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DEDICATION

Peter J. Murphy
July 29, 1939 to October 22, 2002

Dr. Peter J. Murphy wrote the first draft of this report in 2000 and continued to refine it until his demise
in 2002. Much of the work presented here isfrom Dr Murphy’ s efforts and he remains the first author.
Peter has been greatly missed by his colleagues at the U.S. Bureau of Reclamation and we dedicate this

report to him.

Dr. Murphy grew up in Brooklyn, New Y ork and began his professional education in 1958 at
Manhattan College. After one year of pre-engineering sudies, he transferred to the Webb Indtitute of
Nava Architecture with afull scholarship, and while there worked at the United States Lines and the
U.S. Navy. Dr. Murphy received a B.S. degree in 1962 and entered the fluid mechanics graduate
program at the Johns Hopkins University. He received his Ph.D. degree in 1968, writing athesison
turbulent vortices.
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From 1968 to 1974, Dr. Murphy worked for the Rockefeller Foundation as a Visting Professor in the
Department of Civil Engineering of the Universidad dd Vale, Cali, Colombia, as part of the
Foundation's Univerdsty Development Program. 1n 1974, Dr. Murphy became an Assistant Professor
of Civil and Environmental Engineering at Cornd Universty. He taught undergraduate and graduate
level courses and performed research in the areas of sediment trangport and lake turbulence. 1n 1978,
Dr. Murphy began teaching as an Assstant Professor of Civil Engineering at the University of
Massachusetts, Amherst, and carried out sediment transport research.

In 1984, Dr Murphy began work as an engineering consultant, primarily involved with the estimation of
contaminated ground water delivery as part of public hedlth studies. Peter became a hydrologit for the
Massachusetts Didrict of the U.S. Geologica Survey in 1992. He was involved with flood frequency
andysisfor the State and was second in charge of managing the Massachusetts Bridge Scour Project.

Dr. Murphy transferred to the U.S. Bureau of Reclamation, Sedimentation and River Hydraulics Group

in1998. During histime with Redlamation, Peter carried out hydraulic andyses for the Dam Safety

Program, prepared hydraulic designs for pipdineriver crossings, and served on the interagency team

preparing the environmental impact statement for the Platte River Recovery Implementation Program

(Program) in Nebraska. One of Peter’s most significant contributions to the Platte River Program was

the development of a new computer modd to smulate the linked processes of river flow, hydraulics,

sediment transport, the growth and remova of vegetation, and the resulting changes to habitat for

endangered birds. The SEDVEG computer model has become important for describing and testing our
understanding of Platte River geomorphic processes, and for eva uating the effectiveness of habitat s
restoration strategies for endangered species. ‘

U.S. Department of the Interior, Bureau of Reclamation i
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GLOSSARY

active channel width — The width of channel over which bedload sediments are transported on a
nearly annual basis.

adaptive management program — A method of implementation where management objectives
are clearly defined, management actions are proposed to achieve those objectives (based on
predictions or hypotheses), the responses of the system to those actions are monitored, and, if
necessary, management actions are adjusted to better achieve the management objectives.

aggradation — The cumulative deposition of sediments along the riverbed, which causes the
elevations of the river bed, along some reaches, to increase over time.

anthropogenic — Resulting from the effects of human activities.

armoring — A condition of the river-bed material where a surface layer of coarse particles exist
that are too large to be transported by previous high flows. This condition occurs during channel
degradation or incision when the finest bed-material particles are eroded and only the coarsest
particles remain.

basin structure— A geomorphically significant description of the river basin that includes
location of flow and sediment inputs and diversions, and features that impact the channel
geometry including geologic formations and man-made structures.

bridge segments — Thirteen main road bridges subdivide the habitat study areainto river
segments averaging seven to eight miles.

central Platte River — The reach of Platte River between North Platte, Nebraska and Chapman,
Nebraska.

degradation — The continual erosion of sediments from along the riverbed, which causes the
elevations of the river bed, along some reaches, to decrease over time.

EDS cycle — The alternating states of erosion, deposition, and stability along ariver channel.

habitat study area — The reach of the central Platte River between Lexington, Nebraska and
Chapman, Nebraska.

level one, level two, and level threeinvestigations — Qualitative analysis, quantitative analysis,
and numerical or physical modeling or processes represent the three levels of investigation.

over-appropriated — The situation where the annual volume of water, secured by water rights,
exceeds the volume of water supplied by the river.
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GLOSSARY (continued)

paleo-techniques — Radio carbon dating of material in land surfaces, the description and
classifications of soils, the classification and evaluation of the landforms and their stratigraphy
are all techniques that help to describe the recent geologic processes acting on ariver system.

Palmer Drought Severity Index (PDSI) — A drought model derived by Palmer (1965) from
temperature and precipitation data to provide a measure of climatic stress on crops and water
supplies. A positive value indicates a wet period and a negative value indicates adry period.

pedogenesis — The formation of soils on the land surface over time.

plan form — the shape of the river as seen from the air (e.g., meandering, straight, braided,
anabranched).

river mile (RM) — Distance along the Platte River, as denoted by river mileage, beginning at
Plattesmouth, Nebraska (river mile 0) and increasing in the upstream direction.

stability — A condition of ariver channel where there is no net erosion or deposition of sediment
along the riverbed or banks.

sustainable — A condition where attributes of the river channel (e.g. width, riverbed elevation)
are maintained over the long-term.

thalweg — The thalweg is the deepest point in a channel cross section, and in plan view the
thalweg marks the primary, longitudinal flow path.
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1.0 INTRODUCTION

The central Platte River is the focus of a proposed, endangered- species-recovery program
(Program) that seeks to restore some of the channel habitats of threatened or endangered species.
The Program focuses on habitats that have been lost due to narrowing of the unvegetated channdl
width as aresult of vegetation expangon into the formerly active portions of the historic river
channd, and lost due to the decreased sand bar building potentia of the central Platte River. The
term active channd width refers to the width of channel over which bedload sediments are
trangported on a nearly annua basis and over which permanent vegetation cannot exist (Osterkamp
and Hedman, 1977). The bassfor this Program is set forth in the Cooperative Agreement for
Platte River Research and Other Efforts Relating to Endangered Species Habitats along the
central Platte River, Nebraska, (Colorado, Nebraska, Wyoming , and the U. S. Department of
the Interior 1997), (CA).!

Figure 1.1 Endangered species of the central Plaite River.

Three endangered bird species. the Whooping Crane (Grus americana), Piping Plover
(Charadrius melodus) and Interior Least Tern (Sterna antillarum athal assos), shown in Figure
1.1, higtoricaly used the very wide, sandy, and largely un-vegetated Platte River channel for
roosting or nesting (URS Greiner Woodward Clyde Federa Services, 1999). The Recovery Plans
(U.S. Fish and Wildlife Service, 1988, 1990, 1994) for the three species include the Platte River

! The proposed Program also addresses the pallid sturgeon, which is found in the lower Platte River near the
Missouri River. This paper focuseson the central Platte River.
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among the habitat sites where improvement is needed. Some specifics on the desired unvegetated
channd width and sand bar area are given in the Biological Assessment of the Federd Energy
Regulatory Commission (FERC) re-licensing of the Kingdey Dam (FERC 1995). The basic
description of the desired habitat is a very wide and shalow river channd with little or low
vegetation, water filling the channel during the Crane migration seasons, and dry sand bars
surrounded by low water during the summer Tern and Plover nesting season.
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Figure 1.2 Patte River Basin location map.
11 LOCATION

The North and South Platte Rivers both originate on the eastern dopes of the Rocky Mountainsin
Colorado (Figure 1.2). The North Plaite River flows north into Wyoming and then southeast
across Wyoming and through the northwestern panhandle of Nebraska. The South Platte River
flows generdly northeast through Colorado and into Nebraska. The North and South Platte Rivers
jointo form the Platte River at the City of North Platte, Nebraska. From there the Platte River
flows generaly eastward through Nebraska before joining the Missouri River near Plattsmouth,
Nebraska. The centra Platte River is used here to specify the reach between North Platte,
Nebraska and Chapman, Nebraska, while the habitat study area refers to the lower portion of this
reach between Lexington, Nebraska and Chapman, Nebraska.
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1.2 THE CONCERN

The higtorically unvegetated river channel has narrowed subgtantialy in the centra Platte River over
the last 100 years (Figure 1.3), reducing active channel widths by as much as 80 to 90 percent
(Smons & Associates, 2000). Sand bars that are used for nesting by Piping Plovers and Interior
Least Terns are now found infrequently, if & al, in the centrd Platte River. While other reaches
have experienced less change, the centra Platte River has generaly experienced narrowing of the
unvegetated channe width throughout its length, with greater percentage reductionsin width in the
upper reaches and smaller percentage reductions with distance downstream (Figure 1.4).

Platte River Channel Widths versus River Mile
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Figure 1.3 Reductions in unvegetated channel width in the central Platte River. Distance along the

Platte River is denoted as river mileage beginning at Plattemouth, Nebraska (River Mile 0) and increasing
in the upstream direction.

1.3 OBJECTIVE OF THE PAPER

Presented in this paper are past channel habitat trends, their probable causes, and the likely future
trends for the river channd, based on ahistoric review of channd evolution and field data. From
this foundation, a strategy for ariver restoration program focused on enhancement, or managing
causes and mitigating impacts (The Federd Interagency Stream Restoration Working Group,
1998), is consdered. Contrary to the generd interpretation of the name, the intent is not to
“restore” the river sructurdly and functiondly to a historic pre-development condition, but to
maximize the unvegetated channd widths and indream habitat that can be maintained, cognizant of
naturd river functions, and under current and future river management conditions.
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Matte River looking east near
Gothenburg, Nebraska. RM 284

Fatte River looking east near Highway 10
Platte River looking west near Cozad, bridge, Buffao/Kearney Co., Nebraska.
Nebraska. RM 267 RM 208

Figure 1.4 Photos of the central Platte River illustrating spatial variations in the narrowing of
unvegetated widths and spatial variation in plan form. RM denotes river mile measured upstream from
Plattesmouth, Nebraska (RM 0).

14  STUDY APPROACH

This study of the central Platte River, addressng geomorphic, hydraulic, and sediment transport
concerns, incorporates athree-leve andysis. This approach to analyses of river management
options was developed by Simons, Li & Associates (1982), and the ASCE Task Committee on
Hydraulics, Bank Mechanics, and Modeling of River Width Adjusment (1998b). Thefirst leve by
Smon'sLi & Associaesis aquditative or theoretical geomorphic andysis. A second, and more
detalled leve, includes quantitative engineering and geomorphic andyss, while the third most
detalled level of analyssincludes numerica (computer) modeling. This paper summarizes
findings of the first two levels?, while the third leve of andysis using numerical modding is
introduced in Murphy et d. (Draft 2001), and applied in the Plaite River Recovery Implementation
Program Draft Environmenta Impact Statement (U.S. Department of the Interior, 2003).

2 The authors have pursued the third level of analysis by developing the SEDV EG numerical model (Murphy et
al, 2001) that integrates channel hydraulics, sediment transport and vegetation growth and mortality to analyze
historic and future trendsin channel width for central Platte River habitat.
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15 FACTORSCONSIDERED

The channel form of the centrd Plaite River, and subsequently, habitat for the endangered species,
is dependent on three dements. flow, sediment trangport, and basin structure. Basin structure
includes the location of flow and sediment inputs for the system, and both geologic structures and
structures congtructed by man that are impacting the river system. In geologic time, the changes
noted to flow, sediment, and basin structure of the centra Platte River have been driven solely by
climatic factors. In the recent past, however, the presence of mgor societd devel opments that
impeact the Platte River Basin cannot be ignored, and are so consdered for an andysis of the
observed changesto theriver.

16 ORGANIZATION OF THE PAPER

Chapter 2 contains a higtorical review of the Platte River Basin to provide understanding of, and
probable causes for, changes to the central Platte River. The higtorica review beginsin geologic
time with the Pleistocene, when the central Platte River was formed, and continues to the present.
Congderation of eventsin geologic time not only provides an understanding of the changes that
have occurred in the pre-development period, but aso provides an understanding of basin structure
and features that continue to influence the centrd Platte River today. The nineteenth century isa
trangtion period that bridges from ariver primarily influenced by dimate in geologic time, to ariver
primarily influenced by mans activities (anthropogenic) in the twentieth century. Large societal
developments ater basin structure in the twentieth century, and changes to the channd in the
twentieth century are the most pronounced.

In Chapter 3, the focusis on andyzing the measured changes to three dements that theoreticaly
and customarily have a significant impact on the form of ariver: flow, sediment, and basin structure.
Quantitative flow datain the form of instrumented weather and streamflow records in genera
became available in the Platte River Basin in the late nineteenth century, while quantitative sediment
datais not measured until the 1930s. Frequently the flow and sediment data will be subdivided into
four time periods for analys's, but thereis no intent to select one of the four periods as a target
condition. The report “The Platte River Fow and Sediment Transport between North Platte and
Grand Idand, Nebraska (1895-1999)”, by Randle and Samad (2003) is a foundation reference for
Chapter 3 snce it presents a detailed description of the flow and sediment reductions in the centra
Platte River in the twentieth century.

The chronologic presentation in Chapter 2 helps correlate climatic and anthropogenic factors to the
changesin basic ements: flow, sediment, and basin structure, presented in Chapter 3. In Chapter
4, the changes to basic dements are tied to the processes, trends, and linkages operating today in
the Platte River. And findly in Chapter 5, our understanding of past changesto theriver, gained
from previous chapters, is applied to propose options for increasing and maximizing unvegetated
and active channd widths in the central Platte River in the future. The proposed options are not
intended to restore historic channel conditions to the centra Platte River, but to maximize channd
habitat for target species under the current basin structure and function.
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1.7 PRINCIPAL FINDINGS

For approximately 40,000 years, in a period pre-dating human development of the Platte River
basin, climate has been the dominant extringc factor shaping the Platte River through influences on
flows, sediment transport and the geologic nature of basin structure. The river has evolved, under
climatic influences on flow and sediment trangport, through multiple cycles of aggradation,
degradation or relative stability, but rates of aggradation and degradation for this extensive period
of time appear to be quite smal. And in the 40,000 year history of theriver, the Platte River is
known to have undergone only one mgor dignment change, a change in basin structure.

Nearing the end of the pre-development period, thereis a cycle change from gradua degradation
to aggradation. Under the conditions present at the time of that cycle change, further degradation
of the central Platte River gppears to have been limited by the lower sand and grave layer of the
Grand Idand Formation

Based on the geology and the morphology of this period, the central Platte River can be divided
into three reaches: North Platte to Overton, Overton to Kearney, and Kearney to Grand Idand, in
Nebraska Kearney to Grand Idand isthe youngest reach of river and there may be variaionsin
the channd response of each reach, to changing river conditions.

1.7.1 TheAnthropogenic Factor and the Historic River

Climate was the primary influence on the river in the pre-development period, but in the nineteenth
century, mans activities began to impact the Platte River in addition to the influences of climate.
The anthropogenic impacts for the nineteenth century are not quantified at thistime, but are
watershed impacts that are estimated to have had less effect on the central Plaite River than
anthropogenic factorsin the twentieth century. The impacts of man include a decrease in average
flowsin the last decades of the nineteenth century, and a suspected increase in sediment loads
beginning in the mid- nineteenth century, however climate remains asgnificant influence. By the
twentieth century, the impacts of human actions in the Platte River Basin resulting from large

popul ation increases and the development of large infrastructure systems make climate factors
secondary to anthropogenic factors in shaping the Platte River. Thereisaso acycle changein the
twentieth century from aggradation to rapid degradation, with varying rates of degradation aong
theriver.

Average and pesk flows, the trangport of sediment and median grain size of the channd bed, and
the basin structure are dl sgnificantly atered by human activities in the twentieth century. Asa
result of these changes, the centrd Platte River today can be described as distinctly different from
the Platte River in the pre-development period (Figure 1.5), and the rate of this change isreatively
abrupt with respect to climate induced change and geologic time.
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Figure 1.5 A comparison of the central Platte River flows and basin structure between the Pre-
Development period and the twentieth century. The river width is scaled to represent average annual
flows.

1.7.2 Flow

Based on this study, one of the principal processes associated with the period of rapid narrowing
from the early to the mid-twentieth century are substantia reductionsin river flow, reductionsin
flow peaks, and the rapid expansion of vegetation. FHows are limited to the lower-elevation areas
of the channe by the reduction in flows. Following reductionsin flows and flow peaks, and
corresponding to reductions in the active channel width, more areas of formerly sandy banks and
idands could be colonized by vegetation. The encroachment by vegetation into former channdl
aress reduces the mobilization of sand at higher flows, including the 1973 and 1984 flow events,
and prevents the maintenance of formerly wide channdls that are desirable habitat for target

Species.
1.7.3 Sediment Transport

The cause of amore subtle process of reductionsin active channel and unvegetated channe width

is attributed to a coarsening in sediment grain Sze. A larger grain Size is generdly associated with a

more deep and narrow channel section; geometry not as supportive of endangered species habitat.
More sand is originating from the coarser materia in the South Platte River, and less from the
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finer-grained supply of the North Platte River, as aresult of trans-basin diversons and the
congruction of Lake McConaughy, resulting in larger median grain Szes to the centra Platte River.
A coarser grain Sze dso is developing in the centrd Platte River from channd incision, where the
channel bed serves as amain sediment source.

Water diverted to mgjor candsfor irrigation and hydropower, returnsto the river channd as clear-
water causing rapid channd bed eroson at the point of return flow. Channel erosion and incison
from clear-water irrigation returns has maximum impact immediatdly downstream from the source
of clear-water, but local bed coarsening causes the erosion process to migrate downstream over
time. Narrowing of the active channel width is a geomorphic consequence of incison, and this
process reduces habitat available to the target species.

1.7.4 Basin Structure

The twentieth century, when unvegetated channd widths and active channd widths exhibit a
pronounced period of narrowing, is aso concurrent with a change in the basin structure resulting
from the condtruction of river Sructures. Basin structure is atered by flow diverson structures that
remove flows from long reaches of the river, act as new tributaries when flows are returned at a
downstream location, and dter sediment trangport and sediment inputs along the river. There has
a0 been alarge increase in the number of structures that restrict the horizontal and vertical
aignment of the channd including bridges with congtricting bridge spans, levees that protect
facilities adjacent to theriver, rock revetment placed to prevent bank erosion and channel
migration, and flow diversion structures that set new grade restrictions. New structuresin the basin
that reduce flow and sediment, impact habitat for endangered species as described above. New
horizontaly- congtricting structures directly reduce habitat through channd width, and indirectly
impact habitat by raisng channd velocities

1.7.5 Restoration Strategy

To interpret the rapid changes noted to the Platte River in the twentieth century, flow, sediment and
channel width data beginning near the end of the nineteenth century is combined with historic
information on the evolution of the Platte River Basin from the Ple stocene through the present.
Knowledge of past channel morphology provides a basis for future restoration Strategies aimed at
widening short reaches of the river to enhance habitat for the target species. The general strategy
includes an annud program with: 1) the progressive clearing and lowering of certain vegetated
iIdands that are located within the river’'s banks, preferably in the upstream reaches closest to a
major irrigation return, and 2) annua releases of high flow within safe channel capacity, of short (1
to 3 days) duration usng water from Lake McConaughy and the South Platte River. The clearing
and lowering of river idands would immediately increase the area of wide, open channdl, key to
endangered- species habitat, while at the same time provide more smdler-grained sand from the
wooded river idandsto the river channd. The annua releases of flow would act to restrict
encroachment by vegetation into the areas of cleared and lowered idands, and transport sediment
contributing to the development of sand barsthat are potentia nesting habitat for Least Ternsand
Piping Plovers.
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2.0 HISTORICSETTING OF THE PLATTE RIVER

Higtorica information was used to assess the geomorphic changes to the river and the processes and
trends associated with these changes. This information was studied with the goal of assgting in the
development of effective habitat management programs for the future. This chapter isnot a
comprehensive higtorical account but attempts to summearize the factors that may be pertinent to the
geomorphology of the centrd Platte River.

Thereis no intent with the historica review to select a“target” period on which to mode restoration
conditions. Riversare dynamic and evolve to forms reflecting the recent pattern of imposed conditions.
A partid restoration of conditions that produced a stable river in aformer period, would not guarantee

gability or sustainability of the river under future conditions. Instead the approach of this report isto
seek means to maximize habitat for endangered species through management actions competible with
current river congtraints and demands, and management actions that are based on geomorphic principas
as reflected by past channd response.

The evolution of the Platte River is divided into three periods. the pre-devel opment period, the
nineteenth century, and the twentieth century. Climate factors are the dominant influence on the shape
of the Plaite River in the pre-development period. The nineteenth century isatrangtion period when
anthropogenic factors or the impacts from mans’ activities, in addition to climate factors, begin to have
an effect on the Platte River. 1n the twentieth century, anthropogenic impacts overshadow the influence
of climate.

21 THE PRE-DEVELOPMENT RIVER

The origins and evolution of the pre-development Platte River are traced through the Quaternary period
of geologic time, ending at the sart of the nineteenth century. Background information for this section,
summarizing the geology of the Plate River Basin and estimated cycles of aggradation, degradation and
gability over geologic time for the Platte River, can be found in the Geology Appendix.

The centra Great Plains where the Platte River islocated, is a semi-arid region where
evapotranspiration rates approach or exceed precipitation rates, and mogt rivers are perennia only
because of snow melt from the Rocky Mountains. Glacid and periglacia processes are consdered to
dominate the northern Great Plains, eolian and groundwater processes dominate in the southern Gresat
Pains, but fluvid processes dominate in the centrd Great Plains region (Hadley and Toy, 1987). Inthe
absence of mgjor impacts from the activities of man, the shape of river channds can be impacted by
discharge, vegetation coverage and dope. In the Great Plains region, the shape of river channdsis aso,
at least partiadly, afunction of the sediment load thet is trangported from the source area (Leopold &
Maddock, 1953, Schumm, 1969, Schumm and Meyer, 1979).

Climate factors can directly affect discharge, sediment transport, and vegetation coverage in upland
aress. Large deviations from an average condition can affect discharge rates and durations through
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reduced precipitation and snowpack. Periods of drought can increase vegetation mortdity in upland
aress, in turn causing increased sediment input to rivers through overland runoff and increased eolian
input. Wet periods can increase vegetation in upland areas, decreasing the sediment load to ariver.

The geomorphic processes sculpting landforms in the Great Plains region is generally described as
episodic. Under this hypothess, when climate is the dominant factor, landforms fluctuate between
periods of degradation (erosion), aggradation (deposition) and stability (EDS cycle, Morrison, 1987).
During periods of sability, the process of pedogenesis dominates. This pattern is recognized in fluvid
systems with periods of degradation, aggradation, and stability, which are recorded in the terrace
gratigraphy and floodplains. Episodic river response is believed to be triggered by extringc influences
such as dimate in conjunction with intring ¢ influences often referred to as thresholds of fluvial processes.
The thresholds for each system are not dways obvious or well understood and the same climate
patterns may or may not initiate the same response in two Smilar river sysems (Schumm, 1973). Under
this scenario of climate dominated morphology, the Platte River system devel oped.

2.1.1 ThePlatte River Alignment

The current Platte River dignment appears to have been established in the Pleistocene. Lugn &
Wenzd, 1938, estimate the origin of the river a 120,000 years ago, after deposits of the Upland
Formation and Loveland Loess, but prior to the deposits of Peorian Loess (Geology Appendix A.).
Bentdl (1982) uses adightly later date of 40,000 years ago. With respect to geologic time, either date
edtablishes the Platte River as ardatively young river. Prior to the Pleistocene, and near the end of
Tertiary time approximately 2 million years ago (Figure 2.1.a), drainage from the headwaters of the
North Platte and South Platte Rivers eroded channdls that flowed directly east (Conservation and
Survey Divison, University of Nebraska— Lincoln, 1980). In the Pleistocene, however, main drainage
routes and tributaries flowed to the southeast, due to the retreat and advance of glaciers dong the
eastern edge of Nebraska (Figure A.2, Geology Appendix).

Topography and geologic formations indicate the Platte River origindly followed its present path from
the North Platte River southeast to Kearney, Nebraska (Figure 2.1.b.), but then continued to flow
southeast beyond Kearney (Lugn and Wenzd, 1938). The flows may have disspated through seepage
inthisarea (Bentdl, 1982), or possibly reached the Missouri River further south. It is postulated that a
redignment of the southeast flow route and the formation of the Big Bend between Kearney and Grand
Idand, Nebraska (Figure 2.1.c.) resulted from the capture of the Platte River by atributary of the Loup
River that was extending southwest (Bentall, 1982).

The present day adignment of the Platte River east of Grand Idand (lower Platte River), including the
reach that possibly originated as a tributary of the Loup River, corresponds to the location of lineaments
(Figure 2.2). These lineaments were noted from Landsat and infrared images (Kansas Geologica
Survey, 1982) and can indicate bedrock structure or fractures. Bedrock islocated closer to the surface
on the east Sde of Nebraska (Geology Appendix, Figure A.1), in contrast
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Source:

Conszervation and Survey Division
Institue of Agricufture and Matural R esources
The University of Mebraska — Lincoln
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Lineament Map of the Nemaha Uplift Region
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Figure 2.2 Lineaments near the lower Platte River (Kansas Geological Survey, 1982).

to the plainsto thewest. For this reason, the bedrock features to the east can have more influence on
channel dignment in the lower Platte River. From Grand Idand, Nebraska to Ashland, Nebraska
(Figure 2.2), the Plate River closdly follows lineaments, induding two curvilinear lineaments, producing
two digtinct radid bends in the lower river.

Assuming the capture of the Platte River by aLoup River tributary dtered the origind Platte River
dignment, theriver channe from Kearney to Grand Idand, Nebraska is a much younger reach a
10,000 years or less (Bentall 1982, Lugn and Wenzdl, 1938) than other parts of the central Platte
River. Thisreachis characterized by multiple large idands that end a Grand Idand, Nebraska, the
western limits of lineaments mapped in the Nemaha Uplift Region.

2.1.2 ThePlatte River Profile
The generd channe profile and bed materials dso provide further information about the river
morphology. From North Platte, Nebraska to Grand I9dand Nebraska (Figure 2.3), the Platte River

generdly flows on approximately 100 to 200 feet of dluvia deposits of sand and gravel that overlay
bedrock.

12 The Platte River Channel: History and Restoration
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Figure 2.3 The North Platte, South Platte and Platte Rivers in Nebraska.

From Grand Idand, Nebraska to the confluence with the Missouri River, the bed of the Plaite River
flows on 100 ft or less of Quaternary materids that include glacid till before encountering Cretaceous
and older bedrock. As previoudy discussed, the course of the river appears to beinfluenced by
fracturesin the bedrock. Further downstream near Columbus, Nebraska, the grade may aso be
influenced by the larger materids of glacid till deposits (Geology Appendix, Figure A.2).

From values reported by Bental (1991) adistinct break in the river profile can be noted near
Columbus, Nebraska, just upstream of the confluence with the Loup River and downstream of Grand
Idand, Nebraska. From the confluence downstream, the grade of the Platte River is 4.8 ft per mile or
less (0.00091). From the confluence upstream, the grade is 6.1 ft per mileto 6.7 ft per mile (0.0012 to
0.0013) persigting on the North Platte tributary, upsiream of the confluence of the North Platte and
South Flatte Rivers. 1n 1933, the same break in grade was noted in areport transmitted to Congress
(Letter from the Secretary of War, 1934). For the Platte River from North Platte, Nebraska to
Columbus, Nebraska, afdl of 6.5 feet per mile (0.0012) was noted, while from Columbus, Nebraska
to the Missouri River, there was afall of 4.6 feet per mile (0.00087). An abrupt reduction in grade
moving downstream often occurs at confluences where additiond flows and sediment loads are
introduced. However, this break aso corresponds with the limits of glacid activity where 100 ft or less
of dluvium and glacid till overlie the Cretaceous bedrock (Figure 2.4). The north-south dignment of the
Elkhorn River in northeastern Nebraska shares asimilar grade of 4.6 feet per milein areas of glacid till.
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Figure 2.4 Geologic section from Farnam, in southwestern Dawson County, to Arlington, in

Washington County, shows shallow location of bedrock under the Platte River at Fremont Nebraska,
downstream of Columbus, Nebraska (taken from Lugn & Wenzel, 1938).

2.1.3 Distinct Reaches of the Platte River

The generd form of the Platte River can be divided into five distinct reaches based on geologic factors,
with the central Platte River being composed of the firgt three reaches:

North Platte to Overton, areach of gaining flow where groundwater contributes to surface
water, Tertiary Slt, sand and gravel underlying Quaternary aluvium, a southeest flow aignment,
and agenerd grade of 6.5 feet of fal per mile (0.0012);

Overton to Kearney, areach of logng flow where surface water is lost to groundwater, Tertiary
glt, sand and gravel underlying Quaternary dluvium, an eagterly dignment traversing the
groundwaeter flow dignment and the Pleistocene surface flow path, and a generd grade of 6.5
feet of fal per mile (0.0012);

Kearney to Grand Idand, areach of losing flow where surface water is lost to groundwater,
Tertiary sit, sand and gravel underlying Quaternary dluvium, a northeagterly dignment following
ayounger flow path, multiple large idands in the channdl, and a generd grade of 6.5 feet of fdll
per mile (0.0012);

Grand Idand to Columbus, Cretaceous chalk, limestone and chalky shae bedrock underlying
100 ft or less of dluvium and glacid till, a northeast dignment following bedrock lineaments, and
agenerd grade of 6.5 feet of fal per mile (0.0012); and

14 The Platte River Channel: History and Restoration



Columbus to Ashland, Cretaceous shde, limestone, and sandstone bedrock underlying 100 ft or
less of dluvium and glacid till, avariabdle dignment following lineaments, and agenerd grade of
4.6to 4.8 ft of fal per mile (0.00087 to 0.00091).

2.14 Cyclesof Aggradation, Degradation and Stability, and Rates of Change

Riversin the centrd Great Plains region, including the Platte River, may have passed through as many as
ten cycles of aggradation, degradation and stability (EDS Cycles) in the last 120,000 years (Geology
Appendix, Table A.1). This makes the average length of the identified cycles gpproximately12,000
years, with individua periods of aggradation, degradation, or stability averaging 4,000 years.

The average rate of incison or aggradation in each cycle, due to the long periods of time, becomes
relatively smal as demondrated by Wenzel, Cady and Waite (1946) in a study of the geology and
ground-water resources of Scotts Bluff County, Nebraska. The authors dated nine terraces of the
North Platte River a Scotts Bluff, Nebraska. Seven terraces predate the Holocene, the most recent
epoch of geologic time that began approximately 11,000 years ago with the last glacid retreat of the
Pleistocene. The erosiondeposition cycle of the youngest two terraces were correlated to climatic
changes for the Holocene as estimated from peet bogs in southeastern Canada. Depths of incison
shown in Table 2.1 are approximate only, and are based on measurements from a cross section, drawn
to scae, in the original paper.

Table2.1 Sequence of late Quaternary events [Holocene] and climate as inferred in the North Platte
Valey from Wenzdl, Cady and Waite, 1946.
Eroson and Climate inferred- Ageof European | Estimated Average
Deposition From From Canadian | climatic changes, | depthsof rates of
Terraces pest bogs inyears erosion (-) erosion or
and deposition,
depogition inches per
(+) year
Erosion Wet (latest 10,000+ -24 1t
glacd
advance?)
Deposition of Dry Warm and Dry | 10,000 to 7,000 | +21ft 0.084 infyr
second terrace
Erosion Wet Warm and 7,000t0 5,000 |-21ft 0.126 infyr
Moist
Depostionof | Dry Wam and Dry | 5,000t0 3,000 | +10ft 0.060 infyr
fird terrace
Eroson Wet Cool and 3,000 to present | -9ft 0.036 infyr
Moist

Based on the valuesin Table 2.1, the average degradation rates due to climate are 0.036 inches to
0.126 inches annudly, and average aggradation rates were 0.060 inches to 0.084 inches annudly. The
maximum average rate of indgonin Table 2.1 is 0.126 inches annudly, or about one foot per century,
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and occurred during the wet period from 7000 to 5000 years ago. The grade of theriver at thissteisa
fdl of 6.3 ft to the mile, amilar to the grade of the Platte River as far downstream as Grand Idand,
Nebraska.

215 TheEDSCycleat the Close of the Pre-Development Period

Lugn and Wenzed offer some conclusions on the EDS cycle of the central Platte River a the end of the
pre-development period. Lugn writes about the Plate River valey from Gothenburg to Chapman,
Nebraska (Lugn and Wenzel, 1938). He describes the previous cycle of degradation that appears to
be hdted by sand and gravel from the lower layer of the Grand Idand formation (Geology Appendix
A.), before the start of the latest aggradationa cycle:

The Platte [central Platte River] is now able to transport clay, silt, and fine sand
but can only dlightly rework the coarser material, which it has now reached in the
process of valley cutting. 1t seems to have been an eroding stream until recently
[with respect to geologic time] ....

In Wenzd, Cady and Waite (1946), Wenzd refers to the previous degradation cycle and provides an
gpproximate date for the latest cycle of aggradation in the North Platte River. These comments aso
aoply to the centrd Haite River due to the smilarity in river conditions and Lugn's earlier comments on
the centrd Platte River (Lugn & Wenzdl, 1938):

[ The floodplain of the North Platte River in western Nebraska] ... probably has
been aggraded several feet since the dissection of the lowest terrace....

The North Platte having finished a minor period of downcutting, probably has
been in a minor phase of aggrading during the past few centuries.

Based on Lugn and Wenzedl's comments, and without radiocarbon dating specific to the centrd Platte
River, it isassumed that the latest cycle of aggradation for the Platte River began approximately 350
years ago in the seventeenth century.

In the Pre-Development Period, and prior to the nineteenth century, dl of the EDS cycdlesin the centra
Great Plains (Geology Appendix, B. Geomorphic History) are assumed to be driven by the extrinsic
influences of climate. Variationsin river response for the region are assumed to be, at least partidly, a
result of intringc factors such as thresholds which vary due to geologic and hydrologic factors.

Woodhouse and Overpeck (1998) used tree-ring data combined with additiond paeo-techniquesto
recongtruct a climate record that extends back 2000 years. They noted that severd authors have found
ashift in drought regime around 800 or 700 yearsago (Laird et a., 1996, Laird et a., 1998,
LaMarche, 1974, Dean, 1994, Grissino-Mayer, 1996, Hughes and Graumlich 1996). Droughts prior
to thistime had greater intengty, duration, and frequency and could last decades, in contrast to droughts
since that time which tend to be a decade or lessin duration. The extended climate record confirms that
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climate fluctuations and influences have been rdaively typica or congstent since the shift in drought
regime approximately 700 to 800 years ago.

2.1.6 Conclusonsfrom the Pre-Development Period

The morphology of the central Great Plainsis dominated by climate factors in the Pre-Devel opment
period and is primarily aresult of fluvia processes. The Platte River isardatively young river
originating in the Pleistocene gpproximately 40,000 to 120,000 years ago. Theriver can be divided into
five reaches based on geologic conditions, and three of the reaches subdivide the centrd Plaite River.
The third reach of the centrdl Platte River is rdatively new, having been formed as recently as 10,000
years ago. Due to geologic differences, the three reaches may exhibit some variation in response to
changesin channd conditions.

Although the Platte River has exhibited multiple cycles of aggradation, degradation and stability snceits
origin in the Pleistocene, the average rates of channd incision or aggradation have been reatively smdll
under the influence of climate. The largest average rate of incison at the North Platte Site was 0.126
inches per year. In most cases, the evolution of the central Platte River in the Pre-Development period
gopears relaively dow, with mostly minor changesto basin structure.

At the conclusion of the Pre-Development period, the Platte River isin acycle of aggradation thet is
edimated to have begun in the seventeenth century. Under the conditions present &t that time, incison
of the channd bed may have been arrested by a coarser sand and gravel layer, the lower layer of the
Grand Idand formation. Climate fluctuations, the dominant influencesin this period, have been
congstent or typica since the thirteenth or fourteenth centuries, the last 500 to 600 years of the Pre-
Devel opment period.

22 THENINETEENTH CENTURY

In generd, anthropogenic factors appear to affect rivers only in very recent considerations of geologic
time. Anexample of one of the earliest Sgnificant anthropogenic factorsimpeacting riversis the extensve
system of levees congtructed to contain the Y dlow River in China at least 2600 years ago, and possibly
as much as 4000 years ago (Greer, 1979, Smons & Senturck, 1992). Although ardatively small
population can impose watershed impacts such as deforestation from fire, there is no evidence that
societies inhabiting the Platte River Basin prior to the nineteenth century imposed sgnificant and
systematic impacts on the centrd Platte River.

Beginning with the nineteenth century, many riversincluding the tributaries of the Missouri River in
eadtern lowa (Bettis & Manddl, 2002) have experienced greater impacts from anthropogenic activities
than from climate factors. Osterkamp (1987) points ouit:

All geomorphic features are products of a medley of stresses.... The tenure of one
set of processes may lead to the primacy of a succeeding set, a premise consistent
with Morrison’s erosion-deposition- stability model[ EDS cycles] but one not
totally climate-dependent.

Chapter 2.0 Historic Setting of the Platte River 17



The one factor recognized as being the dominant influence on the geomorphology of the Platte River
Basin since the Pleistocene, and prior to the nineteenth century, is climate. However, beginning in the
nineteenth century there was alarge increase in population in the Platte River basan.  As Schumm
(1973) amongst many has noted, “...man's influence [on mgor landscape changeg) is substantia.”
Therefore both anthropogenic and climate factors need to be consdered when andyzing changes to the
Fatte River ance the nineteenth century, and these factors do not have an equd effect. Theimpactson
vegetation, sediment loads, and flow, from euro- settlement and climate in the nineteenth century, are
presented in this section.

Although the Platte River's hydrologic and geomorphic parameters were not extensively measured and
recorded prior to the 1900s, the written descriptions provided by hundreds of early travelersin the
1840s to 1860s, photographs beginning in the 1860s, and data collectors from the 1860s forward, help
to define the channd from this period as summarized below. Data collection on rivers, including the
Matte, improved greaily with the cregtion of the U. S. Geologicad Survey (USGS) in 1879.

2.2.1 TheOnst of Euro-Settlement

The dgning of the Louisana Purchase by President Jefferson in 1803, caused an increase in travel up
the Platte River by bands of explorers and fur trappers. The banks of the Platte River offered a direct
and relatively easy route to the west. The Smith JacksonSublette fur partnership in 1830 (Mattes,
1969) is credited with the first wagon train travel dong the Platte River. Extensve wagon travel by
emigrant parties along the popular Platte River Road continued from the 1840s through the 1860s, and
did not greetly diminish until the completion of the trans-continental railroad in 1869. European
settlement in the Platte River Basin and headwatersis estimated to have begun even prior to the time of
the emigrant wagon trainsin the late 1840s.

Based on water gppropriations in the Platte River basin, Smons and Associates (2000) have compiled
atable of cand congdruction dates. The onset of significant canal construction occurred aong the South
Fatte River during the period 1851 to 1860; dong the North Platte River in the period 1861 to 1870;
and aong the centra Platte River in the period 1881 to 1890. In 1909, the first mgjor reservoir was
built in the Plate River basin, and mgor reservoir construction continued to the mid-1900s.

Prior to mgor river impacts resulting from european settlement, the main Plate River channd in centrd
Nebraska was generdly described by explorers, emigrants, and government land surveyors as wide and
shdlow. Large, wooded idands dong the river were typicaly named by early explorers and settlers
including Grand Idand, Indian Idand, and Willow Idand. Theselargeidands divided the river flow
aong some reaches of the river among two or more channels, giving those reaches of theriver an
anabranched or multi-channd character.

Early photographs (Figure 2.5) provide avisua description of the Platte River from 1866 and support

written observations. Higtoric photographs of the Platte River dong the Union Pecific Railroad from
1866 can be viewed at the following WEB links:

18 The Platte River Channel: History and Restoration



Figure 2.5 The following photograph of the Platte River, opposite Platte City (near present-day Cozad,
NE), was taken by John Carbutt in October 1866. This photograph was obtained from the collection of the
Union Pacific Railroad, “Union Pacific Railroad Excursion to the 100" Meridian.”
http://www.uprr.com/aboutup/photos/carbutt/jc211.shtml

http:/Amww.uprr.com/aboutup/photos/carbutt/|c210.shtml
http://mww.uprr.com/aboutup/photos/carbutt/|c212.shtml
http:/Amww.uprr.com/aboutup/photos/carbutt/jc214.shtml
http:/Awww.uprr.com/aboutup/photos/whjackson/187.shtml
http:/Amww.uprr.com/aboutup/photos/steampassengeraction/jes1090.shtml
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2.2.2 Narrative Descriptions of the Platte River

A comprehensive book by Mattes (1969), entitled “The Great Platte River Road,” contains references
to over 700 persond diary and journa accounts of pioneers migrating west dong the Platte River from
the 1840s through the 1860s. One account from James Evans in 1850 describes hisfirst view of the
Platte River (Mattes, 1969, page 162):

From the sandhills, it had the appearance of a great inland sea. It looked wider than the
Mississippi and showed to much better advantage, there being no timber on the banks to
check the scope of the human eye. Grand Island, which lays just opposite in the middie
of the river is one hundred miles long, and has some cottonwood trees upon it. Thereis
no tree timber here growing upon the margin of the river, not even a willow switch.
There are, however, some timber and brush growing upon the various small islandsin the
river which can be obtained by wading the rapid sloughs two or three hundred yards
across. My first impression on beholding Platte River was, that as it looked so wide and
so muddy, and rolled along within three feet of the top of the bank with such majesty that
it was unusually swollen and perfectly impassable. Judge my surprise when | learned that
it was only three or four feet deep.

Rufas Sage wrote (Mattes, 1969, page 163) that “The valley of the Platte is six or seven miles wide,
and the river itself between one and two miles from bank to bank.” In 1866, Julis Birge
complained that “it could not be ferried for lack of water and it could not be bridged for lack of
timber,” (Mattes, 1969, page 240). As part of the Utah Expedition from 1857 to 1858, Capt. Gove
(Mattes, 1969, page 240) found that the Platte River width varied from 700 yards (2,100 feet) to two
miles. When Richard Hickman first saw the Platte River in flood stage in 1852 (Mattes, 1969, page
163), he remarked that it was o large “it had the appearance of being navigable for the largest size
steamboats.”

2.2.2.1 River Idands and Sandbars

According to travelers journds, numerous smal wooded idands dotted the wide river channds, but the
area of thoseidandsis not precisely known (Kellogg 1905, Slichter and Wolff 1906, Currier and
Stubbendieck 1985, Johnson and Boettcher 2000). Johnson and Boettcher (2000) estimated that the
wooded idands covered 10 percent of the tota channd areawith sgnificant potentia variability in
vegetated area depending on seasond and annua hydrologic variations. Rufas Sage saw the Platte
River during low flow in 1841 and wrote that “Its waters are very shallow, and are scattered over
their broad bed in almost innumerable channels, nearly obscured by the naked sand-bars that
bechequer? its entire course through the grand prairie”’ (Mattes, 1969, page 163). In 1849,
Charles Kirkpatrick writes that “The beauty of the Platte consists in the number and variety of the
idands.” Mattes (1969, page 241) cites Perkins, an emigrant on an 1849 wagon train:

3Be- used as a prefix is defined as “completely, thoroughly, excessively” or “on, around, over”. Chequer is
chiefly aBritish variation of the word checker. The word “bechequer” impliesthat numerous sandbars were
distributed in a checker pattern over the channel bed.
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Its appearance was not so much that of the dense, tangled timber belt of today,
but more that of littleislands, singly and in clusters, in a watery expanse. E. D.
Perkins counted “nearly 30" from one vantage point.

2.2.2.2 Vegetation on Idands and Outer River Banks
The extent of pre-development vegetation along the Platte River is the subject of debate (Johnson and
Boettcher 2000, page 43):

One view suggests that the Platte River was a relatively featureless prairie river
comprised of water, sand, and grassland with few or no trees, while the other
describes ariver corridor composed of wooded islands and spar sely-wooded
banks traversing a prairie landscape. The unwooded prairie river description has
been adopted by many recent authors (e.g., Sdle 1989; Gruchow 1989; Sdle et
al. 1989; Winckler 1989; Zietwitz et al. 1992; Wilson et al. 1993; Weidensaul
1999). However, the evidence reviewed here suggests that the alternate view is
mor e accurate.

The main part of the debate is the extent of the woodland occurring on idands located between the
outer banks of theriver. Later USGS maps from the turn of the century (Figure 2.6 through 2.11)
demondrate there were many large idands in the downstream portion of the central Platte River and few
large idands in the upstream portion. The presence of large idands in the downstream reach is
congdered to be due in part to the geologic history of theriver. The reach between Kearney,
Nebraska and Grand Idand, Nebraska is amore recent aignment with an approximate age of less than
10,000 years, in contrast to 10,000 to 30,000 years (Bentdll, 1982) for the upstream reach between
North Platte, Nebraska and Kearney, Nebraska (Section 2.1.3). Johnson and Boettcher (2000, page
62) estimated the extent of the wooded idands:

Johnson (1994) re-surveyed an upper reach of the Platte River [ Range 28 West]
and estimated that a minimum of 10% of the river’s width on the original plat
maps was occupied by wooded islands. This proportion probably increased in the
downstream direction, particularly within the approximately 50 mile reach
between the cities of Grand Island and Kearney (‘Thousand Islands area) which
contained a marked number of islands and trees.

Johnson and Boettcher (2000) provide evidence from historical notes and letters that the pre-settlement
Platte River supported a self-sustaining riparian forest near Grand Idand and that woodland was
extensgve dong river idands.

It islikely that the riparian forests referred to in the historical notes used by Johnson and Boettcher are
on stable vegetated idands, primarily near Grand Idand. One quote specifically mentions the margins of
the river, and other quotes do not specify that wooded areas are within the active channd. Photos of
river locations upstream of Grand Idand, such as Figure 2.5, do not appear to support a description of
wooded idands and banks.
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Historical accounts from pioneer diaries and journals of the 1840 to 1860 period (Mattes, 1969), which
are primarily representative of the popular Platte River Road on the south bank of the Platte from
Kearney west, indicate that trees were scarce aong the outer banks of the Platte River, but do
acknowledge the presence of wooded idands. The extent of these wooded idandsis not precisay
known, but the diary and journa accounts from the first pioneers describe awide, shallow braided river
channd with numerous bare sandbars and small wooded idands, singly and in clugters, in an otherwise
watery expanse during floods.

Thelack of wooded vegetation aong the banks has been postulated to be aresult of trampling by vast
herds of native buffao (America bison), deforestation by the advance of emigrants and railroads, or the
occurrence of prariefires. Johnson and Boettcher (1999) state that a great degree of deforestation
occurred prior to the congtruction of dams, largely as aresult of direct human clearing of the forests. A
quote from the Genera Land Office surveysin 1866 refersto the Grand Idand area. “The margin of
the streams or channels of the Platte has been quite well timbered with cottonwood and elm but
it has been nearly all cut down and carried away leaving only scattered timber.” Mattes (1969,
page 241) wrote:

“Here was a river without trees on its banks because of frequent prairie fires took
out the seedlings. But these fires could not ravage the islands, so timber —
mainly willow, cottonwood, and poplar — grew there freely.”

Therelatively recent growth of trees dong the Platte River may represent a secondary regrowth of
forests that occurs naturaly on river idands, and possibly on outer banks, but comparisons of historic
maps and aeria photographs indicate that vegetation has notably expanded into areas of formerly active
river channd (Section 4.2, Vegetation and Channd Change).

2.2.3 Watershed Impacts

At the gtart of the nineteenth century, the aggradationa trend in sediment transport (Lugn & Wenzd,
1938, Wenzdl, et d., 1946) due to climate factors continues from the pre-development period. The
assumption is that the river is moving alarge volume of sediment through the system dueto its high
spring flows, rlatively steep gradient, and straight dignment. [t can be speculated that in the nineteenth
century, anthropogenic factors in addition to climate have caused some increase in the sediment load of
the Platte River basin.

Watershed activities on the tributaries and mainstem of the Platte River may have had an impact on the
central Platte River by increasing the sediment load transported to the maingtem. It is unknown how
much materid was generated by beaver trapping, farming, mining and timber harvest in the nineteenth
century. Thereisdso aquestion of what portion of sediment from tributaries was transported by flows
amogt 300 milesto impact the central Platte River, and what portion of material remains stored in the
upper watershed. However, the activities of beaver trapping, farming by euro-sdttlers, mining, and
timber harvest, which began in the nineteenth century, mark the start of known anthropogenic impacts
on the watershed and tributaries of the Platte River system.
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2.2.3.1 Beaver Trapping

Large-scale organized fur-trading began in Colorado in 1815, and William Ashley led a party of
trappers through the Platte River Basin in 1824-25. Extensive harvesting of beaver by fur trappers
continued until the early or late 1840s when trappers began to leave the South Platte Basin (Wohl,
2001). Wohl commentstheat later travelers to the region seldom mention beaver in the later hdf of the
nineteenth century. Estimates of the beaver population in western North America, prior to European
settlement are 40- 60 million, while the current estimate of the beaver population has come up to 6 to
12 million (Naiman, et d., 1986, Naiman, et d., 1988).

The decimation of the beaver would impact the Platte River Basin stream morphology through the
elimination of beaver dams, dthough the extent of the impact is unknown. Beaver dams serve to reduce
stream energy, pond water leading to vegetation diversty and expansion, and at least temporarily trap
sediment in the upper watershed. Sediment loadsin the tributaries could be expected to increase due to
areduction in the beaver population (Olson and Hubert, 1994, Parker, 1986, Brayton, 1984, Maret,
et. al, 1987, Parker, 1991). The magnitude of thisincrease in sediment is unknown, assumed to be a
gmdl increase in tributary streams, and assumed to be an even smaller impact to the central Platte River.

2.2.3.2 Faaming

Farming was the primary occupation of many settlers in the nineteenth century. Table 2.2 contains crop
harvest statistics for Nebraska, Colorado and Wyoming for the first year they are available, and also for
the last year of the nineteenth and twentieth centuries. In Nebraska, 131,000 acres were harvested in
the year 1866; and by 1899, 12,123,000 acres of wheat, barley, corn, oats, and rye were harvested
(http:/Awww.nass.usda.gov:81/ipedby).

The drainage area of the Platte River basin in Nebraska, upstream of Grand Idand, is gpproximately 9
percent (http://mww.waterdata.usgs.gov/nwis/sw) of the 76,872 square milesin Nebraska
(http:/Amww.fedstats.gov/qf/states/31000.html). Using 9 percent of the state total, an estimate for acres
of harvested land in the Platte River Basin is one million (9 percent of 12,123,000 acres).

The cultivation of one million acres of land in the Platte River basin can be expected to have some
degree of impact on the watershed in the form of increased sediment to theriver. Theincreasesin
sediment load, however, are not assumed to have been large due to the high permeability of Platte River
valey soils, the rdlatively low terrain dopesin Nebraska, and the narrow width of the basin dong the
central Platte River. Smilarly, farming in Colorado and Wyoming could aso be assumed to have raised
sediment input to tributaries of the Platte River. However the number of harvested acresin Colorado
and Wyoming is lower than in Nebraska, and prior to impacting the central Platte River, sediment would
have to move a hundred miles or more downstream prior to the construction of mgor reservoirsin the
twentieth century. Sediment impacts from farming in tributary aress of the Plaite, and farming aong the
centra Platte River, are unknown &t this time but are not assumed to be large.
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Table2.2 Historica estimates of thousands of acres of crops harvested as reB;)rted by the
USDA- Naiond Agriculturd Statistics Service, http://www.nass.usda.gov:81/iped

State Nebraska CO wyY

Year 1866 1899 1999 1869 | 1879 | 1899 | 1999 | 1889 | 1890 | 1899 | 1999
Total Acres

Harvested

(thousands) 131 12123 | 18639 11 116 | 533 | 6552 [ 17 23 51 1775
Crop

Wheat 43 2539 1700 11 65 295 [ 2653 5 19 193
Barley 92 3 4 22 86 1 85
Corn,grain 72 7380 | 8300 23 93 | 1120 2 2 4 52
Corn,silage 230 100 31
Oats 15 1925 75 23 121 20 15 16 27 27
Proso Millet 240

Rye 1 179 15 1 2 2

Sorghum, grain 470 205

Sorghum,silage 20 10

Hay 3200 1520 1290
Soy Beans 4250

Sunflower 97 265

Flaxseed 8

Potatoes 26 84 1
Beans, edible 187 145 39
Sugar beets 66 69 57
Vegetables 33

2.2.3.3 Mining

Mining activities dong the tributaries of the Platte River began in the South Platte Basin in 1859, and
extended up into the North Platte Basin in Wyoming. To find gold flakes mixed in the sand and gravel
at placer mines, individuals used gold pans or rocker boxes, while large, organized groups employed
hydraulic mining techniques or, beginning in the twentieth century, floating dredges. Hydraulic mining
activities utilized high pressure jets to remove entire reaches of river bed and banks, while dredges with
buckets could turn over theriver bed, banks, and portions of the flood plain. These techniques could
completely rework the beds of streams and introduced large volumes of sediment to Platte River
tributaries at the time of the mining operation. After the condusion of mining, eevated sediment loads
could aso continue to be transported from these Platte River tributaries, until anew armor layer formed
in the disturbed bed of the stream.

Mining activities dso indirectly increased sediment |oads with the destabilization of dopesthrough
tailings piles, the increase in forest fires sometimes associated with charcod production for smelting
operations, and through timber harvesting for the mining population and mine congtruction. The
denuded dopes around mining settlements in the nineteenth century, and the reworked channd beds
with sediment deposits can be seen in old photos.
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In addition to increases in sediment loads, stream flows were diverted through constructed ditches to
operate hydraulic mining activities and to process the metal ores. The diversons reduced instream flows
and disrupted river processes including sediment trangport. Mining activitiesin the South Platte Basin
were most widespread from the 1860s to the 1890s, but continued at some |ocations through the 1930s
(Wohl, 2001).

Theimpact of mining activities on tributary streams of the Plaite River in Colorado and Wyoming is il
gpparent. However theimpact of excess sediment generated by these activities, on the central Platte
River over one hundred miles downstream, is unknown.

2.2.3.4 Timber Harvest

The railroad congtruction boom aso generated a large demand for timber, in addition to the timber
demands for mining settlements and mining activities. By the 1930s, Lugn and Wenzd (1938) reported
the centra Platte River valey was serviced by the main line of the Union Pacific Railroad aong the
Faite River, and branch lines extending north; the main line of the Chicago, Burlington & Quincy
Railroad from Chicago and Omahato Denver on the Nebraska plain, and four branch lines; a branch of
the Missouri Pacific Railroad; and the St. Joseph & Grand Idand Railroad. The Union Pecific railroad
was constructed through this region in 1865 to 1869. Johnson and Boettcher (1999) refer to
deforestation related to railroad congtruction in the Grand Idand area of the central Platte River.

The headwaters regions of the Platte were far from immune to the railroad boom and timber harvest.
Railroads were congtructed to service mining operations in the upper South Platte Basin and extensive
timber harvesting occurred between 1859 and 1900 (Wohl, 2001). Similar conditions are assumed for
the North Platte basin. Timber harvested for railroad ties was skidded then hauled out by ox and mule
teams, trangported by railroad or floated out on the rivers of the South Platte headwaters. Wohl (2001)
provides the following numbers to portray the magnitude of the timber harvests. In support of
congruction of the Union Peacific railroad line between Cheyenne and Denver, in 1868, contractors
delivered 1,200 ties per day. In the following winter more than 200,000 ties were floated down the
Poudre River. From 1870 to 1880 millions of ties were cut from the foothills of the Cache la Poudre
basin, and harvests dso occurred in the Big Thompson, St. Vrain, Boulder, and South Boulder
drainages. Wohl (2001) estimates the timber harvests between 1880 and 1900 were even larger than in
thefirst 20 years.

Studies from the Pecific Northwest indicate timber harvests increase eroson of the lumbered hilldopes
and increase sediment loads to the streams (Johnson and Beschta, 1980, Megahan and Kidd, 1972,
Gray and Megahan, 1981). In these studies alarge portion of the sediment transported in runoff
originates from the timber access roads or road-related activities. However, due to differencesin soils
and timber practices, the volume of sediment generated by lumbering activities in the headwater regions
of the Platte River Basin in the nineteenth century was likely dissmilar to the results posted by these
researchers.

Sediment inputs from timber harvest were also created by the erosive action on stream banks of large
numbers of logs floated down relatively smal tributaries. Wohl (2001) notes scarring and changes to
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stream section can Hill be noted today. Although the timber harvestsin the Platte River Basin probably
caused increases in sediment to tributary streams at the time of the harvest, the duration of these
sediment impacts are estimated on a decada rather than a century time scale and the volume of increase
to the central Platte River is not known.

2.2.3.5 Timing of Human Induced Sediment Impacts

Any or al of these watershed activities. beaver trapping, farming, mining, and timber harvest, may have
increased sediment loads to the central Platte River. The potentia increase in sediment load in the Platte
River heedwaters is unknown, and the potential increase in sediment reaching the centrd Platte River
from the headwaters is unknown, but the periods of impact can be approximated. Because sediment-
trapping beaver damsin alow flow period can outlast the demise of the beaver population, sediment
impacts from the decimation of the beaver population might be expected later in the 1850s as higher
flow eventsreturn. Extensive mining, farming, and timber harvesting were just beginning in the 1860s
but their sediment impacts could be expected by the end of that decade and would logically increase
into the 1890s.

As discussed in the Geology Appendix B., the transport of aggraded materid in alarger river system
may occur in cycles with storage occurring first in the upper watershed, before activated by thresholds
to move down to the maingtem river. Whether the excess sediment from anthropogenic activities in the
Rocky Mountain headwaters actudly reached the central Platte prior to trapping in large constructed
reservoirs, or even trgpping in the prolific smaler irrigation reservoirs dong the Front Range, is unknown
and speculative.

2.2.4 Canal Construction

The higtorical occurrence of water depletions from the Platte due to canal construction for irrigation can
be estimated from data compiled by Simon’'s and Associates (2000) on the Platte River Basin.
Although small ditches appeared in 1838 aong the Cache la Poudre River in the South Platte Baain of
Colorado, the first recorded appropriations occurred in 1859. From 1861 to 1930, an average of 269
canas were congtructed or enlarged per decade in the South Platte basin. In 1876, water became
over-appropriated for the first time aong the Cache la Poudre, and over-appropriations at other areas
in the South Patte Basin occurred between 1880 and 1885. Simons and Associates (2000) write
about the South Platte Basin:

In order to increase irrigation water supplies, many dams were constructed
beginning in the early 1880s. These dams did not, however, eliminate the
problems of over-appropriation, and thus by 1911-1912 only canals with
appropriation rights of 1882 or older received water during typical June flows.

Water appropriation on the North Platte River did not begin until 1868, but over 1600 new or enlarged
canas were congtructed in the period from 1881 to 1890. Between 1871 and 1930, new canal
condruction and enlargement of existing systems averaged 820 systems per decade. The over-
gppropriation of water in the North Platte River Basn began to occur in the 1880s, on smaller
tributaries (Smons and Associates, 2000).
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The Kearney Cand, in 1882, became the first mgjor cana congtruction project on the centra Platte
River in Nebraska. In Dawson County from 1894 to 1896 nine cands with atota length of 219 miles
were congtructed to irrigate 157,000 acres of land (Smith, 1897). Lugn and Wenzel (1938) wrote that
Settlement in the central Plate River Baain occurred rapidly in the 1880s and drier periodsin the early
1890s encouraged Nebraska farmers to construct irrigation canals.

Over-gppropriation of water occurred for the firgt time on the South Platte River in the mid-1870s,
while over-appropriation on the North Platte did not occur until the mid-1800s. Prior to the
development of trans-basin diversonsin the 1900s, the South Platte River is estimated to have
contributed only 10 percent of the flowsto the central Platte River (Randle and Samad, 2003). Thus,
athough the development of canals and the over-gppropriation of water on the South Platte River
occurred approximately a decade earlier than on the North Platte River, the impact on the centra Plaite
River from South Platte flowswould be less. By the time over-appropriations in the North Platte River,
occurring during the summer irrigation season, are Smultaneoudy combined with the occurrence of
South Platte River over-gppropriations, only fifteen years remain to the end of the nineteenth century.
Thisdlows ardatively short period for the occurrence of geomorphic change resulting from flow
depletions by the end of the century.

Decreasesin river flow because of irrigation diversion could dow the trangport of sediment through the
system, however the summer diversions are not estimated to have alarge impact on sediment transport.
The last decades of the nineteenth century pre-date major reservoir congtruction (Pathfinder Reservoir,
1909, Section 2.3.2) and high sring flows, in comparison to summer storms, would still transport the
bulk of materia moved annudly through the system.

2.25 Climatein the Nineteenth Century

Based on pa eo-techniques, primarily tree-ring andys's, a rdaive comparison of the climate for the
nineteenth century and severd previous centuries can be made. Tree-ring indices extend the period of
ingtrument records for temperature measurements, the Palmer Drought Severity Index (PDS!), and for
some hydrologicd records of streamflow. The PDSl is adrought mode derived by Pamer (1965)
computed from temperature and precipitation data to provide a measure of climatic stress on crops and
water supplies. PDSI information can be excerpted from a study, Reconstruction of Past Drought
across the coterminous United States from a Network of Climaticaly Sendtive Tree-Ring Data (1999),
at web ste, httpwww.ngdc.noaa.gov/paeo/usclient2.html. Thelocation of data grid pointsis shownin
Figure 2.12 and the circled region in the figure is an example of aredl coverage by each point. PDS
datafrom grid points 47, 48, 57, 58, 59, and 68 are averaged to represent the Platte River Basnin
Figure 2.13.

In Figure 2.13, positive PDSI vaues indicate awet period and negative vaues indicate a period of dry,

with larger values indicating more extreme conditions. As can be seen from the average PDS for the
Platte River basin in Figure 2.13, the 1800s had more drought periods than ether the 1700s or the
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Figure 2.12 Grid points of Palmer drought severity index (PDSI) for Colorado, Wyoming and Nebraska,
taken from Cook, et. a, (1999b).

1900s. A drier set of years occurred between 1815 and 1825, and the decade of the 1840s. Theearly
1860s contain a short dry period and the period around the 1870s contains a short but extreme dry
period. The decade of the 1840s appears to be the longest and driest period for this 300 year record.
Interestingly, the occurrence of this drought decade corrdatesto alull in the beaver trapping industry in
the South Platte Basin as noted by Wohl (2001).

These log or adobe structures were trading centers that took advantage of their
proximity to the beaver-rich mountain rivers, aswell as their location along the
major north-south trading routes....Fort Lupton (1836-46), Fort &. Vrain (1837-
46), Fort Vasquez (1837-42), and Fort Jackson (1842-43) were all located within
20 miles (30 km) of one another [Phillips, 1966]. Their proximity indicates the
intensty of trapping in the 1830s and early 1840s, and their rapid and fairly
synchronous demise signals the exhaustion of the resource. It is understandable
that Fremont observed few beaver by the time he traveled through the region in
1843-44.

However, the beavers were not completely eradicated and various historical
accounts seem to disagree regarding how rapidly the animals began to recover
[Wishart, 1979, Peterson, 1982, Watrous, 1972] At least one historian maintains
that beaver were again numerous along the [ South] Platte River by the
late1840s.

Fort St. Vrain reopened in 1850 but closed within two years. Yet Kit Carson, who had
briefly trapped in North Park beginning in 1832, established severd trapping posts on
the headwaters of the Poudre River during the winter of 1849-50, about the time that
trappers from the Hudson Bay Company were leaving the area because of a dearth of
beaver.
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Figure 2.13 An average palmer drought severity index (PDSI) for the Platte River Basin based on tree-
ring data (Cook, et al., 1996b). The PDSI value shown is the average for grid points 47, 48, 57, 58, 59 and
68 (Figure 2.12).

Woodhouse (2001b) uses reconstructed streamflows to describe dry periods for the Colorado Front

Range. She focuses on tree-ring chronologies sendtive to winter and spring moisture conditions for the
South Platte headwaters.

The prolonged period of low flow in the 1840s and into the early 1850sis
especially notable, along with the two periods of low flow in the 1880s.

... The five-year average extreme lowest flows occur almost exclusively in
the 19" Century, and are concentrated around 1880, 1887, and the decade
of thel840s.

Mock studied precipitation records from meterorological stations established prior to the US
Department of Agriculturein 1891. The records extend from the 1850s to 1890 and are not asreliable
as modern weather data, but are studied for trends after careful screening (Mock, 1991). The
instrumented data show that a widespread but mild drought occurred in eastern Wyoming, northesstern
Colorado and central Nebraska during the early 1870s, in agreement with the PDS| reconstruction and
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tree-ring data that shows a series of negative PDSl valuesfor thisperiod. Datafrom the early
meteorologica sations aso indicate amild but widespread drought year in 1890 (Mock, 1991).

Implications of the dry periodsin the nineteenth century are not only the reduced flows in the Platte
River Basn a these times, but there is dso the possibility that sediment loads may increase. Increased
sediment |oads sometimes correlate to extended dry periods when there is more surface erosion due to
increased mortdity of the upland vegetation The eroded materia can be transported to the river
through runoff, and through eolian trangport of 1oess and fine sandswhich is more active in dry periods
(Hdlliday, 1987). Although an increase in sediment input may occur during severe periods of drought,
reduced flows during this period can also limit transport, promoting sediment storage for later high
flows.

The drought period in the decade of the 1840s, and the years immediatdly following is a candidate
period for increased sediment loads. Greater sediment could have been generated in runoff from
overbank areas where vegetation mortality increased. However, athough the headwaters of the North
and South Platte Rivers are extensve, the central Platte River watershed isrelatively narrow with the
high land on the south Sde of the river draining primarily away from the Plaite. The narrow watershed
of the central Platte River would decrease the impact of sediment runoff from drought impacts.

In addition to sediment from overland runoff, eolian sources historically have deposited sediment in the
centrd Platte River valey during dry periods. The finer eolian sands may have contributed to
suspended sediment transport in theriver, in contrast to bedload from overland runoff, during the
1840s. Finaly thereisthe congderation that much of the central Platte River may have been, a least
temporarily dry during this drought period, so the trangport of overland and eolian sediment could have
been delayed until higher flows in the next decade(s). Unfortunately, there is no sediment data from this
period to confirm or refute this specul ative assessment of increased sediment trangport, or the timing of
the incresses.

2.2.6 Description of the Platte River at the Close of the Nineteenth Century

In 1901, the early Platte River and itstwo principa tributaries were described by Gannett in some detail
inthe USGS Water Supply and Irrigation Paper No. 44.

Platte River headsin Colorado in two branches, North and South Platte. The
former hasits source in North Park and the mountains adjacent and has a steep
descent within the mountains, dropping to 6 or 7 feet per mile when it entersthe
plains. The South Platte heads in the mountains at the north end of South Park
and enters the plains just above Denver. Within the mountains its slopeis
extremely steep and irregular, but upon reaching the plainsit suddenly diminishes
greatly, falling to 8 or 9 feet to the mile. These two branches meet at North
Platte, and below their junction the Platte has an average fall of about 6 feet per
mile, maintaining that slope with remarkable uniformity. Theriver isa peculiar
oneinthe fact that it has a relatively steep slope and an extremely straight
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course, while at the same timeit is building up itsbed. This peculiarity is dueto
the fact that it is, taking the year as a whole, an overloaded stream. It is subject
to great fluctuationsin volume. In the springtime, when the mountain snows are
melting, itisariver a milein width, while at other times of the year it is almost or
quite dry.

Gannett’'s 1901 paper includes data tables and a figure describing the profile of theserivers, which are
shownin Figure 2.14. The dopes of the Platte River and the lower portion of the North Platte are
remarkably constant, as Gannett indicated, and have a dope of 0.00126 between North Platte and
Chapman, Nebraska, or 6.65 ft of fall per mile as described in Section 2.1.

Gannett’s description implies the centrd Platte River at the end of the eighteenth century was dynamic,
changing from year to year, and was aggrading. There are Sgns of infilled channels outside the present
river boundaries on many aeria photographs and present-day U. S. Geologica Survey topographic
maps. Wenzd et d. (1946) and Lugn & Wenzd (1938) estimate the aggrading cycle had begun in the
Seventeenth century.

Platte River Bed Profiles in 1901
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Figure 2.14 Longitudinal profile of the Platte River bed in 1901 (Gannetts Slope).
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2.2.7 Conclusionsfor the Nineteenth Century

In the nineteenth century, climate factors continue, however the increased activities by man within the
Platte River Basn are aso beginning to have an impact on theriver. The extent of woody vegetation on
the outer banks, and the extent of woody vegetation on the western end of the centrd Platte River, is
debated. But what can be determined from the narrative is that euro-settlement in the nineteenth century
reduced woody vegetation, where it existed dong the central Platte River.

It isdso not determined here whether the centrd Platte River at the end of the century, has undergone
channe changes from an increase in sediment loads. For the nineteenth century, the primary source of
information on sediment load, Smilar to extent of woody vegetation, is the written narrative of travelers
and there does not appear to be a distinction between the description of turbid waters of the 1830s,
versus the description of turbid watersin the 1890s. At the start of the nineteenth century, the river was
braided and aggrading, with some woody vegetation. At the end of that century, theriver is dill braided
and aggrading, but possibly with an increase in sediment load and a decrease in wooded aress.
Increases in sediment load at the end of the century may have resulted from mining and timber harvest
primarily in the tributaries, and farming aong the centra Platte River. Decreasesin wooded areas may
have occurred along the eastern end of the central Platte River resulting from proximity to the heavily
travelled Great Platte River Road, resulting from euro-settlement, and in support of railroad congtruction
activities.

Radiocarbon dating of idands and deposition in the centrd Platte River basin, geologic field surveys of
the entire basin, and the development of sediment budgets for the nineteenth century, could help to
define to what extent mans activities and the effects of drought may have increased the sediment load of
the central Platte River in the nineteenth century. However at thistime, a discussion of changesin
sediment load for this century can not be substantiated.

Between the beginning and the end of the nineteenth century, known changes to the Platte River channe
can be summarized as narrative description of deforestation at specific areas dong the centrd Platte
River; possibleincreases in sediment load due to beaver trgpping, farming, mining, timber harvesting and
the 1840s drought; and the summer decreases of flow due to canal construction recorded by each state
for water appropriations. References to significant changes to the channel shape or sediment load have
not been noted in the narratives. The mid-1800s predate sediment |oad measurements and the lack of
measured channe data, with the exception of the 1865 Genera Land Office (GLO) survey maps, make
it difficult to detect changes to the channd that have occurred by the end of the nineteenth century.
However, the close agreement between active channel widths measured from the 1865 GLO maps and
the 1896 to 1902 US Geologca Survey maps (Figure 2.6 to 2.11) imply that any changesto active
channd width between these two dates were not largely apparent. Regardless, at the turn of the
century, the USGS topographic maps (USGS 1896-1902) of Nebraska show that much of the centra
Fatte River isachannd nearly amile wide.
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Despite possble changes to the channd in the nineteenth century from both climate factors and mans
watershed impacts, data are collected and considered for the end of the nineteenth century smply
because land and flow measurements first become available a thistime. Thereis no intent to reference
the late nineteenth century as abasdine or target period for current restoration efforts, but this period
does provide an example of channd morphology under different conditions from the present. Despite
the questions on changes to vegetation coverage and sediment load between the beginning and end of
the nineteenth century, channd morphology at the end of the nineteenth century is useful for comparisorns
to alater period that has greater impacts from human activities. In the next section, which isahistorical
consderation of the twentieth century, the substantial development of infrastructure for flow regulation,
flow bypass systems, transportation, and bank protection, is presented.

23 THETWENTIETH CENTURY

In the twentieth century, the impact of climate factors on the morphology of the centra Platte River is
largely overshadowed by the impact of anthropogenic factors. The population of the Basin continues to
increase rgpidly and the comparatively mild anthropogenic impacts of land use in the watershed continue
into the nineteenth century, but are exceeded by far more severe impacts of extendve infrastructure in
the twentieth century. In the time span of 100 years, anthropogenic activities szably dter flows and
sediment loads in the central Platte River. The anthropogenic impacts of large constructed reservaoirs,
candls, trangportation structures and diversion structures, reroute the river system and dter the
characteristics that defined the centrd Platte River in the previous centuries. Historica development in
the twentieth century is described in this section; changes to flow, sediment and basin structure for the
twentieth century are described in Chapter 3; and the impactsto the river as aresult of flow, sediment,
and basin structure changes, primarily in the twentieth century, are described in Chapter 4.

2.3.1 TheGrowth of Municipal and Irrigation Water Requirements

The surge of population in this semiarid region, which began with the influx of European settlersin the
Patte River basn, placed new and large demands on the central Platte River flows. Based on the US
census (Gibson & Jung, 2002), in the twentieth century the state of Nebraska grew from 1,066,300
(1900) to 1,578,385 (1990), the state of Wyoming went from 9,118 (1900) to 453,588 (1990), and
the state of Colorado grew from 539,700 (1900) to 3,294,394 (1990). The large municipa population
of the Front Range of Colorado, located primarily in the South Platte basin, relies heavily on surface
waters. The smdler municipa population of Nebraska, in the centrd Plaite River basin, relies primarily
on groundwater from the High Plains aquifer. Due to limitations on Platte River flows, and the rdaively
ble and abundant High Plains aquifer, the use of groundwater for irrigation in Nebraska increased
subgtantidly in the twentieth century. Water requirements associated with the growth of industry in the
Platte River Bagn is not addressed here, but presented briefly in Section 3.1.4.
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2.3.1.1 Surface Water Use

Acres of harvested crops expand in Nebraska from 12.1 million in 1899 to 18.6 million by 1999, and
the number of harvested acres for the states of Colorado and Wyoming combined, increase from 0.6
million to 8.3 million (Table 2.2). The Patte River Basin is primarily agrarian, however severd larger
cities can be found within the South Flatte River Basin including Denver, Colorado, Cheyenne,
Wyoming and the Front Range cities that lie between the two. Settlement of these citieslargely began in
the last haf of the 1800s, with mgor growth of both population and associated water supply needs
occurring in the 1900s.

In the South Platte basin, water sources for the larger municipdities are surface waters from the South
Patte River and itstributaries, and aso from trans-basin diversons from the Colorado River Basn. The
Denver Water utility serves a population of 1,081,000 (www.water.denver.co.gov) with 129,000 acre-
ftiyr of surface water originating primarily in the South Platte basin, and 105,000 acre-ft/yr from trans-
basin diversons. This number does not include Denver metropolitan areas such as Arvada, which
operate independent water supplies.

The dties of Boulder, Longmont, Loveland, Fort Callins, and Gredey in Colorado, and the city of
Cheyenne, Wyoming, are dso |located in the South Platte basin, and rely on surface water for municipa
water needs. The combined population served by the municipa water supplies of these citiesis
560,000, as reported by the U.S. Environmental Protection Agency, Loca Drinking Water Information
(www.epa.gov/safewater/dwinfo.htm). Approximately 85% of this water comes from the South Platte
Basin with the remaining 15% supplied by trans-basin diversons. At an average use of 216 gdlons per
day per person (www.water.denver.co.gov), the current total of South Platte River water for these
citiesis approximatdy 115,000 acre-feet per year.

Despite the semiarid climate, land usein the Platte River Basin is primarily agrarian. Irrigation dong the
centra Plate River began to expand in the drier years of the 1890s. By the late 1920s, agriculturein
the central Platte River Basin was experiencing the impacts of water shortages, aggravated by the over-
appropriation of water occurring upstream on the North Platte and South Platte Rivers (Smons &
Associates, 2000). The solution to this problem of water shortages in the early decades of the twentieth
century was the congtruction of large upstream reservoirs, and the congtruction of large irrigation
diverson systems soon followed.

2.3.1.2 Groundwater Impacts

Smaller cities and towns in Nebraska adjacent to the Platte River have aso grown in Sizein the late
1800s and the 1900s. These cities impact groundwater since they rely, with few exceptions, on wellsto
supply municipa needs. Asreported by the U.S. Environmenta Protection Agency, Loca Drinking
Water Information (Www.epa.gov/safewater/dwinfo.htm), the cities of North Platte, Gothenburg,
Cozad, Lexington, Overton, EIm Creek, Kearney, Gibbon, Shelton, Wood River and Grand Idand, all
in Nebraska, have a combined population served by their individua municipa water supplies of

88,000. At an average use of 220 gdlons per day per person
(www.cityofkearney.org/index.asp?SID=510), the estimated use of groundwater is 21,700 acre-feet
per year for the smdl cities proximd to the Platte River and upstream of Grand Idand.
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Within a couple of decades after the start of cand congtruction, farmersin the central Platte River
valey, noting the limitation on Platte River flowsin the early twentieth century, began drilling
groundwater wells. The advent of pumping engines spurred this effort and Table 2.3 shows the
higtorical growth in numbers of irrigation wellsin the early decades of the twentieth century. Inthe
1930 U.S. census, gpproximately 75 percent of al irrigation wellsin Nebraska were located in the
Platte River Vdley between Gothenburg and Chapman.

Table 2.3 Irrigation wdlsin the Platte Vdley (taken from Lugn & Wenzil, 1938)

Y ear Irrigetion | Year Irrigetion | Year Irrigetion | Year Irrigetion
Wedls Wedls Wels Wedls

1893 1 1916 7 1923 10 1930 140
1910 2 1917 14 1924 18 1931* 65
1911 3 1918 21 1925 26
1912 24 1919 9 1926 47 Total 772
1913 17 1920 16 1927 74
1914 21 1921 14 1928 73 *|ncomplete number
1915 14 1922 10 1929 146 from year of census.

For comparison to Table 2.3, the Nebraska Department of Natural Resources had aregistered total
of 25,660 groundwater wells for commercid, domestic, irrigation, monitoring and other usesin the

centra Platte Vdley by March 30, 2004
(http://nrent3.dnr.state.ne.usiwel lssgl/Summary.asp?ype=nrd). Figure 2.15 illustrates the location of
groundwater wells by points, in the state of Nebraska, in the year 1993.

Figure 2.15

1993.

Nebraska Registered Groundwater Wells, 1994 (Conservation and Survey Division,
University of Nebraska-Lincoln, 1994). Source: Nebraska Department of Natural Resources, September

The development of wellsin the Platte River Basin over the twentieth century does not directly
impect flowsin the river, but fluctuationsin the water table have an indirect result on surface flows
(Sanders, 2001). Excessive pumping can lower the generd water table eevation, while increased
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seepage can raise the water table. Changes to the water table in 1995, compared to pre-
development water table levels, are shown in Figure 2.16. In the region of the centrd Platte River,
groundweter flow is generdly to the southeast. In the region south of the Platte River and west of
Kearney, Nebraska, where groundwater seepsin adirection parale to the Platte River, arisein the
water table can be seen. To the east of Kearney, Nebraska, where seepage from the Platte River
moves away from the river to the southeast, there has been a decline in the groundwater table.
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Figure 2.16 Areas of groundwater level change in the High Plains Aquifer, predevelopment to spring
1996 (Conservation and Survey Division, University of Nebraska-Lincoln, 1996b).

In thefall of the drought year 2003, the river bed in the reach from Grand Idand, Nebraska to
Chapman, Nebraska was dry, while upstream reaches near Kearney, Nebraska till conveyed flow.
A high water table can add flow to the channel through groundwater seepage, while alow water
table can be receiving flows from the river. Upstream of Cozad, Nebraska, the centrd Platte River
may be gaining flows from groundwater movement out of the Sand Hills, a Sgnificant recharge area.
In recent years, the reach from Cozad to Kearney, Nebraska, may be gaining flows from the
groundwater mound to the south of the river (Figure 2.16), dthough the genera direction of
groundwater flow isto the southeast in thisregion. Further downstream between Kearney and
Grand Idand, Nebraska, Platte River flows are lost to groundwater through seepage, and the rate of
loss may have increased in recent years due to the decreases in groundwater elevationsto the
southeast (Figure 2.16). The USGS gages on the centrd Platte River show areduction in flows from
the upstream gtation at Overton, Nebraska to the downstream station at Grand 19land, Nebraska
The differentid in mean flow has ranged from 10 cfs (1970 to 1999) to 210 cfs (1910 to 1935)
depending on the period of years considered (Randle & Samad, 2003).

Part of the flow differential between Overton and Grand Idand, Nebraska may be attributable to
irrigation consumption, but not to withdrawals for municipa use at Kearney, Nebraska. For the
years 1999 to 2002, the city of Kearney pumped less than an average annua volume of 0.1 cfsfrom
the river, taking more than 99.8% of city water from groundwater wells (http:/Amww.cityofkearney.
org/documents/utilities%20Dept/2002%20A nnua %20Report.pdf). The Kearney Cand divertsan
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average annua 189 cfsfor irrigation and hydropower, with much of this flow returned to the river

upstream of Grand Idand, Nebraska.

In 1933, Wenzd made a caculation of the percolation from the Platte Valey between Gothenburg
and Chapman, Nebraska based on test holes and the thickness of saturated sand and gravel. The
permesbility coefficient was interpolated from three Thiem tests. Wenzd's results are shown in
Table 2.4. Tota seepage for 1933 was estimated at 68.9 cfs and the reach of greatest seepage loss
was from Odessa to Wood River (Figure 2.16) athough sizeable losses continued to Grand I1dand,

Nebraska.

Table2.4 Compilation of percolation from the Platte Valey between Gothenburg and Chgpman
(taken from Lugn & Wenzil, 1938).

Ave Interpolated | Hydraulic | Areaof Discharge through
Segmentof | Length | thickness | coefficientof | gradient | cross ssgment
the Vdley of of sand & | permesbility | (ft/mile) Section* (ft’/sec) | (acre-
Segment | grave (ft) (it ft/
(miles yeer)
Gothenburg 10 5 3,875 6.1 132,000 0.9 650
to Cozad
Cozad to 16.5 15 3,925 6.1 654,000 4.6 3,330
Lexington
Lexington to 11 31 3,975 6.3 900,000 6.6 4,780
Overton
Overton to 9.5 22 4,025 6.5 552,000 5.7 4,120
Elm Creek
Elm Creek 10 36 4,075 6.5 950,000 7.4 5,350
to Odessa
Odessato 20 50 4,150 6.7 2,640,000 | 21.5 | 15,550
Gibbon
Gibbon to 145 45 2,800 6.7 16,160,000 | 8.9 6,450
Wood River
Wood River 16 86 1,350 6.7 3,630,000 94 6,800
to Grand
Idand
Grand 10 68 1,000 7.5 1,795,000 39 2,820
Idand to
Chapman
TOTAL 68.9 | 49,850

*Corrected for direction of hydraulic gradient (assumed at 30 degrees with direction of valley).
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2.3.2 Reservoir Construction and Major Flow Diversions

Although small reservoirs were congtructed for irrigation in the last haf of the 1800s, large reservoir
congtruction that helped to address the problem of over-appropriation of flows, did not begin until
the 1900s. Beginning in 1909, large storage reservoirs were congtructed on the North Platte River
to capture spring flows and provide water for irrigation during the summer. During the period 1909
to 1958, sx mgor dams were constructed across the North Platte River in Wyoming and Nebraska.

Pathfinder (1909), Guernsey (1928), Alcova (1938), Seminoe (1939), Kingdey (1941), and
Glendo (1958) reservoirs (Figure 1.2) have a combined storage capacity of nearly 5 million acre-feet
(Collier et d., 2000). Large reservoirs also were constructed on the South Patte River, but these
were located much higher in the watershed and stored a smaller fraction of the runoff, 1.3 million
acre-feet of reservoir storage at present.

Simons and Associates (2000) list the combined reservoir storage capecity of the Platte River basin,
for al reservoirs greater than 5,000 acre-fet, a 7.6 million acre-feet. This amount of reservoir
Storage capacity is equivaent to 5 years of mean annua flow for the central Platte River, as
measured at the gage near Overton for the period 1970 to 1999 (Randle and Samad, 2003). The
reservoirs store water during periods of high flow and later rel ease the water during periods of low
flow. Many of the reservoirs are <o utilized for the generation of hydropower. This pattern of
reservoir storage sgnificantly reduces annual pesk flows, and the gpplication of water to agricultura
lands, viathousands of cand diversions throughout a watershed, reduces annud average flowswithin
the river channdl.

Latee JHC Conaug i v

Grand Idand

Stbedand Canal

Th-County Supply
Caral
John=an 2

Retum Canal

Figure 2.17 North Platte, South Platte and central Platte Rivers showing location of the Sutherland
Canal and the Tri-County Supply Candl.

In addition to the storage reservoirs, two structures, the Keystone Diversion Dam and the Tri-

County Diverson Dam, were constructed to support large flow diversons for irrigation and
hydropower in the centrd Platte River basn. The Keystone Diverson Dam was completed in 1936,
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and diverts gpproximately 69 percent of the average annua North Platte River water from the North
Patte River channel (Fgure 2.17) for adistance of 58 river miles. The Sutherland Cand returns the
flows to the South Platte River at North Platte, Nebraska for a distance of 4.5 miles, before the
flows are again diverted by the Tri-County Diverson Dam & the river confluence downsiream of
North Platte, Nebraska. The Tri-County Diverson Dam began operation in 1941, and diverts
approximately 73 percent of the average annua river flow from a 61-mile reach of the Paite River,
returning the flows downstream of Lexington, Nebraska where the returns congtitute 47 percent of
the flows. Figure 2.18 shows the relative volume of flow in the principd riversby line width. Natura
flows tend to increase in the downstream direction, while the discontinuities in flow shown in the
figureillugtrate the impacts of canal diversions and returns on the North Platte, South Plaite and
central Platte River. Also shown in Figure 2.18 isthe location of the Kearney diversion and return
that removes 11 percent of flow from the centrd Platte River.
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Figure 2.18 Average annual discharge of the principal rivers as indicated by the width of the river.
The location of major flow diversions and returns on the North Platte River, South Platte River, and Platte
River are labeled. On the Republican River and Loup River, D denotes the location of major flow
diversions and R denotes the location of major returns (Conservation and Survey Division, University of
Nebraska-Lincoln, 1996).

2.3.3 Bridges, the Transportation System, and Bank Revetments

Dueto the physicd atributes of level grade, good foundation materia, and an east-west orientation,
the Platte River Basin has been amgjor transportation corridor since European settlement began.
Severa emigrant trails followed this passage in the 1800s and it has been a popular railroad route
gnce the transcontinental line was completed in 1869. Currently, US Interstate 80 is located in the
Platte River corridor in addition to State Highways and loca roads. The type and number of bridge
structures required to support this transportation network can aso influence channe form by
congtricting flows at bridge crossings.
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Bridges from the early 1900s were often constructed on wood pilings, referred to here as trestle
bridges, and commonly spanned the full width of the channel. Road and railroad departments |ater
replaced these bridges using designs with extended road approaches on earth embankments, and
only afew of the trestle bridges crossing the Platte River are dill in existence. Between and including
Lexington and Grand Idand, Nebraska, 13 trestle bridges on piles are shown on the USGS maps of
1896-1902 (figures 2.06 to 2.11) for both road and railroad crossings. For the same reach, the
1998 aerid photographs show atota of 14 embankment bridges and only 3 railroad trestle bridges.

The newer design with earth embankments reduced costs by shortening the length of the bridge span
over theriver, often the most costly feature of the bridge. The earth embankments localy constricted
the multiple river channels and flood plains of the Platte River. Since the bridges often constricted
the flood plains and river channd, gravel pits were occasondly excavated adjacent to these bridges
following bridge congtruction. High banks or levees to prevent flooding of the gravel pits dso
contributed to additional channel condtrictions. By the fina two decades of the 1900s, the Federa
Highway Adminigtration (FHWA) and State Road Departments, were addressing the shortcoming of
bridges regtricting river flows. The FHWA had established stricter specifications for new bridges
that prevent encroachment into the river channel and excessive backwater flooding upstream from
the bridge. Therefore, embankment bridges predating the 1980s have the highest propensity for
channel form changes through the congtriction of flows.

Bank protection systems or revetments, commonly constructed from large rock (riprap) are aso
used frequently in the twentieth century. The revetments are often intended to protect roads and
bridge foundations from bank erosion, or are ingtaled by private landownersto preserve lands. The
revetments, like the bridge crossings, create a hardened bank that horizontally confinesflows. Hard
protection materias, including riprap can aso increase flow velocities adjacent to the structure. In
1994, the US Corps of Engineers (Corps, 2001) estimated that 10 percent of the outer riverbank
had been protected between North Platte and Columbus, Nebraska. Between 1976 and 2001, the
Corps received 157 applications for bank stabilization permitsin this reach.

2.3.4 Climatein the Twentieth Century

The last noted climate change for the centra High Plains occurred gpproximately 700 to 800 years
ago (Section 2.1.5) and climate for the twentieth century can be typified as average. The 1930s and
1950s droughts are examples of a drought magnitude that occurred with some regularity over the last
400 years. Similar droughts occurred in the central Great Plainsin the late 1660s, in the late 1690s
(Cleavdland & Duvick, 1992), in the late 1750s, early 1820s, early 1860s and the 1890s (Weskly,
1965, Weddl, 1986, Lawson, 1970, Lawson & Stockton, 1981). In astudy of the central United
States, Woodhouse and Overpeck (1998) write:

The collection of dendroclimatic reconstructions for the Great Plains
region suggests that the severe droughts of the twentieth century,
although certainly major in terms of their societal and economic
impacts, are by no means unprecedented in the past four centuries.
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Moreover, when all proxy data, including historical accounts of eolian
activity, are considered, it is likely that droughts of a magnitude at
least equal to those of the 1930s and 1950s have occurred with some
regularity over the past 400 years...

Woodhouse (2001a) uses reconstructed streamflows to describe dry periods for the Colorado Front
Range and focused on tree-ring chronol ogies sengtive to winter and spring moisture conditions for
the South Platte headwaters.

This reconstruction suggests that the major low flow periods of the 20"
Century, the 1930s, 1950s, and 1960s, have been exceeded in severity several
timesin the prior two centuries.

From the PDSl index shown in Figure 2.13, it can be seen that the first 25 years of the twentieth
century are the wettest period since 1700. The figure endsin 1980, however the end of the century
was aso wet. Inthe Front Range region of Colorado, McKee et a. (1999), describe a 26-year wet
period from 1905-1931, and alesser wet period of 17 yearsin the fina two decades of the 20"
Century. In summary, the climate of the Platte River Basin in the twentieth century began with avery
wet period for thefirst 26 years. Droughts occurred during the decades of the 1930s, 1950s and
1960s and the last 17 years of the century were wet, athough not as wet as the initial decades of the
century.

2.3.5 Conclusonson theHistorical Consideration of the central Platte River

In the Pre-Development period prior to the nineteenth century, the impacts of climate dominated the
morphology of the Platte River. One mgor realignment occurred approximately 10,000 years ago,
however changes to flow, sediment transport and basin structure appear in generd, to be gradud
under the large extent of time consdered. Under climate influences, the river trangtioned over long
periods through multiple cycles of aggradation, degradation and stability, with the last trangition to
aggradation estimated at three centuries previous to the present. Under the conditions present at the
end of the Pre-Development period, the lower layer of sands and gravelsin the Grand Idand
formation may have been acting as a vertica control on the bed of the central Platte River, preventing
further incison. The last detectable climate change, a shift to aless extreme drought regime,
occurred 700 to 800 years ago.

The central Platte River can be divided into three reaches based on the geology and morphology of
the Pre-Development period. The relevance of these divisionsis evident today in some varying
responses between channe reaches to current changesin flow, sediment, and channd form.

In the nineteenth century and beginning with euro- settlement, mans activities begin to have an impact
on the Platte River Basin. Although the extent of woody vegetation early in the century is debated,
coverage declined due to the migration of settlers through and to the area. Beaver trapping, mining,
and timber harvest, primarily in the headwater tributaries of the Platte River, are watershed activities
that typically increase sediment loads to streams. Water appropriation records indicate that summer
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flowsin the central Platte River decreased dueto irrigation in the last decades of the nineteenth
century. The nineteenth century had the most extreme occurrence of droughtsin the last four
centuries, and the 1840s drought, at aminimum, is estimated to have increased sediment loads over
adecadd period. Decreases in woody vegetation and potentid increases in sediment load have not
been quantified due to alack of datafor this century.

Changes in channel form in the nineteenth century resulting from changes in flow and sediment
transport may be regarded asrelatively smdl asindicated by alack of narrative on the topic, and by
the correspondence in centra Platte River width between GLO mapping from 1865 and USGS
mapping from 1898 to 1902. But regardless of potential changes that may have occurred through
the nineteenth century, the end of this century marks the start of most quantitative data presented in
thisstudy. Although watershed changes probably occurred in the nineteenth century, the end of this
century predates most mgjor infrastructure development making it a useful period for comparison to
periods with later developments.

In the twentieth century, the impacts of climate upon channe shape and planform are typicd of the
previous four centuries, but anthropogenic impacts have grestly increased due to population
increases and mgjor infrastructure development. There are greater demands on both surface water
and groundweter for municipa and irrigation uses, and large infrastructure including reservoirs and
extengve cana systems are condiructed to supply the increase in water demands, impacting both
flow, through timing shift and peek flow reduction, and sediment transport. The infrastructure of the
transportation system aso expands in the twentieth century, imposing new and multiple restrictions
on the horizontal dignment of the central Platte River. The changesto flow, sediment trangport and
basin structure, as aresult of primarily anthropogenic changes throughout the twentieth century, are
presented in Chapter 3.
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3.0 CHANGES TO PRIMARY ELEMENTS OF RIVER
MORPHOLOGY IN THE TWENTIETH CENTURY

As presented in Chapter 2.0, anthropogenic impacts in the twentieth century are substantive, aorupt
with respect to geologic time, and have dtered three primary dements of channe morphology in the
central Platte River: thein-channd flow; the transport of sediment; and the basin structure induding
location of flow and sediment inputsin the basin and geologic or man-made structures. This chapter
focuses on the measured changes of these primary eements to provide a foundation for the
processes of change to the channel addressed in Chapter 4.0.

31 CHANGESTOFLOW

The mean, median, and 1.5-yr peek flows for the North Platte River, South Platte River and three
locations dong the centrd Platte River are shown in Figures 3.1 to 3.3. Theinformation in each
figure has been divided into four time periods: 1895 to 1909, 1910 to 1935, 1936 to 1969, and
1970 to0 1999. This 105-year historic period was divided into four periods of andysis based on
trends in annud flow volume and annua pesk flow for the North Platte River gage at North Platte,
Nebraska (Randle and Samad, 2003). All three figures exhibit asmilar pattern of decreasing flows
in thefirg three periods, with some increasein flow in the fourth period that does not reach levels of
the first two periods.
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Figure 3.1 Platte River mean flows (Randle and Samad, 2003).
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PLATTE RIVER MEDIAN FLOWS
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Platte River median flows (Randle and Samad, 2003).

PLATTE RIVER 1.5-YEAR FLOOD PEAKS
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Platte River 1.5-year flood peak flows (Randle and Samad, 2003).
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Flow-duration curves based on the best available, mean-daily flow data (Stroup et a. 2001) are
shownin Figures 3.4 to 3.8 for the four time periods: 1895 to 1909, 1910 to 1935, 1936 to 1969,
and 1970 to 1999. A more detailed presentation of Platte River flows can be found in Randle and
Samad (2003).

3.1.1 North Platte River Flows

The flonduration curves for the North Platte River at North Platte, Nebraska, in Figure 3.4 show
that the median annud flow rate, the rate exceeded 50 percent of the time, dropped from about
2,400 cfsto 400 cfsin the third period. Mgor decreasesin flow rate on the North Platte River at
North Platte coincide with the period of reservoir condtruction. The Pathfinder Dam in Wyoming
began operation in 1909, and was the first of Sx reservoirsto ater the normal spring flows on the
North Platte River.
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Figure3.4 North Platte River at North Platte, Nebraska flow-durations curves (Randle and Samad,
2003).

3.1.2 South Platte River Flows
Stream gage data for Denver, Colorado, Duncan, Nebraska, and North Platte, Nebraska (Figure

2.3) were used to estimate the South Platte River flows at North Platte, Nebraska from 1895 until
1902. From 1902 to 1914, the gage on the South Platte River at Julesburg, Colorado was used in
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the estimating procedure. The USGS gage station on the South Platte River near North Platte,
Nebraska began measurements on June 1, 1914. The flow-duration curvesin Figure 3.5 show the
history of the South Platte River flows at North Platte, Nebraska. Note, that these flows do not
include the Sutherland Hydro Return flows, which enter the South Platte River downsiream from the
USGS gage at North Platte, Nebraska, and are diverted again 4.5 miles further downstream.

The high flows that are exceeded 20 percent of the time for the South Platte River initialy decreased
over thefirgt three time periods (1895 to 1969) then increased over the fourth time period (1970 to
1999), to alevel comparable to the first time period. The mean flow for the fourth time period is
actudly greater than the mean flow of the first time period (Figures 3.1 and 3.5) because sgnificant
water isimported to the South Platte basin, through tunnels under the continenta divide, from the
Colorado River Basn. The inter-basin transfer projects effectively add another million acre-feet of
reservoir storage to the South Platte River and a mean-annud, water-transfer volume of 400,000
acre-feet (Smons & Associates, 2000). Beginning in 1936, the Keystone Diverson Dam diverts
water from the North Platte River through the Sutherland Supply Cand to the South Platte River at
the Sutherland Hydro Return, but because that flow is diverted a second time in the Tri-County candl
system, that water does not appear in the gage record until it reaches Overton, Nebraska, more than
61 river miles downstream.

Flow Duration Curves for the South Platte
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Figure 3.5 South Platte River at North Platte, Nebraska flow-durations curves (Randle and Samad,
2003). The mean flow for the first, second, and fourth time periods are very similar (Table 3.4).
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3.1.3 Central Platte River Flows

The flow-duration curves at the three USGS gage dtations dong the central Platte River, Cozad,
Overton, and Grand Idand, were very smilar between the first and second time periods (1895 to
1909 versus 1919 to 1935) as seen in Figures 3.6, 3.7, and 3.8. The flows aong the Platte River
became spatidly non-uniform between the Cozad, and the Overton and Grand Idand gages, once
the Tri-County Diverson Dam began diverting water into the Tri-County Canal (1941).

The flow-duration curves for the Cozad gage dtation (Figure 3.6) indicate asubgtantia decreasein
flows, through a curve shift downwards and left from the second to third time periods (1910 to 1935
versus 1936 to 1969). During low and moderate flow periods, much of the water reaching the Tri-
County Diverson Dam is diverted into the cand for purposes of hydropower and irrigation.  Most
of the diverted water is returned back to the Platte River, 61 miles downstream, through the
Johnson-2 return channd (Figures 1.3, 2.17, and 2.18).

Downstream from the Johnson-2 return channel, on the central Platte River, the flow-duration curves
for the gages near Overton and Grand Idand, Nebraska (Figures 3.7 and 3.8) are very Smilar. The
flow-duration curves for the last two periods, 1935 to 1999, at both Overton and Grand Idand
gages are noticeably higher than the flonduration curves for these same periods at the Cozad gage
(Figure 3.6), indicating a perssting reduction in flows at Cozad from 1935 to the present. The close
agreement between flow duration curves for the gages near Overton and Grand Idand, Nebraska
(Figures 3.7 and 3.8), show the spatia uniformity of flow downstream from the Johnson-2 return
channd. These flow-duration curves of the third and fourth time periods show that both high and
low flows occur less frequently than in earlier periods, and that the flows are more uniform over time.
A tempora aspect of the more uniform flow isthat the ratio of the spring runoff flows to the summer
thunderstorm flows has decreased in the latest two periods, due to the storage of high spring runoff
flows.

The water diverted into the Tri- County Cand is used for hydropower generation and irrigation
ddiveries. Return flows through the Johnson- 2 return channd can ether be steady throughout the
day or fluctuating, depending on the demand for dectricity. Return flows can dso increase within the
short span of aday when irrigation demand suddenly decreases due to sgnificant ranfall negating the
need for irrigation deliveries. Hourly flow variations are not well represented by the mean-daily flow
data, although they have the potentid to wet and dry habitat areas used by endangered birds for
roosting or nesting. However, hourly flow fluctuations are beyond the scope of this study.
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Cozad, NE

100,000 I

ﬂ = 1895 to 1909
—_ 1910 to 1935
7] .
S J_\ —— 1936101969 |
o} 10,000 5 T 1970 to 1999
S . \ﬁ-_ﬁ_ Mean Discharge
e n “‘R‘ |
3 'H‘x
a 1,000;
> 3
5 1003 \\
= ]

0% 20% 40% 60% 80% 100%

Percent of time (in days) that a discharge is exceeded

Figure 3.6 Platte River near Cozad, Nebraska flow-durations curves (Randle and Samad, 2003).

Flow Duration Curves for the Platte River near
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Figure 3.7 Platte River near Overton, Nebraska flow-durations curves (Randle and Samad, 2003).
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Flow Duration Curves for the Platte River near
Grand Island, NE
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Figure 3.8 Platte River near Grand Island, Nebraska flow-durations curves (Randle and Samad,
2003).

3.1.4 An Esimate of Flow Changes Attributable to Anthropogenic Factors

As discussed above and concluded by Randle and Samad (2003), river flow through the North
Plate and Platte Rivers in Nebraska has significantly decressed over the 20" Century. Themean
river flows and the 1.5-year flood of the North Platte and Platte Rivers in Nebraska decline during
two recent higtorical time periods, 1936 to 1969 and 1970 to 1999, compared with the river flows
from two early historical time periods, 1895 to 1909 and 1910 to 1935. These declines aso
coincide with the congtruction of mgor reservoirs and flow diversion systems.

An egtimate for the flow reductionsin the central Platte River Basin that could be attributable to
irrigation needs, municipa and indusirid use, and evaporation from lakes, reservoirs and major
candsin the Plate River Baanisdeveloped here.  The caculations rely primarily on two sources
for estimates of consumptive use of water in the Plaite River Basin: the U.S. Geologicd Survey's
1995 Water-Use Data Files (USGS, 1999) that were developed in coordination with the
corresponding state water resource agencies, and the U.S. Bureau of Reclamation estimates of
consumptive water use developed for the Platte River Management Joint Study (U.S. Bureau of
Reclamation, 1992).

3.1.4.1 Consumptive Use

The U.S. Geologicd Survey (1999), with some adjustment of their centra Platte estimates (Duane
Woodward, Central Platte Natural Resource Didirict, personal communication, 2002), indicates the
fallowing irrigated areas and population within the Platte River basin, circa 1995 (Table 3.1).

Chapter 3.0 Changesto Primary Elements of River Morphology in the Twentieth Century 61



Table3.1 Irrigated Acres within the Platte River Basin above the
Loup River confluence
Type of irrigation Irrigated area
Surface-water irrigation 19 million acres
Ground-water irrigation 1.6 million acres
TOTAL irrigation 3.5 million acres
Population 3.0 million

Converting these numbers into consumptive use vaues requires making estimates of per-acre and
per-capita consumptive use. Using per-acre estimates for agricultural consumptive use and reservoir
evaporation in the basin (U.S. Bureau of Reclamation, 1992), and estimates for municipa and
industria consumptive use in the South Platte Basin from the State of Colorado (1998) yields
esimates of mean annual consumptive use shownin Table 3.2.

Table 3.2 Edtimated mean annua consumptive use for the Platte River
Basin above Loup River confluence

Type of use Annua consumptive use

(acre-feet per year)

Surface-water irrigation 1,640,000
Ground-water irrigation 1,190,000
Municipa & indudrid use 270,000
Lake, reservair, pond, and
magjor canal evaporation 829,000
Tota 3,929,000

The above consumptive uses are partidly offset by supplies of non-native water provided through
trans-basin imports and “non+tributary” groundwater pumping. The gpproximate water volumes
supplied from trans-basin importsin an average year are as shown in Table 3.3. Theterm “non+
tributary” groundwater pumping refers to the pumping of groundwater within the river basin, but from
depths that would not have otherwise contributed to streamflow. The annua volume of non-tributary
groundwater pumping within the Platte River Basin is unknown, but is assumed to be tens of
thousands of acre-ft per year.

Table 3.3 Mean annud import of water to the Platte River Basin from the Colorado River Basin.

_ _ Average annud supply estimate (acre-
Basin water imports feet per year)
Trans-basin importsinto the South Platte basin 350,000
Trans-basin imports into the North Platte basin 16,500

Mogt of the groundwater withdrawn for agriculturd usein the Platte River Basin comes from aguifers
tributary to the surface water system, and thusis generdly depletive to Platte River flows. However,
groundwater mounds where water table levels have been raised due to seepage from irrigation
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systems, may have increased seepage flow back to the Platte River a specific locations upstream of
Kearney, Nebraska (Figure 2.16), offsetting some of the depletion. The depletive and accretion
effects may be delayed by many months or years, and not dl of the groundwater is tributary.
Because of these uncertainties in estimating groundwater volume and movements, a conservative
approach to edimate overdl river depletionsis used here. Depletions and inflow seepage resulting
from groundwater use are excluded, as well as accretions associated with non-tributary groundwater
supplies, which are rdaively amdl.

In the Platte River Basin above the Loup River confluence, the consumptive use from sources,
excluding groundwater, are estimated to be:

Surface-water irrigation consumptive use 1,640,000 acre-feet
Municipd and indugtrial consumptive use 270,000 acre-feet
Lake, reservoir, pond, and mgor canal evaporation 829,000 acre-feet
Total water use 2,739,000 acre-feet
Minus trans-basin water imports - 367,000 acre-feet
Net consumptive use 2,372,000 acre-feet

Again, this bottomtline figure (approximately 2.4 million acre-feet) is assumed to be a consarvative
value, as it does not account for the generdly consumptive groundweter use in the bagin.

3.1.4.2 Depletions

One acre-foot of consumptive use in the Platte River Basin upstream of Overton, Nebraska, equates
to something less than one-acre foot of depletion in the centrd Platte River near Grand 1dand,
Nebraska. A portion of naturd river flow in the upper part of the basin never would have reached
the central Platte because of natural osses to evaporation, evapotranspiration, and groundwater
recharge. A trangt loss factor can be gpplied to convert the consumptive use volumeinto a
depletion volume for the centra Platte River.

The State of Colorado (1998) estimated that under present day conditions, flow in the South Platte
River experiences weighted- average trandt losses ranging from about 3% (December through
February) to 73% (Jduly through September) before reaching the Nebraska state line. Trangt losses
generally decrease as flow distances decrease.

Applying the State of Colorado trangit vaues from the South Platte River, to the centrd Platte River
introduces further uncertainties to this calculation, but is assumed to under estimate the losses. The
distances traversed by centrd Platte River flows are generaly greater than the distances addressed in
the State of Colorado study, and the North Platte and central Platte Rivers are generdly wider than
the South Plate River. Both of these factors would presumably leed to

gregter trangt losses for central Platte River cdculations. A dightly wetter climate moving esst
across Nebraska might margindly reduce therate of trangt losses in the centrd Platte River.
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To get asingle vaue for comparing annud volumes of flow, the range of seasona vaues for South
Platte trangt losses (3% to 73%) is averaged to 38%. A vaue of 38% for annua weighted average
trangit losses, equates to 62% of the consumptive use in the upper basin of the Platte River depleting
flowsin the central Platte River.

Therefore, the average annua consumptive use of 2.4 million acre-feet per year, removed primarily
in the upper Platte River basin, would equate to a depletion of 1.5 million acre-feet per year inthe
central Platte River upstream of the Loup confluence. Thisannud volume of depleted flow isan
approximate reduction in mean annud flow of 2,000 cfs. Recognizing al the uncertainties associated
with this calculation, alarge range should be associated with this 2,000 cfs estimate. However, even
at an error range of £ 50%, areduction in mean annua flow of 1,000 to 3,000 cfs, this estimate
demonstrates that flow depletions due to water resource development are substantial.

The mean flow for the Platte River near Grand Idand, Nebraska for the period 1895 to 1909 is
3,580 cfs while the mean flow for the period 1970 to 1999 is 2,110 cfs. The reduction between this
first and fourth period is 1,470 cfs. Thisvaue, 1470 cfs, is eadly within the gpproximate estimate of
depletions, 2000 cfs, for these periods even with the addition of flow depletions to thefirst period
not currently included. Based on the above figures and assumptions, and despite the uncertainties
associated with this estimate, it gppears that consumptive use of water in the Platte River Basin can
account for dl of the reduction in Platte River flows that have been noted from the period 1895 to
1909 to the latest period, 1970 to 1999.

The climate from 1905 to 1931, corresponding to portions of the first and second time periods
(1895 to 1935), was considered to be wet and the climate from 1980 to 1996, corresponding to 16
years of the fourth period, was aso considered to have been quite wet (Section 2.3.4). With
respect to climatic conditions, both the first and fourth periods appear to be on relatively equd
footing for this comparison.

3.1.5 An Edgimate of Flow Changes Attributableto Climatic Factors

The discussion above indicates the consumptive use and depletions of water on the Platte River can
account for al of the measured flow reductions between the first period, 1895 to 1909, and the
fourth period, 1970 to 1999. However, ignoring the information in the previous section, we focus
here on estimating the maximum extent that climate influences could be accountable for the flow
reductions noted between the first and fourth periods. This consideration of climate impactsis
organized to address three questions.

Has there been a generd trend of climate warming that could account for flow reductions
from the firgt to the fourth periods?

If thereis no sgnificant generd trend of climate pattern, could fluctuationsin the climate
patterns be emphasizing flow differencesin the four periods selected, and be substantialy
respons ble for the decrease in flows noted from the first to the fourth periods?

And ladly, if dimate fluctuations are a factor, what is the maximum percent of flow reduction
that could be attributed to the climate factor?

64 The Platte River Channel: History and Restoration



3.1.5.1 Climate Trend Consideration

A brief summary of information with respect to the temperature record and globa warming can be
found at the Nationa Oceanic and Atmospheric Adminigtration (NOAA) website
(http/Awww.ngdc.noaa.gov/pa eo/globawarming/pa eolast.html). Graphs at this website show
temperature data for the northern hemisphere from studies by Briffaet d., 1998, Jones et d., 1998,
Mann et a, 1998, and Overpeck et a, 1997. The graphs are consstent in displaying a temperature
rise beginning in the 1920s that exceeds temperature increases occurring in the reconstructed record
back to the 1400s. Temperatures then begin to level or decline in the 1950s. This occurrence of
temperature peak with extreme length of duration, makes the twentieth century the warmest century
of record, and gives credence to the discussion of atemperature warming trend.

However, in contrast to the temperature data, both reconstructed stream flow records and the PDSI
do not support the theory of a genera trend of climate change for the Great Plains. Insteed, tree-ring
data indicates short periods of wet and dry, with durations of 3 to 10 years, fluctuating around a
central norm. No generd long term trend of drying is apparent in the twentieth century, athough a
pattern of bi-decadal drought rhythm has been noted (Cook, et a, 1997, Woodhouse and
Overpeck, 1998). PDSI datais shown in Figure 2.13, for the areas of northeastern Colorado and
western Nebraska. Asdiscussed in Section 2.3.4, the periods of drought in the twentieth century
are no more severe than earlier centuries. The wet period in the first 25 years of the century isthe
wettest period since the year 1700, with a second wet period occurring at the end of the twentieth
century.

The effect of climate on river flows within the South Platte River Basin has been explored by
Woodhouse (20014a) using 300 years of tree-ring data for middle Boulder Creek, Colorado (1685
t0 1987) and Clear Creek, Colorado (1703 to 1987). The reconstructed river flow datafor Middle
Boulder Creek and Clear Creek are presented in Figure 3.9 and Figure 3.10.

The reconstructed flow data for both of these creeks indicate thet there are numerous wet and dry
periods, but no sgnificant long-term trend in mean annua flow. Thetrend linesindicate a3 to 4
percent reduction in mean annua flow over the 300-year period for each creek, while the mean
flowsin these two creeks for the four different time periods from 1895 to 1987 have only changed
within £ 5 percent. These are headwater streams that individually congtitute less than one percent of
the watershed area upstream of Grand Idand. However if it is assumed that hesdwater streams
would aso reflect climate change, the answer to the first consideration, “Has there been a general
trend of climate warming that could account for flow reductions fromthefirst to the fourth
periods?”, appears to be no.

3.1.5.2 Shorter Periods of Climate Huctuation

The flows on the Platte River, as measured a USGS gage Sations, are evauated using the four
periods. 1895 to 1909, 1910 to 1935, 1936 to 1969, and 1970 to 1999. The four periods selected
are shown in Figure 3.11 over an average PDSl record constructed from instrument data for grid
points 47, 48, 57, 58, 59, and 68 (Figure 2.12) in the upper Platte River Basin. The divisonsfor
periods were not selected based on climate patterns of wet and dry, but were instead selected
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Figure 3.9 Mean annual flow data for Middle Boulder Creek, Colorado reconstructed from tree-ring
data (Woodhouse, 2001b).
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Figure 3.10 Mean annual flow data for Clear Creek, Colorado reconstructed from tree-ring data
(Woodhouse, 2001b).
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according to breaksin streamflow at the USGS gage at North Platte, Nebraska, as shown in
Figure 3.12. Some of the extremes of wet and dry are therefore modulated by the range of the
period. The North Platte River gage a North Platte, Nebraska was selected because it has the
earliest continuous measured record. The gage at Overton, Nebraska began in 1914, and the gage
at Grand Idand, Nebraska began in 1933.

Asseenin Figure 3.11, the first two periods capture both wet and dry periods, but more wet
periods then dry periods. The third period captures more dry periods than wet, and the fourth
period is again wetter than dry. The flow patterns of the North Platte River at North Platte,
Nebraska (Figure 3.12) reflect the climate patterns (Figure 3.11) in the first three periods, with the
firgt two periods wetter than norma and the third period drier than norma. However thereisa
discrepancy in the fourth period where climate (Figure 3.11) iswetter than normal but the stream
flow record (Figure 3.12) has adrier than normal period. Also, for dl four periods, the stream flow
values (Figure 3.12) exhibit greater variation from the norm than the average dimate PDS vaue for
the Platte River Basin (Figure 3.11). Therefore the answer to the second question, “If thereisno
significant general trend of climate pattern, could fluctuations in the climate patterns be
emphasizing flow differencesin the four periods selected, and be substantially responsible for
the decrease in flows noted from the first to the fourth periods?”, isno as represented by flows
a North Platte, Nebraska. There appearsto be some correlation, but the discrepancies in the fourth
period indicate climate impacts can only account for asmall percentage of the variations.

3.1.5.3 Maximum Percent of Fow Variation Atiributable to Climate

To quantify the magnitude of change in stream flow records that could be attributed to wet and dry
climate periods, the streamflow data for USGS gages located upsiream of reservoirs or irrigation
diversonsin the headwater branches of the watershed are consdered. The percent of variation
noted in headwater streams can then be compared againgt the percent of variation found in the
maingem channel downstream of reservoirs or irrigation diversons.

For headwater streams on the South Platte River, five tributaries with USGS gages were found that
had an extensive period of record:

Clear Creek in Colorado;

Middle Boulder Creek in Colorado;

Cache LaPoudre River at the canyon mouth in Colorado;
. VranRiver a Lyonsin Colorado; and

Big Thompson River a the canyon mouth in Colorado.

For headwaters of the North Platte River basin, extensive flow records were available for two
USGS gage stations on the North Platte River upstream from large storage reservoirs.

North Platte River a Saratoga, Wyoming; and
North Platte River near Northgate, Colorado.

Chapter 3.0 Changesto Primary Elements of River Morphology in the Twentieth Century 67



Platte River Basin Average Instrumented
Palmer Drought Severity Index (PDSI)
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The average Palmer Drought Severity Index (PDSI) for the Platte River Basin, computed
from PDSI values at grid points 47, 48, 57, 58, 59, and 68 (Figure 2.12), has been divided into four flow
periods: 1895 to 1909, 1910 to 1935, 1936 to 1969, and 1970 to 1999. This average PDSI value is based
on instrumented data available to year 1995, while the average PDSI value in Figure 2.13 is computed
from tree-ring data available to year 1980.
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The gtream flow of these headwater branches would naturaly vary from year to year morethan in
the main gemriver, lower in the basin. Also, there is some farm and ranch land use upstream of the
headwater gages, so the incluson of some depletion effect may be exaggerating climate effects at
these locations. Therefore the percent of climate-induced flow variation as measured at headwater
gages may be higher than the actua climate-induced flow variation in the downstream mainstem of
the North Platte and South Platte Rivers, and most notably in the mainstem of the centra Platte
River.

Stream flows for the headwater channdls are compared to stream flows for mainstem channdls,
downstream of reservoirs and irrigation diversions, in Table 3.4 for mean annud flow and Table 3.5
for the 1.5-year flood peaks. The flow records have been divided into the four periods first
introduced in Section 3.1.5.2. The percentage increase or decrease in flow for each stream, reletive
to the flow during the period 1910 to 1935, is shown in the last three columnsin both tables. The
period 1910 to 1935 was chosen as the reference period because stream flow data for this period
were avallable for dl gage stations, the time period was prior to construction of most large storage
reservoirs, and the mean flows for this period were not the highest of the four periods.

Focusing on the shaded rows of each table that contain headwater streams only, it can be seen that
the percent changes are not consstent in percentage, or consistent in being al reductions or
Increases, when comparing between mean and 1.5-year flood flows, or comparing between the
North Platte and South Platte Basins. The individua vaues indicate no clear pattern of climatic
influence on stresmflow and can conflict even on reductions versus increases.

In contrast, the magnitude of the changesin mean flow and 1.5-year flood were consstent and
greater for maingem locations downstream of reservoirsincluding the North Platte River at North
Platte, Nebraska, and the gage locations on the Platte River in Nebraska. The 1.5-year flood of the
North Platte and Platte Rivers in Nebraska during the period 1895 to 1909, were 71 to 116 percent
greater than during the period 1910 to 1935. In comparison, the 1.5-year flood for the North Platte
River a Saratoga, Wyoming, during the period 1903 to 1909 were only 19 percent greater than
during the period 1910 to 1935. Thefirst period, 1903 to 1909, is prior to the establishment of the
one-million-acre-foot Pathfinder Reservoir in 1909

Dueto the large varigbility in individua vaues for headwater streams, average vaues of percent
change are dso considered. An average percent change in flow, compared to the 1910 to 1935
period, is computed for the North Platte headwater stations and the South Platte headwater stations.
The next step in Tables 3.4 and 3.5 is to assess the degree that climate can account for the changes
in flow noted at downstream mainstem locations. The average headweter vaue for percent change
that is due presumably to climate, isthen divided by the downstream mainstem value for percent
change that is due presumably to both climate fluctuation and flow changes resulting from reservoir
dorage and irrigation diverson. The resultant vaue indicates the percent of flow fluctuation in
downstream mainstem rivers that can be atributed to climate.

For the Platte River, the average flow change from the North Platte headwater gages are divided
by the average flow change from the mainstem gages on the Platte River. The North Platte and
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Table 3.4 — Maximum Percent of Changesin Mean Platte River FHows Presumed Attributable to
Climate Huctuations (Mean flows from Randle and Samad, 2003)

Mean Annual River Flows (ft¥/s)

Percent Change in Mean
Flow relative to the period

1910-— 1935

1895 1910- 1936- 1970- 1895 1936- 1970-
Gage Station 1909 1935 1969 1999 1909 1969 1999

North Platte River Basin
North Platte R. nr. Northgate, CO 502 383 432 -24% -14%
North Platte R. at Saratoga, WY 1,670 1,310 1,000 +27% -24%
A. Average changeinN. Plattetrib. flows +27% -24% -14%
B. North Platte R. at North Platte, NE 3,190 2,750 646 862 +16% -71% -69%
(A./B.) Change in North Platte River flow attributable to climate fluctuation 100% ‘| 31%°| 20%

South Platte River Basin
Clear Creek, CO 242 231 223 242 +5% -4% +5%
Middle Boulder Creek, CO 61 58 56 59 +5% -2% +2%
Cache LaPoudre R. at canyon mouth, CO 464 409 320 352 +13% -22% -14%
St. Vrain River a Lyons, CO 153 131 118 126 +17% -10% -3%
Big Thompson R. at canyon mouth, CO 135 127 114 136 +6% -10% +7%
A. Average changein S. Platte trib. flows +9% -10% -3%
B. South Platte R. at North Platte, NE 582 492 322 619 +18% -35% +26%
(A./B.) Change in South Platte River flow attributable to climate fluctuation 50% 29% 0%

Platte River Stations

A. Average change in N. Platte trib. flows +27% -24% -14%
Patte River at North Platte, NE 3,780 3,240 968 1,480 +17% -710% -54%
Platte River near Cozad, NE 3,550 3,040 461 981 +17% -85% -68%
Platte River near Overton, NE 3,660 3,160 1,140 2,100 +16% -64% -34%
Platte River near Grand Island, NE 3,580 2,950 1,080 2110 +21% -63% -28%
B. Average change in mainstem flows +18% -71% -46%
(A./B.) Changein central Platte River flow attributable to climate fluctuation, based on
the average change for North Platte tributaries 100% 34% 30%

Shaded rows denote stream gages located upstream of large storage reservoirs and major irrigation.

* Of the 16% increase in mean annual flow for the North Platte River at North Platte (relative to the period 1910 to

1935), dl of the increase is assumed attributable to natural climate variation due to the even greater percent of
increase (27%) in mean annual flow in the headwater tributaries.
® Of the 77% reduction in mean flow, up to 31% (= -24% / -77%) can be attributed to natural climate variation.
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Table 3.5 — Maximum Percent of Changesin 1.5-Y ear Flood for Platte River Fows Presumed
Attributable to Climate Huctuations (1.5-Y ear Flood flows from Randle and Samad, 2003)

Percent Changein 1.5-year
Flood relative to the period
1.5-Year Flood (ft%s) 1910t0 1935
1895 1910- 1936- 1970 1895 1936- 1970
Gage Station 1909 1935 1969 1999 1909 1969 1999
North Plattetributaries compared to the North Platte River
North Platte R. nr. Northgate, CO 2,600 2,220 2,430 -15% | -7%
North Platte R. at Saratoga, WY 9,200 7,720 5,710 +19% -26%
A. Average changein 1.5-year flood peak
for North Platte tributaries +19% 2% [ ™%
B. North Platte R. at North Platte, NE 16,300 8,150 2,160 2380 | +100% -73% -71%
(A./B.) Change in the 1.5-year flood peak attributable to climate fluctuation 19%°| 29% 7’| 10%
South Platte tributaries compared to the South Platte River
Cache LaPoudre R. at canyon mouth, CO 3,103 2,700 2,492 2,737 +15% -8% +1%
St. Vrain River at Lyons, CO 898 744 962 04 +21% +29% +21%
A. Average changein 1.5-year flood peak
for South Platte tributaries +18% +11% +11%
B. South Platte R. at North Platte, NE 2,330 1,430 712 1,420 63% -50% -1%
(A./B.) Changein the 1.5-year flood peak attributable to climate fluctuation 29% 0% 0%

North Plattetributaries compared to the Platte River
A. Average changein 1.5-year flood peak

for North Platte tributaries +19% -21% -1%
Platte River near Cozad, NE 17,600 9,140 1,980 2,590 +93% -718% -12%
Platte River near Overton, NE 19,400 9,000 3490 4750 +116% -61% -47%
Platte River near Grand Island, NE 17,300 10,200 4,500 6,010 +71% -55% -40%
B. Average changein 1.5-year flood peak

for the Platte River +93% -65% -53%
(A./B.) Changein the 1.5-year flood peak attributable to climate fluctuation, based on

the average change for North Platte tributaries 20% 32% 13%

Shaded rows denote stream gages that are located upstream of large storage reservoirs and
major irrigation.

® Of the 100% increase in 1.5-year flood for the North Platte River at North Platte, Nebraska (relative to the period
1910 to 1935) up to 19% (= +19% / +100%) can be attributed to natural climate variation.

" Of the 73% reduction inthe 1.5-year flood peak, up to 29% (= -21% / -73%) can be attributed to natural climate
variation.

Chapter 3.0 Changesto Primary Elements of River Morphology in the Twentieth Century 71




South Platte headwater values were not averaged together for this calculation because the mgjority
of Plate River flow originates from the North Plaite River.

Based on average vaues for mean flows from Table 3.4, climate fluctuations for the first period when
compared to the second period, could account for al of the differencesin mean flow. However
climate differences for the third and fourth periods, when compared to the second period, can only
account for, a most, one-third of the differencesin mean flow. When considering average vaues for
the 1.5-year flood, climate differences for dl periods can only account for, on an average, one-fifth
of the differences noted in flow values. Due to attenuation effects and some depletion effects, this
estimate of the impact climate influences have on changesin flow in the centrd Platte River should be
regarded as high.

In summary, decreases in stream flow for the Platte River Basin were much greater downstream
from storage reservoirs and mgjor irrigation systems than upstream at headwater locations. The
meagnitude of change noted in mean flow and 1.5-year flood vaues for the South Platte River, North
Patte River and Plate River in Nebraska can only partidly be explained by fluctuationsin climate.
Based on measured headwater flows, the influence of climate fluctuation on South Plette River,
North Platte River and Platte River flows can be placed no higher than one-third of the reductions
noted in the third period (1936 to 1969), and less than that value in the fourth period (1970 to
1999).

3.1.6 Summary of Flow Changes

The mean, median, and 1.5-yr peak flows (Figures 3.1, 3.2, and 3.3) show a pattern of decreasing
flows for the North Platte and central Platte Rivers, until the most recent period of 1970 to 1999.
Flows in the most recent period began to significantly increase in the tributary headwater streams, but
downstream from the storage reservoirs and diversion dams, stream flows did not approach the flow
levels noted in the firgt two periods. The flow duration curves show high flows, those exceeded 20
percent of thetime, for the North Platte River at North Platte, Nebraska (Figure 3.4) and the Platte
River near Cozad, Overton, and Grand Idand, Nebraska (Figures 3.6, 3.7, and 3.8), decreased
ubgtantidly since the early 1900s. This decreasein flow frequency coincides with the congtruction
of large storage reservoirs that retain spring flows for summer irrigation and for hydropower
generaion; and coincides with the congtruction of diversion systems that move large percentages of
the flow through cand systems outside of the main river channdl.

The decrease in flow volume is Smilar in magnitude to estimates of water consumption and depletion
resulting from irrigation use, reservoir and cand evaporation, and from municipa use. Although
some change in flow is expected as aresult of fluctuations in climate, thereis no generd long-term
trend of declining flows due to climate, and the pattern of climate fluctuation can only account for a
vaue less than one-third of the recorded pattern of flow reductions. A one-third estimate of climate
impacts based on tributary flows is considered high since no correction has been made for flow
attenuation to the central Plaite River, or for flow depletionsin the tributaries.
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32 CHANGESTO THE TEMPORAL DISTRIBUTION OF FLOWS

In addition to decreasesin the flow volume that have been measured from the end of the nineteenth
century to the present, the distribution of flows has aso been dtered. The congtruction of reservoirs,
irrigation cana's and hydropower canals in Nebraska has impacted the tempora digtribution of the
North Platte, South Platte and Platte River flowsin that State.

The cumulative reservoir storage in the Platte River Basin is now 7.6 million acre-feet (Smons and
Associates, 2000). This volume of reservoir storage is 2.9 to 9.2 times the mean annud flow rate of
the Platte River near Overton, Nebraska, based on the mean flows of the four time periods
presented in Table 3.4. Thistotd reservoir sorage volume significantly dtersthe naturd flows of the
Matte River. Mean river flows downstream would have been substantialy reduced during the initia
filling of these reservoirs and during subsequent refills. Conversely, downstream mean river flows
would incresse during periods of reservoir drawdown. However, pesk river flowswould be
expected to significantly decrease downstream from the system of Platte River Basin reservoirs

during nearly dl years, with the grestest decrease occurring during periods when the reservoirs were
drawn down.

Platte River Near Overton, NE
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Figure 3.13 The comparison of hydrographs for water years 1900 and 1990 provide an example of
how the annual flow volume and annual peak flow have substantially decreased over the twentieth century
in response to water resource development in the Platte River Basin.

Before the congtruction of thefirst large dam, Pathfinder in 1910 (Figure 1.2), the annual pesk river

flow usualy occurred in late-spring, typicaly in May or June, due to spring runoff from the Rocky
Mountainsin Colorado. The hydrographs for water years 1900 and 1990 are presented in Figure
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3.13 to compare how the annual pesk flow has changed over the 20" century in response to alarge
decrease in flows associated with the spring runoff. The year 1990 was selected for comparison to
year 1900 since it had the most comparable average Pamer Drought Severity Index (PDSI) from
the period 1970 to 1995. The average PDSI value based on instrumented data for the Platte River
basin (Figure 3.11) is-1.8 in 1900, and -1.6 in 1990, indicating that both years were smilarly dry.

Early records from USGS gage stations on the North Platte River a North Platte, Nebraska (USGS
Water Supply Papers, 1895-1909), the South Platte River at Denver, Colorado (USGS Water
Supply Papers, 1895-1909) and at Julesburg, Colorado (USGS Water Supply Papers, 1902-
1909), and the Platte River at Duncan, Nebraska (USGS Water Supply Papers, 1895-1909)
contain records indicating large late pring flows on the Platte River. These flows were large enough
to carry alarge sediment load of medium sand and to maintain wide, shalow, channds of shifting
sand.

The annua pesk flows and the mean annua flows for the North Platte River at North Platte,
Nebraska are presented in Figure 3.1 for the period of record (1895 to 1999). During the period
1902- 1909, the average annud Platte River peak flow (average of the annud maximum of mean
daily flows) calculated from stream gage data near North Platte, Nebraska was 20,500 ft¥/s and the
mean annud flow rate was 2,900 ft3/s (Stroup et a. 2001). Randle and Samad (2003) calculated
the mean and median river flows and the 1.5-year floods for four different time periods from 1895 to
1999 for the North and South Platte Rivers at North Platte, Nebraska and the Platte River near
Cozad, Overton, and Grand Idland, Nebraska (Tables 3.6, 3.7, and 3.8 and Figures 3.6, 3.7, and
3.8).

The highest devation sandbars were mogt likely formed during the large spring floods. The summer
flows were generdly much smdler than the spring flows, which left dry sand bars surrounded by
water for the building of nests by the least tern and piping plovers. Summer thunderstorm flows were
smal compared to the spring flows, and nests built on the higher portions of sand bars were not as
eadly washed away. Johnson (1994) reviewed surveyor’s notes over the period 1859-1875 and
reported that the Platte River commonly had low flowsin the summer. During the late 1800s and
early 1900s there were numerous summer days with dry river beds aong reaches of the channdl
(Lamb et &. 1911, Schumm 1998). Water then filled portions of the shallow channd during fall,
winter, and early oring. The shalow water of the historic channedl provided the wide, open view
used by whooping cranes for roosting during the fal and spring over a substantial range of flow rates
(U.S. Fish and Wildlife Service, 1981). Low summer flows provided dry sand bars surrounded by
water, Smilar to those till found on the lower Platte River, downstream from Duncan, Nebraska
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Table 3.6 — Mean Platte River flows (Randle and Samad, 2003)

Mean River Flows (ft*/s) for each time period

1895 to | 1910to | 1936to | 1970to
Gage Station 1909 1935 1969 1999
North Platte River at Northgate, CO 502 383 432
North Platte River a Saratoga, WY 1,670 1,310 1,000
North Platte River at North Platte, NE 3,190 2,750 646 862
South Platte River at North Platte, NE 582 492 322 619
Platte River a North Platte, NE 3,780 3,240 968| 1,480
Platte River near Cozad, NE 3,550 3,040 461 981
Platte River near Overton, NE 3,660 3,160 1,140 2,100
Platte River near Grand Idand, NE 3,580 2,950 1,080 2,110

Table 3.7 — Median Platte River flows (Randle and Samad, 2003)

Median River Flows (ft%/s) for each time period

1895 to| 1910to | 1936to | 1970to
Gage Station 1909 1935 1969 1999
North Platte River at North Platte, NE 1,820 2,390 419 410
South Platte River at North Platte, NE 296 239 156 218
Platte River near Cozad, NE 2,020 2,530 236 274
Platte River near Overton, NE 2,110 2,600 1,000 1,470
Platte River near Grand Idand, NE 1,970 2,430 850 1,510

Table 3.8 — Platte River 1.5-year flood (Randle and Samad, 2003)

1.5-year flood (ft3/s) for each time period

1895 to | 1910to | 1936to | 1970 to
Gage Station 1909 1935 1969 1999
North Platte River at Northgate, CO 2,600 2,220 2,430
North Platte River at Saratoga, WY 9,200 7,720 5,710
North Platte River at North Platte, NE 16,300 8,150 2,160 2,380
South Platte River at North Platte, NE 2,330 1,430 712| 1,420
Patte River near Cozad, NE 17,600 9,140 1,980 2,590
Platte River near Overton, NE 19,400 9,000 3,490 4,750
Patte River near Grand Idand, NE 17,300 10,100 4,500 6,010
Chapter 3.0 Changesto Primary Elements of River Morphology in the Twentieth Century
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3.3 CHANGESTO SEDIMENT TRANSPORT AND SEDIMENT SZE

During the period 1895 to 1909, prior to the construction of Pathfinder Dam, average annua
sediment loads of the Platte River near Cozad, Nebraska were between 4 and 5 time greater than
during the most recent time period, 1970 to 1999 (Randle and Samad, 2003). The earliest grain-
gze data indicates that the median grain Size of the river bed in 1930-31 was medium sand (Figure
3.14, U.S. Army Corps of Engineers, 1935). During the period before Pathfinder Dam, open
channd widths were on the order of a mile wide and the high flow rates and shifting sand bars of the
braided river kept the channel relatively free of vegetation (Lyons and Randle, 1988, Peak,
Peterson, and Laustrup 1985).

Platte River Bed Material Grain Size Distributions in 1931
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Figure 3.14 Patte River Bed Materid Grain Size Digtributions in 1931 (U.S. Army Corps of
Engineers, 1935).

The North Platte River supplied most of the water and sand to the Platte River, and Figure 3.15
shows the uniformity of the median grain Sze (dso) of the sand aong the North Platte and Plaite
Rivers. The South Platte River dso supplied significant quantities of water and sand, but less than
that supplied by the North Platte River (Randle and Samad, 2003 and Simons & Associates, 2000).
The South Platte River sand supply was coarser than the supply from the North Platte River
(Slichter and Walff, 1906, Smith, 1970, Kircher 1983). South Platte River grain Size digtributions
are shown in Figure 3.16. The same congtant dope and the uniformity of the sand grain sze of the
North Platte and Platte Riversindicate that most of the sand (median diameter 0.4 mm) supplied to
the centrd Platte River came from the North Platte River.
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Median Bed-Material Grain Size Versus River Mile
in 1931 and 1980
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Figure 3.15 Median bed-material grain size versus river mile in 1931 and 1980.
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Figure 3.16 Bed Materid Grain Size Distributions of the South Platte River at North Platte, Nebraska
in 1979-1980.
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3.3.1 Sediment Supply and Transport

The large storage reservoirs of the North Platte River trap the sand load and reduce the sand supply
to the North Platte River immediately downstream from each reservoir. Most of the sand supply to
the South Platte River is downstream from the large reservoirs on that watershed. Therefore, sand
loads of the South Platte River, at North Platte, Nebraska, are much less affected by storage
reservoirs than the sand loads of the North Platte River at North Platte, Nebraska

Randle and Samad (2003) applied three different sediment trangport functions to the record of
mean-daily river flows represented by the flow-duration curves presented in Figures 3.4 to 3.8. The
sediment-discharge rating curves presented by Simons & Associates (2000) and the rating curves
presented by Kircher (1983) represented two of the sediment trangport functions. The third
sediment trangport function was in the form of a numerica sediment trangport model developed by
Murphy et d. (Draft 2003). The set of sediment-discharge rating curves presented by Smons &
Associates (2000) are presented in Figure 3.17 and the set of curves presented by Kircher (1983)
are presented in Figure 3.18. Average annua sediment loads were computed for four time periods
and five different gage gtations. All three sediment transport functions were applied independently
and al three functions produced the same trends in the average annua sediment loads (Figures 3.19,
3.20, and 3.21, and Tables 3.9, 3.10, and 3.11).

Sediment-Discharge Rating Curves
by Simons and Associates (2000)
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Figure 3.17 Patte River Sediment-Discharge Rating Curves by Simons and Associates (2000).
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Sediment-Discharge Rating Curves
by Kircher (1983)
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Figure 3.18 Platte River Sediment-Discharge Rating Curves by Kircher (1983).

AVERAGE ANNUAL SEDIMENT LOAD
BASED ON RATING CURVES BY SIMONS
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Figure 3.19 Patte River average annual sediment load based on sediment-discharge equations by

Simons and Associates, Inc. (2000).
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AVERAGE ANNUAL SEDIMENT LOAD
BASED ON RATING CURVES BY KIRCHER
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Figure 3.20 Platte River average annual sediment load based on sediment-discharge equations by
Kircher (1983).

AVERAGE ANNUAL SEDIMENT LOAD
BASED ON SEDVEG MODEL
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Figure 3.21 Patte River mean annual bed-materia load based on the sediment transport model by
Murphy et d. (Draft 2003).
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Table 3.9 — Platte River average annua sediment loads based on sediment discharge equations
by Simons and Associates, Inc. (2000), from Randle and Samad (2003)

Average annua sediment load (tons'year) for each

time period
1895 to 1910to | 1936to | 1970to
Platte River stream gege location 1909 1935 1969 1999
North Platte River at North Platte, NE 1,180,000 1,070,000 324,000 400,000
South Platte River at North Platte, NE 355,000 313,000 176,000 411,000
Platte River at North Platte, NE 1,530,000 1,380,000 500,000 812,000
Platte River near Cozad, NE 1,730,000 1,300,000 132,000 396,000
Platte River near Overton, NE 1,810,000 1,380,000 347,000 817,000
Platte River near Grand Island, NE 1,670,000 1,270,005 381,000 845,000

Table 3.10 — Paite River average annud sediment loads based on sediment discharge
equations by Kircher (1983), from Randle and Samad (2003)

Average annud sediment load (tons'year) for

each time period
. . 1895to 1910to 1936 to 1970to
Patte River stream gage location 1509 e o Coen
North Platte River at North Platte, NE 1,840,000 1,410,000 220,000 343,000
South Platte River at North Platte, NE 292,000 256,000 145,000 337,000
Platte River at North Platte, NE 2,130,000 1,670,000 365,000 680,000
Platte River near Cozad, NE 1,540,000 1,190,000 126,000 361,000
Platte River near Overton, NE 1,600,000 1,260,000 335,000 760,000
Platte River near Grand Idand, NE 1,680,000 1,250,000 365,000 826,000

Table 3.11 — Patte River average annuad sediment loads based on the sediment transport
modd by Murphy et d. (Draft 2003), from Randle and Samad (2003)

Average annud sediment load (tons/year) for

each time period
: : 1895to 1910to 1936 to 1970to
Platte River stream gage location 15 T ean Cean
North Platte River at North Platte, NE 896,000 545,000 31,000 71,900
South Platte River at North Platte, NE 212,000 203,000 99,600 245,000
Platte River at North Platte, NE 1,110,000 748,000 131,000 317,000
Platte River near Cozad, NE 1,030,000 662,000 40,900 191,000
Platte River near Overton, NE 1,060,000 739,000 106,000 562,000
Platte River near Grand Island, NE 1,040,000 645,000 121,000 374,000
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For the periods 1895 to 1909 and 1910 to 1935, the average annua sediment loads of North Platte
River were much grester than the sediment loads of the South Platte River. For these same two time
periods, the combined average annual sediment loads of the North and South Platte Rivers were
roughly equa to the average annual sediment loads of the Platte River near Cozad, Overton, and
Grand Idand. In contrast, during the 1970 t01999 period, average annuad sediment loads from the
South Platte River were as much or more than the average annua sediment |oads from the North
Platte River. Thus, during the 1970 to 1999 period, the South Platte River became amore
sgnificant source of sand to the centra Paite River, but with a coarser grain Sze.

Theimportance of the different sources of sand, and the locations of deposition and erosion reaches
of the Platte River, can be seen from the comparisons of average annud sediment loads at the five
different locations during the four different time periods presented in Figures 3.19, 3.20, and 3.21
and Tables 3.9, 3.10, and 3.11. In dl three Figures there are common el ements of importance
(Randle and Samad, 2003):

During the 1895 t01935 period, the North Platte River supplied much more sand to the
Fatte River than did the South Platte River.

During the 1936 101999 period, the South Platte River supplied as much or more sand to the
Patte River than did the North Paite River.

During the 1895 101935 period, the Platte River sediment loads were nearly the same along
the Platte River from the cities of North Platte to Grand Idand, Nebraska

During the 1936 t01999 period, the Platte River sediment loads at North Platte, Nebraska
were much higher than the sediment loads near Cozad, Nebraska causing deposition in the
70-mile reach between North Platte, Nebraska and the Johnson-2 return channel.

During the 1936 to 1999 period, the sediment loads in the centrd Platte River a the gages
near Overton and Grand Idand, Nebraska were much higher than at the gage near Cozad,
Nebraska, reflecting eroson in the reach downstream from the Johnson 2 return channd.

In addition to the average annual sediment loads, computed using the three separate sediment
transport functions, the present management of sediment movement & the Tri-County Diverson Dam
provides data on the minimum amount of sand moving downstream. Proper operation of the
diverson dam means that the diverson of sediment into the cand should be minimized. Therefore, a
hydraulic dredge was employed to pump the sand deposited in the pool behind the dam into the
downstream channel. Roughly 100,000 tons of sand was dredged each year (Boyd 1995). The
minimum flow rate of 100 cfs released to the downstream river channel and the occasiona high flows
may not be enough to prevent deposition in the downstream channdl. Repest cross section surveys
in 1989 and 1998 showed four feet of aggradation at the two cross sections immediately below the
diverson dam.
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3.3.2 Bankfull Discharge and Effective Discharge

The sediment transport balance of anatura river channed is frequently characterized by the sediment
trangport caused by one particular flow caled the bankfull discharge (Vanoni, 1975 and Leopold, &t.
a, 1964). Thisflow isassociated with the sediment transport rate that shapes the natura channd,
and datigticd measures of the flows associated with the duration and intensity of sediment transport,
cdled the “effective discharge”, is often considered equa to the bankfull discharge (Wolman and
Miller 1960, Andrews 1980). However, Soar and Thorne (2001) found that the effective discharge,
computed using equa discharge increments, was | ess than the bankfull discharge at 86 percent of the
58 dtesthey invedtigated.

Effective discharge is defined as the river flow which carries the most sediment over a period of a
few decades, and characterizes the flow that forms the time- averaged, morphologic characterigtics of
the river channd. Randle and Samad (2003) computed four indicators of bankfull discharge for four
time periods from 1895 to 1999 for the North and South Platte Rivers a North Platte, Nebraska
and the Platte River near Cozad, Overton, and Grand Idand, Nebraska. The bankfull discharge
indicators were computed for each location and time period using the three different sediment
trangport functions.

The 1.5-year flood peaks were computed as indicators of the bankfull discharge. Leopold
(1994) sated that most investigations have concluded that the bankfull discharge recurrence
intervals range from 1.0 to 2.5 years and is often assumed to have arecurrence interva of
1.5 years. For 58 sand bed riversin the United States that were thought to have stable
channds, 83 percent had a bankfull discharge with arecurrence interval of between 1 and 2
years (Soar and Thorne, 2001).

The effective discharge vaues were computed by dividing the flow record into 20 arithmetic
or equa discharge increments (Biedenham et . 2000). The effective discharge computed
using this method was then adjusted to the bankfull discharge using the equation presented
by Soar and Thorne (2001). Thisempirica equation is afunction of the percentage of long-
term sediment |oad transported by river flows up to the effective discharge.

The effective discharge values were also computed by dividing the flow record into 19
probability increments (Strand and Pemberton, 1982, Miller, 1951).

The median sediment trangporting discharge vaues were computed as indicators of the
bankfull discharge. The median sediment transporting discharge separates the record of
stream flows so that haf the sediment load is trangported by discharges that are lower while
the remaining half is transported by discharges that are greater. The median sediment
trangporting discharge is determined from a cumulative frequency andysis of discharge and
sediment load. This method also yields the discharges that correspond to quartiles of
cumulative sediment load (O to 25 percent, 25 to 50 percent, 50 to 75 percent, and 75 to
100 percent).
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Platte River near Cozad, NE

20,000 -
18,000 @1895 to 1909
16,000 H m1910 to 1935
..g 14,000 H _ 01936 to 1969
< 12,000 H (11970 to 1999 =
[@)] _
210,000 § - -
e
o
@
()

Nk~ ©
O O O O
O O O O
O O O O O
e S—— —
Simons%
Kircherg‘
ModelﬂL|
1
|
1
Modelﬂ
_ 1
1

Simons
Kircher
Kircher

Model

Simons

1.5-| Bankfull discharge | Effective discharge | Median sediment
year| by equal discharge by probability transporting
flood|interval method (cfs) method (cfs) discharge (cfs)

Figure 3.22 Comparison of bankfull discharge indicators for the Platte River near Cozad, Nebraska

Platte River near Overton, NE
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Figure 3.23 Comparison of bankfull discharge indicators for the Platte River near Overton, Nebraska
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Platte River near Grand Island, NE
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Figure 3.24 Comparison of bankfull discharge indicators for the Platte River near Grand Island,
Nebraska.

The comparisons of these four indicators of bankfull discharge for the Platte River near Cozad,
Overton, and Grand Idand, Nebraska are presented in Figures 3.22, 3.23, and 3.24. Theindicators
of bankfull discharge were greatest during the first time period (1895 to 1909), were lower during
the second time period (1910 to 1935), and decreased again to their lowest values during the third
time period (1936 t0 1969). Theindicators of bankfull discharge increased during the fourth time
period (1970 to 1999). During thefirst two time periods the indicators of

bankfull discharge were nearly the same for the Platte River near Cozad and Overton, Nebraska.
However, the differences in these indicators are sgnificant between the gage stations near Cozad and
Overton, Nebraska the during the third and fourth time periods. Thisis dueto large flow diversons
through the Tri- County Canal, which bypass the gage station near Cozad, Nebraska. The indicators
of bankfull discharge show a sgnificant decrease over the Twentieth Century (Randle and Samad,
2003).

34 CHANGESTO THE BASIN STRUCTURE

The generd structure of the Platte River Basn has changed in the twentieth century from the pre-
development river that evolved over geologictime. The basin structure, used here to describe the
location of flow inputs and sediment sources, has been atered, and the number of structura festures
imposing vertica or horizontd restraints on the river has increased. Structurd features can include
geologic formations or features congtructed by man.
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3.4.1 Spatial Re-Digribution of Flowand Sediment Inputs

The centrd Platte River in the pre-development period presumably received the mgority of flow and
sand from the North Platte River. Downstream of the confluence there were smal incressesin flow
from tributaries such as Pawnee Creek, Spring Creek, Buffao Creek, Plum Creek and Wood River.
There were also small flow increases from groundwater seepage between the confluence of the
North and South Platte Rivers, and the present day town of Cozad Nebraska, and some flow lost to
groundwater seepage between the present day towns of Cozad and Chapman, Nebraska. In
generd, during the pre-development period there were no significant or abrupt gains or lossesin
flow, and correspondingly no significant changes to sediment load, in the Plaite River between the
confluence of the North and South Platte Rivers, and the downstream confluence with the Loup
River near present day Columbus, NE.

In contrast, the present-day system of diverson dams, cands, and reservoirs within Nebraska's
portion of the Platte River Basin produces digtinct discontinuities in the North Platte and Platte River
discharge. A schematic of the system isshown in Figure 3.25. The Keystone Diverson Dam diverts
69 percent of the North Platte River average annud flow through the Sutherland Supply Cand for a
distance of 58 river miles, and the Korty Diverson Dam diverts 45 percent of average annua flow
from the South Platte River to the Sutherland Supply Cand. The water from these diversonsis
returned to the South Patte and the Platte River for a distance of 4.5 miles near the confluence,
where the river approaches natura flows for this short distance. The Central Diverson Dam at
North Platte, Nebraska then removes about 73 percent of the Platte River average annud flow, to
be conveyed through the Tri- County Cana for a distance of 61 miles, before returning the flow to
the Platte River between Lexington and Overton, Nebraska. There are also additional canals
including the Western Cand, Gothenburg Cand and Six-Mile Orchard- Alfdfa Cand that divert
lesser flows. In comparison to the pre-development system that exhibits no sgnificant changein
flows or sediment trangport in the downstream direction, the current system has severa abrupt and
sgnificant decreases and increases in these variables. Figure 3.25 and Figure 2.18 from the previous
chapter illugtrate the flow irregularities.

The present day changesto theriver have atered the pre-development structure of the basin,
Essentialy the North Platte River becomes aminor tributary at the confluence, and the South Platte
River becomes amgor tributary only directly upstream of the confluence. The diversion for the Tri-
County Cand directly below the confluence becomes a substantia branching or drain of flows, but
not of sediment. This configuration not normaly found in anatura system where river channds
cusomarily branch in the upstream not downstream direction. Findly, the J-2 return for the Tri-
County Cand, 61 miles downstream, functions as a new and mgor tributary to the Platte River. The
North Platte River and South Platte River discharge less sediment due to their reduced discharge,
and the two returns that function as tributaries discharge dmost no sediment. A diagram comparing
flow inputs and volumes, representing some elements of basin structure, for pre-development and
present conditionsis shown in Figure 1.5.
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3.4.2 Geologic and Man-made Structures

There are rdaively few geologic formations that acted as controls on the pre-development centrd
Platte River. Presumably, there was and isavertica devation control or base leve control in the
vicinity of present day Columbus, Nebraska, due to either glacid till or bedrock in this area.
Because of the consstent grade beginning near the Loup confluence and extending up the North
Fatte, it can be assumed that the base level control near Columbus has been fixed for an extensive
period.

A second dructurd control may have been the lower layer of the Grand 1dand Formation composed
of coarser fluvid sands and gravel. By the end of the pre-development period, the erosive energy
from ardaively stable regime of pre-development flows and sediment transport, and the erosion
resstance of the sediment gradation in the lower layer of the Grand Idand formation may have
reached abalance. There was no further incision but some aggradation under the generd pattern of
cimate.

In the twentieth century, the geologic base leve control near Columbusis presumably il acting.
However, the Grand Idand formation may no longer be avertical control under new flow and
sediment trangport conditions notably at locations of cand return flows. In additionto geologic
features, man-made structures can affect the basin structure. For example, the Kearney Diversion
Dam across the Platte River, Near Kearney, Nebraska, may be anew vertica control as indicated
by plan form, locdly influencing the upstream grade of the Platte River. Temporary sand dams and
partia diverson dams congtructed across portions of the Platte River, upstream of Lexington,
Nebraska, may also act asloca vertical controls, but this effect is difficult to define since the sand
dams, acting as an extension of the diverson dam on sde channdls, are intended to fall a high flows.

Congtructed horizontal controls are provided at the more than 30 locations by railroad and road
crossings. Foundation abutments of bridges are normally protected when exposed to erosion,
thereby acting as hard points to prevent the laterd migration of the channd. Infrastructure such as
roads, railroads and town facilities are sometimes protected with rock revetment to harden the bank
and prevent laterd migration of main or sde channds.

Figure 1.5 does not show the geomorphically relevant features of added vertica and horizontd
controls in the twentieth century, or changes in location or volume of sediment inputs. But on the
basis of flow volume changes and locations of mgor tributaries (flow inputs) and diversons
illustrated in Figure 1.5, it can be seen that the centrd Platte River in the pre-development period isa
different river from the centrad Platte River of today. What is dso significant isthat the basin
structure changes between the pre-development and present river, have been implemented primarily
in the twentieth century a a much faster pace than most geologic changes induced by climate factors
in the pre-development period.
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40 CHANNEL RESPONSE TO CHANGED
CONDITIONS

Anthropogenic factors acting on the Plate River Basin during the twentieth century have had a
dominant impact on the form of the centrdl Platte River channdl. The changesto primary eements of
the channd: flow, sediment transport, and basin structure, during this century were presented in
Chapter 3.0. Thefocus of Chapter 4.0 isthe impact of these changes on habitat for endangered
species, and in particular on active or unvegetated channel width. Severd geomorphic processes are
described including the relation of discharge with vegetation growth and remova, and the relation of
sediment trangport to channdl depth, to andyze the centrd Platte River channel trendsin active or
unvegetated channel width. Asiscommon to most occurrences in nature, these processes are inter-
related. A broad description of changing channel form is given in the recent book, Incised River
Channels: Processes, Forms, Engineering and Management (Darby and Simon, 1999).

Discussions in this chapter frequently reference locations by river mile (RM) and Table4.1is
provided as areference. The river miles used here were originadly assgned by the US Corps of
Engineers. The numbering begins & the confluence of the Plaite River with the Missouri River in
Pattesmouth, Nebraska (RM 0) and the numbering increases in the upstream direction. Distances
are based upon the dignment of the main channe of the Platte River in the 1970s.

Table4.1. Approximate River Mile of Landmarks dong the centrd Plaite River.

River Mile Description
310 Confluence of North Plate River and South Platte River near North Platte,
Nebraska, and the location of the Tri-County Diverson Dam
277 Near Gothenburg, Nebraska
266 Near Cozad, Nebraska
255 Start of Habitat Study Area
251 Near Lexington, Nebraska
249 Near Johnson-2 Return Channdl
239 Near Overton, Nebraska
231 Near EIm Creek
215 Near Kearney, Nebraska
201 Near Gibbon, Nebraska
185 Near Wood River, Nebraska
166 Near Grand Idand, Nebraska
156 Near Chapman, Nebraska
154 End of Habitat Study Area
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41 REDUCTIONSIN UNVEGETATED CHANNEL WIDTHS

The observed response to reductions in mean and peak river flows in the twentieth century was a
narrowing of the active Platte River channd width from North Platte to Grand Idand, Nebraska
Measured values are presented in Figure 1.3, and Table 4.2. The earliest channd-width data comes
from the first land surveys in the 1860s and pre-dates the first topographic surveys shown in Figures
2.6t0 2.11. Theaverage channd widths for the 1860s period are from the origina township, range,
and section surveys of the Genera Land Office (Peske et d., 1985). The channd width from both
these surveys likely would include some small wooded idands so the actud un-vegetated width likely
would be at least 10 percent less (Johnson and Boettcher, 2000). A set of county property maps,
showing the acreage and ownership of land dong the Platte River, was prepared between 1905 and
1920. These maps showed dl river idands with economic value. Average channd widths from the
subsequent years (1938, 1957, 1983, and 1998) were determined from aeria photographs. These
average widths from aerid photographs do not include any wooded idands, and the 1983 widths
were measured after the occurrence of a peak flow earlier that year.

Table 4.2. Higtoric un-vegetated or active channd widths of the Platte River as measured from

historic maps and aeria photography.
1865° | 1899° | 1938 | 1957° | *1983° | 1998%°
Avearage | Average | Average | Average | Average | Average
channed | channd | channd | channd | channd | channd
River width width width width width width
Mile | Platte River location (feet) (feet) (feet) (feet) (feet) (feet)
166 | near Grand Idand, NE 2,710 2,500 2,190 1,800 1,340 1,250
224 | near Odessa, NE 4,990 5,300 3,140 1,760 890 790
239 | near Overton, NE 4,800 5,300 2,310 1,140 1,050 740
266 | near Cozad, NE 3,750 4,200 2,360 400 480
277 | near Gothenburg, NE 4,040 3,700 1,610 360 580
290 | near Brady, NE 3,420 3,700 1,450 680 630

" 1983 widths are measured after the occurrence of amajor pesk flow event earlier that year.
P Channel areas from Peske et al., 1985.
©S Channd areas from Platte River EIS Office in Lakewood, Colorado.

Based on maps from the 1860s and aeria photographs from 1938, 1957, and 1983, Peake et dl.
(1985) provided estimates of the channel area, produced on a USGS 7.5-minute quadrangle map
base. The reach lengths were measured from USGS 1:24,000 scal e topographic maps
corresponding to the areas reported in Peake et d (1985). An esimate of average channd width in
the vianity of the gage Sation was determined by dividing channedl area by reach length.

The 1898 and 1998 average channe widths were caculated at the Platte River EIS Officein

Lakewood Colorado using the 1898 USGS maps (Figures 2.6 to 2.11) and GIS coverage of 1998
aerid photos (Friesen et d., 2000). Measurements of channel areaiin 1998 and 1898 were made of

0

The Platte River Channel: History and Restoration




entire bridge segment areas (13) in the habitat study area between L exington and Chapman,
Nebraska. Areas were then divided by longitudina channd length per bridge segment for average
channel width. The 1898 vaues a four upstream areas. North Platte, Brady, Gothenburg and
Cozad, are section measurements.

Channd widths aong the river, shown in Figure 1.3 and Table 4.2, have reduced by as much as 80
to 90 percent of the former 1860s channd in the upstream reaches, with lesser amounts of decrease
in the reaches near Grand Idand, Nebraska (Williams, 1978, Lyons and Randle, 1988, Smons &
Associates, 2000). The large decrease in channd width occurred in the twentieth century, and
Figure 4.1 shows the variation of channd width versustime. The rates of channel narrowing tended
to be fastest for the upstream reaches with dower rates of narrowing in the downstream reaches.
The greatest reductions in channd width occurred during the 1900 to 1960 period with smaller
reductions, or even channel widening in the narrow reach upstream from Overton, during the 1960 to
2000 period.

Platte River Channel Width Versus Time
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Figure 4.1 Comparisons of active channel width versus time for various locations along the Platte
River.

Processes leading to reductions in unvegetated channd widths are presented in succeeding sections
and include: flow reductions, vegetation expangon, channd incision from reductions in sediment
supply, and coarsening sediment. Regime theory, concerning plan form changes that can result from
these processes, is discussed in Section 4.6. Section 4.7 addresses channdl width reductions
attributable to the congtruction of river structures, and Section 4.8 considers the time scale of these
width reducing processes.
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42  FLOW REDUCTIONS

The primary process by which channels narrowed involved the reduction in flows (Tables 3.6, 3.7
and 3.8). Reduced flood flows were no longer capable of inundating and mohilizing dl of the river
bed sands across the higorically wide channd.

A smple exponentid correlation was found between the active channel widths and the mean river
flows liged in Table 4.3. This smple exponentid trend line explained 77 percent of the variancein
channd width as afunction of mean river flow (Figure 4.2a). A linear correlation was aso found
between the active channd widths and the 1.5-year flood peskslisted in Table 4.3. Thislinear trend
line explained 84 percent of the variance in channd width as afunction of the 1.5-year flood peak
(Figure 4.2b).

Table 4.3. Plate River mean flow, 1.5-year flood peaks, and historic unvegetated or active channel
widths measured from historic maps and aeria photography.

near Grand Island, NE near Overton, NE near Cozad, NE

1895 | 1910 | 1936 | 1970 | 1895 | 1910 | 1936 | 1970 | 1895 | 1910 | 1936 | 1970
Time periods to to to to to to to to to to to to

1909 | 1935 | 1969 | 1999 | 1909 | 1935 | 1969 | 1999 | 1909 | 1935 | 1969 | 1999
Mean flow
(cfs) 3,580 2,950 1,080| 2,110f 3,660| 3,160| 1,140| 2,100] 3,550 3,044| 461 981
1.5-year peak
flow (cfs) 17,300| 10,100| 4,500 6,010] 19,400| 9,000| 3,490| 4,750] 17,600 9,140| 1,980| 2,590
Time Periods

1899| 1938| 1957 1983] 1899 1938| 1957| 1983| 1899 1938 1957| 1983
Channd Width
(ft) 2,500 2,190/ 1,800| 1,340| 5,300 2,310| 1,140 1,050] 4,200| 2,356] 403 476

Only the lower evations of the historic braided channel had enough flow to maintain narrow
channels free of vegetation (discussed in 4.3 Vegetation and Channel Change). Asthe mean and
peak river flow reduced over the period 1910 to 1960, so too did the width of the active river
channd (Figures 1.3 and 4.1). Channel narrowing is most pronounced in the reach of the Platte
River, between North Platte, Nebraska and the Johnson-2 return channd (river miles 310 to 244).
Diversgons of river flow through the Tri-County Cand resulted in additiond reductions in the mean
flow past the Platte River gage station near Cozad, Nebraska

Regime equations (equation 1) that relate channe width to discharge are well documented in the
literature (Leopold and Maddock, 1953, Leopold et a., 1964, Soar and Thorne, 2001).

W=aqQ’ )
where:

W isthe channd width associated with the bankfull discharge,

Q isthe bankfull discharge,

a isa coefficient dependent on local conditions, and

b is an exponent, often assigned avaue of 0.5.
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Equation 1 predicts that channel width will decrease following reductions in the bankfull discharge.
Lane (1957) developed a qudlitative relationship between sediment load and Size and river dope and
water discharge for conditions of equilibrium where there is no net aggradation or degradation of the
riverbed (equation 2).

Q. du QS 2

where:
Qs is the sediment load (of sizes represented in the riverbed),
d is the sediment particle diameter of the riverbed,
Qu isthe water discharge, and
S isthe river channd dope.

According to Lane’sreationship, if the water discharge decreases and the river dope remains
constant or changes very dowly, then the sediment load and particle diameter will decrease.

Yang (1986 and 1996) theoretically derived aquantitative equation (equation 3) for the prediction of

dynamic adjustment of ariver channd based on his unit stream power equations (Y ang, 1973 and
1979).

Q dJ/2 QJ+18J

K - WJ DJ (3)
where:
K is a Ste-gpecific coefficient,
J IS a 9te-specific exponent,
A isthe channd area (A = WD),
w is the channd width, and
D isthe hydraulic depth.
For most naturd river channds, the exponent J has a value between 0.8 and 1.5. If an average J
value of 1 is used, equation 3 can be smplified to equation 4.
Qd* _Q's
K ~ WD @)

Yang's equation (equation 4) issmilar to Lane’s relationship (equation 2), but Y ang's equation can
be used directly to predict the dynamic adjustments of ariver channd due natura and man-caused
events once the coefficient K has been determined for the river. The equation demonsirates that
channd adjustments are most sengitive to changes in water discharge because water dischargeis
raised to the second power. This equation predictsthat if the water discharge decreases and the
river dope remains congtant or changes very dowly, then the product of channd width, channel
depth, sediment load, and bed- materia particle diameter will decrease. Datafor the Platte River
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follow these equations because water discharge has decreased, channel dope has remained about
the same, and channd width and depth and sediment loads have dl decreased. Bed-materid grain
sze hasincreased due to channel incision and because a greater portion of the upstream sand supply
is from the South Platte River (Section 4.5).

43 VEGETATION AND VEGETATION EXPANS ON

Changesin vegetation and channel form are highly dependent and complex. The response of
vegetation to changes of flow caused by damsis highly variable and is dependent on pre-exiding
conditions of flow regime, sediment characteristics, and channedl form (Friedman et d., 1998). For
ingtance, reductions of flow in meandering streams and rivers below dams have resulted in a
reduction in riparian vegetation establishment and an overall reduction in riparian forest area (Rood
and Mahoney, 1990, Friedman et al., 1998, Johnson, 1998). Conversdly, reductionsin flow in
braided streams show the opposite response of riparian vegetation with increases in woody
vegetation establishment and an increase in forested area (Friedman et d., 1998, Johnson, 1998).
The Maite River was primarily abraided river before higtorica flows were reduced, and thus riparian
vegetation has expanded aong the river (Sidle and Faanes, 1997).

The Platte River ecosystem is diverse and wide ranging including grasdands, forest, wetland,
agricultura, and urbar/sub-urban habitats. The primary concern in this paper is with habitat required
for whooping cranes, piping plovers, and least terns that is affected directly by flow in theriver.
Reductionsin flow dong the Platte River have most directly affected riparian forest dong the river
and on channd idands, and wet meadows near the river (Sidle and Faanes, 1997). Wet meadows
are affected by groundwater levels that are dependent on river stage near the river. They represent
more of an upland type system and are dso largely affected by agriculture and resdentia
development.

4.3.1 Riparian Habitat Requirementsof Target Species

Least terns and piping plovers saect wide channels with large areas of sparsely vegetated dry sand
for nesting (Zeiwitz et d., 1992). Required habitat for the least tern and piping plover are very
gmilar. Lesst terns nest primarily on riverine sandbars with amixture of smal stones, grave, sand
and other materid where vegetative cover is usudly less than 20 percent (Sidle and Faanes, 1997).
Piping Plovers nest primarily upon dry sandbars in the middle of open wide channdl beds where
vegetative cover isusudly lessthan 25 percent (Faanes, 1983). Presently, more terns and plovers
nest on sandpits than adong the central Plaite River (Sidle and Faanes, 1997), which may be aresult
of nesting habitat loss dong theriver. Flowsin theriver dso have effects on the fish species that
terns and plovers use as afood source. Any declinesin food sources may limit tern and plover
populations.

Whooping Cranes do not tolerate human disturbance; the presence of a human can cause Cranesto
takeflight if they come within one-quarter mile (Sidle and Faanes 1997). They prefer open space
and shdlow submerged sand and gravel barsto roost. The following roogting Site characterigtics are
preferred by Whooping Cranes (U.S. Department of the Interior, 1983).
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Wide channel, with 90 percent of roost Sites being between 510 and 1200 feet wide

River flow velocities between 1.5 and 6 ft/s (flow velocities may be greater in deeper
portions of the main channdl)

Shdlow water for roosting along with deeper areas of the channd (al stes evaduated were
less than 1 foot deep and 6 of 9 Sites were 2 to 6 inches deep)

Little or no vegetation
Sandy substrate

Good horizontd vighility from the roosting areathat is unobstructed from riverbank to
riverbank by vegetation and for at least afew hundred yards upstream and downstream
directions

Close proximity, usudly within 1 mile, to suitable feading Stes
Isolation of at least 1/4 mile away from roads, houses, and railroad tracks

Presence of sand bars near the middle of the river with gradud dopes of low relief, no banks
over saverd inches high, and little or no vegetation

4.3.2 Expansion and Ecology of Cottonwoods and Willows on the Platte River

Cottonwoods (Populus sp.) and willows (Salix p.) of the family Sdicacese share asmilar life
history pattern. They are pioneer species (Johnson, 1998) that are relatively fast growing and they
require Stesrelatively free of other vegetation in order to become established. Cottonwoods have
amall light seedsin "cottony” enclosures that facilitate wind dispersd in late May to early June,
Willows have asimilar type of seed that is dispersed around the same time period as cottonwoods
(Harlow et d., 1979, Johnson, 1994). This corresponds to the naturd period of high flow recession
s0 that seeds tend to be deposited on moist sandbars more suitable for germination and the
establishment of seedlings (Rood and Mahoney, 1990). Seeds of cottonwoods and willows are
viable for only two to four weeks and require continuous moisture (Harlow et d., 1979, Rood and
Mahoney, 1990, Johnson 1994). So seedlings tend to be redtricted to an elevation range near the
river level.

Conditions are probably not idedl for the establishment of seedlings on ayearly bass. Root growth
of cottonwoods must maintain contact with the water table asit recedes following flooding (Rood
and Mahoney, 1990). If the water table fals too quickly and root growth does not keep up,
seedlings will desiccate and die. Once roots are deeply established, after two or three years,
cottonwoods become more tolerant to drought by the ability to tap into the water table. However, if
the water table was to drop below the reach of roots, and root growth does not keep up, mortality
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can occur within afew months. On average, cottonwoods live approximately 100 years, but their
longevity isinfluenced by environmenta factors, most notably drought stress (Rood and Mahoney,
1990). Willows live from 10 to 30 years (Bdlah and Hulbert, 1974).

There are severd environmenta factors that regul ate vegetation growth on sand bars: June flows,
summer drought, and winter ice scour (Johnson 1994). When winter flows are high enough and
temperatures cold enough, ice scours sand bar vegetation causing high rates of seedling mortdity of
Populus and Salix. Seedling survivd after ice scour is highly dependent on devation (Johnson
1994), i.e., whether or not the ice gets high enough to reach the vegetation. High June flows tend to
inundate sand bars and mobilize sediment causing seedling mortdity, and summer low flows alow for
the establishment of seedlings. Annud peek flows of sufficient magnitude that may occur at other
times of the year may aso be cgpable of scouring seedlings. If drought conditions exist, summer
flows can become low enough that seedlings are unable to get water and die back as a result of
desiccation. Severe drought can cause the desth of older more established seedlings as well as
relatively new growth (Johnson 1994). Johnson (1997) found that seedling mortdity was highest in
the winter as aresult of ice scour (up to 98%), and that during the period of 1985 to 1996 mortality
was S0 high that there was alow probability that a seedling would survive 3 to 4 growing seasons
(the amount of time generdly needed for it to become highly resistant to eroson). High mortdity
rates are dso seen following flood events. However, once vegetation becomes established in these
areas, such as river banks and high sandbars, where there is abundant water just below the surface,
the roots of plants stabilize these areas and make them more resistant to erosion. Therefore, the
higory of the flow in thefirg years of life of vegetation isimportant in the establishment of more
permanent, mature vegetation.

Under normd rainfdl conditions, reduced flows that minimize the effects of high flows and ice scour
lead to excedllent growing conditions for cottonwood and willow seedlings. The reduction in the
annua bankfull discharge of the Platte River as aresult of development has alowed vegetation to
become established on parts of the channd where the river-bed sands are no longer mobilized by
annual floods. Vegetation became established on sand bars and idands exposed during the
germination seasons that were formerly part of the active channd (Johnson 1994) because late spring
runoff inundeated less of the old channd. Fow regulation reduced the likelihood that vegetation
would be washed away by flowing water, drowned, buried by sand, or scoured by ice, and so
vegetation has been able to persst and become firmly established over the years (Smons and
Associates, 2000). Additiondly, the increased low flows in the summer helped young plants survive
(Schumm, 1998) by keeping the loca water table higher. Once vegetation was firmly established,
channd roughness increased locally that dowed the flood velocities on the newly vegetated sandy
idands and trgpped more sand from high flows. This dlowed for idands to increase somewhat in
eevation s0 that over time they were less frequently inundated by high flows. The vegetation helped
dabilize and define the banks of the narrower channels. The growth of dense riparian vegetation on
exposed bare sand, and the reduction in the supply of medium sand relative to the outflow of medium
sand at Chapman, Nebraska, have dso played a sgnificant role in channd narrowing on the centra
Platte River. Vegetation grows on exposed bare sand and stops the sand's free movement, forming
idands that grow, and promating channd infilling (Nadler and Schumm, 1981, Johnson 1994). The
narrow channels between idands incised, while the new idands aggraded.
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Woodland expansion occurred markedly from the 1930s through 1969 with the peak of woodland
expansion occurring in the 1950s (Johnson 1994; Johnson and Boettcher, 2000). The period of
peak expangon coincides with amgor drought in the 1950's. The natura droughts of the 1930s and
1950's, combined with the storage and diversion of river flows, reduced the annual high flows and
exposed more sandy idandsin the channe than in an average year. Subsequently, more seedlings
grew on those sandy idands and the vegetation further encroached on the channels long the Platte
River (Johnson, 1998). During these low-flow periods, vegetation was able to survive and further
encroach on the active channel despite the possible effects of drought discussed above. Thisis not
unexpected since drought tends to thin seedlings rather than diminate entire stands (Johnson, 1994).
By the time the multi-year droughts were over, perssting new vegetation was well established. The
edtablishment of vegetation during this drought period points to the importance of three environmenta
factors (high June flows, summer drought, and winter ice scour), in determining seedling
edablishment. It is possible that a combination of al three factors will increase mortdity, while the
absence of any one or two could lead to the expansion of vegetation aong the Platte River.
Exploration of this possibility has implications towards the proper management of the system.

Itislikey that the stabilizing effects of vegetation prevented the high flood flows of 1973, 1983, and
1984 from widening the channe by substantial amounts. The vegetation protected idands and banks
from erosion and forced any net erosion of the river channe to occur onthe streambed rather than
on the banks.

The ability of riparian vegetation to resst eroson changes over time. Riparian vegetation is highly
vulnerable to river eroson during the first few years of life. It takes afew yearsfor roots to develop
enough to resst the scouring effects of flow, and new growth takes time to establish a degp enough
root system to reach groundwater and become more resistant to drought. After afew years, the
more mature vegetation can be very resstant to eroson and will likely remain resstant until old age.

Riparian areas are naturdly very dynamic and highly variable (Rood and Mahoney, 1990). The
change in the plant community over time, as determined by the disturbance regime, will affect the
long term ability of vegetated bars and banks. Later successional (serd) tree species along the
Patte River incude green ash (fraxinus pennsylvanica), boxelder (acer negundo), and american
elm (ulmus americana) (Johnson, 1994). Where these species are less likely to become
established, the populus-salix community will age and die back in ardatively short period of time.
As this vegetation and the community become old, the resstance to erosion becomes less, especialy
if the river banks become steep and the root depth isless than the bank height because the channe
has incised (Johnson, 1997, ASCE 19983).

Higher areas that are not frequently affected by flow may progress towards a more stable regiona
climax community. Boxelder ranges from early to late sera, and it tends not to reproduce in its own
shade (Rosario 1988b). Green ash isusudly amiddle serd speciesthat is established after populus
and before american elm, however the reduced presence of elm, due to dutch em disease, has | eft
green ash asaclimax speciesin the Great Plains (Rosario 1988a). American elmisalaesxd
species that grows best on rich well drained soils and grows poorly on dry sandy soils where the
water table is congstently high (Coladonato 1992).
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Pioneer pecies, such as populus and salix, provide the necessary conditions for the establishment
of later successiona species dong the Platte River by stabilizing idands by trapping sediment and
causgng arisein land eevation, increasing organic content of the soil, and increasing surface moisture
of the soil (Wilson, 1970). In astudy of vegetation succession aong the Republican River in
Kansas, Bellah and Hulbert (1974) found that green ash, boxelder, and american elm became
edtablished within 10 years after the establishment of populus and salix, and became the dominant
species after 30 to 60 years. Wilson (1970) found that the popul us-salix community dominated for
15-25 years before ash, em, and boxe der became established dong the Missouri River in South
Dakota. In each case, the species composition changed from a popul us-salix dominated stand to a
stand dominated by ash, boxelder, and elm.

The same exact trend may not be expected on the Platte River, but Smilar patterns of successon are
expected given the smilarity of the climate and plant community of the two systems studied.

The shift to later successiona species entails areduced amount of disturbance and long term stability
of the soil. Once successon has progressed, the community will likely be stable for alonger period
of time, and perhaps self- sustaining, thus adding to the stability of the river system, excepting alarge
disturbance event.

Under naturd flow conditions, the Platte River isavery dynamic ecosystem. Vegetation
communities dong the active river channel are maintained in an early successond stage dueto the
high frequency of disturbance by river flow. Succession of the plant community to late serdl Sages
would occur only in areas not subject to the consistent action of flow. Decreasesin river flow over
the twentieth century have reduced the area subject to flow disturbance, thus alowing for grester
long term gabiility of plant communities.

4.3.3 Interaction of Vegetation, Channel Flow, and Channel Morphology

The stabilized idands and banks have created a feed back mechanism that contributes to channel
narrowing and incison (Section 4.4), thus adding to the stability of vegetated idands. In the principa
narrowing processes, the effects of reduced annua bank-full flows, reduced and coarsened sand
supply, and channel encroachment by vegetation would follow one of two timing patterns, either of
which would result in anarrower channe (Friedman et d., 1996).

If flows with reduced sand supply (relatively clear water), occurred first
(before vegetation could become established on the higher elevations of
the channel recently abandoned by the reduction in high flows), erosion
would degrade the lower elevations of the wetted channel near the
source of the clear water. Then, vegetation would colonize the higher
elevations of the former channel, increase the local channel roughness
there, lower the velocity of overbank flows, and capture additional sand
deposits during subsequent higher flows. The active channel, between
vegetated banks, would narrow.
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If vegetation first established itself during low flow years (droughts,
especially during germination seasons) on the higher moist elevations of
the abandoned active channel (before any large flows with reduced sand
supply could degrade the channel), the vegetation would increase the
local channel roughness, lower the velocity in vegetated flow zones
during subsequent floods, and cause sand deposition in the vegetated
areas along the channel. Subsequent high flows of clear water would not
erode the areas of the channel protected by deep-rooted vegetation, but
would erode the unprotected, lower elevations of the channel. Again, the
active channel between vegetated banks would narrow.

If both effects were occurring at the same time, vegetation would colonize the high and moist
eevations of the origind channd during the germination season, the vegetation would grow, dow the
flow, and trap sand during periods of high flow. Erosion caused by clear water would incise the
lower evations of the origina channel. Therefore, the vegetated high areas dong the channel would
aggrade while clear water would degrade the low eevations of the origind channd. Further
descriptions of the vegetation encroachment and channel narrowing associated with the reductionsin
annud bank-full discharges, in the central Platte River can be found in Johnson (1994, 1997),
O'Brien and Currier (1987), and in Currier (1995, 1996).

Vegetated idands have been mechanically cleared in the last decade by the State of Wyoming, for
habitat improvement, but these cleared areas have not been sustained by river flows. Therefore,
mechanica clearing has been repeated every few years on landsin order to maintain vegetation-free
land near the channel for endangered species habitat.

44  REDUCTIONSIN SEDIMENT SUPPLY AND CHANNEL INCISION

The process of channel degradation or incison (erosion of the riverbed that degpens the channdl)
occurs when river flow has a capacity to trangport sediment a arate that cumulatively exceeds the
upstream sediment supply. If there is not enough sediment from upstream, then additiona sediment
is eroded from the bed and banks of theriver. Channd incison can be limited by sand supplied from
downstream tributaries, armoring of the riverbed? if there is enough coarse materia in the bed to stop
erosion, and the resultant decrease in river dope. There are few tributaries to the centrd Platte
River, downstream from North Platte, Nebraska and these tributaries do not supply alarge source
of sediment. Therefore tributary sediment sources are not expected to limit incison on the centra
Platte River.

8Armoring of ariverbed is the process by which fine sediment particles are eroded from the riverbed while coarse
sediment particlesare not. Anarmor layer formswhen nearly all of the fine particles have been eroded from the
surface of the riverbed and a coarse layer of particles exists at the surface that cannot be eroded when riverflows
are below acertain threshold.

100 The Platte River Channel: History and Restoration



441 TheOccurrenceof Incison

Asdiscussed in Section 2.2.6, prior to 1900 it appears that the supply of sediment exceeded the
trangport capacity of the Platte River. The excess sediment was deposited on the bed of the channd,
producing laterdly shifting channels. In the 1900s, the volume of sediment entering the Platte River was
reduced primarily by the congtruction of reservoirs on the North Platte River. Lake McConaughy, the
reservoir formed behind Kingdey Dam, has been in operation since 1941, and is the downstream-most
barrier to sediment trangport on the North Platte River.  Releases from Kingdey Dam and the
Keystone Diverson Dam immediately downstream are clear water flows, free of sand.

Flow diverson systems for irrigation and hydropower aso reduce available sediment in the centra
Fatte River by causng sediment deposition immediately downstream from the point of diversion and by
discharging clear-water (sediment-free) flows back to the Platte River tens of miles downstream. When
river flow is diverted, but not the sediment, the capacity of the downstream river flows to keep the
sediment moving is decreased and sediment deposition occurs. When clear-water return flows are
added back to the river, at a point farther downstream, there is a sudden increase in the sediment
trangport capacity and sediment is eroded from the riverbed. Discharge from the Johnson-2 Return
channed near Overton, NE, more than doubles the average flow in the channel with relatively clear water
releases. Currently, the volume of sediment transported in the centra Platte River, exceeds the
upstream supply of sediment and sediment is eroded from the bed of the channel to counter the
sediment imbalance. The average annuad sediment load for the central Platte River, caculated by
Randle and Samad (2003), is presented in Tables 3.9, 3.10, and 3.11. The sediment transport rates
indicate the chamnd is eroding at arate of 400,000 tons per year. The amounts of vertica incison
measured over arecent 13-year period from 1989 to 2003 are described near the end of this section.

The Keystone Diverson Dam began releasing clear water flows to the North Platte River in 1936.
However, after 1941, most of the flows released from Kingdey Dam were diverted into the Sutherland
Supply Cana and no longer flowed in the North Platte River downstream of the Keystone Diverson
Dam (see the North Platte River in Figures 2.17 and 2.18). Due to the reduced flows in the North
Matte River channd, the rate of channe incison downsiream from the Keystone Diverson Dam has
been relatively dow and is limited to a distance of approximately 15 miles downstream fromthe
diverson dam.

The Keystone Bridge, congtructed in 1979, is gpproximately 2 miles downstream of the Keystone
Diverson dam and 4 miles downstream of the Kingdey Dam at Lake McConaughy. In September of
2003, the exposed pile foundation of the bridge was visble during low flow conditions (Figures 4.3a-d).

Excluding local scour depths, channel bed degradation measured from the pier form line, was a
minimum of 6 ft. Inthelast 24 years the clear-water flows not diverted into the Sutherland Cana have
degraded the channd bed aminimum of 6 ft. The incised banks and terraces indicate greater
degradation. Channel incison near the Keystone bridge since 1936, assessed from flood plain terrain,
was observed to be about 12 feet. The incison near the Paxton bridge, located 13 miles downstream
from the Keystone dam, was observed to be less than 1 foot (Randle and Murphy, personal
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Figure 4.3a. Looking at the downstream end of the
Keystone Bridge pier that was constructed in 1979.
The form marks on the pier show original channel
bed elevation. The base of the pier ends a couple of
inches above the water surface. The pier has a pile
foundation which is currently exposed (Figure 4.3d)
due to channel degradation and local scour.

Figure 4.3b. Looking
upstream toward the Keystone
bridge. Note the incised
geometry of banks and break
in bank line consistent with
top of form line on piers.

observation, 2000). Thereis no indication of flow condriction at either sSite and both bridge spans
extend the width of the channdl, with no long gpproach embankments. Depth of loca scour was
excluded from the estimate of depth of channel degradation and the absence of structura congtrictions
indicates any significant degradation due to aloca congriction is doubtful.
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Figure 4.3c. Looking
downstream from the left
bank, approximately 100
yards downstream of
Keystone

Bridge. Note the incised
channel bed and steep
banks.

Figure 4.3d. Looking at
the upstream end of the
Keystone bridge pier,
showing the gap between
the base of the pier and the
water surface. The outline
of the exposed foundation
pile is discernable in the

gap.
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Figure 4.4a above. Looking downstream from the Lexington Bridge, just upstream of the Johnson-2
return channel (RM 251.5). The channel has stable, shallow banks.

& Figure 4.4b left. Looking
downstream aong the south
channel, immediately
downstream of J2 return (RM
246.5). The channel is deeply
incised with steep high banks.

The Johnson-2 Return channel, built during the period 1936 to 1941, releases rel atively clear water
flow into the Platte River channel on the south side of Jeffrey Idand at river mile 246.8 (Figure 2.17).
After 1941, channd incison was noted along the south channdl in areach extending from the
Johnson-2 return channel downstream to the Overton Bridge, a distance of 8 miles (Figures 4.4a-d).
Thisincison would aso cause head-cut erosion to progress upstream aong the south channel
toward its split with the north channel, upstream of Jeffery Idand. Because river flow in the north
channd around Jeffrey Idand would be captured by the south channel, a dike was constructed
across the upstream end of the south channd to maintain flows in the north channd and stop the
head-cut eroson. After the congtruction of the dike, the Platte
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Figure 4.4c |eft. Looking upstream along the
south channel, downstream of the J2 return.
The high steep bank is actively eroding in this
reach of incised channel.

Figure 4.4d above.
Looking across to the left
bank of the south
channel, downstream of
the J2 return (RM 244.5),
a high and steep cut bank
can be seen.

River water flowed through the channdl on the north side of Jeffery Idand and dried up on the south
channd between the dike and the return channd. The dike washed away during high flows on
severa occasions but was rebuilt each time (Jenkins, 1993).
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Repeat cross-section surveys of the river channel in the reach downstream from the Johnson-2
Return channel were conducted by Reclamation (Technica Service Center, Denver) and by DIJ& A
Surveyors (Missoula, Montana) in 1989, 2000, and 2002. Summary results from these surveys are
presented in Figure 4.5 and individua sections are shown in Figures 4.6 to 4.14. These figures show
the incision process of thaweg erosion and channd narrowing downstream from the Johnson-2
Return channdl. A survey of both the north and south channdls a river mile 246.5 show that the
thalweg of south channd (fed by the Johnson-2 Return channel) is now 13 feet lower than the
thalweg of the north channel (Figure 4.6a). Repeat cross section surveys over the 13-year period
from 1989 to 2002 show approximatdly 6 feet of incison immediately downstream from the
Johnson-2 Return channd (Figure 4.6b), and 2.5 feet of incison 18 miles downstream (Figure 4.14).

Platte River Channel Incision
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Figure 4.5 Measurement of channel thalweg incision aong the Platte River reach downstream from

the Johnson-2 Return channel (river mile 247).
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Platte River Mile 246.5
Comparison of North and South Channels

] North Channel [ South Channel
2352 A % 1 W ,
2350 J M Tl ¥ 1 EI“ ﬁ
2348 ' é * 1 _&_1‘ ‘
2346 1 F 3 | %
2344 1 \‘h

2342 1 —+—2002 Channel
2340 7 2002 W.S. El.

R |
2338 1 }'
: )
\
1

2354

Elevation (feet) 1988 NGVD

2336 ]

2334 ]

2P+ T
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000

Station (feet)
Figure 4.6a Platte River at mile 246.5, both north and south channels. The Johnson-2 Return channel

delivers clear water into the south channel, which causesincision. At the time of the 2002 channel
survey, the thalweg of the south channel was 13.3 feet lower than the thalweg of the north channel.

Platte River Mile 246.5 South
Comparison of 1989 and 2002 Surveys
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Figure 4.6b Comparison of 1989 and 2002 Platte River channel cross section surveys for river mile
246.5 south channel.
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Platte River Mile 246.0
Comparison of 1989 and 2002 Surveys
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Figure 4.7 Comparison of 1989 and 2002 Platte River channel cross section surveys for river mile
246.0.
Platte River Mile 244.0 South
Comparison of 1989 and 2002 Surveys
2336 7
] -=—1989
2334 '1 ——2002
2332 : Y
P )|
£ 2330
- ]
o ]
S 2328 -
(] 4
" ] |
] A
2326 ]
1 l n J\U/ 4 feet
2324 sof \ .
] VN !
2322 ] T T T T T T T T T T T T T T T T T T T T T
0 100 200 300 400 500 600 700 800 900 1,000 1,100
Station (feet)
Figure 4.8 Comparison of 1989 and 2002 Platte River channel cross section surveys for river mile

244.0 south channel.
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Platte River Mile 239.9
Comparison of 1989 and 2002 Surveys
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Figure 4.9 Comparison of 1989 and 2002 Platte River channel cross section surveys for river mile
239.9.
Platte River Mile 239.3
Comparison of 1989, 1998, and 2002 Surveys
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Figure 4.10 Comparison of 1989, 1998, and 2002 Platte River channel cross section surveys for river
mile 239.3.
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Platte River Mile 239.0
Comparison of 1989 and 2002 Surveys
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Figure 4.11 Comparison of 1989 and 2002 Platte River channel cross section surveys for river mile
239.0.
Platte River Mile 237.5

Comparison of 1989, 1998, and 2002 Surveys
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Figure 4.12 Comparison of 1989, 1998, and 2002 Platte River channel cross section surveys for river
mile 237.5.
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Platte River Mile 230.8
Comparison of 1989, 1998, and 2002 Surveys
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Figure 4.13 Comparison of 1989, 1998, and 2002 Platte River channel cross section surveys for river
mile 230.8.

Platte River Mile 228.7
Comparison of 1989 and 2002 Surveys
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Figure 4.14 Comparison of 1989 and 2002 Platte River channel cross section surveys for river mile
228.7.
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| ndependently, the Reclamation office in Grand Idand surveyed the main channel for biologic sudies,
a river miles shown in Table 4.4. Multiple transects were established in 1984 or 1985 at each Site,
and repeat measurements were made in the 1980s and in the period from 1998 to 2000. Shown in
Figure 4.15 is the average change in bed eevation based on cross-sectiond flow area, and the
earliest and latest surveyed measurement. Similar to Figure 4.5, the data shows the channel bed has
incised over this period downsiream of river mile 245, and immediately downstream of the J-2
return. Channel incison often occurs over anarrow portion of the river channd, so the changein
bed eevation, averaged over the entire channd width, is often much less than the decrease in thalweg
eevation.

Table4.4 Average changein bed eevation for main channel between 1984 or 1985, and 2000 or
2001, based on multiple transects.

River Mile Study Site Number of Y ears of Average Std. Error of
Transects Measurement | Changein Bed Ave. Bed

Elevation (ft) | Elev. Change
244 2 8 1984 & 2000 -1.39 0.20
227 da 5 1985 & 2001 -0.74 0.06
208 6 9 1984 & 1998 -0.34 0.21
196 8c 4 1984 & 2001 0.15 0.1
191 8b 5 1985 & 2000 0.1 0.13
178 9bw 5 1985 & 2000 0.18 0.06
159 12a 3 1984 & 2000 -0.06 0.03
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Figure 4.15 Average changes in bed elevation between the years 1984 or 1985 and October 2000 or
2001.

112 The Platte River Channel: History and Restoration




USGS stream gage dataindicates smaller increments of incision occurring a downstream locations.
The USGS report, Trends in Channel Gradation in Nebraska Sreams, 1913-95 (Chen et d.,
1999) includes two gage sites on the Platte River near Odessa, Nebraska and near Grand Idand,
Nebraska, which are 23 and 79 miles downstream from the Johnson-2 Return channel, respectively.
Both sites show datidticaly significant but smal trends toward channd incision: 0.23 feet per decade
over 5 decades (1.2 feet from 1938 to 1988) near Odessa, Nebraska and 0.14 feet per decade
over 6 decades (0.89 feet from 1933 to 1995) at Grand Idand. Just upstream of the habitat reach,
the gage station on the Platte River near Cozad, Nebraska shows a statistically-sgnificant,
downward elevation trend of 0.41 feet per decade over nearly 5 decades (1.9 feet from 1940 to
1987). The channel degradation at the gage station near Cozad, Nebraska may be caused by
headword erosion progressing upstream from the Johnson-2 return channel. Another possible cause
of the dow degradation is the reduction of medium size sand supplied from the North Paite River
and an increase in the amount of coarse sand supplied from the South Platte River (Section 4.4.2)

All of the measurements discussed here are consgtent in indicating atrend of incision in the centra
Patte River downstream of the J-2 return, which occurs after the Sutherland Cana begins operation
in 1941. Thisisin contrast to the aggrading trend both Gannett (1901) and Lugn & Wenzd (1938)
ascribe to the channd in the early decades of the twentieth century.

4.4.2 TheProcessof Incision

The eroson of fine material from the riverbed causes bed materid to become significantly coarser
aong areach where channd incison has occurred. Armoring may limit the depth of channd incison
if thereis enough coarse materid in the bed to stop erosion; however an armored riverbed aso
causes the channd incision to progress further downstream. Armoring and a resultant decrease in
local river dope can eventualy limit the depth of incison, but incison continues until the cumulative
sediment supply from loca drainage areas and from the upstream river channel balance the

cumul ative sediment transport cagpecity of the river flow. Based on measurements of degradation
(Section 4.4.1), the cal culated imbalance in the sediment budget (Randle and Samad, 2003, Simons
& Associates, 2000), and the time required for the occurrence of this natural process, it is estimated
that the incision from clear-water releases at the Johnson-2 Return channd will continue to progress
dowly downstream over time. Large floods that convey sediment past the Tri-County Diverson
Dam may temporarily hdt the process of channe incison.

A reference by Graf (1998) to an analysis method of de Vries and others (1973) has provided a
meansto predict how quickly channe incision can expand both verticaly and downstream from a
clear-water source through a channel bed of uniform, single grain size sand. The longitudind profile
of anincison waveis described as afunction of the distance dong the river channd, the time since
the clear-water erosion began, the dope of the river channdl, and the sand transport rate. Figure
4.16 shows the percentage of maximum incison depth versus river miles downsiream from the clear-
water source. The andyssindicates that haf of the maximum incision depth would occur at a
distance 11 miles downstream after aperiod of 64 years,
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Downstream Progression of Clear-water
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Figure 4.16 Estimated downstream progression of clear-water channel incision of the Platte River, based
on de Vries as presented by Graf (1998).

however, it would take more than 400 years for half of the maximum incison depth to occur 30 miles
downstream.

Based on the 2002 survey results presented in Figure 4.6b, the south channel hasincised 13.3 feet
sometime over the 62-year period from 1940 to 2002. This likely represents less than 100 percent
of the maximum channel incison at that location because the channd has incised about 6 feet over
the 13-year period from 1989 to 2002. The centrd Platte River is ill wide enough that even 2 feet
of channd incison could result in Sgnificant channd narrowing. If 2 feet of channd incison
represents 15 percent of the maximum erosion, then according to the curvesin Figure 4.16, 2 feet of
channel incison should have occurred about 25 miles downstream since 1940. This gppears
reasonable since about 2 foot of channel incison was measured 18 miles downstream (RM 228.7)
during the 13-year period from 1989 to 2002. Since channel incision often concentrates over a
relatively narrow portion of the channd (Figure 4.6a), vegetation has the potentid to colonize
portions of the channd that are no longer frequently inundated. The curves of Figure 4.16 predict
that 2 feet of incison would occur 30 miles downstream after 100 years from 1940 and 60 miles
downstream after 400 years.

The dow rate of verticd channe incision can be explained by the large volume of sand generated by
agmall bed devation change across a surface area as wide as the Platte, and having alength
extending 100 milesin the case of Lexington to Grand Idand, Nebraska. Based on de Vries (1973)
andyss, the maximum depth of dear-water incision would take centuries to progress from the
Keystone Diverson Dam on the North Platte River, downstream to the town of North Platte, and
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from the Johnson-2 Return channd at the Platte River, downstream to Grand Idand, Nebraska. This
caculation assumes that tributary inputs of sand along the central Platte River are minor and do not
offsat the deficit, dlowing the channd incision to continue downstream.

4.4.3 Vegetation and Topography Indicators of Incision

Less definitive but equaly compelling evidence of gradua incison can be gleaned from the
topography and vegetation described on historica maps. Areas of the channel that are now wooded
idands (U.S. Bureau of Reclamation aeriad photographs from 1982 and 1998) were part of the
wider unvegetated channel shown on the maps made during the 1860s, 1890s, 1910s (Government
Land Office, USGS, and Nebraska Counties) and in aerial photographs of 1938. The presently
wooded idands were origindly part of the active river channd. Inundetion of the active river channd
and mobilization of the bed materid on nearly an annua basis was required to keep vegetation from
becoming established in the active channe (Section 4.8.2 Vegetation and Channd Changes).

Reclamation crews surveyed more than one hundred cross sections of the Platte River channd in
1989 in the reach between Grand 1dand and North Platte, Nebraska. Hydraulic computations for
the river channd in 1989 indicate that, due to current channel depths, the river flow would have to be
greater than 10,000 cfs before water would inundate these now wooded idands. Thedevation
difference between the present bed of the active river channel and the wooded idands of the
formerly active river channd can be explained by channel incison, a decrease in the bed devation.
The reduction of mean and pesk river flows and the process of dow and gradua channd incison
have |eft portions of the formerly active river channel higher than the present active river channd.

45 COARSENING SEDIMENT AND CHANNEL CHANGES

Asdescribed in Section 4.4, agenerd reduction in the volume of sediment can initiate a changein the
bed devation. In this section, the implications for channe depth and width resulting from a change or
coarsening in the sand source are described. Two potentia causes of coarsening sand in the bed of
the river are the channel incison described in Section 4.4, and the change in the proportions of
medium sand from the North Platte River and coarse sand from the South Platte River sand.
Coarsening grain Sizeis an addition to the processes of decreased bank-full discharge, expanding
vegetation, and channd incison, which causes the Platte River channd to narrow.

451 Trandgtion in Sand Source from North Platte to South Platte

Changesin the sand transport dong the Platte River in the twentieth century include a decrease in the
input of medium sand from the North Platte and an increase in the input of coarser sand from the
South Platte. The change in the reative flow and sand contributions from the North and South Platte
Rivers affects the sand balance in the Platte River downsiream. Prior to 1909, the North Plaite
River was the dominant tributary, supplying most of the water and most of the sand. Once the annua
mean and bankfull flow rates on the North Platte River were reduced, the sand supply to the Platte
River from the North Platte River was aso reduced. The reduction in sand load follows the sand-
discharge relationships applicable at that time, as estimated by the relationships presented in Chapter
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3in Figures 3.17 and 3.18. Over time, the relaive importance of the flow and sand contributions
from the South Platte River increased (Figures 3.19, 3.20, and 3.21).

The earliest description found of grain size on the North Plaitte was a fine quicksand (Lamb et &,
1911), and the earliest measurements were by the U.S. Army Corps of Engineers (USACE, 1935).
The USACE measurements of North Platte River sand are amedium grain sand with a diameter of

0.56 mm. The earliest description found on the grain size of the South Platte was a coarse sand
(Slichter and Walff, 1906), and the earliest measurements were made by Smith (1970). The median
sze of the South Platte River sand in 1970 (Smith, 1970) was about 1 mm, while measurements by
Kircher (1983) gave 1.1 mm.

Platte River Bed Material Samples
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Figure 4.17 Median bed-material grain size comparisons between 1931, 1980, and 1989. Bed materid
data were collected from the Platte River channel near bridges in 1931 and 1980 and along many points
along the river (at bridges and between bridges) in 1989. The river velocity and bed-material grain size
both tend to increase at bridge constrictions, but the data in 1989 are as coarse, or coarser, than in 1980.

Figure 4.17, with 1931 data from USACE (1935), 1979-80 data from Kircher (1983), and
unpublished Reclamation data from 1989, shows the history of the sand size ditribution aong the
Patte River, including the North and South Platte sand sources. In 1931 (square boxesin Figure
4.17), the sand size profile based on the averages of many samples at bridges dong the Platte
smoothly connects with the North Platte average source; its grain Sze digtribution history is shown in
Figure 4.18. In 1980 (trianglesin Figure 4.17), the average sand size profile at bridges connects
with the South Platte source. Data measured in 1989 dl dong the channd show agreement with the
1980 data. The decreases of water and sand from the North Platte River changed the Sze of the
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sand source to the Platte River.  Although thereis till a supply of medium sand in the bed of the 58-
mile reach of the North Platte River, downstream from the Keystone Diverson Dam, the amount of
river flow available to moveit isamadl.

Bed-material Grain Size Distribution for the
North Platte River at North Platte, Nebraska
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Figure 4.18 Bed-material grain size distributions in 1931 and 1980 for the North Platte River at North
Platte, Nebraska.

Coarser sand from the South Platte began to replace the medium sand in the top layer of theriver
bed in the centrd Platte River. The bed-materid grain Sze distributions for the North Platte, South
Platte, and Platte Rivers are shown in Figure 4.19. The coarsening of the Brady-Cozad reach, from
the Tri-County Diverson Dam to the Johnson-2 Return channd, occurs mainly when the flows dong
that reach are high and, correspondingly, when the sand trangport through the Brady-Cozad reach
provides sand input to the habitat reach downstream from the Johnson-2 Return channd. This
replacement process, shown in Figure 4.17, has roughly reached Kearney at river mile 215, but has
not yet reached Grand Idand, Nebraska &t river mile 166. The median grain size near Gothenburg,
Nebraska changed from 0.46 mm in 1931 to 0.9 mm in 1979 (Figure 4.20). During thistrangtion,
the median sand size near Grand Idand and Chapman, Nebraska has changed from 0.41 mm in
1931 to 0.66 mm in 1980 (Figure 4.21).
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Bed-material Grain Size Distributions in 1979 and 1980
by Kircher (1983)
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Figure 4.19 Bed-materia grain size distributions in 1979 and 1980 by Kircher (1983) for the North
Platte, South Platte, and Platte Rivers.

Bed-material Grain Size Distributions in 1931 and 1979
for the Platte River near Gothenburg and Cozad, NE
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Figure 4.20 Bed-material grain size distributionsin 1931 and 1979 for the Platte River near Cozad and
Gothenburg, Nebraska.
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Bed-material Grain Size Distributions in 1931 and 1980
for the Platte River near Grand Island, NE
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Figure 4.21 Bed-material grain size distributions in 1931 and 1980 for the Platte River near Grand
Island, Nebraska.

45.2 Processfor Transport of Medium Sand Grain Size

The increase in supply of coarser sand and reduction in the supply of medium sand has two effects:
(2) it causes net erosion of medium sand from the river bed because the outflow rate of medium sand
from the Centrd Platte is greater than itsinflow rate, and (2) it causes a decrease in the mobility of
the braided bed because coarser particles require agreater hydraulic capacity to be transported at
the same rate as finer particles (Carson, 1984). When the upstream supply of sand becomes
coarser, the quantity of sand supplied to the Platte River by a given discharge decreases. However,
the medium sand present in the downstream Platte riverbed is ill trangported at the previous higher
rate. Thus, medium sand has the potentia to be transported downstream from the central Platte
River a afadter rate than the coarser sand that is supplied from upstream.

Consdering the reach of the Platte River from North Platte to Chapman, Nebraska, the outflow of
medium sand (0.4 mm) at the downstream end of this reach is determined by the flow near Grand
Idand, roughly equa to the combined flow of the North and South Platte Rivers, and the geometry
of awider channd. The sediment transport &t this downstream location is il based mainly on the
finer sand that has remained from the time of the earliest measurement. The average annuad sediment
load for the Platte River near Grand Idand, Nebraska indicates a smal reduction in the sand outflow
from the Chgpman end of the reach. However, the inflow of medium sand at the upstream end of
this reach is determined by the reduced river flow and sand transport from the North Platte River
(Figures 3.19, 3.20, and 3.21) and the small percentage of medium sand (25 percent) from the
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South Platte River (Figure 4.19). Theresult isanet erosion of medium sand from the bed of the
central Platte River.

45.3 Processfor Trangport of Coarser Sand Grain Size

The sediment transport rates for coarser sand are dower than for medium sand and percentage of
coarse sand in the river bed tends to decrease with distance downstream. The outflow of coarser
sand a Chapman is low because its percentage in the river bed thereislow. Theinflow of coarse
sand (1.1 mm) from the South Platte River is rdaively high because the South Platte has
proportionally become a greater source, and coarser sand is the median bed-materid sze of that
river. Still, present day sediment transport is diminished from levels prior to the twentieth century
(Lyons & Randle, 1988, Randle & Samad, 2003). Although thereisalarger source of coarser
sand, the transport of coarser sand through the Brady- Cozad reach is diminished by the reduced
flowsin thisreach. Asaresult of this, a continual deposition of coarse sand occurs aong the Brady-
Cozad reach where alarge portion of the flow, but not the sand, is diverted from this location.

The regime theory discussed further in Section 4.6. Changesin Plan Form shows that coarser sand
Is associated with natura channels that are more narrow than naturd channels composed of fine
sand. Because the transport of coarse sand requires higher water vel ocities than does medium sand,
the presence of more coarse sand changes the equilibrium geometry of the channd. Flow rateisthe
product of mean velocity and area, which is the mean velocity times the width, times the mean depth.

For agiven discharge, when the velocity isincreased, the flow areais decreased. A higher velocity
also requires deeper water to maintain the same friction losses. For a congtant bank-full discharge,
the correspondence of increasing sand grain diameter with increasing velocity and flow depth, causes
achannel to narrow as bed materid shifts from medium to coarse sand.

Y ang (1996) quantified the width dependence on median grain Size, indicating that the width is
inversaly proportiond to the square root of the grain Size, in ardation smilar to the square-root
dependence shown in the regime theory. If the bed materid grain size increases from 0.5 mm to 0.9
mm, the channel width is reduced by the square-root of 5/9, to 75 percent of itsorigina value.

45.4 Current Condition of Grain Size

Grain sze measurements of the Plaite River indicate a coarsening of sand grain has occurred snce
1931 and the coarsened area is presently extending downstream. This coarsening in size of the
Platte River bed sands started at North Platte, Nebraska and has been progressing downstream
reaching as far as Kearney, Nebraska. Figures 4.17 and 4.20 indicate that the bed of the Platte
River has dready coarsened throughout the reach between Cozad (river mile 266) and Kearney
(river mile 215), Nebraska, where median particle size increased from 0.4 mm to 1 mm.

Coarsening of theriver bed leads to channd narrowing; however, the Platte River bed in the reach
near Grand Idand, Nebraska has so far only been dightly affected. Near Grand Idand, the sand
bed has presumably begun to coarsen, from 0.41 to 0.66 mm (Figure 4.21). This part of the river
has narrowed the least, o that now it is the widest reach dong the Centrd Platte. As medium sand
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is depleted from the river bed and replaced with coarse sand, the river channd will have a tendency
to narrow, asillugrated in Figures 4.17 and 1.3, in the reach from Kearney to Grand Idand,
Nebraska.

46 CHANGESIN PLAN FORM

The association of the quas-equilibrium channd geometry of natura channeswith flow rate, channel
dope and sediment propertiesis caled regime theory (ASCE 1998a). The braided pattern typica of
the river prior to the 1900s, requires a steeply doped channd or an over supply of sediment. The
average channd dope of the Platte River (0.00126) is consdered steep for a sandbed river of this
sze. The dope has not changed during the 1900s because alarge change in river bed elevationis
needed to change the average dope over the length of theriver, and because the dignment of the
river channd is il rdatively straight. The recent surveys of the Platte River (U.S. Bureau of
Reclamation, 1998) give a profile that is compared to the USGS profile (Gannett, 1901) in Figure
4.22. Therecent profile has anearly identica dope a this scae.

Comparison of Platte River Bed Profiles
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Figure 4.22 Comparison of 1901 and 1998 Platte River bed profiles.

The minimum dope required for a braided channd is a decreasing function of the full bank discharge
(Leopold and Wolman 1957, Carson 1984, Chang 1985). However, the threshold dope for a
braided pattern is described as adso being a function of river-bed grain size (Henderson, 1963 and
1966, Carson 1984, Ferguson 1981, Chang 1985). A coarser river bed requires a higher bank-full
discharge to maintain awide, braided riverbed pattern. Figure 4.23 presents the relation between
bank-full discharge, channd dope, median bed grain Sze, average depth, and channd width
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developed by Chang (1985). Studies by Lane (1957) and Osterkamp (1978) have used the mean
annud flow ingtead of the 1.5-year flood to describe the dope of braided channels.

As shown in Figure 4.23 and assuming a congtant particle size, rivers with lower bank-full discherge
require arelatively steep dopein order to maintain abraided channel. A steep channel, with adope
approaching a minimum threshold vaue for maintenance of a braided form, can changeto an
anabranched form smply through reductionsin bank-full discharge. In contragt, reducing bank-full
discharge in a stream with a dope well above the threshold for a braided form would result in a
narrower river channd. In the latter case, water would fill only the low sections of the origind
channel, but the channd would retain a braided form.

The effect of the bed materia Szeis shown in the vertical axis of Figure4.23. A larger median grain
Sze requires a steegper dope to maintain a braided channd form. A braided channd, with adope
near the threshold value and a constant bank-full discharge, can change from abraided form to an
anabranched form with a coarsening of the bed materid.

The bank-full discharge of the North Platte and Platte Rivers prior to the 1900s, caculated by
Randle and Samad (2003) with different hydrologic and sediment transport methods, was
approximately 10,000 cfs. The dope of both rivers was 0.00126 and the median grain Ssze was 0.4
mm. When these vaues are plotted on Figure 4.23 it can be seen that the Platte River fits Chang's
(1985) steep braided river category, however, it is near the threshold dope for abraided channel
pattern. The corresponding vaues of width and depth from Figure 4.23 are gpproximately 750 feet
and 7.5 feet respectively. The average width of the Platte River prior to the 1900s, shownin Table
4.2, ranges from 2,500 feet to 5,300 feet. The quditative agreement is good, but the width values
are not accurate. Two possible explanations for this disparity are that the regime theory does not
account for the upstream sediment supply and there may be relaively few data points in the steep,
braided- channel category of Figure 4.23, to produce an accurate correlation.
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A second regime diagram by Leopold and Wolman (1957) is shown in Figure 4.24. Thisdiagram
does not incorporate grain size but relates plan form, braided or meandering, to bankfull discharge
and channd dope. Thisfigure does not use trangition areas and gives one amplidtic divide
(S=0.06Q**) between a braided and meandering condition. Based on this relation, the 1900 Plaite
River isbraided at 10,000 cfs and a 0.00126 dope, and at the year 2000 shifts to the divide of
braided and meandering conditions with a discharge of 4,000 cfs.
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Figure 4.24 A regime diagram for natural channels based on channel slope and bankfull discharge,
taken from Leopold and Wolman (1957). Points shown are a slope of 0.00126 and a flow of 10,000 cfs
for the Platte River in 1900, and a slope of 0.00126 and a flow of 4,000 cfs for the Platte River in 2000.

A third regime diagram by Lane (1957) is based on channel dope and mean discharge as shownin
Figure 4.25. Lane'sdiagram isnot as smpligtic asthe Leopold and Wolman diagram (Figure 4.24)
and recognizes a trangtion range of conditions between the braided and meandering stream. The
Platte River in 1900, with adope of 0.00126 and a mean discharge of 3,700 dfs, isin the
intermediate stream region, near the border of braided condition. At the year 2000, with the same
dope but amean discharge of 2,100 cfs, the Platte River remainsin the trangtion zone, but dightly
more distant from a braided condition
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Figure 4.25 Lan€e's (1957) regime diagram for sandbed streams based on slope and mean discharge,
taken from Richardson, et a. (1990). Red points shown are for the central Platte River with a slope of
0.0026 ft/ft and a mean discharge of 3,700 cfs for the year 1900, and a mean discharge of 2,100 cfs for
the year 2000.

Regime theory is not quantitatively precise as demondrated by the variationsin stream classfications
and zonesin Figures 23, 24, and 25. Regime theory does, however, provide a guide to the changes
in channel geometry that can be expected with changes in the channd-forming discharge, bed dope,
and asin the case of Figure 4.23, bed materid grain Sze. The shiftsin the three figures are smdl and
remain near the theoretica divide for braided stream types, yet al three regime diagrams (Figure
4.23, 4.24, and 4.25) illustrate that the reduction of channd-forming discharge in the North Platte
and Platte Rivers causes a shift in plan form from a braided condition towards an anabranched or
meandering sysem.

Thetime series of aeria photographs from the period 1939 to 1998 support the regime theory by
showing the evolution of channd form for the Platte River and the encroachment of woody
vegetation. In the early photographs, the Platte River sill exhibits a steep braided form with awide
channel of shifting sand. Later photographs contain more river reaches with multiple and narrow
anabranched channd s digned around vegetated idands.
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4.7 CHANNNEL CHANGESFROM BRIDGES, DIVERSION DAMSAND BANK
PROTECTION

In contrast to the narrowing processes discussed in previous sections, the reduction in channd width
resulting from bridge structures, diverson dams, and bank protection is alocdized effect. Becker
(1989) and Simons and Associates (1990) have discussed decreases in channd width within
gpproximately ¥2-mile of a bridge structure. Essentidly, the effect of bridge, dam, and bank
protection extends only asfar as the structure-atered flow pattern. For example, sediment eroded
by the faster flows of a congtricted bridge segment will often deposit locally once an unrestricted flow
paitern is reestablished. The condtricting effects of the bridge on channd width, and the scour effects
from bridge structure geometry acting on the steam bed, are local conditions that do not migrate
downstream or upsiream.

Through alarge period of the 1900s, there was a trend towards constructing bridges with shorter
spans over water, and longer gpproach embankments. More recent bridge construction often has
gricter requirements on alowable bridge backwater that reduces river congtriction concerns.
Although not dl bridge crossings contribute to channel narrowing, it was estimated that bridge
Sructures dong the central Platte River may affect as much as 20 percent of the channe length
(Simon & Associates, 2000). These effects gpply only to segments proxima to the structures.

An egtimate of impacts to the river from bridges is further addressed by a 1998 review of bridges
over the Platte River. Aerid photographs and quadrangle maps from 1998 show 22 bridges
crossing the Platte River between Chapman, Nebraska and the Tri- County Diverson Dam near
North Platte, Nebraska (river miles 157.1 to 310.5). That isan average of 7 river miles per bridge
crossing (Table 4.5). Of the 22 bridges, 13 were qualitatively assessed based on channel form and
bank geometry to sgnificantly condtrict one or more river channels for a distance of one-hdf mile
upstream and one-haf mile downstream from the bridge. A distance of 13 miles of bridge impactsis
8.5 percent of the 153 river miles between North Platte and Chapman, Nebraska.
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Table 4.5 — Platte River Bridges based on 1998 agrid photographs and U.S. Geological

Survey quadrangle maps.
Significant
River Channdl
Mile |Bridge Location Description Constriction | Gravel Pits Locations
157.1 [Chapman, NE Slight
165.9 |RR near Grand Island, NE Slight
167.9 |HWY 34 Bridge Yes
172.7 |1-80 and County Bridges near Doniphan, NE No
175.3 |HWY 281 Bridge Yes
181.9 |Alda, NE No DL
187.3 [Wood River, NE No
195.7 |RR bridge near Denman, NE No
195.8 |Shelton, NE Yes
202.2 |Gibbon, NE No
207.9 |[County road across Kilgore Island Yes DL, DR
209.8 [RR across Kilgore Island No
215.0 |Kearney, NE Yes UL, UR, DL
224.0 |Odessa, NE Yes UL, UR, DL, DR
230.8 |EIm Creek, NE Yes UL, DL, DR
239.3 [Overton, NE Yes UL, URDL
251.6 |Lexington, NE Yes UL, DL, DR
258.0 [West of Lexington, NE Yes
266.7 |Cozad, NE Yes UR, DR
277.3 |Gothenburg, NE Yes UL, DL, DR
288.3 |1-80 across Brady Island Yes UL, DR
301.0 |Maxwel, NE No
310.5 |[Tri-County Diversion Dam No
Grave pit locations.

UL: Upstream of the bridge and left of the river channd (looking downstream).

UR: Upstream of the bridge and right of the river channd.

DL: Downgtream of the bridge and left of the river channd.

DR: Downstream of the bridge and right of the river channdl.
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48 TIME SCALESOF CHANNEL PROCESSESIN THE PLATTE RIVER

The central Platte River channd from North Platte, Nebraska, to Kearney, Nebraska, in the last
decades of the twentieth century exhibits less change in channd form than noted in earlier decades of
the twentieth century (Figure 4.1 and 4.17). Thiswould imply that channd characterigtics of grain
Sze, width, depth, and vegetation coverage are approaching a balance with existing conditions
including flow, sediment transport, river structures, and climate. In contradt, the trendsin grain Size,
channd width and channd depth discussed in previous sections, indicate channe narrowing may
continue downstream of Kearny, Nebraska. This disparity can be attributed to the different time
scales, ranging from years to centuries, associated with each process of channd change.

Width reduction resulting from changes in annual mean and bank-full flow retesisreatively
rapid and has aready occurred.

Width reduction resulting from vegetation growth is dso rlaively rapid and may be
complete upstream from Kearney, but could continue in conjunction with other channel
narrowing processes downstream.

Channd incision resulting from a reduction in the supply of sand gppearsto be ongoing, isa
relatively dow process, and may require centuries to complete. Thisprocessison the same
time scale as geologic/dimatic factors and matches the expected life of reservoirs.

Grain size changes and coarsening of the river bed, resulting from a change in sediment
source, appears to continue downstream from Kearney, and may take decadesto reach a
stable condition

Pan form change resulting from reductionsin flow and coarsening of the river bed appears
near completion upsiream from Kearney.

Locdized width reductions caused by bridges in asand bed river are relatively rapid and at
most locations should be nearly complete within two decades of bridge congtruction. This
estimate is dependent on the hydrologic cycle, and assumes there are no additiond causes
for change in channd form.

4.8.1 Channd Changesfrom Flow Reductions

Flow changeis a primary process of channel narrowing, and occurs rapidly with each increment of
river flow reduction. A large decrease in annua flow rates occurred over the period 1909-1970
(Randle and Samad, 2003), while the flow measurements for the most recent period considered,
1970 to 2002, show no further decreases in mean-annud flows, annud- peak flows and bank-full
flows. No further channel narrowing from this processis anticipated, unless additiond reductionsin
annua-average and bank-full flow rates re-initiate this channd narrowing effect.
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4.8.2 Vegetation and Channd Changes

Exposed sandy areas of the channel, abandoned in response to decreasing flows over the period
1909-1970, were ripe for the rapid colonization by grass, shrubs, and trees. Within afew decades
after each mgjor hydrologic change, the banks of the narrow channels were covered with mature
vegetation. The roots of that vegetation stabilized the banks and prevented erosion during occasiona
high flows. The last mgjor vegetation increase due to low flow occurred during the 1950s drought,
and even the large flood peaks of 1973, 1983, and 1984 did not produce large, sustainable width
increases. V egetation effects appear to act more quickly towards encroachment, rather than
remova. Additiona channel encroachment by vegetation may occur in the future on exposed sand
bars, and banks as aresult of flow reductions from extended periods of drought, or operation of
flow releases.

4.8.3 Channd Incison Resulting from Reductionsin Sediment Supply

Generd reduction in the supply of sediment is most severdly felt adjacent to mgor clear water
sources of flow, with impacts diminishing downstream as the sediment deficit is offset by eroson
from the bed. The channd incision, or degpening of the channd resulting from a reduction in the
upstream sediment supply, continues at the present time to move downstream from the clear-water
releases a Kingdey Diverson Dam and the Johnson-2 Return channel. The process of channd
deepening causes a corresponding reduction in channd width.

Erosion continues to progress dowly downstream. A study by Chen et d. (1999) indicates that
incigon is occurring as far downstream as Grand Idand. Theincision depth can be limited by
armoring, and eventually the downstream progression of incison will end when the sediment
imbaanceis corrected. Sediment sources are materia eroded from the channed bed and possibly,
sediment inputs from downstream tributaries. Given the dow progression of the maximum depth of
clear-water incison (severd feet), this process could take centuries to reach an equilibrium condition.

One additional trend to note is the impact of incision processes on wet meadows adjacent to the
banks of the Platte. Incision, resulting from decreases in sediment supply or changesin flow, hasthe
potentia to dter nearby wet meadows by lowering the water table aong the affected reach of the
river.

4.8.4 Channd Changes Resulting from Coar sening Sediment

At present, there is an incomplete trangition from medium sand to coarse sand, and the effect on
channd width due to the change in median particle Sze, is ill progressing in the downstream
direction aong the central Platte River. Bed materid in the medium sand size (0.25 to 0.5 mm)
provides amore mobile river bed, and forms awider equilibrium channel than does a coarse sand
bed (0.5to 1.0 mm).

Because the change during the last 60 years appears nearly complete from North Platte to Kearney
and has aready begun a Grand Idand, several decadesis proposed as an estimate of thetime
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needed to complete thistrangtion. The trangtion in grain size appears to be complete downstream
to mile 225, near Kearney (Figure 4.17), and the average width from Overton to Kearney, seenin
Figure4.1, is 800 feet. If the grain Size cortinues to coarsen downstream, and based on currently
identified factors, the persisting trend of narrowing implies the total width of dl sub-channdsfrom
Kearney to Grand Idand can aso be expected to narrow to near 800 fest.

4.85 Plan Form Changes

A comparison of mapping from the early 1900s and the present day show that changesin plan form
from a braided to anabranched system have occurred in some reaches upsiream of Kearney,

Nebraska. Changesin plan form are dependent on the coarsening process, therefore the time scale
for future changes in the reach from Kearney to Grand Idand, Nebraskais projected over decades.

4.8.6 Channe Changesfrom Bridges, Diverson Damsand Bank Protection
Locdized channel narrowing resulting from channd structures is dependent on the flow history and
the age of the dructure. In generd, the time scaleis rdatively short with the occurrence of high flow

events. Asagenerd esimate, in the vicinity of structures that have been in place more than two
decades, channd narrowing is assumed near complete.

130 The Platte River Channel: History and Restoration



5.0 OPTIONS FOR RESTORING CHANNEL HABITAT

The Program seeks to improve channel habitats for Whooping Cranes, Least Terns, and Piping Plovers.

In generd, these species prefer awide, shalow, and unvegetated river channd with an abundance of
sandbars for roosting and nesting (Section 4.3.1). Restoring a portion of the historic channel requires
reverang, in some small but sgnificant amount, the key factors that have led to channd narrowing and
other habitat problems, by undertaking the following actions:

restoring a fraction of the historic bank-full-discharge flows;

removing vegetation from part of the overgrown higtoric channd;

restoring afraction of the historic supply of medium sand;

widening the main channe in selected reaches of the river; and

blocking some of the secondary channd s to focus flow in the main channdl.

The firg two actions have occurred to some degree during recent decades but without coordination.
Large peak flows occurred naturdly in 1983 and 1984, causing the spillway a Kingdey Dam to release
water in 1983. These large flows did not substantidly widen the channd on asustainable basis. Even if
the bank-full- discharge flows were increased significantly, it likely woud take decades or centuries for
higher flows aone to remove the dense riparian vegetation and widen the active channdl. Furthermore,
the upstream sediment supply would have to be concurrently increased to prevent additiona channel
incison.

Currently, severa agencies and organizations are clearing idands and river bank aress of trees and other
vegetation to create roosting and nesting habitat. This produces immediately useful habitat. However, it
has not widened the active channd. The clearing of vegetation adone does not provide the wide, shallow
channd for roogting or the high, dry sand bars for summertime nesting. Further, because annua high
flows are too low to overtop and “activate’ most of the cleared areas, vegetation returns to the cleared
gteswithin afew years. Clearing actions are then repested.

The remaining part of this paper describes agenerd strategy for creating and sustaining increased
amounts of endangered species riverine habitat, following the plan form and regime theory concepts of
Figure 4.23. Thefollowing restoration actions must be undertaken in a coordinated way and their
effects closdy monitored. As discussed earlier, the various processes which determine the river’s shape
and character arelinked. While each action could be tried independently, the results would likely not be
as successful as would an integrated program. This generd strategy includes. 1) the progressive
clearing and lowering of selected vegetated idands that are located within or bordering the river’'sman
channel and 2) annud high flows of short duration (1 to 3 days) focused within that main channel. The
clearing and lowering of river idands would immediately increase the area of open main channd while, a
the same time, provide more medium-szed sand to the main river channd. The higher annud flows
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would scour seedlings on sand bars and avoid the need for regular mechanica clearing of vegetation
from the sand bars. The wider channd would aso reduce the flow velocities and the erosiona process
caused by clear-water releases. Implementation of this genera strategy would likely occur in a phased
and incrementa fashion to ensure habitat improvement and to avoid adverse impacts to property dong
the river channd.

51 MECHANICAL WIDENING OF THE CHANNEL AND AUGMENTATION OF
MEDIUM SAND

A program of one-time, mechanica, channd widening, through the clearing and lowering of vegetated
idands within or bordering the main channdl, would be needed to achieve the immediate habitat benefits
of awider active channel. Wooded idands would be mechanically cleared of vegetation and the woody
vegetation burned. Theidands would be lowered by spreading the river sand that has been deposited
on the idands back into the degper sections of the surrounding river channel to create awider and
shallower channdl. 1dand sand could aso be used to block secondary channels. The program of
mechanica widening would only need to occur once for each increase in width for agiven reach. The
increased channd width could then be maintained by an annud program of increased annud high flows.

Land bordering the northernmost and southernmost river banks would not be mechanicaly cleared and
lowered.

Idand sand is both medium and fine. The addition of idand sand to the active channel would locdly
reduce the median grain Size of the river bed, increase the mobility of the bed, and shift the channel
towards the wide, braided river channel shown at the top of Figure 4.23. There are enough wooded
idands within the Platte River between Overton and Chapman to sustain the supply of river sand for
centuries.  For example, if sand were added to the channel at the rate of 500 tons per day, the
corresponding annua volume would be 100,000 yd? per year or 20 acres of idand sand cut to adepth
of 3 feet (2 mi2 of idand over 50 years). Thisamount of sand is Smilar to the amount dredged annudly
from behind the Tri-County Diverson Dam and pumped into the channel downsiream from that dam
(Boyd, 1995).

A program of mechanicaly widening longer reaches by a smal amount would better promote channel
equilibrium than a program of widening shorter reaches by alarge amount. The wider reaches would
trangport less sand downstream. I a particular reach were widened too much (relative to downstream
reaches), then sand deposition would occur in the over-widened reach and erosion would occur in the
next downstream reach. Although idand clearing has been done for some time, lowering would be
more extensve than during the Crane Trust's 1988-92 program (Platte River Whooping Crane
Maintenance Trugt, 1992), and careful monitoring is recommended.

Some experience with maintaining awide main channd dready exists dong the reach just downstream
from the Kearney Diverson Dam. That dam and the adjacent sand dikes focus the flow downstream
from the Elm Creek bridge into a single channd roughly 800 feet-wide. The diversion of water but not
sand into the Kearney Cand increases the sediment concentration in the river and causes atendency
towards loca deposition. That reach of the river channd maintains its width until the channel approaches
the next downsiream bridge.
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Additiond experience with sediment management and monitoring aready exigts. Central Nebraska
Public Power and Irrigation Digtrict regularly employs a dredge to pass about 75,000 cubic yards of
sand per year over the Tri-County Diverson Dam (Boyd, 1995). The current dredging practice keeps
the sand moving past the dam, but because water is diverted into the Tri- County Cand, thereis less
water in the river channel downstream from the dam to keep the sand moving. Mogt of the time thereis
not enough flow to transport al the sediment downstream, and sand accumulates on the river bed.
Annud high flows tend to trangport the accumulated sand away from the dam. Monitoring of this
practice has revealed no adverse consequences (U.S. Army Corpsof Engineers, 1999). Beforethis
current practice was permitted, in 1994, 150,000 cubic yards of sand were stockpiled in abermed area
downstream from the dam. This stockpiled sand eventudly re-entered the river channd without adverse
consequences during high flow events. These experiences a the Tri-County Diverson Dam have some
samilarity to the clearing and leveling of river idands, in that river sand would be returned back to the
channd for trangport during high-flow periods.

52 INCREASED ANNUAL HIGH FLOWS

The amount of mechanica widening accomplished will correspond to increasesin annud high flows. I
the channel were mechanically widened without any program of increased annua high flows, then
vegetation would likely grow back, sand deposition would occur, and the channel would again become
narrow. Without an increase in annua high flows, wider channd widths could only be maintained
through a periodic program of mechanica clearing and leveling.

Anincrease in the annud high flow, staying below flood stage and within the safe channd capacity, is
one practical way to maintain awider channel, because the higher flow would mohilize the river bed and
clear seedlings from that wider channd. Increased spring high flows might not be needed if winter ice or
other mechanisms killed the seedlings that germinated the previous season. An annud high flow in late
May or early June would have severa advantages over high flows in summer or winter:

The augmented high flow would coincide with the natural spring runoff seeson. The augmented
high flows aso would build higher sand bars for nesting terns and plovers and improve the ratio
of soring high-water elevations (nest building) compared to the eevations caused by summer
thunderstorms (nest destroying).

There would be time to determine if seed germination, growth, and surviva from the previous
summer was sgnificant and if high sand bars were avallable for nesting.  Seedlings might be
eroded by naturally-occurring summer thunderstorms or winter ice scour and there may aready
be high bars, so that there may not be aneed for an increased annud high flow during the

fallowing spring.
There may be opportunities for cand releases and North Platte River flows to combine with

sgnificant flows from the South Flette River, which may yield combined flows higher than flows
during the following summer.
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Alternatively, an increase in the high flow could also be congdered in late August or early September.

A high flow during this period would require less flow to erode young seedlings than a high flow the
fallowing May when the plants would have experienced afew more months of growth. Also, ahigh
flow during late August or early September would not promote additiona vegetation growth because
cottonwood seeds would have dready dispersed during the pervious June. An even smaller high flow
could be considered during winter to help cause ice scour of young plants. It may be desirable to
experiment with al three periods through an adaptive management program. In certain types of years,
implementation of an annud high flow during one time period may be more effective than implementation
during the other periods.

The amount of channd widening that can be maintained by an increase in annua high discharge can be
estimated by atheoretica relationship between width and flow rate: width is proportiond to flow rate to
the 0.41 power (Yang et d, 1981). Figure 5.1 shows the present average active channd widths of the
13 bridge segments between the Johnson-2 Return channdl and Chapman, and an estimate of the
amount of additional width that could be maintained by increased annud high flows. Presently, annua
peak discharges that are equaled or exceeded two years out of three (on average), range from 2,000
ft*/s (for the reach from North Plaite to the Johnson-2 Return channel) to 4,600 ft*/s (for the reach from
the Johnson-2 Return channel flow to Chapman, Nebraska). A program of annua releases of high flow
within safe channd capacity could increase the range of annua pesk discharges (that are equaled or
exceeded 2 years out of 3) to between 6,000 and 8,000 ft¥/s. Thisincreasein annua pesk flows could
maintain an increase in the present channe widths by the following estimated amounts:

20 percent in the Platte River reaches downstream from the Johnson2 Return channd flow,
60 percent for the upstream Platte reaches near Cozad and Brady, Nebraska, and

20 percent for the North Platte River channd, in the reach that begins about 20 river miles
downstream from the Keystone Diverson Dam, upstream from habitat target reach.

The increase in channd width would be greeter in the Cozad- Brady reach because the relative increase
in annua peek flow for this reach would be grester than other reaches. Increased high flows would
come from an annud short-duration release of high flow within safe channel cagpacity from Kingdey
Dam. The flows near the dam would be clear water that is virtualy absent of sand. These clear-water
flows tend to cause dow, but long-term erosion of the river bed. However, any increased flow releases
from Kingdey Dam that move down the North Platte channd will have picked up afull load of medium
sand when they reach North Platte. The extra North Platte water and sand will decrease the dominance
of the South Platte on the annua high flows and sand supplies. Anincreasein annud high flows through
the North Platte River channel would accelerate the dow downstream progression of the channel
incison below Keystone Dam. However, the annua release of high flow within safe channd capacity
would aso offset the aggradation that is currently occurring at the North Platte gage at North Platte.
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Figure 5.1 Future potentid for sustained average channd width with mechanical clearing and
leveling of wooded idands and pulse flows.

Chapter 5.0 Optionsfor Restoring Channel Habitat 135



136 The Platte River Channel: History and Restoration



6.0 SUMMARY AND CONCLUSIONS

The reach of Platte River from Lexington, Nebraska to Chapman, Nebraska is the focus of a
proposed endangered-species-recovery program. The Program seeks to restore some habitat for
the threatened or endangered Whooping Crane, Piping Plover, and Least Tern that were lost through
vegetation expangon and narrowing of the unvegetated and active channd width dong theriver. The
god for thisstudy is not to determine how to restore the function and structure of the central Plaite
River to ahistoric target condition, but rather to determine methods to enhance or maximize the
habitat for threstened species through the gpplication of dternatives that are feasible within current
condraints and demands on the river.

The emphasis of this sudy isahigtoric review and andysis of the geomorphology of the centrd Platte
River, to provide a better understanding of the dominant processes of this syslem. Understanding

the dominant processes can help identify trendsin river form, which ad in the sdlection of
management aternatives for restoration that successfully maximize habitat for the target species.

Thisanaysisis based primarily on existing higtoric field data, historic mapping, agrid photos, written
narrative, historic photos, recorded information on Platte River Basin development, and some recent
field data collection associated with this study. Historic and recent field data include measurements
of river discharge, climate indicators, bed-materia Size gradations, average unvegetated channel
widths or active channd widths, and stage-discharge relationships. An additiond and comprehensive
data collection program is recommended. Although additiona data collection can not fill existing
gaps in the higtoric data, it would help test current hypothes's, strengthen our understanding of
geomorphic processesin the central Platte River, ad in trend prediction for future management
decisons, and help determine if future management actions are achieving desired results.

6.1 THEHISTORIC RIVER
6.1.1 Geologic Time and the Pre-Development River

The Platte River channd isardatively young river formed during the Pleistocene and is located in a
basn of dluvid materids from glacia times, overlain with loess eolian deposits from the end of this
period. Tertiary and Cretaceous bedrock, and glacid till may have some effect on the dignment and
profile of the lower Platte River, but the centrd Platte River is affected more by the dluvid layers
deposited during the Pleistocene. The High Plains aquifer, made up of Pleisocene dluvium that
underlies al of the centrd Platte River, has dso had some influence on channel flow characteristics.

Over atime scae of tens of thousands of years, the Platte River has cut down fifty to one hundred
feet or more through several Pleistocene layers. The River is now resting on the second layer of the
Grand Idand formation, a coarser layer of dluvid sands and gravels which may have acted asa
vertica control in the pre-development period. Origindly the Plaite River did not complete the big
bend, but the alignment continued to the southeast past the area between Overton and Kearney and
into southeast Nebraska. An extending Loup River tributary, developing dong a lineament, is
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sugpected of capturing the Platte River flows and creating the youngest reach of the centra Platte
River from Kearney to Grand Idand, Nebraska. Thisreach has adightly different plan form with
large stable idands.

Over geologic time, climate is believed to have been the primary factor influencing cycles of erosion,
deposition, and relaive gahility (EDS cycles) inriversin the centra High Plains. The influence of
climate acts through thresholds specific to each stream. The nature of thresholds and the limited
record of climate make it difficut to isolate the climate pattern that triggered each new EDS cycle. In
generd, the last notable switch in climate pattern for the Great Plains was 700 to 800 years before
present. The record of EDS cycles for the central Platte River can be crudely reconstructed from
the stratigraphy and topography of the Platte River valey, and from radiocarbon dating of materids
at locations on other riversin the central Great Plains. Although the Platte River has passed through
multiple EDS cydesin geologic time, overdl the river has incised down to its present elevation. The
most recent cycle of the pre-development period is believed to be severa centuries of aggradation.
The pre-development period for the centrd Platte River endsin the early nineteenth century.

6.1.2 The Nineteenth Century

European exploration and settlement begins primarily in the 1800s, and marks the beginning of the
end of climate dominance over central Platte River geomorphology. The most severe drought for the
Platte River Basin since 1700 AD is believed to have occurred during the 1840s, and can be
suspected to have caused some incresse in sediment from the watershed during this period.

Initia anthropogenic influences on the central Plaite River in the 1800s are primarily raised sediment
inputs from land use beginning in the 1840s, and flow depletionsin the last decades of the century.
The beaver trapping industry eradicated dmost al beaver in the area by the mid 1800s. The impact
of this harvest may have been possibly smal increases in sediment load in the Rocky Mountain
tributaries, through the gradua dimination of sediment-trapping beaver dams. Extensive gold mining
and timber harvesting in the South Platte tributaries and some activity in the North Platte tributaries,
may have increased sediment loads to the central Platte River. Timber harvesting for railroad
congtruction and settlement was dso noted directly along the centrd Platte River. The growth of
farming and development of cultivated lands was most rapid in Nebraska during the laiter half of the
nineteenth century. The expansion of tilled land in Nebraska may have introduced some additiona
Sediment directly to the central Platte River, and there may have been some impact from farming
practices, to alesser extent in the Platte River tributaries in Colorado and Wyoming. Although this
assessment is qualitative and speculative, these watershed activities are not estimated to have caused
substantia increases in sediment load to the centra Platte River by the end of the nineteenth century.
Rather these activities mark the start of concerted anthropogenic impacts in the Platte River basin.

There are no measurements related to the possible increase in sediment from the 1840s drought, or
from anthropogenic impacts throughout the century. Narrative and geologic information support a
generd description of aggradation and sediment loads for the central Platte River at the sart of the
century and aso at the end of the century, but no differences can be determined from the narrative
accounts. The reductionsin flows associated with irrigation and cand congtruction can be estimated
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from discharge appropriation records but stream measurement records do not begin in the Platte River
Basin until close to the end of the nineteenth century.

6.1.3 TheTwentieth Century and Changesto Primary Elements

Although climate factors are dill present, anthropogenic factors overwhelmingly dominate the
geomorphology of the centrd Platte River in the twentieth century. The large increase in population in
the Plaite River Basin creates a corresponding increase in water demands and depletions for municipa
and irrigation use. The mgor infragtructure for water development is congtructed in this century
including reservairs, irrigation flow diversons, municipa water ddivery sysems, and groundweter
wells. At the same time the trangportation system with road crossngs over the Platte River greatly
expand in the twentieth century, and the presence of river structures such as rock revetments aso
increase.

The primary geomorphic dements influencing the centra Platte River are described here asriver flow,
sediment transport and basin structure. Hows in the twentieth century show a distinct decrease from
1895 to 1969 then increase dightly in the latest period from 1970 to 1999 dthough never returning to
previous levels. Although climate factors are dtill present, larger declinesin river flow are attributed to
the consumption of alarge society in the twentieth century than are attributed to periods of drought or
any detectable generd trend in climate during this latest period.

The trangport of sediment over this century exhibitsasmilar trend of decreasing transport. Flow
diversions and reservoir congtruction aso reduce the source of sediment from main upstream
tributaries, and increase the importance of the bed of the central Platte River as a sediment source.
The average median grain size of the centrd Platte River has aso increased.

Thethird eement, basin structure, is used here to describe the location of flow inputs and sediment
sources, and the number of structurd festures imposing vertical or horizontd restraints on the river.
Structura features can include geologic formations or features constructed by man. Thelocation of
flow inputs and sediment sources has been notably atered and the number of Structura features
exerting horizonta or vertica control on the river has increased.

Based on the changes that have occurred to the primary elements of river flow, sediment transport,
and basin structure, the central Platte River today can be described as distinctly different from the
Platte River of the pre-development period (Figure 1.5). And with respect to geologic time, the
changes to these dementsin this century can be described as abrupt, and as having overwhelmed the
impacts of climate change.

6.2 THE PROCESSESOF HABITAT REDUCTION AND RIVER NARROWING
Reaches of the present channel have an unvegetated or active channel width that is 50 to 90 percent
narrower than the channel that existed in the 1860s and in the period 1898 to 1902 (Figure 1.3). The
central Platte River has generdly experienced what has been cdled channd narrowing throughout its
length with grester reductions in unvegetated or active channd width in the upper reaches, and smaller
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percentage reductions with distance downstream. The methods or processes by which reductionsin
unvegetated or active channe width occur on the centra Platte River are multiple and complex. These
processes are described individualy aong with their potentid rate of progresson. The rates of
progression ranged from impacts nearly concluded, to impacts that could continue for centuries.

This study found narrowing of the unvegetated or active chamnd width and changes to channd section
and form, to depend directly on: the previous multi-year period of flow rates, the grain Sze and
availability of sediment for trangport, and the growth and decline of riparian vegetation. These changes
in channd width and form aso depend indirectly on: structures acting as vertica and horizonta

controls such as geologic features, diverson dams, bridges, levees and rock revetments; and the
naturd varigbility of dimate.

6.2.1 Flow and Vegetation Processes and I mpacts

Narrowing of the unvegetated or active channd widths dong the Platte River occurred rapidly during
the early to mid twentieth century, and these changes generally appear to have concluded a most
locations today. Based on this study, the principa processes associated with this period of rapid
narrowing are subgtantia reductionsin river flow, reductionsin flow pesks, and the rapid expansion of
vegetation. Fows are limited to the lower-€eevation areas of the channel by the reduction in flows.
Following reductionsin flows and flow peaks, and corresponding to reductions in the active channel
width, more areas of formerly sandy banks and idands could be colonized by vegetation. The
encroachment by vegetation into former channd areas reduces the mobilization of sand a higher flows,
including the 1973 and 1984 flow events, and prevents the maintenance of formerly wide channds.

The reduction in pesk flowsisanorma consequence of the upstream devel opment of storage
reservoirs. Large flows during peek flow events are stored in reservoirs for later and gradud relesse
during periods of lower flow. Asaconsequence, pesk flow eventsin the downstream channel have
lesser magnitude and frequency.

Different from pesk flows, the reduction of average annud flow in the Platte River may result at
different locations from mgor flow diversonsto cands, may result from surface flow depletions for
societd uses, or may be a combination of both flow diversons and flow depletions. In dl cases Platte
River flows continue to be impacted by fluctuationsin climate, however the congtruction of storage
reservoirs on the North Platte River and South Platte Rivers has reduced the impacts of climate
vaidions on flows,

Examples of mgor flow diversonsto cands are the Sutherland Cana and Tri- County Cand (Figure
2.17). The Keystone Diverson and Sutherland Canal remove 69 percent of average annuad North
Patte River flow from river conveyance for adistance of 58 river miles. Theflow is returned to the
Patte River for 4.5 miles prior to the Central Diverson Dam and Tri- County Cand, which removes
73 percent of average annual Platte River flow and bypasses river conveyance for a distance of 61
miles. Although fluctuations between wet and dry dimate periods have some impact on the volume of
flow, acdculation of current water depletions indicates that water depl etions alone can account for the
flow reduction noted between the period 1895 to 1909, and the period 1970 to 1999 at Grand
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Idand, Nebraska. Both periods used for this comparison had generdly smilar dimate with more wet
years than dry years.

6.2.2 Sediment Processes and Impacts

Changing sources and Sizes of sediment also influence unvegetated and active channd widths, channdl
sections, and channd form. Thisimpact is not as spatialy or tempordly uniform as flow and
vegetation processes and may be quite pronounced at specific locations while fading to nor-
vetectable levels at downstream locations. Sediment processes include sediment coarsening resulting
from changing sediment sources, and channdl incision resulting from an abrupt increase in sediment
demand.

6.2.2.1 Sediment Coarsening

The cause of amore subtle process of reductions in active channd and unvegetated channd widthis
attributed to a coarsening in sediment grain size. A larger grain sizeis generally associated with amore
deep and narrow channd section; geometry not as supportive of endangered species habitat. More
sand on a percentage basis is being supplied from the coarser supply of the South Platte River, and
less from the finer grained supply of the North Platte River, as aresult of trans-basin diversons and
the congtruction of Lake McConaughy. Thisprocess resultsin larger grain sizesto the upper Plaite
River. A coarser grain Sze dso isdeveloping in the central Platte River from channd incison, where
the channel bed serves as a main sediment source.

Channd narrowing resulting from coarsening of the grain Size occurs at a dower rate than narrowing
resulting from changesin flow rate and the growth of vegetation. Based on the rate of unvegetated or
active width changes, it is concluded that most of the change resulting from sediment coarsening has
aready occurred in the reach between North Platte and Kearney, Nebraska. Theriver bed has
coarsened to near or beyond the median size of the South Platte River over much of the channdl
upstream of Kearney, Nebraska.

Today the median grain Sze of the sand in theriver bed & Grand Idand is nearly equd toitsszein
1931. However, if the noted coarsening trend continuesiit is possible that additiona erosion of finer
graned sand and the resulting channd incision and narrowing effect could continue migrating
downstream. Therate for this occurrence would be on the order of severa decades.

6.2.2.2 Channel Incison

An abrupt increase in sediment demand and subsequent erosion and incision of portions of the channdl
are notable downstream of the Kingdey Dam at Lake McConaughy, and downstream of the J-2
Return of the Tri-County Cand, near Lexington, Nebraska. Flow routed through Lake McConaughy
drops nearly dl of the sediment transported from upstream reaches into the reservaoir, and the
reservoir outflow is clear water pulling sediment from the channel bed downstream. Water diverted to
the Tri-County Cand for irrigation and hydropower is returned to the river channd as clear water,
gnce the low cand velocities are incapable of trangporting much sediment, causing channel bed
erosion at the point of return flow and downstream.
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Channd erosion and incison caused by abrupt increases in sediment demand, has maximum impact
immediately downstream from the source of clear water, but local bed coarsening causes the erosion
process to progress downstream over time. Narrowing of the active channe width is a geomorphic
consequence of incison. With no change to the flow or sediment imbalance, the channd incison and
narrowing, which isthe dowest of the processes considered here, can continue migrating downstream
over aperiod of decadesto centuries.

The downstream migration of this process may be dowed or hated by resultant reductionsin bed
dope, or by sediment influxes from sources such as tributaries sufficient to offset the sediment
deficient. Although this processis digtinct only in two short reaches extending tens of miles, less
notable impacts appear to be occurring further downstream. Erosion from the sediment imbaance
originating a the J-2 Return may possibly extend asfar as Grand Iland, Nebraska (Chen, et d.,
1999).

Due to the complexity of the associated factors for the processes of sediment coarsening and incision,
empirical methods are wholly inadequate for estimating: the width impacts from channd incison on the
Platte River; the longitudind extent of the incison impacts, and atime frame for these impactsto
occur. A numericd mode offers afar advanced method, but still can provide only a generd estimate
with the level of uncertainty inversely proportiona to the availability of current field data

6.2.3 Local Impactsfrom River Structures

The twentieth century, when unvegetated channe widths and active channel widths exhibit a
pronounced period of narrowing, is also the mgor period of construction of river structures. The
occurrence of bridges having reduced bridge spans, the congtruction of leveesto protect facilities
adjacent to the river, and the placement of rock revetment to prevent bank erosion, dl largdy
increased during this century.

In the early twentieth century, pile bridges with long spans began to be replaced by bridges with longer
approach embankments and reduced bridge spans that constricted the river channd. The bridges
from this era, cause localized narrowing and can account for as much as eight percent of the length of
narrowed channel in the project reach. River plan form and cross section are aso locdly impacted by
the congtruction of levees and rock revetments, which in genera confine the channd promoting a
deeper and narrower Cross section.

Localized channel narrowing effects resulting from bridges, levees, and rock revetment can account for
more than eight percent (Section 4.7) of the reductionsin channel width. These impacts, however, are
found only in segments of the river immediately adjacent to the structures and normaly do not migrate
or progress downstream or upstream. Although the time scde is very Site specific to the structure, a
short period of severd decadesis estimated for the evolution of channd bed and bank impacts
resulting from the ingalation of individua structures.
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6.2.4 Impactsto Plan Form

The decrease in river flow and colonization by vegetation of the formerly active river channd; the
decrease in sediment to the Platte River, and the coarsening of the bed-meaterid grain sze; the
congtruction of river structures; and fluctuations in dimate; have al contributed, to some degree, to
reductions in unvegetated and active channd width. These processes have also contributed to a
generd change in the plan form, or shape as seen from the air, of the river, as presented in regime
theory and diagrams.

In several reaches the plan form has changed from awide and shalow braided channd to an
anabranched, condition with wooded idands often separating multiple channels that are collectively
narrower and deeper than before. The anabranched river does not support broad channel habitat
characterigtics, with the wide open views and numerous sandbars of the previoudy braided channdl.
Additiond changes to some downstream reaches could be triggered in the future in conjunction with
the coarsening of the channd bed.

6.3 OPTION FOR RESTORING HABITAT

Based on the higtoric channd narrowing of the Platte River and geomorphic principasthat help to
identify trends and narrowing processes, a genera gpproach for increasing the amount of endangered-
species channel habitat within the reach from Lexington to Chapman is proposed. In generd, the god
of the Program is to enhance channel habitat by widening short, sustainable reaches of the river
channd. Wider, shalower reaches of river should have water filling the channel during the crane
migration seasons, and dry sand bars surrounded by low water during the summer, tern-and-plover-
nesting season. Minima vegetation encroachment within the channd width is criticd for the
endangered birds. Thereisno intent to return the entire longitudina length of the study reech to a
historic target width, but rather to restore or maximize habitat at selected reaches of the Platte River
between Overton and Grand Idand, Nebraska. The Program must be sustainable and feasible at
these reaches under the current and future demands on the river.

The generd dtrategy includes an annud program with: 1) the progressive clearing and lowering of
certain vegetated idands that are located within the river’s banks, preferably in the upstream reaches
closest to the J2 Return, and 2) annual releases of high flow within safe channel capacity, of short (1
to 3 days) duration usng water from Lake McConaughy and the South Platte River. The clearing and
lowering of river idands would immediately increase the area of wide, open channel, key to
endangered- species habitat, while at the same time provide more smdler-grained sand from the
wooded river idandsto the river channdl. While this generd strategy seemsto be a reasonably
plausible approach from atheoretica perspective; ste specific evauation and field testing are required
to determine the implementation details and the long-term effectiveness of the approach.
Implementation of this generd strategy would occur in a phased and incrementa gpproach through an
adaptive-management program to ensure habitat improvement and avoidance of adverse impacts.
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6.4 FUTURE DIRECTIONS

This report is not comprehensive and does not Signa the conclusion of the level one and leve two
investigation of the Plaite River channd form. One areatargeted for further investigation isan
examination of more locdized and reach based processes. Because changesin sediment and flow
have had a dominant effect on the entire study reach, these processes have been the focus of The
Platte River Channel: History and Restoration. But within the genera framework of flow and
sediment trends presented, structural and geologic impacts on basin structure, indluding loca variations
in profile and plan form, can be causing varying responses of channg morphology at individud

reaches.

Basin structure dependent upon the geology and formation of the Platte River channd in geologic time,
has implications on current river plan form that has only been introduced and briefly developed in
Sections 2.1 and 3.4. Likewise, basin structure resulting from the construction of levees, bridges,
gamd|l diverson dams, temporary dams, and bank revetment has only been generdly introduced and
summarized in Sections 2.3.3, 3.4.2, and 4.8.6. Future efforts are planned for amore detailed study
of locaized variations in the sudy reach resulting from geologic and structurd factors of basin
gructure, to increase understanding of the Platte River processes and impacts to habitat. This
knowledge is sought to select and direct management options that can potentialy maximize habitat for

target species.
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GEOLOGY APPENDIX

A. GEOLOGY OF SOUTH-CENTRAL NEBRASKA

Rocks of Tertiary age underly much of the centra Greet Plains with older units from this period
exposed in the northwest section of the state. Older Permian, Cretaceous and Tertiary bedrock are
exposed on the east Sde of the state (Figure A.1). Large sediment loads from the Rocky Mountains
were transported east and deposited on the plains during the Tertiary Period (To in Figure A.1). Flow
paths for the rivers draining the mountains during this period established distinct west to east pattern of
flow in the surface of tertiary deposits (Conservation and Survey Divison, University of Nebraska-
Lincoln, 1996a- report references).

Plgite L

BEDROCK GEOLOGY
TERTIARY CRETACIOUS PERMIAN
T BN 7T 7 | T
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Figure A.1 Nebraska bedrock geology (Conservation and Survey Division, University of Nebraska
Lincoln, 1996a).

Geologic processes throughout time have contributed to the current topography of the centra high
plains, but events of the Pleistocene Epoch have had a dominant influence on the current dignment and
drainage of the central Platte River. During the Pleistocene, repeated advances and retreats by
glaciers are ddineated by deposits of glacid till. Thismateria can be found aong the eastern side of
Nebraska, parale to the Missouri River as shown in Figure A.2 (Conservation and Survey Divison,
University of Nebraska-Lincoln, 1992).

The presence of glacid morainesto the east, blocked and atered the Tertiary drainage patterns that
formerly ran east-west (Figure 2.18). Gravel and sand transported from the Rocky Mountainsin the
Pleistocene were then dispersed across the plains with areatively congstent

grade doping to the southeast. The present day High Plains aquifer, a Sgnificant water source

for Nebraska, is composed of these Pleistocene deposits, with subsurface flows moving to the
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Legend
Glacial Till

Figure A.2 Pleistocene glacia deposits in Nebraska (Conservation and Survey Division, University of
Nebraska-Lincoln, 1992)

southeast (Gutentag & Weeks, 1980). The alignment of surface water tributaries in Nebraskais often
to the southeadt, reflecting the subsurface direction of flows established by Pleistocene deposits.
Examplesinclude the North Platte River in Nebraska from Scottsbluff downstream, and the central
Platte River downstream from the confluence of the North and South Platte Riversto Kearney,
Nebraska (Figure A.3).

Nearing the end of the Pleistocene, and continuing into the Holocene (the last 10,000 years), wind
borne layers of loess and fine sand were laid over large areas of Nebraska. Mandd (1995) wrote:

The dissected Loess Plains dominate central and south-central Nebraska and
extend north into northwestern and north-central Nebraska and extend south
into north-western and north-central Kansas. The loess sheet is9 m[30 ft] to
18 m[59 ft] thick throughout much of this region, and exceeds 30 m[98 ft] in
some areas between the Platte River and Sand Hills (Swinehart, personal
communication, 1992). Broad, flat, undissected Loess Plains cover large areas
south of the Platte River in southeastern Nebraska.

The layers of loess are occasiondly punctuated by paleosols that devel oped during periods of nor-
depogition. Both the loess and soil layers were easily eroded by the rivers to form the landscape seen
today in the central Platte basin.

The sand hill region of dunesto the northwest of the centrd Platte River and the sandy areas south of
the Platte River at Kearney, developed in the Pleistocene and early Holocene and were formed by
wind action reworking the slts and fine sand from adjacent rivers (Lugn & Wenzdl, 1938). These
dunes are now largely stabilized by prairie grasses and other vegetation, but have been destabilized
higtoricaly during periods of extended drought. The areais an important recharge zone for the High
Plains aquifer (Gutentag and Weeks, 1980).
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Figure A.3 The magjor rivers of Nebraska exhibiting the southeastern direction of surface water flows,

also noted in subsurface flows.

Subsurface flows from the sand hills move southeast and intercept the Platte River in the reach down
stream of North Platte, Nebraska and upstream of Lexington, Nebraska. The downstream reach
between Overton and Grand Idand isa “losing reach’ for river discharge, where seepage from the
Platte River drains as ground water to the southeast.

A north-south geologic profile (Figure A.4) shows the Platte River at the Kearney and Buffalo County
border. The dtratigraphic section includes the Cretaceous Pierre Shde, overlain by the Tertiary
Ogdlda Formation, then Pleistocene dluvium.

The Plestocene dluvium (Figure A.5) generdly contain two layers of sand and grave, the Holdredge
and Grand Idand Formations, a sandy clay layer, the Fullerton Formation that separates the
Holdredge and Grand Idand Formations, and the clayey Upland Formation that caps the Grand Idand
Formation (Wenzd, 1940). Pleistocene dluvium can range from 80 to 200 feet in the Platte River
Basin (Lugn & Wenzd, 1938). Thisdluvium istopped by eolian deposits of Loveland Loess and
Peorian Loess. The Bignell Loess has aso been identified in areas south of the central Platte River
(Martin, 1991).
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Figure A.4 North-south geologic profile from Gibbon to Riverton, Nebraka, taken from Lugn &
Wenzel, 1938.

The Grand Idand Formation, the upper layer of dluvid depodts, has an average thickness of 75 feet
but can be as much as 150 feet thick, and the “upper 30 to 50 feet is usually[ composed of] fine
sand that may have been deposited in part by the wind (Lugn and Wenzdl, 1938).” The

central Platte River was described as having cut deeply into the finer materids of the Grand Idand
Formation, but of late the coarser materid of the lower level of Grand Idand Formation was retarding
further eroson. Lugn observed (Lugn & Wenzd, 1938):

The Platte River has cut through the Loveland and Upland formations by being
competent to carry such material away. It has also been competent to transport
the fine sand that forms the upper part of the Grand Island formation.

However, asthe river continued to deepen its valley and cut farther down into
the Grand Island formation, the material in general became coarser and more
difficult to transport.

In the following section, an approximate recongtruction of channd history for the central Great Plains
arealis presented, based on geologic indicators reported in published articles.

FULLERTOM FULLERTON GRAMD 1SLAND ALIRCRA HOLORES

~TERT A =

Figure A.5 Pleistocene deposits at Lovers Leap, west of Fullerton, and correlation with Iogsuof wells
Grand Island, Aurora, and Holdrege (taken from Lugn & Wenzel, 1938).

162 The Platte River Channel: History and Restoration



B. GEOMORPHIC HISTORY

Fluvid sratigraphy, the geomorphology of terraces, and paleo-techniques can provide information on
fluvid activity and dimate petterns, and aid in our understanding of the historical development of the
central Platte River. Paleo-techniques include the radiocarbon dating of humous soils, vegetative
debris, and archeologic finds.

Table B.1 contains a geologic chronology assembled from Lugn & Wenzd's sratigraphic information
for the central Platte River (1938), and radiocarbon dating for riversin the central Great Plains.
Radiocarbon dating information was available from May & Holen (1985, 2003), Bettis & Mandel
(2002), Manddl (1995), Martin (1991), and Cornwell (1986). These papers reference radiocarbon
dates from Brice (1966), Hall (1990), May & Holen (1985), May (1989), Muhs, et a. (2000),
Johnson & Willey (2000), Forman et d. (1995), Forman et d. (1992), Muhs et d. (1996), Olson et
d. (1997), and Madole (1994, 1995).

Only data from the central Great Plains Riversis used in Table B.1, induding the Republican River, the
South Loup River, and Medicine Creek in Nebraska, the Pawnee River, Smoky Hill River and
Arkansas River in Kansas, and the Missouri River in western lowa.  Although severd authors
collected data from sites on the South Paite River, there is no data from the central Platte River.
Therefore, Table B.1 represents the generd climate patterns or erosion, degradation and stability
(EDS) cydes associated with fluvid activities of the central Great Plains rivers, and is not specific to
the centra Platte River.

However, since the rivers sdlected for this chronology are in locations surrounding the central Platte
River and share smilar climate patterns, the assumption can be made that the generd chronology is
correlaive to the centrad Platte River. The centrd Platte River will not match al cydesliged in Table
B.1, however one can conclude that the centrd Platte River has passed through multiple cycles of
aggradation, degradation and stability in the last 40,000, or 120,000, years.

Cycles of aggradation, degradation, and periods of relative Sability are more detectable in the
Holocene since more data is available, due to the younger and better preserved layers. On the
Republican River, there are four terrace forming periods of incision:

120,000 years ago;

40,000 years ago;

29,000 years ago; and
14,000 to 12,000 years ago.

L oess deposits are noted at four locations at 11,000 years. From 10,500 to 8,000, three layers of
Brady soils are reported on severd rivers, indicating periods of stability interspersed often with
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TableB.1 Chronolgy of riversin the centrd Greet Plains, based on geologic formations and

radiocarbon dating.
Geologic Period | Age Formations Cycle Features Refernce
(years)
Formation of central Platte River 120,000 to 40,000 years ago.
PLEISTOCENE
lowan 120,000 Incision T4 terraces Republic R., NE
Cornwell, 1986
Early Wisconsin | 70,000 Peoria Loess Eolian RepublicR., NE
Activity Cornwell, 1986
Middle 55,000
Wisconsin
40,000 Incision Wet Period Republic R., NE
T3 terraces Cornwell, 1986
35,000 Peoria L oess Eolian W soil layer Republic R., NE
Activity & Cornwell, 1986
Pedogenesis
Late Wisconsin | 30,000
29,000 Incision T2aterrace Republic R., NE
Cornwell, 1986
14,000 Incision Wet period Republic R., NE
to T2bterrace Cornwell, 1986
12,000
11,000 Bignell Loess Eolian activity Republic R., NE
to 6,000 Cornwell, 1986
11,000 Eolian Western Kansas
Activity Olson et a., 1997
Nebraska & Colorado
Muhs, et a., 1996
S. Platte R.
Muhs, 2000
10,500 Brady Soils Pedogeneses | YY soil layer Republic R., NE
Cornwell, 1986
10,300 Pedogenesis Southwestern Kansas
& Erosion Bettis & Mandel, 2002
10,000 Brady Soils Incision & S. Platte R., NE
Pedogenesis May & Holen, 2003
HOLOCENE 10,000 Landscape similar to May & Holen, 2003
today w/ exception of
accumulation of
Aeolian sand.
9,300 Aggradation Southwestern Kansas
Bettis & Mandel, 2002
8,000 Brady Soils Pedogenesis Southwestern Kansas
& Erosion Bettis & Mandel, 2002
7,000 Aggradation Southwestern Kansas
Bettis & Mandel, 2002
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TableB.1 continued.  Chronolgy of riversin the centra Great Plains, based on geologic formations

and radiocarbon dating.
Geologic Period | Age Formations Cycle Features Refernce
(years)
6,100 Bignell Loess Eolian activity S. Platte R., NE
May & Holen, 2003
6,000 Eolian S. PatteR.
Activity Forman, 1995
5500 Eolian Forman, et d., 1992
Activity (3
periods)
5,000 Pedogenesis Southwestern Kansas
& Erosion Bettis & Mandel
2002
4500 Incision Republican R.
Martin 1991
4200to | ol Pedogenesis Y & other weak layers Republic R., NE
3500 Cornwell, 1986
4,000 Aggradation Southwestern Kansas
Bettis & Mandel
2002
4000 Eolian Western Kansas
Activity Olsonetal., 1997
Nebraska & Colorado
Muhs, et al., 1996
4000 Incision S. Loup R.
May & Holen, 1985
3700to | Sail Aggradation Middle buried soil layer | Republican R.
3000 & Martin 1991
Pedogenesis
3500 to Aggradation S.LoupR.
3000 May & Holen, 1985
3100 Incision T1terrace Republic R., NE
Cornwell, 1986
2800 Pedogenesis Southwestern Kansas
& aggradation Bettis & Mandel
2002
2700 Aggradation Republican R.
Martin 1991
2,000 Incision Southwestern Kansas
Bettis & Mandel
2002
2000 Sail Pedogenesis Third and upper soil Republican R.
layer Martin 1991
2260to | Brady Soil Pedogenesis Kansas & S. Nebraska
730 Johnson & Willey,
2000
1800 to Aggradation 3ftof aluvium Republican R.
1100 Martin 1991
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TableB.1 continued.  Chronolgy of riversin the centrd Great Plains, based on geologic formations

and radiocarbon dating.
Age (years) Age Age (years) Age (years) Age (years) Age (years)
(years)
1700 to Pedogenesis S.LoupR.
900 & some May & Holen, 1985
Aggradation
1500 Pedogenesis Southwestern Kansas
& Bettis & Mandel
Aggradation 2002
1500 Eolian Nebraska & Colorado
Activity Muhs, et al., 1996
1500 Incision 23 ft of incision Republican R.
Martin 1991
1050 Pedogenesis Soil Z Republic R., NE
Cornwell, 1986
1000 Incision Medicine Cr., NE
Brice, 1966
S. Great Plans
Hall, 1990
Southwestern Kansas
Bettis & Mandel
2002
1000 Eolian activity Madole, 1994 & 1995
900 Incision TOterrace Republic R., NE
Cornwell, 1986
S.LoupR.
May, 1989
800 to Aggradation S.LoupR.
300 May & Holden, 1985
500 Aggradation Southwestern Kansas
Bettis & Mandel
2002
300 Incision S.LoupR.
May & Holen, 1985
(Only anthropo- | 200 Alluvium Aggradation Euro-American lowa
genic influence; | (~130 & Incision settlement often Bettis & Mandel, 2002
al previous for the causing excess
entries assumed | Platte sediment and/or
to be climate River) incision resulting from
influenced) constructed works.
Present
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periods of incison. From 6100 to 5500, the South Platte River had loess deposits from eolian
activity, and four researchers report eolian activity at 4000 years ago.

Frequent cycles of aggradation or pedogenesis are reported from 3700 to 1500 years ago, and
Martin (1991), May & Holden (2003) and Bettis & Mandd (2002) make reference to the formation
of three soil layersin thiswindow of time. A common period of incision follows from 1000 to 800
years ago. The South Loup River ste in Nebraska and Pawnee River site in Kansas experienced an
aggradation cycle around 800 years ago, while periods of stability are implied by soils dated between
900 and 600 years ago for the Loup River and severd riversin Kansas. Without the aid of
radiocarbon dating, Lugn & Wenzd (1938) and Wenzd et d. (1946) estimate the centra Platte began
an aggradation cycle approximately 300 to 400 years ago. Findly, a period of incison is noted on the
South Loup River around 300 years ago.

These estimates of EDS cycles are not exact and it is difficult to tie EDS cycles directly to the extringc
influence of climate, possibly due to the greet variation in intringc thresholds for each river. For
example, there can be a sediment trangport delay in the upper watershed of ariver duetoitsbasin
structure, where aggradation was triggered by a climate fluctuation, while degradation from a previous
climate cyde continues for a period on the downsiream mainstem. An adjacent river may not
experience the same ddlay in cycle change due to a different basin structure.

A trangtion to wetter climate at 700 to 800 years ago in the Great Plains region (Section 2.1.5),
corresponds to periods of aggradation in Table B.1, pertaining to the centrd Greet Plains. Sincethe
trangtion to a wetter climate 700 to 800 years ago, the pattern of climate fluctuations has been typica
or consistent (Woodhouse and Overpeck, 1998). No obvious shiftsin dimate can be identified in the
last 700 or 800 yearsto explain the shiftsin EDS cycles for the centra Great Plains Rivers of Table
B.1.
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