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PREFACE

The channels of the Platte River and its major tributaries, the South Platte
and North Platte Rivers in Colorado, Wyoming, and Nebraska, have undergone
major changes in hydrologic regime and morphology since about 1860, when the
water resources of the basin began to be developed for agricultural, municipal,
and industrial uses. These water uses have continued to increase with growth in
population and land development. Diversion of flow from channels, storage of
water in reservoirs, and increased use of ground water have affected the distri-
bution and timing of streamflows and the transport of fluvial sediments. All
these factors have contributed to changes in channel geometry and the riverine
environment.

In 1979, the U.S. Geological Survey began investigations in the Platte River
basin to determine the effects of water use on the hydrology and morphology of
the Platte River and its major tributaries. These investigations also considered
the relationship of hydrologic regime to factors that control or affect the habitat
of migratory waterfowl in the Platte River valley.

This volume brings together the results of several research studies on his-
torical changes in channel morphology, surface-water hydrology, hydraulic
geometry, sediment-transport and bedform processes, ground-water and
surface-water relations, stochastic models of streamflow and precipitation, and
methods for estimating discharge required to maintain channel width. In each of
the studies, data on some segment of the Platte River hydrologic system were
collected and interpreted. All the studies are interrelated; together they provide
some degree of understanding of regime changes that are occurring. The hydro-
logic research described in the following chapters will be useful in decision-
making pertaining to the management of water resources and migratory water-
fowl habitats.
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HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

HYDROLOGIC AND MORPHOLOGIC CHANGES IN CHANNELS OF THE
PLATTE RIVER BASIN IN COLORADO, WYOMING, AND NEBRASKA:
A HISTORICAL PERSPECTIVE

By THOMAS R. ESCHNER, RICHARD F. HADLEY, and KEVIN D. CROWLEY

ABSTRACT

The channels of the Platte River and its major tributaries, the
South Platte and North Platte Rivers in Colorado, Wyoming, and
Nebraska, have undergone major changes in hydrologic regime and
morphology since 1860. These changes are attributed here to
agricultural, municipal, and industrial water use.

Although water-resource development varied temporally
throughout the basin, the history of development along the Platte
River and tributaries followed four stages: (1) Construction of small,
crude ditches to irrigate flood plains; (2) constuction of larger canals
to irrigate bench lands; (3) construction of reservoirs to store
snowmelt runoff; and (4) accelerated development of ground-water
resources. Despite differences in rates of development, diversion and
storage of water for irrigation, municipal, and industrial use have
changed streamflow patterns throughout the basin. At some sta-
tions, significant changes in flood peaks, annual mean discharges, and
shapes of flow-duration curves have been recorded.

Changes in streamflow patterns are manifested by changes in ap-
pearance of channels of the Platte River. Prior to water development
in the 19th century, the Platte was a wide (~2- kilometer), shallow
(1.8- to 2.4-meter) river characterized by bankfull spring flows and
low summer flows. Although timber generally was scarce in the
valley, the Platte channels contained hundreds of small. timbered
islands. Since development, the channels have changed radically. A
compatison of surveyor’s maps (General Land Office), drawn during
the 1860’s, with six sets of aerial photographs, taken between 1938
and 1979, for six 5-kilometer reaches of the rivers shows that the
channels have narrowed considerably above the confluence with the
Loup River. Above the confluence with the Loup River, the width of
the channels in 1979 ranged from 8 to 50 percent of the channel width
in 1860, whereas below the confluence with the Loup River, the width
of the river in 1979 was about 92 percent of the channel width in 1860.
Above the confluence with the Loup River, width reduction has oc-
curred by progressive encroachment of vegetation and consequent
vertical and horizonatal accretion on sandbars in the channel. Vegeta-
tive encroachment on sandbars has occurred becaused (1) the present
hydrologic regime provides more favorable conditions for germina-
tion and growth on sandbars, and (2) since development of the basin,
flood peaks are no longer capable of scouring vegetation from the
sandbars. Overbank flows evidently have become more common,
probably because channel narrowing and vegetative encroachment
have increased the hydraulic roughness of the channels. Moreover,
the magnitude of low flows has increased and the days of no flows
have decreased giving the channels a more perennial character.

INTRODUCTION

The Platte River and its tributaries in Colorado,
Wyoming, and Nebraska (fig. 1) are typical of many
Great Plains streams that originate in the Rocky Moun-
tains. Much of the flow in the North Platte, South
Platte, and Platte Rivers is derived from spring
snowmelt in the mountains. Because the plains are
semiarid to subhumid, most of the flow has been ap-
propriated for irrigation of agricultural crops, municipal
use, and industrial development. These rivers have been
an integral part of the economy in the Platte River basin
since the middle of the 19th century.

Migratory waterfowl also use the river and adjacent
farmlands in the Platte River valley of central Nebraska
during their annual migration stopover in February and
March. An estimated 70 to 80 percent of the world’s
lesser sandhill cranes and a small number of rare whoop-
ing cranes use the river valley between Overton and
Grand Island, Nebraska, on their way to Canada and
Siberia each year (Frith, 1974).

Concern for the habitat of sandhill cranes, whooping
cranes, and other migratory-bird species prompted
wildlife managers to document the changes that have
occurred ijn the river channels since settlement of the
valley and the effects of these changes on wildlife
habitat. In 1979, a study was begun in the Platte River
basin that included hydrologic investigations by the
U.S. Geological Survey. An integral part of these inves-
tigations is this review of the history of water devel-
opment in the basin and the effects of water use and
land use on the hydrology and morphology of the Platte
River and its major tributaries. Site-specific investi-
gations were centered on the critical migratory-bird
habitat in a 96-km (kilometer) reach of the Platte River
between Overton and Grand Island, in south-central
Nebraska. This paper presents an overview of the chan-
nel changes along the Platte River.

Al
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DESCRIPTION OF THE AREA

The Platte River and its major tributaries, the North
Platte and South Platte Rivers, have a drainage area of
about 222,740 km? (square kilometers) in Colorado,
Wyoming, and Nebraska. The North Platte River orig-
inates in the mountains of northern Colorado, flows
northward into central Wyoming, then southeastward
to Nebraska. In west-central Nebraska, the river joins
the South Platte River to form the Platte River (fig. 1).
The South Platte River originates in the mountains of
central Colorado and flows northeastward across the
eastern Colorado plains into Nebraska to meet the
North Platte River (fig. 1).

Most of the flow in the Platte River system above the
Loup River is derived from spring snowmelt in the
Rocky Mountains. Precipitation on the Great Plains,
which ranges from 330 to 635 mm (millimeters), con-
tributes additional water to the channels. Irrigation of
agricultural lands is the major water use in the basin;
surface water is stored in reservoirs and diverted from
channels to canals for irrigation, for municipal use, for

power generation. Ground water is developed exten-
sively in the basin.

DEVELOPMENT OF IRRIGATION IN THE
PLATTE RIVER BASIN

Development of irrigation in the Platte River basin
has had significant effects on the hydrology of the river.
Not all of these effects have been documented owing to
a lack of long-term hydrologic records. The earliest
streamflow records date from 1891. Systematic flow
records date from 1930. To understand the changes in
hydrology that occurred prior to 1930, the history of
irrigation development in the basin is reconstructed
from records of canal construction and other available
information.

Although irrigation development varied temporally
throughout the basin, the history of development along
the Platte River and tributaries followed four general
stages. Each stage produced a different effect on river
hydrology. The first stage represents the earliest period
of irrigation. It was characterized by construction of
small, crude ditches to irrigate irregular patches of land
on the flood plains. The second stage was characterized
by construction of larger and more sophisticted canals
and ditches to irrigate lands on benches above the
valley floor. The amount of water appropriated to these
canals usually exceeded the summer flows of the river.
Thus, canals with later water rights were unable to
divert water during the irrigation season. Many canals
were abandoned, and the number of new appropriations
granted was reduced or eliminated.

The third stage was characterized by the construction
of reservoirs to store water from snowmelt runoff. Dur-
ing this stage, many of the canals abandoned previously
were reopened. Many new canals were constructed, and
existing canals were enlarged. Summer flows were over-
appropriated during most of stage 3, and new claims for
water each year exceeded the amount of water available
in the basin. The fourth stage marked the end of canal
construction in the basin. Dam construction continued,
but at a slower pace, and water impounded above these
structures was used to satisfy existing water rights and
new municipal demands for water and power. New
demands for irrigation water were satisfied with ground
water; stage 4 marked the beginning of large-scale
ground-water withdrawals in the basin.

Irrigation development has been documented in the
reports of the State Engineers of Colorado, Nebraska,
and Wyoming (State of Colorado, 1883/1884 to 1925/
1926; State of Nebraska, 1913/1914 to 1917/1918; State
of Nebraska, 1919/1920 to 1931/1932; State of Wyo-
ming, 1889-1931). Early record keeping was sporadic,
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F1GURE 1.—The Platte River basin in Colorado, Wyoming, and Nebraska.

and few diversion data are available prior to 1930.
Water-right adjudication records (which list the date of
appropriation for each canal, usually coincident with the
date of construction or enlargement) and the amount of
water appropriated to each canal can be used to infer in
a qualitative sense when changes in streamflow oc-
curred. For example, during a period when hundreds of
canal appropriations were granted in the basin, more
consumptive use of surface water would be expected.
When streamflow became overappropriated, the
number of new appropriations granted should decrease.
Thus, canal-appropriation records should indicate: (1)

However, the date of closure and the usable storage
capacity of each reservoir can be used to reconstruct
stream flow trends. For example, the beginning of large-
scale reservoir construction in the basin probably marks
the date of streamflow overappropriation. This date
serves as a reliable check on the overappropriation date
indicated by canal-appropriation records. Moreover,
certain streamflow parameters, such as peak flows, are

affected by reservoir construction.

SOUTH PLATTE RIVER AND TRIBUTARIES

When streamflow changes caused by canal diversions
began; and (2) the approximate date when summer flows
were overappropriated in the basin. Comparisons of ad-
judication and dam-construction records with several
written reports of the State Engineers suggest that
canal-construction activity can be used to indicate these
changes.

Similarly, few storage data exist for most of the reser-
voirs that were constructed in the basin prior to 1910.

The South Platte River and tributaries were the focus
of the earliest and most extensive irrigation develop-
ment in the Platte River basin. Irrigation in the basin
was first practiced by Antoine Janis, who diverted
water from the Cache la Poudre River 1838 (Steinel and
Working, 1926) or 1844 (Rohwer, 1953). The first
ditches were small and crude; irrigated lands were con-
fined to the flood plain. Construction of the small canals
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proceeded at a slow pace until about 1860. Prior to 1860,
28 appropriations were granted for canals in the South
Platte River basin (table 1). The period 1840-1860 may
be considered stage 1 in the development of irrigation in
the South Platte River basin.

The initial impetus for large-scale development of
irrigation was the influx of population at the time of the
discovery of gold in the mountains west of Denver in
1858. Water-right number one in the South Platte River
basin dates from 1859 on Bear Creek (table 1). In the
next decade, numerous small projects were begun and
irrigation was important enough by 1861 that the legis-
lature passed a law allowing landowners access to water
whether or not their land was immediately adjacent to

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

the stream. The establishment of the Greeley Colony in
1870 marked the beginning of construction of large
canals (McKinnon, 1952). This experiment demon-
strated the potential value of bench or terrace land, and
it may have served as a catalyst for the formation of
other large canal companies. Beginning in 1874, corpo-
rations were formed to finance large-scale canal proj-
ects. A period of increased construction began that
lasted until 1890. Between 1861 and 1870, 376 canals
were constructed; 533 canals were constructed between
1871 and 1880, and 364 canals were constructed be-
tween 1881 and 1890 (table 1).

Appropriations granted to these canals exceeded the
available water in the basin during the summer. How-

TABLE 1.—History of canal construction in the Platte River basin, 1851-1930

Date of
Number of new canals constructed or existing canals enlarged” earliest
River 1851-1860 1861-1870 18711830 18811890 1891-1900 19011910 1911-1920 1921-1930 °onel’
South Platte River basin
Cache la Poudre River and tributaries .............. 1 37 85 37 1 46 14 7 1860
Lodgepole Creek and tributaries . .................. 0 0 31 75 28 26 10 13 1873
Big Thompson River and tributaries . .............. 0 32 29 6 0 8 3 2 1861
Bear Creek and tributaries . ...................... 2 22 4 3 0 3 7 14 1859
South Platte River and tributaries below mouth of the
Cache la Poudre River, except Lodgepole Creek . . . .. 0 21 61 104 28 126 55 32 1868
South Platte River and minor tributaries above mouth
of the CachelaPoudre . ........................ 25 264 323 139 6 104 52 28 1860
Total, South Plattebasin . . .................. 28 376 533 364 63 313 141 96
North Platte River basin
Big Laramie River and tributaries ............... .. 0 8 98 467 148 263 119 29 1868
Sweetwater River and tributaries .. ................ 0 0 2 43 55 117 46 17 1880
North Platte River, Nebraska . .................... 0 0 0 16 36 5 7 1 1888
Tributaries to North Platte River, Nebraska ......... 0 0 0 19 51 30 24 13
North Platte River, Wyoming . .................... 0 0 2 32 15 47 25 17 1875
Tributaries to North Platte River, Wyoming, except
Sweetwater and Big Laramie River . .. ........ ... 9 91 740 410 801 436 161
North Platte River and minor tributaries, Colorado . . . . 0 0 1 310 10 128 75 11 1880
Total, North Plattebasin . . .................. 0 17 194 1,627 725 1,391 732 249
Platte River basin (except North and South Platte)
Platte River tributaries above the Loup River . ... .. .. 0 0 0 1 3 0 6 53
Platte River above the Loup River . .. .............. 0 0 0 2 7 0 3 16 1882
Total, Platte basin above the Loup River . . . . ... 0 0 0 3 10 0 9 69

Data compiled from Biennial Reports of the State Engineer of Colorado, 1883-1926; unpublished data from the files of the State Engineer of Colorado in Denver; Biennial Reports of the

Department of Water Resources, Nebraska, 1913-1932; 2nd Annual Report of the Territorial Engi

1889; Bi

, Wy ial Reports of the State Engineer of Wyoming, 1893-1930;

Tabulation of Adjudicated Water Rights, State of Wyoming, Water Division Number One, 1965.
*Numbers are based on appropriations to new canals or additional appropriations to existing canals exceeding 0.3 cubic meter per second.

3Based on recorded date of appropriation decree.
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ever, it is difficult to pinpoint the exact year in which
summer flows in the South Platte River basin were
overappropriated, because development activity varied
between the tributaries. For example, the earliest record
of overappropriation occurred in the Cache la Poudre
basin in 1876. Irrigation reports by the State Engineer
of Colorado during the early 1880’s indicate that most
of the canals holding appropriation decrees received
water during all but the driest years. By 1885, ap-
proximately 710 m¥s (cubic meters per second) were
appropriated in the South Platte River basin (State of
Colorado, 1886). Although not all canals granted appro-
priations were diverting water, summer flows were
nevertheless overappropriated. Thus, overappropriation
of summer flows in the South Platte River basin oc-
curred between 1880 and 1885, marking the end of stage
2,

Dams were built to increase available irrigation
water. The earliest reservoirs impounded less than
6.2 hm?® (cubic hectometers) in the basin in 1868. The
dams were small structures built in natural depressions
along or across small tributaries. Large-scale construc-
tion of dams in the basin began during the early 1880’s
(table 2). Canal-construction activity declined during
the decade 1890-1900 (63 constructed) and increased
again after 1900. Canal construction declined again
after 1910. Construction of dams did not completely
eliminate overappropriation of summer flows. In
1911-1912, for example, only canals with appropriation
decrees of 1882 or older received water during the
highest flows in June. In the same years, new claims for
water totaling 784 m¥%s were made (State of Colorado,
1914).

Although present storage is double that of 1912 (fig.
2), only a minor amount of the increase has been for irri-
gation. Dam construction declined during the 1920’s, in-
creased slightly during the early 1930’s, and declined
afterward. Most of the reservoirs impounded after 1930
were for new municipal water supplies and for flood con-
trol and recreation. Little canal-construction activity oc-
curred after 1930. New demands for irrigation water

A5

were satisfied with ground water. Thus, 1930 marks the
end of stage 3 and the beginning of stage 4 in the South
Platte River basin.

Diversion of surface water from the Colorado River
basin and North Platte River basin provided additional
water for the South Platte River basin. The earliest of
these transbasin diversions was begun in the early
1890’s. Importation of water increased gradually from
completion of the first structures to 1947, when the
Alva B. Adams Tunnel, which imports water from the
Colorado River basin, was completed. The large increase
in imports of water after 1947 is shown in figure 3.
Average annual diversions in 1974 totaled 460 hm?®
(Gerlek, 1977).

Use of ground water for irrigation dates from 1885,
from an area near Eaton, Colorado (Rohwer, 1953). Ex-
tensive development of pump irrigation did not begin
until 1910. The number of irrigation wells in the South
Platte River basin increased slowly to a total of about
735 by 1933. The drought years of the mid-1930’s saw
the number of wells almost triple, to 2,000. The use of
ground water for irrigation has continued to increase in
importance with time (Hurr, 1975).

NORTH PLATTE RIVER AND TRIBUTARIES

Irrigation development along the North Platte River
and tributaries had an early history similar to that of
the South Platte River basin. Irrigation was practiced
in the vicinity of Fort Laramie as early as 1847
(McKinley, 1938). Throughout the 1850’s and 1860’s,
small-scale irrigation projects flourished near military
outposts, commonly to provide produce for emigrants.

Unlike Colorado, Wyoming did not experience a
mineral-exploration boom in the late 1850’s; the domi-
nant industries in Wyoming during this period were
grazing and agriculture. Although canals were built to
irrigate farmland, grazing land did not require irrigation
water. Thus, canal construction proceeded slowly dur-
ing the 1860’s and early 1870’s. The period 1850-1870

TABLE 2.—History of reservoir capacity in the Platte River basin'

New usable storage, in cubic hectometers

Basin 1851-1860 1861-1870 1871-1880 1881-1890 1891-1900 1901-1910 1911-1920 1921-1930 1931-1940 1941-1950 1951-1960 1961-1970 1971-1980
South Platte River

basin ............. 0 0 8.7 142.2 1675 535.3 102.6 0 186.5 118.3 76.0 0 539.0
North Platte River

basin ............. 0 0 0 0 11.6 1,408.0 97.7 79.2 1,646.8 2,402.9 969.9 0 0
Platte River above

Loup River ........ 0 0 0 0 0 0 0 0 53.9 0 0 0 0

!Data from Martin and Hanson, 1966; F. B. Schaffer, Conservation and Survey Division, University of Nebraska, written commun., 1979 (for reservoirs in excess of 6.2 cubic hectom-

eters).
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F1GURE 2.—Cumulative usable storage in reservoirs in the Platte River basin (modified from Bentall, 1975a).

may be considered stage 1 in the development of irriga-
tion in the North Platte River basin.

The most rapid construction of canals occurred dur-
ing the 1880’s when cattlemen realized the benefits of ir-
rigating grazing lands (McKinley, 1938, p. 91). In 1883,
construction of the first large canals was completed on
the Laramie River (Pioneer Canal) in Wyoming and the
North Platte River (North Platte Canal) in Nebraska.
By 1884, 22 firms, whose primary function was to sup-
ply water, existed in the North Platte River valley
(McKinley, 1938). The severe winter of 1886-1887, dur-
ing which the range-cattle industry experienced great
losses for want of feed, provided the impetus for expan-
sion of irrigation.

During the 1880’s and early 1890’s, several large
canals were constructed on the North Platte River in
Nebraska and on tributaries to the North Platte River
in Wyoming. By 1889, Wyoming ranked third among
the arid states in irrigated acreage and second in canal
mileage following development in the North Platte

basin above the Sweetwater River. The North Platte
River in Wyoming below the mouth of the Sweetwater
River was undeveloped as late as 1892 (U.S. Geolgoical
Survey, 1892), primarily because of the difficulty of
diverting water from the North Platte River in the reach
below the Sweetwater River.

Canal construction declined in the 1890’s because by
1894, most of the available land in the North Platte
River basin was being irrigated. The Carey Act, enacted
in 1894, provided 1 million acres to the State on the con-
dition that it be irrigated. Under this act, the largest
private irrigation development within the basin was
undertaken (McKinley, 1938). A second legislative act,
the Federal Reclamation Act of 1902, enabled reclama-
tion projects to be funded from the sale of public lands
in the West. As a result of these legislative acts, canal
construction increased during the period 1901-1910.

Overappropriation of summer flows in the North
Platte River basin varied temporally along the
tributaries. By 1889, summer flows of the smaller order
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streams in the basin were overappropriated (State of
Wyoming, 1889); by 1899, flows of the Laramie River
were overappropriated (State of Wyoming, 1899); by
1901, flows of Horse Creek and tributaries, Chugwater
River and tributaries, Little Laramie River and
tributaries, and upper North Platte River and
tributaries in Colorado and Wyoming were overap-
propriated (State of Wyoming, 1902). Summer flows of
the North Platte River in Nebraska were overap-
propriated sometime between 1914 and 1917 (State of
Nebraska, 1914; State of Wyoming, 1918).

Flows of the North Platte River in Wyoming, below
the mouth of the Sweetwater River, were not utilized
until the construction of Pathfinder Dam in 1909 (fig. 2).
The difficult terrain through which the river flowed of-
fered few good sites for canal diversions, making the
costs of diversion prohibitive. The Reclamation Act of
1902 provided public funds with which canals could be

constructed along this section of the North Platte.
Because of the lag in canal construction, overappropria-
tion of summer flows in this section of the North Platte
did not occur until much later than in the remainder of
the basin. Overappropriation of summer flows in most
of the North Platte River basin, however, occurred be-
tween 1900 and 1915. This period marks the end of
stage 2 in the development of irrigation in the North
Platte River basin.

Reservoir construction in the North Platte River
basin began in 1892 (McKinley, 1938). The first reser-
voirs were natural lakes on the upper reaches of the
tributaries that were modified to allow storage and
release of water. In 1897, the Wyoming Development
Company completed a reservoir on the Laramie River.
By 1906, 27 small reservoirs, not listed in table 2, with
combined storage capacities of 3.0 hm®, were operating
in the basin (State of Wyoming, 1906).
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The impoundment of Pathfinder Reservoir marked
the beginning of stage 3 in the development of irrigation
in the North Platte River basin. A renewed construction
of canals occurred with the construction of reservoirs.
During the period 1901-1910, 1,391 canals were con-
structed; during the period 1911-1920, 732 canals were
constructed; and during the period 1921-1930, 249
canals were constructed. Canal construction declined
after 1930. Dam construction for the purpose of irriga-
tion in the North Platte River basin ended after 1939.
The year 1939 marks the close of stage 3 in the develop-
ment of irrigation in the North Platte River basin.

PLATTE RIVER VALLEY

Development of irrigation along the Platte River
lagged behind that of the North Platte and South Platte
Rivers, partly because of the unwillingness of land-
owners to identify their land with more arid lands to the
west (McKinley, 1938), and partly because irrigation
was not essential for production of marginally profit-
able crops (Lugn and Wenzel, 1938).

Irrigation apparently was practiced as early as 1856
in the Platte River valley, near Wood River, about 18
km east of Fort Kearny (Carlson, 1963). Additionally,
small irrigation projects were attempted during the dry
years from 1859 to 1864. The project most commonly
cited as the beginning of irrigation in the Platte River
basin was a canal dug by John Burke in the year 1864
(Carlson, 1963) or 1866 (Willis, 1951), just east of North
Platte. Little additional irrigation development oc-
curred until 1882, when the Kearney canal was built for
hydropower generation and irrigation. Further develop-
ment occurred between 1891 and 1895, dry years in the
Platte River valley, when six large canals were built on
the Platte River between North Platte and Kearney.
Between 1901 and 1930, one additional canal was con-
structed on the Platte River (1926), and several canals
were constructed on the tributaries to the Platte River
(table 1).

Construction of dams to supply canals on the Platte
River did not result from overappropriation of flows on
the river following canal construction. Rather, a short-
age of water developed from the greater consumptive
use of surface water upstream on the North Platte and
South Platte Rivers. Three reservoirs, two of them off-
stream and Lake McConaughy on the North Platte with
a combined usable storage capacity of 2,456 hm? were
built after 1930 to supply canals and provide power.

Unreliability of streamflow in the Platte River en-
couraged development of ground water for irrigation.
There is some historical evidence of pumping of ground
water for irrigation beginning in the late 1880’s (Willis,
1951), but this is not documented in the Platte River

basin until 1893 (Lugn and Wenzel, 1938). Development
of pump irrigation was slow initially, but it increased
steadily, particularly after 1910. Between 1911 and
1920, 146 wells were constructed in the Platte River
valley; between 1921 and 1930, 558 wells were con-
structed in the valley (Lugn and Wenzel, 1938). Most of
the wells developed before 1930 were located west of
Grand Island. The drought years of the 1930’s hastened
the development of ground-water irrigation, and its
development continues to increase.

EFFECTS OF WATER DEVELOPMENT
ON HYDROLOGY

PRESETTLEMENT HYDROLOGY

The Platte River valley served as a natural highway
linking the eastern part of the United States with the
unexplored and unsettled west. The first reliable reports
of the river were written during journeys up the valley
in the early 19th century. The number of reports in-
creased during the large migrations west that began in
the early 1840’s, the California Gold Rush migrations in
the late 1840’s and early 1850’s, and the Pikes Peak
Gold Rush migration in the late 1850’s. Between 1800
and 1860, a substantial number of observations were
recorded regarding the geology, topography, geomor-
phology of the valley, and hydrology of the river.

Accounts written during early explorations of the
Great Plains and Rocky Mountains by scientific expedi-
tions, as discussed below, probably furnish the most
reliable information about the river and valley. Location
of historic sites and migration trails are shown in figure
4. In most cases, these expeditions were commissioned
for the purpose of observing and reporting on the lands
and rivers of the region. Later accounts of the river and
valley, written during westward migrations, probably
are not as reliable. These accounts were written by
travelers using the valley as a means of going west;
their interest in the territory was secondary to the im-
mediate task of surviving the journey. Usually, no at-
tempts were made at systematic observation, and the
prejudices of fellow travelers and travel guidebooks
often were repeated in the journals. Movement of large
numbers of settlers through the Platte River valley
(estimated to be 350,000 persons between 1841 and
1866 by Mattes, 1969) had a significant impact on the
land. For example, timber, a scarce commodity in the
valley before the first migrations, all but disappeared in
many parts of the valley because of use by settlers and
railroads.

The most notable expeditions that touched the Platte
River valley were the Lewis and Clark Expedition in
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FIGURE 4.—Location of modern and historic sites in the Platte River valley.

1804, the Long Expedition in 1820, the Fremont Ex-
pedition in 1842, and the Stansbury Expedition in
1850-1851. Other notable explorations were the Stuart
Exploration in 1812-1813, the Ashley-Smith Explora-
tions in 1822-1829, and the Bonneville Exploration in
1832. These and other accounts of the river and valley
written during the period 1800-1860 by missionaries,
trappers, naturalists, and settlers provide the first
substantial historical description of the Platte River.

FLOODS

To clear the western passes before the first snowfall,
travelers had to traverse the Platte River valley in the
spring, during spring floods. Thus, most observations of
the river were made during high flow. In approximately
70 years of written records of early explorations of the
valley, from about 1800 to the construction of railroads
and the subsequent cessation of the great westward
migrations in 1870, there are no accounts of overbank
floods on the Platte River. In 1820, the Long Expedi-
tion (James, 1823) reported that the river was so wide
and the banks so high that ‘“‘the highest freshets pass
off without inundating the bottoms, except in their low-
est parts; the rise of the water, on such occasions, being
no more than five or six feet.” In 1849, Pritchard
{Morgan, 1959, p. 63) wrote in his journal, that the
banks of the Platte near Grand Island:

are low at this time (the river being high) (and] do not rise more than
18 inches or two feet above the surface of the water. I judge that the
bottoms at this point are rarely, if ever inundated * * *. Such is the
breadth of the channel that an immense quantity of water would be
required to raise it above its banks * * *,

The only observation of flooding in the Platte River
basin was noted by Fremont (1845, p. 110), on the South
Platte upstream of Bijou Creek, who wrote “On the
evening of the 3rd (July) as we were journeying along
the partially overflowed bottoms of the Platte * * *.”
The “bottoms’’ referred to in these accounts are prob-
ably the low, broken meadowlands that occur on either
side of the river. These bottomlands usually contain
abandoned channels, which, during high flow, may be
filled with water from a rise in the ground-water table,
rather than by overflow of the river. It is unclear from
historical accounts, particularly the Fremont account,
whether the bottomlands were inundated by overflow of
the river or by a rise in the ground-water table.

LOW FLOWS

Because most of the travels along the Platte River
valley occurred in the spring, few historical accounts ex-
ist of the river during low flow. Of particular interest is
the behavior of the river between the junction of the
North Platte and South Platte Rivers and the conflu-
ence with the Loup River (fig. 2). The Loup has a fairly



Al0

constant discharge (Brice, 1964, p. 35); therefore, the
Platte River below this confluence probably was a
perennial stream. Little is known about low-flow
behavior of the river above the confluence with the Loup
prior to irrigation, about 1860. Miller (1978) concluded
that prior to irrigation the Platte River above the junc-
tion of the Loup rarely, if ever, went dry in the summer.
This conclusion is based primarily on indirect evidence,
such as construction of canals along the Platte to divert
water during the summer months.

Several observations of the Platte River during low
flow are notable. Clarke (1902, p. 301) reported that “In
the summer of 1863, the Platte having so nearly dried
up as to make it difficult to secure water for cattle * * *
We sank headless barrels in the Platte * * * to secure
water from an underflow.” Ware (1911, p. 41) noted that
during the summer of 1864:

From Fort Kearney, for many miles up, there was no water in the
river. The water seemed to be in ““‘the underflow”. We not infrequently
rode down to the river, and with shovels dug watering places in the
sand of the bed * * *. We were told that 75 miles of the river were
then dry, and that generally about 125 miles of it were dry in the
driest season * * *

The year 1864, however, apparently was not unusu-
ally dry. In 1864, Ward (in Root and Connelley, 1901)
wrote of the ‘“unprecedented flood of 1864.” McKinley
(1938) also reported the river to be unusually high dur-
ing the spring of 1864.

Fremont (1845, p. 77), descending the North Platte
River (Sept. 3, 1845), wrote that the river was ‘‘merely a
succession of sandbars, among which the channel was
divided into rivulets a few inches deep.” Upon reaching
the Platte River, Fremont and his men constructed a
bull boat which, when fully loaded with men and sup-
plies, drew four inches of water; they attempted to
navigate the river (Fremont, 1845, p. 78):

On the morning of the 15th [September] we embarked in our hide
boat, Mr. Preuss and myself, with two men. We dragged her over the
sands for three or four miles, then left her on a bar and abandoned en-
tirely all further attempts to navigate this river * * *,

If the river did not go dry every summer, the flow
became relatively insignificant, a “‘mere trickle of water
among sandy shoals” (Ghent, 1929, p. 128). Between
the junction of the North Platte and South Platte
Rivers and the Loup River, the Platte may have gone
dry during years of low precipitation and probably was
reduced to a trickle in other years.

POSTSETTLEMENT HYDROLOGY

SURFACE WATER

Diversion and storage of surface water for irrigation
and hydropower generation have changed patterns of

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

streamflow in some reaches in the Platte River basin.
At some stations changes in flood peaks, annual mean
discharge, and the shape of flow-duration curves have
been recorded. These changes are not found uniformly
throughout the Platte River basin, because develop-
ment of water resources has progressed differently
along the North Platte, South Platte, and Platte Rivers.

Construction of large onstream reservoirs in Wyo-
ming and Nebraska has decreased peak flows of the
North Platte River. Four gaging stations on the North
Platte River with long periods of record show that peak
discharge decreased progressively after the closure of
each of four major dams (Williams, 1978). Kircher and
Karlinger (1981) determined statistically that changes
in annual peak flows on the North Plate River at North
Platte, Nebraska, are better described by two regression
models, one corresponding to the period prior to con-
struction of Kingsley Dam (1895-1935) and one corre-
sponding to the period following construction (1936-
1979), than by a single model. Kircher and Karlinger did
not test the significance of differences in peak flows
following each period of dam construction, but peak
flows from 1895 to 1935 decreased with time. There has
been no significant change in peak flows since 1935.

Reservoir development has been less extensive in the
South Platte River basin than in the North Platte River
basin. Total reservoir storage in the South Platte River
basin increased about 100 percent from 1915 to the
present (fig. 2) with the majority of storage in offstream
reservoirs. Kircher and Karlinger (1981) showed that
peak flows of the South Platte River near Kersey and
Julesburg, Colorado, have not changed significantly
since 1902, the beginning of the record. However, a
statistically significant decrease in peak flows with time
was observed on the South Platte River at North Platte,
Nebraska, probably due to surface-water diversions
downstream of Julesburg.

Peak flows of the Platte River are influenced by flows
from both the North Platte and South Platte Rivers.
Since the reduction of flood peaks on the North Platte
River, flood peaks on the South Platte River have
become a more significant component of flow on the
Platte River. Peak flows on the Platte River near Over-
ton, Nebraska, have decreased over the period of record,
1915-1979, but have shown no statistically significant
decrease since 1935 (Kircher and Karlinger, 1981). No
long-term change is apparent in peak flows near Grand
Island, Nebraska, since the record began in 1935.
However, changes may have occurred prior to 1935.

If the entire period of record is considered, annual
mean flows have decreased on the North Platte and
Platte Rivers. However, since 1935, annual mean flows
on these rivers have either not changed signficantly or
have increased. Records for the North Platte River at
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North Platte and the Platte River near Overton show no
statistically significant change in annual mean flows for
the period 1935-1979 (Kircher and Karlinger, 1981). An-
nual mean flows of the Platte River near Grand Island
have increased significantly since 1935. No long-term
change is apparent in annual mean flows of the South
Platte River although changes may have occurred prior
to the period of record. Importation of water into the
South Platte River basin apparently has counteracted
the effects of water development within the basin.

In addition to changes in streamflow characteristics
that may be attributed to river regulation, one must
consider the possible effects of climate. Droughts have
occurred in the Great Plains roughly every 20 years
(Hecht, 1981), although the distribution and intensity
has been quite different for each drought period.
Droughts in the Central Great Plains in 1911, 1913, and
1917 were short, severe, and spatially limited, whereas
the drought of the 1930’s was particularly severe in the
Platte River basin (Hecht, 1981). Although flows, in
general, were decreased during the 1930’s drought, the
maximum floods of record on the Platte River occurred
in 1935 at all gaging stations (Petsch, Rennick, and
Nordin, 1980). Therefore, trends in streamflow charac-
teristics can be correlated with documentation of water
development in the basin, but it is difficult to relate
changes in hydrology to random climate variations.

The flow-duration curve is the frequency distribution
of daily mean flows at a given site. The flow-duration
curve graphically represents variability of streamflow
by the shape of the curve. The position of the curve
reflects the magnitude of the streamflow (Leopold,
Wolman, and Miller, 1964). Curves with low slope and
high minimum values generally indicate a large
baseflow component of streamflow. High slope and low
minimum values indicate a more ephemeral character
and a quicker response to precipitation events. The
flow-duration curve does not provide information about
sequential relationships of flows (Hudson and Hazen,
1964). Thus, although the curve may reveal that a given
flow is exceeded 50 percent of the time, it cannot in-
dicate if the flows occurred consecutively, randomly, or
in some pattern.

The shape of flow-duration curves for most stations
on the North Platte, South Platte, and Platte Rivers has
changed with time (Kircher and Karlinger, 1981;
Eschner, 1981). In general, the curves show an increase
in the magnitude of high-frequency discharges. A
representative example of the type of changes that have
occurred in flow duration over time is shown in figure 5.
The position of the curve is dependent on the volume of
water passing the gage during the period for which the
flow duration is computed. However, the changes in the
shape of the flow-duration curves with time reflect the

All

cumulative effects of streamflow regulation and water
use.

SURFACE-WATER - GROUND-WATER RELATIONSHIPS

Unconsolidated deposits of the Platte River valley in
the study area consist of Quaternary sediments, which
include Holocene alluvium. The Ogallala Formation of
Tertiary age and Pierre Shale and Niobrara Formation
of Cretaceous age underlie the Quaternary sediments in
the Platte River valley. The Ogallala Formation thins to
the east and pinches out between. Kearney and Grand
Island. The thickness of the Ogallala Formation is ir-
regular due to deposition on an irregular Cretaceous sur-
face and to subsequent erosion.

Quaternary sediments and, where present, the
Ogallala Formation, are the principal aquifers in the
Platte River valley. These two units act as a single
aquifer in areas where the Quaternary materials overlie
the Ogallala. The Quaternary sediments comprise the
primary aquifer where these sediments directly overlie
the Pierre Shale or Niobrara Formation. The Niobrara
Formation is a source of ground water at some locations
(Bentall, 1975b). Thickness of saturated alluvium varies
from about 6 m to more than 122 m because of an ir-
regular bedrock surface (Bentall, 1975a).

The Platte River is hydraulically connected with the
aquifer in the valley (Lappala, Emery, and Otradovsky,
1979); water can move from the river to the ground
water and from the ground water to the river. The river
serves as a control on the ground-water system and can
influence ground-water levels and reflect changes in
those levels. A study near Grand Island indicates that
ground-water levels within 0.8 km of the river in that
area respond within 24 hours to changes in river stage
(Hurr, 1981). It is not known if this rate of change is
typical for other areas within the Platte River valley.

In general, ground-water pumping lowers ground-
water levels. This reduction may result from drawdown
and change in water-table gradient, rather than from ap-
preciable loss of storage. Evapotranspiration salvage,
or the reduction of evapotranspiration by lowering the
water table, would offset partially the decrease in water
level brought about by ground-water pumping in areas
where the ground-water table is close to the surface.
Ground-water withdrawals in relatively close proximity
to the Platte River may influence ground-water levels in
two ways: (1) By initiating drawdown, and (2) by caus-
ing river-stage decline that may induce a further reduc-
tion in ground-water levels downstream (Hurr, 1981).

Evapotranspiration also may result in considerable
loss of water to the atmosphere. As vegetaton becomes
established on the valley floor, transpiration increases.
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F1GURE 5.—Flow-duration curves for 10-year periods, Platte River near Overton, Nebraska (from Kircher and Karlinger, 1981).

Dirmeyer (1975) states that about 1,136 hm?® of water
are lost to the atmosphere through evapotranspiration
each year between Kingsley Dam and Duncan, a dis-
tance of 386 km. This quantity was estimated by
assuming that the vegetation on the valley floor is a
strip 1.6 km wide, and the evapotranspiration rate is
1.8 m/yr.

An annual evapotranspiration rate of 1.8 m is prob-
ably high for central Nebraska, although this rate has
been documented in more arid regions. Gatewood and
others (1950) found that cottonwood trees in the Lower
Safford Valley of Arizona transpire about 1.8 m annual-
ly. Average annual use of ground water by cottonwood
and willow trees along the San Luis Rey River, Califor-
nia, was 1.6 m with the water table at 1.2 m, and 2.5 m
with the water table at 0.9 m (Robinson, 1958). For
Niobrara County, Wyoming, an area more similar to
central Nebraska than Arizona or southern California,
Whitcomb (1965) inferred that 0.9 m was a reasonable
rate for annual evapotranspiration by cottonwood trees.
Total lake evaporation along the Platte River ranges
from 1.1 to 1.3 m/yr.

Assuming a more conservative evapotranspiration
rate of 1 m/yr and a vegetation swath 1 km wide for the
386 km from Kingsley Dam to Duncan, the annual
evapotranspiration loss would be 386 hm?®. This is equiv-
alent to a flow of 12.2 m¥s if the rate of evapotranspira-
tion is constant throughout the year, or alternatively, it
is equivalent to a flow of 24.8 m?s if the entire volume of
water is transpired during a six-month growing season.

Net rises in ground-water level have resulted primar-
ily from seepage water from canals and reservoirs. Lugn
and Wenzel (1938) noted a rise in water level over 3 m
since 1896 near Lexington, Nebraska. In general, rises
of 3 m have occurred beneath the Central Nebraska
Public Power and Irrigation District in Lincoln, Gosper,
Dawson, Phelps, and Kearney Counties. The largest
recorded rises in water levels have been 27 m for Phelps
County, 19 m for Kearney County, and 25 m for Gosper
County (Johnson and Pederson, 1980). Rises of more
than 0.6 m were measured in those counties between
October 1968 and October 1971 (Lappala, Emery, and
Otradovsky, 1979).

Net declines in the water table have occurred over
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broad areas in the Platte River valley in response to
ground-water pumping. The greatest water-table
declines have occurred primarily in areas where depth to
the water table prevents evapotranspiration salvage
(Bentall, 1975a). Since the beginning of development
declines of less than 1.5 m have occurred extensively
throughout Buffalo, Hall, and Merrick Counties;
declines of up to 6.4 m have been recorded in Buffalo
County, mainly in upland areas along the Platte River-
Loup River divide (Johnson and Pederson, 1980).
Declines of more than 1.2 m have been measured for the
period 1968 to 1971 for other parts of Buffalo, Hall, and
Merrick Counties (Lappala, Emery, and Otradovsky,
1979).

Water-level changes in the Platte River basin in
Nebraska were simulated by Lappala and others (1979)
for various development schemes. Projected water-level
changes ranged from rises up to 6.1 m over some areas
with no further development, to net declines up to
24.4 m over the entire upper Platte subbasin, if develop-
ment of ground water continues at the rate that oc-
curred from 1960 to 1970.

EFFECTS OF CHANGES IN HYDROLOGY
ON THE CHANNEL

PRESETTLEMENT CHANNEL AND
VALLEY-FLOOR CHARACTERISTICS

CHANNEL WIDTH

Channel width was the most obvious characteristic of
the Platte River in the 19th century. Most travelers,
comparing the Platte to rivers in the Eastern United
States, found the width of the river remarkable; com-
ments on channel width were recorded in most journals.
Accurately estimating distances across a wide body of
water is difficult. Accordingly, estimates of channel
width from historical accounts must be used with cau-
tion. In 1849, Pritchard (Morgan, 1963, p. 63) noted that
it ““is hardly possible to guess at the width of the river
as we seldom see the whole at once, on account of the
numerous islands that are scattered from shore to shore
* % ¥ ”’ Many of the estimates of channel width included
the width of the islands in the channel. In 1849 Gibbs
(Settle, 1940, p. 306) noted ““[the Platte] is a mile [1.6
kmj] in width. Where cut up by islands, as is often the
case, it extends to double or treble [that distance}, and in
one place is seven miles [11.3 km] wide from shore to
shore.”

Estimates of the width of the Platte River during the
period 1800-1860 vary from 1.2 to 4.8 km, with the
most common estimates ranging from 1.6 to 3.2 km.
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There are two measured observations of channel width
recorded in the the literature. In 1832, Captain Bon-
neville (Irving, 1837) measured the width of the Platte
River 40 km below the head of Grand Island and found
it “twenty-two hundred yards [2.0 km] from bank to
bank.” Fremont (1845, p. 21) determined the width of
the Platte River below the confluence of the North
Platte and South Platte Rivers to be 1.6 km.

CHANNEL DEPTH

The second most remarkable characteristic of the
Platte River was its depth. The river could be forded
anywhere at almost anytime of the year, except during
spring floods. Observations of water depth are useful
only to establish a range in flows. Most observations of
depth range from 0.3 to 1.2 m, depending on river stage.
Long (James, 1823) reported that the bed of the Platte
“is seldom depressed more than six or eight feet [1.8 to
2.4 m] below the surface of the bottoms, and in many
places even less.” Jessup (James, 1823) substantiates
Long’s report:

The range of the Platte, from extreme low to extreme high water is
very inconsiderable, manifestly not exceeding six or eight feet [1.8 to
2.4 m]. This is about the usual height of its banks above the surface of
the sand which forms its bed * * *.

Warren (1858) later reported that, ‘‘when the banks are
full, it [Platte] is about six feet [1.8 m] deep throughout,
having a remarkably level bed.”

BED MATERIAL AND BED FORMS

In general, descriptions indicate that the bed material
consisted of sand and gravel. However, James (1823),
the botanist and geologist of the Long Expedition,
stated, “The alluvial deposits of which the river bot-
toms are formed, consist of particles of mud and sand
* % * " implying that the bed was finer than other ac-
counts indicated.

Quicksand was encountered in the channels of the
Platte system. In 1812, Stuart (Rollins, 1935) wrote
that the bed of the Platte River, near the present day
Gosper-Phelps County border, was composed “‘of such
quicksand that it was difficult for our horse to get over,
though the water was in no place more than two feet [0.6
m] deep.” Farther downstream near Fort Kearny,
Taylor (Williams, 1969) in 1850 noted, ‘“The bottom is
composed of a fine quicksand * * *.” Fremont (1845)
described the southern channel of the South Platte
River near the confluence with the Platte River as being
“generally quicksands.”

The configuration of the channel bed and its
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ephemeral character were described in detail by several
travelers. Bradbury (1819), recrossing the Platte, noted:

in the same place where the day before it reached to our armpits, it did
not now reach to our waists, although the river had not fallen. Such
changes in the bottom of this river * * * were very frequent, as it is
composed of a moving gravel, in which our feet sank to a considerable
depth.

Mattes (1969) cited two descriptions of the Platte River
bed near Fort Kearny. In 1849, Pritchard (Mattes, 1969)
noted the composition and character of the bed: “The
bed of the river is composed of sand, and this is all the
time shifting its position and fresh deposits are con-
stantly being made.” Evans (Mattes, 1969) wrote in
1849 that the Platte was a wide sheet of water ‘‘running
over a vast level bed of sand and mica * * * continually
changing into short offsets like the shingled roof of a
house * * *”

The account of the Long Expedition (James, 1823)
stated of the Platte, “its bed is composed almost ex-
clusively of sand, forming innumerable bars, which are
continually changing their positions and moving
downward [downstream] * **’” In their travels,
members of the Long Expedition observed on the flood
plain “‘extremely numerous natural elevations of earth,
of some considerable degree of regularity * * * of a more
or less oval outline” with lengths of about 30 m and
heights of 0.6 to 1.5 m. These elevations were presumed
to have been former sandbars, “Their existence is
doubtless due to the action of water. Should the rivers
Platte and Arkansas be deprived of their waters, the
sand islands of their beds would probably present a
somewhat similar appearance.”

The water of the Platte commonly was referred to as
muddy or turbid. The “‘turbid waters of the Platte”
were noted by the Long Expedition (James, 1823).
McKinstry (1975), although calling the Platte a river of
sand, stated that it was ‘“nearly as muddy” as the
Missouri. Taylor (Williams, 1969) wrote that the river
was, at various points, “swift and muddy ,” “muddy
and turbulent,” and “broad swift and muddy.” Kelly
(1851) described the river as turbid. Ebey (Baydo, 1971)
stated of the Platte: “The water is always muddy and
turbid * * *.”’ Stage coach drivers (Ghent, 1929) used to
tell the story that the Platte never overflowed its banks
because its flood waters carried so much mud, that as it
rose, it built new banks.

ISLANDS

Islands were a ubiquitous feature in the Platte River
channels. In 1852, Cole (1905, p. 29) wrote:
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Looking out upon the long stretch of river either way were islands
and islands of every size whatever, from three feet in diameter to
those which contained miles of area, resting here and there in the
most artistic disregard of position and relation to each other, the
small and the great alike wearing its own mantle of the sheerest
willow-green * * *

Islands of the Platte River can be divided into two
groups based on size, elevation, and vegetation. The
large, well-timbered islands were described and mapped
by Fremont (1845, pl. 1); these are Brady Island, Willow
Island, Elm Island, Grand Island, and five other un-
named islands. Grand Island, also called the “Great
Island” or “Big Island,” was the largest of the islands
mapped, being 84 km long and 2.8 km wide by
Fremont’s estimate. Although no quantitative esti-
mates were given of the elevation of the large islands,
Fremont (1845, p. 78) described Grand Island as being
“sufficiently elevated to be secure from the annual flood
of the river.”

In addition to the large islands, there were hundreds
of smaller islands too numerous to map or name. These
islands were as small as a few square meters in area;
most supported shrubs, young willows, and cotton-
woods. A particularly dense concentration of these
smaller islands occurred between Fort Kearny and
Grand Island: these were named ‘“Thousand Islands”
after the Thousand Islands of the St. Lawrence River
(Meline, 1966, p. 21).

VEGETATION

The valley of the Platte River supported a wide vari-
ety of plant species. The Fremont Expedition collected
and cataloged over 90 plant species in the valley; the list
included several species of trees, such as poplar (cotton-
wood), elm, hackberry, box elder, willow, and juniper.
Other tree species found in the valley included cedar,
dogwood, ash, and aspen.

Timber was a scarce commodity; however, it grew on
the islands in the river and could be found in scattered
groves between the Missouri and Loup Rivers (Fre-
mont, 1845, p. 79). In 1820, according to Bell, the banks
of the Elkhorn River and the Platte River near the Loup
Fork were well-timbered (Fuller and Hafen, 1957,
p.107). The banks of the Platte River near Buffalo
Creek also were timbered in 1812, according to Stuart
{Rollins, 1935, p. 217). Timber also grew on the banks of
the Platte River from the present site of Cozad to Brady
Island (Fremont, 1845) and on the south bank of the
Platte River along Brady Island (Rollins, 1935; Fre-
mont, 1845; Palmer, 1847).

The scarcity of timber in the valley has been at-
tributed to the effects of grazing buffalo and prairie
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fires (Stansbury, 1851, p. 32; Mattes, 1969). Accounts of
prairie fires can be found in several reports. Wyeth
(1833) noted that the ground “is covered with herbage
for a few weeks of the year only, * * * owing to the In-
dians burning the prairies regularly twice a year.” Brad-
bury (1819) observed near the mouth of the Platte:

the reflection of immense fires, occasioned by burning prairies. At
this late season (April 28), the fires are not made by hunters to
facilitate their hunting, but by war parties; and more particularly
when returning unsuccessful, or after a defeat to prevent their
enemies from tracing their steps * * *,

Several parties reported large areas of burned prairie
along the Platte River valley. Stansbury (1851, p. 32)
reported that the valley was burned for a distance of
480 km above Fort Kearny.

The influences of man and climate as regulators of
tree growth in the valley have been underemphasized.
The Indians used cottonwood as fodder for their horses
and for firewood. Timber use by man increased during
westward migrations up the valley. Fremont (1845,
p. 17) noted that, near the head of Grand Island, “with
the exception of a scattered fringe (of trees) along the
bank, the timber * * * is confined almost entirely to the
island.” Burnett (1904) reported that, in 1844, ‘“near the
head of Grand Island * * * there was not a solitary tree
on the south side of the river.” It is likely that the few
trees that grew along the banks of the Platte River were
used for fodder and fuel by the Indians or settlers.

Distribution of timber in the valley was inconsistent
with that expected based on the prairie-fire hypothesis.
Timber grew along all the large tributaries to the Platte
River, in many of the ravines in the bluffs along the
valley margin, and in many hollows on the valley floor.
It is unlikely that prairie fires sweeping across the
valley would spare the timber along the rivers and in the
ravines and hollows. A more likely explanation is that
distribution of timber was controlled by availability of
water; ravines, hollows, river banks, and islands are
situated in topographically lower areas in close proxim-
ity to water. The conditions in these areas favor ger-
mination and growth. The remainder of the valley is
topographically higher and drier. Conditions favoring
the germination of seeds and growth of trees probably
did not exist along most of the valley.

Aridity of the valley was observed by many travélers.
In 1820, Long christened the area ‘‘The Great American
Desert,” a description of the valley that stuck through
most the 19th century. Several writers observed saline
crusts on the surface over large areas of the valley.
Townsend (1833) observed that the ground near Grand
Island:

is in many places encrusted with an impure salt, which by taste ap-
pears to be a combination of sulphate and muriate of soda [thenardite
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and halite); there were also a number of little pools, only a few inches
in depth, scattered over the plain, the water of which is so bitter and
pungent, that it seems to penetrate into the tongue, and almost to
produce decortication of the mouth * * *,

Auvailability of water probably was the prime factor that
determined the distribution of timber in the valley.
Prairie fires and grazing buffalo may have been second-
ary regulators of growth and distribution.

SUMMARY OF PRESETTLEMENT CHARACTERISTICS

In the 1800’s the Platte River averaged about 2 km in
width; it may have been as wide as 5 km where it was
cut by islands, or as narrow as 1.2 km where no islands
were present in the channel. The two measured observa-
tions of width (Irving, 1837; Fremont, 1845), 2.0 and
1.6 km, fall within these average values. Flow depth
varied between 0.3 and 1.2 m during most of the year;
bankfull depth ranged between 1.8 and 2.4 m along
most of the valley. Large sand deposits were common in
the channel. The channel bed was very active; a change
of bed elevation of 0.5 m was observed over a 1-day
period.

The river was observed to flow at bankfull stages dur-
ing the spring floods. There were no observations of
overbank flow along the river. Above the confluence
with the Loup, the Platte was an intermittent river. It
carried little water during the late summer and dried up
completely in some years. .

The Platte channels contained nine large islands and
hundreds of smaller islands; most supported timber.
Timber grew along the banks of the Platte, along the
banks of the tributary rivers, in the ravines cut in the
bluffs along the margins of the river, and in hollows on
the valley floor. Distribution of timber in the valley was
controlled primarily by availability of water. Prairie
fires and grazing buffalo probably were secondary regu-
lators of timber growth and distribution.

CHANGES IN PLATTE RIVER MORPHOLOGY

Changes in channel morphology of the Platte River
can be documented by comparison of aerial photographs
taken between 1938 and 1979. In addition, General
Land Office maps provide relatively accurate measure-
ments of river width from the 1860’s. Changes in the in-
tervening years must be inferred from hydrologic data
and records of canal and dam construction that indicate
when changes were initiated.

The development of islands in several reaches in the
study area from 1860 to 1979 is shown in figures 6
through 10; the changes are summarized in figure 11.
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TABLE 3.—Channel widths of the Platte River, Nebraska, in down-
stream order, measured from General Land Office maps
(1860) and aerial photographs (1938-1979)

Channel width, in meters
Grand

Year

Cozad Overton Kearney Island Duncan Ashland
1860 1,161 1,545 1,484 1,100 826 594
1938 1,015 890 1,298 704 - —
1941 — -— — — 600 515
1949 - — — — — 539
1950  -—- — — 643 543 —
1951 204 451 698  -—- — -
1955 — — — — --- 521
1957 113 460 695 664 521 -—
1959  -——- — -— — _— 533
1963 110 408 308 530  --- -—
1964 — — — -—- 448 —
1965 - — — — —- 530
1969 113 387 293 472 ——— -—
1970 -— — -— —— 424 -—=
1971 - - -— - -—= 549
1978 -—- -—- - - 411 -
1979 110 405 247 387 —~—— -—

'From 1898 edition 30’ U.S. Geological Survey topographic map (General Land Office
map incomplete).

overflow-sparingly wooded.” The description further
states, “Bed is composed of shifting sand. Total width
is 3,720 feet [1,134 m].” The same cross section, as
measured from the General Land Office maps, has a
width of 1,134 m, the same width as that given in 1902.
A photograph dated about 1910 of the bridge over the
Platte River south of Lexington shows that the river
was still wide and free of vegetation (fig. 13). A note on
the back of the photo indicates the bridge was about
1,450 m long (photograph on file at the Dawson County
Historical Society Museum). The 1938 aerial photo-
graph shows the same cross section with a width about
one-third of the width in 1860. Although the reduction
at the gage station was largely because of fill around the
bridge sections, areas of the river upstream and
downstream from the bridge show that channel narrow-
ing and island development already had occurred. Thus,
morphologic change of the Platte River at this site
began after 1910, but before 1938.

Further historical evidence for the change of the
overall character of the channel is available from
ground-level photography at several locations along the
river. For example, in the reach of the river near Cozad
and Kearney, the river has changed with time from a
broad channel with few islands (figs. 14a and 15a) to a
series of relatively narrow, well-defined channels inter-
twining among large islands (figs. 14b and 15b). Below
the confluence with the Loup River, channel change has
been far less dramatic. For example, near Ashland, a
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photograph taken in 1897 (fig. 16a) shows a broad,
vegetation-free channel. A photograph taken from
about the same location in 1982 (fig. 16b) shows that the
channel changed very little. The evidence from the
ground-level photography corroborates the at-a-station
and downstream trends of channel width evident in
figures 11 and 12.

CHANGES IN NORTH PLATTE AND
SOUTH PLATTE RIVER MORPHOLOGY

Changes of North Platte River morphology have been
similar to changes that occurred on the Platte River.
Channel width in 1965 ranged from 5 to 40 percent of
the channel width mapped in 1860 (table 4); it probably
averaged about 15 percent of the 1860 channel width
(Williams, 1978). Braiding and sinuosity (table 4) were
determined for the channel as of 1938 and as of 1965
(Williams, 1978). In general, braiding index, defined by
Williams (1978) as the sum of length of islands in a
reach divided by the length of the reach, decreased, and
sinuosity index, defined by Williams (1978) as the
length of a reach of existing channel divided by the
length of channel in the same reach in 1860, increased
for the North Platte River in Nebraska.

Morphology of the South Platte River also has
changed. Nadler (1978) found that channel width in
1952 averaged only about 15 percent of channel width in
1867. From 1867 to 1952, sinuosity of the South Platte
River increased between 5 and 15 percent. Data from in-
dividual cross sections are listed in table 5.

RELATIONSHIP OF DISCHARGE REGULATION
TO CHANNEL CHANGE

Morphologic changes of the North Platte, South
Platte, and Platte Rivers have been similar despite
significant differences in the hydrology of these three
rivers. Construction of reservoirs and diversion of
streamflow on the North Platte River have caused
reductions of annual peak flows and mean annual flows
of both the North Platte and Platte Rivers. In contrast,
there has been no reduction of peak flows on the South
Platte River upstream of Julesburg during the period of
record because of a relatively small amount of reservoir
construction. Transbasin diversions into the South
Platte River have offset diversions of water for irriga-
tion, resulting in no net change of mean annual flows
during the period of record.

Schumm (1968) attributed decrease in size of the
South Platte River channel to the decrease in the annual
peak discharge. However, a decrease in the annual peak
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discharge of the South Platte River upstream of Jules-
burg, Colorado, has not occurred during the period of
record (Kircher and Karlinger, 1981). Thus, morphologic
change apparently has occurred in response to irrigation
development in the basin prior to the period of record.
Nadler (1978) proposed that irrigation development
along the South Platte River changed the river from in-
termittent to perennial. This hydrologic change caused
a change in the vegetation that stabilized the channel.
The temporary reduction of discharge during the
drought of the 1930’s allowed vegetation to occupy and
become established in areas of channel. Subsequent
floods were not able to widen the channel, as they
presumably might have, prior to the encroachment of
vegetation.

PROCESSES OF WIDTH REDUCTION

Six sets of aerial photographs used in this report (figs.
6-10) allow documentation of channel width reductions
and the processes of width reduction. These processes
are island formation and subsquent attachment of
islands to either the flood plain or other islands. The
channel in the 1860’s was broad and open (figs. 6a and
13 near Cozad, Nebraska for example) with few vege-
tated islands, most of which were large.

By 1938, width decreased by island formation. In ad-
dition, bank locations had shifted toward the center of
the channel, as a result of island formation and attach-
ment to the flood plain. Island attachment resulted
from channel abandonment or atrophication, rather
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HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

EFFECTS OF WATER DEVELOPMENT ON SURFACE-WATER
HYDROLOGY, PLATTE RIVER BASIN IN COLORADO, WYOMING, AND
NEBRASKA UPSTREAM FROM DUNCAN, NEBRASKA

By JAMES E. KIRCHER and MICHAEL R. KARLINGER

ABSTRACT

The North Platte and Platte Rivers in western and central
Nebraska have undergone significant changes in surface-water
hydrology since the late 19th century. The South Platte River in
Colorado and Nebraska has undergone much less change during the
same period. This report presents an analysis of the changes in
surface-water resources in the Platte River basin in Colorado,
Wyoming, and Nebraska upstream from Duncan, Nebraska, an area
of 157,700 square kilometers.

Nine stream-gaging stations in the basin were selected for
analysis of streamflow changes. Flow-duration curves, 1-, 3-, 7-,
14-, and 30-day mean low flows, and 1-, 3-, 7-, 15-, and 30-day
mean high flows were determined for all stations. Beginning about
1950, flow-duration curves for all stations, except that of the South
Platte River near Kersey, Colorado, show a change with time of the
low-flow segment of the distribution curve in a downstream direc-
tion. The analyses indicate that high flows have been relatively
unaffected by water development in the Platte River basin. Low
flows in the North Platte River increased following the closure of
Kingsley Dam during 1941. Low flows in the South Platte River at
Julesburg, Colorado, increased, beginning about 1920, and at North
Platte, Nebraska, about 1932. Statistical analyses of data from six
selected sites were performed to determine: (1) The significance of
major water developments that may have produced abrupt changes
in the time series of streamflow statistics, and (2) the significance of
water developments that caused a more gradual change or time
trend in the streamflow statistics.

INTRODUCTION

The Plate River in Nebraska is one of the most im-
portant rivers of the Great Plains, not only because of
the agricultural development within its basin, but also
because it is unique as a habitat for sevetal species of
migrating waterfowl. Among these species are the sand-
hill cranes and the whooping cranes, which require a
wide and shallow channel relatively free of vegetation
for roosting and breeding. Maintaining these channel
characteristics has caused concern in recent years
because the Platte River channel has narrowed ap-

preciably since the early 1950’s. Before measures to
prevent further narrowing can be taken, however, an
examination of the hydrologic changes, which occurred
along with the channel changes, is needed.

This report presents an appraisal of the changes in
surface-water resources of the Platte River basin. In
the appraisal, the following aspects were considered:
(1) The present use of the surface-water supplies, (2) the
historical flow characteristics of the streams, and (3)
the effects of environmental factors on streamflow.

PHYSICAL SETTING

The South Platte and North Platte Rivers originate
primarily as snowmelt streams in the Rocky Moun-
tains of Colorado. They flow across the Great Plains to
form the Platte River at their confluence at North
Platte, Nebraska (fig. 1).

The South Platte originates in the central part of Colo-
rado, flows southeastward to a point about 100 km
(kilometers) southwest of Denver, flows
northeastward, leaves the mountains about 50 km
southwest of Denver, flows through Denver, and con-
tinues northeastward to the confluence with the North
Platte River. Total drainage area of the South Platte
River is about 62,900 km? (square kilometers), and the
river is about 720 river km long (Bentall, 1975, p. 6).
The reach of the South Platte River studied extends
from Kersey, Colorado, to the confluence with the
North Platte River, a distance of about 380 river km.

From its origin in north-central Colorado, the North
Platte River flows northward into east-central Wyo-
ming near Casper, and then flows southeastward to its
confluence with the South Platte River. The North
Platte River drains about 80,000 km? and is about
1,050 river km long. The reach of the North Platte
River studied is from Lake McConaughy near
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EFFECTS OF WATER DEVELOPMENT ON SURFACE-WATER HYDROLOGY

Ogallala, Nebraska, to the confluence with the South
Platte River, a distance of about 86 river km.

The Platte River is formed at the confluence of the
North Platte and South Platte Rivers. The Platte flows
eastward through Nebraska to the Missouri River at
the eastern edge of the State. The reach of the Platte
River studied extends from North Platte to Duncan,
Nebraska, a distance of about 460 river km.

CLIMATE

Climate in the basin is affected by altitude, latitude,
and topography. The Platte River basin has a
continental-type climate, characterized by a large
range of temperature and irregular annual and
seasonal precipitation.

The mountainous region of the South Platte River
basin has long winters, significant snowfall, and a
short growing season. Precipitation varies in the
mountains according to altitude; high mountainous
areas along the Continental Divide average about
1,000 mm (millimeters) of precipitation annually.

Annual precipitation in the foothills averages about
400 to 500 mm. Snowfall constitutes a smaller percent-
age of precipitation here than in the mountains. Sum-
mer and winter temperatures in the foothills are more
moderate than in either the mountains or the plains.

The plains region just east of the foothills has low
humidity, warm summers, cold winters, and con-
siderable year-to-year variation in precipitation.
Average annual precipitation ranges from approx-
imately 300 to 460 mm. Most of the precipitation oc-
curs from April through September.

The climate of the North Platte River basin is about
the same as that for the South Platte River basin. The
climate generally can be characterized as semiarid with
large fluctuations in temperature. Annual precipita-
tion on most of the plains area ranges from 230 to 400
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mm; in mountainous areas from about 500 to 1,000
mm.

The climate of the eastern plains of Nebraska is dif-
ferent, however, from the climate of the plains nearer
the mountains. Precipitation across Nebraska is
variable both geographically and seasonally. Average
annual precipitation ranges from about 380 mm at the
western end of Nebraska to about 790 mm at the
eastern end.

Mean annual precipitation at several locations
within the basin is shown in table 1. Total annual
precipitation for each year of record for four precipita-
tion stations in the basin is shown in figures 2 through
5.

The average annual evaporation from the basin as
estimated by Meyers (1962) is tabulated in table 2. The
entire basin as of 1962 had an annual evaporation of
1,447 hm?® (cubic hectometers) (table 2). There have
been reservoirs, ponds, and canals added since 1962
that will increase this amount.

PRESENT USE OF SURFACE WATER
STORAGE RESERVOIRS

The Platte River basin has 194 reservoirs that have
useable-storage capacities greater than 0.6 hm?. These
reservoirs are listed in table 3. The combined useable-
storage capacity of the reservoirs is 8,829 hm®. In addi-
tion to the reservoirs shown in table 3, numerous small
lakes and stock ponds are scattered throughout the
study area.

TRANSMOUNTAIN DIVERSIONS

The major transmountain diversions are located in
Colorado and import water to the South Platte River.
This imported water is collected from the Colorado
River basin and the North Platte River basin and

TABLE 1.—Mean annual precipitation at selected sites

Weather Mean Period Weather Mean Period
station annual of station annual of
location® precipitation record location* precipitation record
(millimeters} (millimeters)
Pathfinder, Wyoming. . ... 253 1900-1978  Sterling, Colorado........ 377 1910-1978
Casper, Wyoming. ... ..... 347 1911-1978  Julesburg, Colorado. . .. ... 427 1888-1978
Ft. Laramie, Wyoming....349 1886-1978 Scottsbluff, Nebraska. . ... 389 1889-1978
Cheyenne, Wyoming. ... .. 367 1871-1978 North Platte, Nebraska....471 1875-1978
Denver, Colorado......... 345 1873-1978 Gothenburg, Nebraska....542 1895-1978
Greeley, Colorado. . ... .. .. 315 1888-1978 Grand Island, Nebraska...629 1890-1978
Ft. Morgan, Colorado. . . .. 335 1889-1978

*See figure 1.
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TABLE 2.—Surface-water areas of 1962 and evaporation from reservoirs, lakes, streams, and canals (from Meyers, 1962)
[hm? = square hectometers; hm® = cubic hectometers]

Principal Other lakes with
reservoirs and areas greater than Principal streams Small ponds Small streams Total for
regulated lakes 0.6 square hectometer and canals and reservoirs all classes
River basin State and
boundary Annual Annual Annual Annual Annual Annual
Effective evapo- Effective evapo- Effective evapo- Effective evapo- Eftective evapo- Effective evapo-
area ration area ration ration area ration area ration area ration
(hm?) (hm?) (hm?) (hm?) (hm?) (hm?) (hm?) (hm") (hm?) (hm?) (hm?) (hm?)
North Platte Wyoming 13,558 147 3,642 40.7 3,495 38.2 2,620 256.9 1,808 18.9 26,023 271
River Colorado 10.93 .09 0 0 69.6 .60 455 3.88 103 .87 639 5.44
Nebraska 13,986 167 0 0 9,031 107.6 12,368 147.2 627 7.32 36,012 429
Total of
N. Platte 27,664.93 314.09 3,642 40.7 12,595.6 146.4 15,343 176.98 2,538 27.09 61,674 705.44
South Platte Wyoming 25.5 .24 0 ) 0 258 2.57 307 3.16 590 6.0
River Colorado 11,999 120 91.9 .89 1,741 19.2 5,630 54.7 1,779 18.63 21,140 214
Nebraska 0 0 0 0 1,919 23.1 3,211 38.35 111 1.30 5,241 62.7
Total of S.
Platte 12,024.5 120.24 91.9 .89 3,660 42.3 8,999 95.62 2,197 23.09 26,971 282.7
Platte River Nebraska 1,856 22.6 0 0 24,819 273 8,930 99.1 5,820 64.2 41,423 459

downstream from
confluence of
North and South
Platte Rivers

diverted to the South Platte River basin for municipal,
industrial, and irrigation uses. The average annual
water diverted from western Colorado is 414 hm?®
(Gerlek, 1977). Development of conditional water
rights may yield an additional 271 to 308 hm? per year
of water from western-slope diversions.

IRRIGATION

Irrigation in the Platte River basin began during the
early 1800’s with the construction of small, wide dit-
ches to small irrigated tracts of land on the flood plain
adjacent to the river. Since that time, there have been
many reservoirs built to store water and many
elaborate canal and ditch systems built to more effi-
ciently use surface water. The earliest development oc-
curred on the Colorado and Wyoming plains where the
climate necessitated having irrigation projects store
water for use during the dry summer months.

Since the earliest irrigation projects, when only the
land next to the rivers was used for agriculture, the ir-
rigated land has increased to about 1.4 million hm (hec-
tometers) in the entire basin. The area now is irrigated
by means of direct diversions, reservoirs, and ground-
water systems, and encompasses land several
kilometers from the river.

DOMESTIC AND MUNICIPAL USES

Several cities and industrial plants within the basin
obtain water supplies from the river or from aquifers
that are recharged mainly from the river. The
municipalities continue to grow at a rapid rate,
especially along the Front Range of Colorado and coal-

rich eastern Wyoming. This growth has been accom-
panied by increased water demands.

HYDROLOGY

GENERAL

When the Platte River and its tributaries were vir-
tually unregulated, spring runoff flowed unchecked
down the mountain stream channels and onto the
plains. During the summer after the snowpack melted,
flow in these streams became very low. In the plains
many of the rivers and tributaries were ephemeral, as
most of the low flow infiltrated into the stream bed.

Today, after more than 100 years of irrigation and
water-resource development in the basin, the Platte
River and its major tributaries, the North and South
Platte Rivers, have changed from ephemeral streams
to perennial streams. Spring runoff from the moun-
tains now is diverted and stored in offstream reser-
voirs or retained by onstream reservoirs, to be used
later in the year as needed. Through irrigation, much of
the water is used on large tracts of agricultural land.
The basin water balance also has been changed further
by imported water from adjacent river basins.

The -hundreds of reservoirs and the thousands of
kilometers of unlined canals, ditches, feeders, and
laterals have large seepage losses. As a result of this
and of the irrigation practices used, the water tables
have risen over the years making the plains’ streams
effluent; in other words, they gain water from irriga-
tion return flows. These flows then are rediverted far-
ther downstream leaving the channel dry downstream
from the point of diversion. This pattern of use and
reuse extends along the length of the plains’ reaches of
the South Platte, North Platte, and Platte Rivers.
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The balance between diversions and return flows has
been affected in recent years by extensive pumping
from the riparian aquifer. This has been a serious effect
on the surface-water users who are dependent on these
ground water seeps. Therefore, the practice of irriga-
tion may have affected and overridden natural factors
that normally define the hydrology of the Platte River.

Because of these changes in the hydrology during
thelast 40 years, the Platte River channel has decreased
in cross sectional area and theisland areas has increased
(figs. 6-9). As a result, the channel has undergone con-
siderable narrowing (fig. 10). Measurements made
from aerial photographs were used in developing
figures 6 through 10. These changes in the Platte River
have caused concern among wildlife managers in-
terested in maintaining a suitable habitat for the
thousands of migrating waterfowl that use the Platte
in central Nebraska. The reach of river concern extends
from Lexington, Nebraska, to near Grand Island,
Nebraska. This reach will be referred to throughout the
remainder of the report as the critical habitat reach.

One of the potential consequences of the hydrologic
changes is a change in vegetation growth along and
within the river channel. If channel bars are exposed
for a sufficient period of time, vegetation may become
established, causing island formation and channel nar-
rowing. Currier and Van Der Valk (1980) found that
cottonwood and willow seeds begin falling about mid-
May and continue to fall through mid-July. They state
that after germination these seedlings could be viable
until the end of August. If seed germination and seed-
ling establishment is to occur, mud flats with signifi-
cant soil moisture would have to be exposed for at least
1 to 2 weeks. Therefore, the investigation of hydrologic
changes require special attention to the period from
mid-May to the end of August, defined as the critical
growth period for vegetation.

SITE SELECTION

Nine sites along the North Platte, South Platte, and
Platte Rivers were chosen for evaluation of flow
changes. These sites are listed in table 4. Flow-
duration curves and average 1-, 3-, 7-, 15-, and
30-day mean high and 1-, 3-, 7-, 14—, and 30-day
mean low flows were defined for all sites. For six of the
nine sites, statistical analyses were performed on the
records of annual mean flow and annual peak
discharge. The six sites chosen were the North Platte
River at North Platte, Nebraska; the South Platte
River near Kersey, Colorado; the South Platte River
near Julesburg, Colorado; the South Platte River at
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North Platte, Nebraska; the Platte River near Over-
ton, Nebraska; and the Platte River near Grand Island,
Nebraska. These sites were chosen because the spatial
and temporal coverage of flow data best represents the
hydrology in the critical reach, as well as the reaches of
the North Platte and South Platte Rivers that show
the effect of the extensive development along these
rivers that have had an effect on the critical reach. The
results of the statistical analyses will be discussed
later in the report.

FLOW-DURATION CURVES

Flow-duration curves for 10-year intervals within
the period of record at each of the nine selected sta-
tions, which show the percentage of time that water
discharges of various magnitude have been equaled or
exceeded, are presented in figures 11 through 19. The
flow-duration curves shown illustrate the progression
of hydrologic change that has occurred within the
basin. Although flow-duration curves for longer
periods of record may have less time variability, it was
believed that the longer-period flow duration curves
might mask the nature of progressive change in the
flow characteristics. For a discussion of defining the
period or periods selected for computation of flow
duration for a given station, see Riggs (1972).

The only station showing any major change in the
upper end of the flow-duration is the North Platte
River at North Platte (fig. 11). All the 10-year periods
following the 1931-39 period were smaller in
magnitude and had a flatter slope except for 1970-79,
which had several years of very high flow that may
have caused the increase. This flattening indicates a
decrease in the magnitude of high flows resulting from
flow regulation occurring along the North Platte
River. The remainder of the stations show very little
change in the high flow section of the flow-duration
curves, indicating no or very little change in the high
flows.

The South Platte River near Kersey, Colorado, is the
only station that shows very little change in the entire
flow-duration curve sequence. This can be attributed
partly to an increase in transmountain diversions of
surface water. These diversions have been used to meet
1980 municipal, industrial, and agricultural demands
thereby resulting in very little change in the native
water supply. As water use continues to increase along
the Front Range, however, the flow characteristics for
the Kersey station also may change.

The changes in the flow-duration curve sequences
are indicative of the reduction in flow variability as one
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TABLE 3.—Reservoirs with capacities greater TABLE 3.—Reservoirs with capacities greater than

than 0.6 cubic hectometer 0.6 cubic hectometer—Continued

RIVER BASIN RESERVOIR NAME RESERVOiR CAPACITY RIVER BASIN RESERVOIR NAME RESERVOIR CAPACITY
(CUBIC HECTOMETERS) (CUBIC HECTOMETERS)

NORTH PLATTE ALCOVA RESERVOIR 233,0 NORTH PLATTE SEYMOUR 0.6
NORTH PLATTE AQUA FRIA 0,9 NORTH PLATTE SIRNARD RESERVOIR: 1.9
NORTH PLATTE ARNOLD RESERVOIR leé NORTH PLATTE SOUTH SPRINGS CREEK RESERVOIR 0.8
NORTH PLATTE BATIS RESERVOIR 3.8 NORTH PLATTE SPECTACLE LAKE 1.8
NORTH PLATTE BENNETT RESERVOIR le2 NORTH PLATTE TURPIN PEAK RESERVOIR 1.6
NORTH PLATTE BIG CREEK 8.5 NORTH PLATTE UPPER VAN TASSEL RESERVOIR 2.3
NORTH PLATTE BOETTCHER 0.8 NORTH PLATTE UPPER ROCK CREEK 3,5
NORTH PLATTE BOSLER 240 NORTH PLATTE WALDEN RESERVOIR NO 1 LTY)
NORTH PLATTE BUCKLIN 0.9 NORTH PLATTE WALDEN RESERVOIR NO 2 0.9
NORTH PLATTE BUTTE 1.2 NORTH PLATTE WHR RESERVOIR NO 1 1.1
NORTH PLATTE CARLSTROM 0.8 NORTH PLATTE WHR RESERVOIR NO 1 1e1
NORTH PLATTE CARROL LAKE RESERVOIR 0.7 NORTH PLATTE WILLOW CREEK RESERVOIR 0.9
NORTH PLATTE CASE BIER 1.8 NORTH PLATTE WYOMING DEVELOPMENT CO, RESERVOIR NO 1 18.9
NORTH PLATTE CAVENDAR 0.7 NORTH PLATTE WYOMING DEVELPMENT CO, RESERVOIR NO. 2 121.2
NORTH PLATTE COALMONT 39,1 SOUTH PLATTE AGATE 12.9
NORTH PLATTE COW CREEK LAKE RESERVOIR 0e6 SOUTH PLATTE ALBION LAKE 1.3
NORTH PLATTE CRYSTAL LAKE B b SOUTH PLATTE &LTYRA (DUCK LAKE) Se4
NORTH PLATTE DARCY 0.9 SOUTH PLATTE ANTERO 19.6
NORTH PLATTE DENTION DAM Be2 0.8 SOUTH PLATTE BADGER 12,2
NORTH PLATTE OUTTON CREEK RESERVOIR 3.2 SOUTH PLATTE BARKER MEADOWS 15.0
NORTH PLATTE GLENDO RESERVOIR 980,.5 SOUTH PLATTE BARR LAKE 39,6
NORTH PLATTE GLOWMILL RESERVOIR 1.0 SOUTH PLATTE BASE LINE RESERVOIR 6.5
NORTH PLATTE GOSHEN HOLE 6,1 SOUTH PLATTE BILLINGSs ARBUCKLE 1.2
NORTH PLATTE GOSHEN NO, 2 RESERVOIR 1.1 SOUTH PLATTE BOOTLEG Teb
NORTH PLATTE GRANITE SPRINGS 91 SOUTH PLATTE BOULOER 21,5
NORTH PLATTE GRAY REEF 2.2 SOUTH PLATTE BOULOER 9o
NORTH PLATTE GUERNSEY RESERVOIR 55,8 SOUTH PLATTE BUTTON ROCK 19.1
NORTH PLATTE HAMILTON RESERVOIR 1.2 SOUTH PLATTE CABIN CREEK 2.3
NORTH PLATTE HAWK SPRINGS 2046 SOUTH PLATTE CASTLEWO0D 4o
NORTH PLATTE HOG PARK 3.8 SOUTH PLATTE CHERRY CREEK 303.4
NORTH PLATTE HUGHES RESERVOIR 0.8 SOUTH PLATTE CLARK COUNTY NO, 2 le6
NORTH PLATTE HUTTON LAKE 3.1 SOUTH PLATTE CLOVER BASIN 0.7
NORTH PLATTE HYANNIS 246 SOUTH PLATTE COALBANK WATERSHED 246
NORTH PLATTE Je FRANK WALKER 0.7 SOUTH PLATTE DeAs LORD NOo & 4¢3
NORTH PLATTE KING NO, 1 2.7 SOUTH PLATTE ELEVENMILE CANYON: 120.6
NORTH PLATTE KORTESRESERVOIR 5.7 SOUTH PLATTE EMPIRE: 46,5
NORTH PLATTE LA PRELE RESERVOIR 2.5 SOUTH PLATTE ENGLEWOOD Tet
NORTH PLATTE LAKE OWEN BERG 1.7 SOUTH PLATTE FALL RIVER RESERVOIR 1.1
NORTH PLATTE LAKE JOHN 8.0 SOUTH PLATTE FOOTHILLS 542
NORTH PLATTE LAKE HATTIE 8445 SOUTH PLATTE FRANKTOWN PARKER 0.8
NORTH PLATTE LAKE ALICE 14,1 SOUTH PLATTE GEORGETOWN 0.9
NORTH PLATTE LAKE MINATARE 7647 SOUTH PLATTE GOLD LAKE RESERVOIR 1.7
NORTH PLATTE LAKE MCCONAUGHY 2401,.9 SOUTH PLATTE GROSS RESERVOIR $3.1
NORTH PLATTE LAKE OGALLALA 16,0 SOUTH PLATTE HAYDEN 046
NORTH PLATTE LAUNE 3.7 SOUTH PLATTE HIDDEN LAKE 440
NORTH PLATTE LEE'S RESERVOIR 0.6 SOUTH PLATTE MIGHLAND NO, 2 [
NORTH PLATTE MCFARLANE 840 SOUTH PLATTE HILLCREST 242
NORTH PLATTE MEADOW CREEK 6,2 SOUTH PLATTE HORSE CREEK 3642
NORTH PLATTE NORTH SPRING CREEK RESERVOIR 0.9 SOUTH PLATTE HUDSON 1446
NORTH PLATTE NORTH MICHIGAN 1.6 SOUTH PLATTE JACKSON LAKE 44,0
NORTH PLATTE OLIVE RESERVOIR 9.2 SOUTH PLATTE JULESBURG RESERVOIR 3447
NORTH PLATTE PATHF INDER RESERVOIR 1319,3 SOUTH PLATTE JUMBO RESERVOIR 3.1
NORTH PLATTE PIERCE RESERVOIR 4,0 SOUTH PLATTE KENWOOD 12.3
NORTH PLATTE PINE RIDGE 247 SOUTH PLATTE KI0wWaA 10.3
NORTH PLATTE POLARIS RESERVOIR 0.7 SOUTH PLATTE KLUG NO, 3 0.9
NORTH PLATTE POLE MOUNTAIN 2.3 SOUTH PLATTE LAKE CHEESMAN 97.5
NORTH PLATTE RAINER RESERVOIR 0.7 SOUTH PLATTE LAKE MALONEY Ted
NORTH PLATTE RAWLINS RESERVOIR 0.8 SOUTH PLATTE LEFT MAND VALLEY 13,0
NORTH PLATTE ROLE ROY 11.0 SOUTH PLATTE LEFT HAND PARK 1.9
NORTH PLATTE SABIN 3.9 SOUTH PLATTE LEGGET 1.2
NORTH PLATTE SADDLEBACK RESERVOIR 08 SOUTH PLATTE LIDDERDALE LAKE 0.9
NORTH PLATTE SAGE CREEK RESERVOIR 0e7 SOUTH PLATTE LOCH LOMAND 10.8
NORTH PLATTE SAND LAKE le6 SOUTH PLATTE LOST PARK 5646
NORTH PLATTE SARATOGA RESERVOIR 1.0 SOUTH PLATTE LOVELLA 8.3
NORTH PLATTE SEMINCE 1246,3 SOUTH PLATTE LOWER LATHAM 7.1
NORTH PLATTE SEPERATION LAKE RESERVOIR 0.7 SOUTH PLATTE MARSHALL LAKE 12.9
progresses downstream. The North Platte River at | voirs that maintain streamflow during low-flow
North Platte, Nebraska, the South Platte River at | periods. The period of record for the Platte River near
Julesburg, Colorado, and North Platte, Nebraska, and | Cozad, Nebraska, is too short to detect any obvious
the Platte River near Overton, Nebraska, show a flat- | flattening of the flow-duration curves from those prior
tening in the lower end of flow-duration curves begin- | to 1940. The flow-duration curves for the gaging sta-
ning about 1950 and continuing to 1979. This flatten- | tions at Platte River near Odessa, Grand Island, and
ing usually is due to an increase of inflows caused by | Duncan, Nebraska, are progressively flattening at the
irrigation return flows or controlled release from reser- | low-flow end. Changes in the shapes of the flow-
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TABLE 3.—Reservoirs with capacities greater than
0.6 cubic hectometer—Continued

RIVER RASIN RESFRVOIR CAPACITY
{CURIC HECTOMETERS)

SOUTH PLATTE MCINTIRF NO. I 1ol
SOUTH PLATTE MESA 1.2
SOUTH PLATTE MILTON LAKE 53.2
SOUTH PLATTE MONTGOMERY 643
SOUTH PLATTE NOONAN NO, 2 3.3
SOUTH PLATTE NORTH STERLING 91,2
SOUTH PLATTE OLIVER 9.2
SOUTH PLATTE PANAMA 0.8
SOUTH PLATTE PANHANDLF 1.3
SO'TH PLATTE PARK CRFEK DAM 9.1
SOUTH PLATTE PETFRSOM LAKE 1.1
SOUTH PLATTE PETERSON | AKE 1.5
SOUTH PLATTE PLATTE CANYON 1.2
SOUTH PLATTE PLEASANT VALLEY 3.1
SOUTH PLATTE POINT OF RNCK 99,4
SOUTH PLATTE PREWITT 4041
SOUTH PLATTE PROSPECT 94
SOUTH PLATTE QUINCY 3.5
SOUTH PLATTE RATTLESNAKE 247
SOUTH PLATTE RESERVOTR NO. 2?7 51.7
SHUTH PLATTE RESFRVOIR 0. 8 13.0
SOUTH PLATTE RESFRVOIR N0, 4 1.6
SOUTH PLATTE RIVFRSINF 70.9
SOUTH PLATTE SHEFP CREEK 247
SOUTH PLATTE SIX MILF 13,4
SOUTH PLATTE SILVER LaKE 4.9
SOUTH PLATTE SOUTH GRAY 1.4
SOUTH PLATTE SUTHERLAND RESFRVOIR 949
SOQUTH PLATTE TARRYALL 1642
SOUTH PLATTE TERMINAL 4.2
SOUTH BLATTE TERRY LAKF 10.0
SOUTH PLATYE TIMNATH 12.5
SOUTH PLATTE TWIN LAKES 21.1
SOUTH PLATTE UNINN 15.7
SOUTH PLATTE UPPFR URAD 0.9
SOUTH PLATTE VALMONT 17.2
SOUTH PLATTE WARREN | AKE 2.8
SOUTH PLATTE WASSON 1.0
SOUTH PLATTE WATER SUPPLY NO, 4 1.2
SOUTH PLATTE WATER SUPPLY NO, 3 5.9
SOUTH PILATTE WILD HORSF 1.0
SOUTH PLATTE WILLAMS MCCREERY 21.7
SOUTH PLATTE WINDSOR 19.3
SOUTH PLATTE WORSTER (EATON) 245
PLATTF BLUE STEM 3.7
PLATTF BRANCHEN nNAK 32.0
PLATTE CONESTOGA 3.2
PLATTF ERICSON 2.0
PLATTE GALLAGER CANYON LaAKE 3.7
PLATTE HOLMES LAKE 1.5
PLAYTE JEFFERY RESERVOIR 14,2
PLATTE JOHNSON RESERVOTR 6646
PLATTFE LAKE BARCOCK ANN |AKE NORTH 545
PLATTE MIDWAY CANYONS LAKE SYSTEM 11.6
PLATTE OLIVE CREEK 1.8
PLATTE PAWNEE 10.5
PLATTE PLUM CREEK LAKE 5.7
PLATTE SHERMAN RESFRVOTRQ 85,2
PLATTF STAGE COACH 2.4
PLATTE TWIN LAKES 3.5
PLATTF WAGON TRAIN 3.1
PLATTE YANKEE HWILL 245
TOTAL RESERVOIRS = 194 TOTAL CAPACITY = B8820.,4

duration curves can be related to the channel width
and area changes already shown in figures 6 through
10.

It should be emphasized that a distinction be made
between change in shape of flow-duration curves and
shift in flow-duration curves for different periods of
record. A change in the shape of a flow-duration curve
indicates change in the characteristics of flow distribu-
tion. This is the basis of the preceding analysis. A shift

B9

in a flow-duration curve, however, indicates a change
in flow volume, but not distribution shape. A change in
shape from 1940-49 to 1950-59 and a change in
volume from 1960-69 to 1970-79 are shown in figure
16.

Further interpretation of the flow-duration curves
may be made using periods of records longer than 10
years. Again using figure 16 as an illustration, an
analysis could have been made using two periods,
1931-49 and 1950-79. It is apparent that the resulting
flow-duration curves would lie somewhere between the
respective 10-year period curves as plotted. The
resulting two curves would allow one to relate the
changes in water use and environmental factors to flow
characteristics between the two periods.

HIGH FLOWS

High flows, as used in this section, are defined as the
largest mean flows occurring for durations of 1, 3, 7,
15, or 30 consecutive days for any given year. Changes
in the mean high flows in the study reach are presented
in figures 20 through 28. The North Platte River at
North Platte, Nebraska, shows a general decrease in
the high mean flows coinciding with the establishment
of Lake McConaughy during 1941. During 1971 and
1973, however, a wunique combination of large
holdovers in the reservoirs and large inflows into the
reservoirs, because of rapid snowmelt along with
simultaneous heavy rains on the Nebraska part of the
drainage basin, resulted in higher than normal releases
from the reservoir (Shaffer, 1976). The two peaks on
the high-flow graphs are not believed to indicate a sus-
tained upward trend in mean high flows. This also was
shown in the flow-duration curves with a flattening of
the curves. The remainder of the stations, however,
show little change in high flows.

LOW FLOWS

Low flows, as used in this section, are defined as the
smallest mean flows occurring for durations of 1, 3, 7,
14, or 30 consecutive days for any given year. The 1-,
3-, 7-, 14—, and 30-day low flows for each of the nine
stations are presented in figures 29 through 37. The
North Platte River at North Platte, the South Platte
River at North Platte, and the Platte River near Cozad
and Overton, show an increase in the minimum level of
low flows since about 1940, while the South Platte
River at Julesburg, Colorado, shows an increase, start-
ing about 1920. The South Platte River near Kersey,



B10 HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

1000 T T T T T

900 r —
800 r -
700 |- —

600 - -

Island area
500 L*“ —_— R

*
1
_1
~

Channel area
L -
+ + + t
L L

+
*
L

400 M

AREA, IN SQUARE HECTOMETERS

300

200

100 |-

1920 1930 1940 1950 1960 1970 1980

FIGURE 6.—Change in channel area and island area near Cozad, Nebraska.
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FiGURE 7.—Change in channel area and island area near Overton, Nebraska.
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FiGURE 9.—Change in channel area and island area near Duncan, Nebraska.
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TABLE 4.—Streamflow characteristics of primary data sites
[km? = square kilometers; m*s = cubic meters per second]
Period of Drainage Mean annual
Station name Station streamflow record area discharge
number (water years) (km?) (m®s)
North Platte River at 06693000 1895-1979 80,000 23.5
North Platte, Nebraska.
South Platte River near 06754000 1902-03, 1905-79 24,859 22
Kersey, Colorado.
South Platte River near 06764000 1903-06, 1909-12, 1914-21, 59,927 13.5
Julesburg, Colorado. 1925-79
South Platte River at 06765500 1897, 1914-15, 1917-79 62,900 9.5
North Platte, Nebraska.
Platte River near Cozad, 06766500 1932, 1937-79 146,300 14.2
Nebraska.
Platte River near Overton, 06768000 1915-79 149,400 39
Nebraska.
Platte River near Odessa, 06770000 1937-79 150,500 35.9
Nebraska.
Platte River near Grand 06770500 1934-79 152,300 35.6
Island, Nebraska.
Platte River near Duncan, 06774000 1895-1910, 1910-11, 157,700 41.2

Nebraska.

1912-15, 1928-79

Colorado, shows no change in low flows. The Platte

River near Odessa,

tions.

Grand Island, and Duncan,
Nebraska, shows a slight increase in low flows, but the
change is not as pronounced as at the upstream sta-

STATISTICAL ANALYSES

Statistical analyses were performed on annual mean
flow and peak flow for the previously mentioned six

sites to make the following determinations:
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FIGURE 12.—Selected flow-duration curves at Station 06754000, South Platte River near Kersey, Colorado
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Bl4 HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

1000 1 1 1 T T T T T 1 1 T T 13
I~ ~s 7]
~ \\ -
o100 £ W . =
2 E \N~~ K\ E
8 — \\ ."0\ -]
w — ~ =]
w — p—
o \ o
[T — —
a
£ 10 = =
= = 3
s F ]
o [
@ — —
3 D\
1.0 £ S =
2 = e - 3
ui = SN ~—
<] — \\‘.'. ——
< - S, —
§ | 19236906, \' ...‘ \_
&) —_—-— '
2 ak w02 S~ i |
o = 1914-19 " AT 3
~  1930-39 —==—=—=—=— AT 3
[ 1950-59 —— ——— '\ R
— 196069 ———— ———— —
oor L1 1 1 [ I N N N B L1 [
0.1 0.5 2.0 5.0 100 20.0 50.0  70.0 90.0 95.0 99.099.5  99.9

PERCENTAGE OF TIME DISCHARGE EQUALED OR EXCEEDED

FIGURE 13.—Selected flow-duration curves at Station 06764000, South Platte River at Julesburg, Colorado (water years 1903-79).
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FIGURE 14.—Selected flow-duration curves at Station 06765500, South Platte River at North Platte, Nebraska (water years 1932-79).
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F1GURE 15.—Selected flow-duration curves at Station 06766500, Platte River near Cozad, Nebraska (water years 1941-79).
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F1GURE 16.—Selected flow-duration curves at Station 06768000, Platte River near Overton, Nebraska (water years 1931-79).
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FIGURE 17.—Selected flow-duration curves at Station 06770000, Platte River Near Odessa, Nebraska (water years 1940-79).
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FIGURE 18.—Selected flow-duration curves at Station 06770500, Platte River near Grand Island, Nebraska (water years 1935-79).
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FIGURE 19.—Selected flow-duration curves at Station 06774000, Platte River near Duncan, Nebraska (water years 1930-79).

1. The significance of major developments along the
rivers that would cause abrupt changes in the time
series of annual mean flow and annual peak flow and,

2. The significance of developments that would show a
more gradual change or time trend in annual peak
flow and annual mean flow.

The only major development along the Platte River
system that was suspected to cause a drastic modifica-
tion in the time series of the flow statistic was the con-
struction of Kingsley Dam and subsequent formation
of Lake McConaughy. Construction of coffer dams,
diversions, and off-stream storage for Kingsley Dam
was begun about 1935 (Shaffer, 1976), so the period of
record for all sites was divided into two time frames,
when available, of pre-1935 and post-1935. Water
year 1935 was included in the post-1935 time frame.

The significance of any major development causing
abrupt changes in the time series of the flow variables,
was determined by an analysis of covariance (Riggs,
1969; Kleinbaum and Kupper, 1978). In this analysis,
logarithms of the flow variable were regressed against
time with dummy variables as additional independent
variables. The dummy variable was given a value of 1
for the pre-1935 period and a value of 0 for the
post-1935 period. If the partial F-statistics of the
regression indicated that the inclusion of the dummy

variables was statistically significant to the regres-
sion, then the regression was analyzed considering the
separate periods for time trend analyses. The level of
significance used was the 5-percent level.

The trend analysis was performed to determine any
gradual change of the flow variable with time. The
trend analysis was simply a regression of the
logarithm of the flow variable against time, for either
the total period or for each individual period. Whether
one or two time periods were analyzed was determined
from the results of the analysis of covariance. If the
hypothesis that the construction of Kingsley Dam had
no effect on the respective flow variable is not rejected
(corresponding to the F-statistics of the analysis of
covariance being insignificant at the 5-percent level),
then a single trend line would be obtained for the entire
period of record. If, however, this same hypothesis is
rejected then a trend line would be determined for the
period before 1935 in addition to one for the period
after 1935.

It is important to note that the determination of the
trends is made only for comparative purposes, and not
for estimations of the particular flow variable to be
made at any site. A statistical summary of the
covariance analyses is shown in table 5. The values in
the table are applicable only for comparing the signifi-
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FIGURE 20.—Mean 1-, 3-, 7-, 15-, and 30-day high flows at Station 06693000, North Platte River at North Platte, Nebraska
(water years 1931-79).

cant changes in hydrology between sites or between
periods or to notice any overall trend in flow variables
for any site.

MEAN FLOWS

Annual mean flows for the six sites are shown in
figures 38 through 43. The North Platte River at North
Platte, Nebraska (fig. 38), had a decrease in annual
mean flows during the mid-1930’s. From the analysis

of covariance results of table 5, it can be seen that

there is a definite shift in the time series for mean flows
in the North Platte around 1935. The large F-statistic
indicates that a model of mean flow versus time should
be broken into the pre-1935 and post-1935 time
periods. However, the slope for each time period is not
significantly different from zero; therefore, there was
no significant trend in mean flow at this station during
the period before 1935 or during the period after 1935.
Because regressions of mean discharge versus time for
the pre- and post-1935 periods show no change in
mean flow with time for each period, an alternative
test for indicating the difference in the respective
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populations would be a simple t-test on the means for
each period.

The South Platte River stations (figs. 39 through 41)
indicate very little change in the annual mean flow
with time, even with the extensive development
upstream. The absence of change indicated by visual
inspection of the records from the South Platte River
stations is verified by the analysis of covariance. The
F-statistics indicate that there has been no statistical-
ly significant shift in logarithms of mean flows be-
tween the two periods, and the total period t-statistics

on the regression slope parameter indicate that there
was no significant trend over the entire period.

The annual mean flows for the Platte River near
Overton (fig. 42) decreased abruptly during the
mid-1930’s. The statistical results of table 5 support
this significant trend by indicating that a regression
model of the logarithms of mean flow versus time for
Overton need to be divided into the two specified
periods. Slope parameters of the individual regressions
are not significantly different from zero.

The logarithms of the mean flows for the Platte



B20

900 T T L T T 1

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

800
700
600
500
400 -
300
200
100 |~

No record

No record

No recor

i

1-DAY |

T T T T T T

)
15-DAY |

mJ RALE

T T

1
1

L 30-DAY -

¥

I W o el

DISCHARGE, IN CUBIC METERS PER SECOND

900 T L} 1 L T L 1]
800 3-DAY
400 |

300 |-

200

700 -

600}

500

700 -

600 |

100 - X /\A\
L i

900 ! T T L) Ll T Ll

400 -

300

500 I
800 |- 7-DAY
200 +
100} \
0 1 i 'Y i i

1900 1910 1920 1930 1940 1950 1960 1970 1980
WATER YEAR

1900 1910 1920 1930 1940 1950 1960 1970 1980

WATER YEAR

FIGURE 22.—Mean 1-, 3-, 7-, 15-, and 30-day flows at Station 06764000, South Platte River at Julesburg, Colorado
(water years 1903-79).

River near Grand Island (fig. 43) show an increasing
trend for the entire period of record, which began after
1935. This increase probably was unduly affected by
the high flow water years 1971-74.

Monthly mean flows for the period of record for
April through September are shown in figures 44
through 47. These months were chosen because they
encompass the critical growth period for vegetation as
defined by the U.S. Fish and Wildlife Service. The
months also include the major runoff period and irriga-
tion season. Only four stations were used in this
analysis to show the changes on the North Platte

River, South Platte River, and the Platte River in and
near the critical reach.

The monthly mean flows during July and August for
the North Platte River (fig. 44) indicate a marked in-
crease beginning about 1945. These are two of the peak
irrigation months and the increases are the result of
releases from Lake McConaughy. April and May are
the months of spring runoff and the North Platte River
at North Platte shows a decrease in these flows follow-
ing the construction of Lake McConaughy, which now
holds back the higher flows.

The South Platte River at North Platte (fig. 45) had
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little change in the monthly mean flows. The records
for the Platte River near Overton and Grand Island
(figs. 46 and 47) do not indicate the large change that
occurred in the North Platte River, but do show a
small increase in the monthly mean flows during July
and August. The change in monthly mean flows
possibly is damped out by the South Platte River,
which has had little change in the mean flows.

INSTANTANEOUS PEAK FLOWS

The yearly instantaneous peak flows for six stations

in the study reach are given in figures 48 through 53.

The North Platte River at North Platte (fig. 48) in-
dicates the largest change in peak flows of the six sta-
tions; this is most likely a result of the on-stream con-
struction of Kingsley Dam, which holds back the peak
flows that once continued downstream. The statistical
analysis (table 6) indicates that a regression model of
the logarithms of annual peak flow versus time needs
to be divided into two models corresponding to
pre-1935 and post-1935 time periods. This first model
indicates a decrease in peak flows to 1935; following
1935 there is no significant change in the peak flows
with time.
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For the South Platte River near Kersey, Colorado,
and the South Platte River at Julesburg, Colorado, the
regression results indicate no shift in time series for
the logarithms of peak flows as well as no significant
trend with time. The F-test for the South Platte River
at North Platte (fig. 51) indicates a homogeneity in the
data set for the entire period, and there is a gradual
decrease in annual peak flows throughout the entire
period of record. The 1935 data point may have an inor-
dinate effect on the trend of the regression.

The Platte River near Overton (fig. 52) indicates a
single regression of the logarithms of annual peak flow
versus time with a negative trend for the period of
record, while statistically the 1935-present data set of

peak flows at Grand Island (fig. 53) shows no ap-
preciable trend. The similarity of the peak flows at
Overton compared to the South Platte River near
North Platte, shown by both statistical results and
visual inspection, is indicative of the important con-
tribution of the South Platte peak flows to the Platte
River major peak flows. The overlaid plots of peak
flows for the South Platte River at North Platte,
Nebraska, and the Platte River near Overton,
Nebraska, are shown in figure 54. This is substantiated
by Williams (1978) who stated that the North Platte
River upstream from Lake McConaughy showed a
decrease in peak flow after the construction of each of
the major reservoirs in Wyoming, and the Platte River
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near Grand Island, Nebraska, shows similarity of
peak-flow occurrences (fig. 54).

In order to illustrate the effect of the peak flows and
mean flows of the South Platte and North Platte
Rivers on the peak flows and mean flows for the Platte
River near Overton, regression analyses were ‘per-
formed relating the logarithms of these flow Variables,
and the results are listed in table 7. Because the time-
trend analyses previously discussed for both peak and
mean flows of the North Platte River at North Platte
indicate that two separate time periods need to be con-
sidered in making statistical determinations regarding
this site, the interstation regressions were performed
for each time period.

The difference in the magnitudes of the slope coeffi-
cients of the respective North Platte River and South
Platte River flow variables are not legitimate
measures of the relative importance of one indepen-
dent variable compared to another in affecting the flow
variables at Overton. This is true because the size of a
coefficient would change as a result of merely changing
the scale of the measurements of the variable.
However, by adjusting the ordinary least-squares
regression-slope coefficient estimates by the ratio of
the standard deviations of the independent and depen-
dent variables, an objective measure of importance of
the independent variables can be determined. These
adjusted coefficients are called ‘‘beta coefficients”

B23
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(Goldberger, 1964). The beta coefficients calculated
from the slope coefficients in table 7 are listed in table
8.
The pre-1935 beta coefficients from table 8 indicate
that the mean flow variable from the North Platte
River at North Platte is the more important con-
tributor to the mean flow variable at Overton. Similar-
ly, the pre-1935 peak flow variable beta coefficients
show the North Platte River peaks to be slightly more
dominant then the peak flow variable from the South
Platte River in affecting the peak flow variable at

Overton. However, the post-1935 beta coefficient from

the mean flow analysis indicate that the South Platte
River has equalized its effect on the mean flow variable
at Overton relative to the North Platte River’s effect.
The regression analysis of the post-1935 peak flow
variable shows that the roles of the more important
contributor for this flow variable have reversed. This
role reversal can be explained by the fact that the
South Platte peak flows account for the majority of the
significant peaks at Overton. Although the North
Platte River is a major contributor to most annual
peak flows at Overton, most large peaks are derived
from the South Platte basin.
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SUMMARY

Flow in the Platte River basin is affected by tgans-
mountain diversions in the headwaters, dams that
create on-stream reservoirs, structures that divert
water to off-stream reservoirs, ground-water pumpage
from lands bordering rivers, return of water to chan-
nels from irrigation and hydropower releases, possible
gain or loss of water by seepage, water demands of an
increasing population, and the requirements of more

vegetation that now grows in the river valley. These ef-

fects of man in the Platte River basin are the most
logical explanation for the observed changes in flow.

Changes in surface-water hydrology and channel size
have occurred at different times throughout the basin.
The hydrologic changes are identified by shifts in
levels of low flows and high flows, and the flattening of
flow-duration curves. These changes also are il-
lustrated in the time series of annual mean and peak
flows. Changes in channel morphology are exhibited in
the plots of width and area of the Platte River channels
through time.

The hydrologic and channel changes have occurred
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in such a manner that the upstream reaches were af-
fected earliest in the period of record. Observing the
10-year flow-duration curves and low flows at the sites
studied indicate the stations upstream of the Platte
River near Overton are maintaining relative stability,
while those sites downstream of Overton still are ad-
justing to the changes in the hydrologic system
upstream. This relative stability reached at each of the
sites is as follows: The North Platte River at North
Platte, Nebraska, about 1941; the South Platte River
at Julesburg, Colorado, about 1920; the South Platte
River at North Platte, Nebraska, about 1937; and the
Platte River near Cozad and Overton, Nebraska, about

1950. The Platte River near Odessa, Grand Island, and
Duncan, Nebraska, still is adjusting toward stability,
while the South Platte River near Kersey, Colorado,
has not shown any significant change for the period of
record investigated. Therefore, in hydrologic analysis,
caution needs to be taken in defining the period of
record used because of the changing hydrologic
system.

At each site, statistical analyses were performed on
records prior to and following the construction of
Kingsley Dam, to determine the effect on the peak and
annual mean flows. The South Platte River in Colorado
shows no trend in either the peak or annual mean
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TABLE 5.—Summary of regression and covariance analysis for the logarithms of annual mean flows

Pre-1935 population Post-1935 population Total record
Site F-statistic Number of regression
equation Slope t-statistic  Slope t-statistic  Slope t-statistic

North Platte River at

North Platte, Nebraska. . . ... 73.9* 2 —0.006 -1.13 0.000 003 — -
South Platte River near

Kersey, Colorado............ 2.26 1 —.005 - .015 —  0.003 0.85
South Platte River at

Julesburg, Colorado.......... 1.28 1 -.006 - .011 — —.001 —.26
South Platte River at

North Platte, Nebraska. . .. ... 2.50 1 —.064 - .003 -  —.006 —1.16
Platte River near

Overton, Nebraska..:....... 20.2* 2 -.031 —1.82 .010 199 — -
Platte River near

Grand Island, Nebraska........ - 1 - - .013 - .013 2.30*

*Indicates statistic is significant at the 5-percent level.

TABLE 6.—Summary of regression and covariance analysis for the logarithms of annual peak flows

Pre-1936 population Post-1936 population Total record
Site F-gtatistic Number of regression
equation Slope t-statistic  Slope t-statistic  Slope t-statistic

North Platte River at

North Platte, Nebraska. . . .. 156.4* 2 -0,021 —3.15* 0.001 024 — -
South Platte River near

Kersey, Colorado........... 0.570 1 —.004 — .016 —  0.007 1.63
South Platte River at

Julesburg, Colorado.......... 2.40 1 -.010 - .004 - -.004 —.62
South Platte River at

North Platte, Nebraska. .. .... 1.31 1 —.067 - 077 -  -.018 —2.22*
Platte River near

Overton, Nebraska........... 1.93 1 —.037 - -.007 - -.019 —4.23*
Platte River near

Grand Island, Nebraska........ - 1 - —  -.007 - =007 —.99

*Indicates statistic is significant at the 5-percent level.

TABLE 7.—Summary of regression results relating the logarithms of mean annual and peak flows of the South Platte River and North Platte
River to the logarithms of mean annual and peak flows of the Platte River.

Variable

Slope regression
coefficient

t-statistic*

Slope regression
coefficient t-statistic*

Pre-1935

Post-1935

Logarithms of mean flow
Platte River near
Overton, Nebraska.

Logarithms of peak flow
Platte River near
Overton, Nebraska.

Logarithms of mean flow
Platte River near
Overton, Nebraska.

Logarithms of peak flow
Platte River near
Overton, Nebraska.

0.984

674

725

.288

7.99

5.17

7.09

2.07

0.

166 2.85

.260 4.45

.376 6.57

.363 6.88

*All ¢ values are significant at the 5 percent level.
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TABLE 8.—Summary of beta coefficients relating the logarithms of
mean annual and peak flows of the North Platte River and South
Platte River to the logarithms of mean annual and peak flows of the
Platte River

Beta Beta
Variable coefficient, coefficient
(North Platte) (South Platte)
Pre- Logarithms of mean flow
1935 Platte River near
Overton, Nebraska. 0.756 0.269
Logarithms of peak flow
Platte River near
Overton, Nebraska. .576 .495
Post-  Logarithms of mean flow
1935 Platte River near
Overton, Nebraska. 571 529
Logarithms of peak flow
Platte River near
Overton, Nebraska. 211 702

flows. The South Platte River at North Platte,
Nebraska, shows no trend in annual mean flows, but a
decrease in peak flows for the period of record. The
North Platte River at North Platte, Nebraska, and the
Platte River near Overton, Nebraska, show a decrease
in both the peak and annual mean flows, while the
Platte River near Grand Island, Nebraska, shows no
trend in the peak flows, but a slight increase in annual
mean flows.
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(water years 1931-79).
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(water years 1941-79).



40

EFFECTS OF WATER DEVELOPMENT ON SURFACE-WATER HYDROLOGY

B35

30r—

20

1-DAY

L]
14-DAY

40

30

20

10

A,

30-DAY

40

DISCHARGE, IN CUBIC METERS PER SECOND

30

10}F

L ' 'l [

0
1930

1940 1950 1960 1970 1980

WATER YEAR

1930

1940

1950

1960

WATER YEAR

1970 1980

FIGURE 34.—Mean 1-, 3-, 7-, 14-, and 30-day low flows at Station 06768000, Platte River near Overton, Nebraska
(water years 1931-79).



B36 HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

35 T T T T T T T T
1-DAY 14-DAY
30 = -5 o -

20 - = .
15 E L 4
101 . - _

35 T T T T v L L M

30 1 B
25 - - T

10 B ]

oM M T o
0 1 1 —\ 1 i L —L

1930 1940 1950 1960 1970 1980
WATER YEAR

35 v T L T

DISCHARGE, IN CUBIC METERS PER SECOND

30| -
25| .

20 .

10} 4

0 1 A N\ 1
1930 1940 1950 1960 1970 1980

WATER YEAR

FIGURE 35.—Mean 1-, 3-, 7-, 14—, and 30-day low flows at Station 06770000, Platte River near Odessa, Nebraska (water years 1940-79).



EFFECTS OF WATER DEVELOPMENT ON SURFACE-WATER HYDROLOGY B37

35 Al T T ¥ T T T ™
1-DAY 14-DAY
30 + e = -
25 -. - ]
20 | - s -
15+ - - -
10 - - - p
[a]
2 0 1 L WA\ 2z 1 [ o IA H
Q
(5}
&
o 35 ¥ Ll T T T T T T
E 3-DAY 30-DAY
30} 4 = .
2]
w5 | ]
E ) i
20 F . -
g ]
[++]
S 15 . -
(&)
2 10 - - ]
w 5} = 4
£ A 1 A iy
g 0 A e I AN 2 i N N i
X 1930 1940 1950 1960 1970 1980
2 WATER YEAR
a 35 T T T T
7-DAY
30} W
25 4
20} .
15 -

A

o J\VA
°[ I\AA
L L nA .
960

0
1930 1940 1950 1 1970 1980
WATER YEAR

FIGURE 36.—Mean 1-, 3-, 7-, 14-, and 30-day low flows at Station 06770500, Platte River near Grand Island, Nebraska
(water years 1935-79).



B38

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

25 L] L] Ll v

15

10

1-DAY

14-DAY

Ll

25 T L ] L]

20

15

10 -
5 .,A N‘/VA
0 L i L lA —

3-DAY

Y

A

30-DAY

-l

25 v T T v

DISCHARGE, IN CUBIC METERS PER SECOND

20

15 |

| AA/\/M/A
L oML ANV

7-DAY

S |

0
1920 1930 1940 1950 1960
WATER YEAR

1970

1980

1920

1930

1940 1950

WATER YEAR

1960

1970

1980

FIGURE 37.—Mean 1-, 3-, 7-, 14-, and 30-day low flows at Station 06774000, Platte River near Duncan, Nebraska

(water years 1930-79).



EFFECTS OF WATER DEVELOPMENT ON SURFACE-WATER HYDROLOGY B39

160 1 J v v v L) LB v Ly

-

»

o
1

120 -

E
L]

8
T

N
[~

T
»-—

DISCHARGE, IN CUBIC METERS PER SECOND

40
20
o A 1 'l A A A i [l
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980

WATER YEAR

FIGURE 38.—Annual mean discharges at Station 06693000, North Platte River at North Platte, Nebraska (water years 1895-1979).

70 ™ ) ™ T 1 T L

60 P . -
=]
§ [ ]
a 50 -
[ 4
w
(-9
2
A T.
= NO RECORD
Q
[
8 30 / -
= /
w !
g 20 | -
3
o

10 -{\ -

NO RECORD
o Il '] A 1 4 '] [
1900 1910 1920 1930 1940 1950 1960 1970 1980
WATER YEAR

FIGURE 39.—Annual Mean discharges at Station 06764000, South Platte River Near Kersey, Colorado
{water years 1902, 1903, 1906-12, 1915-79).



B40 HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

50 L} 1 L T L Rl T
g ' ¥
<]
g 40 | —
(7]
o« NO RECORD
g " | ls
43
] ¥
B s | { { -
3} I \
s | \
3 ' \ '
g | \
W 20 N n
2 AR \\,—NO RECORD Y
I I § | \
o l ] \
2 ! | \
° 10 - / ,' \

i\ |l ‘
NO RECORD g
o L — i 1 [} i L
1900 1910 1920 1930 1940 1950 1960 1970 1980

WATER YEAR

FIGURE 40.— Annual mean discharges at Station 06764000, South Platte River at Julesburg, Colorado (water years 1903-79).

50 LA L] | L T L
Q
g ¥
8 40 |- -
w
7]
(-4
uw
o
& }
w 30 -
=
o
2
2
§. 20 7
§
(=]

10 -

0 [ i i [ 1 L
1910 1920 1930 1940 1950 1960 1970 1980
WATER YEAR

FIGURE 41.— Annual mean discharges at Station 06765500, South Platte River at North Platte, Nebraska (water years 1918-79).



EFFECTS OF WATER DEVELOPMENT ON SURFACE-WATER HYDROLOGY B41

175 T T T T T T

150 - -

125 - -1

100[- -

DISCHARGE, IN CUBIC METERS PER SECOND

75 -
b
50 -
lLv
25 - -
0 i 1 1 i : 1
1910 1920 1930 1940 1950 1960 1970 1980
WATER YEAR
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FIGURE 48.—Annual instantaneous peak discharges at Station 06693000, North Platte River at North Platte, Nebraska

(water years 1895-1979).
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FIGURE 49.—Annual instantaneous peak discharges at Station 06754000, South Platte River near Kersey, Colorado

(water years 1902, 1903, 1905-12, 1914-79).
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FIGURE 50.—Annual instantaneous peak discharges at Station 06764000, South Platte River at Julesburg, Colorado
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FIGURE 51.— Annual instantaneous peak discharges at Station 06765500, South Platte River at North Platte, Nebraska
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FIGURE 52. —Annual instantaneous peak discharges at Station 06768000, Platte River near Overton, Nebraska
(water years 1915-17, 1919-23, 1926-79).

g 900 T T T T
= 800 - -
VY]
a.
g 700 r -
@
=2
2 600 | . J
£ 500 | 14 » -
g »
g » ’
5 400 P~ » -
2 »
o » »

300 P *® > -
g ’
a . ’ ’
8 200 b 4 . " » *’ '..
w

» »
5 ’ » » » 4 » 4
= L4 » » » -
2 100 - ” (X2
& » ’
E 0 [} Il I8 i
1930 1940 1950 1960 1970 1980
WATER YEAR

FIGURE 53.—Annual instantaneous peak discharges at Station 06770500, Platte River near Grand Island, Nebraska (water years 1934-79).
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