soott soils are allo 
developed on limy olays and fine-grained sandstones. 
They have the poorest drainage of any soils on the 
uplandl or terraoes in Nebraska. Storm water 001-
lects in the basins where they ocour and often 
remains on the surfaoe for several weekI, disappear­
ing slowly through seepage and evaporation. The 
Fillmore soils are in poorly drained ba.ins but have 
not been subjeoted to suoh prolonged inundations a. 
bave the Soott. the Butler .oill are moltly· in 
barely peroeptible basins, and on nearly leTel areas 
where drainage is imperfeot but where _1Ier standi on 
the land only at places and for Ihort periods. In 
"eastern lIebralka aOIl18 of the Butler so111 are on 
slight elopes where surfaoe draiDage, although good, 
is slow. 

Differenoes in the drainage oonditions have 
caused marked difterenoes espeoially in the subsoil 
layers of the.e .oil.. All of the lubsoilb have a 

well developed olaypan due to the dowzrnrd trans­
location of olay U,y peroolation water.. In the Soott 
types the olaypan i. very thiok,is bluish-gray and is 
thoroughly leached of lime, whereas in the Fillmore 
and Butler typel it is much thinner, is almost black 
and has a well-developed lone of lime aooumulation 
near its base. The lurtaoe scil� of the Soott and 
Fillmore types are dark and mellow, espeoially in the 
upper part, and at most plaoes rest on the olaypan 
within depths ot 6 and 8 inches reapeotively. The 
surtaoe layers of the Butler types average about 16 
inches thi", and arB separated rrom the olaypan by 
several inohes of friable subsoil material. They 
oontain an abUDd.ance of silt and are rriable through­
out. 

Kost areas ot Soott or Fillmore soils are 
unsuited for oultivated orops on aooount of poor 
drainage and the shallow depth to the olaypan. They 
are chiefly suitable for native puture and hay land. 

The Butler soils, as a whole, are well suited 
for the produotion of all oropi oommonly grown in the 
State. Their general produotivity may be somewhat 
�eduoed in �I years by the relatively impervious 
olaypan l�er, but most of them are in southeastern 
Nebraska where the preoipitation is suffioient to 
largely offset the deleterious effect of this layer. 

CARRINGTON AND SHELBY SERIES 

The Carrington and Shelby soils are on strongly 
rolling to hilly uplands in southeastern and north­
eastern Nebraska where they have developed rrom the 
weathered surfaoe of glaoial drift. They also ooour 
in Iowa, Kissouri, and Minnesota. The drift is ex­
tremely variable in texture but generally contains 
conSiderable amounts of coarse material inoluding 
gravel �nd boulders of various sizes mixed with itl 
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.aTe abundant lilt and olay constituents. It was left 
by the ioe during glacial times and waa later oovered 
by Peorian lcess. The 10es8 was subsequently removed 
over oonsiderable areas by erosion, exposing the 
drift to weathering and soil development. 

All areas oocupied by Carrington and Shelby 
soils have adequate surfaoe drainage. On most of the 
Iteeper 810pes rapid run-off has caused oonsiderable 
erosion in oultivated fields. The Carrington SOUII 
are in the leas steeply sloping areas. They haw 
maturely developed profiles including very dark, 
granular, and rriable surfaoe soils rrom 10 to 15 
inches thick, underlain by brownish, moderately heavy 
subsoils whiob rest on weathered drift at about a 4-
foot depth. The entire soil section has been leaohed 
of its lime. These soill are suited to any orop 
oODDDonly grawn in eastern Nebraska. Nearly all ot 
them are under oultivation, ohiefly tor oorn. They 
have a higher clay content and slower infiltration 
rate than SODlll of the aBllociated more rriable loils 
developed on loells. However, they are in the highest 
p�ecipitation belts of the State where moi.ture is 
sufficient for satistactory yielda, even on the 
heavier loilll, exoept during the driest year.. At 
places their Bur face layers are slightly acid. 

The Shelby soils are on the .teeper slope. and 
sharper hill and ridge-topa where rapid run-otf has 
prevented the development of .. ture loila or has sub­
sequently removed much of the developecl. .oil mater».l. 
They are everywhere immature with thin-dark to light­
oolored Burtace layer.. At most plaoes they rest on 
drift within a depth o f  2 feet. Locally the drift is 
exposed. These soils are not well suited for culti­
vated crop. OWing obiefly to their shallow nature, 
unfavorable surfaoe features, and rather low organio­
matter content. Locally, they oontain an abundanoe 
of coarse glaoial gravel and boulderl.. They erode 
rapidly under tillage unle.. carefully managed but 
are well suited for pasture land. 

CRETE SERIES 

The Crete soils are on nearly level tablelands 
mainly in south-central Nebraska and the adjoining 
part of Kansaa. They have developed on Peorian 
loess under the influence of a moderate preoipi­
tation, Blow surfaoe and under-drainage and a 
mixture of plains and prairie grasses. They have 
almost blaok, silty, and friable surface soils, rrom 
12 to 14 inohes thiok. The upper part ot the subsoil 
is a brownish, almost impervious olaypan produced by 
fine mineral material released mainly from the over­
lying layer and oarried 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 abundanoe 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 soils are numerous sha1-
low,poorly drained basins occupied by Scott,Fi11more, 
and Butler soils. S,..ll undulating areas of Hastings 
soils and narrow steeply sloping strips of Colby 
soils are too small for differentiation on the ao­
oompanying map. 

Prior to 1923 areaB now known to be oooupied by 
Crete soil. were shown on the county soil maps as 
Grundy soil. which are no longer rscognized in 
Nebraska. 

Althou� the Crete types include a claypan in 
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Their subsoils, they are 1n a region who!e the p� 
cipitation 1s sufficient for .atisfactory jields of 
most orops and praotically all of them are under 
oultivation. Wheat an� nnrn a� t.he principal cr�ps. 
�heat usually doe. better than oorn because it 
matures earlier in the lummer while the moisture 
stored above the claypan from winter and spring pre­
cipitation is suffioient to maintain normal or 
Hear-normal growth. The claypan and underlying layers 
of this soil probably do bot supply muC�l moiiture tc 
(rain 01"01' •• 

DAWES AND DUNLAP SERIES 

The Dawes and Dunlap so11s are on nearly level to 
gently sloping areas and in shallow sags or basins, 
scattered over the uplands in western Nebraska. They 
have developed under the influence of a l� preoipi­
tation, short plains grasse., and slow surface and 
under-drainage, mostly b-am limy Tertiary sandstones 
and olays. Some of them have developed, in part at 
least, from wind-blown s11ts deposited sinoe T ertiary 
times. 

The surfaoe layers of these sol1s az.· dark brawn, 
being somewhat lighter in color than those o f  so11. 
on similar relief farther east. They are everywhere 
friable, are oomposed at most places mainly of silt 
and range from 9 to 12 inches in thickness. The lub­
soils in the Dunlap types are thiok and moderately 
heavy with a friable zone of lime enriom.nt be­
ginning at about a 3-foot depth. Those in the !lawe. 
soils are thin with a heavy olaypan layer in the 
upper part and the friable lime zone beginl at about 
a 2-foot depth. 

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 ohiefly for growing 
winter wheat, rye, oats, and pctatoes, whioh yield 
profitably exoept in the driest yeara. The Dawes 
soils, ohiefly looated in southwestern Nebraska, are 
used mainly for oorn and winter wheat produotion, but 
to some extent for growing sorgo. Their heavy olay­
pans limit the storage of read11y available moisture 
largely to the surfaoe soils which may beoome too dry 
for profitable corn yields in seasons of subnormal 
preoipitation. Where they oooupy depressions, how­
ever, the Dawes soils seldom dry out sufficiently to 
cause total oorn failures. They are only slightly 
inferior to the Dunlap soils for wheat productio n and 
are well suited for growing sorgo. 

DUNESAND AND THE VALENTINE, GANNETT, AND ANSELIlO SERIEI:l 

Dunesand and the soils of the Valentine, Gannett 
and Anselmo series, collectively,occupy several thou­
sand square miles in the vast sand-hill region of 
north-central and southwestern Nebraska and adjacent 
part of South Dakota and Colorado. Throughout this 
region the land is mantled with sand or extremely 
sandy soil absorbs practically all of the pre­
cipitation as rapidly as it falls. Despite the coarse 
texture of its surface this land is not droughty. 
The sandy materials aot 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 evaporation, and in the 
climatic region of their oocurrence, are able to hold 
most of the absorbed water until it is needed by the 
vdgetaT.ion. Even the most sandy material of the 
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region can hold at least 6 inches of water within a 
depth of 6 feet where it is acoessible to the roots 
of most plant s. Since this material continually de­
livers moisture to the vegetation during the growing 
season, a close balance is maintained between the 
amount of water taken in from preoipitation and the a­
mount removed by plants.Thus,not much of the moderate 
rainfall can seep to the water table during that 
season. Ilost of the water reaohing surface drainage 
in the sand hills percolates below the reaoh of plant 
roots when the vegetation is dormant. Were it not 
for their unstable nature under tillage and law BUP­
ply of plant nutrients, many of the Boils in this 
region would be better suited for cultivated orops 
than are most �rd-land" soi18 which lose more 
than half of the precipitation through .run-off and 
evaporation even on the smoother areas. 

Duneland, althOUgh not a loll, 11 far more ex­
tensi ve than � of the soill in the sand-hill region. 
It oonsi stl of a monotonoul suooellion.:o1' irregularl¥ 
distributed hills and ridges whioh are oompoled en­
tirel¥ of gray land or ara thiokl¥ oapped with this 
material. The higher interveninc land \'Talleys, 
pookets, and swalel are oooupied b.r the Valentine 
loils, and the lower and mo1ater oneil by the Gannett 
soils which lie at or near thl level of the water 
table. The Abselmo loils are in the broad well­
drained valleys moltl¥ betweln the sand-hill and 
101ss· regions, where they have developed on mixture. 
of I&l!.d and loen. 

Owing largely to the reeiltanoe of their sandy 
parent materials, none of these soils have WIll de­
veloped zones or layers of true soil oharaoter. Aside 
from the Gannett types they are 1_ in lime, hiove 
•• oumulated l ittle organio latter, and have thin, 
liCht-brown surraoe soils. The SUblOill in the 
Valentine typel ooneilt of' inooheremt gray sand, 
whereal the o �rrelponding layers in the Anselmo soils 
aI's composed of light-brown fine, sandy loam to 10&m1 
sand. The Gannett typel have developed UDder ex­
oessive moilture. and the rapid growth and decay of' 
tall grasses, rushe., and sedgel. These type. have 
thiok, highly organio and almo.t blao k surfaoe lay­
ers overlying water-logged land subloil. in whioh 
oocurs a thin greenish-blue layer of sandy olaylt or 
near the top of the water table. They al'e faintly 
1.1my in mOlt placee . 

�cep� locally, the region oooupied by dunesand 
and associated san� soils is better suited f'or past­
ure and hay land than for the productionof' cultivated 
orops. The largest cattle ranches of the State are 
located in thil region. The utilization of dUDleand 
and the greater part of' the Valentine 8011s depends 
almoet entirely upon prelervation of the grass oover. 
When oultivated, the sand drifts and the land beoomes 
useless even for grazing purposes. The Sand Hills 
are well grassed at present, exoept 1008lly. They 
inolude 80me of the most dependable grazing land in 
lIebraska. 

The Gannett soils are too wet for oultivation 
but rank among the most productive for native hay in 
the plains region. They supply most of the hay used 
f'or carrying oattle through the winter IIIllnths in the 
Sand HiUs. 

The greater part of the Anselmo soUs is fairly 
stabl .. under cultivation and is used chiefly for gr0p­
ing corn. These 80i1s give profitable yields even in 
the drier years. They usually oooupy only a small 
part of the ranches on which they ooour. 
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EPPIlIG AND ORElLA SERIES 

The Epping and Orella soUs are in northwestern 
Nebraska and adjacent parts of Wyoming and South 
Dakota where they ooour over limy Tertiary 01"18 .. nd 
silty cl"ysl ohi.fly in undulating tc rClling .. r ..... 
lfany of them are on ateep and g.ntle slopes. A part 
of the Orell.. soil. il, Wycming are in w.lley-lika 
situations. All types of these series are developing 
under a law preoipitation. short plaine gras .. s . ..  nd 
slow veget .. l decay. Th. Epping aoils are on the more 

silty and 1.ls w.riegated beds of the Brule and Chad­
ron formationsl wher..,s. the Orella types are mostly 
on the more w.riegated (gray. green. and red) ol .. y 
and sandy olay beds of the Chadron formation which 
underlies the Brul •• 

Th.se soih are Tery 1mn&ture with thin grayiah­
br.OWD to dark I!;rayish-brawn. silty to clay.y .ur:tace 
l01ls that are low ln organic matt.r .. nd rest on tn. 
par.nt formations usually within .. d.pth of 9 inohes. 
They have slaw infiltration rates and the gre .. t.r 
part of the p reoipit .. tion runs off or .w.porates with­
out gr.atly ben.fiting the veget .. tion. Most of them 
erode ealily .. nd the .. r.as inolud. exposur.s of the 
underlying parent material which give the land sur­
taoe .. spotted dark and light appearanoe. Th.y .. re 
developing on the ... me formations from which the bad­
land. of South Dakota have .rod.d and at plao •• 

inolude patohes ot inoipi.nt badlands in Nebraska. 

None of the Epp ing .. nd Orella soils are we11-
Buited for dry-l .. nd tarming, ohiefly on .. ooount of the 
thin surtace .oil and slaw infutration rate. YlDy 
traots .. re too gullied for oultivation. Some of the 
smoother ar.a. are used for growing wh.at and rye but 
satisfaotory yield. of th.se crop. are obtain.d only 
in years of high preoipit .. tion. The g� ... tsr part of 
the land is still oover.d with butf .. lo and grams 
graaaeB and 11 inoluded in pastur.s. The grazing 
value of the range on the Epping is slightly higher 
than thalt 011 the Ore 11.. s oila. In Goshen County. 
Wyoming some of the 10lfBr .. nd more nearly level-lying 
Orella types .. re used for growing sug .. r b •• ts und.r 
lrril!;ation. 

HAST IlIGS SERIES 

The .oil. of the H .. stings series are transition­
al in oharacter b.tween the Crete and Holdrege soil •• 

They are on the n.arly lev.l to undulating lo.ss­
mantled uplands in east-oentral Nebraska where they 
have develop.d und.r .. n annual preoipit .. tion ot from 
24 to 28 inches. good external drainag .... nd s veget .. l 
oover consisting ohiefly of prairie grasses. 

The surfaoe Boils. which average .. bout 14 inche. 
in thickness, have .. ooumulated much organio matter 
through the decay of grass roots. whioh makes them 
.. lmost black. Th.y are very friabl.. The silt loam 
texture predominates. The upper part of the subsoil 
has received considerable clay. carried down from the 
surface layer by peroolating water. It is heavier 
than the corresponding layer of the Holdreg. type. 
but is not as dense as the claypan in the Crete soila. 
It is easily penetrated by air. moilture. and orop 
roots. The lower part of the subsoil. beginning at 
an average depth of 4.6 feet, is a zone of lime en­
richment. It oonsists 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 soils on the uolands of Nebraska for corn. wheat. 
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oats. alfalf'8.. al,d other crops ccmmonly grown in the 
eastern and·central parts of the State. Their silty 
stone-free nature. high crganic-matter content. good 
drainage. and. except locally. their freedom frcm ex­
cessive wind or water eroaion oombine to make them 
well suited for general farming purposes. 

HOLDREGE AND COLBY SERIES 

The soils of these series occupy most of the 
loess-mantled uplands in central and south-oentral 
lIebraska, and cover large areas in Kansas. The Hold­
rege types are on the nearly level to gently rclling 
areas where conditions have been favorable for ncrmal 
soil development. In most characteristics they are 
similar to the Hastings soils. The precipitation. 
however. is slightly lower. the grass growth is a 
little less luxuriant. and vegetal decay. although 
suffiCiently rapid to supply an abundance of organic 
matter, is somewhat slower than in the Hastings soil 
region. As a result of these differences, the surface 
soils of the Holdrege types. although almost as black 
as those of the Hastings. are a trifle thinner. aver­
aging only about 12 inches in depth. The subsoils 
have received less clay and are more friable than 
those of the Hastings soils and the zone of lime en­
richment lies higher in the soil section. usually 
betVleen depths of 36 and 4B inches. The Holdrege 
soils rest on limy Pecrian loess similar to that on 
which the Hastings soils have developed. 

The Colby soils of this State are mostly within 
larger areas of Holdrege soils. but occupy steeply 
sloping areaa where rapid surface run-off removes 
the produots of aoil development almcst as fast aa 
formed. and keeps the raw, limw loess at or near the 
surface of the ground. In Nebraska. the Colby scils 
are chiefly in hilly areas adjacent to deeply en­
trenched streams and nn the steeper slopes of valleys 
and canyons which have extended through headward 
.ros ion int 0 the Holdrege so i.l areas. Their surface 
layers are silty but very thin and at most places are 
light colored. They rest. usually within a depth of 
6 inc hes. on the parent loess. Many of the steeper 
slopes within areas of these soils. are characterized 
by short vertical breaks. known as "cat steps".caused 
by soil slipping. 

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

The Holdrege and Colby soils of Nebraska, although 
closely associate�differ widely in use capabilities. 
The Holdrege types are well suited for general farm­
ing. They are as productive as any of the soils on 
the uplands in the climatic region of their occur­
rence and are used for growing all the staple crops 
�ornmonly produced in the State. They give sonewhat 
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 
co any deficiency in the soils. 

The Colby soils are not well suited for cultiva­
tion ohiei'ly because of unfavor .. ble relief. low 
organio-matter cont.n�and susceptibility to erosion. 
Moat areas of thes. soils are inoluded in pastures. 
although hay and cultivated crops are produoed on the 
more gradual slopes. 
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MULT SERIES 

The liolt soils are on soft, light-colored, and 
limy sandstone of the Ogallala formation in north­
eastern and north-central NBbraska and adjacent parts 
of South Dakota. They occupy uplands' ranGing from 
undulating to steeply sloping or hilly. In thic 
State most of them are in a:oeas of rolling to strong­
ly rolling relief. The precipitation under which 
they have developed has been sufficient to support a 
nixture of prai rie and plains grasses, and to promote 
noderately rapid vegetal decay. 

The Holt soils are ever�"'here friable. In their 
more nearly level distribution, their surface layers 
are thick,well supplied with organic mtter, and very 
dark. Loam, or one of the sandy-lO&1ll textures pre­
dominate in most places. The subsoils, which are 
rather thin, consist of light-colored, fine sandy 
loam to sandy loam with a 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 occur 
throughout the soil section. 

In their more steeply sloping or hilly distri­
bution the surface layers of these soils, although 
dark, are thin; the subsoils are rather poorly 
developed with barely perceptible zones of lime 
�nrichment, and the sandstone bedrock is usually 
within !l depth of 2 feet. 

All types of this series absorb the preoipi­
tation readily. Considering their shallaw profiles, 
they have hiI';A mnisture-holding capacities. On the 
more nearly level areas they are admirably suited for 
general farming and practically all these areas 
are under cuitivation. Corn is grown chiefly. The 
rougher areas are suitable mainly for pasture land .  
In some o f  th�m the surface soils are rather sandy 
and have a tendency to drift when the protective 
r-rasses are destroyed. 

KEITH AND COLBY SERIES 

The lI.eith sol18 are on the most westerly part of 
the smooth loess-m.led uplands in NebraSka, and 
ooour extensively in \'IIIstern Kansas. They resemble 
the Holdrege soils in � respeot. b).rt have developed 
under the influeDOe at a drier olimate, Ie •• abundant 
vegetation oon.i.ting mainly at .hort plains gra ••••• 

and Ilower vegetal d.oay. The rather low preoipi­
tation at trom 18 to 20 inches. has not penetrat.d 
the ground d.eply. .AI a relult of th ... influ.no.1 
the .urfaoe soils, whioh average about 10 inch.. in 
thiokness, are dark brown inst.ad of almost black as 
in the Holdreg. t,ypes. The silt-loam texture pre­
dominat... Th. upper part of the subsoil 11 oaaposed 
of brownish-gray triable silt loam. The lower part I 
as in all normally developed soils of oentral and 
'II'IIstern N.braska. is the zone 01' lime .nrichmeJrl;. It 
begins ulually at about a 30-inoh depth, oonsists of 
grayish-White l� and flOUry silt and extends down­
ward 8 or 10 inohes Where it rests on the parent 
'eorian loess. 

The Keith types are among the best dry-tal'lll1ng 
.oils on the uplands in the western parts of Nebraska 
and Kansas. Nearly all the area oocupied by them i. 
used for growing oorn, Wheat. and oats. Some sorgo 
is alao produoed. The yeilds vary in proportion to 
the amount of available moisture, Which is the ohief 
farming haaard in this region. Thes. soila have 
suffioient nutrient reaerv. to penult higher oro p 
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yieldl than the preoipi tation oan maintain. In years 
of nonnal or subnonnal rainfall they are oonsiderably 
Ie.. produotive than the Holdrege soill. which are 
tarther east. In wet year., orops on the Keith 
t,ypel may produoe more than double their average 
Yieldl. 

The loill of the Colby aeries bear the same re­
lationship to both the Keith and the Ho!drege soils. 
They oooupy the rougher, more leverely eroded parts 
of the 10ea.ial upland I in both the Holdrege and 
Keith loill areas. and are desoribed in oonneotion 
with Holdrege loils. 

MARSHALL AND KNOX SERIES 

The Marshall and Knox soils are .. inly in east­
ern Nebraska and western Iowa where they have 
devsloped, or are developing. on upland areas of 
Peorian loess in a region of rather high precipi­
tation and rapid vegetal decay--the Marshall under 
prairie grs.sses and the Knox under bath grass and 
forest grCJl'{th. A modified form at th" Marshall types 
ocours locally in north-central Nebraska on unusually 
thin loess deposits overlying sand. 

The relief in ar8fl.S at these soils ranges from 
nearly level to extremely rough and broken. The 
JArshall types are in undulating to rolling areas 
where water run-ott has not prev.nted the aooumu­
lation of organio matt.r. They are everywhere well 
drained. In many of the cultivated fields they are 
subject to considerable erosion. The surface soils 
range f rom about 10 to nearly 20 inches in thiokness. 
the depth depending on the erosion oonditions both 
during and subsequent to their devel opmaJIt. They 
haVB accumulated an abundance ot or81nio matter, are 
nearly blaok and are granular and friable throughout. 
The silt-loam texture predominates. The upper part 
at the subsoil is brown, and although leas granular 
than the overlying layer, is very friable. It rests 
on light-brawn silt loam of the lower subsoil whioh 
merges with grayish-white floury silt at the parent 
Peorian loess at depths ranging from 4 to 6 feet. 

The lilarshall soils are rather law but not de­
tioient in lime. In most areas at these soils thare 
are places where part at the lime. tormerly present 
in the parent loess still remains in the lower part 
of the soil section . 

The Marshall soils are commonly regarded as the 
best general farming soils at the uplands in 
Nebraska. ),lost of the area occupied by them has been 
under oultivation sinoe early settlement. They are 
well suited for growing all the staple orops commonly 
produced in the State. 

The Knox soils ocoupy those parts of the loess­
mantled upland whare erosion has prevented the 
development of Marshall sail or haa removed all or 
part ot the Marshall profile subsequent to its de­
velopment. They are chiefly in steeply sloping and 
rou�h ar� broken areas bordering deep drainage ways. 
Sone of th� largest developments are in the blutf­
lands along either side of Missouri River. Thes. 
soils are mostly timbered. although some areas in 
nultivated fields former Iv supported a grass cover. 
They consist mainly of slightly oxidized, brownish­
oolored floury silt, the top 4- to 6-inch layer oi' 
which may or may not be darkened by organic matter. 
Most of the Knox soils are limy to or near the sur­
;'&o&- of the ground. 
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The greater re.rt of the Anox 8011 area ie in­
cluded in pastures and woodlands although a large 
pe�centage is under cultivation or in orchards. These 
soils are highly produotive oonsidering their shallow 
character and law organio-matter oontent. Under care­
ful managemsnt� designed to retard erosion and supply 
nitrogen, they are well suited tor growing the ataple 
farm crops wherever the land �.a not too steeply elop­
ing for cultivation. They �re admirably suited for 
ap�le and �rape produotion. 

lIOODY AND CROFTON SERIES 

The )(oody loll. have danloped under mixed 
plabd and prairie gra.aee trOll. unusually l� 10e." 
deposita and are Tery dark &Dod triable. 1'hey occupy 
nearly level to fttrongly roll1nc uplaDdl OYer moat ot 
northeastern Nebraska and the adjaoent parte ot Iowa. 
Minnesota, and South Dakota. All ot them have good 
surfaoe and under-drainage, the tOnDer bei� rather 
rapid and oausing oonsidomble erolion in places. 
These soils have almost blaok lurlaoe layerl and are 
somewhat similar to the Holdrege loill at louth­
oentral Nebraska and northern la118al but differ tr01l 
them in having slightly thinner IUrface 10UI and. 
more limy subsoill. Their outltand1Qg feature, and 
the one whioh sems to distinguish the. trom most 
other loees-derind loi11, il a subloil lone., whioh 
is unusually rioh in Imll lime oonoretions. This 
zone, which is very light-oolored, relts on extremely 
limy loess at about a 3o-inch depth. The 10esJ has 
few or no lime conoretiona. 

The Moody soill are well suited for all the 
staple crops of the region with the possible exoep-­
tion of wheat, whioh leems to be more frequently 
injured by rult in northeaatern Nebraska than else­
where in tho Stat.. Thi. probably i. duo to ol1matio 
influenoes rather than to the oharaoter of the loil. 
Nearly all tho Moody lolls are used tor growing oorn, 
oats, and alfalfa whiah yield about the same al on 
tho �rshall soila, or only alightly lawer. 

The Crofton sol)1 oocuPY IOTerely eroded traots 
within the Moody 8011 aro... they are 8imply 1Io0dy 
soils from which erosion hal removed all or most at 
the upper loil material keeping the ooncretionary 
zone on or near the top of th� ground. Any surfaoe 
80il which may be present is sUty, friable, almost 
blaok and does not ordiuarily exoeed 5 inchel in 
thicmele. '!'he zone of lime oonorctl)D.S .erYes to 
diatinguish the Crofton trom the olosely aaloolated, 
but mo� severely eroded, Knox lulla in _hiah no 
oonoretionary zone oooura. 

The Crol�on soll1 are not very exteDsive. MOat 
of them are on the steeper pMrts of oultivated 
fields. They grow the same crops al the surrounding 
Moody soill but require more careful m&.l'IAgement than 
the Moody and are not quite as produotive. They can 
ba profitably farmed if means are taken to c�rtail 
erosion and maintain an adequate nitrogen supply. 
Some of these soils in the blufflands �long Uissouri 
River are on slopel too ste&p for oultivation 
and are included in pasture land. 

PAWIIEE SERIES 

The Pawnee sarie6 includes olaypan soils on the 
weat�ered surfaoe of glacial drift in southeastern 
Nebraska and northesstern Kansas. Theso soill oooupy 
undulating to rolling areaa in which the �r!.f't 

.
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composed minly of cle.� with relatively sl!B ... l adml.x-
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tures at 8and and gravel. ·Surfaoe dra�'IUlge is 
8verywhe�e good, and on some of the more rolling 
areas rapid run-off has cauaed consiaerable ero�ion 
in oultivated fields. Internal drainage is imperfect 
awing to slow infiltration through the olaypan. The 
preoipitation has been sufficient for prairie grasses 
and ra.pid vegetal decay. )lost of these soils have 
aooumulated an abundanoe of thoroughly decomposed 
organio remains. The surfaoe soils average about 10 
inohe8 in thickness, and, exoept on the steeper 
sloFt's, are almost blaok. They are very granular but 
their clay oontent makes them less friable tr� the 
aurfaoe layers of most loels-derived soill. The silt 
lo&m., loam, and olay-loam textures predominate. The 
upper part of the lubsoil is dark grayish-brown, 
heavy olay lo� This rests abruptly at a depth 
ranging between 14 and 20 inohes on the olaypan, 
which oonsists of almost impervioua brown to dark­
brawn gritty olay trom 8 to 15 inohel thiok. The 
olaypo.n 10 underlain by a moderately fr!abl., l1ght­
oolored zone of limo enriohment whioh marges with the 
parent drift, uoually within a 6-foot depth. 

The Pawnee lolls absorb water 11owly, �Jsing 
muoh of it through run-off. Their rather t.d6.:Y our­
taoe layers make cultivation difficult exoept under 
• narrow range of loil-moisture oonditions. In 
plaees these layers have been so thoroughly leached 
of IhlO that the" are beooming injuriously aoid for 
orops requiring a high lime oontent. The soils are 
not deficient in plant nutrients. Their location in 
a region of lurfiolent preoipitation prevents them 
from beooming droughty exoept in occasional yeGrs. 
Under careful management they are almoet as produc­
tiv� of the staVI. orops as are the most friable 
soils of the smooth, 10eBs-mantled uplands. Soms 
lime is needed to oounteract aoidity in placea, 
especially if alfalfa is grown. The more rolling 
areas of theGe soils are beat Buited for paB�ure 
lar.d. 

l'IERllE SERIES 

The Pierre aoils differ from those of the Boyd 
aeries mainly in having lighter-001ored surfaoe lay­
ers and thinner profiles. They have developed on 
billiah-gray, denae, olay shales of the Pierre for­
JTII.tlon as have the Boyd soUs but are in a region of 
lower preCipitation, shorter grasses, and a slower 
vegetal decay. They oooupy well-drained, rolling to 
hilly uplands i� the White River and Hat Creek drain­
Rge br.sins of NebraskB, and cover muoh of South 
�kota west of Missouri River. 

Theee soils, liko those of the Boyd sarius, oon­
sist mainly of dense, almost impervious olay from th� 
sur1'aoe dowr.ward. They are l� to or near the top 
of the ground but do not have a well-developed zone 
at lime onriohment even on the smoother areac. The 
surfaoe layers have aooumulated only a little organio 
matter and are dark grayiSh-brawn instead of nearly 
blaok as in tha Doyd sotls. The profile r�sts an the 
parent shale, usually within a depth of 2 feet. On 
Bome of the steeper slopes the shale is exposed. 

The Pierre soils are unsuited for cultivated 
orops exoept where they reoeive supplemental water 

through run-ofr fi"om higher levels or through ir­
rigation. The native vegetation on them consists 
largely of western wheat grass whioh grows too 
sparsely to have a high grazing value but is one of 
the most nutritious hay grassea in the TIigh Plains 
regitm. 
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�OSEBUD SERIES 

The 80ils of this series have developed on 
parent materials, weathered in situ, from light-gray, 
soft, l� sandstonel (Gering, Arikaree, and ogallala 
formations) of Tertiary age. They occupy extensive 
areas of nearly level to strongly-rolling uplands in 
western Ntlbraska, and the adjacent parta of adjoining 
states. The Sidney soils, mapped in one of the 
earlier oounty surveys, are new included in the 
Rosebud series. 

The Rosebud loill differ from those of the Holt 
series which are farther ealt in a region of higher 
precipitation, taller grasses, and more rapid vegetal 
deoay, mainly in having lighter-oolored and thinner 
surface layers. They have good extel"IlAl and internal 
drainage, and are not lubject to destructive erosion, 
exoept on the steeper slopes where water run-off is 
rapid and in some cultivated fields where w\nd 
erosion has become serious. Within areas of these 
soils are numerous patches and narrow strips where 
the liID¥ sandstone is at or near the surface of the 
ground. These patches are occupied � the severely 
eroded Canyon soils which are not sufficiently ex­
tensive to be indicated on the accompanying nap. 

The surface soils of the Rosebud types average 
about 10 inches in thickness. They are very friable, 
but have not accumulated much organic material, and 

are dark grayish-brown instead of nearly black as in 
the Holt soils. The principal textures are silt laun, 
loam, and very fine sandy loam, although coarser tex­
tures are common in sane areas. The upper subsoil 
layer is grayish-brawn. The lower one, the lone of 
maximum lime 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 a 5-foot depth. 

All 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, and very fine sandy loam types of this series 
occupy probably 90 per cent of the dry-farming land 
in the "panhandle" seotion of the State. They are 
the chief wheat soils of western Nebraska although 
corn, oats, rye, and barley are also produced. The 
crop yields on these soils compare favorably with 
those obtained on the best soils of the uplands in 

this region. 

ROUGH BROKElI AREAS OF SHALLOW STONY SOILS 

These areas include rough stony land tlat is 
topographically unsuited for farming except on in­

cluded strips of alluvium and in small tracts on the 
uplands whioh have esoaped destructive erosion. Only 
the larger areas, such as Pine and Wild Cat ridges 
and the wider broken and stony strips on valley 
slopes along Niobrara, Platte, and Republican rivers, 
can be legibly indioated on the accompanying map. 
Numerous patches and narrow strips, tco small to be 
Shown on this map, are in the bluffs along Missouri 
River and along many of the drainage ways in the 
southeastern, western, and north-oentral parts of the 
State. Stone-free traots of broken land developed 
on loess are not included. 

Within these areas most of the soils, where suf-
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ficiently developed to he olassed as suoh, are stony 
and extremely shallOlr. Throughout the western part 
of the State, the broken stony land las been oarved 
mainly from Tertiary sandstone fornations on which 
the Canyon soils represent the first states of soil 
development. In the southeastern and eastern parte, 
this land is oooupied chiefly by Permian or Pennlyl­
vanian limestones on which the shallow and stony Sogn 
soils occur and by exposures of Dakota sandstone 
where Lancaster soils are beginnL� to develop. 

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

THURMAN, TlIDRSTON AND E'.VING SERIES AND UPLAND PHASES 
OF THE O'NEILL SERIES 

The soils of these series have dark and moder­
ately thick surface layerl and sand or graval 
subsoils. They are intrioately associated on the 
smooth to gently rolling uplands of north-oentral 
Nebraska, where they colleotively occupy large areas. 
They have developed on sand or water-worn gravels 
which were deposited in the region during Pleistocene 
times, forming broad land-gravel plains west of the 
Kansan Glacier. The gravel and some of the sand came 
partly as inwash 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 soils throughout this region 
are due mainly to local differenoes in the texture of 
parent materials and in drainage oonditions. 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 aColumulated an a­
bundance of organic matter, are very dark and from 8 

to 14 inches thiok, whereas in the Thurston soils 
they have a lower organio content, are brown to dark 
brown, and exoeed 8 inches in thiokness only locally. 
The upper part of the subsoils of types belonging to 
these series contains enough silt and organic matter 
to produce a brownish oolor, and slight coherenee. 
The lower part consists of incoherent gray sand. 

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

The soil types belonging to the Ewing series and 
the upland phases of the O'Neill serias have very 
dark surface layers ranging from 8 to 14 inches in 
thickness. The subsoils are composed mainly of 
brown�sh, incoherent sand-gravel mixtures. In the 
Ewing types, however, which ocoupy slightl�' depressed 
areas where drainage is imperfeot, the ooarse 
material in the upper part of the subsoil is cemented 
with silt and clay and is moderately compaot. The 
remainder of the subsoil is incoherent. The subsoil� 
of types belonging to the upland phases of the' 
O'Neill series are loose, gravelly, and incoherent 
throughout. 

The soils of all these series are low in limP 



18 

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

lnlDIFFERENTIATED SOILS OF TERRACES 

The areas shown as undifferentiated soils of 
terraoes. on the accompanying map. inolude the larger 
developments of terraoe or benoh lands in Nebraska. 
They lie at several different levels and were formed 
b&fore the streams. along whioh they ooour. beoame so 
deeply entrenched. Most of the older and higher ter­
raoos are from 40 to 100 feet above the present field 
plains. Sever�l of them. in the eastern part of the 
State. are capped by windblown silts and only their 
basal portions are water-laid. The lower terraces. 
few of which are more than 20 feet above the flood 
plains. are entirely alluvial. 

All the benches lie nearly level. except for a 
gentle slope down-valley and toward the trunk 
streams. The surfaoes of the more silty ones are 
modified. here and there. by small. shallow depres­
sions in whioh storm water acoumulates. but the benoh 
land as a whole is well drained. None of it is 
subjeot to overflow from the main streams. Some of 
the more sandy benohes have wind-roughened surfaces 
at places but local differenoes in elevation do not 
ordinarily exoeed 2 feet. 

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

The waukesha. Hall. O'Neill. and SiouT. soils 
have aooumulated an abundance of organic matter and 
have almost black surfaoe layers from 10 to 14 inches 
thick. Most of them are in eastern Nebraska. al­
though the Hall types are in the oentral part of the 
State. The Tripp. Yale. and Cheyenne soila 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 organio remains and are dark grayish-brown. The 
soils of the Sparta series have very light-colored 
surface layers with prac·tioally no organio matter. 
They consist of gray almost pure sand or mixtures of 
sand and gravel. This serios includes all soils 
f�rmerly mapped in Nebraska under the name Plain­
field. 

An abundance of lime ooours in the Hall. Tripp. 
Cheyenne. and Yale soils. The last named �ave rather 
heavy upper subsoil layers. The other s011s on the 
benches do not have m uoh lime or unusual oonpaction 
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in any part of the profile. 
The finer textured soils of the terraces inolude 

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 co� and alfalfa than the best 
soils of the flood plains but are suited for a wider 
variety of crops and give higher yields of all crops 
than are obtained on any soils of the uplandS. The 
Hall soils rank first for general farming throughout 
oentral Nebraska and the Tripp soils hold first place 
in the western part of the State. Most of the Tripp 
and a large part of the Hall soils are under irri­
gationl 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 O'Neill and Sioux series give the high­
est yields. All exoept the most sandy types o f  these 
80ils are used Chiefly for growing oorn and alfalfa 
for whioh they are �ell suited, if care is taken to 
control wind erosion. The extremely sandy Sparta 
soils and the gravelly Cheyenne soils are included 
1Iainly in pasture land. 

UNDIFFERENTIATED SOILS OF BOTTOMLANDS 

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

The oharacter of the soil at any partioular 
plaoe on the bottomlands is governed largely by the 
oharaoter of the sediment on whioh it is developing. 
Sinoe the streams oarry sediment of many texturel, 
the recent alluvial material is naturally complex. 
The coarser materials are deposited near the channels 
and the finer farther baok. owing to the assorting 
power of ourrents of varying velocities. In places, 
fine material is found near the stream. This is 
caused by a comparatively reoent ohange in the 
position of the ohannel, whioh may also result in 
saRd being deposited over olay or vioe versa. Strata 
of widely varying textures may thus overlie one 
another. dependent upon the course of the strea� and 
the charaoter of ita load at the time of deposition. 
At plaoes. light-colored material may overlie a dark 
surface soil. Subsequent aocumulations of decomposed 
grass rema ins mve ohanged most of the sediments into 
productive solIs. 

The finer textured bottomland deposits in this 
State are olasse!i with types of the Wabash, Lamoure, 
Laurel. Minatare. Genesee and Ray soil series; the 
sRndy deposita with types of the Cass and Sarpy 
series. The Wabash. Lamoure, and Cass soils have ao­
cumulated an abundanoe of organic matter and have 
very dark surface layers. In the Wabash and Lamoure 
types the dark oolor oontinues to a considerablA 
depth. In the Cass soils it gives way ·to gray, 
usually below 8 or 10 inches. The Laurel and Minatare 
types have dark-brown surface layers. whereas, the 
Uenesee, Bny. and Sarpy soils are very light colored 
at the surface. The subsoils. are friable and silty 
in the Laurel and Genesee soils, moderately heavi in 
the Wabash and Lamoure. aIm very hAavy and clayey in 
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the Minatare soils. They consist 01' inconerent sand 
or mixtures of s�nd and gravel in all tJTes of the 
cass and Sarpy soils. The Ray soils are simply Wabash 
soils which have been covered by light-colored sedi­
ment. ranging from a few inches to about 2 feet in 
thickness. They are of local ocr,urrence in Nebraska. 
Aside from types of the Lamoure. Laurel. and Minatare 
series. which are highly calcareous. the soils of the 
bottomlands in Nebraska contain little or no lime. 

In the broader stream valleys of the State. the 
greater part of the soils on �ottomlands ha�e suffi­
cient nntnral or artificial drainage for cultivation. 
In the narrOWer valleys most arees of these soils are 
either so poorly drained. or so dissected by stream 
meanders. that they are of value chiefly for pasture 
or ha� land. Where adequately drained. the Wabash 
and Lamoure soils give higher yields of carll and al­
ra lfa than can be obt"ined without amendments on arw 
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ather soil In Nebraska. Well-drained aree.s 01' Laurel. 
Ray. and the fi�er textured types of cass soils also 
give high yields of oorn and alfalfa. A large part 
of the Laurel and Minatare soils are under irrigation 
and used for the production of sugar beets. In plaoes 
these and the Lamoure soils are too alkaline for 
cultivated crops. The Genesee and Sarpy soils are too 
low in organic matter to be h ighly productive without 
amendments. Most of them, in this State. are either 
poorly drained or oovered with forest growth, or 
both. They are used chiefly for past'll"e land and hay 
production. The soils of the bottomlands, as a 
whole. are not as well suited for small grain crops 
as for corn and alfalfa. Small grains thrive on most 
of the better drained and finer textured types of 
these soils but the abundant moisture supply tends to 
produoe 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 msthod.' ef ola.sifying and ms.pping 80il8 ilhe reader is reter­
red to the onapter "Soil Survey Methods and Definitions" in the later reports on county .oil surveys. published 
by the Bureau of Chemistry and Soils, United States Department of Agriculture. 

\?) Texture refers to the relative propo rtion of the v arious size groups of individual soil grains} 
ailt, sand, clay, etc. This and other soil terms are defined in "A Glossary of Speoial Terms Used in the 
Soils Yearbook" PI" 1162-1180. Yearbook of Agriou lture, 19351 Uni ted States Department of Agriculture. 

EROSION 

1'BI IFFICT or IROSION IN NZBWI1 

When the white men first explored Nebra.D, they 
found little erodon taking plaoe. The:- found the 
hills, partioularly in eastern •• brasD, oovered with 
a dense growth of grass. underlain with a thick mat 
of deoaying debris. The valleys were even moJ"'l dense­
Iv oovered with grasse. and sedges. The s011 
underneath the prairie was blaok and spongy, the re­
sult of centuries of aooumulating humus. The valleys 
bordering the streams were boggy and abounded with 
.prlngs. Clear water flawed oonstantly in the 
streama. The upland draws in the more favorable part. 
of the State were heavily oovered with the big blue­
• tem and slough grasses. Springs ooourred in man7 
of the dran. 

This abundance of water, spring', and marshy 
flat lands was the natural result of the prairie 
oover. The tall grass with its underlying debris 
provided a condition of utmost effeotivenes. for 
rapid absorption of rainfall and for holding winter 
snows. Under these oonditions, run-off oould oocur 
only from extremely he avy ra ins of more than usual 
duration. As a consequenoe, the deep subsoils of 
eastern Nebraska were filled to capaoity with water 
throughout their entire depth. Exoess water in the 
upper profile drained toward the draws and the valley 
land, thus creating springs and providing a oonstant 
and even source of water for streams. 

After 40 to 60 years of fanning, roed 00l'S truv­
tion and drainage, the native vegetative covering has 
been oonsiderably changed. Only in a few scattered 
areas over the State can the original type of prairie 
now be found. It has been rerlaced by grain, forage 

cropa. weedS. and grasses of introduced speoie ... 
There has been imposed upon the land an iI:�ensi VII use 
through modern methods o f  oultivation and through 
heavy grazing of the lands left in native grass. The 
conventional methods of land cultivation have been 
conducive to rapid run-off and water erosion which. 
in many areas, has carried away a great portion of 
the dark topsoil. Deep gullies have formed in DBny 
of the onoe heavily-grassed draws and wind erosion is 
beooming an inoreasingly serious pr o�lem in same of 
the sandier areas. The resulting greater run-off 
carried away inoreasing quantities of topsoil. lIain­
fall, beating upon eroded and exposed soil. puddles 
its surface, seals its pores, and oreates a condition 
conduoive to maximum run-off • 

The history of eroeion in Nebraska for the past 
40 to 60 years, indicates that unle., con"'ol .. aaure. 
are used any now fertile field. will ,oGller or later 
be unfit tor tillage. The history of farming MS been 
that little attention is paid to erosion oontrol 
until damage is 80 great that the ori�inal produo­
tiveness of the soil cannot be reclaimed. This has 
already happened on same fields in Nebraeka and, 
sinoe erosion accelerates itself. the rate ot destruo­
tion can be expected to inorease year by year. 

tROSION PR�ION AND CONTROL 

l'he most en'ective mstnodB 01' preventing era' 
Bion, practioed by a f8fl farman, oonsist of leaving 
crass and permanent vegetation in drainageways and on 
steep slopes. However, the number of farmers who 
have done this is relatively small. A t8fl damon­
strations were established by County A�ent8 and the 
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Extensi"n Service, by constructing brush dams and an 
oocasional drop-inlet earth dam for gully control, 
and establishing a few terracing demonstrations. The 
CCC camps, under the Forestry Servioe, established 
numerous farm damonstrationd ohiefly showing how to 
control gully o.jIrosion by tem1?c>rary dams, pel'll&nent 
structures and tree planting. 

The greatest impetus to soil oonservation work 
in Nebraska was given by creation of the Soil Con­
servat10n Service by Congress in 1935. Twenty-three 
ecc camps were assigned to the Soil Conservation 
S ervice to establish complete erosion oontrol demon­
strations in 1935.The demonstrations hold the rain on 
the slope.,inso�r as possible , by practioes that are 
fitted to the physical features of eaoh farm such as 
degree of erosion and topography, and yet make the 
best use of the land. Moisture is conserved and 
sheet eroaion is controlle� by the use of crop 
rotat ions, farming on the contour, strip oropping, 
terracing, re-grassing and reforesting steep or 
severely eroded fields. Gully erosion in cultivated 
fields is being controlled by seeding the drainage­

ways to a mixture of grasses and legumes. Erosion in 
pastures is beine reduced by deferred and judicious 
grazing, oontour 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 suoh as contour, basin,or blank listing in the 
fall. Crop residues, suoh as stray, stubble, and 
oornstalks have been left on the fields to demon­
strate wind-erosion oontrol with a good oover. 

In 1940 this typ'.l of demonstration wall 

being "arried on in 11 oamp areas, 3 demon-
stration areas &r.d a number of Soil Conservation 
Distriot •• Twenty-one Soil Conservation Districts 
have been voted upon favorably for organiza-
ti on under the law of the Nebraska Soil 

11'0/('1 He.<'{)IIIF('< Q/ !I':I)" o<k(J 

Conservation Distric t .  Landowners in suc h lee:all:r 
constituted Soil Conservatior- Districts, through the 
Soil Conservation Service of the United States 
Departllllrrt of Aericulture, nay obtain t.,chnic al as­
sistanoe i n  plar-ning and putting into operation 
complete erosion oontrol programs. Approximatel�' 
3,000 fam demonstrations have been established by 
the above-mentioned or g anization. 

An educational program has been conc,llcted co­

operatively by the Soil Conservation Service and 

Extension Service, conSisting of field tours, observ­

ing demonstrations. 

Wor): has started unde r the Water Facilities pro­

gram in 8 counties, which enables the farm operator, 

to construct f acilities deSigned to utilize supple­

mental water supplies. Comnlete surveys and 

conservation plans are develop�d in conjunction with 

the utilization of facil i ties establiShed unc.er this 

program. Such facilities consist of flood-spreading 

structures, retention, detention, and diversion dams, 

small reservoi rs, stock-wnte ring ponds, and irrigation 

pumps. A few demonstrations in 10 additional counties 

are conte!'lplated d�ring the year. This program is 

.aministered through the established agencies of the 

Soil Conservation Service, the Bureau of Agricultural 

Economics, and the Farn Security Administration. 

Although precipitation has been abnormally Imv 

during the period o� years the conservation demon­

strations have been i n  operation, in many instances 

crop yields have been increased by soil conservation 

practices in addition to the saving of topsoil. 

During 1938 there were more acres of contour 

planted and tilled crops, more contour strip crop­

ping, and more successful seedings of adapted grasses 

on eooded lands than in any previous year. 

CLIMATE 

The climate of Nebraska results from 1tS geo­
graphic location near the center of a large oontinent 
in the eastern rain shadow of the Rocky Mountains, 
its distance from the A tlantic Ocean and Gulf of 
/.Iexico, and its position in the general west-east 
p�th of cyclonic storms. Nebraska has two rather 
well-defined climatic belts; subhumid east of the 
100th meridian, and semiarid west of it, with an 
intormediate or transitional zone between them. Tha 
climate is characterized by comparatively short, hot 
sumlners, by long, cold winters, and by fluotuating 
rainfall. 

SUNSHINE 

Nebraska has the high percentage of sunshino 
essential to crop development. Injury to c r ops 
usually occurs when there is a lack o f  noisture in 
tha soil. When the soil is moist the sun evaporates 
a part of the moisture, thus coo� ing the soi 1 pro­
portionfltely. 

TEMPERATURE 

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

'rhe mean 
northward with 
The following 
tures for four 

temperature of the State 
latituue snu westward with 

table shows the mean annual 
parts 0 f the sts te: 

decreases 
altitude. 

temper,,-



General Spcllon 

Mean Temperatures in Degrees 

Section of State January July Annual 

Northwestern 21 71 46 

Northeastern 20 74 48 

Southwestern 26 76 60 

Southeastern 25 77 52 

The average temperature of the State is 48.5 
degrees. The highest mean temperature, 52 degrees, 
occurs in the southeastern portion of the State at an 
elevation of 900 feet'. The temperature deoreases 
westward along the southern border to ,50 degrees in 
Dundy County at art elevation of 3,000 feet. However, 
thA mean annual temperature is about 51 degr�es in 
most of the southern:tier0f. ciol'n�ies.The temperature 
decreases north-.rd: apb'iJ!;' "oM' diie;!'.e ' for eaoh' 38 
!!liles throU&ho�:�.' of,\ :t,he: •• S:t,���,' • Th. '.4\10Ml,llse ,is 
more rapid in *11 'r1orthw!l�,rn" 8q1;loii;t.I!dI811 •. rapid 
near the .MisSOUl"t R1.�,i;pi ,the l'lOrth.a,�t$rI\1i�qtion. 
Temperature& • �{t n'om" ",,,rly,, 18.4.gl'":8 Anthe 
northea st , to :l.�:a. �ha1l." , 4P. deer,e. , in 'the " , ' llor1ihwest 
where the e1evati;on,reil.:OO,e:a 1.:5QO ,feet a�d 3,.700 feet;, 
re��h�. ' 

- ' " 

GROWING SEASON 

The growing, or frost-free season, is compara­
tively long in NebraSka, deoreasing in length from 
about 175 days in the southeast to 125 days and more 
in the northwest portion. Records reveal that the 
first raIl 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 �orthwest. 

PRECIPITATION 

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

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

The precip1tat ion of Nebraska is deficient and 
fluotuating. It decreases from east tc west across 
�he State �t a fairly constant rate. The mean annual 
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preoipitation is generally less than 20 inches 
west of the 100th meridian and mcre than 20 inches 
east of it. Records shaw that the annual precipi­
tation varies from 9.47 inches to 27.48 inches in 
western Nebraska, and from 20.86 inches to 50.31 
inches in eastern Nebraska. 

Rainfall reocrds in Nebraska cover a period of 
mere than 60 years. Fragmentary records are available 
fcr longer periods. Existing evidence indicates that 
the wet and dry years alternate in approximately regu­
lar cycles. However, factors determining these 
oyoles and predictiOns are highly speculative. 

There are years during which every part of the State suffers from defioient moisture, although the territcry east of the 100th meridian usually has suf­ficient preCipitation for profitable. agricultural 
produotion. Long-time precipitatiotl" : feollrds reveal a greater l1UIDber cf yeaJ's�ving def�olent:!departures than thosel!aving exoess d.partur'. �, ;i:fll�fore, the depar'4llnlB above the 1JIe� are gt.�.t \; �n those 
belClir the lIIEIan. The r�9\Jt'4s a1so:.h�,; :�t dry and we+.perioda tend to Al�e�te, .,'re'ul�� .'lb a 88\"iell 
'?tmlnor cycles within. t��, lIBj!J!:.�.Ht.qgtft cycles. 

DlSTHIWUD. OF '''HnlL " i'R";',( . 
The amount of rainfall' 'in,( �br�.Iai'; increases 

from early springtime tc �.,,; diiti�" :ot\i�ah month it 
iB

. 
the hea vleet. It. dec. :'.8 

.
. ,.11.8., 81S 

.. 
'
.

' . .•. . gf'lI. .. �Ul!Il
.
y unt il' December. The averaglt re.1ilfal�" of ,J11l'1e is over 5 

inches in the southea�e� plri . ctth"State and 
slightly less than :5 inches in the extreme west­
ern part. 

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

Many practices may be followed which will 
increase the e ffectivenells of the rainfall an d  reduce 
the hazards associated with unfavomble weather con­
dit ions. Continued research and planning in this 
field are imperative. In addition mcre extensive 
weather repcrts should be obtained. !lew drought _ 
resistant crops such as soy beans could be introduced 
in Nebraska. Research in olinatology should be en-
couraged. . 

DROUGHTS 

Droughts in Nebraska usually cccur during the 
summer and fall months. There have been 3 severe 
droughts in Nebraska and in adjacent states during 
the past 80 years. Less severe ones have come at 
relatively regular intervals. The fUndamental cause 
of droughts has not yet been established. Scientists 
agree that the chief elements are low relative 
humidity, hot winds, high soil temperature, excessive 
evaporation, and deficient rainfall; the last being 
the dominant factor. The fcllowing SUl1llTlllry shows the 
precipitation deficiencies in Nebraska during the 
recent drought period: 
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year 

1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 

Departure 
From 

Annual 118an 

19.27 3.63 
20.54 2.36 
20.23 2.67 
14.31 8.59 
22.64 .26 
14.42 8.48 
17.66 5.24 
22.23 .67 
16.28 6.62 

,c 
V1 

Per cent 
Def'io1eBCY 

15.9 
10.3 
11.7 
37.5 

1.1 
37.1 
22.9 

2.9 
29.0 

Woff'r /?f'SClUf'C£'S of Ncv,."sk" 

Defioient rainfall is the prinoipal caule of' the 
ourrent devastating dro ught. Insufficient preoipi­
tation and other assooiated unfavorable weather 
elements influence the soil moisture and water 
supplies generally. The oonsideration of' the eff'ects 
of' drought is imperative in any long-time program 
f'or the conservation of' the water s upply. Past 
reoor�1 justify the prediotion that future deoades 
will experienoe the usual irregular fluotuations in 
preoipitation of' dry and wet years. 

MEAN ANNUAL PRECIPITATION 

FIVE-YEAR 
AN 

NEBRASKA 
1850-1940 

ANNlJAL TOTAL 

S0URCES-U. OF NEBR .• DEPT. GF GEOG 1850-1875 
U S  WEATHER BURE"'U !876-:940 
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'General Section 35 

POPULATION 

INF1.lJJ<tlC� OF CLlliATIC CONDITICIIS ON SETT-IDlEIlT 

Nebraska has a heterogeneous population. The 
native-born population of Nebraska conaists ch1eny 
of people whose ancestors came from the new Ene;land, 
Middle Atlantic, and East North Central states. The 
foreign-born population of the State came from 
various European cotmtries, although there are repre­
sentatives of nearly every civilized co untry 
Ino luded in tha t group 

Perhaps the settlement of no other State has 
been more greatly influenoed by an undependable 
water supply for crop production than Nebraska. 
Vari able precipitation and drought caused fluc­
tuating agricultural production. The ebb and now of 
the migrating population W9re directly related to 
poor and good crop yields" Abundant harvest result­
ed in periods of prosperity and enoouraged 
imnigration. Drought, crop failure, and a depressed 
agricul ture caused a number of settlers to emigrate 
from. the Stata. Slovf growth or a static population 
f'ollowed ouoh periods of' crop failure and "hard 
times." 

The follo wing losses to the farm population ara 
shown by the United States census for the years 
listed, 

Year Population Change 
Per Cent 

Jarruary 1, 1910 631,467 
January 1, 1920 584,172 7.5 
January 1, 1930 581,300 (Estimated) 0.5 
January 1, 1935 560,694 (EstiJroted) 0.1 

These restless r.1oveQents reflect faulty and un­
sound adjustII'Dnts of the population to the lam. A 
rlore stabilized agricultural productim m ight have 
been assured and much suffering alleviated,had the 
earJy settlers realized that agrioultural methods and 
crops ad�pted t o  the subhwnid or humid clinates from 
whic h they came were not suited to their new semiarid 
environment .  Crop failure due to droughts, practi­
cally unknown 1n eastern United States, carns too 
orten 1 n Nebraska. 

The long, slow process of experimentation to 
develop agricultura I methods and crops s uit ed to 
semiarid clinntic condit ions begun by tta early 
pioneers still oontinues. The conservation of "Water 
by all awilable means for Nebraska fum. crops oc­
cupies a plnoe of major importance in local, county, 
and state plan ning today. A variable water supply, 
resulting in a varyin& agricultural production,stlll 
profoundly influences the mobility of the population 
of the State. 

The oensus reooraa ShOW a 
lation in Nebraska up to 1690. 
populat19n iooreaaed slowly. 
oates a 4.7 per oent deorease 

rapid growth 1n popu­
For the next 40 yt:tarl 

The 1940 oensus Indl­
'moe 1930. 

1910 1920 1930 1940 

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

There res been a steady increase 1n the propor­
tim of native-born Nebraska population which 
amounted to 70.4 per cent of the white popUlation in 
1930. other percenta.ges for the same year are listed 
as follows: 19.5 borl1 in other states and outlying 
possessions, 8.4 foreign-born whit es,and 1.0 negroes. 
The remining 0.7 per cent were composed of various 
colored races. Nearly 60 per cent of the native-born 
white population came from the neigh�orint states of 
Kansa.s, Mis !louri, Iowa, and III inois. The 479,653 
persons of foreign parentage were classified in 1930 
according to the following percentaJ;As: 

GeTl1'fU1S 35.1 Irish 5.5 
Czechs 10.8 Enj;lish 4.9 
Swedes 10.4 Canadia ns 3.9 
Danes 7,0 Polish 3.4 
iffissians 6.1l 

!.lixed }...nd Other l:ntionali ties 12.4 

The trend toward urbanization has been eteady 
since 1900. In 1900, 24 per cent of the population 
were classified as urban and this figure inoreased to 
36 per oent in 1930. The 1930 census lists 36 towns 
with populations over 2,500 and 8 over 10,000. (See 
ta.ble in appendix for popula.tion and peroentages by 
river basins.) 
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(JPller{lL Sf'ctlfJr/ 
AGRICULTURE, INDUSTRY, AND COMMERCE 

AGRICULTURE 

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

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

CLIYATE AND CROP YIELDS 

Variable olimatio oonditions influenoe agri­
cultural production in Nebraska more than any other 
factor. Precipitation, temperature, length of grow­
ing season, and evaporation govern, to some e:.::tent, 
the choice of the cropping system. The annual and 
seasonal distribution of the preoipitation determine, 
in a large measure, the crops and agrioultural 
praotices. 

The years of extreme m axinnun am minimum precip­
itatim for the 39-year period, 1900 to 1938, 
occurred in 1915 and 1934 respectively and are shawn 
on Plate x I. Th� line of 20-inch precipit ation 
generally aocepted &8 differentiating the subhurnid 
and semiarid belts, lies west of Nebraska during 
years of abnol'lllllly high preoipitation. For example, 
in 1 915, the year of IIBxinnun preoipitation, the 20-
inch 1 ine 11118 in eastern Colorado, and Wyoming. In 
1934, the year of minimum preci pitation,this line re­
ceded eastward touohing only a few plaoes in eastern 
Nebraska. Even the a verage or nonna! annual preoip­
itation may be so poorly distributed or of suoh a 
type as to result in orop failures. Periods of 
heavy preoi pitation m ay be followed by extended 
droughts. 

Preoipitation also tends to run in oycles. For 
several years the total annual may deviate from the 
long-time average, For example, from 1910 tc 1930 
there was a general upward trend, reaohint 25.63 
inches in 1930. During this period the �nnual 
precipitation exoeeded its normal only 6 times but 
an outstanding departure oocurred in 1915 when the 
average precipitation of the State reached a reoord 
point of 35.60 inches. In 1914 the precipitation was 
only 20.78 inches, and in 1916 it dropped baok to 
19.08 inches. The latter remained the low point 
until 1934. 

Following 1930 the geDeral trend has been down­
ward with 7 successive years of subnol'lllll preoi­
pitation beginning with 1931. Weather Bureau records 
show a general similarity of trend in each of the 

5 major d'l'ought periods, namely. 1864, 1894. and 
1934. Eaoh period was preceded br nearly a decade 
wherein the general trend was downward but was inter­
rupted br isolated years of sharply increased 
preoipitation. In eaoh period the recovery from the 
low point was marked br a sharp rise in precipi­
tation. Both l86q and 1894 were follawed br 
osoillations on gradually riling leveh for a decade 
or longer. The t'luotuations which have oocurred in 
the past may be oonsidered as typioal and, therefore, 
may be expected to recur in the future. 

The most significant faot about the preoipi­
tation in Nebraeka is that it varies widely about a 
oritical point. In the subhumid belt the average 
precipitation is suffioient if properly distributed 
to produoe good yields of the oommon orops, and high 
yields in espeoially favorable years. In these areas, 
however, the crops may fail in years of subnormal or 
of poorly distribut.d preoipitation. Even in the 
semiarid belt profitable crops can be produced in 
years of normal or above normal precipitation if well 
distributed, but generally yields are more variable 
and not as high as in the subhumid belt. 

ADAPTATION OF AGRICULTURAL CROPS AND PRACTICES TO 
CLIMATE 

Early settlers found that the natural relation­
ships existing between plant, animal, and Indian life 
were olosely associated with environmental factors. 
The kinds,distribution,and growth of grasses, shrubs, 
trees, and animals were long-time indices of natural 
land and water use, and climatio influence. The 
native vegetatio� 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 reoent years have these 
relationships been generally recognized and applied. 
The introduction of farm orops and methods from 
regions generally unlike those in Nebraska proves 
hazardous and sometimes unsuccessful. Such crops and 
practices are generally either discontinued or 
modified. 

The results from agrioultural experiment sta­
tions and related agenoies have been the basis for 
orop and animal improvement and produotion practices. 
The �everal agricultural associations of the state 
are furthering the oul tural methods and farm enter­
prises that are beRt suited to the climatic 
oonditions and needs of Nebraska. Experience and 
teohnical information have established a background 
for the practioal applioation of ccnservation 
prinCiples, whioh are essential to continued agricul­
tural development. 

AGRICULTURAL EXPANSION 

Optimism, local pride, and oommeroial interests 
promote the settlement and development of a new land. 
Such influenoes frequently tend to bring about more 
in+.ensive land use with its accompanying commercial 
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and sooia1 development than the soils and olimatic 
"ondi tions will Justify even during the mor;, 
favorable years. Suooessive favorable years oreate 
the widespread opinion that olimatio oonditiona have 
beoo�e permanently dependable. As a result. more in­
tens�ve land use is stimulated, land prioes rise, 
range lands are overstooked, and large farms and 
ranches are subdivided into smaller units. Crop 
acreage is expanded indisoriminately on both good and 
poor land. New business enterprises are established 
and roads and sohools are built to serve the growin� 
demand, all on inflated values. 

High wheat prioes and the patriotio appeal dur­
ing the World War urged inoreased wheat produotion 
and exerted an important influenoe on the agriculture 
of the State. An influenoe greater than war prices 
was the traotor, the oombine, and the large-soale 
plowing and planting maohines introduoed during and 
after the War. As a result, thousands of aores were 
plawed, which should have been 1ef't in pernllnent 
grus. 

Inevitably, drought years recur with dismaying 
regularity, as illustrated during the period Binoe 
1930, and severe losses are experienced, espeoially 
where agrioulture has been overextended and in­
suffioient reserves provided, Crops, pastures, and 
water supplies dry up, and stook is rushed to market. 
Strong winds loosen, lift, and oarry such quantities 
of the dry, light topsoil that the sky is darkened 
with dust, With the dwindling farm inoome, pl"inoipa1 
and interest payments and taxes beoome delinquent, 
and mortgages are foreo10sed.Looal gavernmeuta1 units 
find it difficult to raise suffioiel't revenue to oon­
tinue operation. The federal government is called 
upon to make emergenoy feed and seed loans. Local 
business enterprises fan, and ma� families are 
forced to move :tp go 01" relief. 

In 1930, 44,708,565 aores or 91 per oent oJf the 
total land area of the State _s reported in tarm 
land. Of thil area 43 per oem. of the land in farma 
was under cultivation, 53 per oent in wild hay and 
permanent pasture, and 4 per oent in other uses. 

In 1935, 46,615,762 aores or approximately 95 
per oent of the total land area of the State was re­
ported as tarm land. l6lch of the farm land of thil 
State, howenr, because of =favorable relief or soil, 
is held in permanent grazing or meadow land. 

For the State as a whole, 44 per cent of the 
land in farms was under oultivation in 11/35; 53 per 
oent-as wild-hay land and permanent pasture I and 3 
per cent _s in other uses. In the eastern and 
southern parts of the State and other arable farming 
areas, from 50 to 90 per oent of the farm land within 
Individual t Olllnllhips 111 cormnonly found to be under 
cufcivation. In the sand-hill area of northern 
Nebraska and similar areas, where the land 111 used 
mainly for grazing and produotion of wild hay, many 
townships report less than 5 per cent of the farm 
land under oultivation. 

It is rather generally believed that most of the 
land well suited to oultivation physioally,and oonsi­
derable that i8 poorly suited has already been 
brought into cultivation. The oultivation of marginal 
land whioh may prove profitable only under tavorable 
oonditions is a questionable praotioe. 

water Resources of Nehra,ka 

Of the oultivated land, approximately 50 per 
oent is narmally planted to oornl36 per oent to small 
grainsJ 8 per cent to tame hay; and 6 per oent to all 
other orops. 

TYPES OF FA�ING 

In every farming area there are fai�ly well­
defined reasons for the development of the partioular 
type of agrioul ture found the re , Although the 
progress in any partioular direotion may not always 
prove profitable. it indioates that farmers have at­
tempted to adapt their me thods to the oonditions 
oonfronting them and to seoure maximum returns from 
the reso�roes at their oommand. 

As a re.ult� farmera in various areas of th� 
State follaw different lines of prcx'.uotion. They make 
an effort to adjus,; their orop p roduction and methods 
to prevailing �hysioal and eoonomio oonditions. This 
adjustment has prooeeded to the point where the a,ri­
oulture of the State � be divided into areas Qf 

r,ather distinot types of farming. 

The ... rious types of farming result from two 
general groups of factors. One of these inoludes 
that large body of tactors, physical and biologioal, 
such aa 80il, topography, drainage. preoipitation. 
avaporation, inseot pesta, diseaaes, and adaptation 
of plants and animals. The other group oonsists of 
eoonomio factors suoh as availability.f labor and 
capital, relative prices of farm produots, rela tive 
oosts of the items needed for produotion. and changes' 
in teohnique. 

INTENL � VE AND EXTENS IVE AGRI CULTURAL METHOD<) 

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

Livestook produotion ranges from intensive meat 
produotion in the eastern part of the State, and 
whole milk produotion near urban oentera. to exten­
sive"production of range livestook in the sand hilla 
and other range area8. Sheep produotion is an 
important livestook enterprise in the irrigated areas 
of western Neb .... ska. and the production of hogs in 
eastern Nebraska. For the entire State, hogs rank 
first and oattle seoond in importanoe. The only means 
of using pasture land is through the grazing of live­
stock. Furthermore. livestock usually provides the 
�ost eoonomio means of utilization of much of the 
feed, grain, and forage orops whioh oooupy suoh a 
large proportion of the arable areas of Nebraska. 
With the exoeption of whe at, only a small proportion 
of the most important orops of Nebraska are marketed 
in.their original formJ 

FARM SIZE AND TENANCY 

In 1930 there were 129,458 farms in Nebraska 
with a oombined area of 44,708,565 aores, or an 
average of 345 aores per farm. In 1935, there were 
133,616 farms with an average ahe of 349 aores. The 
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1937 Agricultural Census estimated that Nebraska has 
134,000 �arms, averaging 349 aores. The farms in the 
ranching and small grain areas in western Nebraska 
average muoh larger than this, whereas the farmA in 
eastern Nebraska average oonsiderably less. 

The ohange in the size of farms has been more 
pronounoed in some parts of the state than in others. 
During the period from 1900 to 1935 the number of 
Nebraska farms of less than 3 aores deoreased while 
the number from 3 to 99 inoreased. There was 
practically no change in the number having from 100 
to 174 acres. This latter group is the most oommon 
size, constituting 70 per oent of all farms. Ex­
cluding the i rrigated seotions, the farms in the 
western part of the state are much larger than those 
in the eastern part. Muly of the fe.rms in the west 
are from 500 to 1,000 aores, or even larger. There 
is a tendenoy for individual holdings in the S and 
Hills to inorease in size. From 1930 to 1935, farms 
ranging in size from 175 to 500 aores in same other 
sections of the State inoreased at the expense of 
those of 1,000 aores or over. In the irrigated areas 
the trend was toward a small aoreage. From 1930 to 
1935, farms from 175 to 500 aore� in size gained in 
number, while the number in the BO and 640 groups 
'ieoreased. 

Sl i�htly less than 50 per cent of th e farms in 
the state were operated by tenants' in 1935. In addi­
tion, Br.other 20 per cent of the farms consi sted of 
land which was in part o.med and in part leased. In 
90me counties the proportion of farm ten ancy was over 
55 per cent, with the proportion of land operated by 
tenants, running much higher. The increase in farms 

,pperated by tenants has been fairly steady l!uring the 
past 25 year s . 

FAR!.! INCOME 

During the period from 1923 to 1934, 71 per oent 
of the Nebraska agrioultural inoome oame from live­
stook and livestock produots, and 29 per oent from 
the sale of crops. Gross farm income has advanc ed 
steadily sinoe 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 muoh more than 60 per 
cent of the 1925-29 average. The severe drcught of 
1934 and the short corn crop in 1935 prevented the 
gross farm income fram reaohing higher totals. The 
failure of the corn crop in 1934 neoessitated a 
drastic reduction in hog produotion, which is one of 
the leading souroes of Nebraska farm inoome. Had 
producticn been near normal, the fe.rm income during 
1936 would have apprcximated the 1925-29 average,even 
with prices scmewhat lower than those pre�iling. 
Sugar beets and potatoes provide the western irri­
gated portions of the State with the largest cash 
income. although sales from sheep and oattle are im­
portant in the areas where feed is available. In 
the eastern part of the State,hogs and cattle provide 
a large percentage of the farm inoome with wheat as 
tha principal cash crop. Some oats and barley are 
a�so sold. 

CROPPING SYSTEM 

Nebraska does not have a large number of 
important orops. Her orop production is confined 
mainly to the staple grain and forage crops. Corn, 
wheat, oats, alfe.lfa, and wild hay were of such im-
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portance that each occupied more than a million acres 
on Nebrallla< fe.rms in 1937. In that year, whioh _s 
not an unusual year, 49 per cent of the cultivated 
area of the State was oooupied bw oorn, 20 per cent 
bw wheat, 14 per cent bw oats, 7 per cent bw alfe.lfa, 
and 10 per cent by minor orops. The aoreage of wild 
hay, which is not olassed as a cultivated crop, was 
nearly two and one-half times that of alfalfa. More 
than 45 per cent of all land in farms was pasture 
land. This percentage has not ohanged materially 
since 1924. The most eo onomica 1 way of utilizing 
pasture land, forage and feed crops is through live­
stock. Consequently, the major part of such crops 
moves to market in the form of livestock or live­
stock produots. 

GRAIN CROPS 

The grain orops of Nebraska inolude corn, wheat, 
oats, barley, rye, emmer (spelt), and the grain 
sorghums. The value of the annual produotion of these 
crops in the State averages about .2�7,000,OOO. 

Corn 

Corn oocupies more than twice the area devoted 
to any other oultivated orop,and it has a gross value 
greater than that of any other crop. Nebraska is 
normally third in the United States in oorn pro­
duotion with an average harvest of 224,000,000 
bushels. It is in the western part of the great oorn 
belt which extends from oentral Nebraska to oentral 
Ohio. Because of soils, relief, climate, and other 
conditions oorn is not of equal importanoe in all 
sections of the state. 

The largest area of oon�entrated oorn production 
is in northeastern Nebraska, extending westward from 
the Missouri River, with the greatest density near 
the river. In this area several of the counties have 
from 50 to 60 per cent of their fe.rm land in corn and 
a muoh larger number have from 40 to 50 per cent. 
Other areas of the State having high concentration of 
corn produotion are the eas�-oentral in the l ower 
Platte River Valley, the north and Bast-oentral part, 
and along the Missouri River in the southeastern 
part. The north-oentral and western parts of the 
State have the lowest percentage of farm area in 
oorn. This is largely acoounted for b,y the small 
percentage of land under cultivation or that it ranks 
les8 important than the small grains in these arable 
areas. 

The number of bushels of corn grown and its 
value vary greatly from year to year. (See table in 
appendix). The 5-year average from 1926 to 1930 was 
9,010,000 acres y ielding 24.79 bushels per aore, and 
the total production, 223,399,000 bushe Is. The 
average price was 64 cents per bushel; the value of 
the average crop $142,152,000 per year. The price of 
corn decreased markedly dur i ng the depression years 
of 1931, 1932, and 1933. 

Wheat 

Wheat is the leading cash orop in Nebraska. The 
State is second in the production of winter wheat, 
and third in all wheat, producing on the a.erage 
56,000,000 bushels annually. Wheat is largely grawn 
on the hard lands of the plains and tablelands. About 
92 per cent of the total wheat acreage is winter 
nheat. There is considerable spring wheat in the 
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northwestern oounties, but elsewnere in the Sts"te 
winter wheat is much more important. beoause it is a 
more oertain and produotive orop. 

On the average about 85 per oent of the crop 
moves out of the county where grown and smaller 
portions are sold direct to local mills. A small 
part of the crop is utiliz:ad on the filrm for other 
purposes than seed. Experiments show ground wheat to 
be equal, pound for pound, in value to corn, for 
fattening 1 ivestook. Only in oases of abno�lly 
narrow spreads between prioes of Wheat and feed 
grains is muoh wheat used for liv�stock feed in 
Nebraska. 

Wheat is essentially a southern and western 
Nebraska orop. It is oonfined largely to, the "pan­
handle" and to the territory south of the Platte 
River. The prinoipal a rea of ooncentrated wheat 
production is in the southern tier of oounties of the 
"panhandle" seotion and in the adjaoent oounties to 
the east. The second area of important wheat pro­
duction is in the counties just south of the Platte 
River in south-oentral NebrasQ.. 

Hard winter wheat is the preva111ng type grown 
in Nebraska, exoept in the northern oounties of the 
"panhandle" where red Apring wheat is important. In 
1930 Nebraska ranked seoond among the states in 
production and value of winter wheat, and eleventh in 
spring wheat. Nebraska in 1923 ranke d eighth for 
winter wheat and tenth l'or spring wheat. For the 5-

year period, 1926-1930, its rank was I fifth in winter 
wheat in 1926, and second for the next 4 years. In 
1930 winter wheat production reaohed an all-time hl.gh 
of 71,934,000 bushels. Tha produotion deoreased for 
the next 4 years reaching a low point in the drought 
year of 1934. Since that time produotion has been 
gradually app roaching normal. 

():\ts 

Oats follow oorn and wheat in importanoe as a 
grain crop in Nebraska. In 1927, oats occupied 14 
per oent of the oultivated land and 5 per cent of the 
farm area of the State. Produotion of oats is of 
most importance in the eastern third of the State 
with the area of oonoentrated produotion in north­
eastern Nebraska where oorn is the leading orop. 
Oats are rotated with corn, sweet olover or alfalfa, 
and are used principally as stook feed. 

Barley 

During the past few years, barley has 
in acreage especially in western Nebraska. 
the barley crop oooupied 233,000 aores; 
259,000 aores; in 1928, 430,000 aores; and 
688,000 a ores. 

increased 
In 1925, 

in 1927, 
in 1929, 

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

"Rye 

Bye is better adapted to sandy land than are 
wheat, barley, and oats. In a belt bordering the 
sand-hill section of Nebraska, rye is rather impor­
tant, oooupying as high as 10 to 14 per cent of the 
faro area in a few townships i n  Holt and Antelope 
oounties. Rye is one of the most profitable orops 
th,�'t oan be grawn on so11s of 1 ight texture or low 
fertility. 

Water Resources of Nebraska 

Spelt and Grain Sorghums 

Spelt snd grain sorghums are grawn in �he south­
western and western oounties for stook feed. The 
first is of minor importance whereas grain sorghums 
are inoreasing in import�nce. 

Produotion and Value of Minor Grain Crops 

The production and value 01' oats, rye, barley, 
spelt, and grain sorghums in 1930, when the prioes 
were relatively law were as l'ollows I 

Oats 
Barley 
Bye 

Aore s 

2,485,000 
725,000 

333,000 
43,000 
17,000 

Spelt (emmer) 
Grain (sorghum ) 

Total Value 

Forage Crope 

Bushels 

80,017,000 

22,330,000 
4,995,000 
1,006,000 

340,000 

Value 

22,405,000 
7,816,000 
1,898,000 

382,000 

27Z,OOO 

32,773,000 

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

Native Grasses 

Nebraska i8 well supplied with native forage 
plants. espeoially in the sand-hill re;ion and on wet 
bottom lands. These plants form our pennBnen"t pasture 
lands and native hay meadows which support extensive 
cattle raising in different parte of the State. 

Wild hay oooupies more than twice the acreage of 
alfalfa, but in tonnage it is lees important. From 
the standpoin t  of feading value, wild h� is about 
three-fourths as valuable as alfalfa. More than 
3,000,000 aores of our native prairies are cut an­
nually, yielding more than 2,600,000 tons of hay with 
a value of .16,200,000 or more. Cherry, Holt, Rook, 
and Linooln oounties lead in this production. The 
Prairie Plaine uountry, the nay flats of the Sand 
Hills, and the wet bottom lands of the Platte, and 
other valleys in the State are the nain souroes of 
this Iw.y. The prinoipal area of oonoentrated wild 
hay produotion is in the north-central part of 
Nebraska. This is an area of light soils, where it 
is highly ess8lltial to lIRintain a grass oovering to 
prevent wind erosion and the development of "blow­
outs". Suoh oonditions neoessitate a system of 
agriculture that will utilize to best advantage the 
native vegetation. This is done by grazing and cut­
ting the native grass hay. 

The larGp.st centers 1'0r the Droduction and Sll1"­

mont of native hBy are at llew;Jort: Bassett, l>tk:nso�, 
O'Neill, and Th'rinC' SO!:lE\ of this hay is snipped to 
Wisconsin, Kinnesota, Iowa, and l.:issouri, Dut nost of 
it is fed to livestock witnin the State. 

Alfalfa 

The two outstanding leguminous forage crops in 
lIebraska are alfalfa and sweet clover, the former used 
mainly for hay and the latter for pasture. 



General Section 

Alfalta is the lead1n& hay crop ot the state 
trom the s t811dpoint of tonnage produced. The main 
use of alfalta and other hay orops in Nebraaka is 
teed tor 1 ivestook. For the 5-year period, 1923-
1927, slightly leIS than 4 per cent ot the hay 
crop ot the stat. ..... reported all ... rketed. The 
greater part ot thl alfalfa crop went to livestook 
teeders within the State. The largest area ot oon­
omtrated altaUa pr oduction is in the Platte Valley 
ot oentral Nebraska, where muoh of the land is sub­
irrigated. In eastern .Nebraska where preoipitation 
is less a limiting factor heavy orops of alfalfa are 
grown on the upland, especially until the deeper 
seated subsoil moisture is .xhausted. 

For a f .. year., V.bra.ka rank.d .eoona am� 
the states in the .aorea,. and value of al falta. It i. 
nOW' first in acreage. !'mill the 1,136,000 aore. in 
this crop in 1930, about 2,973,000 tan. ot hq were 
out, 8ll average ot 2.12 tOni per aor.. In addition, 
a large amount of pasturage..... prodded and trca 
30,000 aore., 84,036 bushel. of seed were harvested. 
The val ue or the crop in 1930 _s .25,130,211 tor 
hay, and .997,420 for .eed. The leading countie. tor 
.eed production were Sioux, Dawes,Cherry, and Dawson, 
whereas the lead1n& cOUDty tor altalta-hay production 

..... Scott. Blutf. 

SWeet Clonr 

SWe.t elonr is rapidly incr.a.ing in aoreage on 
the upland. wh.r. i t  fi1l. lato .yet.. ef rotation. 
The . greate.t value et .... t Glenr 18 tor pa.ture ... d 
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soil t.provement. In 1930 there were 1,126,000 aere. 
ot .... t olover in the State. Jluoh ot thia _. 
pastur.d to cattle and oth.r animal.. F1"OIII 21,000 
acr •• ot .... t olover 90,300 bUlhel. ot •• ed were 
harve.ted, and a conaiderable acreage _. out tor 
hay. 

Value of Hay 

The total value of the annual hay pr oduction of 
Nebraska is about $50,000,000 of which aUaUa, wild 
hay, and sorghum lead in the order named. 

Sugar Beets 

The growing of beets in Nebraska for sugar 
production is contined largely to the ir rigated areas 
of Soott. Bluff, Morrill, Dawson, Lincoln, Sioux, 
Garden, and Kimball counties. 

There are seven sugar beet faotorie. in 
Nebraska. Theae are located at Grand Island, ilt.yard, 
Minatare, Soottsb lutt, Gering, Mitchell, 8lld Lyman. 
With the exoeption of Grand Island the factorie. are 
all in the ir rigated areas of the North Platte 
val ley. They are operated for about three months of 
the yeaT. 

The production of beet sugar has advanoed year 
after year in Nebraska until the oombined annual cut­
put of the seven factories is now about 2,760,000 
saoks or 275, 000,000 pounds. Part of the Nebra.ka­
made sugar 1a consumed within the State, but IIlUch of 
it is shipped in oarl�ad l�ts to out-state market •• 

PRINCIPAL GRAIN CROPS 

NEBRASKA STATE PLANNING BOARO 

ACREAGE HARVESTED 
NEBRASKA, 1866-1937 

y E A R  S 

'X X 1 X 

SOURCE-NEBRASKA COOPERATIVE CROP 

AND LIVESTOCK REPORTING SERVICE 

w, P. A. O. P. NO. 46'-1I-5-15!5 
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Acccrding to the census, the 19 30 production and 
value of sugar beets in Nebraska were as follows I 

acres under cultivation, 81,000; average yield, 14 
tons per aore; total tona, 1,132,000; value cf orop, 
$7.924,000. Although the yield was increased, there 
ftS a reduction from the 1929 aoreage. 

The 1930 value of beets in the leading oountiea 
was: Soott. Bluff 15,100,000; Morrill 11,059,282; 
Dawson 1315,567/ Lincoln 1194,164; Sioux 1179,305/ 
Garden 1164,682; Kimball 1115. 388. 

Potatoes 

Potatoes are raised in gardens cr in small 
fields in every county in Nebraska. They are grown 
commercially, principally in the western counties and 
in the central counties along the Platte River. The 
oounties leading in the oommercial production of food 
potatoes are Scotts Bluf'f, Sioux, llorrill, and 
Kimball, located in the irrigation districts. Those 
leading in the production at seed potatces are I Box 
Butte, Sheridan, and Dawes. Scotts Bluff leads in 
the value at toad potatoes, and · Box Butte in pro­
duction and value of seed potatoes. 

Production in 1930 was as fcllo1f81 acreage-
94,000; average yield-loo bushels per aorelproduction 
9.400,017 bushels; value- 17.990,017. The leading 
oountiea in the value at potato production in 1930 
werelScotts Bluff'- 11.471.138; Box BUtte- 11,367,711; 
Sioux- 1666,83O;Sheridan- 1485,8l3;Kimball 1440.813; 
DaYeS- 1362.957. 

Combination ct Crops and Livestock 

!he true sicniticance ct each crep �ecomas more 
apparent 1Ih.n conaiClered in relation to other enter­
prises. The ditterent crops are titted together to 
make up the cropping s:yst_. Certain tactcn such as 
climatic conditiona,soils,relative :yields,variabillty 
of' yields. labor requirements, and. 181ation to live­
stook euterpriBes have an important in �luence cn the 
choice cf' orops and. their relative importance. 

LIVESTOCK 

Livestock holds an import�Jat place in Nebraska 
"I!;rioulture. As an average for tM 5-year period. 
1923-1927, 75 per cent ot the cr'lllS tarm ino_ 0%' 
Nebraska tal'llllU's was derived from livestook aDd li ... -
stook produaill. 

Long distances to market. make it desirable to 
convert much at the bullq tarm products into products 
at less volume in ,)roportion to value in order to re­
duce transpcrtation oosts. Thi. prcoess 18 partially 
accomplished through livestook.Livestook enterprises, 
hOll'evfOr, are nct of equal importance in all parts of 
the State. There are distinct differences in the 
geographical di.tribution and t:ype of production of 
the several o1a .. es ot tarm animals. 

Cattle 

Beef cattle and dairy cattle play an in:port ant 
part in the agriculture of Nebraska. A favorable 
climate. abundant supply of clean water. and gooc 
rJII rketing condjtions make bElof and dairy-cattl e in­
:bstries irr.po.t .. nt factors in the life of the State. 

Water Resources of Nebraska 

Beef cattle are almost aa important a s.ource of 
gross income of Nebraska farmers as are ho�,. For 

the �-:year period. 1923-1527, saies or cattle and calvea make up 28 per cent of the income as compared with :Kl per oent trOJll hogs. Pla,te' L I X shan the distribution of cattle in Nebraska in 1935. 

The leading phaaes of' the beef cattle indu.try 
in Iebraska are oattle breeding. raising.feeding, and 
slaughtering. aDd meat packing. 

The heavy oonoentration of beef cattle i. in 
northeastern Nebraska where the number of ho" per 
section is alao highest. Another area of oonoentra­
tion of beef oattle lies to the west of north-central 
Nebraska. The most speoialized cattle raising area 
is in the sand-hill region, beoause of its abundant 
graas for grazing and hay. its water supply, aDd be­
('auae other forms of agrioulture are poorly suited to 
the sandy soils of this area. The areas showing the 
fewest cattle per section are the southern"panhandle" 
and southwestsrn sections of the State where there is 
relatively little pasture and hay, and the pr:>portion 
of land in feed grains i8 relatively small. 

The kind and q .. ntit:y of the teed graina,forage, 
and pasture largely determine the �:ype of' cattle en­
terprise - whether it is the production at teeding 
cattle. the raising and i'inishing of .rket cattle. 
or oommeroial feeding. 

The cattle are trailed to shippins poiut. and 
sent prinCipally to Omaha, Kania. Cit:y, 8t. Joseph, 
and Sioux Cit:y as feeder. or tor slauchter. OIoher 
markets include Chicago and Denver, and •• 11 local 
markets. In 1930 there were 2.1512,OOO cattle ot the 
beef t:ype in Nebraska. Of these. l,S67,50l beet cat­
tle and calve, were marketed with a value of 
1114,707.838. Nebraska i. not an important dair,r 
state. although dairying is an important suppl_nt 
'0 the general flndng syst_. For the 5-:year 
period, 1925-1927, reoeipt. frca the ole 01' dair,r 
p,"oduots _de up about 8 per cent of the crOll ino_ 
of Nebraska flrmers. The dair,r enterpril8 has bHn 
gaining in importance. In 1935 it rannd next to 
ho" and cattle amont; the liv8ltook enterpris81 and 
provided 11 per cent of the gron tarlll inco... The 
highe.t conoentration at milk 0011'8 i. in oount1es 
adjacent to the laJ'i'! cities, espeoially in �las, 
.shinCton, and Lancaster oounties. 

bide !rIB the oounties named aberTe. tlw 
distribution of mUk con is flirly unitorlll"in the 
.. stern third of the State. The areas ot low ocm­
centration are tbe north-central. south1restern, ancl 
Yestern oounties (excepting Scotts Bluff Count:y), the 
10ll'e,t being in the sand-hill sectian. 

aatterflt 1s the chiet torm in whiGh da117 prod­
\lcts are .old. Produotian at fluid milk 1s ot ajar 
importanoe onl:y near Omaha and Linooln. Cb"se 
_nutacture is a grmring indUitry in the Worth Pla"",. 
Vall.,- particularly in Sootts Blutf Couuty. 'fhrwgh­
Qut the State cream is separated fro. the milk _ the 
tarlll and .cld on the butterfat w.ai,� Ia .cae 
localities where dairying is important, the batt ... flt 
is manufactured into butter. Omaha make. more bu.tt ... 
thlll aIV other oity in the world, averagins over 
30,000,000 poums annuall:y. ..bra.D hu 108 
crea .. ries with .n average annual produo1l10n ot 
86,000.000 pound. of butter. 

1I0gs 

Bog production 1. the mo.t impor\an1l l1.a.1I00k 



enterprise in Nebraalca when meaaured in terms of 
gross 1'a= inoome. t·or the b-!· .. ar period, end1ng 
in 1936, 26 per oent of the grosa farm inoan. of 
Nebraska f'armers _a derind from hoga. Plate LX 
shOWll that the distribution of hogs in the State 
oOlnoidee qttit8 olosely with the distribution of the 
oorn 'aoreage. Northeastern Nebraaka ia the most 
important area of hog production with Burt County 
having had 327 head of hoga per section of land in 
1928, and 4 other nearby oounties OYer 250 head per 
seotion. The Sand Hilla and weatern and southwestern 
Nebraska have the fewest hogs per seotion. The sand­
hill region has a large peroentage of hay and pasture 
land and law production of feed grains. Weetern and 
southwestern Nebraska haTe more teed grain available, 
but the typee of hq and pasture are more suitable 
for cattle proouction than tor hog production. In 
eastern Nebraska where production of Ilaughter hogs 
is the prevailing practioe, a large proportion ot the 
hogs on hand are being fattened tor market. 

Sheep 

Sheep are of importance in only li�ited areas o f  
the State. For the 5-year perjod ending in 1935 about 
2 per cent of the gross f'arm income of Nebraska 
farmers waa derived from this source. The most im­
portant phase is feeding for market.Sheep are shipped 
into certain feeding areas largely from western range 
states and are finished for market. They are put in­
+'0 the feed lota in the fall and disposed of in late 
winter and early spring. SOOttl Bluff, Merriok, and 
Sarpy oountiel are the most important feeding oenters. 
Hall, Nanoe, and Burt oounties also have large oam­
meroial feedin� oenters. 

Commercial sheep feeding furnishes a means 01 
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marketing surplus feeds, usually to good advantage. 
Beet sugar by-products in the western,and alfalfa in 
the oentra1 and eastern Nebraska 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 rank�d next below hogs and beef cattle 
as a source of livestock income during the 5-yeer 
period 1923 to 1927. The poultry industry is now 
surpassed by dair) ing. For the 5-year period, 
1923 to 1927, 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 at a side 
line. 

The ohief oonoentration of poultry is in south­
eastern and east-central Nebraska and the nl.Dllber per 
seotion decrease� rather rapidly northward and west­
ward aoross the State. The greater number of farms, 
the larger feed supply, an� the better markets are 
fhotors aooounting for more poultry in eastern and 
southern Nebraska. 

AGRI CULfllRAL PROGlWlB 

During the paat few yeara a great deal of at­
tent10n haa been given to the organization of agri­
cultural programs. The ultimate objective of thele 
progralDB, whethel' on a oounty, Itate, or national 
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DaBis, ia to aid ta1'lll8r., both as individual. and .. 
groups, to adopt practices and systeme of tarming 
which will conserve the resources mere adequately and 
increase tarm income. This is true whether the 
particular program be .oil or moi.ture can.ervation, 
better crop rotation., improved ftrieti.. of crop" 
dilea .. c,ontrol. better feedw practice., or adjust­

m.mts to IIBrk:et outlooks. Before m uch progre.. car. 
be made in this direction, it is nece.sary to know 

what the .ituation is in each area of the county, 
state,and region and not only to obtain more accurate 
infonation on yield., production, and feeding 
practices, but also to determine whet tarming By.teme 
are best .uited to the '91lrious situations in dif­
ferent areas. 

Generalized reoommendations have limited value 
and _y be misleading. However, it is possible to 
_ke significant reoOlllDlendations when taming systema 
ars analyzed in terms of more specific conditions. 

Walf'r Resources of Nebraska 

A tarmer cannct stop with· the selection of. 
fixed system of taming since it _y not prove 
profitable to follow rigid production standards over 
a period of years. Because it is impossible to control 
production and prices, some short-time adjustment. in 
the general plan are often desirable. As prioes 
,hange, the returns to be expected fro� different 
organizations li�ewi8e change. If a farmer i. tc 
follow his economic advantage, he must take changing 
price and production relationships into account in 
.,.kinr, his plans for any particular year. 

Studies made w1th the v1ew or determining 
standards of perforDBDce, yields, and production 
practices, will be more reliable and trustworthy if 
confined to type area. in which there i. a fairly 
high degree cf unifcrm1ty of these tactors. Likewise, 
income studies would be more realistic and suggestive 
if the results were analyzed from the standpoint cf 
type-of-tarming areas and further restricted to show 
'"eturns fr01ll farms of the .ame size and type. 
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I1lDUST�IES OF NEBRASKA 

The manufacturine; industries which were based 
and developod on the natural rosourc8S of the State 
in harmony �th physical environment have prospered. 
The neod and environmental conditiona have been con­
ducive to the successful development of meat packing, 
�rain milling, beet-sugar manufacturing, and the 
manufacturing of stone, sand. and clay products. 

There are more than 75 well defined industries 
��d 1,150 manufacturing establishments in Nebraska. 
Durine: Donnal ).'98rS these industries provide lrork for 
approximately 390,000 persons. Agricultural and 
mineral products have an annual value of about a half 
billion dollars. Processing adds more than 25 per 
cent of total valuo and 25 pe r cent to the value of 
raw products. 

lllabn of 
Elta.b- lIIabol' ot 

11l�nt. !lIIIplo,.. .. 

"hut M111iq 

. ...,,. 

Poultry 

loe Cre_ 

Stock Fe.d 

_,'''' 

Industry 

Food 
Textiles products 
Forest products 

17 5,M9 

T9 

'" 1,066 

'" 

" '68 

" %0' 

" '" 

1900 

86,96' 
2,564 
4,4:76 

Prtnting and publishing 3,431 
Chemioals 1,853 
Rubber 
Lea.ther 2,064 
Stone and claY' 2,754 
I ron and steel 3,360 
Nonferrous 954 
Uachines 1,083 
Transportation 39' 
P.ailroad repair 2,624 
Petroleum and coal 525 
L!ilce11aneous 30,944 

Totals 143,990 

Sources: United States Conaus 

V&1 .. ot 
Pl'Odu ot" 

""b .... 1I;.'. 0,000 
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126,896 161,926 
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3,223 2,141 
6,754 7,880 
1,923 1,825 
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1,415 1,928 

42,670 39,012 

199,019 221,616 
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azmu&11y about 86,000,000 1bl. 
ot butter. 

Sub"qu.nt to thl repeal ot 
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ot ba.r hal '1>00_ an tapor_ 
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19S1 19$$ 1935 

294:,6i-4 334:,086 215,�8 135,371 180,-142 
3,010 1,142 1,185 .70 232 
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 1,4-33 523 1,138 
1,708 2,304 1,709 1,035 1,330 
1,305 1,094 77' 349 665 
5,832 6,068 3,829 1,436 1,167 

656 5.2 220 7. 742 
14,991 18,888 9,389 6,217 

3,605 3,939 2,397 173 
63,361 82,Hi5 34,504 34,139 50.175 

420,084 464,268 294,095 194,310 255,445 

Where no figurel are given the products have been grouped under other indust rie.s. 



70 Water Resources Of Nebraska 

TRANSPURTATION 

EARLY ROJ.D SYSTE�,ffi 

The dovolopmont o f  trap.sportation in Nebraska 
revoals t:1e successive evolutionary crnnges occurrinc 
in all proeressiv8 frontiers. As far back as 1855J 
the Territorial Legislatu re passed an act w!lich pro­
vided for tho surveying of public reB ds. The sarno 
year ConEress authorized the construction of the 
first federal hig!1l.'IEljy in the State, extending from 
ClIn&ha to Fort Kearney noar the present city of 
Kearney. 

Tho !'irst 1 egislative authorization for a State 
Highway Derartmont in Nebraska was in a 1913 law, 
which authorized counsel to counties concerning high­
way improvements. Tho first concentrated action o f  
the state for h.ighwuy improvement followed a joint 
meeting of representatives from the State Highway 
Department and the Jounties as provided by this 
sta.tu"te. Th6 present era of road construction was 
initiated by the passage of the Federal-Aid Rood Act 
by ConGress in 1916, and the acceptance of the terms 
of this Fedeml Act by the 1917 State Legislature. 

RAILRQ\DS 

The tra nscontinental 1 ine of' the Union Paoifio 
Railroad was completed to the west ooast in 1869. 

other important railroo.ds were cons tructed thrrughout 
Nebraska from 1870 to 1890. Even though theTe are a 
few points in the sparsel y  settled Band hills which 
are more than 30 miles from a railrcnd, Nebraska has 
an adequate railway system. Two high-speed trans­
continental I ines traverse the entire length of the 
State. other main lines and ntunerous branch ILles 
serve practically every community and are capable 
of' handling all traffic orig"\natiIlb in the State. 

Plate L X V shows the railroad lines of Nebraska. 
The railrood mileage of various lines is listed 1:e­
low: 

Railrce.d 

Chicago, Burlington, and Quinay 
Union Pacif'ic 
Chicago and Northwestern 
Missouri Pacific 
Chicago, St. Paul, �linneapolis 

and Omaha 
Chicago, Rock Island, and Pacifio 
Omaha Bridge &: Tenninal 

Total 

HIGHV{AYS 

Mileage 

2,854.59 

1,356.97 

1,100.97 

359.31 

261.45 

250.46 
1.45 

6.185.20 

The Nebraska State Highway System as o utlined in 
the 1939-1940 Biennial Repor t of �e Bureau of Roads 
and Bridges was made up of approximately 9,000 miles 
of marked and maintainQd roads and 2,220 miles of 
roads deSignated for the State syst�m but not main­
tained by the State. This total approxiI!6. tes 11,220 

miles. 

l/ebrf\ska is vrell supplied with rend-surfacing 
rr.utoriuls for all types of roods. Sand, gravel, 
crushod stone, and cement are produced in adequate 
quantities for road oonstruction. It is necessary to 
import bi tuminous na terials, lumber, and products 
from steel m ills. Howevor, steel is fabrioated in 
tho State. 

Highway U. S. 20,U. S. 30, U. S. 6, and Nebruska 
2 traverse the State i n  an east-vrest direction, and 
lJ. S. 73, U. S. 77, U. S. 81, U. S. 281 , U. S. 83, 

Nebraska 14, 15, and 19 traverse the State in a 
north-south di rection. All of the a bove-named high­
ways traverse the Platte River Basin for a fRrt of 
their length except U. S. 20 whioh c rosses the 
northern section of the State includi ng the Minor 
tributarie s of the Uissouri, the Elkhorn, the Niobrara, 
and t he White River-Uat Creek Basin. U. S. 6 and U. 
S. 30 are surfaced throughout their longth with con­
crato or bituminous materials. 

Highway U. 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 highway lOOp of th e 
State Highway System, page 72. Other routes orOSB 
several river basjns i n  traversing the State. 

AIRWAYS 

Throe major airlines cross Nebraska: (1) The 
Hnited Airl ines,operating from coast to ooast,crosses 
the St ..... te from east to west; (2) the IHd-Conti!1ent 
Airlines, operating from Minneapolis to Kansas City 

'0 Sioux City and Omaha, cros:;:.es Nebraska from north 
t ... sruth; a:r:d (3) the Inland Airlines oper:ltinc be­
tw�(n Cheyorme, Wyoming, and Huron, South Dakota 
crosses tho plnhandle. A branch of t he United Air­
lines also operates between Denver and Grand Island. 

As shown by the following table, 42 Nebraska 
towns have larrling facilities for aircraft. The air­
ports at Omaha, North platte, and Grand Island are 
capable of h andling the largest airliners 
operating. 

AJ.nsworth 
Alliance 
Atkinson 
Auburn 
Beatrice 
Big Springs 
Blair 
Bridgeport 
Broken Bow 
Chadron 
Chambers 
Columbus 
Crawford 
C rete 
Fairbury 
Ft. Crook 
Ft. Robinson 
Fremont 

NEBRASKA AIRPORTS 
January, 1941 

Gordon 
Grand Island 
IIastings 
Hayes Centor 
Hebron 
Holdrege 
Kearno�' 
Kinball 
Lincoln (3) 
Long Pine 
llorfolk 
No rth PIa tte 
Ogallala 
Omaha 
Rushville 
Scott sbluff 
Sidney 
St. paul 

Stuart 
Tecumseh 
Tekamah 
Valentine 
York 
Wayne 

To be com-
pleted in 

1941 

Clay center 
)'alls City 
Imperial 
Nebraska City 
Neligh 
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GMerai Sec/ion 

Commercial navigation 
only on the Missouri River. 
strtl6l!lS is too irregula r and 

in Nebraska 
The flaw 

shallow. 

is possible 
of the other 

The existing lllvit;ation project for the impror�­
ment of the Missouri River from Kansas City, Missouri 
to Sioux City, Iowa wus provided for in the River 
Ilnd aarbor Act adopted January 21, 1927. This project 
which provided for the c onstruction o f  � 6-foot ohan-" 
nol has been completed between Kansas Clty and Or.laha. 

There t..re Z distinct units of imprOV8n¥3nt de .. 
signed to stabilize and re£ulate the channel of the 
river. The Fort Peck Reservoir, near Glasgow, 
f,!ontana T6gulates the dO'Wl1stream flaw. This reservoir 
has a capacity of 20,000,000 acre-feet. The conatruc­
tion of bank revetments, permoable dikes, and the 
remov al of snugs stabilizes the channel. 

Ilavigatim abave Kansas City is c!ependent upon 
the release of ·water fron the Fort Peck Heservoir, 
since the nomal low-·.·.rnter flow is definitely in­
adequate to naintain navigable dopths. The nnvigo.tion 
program depends. therefore, upon the rate of im­
pounding at Fort Peck as determined by precipitation 
and run-off in the tributary area. 

The proposed metl".od of operatinc; the Fort Peok 
Heservoir provides f or a minimum flt7tV 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 

PRINCIPAL 

75 

barges and c�ro1al tows loaded to a draft of 5.5 

i"eet. During t he low "'''8.ter pericxi in the fall the 
channel in thia section aocomodates draf'ts of only 4 
feet. With favorable progress the charmel from 
On:s.ha to Sioux City may be o pened to mvigation in 
1941. This will give Nebraska a total navi(;o.ble 
water front of about 240 miles. 

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

by the arrival of a Diesel tow boat which brought 2 
barges cont aining 350,000 gallons of gasoline. The 
ca rgo was equal to 44 railroad tank cars of gasoline. 

v.hen commercial IlIlvigation was initiated on the 
river June 3, 1939, ArT:ly Engineers reported the chan­
nel in excellent c onditim. IIauever, the channel is 
still b eing shaped into its fiml course. Finishinc; 
improvements are being put on the cut-off stretch 
ne ar Plattsmouth. 

The newly canpleted river channel between Rulo 
and Florence has b een lighted and IOOrked. One 
hundred buoys and 37 d ay markers were installed. The 
buoys in dicate the course of the ch annel. Af'ter 
cor.unercial mvigation 1s established lights will 
probably be inst alled to permit night na.vigation. At 
present the rivor is llghted only bela« Kansas City 
for n.ight navi.gation. 

A� engineers have 
$140,000,000 to transform 
navigL�1e stream. When 
St. Louis to Sioux City 

spent 12 years and nearly 
the Mis80uri River into a 

the 764-mile stretch fram 
1. completed approximately 

UNITED 
WATERWAYS 
STATES 

L X I X 
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.160,000,000 will have been expended. 

An author ization by t h e  River and Harbor Aot 
*y :51, 1939 inoludes llddit imal. impr ovBmalt of the 
!.11sscuri River and provides for the cCIlstructlon of a 
9-foot channal nat less than 300 feet wide from Sioux 
City to thet mouth of the river. The first cost 18 
8stimt.ted a t $6,000,000. When the 9-foot cha nnel is 
cOlilp!ated the type or equipIOOnt found in the renXl.in­
dar of the system. will be able to operate to Onaha 

Wafer Resaurces of Nebraska 

and Sioux City. 

Th e irrprov&aent of the mtural outlet should re­
sult in reducea. transp ortatiOl rates to the principal 
industrial centers of.the East, and to the points of 
oonsumption'f!?T our agr1 cultural products. These 
c onditions shoUld s ervo &1 sti.JmJli to tl'13 in dustrial 
development within our State. Plate L X I X shows how 
NebrJ.ska is oonneoted 'With th e  navigable ....aterwuys of 
the' United Sta tes. 

STATE AND FEDERAL PARKS, RECREATION GROUJiDS, 
AlID GAUE RESERVES 

lie bra.ska, 1939 

NATIOllAL FORESTS 

Ch,rry 
Thomas 

Merriman) 
Halsey ) 

217,808 Hebraska Natioll&l 
!rebraska 1!ational 
Wood and Timber 

Rese rvation Sioux Fort Robinson
·

lO,240 

Total 228,048 

STATE P'ISH IWCl!ERIES 

Benkelman Dundy Benkelman 30 
Gretna Sarpy Gretna 50 
Rock Creek D.mdy Benkelman 120 
SChlegel Creek Cherry Valentine 560 
State Fi.h Hatchery Cherry Valentine 480 

Total 1,240 

STATE RECREATION GROUNDS 

Arnold Lake Custer Arnold 40 
Ballard I s J.larsh Cherry Valentino 1,500 
Blue Rivor Seward Milford 14 
Champion Lake Chase Cham.plon In 
Cottonll'.ill Lake Bufralo Keamey 100 

"Cottomrood Lake Cherry Merriman 160 
Duke Ale:d.s Hayes Hayes Center 100 
Elkhorn River Dodge West Point 200 
Fonte:lelle Forest Douglas Chaha 2,500 
:Frer.l.ont Dodge Fremont 307 
Frye Lake Grant Hyannis 345 
Goose Lake Holt Cleanrater 350 
I:acl:be rry Lake Cherry Wood Lake 440 
i:o.stinr;s Ad8Ii'.3 Ayr 55 
Jefferson County Jefferson Alexandria 30 
Litchfield Sherman Litchf'ield 20 
LonG Lake Brown Ainsworth 80 
Lo"p City Shero.an Loup City 51 
!.:omphis Lake Saunders Memphis "147 
Pawnee Lake \'Iebster Guide Rock 40 
Fibel Lal:e 'Wheeler Spalding 80 
Flattevievr Cass Louisville 190 
Pressey Custer Callaway 80 
Ent and Beaver Cherry !iood Lake 444 
Ro.verma Bufra10 Raverma 80 
Richardson County Richardson Verdon 55 
U. F. Pits Dodge Fremont 307 
','lalgren Loke Sheridan Hay Sprine;s 13 0 
';'ie 11 fl e ct Lincoln Wellfleet 110 
-,'iildcnt Hills Scott. Blufr Scottsbluff 1,000 

Total 8,971 

COUN'XY TOIIII 

STATE PARltS 

Arbor Lodge otoe Nebraska City 
Chadron Dawes Chadron 
Fort Kea.rtl8y Kearney N8W1U"k 
Niobrara Island Kno:t Niobrara 
Ponca Dixon Ponca 
Stolley Hal l Grand I s land 
'/ictoria SpriDgs Custer Anselmo 

Total 

STATE GAME RESERVES 

Burt County Burt Oakland 
Cass County Cas. Murdock 
Columbus-Genoa Platte Columbus-Genoa 
Dakota County Dakota Jackson 
Dodge County Dodge Fremont 
Douglas County Douglas Valley 
Garden County Garden Oshkosh 
Jefferson County Jefferson Fairbury 
Lancaster Lancaster Lincoln 
Lancaster Lancaster Lincoln 
Lincoln County Lincoln North Platte 
Loup County Loup Taylor 
Madison Madison Norfolk 
Niobrara Island Knox Niobrara 
l-.'uckolls County Nuckolls Bostwick 
Pierce County Pierce Pierce 
Rawll Antelope Tilden 
Saunders County Saunders Ames 
Saunders Cowrty Saunders Ashland 
Saunders County Saunders Cedar Bluffs 
Saunders Cowrty Saunders Wahoo 
Sheridan County Sheridan Hay Springs 
Stanton and Cuming Stanton and 

Cuming Stanton 
State G6.me Fann Madison Norfolk 
Walton Lancaster Walton 
Washington County Washington Fort Calhoun 
Wildcat Hi.1ls Scotts Bluff 

and Banne r Soottsbluff 

Total 

ACRES 

65 
804 

40 
408 
200 

43 
60 

1,620 

50 
2,560 
2,500 

760 
1,425 

750 
7,000 
1,080 

160 
42 
14 

2,720 
10 

562 
1,850 

160 
440 

72 
500 

3,425 
1 ,760 
2,660 

776 
160 

5,188 
1,450 

800 

38,874 



General Section 

FEDERAL GAME RES!l!VES 

National water 
Fowl Sanctuary 

Niobrara National 

Total 

Grand Total 

Garden 
Cherry 

Mumper 
Valentine 

41,000 
16,681 

57,681 

336,434 

Wl1d llt. and r •• reatloDOl la.l11tl •• ln I .. 
braaka haT. be.n att.ated by the d ... lopaeat aDd u.e 
of the water re.auroe. of the State. Irrlptlon. 
drel�". and lndu.trl •• ha?O had a tODdena.r to dl­
.in1.h ar pollute the lake •• aar.he •• and .tr ..... 

The depletion or bodie. ot .. t.r lUCk a, ere'. 
oent lAke in G&rd.n CoU11't7 11 a priae taotor In 
r.duoinc wat.rfowl and. n.h popu.latlO1l. On a l .... r 
loa Ie perhapI wild 11t. hal be.n redua.d by the 
dra1D1.fj;' of .... 11 .. r.h, aDd. ... py traotl on !'ana,. 
Th... were •••• utial habitat. for a&D1 tur-�riD« 
animal. and afforded f •• ding, .. t.r 1D&. aDd r.ati� 
plao .. for a .... ri.ty ot oth.r ton .. of wild 11t •• 
Howev.r, the Wid.apr.ad d ..... lopa.nt of taN pond. aDd 
etock-wat.rin& plac.. 1. .Tid.Doe ot a oh&D�. at 
eenttment about drainag.. In Ia.e partl at the stat. 
ra�ere have oonetruct.d lmall dame to CODI'� lur­
plue water aupplie.. Such * uppli., are oonduoive to 
the cons.r .... tion and propafj;atioD ot wild 11t •• _ 

R.oent drought. have .eriou,ty aft.ot.d the 
aquatic habitat of wild lite in Nebralka. Dur1ac 
period. of low water the wild 11f. ot the ur.h.1 and 
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lake. whioh oannot migrate periah.e. Many t1.h lak •• 
dried up reduoinr; the normal hatoh of game bird •• 
There has be.n aome progress in re.tooking fiah and 
r;nme in depleted are.a. Seyero winter oondition. 
durinj drought periods rr •• &e shallow lakes to the 
bottom killlnr. large numbers of fiah. HoI.. are 
.ornatime. out 1n the ioe or art •• ian welle are 
pu� down 1n the lakes to keep them open. To prOTent 
loa., the fish are sometimes aeined from the .hallaw 
la.kea in the f&l1 and tra.n"sferred to more ,table 
bodi •• of water. 

Th. fluotu..tloD of the .. tar Ionh abo art.ote 
the srowth ot ",rioue kind. of Ter;etatlon upon whlob 
al&ratory aterto1rl, maler.ta, be.nT, and miDt r •• d. 
Fittl", wildfowl requir.ente into an .",lneerl", 
proEra 11 • Fea1.1111 n,ld tor .tucq and inTI.tip­
tion. 

The or .. tioD ot an adequate .yet_ ot ref\1g •• 
alo", the pr1nolpal r(Nto. ot algretlon and at polnt. 
ot ,re.t.,t oonoeutratlon ta d.air.bIe eTeD thoUCh 
au, worthwhile retu, •• ar. d •• tined to interrere to 
leal .xt.nt with bo&tl�. £i1hin«. and .hooting. to 
be err,att" &Df .y et_ of refUge . should harbor 
throup\out the open '_Ion the mOlt important water­
fowl aploie. 1n .hooting are... RefUge. and .ano*U­
ari,. pre •• Dt eaolll,nt opportun1tll' to .t�­
lrt. interelt 1n better wild .. Ut. management. 

POU»TIOIi 

Water pollution 18 de.tructivI to flah, water­
tawI, and their rood an� ne.ting materials. Pollu­
tion .uah ., .swage and Induatrial wast. r.ault. 1n 
toxio oonoentration. that are the cau ••• of muoh 
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d .. truotlon. Sew.t;. and lnd\.i.strial waltea should be 
treated before they are dllOharged into atroama. 

The �.r low-water conditions are dangeroul 
beoau •• of the reduoed supply of water and the highly 
co noentrated pollution IUbatano... High temperature. 
allo inor •••• toxioity. 

�hl1. pollution haa roached the nui.anoe .ta�. 
in only a few areaa it should b. aonaidered an im­
portant £aotor in the utilization of our water 
ro.ouro.a. Inoreaaing population and manufaoture. 
will lnt.neity the problem to a point where water 
treatment will beoome imp.ratiTe. 

Water Resources of Nebraska 

hESERVOIR LAKES 

LAkes oreated by the oonstruotion of large 
power and irrigation dams aro of great value to the 
conservation of lI'ild Ufe. 

Restor&tlon of wild Hf. involves the ro-estab­
lillhmont of their habitats. For aquatic birds and 
animals auit.ble- waters must be made aooessible. 
Improved methods of land use will tend to provide 
additional food and oover whioh i8 the first require­
ment for terrestrial animals. 
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WATER RESOURCES 

IlUI!FACI WAn!! .&ID CJIiIlUII) 1IA!Il! 

SUHFAC! lIATIR 

Surh.o. water is the preoipitation residl,18 in 
exceu of abaorptl:m and infiltration. Surfaoe water 
Ira)" also be a portion of the ground water ttiB.t re­
appears from the ground ....... t.r supply direotl y into 
the drainage courses. The wide variation of .uoh ele­
menta as pr.clpltatlon� evaporation, run-off, &round 
seepage, and transpiration also afr.ot the surfaoe­
water supply. Although rainfall and run-o.tr are the 
_jor faoton determining supply o f  .urtaoe water, 
phy81ogra�hy and olimate are a180 1mp�t factors. 

A Datural balance of retarded .• urC.ce flow, 
underground storage,and the •• epage tnIm \Ul.derground­
Itonge supplies tends to maintain • talrl:y regular 
supply of water in str"mI, lake., and pond •• The 
replenishing souroe. for stream flaw are preoipita­
tion, underflow of rivera, upstream oontributions, 
and subsurfaoe flow from adjo1ding land. The 
seotional oontributions to river 411 oha r,e vary 
aooording to the thioknes3 of the water-bearing 
fonrntion, the area, degree of 8atuz-.tion, and the 
permeability of the soils. The .faoto,.. at'feating the 
quantity of river�ter 1088 are permeability and 
gradient of adjoining lands, the quantity of water in 
the rivers, and the rate and amount of 8"Rporation. 
In sane parts of the State surfaoe _'tier 18 augmented 
by irr1gatlan praotioes, while in other parts it i. 
tieoleted. 

oour88111 of Nebraska is f'rc.a nnrt.hvest to louth.Bst. 
The streams of the State vary oonsiderably in 
quantity of water and uniformity of flo., because ot 
geologic, soil, and olimatio oonditions of their 
basins. Those fed mainly by 8urfaoe run-off vary more 
in discharge; thoae heading in the ground water ot 
sandy lands, as in the Sand-lUll Region ma.1ntain a 
more uniform flow. All the larger streams within or 
adjoining the State haTe heen gauged at regular 
intervale tor sevenl years. The discharges of these 
stro&ma are quite well known. At the present time, 
the Department of Roads and Irrigation in oooperation 
with the United States Geological SU!,,"8Y lIIlinta1.ns 
autOJllltic-reoorder equipment at 48 stationa, in 
Nebraska. The resulting daily disoharge reoorda are 
invaluable in planning tor the future utilization ot 
the water reaouroea of thla state. Long-t1me reoord.l 
tor Nebraska are perhap. more nearly I oomplete than 
tor any of the other we.tern atate. �re irrigation 
is practioed extenaively.Our .treame pre8ent problema 
relatinJ'; to draina,:;e. nood oontrol,irrigation, power 
development, wild lire, dOJM.t10 water .upply. and. 
reoreatioral u.e. 

STREAm 

The 1ak .. are numerou. but: WI\I&11)' .mall and 
.hallow. Counting those with are... of 15 aores or 
acre, the State hal more than 2,300 lake., IIBrshe8, 
and artifioial re.lrY01r.. Ifeat of the natural lak .. 
and DIlrshe. are in the Sa.o.d-H111 hgien. They are 
8ha 11 a., many of them intermittent. About 1,000 ot 
them became dry durlng the reoent dro�t. 

Tho pn ... l d1 ...
. 
ot1C11l of tbol .•. 1or n..... 

COMPARATIVE MEAN DISCHARGES OF STREAMS 
NEBRASKA 
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AREA OF SURFACE tiTER 

The combined are. of the intermittent lak •• � 
JllArlh.. aVlrag •• about 163 .quare lIlil .... and tba t ot 
the p.�n.nt streams about '96 .quare mil... Th, 
maxtaum ar ... of the lurfaae water of the Stat., not 
inoluding flood., 11 about 890 equare mil... The av­
Irage 1. about 640 .quare mil ••• Th. dr0u&hta at 1934 
and 1936 reduoed the oombined are.. to about 800 
equare ",11 ••• 

The are.. of the water surraDe of the Stat. ha. 
been inoreaaed Donaiderably during the p .. lt t .. Ylar. 
by the oonstruotion of re.ervoir. in aonneotion with 
watar power, irrigation, and Iro.ion-oontrol work •• 

When the re.ervoirs are f l1led, the irrigation and 
water-pa.er projeote now under oonltruotlon, Or 
authori&ld tor oonltruotion, will add about .2,600 
aor •• of water surrace to the Itate. The 'T&poratlo� 
10.' tram the re.8rTOire and other tre .... ter .ur­
fao.. ot th. State i. oonsiderably Ie.. than the 
aaount at direot rainfall they rloliTI. 

VOLUIIE OF SURFACE '/lATER 

The amount of surfaoe water, like the soil 
moisture, varies greatly throughout the year. Not 
inoluding the disoharge of the Missouri, the annual 
inflow is ahout 2,000,000 aore-feet from Kaneas, 
Colorado, Wyoming, and South Dakota, through the 
Republioan, south Platte, Uorth Platte, and Niobrara 
rivors, and their tributaries� The outflow by Hat 
Creek, White, Niobrara, Little Blue, Rig Blue, 
Republioan, and Platte rivers, is about 6,800,000 
aore-feet. This shows that the outflow exoeeds the 
inflow by about 4,800,000 aore-feet, or an amount 
equal to slightly more than 5 per oent of the total 
volume of the mean a.nnuaJ. rainfall of the state. 

The &zmUlll dhoharsl of the 1I1110uri Rinr 
Tarte, blJl.ween 26,000,000 and 52,000,000 aore-reet at 
Rulo. Of this, there are only .bout 5,800,000 aore­
reet contributed by Nebraska creeks and rivers. 
About 1,000,000 acre-feet are contributed by Nebraaka 
streams below Rulo, Nebra.ka. Consequently, the 
volume of surface water in the State i. relatively 
snall. 

In 1931 the Surface Water Divisicn cf the United 
Statu Geological Survey entered into a oooperative 
agreement with the Nebraska Depa.rtment or Roade .nd 
Irrigation in extending the study of the water re­
souroes of Nebra.ka. This study hal been oontinuoua. 

FLOOD WATERS 

Every large stream in the State re.ohes tlood­
stage in some part of it. oour... The stream. in 
Nebraska whioh are .ubject to floods throughout their 
oour., • •  re the Missouri, the Republican, the Platte, 
and the Loup rivers. 

Nebraska tloods ooour within the period April 
1st to Augu.t Sl.t. Kore than 60 per oent ot the 
flood. aome in June. The oontrol of exoe •• run-ott 
tend. to equalize maximum and minimum .trlam f'1ow� 

'Peak flows are I retarded and reduoed to provide 
dependable water eupply for i,rigation during period. 
0: law flow a.nd drought . 

ilARLYFLOODS 

Destruotive stream flood. have ooourred in 
Nebraska during it. entire history. Several of the 
early floods are matters of legend and tradition 
rather than of historical reoord. one of the early 
noods ooourred 1n 1785, a year known in )(1dd1e. 

Water Resources of Nebraska 

Western Reglona as "The Ylar of tho Big waters-. All 
the steams of the North and Middle West reaohed 
flood stages. Theae .ere reoorded on the Kis.issippi 
in the vicinity ot the pre.ent .lte of St. Loui •• 

?robably very little damage wa. done becau.e Nebraska 
was undeveloped at that time. 

The next great flood ooourred in 1826. The 
spring ssa.on at that year was oharaoterized by ex­
oes.lTe rainfall throughout the Middle West. The 
Mi.souri and Mi.sissippi riTers were at high .tage 
during April and Kay. 

Anothur aximum nood visited this area in 1844. 
Suffioient evidenoe exi,ts to e.tabli.h it a. one of 
the greate.t flood. in the history ot this territory. 
Monetary lo.s ..... ... 11 beeau.e Nebra.ka was not-- yet 
.ettled. 

other general tloods ooourred in 1845, 1851� 
1858, 1881, and 1886 although little i. known 
oonoerning them. 

One of the most important noods acourately 1!8-

oorded ooourred during the l.tter part of 10ky and the 
tirst part of June� laoS. It resulted in very high 
flood .tages throughout the ",entral and eastern part 
at the Kis.ouri River Balin. It wae exoeeded only by 
the flood of 1844. 

Floods in the Republioan-Iansas River Basin .ub­
sequent to that ot 1903 ooourred in 1904, 1908, 1915, 
1923. and 1936. None of them equaled the flood of 
1903 in eastern K.n.... although the tlood of 1936 
in the upper IAns •• RiTer o 1oee�y approaohed it. 

At the oroat of tho 1936 flood, the diBohargo 
was approxt...tlly g ,\;1u. Iraater than had ever been 
previou.ly rlcorde4. PrlTiou. tlood. were as high a. 
24,600 cubic teet at Hardy, Webr.ska, where the riTer 
oroase. the .tate line into Kan.... The 1936 flood 
di.oharged. 226,000 "oond.-teet at tItle point. 

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

The Republio.n River Valley from the eastern 
part of Colorado to Junotion City, lans •• , a distanoe 
ot 350 miles, wa. flooded for & width ranging from 
three-quarter. of a mile to 1.6 mile.. More than 
100 lives .ere lost and muoh live.took .nd many 
buildings were destroyed. Thous.nda of aores of rioh 
tarm land, oovered by deposit' of •• nd brought dcnm 
by the nood waters, were greatll da_ged. Nearly 
.11 the highway bridges over the river .ere either 
destroyed or rendered impassable. The highways along 
the valley were washed out in many pl.oes. On the 
main line of the Burlington Route tram Chicago and 
st. Loui. to Denver. about 40 miles of traok were de­
atroyed. Regular train Ichedulee were not resumed 
tor three week •• The loes at the railroad, ohargeable 
directly to the flood in the Republican iiver Valley� 
was e.timated at $1,500,000. 

The tollowing data .howing the orest of the 
flood at various Nebraska pointe are based on the 
investigationl made by the Missouri River Division 
of the Corps of Engineers, United States�, .nd 
Tho St.t. Engineer of Nebraska. 



Crest of DischHrge 
Area of !;;eun Crest Dis-

Point on River 

Cross­
Section 

Sq. Feet 

Velocity 
in Feet 
Per Sec. 

charge in 
Cu. Feet 
Per Sec. 

Newton, Colorado 23,900 
25,000 
56,800 
45,900 

4.30 
7.60 
4.41 
4.91 

103,000 
190,000 
250,OJO 
225,000 

Max, Nebraska 
Uloonington, Nebraska 
Hardy, Nebraska 

The estimaten maximun flow at any point on the 
river was at Cambridge, Nebraska below thE' mouth of 
Medicine Croek, where 280,000 second-feet 'W8.S reached 
at crost discharge. At Bloomington, Nebraska the 
river rose from 7.5 depth at 6:00 P.M., lh1y 31st. to 
a crest depth of 20.4 at 10:30 P.M., June 1st with a 
width of flmv of 1.5 miles. At points on the river a 
l2-foot gre�ter rise was recorded over that of any 
previous flood. 

The following table shows losses based on in­
vestigations made by the 11issuuri River Division of 
the Corps of En�ineers, United States Army, the State 
Engineer of I'rebra.;ka, the division of Water Resources 
of the Kansas State Board of Agricul bIre, and Colorado 
state and county offioials: 

• 

" 

•• 

') 

if 

Summe ry of Losses in Colorado and Nebraska 

Colorado Nebraska 
Liv es Lost 6 94 

Livestock Lost 300 8,100 

Poul try Lost • 46,500 

Highways Damaged (Miles) "5 341 

Highway Bridges Damaged ' 6 "607 

Crops Damaged (Acres) .. 42,000 
Farm Land De.r.aged (Acres) 15,000 57,000 
Total Value of 

;>roperty Loss o�n,o.ooo #$7,532,000 

1�0 ltecord 
Esti1I'l:lted 
Does not include county bridges 
Area damage in Colorado was chiefly hay land and 
is included under farm land darraged 
Includes damage to county bridges and roads 
Includes $1,500,000 loss of Burlington Railroad 
directly chargeable to the flood, a small part of 
which occurred in Colorado 

The largest single iter:l of loss in Uebraska, and 
the one requiring; considerable atton tion is the 
future land use in the flood plain. This are6. was 
severely damaged by deposition of sand and gravel and 
by the cutting away of top soil. Strong winds stir 
'clp dense clouds of sand which whip about cutting off 
vegetation. The rosult is much damage and discomfort 
in adjoining ar�as. 

Two of the most destructive floods in the 
histor�: of the State oocurred in the Republican River 
Valley in t':o.y 1935, and in the Missouri River Volley 
in eastern and soutr.aastern Nebraska July 1938. These 
flooos were caused by cloudbursts and ex�essive rain­
fall. Both incurred r;reat loss of 1 ife and property. 

Several floods of considerablA inteus�ty have 
been recorded in the Rerublican River Valley and its 
tributaries; one in 1905 and 1915, and 4 in 1935, 
:; of which occur red within a period of 17 days. 
'rhe first of the 1935 floods occurred on May 28th, 
when the w.:.ter at McCook, Nebraska reached about t'he 
same stage as the flood of 1915, which, u� to tha+' 
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time, vms the worst flood:LD the history of this 
area. Tho second flood, and the worst in the histor�r 
of the river, occurred on },!ay 30th, 31st, and Juno 
1st. The third fl cod occurred on June 16th a:1d 17th 
9.t McCook. but did not cause any additiona.l damage .. 

In 1935 farmers planted a 1 imi ted area of the 
flood plain to such crops as corn and cane, but re­
turns "Noro disappointing. Ar... extensive well-plarmed, 
tree-planting program is being considered for the 
rehabilitation on lands rendered unfit for culti­
vation �� floods. 

MISSOURI RIVER FLOOD 

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

The flood was caused by excess�ve preclp��a�lon 
and melting snow in the Upper Missouri, and Yellow­
stone basins of Wyoming and Montana,. supplemented by 
considerable discharges from streams fa rther down the 
river. incl�din� the Platte. 

'rhe Nebraska. State Pltuming Board and f'ed.cr[o.l 
"boncies are considering plans for the d6velopment of 
ways �nd mean s by which a recurrence of severe flood 
damages may be avoided. 

The plan for flood control includes the con­
struction of reservoirs on the larger tributaries for 
the retention of maximum flood flows. Any plan for 
flood control should be supplemented by a proper 
adjustment in land use. The developnent of water­
cunser'ling tillage practi·,es and water-retarding 
factors is a very important part of a comprehensive 
f1ood-provention Ilnd control pror,ram. 

The -::rest of the flood reached Bisnarck, IJorth 
Dakota on July 8th; Pierre, South J).l.kota on July lOth, 
and Omaha on July 11th. The United States GeolOGical 
Survoy has not nnde a finnl deter:ninat ion of the 
exact discharge at the cre�t of the flood, but at 
Omaha it wes between 115 and 120 thousand second­
feet. At Omaha the stage remained above 16 feet frur.l 
July 3rd to July l7th,and above 10 feat from July 9th 
to July 15tha The partial operation of the Fort reck 
Reservoir this year reduced the flood stabes wnich 
would otherwise have occurred, by about 1.5 foet. 

Official estimates of property lOBS in the 
Missouri River f lood are not available at this time. 
No loss of' life wad reported. Unofficial r-dports 
estimate heavy losses of livestook and property. 
Thousands of' aores of rich farm land were inundated, 
and crop loss reaca,1 into thousands of dollars. 

UROUNlJ WA'l'ER 

Ground wat�r 1s one ('1.' the most impo.!'tant 
resources of Nebraska. Some authorities suggest that 
it is of groater importance than the soil. 

The more readily available ground��ter supply 
is about 750 times the total volume of the surface 
water of the State. It is estimated at approximatoly 
10 times �he average annual rainfall or an amount 
suf ficient to fill a rectangu1.ar tank about 390 feot 
deep and 10 miles wide, 3xtending the length of the 
State. lJuch ground water has been lost in latb 
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�eologlc times because deep valleys tap the wator­
bearing mantlerock resulting in oonsiderable 
underflow leakage. 

Maintaining a permanent ground-water supply 
causes grave ooncern. Reoent drought.. waste, and 
drainage have resulted in heavy 10ss8s of ground 
water. Although the ground-water supply has not been 
seriously depleted in any part of the State, there 
are plaoes where the water table has been lowered. 
Suoh conditions require the initiation of oonserva­
tion measures. 

WATER HORIZONS 

There are many water-bearing horizons in the 
State. Their distribution is not uniform. Some areas 
have little or no ground 'WB.ter and other areaa have 
vast quantities of it. In 8ame seotions the water 
horizons are shallow, and in others they are deep_ 

Mantlerook HoritoDb 

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 
tmportance of these favo�ble conditions for ground­
water storage 1s net generally understood or 
appreciated. 

Relatively unoonsolidated 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 knawn as Holdrege-Gran� 
Island sands and gravels whioh outcrop at place, 
alont the borders or tne Repuolican, Little lHue. 
Platte. and Loup valleys. These deposits whioh carry 
much�round water, underlie the middle course of the 
Platte Valley and reaoh northward and westward for a 
oonsiderable distanoe under the sand hills and at 
plaoes into th9 hard lands. These water-bearing 
strata pinoh out south of the Republican River in 
Nuckolls. Webster, Franklin, and Harlan oounties. 

The sand-hill areas are occupied at the surface 
by dunesand and other sandy materials. The materials 
of the alluvial lands vary grea�ly in texture. grad­
ing from silt to sand and gravel. In plaoes along 
larger valleys suoh as the Platte. Loup.and Republican 
there are terraoes capped with 10es8. 

Glaoial d�po.lt. of varyiDt thiokness ocoupy the 
drift-hill area in southeastern Nebraska. The 200 
feet or more of drift, in Nebraska, inoludes 2 
fairly peraistent eand and gravel sheets and 2 
boulder-olay deposits called till sheete. Bot� �re 
formed by glaoiers but cll1'l'er thUS1YJ till 18 1ce­
transported. and the associated sands and gravels are 
water-laid. 

Bedrcck Water Horizons 

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

Salt Vlater Horizons 

Water Resources of Nebraska 

In some small areas of Nebraska there is a 
soarcity of good drinking water. In other areas 
shallow ground ',',ster nakes 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 Illlin souroes of salt water occur &8 follows: 
(1) in the Dakota grouPI and (2) in zones of the 

!enmian and Pennsylvanian System, as at Lincoln, and' 
near Union and Unadilla. 

ARTESIAN WELLS 

Muoh of the State 1s underlain by fornations 
carrying _ter w:x\er pressure. The pressure may be 
suffioiently strong to cause a flow when tapped by 
wells. The pressure 1e developed in aquifers con­
fined between .impervious strata. 

All ground watere oontain some salts in 
solution. The ohemical qualities of artesian water 
seem to vary with the distanoe it has moved from. the 
poiDt of intake to the plaoe where it is tapped by 
welle. other oontributing faotors areJ (1) the rate 
of movement; and (2) the oontinuity of the reservoir 
rook. The leading artesian aquifers are the sub­
glaoial gravels, Holdrege sand and gravel, Ogallala 
formation. Chadron formatio�Dakota group sandstones, 
Mississippian limestone, Niagaran dolomite, Galena 
dolomite. St. Peter sandstone, and the Jordan sand­
stone. In order to seoure a maximum supply of water 
the wells are usually left open to a number of 
different water horizons, henoe the water from most 
of these wells is chemioally and physioally a mixture 
of them all. 

There are more than 1,500 flowing wells in the 
state. Many of them are looated in the sand-hill 
region. They Bre used for about the same purposes 
as other �lls. The waters £rpm mineralized artesian 
wells are used for sanitarium, bathing. and other 
purposes. 

There is a great waste ot· an:;eSl.an WtllJ..J.. wa"&er. 
Many wells have oeased to flow becausu of the 
collapse of corroded casings, while others no longer 
flow because of a reduction in hydrostatic pressure. 
The artesian waters of the State have not been used 
to muoh advantage exoept in plaoes where there is 
scant. shallow. �ll wa.ter, and in parts of the sand­
hill region where the wells are shallow and 
inexpensive. At Beaver CroBsing flowing wells are 
used in the development or SDall streams and ponds 
for trout oulture. and a number of other uses. There' 
are a number of placos in the State where artesian 
water is impounded in fi.h ponds and lakes. 

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

At present there is a speoial demand for infor­
mation oonoerning the distribution and oonfiguration 
of water-bearing formations,and the origin, movement, 
quantity, quality, and availability of ground water. 
There is need for a water-table reoord showing depth, 
draw-down, and seasonal fluotuations. Sinoe 1930 an 
investigation of the ground ...... t.r levels in Nebraska 
has been in progress by the United States Geologioal 
Survey in oooperation w1th the water Survey of the 
Conservation and Survey Division of the University of 
Nebraska. The Centn.l Nebraska Ground-water Survey, 

.although a separate investi,ation, served to in-
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augurate thr.. fluotuation studies. Studies were Inb.a.tt 

of the grc:·.nd-water resources of the Platte River 
Valley in oentral Nebraska where periodic measure­
ments of the 'W8.ter levele have beeD made on 
approximately 120 irrigation and test wella since 
August 1930. to determine their fluctuation in 
response to precipitation, irrigation, stream flow, 
and in aome oases pumpage. The present State-wide 
water-level program inoorporates a number of these 
original Platte Valley wells, 80 that the continuity 
of these reoorda baa not �een broken. 

A resume of the periodic observations at water 
levels in central Nebraska since 1930 written by � 

member of the State Water Survey l'urnisnes the fol­
lOwing data: periodio observations were made in 
about 100 walls located in the Platte River Valley in 
central Nebraska between Grand Island and Cozad. 
These observations reyeal that the water levels in 
the wells shaw a declining fluctuation range from 1 
to 8 feet during the period October 1930 to October 
1934. This indicates a general deoline of the ground­
wate .... table throughout this part of the Platte 
Valley. The general decline cannot be interpreted as 
pernanent but results from the interrelated Dlctors of 
�nnual and monthly precipitation, temperature, depth 
of ground water, wind movement, barometrio pressure, 
and the season of the year .• 

The greatest deoline of the ground-water table 
ootiurred in parts of the valley between Cozad and 
Ke�rney. In this area, the principal cauao for the 
decline was probably subnormal preoipitation, com­
bined with a relatively snaIl amount a f surface water 
availablJ for irrigation in the last 4 years. The 
decline ranged from 4 to 8 feet in an area north of 

Water Resources or Nebraska 

Cozad and Lex1ngtun, and from 3 to 4 feet in an area 
on the north side of the valley from Lexington tc 
beyond Kearney. 

East of Kearney the decline of the water table 
has been generally less than the decline west of 
Kearney. In the area east of Kearney the decline was 
less because the water table had not been built up 
to any great extent by surfe.ce irrigation prior to 
1930. Such decline was due largely to subnormal 
precipitation and pumpage. 

A comparison of the relation between fluotuating 
water levels in 20 wells between Grand Island and 
Kearney, and preCipitation shaw that water lavels in 
wells with water tables more than 10 feet below the 
surface generally rise and fall less than the water 
levels in wells where the deoth to water is lesR +.hAn 
10 t'eet. The .... e..L.ls are in the same stretch of the 
Platto Valley, but those of the latter group are 
located nearer the river where the elevations are 
lower, and the water table is not far below the 
surface. 

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

CROUND WATER LEVEL OBSERVATION WELLS 

NEBRASKA 1938 

L X X III 
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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 oonsequently consider­
able water percolated into the ground and wns added 
to the ground-water reservoir during this recharge 
period. As a result, the water lavel did not reach 
as low a level in 1932 as it did in 1931. Siuee July 
193�the precipitation has been about 22 inches below 
normal - almost the normal precipitation for 1 year. 
The water level in t.he valley has suffered annual 
declines. 

In 1935, when precipitation was above normal 
duri� the fourth. firth, and sixth months. ground 
water rose considerably. As rainfall decreased the 
water table dropped accordingly. During the summer 
of 1936, whioh was one of the warmest on reoord, the 
ground water declined more notioeably in the shallow 
wells, less in the terrace wells, and least of all in 
the deep wells. 

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

PRESENT STATUS OF GROUIID-lIATER LEVELS 

At the time of the last readings in the fall of 
1938, ground-water levels showed nOI"II8l annual and 
soasonal fluctuations. Records for the bottom-land 
wells reveal a maximum fluctuation of 3.23 feet for 
the 5-yoar period. The high recording occurred in 
June 1935, and the law in AUgust 1936. The fluctuation 
high in bottom-land wells for the entire State was 
0.1 of a foot below the nomal high, and the 1938 low 
was 0.3 of a foot above the n0I"II81 low. At the last 
reading in the fall of 1938, the shallow wells were 
1.35 r.et higher than the low rooordtng or 1936. 

For the terrace-land wells (15 to 30 feet) the 
maximum fluctuntion range for the 5-year period, 1934 
to 1938 inclusive, was 1.87 feet. The high record 
occurred in 

• 

.iune 1935, and the low in August 1937. 
The fluctuation high for 1938 in terrace-land wells 
"0N8.S 0.18 feet lower than the nomal high, and 0.05 
feet lower than the normal low. 

The JTJlximum fluctuation range of deep wells (30 

to 275) durlng the 5-year period, 1��4 to l���, was 

0.55 feet. The high was reached June 1935, and t�e 

law August 1937. The fluctuation high for 1936 l� 

these wells ' •• as 0.12 feet lower than the norrel high 

and 0.16 feet lower than the nOl"li'&l low. 

IRRIGATION AND RECLAMATION 

r..'very section ot )1ebraska has one or more 
speoifio water problems. These may be related to 
irrigation, domestio water supply, flood, drainage, 
navigation, p�llution, wildlife, or power. Some areas 
have a oomplexity of suoh problems. 

The attempt of individual oommunities to solvo 
water problems

· 
involving county, state,and interstate 

interests on a local, and sometimes temporary, basis 
often results in aggravating rather than solving the 
problem. Broader planning programs have been intro­
duoed fran time to time by state alld federal 

Wafer Resources of Nebraska 

agencies. The most reoent of these is organized ana 

direoted through the oorrelated efforts of �he 
federal, state, and looal divisions of the water re­
sourcee committees. 

However. interest in irrigation and reolamation 
throughout the history of Nebraska, increased or de­
oreased in direot relation to the failure or suooess 
of agrioultural produotion. Nebraskans have alway. 
experienced the offeots of alternating humid and arid 
olil1"6.tic oycles. Eoonomio 108ael resulting from un­
stable climatio conditions ha�e stimulated interest 
in planning for conservation and effici.ent use of the 
water resouroes of the State. Long-time recorda 
prove that floods and droughts are normal reourrenoes 
within climatio cycles. 

Nebraska lies in two fluctuating climatic tones; 
subhumld east of the lOath m eridian, and s emiarid 
west of it, with a twilight zone between the two. 

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

haveTtheles8, suggested irrigation progra� ,g 

1.nsure dependable orop production MS met with 0·011-

t·1arable disapproval and condemnation throughout �he 
history of the State. During the early years, 
irrigation was oonsidered with much caution. The 
severe droughts tram 1894 to the present have greatly 
influenced public opinion in favor of irrigation &Il4i ... 

the oonstruotion of new projeots. The struggles and 
triumphs experienoed by Nebraskans by whioh they be­
came I�ter minded" will be developed in subsequent 
paragraphs. 

HISTORY OF IRRIGATION 

The droughts ocourring in the 1860's and 1890'., 
and the 1930's foculed attention of state and federal 
irrigation organizationl on Nebraska. Eaoh drought 
oyole brought greater dilaater beoauoe of steadily 
inoreasing settlement and development stimulated 
during wet oycles. The Itruggle and triumph of irri­
Il;,ation in Nebraska are baled UDon human suffering. the 
untiring effortb of far-slghtad individual., and the 
oooperative planning between states and federal 
organisat ions. 

The ohallenge of droughts has been met in 
various ways and degrees of permanency during the 
irrigation history of our State. As early as 16601 
4 miles of ditch oanals were in operation. Since 
that tirne ,interest in irrigation has been intensified 
with eaoh recurring drought.DevelopmBnt of irrigation 
has been in progress to the present time. 

[RRIGATIOH LEGISUTION 

State legislation governint the devolopment of 
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��rigation was enacted slcrwiy. It is apparen� that 
the �tatesmen of territorial days did not foresee the 
neces�ity of providing for irrigation enterprises in 
the Constitution adopted in 1866. 

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

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

The State Legislature passed the Saint Raynor 
Law in 1889 which provided that rights to use water 
for beneficial or useful purpose could be acquired by 
appropriation. The court held that this law abrogated 
the common law of riparian rights. This law of 1669 
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 II, 1891 in Representative Hall, Lincoln, 
Nebraska. Delegates from 36 counties attended. The 
important work of the oonvention was the appointing 
of a commi�tee to prepare and present a bill on irri­
gation. 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.le session o f  1891. The bill 
prepared by this oommittee was finally passed as the 
"Parnell Bill", and appears in the statute books 
today with little modification. 

A oommittee appOinted at the Linooln meeting 
arranged for an interstate oonvention oomposed of 
delegates fram Nebraska, Kansas, Wyoming, Colorado, 
North Dakota, South Dakota,Texas, and the territories 
of Oklahoma and New Mexioo. This oonvention was 
held in Kan.as in 1892. 

An irrigation bill introduoed in the 1893 
Legislature was bitterly opposed and defeated. The 
Saint Haynor Law was amended to permit the filing 
of water-rights on streams 20-feet wide or more. 

Serious State-wide drouzhtR ocourring in 1894. 
'and IH95 resulted ill crop failure and heavy livestoock 
108ses. 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 benefioia] 
use was never to be denied. 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 
Public Lands and Buildings. A secretary who shall be 
a hydraulio engineer was employed as were also a 
number of assistant seoretaries and water commis­
sioners. Up to 1912 no irrigation company measured 
water to the ulers except the Farmers Canal. the 
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extension 
projeot. 
headgates. 

or whioh was a United Statds Reclamation 
Its measurements were taken at tha farmers' 

In 1911 the State Board of Irrigation was re­
placed by the State Board of Irrigation, Highways, 
and Drainage. The law also provided for the 
cancellation of appropriations after 3 years of non­
use. 

When the Civil Administrative Code be�e ef­
fective in 1919, the Department of Public Works was 
oreated whioh took over the power and duties 
••• igned to the old State Board of Irrigation, 
Highways J and Drainage. 

In 193� the Leghlat ..... �od tho nalllo Depart­
ment of Public Worka to itt pr •• ent name, the 
Department of Roada and Irr!.&atl.On.1'he State engineer 
.... ginn the a4d1t1onal duth. ot ohainnan of the 
Stat. Plannin& Board, 'Direotor of tho Motor Vehicle 
Divhioll, and Director ot Highway So.hty and Patrol. 

DEVELOPMENT OF IRHIGAT ION 

The irrigation industry has made slow but ex­
tensive growth since the early nineties, but has not 
as yet developed the m aximum usa of our water 
resources. The objective of the State is to dovolo�' 
our irriEntion possibilities 8S fully as pozsibh· 
but with every safeguard against failure. Sin(�tl the, 
land area suitable for irrigation far excoeds the 
amount of water available for reclamation, it is 
necessar.y for the state to control the allocat�on nr.; 
distribution of water in order to secure maximu.i 
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 season. To insure 
a dependable irrigation flow when most needed, 
attempts were made to preserve the nonseasonal 
flood flows. Regulating reservoirs were construoted 
such as the Pathfinder and Guernsey in Wyoming, and 
Lake Alice, Lake Minatare, and others in Nebraska, 
making a total reservoir storage of about 1,300,000 
acre-feet in the Nnrth Platte Vallo:: in ,Wyomi.nr, aud 
Nebraska prior to 1936. The capaCity of irri�at�or. 
reservoirs ':'lOW WIder construction or co:mplot",d are 

as follows: 

Reservoir 

Kingsley (under ccnstruction) 
Sutherland (completed) 

Total 

Capacity (acnJ-feet) 

2,000,000 
178,000 

Nonseasonal water impounded in the Puthfinder 
reservoir is released during the irrigation season 
and flows in the channel of the North Platte River ·to 
a point near Whalen, Wyoming where much of the stor­
age flow is diverted for United states Reclamation 
projects in that state and also in Nebraska. In 
Nebraska there are 7 irrigation districts havin� 
claim to Pathfinder storage by virtue of their $0-

called Warren Aot contracts. The application of this 
water builds up the ground-water storage in the ter­
race and slope lands of t�e valle� from which there 
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is an all-year return 
voir and ground-water 
course of the river is 

f'law to tho 
storage the 

stabilized. 

rivor. My reser­
flow of the upper 

The Kingsley and Sutherland reservoirs will sup­
ply water fOT the irrigation districts between North 
Platte and Grund Island and will have a tendency to 
stabilize the flow of the river for power develop­
r.'Icnts. 

SAND-HILL STORAGE 

The Sand-Hill area is an important water storage 
region. It lies between the Platte and Hiobrara 
rivers in north-central Nebraska. The Sand-nlll 
oountry occupies approximately 22,000 square miles,or 
14,000,000 acres. The area is generally oovered with 
a loosely compaoted, fine-grained, wind-blown sand. 
This formation ranges from 2 5  to 100 feet in thiok­
ness. Beneath the wind-blown sanda, beds of loosely 
compacted sanda and clays outcrop in moat of the 
valleys. 

The Sand-Hill area, like a great aponge, haa 
absorbed and stored vast quantities of rainfall over 
a lon& 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 oontatne 
about 100 feet of water. 

Sa.nd-Ilill ground water is the important regu­
latory factor in the projects on the Loup rivers, 
because it gives a Wliform flow to the streamas where 
they leave the sand hills. However, in their lower 
courses, the surface run-off to the rivera is leIS 
uniform and mirht b e  regulated by relerToir atorage. 

NEW IRRIGATION ProJECTS 

Plate LXXV shafts the existing and contemplated 
i rrlgation in J/obrask1 i n  1940, 

A Nebraska authority state a that it would be 
possible to trace a fairly aocurate we.ther chart by 
reviewing tho applications made for water approp­
riations as recorded in the State engineer's office. 
During dry years there are many applioationa. During 
wet years the number is reduoed to a minimum. 

Recent droughts, espeoially thoa. oocurring in 
1934 and 1935, again emphasized the need for more ex­
tensive irrlgatl�a. These drought� molded publio 
opinion favorably for additional irrigation develop­
ment. In 1933 the Nebraska Legielature pa •• ed Senate 
File number 310 whioh authorized the organilation of 
public power and irrigation distriots. Under thi. 
law the following sel/-liquidating, federal projeot. 
were organized, approved, and are now under varyin� 
stage. of construotion or in operation� (1) Central 
Nebraska Public Power and Irrigation Distriot which 
will irrigate 200,000 aore., (2) tho Platto Val loy 
Public Power and Irrigation District developed 
pr1marily for power, will deliver supplemental water 
1;0 102,000 acre. under previously existing irrigation 
projeot. below North Platto, (3) North Loup Public 
Power and Irrl�at l on District to irrigate about 
38,000 aores; (4) Middle Loup Publio Power and Irri­
gation District to furnish water for 45,000 acres. 
When these federally financed projeots are completed, 
Nebraska w1ll have an additional area of more than 
300,000 aore� whioh represents an increase of some 
43 per cent of the land now under irrigation in the 
State. 

Waler Resources af Nebraska 

FEDERAL AP PROPRIATIONS 

The total allotments oovering both loans and 
grants made by the Federal Government for the. 
publio power and irrigation districts in the state 
are $60,267,000. A substantial part of the total 
allotment is to be uaed for the irrigation phases of 
these developments. In additio n  to these irrigation 
projects $12,814,000 has been 'llotted to the Loup 
Rivor Publio Power D1 atrict, and ,10,791,500 to 26 
Rural Electrification Distriota. 

IRRIGATED ACREAGE. 

The acreage of irrigated lam for each county in 
lJebraska as indicated b y  the county assessor's 
records is shown in the fo llowing summar�y: 

LAND IRRIGATED 
Acres 

Total Pump 
Pump and Ditch 

county 1937 19.0 

Ad .... 274 450 
Antelope 22 369 
Arthur 0 10 
.Banner 78 1,365 
Blaine 140 220 
·Boone 515 1,273 
Box Butte 0 3,960 
BOyd 11 65 
Brown 310 572 
Buffalo 22,360 34,081 
Burt 0 60 
Butler 143 759 
Can 120 190 
Cedar 0 20 
Chue 1 2,257 
"'herry 1 2,662 
C jyanne 321 4.248 
Cla 44 327 
Colfax 110 2,462 
Cum1"1l 380 783 
CUlter 354 4,711 
Dakota 0 130 
D&wes 32 11,118 
D&wlon �4, 201 89,400 
Deuel 2,087 6,860 
Dixon 19 64 
Dodge 624 1,352 
Douglas 1,206 1,235 
Dwldy 75 4.020 
Fillmore 22 365 
Franklin 387 1,250 
Frontier 0 353 
FUr .. , 379 1,018 
Gago 139 200 
G&rden 408 24,080 
Garfield 189 2,790 
Gosper 285 1,283 
Greeley 131 1,650 
Hall 9,702 15,278 
H&milton 1,430 1,974 
Ha.rla.n 56� 1.577 
Bayes 360 1,M9 
Hi tchcock 319 10,990 
Holt 112 160 
Howard 4�2 550 
Jefferson 124 220 
Johnson 1 41 
Kearney 1,365 9,892 
Keith '2,160 25,060 
Keya Pllha 0 65 

Kimball 403 7,674 
Knox 77 220 

Lancaster 85 110 
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Lincoln 1,901 47,260 

Logar, 22 22 
Loup 211 5,115 
IIadison 403 1,366 
l4errick 1,448 4,717 
l40rrill 229 84,500 
Nance 67 473 
Nuck olls 147 400 
otoe 0 5 
per kins 148 480 
phelps 1,342 8,200 
Pierce 651 656 
Platte 223 1,335 
polk 30 428 
Red Willow 1,462 5,150 
Richardson 0 35 
Rock 95 260 
Saline 168 309 
Sarpy 105 200 
Sa unders 20 410 
Scott. Bluff 647 201,000 
seward 115 536 
Sheridan 121 1,000 
Sherman 40 3,630 
Sioux 78 26,383 
Stanton 190 1,417 
Thayer 228 340 

Tho .... 40 44 
Thurston 1 34 
Valley 225 12,281 
Washington 0 120 
Wayne 0 50 
Webster 75 710 
Whe e ler 0 46 
Yor k 81 656 

Total 73,059 693,970 

The foregoing table shcws th at irrigati on 18 
praotioed in 88 of the 93 oounties in Nebraska.Sootts 
Bluff County has the largest irrigated acreabe wit!. 
29 per cent o�' the total irrigated land i n  the State. 
The total area of the State now capable of being 
served by pr esent irrigati on facilities is 40 per 
cen t of the total area susceptible to reclamation, 
and 4 per cent of 1he total cultivated land in the 
state. However, less than 2 per cent of Nebraska is 
now being irri gated. The se comparisons show that 
there is a relatively small p or tion of th e  state 
under irrigation, and that the existing possibilities 
for ex pansi on are promisin�. 

Of the 17 Itatea 111 whioh irrigation is 
praotioed, California has the greatest irrigated area 
with over 4,000,000 aores. Colorado ranks second 
with 3,300,000 aorel. Nebraska holds eighth place 
with less than a million aores. It il not generally 
realized that the irrigation devolopment in the 
United states is rather small. For example, the total 
irrigated area in the 17 states is approximately 
18,500,000 aoros, which is about 5 per cent of the 
400,000,000 aores oultivated in the United Statel. 

JEJlEFITS O�· IRRlGAT ION 

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

A comparison of differences in orop production 
on irrigated and unirrigated land fUrther _mphalizes 
the advantages to be enjoyed by the induction of suc­
oessfUl irrigat�on practices. The amount of increase 
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m orop yields is depe%!dell\; upon a number 01' faoton 
among which are the physical t'eatures ot' the so11 and 

the amount and distribution ot' moistare. Theret'ore. 

no reliable figure can be given with ret'erenoe to the 
inorease that wOllld be applioable under all oondi­
tions and in ail localiti.s. Th. most valuable data 

available are the reoord. maintain.d at the Stat. 
.xp.rim.nt station. wh.r. res .. rch hal been oonducted 
to determine the inor.... in orop y1elde for irri­
gat.d land over that on dry land under .imilar 

oonditions. 

Reoorda show that the applioation ot' supple­
mental water when needed results in the differenoe 
between 100 and 300 buse.ls of potato.s p.r aorel 
between 2 and 4.5 tons ot' alt'alfa per aore, and 
between no sugar beat. and 15 tons of sugar beets per 
aore. The above st"tietios indicat. the advantag81 
that can be expeoted when .upplemental water is 
avail�ble and is applied at the proper time. Th. 
records used in thie .t� were cbtained over a 
period covering 10 to 12 years, and theretore, repre­
sent an average of Qonditions for the period of the 
experiment. 

The benefit. ot' irrigation resulting in th., 
inoreased produotion capaoity ot the land are re­
fl.cted in other way.. With refer.noe to population 
statistios, Sootts Blut'f County is a good exampl., 
sinoe it hal the largest irrigated aoreage ot' any 
oounty in the stat.. The assuranoe 01' orop yields 
every year is v.ry neoesaary, and one of the induoe­
ments for the location ot' uanufaoturing plants us.d 
in proo.ssing agrioultural products. 

Throughout 50 years of irrigation experienoe 
�9bra�kans have beoome inoreasingly irrigation­
Jonsoious. fhi. is attested by the magnitude ot' 
,rllsen'\; irrigation undertakings whioh will r.sult in 
:'aoilities t'or the oonservation and utilization of 

our 2 greatest natural r.souroes, water and soil. 
The Keystone Reservoir with 2,000,000 aore-t'eet of 
storage. the Sutherland Reservoir with a capaoity of 
178,000 aore-f.et, and the projeots on the North. 
Middle, and Loup riv.rs together with existing 
projeots will b. capable of transt'orming hazardous 
agrioultural areas into produotive .fertile vall.ys 
adequat.ly •• rnd with eleotrioity, and the assooiated 

�nv.ni.noes ot' the urban oent.rs. Irrigation plans 
will Q& oontinu.d until all available irrigable land 
within the limits ot' feasibility is developed to the 
maximum .xpansion. 

ThuI, it 1s possibl. t'or a Stat. ot' gr.at 
agrioultural risks to beoome a land ot' reasonable 
security in the future. To aohieve agrioultural 
stability in � unstable olimatio environment is the 
ohallenging task to state and local oommunity plan­
ning. If the ohange is to ooour, the State and minor 
civil divisions of the region no less than the 
Federal Government must energetioally attaok the 
problem. Federal progress along some lines will be 
oonditiuned in large measure by the ext.nt to whioh 
oomplementary aotion is et'fected by the State and its 
subdivisions. The suooess or failure ot' an activ. 
long-term program ot' readjustment and development tor 
N.braska will d.pend v.ry largely upon looal 
at�tudes, policies, and.aotion. 

The r.oent droughts are only temporary setbaoks 
and if proper adjustments and full utilization of the 
water resouroes are made, a muoh saf.r and more 
prosperO)us future 11es ahead t'or Nebraska. 
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PUIIl' IRRIGATION 

Soon af'ter<irrigation from surface supplies ..... 
begun in the valley of the Platte, farmers beg&n to 
use windmills as a means of raising water !'rom wells. 
The record. show that many windmills were in use 1'01" 
irrigation purposes prior to the year 1900. It is 
probable that at least 5 irrigation wells were in 
operation in the Platte River Valley prior to the 
year 1912. Since that date, the number of wells has 
increased steadily. 

The progress of irrigation in Nebraska has been 
erratio largely because of the variation in preoipi­
tation. The oocurrence of a number of wet years 
occasioned abandonment of ditchea and wella, whereas, 
a few dry years would find all types of irrigation 
systems being revived again. The total annual pre­
cipitation is not always a yardstick by whioh to 
estimate the amount �1' supplemental water n.o.ssary. 
The corn crop of Nebraska is dependent upon ample 
rainfall in July and August, the season when drought 
orten occurs. 

A preliminary study of pump-irrigation oosts was 
made in Nebraska by a representative of the United 
States Department of Agrioulture in 1913. Thi. 
report shows that at that time th.re ..... a great 
variation in the methods of well oonstruction and 
pump design. 

Because of a decided laok of good well-drilling 
equipment, there was a tendenoy 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 existenoe of a oommon beliet 
that large-diameter shallow wells produo.d better 
yieldS than small-diameter deep ones. This millunder­
standing was oostly to many early pump irrigatorll. 

As well maohinery developed, and the prooells 01' 
digging irrigation wella was bett.r understood, holel 
of 8mall diameter and greater depth.... into oommon 
use. 

Early cas ingll were of'ten lSde 01' wood, hanver, 
in some cases, a rough .... ll 01' .tone .11 laid up. 
Later the perforated galvani&ed caling _ into v.ry 
common use and there was developed pr.ca.t oonoret. 
casings of various diametus and d.ligna. Jlltal and 
ooncrete casings were oommonly lIunk by remov1Dc th� 
material !'rom the interior with a sand buOkat and ap­
plying pressure to taro. the tube d01lllllllI'd. lio 
attempt was made to plaoe soreened gravel around the 
out side of the casing. Lat.r d.velopment oon.1It.d 
of pouring soreened gravel around the casing and 
allowing it to s.ttl. with the oalling. One of the 
later developments oonsisted in putting down a large­
size blank oasing to the required depth. � 
perforated casing was plaoed inside and oentered. 
Soreened gravel was poured b.tween the 2 and the 
blank casing removed. This produo.d the so-call.d 
"gravel paoked" well whioh }as prov.n so auooellst'ul 
in many areas wh.r. it has b.en impo •• ible to � 
good results with old-time methods. 

Many or the .arly 11'.111 oonai.t.d ot larg.­
diamet.r pit. dug to a point near the .... t.r lurfao •• 
Bel .. this a amall-diameter ca.ing pen.trated the 
.... t.r-bearing atrata. In thia pit ..... plao.d a 
horizontal oentrifugal pump Which, becau •• 01' it. 
Simplicity and low 1'1rst oost,ha. alway. been popular 
in irrigation praotioe. Th1a partioular type 01' pump . 
however. is ordinarily installed n.ar the .... t.r �-
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r.o. in ord.r that a ahort luotion l ine can be us.d 
to faoilitat. pr1m1ng and inorease the et fioiency. 
Rotary pumps were uud at an early date and were allo 
pIa oed in pits in order that they might operate near 
the water table. The water l1rt, which con.1ated ot 
a .eri81 of buckets mO\Dlted on an endle.. win, .. d. 
an early appearance in the wIley. tat.r _ the 
v.rtical oentrifugal pump which at that t1JDll requlred 
a oasing 36 inche . or more in da.-t.r. A later de­
.1lO oould be lowered into a 24-inch hole. !be deap­
well turbine developed about 1901, also _de an early 
appen rano. in the Platte Valley and DOW proaia.. to 
be one of the most popular ot all irrigation Pllllp" 

AI 11 gen.rally the cue 1a all _17 irriga1la4 
reglons, .tar-handling ..thoda 1I'Ire crude and 11ttl. 
attllllpt _. _de at l.aJId l .... ling. oonatructioa ot 
border., or ua. ot corrugations. Pbr the _11 pan. 
� entir. diaoharp ot the puIIIp .s oonduct"'1a OM 
Utch to .ome rf1fl crop wh.re the flow •• cl1ftft ... to 
a r.w rowe and larg.ly l.tt to take oar. of It •• lt. 

PRESENT DEVELOPMENT 

there is indeed room for a great deal at 
standardization both in the methods of well construo­
tion and general design of the irrigation plant. At 
the present time, there are in operation in the Stat. 
many heavy duty well-drllling rigs uanned by oapabl. 
operators who understa nd well-drilling and develop­
ment practio... TIIere has been a tendency of late 
years to .tandardl,. on the use of the 18 or 24-inch 
diameter wood, .. tal, or concrete caaings put down by 
the gravel-paok method. 

Within the la.t year or two, well drillers from 
Calif�-nia have introduo.d the so-called "stove pipe" 
ca.ing into western Nebra.ka for deep wells. This 
ca.ing. uade at rad .te.l, is 1'oroad downward with 
1" rge �draul1o jacks aa sand and gravel is removed 
from the interior with a .and bucket. As the casing 
i. lowered, a oar.ful log is kept of the position and 
ext.nt of all wat.r-bearing material. When drilling 
is oompleted, a perforation devio. i, lowered insid. 
the easing and perforations are cut opposite strata 
,,1' favorable .... t.r-beariIIg grav.l. 

Well development by surging and proper pumping 
methods is better understood nf1fl than in former 
yeara. Under old methods 01' development, the pump 
was atarted and ort.n dilcharged great quantitie. o f  
sand which duag.d imp.ll.r. bearing., and volute o&ses 
to lay nothing of the cave-ina which gen. rally occur­
red lanring the ground around the caa1ng tor aeveral 
feet. At pre •• nt, it it i. n.cessary to remove tin. 
-.ter1&l. !'ram the wat.r-bearing gravel, it is done 
by lowering the .urg. block into the ca.ing and os­
oillating it up and down beneath the water surface 
with the _11 rig. .ter 11 alteruately drawn in aDd 
driven out through the perforatiON. '!'hie prooen 
brings in .ome .and whioh can be removed with a 
bucket and wh.n the pump is installed, it is started 
.lowly and brought up to .peed through .everal hour. 
t1ma. 

Mlah has been learne4 alxIut the charact.r am 
extent of water-bearing gravels in all parts of the 
8tate. T •• ts have established the fact that a 
considerable depth of water-bearing material i. 
important 11' w.lls of high yield are to be obtained. 
The yield at a wall i8 measured by what is known aa 
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".p.Oltic ai.pa·oiV .... The _t.r surfao. within a ... 11 
lowers pr.o.ptibly a. the pumping prooeeds. Thi. 
law.ring ot the .... t.r .urftt.o. ia known a. "dra .. -
dawn". The .p.oitio capaoity i. the number ot 
gallons yi.ld" p.r minute per foot ot dr..-down ot 
the .... t.r .urftt.o.. In other wo rd.. it i. the dl.­
oharge in gallons per III1nut. p.r foot of dra ... -dOllD. 

Teet. _d. by the Department ot Agrioultura, 
Ingineering. UniTere1ty of I.bra.ka in 1931. brought 
to light any important faot. regarding the yield ot 
.... 11.. That the d.pth of grav.l .trata 11 important 
i • •  xe.plifi.d in �h. following .. ta. 

Diamet.r ot ca.ing 
Depth of ... ll 
Depth of ... t.r 
Di.oharg. p.r toot 

of dr..-dCIIID 

W.ll lumber ewell Jmaber 18 

2' inohe. 
54 teet 

36.33 t.et 
32 gal. p.r 
minute 

2' inohe. inl14. 
90 teet 

88.68 teet 
88.15 p.l. p.r 
1IilNt. 

Th. t •• t ot the above ... 11. .hCllNCl 1Ihat .... 11 
IUIIIb.r 8 h.d a dra .... 4CIIID .uch that wh.1I paping 890 
gallOlll per minute. the total 11ft .... 4.1 t .. t. whil. 
.... 11 Juab.r 13 ..... capabl. of dbcharging abaut 1.200 
... ith a total 11ft ot 4.2 f.et. Th. great IUper10rity 
ot .... 11 HUmber 13 i. immediat.ly apparlllt. 

III the old day.. � .... 11. ....r. located by 
gu.... although in .oa. ca ... the .o-call.4 -,-t.r 
... itoh" .... brought into play d.tinit.ly to 4.01d. the 
att.r. low the drilling ot teet .... 111 of .all 
diamet.r to .ampl. the charact.r and .xII_ of the 
.... t.r-bearing .trata hal beo_. a -" .. fI r.gular 
routine ... ith ioU reputable .... 11 _. 

IlATCil IlfO PUJIP TO WELL 

When the driU.r hal oaDpleted a nU. and 1umId 
it ov.r to the landCIIIDer. the next job i. that of 
purohal1ng a pump. T .. t. _d. in the valley of the 
Platt. in 1931 .haw.d that .... lla of identical dl ..... 
• t.r of oasing and d.pth ot .... t.r-b_ring _t.rial 
mt.1 hay. .id.ly varying .peoifio capaoiti.. (yield 
in gallon. per minute per toot ot dra ... -dCIIID). It is 
not poaaible tor a manufaotur.r to •• 11 the land­
own.r a pump .xaotly fitted to any partioular .... 11 
unt11 a pump te.t Ia. be.n run to determine juat what 
type of bawl asa8lllbly and impeller i. needed to de­
velop the be.t possible effioiency. Pump. lo re .01d 
.ithout this information ev.ry day but the fal'lll8r -y 
oontribute hundred. of gallon. of engine tuel or pay 
for any k11owv.tt. of eleotrioity which 10 tor DO 
purp o .. exo.pt to pay for a job of mi .. tatWlc pump 
to .eU. Good •• 11 driller. lor. rapidly preparing 
th.ma.lv •• to rend.r a •• ll-te.ting •• rvio.. Some 
pump _nutaotur.r. practically in.iat on a .... 11 t .. t 
before a pump will be .old tor any job &lid farmer. 
are rapidly learning tlat high effioiency ploy. good 
divid.nds wh.n an outtit 11 operat.d through a lonl 
pumping ..... on. or when the total 11ft 11 oonsider­
able. 

Caretol _hhiq 18 parUoularly important where 
direct-oonn.et.d .1.ctrica1 outfit. lore u •• d. Moat 
of the moton whlch the farmer .ill puroha.. lor. of 
the oonstant-.p .. d type which melon. that 'the pump 
will operate at a giv.n di.oharge and hea4.' . It .,.y 
b. that the .ell is capable of produoing only 800 
gallons per minut.. in -.n1oh oa.e there 1JOUld b. ..­

rioua oon.equenoe. if the pump wer. .0 �p.rated that 
the di.oharge ... s 1.000 gallons p.r minut.. 80lIl6 
•• 11. have oharaotariatio, whioh _k. it more 
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eoonomical to pump th .. lot 1... than th.lr axlDa 

3Iopaoity. h.no. the importano. ot Dorrletly titting 
the pump to the job. 

lIo.t pump anufactur.r. have oonduct.d exhaua­
tive teat. on their .quipllllnt. and lore pr.pared to 
furni.h the puroha.er Ion outtit whioh ... ill d.v.lop 
high effioienoy if information r.garding the yield of 
the .ell OIon be tarni.h.d. The day ot blind .ell­
drilling and pump fitting 11 rapidly dra.ing to a 
010 •• and so much the b.tt.r tor the tltture of pump 
irrigation in X.braaka. 

�.JP18 OF PI1lIPS USED 

For pumping from .and pitt. etrllollll. and shallow 
_l1s the horizontal o.ntritupl pu.p hal a� advan­
tage.. It b oomparatively cheap 111 tint oo.t, light 
in _ight. has t .. moving part. and 11 %IDW so _11-
design.d t�t high .ftioi.noi.. lore develop.d. It 
_y b. had in .ize. which will deliver trom 50 to 
5.000 gallolll per minute against heade of trom 0 to 
200 or more t.et. III ordillary inltaUations. the 
pump proper b .. t upon the lake or strelolll bank ... ith 
the .uction lin. in the ... t.r and the discharge 1111e 
ext.nding to the point ot deliv.ry. The on. oo_on 
lII1.take ade in in.tallations ot thb type 1e the us • 

of too ... 11 a di.oharg. pipe givlJlC ri.e to .xo.s­
.iTe trietion h.a4 which greetly r.duoe. the 
dia charge or require • •  xo ••• ive ponr. 

n.,..rt10101 oentr11'agal pump 11 .1mllar to the 
horizontal .xcept that the volute case and impeller 
lore plio oed beneath the _ter surfao. IlId are carried 
on a heavy .tal rr.... or on the di.oharg. pipe. The 
shaft lead. from the impell.r to the .urfaoe .here 1t 
lIlLy br driven by a belt or directly oonneoted to a 
power unit. Thie type of equipment is particularly 
.... 11 adapted to well. in whioh there i8 considerable 
fluctuation of the ... ter table. but .here the total 
h.ad does not .xo •• d 50 f.et. A Closing at lea.t 24 
inoh.s in diameter is neoes.ary to aooommodat. the 
large sized volute. 

A third type of pump whioh ie beooming incr.as­
ingly popular, becau •• • f it. rugged construction. 
long life. wide adaptability , and relatively high 
efficienoy. is the turbine. It .orks on the ..... 
principl. a. the type. just described exoept that it 
i • •  mall.r in diameter and may be de.igned to operate 
with any lift trom 50 to 80C feet. The .haft oome. 
to the ground surfaoe to p.rmit a drive. It runs dawn 
inside of the di.oharge pipe to the imp.llers moun�.d 
in the bowl. and plaoed near the bottom of the well. 
Baoh impeller .ith it. volute case of bowl assembly 
is known as a stage end and in ordinary irrigation 
praotioe from 2 to 6 stages are neoessary to raise 
water effioiently. depending on the lift. 

Pumps of thiB type are designed to meet almost 
any condition of lift and quantity of water desired. 
Th. p rop.ller and mixed-floY( pumps are sOlll8What simi­
lar in design to the turbine and have wide usage in 
irrigation praotice for oertain conditions 0 f lift 
and diBcharge. 

In the early days the commo n  type of drive was 
the flat belt which resulted in efficiency lo sses of 
from 10 to 15 per cent. When high lifts and more 
oontinuou. o peration are contemplated. consideration 
may .... 11 be given to the multiple "V" belt drive 
.hioh is proving popular due to its l o ng life and 
high .fficienoy. When an internal combustion motor 
�I u.ed fo r power the modern bevel-gear drive may be 
lubstituted for the belt and a direct-oonnected ar-
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rangement employed with little loss of power. 

POWER OF PUMPING 

The farm traotor is yet by far the most popular 
type of power used for pumping in Nebraska. The 
farmer has the traotor, so why not us*, it? In mny 
cases, this is good logio. 

When the power required is too great or when the 
outfit must be operated oontinuously through the sum­
mer and fall months, then an engine power u nit or an 
eleotrio motor my prove more profitable. The light, 
high-speed Diesels are gaining in popularity because 
of their oheapness of operation. The first cost is 
high, however, and to be profitabJ.e a long-running 
season is necessary, during whioh a large acreage of 
ground can be oovered. The operating oost my be only 
one-fourth that of an ordinary gasoline engine. 

With the ever-inoreasing expansion of electrio 
power lines, there is sure to be added interest in 
eleotrio motors as a means of driving pumps. Th" 
same drives as mentioned for engines may be used for 
them but the direct-oonneoted arrangement is more 
popular. When direotly oonneote�the pump must run at 
UDitorm speed and, therefore,is limited by its design 
ilo .� speoifio head and delivery. Greatly added 
running oosts may relult if a careful Job of IIBtohing 
pump, motor, and well is not done. 

In several communities, speoially designed power 
lines are being carried into rural district. with the 
expeotation that farmers will see fit to use the new 
form energy for pumping. In many instanoes, the pumps 
now owned by the farmers are of the old, slow-speed 
type and have been operated by traotors. With engine 
power it was possible to drive the outfit at a� de­
sired speed by ohanging the throttle. If the delivery 
was such that the well was pumped out the speed oould 
always be reduoed. When the ohange to eleotrioity is 
made, care must be used to get well engineered drives 
if the venture is to be attended with muoh sucoess. 

It would seem only logioal that a pump test 
should be run on the well to determine its yield and 
the most eoonomical p umping rate. If eleotrical paw­
er is availabl&, a �otor may be used to determine 
horsepower requirements and effioienoies of the pump 
at various speeds. When the most effioient operating 
oonditions are disoovered then a drive my be design­
ed whioh will give best results. A motor whioh ia 
too big for the job at hand may prove expensive and 
one whioh is too small will overload and heat danger­
ously in the summer. 

PUMPING COOTS 

Under given oonditions of lift and disoharge, it 
is possible to estimte the OOdt of pumping quite 
olosely. There are, however, many oonditions whioh 
enter into and vary the situation when dealing with 
plants whioh have already been installed. Fixed oosta 
are arrived at by figuring interest on the investment 
plus depreoiation on the equipment to whioh i8 added 
taxes. Figures on operating oosts are made up of suoh 
items as fuel, lubrioating oils, repairs, oost of 
eleotrioity, attendanoe, et oetera. Thus, on a 
plant recently examined, the costs were arrived at as 
('ollows: 

Water Resources of Nebraska 

Well. • • • • 

Pump 
Power Unit. . . . 

Total Coat 

Interest on $1,650.00 at 5% • • •  

Depreciation on well at 3% • 

Depreoiation on pump at B% • • • 

Depreciation on engine at 12%. • 

Total Fixed Cost Per Ye�r 

$ 500.00 
450.00 
700.00 

$1,650.00 

$ B2.50 
15.00 
36.00 
B4.00 

$217.50 

It 100 aores are irrigated. it is apparent thaj; 
the fixed oost per aore will be $2.17 regardlefsi 
of how much the plaut ia operated. The neoessity of 
_tering a fairly large aoreage with expensive pump­
ing plants is at onoe reoogni,ed. 

Operating oosta may vary a great deal, depending 
upon ma� factors. Low plant effioienoies mean high 
operating oost�and these low effioienoies may be due 
to a great any things which only careful examination 
or aotual tsst will disoover. 

Assuming a belt and pump effioienoy ot 60 per 
oent and an engiDe burning traotor 1\Iel at 10 oents 
per gallon. the fUel ooet only tor lifting enough 
water to oover an aore one foot deep through various 
head ..... uld be about al tolll1ll1l' 

Foot of lift Cost per acre-foot 
10 $ .26 
20 .52 
30 .7B 
40 1.04 
50 1.30 
60 1.56 
BO 2.0B 

100 2.60 

Low engine and pump effioienoies may produoe 
fuel oosts several times as great as those above in­
dioated. Suooessful pump irrigation under any 
oondition requires a well-engineered plant. Under 
aotual conditions, surveys seem to indioate that a 
figure at 10 oents per aore-toot per foot of lift for 
a total cost ot pumping is perhaps a good average 
when all things are taken into oonsideration. 

Figures on highl� effioient Diesel o r  eleotri­
cally operated plants show total oosts as low as 3 
oents to 3 1/2 oents per aore-foot per foot of lift. 

DISTRIBUTION OF PUMP-IRRIGATION WILLS 

Praotioally all irrigation wells in Nebraska are 
west of a line palling north and south along the 
eastern edge ot Hamilton County. This line mara the 
western border of the till sheet· or the point at 
whioh the glaoiers whioh invaded eastern Nebraska ex­
tended. West of this line, beds of Pleistocene 
gravels and sands unrlerlie the mantle materials. 
These Pleistooene deposits are, for tile most part 
nter-bearing, and, where they can be enoountered at 
relatively shallow depths, provide exoellent supplies 
for irrigation pumping. Up to the present, pump­
irrigation developments have taken plaoe largely 
along streams because of the lower lift and less 
expense enoountered in applying water. It a series 
at dry years should follow, extensive developments 
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can be looked for i� the high plains south Qf �. 

Platte River where l1rts _y exoeed 100 feet. 

The aott».l number of irrigation w.lll now in ex­
iatenoe and the aoreage irrigated il not d.finitely 
known. Some indication can be obtain.d. ho1Nve1'.frOlll 
the summary given unde1' IrriI.;ated Aoreage in the 
Irrigation and Reol-.-tion .eGtionl this ._ry 
ahOW's the oount iea in whi,m pu.p. a1'. to1lllll and the 
oorresponding irrigated aoreac-. 

The Aaaell8or'. Report f'or 1937 indicat.. tat 
pump irrigation was praotioed in 77 ooun1;l. ••• and 
that the area .0 irrigated _a 73.069 aore. o f'  which 
86.3 per oent or 63.069 aore. were located in 17 
oou ntie.. each of whioh has more than 500 aor.. under 
pump irrigation. 

The number of' ooun�le. having ov.r 1.000 aore. 
each under pump irrigation wa. 12 and the.e 12 
oountie. oontained 60.883 aore. or 83 per oeDt of' 
the State total pump-irrigated aoreac-. 

only 6 oounties in the �ta�e had over 1.6OU 
aores eaoh under pump irrigation but the.e R ooun­
ties acoount for 62,401 or 71.7 per oent of the total 
pump-irrigated aoreage in the State. 

Three oountie., Buffalo, Dawaon. aDd Ball. ar. 

shawn to oo ntain 46,263 aores uDder pump irrigation 
whioh is 63.3 per oent of the state total. 

!'IO reliablo data are available as to the po�.n­
tid capaoity of irrigation pump. now exiBting in the 
Stat. but it 18 thought to average about 760 pllona 
per minut., aDd that the av.rage period of op.ration 
vari •• frOID. 200 to 400 hour. p.r year. Th. average 
area irrigated by eaoh pump probably varies from 50 
to 60 aore.. and the ave rag. aJIIOum of .... t.r pumped 
ia probably about 1 aore-foot or le.a per aore irri­
gat.d. 

PROBABLE BENEFITS FROM IRRIGATION 

With the exoe ption of material gathered at the 
North Platte and Kitch.ll Experiment stations,littl. 
actual experimental data exist as to the inor.a.ed 
yields to be expeoted from applioation of irrigation 
_ter. These data obtained under oertaiQ .oil and 
climatic oondition. oould not be expected tc apply 
universally over the State of Nebraska but will aerve 
to give 80me indication as to the inorea... to be 
expeoted. 

In the irrigation of oorn at the Borth Platt. 
Experiment Station in the year. from 1925 to 1934 
inclusive, the application of 13.74 inohes of water 
produced an average yield of 65.82 bushels as ocn­
trasted to 18.54 dry land cr an inc�a.e of 37.27 
bushels per aore. This repre.ents an inoreased yield 
of 2.58 bushels per inoh of water appli.d. 

In the years from 1927 to 1935 inolusive. lilage 
corn was irrigated with an average applioation of 
13.18 inohes of' water. This produced an average yi.ld 
of 10.56 tons of fodder per acre or 1.171 pound. of 
silage per inch of irrigation _ter added. A. no re­
cords of dry land .ilage yields are available. no 
oomparison between irrigated and dry land yield. 1s 
possible. The highest single yield of corn silage 
obtained under irrigation up to the pre.ent is 20.3 
tons per acre. 

In the 11 years. 
average or 25.36 inches 
e.pplied to potatoes per 

1925 to 1935 incluaive. an 
of irrigation water hal been 

year. This has increased·the 
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y1eld from 99.5 i)ushels per aore on dry land to 3�3 
b·lshels for irrigated land or an increase of 233.8 
bushels per aor.. In o ther words, each inch of' water 
added baa produoed 10.74 bushels of potatoes. 

Th. greate.t u.e of irrigation water for alfalfa 
at the Borth Platt. Station ball been for the purpose 
of restoring _1Ie1' to the sub.oil preparatory to re­

.eeding of ta, orop on land whioh hal reoently be.n 
in alfalfa. and from which the lIubsoil moisture hall 

been relllOTed 'by it. deep-root .Ylltem. In the 10 
yooar •• 1926 to 1936 inclu81ve, an average appl1oatiOll 
of 18.16 inohe. of water per year hal produoed 4.62 

tona of alfalfa per aore a. contra.t.d with 1.96 tona 
under dry.land cond1tiona or an increa.e of 2.67 tona 
p.r aore. In other words, .aoh inch of _tel' add.d 
hal pl'Oduoed 436 pounds. of alfalfa. 

PROPOSED PUMP-IRR IGATION PROJECTS 

Five new public pump-irrigation projects have 
been approved by the Department of Roads and Irri­
gation, and four of these applications have been 
f iled with the pub lic Works Admini stra tion i n  
Washington, D. C .  These irrigation di stricts were 
organized in Hall,Dawson, Merrick,Box Butte, and Clay 
counti es. The estimated cost and nu mber of acres for 
each project are as follows: 

Name of Di strict Estim ated Cost Acreage 

Hall County Publio pump-
Irrigation District $ 364,230 30,000 

Dawson County PUblic FUmp-
Irrigation District 358,600 24,000 

llerrick County Publio Pump-
Irrigation District 275,455 16,000 

p anhandle Public FUmp-
Irrigation District 440,500 10,000 

Harvard PUblic power and 
Irrig ation Dis trict 608,000 20,000 

Total $2,046,785 100,000 

1Q.HR POLL1l'l'ION 

Pollution of .treams. lake., and ground water 1s 
rapidly beoomillC a menanoe in Nebraska. The water 
.upply is pollut.d and oontaminated by garbage. in­
dustrial refuse, offa� and seepage from ground water. 
unsanitary disposal of foul materials which makes 
streams unrightly. filthy. and unsuited for bathing, 
boating, and wild lif., is now prohibited by law. 
Shallow ground water. absorb the odors of decaying 
organio materials thus becoming not safely potable. 

Souroes of water supply of many municipalities 
are unfavorably located in relation to sewage dispos­
al and souroes of water pollution and oontamination. 
Town and oity garbage. industrial refuse, and sewage 
in streams are often responsible for unsan itary 
conditions. 

SANITARY WELL WATER 

Unfortunat.ly the sources of mo.t water supplies 
are poorly located with reference to sanitation be­
cause too little thought hal been given in the past 
to the relation of souroes ot oontamination and water 
supply. Most drinking water in the State is drawn 
from wells with an abundant ground-water supply. 
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1xcept in a few areas, the supply ls sUfficient. This 
does not mean that all town and farm water supplies 
are free from pollution and contamination. 

Reoent water surveys furnish valuable data 
oonoerning water-bearing formations, and the souroe, 
depth, quality, direotion, and rate of the movement 
of ground water. These data afford soientifio 
guidanoe in the location and development of sanitary 
rural and urban water supplies. The following rules 
relate to sanitary well water oonservation in 
Nebraska I 

1. Open or dug wells are not san1tary. 

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

3. Wells should be looated where they will not 
catch the polluted and oontaminated underflow from 
privy vaults, oeS8 pools, leaky sewers, flooded 
streams and other sources. It is neoessary that wells 
be located upgradient from souroes of pollution aJId 
oontamination. 

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

5. Every municipality should proteot it' water­
produoing ground against pollution or relocate the 
wat�r supply on olean, proteoted ground. 

6. Wells should be graded up, and enolosed to 
prevent the entry of surf'aoe drainage and the trap­
ping in them of frogs, mioe, rats, and other animals. 

7. In places where the ground water i. sepa­
rated by olay layers at first, seooDd and third 
waters, the well should be sunk to the larer water­
bearing sands. The upper water, which ... y be polluted, 
should be adequately cased off. 

8. Spring water in general is not a sanitary 
souroe of drinking water because it is supplied from 
loeal drainage areas. These areas are apt to beooJIIII 
oontaminated because there is usually a shallow depth 
of earth through which the water filters from the 
surface to the aquifer. 

The Well Drillers Assooiation is one of the 
largest of.its kind in the United States. Its members 
oooperate with the Geological and Water Surveys of 
the University of Nebraska and the State Departmeut 
of Health in a program of well water improvement. The 
University of Nebraska offers short courses and ex­
tension servioe for the well drillers, who report.the 
depths, types of wells, and other valuable data to 
the surveys on well l�s. 

WATER TREATMENT 

Polluted and contaminated waters are unsafe for 
domestio use without adequate treatment oonsisting of 
sedimentation, aeration, flooulation, filtration, and 
disinfeotion. The sewage treatment 'V .. rieB with the 
type and subsequent use of the water. The usual 
chemicals used are alum, lime, soda, and chlorine. 
Finally, hard water should be softened by the appli­
cation of small quantities of lime. Thus far no 
practioal method has been devised to improve the 
potability of salt water. 

Water Resources of Nebraska 

Most of the well water in Nebraska is naturally 
safe for drinking purposes, therefore water treat­
ment is less oommon in the State than in most other 
states. The careless disposal of sewage and indus­
trial wastes i8 fast polluting the ground water, 
lakes, and streams, making water treatment inoreas­
ingly neoessary. 

At present, the major streams of the State are 

rather seriously polluted. Ample legal authority 
exists to oontrol stream pollution by requiring the 
installation of neoessary treatment works. The state 
Department of Health gives advisory servioe to 
improve the operation and maintenanoe of existing 
treatment plants. The major problems oonsist of the 
diffioulty of seouring State and local appropriations 
large enough to provide an adequate staff to insure 
effioient and oontinuous operation of suoh plants. 

Study should be given to sewage and industrial 
waste treatment plants nOlI" operating to devise a 
guidanoe program for looal administration and teohni­
cal supervision of such works. The major objeotive 
is to insure their oontinuous and satisfaotory 
operation. 

REGULATIONS RELATlNG TO WATER SANITATION 

No municipality, distriot, oorporation, oompany, 
institution, person or persons, shall instal� change 
or make alterations in. or additions to, or enter into 
oontract for installing, changing, making alterations 
in or additions to any water works system to serve 
more than twenty-five persons, any sewerage system to 
serve more than twenty-five persons, or any lI1I'imming 
pool, public swimming or bathing place or plaoes, 
until oomplete plans and speoifioations fully de­
sorib� the proposed oonstruction, alterations or 
additions have been submitted to, and reoeived the 
�ritten approval of the State Department of Health. 

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

DOMESTIC UTILIUTION OF WATER 
PLATTE RIVER BASIN 

Estimated Population, 1938 

Municipal popu­
lation with ac-

Water Public 
Supply Swimming 
System Pools 

Sewer 
System 

Sewage 
Tre ... tment 

Plants 

cess to service 219,521 159,283 201,175 122,362 

Per cent of muni­
cipal population 

with access to 
service 95 69 

Total municipal popUlation of Basin 

87 53 
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DOlIESTIC UTILIZA1.'ION OF WA1.'ER 
LOTIF RIVER BAS IN 

Estimated Population, 1938 

Water 
Supply 
System 

Public 
Swimming 
Pooh 

Sewer 
System 

Sewage 
1.'reatment 

Plant. 

Munioipal popu­
lation with ac-
oess to service 39,522 13,648 29,309 

Per oent of muni­
oipal population 
with aooess to 
service 88 31 

1.'otal munioipal population of Basin 

66 

DOMESTIC UTILIZATION OF WA1.'ER 
REPUBLICAN RIVER BAS IN 

Estimated Population, 1938 

MuniCipal popu­
lation with ac-

Water 
Supply 
System 

Publio 
Swimming 
Pools 

Sewer 
System 

cess to service 40, 034 26,265 30,342 

Per cent of muni­
cipal population 
with aC088S to 
service 88 58 

1.'otal munioipal population of Basin 

67 

DOMES1.'IC UTILIZA1.'Iot! OF WA1.'ER 

ELKHORN RIVER BASIN 
Estimated Population, 1 938 

lIunicipal popu­
lation with ao­
oess to servioe 

Per cent of muni­
oipal population 
with aocess to 
service 

Water 
Supply 
System 

Public 
Swimming 
Pools 

56,422 24,311 

95 41 

1.'otal munioipal population of Basin 

Sewer 
System 

51,268 

86 

DOlIESTIC UTILIlATION OF WATER 
BLUE RIVER BASIN 

Estimated population, 1938 

Municipal popu­
lation with ac-

watsr 
Supply 
System 

Public 
Swimming 
Pools 

Sewer 
System 

cess to service 99,857 72,234 79,549 

per cant of muni­
cipal population 
with access to 
"�ce W 71 H 

Total municipal population of Basin 

11,781 

26 

44,684 

Sewage 
Treatment 

Plants 

16,259 

45.444 

Sewage 
Treatment 

Plants 

18,564 

31 

69,378 

Sewage 
Treatment 

Plants 

61,168 

60 

102,2911 

Water Resources of Nehraska 

DOUIS1.'IC UTILIZA1.'ION OF �1.'BR 
NIOBRARA RIVER BASIN 

Estimated Population, 1938 

lIunioipal popu­
lation with all­
oess to service 

Per oent of muni­
oipal population 
with aooess to 
servioe 

Water 
Supply 
System 

Publio 
Swillllling Sewer 
Pools System 

13,623 4,227 9,653 

87 27 62 

1.'otal munioipal population of Basin 

Sewage 
1.'reatment 

Plants 

5,697 

36 

15,694 

DOJIES1.'IC 1l1.'ILIZA1.'ION OF lUUR 
MINOR mSSOURI RIVER BAS IN ABOVI PLA.1.'TI 

Istimated Population, 1938 

lIunioipal popu­
lation with ao-

Water 
Supply 
System 

Publio 
Swimming 
Pools 

Sewer 
System 

oell to servioe 253,580 231,595 247,306 

per cent of muni­
oipal population 
with aooelll to 
servioe 99 91 

1.'otal municipal population of Basin 

97 

Sewage 
Treatment 

Plants 

6,399 

254,959 

DOMESTIC UTILIZA1.'ION OF WATER 
MINOR MISSOURI RIVER BASIN BEL<1N PLATTE 

Estimated Population, 1938 

Publio Water 
Supply 
System 

Swimming Sewer 
Pools System 

Munioipal popu­
lation with ao-
0 ... to servioe 37,467 14,542 28,013 

Per oent of muni­
oipal population 
with aooe88 to 
servioe 90 35 

1.'otal munioipal population of Balin 

67 

uOMESTIC UTIL1�ATION OF WATER 
WHI1.'E RIVER BASIN 

Estimated Population, 1938 

Munioipal popu­
lation with ac-

Water 
Supply 
System 

Publio 
Swimming 
Pools 

oess to servioe 6,486 6,309 

Per cent of muni­
oipal population 
with acoess to 
servioe 95 93 

Total munioipal population of Basin 

Sewer 
System 

6,309 

93 

Sewage 
Treatment 

Plants 

2,968 

7 

41,544 

Sewage 
Treatment 

Plants 

6,309 

93 

6,808 
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ELECTRIC POWER 

The devel opment of the alectric l ight and power 
industry in Nebraska bogan a bout 1882. Eleotric 
trolley oars were o perated in Qnaha for the first 
time in 1887 and in Lincoln about 1890. It was not 
until 1900 tl'Mlt electrioity came into more general 
UIS i n  the state. Today ne arl y every town MS either 
8 p OKer plan+. prnnuoin,e: eleotricitv or is connected 
+'0 a high-voltage power line. Ru�l eleotrjficatlon 
is developing ra pidly in Nebra�ka-

The fol101ring table lIho,," tho annual lnor .... in 
the DUI\ber of OODeWillre cf eleotri olty duriDg reoent 
year., 

eo".''J!IToll.] 
�eII.T s"rvleo 

'''' 33,ro:: 
1927 35,3S6 
lSZe 36,491 
1929 3�,n34 
"ro ZB,U9 
1931 4l,lSi 
1532 42,054 
1933 41,049 
10M n,197 
IP3f 42,(167 
1936 4�,lO� 
lS37 "�,OIiO 

l1U".!BER OF PRU:CIP.u. CUSTGl!EP..s 
usn;r. !:LrCTIUC ErERG'! 

lI.br .... k • • 1925-1537 

l:unldp.lltIOi 
R.llrond. and 
J.:hedlMocua Ruldontld 

'" 172.6�2 
'" 161,761 
.,. 166,144 
'" H/4,542 
'" 199.3�2 

1,?6J 1-',13€ 
". 10.1,777 
ro, 162,002 
,eo 166,360 
'" 1�I,392 

1,066 19�,I37 
.eo Il!S,346 

RURAL ILICTRIF!CATIOII' 

F."," Total 

,.roo a>S,2116 
•• 000 221,666 
1I,�60 2:::r ,3G9 
7,485 2(I,6�� 
6,960 ?47,776 
O,P30 245,460 
�,61lO 2M,OI� 
9,522 23:5,675 
9,M4 2Z7,637 
9,!'4tI 244,1�� 

10,899 24b,1�4 
1?,5S3 251. £65 

For a numi:ler ot years oonditions lRJr e not 
favorable to the denl opment of rural eleotrl1'lc:1tlon 
in the state. The tollcwing are some 01' th e  raotor. 
whioh hav" he lped to a ke rural e l eotrification POII­
sible r 

(1) Enabling logislation undor whioh tho farmers 
oould organil e. 

(2) Supply of who1o sa10 olootrio enorgy at low 
oost. 

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

In IS33 the Legislature pessed Senate File 310 
�enn1ttin& the orgnnization of publio power dis�, 
tricts. To date, 30 rural eleotrification distriots 
have been orgnnized under this law. Plate LXXXI sho� 
the Nebraska Rural Eleotrifioation Distriots that 
havo beGn or£nni zed under Senota Fi le 3l0� 

HYDROELECTRIC POWER 

Also orgo.nized by authority of Senate File 310, 
are the 3 large Public Works Ad'll1nistration P!'uj­
ects. Of these 3 projects the Platte Valley Publio 
Power a.nd Irri�ation District .. md the Loup River 
Public Power and Irrigation District a.re operat.:l1g 
and the Central Nebraska Public POVier and Irrigation 
District is un:iel' oonstruction. When oompl eted til"3 
last named will be the la rgest hydrop(7ller plant in 
Nebraska. 

TRAIISllISSIOlf LINES AND RUPAL ELECTRIFICATION 

The large federal power 
together by 2,000 miles or 
transmbi sion lines in order 

projeots are being tied 
m ore 01' high-voltage 

to avoid standby oosts 

and to increase the a.epemab:!.llty of service. The 
hookup includes the Sutherland, Tri-County, Columbus, 
and the other proje cts whioh will serve the rural 
elootrifioation districts, institutions, and munio­
ipalities of the State. The oost of this oleotric 
d1s;tribution system will be approxil'Mtely $20,OCO,OOO. 

In an effort to ulle the po+.ential power in the 
streams of the State, there ht,ve been approxim. ·, aly 
287 power sites developed i n  Hebras m, a number of 
which are operating at �bl. time. There are 22 
hydropower plante in the Big Blue River, the most 
oompletely developed river in the Gtato. The la rgest 
hydroelectrio pOfl'er proje ots in the State are those 
near Kearney,Gothenburg,Valentine, Boelus, Fullerton, 
Sargent, Erto.on, Btimaton, and S1',peri or in addition 
to the pUblio power Distriot pla�ta reoently oomplet­
ed or un::lor oona truotion. Therl9 are, in o.ddition, 
potential power sitee whic.� could be doveloped when 
the demand tor eleo tric ene!"gy in<:reasee. 

TYPE OF PRIME l:iOVER 

Steam is the prinolpal type of prime mow r use d 
in the generation of eleotrio anerg:r !.n Nebraska. It.. 
1936" 80 pe.r> oent of the generating oapaoity of thtt 
State waR steam, 15 per oent internal oombustion, and 
5 per cent, hydro. In 1938, by inoluding the Suther­
laud dDd Lcup River projeo t�, the �ate of gone rat ing 
capacity by types was ohanged to 6� per cent steam, 
13 per oent i ntarnal oombustion, end 25 per cent 
hydro. The hydrogenerating o�pacity ino reased from 
13.713 kilowatts in 1936 to 8v,866 as shown in the 
rsport of the 1938 El eotric Power Stati stios by the 
Federal Power Comrnission. ,'lith t!le comp letion of the 
Tri-County projec'� it will be increased further to 
137,966 kilowatts, representing about 34 per oent of 
the total gAner&tin& capacity of the State. 

1:!':SP";'Si{}. RURAl ::LSC1N!FICAtlON DATA 
�O\·e:r.b'H', li/40 

Rural public (1: :ootal tahl of 
Cu�to""'r, 

� Tr,,�I:Ii .. ion Unaa pawl.or :01.';r1eh 
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