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EXPLANATION

Flood plain

THREE PHYSIOGRAPHIC REGIONS HAVE BEEN

Fremont

THE PARENT MATERIALS FROM WHICH THE SOILS DEVEL-
OPED ARE LOESS (WIND-BLOWN SILT) AND ALLUVIUM.
DRILLING HAS REVEALED THE CONFIGURATION AND
NATURE OF THE BEDROCK SURFACE. — Loessial sotls,

which are the most extensive, are silty clay loams.

They occur

throughout the terrace plain, on the highest stream terrace in the
Platte River valley, on the loess-mantled glacial-till hills which
lie between the terrace plain and the valley of the Platte River,

and tn the area bordering the terrace plain on the southwest.

Al-

luvial soils are silty and sandy loams in the Platte River valley
and stlty clay loams in the smaller stream valleys. Bedrock refers
to the consolidated rock strata that underlie the area. It is exposed
in only one place (S% sec. 31, T. 13 N., R. 10 E.); elsewhere it is
buried beneath unconsolidated Quaternary deposits that generally
range in thickness from 50 to 320 feet.
and test-hole data show that the bedrock surface is characterized

by east-southeastward-trending valleys and ridges.

Contow

rs based on well

Its highest

known altitude is 1,240 feet above mean sea level between Duck
and Sand Creeks about 8 miles northwest of Wahoo, and its low-
est known altitude is 968 feet at the southeastern corner of the

area.

Rocks of Pemmsylvanion age constitute the uppermost bedrock
in an area of about 16 square miles that includes the greater part
of the Lincoln well field. Throughout the remainder of the area
the Dakota Sandstone of Cretuceous age is the uppermost bedrock
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IDENTIFIED IN EASTERN SAUNDERS COUNTY

EXPLANATION

Note: Dakota Sandstone of Cretaceous age (sand-
stone, siltstone, and shale) underlies entire area
north of boundary of undifferentiated rocks of

Pennsylvanian age

Undifferentiated rocks of Pennsylvanian age
Limestone and shale

P\
Bedrock outerop

~ 160
1172
Well or test hole

Upper number is depth to bedrock surface, in feet below
land surface. Lower mumber is altitude of bedrock
surface, in feet above mean sea level. > “more than’;
< “less than”

o
Climatological station

1000
Approximate bedrock contour

Shows altitude of bedrock surface. Contour interval,
50 feet. Datum is mean sea level

1°20" Note: Data not shown at most control points in
southeastern part of area

T.14 N.

unit.
AT
R. 7 E.
EXPLANATION AND APPRAISAL OF SOILS
Map Soil Parent Permea- Depth to
| key | texture | material Terrane bility Runoff | water table Land utilization Comments
Principal vegetation
Shndy lliszf ly Generally consists of native
1 Alluvium High Slow | less than Grazing grass, rushes, sedges,
S hetisp illow, and cottonwood
loads 10 feet willow, and co
trees
Silty Nearly
and : level Moderate Generally Row crops, some native | Alkali accumulations
sandy Alluvium bottom !:0 Slow | less than pasture and alfaifa in a few small places
loams lands high 10 feet
: Nearly Row crops, alfalfa, Artificially drained
Silty ik level - sl ?enili?“y some wheat; coarse- in places in Platte
lc ay uvium | 4 o4tom L oW les? am grass pasture in River and Wahoo Creek
QB lands 0 feet poorly drained areas valleys
Nearly
level to
hummocky V. Row crops with lesser
Silty terrace plain T ]ery Ranges from amounts of alfalfa A physiographic and
clay Loess and stream (:iw 9 G : W | about 10 to and wheat, some tame geologic feature known
loam terraces from | moderate ] . 70 feet grasses, and native as “Todd Valley”
20 to 80 feet e pasture in large swales
above modern
flood plains
Rolling to
rough glacial Perched water
till hills of tables. Depth
Silty the uplands, to regional Row crops, wheat,
clay Loess | which lie from Low Rapid | water table alfalfa, tame grass,
loam about 100 to ranges from 70 | and some native pasture
150 ft. above to about 120
modern flood feet
plains
50 rreem—— —

ANNUAL PRECIPITATION, IN INCHES

Average 28.45
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WIDE EXTREMES OF BOTH TEMPERATURE AND PRECIPITATION CHARACTERIZE THE WEATHER IN
EASTERN SAUNDERS COUNTY.—The difference between the recorded monthly minimum and maximum tem-
peratures is slightly more than 100° F. for the winter months and averages about 75° F. for the summer months.
Freezing temperatures have been recorded in all months except June, July, and August, and temperatures exceeding
100° F. have been recorded in the months from May through September. The mean annual temperature is 50.3° F.,
and the recorded extremes are —81°F. and 116°F.

Precipitation generally is greatest during the months from May through September; the average for these

months i3 more than 3 inches and in June exceeds 4 inches. The total precipitation during the driest year (1934) was

15.50 inches, and for the wettest year (1915) was 42.41 inches, or nearly three times greater.

Less-than-average

precipitation characterized 21 of the 28 years in the period 1916-43 and the L years in the period 1953-57. Above-
average precipitation was received each year between those two droughts and all but 1 year since the 1953-57 drought.

Crop production is related only partly to total annual precipitation. In years of above-average total precipita-

tion crops may suffer from deficient moisture if rainfall is not advantageously distributed during the growing
season. Furthermore, excess moisture can delay planting, can drown crops at any stage of growth, and can hamper
harvesting. Conversely, in years of deficient precipitation, crop yields are sometimes better than average if sotl
moisture vs ample for seed germination and rainfall is timely during the growing season.

RANGE OF TEMPERATURE AND PRECIPITATION

Temperature, in degrees Fahrenheit, Precipitation, in inches. (Average of
at Fremont Wahoo, Fremont, and Ashland 3 NE)
Totals for driest Totals for wettest
Month Mean Minimum Maximum Mean year (1934) year (1915)

Jan. 214 =31 69 0.76 0.31 1.83
Feb. 25.5 —-31 73 1.03 .90 2.95
Mar. 37.0 -16 89 1.47 .84 1.80
Apr. 51.1 7 96 2.58 .35 1259
May 61.6 22 106 3.74 .30 6.39
June 714 38 108 4.66 2.86 5.50
July 76.7 36 116 3.46 /) 8.99
Aug. 74.8 38 115 4.01 1.97 6.89
Sept. 66.2 24 107 3.01 2179 3.61
Oct. 54.3 5 96 1.70 1.74 .81
Nov. 384 -16 82 1527 2.24 1.44
Dec. 26.4 -30 72 .79 .45 .61
Year 50.3 -31 116 28.45 15:50 42.41
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THE CONFIGURATION OF THE REGIONAL WATER TABLE INDI-
CATES THAT GROUND-WATER MOVEMENT IS GENERALLY TO
THE SOUTHEAST AND SOUTH.—The water table is the upper sur-
Juce of the zone of saturated rocks and its configuration is controlled by
areal differences in the rates of recharge to and discharge from the zone
of saturation and by differences in the horizontal and vertical permeabil-
ities of the rocks. The configuration is somewhat similar to that of the

1238

1

Upper number is depth to water, in feet below land
Lower number is altitude of water table, in

surface.
feet above

EXPLANATION

203

1130

Well or test hole

mean sea level

A

1108

Site of surface-water altitude determination

H——a1420

15

land surface but is much smoother and has less relief. The water-table
contours indicate that a ground-water divide extends across the morthern
part of the terrace plain from sec. 3, T. 16 N., R. 6 E., eastward to the
vicinity of Cedar Bluffs. North of this divide the ground water moves to-

ward and discharges into the eastward-flowing segment of the Platte Riv-
er. South of the divide, ground water generally moves southeastward
and south, but locally moves eastward or westward toward the principal
streams—Sand, Silver, Wahoo, and Clear Creeks—into which the ground
water discharges. Apparently, none of the ground water beneath the ter-
race plain discharges directly into the southward-flowing segment of the
Platte River south and east of Yutan.

Arrows showing the direction of groumd-water movement diverge from
interstream areas and point toward the streams throughout the terrace
plain except in the vicinity of the ground-water divide. The pattern of
ground-water movement indicates that most of the ground-water recharge
is derived from precipitation infiltrating to the water table. Sand Creek
and an intermittent, unnamed tributary to Sand Creek probably also
serve as sources of ground-water recharge where they flow from the upland
to the terrace plain, near the western end of the ground-water divide.

The configuration of the water table in the general vicinity of the City
of Lincoln well field is of particular significance because it indicates that
nearly all of the water pumped by the city wells is derived from seepage out
of the Platte River and from precipitation on the area indicated by the pat-
tern on the map.

Water-level data are too few in the upland area for precise mapping of
the configuration of the water table between the terrace plain and the Platte
River valley. The lower reaches of Elm, Otoe, and Upper Clear Creeks
flow perennially, indicating that their base flow is sustained by discharge
from the regional zone of saturation. During wet years the upper reaches
of these streams flow most of the time, but during rainless periods in ex-
ceptionally dry years they cease to flow.  The dry-weather flow of the upper
reaches is derived from perched zones of saturation which may become vir-
tually depleted during extended rainless periods and no longer contribute
to streamflow. The configuration of the regional water table in this up-
land area probably is very complex because of wide differences in permea-
bility of the Quaternary deposits and because of the irreqularity of the
bedrock surface. The general slope, however, is northeastward toward the
Platte River.

The rate of ground-water movement varies with the steepmess of the
hydraulic gradient (in this area, the slope of the regional water table) and
the transmissibility of the water-bearing sediments. Under both the ter-
race plain and the Platte River valley the rate probably averages less than
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mean sea level

1220

Approximate water-table contour

Shows altitude of the water table.
20 feet; datum is mean sea level. Intermediate 10-
JSoot contours in areas of better control.
measurement made during period 1949-1963
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Direction of ground-water movement

Area of ground-water flow to Lincoln well field
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WELLS YIELDING MORE THAN 400 GALLONS PER MINUTE CAN BE
LOCATED ALMOST ANYWHERE ON THE TERRACE PLAIN.—The
coefficient of transmissibility s a measure of the ability of saturated ma-
terial to transmit water. It is expressed in units of gallons per day per
Joot of aquifer width under a hydraulic gradient of 1 foot per foot (or in
gallons per day per mile of aquifer width under a hydraulic gradient of
1 foot per mile). Most of the coefficients of transmissibility shown on the
map at the individual control points are estimates based on the textural
composttion of test-hole samples. The method followed in making the es-
timates has been widely used for unconsolidated sand and gravel deposits
in Nebraska and has been verified over a period of 3 decades by correlat-
ing the results with laboratory analyses, pumping tests, specific capaci-
ties of wells, and well yields. The few remaining coefficients of transmis-
stbility are estimates based on drillers’ logs and the specific capacities of
large-yield wells.

The lines of equal transmissibility were drawn in an attempt to define
areas of different capacities for yielding water to wells. Generally speaking,
the maxtmum yield, in gallons per minute, that can be expected from a
well that taps the full thickness of the aquifer and has been screened and
developed properly is from 1/70 to 1/100 of the numerical value of the co-
efficient of transmissibility; thus, a well yielding between 800 and 1,100
gallons per minute might be developed where the map shows an estimated
coefficient of transmissibility of 80,000 gallons per day per foot.

The lines of equal transmissibility are based in large part on the values
shown at the individual control points but are based partly on interpre-
tations of the bedrock-surface and water-table configuration maps. The
lines are highly generalized and undoubtedly will need to be modified as
new test holes are drilled, wells are installed, and pumping tests are mude.

Large-yield irrigation wells are scattered throughout the terrace plain
and the alluvial valleys, but only a few are located in the hills. The towns
of Morse Bluff, Cedar Bluffs, Colon, Wahoo, Mead, and Yutan have munic-
ipal-supply wells, and the City of Lincoln has a large well field located
in the southeast corner of the county near the Platte River. Water is
transported by pipeline to Lincoln, 30 miles to the southwest.

The boundaries of the buried channels in the upland area also are highly
generalized and were determined mostly from data on bedrock-surface con-
Sfiguration and from local reports on the ease or difficulty in obtwining
domestic water supplies. The few data available indicate that the channel-
Sill deposits consist partly of sand and gravel and have much higher coef-

|
A \ Yields of wells in these areas may range from small to

EXPLANATION

Wells
Note: Coefficients of transmissibility not shown for
most wells in southeast corner of area
©73
Irrigation well
2180
Municipal well
Ttalicized number signifies number of wells
050
Multipurpose well
Public supply, fire protection, industrial
55
&
Observation well
.65
Well or test hole

Number is estimated coefficient of tramsmissibility of
Quaternary sand and gravel, in thousands of gallons
per day per foot. >, “more than’; <, “less than” '

A
Stream gage

i
Registered surface-water appropriation as of 1962
00
Line of equal transmissibility

Interval, in thousands of gallons per day per foot,
s variable

i —— 41°20" General location of buried channel of Quaternary sand
and gravel

large but are generally greater than yields of wells in
intervening areas
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DRILLING HAS SHOWN THAT A LARGE PART OF THE AREA IS UNDER-
LAIN BY SATURATED SAND AND GRAVEL DEPOSITS.— Most of the terrace
e il plain is underlain by about 15 to 30 feet of loess below which is about 70 to 190
=5 e b EXPLANATION Seet of sand and gravel. Much of the Platte River valley is underlain by sand and
C it o e i ;L [ gravel to a depth of about 80 feet. The upland areas are underlain by about 5 to
1400’ - ©fr~ z|z ; ; g|§ 1400’ Land surface 30 feet of loess below which are unconsolidated deposits aggregating about 150 to
:,»“- '§ § . e o1 Unsaturated permeable material 250 feet in thickness and consisting of glacial till, silty clay, silt, and some sand
© P S sandA /Loess 2| ; and gravel.
300 - e 3 $ e lsinanacis '§ a § - 1300" Vertllcgl Rale Relatively impermeable material The permeable unconsolidated deposits are saturated below the regional water
1 % ‘ Taes 3 ! . i 9] %18 88 (silt, clay, and till) table. Where the zone of saturation consists largely of moderately to highly perme-
\ b Woterobe——— - ———= ——t Till é A ;};I ‘ggg Saturated permeable material abl'e sand a'nd gravel, 1t s capable (.)f transmitting large guawzt'ities of water to
Sard and | Quaternar o g * 20 (sand and gravel) points of withdrawal. Most large-yield wells are screened in the lower part of the
1200’ s A deposits 4 TSl + 12007 0 sand and gravel deposits. In some parts of the upland areas deposits of sand and
: = “~Test hole or well gravel are thin or absent and large supplies of water cannot be obtained from wells. S l ' M M A R Y
- - Locally in the upland areas thin zones of saturation are perched above the regional
2000 4000 I - % ;
1100’ 1 = 11007 T e R | water table. Wells tapping such zones have small yields and are likely to go dry
Kiote: Galyvicnehalf theies: Scale for estimated coef- during long periods of drought.
. ti mate)c’l coefficient of ficient of permeability, The Dakota Sandstone, which underlies the Quaternary deposits throughout
1060 DTN JC MERL S e permeability shown for P in gallons per day per most of the area, is known to contain beds that are poorly to moderately permeable.
lower part of these holes square foot (gpd/ft. ) The full ground-water potential of the Dakota is unknown.
The sand and gravel deposits of Quaternary age constitute the Pumpage for irrigation since 1956 is estimated to have ranged The quantity of ground water pumped to date is very small com-
most important ground-water reservoir and are the source of near- from about 2,500 acre-feet (1962) to about 6,000 acre-feet (1957). pared to the amount of water stored in the rocks. Furthermore,
100,000 300 ly all the water pumped from wells in the area. An estimated 3.5 The town of Wahoo annually pumps about 460 acre-feet, and other  most of the ground water withdrawn has been replaced by infil-
A million acre-feet of good quality water is stored in these deposits towns pump an estimated total of 180 acre-feet. In 1963 the City trating precipitation and by influent seepage from the Platte River.
\\ and an additional 1.5 million acre-feet is stored in the underlying of Lincoln pumped 27,000 acre-feet from its well field alongside The large quantity of ground water in storage in addition to the
> 1 Dakota Sandstone. Even larger quantities are stored at greater the Platte River in the southeast corner of the area; since then pump-  flow of the Platte River indicates that the water resources of the
(n . . . . .
\\\ % = EXPLANATION depths in the Paleozoic dolomites and sandstones, but the water is age has increased and probably is likely to continue to do so. area, if managed properly, can be developed much more extensively
% \\‘\ E g 460 of poorer quality. Pumping at Lincoln city well field induces recharge from Platte River.  without appreciably depleting the supply.
Q K < ©= Cations Anions
O N W=, :
(i} , ™ 7
Z \J1951 (Year having most discharge) S l Na+K ) ueo
a 10,000 =N T o i 2 | e
o > & ut v 3
= No \‘\ E E ik . Mg . S04 ROCK UNITS AND THEIR WATER-BEARING CHARACTERISTICS
Lt . N =1 5 R
w ) N ) (35 ;
A N =) R . Approximate depth . : oo
@) h = § 4 : : Approximate Physical description and s ;
= = ™ == i Cl Unit to top of unit ; e Water availabilty and quality
g ) N \\\ 8 E ; (feet below land surface) thickness (feet) areal distribution
= e \ \\ g; Surficial deposits influence runoff and recharge to ground water and
':_ 1940 (Year having least discharge)” \ \\\_{- 6 . G Widespread soils; floodplain deposits of clay, siit, sand, and gravel; wind- largely determine use of land. Sands and gravels are principal
¢ 1000 = = —= 7 : . deposited clay and silt; stream-laid sand and gravel; glacial drift, source of water to wells in area; yields range from small to 1,500
< e ,\T1929‘6) % ; Sample lacation H Hardness as Quatapnacy depasits At Shie:suriece B-B20 mostly clay and silt. Underlies entire area except for one place in gpm. Water generally contains less than 500 ppm total dissolved
5 | Flow duration curves computed from the 4 N v 5 % s i CatQs, aes southeast corner. solids and is hard to very hard; locally may contain up to 700 ppm
g | records: o % 7 7 % total dissolved solids.
| Platte River near Lincoln well field, \\ g % ? : s NI GR.  Tl e Important secondary source of ground water and can be utilized in con-
ocmb?' 1588 do N!ay‘1953.. \ = 100 7 ?/ 2 Sec.34.T.17N.R.7E. | 75 348 Sandstone, siltstone, claystone, and shale; about half of unit is poorly junction with the overlying unit to increase yields of wells; is source
Flatte fter o Lot Tl s N = / s TR Dakota Sandstone 0-320 0-490 to well cemented sandstone. Underlies all but southeastern part of of water for town of Yutan and part of the source for two irrigation
Creek near Lincoln well field, May 7R 7 ; : : we
1953 to September 1960 m] 7 7 3 Sec.2.T.14N. R.8 E 7.4 263 area and crops out in one place in southeast corner of area. wells. Quality of water inadequately determined but probably similar
a 2, T. - R . . ; . 2
100 L it s M e S 7/ to that in Quaternary deposits except in northwestern part of area.
o0 01 1 1020 ot 50 Do) = e / % Sec.26 T.14 N, R.8E. | 6.9 149 i Interbedded marine limest d shales. Underlie enti d | Not used as a source of wat ly in the:ares; important
PERCENT OF TIME DISCHARGE WAS EQUALED OR EXCEEDED o 7 J / 4 ec.26 T.14 N.,R. 8 E. X Pennsylvanian rocks, 0-600 260-600 nterbedded marine limestones and shales. Underlie entire area an used as a source of water supply in the area; important as a
; = D —— undifferentiated crop out in one place in southeast corner of area. barrier to the movement of ground water.
Prepared by F. Butler Shaffer, U.S. Geological Survey o 200 ,}// g - & e 28 16
ec. : . R. | 7 3 . x - = - .
< ' : ' Paleozoic upper _ Thick dolomites having differing porosities, some limestones and shales. Not used as a source of water supply in the area, but large amounts of
THE FLOW DURATION CURVES INDICATE THAT ABOUT 95 PERCENT OF - % delamites 390-950 750-950 ik riic ciitiie 3tca. Waikes Bee aueialie; Oualilyiof water unlnewn.
THE TIME FROM 1929 THROUGH 1960 THE FLOW OF THE PLATTE PAST z 'g"l .
THE LINCOLN WELL FIELD WAS GREATER THAN 1,000 CFS (CUBIC g ;/ Not usedtas ? soturce of wa_:e:)lsuppg in ’che| area, zutI sTélll to Iafrgfi
FEET PER SECOND), OR ABOUT 2,000 ACRE-FEET PER DAY, AND ABOUT < St. Peter 100- = Wellsort i : 4 ameunts ol water are avaiabis. One ahaiysis and electric legs of of
50 PERCENT OF THE TIME IT WAS 3,700 CFS, OR 7,400 ACRE-FEET PER = 300 % Sandstone L8PS 29 s ell sorted, poorly cemented, quartz sandstone. Underlies entire area. | yoq¢ ingicate total dissolved solids probably range from about 1,400
DAY.—From 1950-60, the annual discharge of the Platte River was about 2.7 la ppm to more than 5,000 ppm.
million acre-feet at North Bend and about 3.9 million acre-feet at the Lincoln well = / ' ) . o ditferd i e _— Not used as a source of water supply in the area, but small to large
field in the southeastern corner of the area. The increased discharge is due pri- = Palgolzmqtlower 1,300-1,950 0-250 S I DG RS, SuieTlimesioes ol ehles: amounts of water are probably available. Quality of water probably
marily to inflow from the Elkhorn River. Flow past the well field is particularly - 7 THE GROUND WATER BENEATH THE TERRACE Eraiey Underlie all but southeastern part of area. similar to that of water in overlying and underlying units.
o Or;”‘t.bemu;; ahlargéa p a]: oy dthj watf & M?Zt)e'.ibj Zom. weéls L.? méi ucte(i ;“h azzi 2 400 gk‘ii}; %23&1}3 SPXAFT.:\PII%IE{YI'VI?IIE}IEI %Iélﬁ%é;‘,lgz Not used as a source of a water supply in the area, but small to mod-
SRS R = N i ki B % Paleozoic basal Well sorted, poorly cemented, quartz sandstone. Underlies all but erate amounts of water are available. One analysis and electric logs of
of the report area; the remainder drains directly to the Platte River. The average o TION OF BICARBONATE AND GENERALLY IS 2 1,300-2,180 0-50 : i : 3
. : . . and southeastern part of the area. oil tests indicate that total dissolved solids may range from about
annual discharge of Wahoo Creek at Ithaca from 1950-60 was 50 thousand acre- HARD TO VERY HARD.—The few available chemical 1. S00ppmie: piore tHan 5,000 pom
Seet and amounted to 0.27 acre-foot per acre of drainage area. The amount of wa- analyses of ground water indicate that it is progressively ! 2 ’ L
ter pumped from streams and ponds is unknown, but is negligible compared to softer and contains fewer total dissolved solids in a south- Precambrian rocks 1,150-2,200 BaseTg it Diabase and metasediments. Underlie entire area. Not a source of water supply in the area.
the total stream discharge. 500 eastward direction across the terrace plain. e
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