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EXPLANATION 8-9-12aa éh; Conservation Service; Agriculture &O
..... 77 777] ~ Extension Service,University 110
Leelenee v s of Nebraska, 1958
........... (/7777 EXPLANATION
Silty soils on gentle slopes Silty soils on steep slopes Sandy soils, gentle slopes ~ N 1800 EXPLANATION
Soils with moderately low permeability which retain a high percentage of Soils with moderate permeability which retain a high percentage of the Soils with moderately high permeability which permit a large part of the o -
the infiltrating water from precipitation and irrigation. A small amount infiltration but lose a large amount of the total precipitation in runoff. prepipiiarion :;;%zltmu; I;u;ttmmizztg:lga arq "‘%;ﬁm grl%’;m 3 5 Contour on bedrock ¢
of water moves through the soil and substratum to the water table fhev::‘:ua:n;lg l:,mount of water moves through the soil and substratum to soater i only por M"HZ‘ZZ taimed and adds to the quantity of water i § Pierre Shale 8 Drawn on toz; 3.,;. t:f Cz')f:;wem-w bedrock. lgn;m,- interval Terigation well
to the water table eet. um is mean sea level S . . . . .
% S 3 2 Area in which the potential yield of wells is Area in which the potential yle!d of wells is S
\ N\ % / 8 E ——————————— 1500 or more gallons per minute 500 to 1000 gallons per minute i
A z % § E:) Eastern boundary of the Ogallala Formation of N N Tout hiole
Silty soils on rolling slopes Silty and sandy soils, shallow water table Sandy soils, rolling slopes Pliocene age s datiinated ey casibility, in bundreds of
Soils with moderate permeability which retain a high percentage of the Moderately permeable soils with highly permeable substratum. They Soils with relatively high permeability which permit nearly all the L B, UZZ;;::";::Z:;?;"}ZO & Ze{?ﬁ;r:thxz;n;he pote:’.tial sldarthé
infiltrating precipitation but lose much of the total precipitation in run retain a moderate amount of the precipitation and permit a considerable precipitation to infiltrate but do mot retain all the water absorbed, 1740 Kp aquifer to wells, in gallons per minute. Lower number is depth, in feet,
s o T Wass A XA SRR AR e s Io Wi whizer felte diirganlas iR W DR e I E— e Area in which the potential yield of wells is Area in which the potential yield of wells is to the base of deepeat water-yielding material
to the water table Approximate contact Test hole : .
Upper number is altitude of Pierre Shale, in foot; lower mumber 1000 to 1500 gallons per minute less than 500 gallons per minute
8 altitude of Niobrara Formation ; 8-9-12aa indicates number
. N of the well
Very sandy soils .

Very permeable soils which permit most of the precipitation to infiltrate
but retain a small percentage of the water, allowing the excess to move

FIGURE 5.—MAP OF HALL COUNTY K NEBRASKA,SHOWING AVAILABILITY OF GROUND WATER IN ROCKS

to the water table

FIGURE 1.—GENERALIZED SOIL MAP OF HALL COUNTY, NEBRASKA

FIGURE 3.—MAP OF HALL COUNTY, NEBRASKA, SHOWING THE EASTERN BOUNDARY OF THE OGALLALA FORMATION, AREAL DISTRIBUTION AND
CONFIGURATION OF ROCKS OF CRETACEOUS AGE, AND LOCATION OF TEST HOLES AND GEOLOGIC SECTIONS A-A’,B-B’,C-C’ ,AND D-D’
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EXPLANATION

cooperation with the U.S. Geological Survey

FIGURE 4.—WATER-TABLE MAP OF HALL COUNTY, NEBRASKA SHOWING DEPTH TO WATER

OF TERTIARY AND PLEISTOCENE AGE AND THE LOCATION OF IRRIGATION WELLS

soils are on rolling slopes, most of the pre-
cipitation runs off to the drainageways.

The agricultural practices also influence re-

HOWARD COUNTY
COUN AVAILABILITY OF GROUND WATER IN HALL COUNTY, NEBRASKA
2 8' s B e s e ] This report is based on ground-water inves- all the western half of the county and extends
5 s :jl g2 ey b ) tigations made in cooperation with the Conser- as broad salients into the eastern half (fig. 3).
o = 15 N, | £ TN = | T10N. | T.9N. 4 e vation and Survey Division of the University of Where the Pierre Shale is absent, the next
o|8 I 3 = | l |< SRR Nebraska. The cooperation, which began in older Niobrara Fc?rmatlon forms the bed'rock
am | § ;§ | . | . |§s ........... 1930, has resulted in a wealth of information surface. The Carlile Shale, Greenhgrn Lime-
. ; 3 | 3 g 8 8 | 2 S 3 . T about ground-water conditions in the State which stone, and Graneros Shale--successively older
m 420 ] | i i |§ > ) 3 & : :2°§ g . 12 has been of immeasurable value in the develop- formations of Late Cretaceous age--underlie the
'-_',J Looor - 8 3 3 S 3 8 g e S o e ix :';41900' N.|- ment of the water resources. Much of the in- Niobrara. None of the Late Cretaceous rocks
“« ;: o > K @ ) ij M\ formation obtained has been made available to are permeable enough to be a source of water
@ ™ SPeorian Loe S & 2 = . R, 1T fer table ] the public through publication; basic datanotyet supply, but beds in the Dakota Sandstone of
z ST W ' : AR LTV 5 in published form may be examined at the Early Cretaceous age, which underlies the
= 3 ' offices of the Conservation and Survey Division, Graneros, are permeable enough to yield water
w '+ University of Nebraska, Room 113, Nebraska to wells. Because the water in the Dakota
3 -1700" Z Hall, Lincoln, and the U.S. Geological Survey, probably is too mineralized for most uses and
< 8 Room 135, Nebraska Hall. because ample water supplies can be obtained
E v at shallow depth from the unconsolidated and
= 1600’ E During the period of the cooperative program, semic?onsolidated rockg, no Wel}s for waf;er
z - = the development of ground-water supplies in supplles have been drilled to this deep-lying
§ oo , = Nebraska, particularly for irrigation use, has a'qulfer. As rocl.<s older than the Dakota are not
E NORTH NORTH-SOUTH GEOLOGIC SECTION ALONG THE EAST LINE OF HALL COUNTY SOUTH increased tremendously--from the irrigation of likely to comimin potable walss, they are net
E Slo o only a few acres in 1930 to more than 2,600,000 described here.
a':) T12N. T.11N. | T.1ON. | T8N Sle acres inh 1961. In 1961, more than one-third of
§|i | | | ) 1S T the land in Hall County was irrigated with water Ground Water
o | g oS " pumped from more than 2,000 wells. In addition
= 3| l; 5 . s | mml N. to the withdrawal of ground water for irrigation, Throughout Hall County the water table, or
B s S 3 3 %E § 2 5 | 1_?2000, all public, industrial, domestic, and rural sup- top of the zone of saturation, is within the
E 2 ® D = 3 ) S plies in the county are obtained from ground Quaternary deposits (fig. 2). As shown in figure
& _ s 2 o = 3 ) 2 water. The largest user is the city of Grand 4, the depth to the water table is greatest be-
& 1900 L A& Peorian Loes - ORI - 1500! Island, an urban population center of about neath the wuplands and the divides between
z g 234t - E : 30,000. streams and is shallowest beneath the lowlands
u x> = bordering the streams. The greatest measured
W 1800° Ogallala L 1800’ 3 Heavy withdrawal of ground water at Grand depths to water--a little more than 120 feet--
3 e { Sration 3 Island has made a local depression in the water were in wells on the uplands southwest of Cairo,
2 aalinie-s < table. This depression, which has existed since and the least depths--10 feet or less--were in
b= 170014 1700’ g the early 1930's, was first reported by Lugn and wells on the flood plains of the Platte and Loup
T /M Wenzel (1938) and was subsequently investigated Rivers.
z in greater detail by Wenzel (1940). To alleviate
ui 1600' — —— —— —— —— 1600/ the locally overdeveloped condition, Grand Island The configuration of the water table is some-
2 is now (1963) developing a well field about 6 what similar to that of the land surface but is
= - ' y miles south of town on an island in the Platte much smoother and has less relief. Under nat-
< NORTH NORTH-SOUTH GEOLOGIC SECTION THROUGH THE CENTER OF HALL COUNTY UTH 200 10 River, where pumping will induce recharge ural conditions ground water moves in a direction
8Io N. from the river and thus insure a stable supply. perpendicular to the water-table contour lines
| 21 shown in figure 4. It moves into Hall County
T.12N. T.11N. | T.1ON. | T.9N. g ﬂ%g wieimimtel Climate from the west. Except in the extreme north-
8! 8 2 3 | | & EE'S ] 1o ‘ - . . western part of the county, where ground water
8 h',o v q | I T 5 BI< c’ RIS | O & The climate in Hall County is subhumid; the moves northward toward the Loup River, the
& ol ﬁljj 5 . 0 G g 3 g 2 §§ § T v o0 00 PxtAade B b s b e b R b sl b e e e s b e e B e : g average annual precipitation is about 24 inches, general direction of movement within the county
= %'mﬁ S $ 2 = n 1 §£ 08 2 § i e and the mean annual temperature 51°F. About is eastward or northeastward. Although the
: 2 B s o 1 o S 1 iz S T3 15 80 percent of the precipitation occurs in the upstream flexures of the water-table contour
& oopor il B ,§ & Loveland Formation iy - &‘ s _— == RS O L 2000" ; spring and summer; of that, more than half lines as they cross Prairie Creek indicate that
o % 3 ===t o afuscavater tablect. s PERAS i 5 falls as thundershowers. The spring and early some ground water discharges into thatstream,
g ] 3 FE.. . e e e TR e R Ry N summer rains usually are well distributed, al- most of the ground water in the county moves
W 1900° + P T X N eB A7 B b N ok L e Ly L AT T though droughts are not uncommon, but the late parallel to the course of the Platte River. The
2 ! RN & summer and early autumn storms are less flexures of the contour lines of the south side
= A e gy e ety e R0 A LA A uniform. The average annual snowfall is about of the Platte River indicate that some ground
= 1800 1 === =—-—————1c B K 0 s IR 1o e e 1 % T A CEONTy u r 25 inches, and the greatest amount usually falls water moves away from the river and passes
e [ 4 r———— | - - o o . o o o o o o o during February and March. beneath the upland area in southeastern Hall
z [P S e b e, - = I County. Almost all the ground water not inter-
—.——— s e e N The prevailing wind is from the south in cepted by pumping from wells or discharged
2 R D e e e e e e . e S e e R R e L e summer and from the northwest in winter; how- naturally by evapotranspiration or by seepage
E 1600 e e e e e e e e e e e e e e s R e s e e e e - ever, wind from other directions is common. The inte streams W1th1r'1 e coun’{:y P eastwa}rd
< NORTH NORTH-SOUTH GEOLOGIC SECTION ALONG THE WEST LINE OF HALL COUNTY SOUTH wind usually is moderate to strong during the or northeastward into Hamilton and Merrick
summer and often is accompanied by high tem- Counties. A small fraction of the total ground-
ol perature and low humidity, both of which cause water outflow from the county moves south-
SN |8 rapid loss of soil moisture and a high rate of eastward into northern Adams County, and an
P o S|3 RI2W. I R.ATW. | R.10 W. I R.OW. 81, D’ evapotranspiration. The thunderstorms are ac- even smaller fraction moves northeastward
- 2100 g glj | | | ._1|8 - 2100/ e —_-ABXMS COUNTY companied frequently by strong wind and oc- into the extreme southeast corner of Howard
E 7 g|m l | jg Base from U.S. Geological Survey Hydrology by C. F. Keech casionally by hail that damages crops and County.
< --r-'~m -....,..m | 8 3 : : 5::‘: 2000 PEREREERENSS EXPLANATION PEORERS- Most lls t ly the Quat d t
- 2ooo'—,';fg';;'£-j;. - 7 a g ' ost wells tap only the Quaternary deposits
> § R o Soils but some in the central and western parts of
g et b . - - Blepth to the water fakle, o the county tap the underlying Ogallala Forma-
= 1900 : e o Lovelan:rg:rr;:gz? = 1900 strfase Water-table contour The soils of Hall County, which range from tion also. As shown in rigure 5, the potential
3 4% O 7 o R R N NS s lots! silty to very sandy, directly influence the amount yield of properly constructed and carefully de-
o N BRDS 50 R I of recharge to the ground-water reservoir (see veloped wells ranges from about 400 gpm
R e e T AT T s 3 et b s et L LU GO LR AR (LT T Re 22 fig. 1). In about two-thirds of the county the (gallons per minute) to as much as 2,000 gpm.
E Less than 50 1846 soils are relatively permeable, allowing a con- The thickness of the saturated permeable ma-
Z oo - L dz:‘:ﬁf’:zl;r it siderable amount of the precipitation to infiltrate terial at a given location in the county can be
u i swrfiscs, Ost. 30, 1941, Lower wamber o aléttude of to the water table. Some of these soils are very determined by subtracting the depth to water
s s — — — — — — e ce——— ST e e water level, in feet above mean sea level sandy and permit most of the precipitation to (fig. 4) from the depth to the baseof the deepest
= R, denotes recording gage N . : i ¥ i ’
=g— 1600' 50-100 infiltrate. water-bearing material (fig. 5) at that location.
< The slope of the land andthe type of soil (fig. 1),
WEST GEOLOGIC SECTION DOWN THE PLATTE RIVER VALLEY EAST About one-third of the land has silty soils, the depth to water (fig. 4), and the water-yielding
Note: 3:;7;;:;?;;12:?:mz:-;yg:t) It:;gei 3::3.:‘:? :rizo:r:tes;::edy:;: Semggy b|y V- HHD rete;zjns drilled by Conservation v;{hich pe:rrr}it only a small part of the precipita- capacity (transfmissipility) of the satur.'ated per-
B ara,zesUO}:eggSiSisi::,Univzrsitrxl' e e O More than 100 tion to infiltrate the surface; and where these meable materials (fig. 5) are the main factors

which, in combination, govern the distribution
and density of irrigation wells within the county.

By the end of 1962, 2,112 irrigation wells had

Sand Sand and gravel Silt or clay Sandy silt Sandstone Shale Chalk charge. About 70 percent of thelandis tilled and been registered with the Nebraska Department of
nearly 60 percent of thisisirrigated, principally Water Resources. From the registration rec-
with ground water. By careful management i irri i
FIGURE 2.—GEOLOGIC SECTIONS ACROSS HALL COUNTY, NEBRASKA WLt 8 y e g " grds, the average yield of the irrigation wells
irrigators attempt to add only enough water to is computed to be 907 gpm, the average depth
maintain optimum soil moisture; but because of the wells to be 80 feet, and the average area
of uncontrollable factors, this is not always irrigated from a single well to be 72 acres.
_ possible. It is estimated that between 5 and 15 The amount of water pumped for irrigation
System Series Stratigraphic unit T}:‘fcel:‘;*“ Character and distribution Water supply percent of the applied water seeps to the water varies considerably from year to year and is
table. governed by the variations in amount and dis-
tribution of rainfall. Although only a fewirriga-
Recent Surficial alluvium, loess, 0-5- Widespread soils; flood-plain deposits of clay, silt, sand, and Significant only in that it transmits recharge to the Geology tion wells were drilled in the 5-year period
and soil gravel; isolated windblown deposits of silt and clay. ground-water reservoir. that ended in 1962. the total irrigated area
k]
Hall County is underlain by moderately to increased progressively. In 1961 an estimated
Quaternary Principal source of water to wells in the county; yield abundant highly permeable unconsolidated deposits of 150,000 acre-feet of ground water was applied
) i Windblown deposits of clay and silt; water-lgld and \lﬂ_rmdblown supplies about in proportion to the saturated thickness of Quaternary age. Ranging inthickness from about to the 126,000 acres of irrigated cropland in
104° SOUTH DAKOTA Pleistocene Unconsolidated deposits, 30-430 stratified deposits of silt, clay, sand, and gravel; stream- the sand and gravel deposits. Those deposits above the water 30 to 430 feet (fig. 2 and table 1), these deposits Hall C t
102° 100° undifferentiated deposited sand and gravel containing layer:s of clay and silt table are significant principally as a transmitting medium ‘ g. N P . ounty.
of wind and stream origin; underlie the entire county. far eholineny 16 Bhs v kiadl-wale roservily, rest el%;hil"dog thfl nilo%(‘eratel{. perrp;abi.e semi- T : s B ' :
-_,.___ og* consolidated Ogallala Formation of Tertiary age n pumpage for the municipal supply o
I BOYD or, where the Ogallalais absent, on the relativel -
,' V ivas | = ‘\619000 Brownish-gray and gray silt, sandy silt, and clayey silt con- ol bl bgd i of Lk ’C y Grard IS.’land by ab'OUt 12’0(.)0 arre fee.t' The
— —l 4 Tertiary Pliocene Ogallala Formation 0-240 taining lenses of sand, and locally a basal gravel; partly Yields water to wells in the western part of Hall County. lmpermeanle Dedrock o ate Cretaceous age. per capita use varies COHSlderably with the
I , | | ! mxo cemented but principally unconsolidated. The unconsolidated Quaternary deposits consist amount of precipitation but it averages about
| | sloux T ! CHERRY | ROCK - cnmnl DAKOA _ of sand and gravel deposited by streams from 100 gpd (gallons per day) in February and 200
& ! ’ SHERIDAN ' IPIERCE w 96° Gray to black marine shale and chalky shale overlain by the west and silt and clav laid down partly b d in August
4 BOX BUTTE l BEOWN. , l A&TELOPE ——\"2. Pierre Shale 0-350 weathered shale and gray silty clay; underlies all but the Not a source of water supply in Hall County. . Y p y by gp g :
= . . _ _ N l l | WAYNE HURSToﬁ\m southeastern part of the county. wind and partly by water. :
—— r_"‘—l' 1" -—t—- | I y . ;
o
; [ cmm pyp— , THOMAS | | Loup | L — |sTANTON H num\\ . . The ground .water in Hall County is of fairly
MORRILL | | | GARFIELD l MADISON| CUMING | 1 Niobrara Formati 250-380 Yellow and light- to dark-gray marine chalky shale and chalk; Do The Ogallala Formation underlies the Quater- uniform chemical quality. Well water sampled
e = —Ll BOONE —;A;T'E‘—r i underlies much of the county. : nary deposits in about three-fourths of the shows a range fr.'om about 300, to 550 ppm (parts
. r | ARTHUR wrmEmson LOGAN L [ WASHINGTON . county. Originally. it probably extended through- pgr trril(]illon) dissolved solids and averages
— - § abou 0 m. The water is of the calcium bi-
— CHEYENNE . % Upper . Medium- to dark-gray marine shale, calcareous in the lower o .the i Rl e R i e carbonat tpp It meet 11 standards of ch .
I - . = oo Carlile Shale 130-285 ar6; wirietios the entire county: Do. during the later development of stream valleys s e type- ; eeis all s dn dall; SE c e;nl-
| [ - 5 i ; = al characteristics recommende the Public
-- = o s e h Plath across the county it was removedfrom progres c Yy
e | 1oy mKl 1_1,1 Cretaceous sively wider areas, extending eastward from a Health Service and, except that it is hard, is
COLORADO = - ~ —;- i R0 omwEl * Greenhorn Limestone 25-30 Gray tousiliferons ﬂf;::l‘l’:: t‘}'l‘:‘i‘:’t‘i*ffecgu:;;h ealpprenis ahals; Do. point near the town of Wood River and southeast- suitable for all domestic purposes.
1 T smmj - ) y ward from a point about 2 miles northwest of )
CHASE | HAYES | mommaé‘n S ,L:i-GE e —\ Cairo (fig. 3). The greatestknown thicknesses of According to the Health Department of the
1 . 2 -
B e = —I— S —;]' T a = = J“E’_‘T’N NEMILHJ* Grsnézos Shale 40-65 Dark-gray shale, calcareous in the upper part; underlies the D the Ogallala"abOUt 240 feet--were penetrated in Clty of Grand Island, some of the ground wat.er
puvpy  (ITCHOR | mmas pruckouss  seermssp Mo : otne oty o the drilling of test holes 11-13-laa and from local wells was found to be polluted with
ios 1 ,lfliWILLo‘lV_ e H_ARLANI__ E_BS_TER ITBAYERl __]_ ,pAWNEE S S 11-13-24aa, both of which are on the west detergents and gollform bacteria. The soils
: boundary of the county. The formation is com- generally are quite porous and the water table
KANSAS Lower Diakiota Sandstons 300-400 Interbedded clay shale, sandy shale, and sandstone; underlies Contains mineralized water. No well in Hall county is osed largely of lenticular and shoestring de- is relatively shallow; thus pollutants can readily
Creta s th ti ty. sufficiently deep to reach this formation p gely g : i
INDEX MAP OF NEBRASKA SHOWING LOCATION OF THIS REPORT s T ' posits of sand, silt, clay, and poorly cemented YEAER e prommeweier Tederveir i dale
methods of waste disposal are not practiced.

50 0 50 MILES

T R O O (I S R L | J

TABLE 1.—GENERALIZED SECTION OF THE GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES, HALL COUNTY, NEBRASKA

AVAILABILITY OF GROUND WATER IN HALL COUNTY, NEBRASKA

By

C.F.Keech and V. H. Dreeszen

SCALE 1:125000

sandstone, siltstone, and claystone.

The bedrock surface on which the semicon-
solidated Tertiary and unconsolidated Quater-
nary deposits rest is one of moderate relief
(fig. 3). The partunderlying the Ogallala Forma-
tion was shaped by erosion before the Ogallala
was deposited, and the part mantled by only
Quaternary deposits was shaped first by pre-
Ogallala erosion and reshaped later by post-
Ogallala erosion.
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