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GEOLOGY AND GROUND-WATER RESOURCES OF THE
LOWER SOUTH PLATTE RIVER VALLEY BETWEEN
[ ]
HARDIN, COLORADO, AND PAXTON, NEBRASKA

By L. J. Bjorklund and R. F. Brown

ABSTRACT

The study of the geology and ground-water resources of the lower South Platte River
valley was made by the Ground Water Branch of the U, S. Geological Survey at the re-
quest of the U, S. Burean of Reclamation and with the endorsement of the Colorado Water
Conservation Board, The area includes patts of Colorado and Nebraska, covers about
3,200 square miles, and ranges in altitude from about 3,000 to 5,000 feet above sea
level. The average annual precipitation in the area is about 16 inches and is sufficient
to support grasses and some grains, Irrigation utilizing water diverted from the river
and pumped from wells is extensively developed in the valleys of the South Platte River
and its tributaries. The principal agricultural products are com, sugar beets, alfalfa,
beans, wheat, barley, and livestock.

The rocks exposed in the area are sedimentary and range in age from Late Cretaceous
to Recent. The Pierre shale undetlies the entire area, The Fox Hills sandstone and the
Laramie formation undeilie the westemn part and the Chadron, Brule, and Ogallala forma-
tions underlie the easter part, Pleistocene and Recent alluvium underlies the valleys
of the South Platte River and its tributaries. The Pierre shale ranges in thickness from
about 2,500 feet near Paxton, Nebr., to about 6,500 feet near Hardin, Colo., and yields
water in small quantities to wells in the vicinity of Sterling, Colo. Within the area, both
the Fox Hills sandstone and the Laramie formation range in thickness from a featheredge
to nearly 200 feet and yield small quantities of water to stock and domestic wells. Al-
though a test hole near Proctor, Colo,, was drilled 102 feet into the Chadron formation,
the total thickness of the formation was not ascertained; no wells within the area covered
by this investigation are known to derive water from the formation. The Brule formation
ranges in thickness from a featheredge to more than 500 feet and yields watef to wells
from fractured or porous zones. The Ogallala formation ranges in thickness from a feath-
eredge near Sedgwick, Colo., to about 350 feet near Paxton, Nebr.,, and yields large
quantities of water to wells. The alluvium ranges in thickness from a featheredge at the
edges of valleys to about 300 feet in some places in the valleys. The alluvium occurs-
in two physiographic forms—Pleistocene and Recent terrace deposits and Recent flood-
plain deposits~——and yields abundant water to irrigation, public-supply, and other wells,
Dune-sand deposits cover part of the area, range in thickness from a featheredge to about
100 feet, and yield water in small quantities to stock and domestic wells, Loess de-
posits cover much of the area and range in thickness from a featheredge to about 50 feet,
Generally the loess is above the water table and is not known to yield water to wells,

The principal source of ground water in the area is the alluvium of the South Platte
River valley and of the tributary valleys of Lost, Kiowa, Bijou, Sand Arroyo, Badger,
Beaver, Wildcat, Pawnee, and Lodgepole Creeks. The water table in the tributary val-
leys slopes downvalley toward the river; its gradient is similar to that of the valleys,
The water table in the South Platte River valley slopes diagonally downstream toward
the river, Where the alluvium is bordered by the moderately permeable Fox Hills sand-
stone or the Laramie or Ogallala formations, the water table generally extends-into the
bedrock formations without any significant change of slope or shape.
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In areas where irrigation water from the river is supplemented by pumping from wells,
the water levels generally neither rose nor declined during the period 1940-50, How-
ever, in the areas where irrigation supplies are obtained wholly from wells, the water
levels declined steadily, The decline in the Bijou and Kiowa Creeks area was about
8 feet, of which about 2 feet occurred in 1950, The average decline in parts of the
Beaver Creek valley was about 4 feet, of which about 1 foot occurred in 1950, The de-
cline of the water table is most critical in the Beaver Creek valley, owing to a relatively
thin saturated thickness of the water-bearing material, The most critical decline in the
Beaver Creek valley is in the vicinity of Gary, Colo., where water levels declined 2 feet
during 1950 and 10 feet during 1940-50.

Recharge to the ground-water réservoir is eftected by seepage from canals, reservoirs,
and irrigated 1and, by precipitation in local and adjacent areas, by seepage from streams,
and by subsurface inflow of ground water. Discharge of ground water is effected by
evaporation and transpiration, seepage into streams, outflow as springs, and subsurface
underflow out of the area, and by pumping of wells, About 12,700,000 acre-feet of water
is stored in the alluvium in the project area. Under present conditions, 2 gain or 2 loss
of about 175,000 acre-feet of water is represented by each foot of rise or decline of the
water table,

It is estimated that about 1,380 irrigation wells were in operation by the end of 1950.
The pumps on about 71 percent of these were powered by electricity, about 17 percent
were powered by tractors, and about 12 percent were powered by stationary combustion
engines. Total pumpage during the 194650 petiod ranged from about 123,000 acre-feet
in 1947 to about 281,000 acre-feet in 1950.

Municipal water-supply systems at Fort Morgan, Brush, Metino, Sterling, 1liff, Crook,
Sedgwick, Ovid, and Julesburg, Colo., and Big Springs, Brule, Ogallala, and Paxton,
Nebr., all derive their water from wells, Domestic and stock water supplies throughout
the area are derived from wells,

Chemical analyses were made of 123 ground-water samples that were taken from the
alluvium, dune sand, and bedrock formations., Water from the Pierre shale generally is
soft, sodium and bicarbonate being the principal constituents, but the dissolved solids
are high. Water from the Fox Hills sandstone is soft and has a moderately high content of
dissolved solids, The Ogallala formation yields moderately soft calcium bicatbgnate
water that has a dissolved solids content ranging from 152 to 396 ppm (parts per million),
The dune sand contributes moderate amounts of soluble minerals, and the water generally
is soft. The alluvium of the South Platte River valley yields water in which calcium and
sulfate compose much of the dissolved solids and which generally is hard, The ground
water in tributary valleys to the South Platte River valley is similar in chemical quality
to that in the main valley, Diverted river water used for irrigation tends to increase the
mineral content of the ground water.

Wells that would yield 500 to 1,000 gpm (gallons per minute) can be developed in most
places in the alluvial deposits that underlie the valleys of the South Platte River and its
tributaries, and wells that yield as much as 2,000 gpm probably could be developed in the
thick saturated sections of alluvium in the valley of the South Platte River. A balanced
surface- and ground-water irmrigation system could be established by pumping water for
irrigation from wells in seep areas, thus reducing the amount of surface water needed.
Where the ground-water reservoir is replenished by recharge from the South Platte River
and from adjacent areas during the nonirrigation season, large quantities of water could
be pumped from the ground-water reservoir into canals and reservoirs during the irrigation
season. Hydrologic studies should be continued in the lower South Platte River valley.
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INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

This investigation is one of several being made by the U. S.
Geological Survey as part of the program of the Department of the
Interior for the control, conservation, development, and use of the
water resources of the Missouri River basin. The study of the
geology and ground-water resources of the lower South Platte
River valley was made by the U. S. Geological Survey at the re-
quest of the U. S. Bureau of Reclamation and with the endorse-
ment of the Colorado Water Conservation Board. The study was
intended to aid in the formulation of plans for future development
of the area, including the effective utilization of water from the
Colorado-Big Thompson and other transmountain diversions. The
investigation was made in ofder todetermine the character, thick-
ness, and extent of the water-bearing formations, and the origin,
quality, quantity, movement, availability, and use of ground water
in the area. This report includes data collected during the inves-
tigation, from April 1947 through December 1950, and earlier data
taken from reports on water levels in Colorado and Nebraska.

LOCATION AND EXTENT OF THE AREA

The area investigated includes the South Platte River valley
from Hardin, Colo., to Paxton, Nebr., adistance of about 200 miles,
and parts of tributary valleys. (See figs. 1 and 24.) The area
includes parts of Adams, Logan, Morgan, Sedgwick, Washington,
and Weld Counties in Colorado and parts of Deuel and Keith Coun-
ties in Nebraska, and covers about 3,200 square miles. About
one-third of the area is in the tributary valleys in and south of
Morgan and Weld Counties.

PREVIOUS INVESTIGATIONS

Several studies have been made concerning the geology or ground-
water resources of all or part of the area under consideration.

Meek and Hayden (1862), Hague and Emmons (1877), King (1878),
White (1878 and 1879), and Fldridge (1889) mentioned the geology
of this area in general reports that described large areas of west-
central United States. Darton (1905) made a reconnaissance
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"EXPLANATION

Area described in this report

Areas described in other reports
I T T

110°

Figure 1. —Map of Missouri River basin showing area in which ground-water studies have been
made under the program from development of the Missouri River basin,

of the geology and ground-water resources of the central
Great Plains, including the South Platte River valley. Slichter
and Wolff (1906) prepared a report on the amount of underflow in
the South Platte River valley between Sterling, Colo., and the
confluence of the North and South Platte Rivers. Meinzer (1919)
made a ground-water investigation of Lodgepole Creek valley in
Wyoming and Nebraska. Henderson (1920a,b) discussed the geol-
ogy of the drainage areas that are tributary to the South Platte
River. His reports emphasize paleontology but include brief dis-
cussions on lithology and stratigraphy. Cretaceous stratigraphy
and structure are discussed in a report by Mather, Gilluly, and
Lusk (1928). Dobbin and Reeside (1929) described the contact of
the Fox Hills sandstone and the Laramie formation, and Lovering
and others (1932) redefined the Fox Hills sandstone and placed the
lowerlimit at a mappable horizon. Several reports, notably those
by Rankin (1933), Dane and Pierce (1936), and Van Tuyl and others
(1938), describe petroleum investigations in northeastern Colo-
rado. Bryan and Ray (1940) gave detailed descriptions of terrace
deposits in the South Platte River valley west of the area covered
by this investigation and discussed the Pleistocene and Recent
history of the region. A report on the geology and ground-water
resources of Keith County, Nebr., by Wenzel and Waite (1941)
was used extensively in the preparation of the part of this report
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Figure 2. — A, Map of South Platte River basin showing area included in this report; B, Ideal-
ized profile of the South Platte River between Hardin, Colo., and Paxton, Nebr.,

that pertains to Keith County. Several reports by Condra and
others (1940, 1943, 1947) on the geology of Nebraska are applica-
ble to this area. Two publications by Code (1943, 1945), which
deal with the use of ground water for irrigation in parts of the
area in Colorado, have been of particular value in the current
study. A bulletin covering the geology and ground-water re-
sources of parts of Lincoln, Elbert, and E1 Paso Counties, Colo.,
by McLaughlin (1946) treats comparable ground-water problems
in similar geologic units.
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METHODS OF STUDY

The investigation was started in April 1947 under the general
supervision of A. N. Sayre, chief of the Division of Ground Water
(now called the Ground Water Branch) of the U. S. Geological
Survey, and of G. H. Taylor, regional engineer in charge of ground-
water investigations in the Missouri River basin, and under the
immediate supervision of S. W. Lohman, district geologist, Den-
ver, Colo. A field office, staffed by L.. J. Bjorklund, engineer,
and R. T. Littleton, geologist, was established at Fort Morgan,
Colo. N. M. MacNeill was employed in June 1947 to assist in the
engineering work. H. F. Haworth, geologist, was detailed to the
project in July. J. A. Tavelli, geologist, succeeded Mr. Haworth
in November 1947 and he in turn was succeededin September 1948
by R. F. Brown, geologist. H. M. Babcock, district engineer,
Cheyenne, Wyo., critically reviewed the report and supervised
its final compilation.

The quality-of-water studies were under the general direction
of S. K. Love, chief of the Quality of Water Branch of the U. S.
Geological Survey, and under the immediate supervision of P. C.
Benedict, regional engineer in charge of the quality-of-water in-
vestigations in the Missouri River basin, Analyses of water sam-
ples were made in the laboratory of the U. S. Geological Survey
at Lincoln, Nebr.

A network of 189 observation wells was established early in the
investigation. This included 62 wells in the Colorado part of the
area in which water levels formerly were measured by W. E. Code
of the Colorado Agricultural Experiment Station, Colorado State
College, Fort Collins, Colo., and 18 wells in the Nebraska part of
the area in which water levels had been measured by the Lincoln,
Nebr., office of the U. S. Geological Survey. Water levels were
measured monthly from the beginning of the investigation through
June 1949 and bimonthly thereafter through December 1950. In
addition, 4 wells in Morgan County, Colo., were equipped with
water-stage recording gages. Additional records were obtained
from recording gages in Morgan and Weld Counties, Colo., and
from 2 recording gages in Keith County, Nebr.; the former were
operated by Mr. Code and the latter were operated by W. A. Doolittle
of the Platte Valley Public Power and Irrigation District. Water-
level records for 161 wells in Colorado and 28 wells in Nebraska
are given in appendix C.

Records were obtained of 1,767 wells in the area, including
1,266 wells of large discharge used for irrigation, public supply,
or industry, and 436 wells of small discharge used for domestic
or stock supply, and 65 unused wells. Well owners, users, and
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drillers were interviewed in order to obtain pertinent information
about the wells and about the nature and thickness of the water-
bearing formations that are tapped by. the wells. All available
logs of wells were collected. An attempt was made to include all
wells of large discharge in the inventory. Well records previously
obtained in Colorado by W. E. Code and in Nebraska by L.. K. Wenzel
and H. A. Waite were studied and the wells were revisited. The
location of wells was determined by automobile odometer meas-
urements from nearby section corners or other landmarks.. A
summary of the inventoried wells is shown below. Measurements
of the depth to water and total depth of wells were made with a
steel tape, and measurements of pump yields were made with a
Hoff current meter. These measurements and other pertinent in-
formation about the wells are included in appendix C at the end
of this report. Reported data are listed for those wells that could
not be measured.

Number of wells, according to pertinent data, included in the inventory of the lower South
Platte River valley between Hardin, Colo., and Paxton, Nebr.

Number of wells
e of water 1
State and County Us Water Alt't‘fdeed
Irrigation, Domestic, level esbtabh.sl-‘z
public-supply, | stock, and| Total wells | measured lV sl;;“t
and industrial { others eveling
Colorado;
AdamsS..eiieseasecssernsscnsenens 34 5 39 34 27
Logan......... eestsecsenasesans . 164 123 287 226 237
Morgan.ceecesecssnees 585 208 793 643 644
Sedwick e 56 4 100 82 89
Washington, . 33 14 47 32 40
Weld... . 162 41 203 159 164
Nebraska
Deuel.., 77 16 93 74 76
Keith .. 155 50 205 160 171
Totaliieeeercnoseorsesesesann 1, 266 501 1,767 1,410 1,448

A study of the geologic formations in the area, with emphasis
on the Quaternary water-bearing materials, was carried on suc-
cessively by geologists Littleton, Haworth, Tavelli, and Brown.
Aerial photographs and State highway maps were used in mapping
the formations. The drilling of 226 test holes (total footage,
27,749) was supervised by geologists of the U. S. Geological Sur-
vey who also logged the test holes. (See table on p. 8,) Logs of
640 wells were collected from well drillers, farmers, and land
owners and a careful selection was made for inclusion in this
report. An additional 375 logs of seismograph shot holes were
collected; these included surface and bedrock altitudes. Informa-
tion from the logs of these test holes, wells, and seismograph
shot holes was used in drawing on plate 1 the lines showing the
contour of the pre-Quaternary surface.
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Test drilling in the project area supervised and logged by geologists of the U. S.
Geological Survey

Number | Feet of

Driller Year Supervisor of holes | drilling
Canfield Drilling Co,, Fort Morgan, 1947| H. F. Haworth..eeesececsencecs 55| 5,000
Colo, Contract with U, S. Geol,
Survey.
DOucerrsoereessasonsasssnnssocossessonees| 1948 Jo A. Tavelliceeeresiesssencosss 54| 4,820
Canfield Drilling Co,, Fort Morgan, 1948 T, G. McLaughlin,..csceeseses 8 860

Colo, Contract with town of
Julesburg, Colo,

Ellithorpe and Putman, Ogallala, 1949| R, F. Browliueceveessssscecnncen 55| 5,774
Nebr, Contract with U. S, Geol,
Survey.

Conservation and Survey Division of 1949( J. L. Deffenbaugh.ciceesceess 39| 9,739

the University of Nebraska. Cooper-
ative arrangement with U, S, Geol.
Survey.

Adams Well Works, Brush, Colo, 1949| R, F, Brownliee.ceecersensessece 15| 1,556
Contract with town of Brush, Colo,

Totaleeeeuereersserceseonsasences . e secenens 226 | 27,749

The altitude of the measuring point of 1,448 wells and of the
land surface at 226 test holes was established by F. E. Busch,
R. L. Morgan, and L. R. Reed. Temporary bench marks were
set at or near section corners to aid future leveling work.

Samples of water were collected from 123 wells and chemical
analyses of the samples were made in the laboratory of the U. S.
Geological Survey at Lincoln, Nebr,

Pumping tests were made at six sites to determine the hydro-
logic properties of the water-bearing materials, Two of these
tests were made in cooperation with the U. S. Bureau of Reclama-
tion to determine the possibility of seepage at proposed dam sites.

Detailed studies were made in the vicinity of Julesburg and of
Brush, Colo. Two reports, one by T. G. McLaughlin (1948) and
the other by R. F. Brown (1950), were prepared by the U. S. Geo-
logical Survey and published by the Colorado Water Conservation
Board. Data collected during those studies are included in this
report.

WELL-NUMBERING SYSTEM

Well numbers in this report are based on the Bureau of Land
Management's system of land subdivision. The wellnumber shows
the location of the well by township, range, section, and position
within the section. A graphical illustration of this method of well
numbering is shown infigure 3. The first letter (capital) of a well
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number gives the quadrant of the meridian and baseline system in
which the well is located; the quadrants are lettered beginning in
the northeast quadrant (with A) and proceeding counterclockwise,
All wells in this area lie in the northwest (B) or southwest (C)
quadrants of the sixth principal meridian and baseline system.
The first numeral of a well number indicates the township, the
second the range, and the third the section in which the well is
located. The lowercase letters following the section number lo-
cate the well within the section. The first letter denotes the
quarter section, and the second letter the quarter-quarter section.
The letters are assigned in a counterclockwise direction beginning
with (a) in the northeast quarter of the section or of the quarter-
quarter sectfion. If more than one well is in a quarter-quarter
section consecutive numbers, beginning with 1, are added to the
well numbers. For example, the well number B1-55-30bd indicates
a location in the southeast quarter of the northwest quarter of
sec. 30, T. 1 N., R. 55 W,
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GEOGRAPHY
TOPOGRAPHY AND DRAINAGE

The area covered by this investigation lies entirely within the
lower valley of the South Platte River and is drained by that
stream and its tributaries. The valley lies in the Denver basin
region of the Colorado Piedmont and High Plains sections of the
Great Plains physiographic province.

The altitude of the highest part of the area, in the vicinity of
Prospect Valley, Colo., is about 5, 000 feet, and that of the lowest
point, at Paxton, Nebr., is 3, 057 feet; the total relief, therefore,
is about 2, 000 feet.

The river is about 1,500 feet lower thanthe South Platte- Arkansas
divide, to the south, and more than 1,000 feet lower than the South
Platte-North Platte divide in Wyoming. In the divide areas, the
Tertiary rocks are still intact. The surface between thedivide
areas, which is essentially in the old age stage of the erosion
cycle, is formed, for the most part, on the uniformly weak Pierre
shale with promontories that are capped by the more resistant
Fox Hills sandstone and the rocks of the White River group.
Downstream from Sedgwick, Colo., the Tertiary rocks crop out
in belts parallel to the river and form a broad, flat, upland plain,
whichisbroken only by short, steep, tributary valleys.

Six terrace surfaces are present in many places in the South
Platte River valley, and at least two pediment surfaces lie above
the terraces (Bryan and Ray, 1940). Three distinct stages of
downcutting by streams into the underlying bedrock are shown on
the cross sections (pl. 2, sections O, P, Q, R). These succes-
sive stages of downcutting are reflected imperfectly in the major
tributary drainages. The South Platte River, which is a through-
flowing stream from mountains that are in a region of high pre-
cipitation, caused more rapid erosion than its tributaries which
originate on the plains. Because little rain falls on the plains and
because the Tertiary mantle is highly permeable, erosion has
been extensive only where gradients were steep, as in Beaver and
Bijou Creeks. Tributary drainages, therefore, did not adjust
completely to each change in grade of the South Platte River.

The South Platte River is a consequent stream that resulted
from the uplift of the Rocky Mountains, and its gradient is com-
paratively uniform. (See fig. 2B.) Tributary streams west of
the Morgan County line may be in part subsequent—that is, the
upturned edges of the underlying Cretaceous sediments may have
determined the course of the streams. Drainage throughout the

421283 O -57 -2



12 GEOLOGY AND GROUND WATER, SOUTH PLATTE RIVER VALLEY

remainder of the area covered by this investigation is typically
dendritic.

The South Platte River and Lodgepole Creek are perennial
throughout the area, although their flow is subject to marked sea-
sonal variation. The remaining stream valleys have a continuous
underflow, but surface runoff occurs only after precipitation.

CLIMATE

The area considered in this reportis semiaridand has an aver-
age annual rainfall of about 16 inches. This precipitation is in-
sufficient for many kinds of crops but, when uniformly distributed
throughout the growing season, it will support grasses and some
grains. Most of the summer rainfall results from thundershowers
but, owing to the erratic distribution of the showers, each year
some areas have extended rainless periods. For these reasons,
irrigation has become an increasingly important part of the agri-
cultural economy of the lower South Platte River valley.

The average climatic data for five stations in the lower South
Platte River valley are given in table 1, and the annual precipita-

Table 1,— Average climatic data for five stations in the lower South Platte River valley

[Data from records of the U, S, Weather Bureau]

Annual Temperature (degrees Fahrenheit) Length of
X precipi- growing
Station tation |\, . ‘s Average | Average| season
(inches)| Maximum  Minimum |57 =5 | 5 yary (days)
Colorado:
Greeley, Weld County.ueeenes| 12.60 107 -45 72,2  24.9 148
Fort Morgan, Morgan County, 13,43 109 -36 T2.8 23.5 145
Sterling, Logan County.........| 15,15 105 -33 T2.4 23,8 146
Julesburg, Sedgwick County.,..| 17.14 108 -38 T4.7 25.4 140
Nebraska:
Ogallala, Keith County...eeeea| 19.49 111 -29 7170 24.6 150

tion and cumulative departure from normal precipitation at Fort
Morgan, Colo., are shown in figure 4. The prevailing direction
of the wind throughout the area is from north to northwest during
the winter and from south to southeast during the summer. Wind
velocities are highest during the spring and diminish to a mini-
mum in late summer. In the eastern part of the lower South Platte
River valley, tornadoes sometimes cause local damage to crops;
however, the most severe weather damage to crops results from
hail.
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AGRICULTURE AND POPULATION

The limits of the area covered by the investigationare arbitrar-
ily defined and do not conform to established geographical bound-
aries. For this reason, statistics relative to agriculture and
population within the limits of the area are not readily available;
hence, the figures presented are estimates, based on data for en-
tire counties for the years 1939-47. The amount of irrigated land
has increased appreciably since 1939,

Eighty-five percent of Morgan County, Colo., is included with-
in the area of study. Because the remaining 15 percent is sparsely
populated and is not irrigated, the total county statistics are used.
The types of crops produced in Morgan County (see table below)

Acreage of dry and irrigated crops in Morgan County, Colo., 1947

[Data supplied by Jack French, County Agent for Morgan County]

Acreage cultivated Acreage cultivated
Cro, C
P Irrigated Dry TP Irrigated | Dry

31, 000 0[] OatSeueieereaneesensssosensenes | 2,500 | 2,500

25, 000 0}| Potatoes,.,.. 2,400 0

20, 000 0 500 |425, 000

18,000 |18, 000 . o[ 17,500

16, 000 Of Ry€esvesseresosseossensoncesse 0 5, 600

5,000 |51, 000
VegetableSesuiiaresrarcernenns 5,000 0 Totalieesessssesscsessesess | 125,400 1519,000

are representative of those that are produced throughout the lower
South Platte River valley, To obtain a comparisonbetween Morgan
County and other counties in the lower South Platte River valley,
estimates were made (see table below) from data given in Year
Book of the State of Colorado for 1939-40; the population and
cultivated acreage were apportioned according to the percentage

Estimated population and cultivated acreage of the lower South Platte River valley, by
counties, 1939-40

Area, in square miles Acreage cultivated
County . . Population
Part included in s d
Total investigation Irigate Dry
Colorado:
Welds.isseiensoreancerenonnnes | 4,020 590 8,700 40,000| 400, 000
Morgan..... .. W] 1,285 1,098 17,180 70,000 600, 000
Washington,. .| 2,520 20 500 5, 000 3, 000
Logan,.,.... .| 1,820 800 8,000 75,000} 450, 000
SedgWickK cieecerscnssnescnnes 530 324 4,000 19, 000 180, 000
Nebraska:
440 250 4,000 10, 000 100, 000
1,085 400 3,000 20, 000 150, 000
Total veuervecnseconercennss | 11, 700 3,482 45, 380 239, 000 1, 883, 000
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of the county included in the area. Population estimates may be
considerably in error, as they are based on the assumption that
the population is evenly distributed throughout the counties.

INDUSTRY

The major industries inthe area are those that process agricul-
tural products. Sugar refineries are located in Ovid, Sterling,
Brush, and Fort Morgan, Colo., and grain mills are located in
many of the cities. Small manufacturing concerns operate in sev-
eral of the cities.

TRANSPORTATION

The area is served by two major railroads. The main line of
the Chicago, Burlington & Quincy Railroad crosses the southern
part of the area through Brush, Fort Morgan, Wiggins, and Rog-
gen, Colo., and a branch line of this railroad extends north from
the main line at Brush, Colo. The main line of the Union Pacific
Railroad parallels the South Platte River from Paxton, Nebr.,
west to Julesburg, Colo., then turns northward and parallels
Lodgepole Creek. A branch line of the Union Pacific Railroad
parallels the South Platte River from Julesburg, Colo., west to
beyond the edge of the project area. Short branch lines of both
railroads serve as sugar-beet collection points throughout the area.

U. S. Highways 6, 34, 138, and 30 traverse parts of the area,
and several State highways and graded county roads connect with
the U. S. highways.

GEOLOGY

The rocks that crop out in the lower South Platte River area are
sedimentary and range in age from Late Cretaceous to Recent.
The areas of outcrop of these formations are shown on plate 1.
The oldest rock$, which are of Late Cretaceous age, are the
Pierre shale, the Fox Hills sandstone, and the Laramie formation.
Tertiary rocks in the area include the Chadron, Brule, and Ogal-
lala formations. Most of the major valleys contain Quaternary
deposits of alluvium, terrace deposits, and dune sand.

A generalized section of the geologic formations that are ex-
posed in the area is given on page 16. .A brief account of the geo-
logic history of the area and descriptions of the geologic forma-
tions and their water-bearing properties are given on the following
pages.
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GEOLOGIC HISTORY

The oldest formation exposed in the area is the Pierre shale of
Late Cretaceous age. Rocks of Paleozoic age and of Mesozoic
age that are older than the Pierre shale do not cropout in the por-
tion of the South Platte River valley included in this study, but
they are exposed along the east front of the Rocky Mountains about
50 miles west of the area. Statements concerning the possible
presence of these rocks beneath the area are based in part on ob-
servations made where the rocks crop out and in part upon data
from several deep oil tests that were drilled in and near the area.
The following discussion of Paleozoic and Mesozoic history is
adapted from a report by McLaughlin (1946, p. 21-24) of a nearby
area of similar lithology and is applicable to this report.

PALEOZOIC ERA

The Paleozoic history of the region began with the erosion of
the pre-Cambrian basement rocks that lie beneath the Paleozoic
sediments in this region. After the long period of erosion, thick
deposits of marine limestone and shale were laid down by shallow
seas that covered the area. The seas withdrew in later Paleozoic
time and a thick sequence of red beds was laid down in an arid
region, as is indicated by the deposits of evaporites such as an-
hydrite and gypsum.

MESOZOIC ERA

Arid conditions continued in this region during the first part of
the Mesozoic era, as indicated by the Triassic red beds exposed
alongthe easternborder of the Colorado Front Range.

During the Jurassic period the shale and sandstone of the Mor-
rison formation were laid down by streams. The continental ori-
gin of this formation is shown by the abundance of fossil remains
of dinosaurs and other land animals in these deposits in the Rocky
Mountain region.

The Cretaceous period began with erosion, which lasted until
near the endof Early Cretaceoustime. The sandstone in the lower
part of the Purgatoire formation was then deposited in this area
either by shallow seas or by streams (Twenhofel, 1924, p. 19).
A seathencovered the area and deposited the Kiowa shale member
of the Purgatoire formation. The overlying Dakota sandstone,
which marks the top of the Lower Cretaceous series and the bottom
of the Upper Cretaceous series, was laid down under conditions
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similar to those during early Purgatoire time; that is, the sea
retreated and continental deposits of sand and clay werelaid down.

During much of Late Cretaceous time there were widespread
invasions of the sea, which deposited several thousand feet of
marine shale, chalk, limestone, and sandstone that constitute the
the Graneros shale, Greenhorn limestone, Carlile shale, Niobrara
shale, Pierre shale, and Fox Hills sandstone. Near the close of
the Cretaceous period the area now occupied by the Rocky Moun-
tains began to rise, the sea withdrew, and the sandstone, shale,
and coal of the Laramie formation and lower part of the Dawson
arkose were deposited mainly by streams but probably in part
under nearshore conditions. The rise of the Rocky Mountains
created increased gradients in the streams, causing deposition of
beds of sandstone that now constitute the principal water-bearing
deposits in these formations.

CENOZOIC ERA

Early Tertiary time was a period of uplift and severe erosion
and during this time a great thickness of Cretaceous sediments,
including most of the Laramie and Fox Hills formations, was re-
moved from the area. This was followed by several periods of
deposition. From Oligocene through Pliocene time, considerable
clastic material, which was derived from the Rocky Mountains to
the west, was laid down by streams or in lakes. The White River
group, composed of the Chadron and Brule formations, consists
of thick clay and silt deposited in many shallow lakes and of chan-
nel sand deposited by streams of slight to moderate declivity.
Stream gradients gradually steepened until the end of Pliocene
time. The increase in grain size toward the top of the Ogallala
formation reflects this change in grade. The lenticular character
of the materials in the Ogallala formation indicates that they were
deposited by braided streams.

The multiple glaciations in the Rocky Mountains during the
Pleistocene epoch were reflected in the South Platte River valley
by successive stages of degradation and aggradation. During the
early part of this epoch, the South Platte River and its large trib-
utaries incised deep channels, which nearly conform to present
drainage patterns. However, these pre-Quaternary channels, for
the most part, are much straighter than the present stream chan-
nels, probably because the rapid downcutting of the streams pre-
vented lateral erosion. However, at the mouth of both Bijou and
Lodgepole Creeks, the river apparently has occupied several
channels. The approximate location, size, and areal extent of
these pre-Quaternary channels are shown on plate 1 by contour
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lines drawn on the pre-Quaternary surface. The locations of the
contours are based on depths to the pre-Quaternary formations
obtained from logs of test holes and wells (appendix B) and on in-
formation obtained from well owners (appendix C). Twenty-five
geologic cross sections were constructed to show the shape of
these channels. These cross sections and their location in the
project area are shown on plate 2.

The pre-Quaternary channels were filled to a depth of as much
as 500 feet. Later Pleistocene glaciations caused more cycles of
erosion and aggradation, which resulted in six terraces repre-
senting six levels to which the river was aggraded. Each of these
terrace levelshasbeen correlated with a substage of the Wisconsin
glaciation (Bryan and Ray, 1940, p. 48). At the present time, the
South Platte River is flowing nearly at grade—that is, erosion and
deposition are approximately equal; however, the tributaries are
not yet completely adjusted to the South Platte River and still are
actively eroding.

The large deposits of dune sand and loess within the area were
deposited mainly during late Pleistocene time, although in places
the dunes are actively migrating. These eolian deposits were de-
rived from the wide flood plains of the South Platte River and its
larger tributaries and from deflation of the Ogallala and Laramie
formations, the Fox Hills sandstone, and the Pierre shale. The
prevailing winds probably were from the northwest, as shown by
the alinement and topography of the dunes, and caused local south-
eastward migration of dune sandover terrace deposits.

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES
CRETACEOUS SYSTEM

PIERRE SHALE

Character and thickness.—'The Pierre shale consists of bluish-black
marine shale and silt and interbedded tan to yellowish-brown sand
and sandy shale in the upper part,or transition zone. Many beds
of bentonite and large bluish-gray limestone concretions are
present throughout the formation. Some sandy beds in the tran-
sition zone are partially cemented by calcium carbonate. Weath-
ering and contact with the highly calcareous rocks that overlie the
Pierre shale in most of this area have altered the color of the up-
per part of the formation to yellowish brown (Rankin, 1930, p. 112).
Many test holes in the Pierre shale were drilled through several
feet of yellowish-brown shale before reaching bluish-black shale.
Most of the Pierre shale is of uniform lithology. In the vicinity
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of Fort Morgan, Colo., the upper 2,600 feet of the Pierre shale
consists of gray to bluish-black slightly silty and sandy clay shale
that contains thin lenses of sand. From 2, 600 to 4, 100 feet below
the top of the formation is the Hygiene sandstone member of the
Pierre shale which consists of white to light-gray or light-brown
angular to subangular slightly calcareous sand interbedded with
dark-gray sandy calcareous shale. Underlying the Hygiene sand-
stone member is an additional 980 feet of dark shale (Blair, 1951).

The thickness of the Pierre shale in the area ranges from an
estimated 6,500 feet near Hardin, Colo., to 2,500 feet near
Paxton, Nebr.

Distribution and surface form.— The Pierre shale underlies most of
eastern Colorado, northwestern Kansas, Nebraska, South Dakota,
and North Dakota, and parts of New Mexico, Wyoming, Montana,
and Minnesota. It underlies the entire area covered bythis re-
port but crops out only in Morgan County and in Logan County on
the north side of the South Platte River asfar eastasIllif. Because
it lacks resistant beds the Pierre shale erodes, for the mostpart,
into gentle slopes, which generally are overlain by thin deposits
of loess. Good exposures are found only where severe gullying
has taken place or in excavations.

Age and correlation.—The Pierre shale is of Late Cretaceous age
and rests conformably on the Niobrara formation. It grades up-
ward into the Fox Hills sandstone in western and northern Morgan
County.East of Morgan County, in eastern Colorado and Nebraska,
the Chadron formation, which is the lower unit of the White River
group of Tertiary age, rests uncomformably on the Pierre shale.
The contacts between the Pierre shale and those formations over-
lying it enclose an area that is approximately diamond shaped.
One apex lies near Masters, Colo., and the opposite apex lies
between Proctor and Iliff, Colo. The Fox Hills sandstone borders
the west half of the diamond and the Chadron formation borders
the east half.

Water supply.—The Pierre shale is usually considered to be a
poor source of water. In some areas, however, artesian water
may be obtained from lenses of sand within the shale. These len-
ses do not seem to follow any pattern as to either depth or areal
extent, although wells obtaining water from the Pierre shale are
most numerous in the vicinity of Sterling, Colo., where the water
is found at depths ranging from 250 to 350 feet. Wells obtaining
water from these lenses usually do not produce more than10 gpm
(gallons per minute) and larger quantities cannot be expected.
The artesian pressure in the wells near Sterling has steadily
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declined; here, as in other places (McLaughlin, 1946, p. 77), part
of the small amount of water in storage is discharged by pumping,
and is recharged only very slowly. Recharge by infiltration of
surface water is negligible, because pore spaces between the
grains of clay, silt, and very fine sand in the Pierre shale are
very minute.

Sand lenses deep in the Pierre shale, such as the Hygiene sand-
stone member, might yield small quantities of water, but the cost
of deep drilling and the likelihood that the water would be too
highly mineralized for domestic use eliminate these lower lenses
as a source of water at this time. No water wells are knownto
have been drilled into the sands.

Water in quantities sufficient for irrigation, public-supply, or
industrial use is not available from the Pierre shale. Except for
the localized sand lenses and the deep-lying Hygiene sandstone
member, the Pierre shale is relatively impermeable and little or
water can be obtained from it. Many stock wells are drilled into
the Pierre shale where it is overlain by permeable dune sand.
The water from the overlying deposits is too small in quantity to
be pumped from the sand, but it flows into the hole drilled in the
shale, which serves as a reservoir. This water then is pumped
from the reservoir when needed.

Because the Pierre shale is so thick throughout the area, dril-
ling to aquifers below it is not considered practicable. Moreover,
oil-well tests indicate that water in the formations beneath the
Pierre shale is saline and therefore not suitable for general use.

FOX HILLS SANDSTONE

Character and thickness.—The Fox Hills sandstone consists predomi-
nantly of medium-grained buff to yellowish-brown poorly consol-
idated calcareous sandstone interbedded with dark-gray to black
gritty shale and some massive white sandstone. Lovering and
others (1932, p. 702-703) state—

The base of the Fox Hills shall be consideted as the horizon below which the section
is predominantly gray marine shales and sandy shales of Pierre age, and above which the
section changes rapidly to a buff to brown sandstone containing numerous large gray to
brown hard, sandy concretions, This lower concretionary member is commonly overlain
by a series of light gray to brown sandstones and sandy shales.

The lower part of the formation is well exposed in gec. 3,
T. 5 N., R. 60 W., where it consists of sandy shale interbedded
with sandstone. The upper boundary of the Fox Hills sandstone is
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distinguished by a large number of poorly consolidated calcareous
sandstone beds. Lovering and others (1932) state—

The top of the Fox Hills formation shall be considered as the horizon above which the
section is composed predominantly of fresh and brackish water deposits accompanied by
coals and lignitic shales, and below which it is predominantly marine.

The formation ranges in thickness from a featheredge to nearly
200 feet in the area covered by this investigation.

Distribution and surface form.— The Fox Hills sandstone underlies parts
of Wyoming, Colorado, Nebraska, and South Dakota. Within the
area described by this report, it underlies parts of Weld and
Morgan Counties, Colo. It crops out in Weld County on both sides
of the South Platte Valley and is well exposed north of the South
Platte River in Morgan County. The formation dips westward at
the rate of about 6 feet to the mile and then rises abruptly and
crops out in the foothills east of the Front Range. Its extent east-
ward is shown by the line of contact of the Fox Hills sandstone and
Pierre formation on plate 1.

In most exposures, the formation is eroded into gently rounded
slopes characterized by isolated mounds capped by resistant con-
cretions. In northwestern Morgan County the more resistant beds
form a protective capping on a line of promontories, a striking
topographic feature in this part of the area. On the south side of
the river in Morgan and Weld Counties the Fox Hills sandstone is
mantled by deposits of Pleistocene gravel and eolian material; its
areal extent in this area was determined by test drilling.

Age and correlation.—The Fox Hills sandstone of Late Cretaceous age
conformably overlies the Pierre shale and is conformable with
the overlying Laramie formation. Both upper and lower bound-
aries are indefinite. In northeastern Morgan County the Chadron
formation unconformably overlies the Fox Hills sandstone in small
areas where the Laramie formation is absent.

The Fox Hills sandstone in northwestern Morgan County has
been correlated (Mather, Gilluly, and Lusk, 1928, p. 93-99) with
outcrops of the Fox Hills sandstone in the foothills along the Front
Range; fossils have been found in the latter locality.

Water supply.-~1he. Fox Hills sandstone yields small quantities of
water to stock and domestic wells and to springs. Noknown efforts
have been made to obtain large quantities of water from the forma-
tion in this area; however, at Denver, Colo., and in the vicinity of
Deer Trail, Colo., wells in the Fox Hills sandstone are reported
to produce as muchas several hundred gallons per minute.
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Water enters the Fox Hills sandstone largely in the region of the
foothills east of the Front Range. Eastward from the foothills,
the water is confined between the relatively impermeable Pierre .
shale and Laramie formation. In the parts of this area that are
underlain by the Fox Hills sandstone, the water is under hydro-
static head and rises above the level at which it is first reached
in wells. Well B2-62-6ca, in Weld County, flows 1.3 gpm from
the Fox Hills sandstone. This well has flowed continuously for
30 years. It is probable that other flowing wells could be devel-
oped in the Fox Hills sandstone on low ground.

Within the outcrop area (pl. 1, sheets 1 and 2), water may be
obtained at relatively shallow depths. Westward, the depth of
wells in the Fox Hills sandstone increases sharply with the pro-
gressive thickening of the overlying L.aramie formation.

LARAMIE FORMATION

Character and thickness.~—— The Laramie formation consists of gray to
yellowish-brown sand, dark clay and shale, and coal, interstrat-
ified with irregularly bedded gray to cream or buff sandstone.
Concretions composed of limonitic and calcareous materials also
are present. The clay generally is poorly bedded, is gray to
bluish gray, and contains carbonaceous material, especially in
the lower part of the formation. The shale is thinly laminated, is
usually gray to bluish gray, and in places is highly carbonaceous.
The beds of coal and sandstone are most abundant in the lower
part of the formation. The coal is lignitic, usually in beds 1 to
2 feet thick. The interbedded sand and sandstone range from par-
tially indurated material to quartzitic sandstone. The lower part
of the formation was deposited inshallow brackish water; the upper
part is largely terrestrial. Thin beds in the lower part of the
formation contain mollusca.

The thickness of the Laramie formation ranges from a feather-
edge to nearly 200 feet within the area described by this report
but probably reaches 1, 000 feet west of this area.

Distribution and surface form.— The Laramie formation underlies most
of northeastern Colorado east of the Front Range; its area of dis-
tribution is similar to that of the Fox Hills sandstone although it
is slightly smaller. Like the Fox Hills sandstone, the Laramie
formation crops out at the foothills near the Front Range, where
its dip is toward the east. Eastward from the mountains, its dip
is reversed, and at the west edge of the mapped area, its dip is
about 6 feet to the mile toward the west.
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The Laramie formation is poorly exposed in the area covered
by this report. Thin remnants occur in northern Morgan County
and north of Riverside Reservoir in Weld County. The formation
underlies the divide between Bijou and Kiowa Creeks near the
south edge of the area and forms the divide between Kiowa and
Lost Creeks. Italso underlies most of the Prospect Valley area
and most of the areas westof R. 62 W. that was included in this in-
vestigation. in the divide areas, as well as in the Prospect Valley
area, the formation is covered with eoliandeposits and thick gravel
deposits. The only known exposure of the Laramie formation south
of the South Platte Riveris inthe northwestcorner of sec. 9, T. 1 N.,
R. 60 W. The exposure, dark-gray shale interbedded with beds of
carbonaceous material, represents the lower part of the Laramie
formation; in the creek bottom poorly cemented light-gray sand-
stone below the shale probably is the Fox Hills sandstone.

The Laramie formation consists predominantly of nonresistant
rocks that weather to smooth, rounded slopes which have a mod-
erately good soil cover. Eolian deposits mantling this surface
have modified the slight initial relief.

Age and correlation.— The Laramie formation of Late Cretaceous age
conformably overlies the Fox Hills sandstone and, in the area de-
scribed by this report, is overlain unconformably by Pleistocene
and Recent sediments. The formation has been traced directly to
the Front Range; fossils collected from that area and from north-
ern Morgan County have been described (Mather, Gilluly, and
Lusk, 1928, p. 100). The term Laramie formation is assigned
by the U. S. Geological Survey only to beds of Laramie age in the
Denver basin region, although beds of equivalent age are distrib-
uted widely in the Rocky Mountain and Great Plains regions.

Water supply.— Because the Laramie formation is overlain by sat-
urated eolian or alluvial material, it generally is not necessary to
drill into it to obtain water. As only two wells in this area derive
water from it, little is known about the depth to or the quality and
quantity of the water in this aquifer. The Laramie formation dips
about as much and in about the same direction as the Fox Hills
sandstone—that is, in the foothills east of the Front Range the
Laramie formation dips steeply eastward, then reverses and rises
gently toward the east. The water-bearing beds in the Laramie
formation contain water under artesian pressure where they are
overlain and underlain by impermeable beds. However, the water
was not under sufficient hydrostatic pressure to flow at the sur-
face in any wells in the area covered by this investigation. Ac-
cording to McLaughlin (1946, p. 81), most of the water-bearing
beds are in the lower part of the formation.
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TERTIARY SYSTEM

OLIGOCENE SERIES — WHITE RIVER GROUP

The White River group of Oligocene age consists of two forma-
tions—the Chadron and the Brule. Because of similarity in lith-
ology and because of poor exposures, the two formations have not
been differentiated on the geologic map (pl. 1). The Brule and
Chadron formations were identified in most of the test holes that
were drilled into the White River group. Much of the discussion
that follows is based on the logs of these test holes.

The White River group (White River formation where the Chadron
and Brule cannot be distinguished) underlies parts of Nebraska,
South Dakota, North Dakota, Montana, Wyoming, and Colorado.
Because the eastward dip of the White River group is greater than
the gradient of the South Platte River, the area enclosed by the
contact between the White River group and the underlying Pierre
shale and between the White River group and the overlying Ogallala
formation is roughly V-shaped with the apex downstream. South
of the river, these contacts are mantled by dune-sand deposits,
but north of the river they are well exposed locally.

CHADRON FORMATION

The Chadron formation consists predominantly of pink and blue
blocky clay, which, near the upper boundary of the formation,
grades upward into light greenish-gray and light-gray clay with in-
creasing quantities of silt. Near the contact with the underlying
Pierre shale in sec. 36, T. 8 N., R. 55 W., the Chadron forma-
tion consists of white to light-gray silty clay that is overlain by
medium-grained to very coarse grained siliceous sandstone. In
other places, the pink and blue clay lies directly on the Pierre
shale. A mechanical analysis bf a clay sample from the Chadron
formation showed that it is a well-sorted deposit containing less
than 20 percent by weight of silt and coarser particles, and a mi-
croscopic examination revealed that it consisted almost wholly of
decomposed volcanic ash (Wenzel, Cady, and Waite, 1946, p. 61).
The Chadron formation contains many channel deposits of sand and
gravel, which are present at all horizons within the formation but
are more abundant near its upper and lower boundaries. They
range widely in lithology but consist chiefly of coarse to very
coarse sand and very fine to medium gravel. They generally are
well indurated with a siliceous cement.

The top of the Pierre shale on which the Chadron formation
rests and the top of the Chadron formation are both erosional
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surfaces; as a result, there is wide range in the thickness of the
formation. It is 102 feet thick north of Proctor where test holes
for the U. S. Geological Survey were drilled through it, but else-
where it probably is much thicker. The channel deposits of sand
and gravel generally are about 20 feet thick; one such deposit is
known to be about 60 feet thick.

The Chadron underlies the flood plain of the South Platte River
from near Proctor, Colo., eastward to Sedgwick, Colo. Exposures
are abundant north of the river from Sterling, Colo., east to
Proctor, Colo. Channel deposits of the Chadron formation form
resigtant mounds that stand above dune-sand deposits and crop out
south of the river near Proctor.

The clay in the Chadronformation weathers to smoothly rounded
slopes covered with a moderately thick soil. The channel sands
are very resistant to erosion and form prominent ledges above
Pawnee Creek in sec. 30, T. 8 N., R. 54 W., and secs. 25 and
36, T. 8 N., R. 55 W. They are prominent as isolated mounds
in many other places.

The Chadron formation is the lower unit of the White River
group and is the oldest Tertiary formation that is exposed in the
area. Fragments of a titanothere skeleton were collected from
the channel sands in sec. 11, T. 9 N., R. 53 W., and were con-
sidered by C. Lewis Gazin to be of Chadron age. The Chadron
formation was tentatively identified in Keith County, Nebr., by
Wenzel and Waite (1941, p. 33-34) and was correlated with expo-
sures in Colorado.

The Chadron formation rests unconformably on the Pierre shale
within the area covered by this investigation and lithologically
grades upward into the Brule formation, which is conformable.
with it.

The Chadron formation, so far as is known, yields no water to
wells within the area described by this report. The clay is rela-
tively impermeable and water probably could not be obtained from
it; however, the channel deposits probably would yield small quan-
tities of water to wells. Meinzer (1919, p. 63) reported that an
artesian flow of 1 gpm was obtained by the city of Julesburg from
a 4-inch sandstone layer that is thought to be a part of the Chadron
formation. The location and extent of the channel deposits could
be determined only by test drilling.
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BRULE FORMATION

The Brule formation is predominantly silt but contains small
quantities of clay and fine sand. The results of a mechanical
analysis (Wenzel, Cady, and Waite, 1946, p. 67) of a sample of
the formation collected from an exposure near Scotts Bluff Monu-
ment in Nebraska are given below,

Grain size (diameter in millimeters) Percent by weight
Greater than 0,125 (coarser than very fine sand) 7.4
0,125 to 0.062 (ver< fine sand) 19,2
0.062 to 0,005 (silt 69.4
Less than 0,005 (clay). 39

Samples from test holes drilled in the Brule formation in the
South Platte River valley were of similar composition. The for-
mation predominantly is reddish buff to tan, but in some localities
the color ranges through shades of pink and red. The weathered
surface generally is a very light tan but is slightly reddish where
the underlying fresh surface is red to pink. Near the base, the
formation contains beds of pale-green silt and locally prominent
channel deposits. The latter contain sand and gravel as well as
calcareous silt and clay balls derived by weathering of other parts
of the formation.

The thickness of the Brule formation ranges from a featheredge
to more than 500 feet. Channel deposits within the Brule forma-
tion are as much as 70 feet thick.

In the South Platte River valley the Brule formation crops out
in Logan and Sedgwick Counties, Colo., and underlies parts of
Sedgwick County, Colo., and Keith and Deuel Counties, Nebr.
West of Sedgwick, Colo., the Brule formation has been removed
from the South Platte River bottom by erosion. North of the South
Platte River, the Brule formation is exposed in T. 11 N., Rs. 53
and 54 W., as a series of bluffs that rise about 200 feet above the
plains.

The Brule formation is of middle to late Oligocene age. Darton
(1905) correlated the Brule formation in northeastern Colorado
with exposures in Wyoming and South Dakota. Wenzel and Waite
(1941, p. 32-33) described exposures of the formation in Keith
County, Nebr. In the area covered by this investigation, the Brule
formation is underlain by the Chadron formation and is conform-
able with it. The Ogallala formation of Pliocene age lies uncon-
formably on the Brule formation,

421283 O -57 -3
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In most places the Brule formation is relatively impermeable
and wells drilled into the formation yield very little water. How-
ever, the formation fractures readily into blocky fragments, and
in some areas water sufficient for stock and domestic use is ob-
tained from the fractured zones. In easternWyomingand in west-
ern Nebraska, wells tapping these fractured zones yield as much
as 2,000 gpm. However, in the area covered by this investiga-
tion, no wells in the Brule formation yield sufficient water for
irrigation.

In the lower part of the Lodgepole Creek valley, the Brule for-
mation contains what locally is known as the porous zone: The,
zone generally is 10 to 15 feet thick and, according to McLaughlin
(1948, p. 13)—

« « sConsists of moderately well-rounded pebbles of reworked Brule formation, the peb-
bles ranging in diameter from less than half an inch to more than 2 inches,

Inasmuch as the so called ““porous’ zone is actually a deposit of coarse gravel that is
confined to the zone underlying the alluvium, it perhaps should be considered as part of
the alluvium,

Water in quantities sufficient for stock and domestic use may
be obtained from this porous zone. The town of Ovid, Colo., ob-
tains its municipal supply of water from well B12-45-29ad, which
taps this zone; however, a chemical analysis of water from tk'xis
well (appendix D) indicates that part of the water is derived from
the overlying alluvial deposits.

PLIOCENE SERIES —OGALLALA FORMATION

Character and thickness.-—The Ogallala formation consists of alterna-
ting hard and soft layers of sandstone, in part cemented with cal-
cium carbonate, interbedded and intermixed with buff to gray or
pinkish structureless clay, silt, and fine sand. Coarse gravel
and pebbles are present throughout the formation but are most
common in the middle part. Calcified plant roots are abundant at
the type locality of the formation in the vicinity of Ogallala, Nebr.
Some beds of sand and gravel are solidly cemented by calcium
carbonate, are very resistant to erosion, and, in places, form
ledges. According to Wenzel and Waite (1941, p. 28), the forma-
tion was laid down by desert-type streams that aggraded their

channels, spilled over into new channels, and left a series of

braided sand and gravel deposits and many temporary lakes in
which silt and clay were deposited.

The easterly dip of the Ogallala formation is depositional at
leastinpart and it maybe partly deformational. The dip is greater
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than the gradient of the river; therefore, the width of the outcrop
area decreases downstream. The formation ranges in thickness
from a featheredge near Sedgwick to 350 feet or more near
Paxton.

Distribution and surface form.—— The Ogallala formation underlies parts
of western Nebraska, eastern Colorado, southeastern Wyoming,
western and central Kansas, western Oklahoma, northwestern
Texas, and eastern New Mexico. In the area covered by this in-
vestigation, it crops out in easternLogan County and underlies all
of Sedgwick County, Colo., and Keith and Deuel Counties, Nebr.
It underlies the alluvial fill in the South Platte River valley down-
stream from Julesburg, Colo., to Paxton, Nebr.

The clay, silt, sand, and gravel are easily eroded except where
sod haspreserved the surface or where resistant cemented layers
arepresent. Such resistant layers form prominent ledges on both
sides of the river east of Julesburg, Colo. In general, the Ogal-
lala formation is eroded into steep slopes near the South Platte
River and is preserved as a broad upland plain where tributary
streams have not dissected it. On the uplands, it normally is
mantled with loess, which modifies the initial relief.

Age and correlation.— The QOgallala formation is of Pliocene age.
The type locality of the formation is near Ogallala, Nebr.;
Wenzel and Waite (1941, p 25-32) described the formation in Ke1th
County, Nebr.

The Ogallala formation rests unconformably on the Brule for-
mation and is unconformably overlain by loess and alluvium of
Pleistocene and Recent age.

Water supply.—The QOgallala formation yields sufficient water for
stock and domestic wells throughout most of Keith and Deuel
Counties, Nebr., and in the northern part of Sedgwick County,
Colo. In the upland area, the formationyields sufficient water for
irrigation in some places, although the depth to water is as much
as 200 feet. Large supplies of water could be obtained from the
Ogallala where it underlies the alluvium in the South Platte River
valley; however, because adequate supplies generally are avail-
able from the alluvium, no effort has been made to obtain large
yields from the Ogallala formation, The lower part of the form-
ation is mostly silt and fine sand, and only small quantities of
water are derived from it. The middle part of the formation con-
sists of interbedded sand and gravel and yields moderate to large
quantities of water to wells,
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QUATERNARY SYSTEM—PLEISTOCENE AND RECENT SERIES

ALLUVIUM

Character and thickness.— The alluvium in the South Platte River val-
ley consists mainly of heterogeneous mixtures of clay, sand, and
gravel, or lenses of these materials. Pebbles, cobbles, and
boulders occur as erratics. The particles generally are well
rounded to subrounded and range from well sorted to poorly sorted.
Extensive lenses of clay are present within the alluvium. These
are most prevalent in the tributary valleys and probably represent
shallow-lake deposits. The lenses of silt, sand, and gravel were
deposited by braided streams as they aggraded their channels.
The materials in the South Platte River valley generally are
coarser than those in the tributary valleys and contain fewer clay
lenses. (See pl. 2 and appendix B.)

The thickness of the alluvium ranges from less than a foot at
the edges of the valleys to 293 feet in test hole B10-48-11lac.

The lines showing the configuration of the pre-Quaternary ero-
sional surface (pl. 1) indicate the location of the channels that are
filled with alluvium. The approximate thickness of the alluvium
can be determined by subtracting the altitude of the pre-Quaternary
surface from the altitude of the land surface except where eolian
material mantles the alluvial deposits.

Distribution and surface form.— Alluvium is present in the South Platte
River valley both as Pleistocene and Recent terrace deposits and
as Recent flood-plain deposits. Terrace deposits form the major
portion of the alluvium in the South Platte River valley and its
tributaries. In the area covered by this investigation, the ter-
races are present throughout the South Platte River valley on both
sides of the river and in all the major tributary valleys. Six ter-
race levels in the South Platte River valley have been deséribed
by Bryan and Ray (1940) and remnants of these have been found in
many places throughout the valley. No attempt was made to map
the terraces, but certain terraces are so well preserved over
large areas as to require specific mention.

Between Hardin and Brush, Colo., one such terrace is about 40
feet above the present level of the South Platte River. This terrace
is continuous upstream along Lost, Kiowa, Bijou, Antelope, Badger,
and Beaver Creeks; the unconsolidated material underlying this
terrace is the major aquifer in these areas.

Another terrace is 10 to 20 feet above the level of the South
Platte River. This terrace covers a major part of the South Platte



GEOLOGY 31

River valley east from R. 55 W. to the east edge of the area de-
scribed by this report; remnants of the terrace are present be-
tween Rs. 59 and 62 W,

Lower terraces also are present near the South Platte River,
but they are so nearly the same height above the river as the
present flood plain that they appear to be a part of it. Higher ter-
races are present in many places, but generally the underlying
unconsolidated materials are thin and do not contain water. North
and west of Sterling, Colo., however, a terrace about 80 feet
above the level of the South Platte River is underlain in places by
thick saturated deposits. (See pl. 1, sheet 3.)

Extensive terrace deposits are presumed to be present in Keith
County, Nebr., and northeastern Sedgwick County, Colo., but the
deposits are so similar to the underlying Ogallala formation that
their boundaries are indistinguishable in surface exposures. The
terraces are shown on the cross sections (pl. 2).

The terraces are relatively flat. In many places they are sepa-
rated from the flood plains by relatively steep slopes, but because
of erosion and eolian deposition the break between adjacent ter-
race surfaceslocally is so modified that adjacent terraces appear
to grade into each other. Some terraces extend wunbroken for
many miles, but other terraces are much dissected and only iso-
lated terrace deposits remain on the valley sides.

Recent alluvium underlies the South Platte River valley and each
of its tributary valleys. The depth, thickness, and areal extent
of the alluvium are not determinable, because the alluvium grades
into the lithologically similar terrace deposits. The Recent allu-
vium and the terrace deposits are shown as alluvium on the areal
geologic map (pl. 1).

Age and correlation.—The alluvium ranges in age from early Pleis-
tocene through Recent. Bryan and Ray (1940) correlated the ter-
races west of the area covered by this investigation with substages
of the Wisconsin stage of glaciation. Detailed data on topography
are lacking and direct correlation of terrace surfaces in the area
with the terraces described by Bryan and Ray is impossible be-
cause of erosion and eolian deposition; however, the terrace about
40 feet above the present flood plain of the South Platte River is
believed to correlate with the Kersey terrace described by Bryan
and Ray, and the terrace about 20 feet above the South Platte River
probably correlates with the Kuner terrace. The high terrace
north and west of Sterling, Colo., probably is equivalent to the
PleasantValley surface described by Bryan and Ray.
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Water supply.—The alluvium contains the major available supply of
ground water in the area covered by this investigation. Through-
out the South Platte River valley and its tributary valleys these
deposits form an almost continuous aquifer. The extent of this
aquifer is shown on the areal geologic map (pl. 1), and the amount
of saturated material is shown on the saturated-thickness map
(pl. 4). Because of its high permeability, the alluvium yields
large quantities of water to wells in many parts of the area. Most
of the inventoried irrigation wells obtain their entire yield from
the alluvium.

Because lateral and vertical gradation of the alluvial material
causes yields from wells in these deposits to range widely, test
holes should be drilled before constructing wells from which large
supplies are required. For a detailed discussion of the occur-
rence of water in the alluvium see pages 3492,

DUNE SAND

Character and thickness.——Dune sand covers a large part of the area
included in this investigation. It consists predominantly of very
fine to medium sand and includes some coarse sand, but it also
contains some silt and clay.

The thickness of the dune-sand deposits ranges from a feather-
edge to more than 100 feet; where the dunes are actively migrating
the thickness may differ considerably in a few years.

Distribution and surface form.—~Dune sand mantles older deposits
throughout much of the area covered by this investigation. South
of the South Platte River from near Brush, Colo., east toSedgwick,
Colo., an unbroken line of dunes has a youthful topography with a
maximum relief of about 100 feet. The divides between the north-
ward-flowing tributaries to the South Platte River in Weld, Morgan,
Adams, and Washington Counties, Colo., also are mantled with
youthful sand dunes. North of the South Platte River between
Jackson Lake Reservoir and the west edge of the area covered by
this investigation is a large area of dune sand that is actively mi-
grating in a few places but which elsewhere has a sparse vegeta-
tive cover. Downstream from Jackson Lake Reservoir the sand
dunes are thin and spotty, but northeast of Fort Morgan, Colo.,
they are thicker and more persistent and are prominent as far
east as Sterling, Colo.

Throughout the remainder of this area, isolated patches of dune
sand overlie the alluvium. (See pl. 1.)

The dunes have been elongated N. 35° W. by prevailing winds.
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Age.—The dune sand accumulated largely during Pleistocene
time. However, in areas of youthful dunes the present forms are
of Recent age. The extensive dune-sand deposits that overlie the
40-foot and higher terraces indicate that these dunes are younger
than the terraces.

Water supply.—In general the areas of dune-sand deposits are good
infiltration areas for recharge to the underlyingalluvial material.
However, the few wells in dune-sand areas are mostly stock wells
that yield only small quantities of water. In areas where a small
saturated thickness of dune sand is underlain by impervious ma-
terial, a few wells have been drilled through the sand into the im-
pervious material, thus providing a small reservoir for the ac-
cumulation of water.

LOESS

Character and thickness.— L.oess consists predominantly of silt and
contains little material that is coarser than very fine sand. It
generally is slightly calcareous and brownish yellow or almost
white. The deposit is very uniform in texture, is compact, and is
relatively soft. In many places an accumulation of particles of
white calcium carbonate gives the material a splotched appear-
ance. A few streaks of sand and buried soil zones are present in
the loess.

The loess ranges in thickness from a featheredge to 60 feet.
However, in most places it is not more than 5 or 10 feet thick.

Distribution and surface form.— L.oess mantles much of the area covered
by this investigation. It mantles most of the alluvial deposits, but
its thickness is greatest on the divide areas and on gently sloping
valley sides. In general, no loess is present on steep slopes and
on the river flood plains; in areas mantled with sand dunes it gen-
erally grades in the coarser dune material.

The distribution of loess is not shown on the areal geologic map
(pl. 1).

Age.— The loess is of Pleistocene and Recent age. Wenzel and
Waite (1941, p. 25) believe the loess in Keith County, Nebr., was
deposited largely during the Peorian stage of the Pleistocene
epoch, although some of it was deposited in Recent time.

Water supply.— The loess lies above the water table in most places
and is not known to yield water to wells in the area covered by
this investigation.
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GROUND WATER

OCCURRENCE

The fundamental principles governing the occurrence and move-
ment of ground water have been set forth in detail by Meinzer
(1923a, p. 2-102); the reader is referred to his report for a de-
tailed discussion of the subject. Only a few of the essential state-
ments will be made here.

Ground water is the water in the zone of saturation beneath the
land surface. It exists in many openings, which are called voids,
pores, or interstices, in the rock or material it occupies, and is
the source of supply for wells and springs. Ground water is de-
rived chiefly from water that falls as rain or snow. A part of this
water runs off directly into streams, a part evaporates, a part is
used by plants, and a part passes through pore spaces in the soil
and underlying rocks to the water table, later to discharge into
streams or to be dissipated by evaporation and transpiration. The
porous rocks below the water table as a rule are saturated. In the
more permeable rocks, such as sand and gravel and some of the
sandstones, the individual pores are interconnected and are large
enocugh so that the water moves through them with relative ease
under the influence of gravity, but in less permeable rocks, such
as the shales and the fine-grained sandstones, the pores are so
small that water moves through them very slowly. Gravel is su-
perior to any other material in its capacity to store and yield
water. Coarse clean well-sorted sand or gravel absorbs water
readily, stores it in large quantites, and yields it freely to wells.
Fine sand, silt, and clay, on the other hand, store much water but
will not readily yield it to wells.

If the ground water is confined under pressure by an overlying
impervious stratum, the water is said to be confined or artesian.
If it is not confined, the water is said to be under water-table con-
ditions, and the water table is defined as the upper surface of the
zone of saturation. A moist but not fully saturated zone just above
the water table is called the capillary fringe. The capillary fringe
ranges in thickness from a fraction of an inch in coarse sand or
gravel to several feet in clay or silt.

The principal source of ground water in the project area is the
alluvium in the valleys of the South Platte River and its tributaries—
Lost, Kiowa, Bijou, Sand Arroyo, Badger, Beaver, Wildcat,
Pawnee, and Lodgepole Creeks. In addition to its occurrence in
the alluvium, ground water is present also in small or moderate
quantities in the dune-sand deposits that flank the valleys and in
the bedrock formations that flank or underlie the valleys.
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HYDROLOGIC PROPERTIES OF WATER-BEARING MATERIALS

The quantity of water that a water-bearing material will yield
to wells depends principally upon the thickness, permeability, -and
coefficient of storage of the material. The permeability and co-
efficient of storage vary with differences in the size, shape,
number of the interstices and their degree of interconnection.

The permeability of a water-bearing material is its capacity for
transmitting water under pressure. The coefficient of permea-
bility used in this report is called the field coefficient of permea-
bility and is defined as the number of gallons of water per day that
percolates, at the prevailing temperature of the water, through
each mile of the water-bearing bed (measured at right angles to
the direction of flow) for each foot of thickness of the bed and for
each foot per mile of hydraulic gradient (Wenzel, 1942, p. 7-11).
The coefficient of transmissibility may be expressed as the num-
ber of gallons of water per day, at the prevailing temperature,
transmitted through each mile strip of the saturated thickness of
the aquifer under a hydraulic gradient of 1 foot to the mile; hence,
it is the average coefficient of permeability, as defined above,
multiplied by the saturated thickness of the aquifer in feet.

The quantity of water that can be removed from storage in a
saturated material depends upon the coefficient of storage of the
material. The coefficient of storage is defined as the unit volume
of water yielded from a vertical prism of the aquifer of unit cross
section when the head declines a unit distance. Under artesian
conditions the coefficient of storage is a small value, generally
10-3 to 10-5, representing water derived by compaction of fine-
grained materials, and by expansion of the water itself, as the
head declines. Under water-table conditions the coefficient in-
cludes this small amount plus the generally much larger amount
represented by the water that drains by gravity out of the upper-
most material as the water table declines. This larger amount,
called the specific yield, is defined as the ratio of the volume of
water that a saturated aquifer will yield by gravity to the volume
of the aquifer. Not all water contained in the interstices of a ma-
terial, however, will be drained by gravity, because some will be
retained by capillary action. The volume of retained water, ex-
pressed as the ratio of the total volume of the material, is called
the specific retention of the material. The specific yield and
specific retention are together equal to the porosity, which is the
percent of void space contained in a material. Thus, if 100 cubic
feet of a saturated formation will yield 8 cubic feet and retain
13 cubic feet of water, when drained by gravity, the specific yield
is 0. 08 or 8 percent, the specific retention is 0,13 or 13 percent,
and the porosity is 0. 21 or 21 percent.
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PUMPING TESTS

The coefficient of transmissibility and the coefficient of storage
of the alluvial deposits were determined by pumping tests at six
sites. During each pumping test the changes in water level were
measured in observation wells located at different distances from
a pumped well. (See fig. 5.) From the data gathered during the

Pumped well

Observation well |

Mo e o T T A

‘| Drawdown of -\
_ pumped well.y
5. L0 9

U ofie0-

Lol Lo R -

Drowdown curve describing the cone of

: depression oround the pumped well
S e e e e

Figure 5. —Diagrammatic section of the water table near a well that is being pumped.

tests, the coefficients of transmissibility and storage were com-
puted by the Thiem method. At the completion of several of the
tests, the coefficient of transmissibility was computed by the Theis
recovery method (Theis, 1935, p. 519-524) as a check on the Thiem
method. The results of these computations are given in table 2.

The Thiem method of determining the transmissibility of a
water-bearing material involves the analysis of the decline in
water level during the pumping period in two or more observation
wells near a pumped well. The method is based on the assump-
tions that water percolates toward the pumped well equally from
all directions, that the same quantity of water percolates toward
the well through each of the series of concentric cylindrical sec-
tions around the pumped well, and that, with a constant rate of
pumping, approximate equilibrium is established and very little
water is removed from storage close to the well., The derivation
of the general Thiem formula has been discussed by Wenzel
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(1942, p. 81), and a graphical solution of the Thiem formula has
been discussed by Jacob!.

The Thiem formula may be written:
527.7Q logy, 1,/ 1y
Te——
s',~s',

in which 7 = coefficient of transmissibility in gallons per day per
foot (as defined on p. 35);

discharge of pumped well, in gallons per minute;

-distance of observation wells from the pumped well,
in feet;

observed drawdown of water level in the observation
wells, in feet;

s' = adjusted drawdown of water level in the observation

wells, in feet, and is equal to s-z_i:_;

Lo}
"

~n
]

2]
]

and m = saturated thickness of the aquifer, in feet.

In the above equation, let As' be that value of s',-s', for which
the value of log w n/n is unity (that is, As' corresponds to onelog
cycle of rn/r ). The equation then becomes

527.7Q

[ —

As'

The value As' is determined from a plot of the adjusted draw-
downs at a given time, against the logarithm of the corresponding
distances from the test well,

The specific yield is computed by using the followingformulas®:

0.3 Tt (m—s)
; §' =S8

2
m
re

in which S = apparent coefficient of storage;
§'= specific yield (as defined on p. 35);
s = observed drawdown at the geometric mean distance,
in feet;
m= saturated thickness of the aquifer, in feet;
t = time since pump started, in days;
and fe= maximum extent of cone of depression at time (t),
in feet.

1Jacob. C. E., 1944, Notes on determining permeability by pumping tests under water-table
conditions: U. S. Geol. Survey mimeographed memorandum.
2]dem.
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The coefficients of transmissibility and storage determined by
the tests, although locally representative, are not necessarily in-
dicative of the values throughout the entire project area, as they
differ considerably with differences in composition.and thickness
of the aquifer. Therefore, where computations of underflow were
made, the values of permeability that were thought to be most
representative of the particular area were used.

The storage coefficients shown in table 2 represent minimum
values, because a storage coefficient increases with time as ad-
ditional water drains from that part of the aquifer within the cone
of depression created by pumping. The average storage coeffi-
cient of the alluvium in the project area was assumed to be about
20 percent, and that value was used in estimating the quantity of
water stored in the alluvium.

BEHAVIOR OF GROUND WATER IN THE VICINITY OF DISCHARGING WELLS

Under water-table conditions, as soon as apumpbegins discharg-
ing water from a well, the water table in the vicinity of the well is
lowered and a hydraulic gradient toward the well is established.
The water table assumes the form of an inverted cone, the apex of
which is at the well. At first, most of the water pumped from the
well is derived from the saturated material surrounding the well,
butas pumping continues, this material is gradually dewatered and
water istransmitted to the well from an ever-increasing distance.
Thus, the extent of the cone of depressionbecomes greater and the
water table within the cone declines gradually. The shape of the
cone is altered if water is added to the formation by natural or
artificial recharge.

After pumping is stopped, water continues to percolate toward
the well so long as the hydraulic gradient is in that direction; the
water gradually refills both the well and the adjacent material de-
watered by pumping. As the material near the well is refilled,
the hydraulic gradient decreases and the recovery of the water
level in the wellis correspondingly slower. A general equalization
of water levels eventually takes place over the affected area; the
water table tends to assume its original form, although in the ab-
sence of recharge it may remain temporarily or permanently
lower than before water was withdrawn. In areas where irriga-
tion wells are closely spaced, pumping lifts are increased greatly
by the combined effects of pumping.

In artesian aquifers, the coefficient of storage is dependent on
the compressibility of the aquifer and the adjacent confining beds,
and of the water itself; it generally is less than a hundredth as
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large as the coefficient of storage of the same material under water-
table conditions. The cone of depression expands many times as
fast as it does under water-table conditions. Therefore, mutualin-
terference between wells occurs sooner and is more extensive under
artesian conditions than under water-table conditions.

THE WATER TABLE

The water table is defined as the upper surface of the zone of
saturation except where that surface is formed by an impermeable
body (Meinzer 1923b, p. 32). The piezometric surface of an ar-
tesian aquifer is an imaginary surface that everywhere coincides
with the static level of the water in the aquifer (Meinzer 1923b,
p. 38). The water level in a well coincides with the water table
under water-table conditions and with the piezometric surface
under artesian conditions. If the piezometric surface is above the
land surface, water will flow from wells that tap the aquifer.
Owing to the random arrangement of lenticular beds of sand,
gravel, and clay, both water-table and artesian conditions exist
in the alluvial deposits in the area. However, the water table and
piezometric surface generally either coincide or are continuous
with each other.

SHAPE AND SLOPE OF THE WATER TABLE

The water table, in general, is not level or uniform but is a
warped, sloping surface. Many irregularities in the slope and in
the direction of slope are caused by differences in thickness or in
permeability of the aquifer or by unequal additions or withdrawals
of water. Ground water moves in the direction of greatest slope
of the water table or piezometric surface, and the rate of move-
ment, assuming a uniform cross section, is proportional to that
slope (hydraulic gradient) and to the permeability of the water-
bearing material. The direction of movement is shown by contour
lines on the water table. A contour on the water table is a line
along which all points have the same altitude. During November
and December 1949 the depth to water was measured in wells
whose altitudes had been established for the purpose of constructing
a water-table contour map. (See pl. 3.)

In the South Platte River valley the water table generally slopes
diagonally downstream and toward the river. Groundwater, there-
fore, discharges into the river, makingit a gaining stream. During
periods of low flow, all or almost all the water in the river is de-
rived from the ground-water reservoir. The slope of the water table
in the direction of river flow is about the same as the gradient of
the river, which loses 1,500 feet in altitude between Hardin, Colo.,
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and Paxton, Nebr., a distance of about 200 miles (not including
meanders in the river)—that is, the average slope is about
7.5 feet to the mile. This is not the slope of the water table to-
ward the river but is the downstream component of that slope.

In the valleys of the tributary creeks, the water table slopes in
a general downvalley direction and where the tributary valleys
merge with the valley of the river, the movement of ground water
gradually changes into adiagonal downriver direction.

The water-table gradients in several tributary valley areas
were determined from the water-table contour map and are as
follows: (1) In the Prospect Valley area (Lost Creek valley south
of Roggen, Colo.), the gradient ranges from 7 to 20 feet to the
mile and the water table loses 180 feet of altitude in 13 miles, or
an average of 13.8 feet to the mile; (2) in the Bijou and Kiowa
Creeks area, the gradient ranges from 7 to 30 feet to the mile and
the water table loses 480 feet in 31 miles, or an average of 15.5
feet to the mile; (3) in the Badger Creek valley, the gradient ranges
from 6 to 25 feet to the mile and the water table loses 140 feet in
12 miles, or an average of 11.7 feet to the mile; and (4) in Beaver
Creek valley, the gradient ranges from 7 to 15 feet per mile and
the-water table loses 260 feet in 22 miles, or an average of 11.8
feet to the mile.

" The character and thickness of the water-bearing materials and
of the underlying bedrock affect the shape and slope of the water
table. In areas where moderately permeable dune sand, loess,
or sandy soil are underlain by the relatively impermeable Laramie
formation, Pierre shale, Chadron formation, or Brule formation
the water table tends to follow the configuration of the bedrock
surface and slopes toward the valleys at gradients that are as
much as 100 feet to the mile. In areas underlain by the moder-
ately permeable Fox Hills sandstone and Ogallala formation, the
water table generally extends from the alluvium into the bedrock
formations without any significant change of shape or slope.

The lack of uniformity in the texture and permeability of the al-
luvium is in many places reflected in the shape and slope of the
water table. Near Fort Morgan, Colo., where the Bijou canal
flows through an area that is underlain by about 100 feet of fine
sand, the recharge from canal seepage and infiltrating irrigation
water has raised the water table to within a few feet of the land
surface. The water table slopes northeastward at a gradient of
40 to 60 feet to the mile for a distance of about 1.5 miles to an
area that is underlain by permeable sand and gravel where it
flattens out to a slope of about 10 feet to the mile. (See fig. 6.)
The seepage loss from the Fort Morgan canal, where it flows over
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changes in the shape and slope of the water table due to changes in the permeability of the
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the area underlain by the permeable sand and gravel, has not ap-
preciably altered the shape and slope of the water table. In the
area where the water-table gradient is steep, irrigation wells have
not been successful regardless of the abundance of ground water,
whereas, in the area with a slight water-table gradient, irrigation
wells have been successful.

FLUCTUATIONS OF THE WATER TABLE

The water table is not a stationary surface but rises or falls
when water is added to or withdrawn from the underground reser-
voir. In areas where large quantities of water are pumped for
irrigation, such as in the Prospect Valley area and in the valleys
of Bijou, Badger, and Beaver Creeks, the water table is lowered
during the pumping season and gradually recovers between pumping
seasons. (Seefig. 7.) If ground-water discharge exceeds recharge
over a period of years, a general decline of ground-water levels
in the area will result. In areas that are irrigated chiefly with
canal water, such as the South Platte River valley near Goodrich
and Weldona, Colo., and between Brush and Sterling, Colo., the
water table rises during the irrigation season and declines during
the nonirrigation season. Periods of high precipitation cause the
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Figure 7. —Fluctuations of water levels in wells caused by irrigation pumping andrecovery of
the water level after pumping.
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water table to rise whereas long dry periods generally cause it to
decline. Periodic water-level measurements were made at 189
observation wells from 1947 through 1950; earlier measurements
at 80 of the wells were obtained from Colorado and Nebraska
water-level reports and files. (See appendix A.)

The waterlevel in some wells may fluctuate also in response to
other factors, such as the tidal attraction of the moon and changes
in atmospheric pressure. The hydrographs shown in figure 8
were obtained for the same period of time from water-level re-
cording gages on two wells 13 miles apart; an inverted barograph
chart for this period was prepared from datafurnished by the U. S.
Weather Bureau of Stapleton Airport, Denver, Colo., and was
plotted with the two hydrographs. The similarity between the two
hydrographs and the barograph indicates that the water levels in
the two wells, like the barometer, fluctuates with the changing air
pressure.

The water levels in wells may be affected also by the pumping
of nearby wells. Under water-table conditions the cone of depres-
sion around a pumped well expands relatively slowly. The water-
level fluctuations in the vicinity of well B3-58-3ba are character-
istic of those that occur under water-table conditions. When the
well was pumped at a rate of 900 gpm the drawdown in a well
400 feet away was only 0.12 foot after an hour of pumping and was
0.65 foot after 51 hours of pumping; the radius of influence after
51 hours of pumping was computed to be about 1,035 feet. Most
of the water in the alluvial deposits in the area is under water-
table conditions.

Under artesian conditions, the cone of depression around a
pumped well expands rapidly and causes prompt lowering of the
water level in nearby wells. The charts from the water-level re-
cording gage on well B3-57-19bb show that the water level began
to decline 55 seconds after a well 420 feet away began pumping at
a rate of 770 gpm or 20 minutes after a well 2,700 feet away began
pumping at a rate of 1,160 gpm. The total decline after about
10 hours of pumping the nearer well was about 9 feet and the de-
cline after pumping the farther well for the same length of time
was about 1 foot. The rapidity with which the water level was af-
fected at these distances indicates that the water is confined be-
neath a relatively impervious stratum and, hence, is under slight
artesian head. Investigation showed that a 9-foot layer of clay
overlies the water-bearing sand and gravel in the vicinity of the
observation well.

The hydrologic conditions affecting the fluctuations of the water
table vary indifferent parts of the South Platte River valley project
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area. The project area was divided into eight areas within each of
which the hydrologic conditions were thought to be relatively uni-
form. These areas are shown in figure 9. Fluctuations of the wa-
ter table within the eight areas are discussed below. Selected hy-
drographs made for wells in some of the areas are shown in figure
10. If the reader wishes to examine a more complete and detailed
record of the water-table fluctuations, he is referred to appendix A.

PROSPECT VALLEY AREA, COLORADO

Water levels declined steadily in the Prospect Valley area be-
tween 1934 and 1942. In 1942 the trend was reversed and water
levels in the area rose an average of about 10 feet during the next
8 years. The hydrograph for well B2-63-32aa (fig. 10) shows
water-level changes that are typical of the general ground-water
trend in the area.

The general rise of the water table in the Prospect Valley area
since 1942 is believed to be the result of the above-normal pre-
cipitation since about that time. Surface water is available for
irrigation during the early part of the growing season but, as the
area has a low priority for surface water, the supply usually is
depleted before the first of July. Although irrigation water during
the remainder of the growing season is obtained by pumping
ground water, recharge by seepage from reservoirs, canals, and
appliedirrigation water has exceeded withdrawals from the ground-
water reservoir. During the dry period that preceded 1942, very
little surface water was available and most of the irrigation water
was pumped from the ground-water reservoir. This heavy pump-
ing caused the water table to fall. If another prolonged dry period
should occur and the surface-water supply should be reduced, the
water table probably will decline again.

HARDIN TO WELDONA, COLO.

Several canals and reservoirs flank the valley between Hardin
and Weldona and irrigation is largely by surface water. Ground-
water levels generally are high at the end of the irrigation season,
owing to recharge ‘from seepage. A few irrigation wells supple-
ment the surface-water supply. Water-level data collected during
1947 through 1950 indicate no general upward or downward trend
of the water table; however, water levels undoubtedly have risen
since the construction of the surface-water irrigation systems
during the period 1900-10.
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VALLEYS OF BIJOU AND KIOWA CREEKS, COLORADO

Water levels in the Bijou and Kiowa Creeks area have been de-
clining for several years as a result of heavy pumping. The hy-
drograph of well B3-60-22cc (fig. 10) shows changes in water levels
that are typical of most of the wells in the area. Water-level
measurements indicate that the average decline of the water table
during the 11-year period 1940-50 was about 8 feet, of which about
2 feet occurred during 1950. The large decline of the water table
during 1950 was due largely to heavy pumping during the unusually
dry growing season. The area of water-level decline is within
Tps. 1-4 N., 1 and 2 S., and Rs. 59 and 60 W., and includes about
130 square miles. It extends southward about 30 miles from near
the South Platte River to about 7 miles south of the Morgan-Adams
County line. Irrigated land in this area is entirely dependent on
wells for water. More than 250 irrigation wells supply water to
about 37,000 acres. Most of the wells have been installed during
the past 15 years.

An estimate of the rate of depletion of ground water in the Bijou
and Kiowa Creeks area for the 4-year period 1947-50 was deter-
mined by computing the ratio of the average decline of the water
table during that period to the average saturated thickness of the
aquifer at the beginning of the period. About 4 percent of the
ground water in storage was removed during these 4 years; the
maximum rate of depletion of 7.1 percent occurred in T. 2 N.,
Rs. 59 and 60 W. (See table below.)

Data relating to occurrence of ground water in the valleys of Bijou and Kiowa Creeks

Rs, 59 and 60 W,
T, 1S.|T. 1IN, |T. 2N, | T. 3N, [ T. 4N,

Range in thickness of alluvium, in feet.,.,..| 80-130| 72-140| 80-185 90-230 | 110~-240

Average thickness of alluvium, in feet,...... 106 104 132 150 194
Range of depths to water level, in feet...... 1644 15-43| 27-66 26-76 40-82
Average depth to water level, in feet,....... 27 28 46 55 71
Average drawdown of water level in

pumped wells, in feet.i.ieeersneese 33| 32 27 27 15

Average saturated thickness of the aqv.ufer

75 76 86 95 123
2.1 3.6 6,0] 4,0 4.7

Average percent of depletlon of th
stored in the aquifer 1947-50,, 2.8 4,7 7.1 4.2 3.8

Not all the ground water in the aquifer is available for pumping
because movement of water into a well is possible only when suf-
ficient water remains in the aquifer to create a hydraulic gradient
toward the well, When a declining water table nears the bottom of
an aquifer, the yield of wells decreases to the extent that pumping
for irrigation becomes economically infeasible.
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FORT MORGAN AREA, COLORADO

Water levels during the past 10 years have not changed appre-
ciably in the part of the Fort Morgan area (Tps. 3 and 4 N., Rs. 57
and 58 W.) that is irrigated both by water diverted from the river
and by ground water. Water levels in the area, however, generally
fluctuate considerably from season to season. The hydrograph of
well B3-57-7cce (fig. 10) shows the magnitude of the seasonal fluc-
tuation of the water level in a well in the area.

After the construction of the Bijou Creek and Fort Morgan irri-
gation systems, the southern part of T. 3 N., R. 57 and 58 W.,
became waterlogged and several water-table lakes were formed.
The pumping of irrigation wells subsequently installed lowered the
water table and the lakes and waterlogged area disappeared.

A general decline of the water table has occurred in the part of
the Fort Morgan area that is totally dependent on wells for irriga-
tion water (about 12 square miles in T.2 N., R, 57W.). The aver-
age decline of the water levels in three observation wells for the
3-year period (1948-50) was 3.9 feet, of which 2.2 feet occurred
during 1950. The approximate depletion of the aquifer during the
3-year period was about 6.7 percent of the water in storage. Deple-
tion is believed to be most serious at the southern end of the area
where the saturated thickness of the aquifer is only about 25 feet.

BEAVER CREEK VALLEY, COLORADO

The water table in the part of Beaver Creek valley in Tps. 1 S.
and 1 and 2 N., Rs. 55 and 56 W., has been declining steadily for
several years. The hydrograph of well B1-56-1dc (fig. 10) shows
water-level fluctuations believed to be typical of the area. The
area of water-level decline covers about 30 square miles and con-
tains 108 irrigation wells, which supply water to about 10,000 acres
of land. The greatest decline is in the vicinity of Gary, Colo.,
where the water level in well B1-56-1dc declined 10.07 feet in
10 years; 2.05 feet of this decline occurred during 1950. The
average decline of the water table in the area for the period 1947-
50 was 3.8 feet, of which 1.1 feet occurred during 1950. The de-
cline of the water table is more critical in the Beaver Creek valley
than in any other part of the South Platte River valley project area,
because the water-bearing materials are thin in comparison to
those in other parts of the project area. A few irrigation wells in
the vicinity of Gary are reported to be “sucking air, ” a condition
that occurs when the drawdown of the water level in a pumped well
reaches the pump intake. To remedy such a condition either the
pump intake must be set lower in the well or the rate of pumping
must be decreased. Many of the pumps already are set near the
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bottom of the wells. The estimated depletion of ground water in
part of the Beaver Creek valley is given in the table below.

Data relating to occurrence of ground water in part of the Beaver Creek valley

Rs. 55 and 56 W,

T. 1N, | T. 2N,
Range in thickness of alluvium, in fe€tuie....cieisssersserersosncescscsssnsescssnse 43-83 32-80
Average thickness of alluvium, in feet.,.., 64 60
Range of depths to water level, in feet..ieieese 16-55 8-30
Average depth to water level, in feet 35 18
Average drawdown of water level in pumped wells in feetisesersaonscsssees 16 18
Average saturated thickness of the aquifer, in feetvsnnerireres veseres 29 42
Average water-table decline 1947-50, in feet...ecenens seressnsssaessessasessane 5.0 2.7
Average percent of depletion of the water stored in the aquifer 1947-50,.,, 17,2 6.4

The water table appears to be rising slightly in that part of Beaver
Creek valley in T. 3 N,, R. 56 W.; a rise of water level of about
1 foot in 20 years is indicated by the record of well B3-56~24bb.
As there are only a few irrigation wells in the area, not much
water is pumped from the ground-water reservoir.

BRUSH TO STERLING, COLO.

In the South Platte River valley between Brush and Sterling,
Colo., the water table usually rises during the irrigation season
and declines between seasons. Most of the farm land is irrigated
by water diverted from-the South Platte River; ground water gen-
erally is pumped only to supplement the surface-water supply.
Water-level data collectedinthis area indicate that the water table
has been rising since about 1940; this has been a period of above-
normal precipitation and of surplus river-water supply for the
area. The hydrograph of well B4-55-9dc (fig. 10) shows water-
level fluctuations typical of the area. A continuedrise of the water
table may cause waterlogging in the parts of the area where the
water table is near the surface. The water table is less than
10 feet below the land surface in much of the area. (See pl. 3.)

STERLING, COLO., TO COLORADO-NEBRASKA STATE LINE

In the South Platte River valley between Sterling, Colo., and
the Colorado-Nebraska State line no general upward or downward
trend of the water table during recent years has been noted. The
water-level fluctuations shown inthe hydrograph of well B8-52-10ac
(fig. 10) are believed to be typical of water-table fluctuations
throughout the area. Only a few irrigation wells are in the area
and they generally are pumped only to supplement the surface-water
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supply. The water table usually rises during the irrigation season
and declines during the nonirrigation season.

COLORADO-NEBRASKA STATE LINE TO PAXTON, NEBR,

The position of the water table in this area has not changed ap-
preciably since 1935. A comparison of the data collected during
this investigation with data collected during a study of the ground-
water resources of Keith County, Nebr., (Wenzel and Waite, 1941)
shows that the depth to water and the shape of the water-table con-
tours have remained essentially constant since 1935. Water levels
in areas that are irrigated with surface water rise during the ir-
rigation season and decline during the nonirrigation season,
whereas, water levels in areas that are irrigated entirely by
ground water decline during the irrigation season and rise during
the nonirrigation season.

GROUND-WATER RECHARGE

Recharge is the addition of water to the ground-water reservoir.
It may result directly from precipitation and indirectly as seepage
from streams, canals, reservoirs, and applied irrigation water
and as underflow of ground water into the area from adjacent areas.
All these types of recharge are important in the South Platte River
valley; the order of their importance depends upon local condi-
tions.

SEEPAGE FROM CANALS, RESERVOIRS, AND IRRIGATION

Before this area was irrigated, the South Platte River report-
edly was an intermittent stream and generally was dry during the
summer. Now, however, the ground-water reservoir is recharged
by seepage from the many reservoirs and canals, and the South
Platte River is a perennial stream. Bijou Creek has becomea
perennial stream below the place where it is crossed by the Fort
Morgan canal, and Pawnee Creek has changed from an intermit-
tent to a perennial stream below the place where it is crossed by
the North Sterling canal. Local authorities estimate that less than
a third of the water that is diverted from the South Platte River is
delivered to the farmers for irrigation; the balance is lost by
seepage and by evaporation. Accordingto studies made by Parshall
(1922, p. 50-52) on seepage losses from canals, the Jackson Lake
inlet canal lost about 1 cfs (cubic foot per second) per mile while
flowing at a rate of about 145 cfs and the Empire intake canal lost
about 1 cfs per mile while flowing at a rate of about 250 cfs.
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According to J. C. Howell, superintendent of the Bijou Irrigation
Co., and C. J. Osborne, superintendent of the Riverside Irrigation
Co., this loss of water from canals and reservoirs helps make
possible irrigation from the river because flow in the river is thus
assured when the water is needed.

The Empire Reservoir, which is about 5 miles northwest of
Wiggins, Colo., covers an area of 2,842 acres when full.
Mr. Howell reports that 90 cfs of water is required to maintain a
full reservoir at the beginning of the irrigation season when no
water is being withdrawn. If the intake supplyis stopped, the res-
ervoir surface subsides at a rate about 0.05 foot per day. If the
reservoir previously had been standing dry for some time and mud
cracks had formed, the rate of decline is about twice the normal
rate, or about 0. 10 foot per day. As the water has no visible es-
cape and as the loss of water by evaporation normally would ac-
count for a decline of only about 0. 02 foot per day, the balance of
about 0.03 foot per day is seeping into the ground and into the
ground-water reservoir. The Bijou Reservoir, which is about
5 miles northeast of Wiggins, Colo., loses water even faster than
the Empire Reservoir. According to Mr. Howell, the greater rate
of loss from this reservoir is due to the fact that it is filled and
emptied intermittently and the bottom dries out between fillings.

Mr. Osborne reported the following information about seepage
from the Riverside Reservoir, During March 1948 the reservoir,
which covers an area of 3,800 acres, was covered with ice which
reduced evaporation to a negligible amount. The outlets of the
reservoir were closed and enough water was admitted at the intake
to mairtain a constant gage reading throughout the'month. This
quantity of water amounted to 4,120 acre-feet; hence, that amount
apparently was lost by seepage during the 31 days. This seepage
is equivalent to a loss at the rate of 67 cfs and is the equivalent of
a decline of the water surface of 0.035 foot per day. Mr., Osborne
also reported that about 5,000 acre-feet per month is needed to
maintain a constant gage reading, with no withdrawals, during the
summer when water evaporates more rapidly. On the basis of a
30-day month, this amounts to a loss of about 84 cfs due to the
combined effects of seepage and evaporation; ahcut 17 cfs is due
to evaporation alone. Therefore, about 80 percent of the loss
from the reservoir was due to seepage and about 20 percent of the
loss was due to evaporation,

The Olds Reservoir, which is near the south end of the Prospect
Valley area, was constructed to store about 250 acre-feet of
water, but it was soon abandoned because of high seepage losses.
These losses are reported (Code, 1945, p. 11) to range from about
17 acre-feet per day at a stage of 75 acre-feet to about 50 acre-
feet per day at full stage. Surplus surface water is sometimes
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discharged into the reservoir; this causes a water-level rise in
nearby wells., Between March 17 and April 26, 1948, 2, 378 acre-
feet was discharged into the reservoir and caused a water-level
rise of about 2 feet in well B1-63-28ab and about 1 foot in well
B1-63-27dc, which are 1,000 feet and 3, 000 feet, respectively,
from the reservoir. Seepage from Lord Reservoir, which is on
the west side of the area, also contributes to ground-water stor-
age; loss from evaporation and seepage is reported to be about
0. 05 foot per day (Code, 1945, p. 12) of which about 0.03 foot per
day is estimated to be seepage loss.

PRECIPITATION

The average annual precipitation in the lower South Platte River
valley area ranges from about 12,6 inches at Greeley, Colo., to
about 19.5 inches at Ogallala, Nebr. (See table 1.) The amount
of precipitation that reaches the ground-water reservoir depends
on the amount and distribution of rainfall, the composition and
physical character of the soil and underlying materials, the vege-
tation, the proximity of the water table to the land surface, and
the shape and slope of the land surface. Water infiltrates more
readily in areas mantled by permeable materials, such as dune
sand or sandy soil, than in areas mantled by less permeable ma-
terials, such as soils derived from loess, silt, clay, or shale.
Much of the area that flanks the valley and tributary valleys is
covered with dune sand. (See pl. 1.) The accumulation of ground
water resulting from the infiltration of local precipitation in such
areas generally causes the water table to stand at a higher altitude
than in adjacent areas.

STREAMS

Perennial streams, such as the South Platte River, which lie
below the general level of the water table and thus receive water
from the underground reservoir, commonly are called gaining, or
effluent, streams. During periods of high flow, water is stored
temporarily in the sand and gravel that flank the river. This water
drains back into the stream after the flood flow has passed.

Normally, the movement of ground water is from the alluvium
toward the river; however, in some places where wells near the
river are pumped heavily, the direction of flow is reversed and
water moves from the river toward the well. In this way, the
river becomes a source of recharge to the ground-water reservoir.

Intermittent streams, such as Bijou, Kiowa, Badger, and
Beaver Creeks, which lie above the water table and which, hence,
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SUBSURFACE INFLOW

A considerable quantity of ground water moves through the al-
luvium of the South Platte River valley and of tributary valleys in
downvalley directions and enters the project area at the upstream
boundaries. Also, a large amount of ground water moves into the
alluvium from bordering deposits of dune sand and from the Ogal-
lala formation. Other formations bordering the valley also con-
tribute water to the alluvium but, because of their low permea-
bility, the quantity is small. The total recharge by subsurface
inflow is small in comparison to recharge by seepage from irriga-
tion systems.

An estimate of the amount of ground water entering the project
area by underflow through the alluvium of the South Platte River
valley and of tributary valleys was made by the application of
Darcy's law:

Q=PIlA

in which Q= quantity of water in gallons per day passing a valley
cross section;
P = coefficient of permeability in gallons per day per
square foot;
I = hydraulic gradient of the water table infeetper mile;
and A= cross-sectional area of the saturated part of the
alluvium.

The cross-sectional area of the valleys of Lost, Kiowa, Bijou,
Sand Arroyo, Badger, and Beaver Creeks was determined by test
drilling along a line 5 miles north of the 40th parallel; that of the
valleys of Wildcat and Pawnee Creeks from test drilling along
lines crossing the valleys near where they enter the South Platte
River valley; and that of the Lodgepole Creek valley from test
drilling along the Colorado-Nebraska State line. The results of
these computations are given in table 3 along with an estimate of
underflow through the alluvium of the South Platte River at
Hardin, Colo.

The quantity of ground water that moves into the alluvium from
bordering dune-sand deposits is believed to be large. The aver-
age saturated thickness of the dune sand through which the water
percolates is small; however, the deposits cover a large area and
are capable of transmitting much water.

The Ogallala formation borders the alluvium of the South Platte
River valley on both sides of the valley for about 50 miles up-
stream from Paxton, Nebr. The formation has a relatively high
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Table 3.— Ground-water inflow into the South Hatte River val{ey project area through the
alluvium of the South Platte River valley and its tributary valleys
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permeability and a considerable saturated thickness; it probably
transmits a large grantity of ground water to the alluvium of the
valley.

QUANTITY OF WATER IN STORAGE

Most of the recoverable ground water that is stored in the South
Platte River valley project area is in the alluvial deposits of the
valley fill. Practically all the ground water that is available for
irrigation is in these deposits.

The approximate quantity of ground water in storage in the al-
luvium was determined by multiplying the volume of material sat-
urated by an assumed coefficient of storage of 0.20. The volume
of saturated material in most of the project area was computed
from the saturated-thickness map (pl. 4); that of a part of the
South Platte River valley between Hardin and Weldona, Colo., was
estimated because sufficient data were not available to construct
a saturated-thickness map of that part of the area.

An estimate of the quantity of ground water ‘that is represented
by each foot of rise or decline of the water table was computed on
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the basis of the present position of the water table., These com-
putations and the computations of the amount of water in storage
are given in table 4. For convenience in computing the data, the
South Platte River valley project area was divided into eight sub-
areas. (See fig. 9.)

The estimated quantity of ground water in storage, shown in
table 4, does not include all the ground water in storage within the
project area but is intended to give only the following information:
(1) The approximate quantity of ground water in storage in the
valley fill that could be removed by pumping if all the alluvium in
the area could be drained by gravityinto wells, and (2) the approx-
imate quantity of ground water represented by each foot of rise or
decline of the water table under present hydrologic conditions.

Table 4.— Quantity of ground water in storage in the alluvium of the South Platte River
valley.

[Based on the estimated area and volume of the saturated part of the alluvium and an estimated
storage coefficient of 0,20]

Area

Quantity of ground
water represented
by 1 foot rise
or decline of the
water table, in

Quantity of ground
water in storage
that could be
drained out under
ideal conditions,

acre-feet in acre-feet

Prospect Valley area, Colorado.., 16, 400 940, 000
Hardin to Weldona, Colo...... 18, 800 1, 420, 000
Valleys of Bijou and Kiowa Creeks, 34, 600 2, 884, 000
Fort Morgan area, Co0lorado ce,eueeseseseceescessoces 15, 000 1, 029, 000
Beaver Creek valley, Colorado... 13, 400 584, 000
Brush to Sterling, COl0...cuuiesseersssnsnseccssssssornssssssses 25, 100 2, 063,000
Sterling, Colo., to Colorado-Nebraska State line......... 29, 700 2, 197,000

Total for area within Colorado.....veecserreereroseeceansons 153, 000 11,117,000
Colorado-Nebraska State line to Paxton, Nebr..uuceessenss 21, 600 1,596, 000

Total for project area in Colorado and Nebraska ....... 174, 600 12, 713,000

GROUND-WATER DISCHARGE

Ground-water discharge is the withdrawal or loss of water from
the ground-water reservoir. Water may be removed by transpir-
ation and evaporation, by flow into streams, springs, and seeps,
by underflow that leaves the area, and by pumping from wells.
These methods of discharge operate singly or in combination in
all parts of the area. Qver a period of years, the quantity of
ground-water discharge is approximately equal to the quantity of
recharge to the ground-water reservoir. The quantity of water
that leaves the area by underflow is approximately equal to the
amount that enters by underflow through the alluvium of the South
Platte River valley at Hardin, Colo., or about 10 cfs. (See table 3.)

421283 O -57 -5
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TRANSPIRATION AND EVAPORATION

Water taken into the roots of plants directly from the zone of
saturation or from the capillary fringe above it is discharged by
transpiration. Water that is brought to the land surface by capil-
lary action is discharged by evaporation. The depths from which
plants lift ground water differ greatly with the plant species, with
the types of soil, and with the conditions of water supply. Inves-
tigations show that certain kinds of plants lift ground water from
depths of 50 feet or even more (Meinzer, 1923b, p. 48). No at-
tempt has been made to estimate the quantity of ground water dis-
charged by transpiration and evaporation in the project area, but
it is believed to be large.

In a large part of the South Platte River valley project area, the
water table is less than 20 feet below the land surface. (Seepl. 3.)
Most of the discharge of ground water by transpiration occurs in
this part of the area. Grasses are the principal users of ground
water in waterlogged areas, and cottonwood and willow trees are
the chief users in those parts of the river and creek bottoms that
are not waterlogged.

Where ground water is discharged from the land surface by
evaporation, a residue of mineral matter generally is left at the
land surface. The depth from which water may be brought to the
land surface by capillarity depends upon the character of the ma-
terial above the water table—the finer the material, the greater
the distance the water will rise. Probably very little water is
drawn to the land surface by soil capillarity where the depth to
water is more than 10 feet.

Evaporation of ground water from the land surface occurs
mostly in the low, flat areas that are adjacent to the river and in
areas that are near reservoirs and canals. The accumulation of
alkali on the land surface at many places in the valley, especially
in the vicinity of Iliff, Proctor, Crook, and Sedgwick, Colo., in-
dicates waterlogging and the consequent discharge of ground water
from the land surface by evaporation.

STREAMS, SPRINGS, AND SEEPS

Streamflow at low stages in the South Platte River, in Lodgepole
Creek, and in the lower reaches of Bijou, Beaver, Wildcat, and
Pawnee Creeks, is maintained by ground-water discharge.” Water
isdischargedinto these streams mainly through springs and seeps
along the stream channels. Trees and other vegetation along the
stream courses intercept much of the water that otherwise would
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be discharged into the streams but, if the supply of ground water
is greater than the amount required by these plants, the excess
contributes to the flow of the streams.

Much ground water also is discharged into land drains that have
been constructed in waterlogged areas, especially on the valley
floor north of the South Platte River between Sterling and Ovid,
Colo. Water flows continually in most of these drains but the flow
is greater during and after the irrigation season. The flow in
these drains contributes to the flow in the South Platte River.

The ground water discharged into the South Platte River gener-
ally is called return flow by local engineers, on the assumption
that most of it is derived from seepage from canals, reservoirs,
andirrigated land. Parshall (1922, p. 26) stated—

« + Jit is thought that the South Platte River, especially in the valley between the
mouth of the Cache la Poudre River and the Nebraska State line, accumulates more re-
tum water than any other stream in Colorado. This return flow to the river at the time
when irrigation was first practiced in the late sixties must have been small, and not suf-
ficient to attract the attention of irrigators. Prior to about 1885, the return flow to the
South Platte River had assumed such propottions as to cause comment, and was of suf-
ficient imporfance that new canals were constructed to take advantage of this interesting
condition. After the passage of the Irrigation District Law in 1901, a number of projects
were proposed for the Platte Valley, and during the period of promotion many experienced
engineers looked upon these schemes with considerable apprehension as to the possible
water supply. Since their construction it now becomes apparent, however, that in average
years there is an ample supply during the growing season.

Parshall (1922, p. 45-72) determined the return flow to the South
Platte River between Kersey, Colo., and the Colorado-Nebraska
State line for several periods of time. The return flow for the
period 1890-94 was 195 cfs; for the period 1910-14, 700 cfs; and
for the period 1919-20, 750 cfs. The increase in return flow be-
tween 1890 and 1920 was due to an increase in the development of
irrigation in the area. The amount of return flow to the South
Platte River for the period 1919-20 ranged from 2 to 8,5 cfs per
mile for different sections of the river and averaged 5. 25 cfs per
mile. The discharge of ground water into the river at the present
time probably is about the same as that in 1920, as the irrigated
area has not increased appreciably since then.

In addition to the springs and seeps along the stream channels,
a few other gravity springs are present along the edge of the val-
ley. Although the quantity of water discharged from these springs
and seeps is small in comparison to that discharged from springs
and seeps along stream and drain channels, it is sufficient for the
watering of livestock. Most of the springs are near the contacts
betweenthe relatively impermeable Pierre shale and the overlying
sandstone, alluvium, or dune sand. Most of the springs and seeps
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are below canals; this indicates that the water is derived from
canal and irrigation seepage losses, although some of the springs
and seeps may have existed before the canals were constructed,

WELLS

In the South Platte River valley project area, ground water is
pumped for irrigation, municipal, stock, domestic, and industrial
uses—Ilisted in what is believed to be the order of quantity pumped.
More water is pumped for irrigation than for all other uses com-
bined. The quantity of water pumped for each of the differentuses,
insofar as known, is given on pages 68-52, and the effect of pump-
ing on the position of the water table is discussed onpages 43-52.

When water is pumped from a well, the water level in the well
is lowered, and the amount of depression is called the drawdown
of the well. The rate of pumping in gallons per minute per foot of
drawdown is called the specific capacity of the well. Under water-
table conditions, the specific capacity is constant only when the
drawdown is a small fraction of the saturated thickness of the
aquifer; the specific capacity varies also with differences in the
construction and development of wells. However, a comparison
of specific capacities is useful in the estimation of the relative
efficiency of wells and of the permeability of formations. In this
area, drawdowns of irrigation wells that yield about 1, 000 gpm
range from about 4 to 40 feet; their specific capacities, therefore,
range from 250 to 25. The drawdown is also inversely proportional
to the permeability of the water-bearing material; hence, the draw-
down generally is small inwells that obtain water from well-sorted
gravel and coarse sand and it is much greater in wells in less
permeable materials such as fine sand, silt, or clay.

When a well is pumped, the water table in the vicinity of the well
declines and takes a form similar to that of an inverted cone; this
is called the cone of depression. The pumping level in the wellis
at the apex of the cone, and the slope of the cone is greatest near
the well and is increasingly less at greater distances from the
well, The distance to the point where the drawdown is impercep-
tible is called the radius of influence and the circular area de-
scribed by this radius is called the area of influence of the well.
If the discharge of the well is increased, the drawdown and area
of influence also are increased.

Most of the wells in the South Platte Rivervalleyprojectarea
aredrilled wells that range indiameter from 4 to 48 inches and are
cased with steel casing. A few dug wells, ranging from 4 to 10
feet in diameter and cased with concrete, brick, or wood curbing,
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have been constructed for domestic and stock use. A few small-
diameter driven wells, ranging from about 1 to 2 inches in diam-
eter, have been installed for stock and domestic use at places
where the water table is near the land surface.

DRILLING METHODS

Most of the wells in the South Platte River valley were drilled
by either the cable-tool, standard hydraulic-rotary, or reverse-
rotary method. Both small- and large-diameter wells and test
holes are drilled by the cable-tool method, whereas the standard
hydraulic-rotary method generally is limited to small-diameter
wells and test holes, and the reverse-rotary method is limited to
large-diameter wells.

Cable-tool method, —The cable-tool method of drilling (sometimes
referred to as the percussion or churn-drill method) is done by
means of a string of solid drilling tools operated in the drill hole
on the end of a cable that is lifted and dropped regularly to pro-
duce a cutting or drilling action at the bottom of the hole, The
material is removed from the bottom of the hole by means of a
bailer or a sand bucket. Generally, a casing is forced into the
hole as the drilling proceeds and the bailer or sand bucket is
lowered and withdrawn through the casing.

In drilling large-diameter wells, such as irrigation, public-
supply, or industrial wells, by the cable-tool method, a temporary
steel casing about 48 inches in diameter is used. The material
above the water table is excavated by hand or by an orange-peel
bucket. When the water table is reached, the sand bucket is used
todrill the remainder of the well. The temporary casing, weighted
by sand bags, is forced into the hole. When the drilling is com-
plete, a perforated casing is placed within the temporary casing,
the annular space between the casings is packed with gravel, and
the temporary casing is removed.

Standard hydraulic-rotary method. — Most of the small-diameter wells in
the South Platte River valley have been drilled by the standard
hydraullc rotary method (sometimes called the standard-rotary
method). Holes ranging from 4 to 14 inches indiameter aredrilled
by this method. Drilling is done by rotating the drilling bit at the
bottom of the drill stem. During the process of drilling, water is
circulated from a pump downward through the slowly revolving
drill stem and bit into the bottom of the hole and then upward to
the land surface into a sump pit, where the water is taken by the
pump and recirculated, Materials drilled from the bottom of the
hole are carried to the surface by the circulating water. Mud,
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clay, or some manufactured product is sometimes added to the
water to increase its viscosity and material-lifting capacity and
also to seal the hole to prevent caving and to prevent the loss of
drilling water by seepage into permeable materials, In the area
described in this report all the water wells drilled by the standard
hydraulic-rotary method are less than 400 feet deep, although
much greater depths have been reached in test drilling for oil,

Reverse-rotary method, —The standard hydraulic-rotary method of
drilling generally is limited to holes of small diameter, because
of the difficulty of providing enough discharge water in the drill
hole to maintain sufficient velocity to carry the drill cuttings to
the land surface. This disadvantage has been overcome in the
reverse-rotary method of drilling by reversing the direction of
the circulating water—hence, the name “reverse rotary.” In the
reverse-rotary method, the water is pumped up the hollow drill
stem and discharged into a settling pit where the drill cuttings
remain, The water runs back to the drill hole by gravity., Enough
water is provided to keep the drill hole full at all times so that the
hydrostatic pressure will prevent caving, A slowly revolving bit
at the lower end of the drill stem cuts the material loose and the
circulating water carries it through the pump to the settling pit.
Holes that range from 18 to 60 inches in diameter and that are as
much as 250 feet deep have been drilled by this method in the
South Platte River valley. Mud, clay, or a manufactured product
is sometimes added to the circulating water to add to its viscosity
and to seal the hole to prevent caving and the loss of drilling water
by seepage. Figure 12 shows a 32-inch drilling bit.

Most of the reverse-rotary drilling rigs that are used in the
South Platte River valley were made from automobile trucks and
engines and from parts that were designed and made in the dif-
ferent drillers’ machine shops.

IRRIGATION WELLS

CONSTRUCTION METHODS

Irrigation wells were first constructed in Beaver Creek valley
in 1910; in the South Platte River valley, near Hillrose, Colo., in
1913; and in Bijou Creek valley in 1915, The early irrigation well
consisted of a reinforced pit that was constructed to the water
table and a hole of small diameter that extended below the bottom
of the pit. A centrifugal pump was placed in the pit above the
water table. As this type of well would not operate when the draw-
down became too great for the suction lift of the pump, several
other wells were drilled nearby and were connected to the pumped
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and the Public Power Districts of Nebraska. Power is transmitted
at moderately high voltage to a bank of transformers near each
pumping plant where it is stepped down to 220 volts foruse. Prac-
tically all pump motors use 3-phase alternating current, although
a few use single-phase current. The size of the motor used de-
pends on the pumping lift and the rate of discharge of the pump.
In parts of the area where the depth to water is about 20 feet,
electric motors of 10 to 25 hp (horsepower) are employed. Near
Fort Morgan, Colo., where the depth to water is about 45 feet,
30- and 40-hp motors are used; north of Wiggins, Colo., where
the depth to water is about 75 feet, 50-, 60-, and 75-hp motors
are used.

The power input of some pumping plants was measured by timing
the rotating disk in the watt-hour meter with a stopwatch., The
power input was determined by the equation:

P 3,600 N x Kh
746 t

in which # = power input, in horsepower;

Kh = a constant for each watt-hour meter (generally
stamped on the name plate of the instrument) giv-
ing the number of watt-hours represented by one
revolution of the rotating disc in the meter;

time required, in seconds, for the rotating disc
to make N revolutions.

and

~
]

Data on the amount of the power input of 650 pumping plants in the
area were furnished by the Morgan County Rural Electric Associ-
ation. Estimates of the quantity of water pumped (tables 5 and 6)
and of the average efficiency of pumping plants (table 7) in se-
lected areas were made on the basis of these data.

Stationary diesel and gasoline engines are used for 12 percent
of the irrigation wells in the area. Compared to electric motors,
these engines have both advantages and disadvantages. The ad-
vantages are (1) greater power may be applied for pumping when
additional water is needed, (2) the engine will not be shut off by
nearby lightning nor is it subject to electric-power failure, and
(3) the engine can be used in places where electric power is not
available, The disadvantages are (1) the initial cost of the engine
is greater, and (2) the operation andmaintenance costs are great-
er. The power costs for diesel engines and electric motors are
reported by well owners to be about the same. Power costs for
gasoline engines are reported to be greater. A few stationary
engines in the area use butane (bottled) gas, but no data regarding
their cost of operation were obtained.
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Tractor engines are used for power to pump water from about
17 percent of the irrigation wells in the project area; the power
is transmitted from the tractor to the pump by means of a belt
drive. The tractor has the same advantages and disadvantages as
the stationary engine but has the additicnal advantage that it can
be used for other purposes.

UTILIZATION OF GROUND WATER

All known irrigation, public-supply, and industrial wells in the
area, totaling 1, 266, were visited and all available data concerning
them were obtained. No attempt was made to inventory all the
domestic, stock, and unused wells, but data were collected on
some of them inareas where information was needed for the study.
Pertinent data on the 1,767 wells that were inventoried during the
investigation are given in Appendix C, and locations of the wells
are shown on plate 3.

DOMESTIC AND STOCK SUPPLIES

Most of the residents of rural areas and small towns derive
their supplies of domestic and stock water from small-diameter
drilled wells, which are equipped with cylinder pumps operated
either by windmill or by hand. Some domestic wells, where elec-
tric power is available, are equipped with cylinder or jet pumps
that pump water into pressure systems. Water for domestic and
stock use is obtained from the alluvial deposits of the stream
valleys, from dune-sand deposits, and from the Ogallala, Brule,
Chadron, Laramie formations,. Fox Hills sandstone, and Pierre
shale. Most of the domestic and stock wells are in the alluvial
deposits, dune -sand deposits, and the Ogallala formation.

Most of the domestic and stock wells were drilled only deep
enough into the water-bearing formations to obtain a sufficient
supply of satisfactory water. For this reason and because logs of
such wells generally are not available, no attempt was made to
inventory all the domestic and stock wells in the area. Records
of domestic and stock wells were obtained only for localities where
few or no irrigation wells were present and where additional in-
formation was needed on the position of the water table or the
boundaries of the ground-water reservoir.

The ground water in the area differs greatly in chemical char-
acter but generally is satisfactory for domestic use. Water ob-
tained from dune-sand deposits, the Ogallala formation, and the
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Pierre shale generally is softer than water obtained from the
alluvium.

PUBLIC SUPPLIES

Thirteen municipalities in the South Platte River valley project
area obtain water from wells, The average daily consumption of
these 13 communities aggregates about 4,000,000 gallons. The
public-supply systems are described below in downstream order
from Fort Morgan, Colo., to Paxton, Nebr,

FORT MORGAN, COLO.

Fort Morgan (population 5,296) is supplied from six gravel-
packed drilled wells (B3-57-6ac, B3-57-6bd, B3-57-6cd, B3-57-6db,
B3-58-1dal, and B3-58-1da2) within the city limits. The wells
range in depth from 175 to 250 feet and are reported to be drilled
to, or nearly to, the Pierre shale. The wells tap the alluvium of
the South Platte River valley and their yields are reported to
range from 900 to 1, 300 gpm and their drawdowns from 9 to 14
feet. The wells are equipped with electrically driven turbine
pumps that pump water directly into the mains and force reserve
water into a 235, 000-gallon steel standpipe, which maintains an
average operating pressure of 40 psi (pounds per square inch) at
the base of the standpipe and an average pressure of 36 psi at
service outlets. The annual consumption in 1950 was 688, 483, 000
gallons, which is equivalent to about 1, 350 gpm. Water is sold to
the local sugar-refining plant during October, November, and
December of each year for use in the production of sugar from
locally grown sugar beets. Water is sold also to several smaller
industries, including an ice plant and two creameries. The water
is hard, as is indicated by the results of the analysis of a water
sample from well B3-57-6bd (appendix D), but is not treated,

BRUSH, COLO.

Brush (population 2, 429) is supplied from three gravel-packed
drilled wells (B3-56-3aa, B3-56-3ad, and B3-56-3da) within the
city limits; the wells are equipped withelectrically driven turbine
pumps and yield about 500 gpm each. The wells, which range in
depth from 85 to 99.5 feet, obtain water from the sand and gravel
of the alluvium. The water is pumped from the wells directly in-
to the mains and is forced into a 100, 000-gallon elevated steel
tank. Anaverage pressure of 42 psi is maintained. The maximum
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recorded consumption of water was 23,918,000 gallons during
July and the minimum was 8, 266, 000 during January. The aver-
age monthly consumption is about 15, 000, 000 gallons. The daily
use of water during the peak month averaged 771,500 gallons
which is equivalent to about 535 gpm. The water is hard butis
not treated. The results of an analysis of a sample of the water
from well B3-56-3da is shown in appendix D.

At the present time (1951) a new well field for the city of Brush
is being developed and is scheduled for use this summer. It is 4
miles south of Brush and will be connected by pipeline to the
present city water-distribution and pressure system. Water will
be obtained from sand and gravel in alluvium that is overlain by
dune sand. One gravel-packed drilled well (B3-56-26bb), 112 feet
deep, has been completed and another is scheduled for immediate
construction. The results of an analysis of a sample of the water
from well B3-56-26bb are shown in appendix D.

An area that included the proposed well field was investigated
by the U. S. Geological Survey as part of the South Platte River
valley project study. A-report on the quantity and quality of water
available in the area was prepared by the Geological Survey and
published by the Colorado Water Conservation Board (Brown,
1950),

MERINO, COLO.

Merino (population about 300) has been supplied since 1919 from
a gravel-packed drilled well (B6-54-13da) within the town limits.
The well is 70 feet deep and obtains watér from sand and gravel
of the alluvium. It is equipped with an electrically driven cen-
trifugal pump that pumps water directly into the mains and into a
35, 000-gallon elevated steel tank directly above the well. The
well is reported to yield 400 gpm with a drawdown of 3 feet. The
water is hard (see results of the analysis of water from well
B6-54-13da in appendix D) but is not treated.

STERLING, COLO.

Sterling (population 7,470) is supplied from eight gravel-packed
drilled wells (B8-52-27dc, B8-52-34ab, B8-52-34ac, B8-52-34ca,
B8-52-34cb2, B8-52-34bd1l, B8-52-34ccl, and B8-52-34cc2) in a
sand-hill area across the South Platte River from the city. The
wells are drilled to shale and range in depth from 71 to 114 feet.
Two more city wells are scheduled for construction in the well-
field area. Water is derived from alluvium overlain by dune sand.
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Each of the wells is reported to yield about 400 gpm with a draw-
down of about 15 feet. Electrically driven turbine pumps force
the water directly into a supply line that transmits the water into
the city. Two 250, 000-gallon elevated steel storage tanks, which
are at opposite sides of the city, are connected to the city mains.
An average pressure of 50 psi is maintained in the water-
distribution system. Daily consumption ranges from 900,000
gallons during January to 2, 500, 000 gallons during August. Water
is sold to the local sugar refinery during October, November,
and December of eachyear for use in the localbeet-sugar factory.
The results of an analysis of a sample of water from well
B8-52-34ac are shown in appendix D, Water in the city system is
chlorinated.

Between 1920 and 1941 Sterling obtained its water supply from
a battery of 28 closely spaced wells (B8-52-34b) in the sand hills
about 1,000 feet southeast of the South Platte River. Water was
derived from alluvium overlain by dune sand and was pumped
from a siphon system that connected the 28 wells. At first, the
water was soft because its natural movement had been from the
dune -sand area toward the river. Pumping, however, lowered the
water table in the vicinity of the battery of wells and reversed the
direction of ground-water movement between the wells and the
river. The movement of water of poor quality from the river to-
wards the well field caused the city supply tobecome progressively
harder. Regular use of the well field was discontinued in 1941 (it
is now reserved for emergency use) when the present field was
developed. The eight wells now in regular use are about 2, 000 to
4,000 feet from the river. Pumping has caused the water in these
wells also to become progressively harder, but to a lesser de-
gree than in the older field. On the water-table contour map of
the area (pl. 3), an area of depression that is lower than the alti-
tude of the adjacent river surface indicates that water is moving
from the river toward the wells.

ILIFF, COLO.

1liff (population about 350) is supplied from a gravel-packed
drilled well (B9-51-16abl) within the town limits. The well is 70
feet deep, is drilled to the Pierre shale, and obtains water from
sand and gravel in the alluvium of the South Platte River valley.
An electrically driven turbine pump at the well discharges water
directly into the distribution system at a rate of 100 to 150 gpm.
A 35, 000-gallon elevated steel tank directly above the well is used
for storage. The water table in the vicinity of the well is only 5
feet below the land surface. The water is very hard and of poor
quality (see results of the analysis of a sample of water from well
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B9-51-16abl in appendix D) and is not treated. Some of the town
residents obtain a soft but somewhat highly mineralized water
(see results of the analysis of a sample of water from well
B9-51-16ab2 in appendix D) from deep wells in the Pierre shale.

CROOK, COLO.

Crook (population about 225) is supplied from a gravel-packed
drilled well (B10-49-11cb) within the town limits. The well is 55
feet deep and obtains water from sand and gravel in the alluvium
of the South Platte River valley. An electrically driven turbine
pump at the well pumps water directly into the distribution mains.
A 52,000-gallon elevated steel storage tank connected to the dis-
tribution system near the well stores reserve water and helps to
maintain an average operating pressure of 60 psi. The average
daily consumption is about 75,000 gallons. The depth to the water
table in the vicinity of the well is less than 5 feet. The water is
hard (see the results of the analysis of a water sample from well
B10-49-11cb in appendix D) but is not treated other than by
chlorination,

SEDGWICK, COLO.

Sedgwick (population about 500) is supplied from a battery of
seven closely spaced dug and drilled wells (B11-46-20cb) in the
sand hills south of the South Platte River. Water is derived from
alluvium overlain by dune sand. The seven wells are connected
by a siphon and the water is pumped from the center well by
means of an electrically driven centrifugal pump. Reserve water
is stored in a 50, 000-gallon elevated steel tank within the town
limits, and anaverage operating pressure of 55 psi is maintained.
Monthly consumption ranges from 900, 000 gallons during January
to 2,700, 000 gallons during August. Annual residential consump-
tion is about 19, 000, 000 gallons; an additional 7, 000, 000 gallons
a year is sold to the Union Pacific Railroad Co. for use in loco-
motive boilers. The water is relatively soft, as is indicated by
the analysis of water from well B11-46-20cb shown in appendix D,
largely because the recharge is from local precipitation in the
sand hills south of the wells. A previously used battery of three
wells within the town limits (B11-46-18ba2) obtains hard water
from sand and gravel in the alluvium of the river valley and is
now reserved for emergency use only.
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OVID, COLO.

Ovid (population about 690) is supplied from a battery of four
drilled wells (B12-45-29ad) that are 2 miles north of the town,
The wells are 100 feet deep and are drilled through about 36 feet
of the alluvium of Lodgepole Creek valley and about 64 feet of the
underlying Brule formation, The Brule formation is reported to
be fractured or porous and to yield water in moderate to large
quantities. The wells derive water from both the alluvium and the
fractured Brule formation. The water table is about 11 feet be-
low the land surface. Water is pumped by an electrically driven
centrifugal pump from a siphon pipe, which is common to the four
wells, "into a pipeline connected to the town water system. Re-
serve water is stored in a 50, 000-gallonelevated steel tank within
the town limits and an operating pressure of 55 psi is maintained.
The average monthly residential consumption is about 3, 000, 000
gallons. About 250, 000 gallons a month is sold to the local sugar
refinery during October, November, and December of each year,
and as much as 60, 000 gallons a month is delivered to stock yards
in the town. The watcr, though moderately hard, is soft in com-
parison to that generally found in the alluvium of the South Platte
River valley. The results of the analysis of a sample of water
from well B12-45-29ad are given in appendix D. The water is not
treated.

JULESBURG, COLO.

Julesburg (population 1, 983) is supplied from three drilled wells
(B12-45-26abl, B12-45-26ab2, and B12-45-26bd) about 3 miles
northwest of the city. The wells range in depth from 81 to 85 feet
and water is derived from the dune-sand covered alluvium of the
South Platte River valley. The yield of the wells ranges from 200
to 240 gpm and the drawdowns from 4 to 10 feet. Each well is
equipped with an electrically driven turbine pump that pumps the
water directly into a pipeline to the city., A reserve supply of
water is forced into a 140, 000-gallon steel standpipe at the well
field and an average operating pressure of 50 psi is maintained.
The monthly consumption of water ranges from about 8, 000, 000
gallons in January to about 17,000,000 gallons in August and
averages about 10, 000,000 gallons, which includes 5,000,000
gallons sold to the Union Pacific Railroad Co. for use in loco-
motives. A well within the city limits (B12-44-28ca), formerly
used for municipal supply, now is reserved for emergency use,

The water is relatively hard but is not treated except by the
railroad company for use in locomotives. The results of an
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analysis of a sample of water from well B12-45-26abl are given
in appendix D,

Prior to 1935, Julesburg was supplied from wells that were
within the city limits, The water, derived from the alluvium of
the South Platte River valley, was very hard. The present well
field was developed between 1935 and 1939 in an area where the
alluvium contained softer water (about 180 ppm). Since the de-
velopment of the well field, the withdrawal of ground water has
created a water-table depression deep enough to cause ground
water to move into the well field from the main body of alluvium
in the South Platte River valley; as a result, the hardness of the
water in the city supply has increased to 336 ppm. An investiga-
tion of the general area was made by the U, S. Geological Survey
early in 1948, and a report on the quantity and quality of ground
water in the area (McLaughlin, 1948) was prepared by the Geo-
logical Survey and published by the Colorado Water Conservation
Board. Data collected during McLaughlin’s investigation have
been incorporated in this report.

BIG SPRINGS, NEBR.

Big Springs (population 530) is supplied from two drilled wells
within the town limits., These wells are only 25 feet apart and,
therefore, are numbered as a single well (B13-42-25ddl) in this
report. Both are 29 feet deep and derive water from the alluvium
of the South Platte River valley and the Ogallala formation. The
wells are equipped with electrically driven turbine pumps. Re-
serve water is pumped into a 52, 000-gallon elevated steel tank
that is connected to the distribution system and an operating
pressure of 50 to 60 psi is maintained. No record of water con-
sumption is available, The water is soft, as is indicated by the
results of the analysis of water from well B13-42-25dd1 given in
appendix D.

BRULE, NEBR.

Brule (population 320) is supplied from a gravel-packed drilled
well (B13-40-15db) within the town limits. The well is 125 feet
deep and derives water from the alluvium. The well is equipped
with a turbine pump driven by a 15-hp electric motor; it yields
220 gpm and the drawdown is 8 feet. Water is pumped directly
into the town mains and a reserve supply is forced into a 30, 000-
gallon elevated steel tank; an operating pressure ranging from 50
to 60 psi is maintained. Monthly consumption of water ranges
from 200,000 gallons in midwinter to 600,000 gallons in midsummer
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and the average monthly consumption is about 400,000 gallons,
The well and water-distribution system were constructed during
1950 but were not used until late that year. The system was not
completed at the time samples of water from municipal water
systems were collected. The water is reported to be moderately
soft and is believed to be similar to the water from well
B13-40-22aa, an irrigation well about 1, 500 feet southeast of the
Brule well. The relative softness, compared to that of most of
the ground water from the alluvium of the South Platte River
valley, is believed to be due to ground-water inflow from the
adjacent Ogallala formation. The water is not treated.

OGALLALA, NEBR.

Ogallala (population 3, 440) is supplied with water from two
drilled wells (B13-38-6ca2 and B13-38-6da) within the city limits.
Both wells are 187 feet deep, are drilled to the Brule formation,
and obtain water from both the alluvium of the South Platte River
valley and the Ogallala formation. Each well is equipped with an
electrically driven turbine pump; the yield of each is reported to
be 800 gpm and the drawdown about.25feet, Water is pumped di-
rectly into the city mains and a reserve supply is forced into two
steel tanks situated on a hill north of the city. The tanks have a
combined storage capacity of 200, 000 gallons, and an average
operating pressure of 60 psi is maintained. Some of the water is
used in railroad locomotives., The water is relatively soft in com-
parison to most of the water in the alluvium of the South Platte
River valley; this is probably due to the admixture of water from
the Ogallala formation. The results of an analysis of a sample of
water from well B13-38-6ca2 are shown in appendix D.

PAXTON, NEBR.

Paxton (population 610) is supplied from two drilled wells with-
in the town limits. As these wells are only 50 feet apart, they are
numbered as a single well (B13-35-5ca) in this report. The wells
are 109 feet deep and tap both the alluvium of the South Platte
River valley and the Ogallala formation, The Ogallala formation
is recharged by inflow from the overlying alluvium, and the
alluvium in the vicinity of the wells is recharged by seepage from
the South Platte River. (See water-table contour data, pl. 3.)
The wells are equipped with electrically driven turbine pumps
that force water into the mains at the rate of about 350 gpm. A
reserve supply of water is forced into a 50, 000-gallon elevated
steel tank and an average operating pressure of 55 psi is main-
tained. No record of water consumption is available. The water

421283 O -57 ~6
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from the wells is hard, as is indicated by the results of the anal-
ysis of a sample of water from well B13-35-5ca in appendix D,
but is not treated.

TOWNS SUPPLIED BY PRIVATELY OWNED DOMESTIC WELLS

Many of the small towns in the lower South Platte River valley
between Hardin, Colo., and Paxton, Nebr., are supplied by pri-
vately owned domestic wells, The wells generally are drilled by
the standard hydraulic-rotary method and cased with perforated
steel casing. Some of the wells are equipped with hand-operated
cylinder pumps and some-—those connected to domestic pressure
systems—are equipped with electrically driven cylinder or jet
pumps.

In downvalley sequence from Hardin, Colo., to Paxton, Nebr.,
the principal towns supplied by privately owned domestic systems
are Hardin, Roggen, and Masters in Weld County, Colo.; Hillrose
and Snyder in Morgan County, Colo. ; Atwood and Proctor in Logan
County, Colo.; and Roscoe in Keith County, Nebr, These towns,
with the exception of Roggen and Roscoe, obtain all their water
from wells tapping the alluvium of the South Platte River valley.
Most of the wells in Roggen tap the alluvium, but one small flowing
well (B2-62-6ca) in Roggen yields soft water derived from the
underlying Fox Hills sandstone. The residents of Roscoe obtain
water from wells tapping either or both the alluvium and the
Ogallala formation., Water derived from the alluvium is hard
compared to water derived from the Ogallala formation.

POSSIBLE FUTURE DEVELOPMENT

Any of the towns or cities that obtain water from the alluvium of
the South Platte River valley could enlarge their supply sub-
stantially without seriously depleting the quantity of available
water. In some places, however, the quality of ground water may
be affected if withdrawals are increased substantially, Water
derived from dune-sand covered alluvium, such as at the new
Brush well field and at Sterling, Sedgwick, and Julesburg, Colo.,
is moderately soft; however, if pumping is heavy, the water may
become harder because of induced inflow of ground water from the
main body of alluvium in the South Platte River valley or its
tributary valleys. This situation has occurred to a limited ex-
tent at Sterling and Julesburg, but is less likely to happen at
Brush owing to the greater quantity of soft ground water in storage
in the well-field area and the greater distance to the areas of
hard water.
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The towns of Iliff and Crook, Colo. , probably could obtain softer
water by installing wells south of the South Platte River where
the alluvium is recharged by precipitation on dune-sand areas.

Paxton, Nebr., probably could obtain a potable supply of water
that is softer than its present supply by drilling wells into the
Ogallala formation south of the South Platte River. As the natural
movement of ground water in this area is northward toward the
North Platte River, most of the water yielded by town wells be-
tween the South Platte and the North Platte Rivers is of poor quality
because it is derived from the South Platte River. Wells in the
Ogallala formation south of the South Platte River would supply
water of good quality; the water in the Ogallala in this area is de-
rived mainly from recharge by precipitation to the south. Water
similar to that obtained from wells B13-36-16bb and B13-36-20ad
(see appendix D) probably could be obtained.

INDUSTRIAL SUPPLIES

Ground water is used by several industries in the lower South
Platte River wvalley. Sugar factories at Fort Morgan, Brush,
Sterling, and Ovid, Colo., obtain water from the respective mu-
nicipal supplies for use inrefining sugar. Water for washing beets
is diverted from streams but is generally supplemented from
wells. The Chicago, Burlington & Quincy Railroad Co. owns and
operates wells at Roggen, Brush, and Sterling, Colo. The Union
Pacific Railroad Co. pumps water from a well at Sterling and
obtains water from the municipalities of Sedgwick and Julesburg,
Colo., and Big Springs and Ogallala, Nebr. All the ground water
used by railroads is treated to reduce hardness and scale-forming
minerals before use in locomotive boilers. Steam plants genera-
ting electric power at Fort Morgan and Sterling use ground water
to cool the condensers. Ground water is used also bydairies,
laundries, and other small industries.

IRRIGATION SUPPLIES

HISTORY OF DEVELOPMENT

The first irrigationwells in the South Platte River valley project
area weredrilled about 1910. Fourteen irrigation wells in Morgan
County and two in Logan County, Colo., are reported by Code
(1943) to have been constructed by 1912, Also by that time, some
irrigation wells reportedly had been drilled in Weld and Adams
Counties, Colo., but it is not known how many of them were in
the area covered by this investigation. In Bijou Creek valley,
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where the first irrigation wells were drilled in 1915, Code (1943)
reported 37 wells in 1940, whereas the present investigation shows
188 wells in 1946 and 200 wells in 1947. In Beaver Creek valley,
where the first irrigation well was constructed in 1910, Code
(1943) reported 53 wells in 1940, and the present investigation
shows 109 wells in 1946 and 116 wells in 1947, Of the many ad-
ditional irrigation wells constructed during recent years, some
replaced old wells that had caved, clogged, or become obsolete,
but most of them were drilled at new locations.

The cumulative number of irrigation wells in the area from
1910 through 1947, based on reported construction dates of wells,
is shown graphically in figure 13. Until about 1930 only a few
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Figure 13, —Cumulative number of irrigation wells constructed in the lower South Platte River
valley project area, 1910-50,

irrigation wells had been drilled, and most of these were in the
South Platte River valley in areas already being irrigated with
river water. Use of ground water for irrigation in the tributary
valleys was begun inthe early 1930’s, At the end of 1947, 1,138
irrigation wells had been drilled. An extrapolation of the curve
in figure 13 indicates that about 1,380 irrigationwells were in use
by the end of 1950, Not all of these wells are listed in the inven-
tory of wells (appendix C), because the well inventory was com-
pleted in 1949. The decrease in well-drilling activity during the
period 1940—43 was caused by a shortage of constructionmaterials.

QUANTITY OF WATER PUMPED

The annual pumpage of water in the area was calculated for the
period 1946—-50 from power-consumption and horsepower-rating
records supplied by the Morgan County Rural Electric Association
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and from rates of well discharge that were measured during the
investigation. Discharge measurements were made with a Hoff
current meter, which was inserted into the discharge pipe of
each pumping plant and while being timed with a stopwatch was
moved about in a definite horizontal, vertical, and circular pat-
tern in order to obtain an integrated average velocity of the dis-
charging water, The rate of discharge was then computed by ap-
plying the empirically derived formula (Rohwer, 1942, p. 3—40):

D= (419A-5vV

in which D = discharge of the pump, in gallons per minute;
A = cross-sectionalarea of the discharge pipe, in square
feet;
and Vv = average integrated velocity of the discharging wa-

ter, in feet per second.

The billed horsepower supplied by the Morgan County Rural
Electric Association was 10 percent less than the rated horse-
power that had been determined in the field at each plant by meas-
uring power consumption during measured times of operation.
The total hours of pumping was calculated for each plant by using
the equation:

1.207 KWH
BHP

-

in which ¥ = hours pumped;
KWH = kilowatt-hours consumed per year;
and BHP = billed horsepower, which is 10 percentless than
rated horsepower.

The quantity of water pumped from wells for which billed horse-
power, power consumption, and pump-discharge data were avail-
able was computed by using the equation:

HD

5,430
in which A = water pumped from well during year, in acre-feet,
H hours pumped;
and D pump discharge in gallons per minute, as measured
or reported,

The results of the computations described above, grouped under
eight areas having relatively uniform hydrologic conditions (see
fig. 9) and extrapolated to include all the irrigation wells within
the areas, are given in table 5 and summarized in table 6.
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Table 5.~ Estimated quantity of water pumped from irrigation wells and acreage irrigated
in the lower South Platte River valley, 1946—50
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Prospect Valley area, Colorado
1946.... 18 116,717 214,32 11123, 790 107 |12, 286 114,91 12,754 1.87
1941,... 81 {12,449 153.69 115} 11, 674 107 112,286 114,91 13,213 1,34
1948,... 92 {21,391 232,51 118|217, 436 107 |12, 286 114,9 | 13, 558 2,02
1949,... 88 113,330 151.48 12018, 178 107 |12, 286 114,9 | 13,788 1,32
1950.... 77 | 21,194 ] 275,25 121383, 305 107 |12, 286 114.9 | 13,903 2,40
Hardin to Weldona, Colo,
1946,... 6 770 | 128,33 22| 2,823 20| 2,340 117.0| 2,574 1,10
6 625 104,17 281 2,917 20| 2,340 117.0| 3,276 .89
9 1,166 | 129,56 29| 8,757 20| 2,340 117.0| 3,393 111
1949.... 8 900 | 112,50 30| 3,375 201 2,340 117,0} 3,510 .96
1950.,... 11 2,098 | 190.73 31} 5,913 20| 2,340 1170} 8,627 1,63
Valleys of Bijou and Kiowa Creeks, Colorado
1946,...| 141 | 26,752 | 189.73 233 | 44, 207 219(30,408 138.8 | 32,340 137
1941,...| 154 | 28,721 | 186,50 250 | 46, 625 21930, 408 138.8 | 34,1700 1,34
1948....| 185 | 42,588 | 230,21 267 |61, 466 219130,408 138,81 37,060 1.66
1949,...] 179 | 32,992 184.31 272150, 132 219 (30,408 138.8 | 37,764 1.33
1950,...| 148 | 38,622 ] 260.96 280|173, 069 219/30,408 | 138.8] 38, 864 1.88
Fort Morgan area, Colorado
1946.... 38 9,234 | 243,00 116 | 28, 188 115]19, 350 168.,3 | 19,518 1.44
1947,,.. 42 | 4,820 114,76 130 |14, 919 115]19,350 | 168.3 21, 879 .68
1948,... 417 7,924 | 168,60 140 } 23, 604 115]19, 350 168.3 | 23,562 1.00
1949,,.. 46 6,247 | 135,80 145119, 691 115]19, 350 168.3 | 24,404 .81
1950.... 34 9,930 | 292,06 150 |43, 809 115(19,350 168.3 { 25, 245 1.74
Beaver Creek valley, Colorado
1946,.,.. 54 5,670 | 105,00 121112, 705 99| 9,247 93.5( 10,191 1.25
1941.... 60 | 6,197 103,28 129 113, 323 99| 9,247 93.5| 10,939 1,22
1948.... 69 | 10,501 | 147,84 133119, 663 991 9,247 93,5 11,313 1,74
1949.... 68 8,572 | 126,06 135{17,018 99( 9,247 93.5( 12,623 1.35
1950.... 60 | 10,583 | 176,40 138 | 24, 343 991 9, 247 93.5] 12,903 1,89
Brush to Sterling, Colo.
1946400 60 9,769 | 162,82 149 7 24, 260 141(117,460 123.8| 18,446 1.32
1947,,.0 62 3,645] 58,79 156 9,171 141|117, 460 123,81 19,313 A48
1948,,.. 59 7,047 | 119.44 158118, 872 141|117, 460 123.8| 19, 568 .96
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Table 5.—Estimated quantity of water pumped from irrigation wells and acreage irrigated
in the lower South Platte River valley, 1946-50—Continued

per acre

in acre-feet

in acre-feet
acreage was reported

tations were made

gation wells pumped
on total number of wells

Acre-feet pumped from these wells
Approximate total number of irri-
Estimated quantity pumped in area,
Number of wells for which irrigated
Total irrigated acreage reported
Average irrigated acreage per well
Estimated irrigated acreage based
Estimated pumpage, in acre-feet

Number of wells for which compu-
Average quantity pumped per well,

Year

Brush to Sterling, Colo, —Continued

1949...( 52 | 3,409 65.56 160 10,490{ 141 [ 17,460 123.8/19,808 .53
1950,..( 43 | 8,604 | 200,09 161] 32,215 141 | 17,460 123.8{19,932 1.62

Sterling, Colo,, to Colorado-Nebraska State line

1946,00] cerosens [seseonncee| 162,82 95] 15,468 0s0reacne . [P O
194700 veernces 58,79 106| 6,232 cececinsesese
casereenes| 119,44 108 12,900 0c0e0neee

sssseessscccs

esvsecsses] 65,56 108/ 17,080
cessnssase | 200,09 108] 21, 6100eceussees foasreranee

Colorado-Nebraska State line to Paxton, Nebr,

1946eufencecrere|serernnens] 162,82  185| 30,121l..........]. vee bosseesencens
58,79 211] 12,408]cccceecne]orecescresdecencenniosfoaseseces
119,44|  229| 27,352
65.56| 232 15,210
200,09]  232| 46,421

esfecevscere

oe . o

Table 6,— Estimated total quantity of water, in acre-feet, pumped from irrigation wells in
the lower South Platte River valley, 194650

1946 19417 1948 1949 1950

Pumpage in area between Hardin, Colo., 151,441 | 110,861]|167,698| 125,964 234,264
and Colorado-Nebraska State
line,

Pumpage in area between Colorado-Nebraska| 30,121 12,405| 27,352 15,210 46,421
State line and Paxton, Nebr,

Total PUMPAge..ecsieeeacssssarsseseraessnsneness | 181, 562 | 123, 266195, 050] 141, 174] 280, 685

Because field data were insufficient for specific computations
for the whole area, the quantity of water pumped in the areas
Sterling, Colo., to Colorado-Nebraska State line and Colorado-
Nebraska State line to Paxton, Nebr., was estimated by multi-
plying the number of irrigation wells in these areas by the average
quantity of water that was pumped per well in the area from Brush
to Sterling.
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The estimates given in tables 5 and 6 are only approximate, be-
cause several factors affect their accuracy: (1) some well owners
overestimate the yield of their wells; (2) the yield of most of the
irrigation wells in the area decreases during the pumping season,
owing to seasonal drawdown and decline of the water table (dis-
charge measurements made early and late in the pumping season
may differ as much as 20 percent); (3) the yields of wells that were
measured by Code in 1940 and 1941 may have changed as a result
of natural causes, although the discharge of many of the wells re-
measured in 1948 was about the same as that indicated by Code
(wells in areas of declining water table, such as in the valleys of
Beaver and Bijou Creeks, generally showed a decrease in yield,
whereas many wells in an area of rising water table, such as the
Prospect Valley area, showed an increase in yield); (4) some of
the figures on irrigated acreage may be too large, because for
some farms the same acreage may have beenreported for each of
several wells that discharge into a common irrigation system; (5)
some farmers may have reported the possible maximum acreage
that a well can irrigate rather than the actual acreage that was
irrigated; and (6) some farmers may have included an entire sub-
division of land though only parts of it actually received water.

PUMPING COSTS

The cost of pumping water from wells depends upon the cost of
the fuel or power, the cost of drilling the well and installing the
pump, and the cost of maintenance and operation. The only costs
determined during the investigationwere the power costs.

The cost of electric power required topump 1 acre-footof water,
the amount of power required to pump 1 acre-foot of water, the
amount of power required to lift 1 acre-foot of water a distance of
1 foot, and the over-all efficiency of pumping plants were computed
for individual wells from electrical and cost data furnished by the
Morgan County Rural Electric Association and from field data col-
lected during this investigation. The results of these computations
are shown in table 7.

The initial power payment charged by the Morgan County Rural
Electric Associativn each irrigation season is $7.50 for each
billed horsepower and this payment must be used for purchase of
power or be forfeited. For example, if a motor is billed for 10
hp, the initial power payment is $75. 00. The power rates for each
billed horsepower are as follows: 5 cents a kilowatt-hour (kwhr)
for the first 100 kwhr, 3 cents a kilowatt-hour for the second 100
kwhr, 2 cents a kilowatt-hour for the third 100 kwhr, 1.25 cents
for the next 200 kwhr, and 1 cent a kilowatt-hour for all additional
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Table 7.— Electric power costs, consumption of power, and efficx'enciesgof pumping plants
a

irrigation wells in selected areas in Colorado, 1

[Based on data supplied by Morgan County Rural Electric Association, The number of pumping
plants used in determining the average is shown inparentheses]

. Average kilowatt- [Average overall
Average cost [Average kilowatt-| hours consumed | efficiency of

Area peracre-foot | hours consumed per acre-foot |pumping plant,

per acre-foot per foot of lift in percent
Prospect Valley area......| $3.54 (88) 151.6  (88) 2,156 (60) 41.5  (60)
Hardin to Weldona........| 3.34 (8} 99.2 8 2.88 (4) 35.17 (4)
Valleys of Bijou and 3.41 (179) 120.0 (178) 2.48 (97) 41,2 (97)

Kiowa Creeks,

Fort Morgan area.,. 2.97 (46)| 1061  (46) 201 (21)| 507 (21)
Beaver Creek valle 2,73 (68)| 119.5 (69) 2.60 (44)| 39.2 (4)
Brush to Sterling,...,.o.. | 4.35 (53) 74.3  (53) 243  (32)| 420 (32)

power used, Thus, the more water pumped in an irrigation sea-
son, the lower the unit pumping cost.

The cost of power for pumping an acre-foot of water in 1949
ranged from $2.73 in the Beaver Creek valley to $4.35 in the
South Platte River valley between Brush and Sterling, The reason
for the relatively high unit pumping cost in the area between
Brush and Sterling is that many well owners did not use enough
power to take advantage of the lower power rates. The supplyof
irrigation water diverted from the South Platte River was ample
and thus little ground water was needed.

The electric power required to pump an acre-foot of water in
1949 ranged from 74.3 kwhr in the area between Brush and Sterling
to 151.6 kwhr in the Prospect Valley area. The average kilowatt-
hours consumed per acre-foot of water pumped depends, in gen-
eral, upon the average distance the water is lifted. The average
kilowatt-hours consumed per acre-foot pumped per foot of lift
ranged from 2.01 in the Fort Morgan area to 2,88 in the South
Platte River valley between Hardin and Weldona, Colo. The over-
all efficiencies of pumping plants, expressed in percent, ranged
from 35.7 for the area between Hardin and Weldona, Colo., to
50,7 in the Fort Morgan area. No explanation is offered for the
greater efficiency of the pumping plants in the Fort Morgan area,
but many factors are involved, including the agé of pumps and
motors, the condition of pump impellers, the design, and the
general care and upkeep of the plants.

ESTIMATES OF FUTURE PUMPAGE

An estimate of the amount of water pumped by electric power
for any year can be made by dividing the total amount of electric
power used for pumping by the average amount of power required
to pump an acre-foot of water. The average amount of power
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required to pump an acre-foot of water in the area supplied by the
Morgan County Rural Electric Association is about 119 kwhr and
a similar amount presumably is required throughout the project
area. An estimate of the total ground water pumped can be made
by assuming that the average amount of water pumped from each
well is the same for both electrically and nonelectrically powered
pumps; that is, the amount of water pumped from the electrically
powered wells (which constitute 71 percent of all the irrigation
wells) can be used as a basis for estimating the total amount of
water pumped in the area.

A more convenient and accurate estimate of pumpage in the part
of the area between Hardin and Sterling, Colo., including the trib-
utary valleys, can be made from the total power that was sold for
irrigation pumping for any particular year by the Morgan County
Rural Electric Association. For each acre-foot of water pumped
byboth electrically and nonelectrically powered pumps, the number
of kilowatt hours sold for pumping during the period 1947-50 was
as follows: 90.2, 94.5, 97,3, and 92. 8, or an average of 93,7 for
the 4-year period. Therefore, if the ratio of electrically to non-
electrically powered pumps remains about the same, the approx-
imate total pumpage in acre-feet for any year can be determined
by dividing 93.7 into the total annual number of kilowatt-hours
sold for irrigation pumping by the Morgan County Rural Electric
Association,

GROUND-WATER CONDITIONS

Ground-water conditions within the eight areas into which the
South Platte River valley project areahas been subdivided {fig. 9)
are discussed below. The discussion of eacharea will have special
reference to that part of the area underlain by alluvial deposits,
although in many instances the area has been expanded in order
to form common boundaries with adjacent areas. For more de-
tailed information regarding ground-water conditions within these
areas, the reader is referred to appendixes A, B, C, and D, and
the illustrations.

PROSPECT VALLEY AREA, COLORADO

The principal aquifer, or water-bearing formation, is the allu-
vium underlying the valley of Lost Creek. The width of the aquifer
ranges from about 1 to about 5 miles and the thickness from a
featheredge to about 200 feet. (See pls, 1 and 4,) Water for do-
mestic, stock, and irrigation use is obtained from wells tapping
the alluvium; many wells of large discharge have been constructed
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in the area., The alluvium is very permeable and transmits water
readily to wells. A pumping test at well B2-62-19cd indicated
that the coefficient of permeability of the water-bearing material
is 2,090 gpd per square foot, The area contains about 123 irri-
gation wells, most of which have been drilled to the underlying
bedrock. The yields of irrigation wells range from about 200 gpm
to more than 1,400 gpm and the drawdowns from 6 to 39 feet. The
yields of wells near the center of the alluvium-filled channel,
where the saturated thickness is greatest, are greater than those
of wells near the edges of the channel. Well B1-63-4dd, near the
center of the channel, has a specific capacity of 167 gpm per foot
of drawdown, whereas B2-63-28bcl, which is reported to be near
the edge of the channel, has a specific capacity of only 13 gpm per
foot of drawdown. The average specific capacity of 73 wells is 63
gpm per foot of drawdown. The discharge and drawdown of many
of the wells are given in appendix C.

In this area, water for irrigation is diverted from the South
Platte River and also is pumped from wells. Generally the flow
of river water is sufficient for all requirements until late June or
early July, but thereafter water is limited to only those irrigators
who have high priority. The other irrigators then must rely on
ground water, and pumping is heavy until the end of the growing
season. In 1950 about 33,000 acre-feet of water was pumped,
amounting to about 2.40 acre-feet per irrigated acre. (See table
5.) The amount of ground water stored in the area is estimated
to be about 940,000 acre-feet. The depth to water below the land
surface in the part of the area underlain by alluvium ranges from
less than 1 foot north of Roggen to about 107 feet near the south
end of the area. In other parts of the area, the depth to water is
greater and, in places, is more than 200 feet, South of the vicinity
of Roggen the northeastward gradient of the water table is about
14 feet per mile; north of that vicinity the gradient increases to
about 22 feet per mile, or about the slope of the land surface,
Recharge to the ground-water reservoir in the area is from pre-
cipitation in local and bordering areas and from seepage from
canals, reservoirs, and irrigated fields. During the decade 1940=
50 a general rise of the water table indicated that recharge ex-
ceeded discharge. (See hydrograph B2-63-32aa in fig. 10.) Dis-
charge of ground water is effected largely by pumping from wells
and by evaporation and transpiration in the meadowlands north of
Roggen. Water from wells tapping the alluvium generally is much
harder than water from wells tapping the underlying bedrock. The
results of several analyses of ground water from wells in the
Prospect Valley area are given in appendix D,
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HARDIN TO WELDONA, COLO,

The Hardin to Weldona area includes the area underlain by al-
luvium in the South Platte River valley from near Hardin to near
Weldona, Colo., but does not include the tributary valleys. The
principal source of ground water in the area is the alluvium of
the South Platte River valley, Because of the lack of test-hole
data, the thickness of the alluvium was not determined accurately
but is believed to be more than 200 feet in some parts of the area.

Water diverted from the river for irrigation is supplemented
by ground water pumped from wells. About 30 irrigation wells,
some of which are drilled to bedrock, are in this area. Ground
water is abundant and wells of large discharge can be drilled. The
specific capacity of such wells generally is high and of some is as
much as 100 gpm per foot of drawdown. The water table is within
a few feet of the land surface in much of the area, but the depth to
water is as much as 40 feet on alluvial terraces. (See depth-to-
water data, pl. 3.) No general change in water level duringre-
cent years is apparent, although the water level generally rises
during each irrigation season. In most of the area the water table
slopes almost directly toward the river; the gradient ranges from
about 15 to about 70 feet to the mile. (See water-table contour
data, pl. 3.) The ground-water reservoir is recharged principally
by seepage from canals and reservoirs and partly by precipitation
on the sand-hill areas that flank both sides of the valley. Water
is discharged from the ground-water reservoir through wells, by
evaporation and transpiration in the bottom land, and by seepage
into the South Platte River. The ground water in the area is hard.
{See results of analyses in appendix D.)

VALLEYS OF BIJOU AND KIOWA CREEKS, COLORADO

The valleys of Bijou and Kiowa Creeks are considered in this
report as a single area because wells are the only source of wa-
ter for irrigation in both valleys, and the water-bearing forma-
tions in the two valleys merge and form a common aquifer in the
lower reach of the streams.

The principal aquifer is the alluvial fill of the ancestral valleys
of Bijou and Kiowa Creeks. This deposit, which consists of beds
of sand, gravel, and clay, is 5 to 10 miles wide in Bijou Creek
valley and 1 to 3 miles wide in Kiowa Creek valley, Bijou Creek
valley is widest at its upper, or south, end, whereas Kiowa Creek
valley is widest where it merges with the valley of Bijou Creek,
about 8 miles from the South Platte River. The creeks, however,
have independent channels to the river. In Kiowa Creek valley the
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average thickness of the alluvium is about 85 feet, the average
depth to water is about 25 feet, and the downvalley slope of the
water table is about 18 feet to the mile., In Bijou Creek valley,
the alluvium at the southern end of the area is about 100 feet thick
and the depth to water about 20 feet whereas north of Wiggins the
alluvium is about 240 feet thick and the depth to water about 80
feet. The average downvalley slope of the water table is 15.5 feet
to the mile. It is estimated that 2, 884, 000 acre-feet of ground
water is stored in the area. (See table 4.)

During recent years, pumping for irrigation has been heavy in
the valleys of Bijou and Kiowa Creeks. About 73,000 acre-feet of
water was pumped from 280 wells in 1950, The yields of the wells
range from 400 to 1,600 gpm and the drawdowns from 10 to 40
feet. The yield of wells north of Wiggins, where several wells
have a specific capacity of more than 90 gpm per foot of draw-
down, generally is greater than that from wells south of Wiggins.
The larger yields are due in part to the greater saturated thick-
ness of the aquifer north of Wiggins and probably in part to a
greater permeability of the alluvium, which seems to contain less
clay and more sand and gravel near the river than in the parts of
the tributary valleys remote from the river. Except in Kiowa
Creek valley above its junction with Bijou Creek valley, water
levels have been declining throughout both valleys during the
past decade.

Recharge to the ground-water reservoir is effected by the
flooding of Bijou and Kiowa Creeks and by precipitation in local
and adjacent areas. A small part of the area, in T. 4 N., is re-
charged partly by seepage from the Empire Reservoir and from
the Bijou canal. Ground water is discharged from the area by
pumping, by evaporation and transpiration in Bijou Creek bottom
lands in Tps. 1 and 2 N,, and 1 S,, and as underflow toward the
South Platte River valley. Ground water obtained from alluvium
in the area is hard. (See results of analyses of samplesin appen-
dix D.)

FORT MORGAN AREA, COLORADO

Most of the irrigation wells in the Fort Morgan areaare pumped
to supplement the supply diverted from the South Platte River,
although in about 12 square miles of irrigated land in T. 2 N., R.
57 W., all the water used for irrigation is obtained from wells,
The principal aquifer in the area is the alluvium underlying the
valleys of the South Platte River and Badger Creek. It ranges in
thickness from about 50 feet in Badger Creek valleyin the vicinity
of the Morgan-Adams County line to about 280 feet near the city
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of Fort Morgan and consists of beds of gravel, sand, and clay.
Near the county line the alluvium underlying the valley of Badger
Creek is about a mile wide but downstream it is wider and is
several miles wide at its junction with the valley of the South
Platte River.

Ground-water storage in the area is estimated at 1,029,000
acre-feet (see table 4), most of which is in the alluvium of the
South Platte River valley. The water supply for the city of Fort
Morgan and the water pumped from about 147 irrigation wells is
obtained from this aquifer. Most of the irrigation and public-
supply wells in the area are drilled through the alluvium to the
underlying Pierre shale. The yields of irrigation wells range
from 400 to 1,600 gpm and the drawdowns from 5 to 50 feet,
Yields are greatest in those parts of the area not more than 2 or
3 miles from the South Platte River; the specific capacity of
several wells near the river is more than 100 gpm per foot of
drawdown. Although an exact figure could not be obtained, the
pumping test of well B3-58-3ba indicated that the water-bearing
materials in the vicinity of the well are highly permeable. Gen-
erally pumping is heavy in dry years and moderate in wet years,
About 44,000 acre-feet of water, or about 1.74 acre-feet per
irrigated acre, was pumped in 1950, whereas about 15, 000 acre-
feet, or 0.68 acre-feet per irrigated acre, was pumped in 1947.
Water levels did not decline significantly in most of the area from
1940 through 1949, but in 1950, which was a year of heavy
pumping, water levels dropped sharply, InT. 2 N., R, 57T W,,
where ground water is used exclusively for irrigation, water
levels declined steadily during recent years. The gradient of the
water table is northeast toward the river and ranges from 12 to
20 feet to the mile. The ground-water reservoir is recharged
chiefly by -infiltrating precipitation on local and adjacent areas
and by seepage of irrigation water. Ground water is discharged
chiefly by pumped wells, by springs and seeps along the South
Platte River, and by evaporation and transpiration in the heavily
vegetated bottom lands.

BEAVER CREEK VALLEY, COLORADO

The principal source of ground water in the Beaver Creek
valley is alluvium, which consists of beds of gravel, sand, and
clay. The thickness ranges from a negligible amount at the sides
of the valleyto about 55feet in the center of the valley at the south
end of the area and to about 120 feet in the valley near the north
end of the area. The alluvium ranges in width from 4 to 5 miles
throughout most of the valley but near the Morgan-Washington
County line it is about 3 miles wide. Ground-water storage in the
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aquifer is estimated to be 584, 000 acre-feet. Most of the irriga-
tion wells in the area were drilled through the alluvium to the
underlying Pierre shale. The discharge of the irrigation wells
ranges from about 200 to 1,200 gpm; the drawdown ranges from
11 to 26 feet and averages about 17 feet. The specific capacity of
most of the wells, fherefore, ranges from about 10 to about 65 gpm
per foot of drawdown. The permeability of the water-bearing ma-
terials is comparatively high; this is indicated by the results of
pumping tests of wells B2-56-12da3and B3-56-26bb. (See table 2.)
About 24,000 acre-feet of water, which is about 1.89 acre-feet per
irrigated acre, was pumped in 1950 from 138 irrigation wells.
The depth to water in the area ranges from about 7 feet to about
45 feet. Water levels in wells in Tps. 1 and 2 N, have been de-
clining steadily for several years, especially in the vicinity of
Gary, Colo. The decline of the water table in this particular area
is more serious than in any other part of the project area because
the zone of saturation in the alluvium is relatively thin (about 30
feet on the average). The gradient of the water table is northward
down the valley and ranges from 7 to 15 feet to the mile. The
ground-water reservoir is recharged by the flooding of Beaver
Creek, by precipitation on this and adjacent areas, and by under-
flow from adjacent areas. Ground water is discharged by pumped
wells, by evaporation and transpiration from meadowlands in
T. 3 N., and by ground-water underflow out of the area. Ground
water in the area generally is hard; however, the water is rela-
tively soft in those parts of the area mantled by dune sand, The
results of analyses of ground water from wells in the area are
given in appendix D,

BRUSH TO STERLING, COLO.

The Brush to Sterling area includes the South Platte River
valley between Brush and Sterling and also the Pawnee Creekvalley,
The alluvium in the valleys of the South Platte River and Pawnee
Creek is the principal aquifer in the area. The thickness of the
alluvium ranges from a negligible amount at the edges of the
valleys to about 220 feet in deep channels beneath the South Platte
River valley., The alluvium of the Pawnee Creek valley is about a
mile wide and 33 feet thick about 5 miles upstream from the
junction of the valleys, but it is wider and thicker downstream.
The width of the alluvium in the South Platte River valley ranges
from about 4 to about 8 miles. The amount of ground water stored
in the alluvium in the area is estimated to be 2,063,000 acre-feet.
The amount of ground water pumped for irrigation depends on the
amount of water needed to supplement the supply available by di-
version from the South Platte River. In 1950, a year of heavy
pumping, about 32,000 acre-feet of water was pumped from 161
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wells, or about 1.62 acre-feet of ground water foreach acre irri-
gated; in 1947, a year of light pumping, only about 9, 000 acre-
feet was pumped, or about 0.48 acre-feet of ground water for each
acre irrigated. The depth to water in the alluvium ranges from
less than a foot to about 40 feet., No appreciable change in water
levels in the area has occurred in recent years; however, the
water-level measurements indicate a seasonal rise and decline of
the water table. The slope of the water table and the movement of
ground water in the area are diagonally downstream toward the
South Platte River. The ground-water reservoir is recharged by
seepage of irrigation water, by precipitation on local and adjacent
areas, and by inflow of ground water from adjacent areas, Ground
water is discharged by pumping, by evaporation and transpiration
in waterlogged and vegetated areas bordering the South Platte
River, by seepage into the river, and by subsurface flow into the
adjacent downvalley area. Dune-sand deposits and the Pierre
shale also yield water, generally in small quantities, to wells in
the area. Results of analyses of ground water taken from wells in
the area are given in appendix D,

STERLING, COLO., TO COLORADO-NEBRASKA STATE LINE

The principal source of ground water in the area between
Sterling, Colo., and the Colorado-Nebraska State line is the al-
luvium of the South Platte River valley. The alluvium ranges in
width from about 3 to about 5 miles, and in thickness from a
negligible amount at the edges to about 300 feet beneath terraces
and dunes on the south side of the valley near Crook, Colo., The
amount of ground water stored in the alluvium in the area is
estimated to be 2,197,000 acre-feet. The quantity of water pumped
from about 106 irrigationwells in 1950, whichwas a year of heavy
pumping, amounted to about 21, 000 acre-feet, Yields from wells
generally are high; drawdowns range from 6 to 30 feet. Several
wells have a specific capacity in excess of 100 gpm per foot of
drawdown, Water is pumped from wells to supplement that di-
verted from the South Platte River, and the amount of pumping de-
pends largely on the amount of available water in the river. The
depth to water ranges from less than a foot in some waterlogged
areas in the valley bottoms to about 50 feet in alluvial terraces
at the edge of the valley. In several waterlogged areas in the
vicinity of Iliff, Proctor, Crook, and Sedgwick, Colo., alkali has
accumulated on the land surface. No apparent change in depths to
water has occurred during recent years, although water levels
generally rise during the irrigation season and decline during the
nonirrigation season., The water table slopes diagonally down-
valley toward the South Platte River and the movement of ground
water is inthatdirection. The ground-water reservoir is recharged
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by seepage of irrigation water, by precipitation on local and ad-
jacent areas, and by subsurface inflow from the adjacentupstream
area and from the Ogallala formation. Ground water is discharged
by pumping from wells, by evaporation and transpiration in water-
logged areas and in vegetated areas that border the river, by
seepage into the South Platte River, and by subsurface flow into
the adjacent downvalley area. Other aquifers yielding water to
wells in the area are the Ogallala formation, dune-sand deposits,
the Pierre shale, and the Brule formation, Water from these
aquifers generally is softer than water from the valley alluvium,
Results of analyses of ground water collected from wells in the
area are given in appendix D.

COLORADO-NEBRASKA STATE LINE TO PAXTON, NEBR.

The area includes part of both the South Platte River valley and
Lodgepole Creek valley and lies entirely within Nebraska. The
principal water-bearing formation is the alluvium of the valleys.
The alluvium in Lodgepole Creek valley is about a mile wide and
ranges in thickness from a featheredge at the sides to about 40
feet in the valley. Part of the underlying Brule formation, how-
ever, may consist of reworked fragments of the formation and
actually may be part of the alluvium (McLaughlin, 1948, p. 13).
The alluvium of the South Platte River valley within the area
ranges from about 2 to about 5 miles in width; its edges are not
definite because the flanking Ogallala formation also contains beds
of sand and gravel that are difficult to distinguish from the al-
luvium, The alluvium ranges in thickness from a featheredge at
the valley sides to about 200 feet near the center of the valley.
Ground-water storage in the alluvium in the area is estimated to
be 1,596,000 acre-feet, The 223 irrigation wells in the area are
used mainly to supplement water diverted from the South Platte
River, The annual pumpage for irrigation depends, to a large ex-
tent, on the amount of available water in the river. The depth to
water in the alluvium ranges from less than a foot in waterlogged
areas to about 75 feet in terrace deposits that border the valley
and exceeds 200 feet in the QOgallala formation which flanks the
river valley, The water table slopes diagonally downstream to-
ward the river, except on the north side of the river in the vicinity
of Paxton where it slopes diagonally downstream away from the
South Platte River and toward the North Platte River, In this part
of the area, no appreciable change occurs in the magnitude and
direction of slope of the water table as the ground water moves
from the alluvium of the South Platte River valley through the
Ogallala formation into the alluvium of the North Platte River
valley. No general rise or decline of water levels has taken place
in recent years. The water table generally rises during the

421283 O =57 -7
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irrigation season in that part of the area where water is diverted
from the South Platte River but declines during the irrigation sea-
son in that part of the area where water for irrigation is pumped
entirely from wells, The ground-water reservoir is recharged by
seepage from canals and irrigated land, by precipitation on local
and adjacent areas, and by inflow of ground water from the Ogallala
formation and from the alluvium in the upstream area. Ground
water is discharged by pumping, by evaporation and transpiration
in waterlogged and vegetated areas along the river, and by outflow
of ground water into the adjacent downstream area.

Other aquifers that supply water to wells in the area are the
Ogallala and Brule formations and the dune-sand deposits. The
Ogallala formation is the most important of these and is the prin-
cipal source of ground water inareas that flank the valleys of the
South Platte River and Lodgepole Creek. Some of the wells near
the valley edges derive water from both the alluvium and the
Ogallala formation. Water from the Ogallala formation generally
is softer than water from the alluvium, except in areas where out-
flow from the Ogallala formation is the principal source of re-
charge to the alluvium. Results of analyses of ground-water
samples collected in the area are given in appendix D,

CHEMICAL QUALITY OF THE GROUND WATER
By Hetbert A, Swenson

The general study of the ground-water resources in the lower
South Platte River valley included a comprehensive investigation
of the chemical quality of the water, Facts obtained inthis investi-
gation were used to define the character of the water in bedrock
aquifers and in unconsolidated deposits and to provide a basis for
rating the suitability of the water for irrigation and domestic use.
Furthermore, the occurrence and areal distribution of the dif-
ferent classes of water were established from knowledge of their
chemical quality.

Between 1947 and 1950, samples of ground water were collected
and analyzed, and 123 of these analyses are tabulated in appendix
D. Nearly three-fourths of the samples represent water from the
alluvium. The classification of the 123 water samples as to origin
is summarized below,

Origin of sample Number
Bedrock formations .ucceeesueeneeereuevreneersrrenreereenserasessesesessssararssnsesssnsssasssssssnaseses 17
Surficial deposits (alluvium, dune sand)...ccerrunrieireirrienmunnncsnsisninemesninieninnen 97
Mixed SoUrces.....cceeenrenennnns T R PP RPN 9

.....................................................................................................
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The mineral analyses of these samples included the determina-
tion of silica, iron, calcium, magnesium, sodium, potassium,
bicarbonate, sulfate, chloride, fluoride, nitrate, boron, and dis-
solved solids. Total hardness, noncarbonate hardness, and per-
cent sodium were computed. The physical properties pH and
specific conductance were measured and reported.

The samples were analyzed according to methods regularly
used by the Geological Survey. These methods are essentially
the same or are modifications of methods described in recognized
authoritative publications for the mineral analysis of water sam-
ples (Collins, 1928; Am. Public Health Assoc., 1946),

Earlier reports on the chemical character of ground water in
the South Platte River valley were based on a relatively small
number of samples. Slichter and Wolff (1906, p, 12—15) reported
chemical analyses for several samples of water from wells in the
valley between Sterling, Colo., and North Platte, Nebr. Wenzel
and Waite (1941, p. 45-48) briefly discussed the quality of the
ground water in that part of the valley lying in Keith County,
Nebr. Code (1943, p. 5-6) showed approximate ranges in the min-
eral content of water from wells in an area that extended from
west of Fort Collins to the vicinity of Julesburg, Colo. These
ranges were established on the basis of the analyses of a few
selected samples of water from widely distributed wells and also
of samples that had been submitted by farmers in the region.
Later, Code (1945, p. 10) listed the analyses of water from three
wells in a discussion of the ground-water supply of Prospect
Valley, Colo.

SOURCES OF DISSOLVED MINERAL SUBSTANCES

COMPOSITION OF THE DISSOLVED SOLIDS

Ground water is an aqueous solution of certain mineral solids,
These solids consist chiefly of the bicarbonates, sulfates, and
chlorides of the alkaline earths and the alkali metals, Most
natural water contains calcium, magnesium, sodium, bicarbonate,
sulfate, and chloride in appreciable amounts. Both the amount
and the composition of the dissolved mineral substance are in-
fluenced considerably by the nature of the rocks or soils through
which the water has passed and by the length of time the water
has been in contact with these rocks or soils. Underground water
usually is_more highly concentrated than direct surface runoff as
it remains in contact with the rocks and soils for much longer
periods.
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The mineral substance dissolved in a water is not a composite
of unrelated amounts of the different constituents, The quantities
of the bases—calcium, magnesium, sodium, and potassium—are
together chemically equivalent to the sum of the acids—bicarbonate,
sulfate, chloride, and nitrate. These constituents are in chemical
equilibrium with each other; however, certain other constituents,
such as aluminum, silica, and possibly iron, usually occur in
minor amounts and generally are considered to be present in the
colloidal state as oxides.

SOLUBLE SUBSTANCES IN WATER FROM BEDROCK SOURCES

An examination of several samples of ground water from the
Pierre shale revealed that the water is soft, that the principal
constituents are sodium and bicarbonate, that chloride is present
in appreciable concentrations, and that sulfate is found only in
small amounts. These conclusions are summarized in the table
below.

Analyses of water from the Pierre shale

[In parts per million]

Well | Total . . .
Sodium|Bicarbonate | Chloride| Sulfate | Dissolved
. hardness f
Well no ?fef;“t‘; asacd:co, (Na) | (HCOy) €) | (s0) | solids

B9-51-16ab2...c.creeoeess 220 27 590 785 478 22 1, 500
B7-53-27ca... 230 36 432 810 235 2.4 1,110
B9-51-29ab .., 310 57 669 710 658 15 1,740
B5-54-2bCeveree 330 38 484 710 167 256 1,290
B10-50-24cdl ceenverenese 385 26 428 564 362 .0 1,090
B8-52-21ac2.... . 435 26 676 798 598 5.0 1,700
B7-52-5bb.... ctesves 435 128 239 444 127 103 718
B2-63-3122 siurenvrrrenass 5350 19 290 673 60 6.0 708

The relatively small amounts of calcium and magnesium in the
water, as indicated by the low hardness, suggest that cation-
exchange reactions have taken place whereby the calcium and mag-
nesium originally present in the water have been replaced by
alkalies in the bedrock material. This reasoning seems plausible
when it is recalled that bentonite, a micaceous clay mineral
capable of readily exchanging its bases, is present in the Pierre
shale. This mineral, containing several percent of alkalies, is a
highly absorbent variety of clay and is used commercially in the
purification and softening of water. The phenomenon of ion ex-
change in water from the Pierre shale is noted in samples from
eight deep wells that range in depth from 220 to 650 feet, The
analysis of a sample from a shallow well 43. 5 feet deep (B4-57-
19db, in Morgan County), shows a hardness of 999 ppm (parts per
million) although this well is drilled into the Pierre shale, How-
ever, water in this well is recharged by hard gypsiferous water
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from a nearby irrigation canal; also, the high hardness of water
in this shallow well may be indirectly caused by the absence of
bentonitic layers in the upper strata of the Pierre shale.

The shales and sandstones composing the Fox Hills sandstone
yield soluble materials to ground water thatreaches these strata.
One water sample is reported from this formation and was col-
lected from well B2-62-6ca (Weld County), more than 100 feet
deep. This water is soft, and its sodium bicarbonate character
resembles that of the water from the Pierre shale, although the
sample from the Fox Hills sandstone is lower in mineral content,.

The soluble mineral substances in water from the Laramie for-
mation are tentatively identified on the basis of one sample of
water from this aquifer. Well B1-62-5aa (Weld County), 190 feet
deep, produces a brackish water of high mineral content, a con-
siderable amount of which is sodium chloride. The fact that the
lower part of the Laramie formation is of marine origin may ex-
plain the saline character of this water. It has been suggested
that water rising along a deep-seated fault may be the source of
the sodium chloride.

The Ogallala formation, which contains much calcium carbonate
cementing material, yields a calcium bicarbonate water, as shown
by analyses of 6 samples from wells that range in depth from 60
to 225 feet. This water dissolves moderate quantities of minerals;
the range in concentration of dissolved solids for 6 samples was
from 152 to 396 ppm.

SOLUBLE SUBSTANCES IN WATER FROM SURFICIAL DEPOSITS

The unconsolidated gravels, sands, silts, and clays in the al-
luvial fill yield water in which calcium and sulfate compose much
of the dissolved solids, The gypsiferous character of the water
appears to be due to the pressure in the aquifer of material de-
rived from gypsiferous shales, Gypsum (CaSO4- 2H90) is present
in small amounts in the Pierre shale, which underlies the entire
area. Elias (1931, p. 47—48) in his study of the geology of Wallace
County, Kans., pointed out that the Pierre shale of eastern Colo-
rado does not differ much in composition from that in western
Kansas. He stated—

Pyiite or marcasite, chiefly in the form of minute casts of Foraminifera or in the form of a
crust associated with other organic remains, is fairly uniformly scattered through the
whole formation and can be found in every piece of fresh shale. These minerals, how-
ever, rapidly decompose near the surface and ate replaced by iron hydroxide and by flakes
or larger crystals of gypsum,
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The iron content of the Pierre shale of eastern Colorado has been
determined by Butler (1914, p. 342) who reported 4. 41 and 9, 48
percent ferric oxide (Fe203) for two samples,

The dune sands in the lower South Platte River valley, because
of their quartzitic character, contribute only moderate amounts
of soluble minerals to water that passes through these deposits.
Brown (1950, p. 13) reports that the sand-dune area south of the
South Platte River valley and west of Beaver Creek valley con-
tains relatively soft water (average hardness, 80 ppm) that has
no objectionable ‘concentrations of mineral constituents.

GEOLOGY AND ITS RELATION TO CHEMICAL QUALITY

It has been shown that the lithological or mineralogical character
of the water-bearing material determines to a large extent the
chemical quality of the ground water. Infigure 14 the results of the
analyses of different types of water are shown graphically; only the
principal mineral constituents are plotted. The following para-
graphs describe the chemical quality of the water in the several
aquifers. Chemical analyses of water samples are given in appen-
dix D.

Pierre shale.— Of 8 water samples from the Pierre shale, 6 have
concentrations of dissolved solids inexcess of 1,000 ppm. The low
hardness, which characterizes water from this formation, may be
the result of acation-exchange reaction, The water is of the sodium
bicarbonate type and may contain several hundred parts per million
of chloride., Several of the samples were obtained from wells in
Logan County where the Pierre shale crops out along the flanks of
the river valley.

Fox Hills sandstone.—The single sample representing water from
the Fox Hills sandstone was obtained from well B2-62-6ca in Weld
County. This water, although less mineralized, is very similar in
chemical character to water from the Pierre shale. The contact of
the Fox Hills sandstone with the underlying Pierre shale, where it is
exposed in Morgan and Weld Counties, is gradational; the sample
from well B2-62-6ca probably represents water from the transi-
tion zone.

Laramie formation.—~The water from the Laramie formation from
well B1-62-5aa in Weld County is salty. Almost one-halfby weight
of the dissolved solids (2,150 ppm) in the water was chloride. The
owner of the well stated that the water is unfit for drinking.

Ogallala formation.— Moderate concentrations of dissolved solids,
most of which is calcium bicarbonate, characterize water from
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Figure 14, —Analyses of ground water from aquifers in the lower South Platte River valley.

the Ogallala formation. The table below summarizes the chemical

quality of water from this aquifer.

Analyses of water from Ogallala formation

[In parts per million]

Depth | Dissolved | Total

Well no. (feet) | solids | hardness
B11-45-18aa,..... 396 193
B11-46-30bb, . 344 181
B12-40-17aa.., 140 152 106
B13-36-20ad, B 314 179
B13-38-31ab. | 225 228 139
Bl4=37-342C cusseearcrerscaesssssrsessnssrssssesnccerasessnoncassresssneonense 183 296 170
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Surficial deposits.—The chemical quality of water in the alluvium
is established on the basis of analyses of 89 water samples from
this source. The concentration of dissolved solids ranges from
212 to 3,580 ppm and averages 1,170, The average composition
of the bases (calcium, magnesium, sodium, and potassium) is
roughly 70 percent alkaline earths (calcium and magnesium) and
30 percent alkalies (sodium and potassium), calculated as equiv-
alents per million, Of the acids, sulfate is the predominant con-
stituent in the water. This statement is best illustrated by figure
15 where concentrations of three acidic ions in the water are
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Figure 15, —Relation of sulfate,carbonate, and chloride to dissolved solids in ground water from
the alluvium,

plotted against dissolved solids; all concentrations are expressed
in parts per million. Figure 15 shows that the concentration of
sulfate increases in almost direct proportion to that of the dis-
solved solids, whereas carbonate (computed from bicarbonate)
and chloride do not show this relationship to the total mineral
content,

Ground water from the alluvial deposits is hard, The hardness
of the water is little affected by depth or location of well. More
than 90 percent of the samples had hardness inexcess of 200 ppm,
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and 50 percent had in excess of 600 ppm. A hardness-distribution
curve for ground water in the alluvium is shown in figure 186.
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Figure 16, —Hardness-distribution curve for ground water in the alluvium,

The chemical quality of water in the alluvium that is overlain
by dune sand is represented by analyses of seven samples. The
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water in five of the samples was of the calcium bicarbonate type
and contained moderate concentrations of dissolved solids. Water
from wells B1-56-5dc and B8-52-34ac, however, was more highly
mineralized and was of the calcium sulfate type.

One analysis of a water sample from well B7-52-9dc represents
water from the dune sand only.

GEOGRAPHY AND ITS RELATION TO CHEMICAL QUALITY

The alluvium is the most important aquifer in the lower South
Platte River valley. Because of the widespread occurrence of this
water-bearing material, the quality of its water is discussed in
relation to the geography of the area.

Main valley.— Ground water in the heavily irrigated areas in the
main valley is progressively more mineralized downstream be-
cause return flows to the South Platte River of undergrounddrain-
age water from irrigated lands are used and reused downstream.
These return flows are highly mineralized as the result of the
relatively slow movement of the water through the interstices of
the unconsolidated alluvial materials and of evaporation of ground
water near the surface. The river water is used and reused in
subsequent diversions to irrigation canals and ditches. Records
of the quality of the water from the South Platte River and Bijou
Creek are published in annual reports of the U. S. Geological
Survey (1950, 1952, 1953, 1954, 1955). The downvalley trend inin-
creased mineral content of ground water for seven wells and one
spring in Morgan County is shown below.

Well or spring Dissolved solids Well or spring Dissolved solids
(downstream order) (parts per million) (downstream order) (psrts per million)
B4-60-6cC..vnueeen. ceeesansenes seesnsrennes 1,090 B4-56-33bb . 1,630
B4-60-2aa.. 1,450 B4-56-26¢c . . .. 1,510
B4-5%-13aa....ccc0000000000nen0n0ns00nsces 1,150 B4-56-138C .cesererereessnssrorerossanssnness 1,810
B4-57-31bb cuecrariererscasesossosconseness 1,550 B4-55-6¢cb2 . .. 1,780

Tributary valleys.— The ground water invalleys tributary to the South
Platte River is similar in chemical quality to that in the main val-
ley except where recharge to the water table is largely from flood
flows. Wells along the lower reaches of Bijou, Kiowa, and Beaver
Creeks produce water of moderate hardness and concentrations of
dissolved solids. The ground water in these lower reaches is of
better quality thanwater inthe upper reaches or inthe mainvalley.

WATER UTILIZATION AND 1TS RELATION TO CHEMICAL QUALITY

Irrigation supplies.—Wilcox (1948, p. 25—27) has classified the quality
of water for irrigation use on the basis of specific conductance (a
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measure of the dissolved solids), percent sodium, and the concen-
tration of boron. As boron is rarely found in critical concentra-
tions in irrigation water in the lower South Platte River valley, it
will not be further considered in this section. The classification of
irrigation supplies on the basis of specific conductance and percent
sodium is easily seen by a diagram in which the percent sodium is
shown in an inverse curvilinear relationship to the specific con-
ductance. (See fig. 17.) All water samples from bedrock and
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surficial deposits have been classified; a few samples of mixed
origin were not classified.

Water from the Ogallala formationand from the dune sand has an
“excellent to good” rating, (Seefig, 17.) Most of the wells in the al-
luvial deposits produce water of “good to permissible” classifica-
tion. Water from the Pierre shale and Fox Hills sandstone is of
poor quality for irrigation.

Irrigation wells in the valley derive water from the alluvial de-
posits and this water is, as a general rule, of satisfactory quality.

Domestic supplies—~~The source of most domestic supplies in the area
is the alluvium, which yields hard water of moderate tohigh mineral
content, If available, water from the Ogallala formationor from the
alluvium overlain by dune sand is preferredbecause of lower con-
centrations of dissolved solids and lower hardness. The water from
the alluvium is usually palatable and, except for hardness, is sat-
isfactory for general use.

Public supplies.—The drinking-water standards of the U, S, Public
Health Service (1946, p. 12—14) place definite limitations on water
supplies and water-supply systems that are used by interstate
carriers subject to Federal regulations, These standards are of
general interest because theydefine anacceptable water and canbe
used as a basis for comparing water supplies. The standards per-
taining to chemical characteristics appear inabridged form below.

Not to exceed

Constituent (parts per million)
Iron and manganese together 0.3
MaENESIUML. .. cvcverniesermrsenssnseronnsssssssanissssesssesesssssssesssaess 125
Chloride 250
Sulfate, 250
Fluoride, L5
Dissolved solids.... 500 (1,000

permitted)

The concentrations of these constituents in ground-water supplies
of towns in the lower South Platte River valley are shown below.

Analyses of public water supplies
[In parts per million]

Dis-
Town Well no. Tron |Magne-| suifate Chlo- | Fluo-| ;10 g
sium ride | ride solids
Colorado;

Fort MOrgan...eeececensescscseses| B3=57-6bd 0.10 51 586 46 0,5 1,120
Brush..ccecsesaseas veee| B3~56-26bb 2,06 |eesecnsens| cecenrense] cosneree 5 152
Merino ..eevees . B6-54~13da .25 55 646 50 71 1,260
Sterling.. vecsevenss| B8=52-34ac .10 24 446 31 3 934
| §E 1 3 S eee] B9-51-16abl .02 90 2,070 153 1.0] 3,580
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Analyses of public water supplies— Continued

Dis-

Town Wellno, |Iron |Magne-|sulfate | Chlo-| Fluo- | solved
sium ride | ride | golids

Colorado—Continued
Crook........ cooets eersenvsssarecaranss B10-49-11cb | 0.09 41 712 87 0.6{ 1,440
Sedgwick.. . . B11-46-20cb .13 9.5 30 13 4 298
OVid,uaesesersess cosnsseaeossesenseess| B12-45-29ad .55 12 70 11 .8 354
Julesburg..eeeseeerecesesecrensencesese| B12-45-26ab1 | 3,14 16 248 27 4 696

Nebraska:

Big Springs...cceeerssoscecosssscsees. | B13-42-25dd1 .62 7.3 29 10 6 48
Ogallala..eceereseessoresesssaos ees | B13-38-6ca2 .16 12 60 11 B 340
PaxXton..isesesuesoes sarsocaseans sevene B13-35-5ca .04 33 452 43 .3 916

3lron and manganese,

LLOGS OF TEST HOLES, WELLS, AND SEISMOGRAPH SHOT HOLES

Listed in appendix B are 648 logs of wells, test holes, and
seismograph shot holesdrilled in the lower South Platte River val-
ley between Hardin, Colo., and Paxton, Nebr. Included are the
logs of 187 test holes drilled under the supervision of the U, S,
Geological Survey and 39 test holes drilled in cooperation with the
Conservation and Survey Division of the University of Nebraska.,
The locations of test holes and wells used in constructing the cross
sections and pre-Quaternary topography are shown on plate 1.

Logs entitled “samples log” are those for which the well cuttings
were collected and studied by geologists of the U, S. Geological
Survey. The “drillers’ logs” are logs obtained from drillers’ rec-
ords or from other sources. Geologic interpretations of “drillers’
logs” were made by geologists of the U. S, Geological Survey.
Some of these logs are of test holesdrilled for favorable locations
for irrigation wells, Some of the domestic and stock wells for
which logs are given are not included in the table of well records.
The logs are arranged in numerical order according to counties,
first in Colorado and then in Nebraska,

RECORDS OF WELLS AND SPRINGS

Records of 1,767 wells and springs in the area were obtained.
The locations of these are shown on plate 3. The available perti-
nent data for all the wells and springs shown on the map are given
in appendix C. It was not possible to obtain measurements of the
well depth or of the water level in some of the wells and the data
given in the table for these wells were reported by the owner or
driller of the well, The wells are grouped first according to the
State and then to county within the State, and are arranged in nu-
merical order within each county,
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CONCL.USIONS

Ground water in sufficient quantities for irrigation and other
supplies is contained in the alluvial deposits that underlie the val-
leys of the South Platte River and its tributaries. An estimated
12,700, 000 acre-feet of water is stored in the alluvium within the
project area. Wells that would yield 500 to 1,000 gpm could be de-
veloped in the alluvium in mostplaces and wells that would yield as
much as 2,000 gpm probably could be developed in the thick saturated
sections of the alluvium in the valley of the South Platte River.

The alluvium is recharged chiefly by infiltration from irrigation
systems and by precipitation on local and adjacent areas, Water
is discharged from the alluvium chiefly by seepage into the South
Platte River, by evaporation and transpiration, and by pumping.

Recharge to the ground-water reservoir from infiltrating irri-
gation water has raised the water table and caused seeps in some
low-lying areas bordering the South Platte River. These seeps
could be drained by lowering the water table a few feet, either by
decreasing the recharge or increasing the discharge of ground wa-
ter in the area. The amount of recharge could be decreased by
lining the canals or by decreasing the amount of water that is
applied to the land; the discharge of ground water could be in-
creased by installing drains and by pumping additional water from
the gound-water reservoir., If the pumped water were used for
irrigation, the amount of surface water that is needed for this
purpose would by reduced. Consequently, a balanced surface- and
ground-water irrigation system could be established. In parts of
the area where the ground-water reservoir is replenished by re-
charge from the South Platte River and from adjacent areas during
the nonirrigation season, large quantities of water could be pumped
from the ground-water reservoir into canals and reservoirs during
the irrigation season.

Discharge of ground water by pumping in areas that depend en-
tirely on ground water for irrigation has lowered the water levels
in the valleys of Bijou and Kiowa Creeks and in parts of the Fort
Morgan area and Beaver Creek valley., This condition is most
serious in the vicinity of Gary, Colo,, where the alluvium is rel-
atively thin,

Surficial deposits in the valley yield water of acceptable quality
for most purposes. The alluvial deposits yield hard water of mod-
erate to high concentrations of dissolved solids, much of which
is calcium sulfate. This water is of satisfactory quality, as arule,
for irrigation and domestic uses. Ground water from the alluvium
overlain by dune sand and from the Ogallala formation is softer
and is preferred, when available in sufficient quantities, to water
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from the alluvium. The bedrock deposits, except the Ogallala
formation, generally yield water of poor quality for irrigation or
other uses.

It is anticipated that there will be future hydrologic problems
in the project area because the number of irrigation wells drain-
ing water from a limited aquifer is steadily increasing, the water
table in parts of the area is declining at an accelerating rate, ‘and
the mineralization of ground water in irrigated areas is increas-
ing. Therefore, hydrologic studies shouldbe continued in the lower
South Platte River valley. The periodic measurement of water
levels inobservation wells should be continued, the annual pumpage
of ground water for irrigation should be estimated, and the chem-
ical quality of water in selected wells should be determined at
intervals, Additional pumping tests should be made to obtainmore
information regarding the hydrologic properties of the water-.
bearing materials,
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska

[In feet below land-surface datum]

Water Water Water
Date level Date level Date level

ADAMS COUNTY, COLO.

C1-60-4cc
Nov, 29, 1940 18,0 || Aug. 26, 1947 27,10 || Mar, 15, 1949 24,17
May 5, 1941 18,1 || Oct., 8 23.80 || Apr. 14 24,28
Nov, 4 19,7 |l Nov, 4 23.47 May 4 23.84
Apr, 18, 1942 18.6 | Dec. 3 23,14 || June 17 23,59
Nov, 19 19,2 |l Jan, 8, 1948 23.02 || Aug. 3 27.44
Apr, 1, 1943 18,8 || Feb, 3 22,84 Oct, 17 25,37
Nov, 18 20,2 || Mar, 3 22,70 Dec, 12 24,76
May 1, 1944 20,25 || Apr. 13 22,40 Feb, 3, 1950 24,31
Oct, 26 22,09 || Oct, 4 26.83 Apr, 10 24,01
May 3, 1945 20,27 || Nov. 4 26.34 May 22 23.72
Oct, 31 22.08 || Dec, 6 24,96 || Oct, 17 26,30
Apr, 24, 1946 22,38 || Jan, 14, 1949 24,62 || Dec. 14 25,717
Oct. 30 23.16 || Feb, 7 24,35

C1-60-17dc
Nov, 19, 1942 25,09 || Dec. 3, 1947 28,81 || Feb, 7, 1949 29,05
Apr, 1, 1943 25,15 || Jan, 8, 1948 28,47 || Mar, 15 28,88
Nov, 18 25,74 || Feb, 3 28,09 (| Apr. 14 28.86
May 1, 1944 25.61 |f Mar, 3 28.35 || May 4 28,65
Oct, 26 28,35 || Apr. 13 28,00 || june 17 28,40
May 3, 1945 26,40 || June 30 30,82 f| Oct, 17 33,13
Oct, 31 27.32 || Sept. 1 35.33 || Dec. 12 30,50
Apr. 24, 1946 26,70 || Nov, 4 30.85 Feb, 3, 1950 29,72
Oct, 30 29,10 |} Dec, 6 29,77 Apr, 10 29.39
Oct, 8, 1947 30,85 | Jan, 14, 1949 29,09 || Dec. 14 31,70
Nov, 4 29,717

C1-60-29¢cb1
Jan, 23, 1934 29,50 || Oct, 8, 1947 33.55 Feb, 7, 1949 30,78
May 5, 1941 30,75 [{ Nov, 4 32,55 Mar, 15 31.05
Nov, 4 31,96 || Dec. 3 31.14 || Apr. 14 31,00
Apr, 18, 1942 30,81 Jan, 8, 1948 30.68 || May 4 31.52
Nov, 19 30,78 || Feb, 3 30,36 || June 17 32.90
Apr, 1, 1943 29.80 {{ Mar, 3 30,34 f§ Oct, 17 34.09
Nov, 18 29,42 || Apr. 13 30,20 Dec, 12 33.08
May 1, 1944 29,90 || June 30 32,06 || Feb, 3, 1950 | 31.45
Oct, 26 32,00 || Oct, 4 34,88 || Apr, 10 31,74
May 3, 1945 30.15 || Nov, 4 33.28 Oct, 17 34,43
Oct, 31 32465 || Dec. 6 32.90 Dec, 14 32,70
Oct, 30, 1946 33.29 ||Jan, 14, 1949 32,17

C2-60~19bc
Sept, 4, 1930 14,50 [[Apr, 24, 1946 17.48 || Jan. 14, 1949 | 18.85
Nov, 30, 1940 18,00 || Oct, 30 17.55 Feb, 1 18,93
May 5, 1941 18,00 || Aug. 26, 1947 17.73 May 4 17.55
Nov, 8 18,02 || Oct, 8 17,58 || June 17 17.58
Apr, 18, 1942 17,88 || Nov, 4 17.57 || Aug. 3 17.35
Nov, 19 17.64 | Apr, 13, 1948 17,40 QOct, 17 18.02
Apr, 1, 1943 17,56 || June 4 17,42 Dec, 12 17.55
Nov, 18 17,61 | Aug, 4 17,59 Apr. 10, 1950 17,40
May 1, 1944 17.54 | Sept, 1 17.56 || May 22 18.02
Oct, 26 17.60 j| Oct, 4 17.58 || Aug. 2 16.68
May 3, 1945 17,56 || Nov, 4 17.68 || Oct, 17 17,07
Oct, 31 17.55 || Dec, 6 17.54
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Water-level measurements in wells in the lower Sout) Platte River valley, Colorado and
Nebraska— Continued

Water Water Water
Date level Date level Date level
LOGAN COUNTY, COLO,

B6-53-16dd
Aug, 22, 1947 22.80 || July 12, 1948 22.25 || July 8, 1949 22.917
Sept, 12 22,10 | Aug, 6 21.79 || Aug, 10 22.18
Oct, 6 22,10 || Sept, 10 21,15 || Oct, 19 21,84
Nov, 4 22,52 Oct, 7 20.82 Dec, 1 22,85
Dec., 10 22,58 Nov, 1 21,63 Feb, 7, 1950 23.05
Jan. 2, 1948 23.32 || Dec, 6 22,36 || Apr. 12 23.74
Feb. 6 23.64 || Mar, 3, 1949 23.40 (| May 26 22,54
Mar, 8 23.74 || Apr. 8 23.68 || Aug. 4 21,617
Apr. 16 23,70 {| May 4 23,77 || Oct, 20 22,22
June 1 22,71 || May 31 24.50 || Dec, 7 23,37

B6-53-30bc
Aug., 21, 1947 12,20 || Sept. 10, 1948 11.97 || July 8, 1949 11.47
Oct, 6 12.48 Oct, 7 12,00 Aug, 10 11,76
Nov. 4 12,74 || Nov, 1 12,77 || Oet. 19 12,48
Dec. 10 13.08 |{f Dec, 6 13.27 (| Dec, 1 13.26
Jan, 2, 1948 13,07 || Jan, 20, 1949 12,94 || Feb, 7, 1950 13,58
Feb, 6 12,69 | Feb, 8 13,09 | Apr. 12 13.36
Mar, 8 12,57 || Mar, 3 13,35 || May 26 12,55
Apr, 16 12,83 || Apr, 8 13.33 || Aug. 4 12,19
June 1 11,51 || May 4 12,38 || Oct, 20 12.73
Aug, 6 13.27 || May 31 12,57 {| Dec, 7 13.55

B6=-54~24bc
Aug, 19, 1947 9.70 [[ Aug. 2, 1948 11.20 | Aug, 10, 1949 10,44
Oct, 6 11,47 || Sept. 10 11,556 || Oct. 19 11.49
Nov, 4 12,45 |} Oct, 7 11,20 }| Dec, 1 12,89
Dec., 10 11,52 || Nov, 1 11,90 || Feb, 7, 1950 13.63
Jan, 2, 1948 13,35 || Dec, 6 12,98 || Apr. 13 13,13
Feb, 6 13,40 |l Apr, 8, 1949 14,00 | May 26 11.39
Mar, 8 12,83 | May 4 12,10 || Aug. 4 11.05
Apr. 16 12,40 June 6 11,16 Oct, 18 12,57
June 7 11,09 || July 8 10.33 |} Dec. 7 13.44
July 12 10.55

B6-54-32ba
Sept. 4, 1947 61.50 [rOct. 6, 1947 L 61.62JI Nov, 4, 1947 61.90

B7-52~Tac
May 3, 1944 14,93 |t May 1, 1947 15,29 || Sept, 10, 1948 10,48
Oct, 24 12,75 |f Sept, 8 11,65 || Oct. 8 10,38
May 1, 1945 15.33 || Oct. 6 11,32 || Nov, 1 10,80
Nov, 1 13.60 | June 7, 1948 11,20 || May 31, 1949 11,25
Apr. 25, 1946 14,58 f{ July 12 11,13 || July 8 12,00
Oct, 29 13,86 || Aug. 6 10.60

B7-53-18bd
Dec, 11, 1947 16,53 || Mar, 2, 1949 17,71 || Dec. 1, 1949 17.58
May 5, 1948 16,75 || Apr. 7 17,28 || Feb, 7, 1950- 16.80
Sept. 10 21,52 || May 4 17,10 || Apr, 12 17.27
Nov, 1 18,32 || May 31 17,08 | May 26 18,87
Dec. 6 18,04 || July 8 16,79 || Oct, 18 19.97
Feb, 8, 1949 17.90 || Oct. 13 17,71 || Dec., 2 18.88
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska— Continued

Water Water Water
Date level Date level H Date level
LOGAN COUNTY, COLO,—--Continued

B7-53-21bc
Apr. 2, 1943 14.98 || Nov. 4, 1947 13.50 || May 4, 1949 13.82
Nov. 19 13.59 || Dec. 11 14.58 || May 31 13.52
May 3, 1944 14.33. || Dec. 30 14.69 [ july 8 11,88
Oct. 24 13.69 || Feb. 6, 1948 14.88 || Oct. 13 13.31
May 1, 1945 14.53 || Apr. 16 15.20 || Dec. 1 13.17
Nov. 1 13.82 || July 12 15.09 Feb. 7, 1950 13.84
Apr. 25, 1946 14.88 Sept. 10 16.05 Apr. 12 14.17
Oct. 29 13.92 || Oct. 8 14.48 [ May 26 13.95
May 1, 1947 14.86 || Nov. 1 13.86 || Oct. 18 14.32
Aug. 28 17.15 {| Mar. 2, 1949 13.32 || Dec. 2 13.52
Oct. 6 14.72 || Apf. 7 13.78

B7-53-23bb
Nov. 2, 1940 317 || Oct. 6, 1947 27.61 || Feb., 8, 1949 27.67
May 6, 1941 33.6 Nov, 4 28,10 || Mar, 2 28.29
Nov. 5 31.34 || Dee, 11 29,15 || Apr. 7 28.70
Apr, 17, 1942 32,45 || Dec, 30 29.36 {| May 4 29,11
Nov, 20 29,22 || Feb, 6, 1948 30,00 || May 31 28,26
Apr. 2, 1943 33,47 || Mar, 12 30,55 || july 8 27.39
Nov, 19 26.45 || Apr. 16 30,98 || Aug., 10 25.40
May 3, 1944 30,95 || June 7 29,02 || Oct, 14 24.35
Oct. 24 26.10 || Jjuly 12 28,15 | Dec. 6 26.24
May 1, 1945 31,10 || Aug, 2 28,40 || Feb. 7, 1950 28.60
Nov, 1 29,25 || Sept. 10 25.7% || Apr. 12 30,09
Apr. 25, 1946 31,86 {| Oct, 8 24,39 || May 26 29,44
Oct, 29 28.85 || Nov, 1 24,50 || Aug, 4 26,10
May 1, 1947 32,27 || Dec, 6 25,54 || oct. 20 25.67
Sept, 8 28.05 (| Jan. 20, 1949 27,05 || Dec, 17 26,94

B7-53-25dc
Sept, 12, 1947 8.24 [[ Sept. 10, 1948 7.5 || july 8, 1949 797
Oct, 6 9,00 || Oct, 10 7.80 || Avg. 10 7.69
Nov, 4 9,70 Nov, 1 9.32 Oct, 13 9.33
Dec, 10 10,25 || Dec, 6 10,04 || Dee. 1° 10,45
Jan. 2, 1948 10,54 {| Jan. 20, 1949 10,08 || Feb, 7, 1950 10,78
Feb, 6 10.22 Feb, 8 9.79 Apr, 12 10,39
Mar, 8 9.55 || Mar, 3 9,97 || May 26 9.32
Apr. 16 9,73 | Apr. 8 10.21 || Aug, 4 7.88
June 7 8,63 || May 4 9.54 || oct. 20 9.76
July 12 7.82 || May 31 9,79 || Dec, 7 10,23
Aug, 6 8,02,

B7-53-25dd
Sept, 12, 1947 | 8.80Jl Oct, 6, 1947 [ 9,47 " Nov, 4, 1947 r 210,25

B7-53-26ab
Oct, 11, 1928 8,50 || Nov. 1, 1940 10,32 || Nov. 19, 1943 9.10
Apr, 28, 1929 875 || May 6, 1941 10.55 || May 3, 1944 9.36
Aug, 7 8.63 Nov, 5 10.39 Oct, 24 8,98
Oct. 16 8.85 || Apr. 17, 1942 9.86 || May 1, 1945 10,22
Feb, 9, 1935 9.85 || Nov. 20 9,75 || Nov. 1 9,65
Apr. 24, 1940 10.26 || Apr. 2, 1943 9,91 || Apr. 25, 1946 10,25

See footnotes at end of table,
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
N ebraska—— Continued

Water Water Water
Date level Date level Date level
LOGAN COUNTY, COLO, —Continued
B7-53-26ab—~Continued

Qct, 29, 1946 9.79 July 12, 1948 8.89 Aug. 10, 1949 8.45
May 1, 1947 10,26 || Aug, 6 9.52 || Oct, 13 8.60
Sept, 8 8.65 || Sept. 10 8,67 || Dec. 6 9.40
Oct, 6 9,40 || Oct, 8 8,45 || Feb, 7, 1950 9,80
Nov, 4 8,95 || Nov, 1 8,72 || Apr. 12 9.93
Dec, 11 9.30 || Dec, 6 9.04 || May 26 10.25
Jan, 2, 1948 9.39 || Mar, 3, 1949 9.65 || Aug. 4 8,97
Feb, 6 8.69 || May 4 10,09 ff Oct, 20 9,36
Apr, 16 9.60 May 31 10.10 Dec, 7 4.79
June 7 8.93 {| July 8 8.43

B7-54-12bc
Oct, 28, 1940 12,51 May 1, 1945 10,55 Dec, 11, 1947 10,88
May 6, 1941 10.92 Nov, 1 10,74 Dec., 30 11,10
Nov. 5 11.48 Apr, 25, 1946 10.15 Feb, 6, 1948 10.88
Apr, 17, 1942 9.46 Oct, 29 11.17 Mar, 12 11.40
Nov, 20 10.48 Sept, 8, 1947 10,95 Apr. 16 10,80
Apr, 2, 1943 10,40 Oct, 6 9.18 || June T 11.16
Nov. 19 11,30 )| Nov, 4 11,15 || July 12 b10.55
Oct, 24, 1944 11.64

B7-54~12cb
Feb. 7, 1950 €11.47 May 26, 1950 13.27 Oct, 18, 1950 12.19
Apr, 12 1111 Aug, 4 11,85 Dec, 2 11,88

B8-51-6ad
July 29, 1947 19.80 || July 12, 1948 19.48 || May 4, 1949 20,47
Sept, 12 20,05 || Aug. 2 19.53 || Aug. 10 19,65
Oct, 6 19.80 Sept, 14 19.58 Qct, 12 19,75
Nov, 5 20,30 QOct, 8 21.95 Dec, 6 20,74
Dec, 10 20.98 Nov. 8 20,32 Feb. 7, 1950 21.63
Jan, 2, 1948 21,18 Dec, 6 20,68 Apr, 12 21,16
Feb, 6 21.42 || Jan. 17, 1949 21,03 Aug, 4 19.65
Mar, 12 21.31 Feb, 10 21,03 Oct, 20 20,55
Apr. 20 21,05 || Mar, 2 21,00 || Dec, 7 21,05
June 7 19.53 || Apr. 7 21.28

B8-51-6bd
Sept, 12, 1947 11,14 July 12, 1948 11,58 May 4, 1949 11,60
Oct, 6 11,05 || Aug. 2- 10,54 || june 1 11.42
Nov. 5 11.74 || Sept. 14 11,04 || Juy 8 10,74
Dec, 10 11,22 Oct, 8 11.25 Aug. 10 10.55
Jan, 2, 1948 12.30 Nov., 8 11,57 Oct, 13 11.12
Feb, 6 11,77 Dec. 6 11.88 Dec. 6 12,00
Mar, 12 11.55 Feb, 10, 1949 11.86 Feb, 7, 1950 12.49
Apr. 20 11.40 || Mar, 2 11,82 || Apr. 12 11,99
June 7 10,89 || Apr. 7 12.22 || May 31 d11,06

See footnotes at end of table,
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska-— Continued

Water Water Water
Date level Date level Date level
LOGAN COUNTY, COLO, —Continued

B8-52-10ac
Apr. 28, 1929 2.3 Oct, 29, 1946 4,97 Jan, 17, 1949 5,24
Aug, 7 3.2 May 1, 1947 5.55 || Feb, 10 5,55
Oct, 16 4.7 Sept, 9 3,76 || Mar, 2 5,15
May 19, 1930 3.2 || Cet. 6 4,65 Apr. 17 4,99
Feb, 8, 1935 4,8 Nov., 4 4,95 || May 4 4,48
Apr. 24, 1940 5,25 Dec., 10 4,70 June 1 4,18
oct, 30 5.00| Jan. 2, 1948 492 my 8 432
May 6, 1941 510|| Feb. & 5,40 || Aug, 10 4.59
Nov, 5 4,60 Mar, 12 5.20 Cct, 13 4,59
Apr. 17, 1942 462l Apr. 16 5.30 || Dec, 6 5.54
Apr, 2, 1943 5,20 June 1 2,99 Feb, 7, 1950 5,81
Nov, 18 5,201 Aug. 2 4,71 Apr. 12 5,67
May 3, 1944 4,41 | sept, 14 3.20 | May 31 3.53
Oct, 25 4,99 (1 Oct, 8 3.99 §§ Aug, 4 4,07
May 2, 1945 5.20 Nov., 8 5,00 Oct, 20 4,76
Nov, 1 4,95 Dec. 6 5.13 Dec, 7 4,55
Apr, 25, 1946 4,95

B8-52~17cb
Oct, 31, 1940 19.66 Oct, 6, 1947 16.50 Feb, 10, 1949 18,76
May 6, 1941 20,40 Nov, 4 17.30 Mar, 2 18,90
Nov. 5 17,95 Dec, 10 18,04 Apr, i 19.32
Apr. 17, 1942 20,06 || Jam. 2, 1948 18.54 || May 4 19.61
Apr, 2, 1943 20,19 Feb, 6 19,07 May 31 18.80
Nov, 19 16.97 | Mar. 12 19.60 || quly 8 17.93
May 3, 1944 19.37(| Apr. 16 19,75 || Aug. 10 16.85
Oct, 25 16.15 {| Jume 7 18,48 | Oct, 13 15,91
May 2, 1945 19,53 | July 12 17.82 || Dec. 1 17.52
Nov, 1 17,77 Aug, 2 17,95 Feb, 7, 1950 18.79
Apr. 25, 1946 19,88 Sept, 14 16,78 Apr, 12 19.25
Oct, 29 17.20 || Oct. 8 15,91 || May 31 18,01
May 1, 19417 19.94 Nov, 1 16.37 Aug, 4 17,05
July 28 18,50 || Dec. 6 17.43 || Oct, 20 16.55
Aug. 9 16,88 (| Jan. 17, 1949 18.32 Dec. 1 17,70

B9-51-16abl
Sept, 9, 1947 450 Oct. 8, 1948 5,42 || Aug. 12, 1949 5.13
Oct, 6 5,80 Dec, 1 6.49 Oct, 7 5,86
Nov, 5 6,40 || Jan. 17, 1949 6.46 || Dec. 6 7.18
Dec, 13 6,70 || Mar, 2 6,07 || Feb, 8, 1950 1.34
Jan, 2, 1948 6.85 | Apr. 7 6.36 J| Apr. 12 1.32
Feb, 10 6.79( May 4 6.47 || May 31 5.82
Apr. 20 6.50 || Jme 1 6.8¢ || Oct. 20 6.32
Aug. 2 549 (| July 8 494

B9-51-31bb
July 28, 1947 3,79 Aug, 2, 1948 4,89 July 8, 1949 3.83
Sept. 12 5.85 || Sept, 14 4.60 || Aug. 10 4.50
Oct, 6 2.89 Qct, 8 3.95 Oct, 13 4,20
Nov., 5 4.94 || Nov, 8 4,23 Dec, 6 5.23
Dec, 10 4,93 Dec. 6 4,75 Feb. 7, 1950 5.26
Jan. 2, 1948 5.08 || Jan. 17, 1949 4.60 || Apr. 12 5.03
Feb, 6 4,78 Feb, 10 4,09 May 31 5.03
Mar, 12 4.52 Mar, 2 4,45 Aug. 4 6.41
Apr., 20 4,15 Apr, 1 4,58 Oct, 20 5.16
June 7 4,12 || May 4 4,68 || Dec, 7 5.14
July 12 4,61 || June 1 4.14




APPENDIX A

113

Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska—— Continued

Water Water Water
Date level l Date level Date level
LOGAN COUNTY, COLO, —Continued

B9-52-35ac
Sept. 9, 1947 10,58 | Sept. 14, 1948 10,88 || July 8, 1949 11.01
Oct, 6 10,69 {I Cct, 8 10,45 {| Aug, 10 11.03
Nov, 5 11,35 || Nov., 8 11,23 || Oct. 13 10.35
Dec, 10 11,63 || Dec. 6 11,65 || Dec, 6 11.84
Jan 2, 1948 11,81 || Jan, 17, 1949 11,58 || Feb, 7, 1950 12,05
Feb, 6 11,91 § Feb, 10 11,81 || Apr. 12 12.02
Mar, 12 11,90 || Mar, 2 11,86 || May 31 11,09
Apr. 20 11,90 || Apr. 7 11.88 || Aug. 4 10.88
June 7 10,57 || May 4 11.62 || Oct. 20 11,35
July 12 10,96 [{ June 1 11,65 [} Dec. 7 11.65
Aug, 2 11,04

B10-48-4bc
June 24, 1948 6,03 {{ Mar, 2, 1949 7.11 | Dec, 14, 1949 8.86
Aug, 2 777 || Apr., 7 6.28 || Feb, , 1950 9,00
Sept, 14 8,22 || May 5 7.28 || Apr. 12 834
Oct, 8 8,35 || June 1 5.53 || June 1 839
Nov. 8 172 || July 5 5.70 || Aug, 8 8.50
Dec, 1 8,07 || Aug. 11 8,55 || Oct. 19 6.40
Jan, 17, 1949 7.85 || Oct, 7 8.67 fI Dec. 2 8,28
Feb, 10 7.90

B10-49-2cb
Sept, 16, 1947 5.62 || Sept. 14, 1948 5,73 || July 7, 1949 5,29
Oct. 1 5,72 || Oct. 8 5.61 || Aug. 11 5,12
Nov, 5 5.15 || Nov. 8 5.30 || Oct, 7 5,43
Dec, 13 5.32 || Dec, 1 5.31 j| Dec, 14 5.32
Jan, 3, 1948 5,35 || Jan. 17, 1949 5.34 || Feb, 8, 1950 5.60
Feb, 10 5.70 | Feb, 10 5,54 || Apr, 12 5,15
Mar, 12 5.45 || Mar, 2 5,04 || June 1 4,98
Apr. 20 5,45 || Apr. 7 438 |l Aug. 8 4,17
June 8 5,16 || May 4 5,18 || Oct., 20 5,18
July 8 5.20 || June 1 4,48 || Dec, 2 5,00
Aug, 2 4,29

B10-49-8cc
Jan, 3, 1948 15,20 I Nov, 8, 1948 13.85 || Aug., 11, 1949 10,97
Feb., 10 15,71 {{ Dec, T 14,16 || Oct, 7 12.56
Mar, 12 15,90 || Jan. 17, 1949 14,40 || Dec, 14 14.45
Apr, 13 16,00 {| Feb, 10 12.64 || Feb. 8, 1950 15,25
June 8 12.30 {| Mar, 2 11.89 ({ Apr. 12 15.35
July 8 11,87 || Apr. 7 13,63 || June 1 14,50
Aug, 2 11.39 || May 4 13.92 || Aug. 8 10,26
Sept. 14 12.48 || June 1 14,25 || Oct. 20 12,38
Oct, 8 12,46 || July 7 13.05 || Dec. 2 13,05

B10-49-~9cc
Dec, 12, 1947 4,99 §I July 8, 1948 3.88 || Dec. T, 1948 4,82
Jan, 3, 1948 5.22 || Aug. 2 2.31 || Mar. 2, 1949 4,28
Feb, 10 5,22 || Sept, 14 2.82 || Apr. ki 3.62
Mar, 12 5.19 || Oct, 8 4,07 || May 4 4,17
Apr, 20 4,20 || Nov, 8 4,07 || June 1 4,13
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska—Continued

Water Water Water
Date level Date level Date level
LOGAN COUNTY, COLO, —Continued

B10-49-9cc—Continued
July 7, 1949 4,14 Dec, 14, 1949 5.46 June 1, 1950 3.82
Aug., 11 3,06 || Feb. 8, 1950 6.65 || Aug. 8 2.80
Oct, 7 4,61 Apr, 12 4.49 Oct, 20 4.35

B10-50-28cd
Sept, 16, 1947 4,64 Apr., 20, 1948 4.65 Dec, 7, 1948 4,25
Oct, 7 4.84 June 8 4,22 Mar, 2, 1949 3.89
Nov. 5 450 f[juy 9 439 || Apr. 7T 2.46
Dec. 13 4.95 || Aug. 2 4,50 || June 1 3.63
Jan, 3, 1948 5.04 || Sept, 14 4.82 || July 7 3.37
Feb, 10 4,84 Oct, 8 4,65 Aug, 11 24,58
Mar, 12 4.70
B10-51-24aa
*Sept, 9, 1947 12.92 June 8, 1948 22.07 Feb, 10, 1949 22,27
Oct, 7 14,13 || July 9 21,58 || Mar, 2 22.39
Nov., 5 16,99 Aug, 2 17.91 Apr, 7 23,09
Dec, 13 19.35 Sept. 14 17,35 May 4 23.46
Jan, 3, 1948 20.32 Qct, 8 16,58 June 1 24,03
Feb. 10 21.70 || Nov, 8 18,59 [ juy 8 20,89
Mar, 12 22,55 Dec, 7 20,02 Aug, 11 214,64
Apr, 20 19,40 | Jan, 17, 1949 21.55
MORGAN COUNTY, COLO.
B1-55-18bcl
Nov. 27, 1940 34.60 Aug, 6, 1947 38,00 Apr, 11, 1949 39.68
May 6, 1941 34.39 Oct, 2 39.15 May 3 39.69
Nov, 5 35,62 || Nov, 3 38,92 f May 30 40.10
Apr. 17, 1942 33.16 || Dec. 9 38.22 || jy 4 39,67
Nov., 20 34,49 Dec, 31 38,38 Aug, 4 41,96
Apr, 2, 1943 34,09 Feb, 3, 1948 38.39 Oct, 11 42,18
Nov., 19 36.42 || Mar, 8 37.94 || Dec, 5 41,91
May 4, 1944 35.60 Apr, 14 37.80 Feb, 6, 1950 41,36
Oct, 24 38,66 June 2 39,77 Apr, 6 41,00
May 1, 1945 37.42 || July 5 40.60 || May 31 42,30
Nov, 1 3745 || Sept. 1 41,16 i Aug, 7 44,50
Apr, 25, 1946 37.26 Oct, i 41,28 Oct, 16 44,23
Oct, 29 37.15 || Nov. 2 40,95 Dec, 4 43.41
May 1, 1947 37.19 Dec. 8 40,47
B1~55-19ad
Mar, 30, 1948 32.85 || Nov, 2, 1948 34,60 || May 3, 1949 33,28
May 14 33.35 Dec, 8 34.40 May 30 34,08
June 2 32,95 || Jan 19, 1949 34,10 fl july 4 34,09
July 5 33.57 Feb, i 34.08 Aug, 4 34,00
Aug. 2 34.22 Mar, 8 34.80 QOct, 11 37.30
Sept. 1 34.42 || Apr, 11 34.35 || Dec, 1 d34.30
Oct, 7 35.33
See footnotes at end of table,
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska-— Continued

Water Water Water
Date level Date level Date level
MORGAN COUNTY, COLO, —Continued

B1-55-31da
Nov, 27, 1940 33.87 || Aug. 8, 1947 37.20 || Sept. 1, 1948 38.61
Nov, 5, 1941 33,62 | Oct, 2 33.22 || Oct. 7 38.01
Apr, 17, 1942 30,91 Dec, 31 32.86 Dec. 8 36.74
Nov., 20 31.34 || Feb, 3, 1948 33.91 || Mar, 8, 1949 35.90
Apr, 2, 1943 31,29 |} Mar, 8 34,29 J| May 3 35,79
Nov, 19 33.85 || Apr, 14 33.60 || May 30 36.30
Oct, 24, 1944 34,62 || May 14 33.80 || Oct, 11 37.69
May 1, 1945 34,01 | June 2 35,83 || Dec. 1 36,63
Nov, 1 33.30 || july 5 36,76 || Feb, 6, 1950 36,00
Oct, 29, 1946 32.90 || Aug. 2 38.89 || Dec. 4 36,70
May 1, 1947 33.70

B1-56-1cd2
Mar, 30, 1948 35,60 || Mar, 8, 1949 37,78 || Aug. 4, 1949 37.35
May 14 36,40 f! May 30 37.62 fI Aug. 7, 1950 40,85
Aug, 2 37.99 |l July 4 37.65

B1-56-1dc
Nov, 27, 1940 31.84 [ May 1, 1947 34,82 || Dec. 8, 1948 38.78
May 6, 1941 31.70 || Oct, 2 38,00 i Jan, 19, 1949 38.37
Nov, 5 32,69 | Nov, 3 36.86 || Feb, 7 38,19
Apr, 17, 1942 31.30 || Dec. 9 36,45 | Apr, 11 38,28
Nov, 20 31.95 || Dec. 36.64 [| Aug. 4 40,82
Apr, 2, 1943 31.64 || Feb. 2, 1948 35.83 || Oct, 11 42,75
Nov, 19 33,10 || Mar. 8 36,19 § Dec, 5 39.86
May 4, 1944 32.97 || Apr. 14 36,00 § Feb, 6, 1950 39.86
Oct, 24 35,07 || July 5 38,54 || Apr. 6 39.35
May 1, 1945 34,63 || Sept. 1 40,59 || May 31 42,39
Nov, 1 356.57 || Oct, 8 41,69 | Oct, 16 42,80
Apr, 25, 1946 35.02 || Nov, 2 39.68 || Dec, 4 41,91
Oct, 29 34.40

B1-56-13cc
Aug, 14, 1947 42,55 || Feb, T, 1949 42,60 || Dec, 1, 1949 45,17
Mar, 30, 1948 42,55 |} Mar, 8 45,27 || Feb, 6, 1950 44,31
May 14 42,40 || Apr, 11 43,54 || Apr. 6 44,11
June 2 42,61 || May 3 43,26 || May 31 44,83
Sept. 1 43,66 |} May 30 43,40 || Aug. 17 45,85
Oct, 7 43,88 || July 4 43.69 || Oct, 16 46,16
Nov, 2 43,57 || Aug. 4 43,89 || Dec. 4 46,14
Dec, 8 44,82 Oct, 11 44,66

B1-59-4dc
Oct, 16, 1947 53.55 || Apr. 13, 1948 54,20 || Dec. 6, 1948 54,07
Nov, 4 54.23 || June 4 54,07 Jan, 14, 1949 53.96
Dec, 3 54,10 {| June 30 54,06 {| Feb, 14 54,05
Jan, 8, 1948 54,20 || Sept. 8 53,33 || Mar, 15 54,08
Feb, 3 54,06 ]| Oct, 4 53,99 || Apr. 18 54,07
Mar, 3 54,23 || Nov, 4 54,11 || May 4 54,05

See footnotes at end of table,
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska— Continued

Water Water Water
Date level Date level Date level

MORGAN COUNTY, COLO, —Continued
B1-59-4dc~—Continued

June 6, 1949 54,10 || Avg. 1, 1949 54,08 [ Dec, 12, 1943 954,16
Juy 11 54,05 || Oct, 17 53,94
B1-59~18cc

Nov, 25, 19417 15.80 Apr, 18, 1949 17.37 || Feb, 27, 1950 18.16
Apr, 30, 1948 14.45 || Apr. 25 17.26 || Mar. 6 18.04
June 21 e23.34 || May 2 17.23 | Mar, 13 18.10
June 23 16,58 || May 9 17.05 }} Mar., 20 18,07
June 30 16,09 || May 16 16.91 Mar, 27 18,01
Juy 7 16.46 || May 23 16.84 [l Apr. 3 17.99
July 14 e23.16 || May 30 16.84 | Apr. 10 17.99
Jy 21 €22.02 || june 6 e22.54 || Apr. 17 17.93
Juy 28 €25,72 || me 13 f16.64 || Apr, 24 17.92
Aug. 4 19,17 || June 20 £16.25 || May 1 17,75
Aug. 11 18.88 || June 27 e21.64 || May 8 17.75
Aug, 18 e04,65 [ Juy 4 23,34 || May 15 17.75
Aug, 25 €6.95 | July 11 18.30 || May 22 24,92
Sept, 1 27,84 | Juiy 18 24,60 || May 29 17.98
Sept., 8 28,17 || July 25 €20,75 || June 5 €25.39
Sept, 15 €27.93 || Aug. 1 €22,73 ff June 12 €28.65
Sept. 22 €95.98 || Aug. 8 23,15 {| Jume 19 28,59
Sept, 29 €26,08 || Aug. 15 €23,95 || June 26 21.35
Oct, 6 €25.37 || Avg, 22 18.93 $juy 3 30.41
Oct, 13 €27.11 || Aug. 29 26,02 [ July 10 €28,45
Oct, 20 e27,11 Sept, 5 €26.56 f July 17 €32.23
Oct, 27 20,03 || sept. 12 e26,92 [l july 24 €27.40
Nov, 3 19.41 || Sept. 19 19,90 | July 31 €27.29
Nov, 10 19.26 || Sept. 26 20,34 | Aug. 7 €33.47
Nov, 17 19,07 Oct, 3 €26,00 Aug., 14 ©33.93
Nov, 24 18,92 || Oct. 10 20,15 f| Aug. 21 €34,99
Dec, 1 18.89 Oct, 17 19,83 || Aug. 28 €28.45
Dec, 8 18,83 || Oct, 24 19.65 |l Sept. 4 €37.66
Dec., 15 18,70 Oct, 31 19.31 Sept, 11 34,84
Dec, 22 18.60 || Nov. 1 19.22 || Sept, 18 26.57
Dec, 29 18,55 || Nov, 14 19.11 Sept, 25 €29,53
Jan. 6, 1949 18.47 Nov. 21 19.02 Oct, 2 25,19
Jan, 12 18,35 || Nov. 28 18,87 Oct, 9 24,57
Jan, 19 18.28 || Dec. 5 18,72 ) Oct, 17 24,30
Jan. 24 18.28 || Dec. 12 18,74 || Oct, 23 24,12
Jan, 31 18.19 Dec. 19 18.68 Oct, 30 23.76
Feb, 1 18,03 || Dec. 26 18.62 || Nov. 6 23.54
Feb, 14 18,07 || Jan, 2, 1950 18,80 Nov. 13 23.19
Feb, 21 18,03 || Jan. 9 18,59 || Nov, 20 23,10
Feb. 28 17.86 || Jan, 16 18,50 || Nov, 27 22,87
Mar, 7 17,75 || Jan. 23 18,19 || Dec. 4 22.67
Mar, 14 17,78 Jan. 30 18,37 Dec, 11 22,57
Mar, 21 17.75 || Feb. 6 18,28 || Dec, 18 22,44
Mar, 28 17.67 Feb., 14 18,29 || Dec. 25 22.23
Apr, 4 17.64 || Feb, 20 18.18 || Jan. 1, 1951 22.14
Apr, 11 17.48

See footnotes at end of table,
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Water Water Water
Date level Date level Date level
MORGAN COUNTY, COLO, —Continued
B1-60-2dd
July 17, 1947 37,74 || jme 4, 1948 39,41 || June 6, 1949 38,70
Aug, 26 38,80 [| Sept. 8 41,89 || Aug. 3 39.39
Oct, 3 38.80 Oct, 4 40,13 Oct, 12 42.14
Nov. 4 37.80 || Nov, 4 39,97 || Dee, 12 39.74
Dec. 4 37.12 || Dec. 6 39.29 Feb, 1, 1950 39,18
Jan, 8, 1948 36,90 || Jan. 14, 1949 38.84 |} Apr. 10 39,08
Feb, 3 36,74 || Feb, 14 317.73 || Aug. 2 41,32
Mar, 3 36,54 || Apr. 14 38.69 || Dec. 14 42.25
Apr, 13 36,47
B1-60-12cc
Oct. 30, 1946 33.07 July 2, 1948 35.84 May 2, 1949 33.60
Apr. 30, 1947 30,16 || Aug. 13 41.99 |[ Jme 8 34.97
Oct, 3 37.50 Oct, 4 42,03 Oct. 18 39,48
Nov. 4 34.27 || Nov. 4 37.47 || Dec. 12 36,58
Dec. 3 33.12 Dec, 6 36.21 Feb. 1, 1950 35.27
Jan. 8, 1948 32.41 || Jan. 14, 1949 35.03 {| Apr. 10 34.39
Feb, 3 31,92 || Feb. 7 34.63 || May 22 37.30
Mar, 3 31,64 || Mar, 15 34,15 Dec, 14 39.89
Apr, 13 31.15 || Apr. 14 33.89
B1-60-23bc

Apr. 18, 1942 14,50 || Dec. 3, 19417 18.24 || Apr. 14, 1949 16.98
Nov. 19 15,83 Jan, 8, 1948 17,38 May 4 17,22
Apr. 1, 1943 14,29 Feb, 3 16.95 June 17 16.89
Nov, 18 18.34 || Mar, 3 16,77 || July 11 18.83
May 1, 1944 1518 | Apr. 13 16,51 || Aug, 3 20.43
Oct, 26 20,15 || Aug. 4 21,57 Oct, 17 18.82
May 3, 1945 1594 || Sept. 1 20,51 || Dec. 12 17.54
Oct, 31 18,31 Oct. 4 19,12 Feb, 3, 1950 17.07
Oct, 30, 1946 18,57 || Nov, 4 18,35 Apr, 10 16,98
Apr. 30, 1947 15.83 Dec. 6 17.79 Oct, 17 22.32
Nov, 4 19.50 Mar, 15, 1949 16.83 Dec. 14 19,90

B1-60-26cc
Nov. 29, 1940 18.2 || Apr. 1, 1943 17.3 || Oct. 31, 1945 19,18
May 7, 1941 21.3 || Nov. 18 18.4 || oct. 30, 1946 22,05
Nov, 4 18.6 || May 1, 1944 177 || Apr. 30, 1947 18,37
Apr. 18, 1942 17.8 || May 3, 1945 185 || oct. 3 22,45
Nov., 19 17.9

B1-60-27dd
Nov., 4, 1947 890,44 Dec. 6, 1948 21,14 June 17, 1949 20.54
Dec. 3 19.17 || Jan. 14, 1949 20,93 Oct, 17 21,69
Jan. 8, 1948 19,08 || Feb, 7 20,85 || Dec, 12 20.99
Feb, 3 19,98 || Mar. 15 20,87 Feb, 3, 1950 20,83
Mar, 3 19.92 || Apr. 14 20,79 || Apr. 10 20,83
Apr, 13 19,79 May 4 hgg,50 Dec, 14 21,94
Nov., 4 21,56

See footnotes at end of table,
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Water-level measurements in wells in the lower.South Platte River valley, Colorado and

Nebraska~— Continued
Water Water Water
Date level Date level Date level
MORGAN COUNTY, COLO.—Continued

B1-60-34cc
Oct, 8, 1947 27.03 Oct, 4, 1948 217,78 Oct, 17, 1949 28,79
Nov., 4 26,06 Nov. 4 26,52 Dec., 12 27.98
Nov, 28 25.98 Dec, 6 26,40 Feb, 3, 1950 27.67
Dec, 3 25,83 Jan, 14, 1949 26,52 || Apr. 10 27.46
Jan. 8, 1948 25,63 Feb, 7 26.71 May 22 29,10
Feb. 3 25.69 || Mar, 15 26,83 || Aug. 2 33.79
Mar, 3 25.66 || Apr, 14 26.89 I Oct, 17 30,51
Apr, 13 25.80 || May 4 27.00 || Dec. 14 28,99
June 4 29,60 || June 17 26,63
June 30 28,06 || Juy 11 29,58

B2~-55-30bc1l
Oct. 24, 1944 22,57 Mar, 8, 1948 21.85 || Mar, 8, 1949 24.42
May 1, 1945 21.13 Apr, 14 21,58 Apr, 11 22,69
Nov. 1 21,18 {| May 14 23,90 [| May 3 23,565
Apr, 25, 1946 20,40 June 2 25,04 May 30 130,10
Oct. 29 2144 || July 5 2532 || Aug. 4 25.87
May 1, 19417 20,52 Aug. 2 26,80 Oct, 11 24.30
Aug. 6 25,00 || Sept. 1 27,72 || Dec. 5 23.39
Oct, 2 23,37 || Oct. 7 26,09 || Feb, 6, 1950 22.91
Nov, 3 22,84 || Nov, 2 25,05 || Apr. 6 22,61
Dec, 9 21,99 || Dec. 8 24,55 || May 31 24,06
Dec, 31 21,82 Jan, 19, 1949 24,14 Oct, 16 25.95
Feb, 2, 1948 22.00 Feb, 7 23.99 Dec, 4 25,17

B2~56-~1dd3
Sept. 10, 1936 16.9 Oct, 24, 1944 15,63 July 7, 1948 15,29
Nov. 12 16,2 May 1, 1945 14,65 Aug, 2 15.29
Apr, 29, 1937 15,08 Nov. 1 14.75 Sept, 1 15,49
Oct. 29 16,57 Apr, 25, 1946 14,41 Oct, 7 16,51
May 3, 1938 15,45 {| Oct, 29 14,62 || Nov, 2 15.68
Dec. 9 14,93 May 1, 1947 14,35 Dec, 8 15,07
Apr, 26, 1939 14,19 Aug, 6 15,04 || Mar, 8, 1949 14,28
Oct, 26 15,81 || Oct. 2 15,44 || Apr. 11 14,08
Apr. 24, 1940 14.80 Nov. 3 15,15 May 3 13.87
Nov., 27 15,03 || Dec. 9 15,07 | May 30 13,78
May 6, 1941 14.51 || Dec. 31 14,63 [| July 4 15.36
Nov, 5 15,21 Feb, 2, 1948 14,62 Aug, 4 14,53
Apr, 17, 1942 13.84 Mar. 8 14,53 Oct. 11 16,32
Nov. 20 14,91 || Apr. 14 14,60 || Dec. 5 14,83
May 2, 1943 14,60 May 14 16,20 Feb. 6, 1950 14,48
Nov., 19 15,28 June 2 14,54 || Apr. 6 di4,25
May 4, 1944 14,56

B2~56-12dal
July 18, 1947 14.25 || Sept. 17, 1947 15.38 ]| Nov. 12, 1947 14,23
July 31 14.45 || Sept. 24 15.13 f| Nov. 19 1417
Aug. 6 14.41 Oct, 1 14,91 Nov. 26 14,01
Aug. 13 14.84 Oct, 8 14,88 Dec. 3 13.97
Aug. 20 15,75 Oct, 15 14,79 Dec, 10 13.87
Aug., 27 16,04 Oct. 22 14,70 Dec. 17 13.77
Sept. 3 15.91 Oct, 29 14,54 Dec. 24 13.73
Sept, 10 15.63 Nov, ) 14,36 Dec, 31 13.65

See footnotes at end of table,
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska— Continued

Water Water Water
Date level Date level Date level
MORGAN COUNTY, COLO, —Continued
B2-56-12dal—Continued

Jan, 7, 1948 13.63 Jan. 12, 1949 14,61 Jan. 16, 1950 14,53
Jan. 14 13,57 Jan. 19 14,47 Jan. 23 14.42
Jan, 21 13,50 || Jan. 24 14,44 || Jan. 30 14,39
Jan, 28 13.42 Jan. 31 '14.30 Feb, 6 14,22
Feb. 4 13.42 Feb, 7 14,12 Feb, 13 14,22
Feb. 11 13.41 Feb, 14 14,08 Feb, 20 14,07
Feb. 18 13.33 || Feb, 21 13.99 || Feb, 27 13,98
Feb. 25 13.37 || Feb, 28 13,88 (| Mar. 6 13,91
Mar. 3 13.33 || Mar, 7 13,79 || Mar, 13 13,96
Mar, 10 13.27 Mar, 14 13.79 Mar. 20 13.95
Mar, 17 13.17 Mar, 21 13.82 Mar, 27 14,00
Mar, 24 13.17 Mar, 28 13,72 Apr. 3 13.80
Mar, 31 13.18 || Apr, 4 13,66 || Apr. 10 13,92
Apr. 1 13.21 || Apr, 11 13.45 || Apr. 17 13.83
Apr. 14 13.11 Apr, 18 13.48 Apr, 24 14,08
Apr, 21 13.28 || Apr. 25 13.40 May 1 14,12
Apr, 28 14,03 || May 2 14,24 || May 8 14,95
May 5 15,30 || May 9 14,41 || May 15 14,79
May 12 15,23 || May 16 13,77 || May 22 15.69
May 21 15.68 || May 23 13.65 || May 29 15,82
May 26 16,11 || May 30 13,90 || June 5 16,84
June 2 15.79 || June 6 15,01 || June 12 17,04
Jume 9 15.52 || Jume 13 14,40 || Jume 19 17.22
Jue 16 1577 || me 20 14,06 || Jme 25 17,72
June 23 16.56 || June 27 14,35 || July 3 18,00
June 30 16,09 || July 4 14,97 || July 10 18,15
Juy 7 15.62 || Juiy 11 15,87 || Juy 17 18.33
Juy 14 16,62 || July 18 16.47 || July 24 18,17
July 21 16,76 || July 25 17,01 | July 31 18,43
July 28 16,61 || Aug. 1 16,86 )| Aug. 7 18,60
Aug, 4 16,24 Aug, 8 117.55 Aug, 14 18.68
Aug. 11 16.72 || Aug. 15 17.47 || Aug. 21 19,03
Aug, 18 16,96 || Aug. 22 17.90 Aug, 28 19.39
Aug, 25 16.67 Aug, 29 18,00 Sept, 4 19.48
Sept, 1 16.88 Sept, 5 17,40 Sept, 11 19.52
Sept. 8 16.68 || Sept. 12 17,26 Sept, 19 18,71
Sept, 15 16.77 Sept, 19 17.29 Sept, 25 18.02
Sept, 22 17,42 Sept, 26 17.54 Oct, 2 17.60
Sept., 29 17,01 Oct, 3 17.01 Oct, 9 17.38
Oct, 6 16,90 || Oct, 10 16,92 Oct, 17 17.17
Oct, 13 16,58 Oct, 17 16,71 Oct, 23 17.35
Oct, 20 16,29 || Oct, 24 16,64 | Oct. 30 17,47
Oct, 27 16,21 Oct, 31 16.24 Nov, 6 17,84
Nov, 3 16,07 Nov, 7 16,06 Nov., 13 17,08
Nov. 10 15,98 || Nov. 14 15,84 || Nov. 20 16,69
Nov., 17 15,93 Nov, 21 15,65 Nov. 27 16,43
Nov, 24 15.80 || Nov, 28 15.45 Dec, 4 16,19
Dec, 1 15,60 Dec, 5 15,29 Dec, 11 16.03
Dec, 8 15.39 Dec, 12 15,17 Dec. 18 15,88
Dec. 15 15.23 || Dec., 19 15,00 Dec, 25 15,64
Dec., 22 15,07 Dec, 26 14,87 Jan. 1, 1951 15.50
Dec, 29 14,98 Jan, 2, 1950 14,74

Jan, 5, 1949 14,74 || Jan. 14,60

B2-56-13aal

Sept, 23, 1928 7.92 || May 19, 1930 3,99 || May 26, 1933 4,05
Apr. 29, 1929 4,28 July 31 6,08 Oct, 11 5.32
Aug, 6 7.50 Oct, 24 4,88 Apr, 24, 1934 4,47
Oct, 16 6.37 H{ Nov, 15, 1932 4.55 i Oct, 1 5,48
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska—— Continued

Wat Water Water
Date leieelr Date level Date level
MORGAN COUNTY, COLO, —Continued
B2-56-13aal—Continued
Mar. 28, 1935 4,40 Apr., 17, 1942 3.42 Dec, 31, 1947 5.76
Oct, 15 3.85 Nov., 20 5,00 Feb, 3, 1948 5.49
Apr. 22, 1936 3.83 || Apr. 2, 1943 432 || Mar. 8 5.15
Sept, 10 6,70 || Nov, 19 6,09 {| Apr. 14 6,00
Nov. 22 5.51 || May 4, 1944 459 || May 14 J9.20
Apr. 29, 1937 4.55 || Oct, 24 6.90 || June 2 J11.16
Oct, 29 5.92 || May 1, 1945 499 | Juy 5 7.88
May 3, 1938 4,85 || Nov. 1 518 || Aug. 2 8.95
Dec. 9 3.95 Apr, 25, 1946 4.84 Sept. 1 9.02
Apr, 26, 1939 3.18 Oct, 29 5,80 Oct, 7 9,06
Oct, 26 6,52 May 1, 1947 4,55 Dec. 8 7.67
Apr. 24, 1940 4,86 || Juy 23 4,10 || Feb. 7, 1949 6,58
Nov. 27 5.80 Cct, 2 7.07 Apr, 11 3.45
May 6, 1941 4.67 [ Nov. 3 6.50 | May 30 6.05
Nov. 5 6,05 || Dec, 9 5.90 || juy 4 k3,91
B2-56-13aa2
Aug. 4, 1949 112,05 Feb. 6, 1950 8.89 Aug, 7, 1950 14,55
Oct. 11 13.46 || Apr. 6 9.54 || Oct. 16 13.23
Dec., 5 10.85 May 31 11.04 || Dec. 4 12,14
B2-56-24ca2
Mar, 29, 1948 18,20 Nov, 2, 1948 20,45 Oct, 11, 1949 m26,56
May 14 19.65 Dec, 8 20,27 Dec, 5 20.90
June 2 mg5.20 || Feb, 7, 1949 19.74 || Feb, 6, 1950 19,98
July 7 20,21 || Mar, 8 19,77 || Apr. 6 20,37
Aug, 2 m25.86 | May 3 19,41
B2-56-24dd2
Apr, 29, 1929 13,77 Apr, 26, 1939 11,50 May 14, 1948 16,80
Aug. 6 15.98 || Oct, 26 1575 || jume 2 n33,89
Oct. 16 15.81 || Apr, 24, 1940 1438 f[ Jwy 5 19.44
May 19, 1930 12,79 (| Jjuy 14 16,35 f| Aug. 2 20,19
July 31 14.83 || Nov. 217 1548 || Nov. 2 19,91
Oct, 24 13,59 May 6, 1941 14.49 Dec, 8 19,65
Nov. 15, 1932 13.48 Nov, 5 15.65 Jan, 19, 1949 19.32
May 26, 1933 12.78 || Apr. 7, 1942 12.12 || Feb, 7 19,91
Oct, 11 14.33 Nov. 20 14,57 Mar, 8 18,93
Apr, 24, 1934 13,58 Apr, 2, 1943 13.87 Apr. 11 18,68
Oct. 1 14,33 || Nov. 19 1618 || juy 4 18,89
Apr. 28, 1935 13,56 Muy 4, 1944 15,05 Oct, 11 21.25
Oct. 15 11,86 Oct, 24 17.29 Dec. 5 20.39
Apr. 22, 1936 11,75 May 1, 1945 15,92 Feb, 6, 1950 19.87
Sept. 10 14,94 || Nov, 1 15.66 || Apr. [ 19,46
Nov. 12 14,45 Apr, 25, 1946 14,96 May 31 20,54
Oct, 29, 1937 15,30 Oct, 29 16,05 )| Aug. 7 22,05
May 3, 1938 14,32 July 25, 19417 16,50 Oct, 16 22,39
Dec. 9 12,70 Mar, 30, 1948 16,00 Dec, 4 21,69
B2-57-6dc
June 9, 1947 21,71 Jan. 5, 1948 21,68 May 17, 1948 22.25
Oct, 1 23.06 Feb, 5 21.60 June 1 21.90
Nov, 3 22,17 Mar, 3 21,53 Aug, 9 145,90
Dec, 2 21.85 Apr. 13 20.40 Sept. 10 24.02

See footnotes at end of table.
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Vebraska— Continued

Water Water Water
Date level Date level Date level
MORGAN COUNTY, COLO.-—Continued
B2-57-6dc—Continued

Oct, 1, 1948 24,25 Jue 17, 1949 22,41 || Feb. 2, 1950 22,18
Nov, 4 23.10 )| July 12 23,50 || Apr, 7 21.99
Dec. 2 22,71} Aug. 3 26,19 || May 25 22,99
Mar, 15, 1949 22,17} Oet, 17 23.69 | Dec, 14 24,60
Apr. 13 21.94}] Dec., 12 22.45

B2-57-29ad
July 14, 1947 46,21 || June 1, 1948 45,82 | July 12, 1949 49,06
Aug, 18 47.184 July 2 46,65 || Aug. 3 49,98
Oct, 1 48,00 )| Aug. 9 4881 | Oct, 17 48.69
Nov, 3 45,87 Sept. 9 47,75 || Dec., 12 47.75
Dec, 2 45,28 | Oct, 1 47.57 || Feb, 2, 1950 47,04
Jan, 5, 1948 45,04 )| Nov, 4 46.78 || Apr. 7 46,59
Feb, 5 44,99 | Dec, 2 46,44 | May 25 48,48
Mar, 3 44,751 Mar, 15, 1949 45,66 || Aug. 1 51,19
Apr, 13 44,54 May 3 45,97 || Oct, 16 50,60
May 17 44,751 June 17 45,95 )| Dec, 14 49.95

B2-57-30da
May 26, 1947 49,30 [| July 2, 1948 49,94 | June 17, 1949 50.57
July 14 49,10 || Aug. 9 50,11 4 July 12 50,68
Aug, 18 49,36 || Sept, 10 50.34 || Aug. 3 50,95
Oct, 1 49,77 Oct. 1 50,52 | Oct, 17 51,70
Nov, 3 49.90 || Nov, 4 50,73 {| Dec, 12 51,90
Dec, 2 49,94 || Dec. 2 50,79 §| Feb, 2, 1950 51.88
Jan, 5, 1948 49,91 || Jan, 13, 1949 50,73 {| Apr. 7 50,83
Feb, 5 49,84 | Mar, 15 50,70 | May 25 51,78
Apr, 13 49,751 Apr, 13 50,19 || Aug. 1 52.40
June 1 49,71 || May 3 50,30 ]| Dec. 14 54,14

B2-57-32da
June 5, 1947 42,98 || June 1, 1948 43,58 | June 17, 1949 44,76
July 14 47,10 || July 2 44,02 [ July 12 45,09
Aug. 18 41,70 || Aug. 9 46,50 || Aug. 3 47.45
Oct, 1 43,65 || Sept, 9 45,23 || Oct, 17 45,82
Nov, 3 45,59 || Oct, 1 45,30 | Dec, 12 45,15
Dec. 2 44,50 || Nov, 4 45,63 || Feb. 2, 1950 45,35
Jan, 5, 1948 43,68 Feb, 11, 1949 45,25 || Apr. 7 46,19
Feb, 5 43,67 || Mar, 15 44,43 || May 25 45,58
Mar, 3 43,56 || Apr. 13 44,89 | Aug, 1 47,00
Apr, 13 44,55 || May 3 44,52 || Oct, 16 54,25
May 17 45,10

B2-60-4dd
May 1, 1944 53,28 || Dec, 4, 1947 55,59 || Oct. 4, 1948 58.37
Oct, 26 54,32 || Jan. 9, 1948 55,42 || Nov, 4 57.09
Apr. 30, 1945 53,74 || Feb. 3 55,22 || Dec, 6 56,65
Oct, 31 54,39 || Mar, 10 55,25 || Jan. 14, 1949 56,30
Oct, 28, 1946 54,94 || Apr. 13 55,20 {| Feb, 14 56,38
Apr. 30, 1947 54,59 || June 3 56,29 || Mar, 15 55,78
Aug, 26 58,47 || July 2 56,44 || Apr. 14 55,87
Nov. 4 56,09 || Sept, 15 59,25 || May 4 59.61
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska—— Continued

Water Water Water
Date level Date level Date level
MORGAN COUNTY, COLO, —Continued
B2-60-4dd—~Continued

June 6, 1949 56,25 || Dec, 9, 1949 57.07 || May 22, 1950 55,60
July 11 60,10 || Feb. 1, 1950 56,79 || Oct. 14 59,26
Oct, 12 58,45 Apr, 10 56,70 Dec. 9 58,25

B2-60~10ccl
Aug. 26, 1947 57.68 || June 3, 1948 56,15 || Mar, 15, 1949 56,28
Sept, 19 57,16 || July 2 57.31 Apr, 14 56,37
Oct, 3 58,07 Aug, 13 062.45 May 4 55,62
Nov, 4 55,47 || Sept, 1 ©63.59 || June 6 56,10
Dec, 4 56,32 || Oct, 4 57.86 || Aug, 2 66,00
Jan, 9, 1948 55,63 Nov, 4 57,14 Oct, 12 58,23
Feb. 3 55,35 Dec. 6 56,74 || Dec. 9 57,37
Mar, 10 55.25 || Jan, 14, 1949 56,35 Feb, 1, 1950 P57,05
Apr, 13 55,20 Feb, 14 56,90

B2-60-13dd
Apr. 25, 1940 44,47 Oct, 2, 1947 50.55 Feb, 14, 1949 49,95
Nov., 29 45,45 Nov, 4 490,48 Mar, 14 49,88
May 27, 1941 44,80 Dec, 4 48,91 Apr, 14 50.69
Nov, 4 46,57 || Jan. 8, 1948 49,46 || May 2 49,69
Apr, 18, 1942 45,30 Feb, 3 48,35 || June 6 49,88
Nov, 19 46,25 || Mar, 3 48,17 || July 11 51,28
Apr, 1, 1943 45,30 || Apr, 13 48,02 [| Aug. 2 53,02
Nov, 18 46,84 || June 4 49,35 Oct, 10 52,97
May 1, 1944 45.68 || Juy 2 50.36 || Dec, 12 51,10
Oct, 26 47.87 Aug., 13 52,39 Feb. 1, 1950 50,54
May 3, 1945 45,96 Sept., 15 53.73 Apr, 10 50,17
Oct, 31 46,78 Oct, 4 52,14 || May 22 50,92
Apr. 24, 1946 46.32 || Nov, 4 51,23 || Oct, 17 54,84
Oct, 30 47,92 || Dec. 6 50,75 || Dec, 14 53.08
Apr. 4, 1947 46,83 || Jan. 14, 1949 49,18

B2-60-21ad
Mar, 18, 1948 62,48 || Jan., 14, 1949 62,84 || Oct, 12, 1949 63,17
June 3 62,69 || Feb, 14 62,98 || Dec, 9 63,14
July 2 62,79 Mar, 15 63,06 Feb, 1, 1950 63,32
Aug, 13 62.85 || Apr. 14 63.22 || Apr. 10 63.50
Sept, 1 61.50 May 4 63.05 || May 22 63.35
Oct, 4 62,83 || June 6 63.09 || Aug, 2 63.49
Nov, 4 62.89 July 11 63.80 Oct, 17 63.58
Dec, 6 62.97 Aug, 2 63.24 || Dec, 14 63,58

B2-60-25da
July 17, 1947 44,99 || Apr. 13, 1948 46,00 || Feb, 14, 1949 48,44
Aug. 21 4570 [| jme 4 46.18 || Mar, 15 48.34
Oct, 3 44,60 || July 2 46,88 || Apr. 14 48,08
Nov, 4 46,48 Aug, 13 48.25 May 2 48,23
Dec. 4 46,40 || Sept, 1 48,75 || June 6 47.94
Jan, 8, 1948 46.30 Oct, 4 49,01 July 11 48.69
Feb. 3 46,15 | Dec, 6 ’ 48,91 Aug, 3 49,76
Mar, 3 46,00 Jan, 14, 1949 48,80 Oct, 10 51,27

See footnotes at end of table,
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Water-level measurements inwells in. the lower South Platte River valley, Colorado and
Nebraska— Continued

Water Water Water
Date level Date level Date level
MORGAN COUNTY,- COLO, —Continued
B2~60-25da—Continued

Dec, 12, 1949 50,40 || May 22, 1950 49,05 || Oct. 17, 1950 54,52
Feb, 1, 1950 49,87 Aug, 2 52,79 Dec, 14 53.77
Apr. 10 49,40

B2-60-26dd
Apr, 25, 1940 50.35 Oct, 30, 1946 57.8 Feb. 14, 1949 61,90
Nov, 29 51,46 || Apr. 30, 1947 54,88 || Mar, 15 60.30
May 7, 1941 50,32 Oct, 3 66,68 Apr. 14 60,43
Nov, 4 52,80 [] Nov, 4 60,99 || May 2 60,07
Apr. 18, 1942 51,00 || Dec. 4 59,29 || june 6 60.28
Nov, 19 52.69 || Jan, 8, 1948 58,83 | July 11 61.43
Apr, 1, 1943 51,33 Feb, 3 58,22 Oct, 10 66,80
Nov, 18 54.47 Mar, 3 57.96 Dec, 12 63.83
May 1, 1944 52,12 Apr, 13 57.35 Feb, 1, 1950 62.69
Oct, 26 55,90 June 4 58.96 Apr, 10 62,73
May 3, 1945 52,98 [[July 2 60,22 || May 22 61.53
Oct, 31 55,10 Nov, 4 64,49 Oct, 17 68,68
Apr, 24, 1946 53,49 || Dec, 6 63,10 || Dec, 14 67.22

B3-56~7cb
Nov. 26, 1940 31.46 Oct, 2, 1947 24,25 Feb, 11, 1949 27.47
May T, 1941 32.35 Nov, 7 23.90 Mar, 8 27,97
Nov, ) 28,93 Dec. 15 24,56 Apr, 12 29,79
Apr, 7, 1942 30,90 | Jan, 6, 1948 25.09 || May 6 29.60
Nov, 20 27.62 Feb, 3 24.33 May 30 28,98
Apr, 2, 1943 28,72 || Mar, 10 26,10 |[ July 11 28.44
Nov, 19 24,73 | Apr, 15 26,75 || Aug. 2 27.60
May 4, 1944 27,27 § May 17 27,00 [l Oct, 14 24,92
Oct, 24 25,75 | June 2 26,66 || Dec, 12 25,00
May 1, 1945 28,07 {Juy 2 26,64 || Feb, 1, 1950 25,92
Nov. 1 25,53 Aug, 9 27.79 Apr, 18 27.23
Apr, 25, 1946 27.96 Sept, 2 26,44 || June 6 27.75
Oct, 29 27,73 Oct, 7 26,06 Oct, 16 27,76
May 1, 1947 29.52 |l Nov, 3 26,05 || Dec, 9 27.64
Juy 15 29.40 || Dec, 9 26.49

B3-56-15dd
Mar, 30, 1948 12,02 |[f Jan, 19, 1949 12,56 Oct, 11, 1949 12.01
May 14 11,70 Feb, 7 12.84 Dec, 5 11,74
June 2 12.42 Mar, 8 12.45 Feb, 6, 1950 12.10
Juy 2 12,36 || Apr. 11 1172 || Apr. 8 12,07
Aug. 2 12.98 [|May 3 11.46 || May 31 11.35
Sept. 1 14.34 ||May 30 11,05 || Aug. 7 13.64
Oct, 7 13.19 | July 4 10,63 || Oct. 16 12.74
Nov, 2 12.46 || Aug. 4 11.87 || Dec. 4 12.35
Dec, 8 12.67

B3-56-24bb
Sept, 28, 1928 7.6 May 18, 1930 6.3 Apr, 26, 1933 5.8
Apr, 29, 1929 5.6 July 31 T.7 Oct, 11 7.10
Aug, 6 1.5 Oct, 24 6,7 Apr. 24, 1934 6,417
Oct, 16 7.0 Nov, 15, 1932 6.7 Oct, 1 7,10

421283 0 -57 -9
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
N ebraska— Continued

Water Water Water
Date level Date level Date level

MORGAN COUNTY, COLO, --Continued
B3~-56-24bb—Continued

Mar., 28, 1935 6,63 || Oct, 24, 1944 7.11 || Oct, 7, 1948 7.56
Oct, 25 7.08 || May 1, 1945 6.29 || Nov. 3 6,17
Apr. 22, 1936 6.36 || Nov, 1 5,40 || Dec, 8 5.82
Nov, 12 7.35 || Apr. 25, 1946 5,32 || Jan. 19, 1949 5,83
Apr. 29, 1937 7.10 Oct, 29 5,72 || Feb, 7 5,91
Oct, 29 6.38 || May 1, 1947 4,72 || Mar, 8 5,05
May 3, 1938 6,20 || July 18 7,00 || Apr, 11 4,90
Dec, 9 6,60 Oct, 2 6,05 {| May 3 5,10
Apr, 26, 1939 6,40 || Nov, 3 5.65 || May 30 5,00
Oct, 26 7.48 || Dec. 9 5,40 || July 4 4,60
Apr, 24, 1940 6,98 || Dec, 31 5.40 || Aug. 4 5,80
Nov, 28 6,68 || Feb, 3, 1948 5,30 || Oct, 11 5,40
May 6, 1941 6.30 Mar, 8 5,08 || Dec, 5 4,50
Nov, 5 6,34 || Apr. 14 5,40 || Feb, 6, 1950 4.60
Apr. 17, 1942 6,09 May 14 5.40 || Apr. 6 4,70
Nov. 20 6,22 || June 2 5.90 || May 31 4,90
May 2, 1943 6,43 | July 7 5.77 || Aug. 7 7.86
Nov, 19 6.62 || Aug. 2 6,82 || Oct, 16 7.00
May 4, 1944 5.6 Sept, 1 7.40 || Dec, 4 6.05

B3-57-6dc

[Weekly data based on daily record of automatic recorder published in Geological Survey Water-
Supply Papers 1027 and 1075 and subsequent Colorado water-level repaorts]

Nov. 17, 1940 47,71 || June 26, 1941 47.00 || Feb, 12, 1942 45.65
Nov, 14 47,55 July 3 46,94 Feb, 19 45,71
Nov, 21 417,40 July 10 46,87 Feb. 26 45,79
Nov, 28 47,28 || juy 17 46,81 || Mar, 5 45,83
Dec. 6 47,12 July 24 46,78 Mar, 12 45,91
Dec., 13 47,07 July 31 46,71 Mar, 19 45,97
Dec, 20 47,03 || Aug. 7, 46,80 || Mar, 26 46.03
Dec. 27 47,00 Aug, 14 46,95 Apr, 3 46,08
Jan, 3, 1941 417,00 Aug, 21 47,03 Apr. 10 46,16
Jan, 10 47,00 || Aug, 28 46,97 || Apr. 17 46,25
Jan. 17 46,98 || Sept. 4 46.94 || Apr. 24 46,33
Jan, 24 47,00 Sept, 11 46.84 May 1 46,40
Jan. 31 47,04 || Sept, 18 46,81 || May 8 46,43
Feb, 1 47,10 Sept, 25 46,75 May 15 46,49
Feb, 14 47,16 Oct, 2 46,65 May 22 46,56
Feb. 21 47,23 Oct, 9 46,55 May 29 46,63
Feb, 28 47,29 Oct, 16 46,49 || June 5 46,45
Mar, 7 47,35 Oct, 23 46,41 June 12 46,25
Mar, 14 47,41 Oct, 30 46,25 June 19 46.15
Mar, 21 47,50 Nov, 6 - 46,07 June 26 46,03
Mar, 28 47,55 Nov, 13 45,88 July 3 45,98
Apr. 4 47,62 || Nov. 20 4574 || July 10 45,94
Apr, 11 47,70 |[ Nov. 27 45,62 || July 17 45,82
Apr. 18 47.70 || Dec. 4 45,52 || Juy 24 45.65
Apr. 25 47.63 || Dec, 11 45.46 || July 31 45,46
May 2 47.54 || Dec, 18 4543 || Aug. 7 45,31
May 9 47,46 || Dec, 25 45,39 || Aug, 14 45,14
May 16 47,38 Jan, 1, 1942 45,36 Aug, 21 44,82
May 23 47.26 || Jan. 8 45.41 | Aug. 28 44,62
May 30 47.20 || Jan. 15 45.43 || Sept. 4 44,41
Jue. 5 47,14 f| Jan. 22 4549 || Sept. 11 44,17
June 12 47,00 || Jan. 29 45,52 || Sept, 18 44,05
June 19 46.96 Il Feb, 5 4559 | Sept. 25 43.92
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska— Continued

Water Water Water
Date level Date level Date level
MORGAN COUNTY, COLO, —Continued
B3-57-6dc—Continued

Oct. 2, 1942 43.78 | Dec. 1, 1943 41,79 | May 26, 1945 44,40
Oct. 9 43,70 || Dec. 8 41,76 || June 2 44,26
Oct. 16 43,57 || Dec, 15 41,73 || June 9 44,18
Oct. 23 43,34 || Dec. 22 41,71 |{ June 16 44,08
Oct. 30 43,12 || Dec. 29 41,72 || June 23 44,12
Nov, 6 42,92 §| Jan. 5, 1944 41,81 || June 30 44,12
Nov. 13 42,76 || Jan. 12 41,93 || July 7 44,22
Nov., 20 42,62 || Jan. 19 42,00 |[ Juy 14 44,30
Nov, 27 42,52 It Jan, 26 42,10 || July 21 44,39
Dec. 4 42,47 || Feb, 2 42,22 || July 28 44,39
Dec. 11 42,42 || Feb, 9 42,31 || Aug. 4 44,34
Dec. 18 42,42 [t Feb, 16 42,45 || Aug, 11 44,10
Dec. 25 42,38 || Feb, 23 42,55 || Aug., 18 44,09
Jan, 1, 1943 42,39 || Mar, 1 42,69 || Aug. 25 43,98
Jan, 8 42,45 || Mar, 8 42,80 )| Sept, 1 43,90
Jan. 15 42,44 (| Mar, 15 42,92 || Sept, 8 43,84
Jan, 22 42,60 || Mar, 22 43,04 || Sept, 15 43,70
Jan, 29 42,67 || Mar, 29 43,14 || Sept. 22 43.54
Feb, 5 42,72 || Apr, 5 43.24 || Sept, 29 43,39
Feb, 12 42,84 || Apr. 12 43,39 || Oct. 6 43.17
Feb., 19 42,92 || Apr. 29 43,65 f| Oct, 13 43,07
Feb. 26 43,03 || May 6 43,75 || Oct. 20 42,93
Mar, 5 43,12 || May 13 43,91 | Oct. 26 42,82
Mar, 12 43,22 || May 20 44,10 || Nov, 2 42,68
Mar, 19 43.33 || May 27 44,16 [f Nov, 9 42,57
Mar, 26 43,42 || June 3 44,01 | Nov. 16 42,47
Apr. 2 43,56 || June 10 43,91 || Nov. 22 42,41
Apr, 9 43,68 {| June 17 43,89 || Nov. 29 42,34
Apr, 16 43,77 || June 24 43,88 || Dec. 5 42.30
Apr, 23 43,94 || July 1 43,81 {| Dec, 11 42,31
Apr, 30 44,10 || July 8 43,71 )| Apr. 25, 1946 44,03
May T 44,20 || Juy 17 43,59 | May 14 4.4

May 14 44,12 || July 24 43,44 || May 21 44,4

May 21 44,02 || Aug, 1 43.31 || May 28 44,4

May 28 44,02 || Aug, 16 43,40 || June 4 44,3

June 4 44,02 || Aug. 23 43,50 || June 11 44,4

June 11 44,02 || Aug. 30 43,57 {| June 18 44,5

June 18 43,91 || Sept. 6 43,70 {| June 25 44,6

June 25 43,94 || Sept, 13 43,79 || July 2 44,7

July 2 43,86 || Sept, 20 43,86 || July 9 44,8

July 9 43,65 || Sept. 27 43,93 || July 16 44,7

Juy 16 43,45 || Oct, 4 43,74 || July 23 45,0

July 23 43.34 || Oct, 11 43,63 || July 30 45,1

July 30 43,18 || Oct, 18 43.48 || Aug. 6 45,40
Aug, 6 43,06 [| Oct, 25 43.34 || Aug., 13 45,63
Aug. 13 43,05 || Nov, 1 43.21 || Aug. 20 45,69
Aug, 20 43,03 || Nov, 8 43,06 || Aug. 27 45,82
Aug., 27 43,09 || Nov, 15 42,90 j| Sept, 3 45,75
Sept, 3 43,17 || Nov, 22 42,72 || Sept, 10 45,65
Sept, 10 43,22 || Deec. 7 42,47 || Sept, 17 45455
Sept, 17 43,25 || Deec, 14 42,43 || Sept, 24 45,47
Sept, 24 43.25 || Jan. 6, 1945 42,45 || Oct, 1 45.42
Oct, 1 43,28 || Jan, 13 42,52 || Oct, 8 45.34
Oct, 8 43,20 || Apr. 7 43,71 || Oct, 15 45,21
Oct, 20 42,92 || Apr. 14 43,85 || Oct., 22 45,10
Oct. 27 42,72 || Apr. 21 43,97 || Oct. 29 45,00
Nov, 3 42,48 || Apr, 28 44,06 || Nov, 5 44,90
Nov. 10 42,27 || May 5 44,19 || Nov, 12 44,85
Nov, 17 42,07 || May 12 44,30 || Nov, 19 44,82
Nov, 24 41,90 {| May 19 44,39 || Nov, 26 44,81

See footnotes at end of table,
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Water-level measurements in wells in the lower South Platte River valley, Colorado and
Nebraska— Continued

Water Water Water
Date level Date level Date level
MORGAN COUNTY, COLO, —Continued
B3-57-6dc—Continued
Dec. 3, 1946 44,80 Mar, 15, 1948 44,18 || July 15, 1949 45,78
Dec, 10 44,80 Mar, 22 44,24 July 22 45,75
Dec, 17 44,82 (| Mar. 29 44,33 || July 29 45,76
Dec, 24 4482 (| Apr. 5 44,44 || Aug. 5 45,65
Dec, 31 44,86 (| Apr.. 12 44,59 || Aug. 12 45,71
Jan, 13, 1947 4485 || Apr. 21 44.80 || Aug. 19 45,80
Jan. 20 44,90 {| Apr, 28 44,90 || Aug, 26 45,80
Jan, 27 44,90 May 5 44,99 Sept, 1 45,65
Feb, 3 44,96 June 10 45,12 Sept, 8 45,41
Feb. 10 45,00 June 17 45,20 Sept, 15 45,23
Feb, 17 45,06 June 24 45,00 Sept, 22 45,19
Feb, 24 45,12 || July 1 44,92 || Sept. 29 45,08
Mar, 3 45,18 July 8 45,06 Oct, 6 44,88
Mar, 10 45,26 July 15 45,24 QOct, 13 44,69
Mar, 17 4532 || Juy =22 4525 || Oct. 20 44,51
Mar, 25 4543 || July 29 45.34 || Oct, 27 . 44,31
Apr. 1 45,53 {| Aug, 5 45,44 || Nov, 3 44,13
Apr. 8 45.63 | Aug, 12 45,40 || Nov. 10 43,98
Apr. 15 4512 || Aug. 19 45,55 || Nov. 17 43.82
Apr, 22 45,83 (| Aug.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>