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Executive Summffiy

This Bureau of Reclamation Resource Management Assessment (RMA) desc¡ibes
the Republican River Basin and its resources. It also analyzes resource manage-
ment scenarios that will provide infor,mation for National Env.i¡onmental poiicy
Act compli¿nce before renewing long+erm water seryice contracts with irriga--
tion districts along the trtepublican River in Kansas and Nebraska. These
contracts are with the Frenchman-cambridge, Bostwick in Nebraska, Kansas
Bostwick No. 2, and Frenchman Valley Irrigation Districts.

The purpose of the RMA is to document historic and contemporary resou¡ce
conditions associated with management of federally developed suiface water
supplies in the basin. The RIvfA add¡esses changes in resouices within the basin
since the original contracts weresigned in the 19s0,s. TecÌrrological changes and
new land use practices have affected the availabre surface wateisupplies.

The RMA is needed to provide a comprehensive conside¡ation of the biological,
economic) and social impacts related to the development of Federal surface water
supplies and associated water service contracts in ihe,Republican River Basin.

The document de¡cribes the ctraracteristics of the basin and then presents cur¡ent
data or'r the following lasln resources: water supply and uses; wåter quality;
soc,ioeconomics, including agricultu.ral production and value; recreatiõn; fish
and fisheries; other wildlife, including endangered species; cultural resources;
aesthetic values; and Indian Tiust Assets. The document also describes
additional data needs and management oþectives.

flnaily, theRMApresents possible watermanagement scenarios. The puqpose of
developing and evaluating these scenarios is to rneasure how potentiui 

"t 
årrg",

in the available flows in the river and,/or storage in the ,"orvõirs would affect
water users in the basin. users may include irrigators, rec¡eationists. fishing
enthusiasts, boaters, municipalitieg industry, and others-
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Resource Management Assessment
Republican Ríver Basin Water

Serwice Confuact Renewal

Port l-Purpose ond Need

lntroduction

This Resource ManagementAssessment (RMA) describes the Republican River
Basin and its resources, and it analyzes resource mänagement scenarios that will
provide information for National Environmental Policy Act (NEPA) compliance
before renewing long-term water service contracts with inígation districts along
the Republican River in Kansas and Nebraska. Bureau of Recliamation
(Reclamation) contracts with the Frenchman-cambridge and Bostwick Irrigation
District in Nebraska and the Kansas Bostwick No. 2 Dishicb and Frenchman
Valley Irrigation District expire tn 1996 and 1997 , respectively. The contract for
Almena lrrigation District No. 5 in Kansas expires in 2007. Contracts for the first
four districts are being proposed for renewal under this prccess. Almena
Irrigation District has chosen to renegotiate its cont¡act before the contract
expiration date in 2007. Because of their age, neither construction of the Fede¡al
irrigation projects nor their associated water service contracts have been
comprehensively evaluated under NEPA or othe¡ appropriate Federal
environmental statutes.

The RMA add¡esses changes in r€sources within the basin since the initial
contracts were signed in the 1950's. In particulaq, technological changes in
agriculture have affected the available surface water supplies. With the advent of
center pivot irrigation systems, there was a marked increase in the number of
irrigation wells constructed in the 1960's and 1920's. Many of these wells a¡e
located in aquifers adjacent to the Republican River and its tributaries. In some
areas, well construction may have lowered aquifer levels, rcsulting in a decrease
in the historical discharge from the aquifers to the streams. Reduced aquifer
disdrarge has contributed to a reduction in the volume of surface water in the
Republican River Basin.

Since the 1930's, surface runoff has been decreased by changes in land use
practices such as termcìng, contouring, crop residue management, and imprcved
rangeland management. Stock ponds and other detention impoundment
strucrures wete constructed to prevent encsion. These practices have resulted in
a significant reduction in surface runoff. Improvement of irrigation methods has
brought about the development of areas previously thought nonirrigable. In
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Resource Monogement Assessmenl

addition to technological changes, there are some indications that the
precipitation regime in some areas may have changed with a decrease in
the.frequency of high surface runoff and flows.

Orgonizolion

This document includes four parts. Part I discusses the purpose of and need for
the RMA, describes the study area, and cites existing and potential management
objectives and scenarios. Part II describes the irrigation districts and the water
resource and related l€sources. Part III discusses other area resources, including
agriculrure, recreatiory and fish and wildlife. Part IV identifies possible scenarios
for managing the area's water resourre.

Purpose of ond Need for fhe
Resource Monqgemenl Assessment

The expiration of seveml Fedeml water service contracts within a large water-
shed at approximately the same time affords Reclamafion the uncommon
opportunity to evaluate project operatiorç associated benefits and impacts, and
all potential beneficial uses of federally developed surface water sup¡lies on a
watershed scale. This information is important fo¡ an understanding of the
direct, indirect, interrelated, and cumulative effects associated with Federal
development of surface water within a watershed. It also makes possible an
understanding of the potential for integrated management of Federal surface
water development projects. Integrated project operation could potentially
enhance benefits associated with the reservoirs.

The pu¡pose of the RMA ìs to document historic (pre-impoundment) and
contemporary resource conditions associated with management of federally
developed surface water supplies in the Republican River Basin. where
discemible, the RMAwill also identify trends in resource use and management
and, through the use of existing information, propose goals and objectives for
resource managemeÍìt basin-wide. Ultimately, the RMA will identify feasible
scenarios for management of water-related resources in the Republican River
Basin, These scmarios will be further screened and evaluated prior to their
consideration as reasonable altematives in the comprehensive site-specific
environmental impact statement (EIS).

Efforts will be made to balance the needs of the irrigation districts with water
needs fo¡ fish andwildlife, recreation, and otherbeneficial uses. Establishing
resource management goals in the basin and eliciting input from the public
will allow development of operatíonal and resource management goals and
objectives that take into account b¡oader interests in the basin. This study could
also be used as a model for similar efforts in other basins where contract
renewals are required.

2
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Resource Monqgement Asessment

The need for the RMA is reflected by the absence of previous comprehensive
consideration of the biological, economic, and social impacts related to the
development of Federal surface water supplies and associated water service
contracts in the Republican River Basin, The consideration of all federally
developed surface water supply projects in the basin si¡nultaneously warrants an
ext¡aordina¡y enfortto documenf thé condition of existing."roro", and the
significant issues associated with their management.

Complionce

In implementing any proposals related to the RMA or subsequent documents,
Reclamation would follow provisions of acts which address NEpA, Fish and
wildlife coordinatiory National Historic Preservation, Endangered species,
Reclamation Reform, clean Wateç Clean Air, Native American Graves protection
and Repatriation, and American Indian (Indian) Religious Freedom; Executive
orders on flood plain management, wetlands protection, environmental justice in
minority and low-income populations, and sport fisheries improvemen! the
Republican River compact; and any other relevant and appropriate guidelines,
legislation, or agr€ements, including that protecting Indian Trust Assets (ITAs).

Setling

The study area includes the entire drainage basin of the Republican River and its
tributaries in coloradq Nebraska, and Kansas down to the upper end of Milford
Lake in Kansas, as shown on the accompanying map.

The Republican River is located along the Kansas-Nebraska border and drains
portions of three states. The drainage area is approxirnately 24,900 square miles,
of which 7,7N squarc miles are in Coloradq 9,200 square miles are in Nebraska,
and 2500 squarc miles are in Kansas. The riveris fonned by the junction of the
A¡ikaree and North Fork Republican Rivers near Haigler, Nebraska. From
Haigleq, the river flows in an easterþ direction to Junction city, Kansas, where it
joins the smoky Hill River to form the Kansas River. The watershed has an
approximate length of 430 miles. The princþal tributaries downstream f¡om the
confluence of the Arikaree and North Fork Republican Rivers are: south Fork
Republican River and Frendrman, Blackwood, Driftwood, Red \4[llow, Medicine,
Beaveç Sappa, Prairie Dog, and 1 /hite Rock Creeks.

FourReclamation water r€source development divisions of the pick-sloan
Missouri Basin Program arc included in the study area. These include the upper
Republican, Frendrman-Cambridge, Kanaska, and Bostwick Divisions. The
Frenchman-Cambridge and Frenchman valley Irrigation Districts are in the
Frenchman-cambridge Division in Nebraska, with water for irrigation supplied
from Hugh Butleç Huoy Strunk, and Swanson Lakes and Enders Reservoir.
Bostwick lrrigation District in Nebraska and Kansas Bostwick No. 2 Irrigation

3
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District are in the Bostwick Dvision, with irrigafion water supplied by Harlan
County Lake and lovewell Reservoirin Nebraska and Kansag respectively.
Almena Irrigation District No. 5 is in the Kanaska Division, with water for
irrigation, municipal, and indushial usesupplied by Keith Sebelius Lake. The
Upper Republican Division contains Bonny Dam and Reservoir, whictr is
operated and maintained primarily for flood control and fish, wildlifq and
recreation use. In 1982, the state of Colorado purdrased the conservation space
in Bonny Reservoir for fish, wildlife, and recreation use.

The surface water area of the basin is nearly 41.,0a0 acres. over 40,000 acres are
contained in reservoirs largerthan 40 surface acres. Major reservoirs constructed
between L949 and 1964 include Bonny (Colorado); Swanson Lake, Enders
Reservoir, Hugh Butler Lake, HarryStrunk Lake, and Harlan County Lake
(Nebraska); and Keith sebelius lake and Lovewell Reservoir (Kansas). AII are
Reclamation facilitles, except Harlan County Lake, which is a corps of Engineers
(Co1ps) facility.

The basin is located in one of the most producfive agricultural regions of the
united states, with large acreages of winter wheat, sorghum grain and silage, dry
beans, com, and sugar beets. Population hasbeen slowly declining over the
years, parlicularly in rural areaq as mechanization of farms and the farm
econorny have elirninated many jobs. Although the basin accountsfor 10.1 per-
cent of the total area in Kansag Nebraska, and Colorado, the1.69,o2speople
represented only 2.5 percent of the total population of the three states in 19g0.
The basin had 4.9 people per square mile in 1990, compared to 28 people per
squar€ mile on average in the three states, and 70.3 people per square mile in the
Nation as a whole.

Over 90 percent of the area in the Republican River Basin is used for agricultural
purposes, with over 50 percent cropland and less than 1 perc€nt forcst. The
balance of the land is pasture and rangeland farmsteads, wildlife areas, water,
and miscellaneous areas (Reclamation, L985). Publiclands, managed for fish and
wildlife resourcss, comprise only 0.8 percent of the z4gffi squarc miles of the
basin. There are 45 public areas which include over 82,500 acrcs of upland
habitat, over 4,700 acres of wetlands, over 40,0@ surface acres of reservoi¡s and
lakes, and 2.75 miles of river. Most of the land within the Republican River Basin
is privately owned and, therefore, the public a¡eas around reservoirs repr€sent
irnportant wildlife management areas.

Fishing, hunting, and water-related recreation play an increasingly important
component in the economysince there are 128,000 acres of public use areas in
the basin. In 1995, approximatety 99,000 anglers fished for 442,000 hours in the
Nebraska portíon of the Republican River and rese¡voirs. Channel catfish, drum,
and white bass dominated the catch in the riveç while white bass dominated the
catch in all rese¡voirs except Enders, where walleye was most abundant in the
creel. Hunters seek deeç antelope, ring-necked pheasant, bobwhite quaü, wild
turkey, mallartl, green-winged teal, wood duck, pintail, and Canadian geese.
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Resource Monogem ent Assessment

Physicol ChorqcTeristics

The Republican River Basin displays considerable topographic diversity.
undulating tablelands dominate the landscape near the river's headwaters in
northeastem Colorado. These tableland features grade north and eastward into a
flat, dune-covered area having sandy soils, a poorþ developed surface drainage
networþ and no through-flowing streams. Farther eastward and downstream,
the width of the basin narrows considerably, with the river flowing through a
flat-floored, bluff-lined valley averaging 200 to 400 feet in depth. Tributaries
flowing into the river from the north have produced dissected areas of loess
tables and steep-sided canyons with considerable local relief. steep and narïow
divides are corunon in this area. A notable feature among these canyons is their
relatively flat grassy floors.

The long tributaries that flow into the riverfrcm the south developed in geologic
formations whidr differ markedly from those found north of the river and have
produced prominent upland divides. The complex drainage network associated
with these tributaries has produced many small, rounded hills and interfluvial
ridges. Many of these tributaries flow through deeply dissected areas wittr
narrow, steep-walled canyons. These features contrast markedly with the flat
uplands and their numerous undrained depressions and shallow swales also
found in the watershed south of the river (Frye and Leonard, I9h%WalTers,
1956). East of Ftrarlan county Lake, tributaries entering the river from the north
are generally short and are surrounded by broad, fertile loess plain uplands. As
the river enters Kansas, the valþ is characterized by broad alluvial bottoms and
prominent divides with rocþ ledges.

sandhills located in the nortliwest section are the major topographic feature of
the upper basin. The sandhills arc sand dunes that have been stabilized by a
cover of grass. During periods of high groundwater levels, small lakes may forrr
in the troughs of the dunes. The uplands arc dotted with many depressions,
ranging fiom a few feet to several thousand feet in diameter and depths from
shallow to 40 feet. After a heavy rain, these depressions may retain water for
weeks ormonths.

The drainage pattem of the Republican River Basin is characterized by irregular
branching of tributaries. This implies that the underþing strata is relatively flat,
and there is a lack of structural controls such as faulß and folds.

The Republican River Basin has a subhumid to semiarid continental climate. The
variable weather is typical of the interior of a large land mass in the temperate
zone: light rainfall, low humidity, hot summers, and cold winters. Rapid
weather changes are caused by invasions of larger masses of warm, moist air
fircm the Gulf of Mexico; hot, dry air from the southwest; cool, dry air f¡om the
Pacific ocean; and cold, dry aft from canada. Temperatures vary from extremes
of winter cold to those of summer heat.

Climqte

5
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Soils

Inlroduclion

Aeslhelic Volues

There is a large variation in precipitation from year to year within the basin. The
mean annual precipitation varies from nearþ 18 inches in the westem part of the
basin to 30 inches in the eastem part. Seventy-seven percent of the annual
precipitation usually falls during the growing season (April through September).

The soils of the Republican River Basin are very productive and are used
primarily for growing both dryland and irrigated cncps. The loessial soils of the
uplands a¡e the most important both in extent and productivity. This group is
comprised primarily of deep, nearþ level to strohgly sloping well-drained silty
soils. Generally, these soils are found in the eadtern two-thirds of the Nebraska
portion and to a smaller extent the northem portion of Kansas.

The alluvial soils along the Republican River and its tributaries are deep and lie
on nearly level flood plains, Thqse soils are medium texhrred but are generally
more calcareous in their subsoils than are the soils on the uplands, Some
moderately deep soils in this group occur in the westernmostportion of the
basin as well as the north-central porfion of the Kansas counties.

Soils associated with the sandhills of southwætem Nebraska are generally deep,
gently sloping to very steep, excessively drained, sandy soils formed in eolian
sands on uplands. Between sandhill al€as are soils which indude both deep and
shallow, nearly level to gently sloping, well-drained loamy and silty soils formed
in weathered sandstone and loess on uplands,

Manogement Gools ond Objectives

Goals and objectives for the future management of water-related resourceshave
been developed using public input, Reclamation studies and analyses, and
existing Federal, state, and localplanning and other documents, Identified
trends, goals, and management objectives were used to develop a range of
m¿u:lagement scenarios that respond to the range of water needs in the basin.
The scenarios, in tum, will be further evaluated to determine the range of
reasonable alternatives thatwillbe anafzzed in the EIS. These goals and

-objectives will be used to compare and measure the impacts of the alternatives.

Expansive grasslands and groves of trees represent the aesthetic ideal of the
Great Plains to segments of our society. On the other hand, broken prairie and
monocultural fields of grain reprcserrt economic vitality and are attmctive to

6
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Recreotion

Fish ond Wildlife Resources

others. rndividual perceptions of aesthetic quality depend upon a myriad of
economic, social, and philosophical factors. Aesthetic qualities at a site can be
both positive and negative, depending upon the indiviàual

It was difficult to locate existing goals for aesthetic values in the basin; however,
it would notbe unreasonable to establish a goal whictr maintains and/or
erihances existing natural visual qualities. Attaining such a prrcposed goal could
b-e accomplishedby re-establishing grasslands, planting trees, eitautishing
shelterùelts and windbreaþ increasing management of livestock and feedlots,
and modifying the operation of surface impoundments to maintain minimum
streamflows and minimize the area of exposed unvegetated shoreline.

The Nebraska Game and Parks commission (NGpc) and the Kansas Department
of l4idlife and Parks manage the lands associated with Reclamation reservoirs in
the basin. Redamation endorses their goals of providing diverse and quality
outdoor recreation opportr.rnities while protecting associated natural resources.
Reclamation's goaþ as landowner and resource steward. are to maintain public
access to its reservoirs and associated lands and to operate them to sustain land-
and water-based recreation.

one specific management goal would be to mayimize recreational opportunities
at Republican River Basin reservoirs. This could include preparing ior draw-
downs by proper placement of boat ramps. other activities might include
improving access to the river for fishermen or boaters.

The NGPC and the Kansas Department of wildlife and parks have written
management plans for reservoirs and state-managed lands in the Republican
River Basin, but no basin-wide or state.wide management plans have been
developed' Their rreservoir management plans focus on consewing and
enhancing game species by augmenting populations and enhancing habitat
values. Reclamation supports the agenciel goals of providing fishãnd wildlife
recreation opportunities and protecting threatened and endangered species.
Reclamation's goals are to manage reservoir operations to sustain both reservoir
sport fisheries and native riverine fishes and to encourage and support
management practices which benefit biodiversity and game and nongame
wildlife.

Management goals for fish and wildlife focus on increasing the population of
game species (table 1). Fisheries goals are expressed in catch per unit effort, total
catch by species, and minimum drawdown elevarions. stocking and main-
taining a foragebase for sport fish represents the most corunonrecorunendation
for increasing populations, In addition to objectives for game species, state
wildlife goals include habitat enhancement to benefit prairie dog populations,
which are prey for the endangered black-footed ferret. In both game and

7
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Table 1.-Soecles ol concem ln llsh and wlldllfe management plans

Wldllfe Fish6s

Whlle{alled deer

Muls dsêr

Rlng-nec{<ed pheasant

Waterfowl

Bobwhlte quall

Cottontall rabblt

Moumlng dove

Turkey

Fox soulfrsl

Whlte bass

Whlte bass x stilpod bass {wlper)

Walleye

Northern plke

Crapple

Channel catlîsh

nongame species, wildlife goals are achieved by maximinng diversity of hãbitat
types. Vegetation is manipulated by planting food plotg shrubs, permanent
coveX, and masþroducing tlees; and contnrlling vegetation with fire, gtazing,,
and mechanical disturbance. The u.s. Fish and wildlife service (service) does
not have management goals forfish and wildlife that are specific to the
Rep ub lican River (Service, 799 6).

One goal for fisheries in the Republican River system might be to optimize
walleye production within the reservoirs. Instream flow protections and removal
of any migration barriers would also be desirable. Finally, efforts could be made
to avoid fishkills through operational changes.

Wetlond ond Riporion Areos

The States of Nebraska and Kansas manage wetlands and riparian areas to
maintain and enhance their contributions to society and the environment in
harmony with socioeconomic considerations. Executive order 11990 requires
Reclamation and other Federal agencies to "provide leadership and . . . take
action to minimize the destruction, loss or degradation of wetlands, and to
preserve and enhance the natural and beneficial values of wetlands in carrying
out the agency's responsibilities fo¡. . . managing . . . Federal lands and facilities."

Endongered Species

Endangered species and critical habitat will be managed and protected in
accordance with the Endangered Speciæ Act (ESA). Various efforts will be
directed at every opportunity towards improving habitat for endangered
species.

B

KS00131 1



Resource Mono gement Assessme nl

lrrigotion

Socioeconomic

Cullurol Resources

Woter Quolily

Reclamation's goal is to supply irrigation water to the districts in accordance
with the water service contracts and applicable law, policy, and regulations.

A goal is to assure that social and economic aspects associated with contract
renewals in the Republican River Basin are thoroughly examined and addressed;
and to manage, develop, and protect water and related resources in an econom-
ically and socially acceptable marìner.

The primary goal for cultural resources management is to locate, evaluate, and
inventory all sites that would be affected by operations of the Federal projects.
The goal for those sites on the inventory determined to be significant and eligible
for the Nøflonøl Register of Historic Places is to preserve and protect them, in place,
when that is feasibie. When preservation is not feasible, darnage will be
mitigated in a way that is determined in consultation with the appropriate
entities. These would include the State Historic Preservation Office; hrdian tribes
which may be historically associated with site occupants; the Advisory Council
on Historic Preservation; and other interested parties, when deemed appropriate.
Mitigation measun3s might indude scientific data recovery interpretation, and
public education of the sites'history or othermeasures.

Reclamation initiated a water quality sampling program in Septertber 7994 to
assess the presence or absence of organic and inorganic compounds on selected
sites within the study area. This investigationhas been conducted in part under
Public Law 99-294 of 1986, which requires an investigation of soil characteristics
thatmight result in toxic or hazardous irrigation return flows.

The objective of this program is to determine potential environmental effects in
the basin above and below suspected selenium source areas. Data ¡esults from
water, sediment, and biota monitoring will be used in an aquatic hazard
assessment of selenium in terms of potential for food chain bioaccumulation
and reproductive impairment in fish. Once the degree of selenium hazard is
identified, appropriate management actions can be considered.

Monogement Scenorios

After public meetings in 1995 to identify problems and needs, on February 29,
1996, Reclamation filed with the Council on Environmental Quality a notice of
intent to preparc a d¡aft EIS on the proposed renewal of the long-term water

I
KS001 31 2



Resource Monogemenl Assessmenl

service contracts in the Republican River Basin. The filing is a legally required
step to formally inform the public that Reclamation is commencing the
preparation of a draft EIS.

As a preliminary step to preparing a draft EIS, Reclamation compiled trris RMA,
which is designed to desaibe existing resources in the basin, define water needs,
and begin to consider ways to meet those needs. It also includes a range of
potential future management scenarios.

The purpose of evaluating the potential management scenarios is to measure
how potential changes in the available flows in the river and/or storage in the
reservoirs would affect various water uses in the basin. The scenarios are a first
step in developing and evaluating altematives in a draft EIS, as required under
NEPA. The ultimate goal of the EIS process is to select an altemative that will
best fit all of the needs of the water users in the basin while keeping unavoidable
impacts to a minimum.

This list will be refined so that the draft EIS considers only those options which
are reasonable to implement (by NEPA definition). It is important to remember
some of them rnight be beyond the smpe of this study or outside Reclamation's
authority to implement.

Irritial, b road mana gemen t scenarios included:

Scensrio 7 (Hìstorìc Operøtìons)

o This scenario rcpresents the historic operation of the basir¡
assuming 1Ð3 level of development flows. The historic reseryoir
operations (with the same target elevations and irrigated act€s as
in the past) are based on the authorized project purposes such as
flood control and irrigation,

Remaining scenario groups and their majo¡ water management f|oals are to:

Scenaio 2 (brigøtion)

¡ Continue present operations and attempt to provide water to
irrigate the acres that have been developed.

Scenørìo 3 (Resercoir Eisheries)

o Emphasize reseryoir fisheries while considering various levels of
irrigation.

10
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S cenøño 4 (Res ent oit Reere atì o n)

o EmphasÞe ræervoi¡ recreation with various levels of irrigation

Scenario 5 (Future Depletìons)

¡ Modify 1993 flows in the basin to reflect future flow depletions to
the year 2025 to irigate the acres that have been developed (to be
compared to scenario L).

Seenørio 6 (Natwal Hy ilrologic Regìme)

o Maintain instream flows bypassing all inflows as outflows.

Scenørìo 7 (Rípariøn)

¡ Sustain and enhance the riparian zone along the shoreline in
Reclamation impoundrnmts by fluctuating water levels.

Scenørìo 8 (Republìcøn Rìoet Fislrcrìes)

¡ Emphasize river fistreries in designated reaches of the Republican
River.

Scenørìo 9 (Hørlan Coutrty Løke Speciøl Stuilies-I9gj Leael Flows)

o IJse four minimum reservoir target elevations at Harlan County
Lake with various levels of irrigation.

Scenario 10 (Høflatt Coutrty Løke Specíøl Studies-2025 Leael Flouts)

. Use target elevations as in scenario 9, above,but use projected
2û25 level flows within the basin.

S c et ørio TI (C ombinø tì ons)

r Provide a combination of the best aspects of the other scenarios
and subscenarios with various levels of irrigation,

Furthe¡, detailed information on themanagement scenarios isincruded after
sections that describe the natural and human ¡esources of the Republican River
Basin.

ìl
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Port ll-Woter ond Reloted Resources

Surfoce Woter

Overview

The surface water supply for the Republican River Basin originates as rainfall,
accumulates as surface water runoff, and flows downst¡eam to the confluence of
the tributaries. Base flow from the alluvial aquifers and retum flows from
surface irrigation are other surface water sources.

Since the 1960's, significant decreases in instream flow have occurred. This has
reduced the water supply for irrigation and other dernands.

Predevelopment-to I 950

Streamflow records throughout the Republican River drainage basin for the
pre-development period are sporadic, with most of the records beginning in the
mid to late 1930's. However, an analysis of these flows for the pre.development
period indicates a variety of streamflow pattems associated with plains-type
runoff highly influenced by spring and summer rainfall events. In the majority
of these locations, peak runoff periods occurred during the months of May, Junq
and July. Many stations display a substantial base flow during the fall and
winter months. The surface water/groundwater relationship is responsible for
the sustained base flow during these months.

Present Development.Period-l 950 through I 993

The period 1950 through 1993 was affected by reservoirs;canal systems, and
irrigation districts' development within the Republican River Basin. Most of the
reservoirs in the drainage were constructedbetween L948 and 1964. These
systems have changed flow pattems in the Republican River due to the irrigation
teleases, the capturing of floodflows, and the coordination of reservoir opera-
tions with the Corps during periods of high runoff and flood control operations.

Streamflows in the river and creeks below the reservoirs have been influenced by
reservoir operations, Traditionally, runoffis caph"rred during the nonirrigation
season in an effort to refill the reservoir to the top of the active conservation
storage pool. Once the irrigation season begins, releases are made in accordance
with the need of the downstream irrigators. These releases are coordinated
between the irrigation districts and Reclamation's McCook Field Office. Peak
releases are generally made during July and August when precipitation is low
and irrigation dernnds are high due to crop needs. In an effort to conserve
storage/ it became the practice to minimize releases during the nonirrigation
season. For the most part, reservoir releases were eliminated during this period.

l3
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Surface water irrigation practices have contributed a significant amount of water
to the groundwater system in several areas of the basin. Deep percolation from
applied surface water and seepage from canals and reservoirs in the Platte River
Basin have caused water level rises up to 50 feet along the northem edge of the
study area in Nebraska. Ilr Kansas, groundwater level rises due to surface water
irrigation have occurred in ihe Grand Island Formation east of Lovewell
Reservoir and in Pleistocene and cretaceous deposits to the southwest. small
areas of rising water tables have also occuned near several reservoirs in the basin
as a result of seepage.

Irrigation retum flows have also inaeased base flows in several of the major
streams. Streans showing large increases in base flow over historic conditions
include Driftwood and Blackwood Creeks and the Republican River reach ftom
Hardy, Nebraska, to concordia, Kansas. The estimated average arurual recharge
from surface water irrigation in the Republican River Basin (including r"upug"
from the Platte River Basin) for the historic period is 211^300 acre-feet.

Nevertheless, since the late 7960's, the area's overall water supplyhas decreased,
in part because groundwater development in the Republican River Basin has
increased. Thedrilling of wells and-the use of groundwaterhas had an adverse
effect on the available flow in the rivers above the reservoirs. Because of this
development, ìnflows to Reclamation reservoirs have steadily decreased,
diminishing the ability to capture nonirigation streamflows at all reservoirs
within the system (see figure 1). In additior¡ drought and heavy rainfall have
affected reservoir operations and available water supply to the districts. For the
most part, irrigation dist¡icts have experienced a reduced water supply.

water supplies in the tributaries and at streamflow locations upstream of the
reservoirs have also shown a decline over the years. This trend can be associated
with inc¡eases in diversion due to irrigation, groundwater pumping, conserva-
tion practices, and stock ponds developed in the basin. soil and water conser-
vation practices (residue management, terracing, and farrn ponds) contribute the
largest depletions to the basin water supply. During the past 3 decades, soil and
water conservation practices have increased dramatically. The purpose of the
practices is to reduce soil erosion and increase the available soil moisture for
plant growth by holding more moisture in the soil profile.

overall, increased water usage has led to a decline in the available water supply
in the Republican River and its tributary streams.

Operoling Agreemenls

operating agreements were developed between Reclamation and the Corps for
the regulation of reservoirs in the Republican River Basin. The agreements for
Harlan County Lake, Swanson Lake, and Harry Strunk Lake were drawn up
between 1957 and1973. They mandate storage and operation for such pulposes

t4
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Eígure 7,-Repahlìcan Rivø aboae Ha¡lan County Dam, Nebraska.

as flood control and irrigaHon and, in some instances, also for public health,
recreation, and fish and wildlife preservation. Acopy of the Harlan county Lake
operating agreement is induded in attachment E, partIV.

Reservoir levels

Bonny Dam and Reseruoir

Borury Dam and Reservoir is the princípal featu¡e of the Armel unit in eastem
Colorado. Inflows are from the souih fork of the Republican River and
Landsman creek. Irrigation plans were not economically feasible according to
the concluding leport on the Armel unit, and irrigation below the reservoir was
reduced to 7(þ acres (served by Flale Dtch). The reservoir water surface and
reservoir lands upstream from the dam are administered by the Division of parks
and OutdoorRecreation of the Colorado Deparhnent of Natural Resources.
water stored in Bonny'Reservoir is available for delivery to 700 aaes served by
Hale Ditch. The small number of acres served by project water explains the
smaller fluctuations in reservoir elevation, as shown on the Borury Reservoir
elevation graph (figure 2).

T

T

\
I i I

! \I

\
ri I

+
¡l \

^

T

\
t

I I v {, r l \
r

çI ¡ì b
I A

\
rll v Ê h û r}.

+

t5

KS001 31 8



Resource Monooement Assessment

36qt

36m

'Iðp of adlvs dffidür

367t)

tË5

Year

Figute 2.-Bonny Resentoit eleaøtíon,

Enden Dam ond Resevoir

Ende¡s Darn and Reservoir is supplied from flows of Frmdrman Creek
and provides off-season storage for the Frenchman Unit of theFrcnchman-
cambridge Division. water stored in Enders Reservoir, along with flows from
Frenchman and stinking Water Creeks, provides water for the Culbertson Canal
and the Culbertson Extension Canal systems, which serve 9,600 acres in the
Frenchman Valley Irrigation Districtand 11190 acres in the H&Rw lrrigation
District. The conservation pool begins at elevation 3082.4 and extends to
elevation 311?.3 and totals 34,512 acre-feet (figure 3). A decreasing water supply
for Enders Reservoir is shovvn on the graphs depictinghistoric reservoir leveli,
The last time Enders Reservoir reached the top of conservation level (elevation
311'2.30 feet) was in 1968. The smaller fluchrations in reservoir levels each year
are due to the decreasing water supply available and the conservation of storage
waterby the irrigation dist¡ict.

Trenton Dom and Swanson LaRe

Trenton Dam and swanson Lake provide off-season storage for irrigation of
the Meeker Driftwood, Red Willow, and Camb¡idge Unihs of the Frenchman-
cambridge Dvision. Inflows to swanson Lake are f¡om the Republican River.
water is diverted from swanson Lake to sewet6A76 acres by Meeker-Driftwood
Canal, 6J39 acres by Bartley Canal, and17,053 acres by Cambridge Canal (water
for Bartley and Cambridge Canals is also supplied by off-season storage ûom
Hugh Butler Lake and Harry Strunk Lake), Swanson Lake's conservation pool
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Figutt 3,-Enders Reseraob elsu ation.

totals 99,784 acre-feet between elevations271o.o feet and 27s2.0 fæt (figure a),
swanson Lake retumed to the top of conservation in 1993 and L994 afternot
reaching this level since 1985.
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RedWlllow Damdnd Hugh BuIIer LdRe

Red Willow Dam and Hugh Butler Lake inflows are frcm Spri.g Creek and Red
Willow Creek. The off-season storage in Hugh Butler Lake provides irrigation
water for 4,932 acres by Red Willow Canal, 6þ39 acrcsby Bartley Canal, and
17,O53 acres by Cambridge Canal (water for Bartley and Cambridge Canals is
also supplied by off-season storage from Swanson Lake and Harry Strunk l,ake).
The conseryation pool in Hugh Butler Lake (elevation 2558.0 to elevation 2581.8)

holds 27 ,326 acre-feet (figure 5). I^arge inflows and ¡educed demands in 1993

allowed Hugh Butler Lake to reach the top of conservation in 1994 after a period
of 10 years of not filling.
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Fígure S,-Hugh Butlq Lake eleuation.

Medicine Crcek Dam and Harry Sfiunk Lake

Medicine Creek provides inflows to Harry Strunk Lake. Harry Strunk l,ake
supplies water fo¡ V ,A53 ac¡es served by Cambridge Canal (along with water
stored in Swanson Lake and Hugh Butler Lake). The conservation pool holds
26,U6 acre-feet of water between elevations ?3ß.0 feet and 2366.1 feet (figure 6),
Since initial fillirg i. 1951., off-season inflows have filled Harry Strunk Lake
eve{y year except 1958, Consistent inflows and reduced diversions are the
reasons that Harry Strunk Lake continues to fill each year.

No¡ton Ddm and Keilh Sebellus Loke

Keith Sebelius Lake inflows are provided by Prairie Dog Creek. Off-season
storage in Keith Sebelius Lake and flows from Prairie Dog Creek supply water to
5,763 acres served by the Almena Irrigation District and provide a maximum
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annual use of 1,600 acre-feet to the city of Norton, Kansas. The conservation pool
is between elevation 2280.4feet and 2304.3 feet and can store 30,6s1 acre-feet
of water (figure 7). Declining inflows from prairie Dog Creek have been
e¡perienced since Norton Dam was built, Keith sebelius Lake has reached the
top of conservation only once (in 1962) since closure. TheAlmena Irrigation

Pf$ory: opemted on a reduced watersupply andhasnothad enoughwater
in Keith sebelius Lake to deliver any project waterin g of the last 16 y"ur. tu.g"
inflows in 7992,1993, and 1994 have brought the elevation of Keith stbehus Lake
to levels not reached since the late 1960,s.
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Figute 6.-Harry Strunk Lake eleoation.
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Figure 7.-Keith Sebelius Lake eleoatìon.
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Hailan County Dam and Lc,Re

Harlan County Lake issupplied from inflows from the Republican River and
Prairie Dog C:eek. Project water from Harlan County Lake supplies water for
22187 acres in theBostwick Irrigation Dstrict in Nebraska and 13,550 acres in
Kansas-Bostwick Irrigation District No. 2 above I¡vewell Reservoi¡. Flows from.
Harlan County Lake also suppty water to Lovewell Reservoi4 whidr serves
28,338 acres in the Kansas-Bastwick Inigation District. Acrording to Corps
documents, Harlan County Lake's irrigation pool presently holds 1.45,658 acre-
feet of water between elevations 1932.8 feet and L946.0 feet (figure B). Reduced
inflows experienced in 1989 througþ 199L brought elevations below the bottom
of the irrigation pool (historic minimum elevation19zB.22, content 129,947 aee-
feet reached on october 17,1991). The higher inflows of 7993 raised Harlan
County Lake to nearly 10 feet above the top of the irrigation pool.
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Eigurc 8.-Hailøn County l-ake elasation.

Lovewell Ddm dnd Resevoft

lnflows from white Rock creek and flows from the courtland canal (from the
Republican River and Harlan County Lake) provide water to be stored in
Lovewell Reservoir. Lovewell Reservoir (along with Flarlan County Lake and
Republican River flows) provides project watet to 28,æ8 acres of Kansas-
Bostwick Irrigation District No.2. The conservation pool holds24,9s0 acre-feet
between elevations 157L.7 feet and 1582.6 feet (figure 9). Recent history
illustrates the fluctuations in Lovewell Reservoir, as the historic minimum
elevation of 1,570.20 feet (content ot14,310 acre-feet) occurred on August ZZ,lggL,
and the historic maximum elevation of 1595,34 feet (content of 92,s54 acre-feet)
was reached 21 months later on July 22,7993.
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Republicon River Bosin

A total oÍ 736,528 acres is served by project water in the Republican River Basin.
The water supply for these lands is fumished by flows from Frenchman creeþ
stinking water creeþ Prairie Dog Creeþ white Rock creek, the Repubrican
River, and off-season storage in Bonny Reservoi¡, Swanson Lake, Enders
Reservoi¡, Hugh Butler Lake, Harry Strunk Lake, Keith Sebelius Lake, Harlan
County Lake, and Lovewell Reservoir.

As noted earlier, increased water usage has reduced available supplies in the
Republican River and tributary streams. This reduced water supply has caused
water deliveries throughout the Republican River Basin to decline over the last
30 yeary as shown in the following tables. Each inigation district in the basin
has e¡perienced a declining water supply, which in turn reduces the length of
time that the surface water can be delivered. The tables that follow show
averages of acns irrigated diversions, and deliveries over three l0-year periods
(1965-74,197184,1985-94) for the total Republican River Basin and each
irrigation district. The total acres irrigated with project water has essentially
remained the same, while the amount of water diverted and delivered to each
acre has steadily declined. some fanners zupplement theirprcject water supply
from private irrigation wells. As the water zupply continues to deplete,
Reclamation and the irrigation districts continue to examine methods of
conserving the limited water supply. The Frenchman-Cambridge Irrigation
District has replaced their open ditch laterals with pipe laterals, which has
significantly increased both system and onfarm efficiencies.

1S6

1ã75

3)
d)

E
c)
(ú

_9(l)
Eo
rr¡

15Ã)

1666

Tcprf

21

KS001324



Resource Monogement Assessment

Flepubllcan Rlver Basln

Average acres

lnloaled

AveraEe

dlvsrslon

lâcre-lsêtl

Average

dellvery

laøe-leet)

Dlrærslon per Dellvered per

Yeâr

acrs

lfeet)

acre

lleel)

1 965-74

1975-84

1985-94

107,982

115858

116.1 95

?59,474

240,834

198.180

147,31',1

13ø-,527

'lû2,908

2.39

2.08

1:t1

1.36

1,16

0.89

Frenchmon Unit

culbertson canal and the culbertson Extension canal systems serve a total of
2.7,090 acres in the Frenchman valley lrrigation and H&RW Irrigation Dist¡icts.
The water supply for these lands is furnished by flows from Frendrman Creek,
Stinking WaterCreeþ and off-season storage in Enders Reservoir.

Frênchman Valley ard H&RW Unlls

Arærage

acras

Ysar lnlqated

Average

dlvsrslon

lacre-leet)

Average

dellvery

Dlverslon

p€r acr6

(fest)

Dellvered

p€r acrs
(feel)

Days ln

oDerallon

1965-74

1975€4

1985.94

18,587

19,099

51 ,464

35,044

2436A

29,0O3

76,177

10.104

2,77

1.83

1-30

1.56

0,87

0.541Ã748

158

145

1s5

Meeker-Driflwood, Red Willov/, ond Combridge Units

The Meeker-Driftwood, Red Willow, Bartley, and Cambridgc Canals serve
45,000 acres of the Frenchman Cambridge Irrigation District, The water supply
for these lands is pmvided by flows from the Republican Riveç Red Willow
Crceþ Medicine Crcek, and off-season storaç in Swanson Lake, Hugh Butler
Lake, and Harry Strunk Lake.

Mesker-Dritlwood, Red Wlllow, and Cambildge Unlls

Arærage

acrss

Year lriqated

Average

diwrslon

lacre-feell

Average

dellvery

Dþerslon

pef acre

(feet)

Delh€red

per acfe

ffeet)

Days ln

operalion

1965t4

1975-84

1985-94

38,363

42,447

42.o88

86POg

81 333

71,251

53,765

52,425

43.853

2.25

1.91

1.69

1,40

't.24

1.04

141

95

86
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Almeno Unit

The Almena canal system serves a total of 5,263 acres of the Almena lrrigation
District. The water supply for these lands is fu¡nished by flows from prairie Dog
Crcek and off-season storage in Keith Sebelius Lake.

Almsna Unit

Year

Average

aøes

lrr¡oal6rl

Average

d¡v€rslon

Avsragê

dellvery

lacrÊ-fáêlì

Dlvorslon

per acrs

Dsllvêfed

p€r acfe

1fâ6tl

Days ln

ooêrallon

1965-74

1975-84

1985-94

4,871

5,188

4,951

7,105

3,959

4,753

2,104

1.011

1.46

0.76

0.41

125

49

29

0.98

0.41

0.202.

Nole: Pro¡sct watsr rirsl doliverod ¡n 1967.
No wat6r suppl¡ed ln 1979, I981,8S, and 199.t-92.
No waler dollversd ln lgg3 due to €xcossi\ro rainlall during inigatlon soqson.

Fronklin, superior-courllond, ond courflqnd units-Nebrosko
The Franklin, superior-courtland, and Courtland units of the Bostwick Division
sewe22,787 acres of the Bostwick lrrigation District in Neb¡aska. The water
supply for these lands is provided by flows from the Republican River and
off-season storagein Harlän Counry Lake.

Franklin, Sup€rioÊCouruand, and Couriland Untts_Nebraska

Average

Year lrrigated

acres

Average

d¡v€rslon

(acre-feet)

Average

dollvery

Dlverslon

psr acfe

(feet)

Dolivered

pêr acfe

{leet)

Da)rs ln

operation

1965-74

1975€4

f985.94

19,549

20,170

19,582

49,608

47,786

,14,859

24907

23,562

18,175

95

72

75

2.il

2.37

2.29

1.27

1.17

0.93

Courtlond Unil-Konsos

The Courtland Unit of the Bostwick Division serves L3^550 ac¡es above tovewell
Reservoir and 28,338 acrcs below Lovewell Reservoir of Kansas-Bostwick
Irrigation District No 2. The water supply for lands above I¡vewell Reservoir is
provided by flows from the Republican Rive¡ and off-season storage in Harlan
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County Lake. The water supply for lands below l¡vewell Reservoir is provided
by flows fmm the Republican River, and off-season storage in Harlan County
Iake, White Rock Creek, and Lovewell Reservoi¡.

Counland Unll-Kansas

Yêar

Average

acr€s

Average

dlverslon

{acre-leell

Average

dellræry

lacro-fêetl

Dlvorslon

pef acfe
(feetl

D€llver6cl

per acrs
(feet)

Days ln

oÞ€ralion

1965-74

1975-84

1985-34

27,587

31,648

3225,A

65,509

74,791

56.358

35,833

40,91'l

30-170

2.37

2,36

1.74

1,30

1.25

0.94

104

116

110

Surfoce Woter Supply-Historic ond present

The following sections are a surunary of the historic changes that have occurred
to reservoir inflows within the Republican River Basin. For each reservoir, a
comparison between pre-development inflows (assumed to be prior to 1950 since
most irrigation development in the basin occurred since 19s0) and recent level
inflows (considered to be 1980 to 1993) is shown, along with a comparison of the
historic average ìnflow versus projected inflows based on the L993 level of basin
development. The 1993 level-of-development flows represent potential future
flows that could occur if the historic hydrologic rycle wet€ to rcpeat itself under
the 1993 level of basin development. Amore detailed explanation in the
development of the 1993-level flows can be found in attachment B. Also
presented is a brief description of estimated depleted future reservoir inflows
that were estimated in the proiect's Definite Plan Report (DPR).

In general, inflows to all the reservoi¡s have been declining at a signi-ficant rate
since predevelopment. The cause of those dedines appears to be a combination
of reduced streamflow due to effects f¡om surface waterdive¡sions, irrigation
well pumpage, conservation practìces, upstr€am reservoir development, and
what appears to be a reduction in arurual precipitation variability. Howeveç on a
subbasin level, sorne stream readres have shown increases in average flow due to
retum flows from irrigation and seepage from hydraulic structures.

Attachment B includes graphs of historic inflows and graphs comparing historic
inflows and 1993 level-of-development inflows for reservoi¡s in the upper
reaches of the Republican River and its tributaries where reach gains were the
sarne as reservoir inflows. Forthe mainstem reservoirs of Swanson, Harlan
county, and Milford, theirhistoric and 1993-level i¡rflows we¡e constructed from
data obtained from Hydromet, U.S. Geological Survey gauged sfreamflow
records, and modeled inflows calculated from data presented in the inflow
analysis attadrment and a related appendix. Graphs showing both historic and
1993-level flows for the mainstem reservoirs can be found in the following
respective sections.
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IBonny Resewoir lnflows (Subbasin l)

Total inflows into the reseryoirhave been declining since the predevelopment
period, although the decline appearc to have stabilized somewhat since the late
7970's. Historic average flows and change in average arel

Histodc mean annual inflow for 1929-50

Historic mean annual inflow for 1980.94

Change in mean annual inflow

37,300 acre-feet

18,300 acre-feet

-19,000 acre-feet

The DPR for st. Francis unit, upper Republican Division, showed that historic
flows at the Bonny Dam site for lg27 to 1947 averaged 34,500 acre-feet. Future
depletions due to upstream private developrnentwere estimated to be
3,700 aue-feet,resulting in a projected annual average depleted inflow of
30,800 acre-feet,

Projection of future average annual flow based on a 1993 lever of development
and a repeat of the 1929-93 hydrologic cycle, as compared to the historisannual
average, is as follows:

Historic

1993

development
level Flow chanoe

Mean annual for 1929-93 2$.2ao 17.800 acre-feet -1 100 acre{eet

Swanson Lake lnflows

Long-term average flows into swanson l¿ke havebeen declining since the Lg60's
along with a reduction in the variability of the annual inflow. This decline
reflectsnot only depletions to strmmflow from increased agricultural uses and
conseryation practices, but it also ¡eflects impacts to streamflow from Bonny
Reservoir operations beginning in 1950. The 10-year moving average for the
inflows suggest that they are still exhibiting a slight general dæline at the present
time:

Historic mean annual inflow for 1929-50 1S0,S0O acre-feet
Historlc mean annual lnflow for 1980-93 65,200 acre{eet

Change in mean annual inflow -A4,BOO acre-feet

Nots: Above dala dorived trom computsd lnüows trom Hyrhomol data bass.

1 R"f"r"n.u* to subbasins apply to unils also used in attachment B

KS001 328
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The DPR for the Meeker-Driftwood Unit anticipated an average annual dçleted
inflow of 115^300 acre-feet based on the 1929 to 1947 hydrologic cycle, taking into
account the development of the Upper Republican Division. That inflow is
almost twice the present-level average inflow.

Following is a comparison of average annual inflow to the reservoir based on the
historic level of basin development versus the 1993 level of development:

Historic

1993

development
level Flow chanoe

Mean annual inflow for 1931 -93 102,000 acre-leet 60,700 acre-feet 41 ,s00 acre-feet
l{ote: Above dala derlved from r¡vêr-modol calculaled lnlTows to Swanson ullllzlng hlslorlc and

1993-lsvel flows.

Enders Peseruoir Inllows (Subbosin 4)

Most of the inflow into Enders Reservoir is derived from groundwater discharge
to Frend¡man creek. This has resulted in flows that generally, thioughout the
ycaç exhibit less variabilþ than in many of the other drainage basins within the
Republican River Basin. Howeveç since the 19s0's, thestreamflow into Enders
has been showing a progressive decline, arÍd there is no indication that the
decline is leveling offr

Hlstoric mean annual inffow for 1929-SO

Historic mean annual inflow for 1980-93

Change in mean annual inflow

63,100 acre-feet

23,600 acre-feet

-39,500 acre-feel

The cause of the decline app€ars to be mainly the result of a high degree of well
development in the subbasin,

This level of development was not anticipated when the DpR for the Frenchman-
cambridge Dvision wasprepared. The DPR recorded a historic annual average
flow of 60,7N acrefeet for the period of 1929 to 1947. The DpR made estimates
of future depletions due to additional private irrigation and pond development
upstream of Enders but considered that additional groundwater development
would only take place to a "limited extent," Hence, the DPR estimated the future
annual average depleted flows for the1929 to1947hydrologic cycle to be
55,100 acre-feet. That depleted flow estimate is over two times the present-level
average fl ows o t 23,600 acre-feet.
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Following is a comparison of average annual inflows for the historic period and
average 1993 level-ofdevelopment inflows:

Hlsloric

1993

development
levnl Flow chanoe

Mean annual inflow 1929-93 47.900 acre-feet 22.700 -25,200 acre-feet

Hugh Buller LoRe lnflows (Subbosln I l)

Histo¡ic inflows into Hugh Butler have exhibited a relatively small dedine on
average since about 1970. Present inflow trends indicate that the dedine will
probably continue into the near future. The change in the average flows from
pre.development to the pres€nt is as follows:

Historic mean annual inflow for 1929-SO

Historic mean annual inflow for lgBO-9g

Change in mean annual lnflot

20,600 age.feet

18100 acre-feet

-2,400 acre-feet

The DPR for the Frenchman-Cambridge Division utilized a l9E to 1947 historic
annual average inflow ol 19,9ú acre-feet at the dam site. Projected depletions
due to futu¡e upstream private irrigation and pond development were 600 acre.
feet, ¡esulting in a future average annual depleted inflow of 19^300 acrefeet.

Future average inflow based on the 1993 level of deúelopment versus the historic
average is:

1993

developmenl
level chanqe

Mean annual inflow for 1929-93 20,500acre.feet 17.400 -3,100 acre-feet

Hdrry Slrunk Loke lnllows (Subbosln I4)

Inflows to this reservoi¡ have exhibited a significant change since the late 1960's.
Prior to that period, the annual flows exhibited a much higher degree of
variability in flows from year to year rather than after the late 1960,s. There
was also a reduction in the average annual flow after that period. Recent trends
suggest that the inflow dedine to this reservoirmay be stabilizing. Avetage
annual pre'development flow vetsus mor€ recent average flows are:
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Historic mean annual lnflow for 1929-50

Historic mean annual lnflow for 1980-93

Change in mean annualinflow

60,000 acre-feet

4O,70O acre-feet

-19,300 acre-feet

The DPR for the Frenchman-Cambridge Division utilized an estimated average
annual flow for *etSZg to1947 period of 58þ00 acre-feet at the Medicine Creek
Dam site. At that tirne, it was estimated that upstream private irrigation and
pond development would deplete those flows by an additional average of
1,700 acre-ftet. This resulted in a projected future annual average flow of
56,800 acre-Êet.

For the present study, the projected L993level-of-development inflow versus
historic, assuming a repeat of the historic hydrologic cyde, is:

1993

development
level

Meanannual inflorforl929-93 52,100acre-feet 35,200acre'feet -16,900acre-fset.

KeilhSebalius LqRe Inllows (Subþasln ló)

Inflows to the reservoir from Prairie Dog Creek have shown a significant decline
since about 1965. The variability of the annual flow values after 1.965 has been
greatly reduced as compared to those before then; It is not anticipated that there
will be significantly grcater reductions in streamflow since average flow values
are approaching near zero flow:

Hisloric Flow chanoe

Historic mean annual inflow for 1929-50

Hístoric mean annual lnflow for 1980-93

Change in mean annual inflow

26,200 acre-feet

4,800 acre-feet

-21,4O0 acre-feet

The DPR for the Almena Unit grcatly underestimated the future depletions of
flows into the reservoir when the project was authorized. The 1929 to 1956
historical avenge inflow presented in the DPR was/7,500 acre-feet. Future
depletions to the inflows from upstream development were estimated to be
900 acre-feet, resulting in a future average annual inflow af 26,60A acre-feet.

The projected future average inflow based on the 1993 level of development, as

compared to the historic average, is:

Historic

1993

development
level Flow chanqe

4.700 acre-feet -12.600 acre'feet
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Harlan Cannly Lake lnltows

This reservoi¡has been exleibiting a general decline inaverage inflows since the
1950's. Present inflow trends suggest that this decline will continue, but at a
much lowerrate, and may be stabilizing:

Hislodc mean annual inllow for 1936-50 S34,9OO acre-feel

Histodc mean annual inflowfor 19BS,9O 160,400 acre-feel

Change in mean annual inflow -O74F0O acre_feel

Note: Abov€ data d€rlved from computed lnllows from H]dromel data base.

The DPR fo¡ the Bostwick unit projected an avemge annual depleted inflow of
359,000 acre-feet, twice the present-level average inflow. A comparison of
average annual inflow fo¡ the historic period versus the 1993 level of
developmentis:

1993

developmenl
ler¡el Flow chanqe

Mean annual inllow for 1901-93 z47,509acre-leet I acre-t€et -123 acre-feel

Lovewell Reseruoi¡ tntlows (Subbosin 2I)

The natural inflow to this reservoir from White Rock Creek has not demonstrated
any long-term declines, and there are no indications that future flows will be
significantly different from the present-flow averages. pre-development and
present average natural inflows are:

Histodc mean annual inflow for 1929-SO

Hlstoric mean annual inflo¡r for 199(}.99

Change in mean annual inllow

23,900 acre{eet

50,900 acreleel

+27,OOO acre-feet

The above table shows a significant increase in average inflows from pre-
development to prasenþ however, this reflects thu high runoff of 19g r and 1993
whidr skewed the later period average higheq, along with ¡elatively low flows
occurring 1rcm1ï29 to 1940. From 1941 on, it appears that the average flows
have rarnained about the same. The average flow for 194'1, to 1950 is 43,600 acr=-
feet.

The DPR for the Bostwick Division utilized a projected average annual inflow
from \41hite Rock creek of 19,000 acre-feet. sincethere *ur*ño long-term
changes in the flow regime ove¡ the historic period, no 1993 level-ol-
development flows were developed. Itis believed that the historic flow levels
will probably represent future flow conditions.
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Mlllord Reseruolr I nf lows

lnflows to Milford Reservoir have been dedining sinæ pre.developmeng
however, there has not been as significant a decline into this reservoir as there
has been for inflows to Harlan County Lake. seveml of the river reaches
between Harlan County Lake and Mitford Reservoir (Harlan to Hardy, subbasins
19 and 20) have experienced an apparent increase in streamflow with time. This
could be e¡plained by the onset of retum flows from irrigation and seepage fiom
Harlan county Lake. The remaining river ¡each from Hardy to Milford
(subbasins 22 and23) has demonstrated relatively rittle change in long-term
streamflows. Average inflows into this reservoir have not ctrãnged significantly
since 1960.

Hlstoric mean annual lnflow for 1929-50 976,500 acre-feet

Historíc mean annual inflow forlgg0-99 795,900 acre-feet

Change in mean annual inflow -180,600 acre-feet

Nole: Above data based on streamflows gaugod al clay conter, Kansas, plus flow galns
between Clay Conter and Mlltord Dam.

The comparison between the historic average and 1993level-of-development
inflows is:

Hlstoríc

1993

development
level chanqe

annual 931-93 641 v -94

Groundwoler Supply

Groundwater in the area generally flows eastward, converging towarrd the
Republican River. Irrigation wells are the primary groundwater users, with
relatively smaller amounts used for municipal, industrial, domestic, and stock
water purposes.

A total or 12,246 wells are registered in subbasins of the area for irrigatiory
municipal, and industrial uses. some of theheaviest concentrations of suctr
wells are near (within 12 miles of) Frenchman cæek above Enders Reservoir;
near Beaver and sappa creeks; and near the Republican River below Harlan to
Guide Rock.

well development has resulted in groundwater level declines in some areas, as is
analyzedin greater detail in attachment B. The way in which geologic forma-
tions in the area are related to the groundwater system is described below,
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Geology

Upper Republicon Bosin

The major geologic formations are the Ogallala Formation, alluvium, and eolian
deposits that make up the aquifer system. The base for the aquifer system is
comprised of the Niobrara Formation, Pierre Shale, and White River Group,
whidr are relatively impermeable consolidated deposits that restrict the
downward movement of water fn¡m the ovedying aquifêr system.

The semiconsolidated Ogallala Formation of Pliocene age is the major source of
groundwater due to its extent, acressibility, and saturation. The formation is
present throughout the upper basin, except where major streams have eroded
through it to the bedrock. The formation consists of clay, silt, san4 and gravel
that is loosely cemented; the material becomes coarser o¡ less cemented in the
lower part.

An important element of the aquifer system is sand deposi$d by the wind
during the Pleistocene and Holocene epochs in the northwest section of the
upper basin. These deposits, with a maximum thickness of 170 feet, have high
permeability, which allows rapid recharge to the underlying Ogal,lala Formation.

The next most important sources of groundwater ar€ alluvium and terrace
deposits of Holocene age. They are found in the valleys and under the flood
plains of the larger streams and are comprised of varying mixtures of clay, silt,
sand, and gravel. Thickness of these deposits varies from 0 to 90 feet.

Lower Republicon Bos¡n

The principal aquifer system in the lower basin is comprised of alluvium and
terrace deposits and the Ogallala, Grand Island, and Dakota Formations. The
base of the aquifer system consists of Pierre Shale, the Niobrara and Wellington
Formations, and the Chase Group.

The alluvium and terrace deposits of recent and Pleistocene age arc a major
source of municipal and irrigation water. They are made up of unconsolidated
clay, silt, sand, and gravel thathave been deposited in the valleys and flood
plains of the major streams. The deposits generally become more coarse with
depth, which ranges up to 130 feet.

Covering the uplands of the lower basin are undifferentiated depæits of loess,
volcanic ash, and gravels formed locally by weathering or sheam action, Where
saturated, these deposits provide small to moderate amounts of water for
domestic and stock wells. Thickness ranges up to 100 feet.
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The Grand Island Fomration is a major source of irrigation water in a small area
of north<entral Kansas. It consists of côarse sand and medium-to-coarse gravel
interbedded with silty day, with thiclaness ranging up to 120 feet.

The ogallala Formation, found in the Nebraska portion of the lower basin, is
underlain by a relatively impermeable base made up of pierre shale and the
Niobrara Foruration. of marine origin, the Pierre is a dark gray ftssile shale and
the Niobrara consists of dnalþ shale and limestone.

The Dakota Fomtation is one of the principal aquifers in northeast central Kansas
forsupplying municipal, domestic, aird stock wells. The quality of water varies;
water obtained in most of northwestem Cloud county contains high chloride
concentrations,250 parB per million or higher. In the same area, small to
moderate amounts of water for domesticand stock use can be obtained fiom
several formations within the underlyingChase Gncup.

Groundwqler Future Condifions

rt is anticipated that the base flow of mainstem and tributary streamflows will
continue to decrease throughout the years, especially if gloundwater develop-
rnent is continued.

Woter Conservqlion

As required by the 1982 Reclamation Reform Act, inigation districts within the
Republican River Basin have developed water conservation plans. These plans
outline water conservation objectives and lists their accomplishments to date_
Details of these conservation plans are described below,

Frenchmqn Volley lrrigolion Dislricl

e Reduce seepage losses from the lateral system.

Approximately 3,000 feet of underground pipe have been
installed.

o Improve flow efficiency of canals and. laterals.

Control the growth of vegetation within the canal. In addition,
deary reshape, and recompact the canal. .
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o Prornote efficient onfarm use of water

In cooperation with the Natural Resource Conservation Service,
promote soil and water conservation measutres, including
tenacing, diversions, furrowing, check dams, strip cropping, crop
rotation, cover crops, and others.

¡ Improve district personnel operation efficienry.

Through continuing education, district personnel attend training
sessions, workshops, and trade shows.

Frenchmon-Combridge lrrigotion DisTricl

¡ Reduce seepage losses from the laterals and main canals.

Approximately 122 miles of buried laterals have been installed.
In addition, tumouts are being upgraded and water meters and
new hook-ups are being installed.

o Save water in Swanson, Hugh Butler, and Harry Shunk Lakes by
improving water delivery to inigators.

Coordinate scheduling of water releases with Reclamation to
eliminate bypasses at diversion dams as mudr as possible. In
addition, Reclamation's originaldesign of canal slopes will be
maintained to reduce seepage.

¡ Reduce seepage to prevent a lawsuit with Burlington- Northem
Railroad.

Installed 4100 feet of vinyl lining at the Cambridge Main Canal.

Bostwick lrrigolion Disfricl ln Nebrosko

¡ Reduce seepage losses from the main canals and laterals.

Approximately 1,000 linear feet of poþinyl drloride (PVC) pipe
have been buried to replace open ditch laterals. In addition,
about26,7ffi feet of vinyl lining have been installed in the
canal,
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o Implementmeasures to increase the efficientoperation of the

distribution system.

Water budgeting activíties have been implemented. These

activities include shortening the inigation season, upgrading the

system measurement devices, limiting the number of water
orders that will be accepted by the district, and determining the

number of irrigators using gated pipe.

o Improve district personnel operation efficiency.

Sdredule training sessions conceming water measurement
techniques. Established "advance notice" parameters to help
alleviate sdreduling problems,

Kcnsos Bostwick lnigoïion Districl No. 2

o Reduce losses from the lateral system.

Late¡àls replaced with PVC pipe andburied where sufficient
head exists. Continue to monitor tumouts and structures and
upgrade or replace where necessary.

r Improve operations efficiency.

A continuing education program will be implementedby the

district. This includes ProPer teduriques of setting tumouts,
logging water deliveries, holdingbays at the surface, completing
reports, and reviewìng district policies and regulations. The

district will conduct a review of the previous irrigation season to
make suggestions for delivery improvements.

o Encourage onFarm efficiency.

The Kansas State University lrrigation Experimental Fa¡m is
located in the district. Irrigators will beencouraged to attend the

annual field day and consult with the farm manager regarding
irrigation practices, Infonnation from the university will be made
available to irrigatorc.
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Woter Quolity

Surfoce Woter

Groundwoler

surface waters of the Republican River Basin are turbid, aontaining a moderate
concentration of dissolved minerals. streams display good oxygen concen-
trations to support warm-water aquatic life. They carry arairry rugh level of
nutrient materiaþ as evidenced by the high concent¡ations of niFãtes and
phosphates.

water quality trends in the Republican River Basin are altered by the nine major
lakes and ¡eservoirs located in the basin. Within. these storage fácihties, the¡e are
reductions in suspended sotids, biochemical oxygen demands (BoD), chemical
oxygen demands (coD), turbidity levels, and dissolved solids. Biological and
dremical reactions cause the reduction in BoD coD, and d.issolved. solids as
well as small increases i. pH. water retention ¡educes velocity and allows
particulate matter to settle out. This causes reduced turbidity and suspended
solid concentrations in these lakesand reservoirs. Keith sebâius Lake and
Lovewell Reservoir are both very eutrophic (nutrient rictr); Milford Lake is
slightly eutrophic. Pesticideshave been detected in both Milford Lake and
Lovewell Reservoir water. oiminisnea streamflow is lowering water quality;
with high quality low flows being depleted, reservoirs will beiome mo¡e
dependent upon high flows of lower quality, which win cause their quality to
further deteriorate.

within the upper areas of the Republican River Basin, water quality parameteï
values are altered by the addition of water of lesser quality fråm the Fsrctunan
River and Red willow and Medicìne creeks. AgricuituraÍpractices and
agriculhrral rtrnoff contribute to the inc¡ease in fecal coliform, turbidity,
suqpended solids, and nitrates throughout the basin. Additionally, sewage
trcatrnent Plant and industrial dirharges and animal feedlot nuróff contribute
to increases of suspended solids, fecal coliform, and BOD.

The majorfactor in derermining surface water quality conditions is the amount
of flow. BoD, nutrients, bacterial numbers, ana tr*iaity are at their lowest level
during low flow periods. During periods of high frow, most surface waters
display their poorest quality with significant increases in these parameters. In
terms of total yearly load, land runoff is by far the largest contrfoutor of BoD and
nutrient materials to streams.

The ogallala Formation, which is the largest supply of ground.wate¡ in the basin,
contains water that is of good to excellent quality. water from the ogallala tends
to be a calcium-magnesium-bica¡bonate tJæe when the formation overlies the
Pierre shale and a calcium-bicarbonate type when it overlies the Niobrara Chalk
(attachment B).
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Bockground

Melols in Sedimenls

Alluviurn and terrace deposits show a decline in quality of the water, A high
prcportion of samples from these deposits exceed the maximum contaminant
levels for total dissolved solids, sulfate, chloride, and nitrate.nitrogen. !!hen
compared to ogallala water, waterfrorn alluvial dçosits shifts to a sodium-
bicarbonate-sulfate type.

There are several reasons for the inc¡ease in dissolved solids in the alluvial
deposits. These deposits act as collection zones for dissolved salts moving in
from the adjacent aquifer system to the major streams. water tables are also
generally more shallow in these deposits, resulting in higher evaporation rates
and an increase in salt concent¡ations. Agricultural p.u.ti.ur may also be
contributing to the decrease in wate¡ quality in these deposits; innortheast
central Kansas, wells pumping in alluvium of the RepuËlican River may be
causing a local influx into the alluvial aquifer of more brackish water from
underlying formations.

Metols ond Chlorinqted Hydrocqrbons
in Sedimenls qnd Fish

In 1989 and 199Q Rqgion VI of the service sampled sed.imen ts at2g locations and
fish at 30 locations on the Republican Rìver anã tributaries to assess background
concentntions of metals and long-lived organochlorine compounds in aquatic
habitats in the Republican River Basin. sampling was.compieted in octoter
1990, and study razults were p¡esented in tlre 1993 report, Background
contaminants: Euøluation of the Republícan River Drainage, colorado, Kansas,
and Nebraslut significant findings from this report ar€ summarized below and
presented in attadrment B.

o Except for very high arsenic concentrations at the upper end of
Lovewell Reservoir and White Rock Creek below the resewoir,
arsenic and mercury concentrations were comparable to those for
Westem United States soils and sediments in all locations.

. Coppff and nickel concentrations in \Alhite Rock Creeþ upper
Lovewell Reservoþ and Keith Sebelius Lake were well above the
means forWestem United States and northem Greatplains soils.

o Lead concentrations from the upper end of Lovewell Reservoir
were much higher than the means from United States soil studies.
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Metols in Fish

o Manganese concenhations were higher than United States norms
at the upper end of the Lovewell Reservoir.

o Strontium concentrations were high at the upper end of Lovewell
Reservoir,

¡ The concentration at the one location where tin was found-the
upper end of Harlan County Lake-was very high compared to
means forWestem United States soils (the reported value,
however, is viewed with suspicion).

c Zhtc concentrations in many locations were well above the mean
concentrations in the Westem United States and northem Great
Plains soils.

¡ Nearly every fish sample analyzed by atomic absorption for this
study contained a selenium concentration greater than the
National Contaminant Biomonitoring Program (NCBP) means.

o Barium concentrations were higher than those from other studies
in Kansas rivers. Effects (if any) of observed levels of concen-
tration could not be estimated due to very limited information on
this subject.

o Fish composites at 10 locations were contaminated with
chromium (assessment of the concenkations was considered
difficult due to lack of information regarding a source of
chromium at some locations).

r Copper concentrations in 11 fish composites exceeded the
1978-791.L micrograms per gram (pglg) NCBP 85th percentile
concentration.

¡ Manganese concentrations at several locations were high. A
review of the sources of the manganese may be necessary at
numerous locations.

o Nickel was detected in a variety of species, but the source and
effects of the metal werenot known.
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o Strontium was detected in almost every fish composite analyzed,
but means to as"sess thebody burdens observed in Republican
River drainage fish composites wer€ not available.

. Tin concentrations were detected in tr,vo samples. The effects of
these concentrations were not known.

Chlorinoled Hydrocorbons in Fish

¡ The cydodiene concentration (chlordane compounds, heptachlor,
aldrin, endrin, dieldrin, and endosulfan) in a composite species
from lunction City, Kansas, was the only fistr sample that
exceeded the 0.1 Itg/ gwholebody wet weight concenrration
recommended by the National Academy of Science and National
Academy of En gineering to protect aquatic life.

o Toxaphene concentrations were observed in fish from Lovewell
Reservoir and from the Republican Rive¡ atSca¡rdia in 1989.
They were not detected, howeveÍ, in fish from'these locations
analyzed in 1990.

o Mirex was detected in a composite sample taken from the head of
the Bartley Diversion Canal in 1989. It is conjectured that mirex
may have been recently used in the vicinity although banned fur
all usesin 1978.

A water quality screening (site characterization) investigation was initiated on
september 7,1994, to determine the presence or absence of organic and inorganic
compounds at selected sites within the Republican River Basin study area. The
water samples were collected from bu¡ied pipe drains at 10 locations which were
determined to be representative of land forn¡ soil type, drainage area, and
cropping pattem. Trace'element analysis indicated selenium was present at
concentrations that warrant concem, Nine out of 10 samples exceeded the
Environmental Protection Agency (EPA) water quality aquatic criteria (chronic)
for selenium of 5 parts per billion (ppb). Two of the 10 samples exceeded the
EPA water quality citeria (acute) of 20 ppb. observed selenium concentrations
ranged from below detection to 25 ppb. Followup sampling supports the
condusion that soils are derived from wind-blown materials overlaying marine
shale sediments within irigation district lands. Artificial drainage of irrigation
wate¡ and natural precipitation fnrm selsriferous soils may result in loading of
selenium in open drannels, wetlands, or waterways receiving drain flow.

Selenium is a naturally occurring trace element present in many geological
formations in the West. Humans and animals require selenium in small

Selenium

3B



Resource Mqnqgement Assesment

quantities for good health, but when itbecomesconcenttated, it can cause death,
birth defects, and reproductive failures in fish, wildlift, and livestock. The
irrigation process may cause elevated selenium concentrations because when
inþtion water is applied selenium may enteÌ the water as it percolates through
the soil.

These results from the Republican River Basin can be related to those from other
studies currently underway as paft of the Deparfnent of the Interior National
hrigation Water Quality Program (NIMQP). The program targets water quality
problems in irrigation retum flow from Redamation projects. For instance,
selenium concentrations rangng fircm 1 ppb to 300 ppb have been observed on
Redamation's Kendrick Pnrject in Wyoming. The median dissolved selenium
concentration at Kendrick is 7.5 ppb. The Kendrick PrOject is now in Phase IV
of the NIWQP procss, whidr includes development of possible mitigation
altematives.

39

KS001 342



KS001 343



Resource Monogernent Assessmenl

lnlroduction

Overview

Port lll-Other Areo Resources

Socioeconomics

Part III describes the area in terms of social and cultural values and issues,
population nunbers, and employment; agricultural and recreation resourres;
and fish and wildlife, including stream and reservoir fisheries and game and
nongame species.

The socioeconomic structurc in the Republican RiverBasin is characterizedby a
ruraf agriculture.based lifestyle, The arca is sparsely populated, and the
business and commerce centers in the a¡ea are smaller towns whidr reflect a
genuine "heartland" sense of community: ctrurch and civic groups are active;
elementary and secondary sdrooló ihow a graduaf steady decline in enrollment
but enjoy the active support of the communities; and medical, law enforcement,
and utility services are effective without being elaborate. A high percentage of
trade and service businesses a¡e still locally owned though many aæ struggling
to compete with expanding drain and franchise businesses.

In many ways, the social and cultural values represented in the study ¿ma are
traditional, but they are inevitably changingbecause of technological and
economic drange. Population in the area is in decline from the continued
mechanization and modemization of agricultural methods-fewer farmers and
ranchers are needed to produce more and more yield" and co¡porate farms
continue to challenge all but the most robust family farms. While overall
population has decreased, per capita income has remained steady when inflation
is factored in, indicating that the basic quality of life has not deteriorated
significantly for the rcmaining population.

Many of the social and lifestyle issues in the area are closely associated with the
pu{pose of andneed for the RMA:

. Aquifer water has been depleted by years of pumping for crop
needs.

o Reduced aquifer supplies have resulted in erratic surface and
instream flows.

xébor s¿+
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o Reduced aquifer supplies have affected water levels at several
teservoirs, which in tum have affected such recreational uses as
boating, swimming, and fishing,

¡ Reduced reservoir levels have created several water quality and
habitat conc€ms.

Farming and ranching as a way of life, and as the primary economic force in the
region, are sometimesinfluenced and mmplimted by other factors, induding
recreation and tourism, envincnmental management and protection require.
menb, and (slight) poüential for manufacturing o¡ othernontraditional purposes,
Howevex, the factremains that agribusiness is the driving force of the region,s
economy, and a rural, agriculture-ranching lifestyle is the lifestyle of choice in
the area.

Pe*raps the mæt prominent nonagricultural issue associated with water
resoultes in the Republican River Basin is that of recreation. The great majority
of land in the study area is in private ownership. Public,/recreafional access is,
accoldingly, confined to facilities adjacent to federally developed waterprojects;
recreation use and the associated businesses are concentrated at and around the
reservoirs; and growth is restricted. These high-use areas are of economic
significance---cspecially to the individuals who operate campgrounds, small
marinas, bait shops, sporting goods stores, and relatedbusinesses, Recreation-
related income repres€nts only a fractional amount of the area,s overall
agriculture-based economy.

In the context of the need for water contract renewals, several issues have
far-reaching social and lifestyle impacts:

o Continued depletion of aquifer water supplies will inevitably
have an adverseimpact on the already declining agricultural
economy throughout the study area.

o Competing demands (agricultural, environmental, and
recreational) for available water, regardless of its source,
necessitate more prudent and equitable allocation of those
supplies-various interests and entities in the study area must
acrept responsibility for water allocation and use beyond that
whidr can be acromplished through ¡enewal of Federal water
supply contracts. In other words, Reclamation is responsible for
many aspects of regulatory compliance for contract renewals
(habitat enhancement and protectiory water quality, water
delivery), but the agency cannot be responsible for assuring
economic growth orlifestyle stability in the study area.

The socioeconomic characteristics of the Republican River Basin were derived
using data from 4 counties in colorado, 14 counties in Neb¡aska, and 1.0 counties
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in Kansas. Data derived fiom these countieg induding the cities and towns,
wer€ representative of the basin. Agriculture has been a major influence on both
past trends and present conditions in almost every area of socioeconomic
concem because the basin is located in one of the most agriculfurally productive
regions of the United States.

This section is organized into the following major subsections: population,
emplo¡mrent, and income.

Populolion

Employmenl

Agricultural areas are often charactenzedby low population dersity and a
relatively high proportion of persons living in rural areas. Althougn *,e
Republican River Basin accounted for 11.9 percent of the total land area in the
3-state area in 1990, ttre 152,9?5 people represented only 2.0g pertent of the total
population in all 3 states. The Republican River Basin had 4.9 persons per sguare
mile in 1990 compare d to 28 persons per square mile in the &state area and
703 persons per square mile in the Nation.

Amuch la¡gerproportion of the people live in ruml areas in the basin as
compared to the three-state a¡ea as a whole, with 69.g and 25.6 percent,
respectiveþ This proportion has been decreasing and corresponds to national
t¡ends. For example, between 1950 and 1990, the percentage of the basin,s
population living in rural areas decreased from 80.8 to 69.8 percent. The rural
population of the three-state area as a whole decreased by an even greater
amount-from 46.3 percent to 25.6 percent. Between l9B0 and 1990, the basin
rural population decreased by 2.7 percent.

Another pattem of change has been a slow but steady decline in the actual size of
the overall population. Between 1930 and 1gO ttre population of the basin
decrcased trom266,457 to 152,9?s. Between 1920 anã itgq nine counties in the
basin experienced growth;howevex, the trends between 19g0 and 1990 reversed,
with no counties showing an insease. The only counties that had a larger
population in 1990 than in 1930 were Pheþs county in Nebraska and rhomas
Countyin Kansas. These population changes are typical of many n:r.al/
agricultural areas in the Nation. As agriculhrre becomes more capital intensive,
fewer jobs exist, and rural residents either leave or migrate to urban areas in
search of employment and higher education. Table 2 shows population trends
and rates of change for the years 1930 through 1990.

Employment data for the Republican River Basin is depicted in table 3 for 1970,
1980, and L990, respectively. The total number of employed decreased 6 percent
from 1980 to1.99A, Írcm74,0ffi to 69þ77, while agricultural occupations de-
creased 15 percemt from 18.363 to 75,574. seven of the 10 employment sectors
had decreases. The sectors that recorded increases were finance,/real estate,
services, and public administration. Agricultural employment in 1990 remains a
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Tablâ 2.-Populârlon-1930, 1950, 1970, 1980, ånd 19S (B€publlcan HlverBasin)

Growlh mto

1 980-90

Basln total

Cobmdo

l(ânsas

Nsbraska

Trl+tato total

Basln vs. tri-state

1S30

268,457

1,035,791

I,880,999

1,378,000

4,294,790

1950

2',16, 7

1,32õ,089

1,9o5¿99

t,326,000

4,556,388

1970

173,501

2,207,269

2.¿46,678

1,483,493

5.937.330

169,æ5

2,889,964

2,363,6*/9

Ls69,825

6,823,4fì8

152,V¿5

3,294,394

2,47:1,574

I,578,286

7,350,3s3

1980 1 990

-9.53

13.99

4.gZ

0,55

712

lncome

lntroduction

6,200/o 4JOo/" 2.920/" 2.48% 2,08V. -16.01

significant percentage of the total, 22,4percent, down from 24.8 percent in 1980.
The agricultunl employment percentage for the three states in 1990 was notice-
ably lower-2 .8,52, and 8.3 for Colorado, Kansas, and Nebraska, æspectively.

Total personal income is shown in table 4 for the Republican River Basin and for
the three states for the periods 1970,19ffi,and 1990. The total personal income in
the basin was $2.828 billion in 1.990, an increase of 12 percent from 1980 and
T4Zpercent from 1970. Pe¡sonal income for the three states was $134.827 billion
in 1990, an increase of 79 percent from 1980 and 899 percent from 1970.

The basin per capita income (table 5) was fi10,677 in 1990, an increase of 19 per-
cent from 1980 and 332 percent from 1970. Per capita income for the three states
washighest in Colorado-$L4,821 in L990, an increase of 85 percent from 1980
and377 percent from 1970. Per capita income in 1990 is lowest in Nebraska-
912,4\2,an increase of 79 percent from 1980 and 345 percent from 1970. Per
capita income for the three states averaged $3þA,

AgriculTurol Producl'ion ond Volue

This section discusses the number of farrns, farm size, and value of crop
production within the Republican RiverBasin counties and the three states

From the early 1800's, the agricultural indwtry has traditionally dominated both
the economic base and land use in the Republican RiverBasin and continues to
do so, This section shows the number of farms, far:n size, and value of crop
production fo¡ several time periods within the basin counties and the three states.
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Table 3.-Employment by lndustry 1970, 1980, and l99O (Republican River Bas¡n)

Agriculture Mining Construction

Basin total 1 8,978 306 4,180 3,698

120,581
1 47,933
79,127

Transporlalion,
c0mmunicatlon,

ulllities

3,919

60,688
æ,&2
44,385

Wholesals
t¡ade

37,798
37,873
24,517

Retail
lladc

'f 45,813
't48,236
103,902

F¡nance,
insurance.
real esÞte

46,409
40,162
æ,u1

252,594
244,528
153,406

Publ¡c
admlnîs-
trat¡on

54,900
42,494
25,169

Totral

425,776
852,313
576,065

Agrlculture
(% total)

4.61
8.78

13-73

8.52

Services

2,019 12,149 1,887 16,254 2,765 56,155 28.69

Colorado
Kansâs
Nebraska

Tri-state total

Basin vs. tri-slate

38,093
74,794
79,067

14,232
10,?28

2,181

54,668
51,423
34,070

191,954 26,641 140,16.1 u7,641 169,715

9.890/. 1.15/" 2-98V" 1.06%

100,588 39¿951 116,412 640,528 '122,563 2,2il,154

2.3'lYo 2.01Võ 3.050/" 1.62!/" 2.54% 2.26V" 2-gs"/"

Transportation,
communication,
public utilities

Wholesale
trade

Finance,
insurance,
real estate

Public
adminls-
lratíon

Basin total

Colorado
Kansas
Nebraska

Tri-state total

Basin vs, tri-state

18,363 700 4,7æ

Construction Manufacturing

5,0s7

42,185
69,466
77,086

36,632
16,526
1,7U

107,063

64,562
43,296

192,305
207,474
99,046

4,8U

108,668

82,7't5
66,trt4

61,712

51,727
3ft,961

Retall
trade

236,814
172,495
120,958

96,725
59,504
44,O14

Services

402,846
306,496
200,940

77,æ7
47,776
28,744

Total

'1,362,017

1,O78,741
716,633

Agriculture
(% toED

3.10
6.44

r0.76

5.98

3,970 t1,804 2,671 19,219 2.538 74,OOO 24.81

Ð
o
U,
o
C
o
o

o
f
o
(o
o
3
oa+
U'(n
o
(D
o7l
o
f--+

188,737 ils12 ?'t4,921 498,925 258,217 147,4@ 530,267 2AO,?+3 910,282 f53,587 3,157,391

9.730/" 1.278" 2.22%

Agriculture Mining Construclion

15,574 6s7 4,081

1.o2% 1.89%

Transporlat¡on,
commun¡cation,

Manufacturing publicutÍlities

4,374 4,27s

2.69% 2.23yo 1.33% 2.11y" 1

46,010
6t,324
64,381

20,438
l l,554

2,095

94,849
61,897
40,821

207,423
196,485

98,344

133,341

87,55s
62,51 0

283,406

Wholesale
trade

70,951
s0,637
35,726

Rete¡l

trade

286,630
193,262
1 38,1 79

1 1 9,707
73,632
52,137

5/0,739
383,995
248,61I

Public
adm¡n¡s-
llalion

83,193
51,873
30,009

2.340/"

Tohl

1,633,281
1,172,214

Tr2,813

3,578,308

Agñculture
('/o total)

2.82
5.23
s.33

4.80

FÌnance,
¡nsurance,

real estate Services

Basin total

Colorado
Kansas
Nabraska

Tri-sfate total

Basin vs. tri-state

3,122 11,3s7 2,804 20,335 2,943 69,517 22.40

xØÀ
O(}ro
I(,s
æ

171,715 U,O87 197,567 157,314 618,071 245,476 .1,203,345 165,075

9.07/o 1.93% 2.07% 0.87% 1,510/0 1.9870 1.84% 1.14% 1.69% 1.78?" 1.94y"
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Table 4.-Tolal personal lncome (Republlcan Rlvor Basln)

($1'ooo)

Tolal personal

lncome
(1970)

Tohl psrsonal

lncome
(1980)

Total perconal

lncomo

(1

Basln total

Colorado

Kansas

Nebraslø

Tl-state tolal

Basln vs. trl-s{ale

335,775

5226,520

5,056,268

3,203,558

1,E4Woo

33,257Aú

25,789,900

J6,344500

2,828,400

62,279,700

44,906,200

n,641,200

75.391 134.827.

2. 2.

Tabls s.-Psroaplta lncome (Ropubllcan Rlver Basln)
($1'ooo)

Bas¡n totsl

Colorado

Kansas

N€braska

T¡l-state tolal

P€rcsplta

incorne

2,470

3;106

Per caplla

lncome

5,973

7,998

7

Per caplla

In@me.

10,677

14,921

2,797

2,544

83.9070

6,936

TAze

80.41o/o

12,452

13,524

78,95o/oBasln vs. tri-slale

Number of Forms

The number of farms in tlie three.state ar€a has been gradually declining over
time (from mo¡e than 2sq1ss n l94g to fewer than r¿g,4oo iniolz¡. rarm
numbers have decreased in the Republican River Basin counties from over
27 fin n ß49 to about 14,000 n 1g9z (table 6). The total number of farms
Iocated on Redamation project lands has decreased f¡om 1J06 to1,l49 between
7982to7992.

Full-time farm operations on Reclamation plojects in the basin dectined b percent
between 1982 and 1992. This was somewhat offset by an increase in part-time
farrn numbers from 31.*19Bz to b3 in 1992,anincreãse of 21 perneni(table z).
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Table 6.-+ams, cropland, and irrigated cropland
Republican River Basin and tri.state area

Year Farms Farms Acfes Averaqe Farms Acres Averaqe Fams Acrês Avgrags

1949 27,&7 16,003,770 575 26,488 9,403,132 355 26,015 5,900,926 227 1,236 105,751 86

1954 25,873 16,416,160 634 24,568 9,333,067 380 24,138 5,814,n9 241 2:1y 199,686 94

1964 20,U2 16,400,805 818 19,071 9,2¿13,984 ,t{¡5 18,67.1 4,828,4{lf 259 4,064 507,931 125

1974 17,579 f5,762,156 897 16,546 9,200,718 556 15,998 5,A71226 354 5,183 1,306,017 252

1982 16.203 f5,695,810 969 14,761 9,fr/,496 620 14,229 6,053,400 425 5,562 1,897,646 341

1987 t5,890 15,944,408 1,003 14,417 10,219,245 709 13,792 5,611,478 4O7 5,705 .1,754,#7 308

1992 14,041 15,493,265 1,103 12,490 10,042,579 804 1f,ô54 5,439,361 467 4,872 1,888,252 388

;r.i:j1::1.':.'r.'1i,L'.'..::'''.'i|'ìl..'''@

Total croDland Harvested cropland lrrigated land

Yeâr Farms

Land in
farms

Land in
brms

134,031,293

135,895,352

136,3æ,406

130,019,899

125,551,582

125,982,393

f 25,0¿f8,346

Average
size farm

Average
size farm

f ,646

1,S29

2,424

2,696

2,625

2,677

2,828

Total cropland

Farfts Acæs Averags

Harvested cropland

Farms Acres Average

lÍiqated land

Farms Acres Average

ovtoc
oo

o
J
o
(3
o
3
o
f

U,
U,
o
U,(n

=o:l
-{-1 949

1 954

r 964

1 974

1 982

1 987

1 992

284,1 55

261,762

202,401

172,286

160,669

156,365

1 43,353

I,375J09

242,gg}

189,024

1 60,138

143,377

137,U9

124,Ê19

u,243,667

63,507,367

61,150,308

62,709,545

63,585,301

65,694,t05

54,454,856

258,962

235,781

'f 82,867

152.282

135,418

128,443

1r4,800

47,793,628

45,53É.,262

38,1 1 5,1 99

42,136,834

43299,275

38,527,761

40,474,569

545

554

612

ðJJ

gl7

889

1,025

37,967

38,591

42,252

38,968

44,679

44,861

4t,064

3,887,293

3,765,841

5,863,545

9,753,79

11,915,401

1 1,1 58,681

r2,r6f,815

518

806

988

1,217

1,3€

1,437

1,535

102

98

13S

225

267

249

æ6

Ø̂sO\¡
O
J
(¡)(¡o
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Table 7.-Republlcan Blver Basln ¡eclamaton. prcJects

(fulÞ vs. part-llme tarmgrs)

s82 1987

llm6 tlme llme

1 992

lnlsatlon dls{rlc't

Part

tlms

FüIIParlFullFull

llmo

Part

tlme

Frenchman Cambddge

Frenchman Valley

Bostwlck ln Nobraska

lGnsas Bostwlck

Almena

H&RW

Total

Fulþ and part-ilme lotal

3rfil

g

184

488

56

ffiz

64

228

495

56

13

0

18

0

0

3¡18

64

198

499

56

19

0

25

0

0

19

0

34

0

0

70

1.276

71

1,236

0

44

60 1

31 195 54

1,306 1280 1,245

Volue of Crop Production

The annual value of crop production in Republican RiverBasin counties ranged
between $1.33ó and $2.569 billion between L978 and 1.992. The annual value of
crop production in the area ranged between fi17976 and520.641 billion between
1978 and 1992. Tt.e Republican RiverBasin counties produced 1.2.45 percent of
the three'state market value in 1992 (attadrment D).

The ma¡ket value of crops and pasture products from the irrigation districts
served by Reclamadon for the same yeaË is shown in table 8. The annual value
ranged from $2ó2 million to $35.9 million for the districts. The basin had crop
and pasture values ranging from $564.2 million to $862.5 million during the same
timeframe.

Tlre per-acre value for the irrigation districts'production was approximately
double that of the basin overall, whidr includes both irrigated and less
productive dryland operations. The disuicts r¿ngd from $234.58 to $299.54 per
acre, while the basin was $130.50 to $1.54.64.

Agriculturol Toxoble Volue

The agricultural taxable value acrounts for 57 percent of the total taxable value in
the Republican River Basin counties. In the tri-state ar€a, the agricultural sector
accounts for 16 percent of the taxable value (table 9).
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Table 8.-À/tarkol value ($) of crope ãnd pastlr€ produc,ls lrom lrigallon dlstrlcls

f982 ls87 1992

Frondtman Vallsy

Frendman Cambrldge

lGnsas Bostwlck No.2

Boslwlck ln Nebraska

Almena

H&RW

2,100A71

10,85f ,659

7,6't8,349

4,&'5,154

1311,100

2,335,665

14,524769

I,Sl2,{¡0

6,192,971

1,813,,161

2.71A3/sÁ.

1,859,747

9,553,516

7,031,3í14

4,5813f 3

1,042,698

2,143257

12,181,3¡¡4

7,A10267

6148,007

1,6trì,575

2.2Ãt 2.f 55.4t 5 -520

1978 1982 f987 19S2

Franchmu Vdley

FrerEhman Cambrtlgo

¡Gnsås BostwlckNo.2

Bostwhk ln Nobraska

Almena

H&RW

8,35¿

42;513

31,806

20,600

52¿7

8,712

43,580

33,980

20,486

4,535

10.558

7,42O

38,178

3Í1,585

18,415

4,520

9.674

8315

43,512

23,589

l93ss

5,145

10,6¡10

Tolâl 119,310 12,1851 111;tgz 110,450

Value

frôfr¡ båsln

1S7 1982 1987 1992

Value ($)

Hawested crophnd

564,228,000 862,510,000

6,(þ3,400

732,315,000

5,611,478

841 ,152,000

543,9361

f54.64Value Dâr f$) 142.6A 130.50

Table 9.-Tor baso (R€publlcan Rlvsr Bssln)

Toùal agrlcu[ural

laxable

ts)

Tolal laxaHe.
($)

Agrlorltrral
r/s.

total taxable

F/"1

Basln lotal

Colorado

Kansâs

Nabraslq

Trl-slsle lolal

2,9t8,438,219

687,304,530

4,886,862,468

18,432,1O0,466

24,æ6267,4U

5,114,169,31S

29,831,046,660

6iit,946,045,651

56P07,563,555

r¡ß,984,655,866

57.46

2.æ

7,æ

32,79

16.01

Flqrln G ld 1r r^ol 2 Ã10/^
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Recreolion

The public use areas associated with the Republican River reservoirs are

considered valuable úor receation because so much of the land in Nebraska and
Kansas (approximately 97 percent) is privately owned, Reservoirs represent a
significant portion of the standing water in both states. Also, within the basin,
water surface acres are limited and, thuq existing areas ar€ heavily used. Public
use recreation occurs primarily on reservoirs and the immediately adjacent lands;
thus, recreation opportunities are highly water related. Recreation opportunities
can be grouped mainly into water contact and water-related activities such as

boatihg, swimming water sküng, fishing and hunting, picnicking, sightseeing,
hiking, and camping. Most of the Republican Riverreservoirs include features
such as boat-launching rampÐ courtesy docks, picnic and camping sites, sanitary
facilities, shelters, access roads, and parking areas.

Data on the recreational use of the river between reservoirs is lacking, but it is
lnown that fishing, boating, and tubing take place. Much of the river access in
both Nebraska and Kansas is private and, therefore, recreators must obtain
landownerperrnission, a common practice in both states.

The following discussion includes information on visitation, recreation
opporfunities, trends in use, and availability of public facilities within the
Republican River Basin.

Historicol ond Current Visitotion

Although public r¡se areas are open year round, many of the modem facilities are

not available during the off season. The main season of use for reservoir
recreation occurs between May 1 and the end of October, weather permitting.
\Mnter season hunting and ice fishing occur at most of the reservoirs.

People visit Harlan County Lake and Lovewell and Bonny Reservoirs more
frequently than the other lakes (figure L0). Keith Sebelius lake also receives
si gnificant visitation.

Tiends in visitation (figure 11) indicate that reservoir recreational uses are either
stable or slightly decreasing since 1984. The amount of recreational use

occurring at Republican River reservoirs is often affected by regional drought
conditions. The most probable explanation for post-1984 visitation trends is that
lower than normal water levels in reservoirs resulted in unusable recreation
facilities.

For example, three rnain factors are known to influence recreational use at
Enders Reservoir and Swansory Hugh Butle¡, and Harry Sbunk Lakes:
(1) boating access, (2) the need to keep facilities dose to the users, and
(3) shoreline erosion. Fishing is the main use of these lakes (camping occurs to
support the fishing efforÐ and, therefore, lack of boat access is very important.
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Recreolion Opportunilies

Recreational opportunities within the Republican River Basin differ slightly by
reservoi{,but fishing and camping appear to be the most frequent activities. At
many of these reservoirs, people camp in order to enhance ttrìirtishing

Boat laundring ramps a¡e available at several different elevations, maximizing
use acrÐss the season as water levels fluctuate. Howeveç if people cannot launch
their boats, recreation falls off. In addition, as water levels fãil, people follow the
water; and this distances them frcm the facilities during periods of iow water, hr
some cases, shoreline erosion can be a problem when lake elevations do not
fluctuate at all.
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Bonny Resewolr

opporhrnities. Also, if the fishery resources within a reservoir decline, those who
fish move elsewhere. Picnicking motor-boating wabrskiing, sightseeing,
swirnming, and hunting are also important activities to those visiting the
reservoirs. Detailed information on hunting and fishing activities can be found
n theWildlife and F¡bl¡ andFisheries sections of this RMA.

Fishing, tubing, and canoeing also ocrur between reservoirs, although use level is
not known. Acress is limited by private property rights.

The facilities available at eactr reseryoirare summarized in table 10. Bonny
Reservoir is managed by the Colorado DeparEnent of parks and Outdoor
Recreation and colorado Departrnent of Wildlife. Enders Reservoìq, swanson
Lake, Hugh Butler Lake, and Harry Strunk Lake are managed by the NGPC.
Harlan County Iake is managed by the Coqps. Keith Sebelius Lake and
Lovewell Reservoir are managed by the Kansas Department of wildlife and
Parks.

Bonny Reservoir is located in the southwest comer of yuma county, colorado,
on the south fork of the Republican River. The dam and reservoir are about
2 miles west of the town of Hale, approximately 9 river miles upstream from the
Co-lorado,Kansas state line, and 18 miles north of Burlington, Colorado.

Borury Reservoir is readily accæsible by several major highways. U.S. High-
way 385 brings travelers from the north and south to within 4 miles west of
Bonny Reservoir, U.S. Highway 34 is located to the north about 34 miles and
brings visitors from the east and west, In addition, various county roads lead to
the ¡eseryoir. Other means of transportation to within 50 rniles of the reservoir
include airlíne service (both Wray and Burlington); the Burlington-Northem and
Rock IslandRaihoads, and the Greyhoundbus line.

Existing facilities indude four campgrounds, four single-lane boat ramps, a
marina-concession area, and day-use facilities located primarily on the south
shora. A group picnic shelte¡ and parking area are located at Center Beach and
are available foruse by reservation onþ. Tìc the west of the group shelter are the
swim and ski beaches with two vault toilets and parking areas. Fishing, boating,
and watersküng are important activities. shoreline erosion is a problern. Boat
ramp acress is an infrcquent problem because the reservoir is not drawn down
for irrigation puryoses.

Swo¡rçon Slale Recreollîon Arcd

Swanson Lake is located approximately 25 miles upstream from the toWn of
Trenton in Hitdrcock Counry, Nebraska, Swanson Lake is 4,974 surl.ace aa.:es
surrounded by 7,757 acrcs of land. There are nondesignated campsites, pâds,
showers, a concession, and two dump stations. The area also offers grills, pioric
tables, modem restmoms, vault toilets, shelters, boat ramps, and fish cleaning
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Table 1O.-Recreational facilities at Republican River reseryoirs, 1gg4

Facilities

Campgrounds

Regular campsites

Electrical campsites

Cabin sites

Picnic tables

Picníc shelters/sites

Group shelters/group sites

Latrine buildings
with flush toilets

Bonny Enders Swanson

4

174

26

I

90

18

1

2

2

160

t5

27

163

27

2

150

70

12

193

20

>1,000

110

l8

4

154

63

57

314

2

1

Hugh
Butler

1

110

45

I

160

20

Harry
Strunk

1

u
43

16

180

12

Keith
Sebelius

5

200

42

0
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stations. Potable water is available at Macklin Bay day-use area and camp-
groun4 sp.iog canyon day-use and camping area, and the Trail6 and rrail l0
fisherman and wildlife actess areas. The six developed recreational use areas at
swanson Lake indude: an overlook area located north of the dam, picnic area
located just west of the ovedook area, Macklin Bay campground and day-use
area, beach area located at the south end of the dam, Spring Canyon camp-
ground and day-use area, and Trail 7 orNorthside Beactr area.

The city of rrentm is the nearest transportation oenter serving swanson Lake.
u.s. Highway 34 runs fiom Tlenton past swanson Lake to the Nebraska/
colorado border, u.s. Highway 25 runs from swanson Lake south to the
Nebraska/Kansas border. A railway branch line runs paraller to u.s. High-
way 34 fiom Tlenton to Benkelr¡an, Nebraska. In addition, a commercial aiqport
atMcCook serves the area.

visitoruse pattems are heavily dependent on reservoir drawdown. In years
when the reervoir level is up near the developed recreation areas, annual
visitation increases dramatically, and visitorparticipation is more water oriented.

Enderc Slate Recrealíon Area

Enders Dam and Reservoir is Iocated in chase county in southwest Nebraska on
Frenclrman creek about 79 2 miles upstream of the confluence of füenchman
creek and the Republican River and approximatery 1s milæ south of Enders,
Nebraska, Highways 6 and 34 provide east to west access, and Highway 6L
provides north to south access.

At Enders state Recreation Area (sRA), the'!.,7}7-actelake and approximately
L,1L1 acres of land around the lake are available to the public. pãrt of the lake is
set aside as a waterfowl refuge. The park has nondesignated camping sites,
carnp pads, and hookups. The area offers grills, picnic tables, modem restrooms,
vault toilets, shelters, boat ramps, and fish deaning stations.

Red Wîllow (Hugh Buller Lake) Stote Recreatton Area

Red wlllow sRA offers L,358 acres of land arcund a1,,62raoe rake. Basic park
facilities include nondesignated campsitæ, pads, showers, a swimming beach, a
concession, and a dump station. The area offers grills, picnic tables, modem
restrooms/ vault toilets, shelters, boat ramps, and fish cleaning stations.

U.S. Highways 6,34, and 136 serve from east to west; U.S. Highways 93, 1g3,
28L, and 283 serve frcm north to south; and both passenger and freight trains
(Amhak and Burlington Northem) serve the basin. Mccook has the only airport
in the Republican River Basin that provides regularly scheduled comrnercial 

-

flights.
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Medicine C¡eek (Harry Strunk Lqke) Slqte Recreotion Ated

Harry Strunk Lake is located in Frontier County on Medicine Creek, approxi-
mately 7.5 miles northwest of Cambridge, Nebraska. Access is the same as "for
Red Willow State Recreation Area. Medicine Creek SRA h as a \,7 68-acre lake
with about 1,200 acres of land around it. There are nondesignated campsites and
camp pads. The ¡ecreation area has a swimming beach, a concessiory showers,
and a dump station.

Existingpublic-use facilitiss are concentrated in the two major use areas. Cove 4
on the east shore just north of the spillway contains a campgrcund with back-in
spaces/ comfort station,/shower building, vault toilets, a swimming beach, a boat
ramp, and a car,/trailerparking area. Medicine Creek atea on the west shore of
the reservoþ located on a bay justnorth of the dam, contains a concession area,
double boat lar¡nching ramp, and pioric arca. The concessionai¡e provides rental
cabins, rental boats, gasoline, a short-o¡der cafe, and 46 trailer spaces. The
two-lane boat fanp has adjacent car/trailer parking. The area also contains
picrric shelters and tableg sanitary facilities, and parking areas. I:n both areas, the
roads and most parking areas atre paved. Also, potable water and sanitary
facilities are provided.

Horlon County Loke Area

Nine public use areas and.five recreation out-grants (leasæ) provide recreational
facilities for visitors to Harlan County Lake. Colps-managed public use areas
indude: Cedar Point (a part of Patterson Harbor), the Outlet, Gremlin Cove,
Hunter Cove, North Cove, andMethodist Cove.

Quasi-public recreation facility developments on prdect lands supplement those
recreation facilities provided by the Coqps. Quasþublic recreation facilities are
located on project lands out-granted to lessees specifically for recreation
development. Developments include the 4-H camp, the Camp Joy Bible Camp,
the Patterson Harbor Marina (located on the south side of the lake), and the
North Shore Marina (located on the north side of the lake), both of which provide
marina services for lake visitols,

The Harlan County Lake area is served by Federal and state highways and
county roads. The major recreation areas at the lake are sewed by a system of
hard-surfaced, all-weather roads. læsser-used areas, such as North Cove, Camp
Joy. and the 4-H camp/ are served by gravel roads maintained by the county. The
condition of these roads generally ranges from fair to poot depending on the
season.

Seven boat ramps, with a total of 17 boat-launching lanes, provide access to
Harlan County Lake for recreational boaters.
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Prdûrie Dog (Kellh Sebellus Lake) State Park

Recreation at Keith Sebelius Lake is managed as Prairie Dog State Park by the
Kansas Department of Wildlife and Parks. The lake is located on Prairie Dog
creek in Norton county, Kansas. The lake is approximately 2.s miles southwest
of Norton, Kansas.

Seasonal use patterns at Keith Sebelius Lake are typical of most Kansas reservoirs
and consist of heavy fishing use in the spring followed by general reservoir
recreation activities during the summer.

The park presently provides 440 parking spaces in the boat launch and day use
areas, 52 desþated campsites, 4 vault toilet buildingo 2 shower buildings, a
swimming beach, and a nlmp with 2 launch lanes. The developed areas on the
wildlife lands provide two conservation pool level boat launch ra¡nps, six vault
toilet buildíngs, and four water wells. The ramps on wildlife lands werc not
usable for many years because of the lowered water levels.

The highway department operates a roadside park along U.S. Highway 383 on
¡eservoir lands which provides picnic shelters, water wells, and a vault toilet.

Ready access to the state park is provided by u.s. Highway 283, which runs east
and west. The city of Norton is served by a branch line of the Burlington-
Northem Railroad.

Lovewell State Pa¡k

Lovewell Reservoir and park is located 1.2 miles south of superioq Nebraska, and
4 miles east and 10 rniles north of Mankatq Kansas, on Kansas Highway 14.
Lovewell state Park is managed by the Kansas Deparhnent of Wildlife and parks,

Seasonal use Pattems at I¡vewell Reservoir are typical of most Kansas reservoirs
and consist of heavy fishing use in the spring followed by general reservoir
recreation activities during the summer. The heaviest use occu$ from May
through July and use rnay drop off in August, because of the heat, especially if
waterlevels also fall off. There a¡e not enough of some facilities, epecially
electriel hookups, to meet o<isting demand. Shoreline erosion becomes a
problem if lake elevations exceed 1582.6 feet. Boat ramps are accessible most
years but become unusable if the level falls below L574.6.

Fish qnd Fisheries

The Republican River repr€sents an imporønt refuge for aquatic species in an
otherwise dry region, Factors affecting the distribution and abundance of st¡eam
fishes include temperature, oxygen, cun€nt, substrate, water quality, discharge,
and periods of reduced discharge. Republican River fishes reflect the sometimes
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harsh conditions associated with prairie str€ams that typically suffer significant
periods of reduced disdrarge during the dry seasons. Some of the native
Republican River species (plains killifistU fathead minnow, creek chub, black
bullhead, red shiner, white sucker) are known to be tolerant of low-flow
conditions occurring in intermittent prairie streams.

Before major Republican River dams were in place, the Republican River was
used as a fishery resource. The human population of the area was fairly low, so
fishing prcssur€ was not great. The river had been impacted by previous human
development activities including agriculture, tree growth in the riparian zone,
and grazing. In addition, several species of fish had aheadybeen introduced into
the Republican Rive1, including caqp and dra¡rnel catfish. Many native species
(minnows and darters) probably were not highly valued nor well inventoried.

Lr general, the effects of impoundment on the Republican River were to decrease
the flows downstream of the dams during nonirrigation seasons and to increase
the flows during the irrigation seadon. Alsq because many of the dams were
built for irrigation diversion, stream disdrarge decreased in many areas (see
Surføce Wølø section). The dams c¡eated reseryoirs whid¡ served as new fish
habitat while si¡nultaneously reducing stream habitat, Major dams and
diversion dams also act as barriers to fish migrating upstream.

These dranges in flow and stream structures would have caused some changes in
the composition of the fish populations within the river basin. Overall, at the
time the dams were built, the poteritial reservoir fisheries were viewed as having
more value than existing stream fisheries (Service, 1949). Thus, fishes more
compatible with reservohs (walleye, white bass,largemouth bass) increased;
while populations of some of the stream fishes (various minnows) probably
decreased. Data are not available to describe how the native fishes responded to
the presence of the darns, but they were likely impacted because of the changes
in flow regimes.

Streoms

HÌstoiedl Assessrnenl

When the Republican River reservoirs and lakes were planned, the Service
recommended that sufficient water be bypassed to ensur€ healthy river con-
ditions and maintain fish and wildlife reóurces downstream. Howeve¡, fish
resources within the basin, especially, have suffered losses at ti¡nes due to
insufficient amounB of water flowing past the sùorage reservoirs and diversion
dams (Service,1966). The severe effect of dewatered cha¡urels can also be
associated with direct pumping from the channel for irrigation of adjacent fields.

July and August a¡e critical months for fish populations in minimal flow
environments because low flows during these months then become associated
with high water temperatures and insufficient oxygen. Low flow depth also
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becomes a critical factor. Service (1949,1966)-recommended minimum flows
below the dams in the area have notbeen met, at least in some month$,

especially at Enders, Harry Strunk, and Harlan County impoundments.

Downstream sections of the Republican River have experienced decreasing flows
duè to upstream irrigation projects; irrigation delivery system efficiencies;
groundwater developmen! and implemmtation of various soil and water
conservationpractices, suctr as contout farming conservation tillage, ecofallow
cropping programs, construction of terraces and farm ponds, and development
of small watershed projects, The decreasing flows from these practices would
likely have negatively impacted the stream fishes. In addition, water quality
degradation from pesticides, fertilizers, livestock operations, and other factors,
may have had an adverse impact on fisheries (sæ Surface Water Qualìty section)'

Studies of native fishes in Republican River Basin headwate¡s in Colorado
(Cancalosi, 1981) found several species known for tolerance in extreme flow
conditions (plains killifish, fathead minnow, creek chub, black bullhead, red
shinel white sucker, and green sunfish). The sand shiner was found to be the
most abundant species. The fishes of the Republican River Basin in Kansas also
represent some tolerant species, Although native fishes are tolerant of and
adapted to low flows in the lower end of the RepublicanRive¡, the low flows
now occur at a different time of year than under pre-dam conditions.

During the Colorado 1977 collætton (Cancalosi, 1981), orangethroat darter
represented 18 percent of the fïshes captured in the Colorado portion of the
basin. Other abundant species included the sand shiner (24 perent), stoneroller
and flathead minnow (14 percent each), creek chub (8 percenQ and plains killifish
(7 percent). The abundance of these fishes may have changed since 1977.

The fisheries in the Republican River are predominantly warmwater. During a

1,972 suwey, several games species were collected in the Rçublican River:
channel catfish, black bullhea{ black crappie, northem pike, bluegill, Iarge-
mouth bass, rock bass, smallmouth bass, white bass, white crappie, walleye, and
yellow perch (Bliss and Schainost,l973); channel catfish ara the primary game

fish in the river (Reclamation,lg8/). Thisrepresents some change from pre'dam
catches, which seemed to be less diverse; channel catfistr, howeveç apPeil to still
be the primary game species present.

The Republican River fisherybelow the Superior-Courtland Diversion is
probably reduced, compared to prior years (Hilgert, 1982). Reduced streamflows
and increased wate¡ use demands have greatly conhibuted to the decline of the
Republican River stream fisheries. Additionally, channelization, dewatering, and
turbidity contribute to decreased stream health. Bliss and Schainost (1973) found
that the Republican River Basin (in Nebraska) included 1,135 miles of flpwing
stream and that 39 miles had been lost to channelization at that time.

As a generalization, the stream fistr and fisheries of the Republican River
represent local value. Recreational values associated with fishinghave shifted
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fiom the river system to the reservoirs. Forexampre, the service (19g3) found
that stream fistring comprised only 20 percent of total fisherman days in the
Republican River Basin.

Reclamation (1984) developed a ratingsystem for the Republican River Basin, as
shown in the table 11, that incorporates not only anglingbut also special status
species and the riparian zone condition.

Tablê 11,-Flshlng values of varlous reaches ol tho Republican R¡verl

Slream R6ach Value Rsason

Frenchman

Norlh Fork and

Chiel Creek

Arikaro€

Soulh Fork

NW Kansas

lríbularl6s

R€d Wllow Cro€k

Medlclne Crosk

Near CO stale llne

Stale llne to Culb€rtson Dam

Culbertson lo confluence with Republican

Stlnklng Waler Creek

10 mles wesl of Wray, easl to state line I

Soulh of Mlldred, CO, lo Beecfrer lsland

Be€cher lsland to NE stal€ tine

Flagler lo Yuma County llne

lV (llmiled)

lll (moderate)

I (excellenl)

I

IV

Orangelhroat darlsr

Orangelhroal darter

CO Stale T&E

specles slream

Yuma Counly l¡ne lo lhe slale llne CO Slate T&E

specles slream

Lardsman Creøk co state T&E

species slrsam

Bsaver Creek

Pnlrie Dog Creek

Above Hugh Bull€r

Bêlo¡, Hugh Buller

Above HarrySlrunk

Bglol^, Harry Slrunk

Whlte Rock Creek

Malnslsm Cambrldge to Harlan

Harlan lo Supêrlor Countand

Supedor Courtland Dlver$on Dam to
Mlllord

1 
Bureau ol Feclamallon. 1984. Republloan Alvet Basin Water Management Stud|t lnstrsam flow analysis,

Ropublicån B¡ver Basi¡, Colondo, Kansas, and Nebraska.

Table 12 provides sorne indication of the historical importance of fishing within
the Republican River Basin.

lt

il

IV

I

ilr

IV

il, ill
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Table 12.-Hlslorlcal reøeatonal stream fshlnq wlthln th6 Reoubllcan Rlver Baslnl

RopJbllcan

Rlver

Nebraska

Tribularies

Republlcan

Rlver

Kansas

lribuladssTolal Total

Stream length

Fishable mlles

+hourflshlng
days

Flshlng dap/
stroam mile

285

285

40,236

141

850

441

13,817

2S

1 ,136

54,O53

71

176

176

22,710

1,234

s72

7,603

1,41 0

548

30,313

55

767

129 21

1
Boclemalion 1985 Bepubllcan BlverWater Management Sludy

Cunenî Assessrnent

The Republican River is typical of rivers found in the agriculturally impacted
areas of the cmtral GreatPlains (l\lcpc, rggs[aD. It can be c]raracterized as a
shallow, Iow-velocity, sand-bottomed ¡iverhosting an assemblage predominated
by widespread, generalist species of fishes (i.e., red shiner, river ihiner, fathead
mirmow, and i:hannel catfish) with a few species that exhibitmore limited d.is-
tributions (i.e., plains killifish). Although seasonal flow pattems have ctranged
from.pre'dam conditions, noteworthy native species are still present,

|Much of the Republican Riverhas a shifting sand streambed that is poor habitat
for benthic invertebrates. Native fishes probably relied upon terrestrial food
sources and small areas of benthic invertebrate productivity in areas of stable
substrate (Kansas Departrnent of Wildlife and parþ 1995),

The fish community in the Republican Riveris fairly diverse (table 1g). Recent
sampling of the Republican River in Nebraska found several species that werc
rated as common, including river shiner, red shinel, fathead minnow, central
stoneroller, channel catfish, plains killifish, creek chub, conunon carp, river
carpsucker, drannel catfish and bluegill (NGPC, f 995[a]), Two speciìs that
historically occurred in the lower Republican River, the sturgeon chub and the
flathead chub, did not occur in recent sampling effoits (Kansas Þpartment of
Wildlife and Parþ 1995). The structure of the fish cnmrnunity is likely
influenced by reservoir fishes moving into the streaûìs.

NGPC (r995[a]) examined the Republican River between Cambridge Diversion
Dam and Harlan County Lake for spawning habitat that could be used by white
bass, walleye, d¡annel catfish, and flathead catfish, some spawning habitat was
available, mostly in the form of log jams, undercut banks, and gravel bars.

Creeks and small tributaries may reprcsentimportant refugia for native,
threatened, or rare species due, in part to their being outside the influences of
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13.-Flshos of lhe Reoubllcan River

Soedes
Locatlon

(stato)
Natlve (N), lntroduc€d (l), common

h'1s95 rlv€r samDfes

Longnose gar

Shorlnose gar

Glzzad shad

Goldeye

Ralnbow troul

Brown trout

Àlorlhem pll(o

Central sloneroller

Creek chub

Speckled chub

Red shlner

Golden shlner

Emerald shlner

Rlver shlner

Bigmoulh shiner

Sand shiner

Westem sllvery mlnnow

Plalns mlnnow

Suckermouth minnow

Falhead minnow

Brassy mlnnow

Common carp

Goldflsh

Buffalo

Qulllback

Rlwrcarpwcker

Whlte sucker

Black bullhead

Yellow bullhead

Channel calish

Flethesd

NE, KS

KS

NE, KS

NE, KS

co

co

NE

co, NE, KS

CO, NE, KS

KS

CO, NE, KS

NE

NE, KS

CO, NE

NE, KS

co, NE, KS

NE

co, NE, KS

CO, NE, KS

CO, NE, KS

co, Ks

CO, NE, KS

co, Ks

KS

KS

NE, KS

co, NE, KS

CO, NE, KS

NE

CO, NE, KS

NE. KS

N

N

N, æmmon

N

I

I

I

N, 6lmmon NE

N, common NE

N

N, oommon

N

N, common KS

N, common NE

N

N.

N

N

N

N, common

N, common KS

l, common NE

I

N

N, common NE

N

N, common KS

N Kansas Rlver Basln, cþmmon

N
1 Liat l.r, Bl¡ss, Ouentin P. and Stsvo

NGPC, 1 99s (NE); Cancalosl, Jo¡n Josâptl.
Schalnost. 1973, Nebraska perks and camo,
1 98 1 . Frbâas ol tà e Bapubilêan ßlver Bastn in

Colondo. MSC thesis. Colorado Stoto Unlvsßity, Fort Coltîns, Cotorado (CO); Kansas
Doparfiont of WlHlile and Porl€, t99s (KS),
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Table 13.-Flshes of the lcan Rlver Basln

Locallon

lstate)

Natlve (N), introduced (l), common

ln 1995 rlver samÞles

Stonecal

Plalns ldllifish

Plalns topmlnnow

Weslem mosqultoflsh

Brook sllverslde

Whlte bass

Wper

Rock bass

Green sunfish

Blueglll

Orangespotted sunfish

Smallmouth bass

largsmoulh bass

Black crapplo

\tìrñlts crapple

Orangethroal darter

Walleye

Saugeyg

Yellow perch

co, NE, KS

co, NE, KS

NE

NE, KS

NE, KS

NE, KS

NE, KS

NE

NE, KS

co, NE, KS

NE, KS

NE

co, NE, Ks

co, NE, KS

NE, KS

co' NE

NE, KS

NE, KS

CO, NE

NE, KS

N

N, common

N

N, Kansas Flivsr Basln

I

I

N

N Kansas Fliver Basln, common NE

N, common KS

I

N, Kansas Rlver Basln

l, æmmon KS

N,common KS

N

N?, Kansas Rlver Basln

I

I

Fresiwaler drum N. basln

dam-related water fluctuations. In a 1995 survey for rare plants and animalg
NGPC found eight ocrurrenc€s of the orangethroat darteiand two occurrerices
of the Plains topminnow in such tributaries (NGPC, 199btbl).

NGPC (1995[a]) conservatively estimated that about zl00 anglers fished for
about 32300 hours in the Republican River between Guide Rãck Diversion Dam
and Harlan county I¿ke and about 3,400 anglers fished for 9,500 hours betweén
Harlan county Lake and cambridge Diversion Dam. River catches we¡e
dominated by channel catfish, drum, and white baçs. some areas between
cambridge Dversion Dam and Harlan County Lake may ¡epr€sent potential
spawning habitat for sport fishes like walleye, white bass, channel cåtfish, and
flathead caúish.

The most critical factor for stream fishes and fisheries within the Republican
River Basin remains instream flows. wate¡ quality is also importani and can be
related to streamflow (seeWøter Quality section), Eischarge instream ¡eacies js
often dependent upon reservoir release levels. Reservoir outflows for all the
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dams in L994 were low between October and December, motre variable between

January and April, and then generally increase dramatically during the irrigation
season. Outflows from Enders, Swanson/ Harlan County, and Keith Sebelius
impoundmenb may not be adequate to support strcam fisheries. There have
been fishkills related to low flow within the Republican River Basin, particularly
in low water years (attachment A, table A4). This is an a1€a where, potentially,
the way the river is managed could be altercd to benefit aquatic resources.

Summory

Current information on Republican River streams is not complete; howeveç it is
probably safe to say that the fishes and fishery have been impacted since the
major dams were closed. For example, the timing, du¡ation, frequency, and rate
of reservoir disdrarige can be irnportant factors to fish populations and crucial to
the success or failure of a single year class. This success or failure can affect the
fishery for extended periods of time. Of particular interest conceming instream
fisheries are flows during the spawning,hatcìing, and fry life stages which can
also drastically affect fish populations (Reclamation, 1985). The dams did change
the discharge and discharge timing in the st¡eams, and reservoir release
sdredules have not always been adequate for stream fishes. Water quality issues
thatcould affect fish can also be related to reservoir release schedules and
agriculture. It may also be true that the value of the reservoir fisheries out-
weighs the value of the stream fistreries to local residents.

The Republican River does not rcpresent an area of high endemism and there-
fore, it is unlíkely that endangered stream fistres will be a major issue. llowever,
native fish populations have almost certainly been altered by the influences of
human development. Remaining native assemblages may require protection and
appeff to be doing well in some areas.

Reservoirs

Hbtoricol Assessmenf

All of the ræervoirs in the Republican River Basin2, except Lovewell, are
supplied with water from upstrcam drainages and mainstem rese¡voirs.
Lovewell is supplied by the Courtland Canal, whidr begins at the Superior-
Courtland Diversion Dam at Guide Rock, Nebraska, and by White Rock Creek.

The reservoirs represent recreational fishing opportunity and were originally
considered, overall, to add value to the RepublicanRiver fishery (kwice,1946,
L949). The fisheries in the Republican River resewoirs are a coolwater-
warmwater mixfure and are managed for recreational fishing. Walleye is

2 Milford Reservoir is not coverod in this discussion because it is outslde lhe study area.
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considered 4n important game fish. white bass, r,yipsrs (white bass/striped bass
hybrid), channel catfish, northem pike, and white and black crappie maie up the
remaining preferred sport fisheries (Service, 1982).

some basic resèrvoir parameters (inflow, lake surface area, and lake revel
fluctuation) changed over the years, and these parameters affected the lake
fisheries (service, 1982), For example, reservoir inflows have declined pre-
cipitously over the past 30 years. Inflow declines for Enders, Harlan cõunty,
Swanson, and Keith Sebelius continue to be serious, and this reduces the hjbitat
available for reservoirfish and wildlife resources (detailed inforrnation on
Republican River reservoiroperations can be found in Annual operatìng plan:
Niobmra,Inwer Platte and Kansas Riznr Basins [Reclamation 199sil and tn water
Supply sections.

Mean lake surface areas appear to have declined at Enders Reservoir and.
swanson, }l¡arry strunk, Hugh Butleq, Harlan County, and Keith seblius Lakes
from 1961 to 1994. Reduced reservoir surface a¡ea decreases fish habitat
thnrughout the basin. In 1981, the service (1982) found statistically significant
decreases in surface acreage between 1961 and 1980 at Swanson, S;a"rs, Hurry
lFi! Harlan County, and Keirh Sebelius (but not Hugh Butter). It appears
likely that these declines continued from 19g0 to 1992 oi lggg, although this was
not tested statistically.

Annual fluctr¡ation in surface area (difference between the maximum and
minimum surface area) can also cause problems for fish and wildlife because
shorelines are altemately watered and dewatered, spawning or rearing habitat
maybe dewatered or water quality reduced, Ahistorical view of lake
fluch-¡ation in the Republican RiverBasin shows that several of the reservoirs
sustained high levels of change ye:arly. For the past 20 years, Bonny Reservoir
has remained near the top of the conservation pool and arso strowj üttle
fluctuation; it is notsubject to irrigation drawdown. Enders Reservoir, swanson
lake, Harry strunk Lake, and Hadan county Lake show higher levels of annual
fluctuation in water surface acres. Keith sebelius lake *muin"d near the top of
the inactive pool until inflow expanded the water surface in 1993. Fluctuations
may have increased during the 1980's at Lovewell. The meaning of such
fluctuations for reservoirfisheries is described below; the impact of drawdown
and surface area fluctuations depends upon whichspecies are considered
important.

The walleye is one of the most desirable sport fish to anglers in the Republican
River reservoirs, which makes it an importantspecies from a management
penspective' Reservoir fisheries decreased overall as a result of drawdowns, with
walJeye showing the gr,eatest decltne (service 1982). walleye populations likely
decreased in swanson Lake, Harry strunk l¿ke, and Keith sebelius Lake from
the combined effects of both reservoir drawdowns and fluctuations between the
years1961' and 1980 (service, 1982). Dedines in walleye atEnders Reservoir and
Harlan County Lake wera att¡ibuted to drawdowns only.
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The Swanson Lake fishery is affected by factors such as drought and reservoir
waterlevels and inflows (Madsen et al., 1986). From 1975 to 1980, the ¡eservoir
pool was drawn down due to irrigation demands and drought conditions.
During this extended period of drawdown, a dense ten€strial growth of willow
and cottonwood occr¡rred around the shoreline perimeter above elevation
2740 meansea level (msl). kr 1981, the reservoir pool reached the top of the
irigation pool (2752 msl). When this omr¡red, an area of thick terrestrial growth
approximately'l,,2AO acresin size, primarily in the upperend, was inundated for
the first time since 1975. From 1981 through 1983, the reservoir pool did not
fluctuate severely, and a fishery of crappies and black bass was established.
Crappies can benefit the most from these conditions and yet high densities of
crappie likely adversely atrect young-of-the-year walleye survival.

long-term mean (1961-80) productivity in the Republican River reservoirs
(figurc 12) was also estimated by the Service (7982), pr,oviding some insight into
the relative differences amont the productive potentials of the individual
reservoirs. The various reservoirs appear to have different capacities for sus-
taining walleye productivity, and Harlan County Lake, by its size alone, could
produce more walleye overall.

600

Bonrry Btders l-hrry Strunk Seþellus
Svanson Hugh Butler Fhrlan Oounty Lovewell

Fígare l2.-F-stìmøted long-t*ttt means bøseil on t96t-80 reseøoir conilítions
(Sentíce,7982; p,22). Thcse estímates arebaseil on multíple regwssion

moilels anil are not mcastrcil mean aalues.

Harry Strunk Lake was known for outstanding crappie fishing during the first
15 years of impoundm ent (1949-64). Through the 1.970's, a stable walleye, white
bass, and channel catfish fishery was present (Madsen et al., 1986). The walleye
fishery has o<perienced periods of decline. Fishkills were verified during the
suruners of 1983 and 1985 in the stilling basin due to high temperatures and low
dissolved oxygen.
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Enders Reservoir initially contained abundan t bullhead, largemouth bass,
carpsuckers, white suckers, and white crappie. The largemouth population
subseguently declined, and black crappie populations grew. Walleye and
drannel catfish were prlesent in fair numbers (Brezenski et al., 1990).

Before dosure of Red Willow Dam, Red Willow Creek was treated with rotenone
to eradicate rough fish, with the goal of maximizing game fish in the reservoir.
Hugh Butler Lake was known fur its quality largemouth bass, crappie, and
northem pike fishery until the rnid 1970's. These populations subsequently
declined.

Current Assessmenî

Horlqn County Lqke

Harlan County Lake is the largest of the nine Republican River reservoirs,
followed by Swanson Lake and Lovewell Reservoir. Table 14 describes some of
the current basic feabures of the reservoirs that could affect fishery resources,
Clearly, Harlan County Lake provides much more water volume and total
surface acres for fish habitat than do the other reservoirs. Mean depths do not
differ dramatically among the reservoirs, most of which are about 20 feet deep.

The number of visitors fistring at the various lakes is shown in figure 13. Trends
in fishing show that fishing pressure is probably remaining steady or increasing
at most Republican River reservoirs except during dnrught years. Fishing
presfltre at Bonny Resewoir may have dropped off around 1980. Harlan County
fishing pressure appears to have decreased since L989, followed by a rebound
in 1994.

Fishery management activities at Harlan County Lake are the responsibility of
the State of Nebraska, NGPC. The NGPC initiated an intensive 3-year creel
surveyin 1988, providing valuable data for the Harlan County Lake fishery. In
anticipation of record low lake levels, the Corps and the NGPC cooperatively
conducted creel suweysnL992, L993, and L994. The cooperative aeel suweys
will be continued at least through L996. In conjr.nction with the creel survey, the
NGPC statistically estimated the number of angling hours occurring on Harlan
Cpunty Lake.

Harlan County Lake was full in 1994 and 1995, and lake drawdown was not
sever€, thus providing good fish habitat. Overall catctr information suggests that
declining trends for walleye and white bass wene reversed in 1994 and will likely
continue strong in 1995 (figure 14). Channel catfish catches have remained
stable, except fora decline tn1992. Crappie contributed significantly to the
Harlan County angler catch for the first time since 1988, a result of higher lake
elevations and increased shoreline habitat over the past 2 years.
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Tablê14-Baseruolr stãüslies lmportsnl lo êunBnt fi*rsry issue

199¡l lakêâtê¡'aüots

Lake

ToP ot

inadive

Eool

Top ol

aclþ¡

irool

Mean Ms¡n

volume

Jacré'{oêtl

Ànnual Annual

maximum

motn

d€pth

ff€itl

aÞa Mrlst pqpuhr

laams\ oarne fish

Bo.¡ny s838 æ'r2 ff70 æ72 1,99S 3igg8 N

Êwanson 27?lJ gtæ. 2744 27æ 4;t7ß 106,687 22.s

Endors 3082 31'f2 8004 3t05 12æ 26,036 212

l-lughBdor ¿55e 2ftAZ aCIT 2Sa0 1,6sg O6,l5.i æ,.8

HanyStrunk 2g4S 2968 æA 2368 1,30{ ß,972 1S,4

Harlan County 19tr i946 lg42 1348 1g,g4E A17,885 2S's

Ke[h Ssbdius Uû 2¡t04 UgT 2gOO t,GB¿ Z4,4s0 14.1

$€lleye

wlpsr

crappio

whlt€ baÊs

cllannol

ealfish

bluBglt

unlloyo

bbckbåss
crappio

nonhsm plk€

catfish

unlloye

øappls

black bass

rrhltB þa$s

catl¡str

wall€i¡8

crappio

black bass

trrhlte bass

nonham pikó

walleye

crapdo

blackbåss

whilô bass

catfisfi

wal!Êy6

whlle bass

channel

oâtfish

wipBt

Yviper

wh¡tedappls

bhckoapptg

walleyo

blackbass

ualleye

cr¡Ëlsh

bãs

Lorrsr¡s€ll 1512 l6gft l5-rg 1585 2,s78 41,540 13.9
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Gill net catdres at Harlan County Lake provide useful information on the
abundance of fish in the lake. Although walleye catches were fairly stable from
1973 to 1983, catdres since that time have been somewhat higher and clearly
more variable. Based on both abundance and size dass information, walleye and
white bass fishing is expected to be average over the next few years (NGPC,
1ee5).

Natural reproduction of walleye resulted in no walleye stockings at Harlan
County Lake during the 1970's. The Harlan County Lake walleye fishery
traditionally inaugurates the Nebraska open water fishing year. Walleye
spawning along the face of the dam and the resultant incre¡se in fishing pÍessure
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have been well documented, Biological data indicate that fishing along the face
of the dam at Harlan County Lake when the walleye are spawning (April)has
not been detrimental to the walleye fishery.

Gtzzard shad has been the primary forage base and prey species in Harlan
county Lake since impoundment. The high annual densities appear to inhibit
growth of the juvenile shad, thus providing a usable forage late into the fall.
Periodic winter and spdng die.offs of shad occur at Harlan County Lake
depending on climatic stress factors. The last major die-off of adult shad was
documented in 1984. other fish species present in Harlan county Lake also
serve as forage at c€rtain life stages (carp, quillback, redhorse sucker, drum, and
golden shiner).

A large stocking of northern pike fingerlings in 1979 created a strong year class
and a brood stock base for future years. The drought cycle of the earþ 19g0,s
created conditions whidr allowed densities of northem pike to increase.
Plantings of cereal grains-on exposed shoreline, along with naturally occurring
annual weeds and grasses, created ideal littoral spawning conditions fo¡
northem pike.

Flathead catfish over 20 pounds are commonly taken frcm Ha¡lan cotrnty Lake.
According to the 1988 and 1989 creel surveys, harvest of this specieg native to
the Republican Rive4, is relatively small. The size of this specieg howeve¡, makes
it i:nportant as a true trophy fish.

crappie were an important component of the Harlan county lake fishery in its
early years (195+60). The crappie population grewrapidlyin response to the
newly inundated vegetation, which prcvided favorable habitat for spawning.
The drought cycle of the late 1.970's and eady 1980's allowed shoreline areas to be
exposed for 3 to 4 years, allowing the establishment of numerous cottonwoods
and willows along the lakesho¡e. I¡rr¡ndation of the newly establistred vegetation
duplicated preimpoundment conditions, although on a much srnaller scale. A
short-term crappie fishery resulted from 1982 through 1985.

\lvhite bass, and to a lesser extent walleye and drannelcatfish, migrate up the
Republican River fiom March through May. while the riprap protection on the
dam south of the spillway is the predominant spawning area for walleye, the
white bass population is heavily dependent on migration up the Republican
River to ensure a sucressful spawn and subsequent strong year dass.

Bonny Reservoir

The most sought-after species at Bonny Reservoir include walleye, wiper,
crappie, white bass, channel catfisþ and bluegill. Catdr data (creelèd and
released) at Bonny Reservoircollected in 1994 were as follows: walleye (23 per-
cent), crappie (22 percent), channel ca thsh (22 percent), white bass (20 percent),
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wiper (6 pertent), bluegill (5 percent), and all others (z percent). The reservoir is
stocked yearly with walleyø wiper, largernouth bass, and channel catfish, The
most sought-after fish appear to be reasorrably abundant and, therefore, the
recreational fishery seems healthy.

Enders Reseruoir

species stocked include channel caffish, northem pike, and walþe. Forage
was thought to be limiting 1n199o, and rough fish was estimated to account for
70.6 percent of the total biomass. objectives at this lake are to maintain walleye
populations and to increase forage levels.

NGPC estimated that 8,705 anglers spentl9,294hours fishing Enders Reservoir
during April through october 1995. creel data (NGpÇ 1,99s) are reported below:

Catch Haruest
(%bv number)

Walleye

White bass

Bluegill

Northem plke

White crappie

Yellowperch

Laroemouth bass

(%l

46

17

I
I
7

12

36

18

7

16

2

1

5

2

Swonson Loke

ChTnel catfish rcprtsented less than L percent of the total catch but 11 percent of
the harvest by weight Eight rudd, a European ca{p, were coilected in Enders
Reservoir during 1995 sampling, and the effect of this exotic species on the
reservoir fisheries will need to be monitored , Gizzatð, shad appeared to be

lbyldant and should provide a good prey base for futu¡e yeãicrasses of walþe
(table 15).

Fishes stocked over the yean include rock bass, northem pike, spottail shineç
fathead minnow, tiger musky, and walleye. NGPC estimated ùat12106 anglers
fished for 49,270 hours at swanson duringApril through october 199s. creãl
data (NGPÇ 1995) are reported below:
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Table 1s.-Fish sampling rosulb at Rspublícan Biver ras€rvolrsr
(1se5)

Red Wlllow Med¡dne Creek Harlan County Keilh Sebel¡us

Catcfl
pet
unft

etfort

Catch
par
unit

efforl

Catch
per

unit
effort

Catch
per
unlt

etfort

Catch
p6r
unÍt

etforl

Catcll
pel
unlt

etfort

Catch
pet
unlt

efforl

Enders

RBlative
abundanca

6o/"

&%

Swanson

Rslaüve
abundance

30t/o

2Io

17o

5/"

1o/a

Relative
abundanc€

Relative

abundanca
Relatlve

abundancs

44%

3"/.

sva

svo

1SVc

RElative
abundanôe

21V"

3s%

<1V"

1c/"

Lovewell

Relative
abundancg

Gizzard shad

Northem pike

Common carp

River carpsucker

Channel catfish

Black bullhead

\Mper

While bass

Largemouth bass

Wh¡le crappíe

Black crappie

Fock bass

Blueg¡ll

Green sunfish

walleye

Yellow perch

Freshwate¡ drum

24

<f

18.8

51.7

2.5

6

35

1.3

8.9

11

2.4

3.2

6.5

6o/"

5,0/"

12 13o/o

87"

53.5

<1

1.7

5.8

6.5

1

ão
ctt
o
C
õ
o

o
f
o(o
o
3
o
=-+
CJ'
U,o
a,
U,

3
o
f
'-{-

28.4

9.3

2"/o

1ï

20

49

47

11

<1Vo

1U"

<1o/o

1o/c

57o/c

<1o/c

14/o

1V/"

6a/" 228

4.4 1"h

6.E

2.9 2%

3.1 104

2.1

56.7 æÞ/" 11.6

13

2-1 1o/ê

1c/"

3V"

5 5.2 zVo

'10

1,7

3s%29.4 10 67o

5.9 50/" 2!.7 170/"

6 1c/"

11"h 18.3

8o/"10.6

42

123.1

29.9

5.2

Ylo 107.5 61V" 10.'l 11Y"

21.6

11Io

<17o

9'/o

1o/.

4o/"

3v"

Ùalo

3V"

¿f.9

1 1.8

2.2

xØ .-¡
oJo
A(,\¡À

'Oata lrom NGPC, 1995 and Kansas Oepanment of Wildlle and Parks. 1995.
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Catch Harvest
(o/"\ (o/" bv number)

Whlte bass

Black crappie

Walleye

Yellow percfi

Drum

Wlpers

44

19

10

7

6

4

3

22

42

I
10

2

I
<1Laroemouür bass

channel catfistr and northem pike represented 26 percent and 12 percmt of the
harvest by weight, respectively, even though eachipecies repre*"t ted 2 percent
or less of the catdr.

Hugh Buller (Red Willow)

Northem pike, walleye, Iargemouth bass, and flathead catfish have been stocked
in the lake. Fishery objectives at this lake include increasing the walleye and
northem pike fisheries.

NGPC estimated that 8Æ0 anglers fished tor 47,Z'Zlnours at Red willow during
April through october 1995. creèl data (NGpc,1995) are reported below:

Catch Harvesl
lo/"\ (%bv

While bass

Noürem plke

Largemouth bass

Blueglll

Yellow perch

Walleve

53

10

10

l0
4

3

66

7

<1

14

2

2

channel catfish and wipers reprgented less than 2 percent of the catch each, but
10 percent and 6 percmt of the harvest by weight, respectively.

Horry Slrunk (Medicine Creek)

objectives at Harry strunk L¿ke include increasing both the walleye and the
northem pike populations. when this reservoirspills,large numbers of fish can
be flushed out of the reservoir through the spillway notch (Madsen et al., 19g6).
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ln recent years, Reclamation and the NGPC have cooperated in maintaining the
lake level below the notched spillway during the spawning s€ason to prevent the
loss of spawning ftmales.

NGPC estimated thal 6 i722 anglers fished for 32,M7 hours at Medicine Creek
during April through October L995. Creel data (NGPC,1995) arn reported below:

Gatch
(%l

Harvest

{"/" by number)

While bass

Walleye

Drum

Black crappie

Laroemouth bass

51

13

64

tt

3

10

1

I
7

6

Channel catfish and wipers reprcsanted 5 percent and 3 percent of the catch
respectively, but 20 percent and 10 percent of the harvestby weight,

Keilh Sebelius (Norton)

Lovewell Reservoir

Managemert objectives at Keith Sebelius Lake indude mabrtaining healthy shad
wiper, walleye or saugeye, crappie, largemouth bass, and catfish populations.
Another objective is to cr€ate a fish, wildlife, and recreation pool that eliminates
drawdowns below elevation 2282ûeet and to avoid drawdowns in excess of
30 percent of total ¡eservoi¡ content.

Kansas Deparhnent of l4ñldlife and Parks (1995) estimated the fishing pÌessurc at
Keith Sebelius as 2L,887 angler days and 61,269hou¡s. Creel survey results
showed that white crappie represented 53 percent of the catch (79 percent of the
harvest by weight). Channel catfish ranked secsnd in numbers of fistr harvested,
followed by bluegill, black cnppie, black bullhead, and largenrouth bass. Wiper
and saugeye contribute to the fishery. Fish population sampling ¡esults are
reported in table 1,5,

lvlanagement objectives at Lovewell include maintaining strong walleye, white
bass, and wiper populations.

Kansas Deparhnqrt of Wildlife and Parks (1995) estimated the fistring pressure at
Keith Sebelius as 1.6"573 angler days and 56"592 hou¡s. Creel survey results
showed that walleyø channel catfish, and whitebass were the top three species
harvested by anglers in 1995. Fish population sampling results are reported in
table 15.
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Summory

The reservoirs in the Republican River Basin have similar fish assemblages,
Gizzard shad dominates the sport fish prey base. The main sport fishes include
walleye, white bass, bluegill, and drannel catfish, with a mixture of other species
abundant in some reservoirs.

Wldlife

Historically, wildlife on public lands within the Republican River Basin was
managed primarily for game species, ln recent years, wildlife management
activitieshave broadened to include both game and nongame species. This
section first discusses types of habitats within the Republican River Basin and
then wildlife associated with those habitats,

Hqbilols

Htslo¡icol Ass essmenl ol Habiloß

Prior to settlement, most of the Republican River Basin, except near the river,
would have been grasslands (short, mixed and tall going from west to east). The
lands withinthe Republican River Basin were settted by the 1820,s; it was
estimated that nearþ half of the pre.project area was under dryland cultivation
prior to the placement of Harlan county Dam (service, 1946). For example, the
Harlan County Lake area was estimated to consist of 10 perrentgrasslands,
L4 percent broadleaf trees, 71 percent crops, and 5 percent other areas, ln other
parts of the basin, like Bonny and Enders Reservoir areas, native grasses made
up the principal cover type prior to water development, At Swanson, Hugh
Butler, Harry Strunk, Harlan County, Keith Sebelius¡ Lovewell, and Milford,
agricultural crÐps werc the principal cover type followed by native grassæ
(service, 1949). Thus, the major transition from grassland habitats to croplands
mostly occur¡ed prior to major water development activities; however, water
development caused some remaining grasslands to be converted to cropland.

Important wetland areas, like the Rainwater Basin area of south central
Nebraska, were farmore extensive in the late 180üs than at present (Fanar,
1988). These wetlands wereNghly valuable to wate¡{owl because they provided
important foraging and staging habitat within the Central Flyway.

Those areas inundated by the reservoirs were altered from grassland cropland
or riparian habitat to open waterhabitat (the reservoir) and a newly developing
riparian zone, or shoreline habitat, anrund the reservoir. This caused sorire di¡ect
loss of fur bearer and upland game habitat and increased waterfowl migration
and wintering habitat.
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Changes in rþarian vegetation within this basin are not well documented. The
construction and filling of reservoirs has eliminated some streamside vegetative
growth along resewoir shorelines. There may have been some loss of vegetation
in areas where the water table dedined. lncreases in vegetativê growth could
have occurrcd in areaswhere the water table rose and along streams where the
streamflow increased orstabilized to a more consistent annual flow (such as
below reservoirs). It also is not known how mudr vegetation has been removed
to make space for agricultural land development (Reclamation,1985).

Cover types such as grasslands, croplands, woodlands, and water provide
habitat for many species of wildlife. Woodland, native grasslands, and open
water reprcs€nt valuable habitals and yet these areas a¡e small compared to
croplands areas and other land use areas with lesser habitat value. Thus,
woodland, native grassland, and open. water habitats within the Republican
River Basin are important because they arc otherwise so limited,

Hobiloß Assoclated wiîh Reseruoirc

Public lands (128,000 acres) provide an important part of the habitat available to
wildlife within the Republican River Basin. Most of the public use area
openwater habitat is associated with resewoirs, and over 75 percent of the
upland acrcs octur around reservoirs. Habitats available within these public use
areasindude upland, wetland, and open water areas (table 16). Elaboration on
habitat is included in attachment A.

,The upland habitats mainly consist of grasslands, riparian areas, and crops.
Typical vegetation associated with reservoirs indudes upland, riparian, and
wetland plants.

Shoreline miles provide some indication of the amount of land-water edge
habitat available to wildlife (table 16). The number of acres specificaliy managed
for wildlife varies from reservoir to reservoir and likely represents the areas of
most abundant wildlife.

Typical wildlife management programs at the reservoirs include tree and shrub
plantings, food plots, and herbaceous cover. Food plots are used for several
species and increased effore are being made to provide diversity in both plot
locations and crop species. The importance of the reservoir lands (Reclamation
and Corps project lands around each reservoir) was estimated in the late 7970's.
Habitat areas at selected reservoirs are shown in table 17.

Riparian Arcas

Riparian a¡eas are land areas that are closely associated with water and usually
support vegetation which is considerabiy difftrent from that growing in adjacent
uplands. Riparian areas vary in size and vegetative composition because of the
numerous combinations that result from the interaction of water and physical
draracteristics. Because they generally support plants which require greater
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Table 16.-Reservoír statistics associated with wíldlife

Conservallon Acres Acres of
pool Acres available for managed prairiey'nesTing

(acre.feet) wildlife for wildlife oover

15 æ,920 Land: 3,351
Water: 2,042

4,500 4,'t 00 400

Land: 3,643
Water: 1,707

4,599 2,000 2,146

Acres of
refuge

Acres of
food
ploß

50

20

Acres of
fee

planlings

0.75

20

100

75

200

100

100

0

Buming
pfogra¡n

No

Yes

Yes

No

Reservoîr
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Enders

Swanson

Hugh Buller (Red Willow)

Harry Strunk (lvledicine Creek)

Keith Sebelius (Norton)

Harlan County

Lovewell

31,470

32,230

33,220

44 36,640

26 36,010

30 1 16,060

138

138

6,01635

29

32

Yes

No

No

20

35

7Land: 4
Water: 4

Land: 4,320
Water: 1,629

Land: 6,644
Water: 1,850

Land: 3,475
Water: 2,181

Land: 30,249
Water: 13,240

Land: 2,029
Water: 2"986
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Table 17.-Habtlat arsas assoclaled udth reservoirsl

Resgrvolr lands

Cropland
(acres)

Grassland

(acres)

Ripadan

(acres)

Endors

Swanson

Hadan County

Lovôwell

Kêllh Sêbêllus

20

(.47")

469

(6.5%)

3,961

(17.7Vù

195

(57.)

1,400

126.8o/"1

4,598

(97V"|

5,916

(82.s7o)

15,920

(7O.6"/Þ)

3,172

(82V.1

3,216
(61.7o/"\

116

(2.6%l

786

ffn
2,669

(11.8%)

500

(137o)

600

{11.50/.)

Dala lrom U.S. Fish and Wildite Service (19S2),

quantities of wate{, riparian areas often are readily distinguished from adjacent
upland a¡eas. Although riparian areas within the basin constitute only a minor
proportion of the overall area, they are genetically more productive in terms of
plant and animal biomass than the remainder of the basin and are a critical
source of diversity within the gmssland environment.

Riparian areas constitute the only native forested environment in the basin and
as such, they provide essential habitat for many vertebrate species (Brinson et a1.,
1981). The dramatic contrast between upland and riparian plant communities
adds to the structural diversity of the basin. wildlife use riparian areas
disproportionately more than any other type of habitat (Hubbard 1927). Native
cottonwood-willow stands provide important cover, foragin g, and breedin g
habitat for 82 percent of all bird species in northeastern colorado (Knopf, 19g5).
Almost 250 species and subspecies of vertebrates were recorded in similar stands
@eidleman, 1978).

Riparian areas also produce microclimates which are markedly different from
surrounding areas due to increased humidity, higher rates of transpiration, more
shade, and increased airmovement. Riparian areas along streams and rivers
provide linear migration routes and se¡ve as forested connections between
forest habitats for rnigratory birds. Livestock are attracted to riparian areas for
many of the same reasons that attract wildlife, Riparian areas are also con-
sidered important for aquatic habitat enhancement, recreation, flood storage,
water quality enhancement, groundwater recharge, and aesthetic qualities
(Brinson et al., 1981).

Riparian communities in the basin grade from grasses and forbs in the more arid
headwate¡ arcas to cottonwood and willow communities to cottonwood, green
ash, burr oaþ American elm, box elder, and hackberry communities in the
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moister lower reaches of the basin. Based upon historiøl refersrces, it has been
suggested that much more riparian habitat exists in the basin today than did at
the turn of the century ffnopf and scott, 1990). The Republican River flood of
1945 widened the channel and scoured the flood plain, creating ideal germina-
tion sitesÍor pioneer riparian species. The subsequent development of irrigation
and flood crrntrol reservoirs reduced flood evenþ causing the channel to narrow.
Both events combined to produce ideal conditions for the establishment and
maintenance of substantial riparian forests in the basin (Northrop, L96s), Many
of these forests ar€ reaching maturity, are not regenerating because of controlled
flows, and are being affected by groundwater withdrawal. The most likely trend
in riparian areas in the basin is for the pioneer forests to succeed to forests
dominated by more mesic species such as oaþ erm, juniper, and Russian olive
$ohnson et a1.,1976), sudr succession is considered a nãtural process; however,
the process may occur faster and be more widespread as u r"s,rlt of groundwater
withd¡awal.

Based upon an analysis of aerial photography, it has been estimated that
approximately 54000 acres of rþarian vegetation existed in the basin above
Harlan county Lake in 1978, Approximatery 1z,o0o acres of riparian vegetation
exist along the Republican River between Harlan coung r.ake and the
headwaters of Milford Reservoir. The acreage of riparian vegetation is
distributed through the basin as shown in ttble Lg.

Toble 18.-Estlmât€d acres of ripañan v€gehilon ln th€ B€publlcan Rlvsr
Basln-early tso's1

Subbasln

SouÌh Fork R€publlcan

Arikaree

Norlh Fork Rspubllcan

Frenchman

Blackwood

Red Wllow

Medlclne

Drlftwood

Beaver and Sappa

Pralrle Dog

Fepubllcan above l-ladan County Dam

Republlcan from Harlan County Dam to slato llne

3,625

941

2,528

2,313

365

.l,186

2,458

254

9,261

3,300

26,9¡19

9,920

Fen¡bllcan from state llne lo Mllford Reseryolr

7B

Foclamatlon, f985,

õ.568
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Wellonds

The Nebraska Parks and Game Commission has identified five significant
riparian communities. They are located below Enders Reservoir, in the Harlan
County Reservoir Basin, and near the towns of Stratton, Arapahoe, and Edison.
During 196, these area and others will be surveyed more extensively. Likewisg
the Kansas Biological Survey has identified the reach of the Republican River
between the state line and Clay Center as containing the most important riparian
areas in the basin in Kansas.

Wetlands ar€ areas whidr are transitional between open water and uplands. The
dominant feature in the development and maintenance of wetlands is the
abundance of water on or near the surface. Wetlands in the basin diffe¡ in their
natur€ and appearancebecause of their geographic location, water source, water
pennanence, and chemical prcperties. Wetland typ"s in thebasin range from
riparian shrub communities adjacent to streams,ponds, and reservoirs to wet
meadows associated with springs and flood plains to depressional marshes. The
Rainwater Basin, located immediately north and east of the basin, covers
approximately 4,ffi0 square milæ and has been recognized as one of three major
wetland complexes in Nebraska whidr have intemational importance for
migratory wildlife (Gersib,1991). The Rainwater Basin has been identified as an
important waterfowl habitat area in North America by the North American
Waterfowl Management Plan, and a joint venture anong public and private
interesls to enhance habitat values has been developed (U.S. Fish and Wildlife
Service and Canadian\{ildlife Service, 1986). The pmximity of the Rainwater
Basin incrcases wildlife values for wetlands in the basin.

Wetlands are important to a wide range of wildlife species because they provide
specialized habitat values not found in upland areas. Wetlands provide cover,
watex, shade, forage habitat, breeding habitat, brood rearing habitat, loafing
ateas, and winter habitat; provide relief from extreme summer or winter
temperatures; and contribute to biodiversity. Almost 35 percent of animals listed
as threatened or endangered under the ESA are located in or depend upon
wetlands forportions of their life cydes (Kusler,1983).

Wetlands provide a host of other values. They provide flood conveyance,
shoreline protection, flood storage, water quality enhancement, sediment control,
recreation, groundwater recharge, timber prcduction, preservation of archeo-
logical and paleontological values, aesthetics, and researdr values.

Nebraska has lost approximately 40 percent of its wetlands since 1780, while
Kansas has lost approximately 50 percent (Sewice, 1990). It has been estimated
thatapproximately 10 percent of the original94000 acres of wetlands in the
adjacent Rainwater Basin have been lost (Gersib, 1991). Most of these wetland
losses have been attributed to agricultural drainage, livestock grazing, housing
development, transportation development, and water pollution, It is assumed
that wetland losses and sourr€s of impacùs in the basin mirror those of the
Rainwater Basin to a lesser degree.
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The basin lies in the heart of the central Flyway and is used extensively by
migratory waterfowl, shorebirds, wading birds, and neotropical migraiory birds.
Because of the loss of wetlands in the Rainwater Basin, wetlands remaining in
the basin provide high values for these ducþ geese, sandhill and whooping
cranes, and other migratory birds, During extrerne winter conditions, reaches of
the Republican River below dams'constitute the only open water in the basin
and" as sudr, are critical for wintering waterfowl and bald eagles. However,

lurinq these evenþ crowding contributes to waterfowl deatñby the infectious
fowl drolera. During milder winters, reservoirs in the basin provide important
winter habitat for waterfowl.

Many of the values attributed to wetlands in Nebraska hold true for wetland
areas in the Kansas portion of the basin. The Kansas Deparknent of Wildlife and
Parks manages wetland habitats at the Jamestown and Norton wildlife areas.

Based upon data obtained for the Rainwater Basin, it is aszumed that historic
wetland loss and degradation in the basin has been extensive. Even with
wetland protection laws in place, wetland degradation continues. The primary
impact to wetlands in the basin remains agriculture related. In addition to
drainage, fiJling, siltation, and fertilizer and pesticide pollution, Nebraska state
law requires people using groundwater for irrigation io øke measures to prevert
or control surface n¡noff. Much of the surface runoff is controlled by excaïating
wetlands to capture runoff for reuse (Gersib ,1ggr). With existing laws in place, it
is expected that the acreage of wetlands in the basin will continue to decrease.

Wlndbreohs and Assoctqled Habllot

Apprcximately 0.8 percent of Nebraska is in shelterbelts, windbr€aks, and single
row plantings too narrow to be considered as forest. Howevet they constitute an
important habltat dass because of their interspersion with other cover types.
This intercpersion leads to an abundance of edge or interfaces between
woodland and other habitat t¡res, a condition which is conducive to a diverse
and relatively abundant wildlife population (nongame as well as game species).

Wlldlile Mana gemenl Areas

I4/ildlife management areas exist near most of the reservoirs in the Rçublican
River Basin and also in areas that are not near reservoirs. These wildúfe
management ar€as are of particular importance for the preservation of wildlife
habitats. wildlife areas ar€ managed by the state of Kansas as stipulated in the
master lease agreement between the united states and the state of Kansas, They
include; Al¡nena, Lovewell, and Norton wildlife Areas, Nebraska wildlife
management ar€as indude Enders, swanson, Red lMllow Dversion Dam, Red
Mllow , and Medicine creek. Bonny wîldlife Management Area is near Bonny
Resewoir in Colorado.
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Approximately 97 percent of land in Nebraska (NGrc, 1991) and Kansas (Kansas
Department of Wìldlife and Parks, 1991) is privately owned. This means that the
bulkof the potential wildlife habitat within ttre Republican River Basin is con-
trolled privately. BothKansas and Nebraska have specificprograms whidr
encourage wildlife management on private property. Natural Resource Dstricts,
the private portion of the Habitat Program of Nebraska Game and Parks
Commission, within the Republican River Basin include the Uppe4 Middle,
and Lower Republican. Through Nebraska's Wildlife Flabitat Improvement
Program, landowners can receive assistance to improve habitat on their own
land. Kansas DeparEnent of lMldlife and Parks also administers a Wildlife
llabitat Improvement Program.

Current Assessmenl ol Habllaß

Recent surveys o172 sites found the following plant communities within the
Republican River Basin in Nebraska: 35 eastem flood plain.forests, 1.3 wet
meadows, 11 flood plain savannas, 6 loess mixed-grass prairies, 5 lowland
freshwater marshes, and 2 sand saç prairies (NGPCtbl). Five sites were
identified as significant due to their quality, including a grazed wet
meadow/savanna; a gayfeathe4 wét meadow; a flood plain savanna on the
Arikaree River; a gayfeather/prairie gentian wet meadow; and a savanna-type
¡avine with Lobelia cardinalis (NcPCtþ).

Several woodland and bluff areas wel€ also identified along the Republican
River in Kansas (Kansas Biological Survey, 1995). Various managed areas and
natural communities identified as potentially important habitats include:
Famum Creek Park, School Creek Park, Ft. Riley Military Reservation, Trnber
Creek Park, northem areas of Milford State \¡vlildlife Area, Flint Hills Tallgrass
Prairie, Lovewell State Park, and the Norton Wildlife Area. Natural community
types within the study area include forest, woodlands,sparse woodlands,
shrubland, and herbaceous areas.

Wildlife

Hlstorleal Assessment of Wildfite

Early settlers engaged in many activities like agriculture and grazing which
dec¡eased grasslands and wetlands and shifted the types of wildlifeprese¡rt. The
indigenous grassland animals like bison, elþ antelope, and pronghorn have been
replaced by thenow more common woodland wildlife (deer, turkey, quail,
cottontail, etc), In general, upland game and fur animals probably wel€ con-
sidered most valuable (especially pheasant and beaver), while big game and
waterfowl may have been of lesser irnportance (table L9).

Various covert)?es for wildlife in Nebraska induded: grasslands (grouse and
bobwhite quail); croplands (pheasant, quail, cottontaiLl, squirrel, and deer);
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Table l9,-Wlldllfe consldered of valuo wlthln lhe water developmênt aroa ot lhg
Republlcan Rlvêr ln lhê lale t9¡lo's

Bln [Jnlanrl øama Fur anlmals

Only a very few

whlte-tallsd de€r
Phsasånts, quail, Boav€r (lncludlng ths
coüontalls, and squlrrel uppor basln), muskral,

mlnk, skunk, raccoons,

. opossums, weasels,

badgers, and lack-
rabblts

A few ducks slop aner

duting fall and spring

mlgratlons; Frsnehman

Creok roprosent€d the

bestwalerfowl area ln

the Flepubllcan Rlver

BigGome

Upland Gome

woodlands (squirreþ wild turkeys, cottontails, white-tailed deeq, pheasants,
and quail); and water (waterfowl, fur bearers, and other wetland and riparian
species) (Service, 1972).

Itildlife that can be found near Republican River reservoils and associated lands
are listed in attadrmentA, Information on trends is available for some game
species, but little is known about the status of amphibians, reptileg andiongame
animals.

white-tailed deer and mule deer occur throughout most of the Republican River
Basin. Mule deer and white-tailed deer occurred in the 1920's throughout the
Republican River Basin in Nebraska at densities from scìrce (less than L per
square mile) to high (more than I per square mile); most of the aæa included low
to moderate density (service, 7%2). Dær populations have stabilized in most
parts of Kansas (Kansas Department of wildlife and parþ 1991). A few areas
maintained scarce to low densities of turkey, including spring Creek and Red
willow creek. Turkeyshave been released in the Republican River area. Turkey
populations have increased steadily from about 1975.

Ring-necked pheasants occur in ælative abundance in northwestem Kansas.
Bobwhite quail populations do well in areas of abundant grassland, hedgerows,
shelterbelts, and woodland areas. r\1972, ring-necked pheasant occured in
moderate densities (50-200 per sguare mile) fmm most of Chase and Dundy
counties to Franklin county. scarce to high densities of bobwhite quail were
located within the basin, with mudr of the middle to upper basin producing low
(1.0-100 per square mile) to moderate (100-300 per squarc mile) populations.
Prairie gïouse we¡e scarce (less than 5 per square mile) and mainly within the
upper basin. Most of the riparian area produced moderate (100-300 per square
mile) populations of cottontails. Quail populatlons appear to be relatively stable
throughoutmost of the Repúblican River Basin.
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Walertowl

Recrcatiølal Use d Wlldllle

Cu rent Ass es m ent ol W ildl i le

species groups within the Republican RiverBasin are diverse. vertebrate groups
are well represented, with birds representing the greatest number of species (see
attachment Au table A-1, for a partial listing), Many of the birds arc extremely
mobile and migrate latitudinally between wintering and breeding areas. Mary
of the neotropical species that visit the Republican River Basin would be affected
not only by habitat changes within the basin but also by heavy pesticide use and
habitat destruction of their wintering grounds (neotropics), which is where they
spend most of their life cycle. Raptors, shorebirds, waterfowl, colonial water-
birds, and upland game birds represent otherimportant groups of birds that
inhabit the basin at least during some parts of the year. There is a known need in
the Republican River Basin to protect open waterhabitats for waterfowl. open
water habitats in this area a¡e limited due to past habitat destruction and because
the area is within the C-entral Flyway.

Ahabitat evaluation study completed in the earþ 1980's showed irrigated
cropland areas had relativelylow habitat value for white-tailed deer, ring-necked
pheasant, and American kestrel and moderate value for mouming dove ànd
eastern meadowlark. Reservoir lands, however, had fairly high values for
ring-necked pheasant and red-tailed hawk, with somewhat lower values for
American kestrel mouming dove, and Easþm meadowlark (servi ce, r9g2).

The Republican Rìver falls within the central Fryway and therefore provides
important migratory habitat for several species of waterfowl. Reservoirs on the
Republican River support la¡ge numbers of waterfowl during fall rnigrations and
are major wintering areas fo¡ mallads and some geese. Hunting areas on and
adjacent to the reservoirs constitute important duck and goose ha*est regions in
the state. Goose refuges have been established on parts oÌ Enders Reservói4,
inoeasing its importance as a hunting arca. Harlan Counfy Lake is located jn an
area of Nebraska considered to be an enzootic (endemic) area for avian cholera
because annual outbæaks have occuned since 1975.

Many shorebirds pass through the Republican River area during migrations and
may stop over at some of the reservoirs. These species may include pectoral
sandpipers, spotted sandpipers, and virginia rail. Thæe birds are not well
inventoried within this drainage.

All of the Republican River reservoi¡s accommodate winter hunting. Although
modem facilities are not available, the areas still represent open æcess, The most
desired species are listed in attachment A.

The number of hunter days at the various reservoirs is shown in figure 15; Keith
Sebelius Lake receives relatively high hunting pressure.
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Amphibians and reptiles can be important indicators of ecosystem healtl¡
because they depend upon diverse microhabitats and because they are sensitive
to habitat losses and pollution. These animals can also be important to the food
drain. Several groups are repr€sented in this basin (see attachment A, table A-1)

Mammals are well represented in the basin (attachment A, tabre A-1). some
mammalg like rcdents, jackrabbits, and cottontaiþ represent an important
source of food for other animals. otherspecies, Iike dee4, are an important
component of recreation in the area.

Information on wildlife within the basin is currently being gathered for this
contract renewal effort. The studies aim to identify particularly valuable
habitats, sensitive (endangered or threatened) species and theirhabitats, and
wildlife and habitats that could be affected by changes in Republican Riverwater
levels, which is the parameter mostlikely affected as a result of contract renewal.
Preliminary results are summarized below.

Recent surveys (Ncr¡ctbl) found 95 vertebrate species within the Nebraska
portion of the Republican Rive¡ Basin. of these species, 67 percent were birds,
16 percent mammals, and 12 percent he¡ptiles. Frequently encountered birds
during the survey were black-cappd drickadees, house wr€ns, and mouming
doves. I¡vhite-tailed deer and Ërccoon rep¡esent mammals encountered at higll
relative frequencies. The softshell turtle was a herptile encountered relatively
frequently during these surveys. The great blue heÍ)n was common throughout
the area. The wood pewee was obssved at seven sites. cooper's hawks were
found at three siteg swainson's hawks were obse¡ved at two locations, and the
northem harrier was found at one site. A juverrile coachwhip snake was
collected in the Frendrman Creek drainage.
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Endongered Species

o DeÍìnìtìon

Endangered speciæ are plant and animal species that the Service
has determined to be in danger of extinction (endangered) and
those that may become so in the fo¡eseeable future (threatened).
Thæe species are protected u¡rder the authority of the ESA of
1973 (Public Law 9Þ205), as amended.

o polìcy

Reclamation will carry outits activities in a manner to fully
support the goals oÇ and comply with, the reguirements of the
ESA.

o Process

Section 7 of the ESA requires Federal agencies to ensure that all
federally associated activities within the United States do not
have adverse impacts on the continued existence of tìe
threatened or endangered species or on designated areas (critical
habitats) that are important to conserving the species. Action
agencies must consult with the Service, whidr maintains current
lists of species that have been designated as threatened or
endangered, to determine the potential impacts a proiect may
have on protected species. This section also considers those
species protected by state laws.

Recent surveys within the Nebraska portions of the Republican Riïer (NGPC,
1995þl) found 16 occuüences of rare or protected species (including species of
concem to the state) within the study area, indudingcutleaf cyclanthera, carrdinal
flower, Fremont's virgin's-bower, plains topminnow, omngethrrat darter, the
coachwhip snake, and Cooper's hawk. The Nebraska Game and Parks
Commission will continue work in 1996 to identify locations of endangered,
threatened, and rare plants and animals and theirhabitats.

The Kansas Biological survey (1995) has determined that 37 protected and rare
species (including species of concem to the state) are known to occur or could
occur in the study area. Preliminary suryeys in 1995 did not, during the time the
surveys were conducted, locate any federally prctected, state.protected, or
state-rare plants wittrin the study area. Surveys will be conducted in1996 to look
for these species. Six of the species that could occur within the study area are
listed as endangered by the Service, and those that could occur in more than a
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migratory phase indude the American burying beetle and the least tem. The
Kansas Biological survey will continue work in 1996 to identify locations of
endangered, threatened and rare plants and animals and theirhabitae,

Cullurol Resources

cultural resou¡ces in most of the Republican RiverBasin have not been
systematically inventoried so only estirnates can be given for the density of these
sites. From the little that has been systernatically surveyed we know that the
drainage is rich in cultural history. Most of the well-knãwn sites have been
located as a result of a survey of the Federal reservoirs.

By far the most co¡rìrnon sites in the basin are from a group known as the central
Plains Tiadition and particularly a division of this group known as the upper
Republican Phase. These people appeared about 900 AD and a¡e rnost likeiy
ancestors of caddoan speaking groups such as the Wichita, pawnee, and Arikara
Tribes. These were more settled agricultural people whose houses and storage

Theåasin has many unique and valuable paleontological resourceswhich
predate human occupation. sites near Bartley and oñ Harry strunk and Harlan
County Lakes are known worldwide for their rich fussil deposits. Unique fossils
sudr as skulls of a saber tooth cat and a shovel toothmammoth have been
recovered from Federal property on Medicine Creek.

Bg!* written history, the valley was occupied by humans for more than
1J,00-0 /ears. It may hold evidence fo¡ one of the oldest human occupations in
North America at the Lasena site on Harry strunk Lake. Many other sites from
the very_earþ period known as paleolndian are in the vicinitytf Bonny and
Lovewell Reservoirs and Harry strunk Lake. These date from the end of the last
Ice Age and frequertly indude the remains of large animals that are no1{ extinct.

The following time period, which stretches approximately from g,000 to
2,fi)0 years agø is generally referred to as the Archaic period. There are very
few known sites in the westem Great plains that date to this time period. one of
the best known of these is the spring creek site, onHugh Butler Like in the
Republican River Basin. It is likely that other sites will be found on reservoirs or
Iakes such as Bonny, Harry strunk, Harlan county, and swanson, which appear
to have geological deposits of the right age.

The woodland Period which began about 2,000 years ago, is well represented in
Fî y¿]uy. Generally, thig is represented by a group known archeologically as the
Keith Focus, which was defined from sites in the drainage. woodland sites are
cornmon at sr,vanson, Harlan county, Hugh Butleç and Harrystrunk. There are
also many sites of this age recorded on the river along and upstream from
Milford Reservoir.
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pits left much richer archeological sites. These sites aæ common at Harlan
County, Harry Shunþ and Hugh Butlerlakes. Another group, who were
apparently in the area slightly late4 arc known as White Rock. They are likely
the ancestors of Siouxan speaking groups sudr as the Missouri, Iowa, and Oto
Tribes. White Rock sites ar€ cornmon around Lovewell and Flarlan County
Iakes, and the cultu:al unit was first defined at those locations. A later group,
known archeologically as the Dsmal River Phase, were known historically as the
Apache, well-known sítes from this group are found particularly in the vicinity
of Ftrarlan Counfy Lake.

Historically in the basin, the Pawnee had village sites such as the Hill site in
Webster County, Nebraska; the Pawnee Indian Village Museum in Republic
County, Kansas; and the Bogan Site on MiUord Reservoir. There is also a
probable hunfrng camp on Swanson Lake. Many other hunting sites arc no
doubt present since there a¡e many historical ¡ecords of the pawnee conducting
a¡rnual hunts in the basin. Much of the Pitahawirata or Tappage Band of the
Pawnee were killed in an attack by the sioux at Massacre Canyon in Hitctrcock
County, Nebraska. There is also a major Pawnee sacred site, known as Guide .

Rocþ on the Courtland Canal in Webster County, Nebmska, iust east of Red
cloud. The Brule sioux occupation'in the valley is documented in the memoirs
of John Young Nelson, an early hader who lived along the basin in Nebraska.
Other divisions of the Sioux also hunted in the valley. The Cheyenne and
Arapaho were mor€ mobile occupants of the westem end of the basin. other
mobile hunting groups such as the Kiowa and comanctrc also no doubt used the
basin from time to time, After the relocation of eastem tribes began in the late
17001s and early 1800þ immigrant tribes such as the potawatomi, Delaware, sac,
and Fox also began to hunt in the basin.

In the period of written history the valley was visited by such notable explorers
as Pedro de Villasur in l72l,theMallet brothers in1739, Pedro Vial tn l7gg,
Zebulon Pike and Facundo Melgares in 1806 LieuÞnantJohn C. Fremont in
1843, Lieutenant L. C. Easton in 1849, Lieutenant Francis T. Bryan in 185Ç
General George Armstrong Custer in 1867,Buffalo BiIl Cody in 1869, and
Grand Duke Alexis in 1872. Joumals survive to describe most of these explora-
tions. Earþ military presence is demonstnted by sites such as the Ft, Mcpherson
military trail up the Medicine Creek drainage and the Big Timbers military camp
once located in the vicinity of the later Swanson l¿ke.

There are aìso a variety of historic sites frcm the later settlement period. These
include World War tr German prisoner of war camps at Atlanta, Indianola, and
Belleville; the McCook Army Air Base; the cabin where "Kool Aid" was invented;
a house designed by architect Frank Lloyd Wright in McCook; an adobe pioneer
house at Keith Sebelius Lake; and the birthplace orhomes of such notables as
Senator George W. Nonis in McCook, writer Willa Cather in Red Cloud, and
actor David Janssen in Naponee.
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Aesthetic Volues

As noted elsewhere, prior to settlenent in the rnid- to late-1gO0,s and the
development of an agricultural economy, native vegetation associated with the
basin consisted mainly of gËsses with trees limited to nar¡ow belts of gallery
forest along stream valleys (Kellogg, 1905; costell o, 1969). other than its dense
and diverse vegetative cover, its valley bluffs, and the deeply dissected
drainages, the basin was genemlly devoid of significant aesthetic features.
Notable exceptions índuded the immense herds of plains bison (Bison bison),
their trails and wallows, Indian villages, and their trails and agricultural areas.

TheFederal Govemmenls Indian policies of the mid-19th century advocated the
elimination of the Plains bison in an effort to weaken, and ultimaídy relocate,
Plaíns Indian Tlibes. The realization of this aspect of Indian policy ùltimately
removed both the Plains bison and Native Americans from the basin, As irri-
.satign 

t-e_chnology developed, native grassland which had supported immense
herds of Plains bison; and later domeÀticated livestock, was biåken and
converted to row-crop irrigated agriculture. According to wedel (19g6),little
unspoilednatural grãsslanã r*uî., in the basin.

Irrigated agriculture also p.roduced changes in the landscape in ways indirectly
related to rolv-crop agriculture. The devãlopment of large'Federal impound-
ments inundated thousands of acres of the basin adjacenl to the Republican River
and its tributaries. Flood plain valleys supporting riparian gallery ?orests were
converted to flatwater reservoirs with fluctuating surfaces ur.a viriaul"
shorelines. operation of these impoundmenb resulted in wide fluctuations in
surface elevations and considerable exposure of unvegetated mudflats at their
headwaters and unvegetated valley slopes along their perimeters. In many
cases, riparian communities common to the flood plain re-established alonlg
much of the impoundment's perimeter. The reduction in floodflows and
increased consistency in flows downstream of these impoundments favored the
development and maintenance of expansive riparian foresg. In addition, return
flows from agriculfural areas were often conveyed through natural, pre-
dolinqtþ dry drainages and alrowed riparian and upland vegetation to
establish in sites whidr previously supported grasslanã .o**rÃiti""-

Howeve¡, not all modifications associated with settlement have had seemingly
positive aesthetic benefits. wedel (1986) notes that in 7gg2,,.. , Beaver creek
was a narrow weed-grown ditch without water and ctroked with fallen tfees. In
place of the 'notes of many birds' (described by Frenont [1s4s]), one would
probably hear the noisy monotone of farm tractors, the occasional snarl of the
chain saw eating away at what is left of the 'dense border of wood,, and the
rumble of cattle haulers and grain frucks on their way to market instead of the
thunder of bison hooves."

se_ttlement inevitably resulted in community development and the growth of
villages, towns, and cities. Because of sparse populition, communiães are
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spaced widely in the basin and tend to be concentnated within or immediately
adjacent to the river valley. Communities and similar developments in the
grassland landscape resemble islands of trees surrounded by a sea of grass, grain
fields, and broken soils. These "isla¡rds" minimÞe the monotony of the generally
treeless, rolling plains. On a smaller scale, shelterbelts and windrows associated
with farmsteads and agricultural areas produce similar aesthetic effects.

Trends

While the basin is somewhat isolated fiom influences and trends experienced by
other agricultural areas, a number of hends in the aesthetic quality of the basin
can be identified. Areas remaining in native grass continue to decrease.
Howevet with the success of the Conservation Reserve Program (CRP),
thousands of acres of cropland have been re-planted to native and introduced
grasses. lMth the uncertain future of the CRP, it is difficult to predict whether the
acreage of grassland will continue to increase, decrease, or rerrrain static with
inq€ases ofßetting decreases., The overall trend has been a decline in the acreage
of native grassland, with significant increases in the acreage of row-crop
agricultural lands. This trcnd is predicated largely upon crop prices and
govemment farmpolicy.

The acreage of native and introduced trees has increased consideriably since
settlement. ln addition to increases along the Republican River assoàated with
impoundment construction and operation, and that associated with irrigation
retum flows, the planting of native and introduced tree species is expected to
continue to increase for soil conse¡vation, wildlife habitat, energy conservatior¡
and quality of life benefits. Flowever, the number of new farmsteads and thei¡
associated shelterbelts and windbreaks is not expectd to increase, as popula-
tions in the basin continue to experience a general dedine.

lndion Trust Assets

Definilion

American Indian Trust Assets are legal interests in assets held in trust by the
United States for Indian tribes or individual Indians. Assee can be considered as
anything thathasmonetary value and can indude realproperty,physical assets,
or intangible properly rights. Examples of resourres that could be considered to
be ITAs include lands, minerals, hunting and fishing rights, water rights, and
instream flows.

The United States has a trust rcsponsibility to protect and maintain rights
reserved by or granted to Indian tribes or individual Indians by treaties, statutes,
and executive orders. The Secretary of the Interior (Secretary) is the trustee for
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Policy

Bockground

Process

the united states on behalf of the lndian tribes, All Deparhnent of the Interior
agencies, including Reclamation, share the Secretary's duiy to act responsibly to
protect ITAs.

Redamation established policy conceming the protection of ITAs in 1993. This
poliry states that Reclamation will carry out its activities in a manner whidr
protects ITAs and avoids adverse impacts where possible. When adverse
impacts cannot be avoided, Reclamation will provide appropriate mitigation
or compensation.

The historic distribution of Indian tribes in the Republican River Basin has been
determined through relationships between Indian languages (sturüevant, 196z).
The vast majority of the upper reaches of the basin was occupied by the Arapaho
and Pawnee, and the area near the confluence with the smoky HiIl River was
occupied by the Kansa. The middle reaches of the basin in Nebraska and Kansas
were occupied by the Pawnee at the time of contact by European and American
explorers. Pawnee lifestyle was generally based upon hunting, gathering, and
the cultivation of maize, beans, squash, and sunflowers (Wedel, 1986).

Upstream and downstream of lands occupied by the pawnee were lands
important to the Arapaho and Kansa, respectively. The Arapaho occupied the
short-grass sþppe of eastem colorado and wyoming and wesüem Nebraska and
were characteristic of Plains nomadic, hunter-gatherer tribes. The Kansa
occupied the mid- to tall-grass prairies and forests along the lower reaches of the
Republican, Solomon, Smoky Hill, and Blue Rivers and were common along the
Kansas River east to its confluence with the Missouri River. similar to the
Pawnee, the Kansa favored a more sedentary, agriculturally oriented lifestyle.
The Prairie Band Potawatomi were relocated from the Great Lakes area to
northeastem Kansas lr:.I8/;T and 1848 pursuant to the'Tieaty with the
Potawatomi of 7846;' This treaty recog¡ized the Potawatomi Nation by the
Federal Govem¡nent and established a 3O-square milereservation.

The evaluation of ITAs began with telephone consultation with the Bureau of
Indian Affairs (BIA) office in Horton, Kansas. shortly thereafter, letters were sent
to tribal govemments representing the Arapaho, Pawnee, Kansa, and
Potawatomi rribes. This correspondence requested the identification of ITAs
known to the tribes and offered to meet to further discuss the I'rA issue. To date,
there has been no response from any of the tribes conceming potential ITAs in
the basin. Consultation with BlAconcluded that there werc no trust obligations
(i.e., reservations ortribal lands) in the basin. However, during consultation, BIA
identified a potential rrAin the original Potawatomi reservation. The reserva-
tion included 30 miles of the Kansas River and, pursuant to the Wînters Decision
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of 1908, held a federally reserved water right. such a water right represents a
potential ITA. BIA questioned whether the Kansas River water right legally
persists following reduction in the size of the reservation and associated removal
of the Kansas Rive¡ from ¡eservation boundaries (Leander, personal
communication). Consultation with the Solicitor,s Office conduded that a
provision in the Treaty with the Potawatomi of 1861 sufficiently releases any
federally reserved water right the Potawatomi Tribe may have held in the Kansas
River.

A separate review of relevant treaties indicated that some tribes reserved the
right to hunt on previously occupied lands. In cases relevant to the basin, the
right to hunt was later relinquished through subsequent treaties.

During the investigation i¡to potential rrAs within the basin, more than
40 treaties, executive orders, and legislative documents regarrding the Kansa,
Pawnee, Northem Cheyerure, Northem Arapahq potawatomi, Wyandot,
Delaware, Chippewa, Seneca, Mixed Seneca, Shawnee, and euapaw kibes,
among others, we¡e reviewed to determine whether potential ITAs were present
or affected in the Republican River Basin. Based upon the information reviewed
to date, it was determined that there are no ITAs either in, or affecting, the
Republican River Basìn.
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Port lV-Looking Aheod

lntroduction

Part IV anticþates future development and describes in greater detail possible
scenarios for the management of water and ¡elated resourres and the need for
data that would further refine knowledge about the a¡ea and its potential.

Monogement Scenoilos

Overview

In March 1995, public meetings were conducted to identify the needs and
concems of the public and various state agencies, as well as those of other
Federal agencies in the Republican River Basin. Based on the in-fonnation
gathered at these meetings and through mailed comments, a list of management
scena¡ios was developed, as described in an earlier section of this RMA. The
scenarios were divided into groups of equal interest and then refined by
individualizecl computer analysis using specific c¡iteria. Based on this
information, an initial set of separate scenarios was developed.

The management scenarios arc to gauge the way in whictr ctranges in future
water management could affect various beneficial water uses in the basin. The
scenarios describe the outcome if wateris managed to emphasize historic
irrigation, fisheries, or recreation, for example. The initial management scenarios
represent a full range of possibilities, some of them beyond Reclamation's
existing authority to implement and others with possibte unacceptable
envimnmental irnpacts- lhe scenarios wer€ screened at two levels of criteria,
as desc¡ibed below.

The management scenarios a¡e the first step in developing altematives to be
examined in detail in the subsequent dmft environmental impact statement, as
required under NEPA. with additional public input, Reclamation will develop
a mnge of reasonable alternatives and provide a comparison of the social,
economic, and environmental effects of the altematives.

The target year2025 was used to depict the impacts of flows unde¡ the various
scenarios on resources within the basin.

Monogement Scenor¡os

A detailed analysis of the scenarios and their derivation is provided in
attachment F and in attadrment B, part fV. The initial management scenarios are:
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Scenørìo L (Historic Operøtíons)

This scenario r€prcsents the historic operation of the basin, assuming 1993 level-
of-development flows. The study simulates hydrologic conditions for the period
1931 thrcugh L993. It is based on historic irrigated acreage by irrigation district.
Historic reservoir operations (same target elevations and inigated acrs as in the
past) are based on the authorized prroject purposes such as flood contml and
irrigation.

Scenarío Groap 2 (Irigøtíon)

The major water management goal for all group 2 scenarios is to continue
pfesent operations and attempt to provide water to inigate the acrcs that have
been developed.

Seenørìo 2

This scenario would meet the major watermanagement goal wíth the period of
record for eadr ditdr computed for full irrigable acres, water uses other than
irrigation would have secondary priority.

Scenørío 2ø

This scenario would attempt to meet the major water management goal while
satisfying minimum reservoir elevations to increase the probabilityót reriiling
the rcservoirs to provide noxious weed control

This scenario would attempt to meet the major water management goal witir
reseryoir elevations that would not exceed the top of the riprap during April and
May. This would prevent shoreline erosion and provide sediment control.

Scenøño 2b

Scenaûo 2c

This scenario would attempt to meet the major water management goal by
modeling integrated reservoir management in the basin (operating reservoirs in
coordination with eadr other as one unit instead of individually). This means
water would be moved from upstr€am impoundrnents to ofßet shortages in
impoundmer:ts at the lower end of the basin to benefit irigation.

' ScenaÅo 2d

This scenario would emphasize water management through increased water
delivery efficiencies. By improving canal delivery efficiencies, irrigation
shortages to the inigation dishicts would be reduced. Increases in onfarm and
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lateral and canal efficiencies of 5 percent, 10 percent, and.20 percent would be
modeled (a monthly simulation of reservoir operations in the basin under
specific inflow conditions).

Scenafio 2e

This scenario would attempt to provide water to irrigate authorized acres (total
number of acres accorrding to authorizing legislation).

Scenario Group 3 (Reserooir Eisherìcs)

The major water management goal for all group 3 scenarios is to emphasize
reservoir fisheries while considering various levels of irrigation.

Scenatio 3

This scenario would attempt to meet themajorwatermanagementgoal through
selecting maximum pool elevations during March and April and minimum pool
elevations during July and August. Irrigation water would be provided only for
hlstorical irrigated aaes (the annual project acres thathave been irrigated since
p roject irrigation service began).

Scet¡año 3ø

This scenario would attempt tio meet the major water management goal in the
same way as sccrario 3, except that it would attempt to provide irrigation water
to acres that have been developed.

Scenaño 3b

This scenario would attempt to meet the major water management goal in the
s¿une way as scenario 3a, except that minimum reservoir elevations would be
selected for the months of Mardr through August. This would prevent shoreline
e¡osion and provide sediment control.

Scenario 3c

This scmario would attempt to meet the major water management goal while
attempting to provide water to irrigate acres that have been developed. It would
also emphasize integrated reservoirmanagement in the basin. In the model,
water is moved from upstream impoundments to ofßet shortages in impound-
ments in the lower end of the basin.

Scenario 3d

This scenario would attempt to meet the majorwater management goal but
would not provide irigation releases. Maximum reservoir elevations would be
selected for March and April andJuly and August. Maximum releases would be
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selected to avoid downstream flooding. Target elevations (reservoir elevations
which provide specific operational benefits) would be reached during June, fuly,
and August to acrommodate shorelineseeding.

Scenørio Group 4 (Reservoir Recteatìon)

The major water management goal for all group 4 scenarios is to emphasize
¡eservoir recreation with various levels of irrigation.

Scenarios 4,4a,and4b attempt to achieve the group,s major water
management goal by selecting minimum reservoir elevations for May
through September.

Scmørto4

scenario 4 emphasizes reseryoir recreation while prcviding water to historical
irigated acres.

Scenøño 4ø

scenario-4a emphasizes reservoir recreation while attempting to provide water to
irrigate the acrcs that have been developed.

Scenørio 4b

Scenario 4b emphasizes reservoir recreation withno irrigation ¡eleases in order
to prevent sho¡eline erosion and provide sediment control.

Scenørío 4c

This scmario emphasizes reservoirrecreation while attempting to provide water
to irrigate t]re acres thathave been developed. It also emphasiães integmted
reservoir management within the basin. This means water would be moved
frour upstreamimpoundments to offset shortages in impoundments in the lower
end of the basin for the benefit of recreation.

Scenørio 5 (Fttture Depletìons)

components of this scenario indude modifying 1993 flows in the basin to reflect
future flow depletions to the year 202s. This scenario attempts to provide water
to irrigate the acres that have been developed. scenario 1 results would be
compared to incorporate increases in the depletions.

Scenørto Group 6 (NøhrøIHyibologìc Regíme)

The majorwater management goal for all group 6 scenarios is to maintain
instream flows by passing all inflows as outflows.
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ScenøÅo 6

This scenario attempts to adrieve the goal by selecting minimum operating pools
at all reservoirs in the basin. Flood constraints (the limit of water that can be
stored in a reservoir or the amount of water that can be safely released into a

stream channel without causing downstream damage to adjacent lands) would
apply, Flood storage would be evacuated as soon as possible to reach minimum
pools.

Scenarìo 6a

Scenario 6a attempts to adrieve the goal by assuming nah¡ral cohditions r¡ntil
reservoirs and projects were developed. It models historical reservoir operations
after reservoits wer€ constructedand provides water to irrigate historical acres.

Scenario 6b

Scenario 6b attempts to achieve the goal by assuming natu¡al conditions untjl
reservoirs wele constr'¡rcted, but no irrigation water would be released.
Reservoirs would pass peak flood flows above the top of active conservation
storage. This model accountsforlosses due to evaporation and seepage.

Scenarío 6c

Scenario 6c attempts to adrieve the goal by assuming natural conditions until the
reservoi¡s were constructed and assessing the impact of total developed irrigated
acres. Reservoirs would pass peak flood flows above the top of the active
conservation storage. This model accor¡nts forlosses due to evaporation and
seePage.

Scenmío 6il

Scenario 6d attempb to achieve the goal by a*suming nah¡ral conditions with no
reservoirs being built at any time during the study period while assessing the
impact of total developed irrigated acres.

Scenarìo Group 7 (Rìpørìan)

The major water managem€nt goal for all group 7 scenarios is to sustain and
enhance the riparian zone along the shoreline in Reclamation impoundments by
fluctuating water levels. Overall target elevations would be 3 feet below the top
of conservation pools. In addition, reservoir drawdown would begin in the first
wee-k of |une, and target elevations are reached by the end of the second week in
Iune.

97

KS001400



Resource Mqnogement Assessment

Scmaño7

This scenario attempts to achieve the group's major goal while making no
irigation releases duríng the fust2 weeks of June.

Scenørio 7a

This scenario attempts to achieve the group's major goal while not making any
irrigation releases at any time during the year.

Seenørto Group 8 (Republicøn Ríaer Fishries)

The main water management goal for all group Sscenarios is to emphasize river
fisheries in desþated reaches of the Republican Rive¡.

scenarios g 8a, and 8b are to sustain and enhance the river fisheries in the
mainstém Republican River below the Cambridge Diversion Dam to the
upper end of Harlan County Lake and below Flarlan County Dam to
Superior-Courtland Diversion Dam. Flows in these reaches would be
maintained for breeding reproduction, and overall habiüat maintenance from
April thmugh September, Minimum flow criteria have been developed for
periods of drought. All three scenarios assume Harlan County l,ake is at
elevation 1944 from April 1 to July 1. These scenarios were developed to
explore potential impacts various riverflows for fisheries might have on the
basin's hydrology.

Scenørìo 8.

Scenario 8 attempts to accomplish the major goal while pmviding water to
historical irrigated acres.

Scenarìo 8a

scenario 8a attempts to accomplistr the major goal while attempting to provide
water to irrigated the ac¡es that have been developed.

Scenørio 8b

Scenario 8b would accomplish the major goal while providing no water for
irrigation.

Scenarios 8c through 8e share the same major goal of sustaining and
enhancing the river fisheries i4 the Republtcan River, but the designated
reaches are f¡om below the Superior-Courtland Diversion Dam to the upper
end of Milford Reservoir. Under all three scenarios, flows in this reach of the
river would be maintained for breeding reproduction, and overall habitat
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maintenance fromJanuary throughDecember. Like the other group 8
scenariog thse were developed to e><plore potential impacts that various
riverflows for fisheries might have on the basin's hydrology.

Scenarìo 8c

Scenario 8c attempts to accomplish the major goal while providing irrigation
water to historical acres.

Scenørio 8d

Scenario 8d attempts to accomplish the majorgoal while attempting toprovide
irrigation water to the acres that have been developed.

Scenørio 8e

Scenario 8e would acromplish the major goal while providing no water for
irigation.

Scenarios 8f through th also share the major water m¿magement goal of
sustaining and enhancing the river fisheries in the Republican Riveç but the
designated readr is below the Cambridge Diversion Dam to the upper end of
Milford Reservoir. In addition, the scenarios attempt to provide minimum
desirable streamflows in this readr for water qualitypulposes. Flows in this
reach would also be maintained for breeding, reproduction, and overall
habitat maintenance from January through December.

Scanarìo 8f

Scenario 8f attempts to accomplish the rnajor goal while providing water for
irrigatin g historical acres.

Scenørìo 8g

Scenario 8g attempb to accomplish the major goal while attempting to provide
irrigation water to the acres that have been developed.

Scenæio th

Scenario 8h would accomplish the major goal while providing no water for
irrigation.

Screening Process

The preliminary management scenarios were initially screened by threshold
criteria designed by an interdisciplinary team to drop out those scenarios that
could not withstand real-world tests of feasibility.
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The threshold criteria elíminated management scenarios likely to be summarily
and universally rejected as being illogical, unacceptablg or unrealistically
difficult to implement, Those screening criüeria were:

¡ Can this scenario be implemented with surface water physically
available within the Republican River Basin?

r Does this scenario significantly and advercely impact economic
activity within the basin?

o Does this scenario include some maintenance of irrigated
agriculture?

' Does this scenario result in an adverse ef6ct to threatened and/ or
endangered species or species proposed for listing?

. Does this scenario require major construction or removal of
facilities or feah¡res within the basin?

o Does this scenario significantly and adversely increase the risk of
flooding?

¡ Does this scenario result in significant and adverse water quality
degradation?

The initial managementscenarios were reduced by about half in the initial
screening conducted in April 1996. Those eliminated werc screened out
primarily for their significant and adverse effect on economic activity in the
basin, specifically irrigated agriculture or recreation

once the initial screening process was completed and those scenarios not
meeting the requirements were eliminated, a second set of screening criteria
was used to further eliminate duplicative scenario results, These criteria
included:

¡ Whether the results from the computer analyses were the same

o Eliminate scenarios in which there were less than 2-foot
differe¡rces in elevations in end-of-month reservoir contents
duringthe month of July

o Eliminate scena¡ios in which there was a l-foot difference in
end-of-month contents
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o Eliminate scenarios in which the increased rate for more than one
reservoifs reaching inactive pool in July exceeded 20 percent

o Eliminate scenarios that reduce the available water supply to
inigators by greater than 26 percent

Using computer analysis and the screening criteria, additional scenarios were
dmpp"d from further consideratìon

The scenarios dropped from consideration during these screening processes were:

2c Total developed ac¡es with integrated system management

3 Maximize fuheries benefits with historical irrigated acres

3d Maximize fuheries benefits with no irrigated acres

4 Maximize recreation benefits with historical irrigated aaes

4b Maximize recreation benefits with no irrigated acres

4c Maximize recreation benefits with integrated system management

6 Natural hydrology regime with no reservoirs and no irrigated acres

6a Natural hydrology regime with no reseryoirs and historical irrigated
acres

Natural hydrology regime with reservoirs as they werc built and no
irrigated acres

Natural hydrology regime with reservoirs as they were built and
total developed acres

Natural hydrology regime with reservoirs and total developed acres

Maximize riparian benefits with no irrigated acres

Instream flow analysis--Cambridge and Guide Rock withhistorical
acres

Instream flow analysis--Cambridge and Guide Rock with no irri-
gated acres

Instream flow analysis-{uide Rock and Clay Center with historical
ac¡es

6b

6c

6d

7a

8b

8c
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Instrearn flow analysis-Guide Rock and Clay Center with no
irrigated acres

Instrearn flow analysis-{ambridge, Guide Rocþ and Clay Center
with historical acres

Inst¡eam flow analysis-{ambridge, Guide Rock, and Clay Center
with no ac¡es

Harlan Cqung Lake special studies, 1993level flows with historical
irrigated acres

9b Harlan County Lake special shrdies, 1993.level flows with no
irrigated acres

10 Harlan County Lake special studies,2025 level flows with historical
irrigated aoes

10b Harlan County Lake special stud.ies,2025 level flows with no
irrigated acres

It should be noted that although these management scenarios have been
eliminated from further consideration, specific portions of them may be included
in the altematives developed for and presented in ttre dmft EIS.

Dolo Needs

In preparing the RMA, information gaps werc identified. Attempts will be made
to fill these gaps prior to EIS preparation.

In order to better understand the scope and magnitude of the environmental
effecb associated with the selenium issue, bottom sediments and biota within the
study area should be collected. Biota samples would pmvide critical information
necessary to determine the processes of plant uptake and bioconcenhation and
bioaccumulation of selenium within the study area. The case may exist that
geochemical conditions render the selenium iir ttre drain water environmentally
inert. However, selenium effects on biota cannotbe determined until a biological
assessment of drain water can be conducted. Effects of irrigation of seleniferous
soils on groundwater shoúld also be investigated. If elevatèd concentrations of
selenium are detected in biota samples, then sampling of soils within the
watershed would be the next step in the investigation.
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Threqfened qnd Endongered $pecies

There is a need to identify whidr threatened and endangered species could be
impacted by potential changes associated with contract renewal. Aquatic and
riparian studies are being conducted by the NGPC and the Kansas Departmmt
of Wildlife and Parks. Information conceming aquatic and terrestrial threatened
and endangered species isbeing collected. Results of these studies may identify
additional data needs that would require furtherstudy.

Cullurql Resources

Only a very small percentage of lands in the Republien River d¡ainage have
been inventoried for cultural resources. Most of the resources that have been
recorded lie on Federal land adjacent to reservoirs. Yet, of the reservoirs in the
part of the Republican River Basin covered in this study, none has had a
compretrensive cultural resources inventory. Inventories underway at Harry
Strunk Lake and Lovewell Reservoir should be completed by the end of 1996.
More than 300 cultural resource sites have been recorded at Harry Strunk Lake,
while about 45 have been recorded at Lovewell, Cooperative agreements are in
place, with five area universities to complete inventories of all Redamation
reservoirs in the drainage by the end of the year 2005.

Olher

r Acreages of wetlands and riparian areas associated with surface
water and reservoirs within the basin

¡ State Fish and Game Deparhnent recommendations for
end-of-month pool elevations and insheam flows

¡ References on the relationship between wildlife habitat on
irrigated versus dryland farms

o Pool elevations at all reservoirs that render each boat ramp, dock,
andbeach inaccessible

¡ Monthl), visitation at each boat ramp, dock, and beach for all
reservoirs

o Concurrerìce from state and Federal nafural resource agencies on
the impact of pool fluctuation on reservoi¡ delta wetlands
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As$essrnent

¡ Reconrmendations ftom $tât€, Federal andr¡niversity authorlties
on the fiver operations that would favor natíve åshes

I Economic comparisonr of watervalue toinigation versus
rseatior-l
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Dennis E. Allacher is a basin study coordinator with the Bureau of Redamation
at McCook, Nebraska. He serves as co-lead for the Republican River
contract renewal effort. He was in drarge of Republican Rive¡ reservoir
operations for more than 17 yeare and has over 1?yearc' experience with
Redamation in the Nebraska-Kansas area. He has a B.S. in Civil
Engineering and is a registered Professional Fngineer.

Mark Anderser¡ a public affairs specialist in the Bureau of Reclamation's Great
Plains Regional Office, assisted with public involvement for the RMA. He
has worked for the Federal Government for23 years. Hehas a B-A,. and
M.A. in Communications.

Carol Berry was lead technicalwriter/editor for the RMA. Shehas developed a
variety of documenB in her L8 years with the Bureau of Redamation and
in public affairs/journalism. She has an M,A,. in English and an M.S. in
Economie.

Robert K. Blasing a Bureau of Reclamation area archeologist in the Nebraska-
Kansas A¡ea Ofñce, was responsible for cultural resources analysis for the
RMA, including archeological, historic, and American Indian fübal issues.
He has been with Reclamation 9 years and has a B-4,. in Geography and a
B.S. andM*4. in Anthropolory.

Maria Ctrastain-B¡and is with the US. Army Corps of Engineers. She provided
input into recreation and environmental sections of the Republican River
RMA, and she also provided reservoir level data. She has a B.A. in
Sociology.

Gary Davis is an environmental specialist with the G¡eat Plains Regional Office
of the Bureau of Reclamation. He pa*icipated in preparation of sections
of the RMAconceming aesthetrcs, IndianTrust Assets, wetlands, riparian
resources, management goals, and public involveme¡rt. He has a B.A. in
Environmental Conservation.

Richard J. Rick) DeVore is a hydraulic engineer with the Bureau of
Reclamation. He was responsible for various hydrology-related inputs
to the Republican River computer model and for the enhancement and
operation of the computer sinulation model for all RMA scenarios. He
has a B.S. in CivilEngineering.

PatrickJ. Erger is an agricultural/hydraulic engineerwith the Bureau of
Reclamation and has 10 years' experience his field. He was one of three
hydrologists who developed and evaluated the hydrologic regime of the
Republican River Basin for the RMA. Hehas a B.S. in Agricultural
Engineering and an M.S. in Agricultural Engineering/Water Resources.
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Richard M. Foster, an agricultural economist, contributed to the preparation of
the economic analysis for the RMA, He has 17 yearel experience as an
economist with the Buæau of Reclamation, He has a B.S. in Agricultural
Education and an MS. in Agriculturat Economics.

Kathryn A. Horrsg a tecl¡nical writer-editor for the Bureau of Reclamation,
assisted with completion of the RMA. She has worked in writing and
communication for 16 years, g of whictr have been with Reclamation. she
has a B.A. andM.A. in English.

l{illiam L. Lane is a hydraulic engineer in the Bureau of Reclamation's Tþchnical
. service center. He adjusted historical hydrology data to ¡eflect changes in

basin conditions. He has a Ph.D. in Civil Engineering.

sha¡on s. Leffel an editorial assistant with the Bureau of Reclamation, provided
copy editing and proofing, formatting, and desktop publishing of the
document' she has 8 years'experience producing a variety of technical
and nontechnical documents for Reclamation. She has a B.A. in
Psychology.

Ieffrey M. Lucero, a hydrologist with the Bureau of Reclamation responsible for
water quality issues, has been with Redamation for 12 years. He has also
worked for the Forest service and the utah state Engineers ofñce. He has
a B.S. in Watershed Science (Hydrology).

Patrick Mangan, a biologist with the Bureau of Reclamation, contributed to
infonnation in the RMA on public involvement, fisheries, riparian
resources, and recreation. He is also monitoring grants to Kansas and
Nebraska state agencies for the collection of biological data. He has a B.s,
in Natural Resources Management and graduate work in Aquatic Biology.

Jill Manring, Basin study Coordinator with the Bu¡eau of Reclamation, was
co-manager during preparation of the Republican River Basin RMA. she
hasZ?years'experience with Reclamation in ¡esource management and
envincnmental activities. She has a B.S. in t4rildlife Biology.

Judy o'sullivan, a public information specialist with 20 years'experience in the
Bureau of Reclamation, co-pr€pared the RepublicanRiaer Roundup, a
periodic public information brochure. She also prepared a public
involvementplan and directed related public involvement activities. She
has a B.S. in Comprehensive Business.

Mark Phillips is a geologist in the Great Plains Regional office, Bureau of
Reclamation. He participated in preparing surface water and ground-
water sections of the RMA. He also developed hydrologic models. He has
a B.S. in Geology.

t0ó

KS001409



Resource Monogement Assessment

Kathryn Puckett is a fisheries biologist in the Bureau of Reclamation with
L3 years'experience in fish biology, induding 3 years with Reclamation.
She provided fistu wildlife, and vegetation assessments forthe RMA and
contributed to the recreation a$ses$nent. She has a B.A. and M.S. in
Biological Sciences.

Sandie Simons, a workload coordinator in the Redamation Law, Contracts, and
Repayment Branch, has been with the Bureau of Reclamation 23 years.
She provided contracting infomration for the RMA. She has a B¡-{. in
Business Administration.

Donald W, Tieasure is an environmental specialist with 18 years'experience in
the Bureau of Reclamation. He provided environmental compliance and
consultation forthe RMA, He has a B.S. in Wildlife Management.

fames E. Whitfield is a cartographic technician with the Bureau of Reclamation
who prepared maps and othermaterials forthe RMA. He has had
30 years' experience in graphics, 3 of which have been with Reclamation.

Olher Contribulors

Mike Armbruster, Jaralyn Beek, Sheri Fredericksen, Robert (Gil) Gyllenborg,
Keith Hann, Bill Lane, Vem Lovejoy, Joe Montgornery Rob Schroede¡, and
Shanrn Suralski, all of the Bureau of Reclamation; and Jerry Buehre, Corps of
Engineers.
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Table A-1.-Wildlife occurring near Republican River reservoirs

Common reptiles and

Bonny Reservoír

Wildlife common to
southwestern Nebraska

Enders Reservoir
Swanson Lake
Hugh Butler Lake
Harry Strunk Lake
Harlan County Lake

Common birds

Addca êaglB (Ailla chryse@q

?tal¡L lsk'ú (Falco n*ianusl
Flough.lcogad hawk (Bulêo lagaørs)

Mæh hav¡t (ClÊas qäru)

Smlnson' hawt (8sfæ sm/ËØ0

Grêat"hmed owl (Bubo vlrghlanßl

Fall (RaIæ lnlcd4

Fhcâsânl (Phßrauus ælc¡lêrrs)

Quall (Colinß vlrglnlanusl

Moumlng óNe (Zed d u Ê Mô u rul

Gßbø lAEcfrmoÞhdæ æcldcnlail d
Egrcl (Affiaroúus slbßl

Hêrcn (Ms hetudles,

Fislilope (Sleganqpus fþoto4

satúFlqet (A,'¡lus mcúladal

O)Àew (Nmenlæ ùßttØtÊt
Ooçlbhêr (¿tmárór¡t ß sØloÞ¿æus)

we't¡et (Ûqdþlct *.1

@fden èagþ (¡qrrla c.¡Dsslos)

Èald eagle lHallæêlus l€xþæ€'halusl

lurl€y wl!Íc (C€óales EUG)

Fedglnous has/i (801æ /ê68/ls)

Red-tallêd hawk (gùþo lemetænslst

Musà ha$û (C/Eß øt€æ6)

SEhsnl hawk (Bdco sffi/lw/t
Añerlce kcstfal (Falco spawlwl

Bu.f owlng ovrl (Spêoyto ünlcaleñal

Shortqred owl (Áslo ,tamreuq

8am owl (tlto alü€)

Srcæh o*1 (Olus áslo)

Common wâterfowl

M.tlztd (At1ß iletyrimtusl
Teal (Ár,¿s drscgtr)

Plnlatr (Ads ¡csls)

Sllovolef lspâttu¡a êlypeslâ)

Gedmll (Arras strcFá)
\¡lldgæn ( Müæá a ñe iëM)
canada goose (BrarÞ canadüsg

l.Áalla¡d (Atas pla\lvchæ:t

fæl Vúas dlyorgt

Plntâll (Áæs aêdal

Shffi ler (Spål¡r, rôlæeáÞ)

Watem grêbr (¿{æ,imphôils ældentÊl6t

Earød Ve6a (podÍæps spla5)
Plcd-dlcd gtcÞ. (Pod|yilbß Fdlæps)

Ooubfe{resled clmoEnl (PhaÞüØ,ü

autllw)

Ametløn ffil lFullca anartcaÉ)

Toú (gufo añedcanss)

G6 snske (OpôædD6 Emaír)

Eult $sk€ (D¿tñoptrls dêlênoløeul)

Aalíæîakå (Cþlâ hrs vf l d 6,
Tuñes (TemÞene omzb)

Eulfita4 (Rila ca¡esf,,elilal

ïger slamnder (Anbysønâ WrlNrn)

ÁfËdcil toad (gulo ârrarlanß)

Woodhouse's load lBulo vædltoßêt)

GrEt plalß Ìoåd (Êulo Øgaatus)

t{orìh¿n ctìru ftlg lPsrudeß t/F€l'€Ê)

Northern criclct frog fÁrrls .rspl,hns)

P¡8¡ns sptd€loot fsc¿phlopß bonbttñ)

NorüErn leopa¡d frog lÊaß ilFlaß)
gulltog (Fma alæàelaE)

Snápplng n¡dþ (Cheydn ærpênfnz)

Palnted türüe lct 46øts p¡CÈ,

Blarúlîg's tufi e ( E nys bhndtnOl )

Wsþrn bd üJd¿ f¡erápene oñatâ)

Common mammals

úule dsêr toúco¡lêß hÐtrusl
Whltc.bllGd &er (OdæoItß Vltgtntaus\

Fox squlñel (Sc¡Jrus r/984

Øllqb.ll $yvila W audo h nlt

Jsclnabbll lLÊp ß æillo n Ic.É)

Elad(-Þlled pElrle dog {GyMys ludovrclanusl

Aqve¡ lcrsfû aM&ßBl
]luús al (Oñdatà zlbe ithâl

MlñklM¡//ols vbù)
Weesèl (Mu stttâ tøtEâ:l

Opffi,n (D ldelÞiiß N ßupla ïs)

ÂtcØon (Ptwyod lûoô

*nklMephltß noph¡ls)

gadgú (Taxld@ /å4ßl

Coyote (C€aIr þtr¿nr]

Bob€t (¿rr 6tus)

Rd lox(Vulæs tulvd

(l,ls lvulpes nâsolß)

OÞßú PddphlsmwrptrlÉt)

Leæl Ehtew (Ctypbils ÊNã)

Shütålf sàrew lBgdæ btcvlcaudeì

Ea9tsn mls lscrlo¡rug equtt/r¡ts].

Small.footâd ¡ntolls fM¡ot s suôrrlatus)

Red bat l¿¡stes DoÉrA,

Sfþor+8lrcd brt l¿ÁsfoñydedÊ nødßgÛtB.)

H6ryt¿¡ l¿Æfrc c/æruo,

þ@î(Ptærodtow)
Loîg1âll weeß4l (Mßtele lreMte)

MlîR (Mtstela vlw)

øadgq (fax¡deâtuE)

Spotþd skunk lsplto!øle putdlß)
x
Øoo
À
t\)
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l\) Table A-1.-Wildlife occurring near Republican River reservoirs<ontinued

Wildlife common to
southwestem

Nebraska---continued

Enders Reservoir
Swanson Lake
Hugh Butler Lake
Harry Strunk Lake
Harlan County Lake

Common birds

Vlrglolâ ralt (ârllre //nbotá)

Fllng-necl€d pheent lPhaganus ælchtd.Jsl

Auel. lùñnus vtghúanes\

¡,fumlig dwe (Zeîaldß MqwÊl
Blttem lEofaurus térdghosE)

ctâl bluc hercî lArdc¿ hffidtæ)

PÃ^laroæ (Stêgano Þß íbôtot,

sÉ,îdptpe¡ lAcùUs naêuladal

Gd¿î hercn (Aurorldæ ví¿sæDs)

Íutks! lue EagE ga ùoparo)

*ta (Paøna æþiM)
ßlde¿r lohffi&îß wfa¡as)

UDland plowr (S8¡tEmra longlæude)

Aneflcs avæet (FaMrosta aædØa)

Aækúvëlc.wbtlHë)
YeJlowòllled cEkoo (Cæ¡r¿¿ß añerþanß)

Blæk-b¡lled trkoo (Cocguqs ewoptìÊlnus)

P æFuIl ( PhalanênoÞtilus nutdliD

Common nlghthask (Cl,otællæ mlÉÒ

øllmîet süft loheetaa Þêtaglca)

Bc|'¡ed klîglB¡E (Mègæuyle alcyon)

Commtr f¡lcl€r (Col¿Dlæ ealus)

Red-bellled woodpæl€t (Cenfurc aþínus)

Red-hsaded ffi dpeckq (t lel ateryæ

ctylht@Þ¡ptß)

Eætem Hngblrd (fyøiß lytrnnus)

W6Þ.n klngblrd (Ttñnnß wñæß)

Great crested ll}@ldìa (LlylÊEhtg c,tnt¡Js)

Eåstem phoebe lsâ,ðmrs pl¡oeòeJ

S¡ys Þho€be lge,ð/rrs sr€)
Eslrm wood p€wee looñlorus vlßns)

W6!em Fod peËa lCoñtopus fird¡dutus)

Hoñed letk (EnmoÞh¡la etÞesnß)

Common waterfowl
Common reptiles and

amphibians

Læer æ116 lktrd (ttobrcoktd meutrt8)

Shoñ-hornêd l¡zârd (PàrÍrosoñE bugte-Ét)

Eæ1.n lencê llzûd lscêloÞaaÊ undulâttß)

Slx-llned rrceru¡ns lonØldodÉrc
æúlnæfi,8)

Msyilnod sldnk lF@æ ñuliþlrga¡us)

G¡ael p¡âlN sklnk lEÆ oàsoretus)

Common mter snåkê lrvaûl¡sþedorJ

Nortttwæt¿h galer ske (fhañnoÞhß

otdlñoldæ)

Pfaf rE garlér Male ff¡ MnoDHs ndíx)

Commõ gartã sâkB Íhamophls úàfE)
Eútem hognosê ske (Hetffidon Þlalyhínß)

wéÞm hognos€ smkè (ttetwhn nesbus)

Easlem rlng-næk sk¿ (DladoÞhb ÞwtrtLÆ)

Smooth green sËke lorrreodrys vemalß)

No¡lh Amerl€n Bær looluòet Øsúcþt)

Common mammals

Stfpêd skunk lMrprr¡ts æpÀr¿b)

C.ryølå (CeE lst¿ns)

Blæk lall ¡alr{e dog léþo,lt¡s lurlovldeæ)

Thkls4lned ground sqùtel (C¡telß

tldæêñnnsauùE)

Fra¡klln's gDund sauiral (qa[us tânldtn|

Spotlel ground squ¡rÊd (Ailcilus spnowa)

€agôñ fd squlnel (Sárurc ¡/gÉr)

Plålllg pæket gopher lêêffiys buærtæ)

Plelre pùl€t mor¡s lPe¡þgîá|lß îa'ffi)
S¡Íry pock€t mousâ (PægÉthus lew)
HIsD¡d pækel mqrss lP€rcgnathæ hìsptd6)

Ord þngeroo Et lDlpodof,rys ottlD

Èeåvd lcsslo/ ê¡EdaÂçlçJ

Plalß haß6t mous¿ lRëltltodontoñys

ffinlenæ)

Westen hailæl mEe (RellhtodûlØ¡s

ægalotE)

Dær musr lPôrcmleß ffiIqlanJs)

Nonhern gNhopper mo$e (Ontchotw

lalægâslct)

EaJ|Êñ wd¡dl (Neoloæ llo.ldaÊ)

Pt alde wle (M ¡aolß æ¡toS aslq)

MtJgdal(Ar&ùa 2þaú1a)

Housô mo6ê lM6 m@t!s)
Mudow Jumplng hoÆ (Zapß h.ßwtß)
P orcuplîe ( E rcrh¡zo n dffitu n)

Blactfall Jåckrâlb¡t l¿6p rß câlfútcus)

Oêert Co[onfall l9Mtrgus âuduòonl)

Easlern @nonlall ls)4vrTâg¿rs totda6J

Mtic dñ (Odæoileus hn¡onß)

\AJtlteÞll deer lodæorþæ vlrg¡nlenß)

+o
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Attochmenf B

material becomes coarser or less cemented in the lower part (McGovem and
Coffin, 1963). Also present are beds of soft limestone, benrtonite, and volcanic
ash. The top of the forrration consists of a few feet of a dense, sandy limestone
known as the "Algal limestone." Maximum thickness is about 500 feet in the
northemMedicine CreeksubbasininNebraska. Depth to the top of the
formation varies from 0 to 200 feet, averaging less than 1.00 feet. The swface of
the Ogallala slopes to the east with an average gradient of 12 feet/mile.

Pleistocene loess deposits (wind deposited silt and clay) are present throughout
the upland areas and valley walls. These deposits, varyingin thickness from 0 to
200 feet,lie above the water table and yield little water.

Sand deposited by the wind during the Pleistocene and Holocene epochs is
present in the northwest section of the upper basin with a maximum thickness of
L70 feet. These deposits are an important element of the aquifer system because
of their high permeability, which allows rapid recharge to the underlying
Ogallala Formation.

The next most important sources of ground water arc alluvium and terrace
deposits of Holocene age. They are found in the valleys and under the flood
plains of the larger streams and are comprised of varying mixturrs of clay, silt,
sand, and gravel. Thickness of these deposits varies from 0 to 90 feet.

lower Republicon Bosin

The principal aquifer system in the lower basin is composed of alluvium and
terrace deposits and the Ogallala, Grand Island, and Dakota Formations. The
base of the aquifer system consists of Pierre shale, the Niobrara and wellington
Formations, and the Chase Group.

The alluvium and terrace deposits of recent and Pleistocene age are a major
source of municipal and inigation water. They are made up of unconsolidated
clay, silt, sand, and gravel that have been deposited in the valleys and flood
plains of the major streams, The deposits generally become more coarse with
depth. Thickness of the alluviumtanges up to 130feet, The terrace deposit
thickness ranges up to 125 feet.

Covering the uplands of the lower basin are undifferentiated depositg consisting
of loess, volcar¡ic ash, and gravels formed locally by weathering or stream action.
Where saturated, these deposits will provide small to moderate amounts of
water for domestic and stock wells. Thickness ranges up to 100 feet.

The Grand Island Formation is a major source of irrigation water in northeastem
Jewell and northwestem Republic Counties, Kansas. It consists of coarse sand
and medium-to-coarse gravel lnterbedded with silty clay deposited during the
Pleistocene age in a former channel of the Republican River (Dunlap, 1982).
Thickness ranges up to 120 feet.

KS00'1428
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Site Chara ctenzationand

lVater Qualrty Section
Republican River Study

Geology

Upper Republicon Bosin

The major geologic formations are the ogallala Formation, alluvium, and eolian
deposits 

$a1 ryk9 up the aquifer systern The base for the aquifer system is
composed of the Niobrara Formation, pierre shale, and whit" Riv"r-Grorrp.

The Niobrara Fonnation and the pierre shale of late cretaceous age, and the

lfrft" River Group of rertiary age arc relatively impermeable coniolidated
deposits, which rcstrict the downward movement of water frcm the overþing
aquifersystem. The Niob¡ara and pierre shale are of marine origin. The
Niobrara Formation (the aquifer base in the easbem part of the ulper basin)
consists of massive chalk beds, chalky shales and limestoner, ur,å thir, ¡eds of
bentonite. The Niobrara Formation has a thickness of approximately 650 feet in
Phillips county, Kansas. The pierre shale (the aquifer bãie in the wætem parr of
the upperbasin) Iies conformably on the Niobra¡a Formation, It is a thinly
bedded shale with thin beds of bentonite and numerous concretionary zones,
The Pie¡re shale in the Frenchman Creek area is more than 2,000 ftet thick. nre
Niobrara Formation all,Piene shale slope to the east with an avemge gradient
or 74.7 feet / mile. The white River Grouþ @rule and Chadron Formations) of
oligocene age, lies unconformably on the pierre shale in the northwestem
portion of the upper basin. It appears to be of fluviatile origin and consists of
siltstone, clay, and loolize-d channel deposits of sand and gravel that may or
may not be cemented. Although the dçosit is considered impermeable, minor
amounts of water could be obtained from trnconsolidated sanà and gravel
deposits within the formation. It has a maximum thickness oÍ +/- 4b0 Íeet.

The semiconsolidated ogallala Formation of pliocene age is the major source of
ground water due to its areal extent, accessibility, and extent of satúration, The
formation is present thrcughout the upperbasin, except where major streams
have eroded through it to the bedrock. The ogaflala iÀ befieved toiave been
formed by eastward flowing streams whose sediment filled pre-existing valleys
in the bedrock. Eventually, lateral constraints were eliminate{ and theètrearrs
coalesced to forrn a broad alluvial plain. The formation consists of a poorly
sorted mixfure oÍ clay, silt, sand, and gravel that is loosely cemented; the 

-
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Part I

lrrigotion Return Flow, Subsurfqce
Droins
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Atlochment B-Hyd rology

Part I lnlgotion Return Flow, Subsurfoce
Droins

Port ll Surfoce ond Groundwoter Quolity
Doto

Porl lll Areo Reservoir lnflow Doto ond
Historlc Versus 1 993 Level-of-Bosin-
Development Inflow Comporisons

Port lV Woter Supply Evoluotion Compuler
Anolysis

Port V Groundwoter Reseorch Monogement
Assessment, Republicon River Bosin
Woter Supply Study Nebrosko,
Konsos, ond Colorodo

Port Vl Hydrology Assessment for the
Republicon River Bosln
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1991 Ftdd Sarqlug Synoprir

Dccornbø I 1995

Tlu 1995 6st¡l ¡cesou uns ths fi¡n of e wo prrpmJecr d¡¡lgnÊd to doa¡mmt angtcr r:so ¡¡d f¡h
conaunity ttru¡Ebs in thÊ Rcp ¡bticrü RltqviÉl¡ Nßb¡ar*! md i¡ ñw pai¡stc¡r reeenoin Fiold
ÊrrytÍug col¡æt¡d d¡g o fiw tpæific objoOinar ú¡irg 1995 irchdiÀg ñrh conrnrnþ dlrsniËc
¡tqg tþ næOrcaa Rivct, ruaibbillty of padhl Bps{x!fug &btrF fbr ¡olccod 3aao frh u¡tee
urc of þ Rqpüblicss Ritor bdws'a Éo Clsùidgê ¡¡d Cr¡idc RooL Dlvu¡rÍou &ra4 s¡gbr r¡¡e of
ttg F¡brtffi ¡c¡crwin, 8rtd fith cfilrulity 4firsnlc¡ i¡ úÊ ursfuun ruscñ¡cte Pr'lor b b¡gir,¡ing
fold wodc h ap¿L seapliry rhec rlog tlp ¡iyo¡ yrcm ¡clged b¡¡¡d ou irytt ûon locrl r¡¡q¡¡cc
rnü¡gÊrt rnd coa¡s¡r¡dio¡ ofiocr, Éd tôcirdcrllt v!¡ifiËd by sit! vidh.

fi¡h cæ¡sr¡ity ¡unryy¡ oa ths Rqpublicstr Rivcr wc¡o coaú¡cæd drüûrg four poriodr iu 1995 to
documsú, ¡c¿roo¡l fts¡d¡: April-¡t{¡V, Jr:no-luly, ArrErrt.Sqptêrùcr ¡¡Å Oc¡obqr-Norrrsrber. A tau,t
of 16 peaaaTt *.phog ¡íte¡ werc cs¡rblirhed ¡!d û¡nlt¡aa æcb pcriods gl'lirrÉ( conditioru
slLñeÇ¿ lf¡bfurt psüDãtfr¡ ¡ocarurEd ef e¡ch ¡hs¡ ri¡ûlg ,""r pctiod Í!€ludÉd dirch:rge, mcau
d+þ\ non volocþ, noan width and s¡bfinb ooripotHö!. A cû¡¡bind¡sn of roinitg, cbocsa
Þh"{ hoq rrq¡, eaa clccco¡hocti¡g rrErc u¡cd to ir*,ufy fi¡h ao'--u¡iry corBo¡ttiJl a¡d ¡etrtiwgh¡td!¡cê. All ñsh collgod \ro¡c ¡DÊssuld ¡Dd bßd bory rlrucÊrno, ìrcrg Uun fo¡ ego and gror4h
!¡llrp€o A¡pte¡¡¡¡tely 40 rpocicr of firh rrys¡s oollætcd Êqu thc rirg in lg9j.

PotÊûúirl rir¡tci¡a Bps\¡hing bsbibt for wallc¡rc, wh¡rê b!ö+ rh.n"ol orfth ¡¡d f¡¡hæd catfi¡h was
tlsorfGd d ¡i".4 c¡tíon¡ 

"lo¡g 
tho Rspublic$r liwr bstwcqr thp qataldge Dir¡crnisÞ þs¡ ¡¡d

IIÂ¡¡e Cffity Rcsc¡tßir ô:d¡g th¡ n¡n¡¡ar of 1g95, SE¡ía¡¡ qcrc ¡o¡ec¡c¿ aa æpreeeutativo of
l¡trBËt Ìit¡cr ¡totch¡¡. Àlspr ssrç cqrBtrustcd docr*aflqi"g t6tcl lfcr oosrçicd þ ãlfforcot potortbl
qPawtring hsbib¡ t¡pce within eacb ¡tnrl¡¿ Exaoplø of b¡btr* t57* ro*nroðinsludod log jamr,
t¡udclElú b€¡lkt, FtYcl bars, beùocþ hrrowß, orr bodios, rat/ûsût 

"nd 
tip np barrþoiarr.

Tle a4lct u¡¡c Í¡rrey on tle Rspubljca¡ X,iver *a¡ strat¡fud i*o two ¡iwr seutc.hæ: Ch¡nbridge
Divt¡dpn Dan downfteam to Hr¡la¡ Couqty Rogq!rcif and ü¡o H!¡l¡ri Cq¡rãsy Rescrnroir rtilli¡g bæiu
dorrnsùoao to tho Chridc Rock Div¡¡sion Ds$- Bigb&cr rco€tl polnü aloag thcro ¡ù¡tchs wore
wsd for ã¡gt¡r c¡cch a¡d isrÞrviow¡, Arylcr eresþ ç¡ sech rirq-lrtt¡h wcr pcforrrod ten tÍmc¡
pæ ooUh ftrnt .4Fíl tbrougl Octobor.

Atrylsf ure ruìrsyr o¡ e¡ct of th¡ osincm rsran¡oí¡¡ wcro pedorrrcd tco tiuc¡ pcr nonth ûoa
Âtril thftn¡gh October. InsÈulqr¡ou¡ corntr of n¡glcç wçrc t¡lo ovÉ,Í è 60 at¡¡¡tes period du¡iûg
cach oold day. Aagler i¡úcrvíe.w wcro ooúÅ¡Êlod Fd¡Ds¡ily d ¡oossú poiû rrul¡¡4 the rc¡c¡voírs to
sollcct cfFort ¡¡rd cüsh dgt&

Aagtc( U¡o a¡rd Fi¡h Co¡nur¡¡rÍty Dma¡oics b Fivo $o¡ûwort Nobr¿rka Re¡ervoirg a¡d ü¡e
Adjoi¡ing Rapubliorn Rivor

Fiù co¡¡t¡u¡iV ßurtcJr on tb¡ ¡srinstcra ¡so¡rroin çcro coaÅ¡otcá bctwçs¡. Ar¡F¡¡t ¡¡d Oetobcr
1995. A co¡nbi¡¿tior sf ¡¡i¡i¡g; giU ÉE ttrd Ê!E! ¡a¡ irore r¡¡sd to $¡Búiry firh coann:¡íW
csCIPofifío¡ n¡¡l rcl¡tiræ abun'lo¡ce. All ffuh collctúod wE¡¡ Eos5¡trgd Ê!d ttsrd bcrV ¡tn¡cq¡¡cr c/cfÊ
¡lsn for ago urd grow{f anaþos. Apprcnioatcty 26 ¡pccic¡ of f,.h wqc collcíod i! th! relcrvollr
durhg 1995.
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Invatory forBudarrgered, Thrcatcnod, md Rare
Pls¡t ssd A¡¡Esl Spccicr l¡/tthin thÊ Floodplain Corrldor

of üto Røpublican Rfu er B¡¡io

1995 Fiold Survey Synoprie

Dcocmbor5, 1995

lfc 1995 fiold ¡crsou wr¡ tüs ñÍst of r tþ:cÊ yrar p¡ojcct to conduct fìeld ru¡vçf qo¡k withiu thc
fþ"dp!! cor¡idor of tbc Rry$Ilau Rivcr for ptaat ¡¡¡t ¡çimrt spocieo ldsnüfiod by fhcNçbraska
Nßlurrl H€rlhgo hograu ¡s eadmgûÊ{ tbreatcaed or rsrs, T; dale, field rurvcy qlork hss bscn
ooud¡¡c1ed fudüûo apocicr ü¡oçlttion ¡ pbnú, toreútsl qËimer¡, and aquetic q¡îr+r¡lg. lbc;
rnim"ls ir¡cludç six rpociol glonps; birds. t rpúru, rnammaLa, lr*oar, nù 

"r¿*lonid mollr¡sks.
hior to_bcgi¡rti¡rgftåd uroÃ, 

"i.icv 
rit*-t*.r. r.ñfi;üår*¡ot"o¿phcogrçhs oftho

bs¡in. survÉy sibs cneomposrod rtt ptt¡t cotflmmity t¡gea trcoot ln tlro raidy a-r irrctu¿ine;
wptlot'l<, grrsslalds, tipdan ¡tus¡ r¡d eterr¡¡, Siüos r"l*tud from thc phot"n n¡s¡e m¡¡ked on
U.S.G.S. 7.5' bpognpbio F6Þr for r¡se in fhe fleld_

Stwcy work for tbe plants b"Str in lune ¡¡d wqs contiuusd tluoughout tbc g¡owing seûson.
Sove¡1y-*o ¡ítes u,EßÊ aureyed rcculrilg iu threÊ o*ttion". reconlg of spocier on thu Hcritege
líst. Thoeo worc: trr¡u recar& of c¡rdiual Ílowsr (Lobclta cardlnalts),asd ãqe rtcord ofF¡emont's
olcmati¡ (Clenatßframowfi), Alproxtrnar¡ly ñfreen epeclrnens ¡çrn¡l¡ þ be idôntiñed a¡rd some
of thcso trr¡y bc Hcit€c Hst rpccior.

Survey work for the tcr¡e¡ùial üimb ï/ss initlstôd ln Mey and contlnued through Augr¡st. A btot
of tbftty.scvcn gites ttËrg Eurrvèyed, Only fhrcc oçou¡rEuccs record¡ we¡e obsen/çd. TWo et€
confirsrcd brÊedfug rcsordc for Cçopsr's hawks Qlcciplter cooþerlf), ¡¡d oræ i¡ for ûre ço4chwhip
snake (Mar t I cophls fiagsllqn),

Fisld wark for the a{uatic s¡lecios rv¡¡ conduacd during October anC Novembor. Fourtôcn sltcE
wtrrÊ sufveyed reruldng in Di¡o ooer¡r"ÊEce rocords. seven of the rccords o¡o for oraugetbroat
d¡lers (Etheoroaa spectabìlls). thc rcmaining two rccords aro of the plairs topminnow
(Funåius sctadlat). AdditionallT, the pleins minnow (Hybognathus placlt*)was reco¡dcd in
tbç norrh fo* of the Rspubltcoa RÍver nesr Bqlelm¡n.

Connidering thc largo numbor of slto¡ ntrveyed. thc ow¡rll total of only fifrc€ro ¡ecorrds ir retatlvely
smÂll. Whils ¡n in-dgFü aah¡ation of potential üdhÍctodo spccies fortbc ctrrrdy arcahas not
boen done, thc initÍ¡l cuuo for ürc low ngtber of rerÊ spccios iu thc a¡¡a ís probably due to the
lack of uniq¡¡€ strd btgh $rality Sstltåtr ln tbo a¡ea. Thls ig Eosr lilÊly tb¿ res¡¡It oftarge scele
sonverrlon of n¡dve bsbltttÁ b ngricultunt us!, long term nodlffcstioa of üe bssia bydrology,
and a high lcvcl of dogradation oftte ¡s¡¡¡ining b¡biht.

Tho th¡co yeer surtæy for bald eagle use in tho bÊsin will bcgin in litc Doocmbcr, 1995 ¡Dd
oonti¡ue iB 1996, a¡d 1997. Fo¡ 1996 thc approachukcn wltb swyey wsrk will be ¡oodificd from
th¿t ln 1995. Fícld $ro* h 1995 focusod on rurvoyiqg stl community typos pres+rt intbe basin.
Tho f¡cus of ñeld wo¡k ln 1996 wtll bo to voriff lnown ocourrtrncÊ rccords ofHorltrge species
knou,n f¡om tbe area prior to 1995 and on habiiat tpes capable of suppoding spcolos k¡or¡rrr or of
possiblc oocr¡ßÊncr ln thc study alt* In addition. survey work for the aqtrqr¡g spcciçs will begin in
early spring s.nd continue through tÌro ¡ummer ro covçr spawning. sÎ¡can flows, and tise pcriods
not sunreyed in 1995.
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A Syrtcmarlc Survcy for Protcctcd ¡nd Rare Anl¡nrb end Fl¡rnt¡ rnd thc ldc¡tificntion
of Riparian Nntqrrl Coms¡unitia¡ rloug thcRlpubli..n Rivcr in North-central K¡¡¡ecs

Thls dø¡¡mmt eummq¡ircs ths wcrk þ thc Ktrsu Diologioil Survcy in itl rurdy of protÉ.bd and rarc
dpæiGû od n'puiar rrrurral eornmunitics along lho R¡pubtis¡n Rivcniu ngrl¡.ccncral K¡¡sas. lnitiation of
úeld uo¡k wu dúycd until mid.l995 bæ¡r¡¡c uo¿ dl autbøiziry pap.ryor|r w¡¡ prÞÊcrsÊd until thcn a¡d
Éæa¡¡o df,ædlag h norü¡-c.oütnl Kgr¡uc dr¡riag ttra rpnng of 19t5. AciviriEr ¡rc snrrngcd aæading to
lho ¡¡¡jor objcctirpr ¡darrtigo¿ in tho Sur.ey'e prcporal to ü¡e Br¡rcu¡ c¡f ì.æI¡a¡tion.

Objcrdvc 1. fdontify rpccìfic locrtion¡ of out¡trndíng neturd rner¡.

I . Elcrns¡t oocr¡¡co,æ ¡rcords, üanagcd aroa b¡cie rEÊo¡dg, ¡!d 6alcr pcrtincr¡r i¡fornation in rhc Krnsl¡
Ncu¡r¡l Horltl¡c fnvortary'l databaro wçrË r¡¡n¡fcnod to l:24,0O0 rcdo topc mape for field u¡c. A tÐtst õf
29 cloo¡nl.ooa¡rr¡¡¡scs rtd menagcd ureôe $Grc identilicd in rhe rtudy orco.

2. Po¡c¡fi¡l nôtursl aroas (PNÂs) rrcrc idcmificd on t'rcld ro¡ro rnapr uoing Hcdtrgc d¡ta and tho information
on thc mrpo. lYc çj¡l supplcrncnt rhi¡ iuformation with dqtå f¡cr¡n 

"o;al 
phsrog¡aphr rhir r*i¡tcr. Rougbty o

doz¡r¡ PNA¡ wer¡: ldcntificd duri¡s two l'iold ræonn¡iisanoo tripr ro thc rtudy arco iÀ 1995. Dctailod
asrc¡gns¡t of tho gudity of çhc6c src€s w¡ll bc cunplclcd duriug thc 19g6 ficld sctcon.

3- Plalmapc utcrc ccqulrcd for thc o¡nu¡tics included in tbo rtudy rrcs. Thssc m¡p¡ will bc uscd l,o aid in
cqrlacting lrrd, om¡rr ar licld irrrvcys progross.

ObJcctivc 2. Idcnfity rpcciñc locrtlou of protccted rnd rrrc r¡imals end plants.

l. e ru*cy s¡ücdule for pnotccrad sld rarc rpcoios h¡or+n or balicuÉd O occur in lho strrdy Ãro¡ wls
dovalopcd ui¡S lih history infcn¡tion fo¡ csch spcoiss. Ficld survqrs for rarc plcnts bctan in I 99S ¡¡¡d
wlll bc currplciÊd i¡ 1996. Ficld ru¡vqF¡ fcn rarc arrimalg wiü begin ln 1996 -¿ "Af 

bc complæcd by carly
1997. No protocbd or stato-rorc rpccies wcrc disesvcæd in l9g.ç.

Objecrivo 3. Mrp hirroric¡l and cr¡rrcnt riprrirn vcgctation.

l. Hlsto¡ic¡f ¡nd cumr¡t riparirn vc¡etatit$ i& thc rtudy arco ì{ill br urgpcd in I9g6. Thc only work so.ericd
out spcciñcdly for lhie objcctivc was thc purchosc of NAPP photor, whicí¡ wo h¡vo rcccivcd.

ObitttÍvc {. Compile bs¡dinc infor¡n¡tlon for v¡¡culrr ptantr rnd vcrtebratc¡ occurring in the
lloodplriu.

1. F-xieúng infornstiou ¡bout thc llora and fau¡¡ of rho srldy arca ir lriry cq¡rpilcd from publis,bcd md
urrprrtlirhd litcr¡q¡rc ßourpÊ¡, tho Vcrtobratc Ch¡r¡el¡oriz¡tio¡¡ Ab¡tr¡cl. (rrainf¡incd by thc Kan¡ôs Nail¡¡sl
Hcritlgg lnvcnloDr), ¡¡ic Ka¡s¡s Biût¡ Dat¡bsss (moint¡inod by ths Ku¡¡as Biologictt-Swcy), a¡d tlic
CollcdÍo¡ Informctiur Man6BEúcü( Systcm (rnoinnirrcd by fho R.L. McCr¡oeÞr Hcrb¡¡iurn),

2. RougNy 400 planL voudrarc r¡¡e¡o collæl¡d in tho ¡tudy nrca drring 1995 and dcpo¡itcd ln fhc R,L.
McGrcaor Hort¡rium (t(ANtJ) ¡[ thc Univcrrity of Karuas. Spcciracn l¡bcl d¡t¡ fc all vouohcrs have bcc¡¡
cornputorizod in the Collaction Inform¡tis¡r Malagenurrt Syrhrn.

B¡F¡bllcr¡¡ P¡oJ¡f $r¡¡¡¡pry - Þrga I
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INTÍAL OB9En,\/AIIONE in,oM fl{E, STTIAM AcsE"ss¡MENT oF ÎIIE TTEPUELTCAÌ{ Rrrrga BAEIN
, DÞ/lerM,s¡fropB¡ol-oo¡c¿¡8cuxcns,jtffiliili*uñrv8s¡rry. H^y{. K.rx¡¡rs676ot

Aftar camplntir¡g tho 6rstyoor of de colbctiqn ¡¡ ¡itsr ørho Rcpublican Rivor. \l/hlro Rck C¡cÊL
ud P¡¡iric DW Cfeek, ws çr¡ o&r ¡cnrc lsi¡l¡l ob¡crvuicn¡. A bsær u¡aly¡i¡ rhßúd bo poeriblc r$cr
ccnrpilaticrr ofttro ¡ccord yÊr¡''r dr¡. Hith ûowa i¡ üs ¡priu¡ of t99S, rrhioh prutulod ui Som drúiqg
tño Fcptrblican Riwr during tÞ Apil-Mry nrrglc pcriod, <rrtrinly had ur imjoa on üo rloh æm¡rnr¡r¡6a
¡¡rd húitDç a¡ri addltio¡¡¡l ælhir¡ur la fg96 1rilt L bqrc,6sirt.

Tho ñsh comrm¡nitist of ü¡o two ¡rnall org!&r wa,E rarnptod st tr{o ritc çioco, uåioh rrlerg læ¡rod
dõwmÙEa¡r¡ f¡utn d¡hor sabdiq nsofl/oir o¡ Lorpwull Rororroir. Tlro fi¡h aommuniry in prrlric Dog
Creak ¡r 6picrl of rnoyt ¡¡r¡¡ll ¡trsru fu n¡rthrræsrrq X¡¡r¡r¿. lt is cørprieod of &w lpæicl (morrly
Fu¡cld Mlnnowt ú¡d cgrtrsl StonÊro¡lerr) th¡t a¡c tolerr¡nc of flrc eqrdùiooc ¡¡¡duå wirh io$, 

-

i¡fctmiE¡¡t flow¡. \tthito R^-t Crcck ha¡ r morc divcnc community. MCSI çf ¡hs fddirifÉ¡l rpcclcc rrc
úoec astociatod with rc¡çrvoin (o.g., tVallop, Cnppic); howavs¡, wc ¡l¡oh¡w rpcciarau ofnotcvlonhy
¡¡tivc rpccicr (c.g., Plainr Mruro,v) in our nurcumool¡."r¡on dr¡r wcrs crplu¡Ed L tgsz. Thc mô¡E
divcrcc figh cammuoiry of thfu rcåch ef WhitÊ Roch Cr*lt c¡¡r be aqriburcd ro rl¡ Ê¡r ü¡r it i¡ ¡ ¡hon
rréch d¡t¡e¡,m citut¡cd bcrure¡ lawrtûlt Re¡ccvoirand thc Rcpubliern Rivcr, two voûy.t¡Fgrãlr
h¡bitats that supply coÍ¡Pñnêri({ of'rnh ofthci¡ 8gh communtticrro rhe comnrunity í¡¡ t}r! cÌEÊk ThE
rprrcicr sff¡hc* prçssit in Wbitc Rocfr Crcck probebly will v¡¡y Êorn yrtr þ )ßr¡wirl¡ tlE l¡ow co¡¡dirion¡
in tho crçsk and Ín rhc Rcaubtican Rirær, wHcù inflr¡q¡co tt¡o tnowmcr¡r¡ ortbifsh,

Rclatvdy tttrlc rrrsrt h¡t bccrr døro prwiounty in thc Republícrn Riwr ia K¡ngef , Although tbc river
'cosystcru has undergpnc chragcr, thc ñsh cornmunity ¡tlll ilrcl¡dc¡ sorric notÊr¡/otrhy rpccier, ar
dcq¡msnt¡d by our carnplcs. Spcoklod Chub¡ rre dirrypeuing &sn most of tbo bmad, rrndy nrronu thoy
onco æc'upiod in K¡nsas, Élowsræ¡, thcy vrtrc o're ofrha nrau abu¡rda¡r spccicr in ú¡o'octobor l99s
lrmple et sur ritc in Rcpublic Courrty acer tho Ncbrs.sLô 8r.to lino, end rhoy rvorç p¡F çÍtt rl rll ñve of ser
Rcpublican Rivor aaroplo ¡iros- Slmilarty, Plri¡s Min$s$rr warc o¡¡æ arreng tåo mo¡t¡br¡nUrrt rpætcs in
thc¡c ¡ams widc, rendy rr¡el¡r¡r, but Écy hrve bccn virurally crirpaæd froln tl¡c K¡¡¡r¡ Livcr r1*rrn. Tbc
Rcpubllcrrr Rirær bctvrætr lfl¡kn C.ourrty F¡rerr¡sir B¡rd MIlfDrd Ítrseryoir i¡ o"e ofrho lrsrplariru tbcy
c¡¡¡ rtill bc capturcd with a¡ry cçrþi¡¡fy in Air Uui4 although thsy havc dælined B¡Ê¡tly in sb¡¡lds¡ca.
Thesc spccic¡ a¡d othcr¡ nedvc ¡o thlr riwrworç "¡repncd to reladneìy sb¡llsw fowa ovor a bro¡.d bd of
rhifting sand. Following tbo hþh flws in ¡993 sr¡d s+rly 1995, çc fpund the bcd ro be cornpo¡cd of lpc¡s.
shifürrg ¡¿r¡d. Thig condition h¡s s,ll bur diragpearcd in ¡i¡nil¡r srrcå¡il, in nonhern lG¡s¡¡ (e.g., Smoly
Hill Rivor. Kansst Rivor), ¡¡¡d it ir probrbly one of tho princigal ñr¡sout wþ rutitæ rpooics, ¡uch es tL
Spæklod Chub ¡nd Plains Minnow. aÞ disapp6s¡i¡g.

Ovurall, the fi¡h oommunity in tho Ropublic¡¡¡ Rivor appoarËd to bo rsa¡onably dirrono. Of ûô rpmios
s¡rri¡g in thc lorssr Rcpublicarr Rivor, a.r mappcd by Crorr (196?. l¡arrdbæb sf fl¡hq In tfu¡¡¡¡¡. Univ. Xor¡¡¡
Mt¡¡. Nrt, Hirr., Mirc, Polrl, No. {5f 35?) ¡¡rd Mdcalf (t f c. ft¡hæ of tlr¡ Xrnr¡¡ Btwr rydrra irr rol¡tl¡a lc
roogoosruphy of thc Grc¡t Flaln¡. Uoiv. X¿nr¡r p¡¡b|,, Mt¡¡. Nu, IIjC, l?(l)'¡l.lBr), only two h¡rc not bcerr caparred
rcorrrtly (Sturgæn Chub a¡rC Fta¡hc¡¡ Cbqb), drheggù, r¡ ¡nsrtioned abovc, the declins i¡ rh,e Pl¡iru
Minnow i¡ qf 6næt¡ netñpids, Ths ñ¡h coùu¡tr¡sity u orr rndy arca i¡ ¡lory Ínluc¿rccd by rhc ¡nsræma¡t
of ñ¡he¡ out of ¡sscrvnirc, whioh h¡w rdded rpociæ b tho nativo år¡¡n, Pcrlrapr rho mott ¡bundsnr of
thste i5 tbc Giz¡afd Shod. It ir ¡l¡o likcly ü'¡? rh6 rgsorvûiñ cnh¡ncc û¡s sponñrh commuaity ia thc rivcr,
which ccr¡rlsß ¡Brgpty of Cl¡an¡rcl C¡tñrh, Flethoed Catñrh and Whio Ea¡s.

lYitb rqssrd c pby¡is¡Vchorric¡l lublt¡r variablor, th" only apparmt chsÞgo of¡¡oæ vlar a dr¡nÊtic
dccrossc in c$orídc ccnec¡rtratíoor in tha Auguf and Oaober lsqplor ocrnparad wlù velu* ob¡ainod in
thc earticr rlmplcr, Wc u¡s not co¡f¡in whcther thi¡ wat rclaæd to irrigation Dêt¡vit¡c¡ or ¡ dcorease in
nan¡rel inf,ow¡ cat'¡od by tha surúncf drough. Oúêr chom¡cal mcg¡umnnsnu ¡harved no d¡amrdc
i¡crc¡scr or dccrcsccs duri¡g 1995.
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Attochment A

roosting areas, Mid-winter bald eagle counts have been conducted in
conjunction with the National Wildlife Federation. The Service has noted that all
of the aiteria for essential eagle wintering habitat are found at Harlan County
Lake,

Block-Footed Ferret

Eskimo Curlew

Swift Fox

Topeko Shiner

The last confinned record of a live black-footed ferret in Kansas was in Sheridan
County int957. The last confirmed sighting in Nebraska was in the late t940's;
howeveç numerous probable and unconfirmed reports of ferret sightings have
been made sínce that time in southwestem Nebraska.

The Eskimo curlew historically occurred in Nebraska as a very common migrant.
The last known Nebraska confirmed sighting was in 1926.

Past observations, records of occurrence, and analysis of existing potential
habitat indicate that the swift fox's present range in Nebraska includes the
southwestem region and the western half of the panhandle. The decline of the
swift fox can be directly associated with dranges in land use such as plowing
native prairie and extensive use of poison in the coyote control program.

A shiner listed on the Kansas species in need of conservation list, the Topeka
shiner (Nofropis topeka),was collected from Cherry Creek in the upper
Republican River Basin in 7947.

Americon Burying Beetle

This large carrion beetle is documented from Douglas, Doniphan, Pottawatomie,
Riley, and Saline Counties within the basin, but no records exist since the late
1920's. Recent survey efforts by several agencies have failed to locatethis insect,
and its current status is unknown. Populations are hrown to exist in Arkansai
Oklahoma, and Nebraska.

A-21
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Attochment A

Peregrine Folcon

Whooping Crone

Bold Eogle

Peregrine falcon are known to infrequently migrate through thebasin and are
normally found in association with shorebird and waterfowl concentrations. The
peregrine falcon feeds almost exclusively on smaller birds, hunting primarily in
open areas such as crop fields and grasslandg rivers, and waterbodies. Most
recent peregrine r€ports from within this basin are fiom the eastem half of the
state, but they should be expected as unconunon migrants throughout the basin
and Kansas. The service did not indicate any confirmed sightings of peregrine
falcons at Harlan county [.ake. There is little suitable habiiat at Enders,
swansorL Harry strunk, or Hugh Butler lakes. Bonny Reservoirprovides
suitable stopover habitat.

whooping cranes have been sighted on their migration through the area. This
tall wading bird is a regular spring and fall migrant, primarily through the
central third of Kansas. They have been reported, however, from as far east as
feffers'on county. DuringMardr-April and october-November they use resting
habitats in the state, including shallow wetlands, river islands and tars, and crop
fields. The whooping crane occurs in Nebraska only as a spring arid fall migrani,
It is most commonly observed in the central portion of the state, usuauy .,or thu
Platte River. Whooping cranes use shallow, sparsely vegetated streams and
wetlands with good horizontal visibility duringmigration forroosting and
feeding sites. Two whooping crane sightinp have been confumed by the service
at or in the vicinity of Flarlan county lake, and sightings have been confirmed at
Hugh ButlerLake.

Bald eagles may be expected to occur along any river or at any reservoir in
Kansas during winter, as evidenced by sighting records of the Kansas
Department of wildlife and Parks. Bald eagles use as perch and roost sites large

!rces 
in pmximity to open water, a combination whidr provides ready access tõ

foraging sites. Active bald eagle nests ar€ also increasing in Kansas and could
oaur in any of these same habitats. Bald eagles are common migrants, and
Nebraska is within the traditional wintering mnge. small numbérs of batd eagles
have been observed at Enders, swanson, Hugh Butler, and Harry strunk Lakes.
Harlan county Lake and the Republican River downstream from the dam are
important wintering areas for bald eagles. Midwinter eagle cotrnts during the
11-year period between 1982 andrgØ2 avenged 83 bald eagles between Alma,
Nebraska, and Naponee, Nebraska, including Harlan County lake. A peak of
272eagles was counted in the area during the 1992 survey, Acommunal night
roost is located immediately below the dam. Approximately s to 1s bald eagles
use Bonny Reservoir in Colorado every year.

wintering waterfowl are the main food source for the wintering bald eagles,
while riparian habitat downstream from the Harlan county Dam provides

A- 20
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Attochment A

Table A-l0,-€pecles ln ne€d ol conssrvatlon

Slate Common Sclentiflc name

Kansas

Kansas

lGnsas

Kansas

Kansas

Kansas

Kansas

Kansss

Kansas

Kansas

Kansas

Kansas

Kansas

Kansas

Kansas

Kansas

Kansas shlner

Blacklem

Bobollnk

Brassy mlnnow

Chlhuahuan raven

Cylindrlcal papershell muss€l

Fs¡ruginous haw¡(

Fnnklln's ground squlrrel

clossy snake

Oolden eagle

Long-bllled cudew

Mounlaln plover

Plalns mlnnow

Rlver shlner

Shon€arod owl

Soljthem bog lemming

Westsm frcgnose snake

Chlldonlas nlger

Dollctnnyx oryzlvorus

Hybo gnat hu s han kl nsonl

Cornts-cryploleucus

An adontold e s I eru ssacla nu s

Buteo rcgalls

S p e rm oph llu s Í ran kli nll

Arlzona elegans

Aqulla ch¡!¡saøtos

Numenlus ameñcanus

ChaÊdrlus monlanus

Hybognâfhus plac¡tus

Notropis blennlus.

As¡o fldmneus

Stnaptomys cooper¡

Heteþdon naslcus

Nolrools

Trends

Piping Plover ond Leqsl Tern

These aquatic bird species presently occur only as spring and fall migrants in the
Kansas River Basin. Both species are as.sociated with unvegetated shorelines,
sandbars, and mudflats of wetlands and rivers. Piping plovers feed primarily on
aquatic invertebrates, and least tems feed primarily on minnows. The piping
plover has been reported from the Kansas, Smoky Hill, and Saline Rivers. The
least tem has been observed on the IGnsas River at Lawrence and Manhattan
and doubtless occurs fairly regularþ during migration at several locations within
the basin, Although no nesting activity has been confirmed in Harlan County,
the birds may occur.as migrants. There are no confirmed nesting records on the
Republican River.

A- t9
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AtÌochmentA

Table A-8.-Federally llsted species in Nebraska

Slalus Common name Scienlific name

Endangered

Enàangered

Endangered

Endangered

Endangered

Endangered

Threalened

Candidalel

Candidale

Candidale

Blackjooted fenel

Peregrine falcon

Esklmo cudew

lnterior leasl lem

Whooping crane

American burying beelle

Bald eagle

Mounlain plover

Topeka shiner

Swift fox

Muslola nigrípes

Falco peregrinus

Numeníus borealis

Slema antillarum

Grus amerícana

Nlcrophorus americanus

H al i aeetu s le u cocephal u s

Charadrius montanus

Notropis topeka

Vuloes velox

I 
Candldale specles are those phnf and anlmal specles lor whlch tho U.S. Flsh and Wldllfo Servíce

has sufflclenl Infomatlon on thelr.bJological slatus and threalens lo propose lhem as endangerad or
lhrêatened under the Endangored Specles Act,

Table A-9.-Slate{lsled speci€s

Slatus State Common neme Sclenllllc name

Endangered

Endangered

Thrêal€ned

Throaton€d

Thrêaten€d

Endangered

Colorado

Colorado

Colorado

Colorado

Kansas

Kansas

Nebraska

Nebrasl€

Nebraska

Nebrasl<a

Nebraska

Nobraska

Nebraska

Nebraska

Greaterpraide chlcken

Pralrie sha rp-tålled grouso

Whlts pellcan

Plalns orarEethroal darler

Snowyplover

Whlle-faced lbls

Woll splkêrush

Yellow mud turüs

Plalns topmlnrþw

South€m bog lemmlng

Swlft fox

Sturgson chró

Ferruginous hawk

Hall's bulhush

Tymp an ochos cu p ld o plnnatu s

Pe d¡o eêetês phas la ne IIU s j am êsl

Pe lêcanus eryth rorhyn chos

Ethoesloñ a speclab lle p u lchê llu m

Ch arad¡iu s alexand nhu s
Ptegaús chlhl

Eleochar¡s wolfrl

Kln oste mon I lavesce ns fl avescens

Fundulus sladtcus

Sytaptomys æoped

Vulpes velox

Mæhryboplsgelda
Buteo regalls

Sclrpus hallll

A-18
KS001452



Attqchment A

Endongered Species

Federolly listed ond Proposed ond Condidofe Species

T?ie service identified the following threatened, endangered or candidate
(pruposed for listing as endangered species) species which occur, ormay occurin
the Republican River Basin in Colorado (rabte A-6), Kansas (table A-7), and
Nebraska (tableA-8).

Table A-6.-Federally lfsted species in Colorado þma County)

nâmê .Selanllfin

Endangered

Threatened

Candldatel

Black-footed fenel

Bald eagle

Swlft fox

Mustela negripes

Hal iaeetus leucocephalus

velox
I
.' 9andidate specles are lhoso planl and anlmal specles for whlch the U.S. Flsh and WlHllfe Servlcenas sumcl€nl lnromaüon on thslrblologlcal slalus and lhrealens to proposo lhem as endangéred orlhrsalened urdertho Endangerod Speõles Ac{.

Table 4.7.-Federally listed species in Kansas

Status name Scienlific name

Endangered

Endangered

Endangered

Endangered

Piping plover

Leasl tem

Peregrine falcon

Whooping crane

Chandrius melodus

Stema antillarum

Falco peregrínus

Grus amerícana

Balrl Haliaeelus

Federol Criticol Hobitot

No critical habitat has been designated for endangered species in Kansas. There
is a known population of regal fritillary butterfly occurring at Bonny Reservoir.

Stote Speciol Stotus Species

State special status species are shown in table A-9. In addition to the threatened
and endangered species listedby Kansas, there is a ,,watch,, list designated
"Species in Need of Conservation', (table A-10).

x$odl¿ss
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Dats

rable A-6.-Documented fish kills in the Republican River since 198O-+ontlnued

Location of fish kill '

June 29, 1990

August 3, 1990

September 10-14, 1990

July 15,1991

Republlcan Rlver in Republic County,
Kansas

1 mile south of Republican City

Mccook to Harlan Coung Dam

Norton

Reason for lish kill

Animal waste

Dewatering of Republican Ríver below Harlan
County Dam

Zero flows

Disease or parasites

Dewatering of a 6- to 8-mile segment of the
rive¡

Orygen demand

Rapid water rise slimulaled upstream migration
followed by rapidly receding'water levels which
slranded fish

Heavy ralnfall encouraged flathead caüish and
carp to move upstrearF-after the heavy rains
ended, the water receded quickly, leaving the
fish stranded; a contributíng factor is ãJlowing
reservoir levels to drop too low

Zero flow

Oxygen demand

Number and of fish kliled

5,345 îsh: flathead cafish,
shovelnose sturgeon, river carpsucke¡
longnose gar, carp, channel cafrsh,
and goldeye

>6,000 fish: juvenile white bass,
walleye, and catfish and ohers

large numbers

275 fish: walleye, wiper, and channel
caffish

Hundreds of minnows and other
species

2,016 fish: river carpsucker, channel
catfish, ffalhead catfish, and carp

4,700 fish: quillback, carp, channel
catfish, flathead catfish, and drum

4,500 catfish and carp

Around 13,000 fish: quillback, carp,
channel catfish, flathead caffish, drum,
and minnows

>5,000 flsh: carp, bigmouth buffalo,
drum, river carpsucker, longnose gar,
and channel catt¡sh

Posslbly 'l,000 white bass

>5,000 fish: channel catfish, rîver
carpsucker, common carp, gizard
shad, and green sunfish

July 19, 1991

August 3, 1991

August l2-13, 1991

August 13, 1991

August29,1991

November21,1991 MarshCreek

December 1993

Republican River from Rope Creek to
wet of Orleans Bridge

Buffalo Creek

Republican River 1.5 miles east of Alma,
Highway 183 bridge (upper end of Harlan
County Reservoir)

Republlcan Rlver to Harlan County
Reservolr-west end of lake

Republican River-Alma Brídge to
Arapahoe

+
o
oJ
3
o:t+

xØ>
OIor(¡s(¡
\l

July 20, 1995

Republican River below Harlan County
Dam

Cambridge Canal in Furnas ând Harlan
Counties

Possible thal fish were being pulled through the
deep release at Harlan

Possibty a Magnacide H application



Table A-1.-Wildlife occurring near Republican River reservoirs-continued

Wildlife cômmon to
southwestern

Nebraska-continued

Enders Fleservoir
Swanson Lake
Hugh Butler Lake
Harry Strunk Lake
Harlan County Lake

Common birds

Bañ ilallov (Hlrundo nßlÞ).

ølft ffit!€v (PetættdLlû Þtyt honote)

eank vallov (Rlpa rta rlqda)

Fìough-wlrEed sEllow lgtelgldoplsyx ruf'æiís)

dt J¿ lÀy (CyaMltta crlstrlt

Bhclcu¡hd mgplé lP6¡ p/€]

Cotmn qm (Come t¿Øtyrctúst
Bleck€Þpêd chfdadoo (Parc et tâp\tus)

Hoßè vøn (rngodYtlês tadû)
Aæk s en (Salplnf'æ o belenß)

MætÅigbhd (Ml tus p ofgt otto s)

Gray câtàlrd (ltrnølêila caruiloûsb)

A¡têilø aotin (lutdß Ítgtatorlß)

Eâslem blueblrd ls/era.nt ,GJ

Lolgsrhead shrlkg í.¿116 ludovlêltß)

Stu lln g lsruÍilß vulg a rE)

gell'Eakèo (Vlø hilil)

R¿dqed vfioo (W@ oltuaæß)

gxw)

Wùàllng vkæ (Vltêo qilws)

Commn yelowthroet l66olws ücñes]

Yellow-bregstcd ohat úctsta ø/êrs)

HoEc s,parow /Prsset doñædcus)

AoúInR ( ttolÐlonyz ayzlvm )
Wætêm mædo*iûk lsbmøila aeglælt)

Yelto*hæded blâclö|. 6 (X antrc q |talu s

r¿ifnæspþr@

Rêd{lnged blætblrd (Agslalus pùæn@ß)

ùclEtd orßlo (lclens spu,lus)

Nolhern orlols ícfaus galôd¡J

CÆmmon graskl. lQuls lß qulsde

Bfom.lìôeded æ'r/bltd (MotoúM etet)

Cetdl€l F bhmondee câÊtñalg)

Common waterfowl
Common reptiles and

amphibians Common mammals
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À Table A-1.-wildlife occurring near Republican River reservoirs<ontinued

Wildlife common to
southwestem

Nebraska-+ontinued

Enders Reservoir
Swanson Lake
Hugh Butler Lake
Harry Strunk Lake
Harlan County Lake

Wildlife common to
Norton County, Kansas

Keith Sebelius Lake

Common birds

glâck hæded græbeak (pheuctklts

Dþlanæephalag)

Aluø gwhøak (6u¡raa cafltæ)
Dlclalsel lsp,ã mêråána)

A¡nerlcan goldfrch (Spkus ¡ísr¡s)

Grßhopps. sparrcw Itmodarus
sveMM)

Væqq sparow (Pooæatæ gnîúnsus)

Lak spffi lc¿,ordat6 gømñaw)

C¡slnt spaFil lÂif,otrrl,r, casstrø

Chlgplng spaÍow lstl¿elle pawtm)

Fteld spúow (Sp¡¿sile pßilte)

l¡coðm'a lorgspur lÊâyrdTophüæ næþvttD

@eal blæ hercn (Ardø hercdtâs)

Northem !rocn ,hêrcn lBdo ñd6 vlffis)
Sìaf D.shl nned hãwÍ l¡æJ, ne t stttâttß)

Red.lålled lanrk lBdæ hßIceÉls)
SmlNn's hark lButæ M/rcorD

Rougì.leggcd hawt f8úeo tagopæ)

Fewglnous hawk ( B utao reg alj6)

@l&n ¿agle (AW¡te chryeêtos)

Bald @gtê (Httleætus têuêæêphttus)

Maßh hâwk l6JE6 ¿laueß hudodus)

Ospr¿f PadlOn halaêtß)

Pralrle farcñ (Fâtco met¡j.nus)

Ârneicán kshel lF¿tæ sqatuedE)

BobwhltE qua[ (CoInß vlryln¡anß)

Flhg.nætcd Þheæant (Phæeeñ6 ûtctltcß)

f \*ey (M etsaf/ls gailopaw)

Gæalersúdhl¡l crane (Grc anadèns¡s ¡¿btda)

Kllldeer uÞland plover lctrañdrlß væ¡tüß)

Common waterfowl

Eared grebe (Podbeps nlgrlâM

PlèbilÞd grebe (Podvmbrs ft/útccps

llDfte pellæn lPeræárß êtyt togyæhæ)

DouÈlæræled æmoranl (phalacw aurtñß)

Canada 96€ (Breta aadØsls)

rvhlto trônted goose (Æßil etþItore)

Snow gße (Chq hypeþoreâ)

Mdlaú (Ats plã0'i,ynêhæ)

GaóEll (anæ *êpde)
Nolhern plnlall (Aæ aute)

Grem.wlngad tBa.t l¿ãs crecca)

BlrÞ.wlngcd tæl ¿4n s dfscols)

Ams¡can regeon (Atæ enþdüm)

Northcm shoBter l¡rÆ ctpc¿h,
Wæd duck l¡Ir sprurj

Aúheaó (AWe emqtæú)

Canv æÞsck (Aythy I ñ lMndla)

Common reptiles and
amphibians

Easteh üger salaÈndet (Arnb,Ftoñe L

lgdaum)

Plelß spadetut lscaphtopß bmbtttoas)

G¡eai plalns lÛad Fdo ægÉhs)

Ræky munti¡ln toad lButo wdhovsal

ffiúhoæl)
Blanchard's øtcket frog (AdÌs æpttare

ttlarchardi)

Wêbrn chmÄ frog (pwdacß !üæíetâ

tlædelâ)

Eulll¡og (Rsre atesþañ ß)
?lalns l6paß fioE (nana ptpteß)

Northem sapplng turte (ChØñ ætpØlha

s¡pØt¡ña)

Eætem omate bo¡ h¡rÍe (Terapeñe Mâ
omâta)

Wæloh palnlgd turile (Chttsci1ryE pîÇta bÊfi)

Greaf plalß sknk lEünææ obfiuetß)

Common mammals

OÞposÑ¡vm (Dlddphb naßupta Ìs)

Shod.lalled shrry lSts¡tÉ brev'øudt)

Eæta¡î ñte (sËatf{,us aqudttu)s)

Sml-footed mlotb l¡,tlloils suùutetß)

8¡g broffi bat lEpl6lc6 trrsøsJ

S¡lwr-halred beÌ {n¡gÉnll (tÅtstonydêrfs

nætluqüs)

Rod bat (l¿dmådærBj

Eætem cotontâll lsMtágß ìoídúß)
Whlte.uled JækEbblt (Le?ws rownút)
Bhck-blled lackabblt l¿êpß atiloñt Æ)
Fox cqulrd (s¿lurus ntgú)

Black-lâlled pÉf rle dog (Cynoñt6 ledovtèJan5)

Pialnepækel Oophq lGøonrrs bu@ríus)

Plâhspælct mBe lp¿Íogmüß flavw)
Sllky-pæket moue lptrognethus íaws)

Ordl l@ngûm Ét fDlpodoøls o6î¡)
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Table A-1 .-Wildlife occurring near Republican River reservoirs+ontinued

Wildlife common to
Norton County, Kansas-
continued

Keilh SebelÍus Lake

Common birds

Spôiled såndp¡p€r lB€rtâñle longlëuda)

PectoEl sndpipcr lEotte mtanolæ)

Arerlcan ãÆcet l¡ter¿r¡tñsfa âffidcaÊ)

Rfng¡llled gull l,La.¡Á delewüenslst

FßnUhl gull (lÅÆ plpkÂn)

Fæbr's lem lslrm ,oærl,

Blú,bñ (Childontrs ilgs)
Wk dovt (ØluñDa Ma)

Mowlngdúe (ZeElda ffiM)
Bañ oú Îyoto etùa)

Great homed orl lBuàþ vilglnlanus)

gutrowlng owl f¿4üdru cunlcutuía)

Shoit eal8d o*l l¡sfo Frmá6)
Common nlEhlha*t lArüdêril8 nltü)

CtNffiey fllll (Chae¡un Fhglø)
Bqlted klnoísher (¡tl€græryte dcyon)

Coñmon llc*er lørep\8 amlus)

fu-belllsd w@dp€drct luêlanêOæ atol¡nus)

Fh&headed rædÞecket (Melwos

elylrmph^lß)

Éaslrh h|Ebht ø)ænâtß lyrannus)

W€sbm klngdrd ft'ËMß vêñcails)

creal crsted lllGlchs (þlylaÈ\ß criniús)

SsYs phoebe ls€}?rb srã,
Lasl W6lùtêt (Éipldow ñlntnus)

Homèd |åtk (EßîWhta al'Estls)

Filgh{lnEêó sâl¡il (Stêlgldoplârß NrÊo/'lê)

Eansv?/]lry (Híilndô ruá¡at

Olf s€llow lPetodreldon pfihorþ\g)

Elw lay (Cyanæ¡fta cnsbþ)

Elack-blllêd magple lPlca plcâJ

Common øw (CoMs brêchyrhr/thos)

Blecksppod ch¡ckade¿ (Pâils Stdcapilß)

Common waterfowl

Bulf l¿h¿àd @Mp l8t I ttüêo ß)

tuddef ú¡,k (Orq u a t anahqslt)

Commn m€rgãnsr lMétøtß megang)

Atæ.lan @gl (Fufloa enþflcana)

Common reptiles and
amphibians

Prelflê lhêd ruêrunnat (C(êûldophouß

slnætus vtldE)

Pralrle rlnOneck sake (Dladphls purclaiß

amysl)

Weslsm hognos€ snake (Helercdon nælÇw)

Eætcn yÊÍw.b€lfled f¡æ¡ (Ølubr @ßtlalor

iavtøndls)

Bùlßn¿J<ê (PItuqhE mlarclæ.ß say,)

PBlrlê Hngsnake (¿røp¡opelß aillgælêl

auhâgæ¡er)

Wegioñ mlú(, snauß (Lañprcpêlis ùleguluñ

gEndilB)

WesÞm plalns qarter snake (Thamophb adE

hdydênl)

Fledislded garl¿f eaþ (fteffiôÞhls grldls

ÞÊletâlls)

Common mammals

Eeâ.6t (Cælot øtadênsß)

ì¡orlhem Efasshopper h 
^tu @rra¡o-w

lgþgrsls)

Wætern hãNed ñoH (tu¡¡hþdontom¡s

nega,ot¡!;t

Plalns hærst mus8 l¡ìrft rodorþøJa

Mtañus)

nanlculatus)

woods nous€ lPsor,,Æcß lewfus)

WØd tal Neloîß iloddaoa)

úJ€vÃl (OndtÍa zlbelhlcßJ

Pra¡¡16 hola lrrlætus æhrogaslq)

Noüay ãt fFãÍirg ro^€gEr¡s,

House mousc lM¿s rilrsørus,

îãroþ (Canls lafañs)

âæNon (Èæyon lolu)

WhltÈlaled d6êr

(Odm¡leus vilptlhnus)
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o. Table A-1 .-wildlife occurring near Republican River reservoirs<ontinued

Common birds Common waterfowl
Common reptifes and

amphibíans Common mammats
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Wildlife common to
Norton County, Kansas-
continued

Keith Sebelius Lake

Wow cßepef (ørIhla lañi(aß)

l#use fr I (ûq todytF I €d o n)

V'/l¡tst nei (ftogtdyþ.s Woûttq)
Noûn r@ûrgbkd tlrlnag powotros)

Gray cåÈ,Íd, (Dwþna æøttneÊß)

A¡ne¡lcan rcbtn fnl,tf6 nlgñlodus)

Ldggafhead shrlks dántuS tudùlctsnB)

Shrf, n9 lstunor wtgárrsj

Eri/.'sv.teo (Vr.o beltn

W übllrq vll eo (W H g ttats)

Yellñ reû/q (thñrctca petæhta)

Conmn yell*throãt lc¿owts üchß)

Yellow-breæþd ch¡t l/ctq¡â vttêtß)

HdsB sgilow lpæd r dú1ædrius)

Wesþm madowlrrk lsúme\a nqtætr)
Y8lw.¡æd6d Uækùttd (XanilEclhatß

ranhæqheluq

Red'wlnged ll¡ckbtrd ¿19r1ãbu rlloenlcÆ)

Otdtstd o.lde (ldrc spuiß)
NÒrlÀeñorlole (teterc galbutq

BBe/s bladôf d (Eapwus erânæWhalus)

Comhon grasid! lo¿r¿g lß euleatus)

Bffi-haadsd @wbtrd (Molo?hrus atoo

Cxdtnat (Ceú¡nens cÚdtnels)

Black ùædcd grosbeaft (Phcucilçß

æleMephalßt

Indlgo buntl¡g lP¿ssøna c,€reâ,

DlaleL*l (E dz a fr edca n a)

Amerban goldÍæh lcá¡dudls ttstís)

Lsk Èunl¡ng (C€tamÉilza mdanæorys)

Græhopps sparow lr^ãnod€næ

svenMruû)



Table A-1 .-Wildlife occurring near Republican RÍver reseryoirs---continued

Wildlife common to
Norton County, Kansas-
continued

Keith Sebelius Lake

Wildlife common to
north-central Kansas

LovewEll Reservoir

Common birds

Ler* spåtrow fcåon@slæ gømus)

h*.eyeó luîco (Juffi Wma¡ls)

Íee sDsM (Sptzeila atþtæ)

H¿r¡js Ðerü (Zùoùldila guflla)

$ng sÞtoy (Melæpla nelodla)

l,¡plaìd longspur lcaèãûß lapænlc6)

Gßat b¡uê h€rm lÁrdæ ,rd¡odls,

l{orthem oregn h€ron (8uþr¡des vlr'6['aîs)

Catüð tÉlet l8uôu&6 iürsj

GrgJ êgrgl (ø.swúlß.lbß)
thdr ;omed nl¡h h€ rcn (tlrêícoã

n¡aboø)

Tukey wlúp (Cahatlæ auâ)

SÉlßor's hawk fE¡ioo srelMn¡)

HanH hãwk lP¡râóÊleo un*lnct€t

Gd&n aagle (Aeutb îJlty¿ae1o6t

B.ald eagle (Halaælus leææphal6)

Matrh ha$í{ lAlEUs c}€reus húonlss)

PÊlrle li¡l6n (Falco Mànus)
Graler pre.lle chlcken (lympeduchß cupßo)

Bobwh[E quâü lcolirus vtpln¡adß)

tllno{æked ÞtÊeltl (Phesril.ß Øbhbrß)

l,i!'ffiplîg ctú¿ (Grus aæ¡lcâî)

lfilldeq,t lâhândttt-a \üllznß)

Uphnd sandplÞêr (Bâ¡?"r7rl, longb ud+

GreaÞ. yellowiegs (Tôlnß nelañlæus)

Lser yellowlcgs (Toánus tl*lØs)

wille{hped sandp¡pgt (Etolla lusclcollß)

Ouilì (Etoltr âlpha)

SêrnlpåÌruÞd sndplpet (EtNnelil pullß)

Common waleúowl

Wìlt¿ p€ll€n lPelæsrc qt ñgflEhos)

DeuÞ¡àcGsÞd cûmorrnl (Phalac¡ffi auûtus)

Canada coæa lBrrrtf éndoßß,

Snow q0@ lcr,or bacrùo6á,)

M.12.ó (Aræ,s plstÍhyphæ)

Gadwll (Ánæ slepda)

GræÞrln!€d leãl lrrás cÉe,
Blue.winged fæl (Aßs d&ots)

Amerlcan w€gson (Altâs âmdcaÊ)

wæd drck lAir sponså)

Aedheeó lAyûyâ eneicene)

CâN aúack (AyWe wl6¡nede)

Lsã $eup (Ayihyz âllhls)

Common goldeneye (Bæphda ctangula)

Bu¡ilehe¿d ( 8u æp hale al tule )

Common mEânser (Mórg¿s ne¡øæ¡)

ÆGtldn caol (FuIü añedcana)

Common reptiles and
amphibíans

Ea$em üger slamândet (Alnbysloña L

lgdnuñ)

Grort plaht bad (BÌioqnantÊ)

Ræ!ry rcunûa¡n toad lB.rfo ñodhotgel

wdhoæet)

Blercñårds cdckèl lro! (M sepltrÉ

bladÊú)
wstem chru frog (Æudaa¡s tþti¿tta

hæéna@

SvÎlrog (naÊ q¡€5Û]ena)

Nortiem snapphg turüe (Chelyóa serpontlna

æryÐtlM)

Eælem omate bor t¡file (fmgene omala

oñaÞ.)

Weslen palnted hr¡tle (Ctwæqn p¡chbel¡)

Grèât plalß C(lnk lEü îE58 obeuelß)

Ptalrlc lhed raærunrct (Cneìüophouts

æilneatus vld.lls)

Èaklc lngnæk snakÊ (DladWhE punde¡us

anysl)

Weslem hognsc sake (Hclûodon ñlcus)

Eâlcm yellow-belll€d rùæt (Colubt Mshhlot

lavtßn$Lt)

Aulsekø (Pilu1phE ñê1ffi01æ!.ß seyl)

Common mammals

Oppqsum lDrdêlpifs ntrsupÈl¡t

Shol.È¿llsd $r6w l8ß thla b Êvlætñ t)

Utlfe shol-talled shrcw (ùWloß pan)
Keen's m}ltls l#yot¡r rcfi,
Sllygr+El.€d bat (mlqmll (l,atÊ¡onwrqb

nælßgeEî)

l"lÊry bzl (llstJrus claeÊus)

Fadbal þdurus baaatg)

Eæ1em 6tlontåll /SÁ/ggq6 rþøarus)

Bleck-taned Fclq¿bblt f¿4,us cziloñ\rc)

Fox squlrel fsêr¿rus t/!€d

Blad(-hlled p.elr¡e dog (qnonF lu.tovlclaaß)

lhlrleeÈïned grcund sqúrel (Spenophllus

ùtdæffillaæhß)

PlalN.pælel gopher lcéor,¡4t Durs¿/tus)

Pldß.pæket muse lPeøgnaitus llawns)
S¡lky.p6cket mouse lÞro g îalhß llaws)

Hlrpld Þocket ños lPãqgÆthus NÐldas)

Ord! þngâmo rÂt lDfpodoñys otdl)

gèãr a. (C ètlo t an dd ú s I s)

Northem grassh€Þper DoLge (Onl¿hø¡ys

lêuqgætet)

W6tÊm hêded rcße (Belllndonln¡s

magelotls)
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@ Table A-'1.-wildlife occurring near Republican River reservolrs--cont¡nued

Common birds
Common reptíles and

Common waterfowl amphibians

Wildlife common to
north-cenlral Kansas-
continued

Lovewell Reservoir

W e6l.êñ sîdtr'lp q (Erêu reW N url)

Lông.bllled dowlblËr (lJnndrØæ

sdopææ)

Wtson's Fhalæps lstêEañpß ùtætor)

FlrE-H¡led gull (lÁß dct¿wenst')

Fr¿r,tlln's gull (tÅß DtlÍffio)

Èøck 181 Grttøo d es n lgêl

âek &ve (æluàbã M4
Voúmlng dÙe (Zenatda næfruÊ)

YefloB.bllled ffikm lcætøa añeilanus)

ølaçklblllad eßkfi (tulaß orythr@thatrus)

Roadffinet (6eûæ!t ølÍoitanß)
Aú o$ ïttoto rlba)

Gr¿at homþd orl (E!fu vrryhlanus)

SnoW oti (Nyetea øtutaca)

P @þvll (Phsl aenopltus nià ffi )
Conmon ftghthasi( lcf,oñeilæ ninil)

c''tlnîcy swln Ghset(rB ÞdaE ca)

BelÞd kjnglshq lMsgacqrfr alêyod)

ØûM lllcj(et (Øapræ twttß)
Fed.bellled modpectêt (Mêtaætr,æ ántrnus)

ßedilleeded woodpæks (Mê!aæ'E,s

aqthtæephstß)

Domy woDdpæks lP,cotd6c pubsere)

Easlrm khgblrd lfJfdnrB tyannus)

WëtEñ l,ngblrd ffynrnw v1rt ufis)

sc¡strl8llêdlyceæhet (MMNoa toñêe\a)

Great crested fly€tcl¡q (WâEhß ê¡rdùJs)

Eastern phæbe lsa,€nE dÌoeþe)

Eæter sood phæbg lcØtoÞß vtrnes)

Homgd lãrk (Eßæpt Íta alpætìsl

RougÞwlnged swaltow \Stelgídoptelyx rufienlsl

PEÍlø klígineke (lÐpaøüs æItgastel

@llltagasls)

W€stem mllk sake l¿¡ nÞþpdls ñilgubn
gsdiÌhß)

l¡¿þstem plãhs garÞr sakc (ThffioÞhb adk
haydûD

ned.sldgd garÞf s¡ke (mâmoÞhß gr'rrg

ÞÊleâlB)

Common mammals

Phlns heruê$ mouse @êfthn lonlânys

ñnldß)
Þee¡ ñouse lPsom)s¡s manla!,afrJs)

wll¡tg-foolEd ds mous è (peron yeæ

lcmrl,Ê)

nspld ætton Et 199øodor hrspldB)

w6d rat (Naotodtã íoñdàna)

Muskàl (OndEne zlefnbß)

Palrfe mle NlctolÊ æhrcge*er)

f,loffiy râl lFáÍus ravêgfcß)

HN€m$€ (MusmgAkß)

Poþrplnê (EiftØn doætt m)

CoyoÞ lC¡íßÞh6J
Aed lox (VulÞ* wlÞæ)

âffiî(PtûWntolø)
l¿Ilk (Museg vtþn)

Ltrg-Þ¡led w8æÊl l¡rustela t€rak,
gadger (f,,ddøtuus)

Stlpcd slunk lr,f6pl¡,tts æprrtds)

lrhllê t¡ll€d das lodæo\aJs vÍgh¡anß)
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Table A-1 .-Wildlife occurring near Flep ublican Ríver reservoire+ontin ued

Wildlife cômmon to
norlh-central Kansa-
continued

Lovewell Reservoir

Common birds

øan sùtallgv (Hh¡túo Hslla)

Clill Mllñ (tutæheildØ pytàorcE)

PurÞlE rErlln lPlog¿e sôrs,

Atue lzy (Cyûæfda c&letat

E¡ack-Ulled maÞÞl€ lPþ¡ pJ!€)

Common dow lco@s bælzy¡lwhæ)

?lîoî ley (6'ymoñínw cyüærphala)

Whll€ br$ted nuü1ãtdt (S¡tâ âtofrneßls)

House wm (Trcgloôylæ úü)
Norlh mækhgblrd lMra¡s po¡Wbttos)

Gãy @tHrd l¿Ì{nerêrlá @tofiîensbl

Brcwn Ú¡,r?É,er (f oxæñm nluñ)

A¡nerlcen robln fsrd6 .ntgâtorlus)

&dat yælng ( Bdtúydla ce d aru ñ t
LoggeíEad shrlke l¿¿ nus ludoviclanæ)

St¡ilng lsr¿m6 vu,g8rt,

BellS vk¿o (!4reo ôcífJ

WarÞllng vlreo (Y,ùco g¡t6,
Y¿llow wàùlet (Ð¿ldtoke pêtæhlê)

Comn6 ycllowthrort lcêofi1lypls tlcñas)

Hôuse spãrow (Þßor doatdcß)

Eætem madowlaír lslqndlt megna)

wealem mêadowlaft ls¡raeila nadætâ)

Yellowfìaad€d decl.¡ltd (Xanhæaphâlus

Etfr1æpl1âlß)

Rêd.wlrìg€d blecfbtrd l,{gElêl9u phoeîb'us)

Orchrrd orlolê (lc¡jênls spúus)

Northorn orlols (,cþrc galbufe)

Brrt{q/s Þlækblrd lEuprr¡gus cyûæaphalus)

Gr6¿¡.tell€d grectde lQu I sl ß ñ¿ d_ø1, 6 )
Co.nmn g¡ækls /OsAshÉ qulslus)

Common watelowl
Common reptiles and

amphibians Common mammals
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¡

o Table A-1.-tMldüfe occuning near Republican River reseruoirÊ---continued

liVildlife common to
north+sntral Kansas-
continued

Lovawell Reservoir

Oornmon birds

FromtÞ{Éêd co.uiòlrd Atwoürví aW)

c¿rjjk',t (clrúnañtærútùß)

RocèBêr¡{èd glosDeaf Fh¿u&ß
ttj¿lvþßúJs)

Búr ùo{r&¡k l6uú¡o¡ F¿Ûlrt€¡l

ldlgo h$ür{ lÞs*lftá rydrÞ,
t¡ôlùrþ.| Ê¡ksát|pllã¿J
Â¡iorls.En gótdtÍl& lcûdrrdût tfgdi,

l.åfk ôuürq lcat¡n oqp4q nl*|t@|y')
Grssshop¡il rlr¡r€w lrtlürodÈmÉ

sauanûttuf,ù.

Þrt rFamr l6t o¡:delsg gÊfi rÊsß)

l¡ilolñþ +6no¡v lMa&srlä úÉold,

Common waterfowl
Common reptiles and

amphibians Oommon rnanrmals
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Atiochment A

Table A-2,-Acres of cover types in Nebrasl€ ln 1972

CÕurdv Croblân l Grnseland Woodland Unused Develooed Waler

Chass

Dundy

Frontler

Gosper

Hayes

Hltchcock

Red Wlllow

Franklln

Fumas

Hadan

Nuclrolls

Webster

221,Oæ

142"4'

148,0ü)

(27%l

243,000

(4'1"/.)

114,000

(43y"1

167,0@

(387")

212,Oæ

148%)

230,000

(53%)

190,0q)

(51"Á)

259,9(x)

(567")

205,300

(56%)

211,320

(57"ßl

183,325

1500/J

290,000

154%)

384,000

Fa%l

328,000

(55%)

139,000

(52./ò

255,000

(5e%)

203,000

(46o/ol

178,000

(41"/")

160,900

l43yo)

175,800

(sÛn

117;to0

(32%l

127,393

(34ïo)

163,016

l44o/"\

1,400

(<1v")

5200

(1W

1,300

(<1y")

1,650

(1v")

2,000

(<1%'

5,600

11w

7,000

(2V"1

5,200

(1y"|

8,300

tz%l

8,600

(32oôl

10,s96

(3/"1

3733

7266

(1%)

4;t83

(1%)

7,574

(1%)

4,682

(2W

5,326

(1",6)

.5,929

(1"Á)

6,559

(2%l

4,7æ

(1%l

5,600

(1%l

49bo

(1Y"|

12'218

(3V.)

9,590

(3%t

10,447

(2%|

8,998

(2y")

13,100

(2n

6,500

(2%I

5,486

(1%)

7800

lzw
11,520

(3%l

8,300

(2%)

11,5(x)

(2./,1

12,800

(4%l

7,689

(2/")

5,552

l2%l

2,193

(<1w

462

(1"/")

3,570

(n
97

(.17ù

792

(<1Yù

5,643

(1%l

2,687

(1y")

1,5,16

(.1%'t

s,596

(1%)

14;7ß

(<4%)

1,259

(<1%)

2,699

t10/"1%l

Table A-3.-Habllals wlthin puHic use ar@s

Upland

(acres)

Wetland

(acres)

Waler

(ac¡es)

Colorado

Kansas

lrleb¡aska

14,(x)0

25,æ0

¿lt.mo

1,250

3.500

2,000

20,000

19.000
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Reservoir

Table A-4.-Habitat descriptions at Republican River reservoirs

RipadanUpland

Grassland: interspersed grass and forb species
including blue grama grass, buffalo grass, little
bluestem, lndiangrass, sand reedgrass, sunflower,
yucca, sagebrush and prickly pear

Trees: Russian olive, locust, chokecherry, plum, and
silverberry

Weüand

E¡ctensive marsh complex at the upper end of the
rêservoir{an include grasses, rushes,
spikerush, and sedges, bulrushes, câttail,
common reed, and smartweed

Bonny Cotùrnwood, box elder, ash, and
willow species

Enders,
Swanson,
Harry Strunk,
Hugh Butler
Harlan County

Keith Sebelius
and
Lovewell

Grassland: native short grass and mlxed grass pralrle
communities occur in somê areas

Trees and lhickets: wildrose, halvthome, snowberry,
silverberry, wlld plum, chokecherry

Shellerbelt species: cottonwood, green ash, elm,
ponderosa pine, Russian olive, eastem red cedar

Crops: wheat, graln sorghum, forage sorghum, hay,
com, sugar beets, and beans

Grassland: s¡de-oats, bluestem species, and btue
grama are the dominant upland native grass species

Crops: alfalfa and com

Trees and shrubs: buckbrush, sumac, wild plum,
kochía, nettle species, ragweed, hemp, black
sampson, lambsquarter, praírie çlover, common
m¡l¡(weed, and sunflower

Shelterbelt species: cottonwood, green ash, elm,
ponderosa pine, Russian olive, and eastem red cedar

Cottonwood, efm, boxelder, black
w¡llow, green ash, black and honey
locust, black welnut, and hackberry

Some marshy areas with bullrushEs and cattails
at Harry Strunk
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AtfochmenlA

Ïi¡ble A-5,-trrlosl lmpofianl game specles at Republican Hiver
reservoìrs

Mosl soughþafter
Reservoir oar¡e

Bonny

Enders

Sunnson

Hugh Butler

HarryStrunk

l(eittr Sebellus

Harlan County

Lovewell

PheasanUguail

Duekslgeese

Desr
Dove

Babbit/squinêl
'Deer

Waterfowl

Pheasant
Turkey

Deer

[4la!erfowl
Pheasanl
Quaü

Olhersmallgame

Pheasant

Deer
Watèrfovr!

Olhersmallgame

PheaEant

Deer

Arail
Waterfowl

Othersmaltgame

Pheasant

Tutkey
Deer
Ducks

Geese

Fheasar¡t

Quail
Dser

Tud<ey

Pheasant

Quail

Dser
TuÊ<ev

A- 13
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À Table A-6.-Documented fish kills in ûre Republican River slnce 19g0

Date

June 25, 1980

June 9, 1981

June 11,1981

June 30, 1 981

March 1, 1983

Location of fsh kill

Flepublican Rlver{irst 5 miles above
Swanson Reservoir

White Rock Creek

fuikaree Biver to Republican River

North and South Fork Republícan River

Below Harlan County Dam

Reason for lt-sh kill

lnsufficient watsr quantity; rapid decrease in flows;
hígh þmperatures

Animal waste

Possible pesticide or other

Low river flows comblned wfth hlgh temperatures

Pressure change; after a perlod of zero release from
the resewoir, a deep-water release evidenlly sucked
lethargic f¡sh through to a surface pressure. Water
level dropped suddenly as bqttom release was
changed to surface release which stranded fish on
banks and snags.

Anlmal waste

Number and types of fish killed

98 percent rlver carpsucker: 1,655 fish

57,400 fish: gizzard shad, mlnnows,
goldeye, sunfish, drum, dver
carpsucker, catfish" and carp

>1,000 fish

Ma¡nly adult river ca¡psucker

About 7,000 fish, including whlte bass,
drum, walleye, crappie, and giza¡61
shad

45 fish-wafleye, flathead catfish, carp,
drum, gizzard shad, crappie, and
largemouth bass

>132,000 fish: gizzard shad,
largemouth bass, crapple, walleye,
carp, wlper, bluegill, and channel
catfish

>62,000 fish: channel catfish, flathead
catfish, bluegill, green sunlish, carp,
quillback, sucker, and mìnnows

About 3,000 fish, including quillback
and river carpsucker, gizzard shad,
carp, whiþ bass, channel catfish, and
flathead catfish

81 percent drum, also gizzard shad
and flathead catfísh; 50,400 fish

Seveà hundred adult fish of various
specles

August 6, 1984 Garr Creek, Washíngon County, Kansas

+o
o
J
3
of--+

May 1, 1986 Sebelius Reservoir

May30,1989 Mouth of Flenchman at Culbertson past
McCook

Possible bxic material; also, low orygen and high
temperatures

Ø
Oo
J
.À
o)(o

June 24, 1989 Fumas-Halan County-about 20 miles Low water flows and high temperatures

August 15, 1989 Driftwood-Meeker Canal below Swanson
Reservoir

1 mile south of Alma

Likely herbicide

June 18-19, 1990 Feedlot runoff, low dissolved orygen



Attochment B

The ogallala Formation is found in the Nebraska portion of the lower basin. It is
composed of sandstone and siltstone interbedded with sand, gravel, and clay
and has various degrees of cementation by calcium carbonate and silica.
Thiclness rantes over L00 feet and thins in an easterly direction. The base of the
formation slopes to the southeast with ¿rn average gradient of 7 feet/mile.

Underþing the Ogallala and forming a relatively impermeable base are the
Pierre shale and Niobrara Formation. These formations were depooited in a
marine environment during the late Cretaceous age. The Pierre is a dark-gray
fissile shale, and the Niobrara consists of chalky shale and limestone. The
Niobrara has a thickness of about 400 feet in Harlan county, Nebraska, and thins
in an easterly direction.

underþing the Niobra¡a Formation in the northem part of the lower basin, in
descending stratigraphic order, are thecarlile shate, Grcenhom Limestone, and
Graneros shale. They crop out at the surface in the central portion of the lower
basin. of these formations, the Greenhom Limestone has the most potertial for
yielding small quantities of water for domestic purposes. Maximum total
thicl<ness of these deposits is about 430 feet.

The Dakota Formation is one of the principal aquifers in the vicinity of Cloud
and clay cotrnties (Kansas) for supplying municipal, domestic, and stock wells.
Thid<ness ranges up to 450 feet. The quality of water varies from good to bad
with a better quality generally obtained where the formation crops out or is near
the surhce. Water obtained from the Dakota Formation in most of north-
westem cloud county, Kansas contains high chloride concenhations, 250 ppm
(parts per million) or higher (Fader 1968, pg 14). Walters and Bayne (1959)
reported that samples obtained from the Dakota Formation in Clay County,
Kansas show drloride concentrations below 250 ppm.

The wellington Formation and Chase Group underlie the Dakota Formation to
the north and crop out at the surface in Clay county, Kansas. Total thickness of
these deposits ranges up to 480 feet. small to moderate amounts of water for
domestic and stock use may be obtained from several formations within the
chase Grcup. Better quality water can be obtained where the formations are not
deeply buried.

Woter Supply ond Uses

The surface water supply for the Republican River Basin originates as rainfall,
accumulates as zurface water rrmofl and nurs downstream to the confluence of
the tributaries. Base flow from the alluvial aquifers and retum flows from
surface irrigation are other surface water sources.

since the mid to late t96a's, significant decreases in instrcam flow have occur¡ed.
This has reduced the water supply for irrigation or other demands,

KS001470



Atlochmenl B

Surfoce Woter lrrigotion

Surface water supply for irrigation is affected by the amounts of water available
fo¡ diversion 'to the canals and laterals that comprise the irrigation districts in the
Republican River Basin. significant changes have occuned in the watershed
runoff characteristics during the past 3 decades. Several factors that are affecting
surface water supply in the basin are; development and addition of soil and
water conseryation practices, dranges in base flow due to increased ground-
water pumping for irrigation, and cyclical variations in the precipitation regime.

Recharge from surface water iffigation practices has contributed a significant
amount of water to the ground-water system in several areas of the bãsin. Deep
perrolation fncm applied surface water and seepage from canals and reservoirs
in the Platte River Basin have caused water level rises up to b0 feet along the
northem edge of the study area in Nebraska. In Kansas, water level rises due to
surface waterirrigation have occurred in the Grand Island Formation east of
Lovewell Reservoir and in Pleistocene and Cr€taceous deposits to the southwest.
small areas of rising water tables have also occu¡red neaiseveral reservoirs in
the basin as a result of seepage.

Retum flows from surface water have also increased the base flows in several of
the major streams. streams showing large increases in base flow include
Driftwood and Blackwood Creeks, and the Republican River¡each fiom Hardy,
Nebraska, to Concordia, Kansas.

The e-stimated average annual recharge from surface water irrigation in the'
Republican River Basin (induding seepage from the platte River Basin) for the
historic period is 211"300 acre-ft.

Metols ond Chlorinqted Hydrocorbons in
Sediments qnd Fish

Bockground

In the fall of 1989 and 1990, Region VI of the U.S. Fish and Witdlife Service
sampled sediments at 2g locations and fish at 30locations on theRepublican
River and tributaries to assess background concentrations of metals and
long-lived organodrlorine compounds in aquatic habitats in the Republican
River basin. sampling was completed in october 1990 and study results were
presented in the 1993 report, "Background Contaminants Evaluation of the
Republican Rive¡ Drainage, coloradq Kansas, and Nebraska.,' Findings from
this report are summarized below.

KS001471



Attochment B

Metols in Sediments

Results

Except for very high arsenic concenhations at the upper
end of Lovewell Reservoir and White Rock Creek below
the rcservoir, arsenic and mercury concentrations we¡€
comparable to those for.westem U.S. soils and sediments in
all locations.

Virtually all selenium concentrations in sediment samples
collected were very low.

Neither thallium nor silver was detected in any sediment
sample.

Concentrations of aluminum, barium, boron, chromium,
ir,on,magnesium, and molyMenum were within the ranges
of normal U.S, and north-central U.S, soil concentrations.

Beryllium concentrations did not indicate a problem.

Copper and nickel concenhations in White Rock Creek,
upper l,ovewell Reservoir, and Nortør Reservoir were well
above the means for westem U.S. and northem Great
Plains soils.

læad concentrations fiom the upper end of Lovewell
Reservoir were much higher than the means from U.S. soil
studies.

The only locations where marìganese conce¡rtrations were
higher tlnn U.S, nornu were found at the upper end of
Lovewell Reservoir.

Shontium concentrations were high only at the upper end
of Lovewell Reservoir.

The concentration at the one location whe¡e tin was found -
the upper end of Harlan county Reservoir - was very high
compared to means for western U.S. soils. The reported
value,howeveq, is viewed with suspicion.

a

a

a

a

I

a

KSOO1472



Attqchment B

Melols in Fish

a

a

No problems appeared ¡elated to vanadium
concent¡ations.

Zinc concenþations in rnany locations were well above the
mean concentrationsin westem U.S. andnorthem Great
Plains soils.

Arsenic concentrations did not waÍant concem

No mercury concentrations in Republican River study fish
composites exceeded the 1984 National Contaminant
Biomonitoring Program (NCBP) mean.

. Nearly everyfish sample analyzed by atomic absorption
for this study contained a selenium concentration grcater

. than the NCBPmeans,

Beryllium, lead, silve4 and thallium w€¡e not detected in
any fish analyzed by ICP.

Aluminum concentrations were comparable to and as

higNy variable as those in fish composites collected for
studies in Kansas and Nebraska.

Barium concentrations were higher tha¡ those frcm other
studies in Kansas rivers, Effects (if any) of observed levels
of concentration could not be estimated due to very limited
information on this subject.

Boron concentrations for the fish collected in this study
were judged not a cause for concem.

Cadmium was not believed to represent a serious
contamination problem in the drainage.

Fish composites at 10 locations were contaminated with
chromium. Assessment of the concentrations was
considered difficult due to lack of information regarding
a soulc€ of chromium at some locations.

Copper concent¡ationsin 11 fish composites exceeded the
1978-197.9.7.7 uglg NCBP 85th percentile concentration.

a

a

a

a

a

a
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Attochrnent B

Iron and magnesium concent¡ations were normal.

Manganese concentrations at several locations were high.
A review of the sou¡ces of the manganese may be necessary
at numerous locations.

Most of the molybdenum concqrtrations fou¡rd were
judged not to warrant concem.

Nickel was detected in a variety of species, but the source
and effects of the metal wer€ not known.

Strontium was detectedin almost every fish composite
analyzed, but means to assess the body burdens observed
in Republican drainage fish composites was not available,

Tm concenkations were detectedin two samples. The
effects of these concentrations were not known.

Vanadium concent¡ations found in fish we¡e suspected of
beingnormal.

Zinc concentrations observed during the shrdy were
judged not to constitute a problem.

Chlorinoted Hydrocorbons in Sediments

Organochorine concentrations in sediments i¡ the
Republican Riverbasin are low. The only organchlorine
residue detected was pB-DDE (at Swanson Reservoiç
Enders Reservoit, and on Thompson Creek).

a

a

a

a

a

a

Chlorinafed Hydrocqrbons in Fish

a Hexadrlorobenzene, benzene hexachloride, and endrin
were not detected in any fish composite.

The cyclodiene concentration (chlordane compounds,
heptachlor, aldrin, endrin, dieldrin, and endosulfan) in a
composite species from Junction City, Kansas, was the only
fish sample that exceeded the 0.1 uglg whote body wet
weight concentration reconunended by the National
Academy of Science and National Academy of Engineering
to protect aquatic life.

K5001474
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a

a

a

Tcxaphene concentrations weÊ obs€w€d in frsh ftom
lovewellRæertroirar¡d from the Republican River at

ftandia in 1989, They were not detected however, Ín fistr
f¡om these locations analyzed in 1990.

a Mirex was deteeted in,â eomposite sample taken from the
head of the Bartley diversion canal in 1989. It is
conjectured thatmfuex rrray have been recendy used in the
vieinity although banned for all uses ia 1978.

PCBs were not detected in most fish composites eollected.
Aroctrlor 1254 was found in fish frorn I{arlan Counry
Reservojrand frpm lovewell Reservoir at concent¡ations
judgcdnot likely to presenta serisus probbm.

DDT compounds do notpresent a problem for biota.in the
locations sampled.

KS001475
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PROPACLF

jPROPZINE. DISS
iiA

¿
2

WATERUG&
UG/L

U 0
o

0
oTOT

UG/L ; WATER
UG/L i

K
TOTAL

6
6

o.05 o.05
o.o5

o.o5
VERAGE PROPZI DISS o fìç -05o

PRPAZINE TOT

E

.ipRoMe¡o¡.¡
A PROM

CHI-ROANE
AVERAGE

MEïOGLR (OUAL)
AVEBAGE

PRP TOT

- RIFOS
E CHLORPY- RIFOS TOT i

UG/L
UG/L

TE8WA

TEFWA

WATER
TEB :

TER

WATER i
WATER i

WATER
WATER i

U
TOTAL

iJ
TOTAL

U
TOTAL

U

U
TOTAL

U
TOTAL

U
TOTAL

0
oR

0
0

0
o

o
o

0
0

0
o

o
o

o

o
o

o
o

0
o

o
o

o
o

o
o

o
o

0
o

UG/L

UG/L

UG/L

5
5

2
2

5
5

5
5

2
2

5
5

0

o
o

o
o

0
o

0
o

o
o

o
o

s

WATEF
WATER

UG/L

TEFWA
WA

1

1

c

NE TOT
T'G/L
UG/L

UG'L
TOT L

DIETDRIN UG/L WATEF U

A = VALUE REPoRTED ls THE MEAN OF TWO oR MOBE DETERMINATIoNS
K = ACTUALVALUE lS KNOWN To BE LESS THAN VALUE GIVEr'l
U = INDICATES MATERIAL WAS ANALYZED FoR BUT NoT OETECîEo.

CASE OF SPECIES. U INOICATES UNOETERMINOEO SEX.

1Ã7



TOT
ALACHLOR TOT

SUBBASIN 2 (Surface Water)
AREA2

UG/L wATEF i u
UG/L ;'WATEF

0
0

o
o

0,05
o.o5

0.05
o.o5

o
o.4
0.5

o

7
7

o
o

o
o

o
o

I

ic-RaruRAN ror
iAVERAGE CFBFURAN TOT

UG/L : WATER
UG/L WATER

U
TOTAL

1

1

o
o

0
o

0
o

,rrAtrE tEll : UNITS REMARKMEOIUM NUMBER MEAN MAXIMUM

UG/L
UG/L

I

I
I

WATEB
WATERAVERAGE ENDRIN

eNohrw u
TOTAL

6
5

o
o

o
o

HËPTCHI.R UG/L
TOT

WATEH
WATER

U
TOTAL

5
5

o
o

o
o

Dtss UG/L
tilss

WATEF K
TOTAL

6
6

o.o5
o-o5

o.05
o.o5

rùÁren
WATEF

6
6

DISS UG/L K
DISS

o.o5
o.05

0.o5
o,o5

HG, DISS
HG. DISS
HG. DISS
MERCURY HG

2
3
5

10

WATERUG/I-
MERCURY

TER TOTAL

K
U

o.05
0,4
o.5

o.38

o.1
o.4
o.5
o.5

:t

lutRgr-lzn¡ tot

SUTYTATE TOT

UTRBUZIN TOT
UGIL iWATEF
U

UG/L IWATEF

I

UG/L I WATEF
tJG/I

U

U
TOTA

2
2

f
1

o
o

o o
o

0 o
c

0

CYANAZIN TOT l^'ÀTtrFI TOTAL
2
2

U o
o

0
a

0
0

EPTC UG/L : WATEF
UG/L. WATEF

U
TOTAL

0
o

0
o

0
o

o
o

Ð

o

o
o

VERAGE EPTC TOT

CYPRAZIN TOT UG/L : WATER U
A CYPRAZIN TOT iWATEF

MTFBTJZIN DISS UG/L iWATER K
!WATER

A = VALUE FEPoRTED lS THE MEAN oF TWO oR MoFE DETEFMINATIoNS
K = AGTUALVALUE lS KNOWN To BE LESS THAN VALUÊ GIVEN
U = INDICATES MATERIAL WAs ANALYZED FoR BUT NoT UETECTED.

CASE OF SPECIES, U INDICATES UNDETERMINDED SEX.

6 o.05 | o.o5 o.o5
5

KS001479



SUBBASIN 3 (Surface Water)
AREAS

A = VALUE REPORTED lS THE MEAN OFTWO OB MoRE DETEHMINATIONS
K = AGTUALVALUE lS KNOIÍúN To'BE LESS THAN V LUE GIVEN
U = INOICATES MATERIALWAS.ANALYZED FoR BUT NOT DETECTED.

CASE OF SPECIES, U INDICATES UNDETERMINDED SE(.

o.5
o

0.5

¡M

o.1

o.1

o 1

o.1

PAHAMEIER UNITS REMARK I NUMBER MEANMEO¡UM

MEfiCURY HG.TOTAL
AI/ERAGE MERCURY HG. TOT

UG/L
UG'L

WA'TER
WATER

30
G9

K
TOTAL

o.5
o3ãr3

AIACfILOR TOTAL
AI'ERAGE AI-ACHLOR TOT

UGJL
UG'L

36
36

K ¡

TOTAL
WATER
WATEH

oøt
o,2"5

o2s
o.25

M1RBUZIN TOTAL
AVERAGÊ MTRBUZIN TOT

I
UG/L
tJG'L

wArERl * 1., I
wATER I roml I ¡s i

0.1
o.t

KS001480



SUBBASIN 4 (Surfæe Water)
AREA4

MEDIUMr UNITSPARAMETEF ñEMARK I NUMBEF MEÂN MAXIMUM MlNllrlUll

SELENIUMSETOT
SELENIUMSE TOT
StrLtrNIt'MSE. TOT
AVER4GE SELENIUM SE. TOT

UG/L

UG/L

WATER

WATER

3
B

10
13

3
2

10
1

A
K
U

1

6
5

TOTAL 39

¿63
3.&r33

l0
¿1.5921

O?ANUNEOISS
AVERAGE CYANZINE DISS TOT

II uc/L
: UG/L

WATER
WATEß

3
3

K
TOTAL

o.05
o.o5

o.o5
o.o5

o.05
o,o5

PROPANE
AlÆRâGÉ PNQPZINETOT

UG/L
UG/L

WATER
WATER

3
3

K
TOTAL

o.o5
o_o5

o.o5
o-o5

CHLORry. RIFOS UG/L WATER
WATER

1

1

U
TOTAL

0
o

0
o

ALORIN
AVERAGE ALDBIN TOT

:l
i UCJL I WATERi uolL I wnrpn

I

¡
I

1

1

o
0

U
TOTAL

o
o

CHLRDANE
AVERAGE CHLRDANE TOT

i t,G/L
. UG/L

WAIER
WATER

1

I

I
0
0

o
o

U
TOTA L

o.o5
o.o5

0
o

o
o

o
0

OIELDRIN

IENDRIN
IÂVERAGF

UG/L WATER

I
UG/L i WATER tll

I TOTALENDRIN TOT

U 0
0

o
o

o
TOT

0r 0
o

U

oUG/L I wÂ o

HEPTCHTR UG/L ;WATER U o
A

MÉTLCHURDISS

TOT
lJ

U
0
o

; UG/L' tr(ìfl WATFFI

UG/L WATEH

UG/L WATER
TER

WATER

K 3
3

o.05
o.o5

0.05
o.o5

o.o5

0.o5
METLCHLR

WTH DISS .o5o
AVERAG E AI.ACHLOR DISS

K
TOTAL

3
3 o.05

0.05
0.o5

:lruencunv 
HG, Drss

;ueFcunY HG,Dtss
UG/L : WATER

TEH t

I

UG/L IWATER

K
TOTAL

10
to
20

o.85
o.3

o.575

o.5217
0.2r69

o.73

VERAGE MERCURY otss

HG. TOT
MEñCURY HqTOT
MERCURY HG.TOT
AVEHAGE MERG1JRY HG- UG/L TEB

K
K

TOTAL

23
27
10
60

3,8
o.5
3.8

o
0.1

3.4
o.5

1

3.4

o
o.1
o.4

o

. AI¡CHLOñ TOTAL.AVERAGE 
ATACI-I

UG/L ¡WATEFI
LOR TOT UG'L WATFR

U
TOTAL

1

1

o
o

0
o

o
o

MTRBUZIN OISS UG/L WATER
N DISS

A = VALUE HEPORTED lS THE MEAN OF Two oR MoRE DETEBMINAT|oNS
K = ACTUAL VALUE ls KNOWN To BE LESS THAN VALUE GTVEN
U = lM)lCATEs MATERIAL WAS ANALYZED FOR SUT NOT DETEGTED.

CASE OF SPECIES. U INDICATES UNDETERM]NDEO SEX.

.050K 3 0.05 0.05
o
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SUBBASIN 5 (Surfæe Warer)
AFEAs

A = VALUE REPORTED lS THE MEAN OF TtyO OR t¡tORE DEIERMTI{/\TTONS
K = AGTUAL vAllrE ls KNOWI{ To BE LESS THAN VALUE GtvEN
U = INOIGATES MATERIALWASANALYZED FoB BUTNOTOETFCTED-

CASE OFSPECIESJ U INDIëATES UNDETERMINOEO SEK

0-1
o.

o.05

MEDIUII REMARK I NUMAERPAÊAMETER UNITS MEAN MÆ(lMUM

I

CYANAZIN TOT
CYANAUN WATER

WATEF
K

TOTAL
6

t1
o.1
o-1

0.1
o.1

olss WATEF K
TOTÂL

16
1A

o.05
o_o5

o.o5
o_os



PAR^METEF MEOIUM REMAFK NUMAER lfiNtMuMuNtTs MEAN MÆ(IMUM

WATER
WA.rER TOTAL

49
49

5.4G)4
5.4694

10
lo

o
o

SILVEF AG. TOT

^VEE 

qE.StLvER Ac, ToT
UG/L
UG'L

VANAOIUMV. TOT
VANAUTJMV. TOT
AT'ERAGE VANÂDIUM V. TOT

UG/L

UG'L

WATEÊ

WATEB

2B
IgK

TOTAL

10.4A2
3.75

8.88A4

30
5

3(,

3
q

3

o
0

I

zNc zN. orss
ÀVEF^CE ZlNc ZN. Dtss

UGIL
UG'L

WATER
TOTAL

l8
18

6.6Cô7
6.6e67

20
20

ZINCZN.TOT
ANC ZN.TOT
AVEHAGE ZINC ZN. TOT

UG/L
I
I

I

WATER

WATER

69
2

71

6l
K

.855
105

227æ
2ã,tao

ALUMINUM AL TOT
AV.EFAGE_ ÂLUMI-NUil AL. TOT

¡

UG'L I WATER
UCíL WATER s6

36TOTAL
28,8!4..3

2AA+3

SELENIUM SE DISS

^VE¡AqE 

SELENTUM SE. O|SS
UCíL
UG'L

WATER
WATER

5
5

3.6
3.6TOTAL

SE. TOT
SE. TOT

VERAGE

ALDBIN
ALDRIN
AVERAGE ALDRIN TOT

CI.ILFDANE

SUBBASIN 6 (Surface Wder)
AREA 6

K

. 
UG/L : WATER

WATER

UG/L I WATER K
U

TOTAL
ilI UG/L i

K
TOTAL

700
tfo

0.63
o.25

o
100

0

0.38
025
o.25

o.02
o.o2

10
o

8f)
80

UG/L WATER

WATER

WATER

WATER K
WA

WATEH

WATER

2.9678
1o.99

46
2

48

3
26
29

11

11
10
10

0.r5-/6
0

0.151

: 0.384
; 0.384

31
l9

46
2

K
U

6
6

I
50
50

o.5
o

2
2

o
1

0

o.f2
o
o

10
10

0.03
0
o

1

o
1

0.5
0

o
o

0.4
0

TOT 16TERWA

.4æ5

5sÍ
0

o.

o
o.4106

o.5{r3
o.25

o.2804

1767
o

0
0

o.65
o

o.02
o
o

METOCUn (DUAI_¡

METOCTß (DUALI

E TOT

TOT

DDT
AVERAGE TOT

DIELDRIN
IIOIELDRIN
AVERAGE DIELDRIN

ENORIN
ENDRIN
AVERAGE

UG/L :

UG/L r

UG/L i

UG/L

UG/L

WATEH

WATER

K
U

TOTAL

K
U

TOTAL

L
10
10

0.

o.

46
2

4A

46
2

48

35
35

2
2

32
2

34

K
U

o.3
0

o.3

o.05
0
o

I.IEPTCHLR

TOT

H LR TOT
iK
i TOTAL

ATBAZINE UG/L ¡WATER U
AL

2.4-D
2,4-D

A = VALUE REPoRTEO lS THE MEAN oF TWO oR MoRE OETERMINATIoNS
K = AGTUAL VALUE ls KNoWN To BÊ LESS THAN V^LUE GIVEN
U = INOICATES MATERIAL wAs ANALYZED FOR BUT NOT DETEGTED.

CASE OF SPECIES. U INOICATES UNOETERMINDED SEX.

WATERUG/L
WA

1

1L

o
T

UG/L TER

A

WA

w

o.8
0

o_a

K
TOTAL

to
10

10
loB TOTAL

HCB UG'L iWATER
:WATER

KS001483



SUBBASIN 6 (Surface Wared
AREA 6

A = VÂLUE FEPORTEO ls THE MF¡N OF TWO OR MORE DEIERMTNAT|ONS
K = AOTUAL VALUE lS KNOrttñ TO BE LESS THAN VALUE GTVEN
U. = lNDlcATEs MATEñIALWAS.ANALYZED FOF BUT NOT OETECTED.

CASE OF SPECIES. U INOICATES UNDETEFMINDED SÐC

FARAMETER UNIIS I MEOIUM REMARK NUMBER MEAH MAXIUUM MINIMUM

MERCUFY HG. DISS
AVERAGE MEACUßY HG. DISS

Uf¡/L
UG/L

WATEF
WATER TOTAL l3 o.o3a5 o-5 o

MEFCUFY HG.TOTAL
MEFCUFY Hq TOTAT
AVEBAGEMERCURY HG.TOT

K
TOTAL

WATER

WATER

UG/I-

UG'L

18
27
45

o
o5
o3

o
05
o.5

o
o.5

o

AI.ACHLOF TOTAL
AVERAGE AI¡CHLOR TOT

K
TOTAL

uG/t
UG'L

WATEF
WATER

32
32

a,æfa
o¿078

o¿s
o-25

0.1
o.l

MTRBUZINTOTAL
AVERAGE MTRBUZIN TOT

K
TOTAL

UG'L iWATER
ÜG'L I WATEF

32
32

o.1
o-t

0.1
o-l

o.1
o.1



SUBBASIN 1 A (Groundwaterf
AREA IA

:LElrENTS UNITS i MEDIUü AFMART MAXruUM

sE.otss K
TOTAI

uG/L
UG'L

WAIEH
WATER

2
15

t.mo000
6.2667(l0

I
2â

MEFCUBY HG.DISS

AYEBA]gE-IIERCURY ÏG. DISS
WAIER
u,ÂTËÞ

UG/L
ttGfl

K
TOTAL

5
5

0.340000
ll î¡aôOnO

l
I

0lr

K r AõIUAL VAII'E ts KNow¡{lo BE t-Ess THAN VAIITE GÍVEN.
U r INDICATES f,{ATERtAL wÂs Ai{ALyZED FoB BUT NoTDETECTED.

CASE OF SPEC'ES. U INOICATES UNDETESIIINDED SÞC

ll¡¡lßl Ißl
ue¡
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SUBBASIN 2A (Groundwater)
AREA 2A

PARAMCTTR MFDIUM NEMARI(S NUMBER MEAN MÁX$¡UM MINIMTJM

lo
16
to

MGT,ISUM MG.DISS MG'L
MGT.¡SUM MG.DISS MG/L
AYEF,IGE MGNSIUM IIG. DISS

!
I

I

WATEß

WATEH
A

TOTAL

tGl
2

Itt
8
19
23

Atr;EI¡IC ¡6,DISS UG'L

^VERAGE 
ARSET{IC AS- OtSf¡

i
I
I VÚATER
I WATFR

tl
tf

6
6TOTAL

t0
to

8,364(x'O
8.56{000

8AB¡UM BA.DISS UG'L
AVERAGE BARIT'U BA. DISS

WATER
WATER TOTÀL

2
2

0.(nnþ
o-oooooo

0
o

o
o

8ERYl-IUM EEDlsS UG/L

^vERAgE 
BERYUUM BE. otss

WATER
WATER TOTAL

2
2

o.qxnoo
o.oqxxto

o
o

o
o

800
100
aoo

WATER 60
Im

21

3K
BORON
EORON

B.DtSS
B,DlSS

UG/L
UG/L

C,ADMIITú CD.DISS UGN.
CADMII¡I CD.DISS UG/L
cADMlr.rú cD,Dtss uca
AVERÂGE CADMIUM CD. DISS

I

!
It'
í

K
U

WATER TOTAL

, WATER 2
t
f

lo

(L(x)ffþo
o.350(þ0

8-070000

o
o
0
o

o
o
E

5

¡icoppen GU.DISS UG/L WATER
ICûPPEH CU,DISS UG/t- 

' 
K :

¡icoeeen cu,Drss uG/L i u i
:'.AVERAGE COPPER CU. DISS WATER i TOTAL !

?
5
3

fo

¡

17¡O:!
ro;5ì
1o;51IIl7¡o

8500000
8.346000
82¿13300

8.3/180('0

' IHON FE.TOT
IRON FETOT

UG/L
UG/L

WATER

WATER
K

'¡5
I

16

ææ
100

200
10(t
100TOTAL

" IRON FE.DISS UG/L WATER ;. tRoN FEDTSS Uc/L
: rRoN FE.DrsS UG/L :

Í4YE84GE IRON FE. ptss WATER

K
U

3
3
4

10TOTAL i

o
l9
15
o

{)
30
30
40

.! LEAD PB,DISS UG/L

i rc.lo PB.Drss uc/L
I l€AD PB,DlSs UG/L
4VE84GE LEAD PB. D|SS

WATEñ I

WATEB

!

K.
U.

TOTAL

2
I
7

0.000(þo
2,r30000

0
2

20

o
2
z
o

I

'iMANGNESEMN.DISS UG/I-
1ÍïIANGNESE MN.DISS UG/l-
JMANGNESE MN.DIss UG/L
II AVERÂGE MANGNESE MN. DIss

WATER
K
U

4
3
4

It

24
10
10
ttL

8.500000

7.4tKþOO
n €1R2ôn

o
lo

7
ôWÂTER TôTÁI

K - ACTUAL VALUE lS KNowN To BE LESS THAN VALUE GIVE¡¡.
U : INDICATES MATERIAL WAs ANALÍ¿ED FOF BUT NOT DETECTED.

CASE OF SPECIES, U INDICATES UNDETEFMINOED SÐ(.
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SUBBASIN 2A (Groundwater)
AREA 2A

MOLY ITO.DSS UG/I-
AVERAGE MOLY I¡O. DISS TOTAL

WATER
TYATER

2
2

z500oo0
2,s(X¡OOO

3
3

2
2

NICfiE. NI,DISS 'UG/L
I.IICKEL NI,DISS UG/L
NICKEL NI,DISS UG/L

AVERAGE NICKEL NI. DISS'

wÂrER 
.

K
.U

WATËR . .' TOTAL

3
2
5

fo

SÍLI/ER AG,DISS
DISS TOfAI

WATER
WAIER ¡

2
2

SR.DlsS Uc/t WAIEF
otss

2
2

VAII¡ADIUM V.DISS UG/L wAlm 2
2

zt{c zN,Dtss uG/L
zl.¡c zN.DtSs Uc/L
zll.¡c zN,Dtss uGrL

|(
u

WATER

6
6

PMPZINE DISS, UG/L WATEB Krot

7.666-t00
I

I

,,..1."

0.000æ0

6to
61(,

6.tæ¡n0
2.234000
1.2fi)Ooo

0.050(x)0
o-osfix)o

o.000000

o.f¡00000

0.000000

0.000000

o.oüxloo '

0

0

o

23
20
2ß

0

6
6

27

62
30
30

I
3
1

I

o
19
t9

5to
o5

4
3
3

lo

12
4

J

5
1

c

5

5
t8
17

ZN.TOT
ZN.TOT

UG/L
UG/T

WATEA

VI'ATER

WATER

WATEB

K

U
TOT

U
TOTAL

550
t00

0

SE,D¡SS
sEDtss

SEI-ENIUMSEDISS

UG/L
Uc/t
UG/L

K
u

10

5
2
1

o
o

o
o

0

0

PRPAZINETOTAL UG/L
E

CHLORF^I- RIFOS TOTUG/L

o
o

0
o

o
o

E
0
o

PFIOMETONWATER IUG/L) WATER

TOTAL UG/L WATER U

K - ÂCTUAL VALUE ls KNOWN To BE LESS THAN VALUE G|VEN.
U : lNDlcATEs f,{ATERIAL wAs å,NALYZED FOR 8UT NoT DETECTÉD.

CASE OF SPECIES, tJ INDICATES UNDETERMINDED SÞ(.

0
o

o

U

5

SÍMAZtrIEWATER (Uc/Ll WATER U 2
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SUBBASIN 2A (Groundwater)
AREA 2A

ME^trt MAXIMUM

CTII..RDAI.IE TOT UG/L
AYESAGEIDHIfIqANE TOT

5
5

WATER u o
o

o-üffio
o_ooo(no

o
o

METOCLF (DUAL¡ UqrL

^YERAGE 

METOCTR fDUAt) TOT
I
I

WATER
WATER

U
TOTAL

2
2

o,oüxro o
o

OIELDRIN TOTAL ['G'L
AYEEAGEIIEI-DRIN TOT

U
TOTAL

WATËR
WATEB

5
5

tlxKxr
o-ofxxxro

o
o

o
o

ENDRIN TOTAL UG/L
AVERAGEENDRIN TOT

WATER
WATER

U
TOTAL

5
5

o
o

o.mqx¡o
o-ooo(xto

HEPTCHLR TOTAL UG/L
AVERAGE HEFÍCHLß TOT

WATER
WATER

5
5

U
TOTAL

-o.o0(þoo

o-o(nxto
o
o

6
6

METLCHLR DISS, UG/L WATER K o.(xi(xþo

WATER
WATER

6
6

o.0É00()0iKAI.ACHLOR OISS UG/L
AVERAGE

o

MErc1'RV HG,OISS
MEFCUFY HG.DISS
MERCUFY HG.DISS

UG/L
UG/L
UG/L

2
3
5

o.osoo(x)
O.¡l{tooo()
o5(þ(þo

K
U

WATER

ALRY

WATER u 7 o.oo0(þ0Tol
TOTAL UG/A

I
I

CßBFURAN TOTAL UC?/L WATER u o-(Xlo000

o.ofxxtoo
o.ofxxxlo

WATEB U 2
TOT

MÏFBUZIN TOT UG/L

WATER
WATER

U o.oqrooo
TOT

BUTYI¡TE TOT UGA

CYAI'¡AZIN UG/L
AVERÂGECYANAZIN TOT

WATER
WATEB

u
TOTAL

I2i
2l

o.(n0()00
o.ofxxx¡o

EFÎC UG/L
AVERAGE EPTC TOT

WATÉR
WATER I

U
TOTAL

I
I

o.(xxr]oo
oltooooo

o.000(þ0
o-o(XxÐo

WATER i uCYPR^ZIN TOTAL UG/L

MTRBUZINWTR DISS UG/L WATER K '6 o.050(þo

o

o

Ëþi R¡U¿U,fl

o¡lf¿TtB r

l:.t

o
o

o
o
I

o
o

o
o

o
o

o
o

0
o

o

o
o

o
o

o
o
I

o
o

r!

0o

0
o

0
o

o

0
o

o
o

0

0

K = ÂgrUAL VAIIJE lS KNoWN TO BE LEss TI{AN VALUE GlvEN.
U = INDICATES MATEBIAL WÂS ANALYZED FOR 8UT NOT OETECTED-

CASE OF SPECIES. U INDICATES UNOETERMINDED SEX.
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SUBB^SIN 3A (Groundwatcr)
A.REA 3A

NUMBER MEAN MAXIMUM MINIMUMREMATIK¡'

MGNSIUM MG.DÍSS MG/L WATER
WATERDlsssluM TOTAL

95
95

210
210

8.71¡+ÍÐ0
8.714300

WATERAS.DISS UG/L
AßSENIG

7
7

14
11

5
5

270
270

WATER
BORON Dlss

B.DISS UG/L 7.

7

z
0
2

K
U

TOTAL

WATER'
WATER

í
I

WATERCADMIUM CD Drss

co.Dtss uG/L
M¡UM CD.OISS UG/L

5
2
7

¿0000d0'
0.000000

1-428600

n
0

20

CHROMIUM CR,OISS UG/L
CHROMIUM CB,DISS UG/L
AVERÂGE CHROMIUM CR, OISS

I
I

I

I
WATER i X
WATER I U
WATER ¡ TOTAL

1

6
7

0.000000
2_AsTZOO

UEL
UG/I.
UG/L

WATER
WATER
WATER

4
1

2
7

K
Ucu,Drss

Dlss

COPPER CU.DISS
COPPER CU.DISS

2.750000
2.000000
0.000000

1-a572

5
2
0
5

It
11

¡natrtaßt
DÉf¿r¡t ¡

60
60

2
0
o

æ
0
o

{

2
2
0

A = VALUE REPORTED lS THE MEAN OF TwO OR MORE DETERM|I,IAT|ONS
K = ACTUAL VALUE lS KNOWN TO BE LESS THAN VALUE GtvEN.
U = INDICATES MATERIAL wAS ANALYZED FoR BUT NOT DETECTED

CASE OF SPECIES, U INDICATES UNDETERMINDED SEX.
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ETËMENTS MEDIUM REMARKS NUf,IBER MEAN MFDII.-lM MINIMUM

MGNSIUM MG.DISS MG/L
AVERAGE MqNgIUM MG. DISS

WATER
I,VATER TOTAI

46
46

42
42

13
13

ARSENIC AS,DISS UC:/L
aVEBAGE_ARSEN|G AS. O¡SS

WATER
WATER TOTAL

1

1

14
14

14
14

ASSENIC AS.TOT UG/L
AVERAGEARSENIC AS.TOT

WATER
WATER

u
TOTAL

10
10

l0
-'IO

3
3

BARIUM BATOT UG/L
AVERAGE BARIUM BA TOT

WATEB
WATER TOTAL

3
3

720
120'

100
loo

BERYUUM 8E.TOT UG/L
AVERAGE BERYUUM BE. TOT

WATEB
WATER

3
3

U

TOTAL Í

20
2A

20
20

BORON B,DISS UG/L
AVERAGE tsqRON B. OISS

WATER
WATER

2 2lo
2lo

50
50

CADMIUM CO.DISS UG/L
AVEBAGE CÆ)MIUM CD, DISS

WATER
WATER

I

I

U
TOTAL

1

1

o.ooooæ
o-q¡oooo

o
0

0
o

cHRO¡nruM CR,D|SS Uc/L
ÂY884ÊE CXEQMIUM cB, DtSs

WATER
WATEH

'l

1TOTAL
iK

cïRoMtuM CRJOT Ucì/L
AVERAGE CHRO!,{|U r{ tg, Iqr

WATER
WATER

l 3
3

U

TOTAL

COPPER CU,OISS UG/L
AVEBAGE COPPER CU.IISS I

WATER
WATER

I
I

I
I

1

1

¡

TOTAL
3.0000m

3.ü)0000

NON FE,DISS . UG/L
AVERAGE IRON FE, DISS

1

1TOTAL
WATER
WATER

LEAD PB.DISS UG/L
AVERAGE Lg\D _ PB, OtgS

I
I

i

WATEF
WATER

I

i 1

1

I ..0*o*
ls-ooooooTOTAL

CADMIUM CDJOT UG/L
IUM

SUBBASIN 4A (Groundwater)
AREA 4A

WATER U 3

L

n

20

20

â

3

80
80

30

3WATEH

I
I
I
I

20

2A

2A

s0
50

30
30

3

3i

IRON FE,TOT UG/L

3
I

rl

KS001490



SU BBASIN 4A (Groundwater)
AREA 4A

ELEMENTS NUMBERMEDIUM REMARI(s MEAN MEDIUM MINIMUM

AlÆRAGE LFÁO PB,TOT

^VERAGE 
LEAO PB. TOT

WATER
WATER

U
TOTAL

3
3

100
100

l(n
to0

MANGNESE MNTOTUG|/L
TOT

WATER
WATER

U
TOTAL

3
3

n
20

n
20

ìIANGNESEMN;ÐISS UG/L
AVERAGE MANGNESE MN. DISS

WATER K ,'10 n

10
1

1

10
l0

NIGKEL NI,TOT UG/L
TOTE

WATER
WATER

U 3
3

50
50

50
50

SILVER AG,TOT UG/L
AVERAGE SILVER AG, TOT

WATER
WATER

U
TOTAL

3
3

10
10

10
l0

VANADIUMV.TOT UG/L
AVERAGE VANADIUM V. TOT

WATER
WATER

3
3

U
TOTAL

lo0
100

100
100

K
TOTAL

I
I

WATER
tss

ZNC ZN,DISS UG/L n
2ß

æ
20

n

n3
3

WATER uZINC ZN, TOT UG/L
AVERAGE

ALUMINUM ALTOT UG/L
M

UWATER 3
3

I

100
100

100
100

SELENIUM SE.DISS UG/L
aVERAGE SELEN|UM SE. D|SS

WATER
WATER

I
1

11

11
11

11TOTAL

SELENIUM SE,TOT UG/L
4ye¡rncE SELEN|UM SE. TOT

3
3

WATER. U 10
10

10
10

1

'l
WATEB K

rss
MERCURY HG,DISS UG/L

MERCUR
0
o

o
0

0.100000
100000

MERCURY HG,TOT UG/L
AVERAGEMERCURY HG.TOT

I

i,
I

U
TOTAL

WATER
WATER

3
3

1

1

i

1.000o0o I

1-000000 I

1

1

i
I

li

!

i

i
I

i

t
t
I

K = AGTUALVALUE lS KNOWN TO BE LESS THAN VALUE GIVEN-
U = INDICATES MATERIAL WAS ANALYSED FoR BUT NOT DETEGTED.

CAS OF SPECIES, U INDICATES UNDETEBMTNDED SEX.

F¡t4Rt A

D¡ttcnc t

i
I
J

s
tt
f
Ë

:
',ì

t
l.
Í
i
!;
I

I.

:
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SUBBASIN 5A (Groundwater)
AREA 5A

ELEMENTS MEDIUM REMARKS NUMBER MEAN MÆ(lMUM TIINIMUM

MGNSIUM MG.DISS MG/L
AI/ERAGE MGNSIUM IilG, DISSTOT

I

WATER I TOTAL
WATER 95

95
210
270

1l
11

AFSE¡¡þ AS,D|SS UGIL

DtssAVEHAGE TOTAL

I

I

I

WATER

WATER
7
7

8.71¡lfÐO

8.71¡tÍÐO

14
14

5
5

BORON B.DISS UG/L

. Dtss uc/LTOTAVERAGE BORON B
WATER

WATER
60
60TOTAL

7
7

zo
274

CADMIUM CD.DISS UG/L

CADMIUM CD,DISS UG/L
AVERAGE CADMIUM CD. DISS UG/LTOT

¡

I
I

I

I

K
U

TOTAL

WATER

WATER

WATER

5
2
7

2
0
0

zoo0@0
0.000{þ0

1.428600

2
0

2

CHFOMIUMCB.DISS UG/L
CHROMIUM CR,DISS UG/L
AVERAGE CHROMIUM CR DISS UG/L TOT

K

U

TOTAL

WATER

WA'ÍER

WATER

1

6

7
0.(xro000

2.AS7mO

20
0

20 I

n
0
o

COPPER CIJ.D|SS UG/L
COPPER CU,DISS UG/L
COPPER CU,DISS UGtr
AVERAGE COPPEF CU. DISS UG/LTOT

WATER

WATER

WATER

WATER

4

1

2
7TOT

K
u
AL

2-7sO000

zoæ(xx)
0.(X¡om0
1.85¿ã)0

5
2
o.

5

2
2
0
0

IRON FE.DISS UG/L
IRON FE.DISS UG/L

4
3
7

K
TOTALWATER

WATER

WATER
AVER,AGE IRON DISS UG/L TOT

3æO
10

3ã)O

20

10

10

WATER i

WATER I

WATER I

WATER i

K
U

ToTet-

4
1

2
7

2.750000
2-000000
0.000000

1.857ã)0

4
2
0
4

2
2
0
o

MANGNESEMN.DISS UG/L
MANGNESE MN,DISS UG/L

AVERAGE MANGNESE MN, DISS UG/L TOT

WATER

WATER

WATER

4
3
7

K
TOTAL

800

10

800

100

f0
10

ZINC ZN,DISS UG/L

ZINC ZN,DISS UG/L
AVERAGE ZINC ZN, DISS UG/L TOT

WATER

WATER

WATER

1

6

7
K

TOTAL

¡
I
I

!

20
20
20

20
20

20

SELENIUM SE.DISS. UG/L

SELENIUM SE.DISS UG/L

AVERAGE SELENIUM SE. DISS UG/L TOT

WATER 
I

WATER ! K

WATER I TOTAL

6

1

7

13

1

'13s.28s700 i

6.000000

L000000
1

1

.1

MEHCURY HG,DISS UG/L
AVERAGE MERCURY HG. DISS UG/L TOT

WATER ! K

WATER i TOTAL
7

7

0

0

t

i

0,100000 r

0.100000 0

o

LÊAD PB.DISS UG/L
LEAD PB,DISS UG'L
LEAD PB,DISS UG/L

AVERAGE LEAD DISS UG/L TOT

K = ACTUAL VALUE lS KNOWN TO BE LESS THAN VALUE GIVEN.
U =.INDICATES MATERIAL WAS ANAL\ZED FoR BUT NOT DETECTED.

CASE OF SPECIES, U INDICATES UNDETERMINED SEX.

FttE: FF5ÀìryXl

DtsfEftÉ r
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SUBBASIN 6A (Groundwater)
AREA 6A

PARAMETER r¡EDIUM REAIARKS NUMBER MEAN MÐ(lUUU MINIMUM

MGNSUM MG,DISS MC/L
UGNSUT' DISSTOT

WAIER
WATER TOTAL

41
11

2l
27

7

7

AFSEIüC AS. D|SS UC/L
AVEHAGE Dlss

WATER

WATER TOTAL
I
1

4.000üto
/t.fxxtoo0

4

I
4

1

BOþN B. DISS UG/L
E BOROT{ DISSTOT

WATER
WATEF TOTAL

t
f

3{)

30
30
30

CD. DISS IJG'L
AVERAGE TOT

WATER
IYATER

K

TOTAL
t
1

z00oo00
zo{xxx¡o

2
2

2
2

CHFOiIIUMcR Dlss Uc/L
AVEFAGE CHROM DISSTOT

WATËR
WATER

K
TOTAL

I
I

æ
20

ã)
20

COPPER CU, DISS UG,L
AVEFAGECOPPER CU I

WATER
Dlss TOTÂL

I
1

t9
19

19

19

IFON FE. D|SS U6/L WATER
WATERA IRON DISS TOT TOTAL

t

t

I

I
â
20

æ
20

PB, OISS UG/L WATER
WATERAVEHAGE DISS TOT TOT:AL

t
1

t2
72

I

12

l2

T,AT.IGNESE MN, D¡SS UG/L WATER K
AVENAGE MANGN MN Dlss TOTAL

I
1

i
i
¡ to

lo
10

to

ANC ZN, DISS UG/L WATER
WATERztNc DIgS TOT TOTAL

I
t

80
80

80

8{'

SELENIUM qE Dtss uG/L WATER I
WATER i TOTAL

1

1
E SELENIUM SE TOT

1.000(no I

r.oooooo i

1

1

I
t

AIVIEIFYN DlSs Uc/L
AVÉRAGE AMETRYN DISS. TOT

WATEB

WATER
U

TOTAL
5

5

o.(moo0
o.o(xtooo

0
o

0

0

PFOPCHLR (RAMROD) D|SS. uG/L WATER

WATER
U

TOTALVEFAGE PROPC Dtss TOT
5

5
0.000000

o-o(xxþo
0

o
0
0

PMFZINE DISS, UG/L
AVERAGE PROPZINE DISS, TOT

WATER

WÂTER
U

TOTAL
5

5
ofxxxro0

o.oooo00
0

o
0

o

THIFT.HLN TFEFT¡N DISS. UG/L WATER
WATER

U
VERAGE THIFLRLN TREFLAN DISS TOTAL

É

5

FIFOSTOT,UG/L WATER

WATER
U

TOTALCHLORPY- RIFOS, TOT
5
5

o.ooü)00 0

0

o
oo-oooooo I

o.ffxmo o

0
o
oo.oooooo i

STMAZINEWATER (rJG/q
.AVERAG€ SIMAZINE TOT

WATER U 5
5WA TOTAL

.l
o.oooooo i

o.o00'(x)0 I

o

0
0
o

PROMETONWATEB (UG/L) WATER

WAIER
U

TOTALVERAGE PHOMETON WATER TOT
5

5
o.ooo000 0

o
o
oo.oqx)oo I

MErocLR (DUAU uc/L
AVEB qE METOCLf| (DUAL| TOT

WATER

WATER
U 5

5TOTAL
o.firo(þ0

o.o00{to0
0

o
0
o

KS001493



SUBBASIN 6A (Groundwater)
AREA 6A

PARAMETER MEAN IIÆflMUM r¡NûtuuuEDrUll REMARKS NUMBER

o
o

o
o

e4-o uc/L
AVERAGE¿4-D TOT

tlrATER

WATER
U

TOTAL
5

5
o.o00000

o-omooo

02û0000
o200000

o
o

o
o

MErcUñY I{G. DISIì UO/L
AVENAGE HErcURY HG. DISS TOT

WATER

IYATER TOTAL
f
t

AI¡JCHI.oR TOT UG/t
AVERAGEAI¡CHLOR TOT

o
o

o
o

WATER

WATER
5

5
U

TOT^L
o.ffxxxlo

o-oo0000

CRBFURAN ]T'T UG/L
AVERAGE CHBFURAN TOT

o
o

o
o

WATER

WATER
U

TOTAL
5

5
0.ofimo

o.oooooo

o
o

MTHSUZIN TOT UG/L
AVERAGEMTRBUZN TOT

WATER

WATER
o.ooüxro

o.oooooo
o
o

¡
I
¡
I

i

5

5

U

TOTAL

zuTIl.ATE TOT UCíL
AVERAGEBUTYTATE TOT

WATER

WATER
5

5

u
TOTAL

I

!

o.æ(mo
o.o{xxx}o

o
o

o
o

CVAI'IAZIN UG&
AVERAGECYANAZIN TOT

WATER

WATÉR
o.oüxþ0

o.0(xxþo
0
o

0
o

5

5

U
TOTAL

o.oqrooo
0-000(,00

0
0

0
o

EPTC UG/I.
AVERAGE EPTC TOT

WATER

WATER
I
I
!

5

5

u
TOTAL

TERBUFOS TOT UG'L
AVERÂGETERBUFOS TOT

WATER

WATER
0.000000

o-oofiloo
0
o

o
o

5

5
U

TOTAL

K - 
^CTUALVAUrE 

lS KNowN TO BE LESS THAN VALUE clvEN.
U - lNOlcATEs HATERIAL w^s AI.¡ALYZED FOR 8UT NoT DETECTED.

CASE OF SPECIES. U INDICATES UNDETERMINDED SE'(

¡LèRt¡aÀ!*tl

or!úgtfa r
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Poú lll

Areq Reservoir lnflow Doto ond
Hl'sforic Versus 1 993 Level-oÊBosin-
Development lnflow Comporisons
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Port IV

Woter Supply Ëvoluotion Computer
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Attochmenl B

I Uruy'J.4,1gg6

Republicqn River Operotion Study

Melhodology to Colculote the ZO2S Flows in lhe
Scenorio Runs

The Republican River water supply evaluation computer analysis is operated
using a variety of inflows. It is necessary to evaluate the model and resuìts usi¡g
the historical datatra.se; those flows generated using u.s. Geological survey data,
the current level of development flows; the 1993 level of development flows
generated by Redamation's Denver Technical service center using a composite
of well development and conservation practices, and a future level of flow; in
this case a2025level of development. This documentation describes the
methodology used to determine a202S level of flow development.

Tlpically, a fuh¡re level of flow, to whatever point in the future is necessary is
calculated using projections of increased development in irrigation, changãs in
irrigation practices, development of stock ponds, small reservoirs, and/oi
dranges in livestock to name to few. These changes can be compared agairrst the
present level of development, the 1993 level, to determine a future flow scenario.
Howeveç the 1993 level must also be calct¡lated using comparable method-
ologiæ. In this case, the 1993level of developi.nent was calculated using trend
and regression analysis of well development, irrigation practices, and precipi-
tation pattems. (see DTSC octobet l99s Report, Republican Rive¡ Basin Hãws -
Flows Adjusted to 1993 lævel Basin Development). It was decided it would not
be possible to extend the 1993level flows to year 2025 using rhe same approach
because of a lack of pertinent and critical data. It was determined that other
options needed to be explored.

In August 1994, the coqps of Engineery in conjunction with the Bureau of
Redamatiory prepared the Preliminary Draft operation study and EIS for the
Harlan county Reservoir. In this document the coE/BoR prepared estimates of
year2020 inflows into Harlan county. It was determined that this was the best
available data for projected out year flows. It would be necessary to evaluate a
methodology to distribute the increased depletion at Harlan county throughout
thebasin upstream of the reservoir.

The projected data in the coE/BoR study was for the time periods, 1990 and
2020, while the data in this evaluation was years 1993 and 202s. These time-
frames a¡e close enough together for this purpose and no additional adjustments
were made in the data bases,

First, using the Harlan Courty 1Ð0 and 2020levels for inflows to the reservoir
and the 1993level inflows calculated by our model, it could be determined that
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Attochment B

the volume of flow necessary to reduce 1993 inflows to Harlan couaty to az}zi
level. This volume is 53.2 KAF, This was calculated from the following method.

From theUSBR/COE Study

Inflows to Harlan County 1990 Level-l05.4 KAF

Inflows to Harlan County2020 Level-59.6 KAF

From the Republican River 1995-96 Study

Inflows to Harlan Cor:nty 1993 Level ^ lZ?.9

(105,4-59.6) /.105 ,4 .= .ß454

AU54 *122.3 
= 53.2 KAF (Reduction in flows)

This volume of water, 53,2 KAR is the 2025 depletion effect on 1.993 level inflow
to Harlan County.

The OPSTUDY computer model uses input ftomz'Lnode basins above Harlan
County. These basins are listed below:

Arikaree River

South Fork Republican Above Bonny (inflows)

South Fork Republican Ri¡¡er at Benkleman

Republican River at Benkleman

Republican River a t Trenton (inflows)

Frenchman Crcek above Enders (inflows)

Frenchman Crcek at Palisade

Stinking WaterCreek at Palisade

Frenchman C¡eek at Culbertson

Driftwood Creek

Blackwood Creek

Republican Rive¡ at McCook

Red Willow Creek above Hugh Butler (inflows)

KS001513



Attochment B

Red Willow Creek atRed Willow

Medicine Crcek above Harry Strunk (inflows)

Republican River at Cambridge

Beaver Creek nr Beaver City

Sappe Creek near Stamford

Prairie Dog Creek above Norton (inflows)

Prairie Dog Creek at Woodruff

Republican River at Harlan County

Two methods were formulated in an attempt to dishibute the depleted inflows at
Harlan County throughout the node basins. Those methods were to use the
drainage area directly contributing torunoff method and the average annual
node basin flow method-

Drdinage Area Dlrecîly Confulbuting to Runotf Method

The drainage areas dirccdy contributing to runoffvalues were taken from the
USGS Water Supply Papers. Using these values for each of the node basins
above Harlan County, a percent distribution was calculated. These values were
multiplied by the total2020level depletio& 53.2 KAF. These numbers would be
the node basins contribution to total 2020 level deplètion at Harlan County.
Upon reviewing the results, it was deterrrined that this method was unac-
ceptable. Since some of the greatest portions of the distribution was in the
Beaver and Sappa Creek drainage, and these are prcsently water short node
basins, it would not be realistic to believe that additional development would
take place in these node basins. Therefore, it was deterrrined that this method
was unacceptable.

Average Annual FIow ln the Node Eosins

The average annual flows from the 1993 study were used to determine a
distribution. The rationale was to identify those basins where water was still
"avatlable" and target those as areas where potential development may occur.
Likewise, in areas where water shorüages occur, then it would be unrmlistic for
additional development to occur. In our opinion, this method provided an
acceptable distribution of the flows throughout the basin.

The 1993 level of flows for each node basin were then modified to reflect the
add,itional depletions that we¡e calculated from the distribution.

Please review the attached table for further explanation.

KS001514



Attochment B

Dralnaoe

Directly Dlroctly

contribute cnntrlbule

to runoff to runotf

rmÊt P/"\

AdJustment

lo 1993 level

lot 2025

flows

ßAF)

Average

annual

flow
(KAFì

Psrcent

ol

tolal

Adiuslm€nt

to 1993

lovêl for

2025 llows

IKAF}

Arlkaree

SF @ Bonny (inflows)

SF @ Benkleman

RFI at Benkleman

RR at Tronlon

Frenchman @ Enders (inflow)

Frenchman @ Pallsade

Stlnk¡ng Water Creek

Frsnchman @ Culberlson

Drlftwood Creek

Blaclo;vood Creek

RB @ Mccook

Hêd Wllow at HB (inflow)

Fled Willow @ Red Wllow

Medlcino @ HS (lnllows)

RR @ Cambrldgo

Beaver Creek

Sappa Creek al Slamlord

Pralrie Dog @ Norton (lnllows)

Praide Dog Creek

FIB at Harlan County

Totel above HC

't,o20

'| ,825

365

220

510

859

2s1

380

100

351

270

69

194

211

530

625

1,760

1,610

590

417

1.g73

7.54

13.49

2.70

1.63

g:77

6.35

1.86

2.81

o.74

2.59

2.OO

0.51

1.43

1.56

3.92

4.62

13.01

11.90

4.36

3.08

10.15

4.011

7.176

1.435

0.865

2.005

3.378

0,987

1.494

0.393

1.380

1.æ2

0.271

0.763

0.830

2.O84

2.458

6-920

6.331

2.320

1.640

5 3!l9

7.3

17,9

6.6

25.3

12.9

22.9

15,3

20.4

8.0

6,3

3.1

1't.5

17.4

2.1

3s.2

5.4

7.4

0.0

5.0

o.7

39.0

2.70

6.63

2.44

9.37

4:78

8.48

5.66

7.55

2.96

233

'1.1 5

426

6.44

o.78

13.03

2.o0

2.89

0.00

1.85

0.26

14-44

1.438'

3.526

1.300

4.983

2.541

4.510

3.014

4.018

1.576

1.241

0.611

2265

3.427

o.414

6.933

f -064

1.536

0.000

0.985

0.138

7.682

13.5írO 53.2 270.1 53.2

Use our T993 level lnllows to Hadan Countf-122.3 KAF

Year 2020 to Harlan County would be (105,4 - 59.6) = 45.8 KAF

Total deplotlon v$ould be 539 I(AF ((1064 - 59,6y105.4\ x122,3RAF, Thls would be the amount sublracted lrom

each cf th€ nods baslns based upon thek dralnags ârea.
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Ground-lfater Resourse l{anagemeDt AssessrBent,
Republican River Easin ltater Supply Etudy,

Nebraska, Xansas, and Colorado

July 199s

Bureau of Reclamatio¡
Great Plaj.ns Region

This report is a supplement for the Republican River Basin
Resource Ìlanagernent Assessment being prepared-for. the }ong-term
contract negotiations for Bureau of RecLamation irrlgation
facilities in the basin. This report is only a general
assessment of the groundq¡ater conditions in the basin. Much of
the data was taken from the ground-t¡ater appendices from
Recl-anation's L985 water management study of the Republican River
BasÍn (Reclarnatlon, L984).

llopographv and Dr.ainage

The western half of the study area lies within the High Plains
Sectj-on of the Great Plains Þtrysiographic province (Fãnneman,
L931) which is characterized by flat to gently rolling p.lains
wÍth nrild dissection by the major streams. East of that area
down to about CIay Center, the study area is located wÍthin the
Prains Border section. I{ithin this section, díssection of the
plains becomes more pronounced with steeper va1ley wa1ls.

The land surface of the basin slopes in an easterly direction
from an elevation of 5650 feet near the Àrikaree River treadwaters
to 115O feet near Mil-ford Dam. Topographic Eradient averagfes
14.5 feet per mile fron the western edge of the basin to Harlan
County Darn, and then averages 5.2 feet per mile from Har1an
County Dam to Milford Da¡n.

The strea¡ns within the basin exhibit a dendritic drainage pattern
characterized by irregular branching of drainage. This i,nplies
that the underlying strata are relatively flat and that there is
a lack of geologic structural- contrcjls such a folds and faults.
À rnajor physiographic feature in the study area is the sand niffs
Iocated in the North Fork Republican subbasin, and in the upper
reaches of the Frenchman, Red l{iJ-Iow, and Medicine Creek
drainage. The sand hilLs are sand dunes ttrat have been
stabilized by a cover of grass. LocaL relief between dune
troughs and crests range from 5O to 15O feet.. There is a lack of
continuous surface drainage in the sand hills area since surface
runoff infiltrates easil-y into the sandy soil.
trydroqeolocrv

see figUres 1 and 2 for the gåneratized near-surface geology of
the Republican River Basin. The for¡nations that comprise the
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major-- near-surface aquifers a¡e Quaternary alluvium and teracedeposits adjacent to the rnajor streams, gùaternary eorian
depo'sits in the northwestern portion oi ttte basinl the ogallala
FormatÍon of Pliocene age whièh occurs mainly aboüe Harlán county
Dam, and the Pleistocene Grand fsland For¡ratLon and CretaceousDakota Formation located to the east from Harlan county Dam.

The alluvl-um and terrace deposits are g.eneralty comprised of,unconsoridated clay, sirt, sand, and gíavel, 
"ia yiãrd small tolarge quantities of ¡¡ater, The eoliañ sand'deposits-iouna in thenorthwest sections of the Republican River drainage play animportant rote.in th9 aquifei since rheir hith;eñ"åuiiiivallows for rapid recharge to the underlyíng óg.iiai. Fonnation.

The ogallala For¡nation consists of unconsoridated toseniiconsolidated discontinuous interbedded rens"" "i graver,
sandr -silt, and clay. The ogallala can.yield snarl tá-largeguantities of water and is tñe rnajor aquiter in iñã rtuay ãreadue to its large areal extent

The Grand rsland Formation is a major source of irrigation waterin northeastern Jewerl and northweãtern Republic "o,rñii"r- rtconsi.sts prirnarily-or coarse sand and nediùm to ""ai"À-gravelinterbedded with éifty clay.
The Dalcota Formation.i= ? principal aquifer in the vicinity ofcloud and clay counties in-KansaË. r€ is c"rnprisãa rnãinry orclay-interspelsed with rentiðurãr ¡eãs ãi 

".rã=tone and yieldssnall to large quantities of water.
The base (or tbedrockr) for the near surface aguifer system wêstof Harlan county Dam is comprised of the relatively irnåennea¡tecretaceous Píerre shale and Niobrara Fornration, ""â irrã reriiãiywhite River croup. East of Harlan county Reseivoir, the base ofthe aquifer.system is defined by the creLaceous pieire shale andNiobrara Formation, and the peri¡ian weitington and chase croup.The Pierre shale consists of a fissire naríne snãre----rrreNiobrara l-s conprised of chalk, charky shale, and has bentonitebeds interspersed throughout the formâtlon. The I{hite RiverGroup is cornprised of ctay, claystone, silt, siltstone, andsandstone. The wellington is cãnprisäa rnainty ot snãiå withdiscontinuous beds of øvrgm and Limestone. The chase croupconsists of alternating-lirnestones and shales.
g@=Water fevefs anO We

Groundwater within the basin generally flows in an easterlydirection with convergence towsrds- thä Republi-"" ni"ãi. Basedon water level measurements lurjng the peiioa or Lg76 throughL978' the average gradì-ent of the vater table above Harlan óãuntyReservoir is L7.z feet per rnile white below, the averàge graaiãniin Nebraska is to.g feet per rnile.
rrigation ¡¡elIs are main consumers of groundwater within the.
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basin, with relatively smaller amounts used for municipal,
industrial, domestic, and stock watering purposes. Figure r
shows the approximate annual number of registered irrigation,
munÍcipal-, and industrial wells within tZ niles of a perenniaJ.
stream withÍn the study area [annual delineation was based on
water right datel. I{ith the advent of center pivots, the
Ínstallation of wells proceeded at a high rate during the later
1960ts and 197o's.

Following is a list by subbasin of the estimated number of
registered irrígatíon, municipal, and industrial welrs within 12
miles of a perennial stream based on recent data received frorn
the states.' Thís study did not attempt to delineate which
aquifers the sells were cornpleted ín and to what degree the we.lls-
are hydraulically connected to nearby streams.

tNe,braska provided registered well data in 1995; Colorado
previously provided data in 1992 but, would not provide updated
data; Kansas previousry provided data in 1992 for the portíons of
the Republican River Basin above Har1an County Reservoir but
would not provide updated data; Kansas would not províde updated
data for the Republícan River Basin below Har1an County
Reservoir, therefore used data current as of J978 from
Reclamationts 1985 water management study"

Nunùer of Reglstered Large Product¡on Wel ls rv¡th¡n
12 nllee of a strêðm ln Republlcàn R'lver Bas¡n tbovê l.brdy, llF,'

., rril il tlllll
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Subbasin lstudv fD {)
S. Fork Republican above Bonny Res.
s. Fork Republican below Bonny Res.
N. Fork Republican above Benkelman
Frenchman Ck. above Enders Res.
Frenchman below Enders to palisade
Stinking Water Creek
Frenchman from palisade to Rep. R.
Blackwood Creek
Republican below Trenton to McCook
Driftwood Creek
Red'Willow Ck. above Hugh Butler
Red t{illow Ck. below Hugh Butl_er.
Republican fron l,tcCook to Cambridge
Medj-cine Ck. above Harry Strunk Lk.
Beaver and Sappa Creeks
Prairie Dog above Keith SebelÍus
Prairie Dog below Keith Sebelius
Republican from Carnbridge to Harlan
Republican below Harl_an to CuLde Rk
Republican from Guide Rock to Hardy
White Rock Creek
RepublÍcan fro¡n Hardy to Milförd
Arikaree RÍver
Republ-ican fro¡n Benket¡nan to Trenton

No. of Ïells
(1)
(21
( 3)
(4)
(s)
(6)
( 7'l
(8)
( s)
(r.o)
(r1)-
(L2l
(13 )
(14 )
(15)
(16)
(t7l
(18 )
(le )
(20)
(21)
(22+2
(241
(2s)

409
479
948

1540
93

696.
188
146
391

32
319

B4
558
449

t4]-4
57

32]-
L277
]-422

r-43
26

759
259
236

3)

Total = L2,246
WeLl.deveJ-opment has'resutted in some areas of the aquifers beingheavÍly deveroped and the withdrawaLs for irrigation'rrãv"
exceeded the ability of the aquifer to repleniÃh itserf frornnatural recharge sources. In those areasl signÍficant declinesin ground-watei levels have ocôurred. Areas witnin Nebraska thathave experÍenced the rnost declines are located in the Frenchmancreek basin where the-ogallara is the predourinant aquifer.Ground-water levels within this area hãve dectined üp to 30 feetor more (steele and,wigrey, 1994). rn cororado¡ the greatestground-water level declines have occurred in thá sand-hills areai-n the up.per Frenchman ck. and North Fork Repubrican diainagewhere, since the rnid J-960's, declines of up to ¿s to so feet haveoccurred (cororado Division of water Resources, 1995). $lithinthe Kansas portions of the Repubrican basin, the greätest waterlever dec]-ines sínce pre-developrnent have oscurred at the
upstream ends of the prairie Dog ck., Beaver ck., and sappa ck.drainage (I{oods, et aI, lgg4l. rn those areas, åeclines-or up to25 to 5o feet have occurred and this relates to a reduction o? upto_25 percerit of the aqui-ferst pre-development saturatedthickness. Hydrographs of wells publisheä by the states indicatethat in some areas water levels will continuè to declÍne while inother areas they may have stabilized.
Aqr¡if er-stream Int,eract,ion
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l'lhat appears to be associated with the declining ground-water
Levels has been the decline ih streamflow in many streams- Many
of the streams in the basin receive a port,ion of their flow from
the aquifers. As ground-v¡ater leve1s áecì-ine, then the hydraulic
gradients towards the strea¡ns are reduced and aguifer-to-stream
discharge is äIso reduced. In some instances, nearby pumping
wells can lower the water table to the point v¡here the hydraulic
gradient to the stream is reversed to a stream-to-aguifer
condition. I{ater fron the streams is then induced to flow'
through tl¡e river-bed into the aquifers. The lowering of the
water table has resulted in several of the strea¡ns withín the
basin having the point where the¡r become perennial (ie. r¡here
they flow continuously year round) move geveral miles downstream
over the historic period

A good example showing the probable eonnection between a
declining water table and its effects on streamflow would be
E"renchman Creek above Enders Reservoir. A majority of the flow
in Frenchman Ck. is derived frorn the adjacent atluvial and
ogallala aquifer system. The drainage basin for the Frenchman is
Iocated in the sand hills area where the high permeability of the
upper soil zones a1lows for high infiltration to underlying
aquÍfers and there is a corresponding reduction in direct runoff
to the streams. As previously stated, this area has shown
appreciable water-tabLe declines. Figure I is a hydrograph of
the water levels frorn a recorder well near Imperial, NE. It
provides an example of the tenporal- changes that have occurred to
the water table Ín areas near Frenchman Creek since pre-
developrnent periods. Figttre 5 is a plot of the annual total flow
and calculated baseflow- for Frenchman Ck. using discharge
measured at the USGS streamflow gaugíng statlon near Imperial,
NE- The plot sh'ows a definitive downward tre.nd in flow in the
river since preîdeveloprnent period. The average baseflow for
L942 to l-951- was 441360 acre-feet while the average for 1984 to
1993 was L6,740 acre-feet. Historically, the upstream poÍnt
where Frenchman Ck. s¡as believed to have a perennial flow was
Iocated several ¡nil-es west of the Nebraska-Colorado state líne.
Now the point of tperenniatityt appears to be several ¡niles to
the east of tt¡e state line.

' 8.". ftow was calcutated using a program called BFI2.
This program utilizes daily streamflov¡ di,scharge data t,o
determine turning points in data to separate baseflor.¡ from total
runoff.
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l'íg'ures 6 to 19 are plots of accu¡nulated annual baseflow for
selected stream nodes in the basin. À change in the slope of the
plot line indicates a change in the baseflow regime. Às can be
seen ¡nost of the seÌected stream nodes show some sort of a
decline in baseflow, although there are severa] that show no
change or a increase in flows. Those showing an increase during
their period of record is probably due to return flows from
irrigation and/or seepage past dams.

Blackwood and Drif'twood Creeks both showed a signifÍcant increase
in baseflow since pre-development, however at Blackwood,
indications are that recent annua] baseflow gains may be
declining back to a pre-development rate. The apparent increase
for Driftwood Ck. may be due to several causes. The measured
flow in Driftwood includes the effects of return flows from the
Meeker-Driftwood CanaÌ which began delÍveries in L957. AIso, the
gauge has been moved several tirnes beginning in 1962 to different
Iocations and this could result in a change in the apparent flow
regirne.

Baseflow for t{hite Rock Creek does not appear to be changing and
rnay be exhibiting a slight increase since L982. .The South Fork
Republican River near lda1ia, Co also appears to be not changing,
however, available streanfl-ow discharge data ends in 1971 and
present flows are not known. The rernainder of the sejlected
stream nodes exhibit some degree of a general decline in baseflor*'
over the period of flow records. For those selected nodes

KS001523



showing a decline, the following is a tabutation of the averagebaseflow during-the subject,iverf aetinea'pre-developnent, peiioaversus average flows for the l_ast 10 years of recordl and thepercent of decline in those average flows:

Average Ba.sef].ow
r42 t6'î - 42IOOO af|84 t93 = 1617O0.af

decline : 6Oå

Stream
Frenchman Ck. near Imperial

Stinking l{ater Ck. near palisade

Buffalo Ck. near Haigler

Arikaree River at Haigler

Landsman Ck.'near HaIe

Republican River near Benkelman

Red will-ow Ck. above Hugh Butler

Medicine Ck. above Harry Strunk

tAL - ,64 = 5IOOO aft84 - .t93 : 2r9OO af
decline = 422

,50 ,76 = 21ISOO,84 t93 : 16 rTOOdecline : 224

t33 t67 - 4rgOOî84 t93: 3,400
decline : 31å

,48 t75 = 42,6C0t84 t93 : 35r8O0
decline : 16*

'51 - t74=32r9OO
'84 '93 : 29,600

decline : 10?

af
af

af
af

'51 - t62 -- BOO af
| 67 t76 - 3OO af

decline : 63å

af
af

t6L - ,76 = 14r8OO df
'84 t93 = 11r9OO af

decline : 2Ot

af
af

Sappa Creek near Starnford t4B ,68 : 19r8OO af
84 t93 = 2r4OO af
decline : 88å

Prairie Dog Ck. above SebelÍus ,63 t76 = 1,600 af
84' - t93 : lr2OO af
decline : 2St

The states have recognized the decrining water tabres andstreamflows and have established groundlwater control- areas forthe regulation of ground-water usãge and quality in certaln areasof the basin- Nebraska has estabfished the uppär Republican
Groundwater control- Àrea to manage ground-watèr usagã in perkins,
chase, and Dundy counties. colorado has establisheã severalground-water management dístricts (cm'{D) within the Republicanbasin: Frenchnan GWltD, sand Hills cwl,rD, w-y c!{l,IDr. central yuna
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G$IMD, l{estern washlngton GWMD, Arikaree GIIMD, and plaÍns GfùuD,
Kansas has established the Northwest Kansas GWMD No. 4 which
covers portions of the Prairie Dog creek, Beaver creek, sappa
Creek., and South Fork RepubJ_ican basíns.

rn response to declining frows in the prairie Dog, sappa, and
Beaver creek basins, Kansas has closed those areas to new
appropriations for wells in the alluvial aquifers since L}B.A.within the Northwest Kansas c[{uD, appropriátions from theogallala aquifer nere linited to a "¡¡":yield criteria beginningin 199o. Thc! r-¡o¡¡er Republican .River and.-tríbutary alLuviãIaquifers were closed to new ground-water appropriãtions in 1992.

igrrre o

Accumulated Baseflow for Frenchman Ck, near lnperlal
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f'iøure 
z

Accumulated Baseflow for StlnklrB Wåter Ck. rìear fàllsade
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igrure a

Accunulated Bãsêf low for Buffato Ck_ near l-blgler
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Accumulated Baseflow for Arlkareê Rlver at Hatgler
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igrure tr
Accunulated Easef lôw for Lar¡dsran Ck. near l-ble
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Figure 12

Accumulated Baseflow for Republlcan R. near Benkelnran, NË.
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Accumulated Baseflow for Blackwood Ck, near Culbêrtson
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igrure 13

Accumulated Basef low for klftwood Ck, near l,,lccôok
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ígrure ts
Accmulated Baseflow fôr Red Vlll(sr. C*. âbove Hugh Butler Lãke
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igrure 16

Accumulated gaseflow for lredlcine O<. above lhrry Strurf<
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L7

Accunulated Baseflow for Sappa. Oreek near Stanford, NE
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igure 19

Accumulated Easef low for Whlte Rock Ct. near Bt¡-r Gk
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Future cround-Ivater Copditions

In some areas of the basin, ground-srater levels will continue to
decline as long.as welL pumpage continues to exceed the aquifer's
recharge rate. À recently developed gfround-water flow nodel of
the upper Republiean Natural Resources District in Nebraska
(Peckenpaugh, et ar, l-995) indicates that r.¡ater levels .in that
area could decline up to another 5O feet or more by the year
2030. The greatest. projected declines occurred in northwestern
chase County. Those projections $rere based on the assunption of
no additional welr development in that area beyond the L989
level.
Ànd with any further dcrcl-ines in water levels, it can be expected
that baseflow contributions from the adjacent aquÍfers v¡il-l- also
decrine. Future simurations by. peckenpaugh using the .giround-
water flow model indicate that the flow in Frenehman Creek above
Enders Reservoir v¡il} contÍnue to declíne, even with well
deve.lopnent maintained at present levels. His predistions shorred
that by 2030 the flow in F'renchman Ck. near fmperial could
decrine to approximately one-third of the 1989 frow rate. The
shape of the plot-line in Figure 6 seems to support that
conclusÍon since the slope of the curve is progressively flatter
as tirne progresses and there is no indication of a recent
stabilÍzation of the declines in baseflow.

Landsman Clc. near HaIe (Figure 11) also shows a progressÍvely
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declining basefton over its period of re,cord and would be
expected to continue to decline. However, there are no recent
flow'records for lrandsnan Ck. to confinn if flows in that creek
are continuing to decline or whether they stabilized. FIow
records for the South Fork Republican River above Bonny suggest
baseflow in that strean has not change significantlf over its
perios of record. À single-mass diagram of annual hl-storic
inflow to Bonny Reservoir (not shown) indicates that since L976,
there has not been a significant change in annual inflo¡,¡ to the
reservoir. This irnplies that the baseflow in Landsman Ck. and
South Fork Republican River has probably remained generally the
same during recent years and is expected not to change
significantly in the future.
The baseflow regime of the Republican River near Benkelman
(I'igrure 12) appears to have decl-ined around L975. The decline
appears to have stabilized since then and no additional decreases
in baseflow are anticipated in the future based on the present
Ievel of well development. The same situation is anticipated for
Red ï,fil-Iow ck. above Hugh Butler (Fig'ure 15), and Ìledicine Creek
above Harry Strunk (figure 16). The slope of the accumulated-
baseflow plot line for the past 10 years appears to be constant
and this is expected to continue into the future, barring any
significant additional well developrirent.

Since Lg6g, the annual baseflow in Sappa Creek (Figure 17) near
its confluence with thè Republican River appears to be not
changing and this is not expected to change in the future. The
Beaver and Sappa Creek basins have been closed to additional weII
development in the al-l-uvial- aquifers. The same situation also
appears to be occurring for Prairie Dog creek above Keith
Sebelius Reservoir (Fígnrre J.a) .

The baseflow frorn White Rock Ck. into Lovewell Reservoir (Figure
19) looks like ít should not experíence any sÍgnifÍcant changes
ln the future. The drainage area for l,lhite Rock has experienced
IittLe well developrnent due the lack of any signiticant aquifers
in that area.
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Figure 4
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Part Vl

Hydrology Assessment for the
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Hydrology Ass.essment for the Republican River Basin

Project Description

The Republican River is located along the Kansas-Republícan
border and drains parts of three States, Colorado, Kansas, and
Nebraska. The total drainage area is approximately 24,955 sguare
miles, of which 9,7L4 square miles are in Nebraska, 7,51-9 square
miles are in Kansas, and 7,722 square miles are in Colorado-

The river proper is formed by the junction of the Arikaree and
North Fork Republícan Rivers near Benklemen, Nebraska. From
Benklemen, the river flows in an easterly direction to ,Junction
City, Kansas, where it joins the Smoky Hill River to form the
Kansas River. The hratershed has an approximate length of 430
miles. The princípal tributaries dor¡¡nstream from the conf 1uence
of the Arikaree and North Fork Republican Rivers are South Fork
Republican and Frenchman, Blackwood, Driftwood, Red Wi11ow,
Medicine, Sappa, Prairie Dog, and lrJhite Rock Creeks-

Located within the draj-nagre basin are 9 major impoundments on
main-stem Republican River and major tributaries. a listing
these reservóirs,' the constructioå period and date of closure
shown on Tabl-e L below.

Tab1e 1
Republican River Dams and Reservoirs

the
of
aïe

Name

Bonny
Enders
Medicine Creek
Hugh Butl-er
Keith Sebelius
Trenton
Lovewel-1
Harlan County
Milford

River or Construction
Tributary Period Date of Closure

.ïu1y 6, l-950
OcL 23, 1950
Aug B, 1949
Sept 5, L96L
ifune, L964
May 4, l-953
,.Tune, ]-957
Dec 2, L952

South Fork
Frenchman
Medicine
Red Inlillow
Prairie Dog
Republican
vthite Rock
Republican
Republican

1948-1_951
1,947 -L95t
1,948-1,949
1-960-1-962
1-96L-t964
1949-1953
i-e55-1_957
1-950-1_9.52

Climate

The Republican River Basin has a subhumid to semiarid continental
climate. The variable weather is tlpical of the interior of a
large land mass in the temperate zone: light rainfall, 1ow
humidity, hot sunìmers, and cold winters. Rapid weather changes
are causes by invasions of larger masses of warm, moist air from
the Gulf of Mexico; hot, dry air from the southwest,- coo1, dry
air from the Pacific Ocean; and cold, drry air from Canada.
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There is a large variation iri precipÍ-tation frorn year-to-year and
station-to-station within the basín (Tabl.e 2 ) . The mean annual
precipitation varies from nearl-y 18 inches in the vùestern part of
the basin to 30 inches in the eastern portion. The majority of
the annual precipitation fa11s during the growing season April-
through September. A summary of average and extreme temperature
readÍngs for representative climatological stations are shov¡n in
Table 3.

Station

Wray, Co

McCook, NE

A1ma, NE

Red Cloud, NE

Clay Center, KS 29.98

lDab].e 2
Precipitation Summary for

Representative Climatologíca1 Stations

L929-L993 Maximum MÍnimum
Mean Annual ennual Annual

fnches Inches nches

47.76 30.36 7.2?

- 20.52 38.26 9.69

22.54 45.77 1L.73

24 .65 .40 .42 !L.94

Station

Wray, CO

McCook, NE

Alma, NE

Red Cloud, NE

Clay Center, KS

L929-L993
Mean Arurual
Temperature

5L.2

52.3

52.8

52.6

55.5

53 .86

Maximum
Mean

Monthly
Temperature

81. B

84 .6

86. B

87 .6

13.88

Minimum
Mean

Monthly
Temperature

10 .8

13.3

10. L

10. 0

Table 3
Ternperature Summary for

Representative Climatological Stations

89.6 L3.2
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Proiect uaÈion

For the purposes of this assessment concerning the climatology
and the surface water records, the evaluation will be broken into
three separate sections; the pre-development period, 1929 to 1-950
period, the post development period, the 1-950 through L993
períod, and a prediction of impacts to the water supply in the
future based upon projections.

The clÍmate dat,a summaries are divided into three specific areas,
one including the western portion of the drainage basin and those
respective stations including Vùray, Colorado and McCook,
Nebraska; the middle portion of the basin and those respective
stations, including McCook, Alma,, Franklin and Red Cloud,
Nebraska; and the eastern portion of the basin and the associated
station representing those areas, including Red cloud, Nebraska
and Clay Center, Kansas.

streamgaging stat,ions are located at many sites throughout the
tributaries and the main-stem of the river. However, many of Lhe
streamgaging stat,ions lack long teïIn records. pre-development
records (L929 - l-950) are minimal and locat.ed only aL a febr
selected sites, thus leading to the difficulty in developÍng
baseline data f or comparison puryoses. A listing of available
streamflow data is displayed in Table 4.

.A.rea I

Pr€-DeveloBmenÈ period. 1929 through 1950

Climat,e

Western Portion of the Basin

Precipitation

The precipitation records for the 1929 through l-950 period do not
differ drastically from the long term average of the l-950 through
1-993 period of record. Table 4 displays the average monthly
total precipitation for Area I.

Except for isolated thunderstorms whích can produce short-term
high intensity rainfa11, the overall averages indicate no major
variation in the precipitation pat,terns in Area r month-by-month
and/or annually.

Temperature

Average temperatures across this portion of the basin for the
L929 through 1950 períod were slightly lower than normal, but not
sufficient,ly significant to modify changes in growing pattern for
Area I. See Table 7 for a comparison of the averages.
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Àrea II. - MÍddle Portion of the Basin

The precipitation records for the t929 through L950 period do notdiffer drastically from the long-term averagã of the j-950 t,hrough
1993 period of record. Table 5 d.isplays thé average monthly
total precipitation for Area II.
Except for isolated thunderstorms which can produce short-termhisþ intensity rainfall, the overall averages indicate no majorvariation in the precipitation patterns in Area II month by ñronthand/or annually.

Temperatures

Average temperatures across this portíon of the basin for thet929 through L950 period were sliqhtly higher than the long-term
averagfe, but not significant enough to modify the growingpatterns ín the area. see Tabre I for a comparisoñ of tñe
averages.

Area TII - Eastern portÍon of the Basln

The precipitation records for the 1929 Lhrough L950 period do notdiffer drastically from the long-term average of the i-950 through
1993 period of record. Table 6 displays Lhã averaqie monthlytotal precipitation for Area III.
Except for isolated, thund.erstorms which can produce shorÈ-termhigþ iltensíty rainfall, the overall aver.g"ã ind.icate no majorvariati-on in the precipitation paÈterns in Àrea rrr month by
month and/or annuaIly.

Temperatures

Àverage temperatures across this portion of the basin for the
L929 through L950 period were sIíghtIy higher than the long-termaverage, but not significant enough to modify the growingpatterns in the area. see Table 9 for a comþarisoñ of the
averages

Streamflow

Streamflow records throughout the Republican River drainage basinfor the pre-development period are sporadic, with most of Èherecords beginning in the mid- Lo late 1930,s. Tt¡ese record.s havenot been influenced by reservoir operations, although the record,s
may have been reduced by streamflow diversion for iirigation.Listed below are the records which are recorded in the u.s.Geological survey hlat.er Resources annual water supply papers.
The year listed after the gage represents the first year- in whichrecords were recorded.
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Gaqinq Stations Date

Arikaree Creek near Haigler, NE 7932
North Fork Republican River at CO-NE Stateline 1"929
South Fork Republicar¡ River at Benklemen, NE l-938
Republican River at Max, NE 1930
Frenchman Creek at Imperial, NE 1,94I
Frenchman Creek nr Ham1et, NE 193L
Frenchman Creek at Culbertson, NE l-935
Republican River at Culbertson, NE 1935
Republican River at Bloomington, NE 1,929
Red Willow Creek nr Red wiIlow, NE L940
Medicine Creek at Cambridge, NE j,937
Sappa Creek nr Beaver City, NE j_939
Prairie Dog Creek nr Woodruff , KS 1,945
ltlhite Rock Creek at Lovewell, KS 1946

An analysis of these flows for the pre-development flows indicate
a variety of streamflow patterns associated with plains-t1pe
runoff highly influenced by spring and summer rainfarl events,In the majoríty of these locations, peak runoff periods occurredduring the months of May, ,June, and ,JuIy. Most Ëtations dísplaya substantial- base f low duríng the f al-I and winter monttrs. f t is
e>çected. that the surface \¡¡ater, ground water intertie is
responsible for the sustained base flow during these months.

Presq¡È Developrnent Period
1950 through 1993

The period 1950 through l-993 displays the effects of all
reservoir, canal systems, and irrigation districts development
within the Republj-can River Basin. As shown in Table l-, most ofthe reservoirs in the drainage were constructed between l-948 and.L964. The development of these systems has changed the fl-owpatterns in the Republican Rj.ver due to the irrigation releases,
the capturing of flood flows, and the coordination of reservoir
operations with the u-s. Army corps of Engineers during periods
of hiqh runoff.

Cl-imate

The precipitation and temperature patterns throughout the basin
have not changed signifícantry during the last 40 years. withthe exception of the drought cycles, averagie annual precipitation
and temperature Ìrave not changed during t'he present period of
development as compared to the long-term and pre-deveropment
periods. rn l-993, following several years of sustained drought
in the area, record raínfall in ,July and .Augrust produced near
record inflows to fiLl many of the basin reservoirs to record
Ieve1s. These sudden shifts in the weather patterns are not
unusual in the RepubLican River Basin, and ean have significant
effects on water availability throughout the area.
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srreamrlows in rhe rive' "':t::Ï:ï:row rhe reservoirs have
been influenced by reservoir operations. lraditionally, runoff
i-s captured durj-ng the non-irigation season in an effort to
refill the reservoir to the top of the active conservatj.on
storage pool. Once the irigation season begins, releases are
made in accordance $rith the need of tt¡e downstream irrigators.
These releases'are coordinated between the irrígatíon districts
and Reclamation's McCook Fiel-d Offíce. Peak releases are
generally made during July and August when precipitat.ion is 1ow
and irrigatÍon demands are high due to crop needs. In an effort
to conserve storage, it became the praclice to minimize releases
during the non-irrigatíon season. For the most part, reservoir
releases were eliminated during this period

Since the late 1960's, groundwater development in the Republican
River Basin has increased. The drilling of wel1s and the use of
groundwat,er has had an adverse effect on the available flow in
the rivers above the reservoirs. Because of this development,
inflows to Reclamat.ion reservoírs have steadily decreased,
influencing the abilÍty to capture non-írrigation streamflows at
all reseryoj-rs within the system. In addiÈíon, climatologrical
factors, drought, and hearn¿ rainfall have affected reservoir
operations and the available h¡ater supply to the districts. For
the most part, the irrigation distrícts have e>q>erienced a
reduced water supply.

llater supplies in the tributaries and at streamflow locatíons
upsLre¿Lm of the reservoirs have also shown a decline in the
available water supply over the years. This trend can be
assocíated with the increases in diversion due to irrigation,
groundwater pumping, conservation practices, and stock ponds
developed in the basin.

The combination of increased water usage has led to the decline
in the available $ratser supply in the Republican River and its
tributary streams.

Ft¡ture CondiÈio¡s

Streamflows

It is anticipated that the base flow of main-stem and tributary
streamflows will continue to decrease throughout the years,
especially if groundwater development is continued.
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Table 4

Averase nontrrrrli:1å prec ipitarion
in Inches

Month L929-t993
Average
Inches

1929-19s0
Average
Inches

l_950-1_97 0
.Average
Inches

t97 0-L994
.Average
Inches

,fanuary 0.46 0 .45 0.33 0. s6
February 0.s0 0 .49 0.45 0 .54

March 1.Ls t.t2 0 .89 1.38
April 1,.92 2.LL L.45 2.00

May 3.L8 3.L3 3.r.0 3.27
ilune 3 .00 3 .0s 3.01 2.87
,Tu1y 2.96 2.92 3 .1_4 2.96

Àugrust - 2.31 2.34 2 .40 2.L9
September 1.48 1.60 l_.60 7.20
Oetober L. 04 1.11 1.02 0.95

November 0 .71 0.68 0.47 0.92
December 0.45 0 .46 0 .41 a .44
Average t9:71 19.46 1_8.25 L9.28
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Table 5
Area II

Average Monthly Total Precipitat,ion
ín Inches

Month L929-L993
Average
Tnches

1929-t950
Average!
fnches

195 0-197 0
Average
Inches

L97 0-7994
Àverage
Inches

.Tanuary 0 .47 0 .49 0.41- 0.48
February 0.62 0. 6L 0.72 0.53

March L .40 L.L4 l-. r-3 1.94
April 2.L4 2.30 L.7 6 2.20

May 3 .45 3 .07 3.61 3 .86
,fune 3 .53 3 .44 3 .88 3.24
July 3 .08 2.73 3 .59 3 .19

^August 2.75 2 -52 2.70 3.06
September 2.20 2 .04 2.59 2.L5
October L.35 1,.31 1,.28 1-. 43

November 0 .88 0 .82 0.60 L.J"7

December 0 .53 0.50 0.48 0.56
Average 22.39 20.94 22.75 23.80
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Table 6
Area ïII

Averagre Monthly Total Precipitation
in Inches

Month L929-4993
Average
Inches

t929-19s0
Average
Inches

19s0 -]-970
Average
Inches

t97 0-L994
Àverage
Inches

tïanuary 0 .6s 0.69 0 .53 0.66
February 0.83 0 .91 0.90 0.65

March r.79 L.48 1.46 2.39
Aprí1 2.38 2.49 2.1,9 2 -37

May 3 .91_ 3 .39 4.24 4.46
June 4.00 4.02 4, s0 3 .5L
,luly 3.35 2.8r 3.72 3 .53

August 3 .14 3 .17 3 .1_8 3. 04

September 2.95 2 -6]' 3 .43 3.04
October 1.82 1.7 0 r.77 2.0r

November L.2I 3-.21- 0 .89 1-.46

December 0.70 0.70 0,68 0.83
Average 26.'19 25.L9 27 .50 27 .94
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, Table 7
Average Monthly Temperatures

in Degrees Fahrenheit
Area I

L970-r994
Average
Degrees

L929-L993
.âverage
Degrees

L929-t950
Average
Degrees

r_950-197 0
Average
Degrees

Month

28.2 26.6.fanuary 27.5 27 .5

33 .3 32.5February 32.5 32.2
38.3 40.4March 39 -6 39.6
s]_. 0 50 .4April 50 .7 50 .5

61_.5 59.9May 60 .3 59.8
'1L.2 70.4r.Tune 70.3 69.7

't7 .o 76.8 7 6.2.July :7 6.7
74.5 75.0 74.LAug.r-tst 74.5

64.965 -2 65.4Septernber 6s.2
52.5s3 .4 53.5 54 -4October
3?.838.9 39. r- 39.8November

29.7De'cember 30.2 30.1_ 3L.2
5r_.351_.6 52.2Averag,e 5L.7
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' Table B
Average Monthl-y Temperatures

in Degrees FahrenheiÈ
Àrea II

Month L929-L993
Average
Degrees

1929-L9s0
Average
Degrrees

l_950-L970
Average
Degrees

1,97 0-1-994
Average
Degrees

r-Tanuary 25.7 26.6 25.7 24.2
February 31.0 3l_. 6 32.0 29.5

Marctr 39.6 40.7 38.3 39.1
April 5l_.9 52 .4 s2.7 5r-. 0

May 61.8 61-.9 62.8 60.8
,June 7]-.8 72 -2 72.0 77.7
.Tu1y 77.9 -t8.9 77 .8 76.7

Augrust 75.9 76.9 76.2 74.3
September 66.4 67 -5 66 .4 64.8
OcÈober 54.5 s5 .4 5s.8 52.0

November 39.0 39.8 39.8 37 .2
December 29.0 29.9 29.7 27 -4
Average 52 .8 52.8 52 .4 50 .7
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' lrable 9
Average Monthly Temperatures

in Degrees Fahrenheit
.â,rea IIf

Month 1929-L993
Average
Degrees

1929-19s0
Average
Degrees

1950-1_970
Average
Degrees

L91 0-t994
Average
Degrees

.ïanuary 26.6 27 .6 26 .0 2s .6
February 31 .9 32..8 32.L 3l_.0

March 4L.5 42.2 39. B 42.0
April 54.0 s4.3 s3 .6 53.7

May 63 .6 63 .4 64.5 63 .3
June 73.4 73.9 'Ì2.9 73.2
,:u1y 79.0 79 .8 77.8 78.7

August 77 .5 78.3 77 .4 76.4
September 68.4 69 .6 67.7 67.2
oct,ober 56 .4 57 .5 56 -7 54 .8

November 40.9 4L.s 40.9 39.8
December 30.5 31.2 30 .4 29.9
Average s3 .6 54.3 s6.3 53 .0
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Afiqchmenl C-Coordinstlon

Port I MOU Between the Bureou of
Reclomotion ond the Cooperoting
Agencies

Part Il Corps of Englneers Letter to
Buresu of Reclqmotion
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Port I

MOU Between the Bureou of
Reclomotion ond the Cooperotlng
Agencies
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ocÏ 5 0 t995

MEI'|ORANDUÌ4 OF AGREEMEIfI'

BETl.lEEN

U.S. BUREAIJ OI RECLAHATION

AND THE

U.S. FISH AND I,¡ILDLIFE SERVICE
ENVIRONMENTAL PROTECTION AGENCY

NATURAL RESOURCES CONSERVATION SERVTCE
NEBRASKA GAl,lE AND PARKS C$,I}4ISSION

IGI,ISAS DEPARTHENT OF I,IILDLIFE AI.ID PARKS
NEBRASKA NATURAL RESOURCE COl'll'lISSION

NEBRASKA' DEPARTi.IENT OF }IATER RESOTJRCES
IGI'¡SAS DIVISION OF I.IATER RESOURCES

IGT.ISAS.BOS]-I,JICK IRRIGATION DiSTRICT iio. 2. ALMENA IRRIGATION DISTRICT No. 5
FRENCHI'{AN -VALLEY IRRIGATION DISTRICT

FRENCHHA¡¡ - CAMBRI DcE I RRIG/{TION DISTRICT
BOSTI^IICK IRRIGATION DISTRICT IN NEBRASKA

I. Backqround

hlater service contracts with the Frenchman-Cambridge Irrigation District. Frenchman-
Va'lle:'' Irrigatìon Dìstrict, Bostwick Irrigation Dìõtrict in Nebraska. and Kansas
Bostwi:k Irrigatìon District No. 2 will eio'ire ìn 1996 and L997. The contract fon
the Alrena Imigation District No. 5 wìll 'expire ìn 2007. The United States
proposes to renerv water de]ivery contracts ih accordance with current pol'icy and law
while_:xami¡ing and attempt'ing to balance contemporary surface water u'ses within the
Repubì:can River.Basin g'iving full consìderatìon'to ex¡sting constraints.

The cc',tract renewal process wìll yield three products:

1. Resource Management Assessment (Rl4A) - Th'is document wi I I 'ident'ify water-related
resour:es ìn the Republìcan Rìver Basìn. document their historic and ex'isting
condir:ons, and ìdent'ify trends or predìct future conditions. propose goals and
objecr:ves for managìng these resouices. and provide a framework for development of
alLet',::'uives for a comprehensive environment,a'1.'impact statement (EIS)

2. Er.rironmental Impact Statenent (EIS) - The requirements of the National
Envircrmental Policy Act (NEPA) must be fulfìlled prior to executìng water servìce
contr¿:ts. The EIS wiì1 provide a full discussion of sìgnificant envìrcnmental
irnpac:-r assoc'iated with the proposed alternative to renew water servìce contracts.
In adc'tjon. reasonable alternatives which would avoid or min'imize adverse'impacts
or enl'¿nce the quaììty of the human environment w'ill also be analyzed.

3. W¿--er Servìce Contracts - The water service contracts in the Republican R'iver
Basìn."ìll allow for the contìnued delivery of project water to irrjgable lands ìn
Kansas and Nebraska consistent with Reclamatjon poìicìes as a water resources
managerent agency
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II. PURPOSE

This Memorandun of Agreement (l'l0A) defjnes the specific tasks for Rec'lamat'ion and

the above ljsted ageñcies for fulfilììng the coopenating agency statutoly___
obligat'ions under Õouncìl on Environmental Quaìity (CEQ) règulátions (40 CFR

1501:6). The l{0A ìs between the U.S. Bureau of Reclamation and the U.S. Fish and
tllldlìfe Senvice, Environmental Protection Agency, Natural Resounces Conservatìon
Service. Nebraska Game and Parks Corunission,-Kanias Department of Wildlife and
Parks. Nebraska Natura'l Resource Corrnission, Nebraska Department of l.Jaten Resources.
Kansas Division of Water Resources. Kansas-Bostw'ick Irribation District. Almena
Irrìgation District, Frenchman-Val ley Irrigation'D'istrici,, Frenchman-Cambridge
Irrigatìon Dìstnict, and the Bostwick lrriÚation District in Nebraska (hereafter
nefeired to ds "cooperatìng agencies). As-the lead agency. the U.S.Bureau of
Reclamation (Reclamation) has-the responsib'ility to mãnagê the contract renewdl
process, assure that the environmentai issues rêlating tó the renewal of water
lervice contracts are ident'ified, and environmental cfupliance with NEPA and other
environmental laws are addressed. The coopérating agenbies listed are also involveci
j n management and/or envi ronmenta ì comp'l 'iance responsi bi'ì'iti es .

III. PROVISIONS

A. Buneau of Reclamation:

Jill Manrìng is designated as the prìmary contact. Dennis Al'lacher js thê alternate
contact. to-obtain iñformat'ion on the stãtus of the Rf{A and EIS. Reclamation's role
and responsi bi I 'it'ies i ncl ude:

1. Providing the cooperat'ing agencies coples of the documents related to the
preparat'ion of the RMA that have been deveìoped to date.

2. Prov'iding advanced notification to the cooperatìng ag
times of meetings concerning project p'lanning, and prov'id
meet'ing.

3. Provid'ing cooperating agencies the opportunity to rev'iew the methodoìogy for
developing inflows for hydrologìc modellng of the Republ'ican R'iver Bas'in,

4. Providing the cooperatìng agencies the opportunìty to deve'lop manag
scenario objectìves ío¡ t,ire Ri''iA:and develcp oìternat'i.ves fcr considerat
development of the EIS.

5. Prov'id'ing the cooperat'ing agencies the opportun'ity to revìew and comment on
administrative draft¡ of the RMA and tlS.

6. Providing the cooperatìng agencies the opportunity to review and counment on the
data from the aquatic and riparian studies.

B. Cooperat'ing Agencies:

Cooperating agencies wi'll des'ignate ån'indìvidual as the contact poìnt to obtain
infbrmatjoñ fór the RMA and EIS. Cooperating agenc'ies' role and respons'ib'ilities
ì ncl ude:

enc'ies of the dates and
'ing a sulnrnary of the

ement
ion in the
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1.. Ilq.oppor"tunity to provide Reclamation with inflows for all of the designated
suD-Daslns. tf orovìded, Reclamation w'ilì complete a sensitìv'ity anaìysis us'ing theprovi ded 'infl ow äata. 

- -' ' -- '- -

2. Pant'icìpatiru j! scheduled coopera.tìng agency meetìngs. Cooperating agenc'iesare encoul"ggeq to attend all schedüled meétiñgs.- In the"event a|cooperãt'iñg ãgãñcv
can not attend a scheduled meet.ing, Reclamatiõñ requeiti it-¡e ñoiitie¿-in ãovãñðõof the meetìng.

3. The opportunìty to pnovide Reclamation with recommended management scenarìo(s).The,necesbärv inróimãilõn-åÅã-¿äià must accompany any recomrnendat'ion to ass.istReclamation evaluate'the management sèenãñioiij ior the Rt'tA and alternatives for theEIS.

4.^ Revi.ev'rìng and prgvld'i.ng. any comments on the adrnìnistratìve drafts of the RMA andEIS. and other assbciated ãocuñents.

ÏV. DURATION OF THE l'lOA

The dunation of this MOA shalì be, from the date of execution for a per.iod not toexceed the date of execution of the ñew-wãtei-ieiviðe-ðõñtiäctõ. -R'ðooþer"Jiinõ-
q99F,I mav chose to terminate its particióãiioñ-ìn iñe-NoÃ ùpõñ'w.itten norìce roJill Manrins, Bureau of Rectamatioh. p.0.:Bõ*-îooi. eranã riiãn¿, ñË-oijsijã. 

rvu eù

Thìs agreement may be extended by mutual consent by the parties hereto.

IV.

Coooerat'inq Aqency

Bureau of Recìamatìon

Bureau of Reclamation

U.S. Fìsh and hlildlife
Servi ce

Envi ronmental Protection
Agency

Natural Resources
Conservatìon Senv'ice

Contact Telephone

J'i I'l Manring 308-389-4557
( Pri rna ny )

blal ly Jobman

Kathy Tor^tori cì

Stephen Chìck

913-551-7435

402-437-5300

Dennis Allacher 308-345-4400
(Alternate)

RRl
McCook, NE 69001

308-382-6468 203 West 2nd
Grand Island, NE 5gg02

Address

P.0. Box 1607
Grand Island, NE 68802

726 l{innesota
Kansas City, KS 66101

Federal Bldg. Rm. ISz
100 Centennì al Mal I -N
Lincoln, NE 68508

P.0. Box 338
Hays, KS 6i601

Nebraska Game and Parks Mark Brohman
Commi ss'ion

Kansas Department of
hli ldl i fe and Parks

402-472-064I P.0. Box 30370
Lincoln, NE 68503

Troy Schroeder 913-628-8614
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Nebraska Natural
Resource Commission

Nebraska Department
of Water Resources

Kansas Divìsion of
Water Resources

Davìd Pope

Kansas t^later Office Tom St.iles

Dayl e t^li ì I l amson 402-47I-208L P.0. Box 94876
Lincoln, NE 68509

Don Bl ankenau

Kansas -Bostwi ck
Irrigation Distr"ict No

Almena Irrigation
District No. 5

Frenchman-Val'ley
Irnigation District

Frenchman-Cambrì dge
Irrigation Distrjct

Bostwick Irrìgatìon
District ìn Nebraska

Kenny NeJson
2

Roger DeWitt

Norma Sitzman

Roy Patterson

Mike Delka

402-47t-0s92

973-296-37L7

913-296-3185

9!3-374-4s74

800-841-0419

308-746-3424

P.0. Box 94676
Lincoln. NE 68509

901 S. Kansas Ave.
Topeka, KS 66612

109 St^l 9th Suite 300
Topeka. KS 666L2

P.0. Box 165
Courtland. KS 66939

P.0. Box 116
Cambridge, NE 69022

P.0. Box 446
Red Cloud, NE 68970

973-669-2390 P.0. Box 275' 
Almena, KS 67622

308-278-2125 Box 297
Culbertson, NE 69024

V. APPROVAL

I
ureau o ama

s and ife ce

nvi ronmental rotecti on ency

ra rces ervat on

nsas Department o l'i e andon
1 ar s

ansas s ono Water Resources

sas - c rrigati on is

ras a Garne a a s Commiss 0n

t1 a

ka ura ources ì ssion F

Nebras a rtment

rvi ce mena rri gatì on rs

n- r1 e r g on

n

Frenc -Valley Irr gat on S ctr

stri ct

raska

nsas hlater lce

er Resources rrigation Dis
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Pdrt II

Corps of Engineers Letter to
Bureou of Reclomotion
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DEPARTMENT OF THE ARMY
KANSAS CITY DISTRICT. CORPS OF ENGINEER9

7o'O FEOERAL BUILDING
KANSAS CITY. MISSOURT 64106-2ð96

--j- 
A¿::__ f_lr

iIfPLY TO

^ñËHTlOt{ 
C'Fr August 3, 1995

Planning and Hydrologic
Engineering Branch &

::: :::::::: ::*ffi
Area Manager
Bureau of Reclamation
GrÊat Plains Region
Nebraska - Kansas P¡ojects Office
P.O. Box 1607
Grand Island, Neb¡aska 58802-160?

Dear Mr. Gyllenborg:

rhis is in response to LTiII Manring's t lephone
reguest of rTune 2L, 1995, asking the Kansas :ityDist¡ict. to participate as a Cooperating Àg- .cy- in
Èhe National Envi¡onmental polict Àcr (fqepa, process
for the renewal of Bu¡eau of Reclamation (Rectamation)
v¡ater service contracts with j-rrigation dj_stricts
in-lhe RepubLican Rive¡ Basin. During the telephonecal-l, she also teguested that we review a draft of a
Memorandum of Agreement (uOa¡ in which Èhe spe'cific
tasks for both Recl-amaÈion and the cooperating Àgencies
are defined.

9ùe agree to participaÈe as a Cooperating Àgency
under NEPÀ in Reclamation,s RepublÍcan River Basin
v¡ater service contract renewals. However, as discussedat your meeting on rfune 22, in Grand Island, Nebraska--
because of potenÈia1 impacts to äarian County Lake, âs
wel-l as our ongoing Harlan County Lake Study of Futu¡e
Ope¡ations, and previous discussions between our th¡o
agencies, wê a¡e furnishing this letÈer defini.ng our
roJ-e in this process rather than signing the MOÀ.

uy staff is represented on the Republican Rive¡
BasÍn Study Team, and is participating in al_I meetings,
and we expect to continue to parEicipate in this
manner. Medbe¡s of my staff have met with Recl_amation
staff t,o discuss the infl-ow and hydroJ-ogic model_ for
your study, and we expect to continue to be invoLvedj-n such discussions as your modeì-ing efforts progtess.

2t5
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Atlqchment D-Socioeconomi c/
Agficulturol
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Table D-|,-Population-lg]0, í950, 1970, f980, 1990 (Roprrbllcan RiraarBasin)

19.?o foqn la7ô 1 0Aô lqon

Gro$rlh rate

1980"90

lnÁrænìrñâì

Chaso, NE

Cheyenna, KS

Clay, KS

Cloud, KS

Decatur, KS

Dundy, NE

F¡anHin, NE

F ontiaf, NE

Fumas, NE

Gospef, NE

Hariân, NE

Hayes, NE

H¡tc¡ood(, NE

Jewel, KS

KllCa¡son, CO

Norlon, KS

Nuckolls, NE

Peùlns. NE

Pheþs, NE

Phlllips, CO

Rawlins, KS

Rod Wllloq NE

Republlc, KS

She¡rmn, KS

Thomas, KS

Washingùcn, CO

Websler, NE

Yuma, CO

Basin loÞl

Colo¡ado

Kansas

Nebras*a

lrl-Sbtetotal

FlÂdñ vq lri-Slãlc

?s6.A57

1,q35,791

1,880899

1,378,000

215,507

1,325,089

1,905299

1,326,m0

I rte âoo

173,58f

2207,259

2246,îÌ8

1,483,493

169,025

2,889,964

2,363,679

1,589,825

n nz¡ ¡irn

152,925

3"294,394

2,47t,6it{

1,5t8,2ß5

? flÂô 1Ãâ

5¡84

6,948

14,55G

10,006

8,866

5,610

I,094

I,lf4
12,140

4287

8,95-/

3,60f1

7,269

14,462

9,726

1f ,zot

12,629

5,834

s¿61

5797

7,362

f3,859

14,745

7¡00

7,3U

9,5S1

10¿to

te Âtâ

5,176

5,668

1t,697

't6,104

6,185

4,354

7,096

5,2Ã2

9,385

2,79

¿t8f)

2,40!

5,867

9,698

8,600

8,809

9,609

4,809

I,(X8

4,æ4

5,728

12,9n

11,478

7,73

7,572

7,520

¿3s5

1^ aoa

4,129

43so

9,890

t3¡66

4,988

2,926

4,5€6

3,982

6,897

2,178

4,357

r,530

4,05t

6,099

7,530

7275

7AO4

3l2S

9,553

4,13f

4,393

12,f9t

8,498

7,792

7,æ1

5,550

6,4Tt

AilA

4,759

3,678

s,802

12,494

4,5fft

2,861

4,37t

3,647

6,486

2,140

4,292

I,356

4,079

s.?41

7'å99

6,689

4,726

3,637

9,769

4þ42

4,105

12,OrS

7,569

7,7æ

8151

5,304

4,858

4,381

3243

s,t58

11,023

4p21

2,582

3,938

3,101

5,550

1,928

3,810

l,n2
3,750

4,251

7,14

5,S47

5,786

3,367

9,715

4,189

3,404

11,705

e,482

6,926

8,258

4,812

4279

N qF¿

-7.92

-11.83

€.57

-11.77

.f 0.82

-9.75

-10.09

-14.97

-14.3S

-9.91

-1123

-9A8

€.07

-18.89

€.04

-11.09

-13.98

-7.42

.0.55

-7.77

-17.08

-720

.1436

-10.74

-2,28

-92ð

-11.92

-'t 4,o ßãt

€.53

f 3.99

4.82

o.55

aaa

-16.01â 2îo/. l'r?o/^ 2.92% 2.49ô/" 2.æo/"
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Table 0.2,-Employment by ¡ndustry 1970 (Bepubt¡cen Rlver Basin)

Agr¡culturê Conslruolìon

Transportation,
commun¡câlion,

Manufacturíng publícutllities
llJholesate

hade
Fehll
lErd6

Publ¡c
adrnlnis'
tratlon

Agrlculture
loDal)

Flnancê,
¡nsurancq
real estals Servlcss Tolal (I"

Chase, NE
CtrsyennE, KS
Chy, KS
Cloud, l(S
D6calur, KS
Dundy. NE
Franldh. NE
Fronller, NE
Fumas, NE
Gosper, NE
Harlan, NE
Hayee, NE
Hítchcock NE
Jewel, KS
Kil Canon, CO
Norton, KS
Nuckolls. NE
P€rldns, NE
Phelps, NE
Ph¡llÌps, CO
Flawllm, KS
Red Willow, NE
Fepubllc, KS
Sheman, KS
Thomas, KS
Washlnglon, CO
Webster, NE
Yuma, CO

Basln lolal

5/5
594
939
889
607
406
61¿
766
686
335
520
291
477
900
915
628
869
514
718
509

6't3
' 586

I,006
719
540
858
655

1,151

18,Sr7g

l3
4

28

u
74

22
0

0
5
0
I

10
o

0
t0
0
0
5

21

0
4

5l
0
o
0

19
0
0

306

112
90

293
354
TI
55

't t3
5l

156

71

97
21

53
t48
238
270
't45

79
a6

7"1

109
353
189
232
126
r25
1û7
199

¡t,180

s7
24

u7
321
85
45
61

4t
93
46

124
5

105

53
105

83
274
5l

567
72
32

169
154
142
1.t5

55
rt9

7B

3,698

36
75

213
409
49
39
44

88
171

22
60
5

78
81

97
169
15s
93

?Æ
l1p
66

455
186
308
272
119

10f
l3¿t

Ít,919

42
68

.80
232
70
I

75
5l
s8
5

25
13
4E

38
88
62
89
s2

121 '

69
46.

149
126
t05
139
47
72
æ.

2,O19

n1
316
781
903
33!t

191

920
'192

¿t95

60
sl8

25
2æ.

384
54.|

529w
æ7
765
215
221

1,oT7
63'l
701
660
æ6
258
614

12,149

41
36

142
223
69
't5

'56
22
55
15

5t
5

28
59
51

't12
85

18
127

45
56

214
6É¡

106
80
18

37
60

1,887

348
394

907
I,6"/S

4¡¡5

2U
458
289
596
f10
371
119
236
427
669
808
548
281

1,044
421
420

1,'t64
781
716

1,O28
¿l3g

505
792

16.25{

91

74

197
233
9l
76

108
86
n
38
96

I
72
75

.t05

125
72

60
1t+
n
85

168
146

141
1t9
67
8[]

't20

2;tÊ5

1,563
I,g/5
3,897
s,274
1,896
1,1?2
1,u7
1,586

2,C72
7æ

1,671

508
1,332

¿165
¿819
2,tæ
2:t81
1,¡lO0

3.9A9
r,592
'Í,ô52

4,686
3,2S5
3,170
3,1æ
2,043
1,997
3,225

36.65
35.¡t5
24.10
16-86

32.01
36.19
33.13
48.30
24.92
17.72
31.12
5/.85
35"81
41.5/
32.46
?2.V
31.25
36.71
18.00
31.97
37.t 1

12.51
30.62
?2.68
20.13
42,OO

33.82
35,69

=o
oJ
3
o)-+
U

66,155 28.69
Colorado
Kansas
Nebraska

38,0!B
71,794
79,067

14,232
10,28
2,181

54,686
5'1,4æ
9,970

120"581
147,93Et

79,127

60,688
&,642
4.,1,385

97,798
37,ar3
24,917

145,813
t48.236
103.902

46.409
40,162
29,841

252,594
234,528
153¡06

54,900
12,494
2s, t 69

825:176
852,913
5¡6,085

4.61
8.78

13.73

Basin vs. tr|-Stale 9.g9% 1.'.13"/" 2,ggoß 'L06ô/" 2.31% 2,017â 3,O5''/ê 1.62./. 2.91'" 226./. 2.937"

8.52

x
U)o
c)Ä
('r
o)(o

Trf-Slet6 tolal 191 140,161 347,641 169,715 100,s88 397,s51 1 2 154



Table D-3.-Emloymenl by lnduslry 1980 (Republlcan R¡\€r Basin)

Trânsportation,
communlcat¡on,

ManufacturinE publicutilltlgs
Wholesale

trede
Betall
trâdê

Finance,
lrsuGrce,
r€al e$atê

Public
adm¡nls-
lraüon

Agricullure
(% lotal)Conslrucüon

15¡t

80
3¡10

286
125
3ô
æ.
95

l8¿1

69
121

14
f0s
119

202
203
f46
109

376
147
120
446
200
185
253
f8¡l
tf0

1,7&

107,063
64,562
4{t,296

SeMces Tolâl

Chas€, NE

Cheyennê, KS

Clay, KS
Cloud, KS
Decatur, KS

Duncly, NE

Frankl¡n. NE
FronliEr, NE
Fumas, NE
Gospeç NE
Harlan. NE
Haygs, NE
Hilchcock, NE
Jewel, KS
Klt Carson, CO
Nonon, KS
Nucl(olls, NE
Porklns, NE
Phelps. NE
Philnps, CO
Bawlins, KS

Red W¡llow, NE
Rspubllc, KS

Sherman, KS

Ttþmaq KS
Washlng(on, CO
webster, NE
Yuma, CO

592
536
905
754
552
399
685
570
585
386
496
&t0
¿¡90

632
t,1fft

Æ7
655
55fl

l,0f 3
&il
598
538
752
572
Bt8
867
636

u
26

709
457
63
6f
73
53

219
75

150

17
161

18¡i

74
139

287
55

611
70
45

6f3
1U
1¿0
19¡l
45

rf5

5,087

192,305

207,174
99,046

100

95
232
357
t07
55
96

r09
r88
55
8f
2S

110
96

289
237
163
82

278
t33
6t

ef8
165

2ßS
316
172
113

108,688
æ,,715
66,83¡1

141
102
198

267
89
14

125
122

121
24
æ

b

56
85

253
115
8S

99
?29

90
78

4t5
162
t66
233
105
126

Ê1,712
s1,727
33,961

289
?28
7¡ls
892
279
114
2
,126

4f5
87

317
49

t90
?52
il7
373
471
173
719
323
26
,339
s/5
794
736
2U
250

91

îÌ
143
192

75

5
61
32
77
20
66

0
45
88

109

95
89
ß

æ1
æ
75

251
141
116
r80

55
69

r95

96,725
59,50¿l
44914

469
1',|2
912

1,957
571
287
498
451

747
.tâ2

427
90

316
¿ß6

804
1,026

687
397

1221
473
471

129t
819

1.106
1202

473
560
92s

96
12

134
172
50
47
59
5¡¡

93
36
60
13
70
83

157
146
79
52

95
85
68

212
108

139
107

89
69

114

T7,O67
47,776
24,U4

2,0t8
1,580

4340
5,365
2,005
1,056
1,920
1,613
2,663

934
1,821

3r8
1,613
1.979
3.546
2,838
2,515
1,573
4,852
2,O21
1,771
5,897
3,120
3,501
3,961

2,2
2,081
4,38|3

29.U
33.92
20.85
'l¡!.05

27.53
37.78
35.68
35.3¡l
21.97
41.33
27,24
æ.22
30.38
31.94
31.1 t

17.16
23.72
35.16
20.88
31.22
æ.77
9.12

24.10
16_3¿l

16.36
38.4Ít
30.86
32.26

3.10
6.41

t0.75
s.98

2
2

24
31

94
I
3
2

4
0

ft
0

67
3
I

17

3

5
18

7
26

r3¡¡
1t

0
s2
32
t3

+o
o
Jl
oJ-+
U

1,398 79 267 1.l9 236 r97 803

Basln lotal 18,363 700 4,884 3,970 11,804 2,671 19,219 2,538 74,000 2'4.81

Colorado
l(ânsas
NEbråslca

42,185
69,¡166

77,086

36,632
16,526

1,754

296,814
172,45'5
120,958

4æ.,86
306,496
200,9¿10

Í.362,017
1,O78,711

716,630

â)eorO cÀ)
J
(Jl{
O

Tri-Slate total f g8.73z 54,912 214,921 498,825 258,217 117,400 530,267 200,243 910,.92 153,587 3,157,391

Basín vs. tri-State 9.797ô 'l27yc 222I" 1.o?/o 1.89% 2.69% 223T" t.3370 2.11y" 1.65% zU%
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Table D<.-Ernployment by industry 19SO (Repubncan Fltver Basin)

Agriculture Min¡ng Construcl'ton

Transportalion,
communication,
public utilities

88
53

220
305
73
67
81

85
128
4
98
35

r07
80

æ8
163

195
102
e?
101

58
473
215
186
,D2

157

98
291

fs3,g41
8r¿,555

62,510

283¡06

F¡nance,
irFUrance,
Íea¡ eshls SoMcss

Public
adminls-
trâÎ¡on Tolal

Wholesâl€
träds

129

88
235
252
1f9
33
63

56
1ø
44
69
I

85
62

1¡t{i

17
7g
88

22s
73
u

292
124
129
176

62
101

179

70,951
50,637
35,726

Retaíl

tnde
Agnbulture
(% totaD

Chase, NE
ChsyÉnne, KS
Clay, KS
Cloud, KS
Oecatur, KS
Dund¡ NE
Fr¿nkl¡n, NE
Fontier, NE
Fumas, NE
Gosp€r, NE
Harlan, NE
Hayes, NE
Hílchcock, NE
Jewal, l(S
Kil Carson, CO
Norlon, KS
Nuckolls, NE
PB¡KIns, NE
Phslps, NE
Phllllps. CO
Rawlins, KS
Red Willow, NE
Fepublíc, KS
Sherman, KS
thomas, KS
Washlngton. CO
Websler, NE
Yuma, CO

Basin tolal

475
393
690
568
491
152
49t
v2
585
311
499
222
4"1
604
811
457
459
46
u2
527
,lfl9
659
7"t8
s99
706
743
977
107

I
f6

1

I
73
20
12

3
10
2
I
0

3rl
0

l6
1

10
0

12
7

t8
167

11

12
94'21

7
TI

'112

s6
315
235
92
71

100

68
127
78
9l
3¿

101

120
215
141

f,l8
17

239
124
10t
362
18ft
184
214
170
108

217

î'I
28

320
417

73
19

60
61

168

72
126

17
71

98
r0s
f50
u8

59

673
71
gl

526

362
111
106

73
120
110

302
237
685
914

229
181

202
192
258
126
305

92
2,4
236
568
393
426
200
747
271
245

,206
377
752
808
¿38
230
730

89
70

109

217
84
30
3A

5't
8B
38
ffl
I

3€
79

13¡
114
'l1f
51

167

94
67

266
95

f6s
186
118
59

151

541

408
1,?15
1,87s

560
296
490
364
749
211
435
106

429
s69
965
8Í10

694
410

1,517
489
129

1,472
805

'1,0¿14

1,351
499
562

1.020

79
76

194
209

58
33

80
67
95
51

74
3¡l
60

101

110
,t06

8l
5s

123
64
g7

160
100
163
't29
u
66

125

1,880
1,125
3,984
5,001

1,854
1,2@.

r,617
1,489
2,352

977
1,768

¡f95

1,588
1,949
3,330
2,715
2,151
1,438

4e82
1,824
1,555
5,583
2,99r
3,292
3,992
2,r68
1,78
4,Oúr

?s.27
27.58
17.C¿

r r.36
26-48
37.60
30.36
36.40
21.87
31,83
2822
¡$4.85

27.77
30.99
u.35
16.83
18.88

29.62
17.25
28.89
28.23
11.80
21.O1

16.37
17.69
9427
21.82'
27.æ

+
o
o
J

3
of
I

1,

Colorado
Kansas
Neb¡asl€

15,5¡¿f

¡f6,010

6r,324
64,381

20,438
1 I,554
2.095

94,849
61,8S7
40.821

4,974

207,423
196,485
98.344

s02,252

28€,630
1s3,262
138,179

119,707
73,9t2
52,137

215,478

5/0,739
383,99s
248,61 1

tr},193
51,9/3
30,009

1,639,281
't,172,214

772,813

65-/ 4,08r 1,27O 3,1æ, f f ,357 z8V 20,33s 2,94{t 69,517 2..40

x
U)
Oo
J
()l\¡
I

Tri-State total f TiJf s 3,1,087 197,s6"¡ 15¡,314 518,071 1,203"34s 165,075

2.82
5.23
8.33

3,t/8,308
Bas¡n vs. tri-State g.OZ% f .9go/o Z-OV(a 0.t716 '1.51% 1.9870 1.84o/ø 1-14oA 1.69c¿ 118% 1.94"/"

4.80



Attochrnent D

Table D-S.-Tolal personal lncome (Republlcan Rirær Basin)

($)

Total personal

lncome
/t o?nì

Tobl personal

lncome

119801

Total porsonal

lncome

11990ì

Chase, NE

Ch€ysnne, KS

Clay, KS

Cloud, Ks

Decatur, Ks

Dundy, NE

Franklh, NE

Frontl€r, NE

Fumas, NE

Gosper, NE

Harlan, NE

Hayes, NE

Hltchcock, NE

Jewel, KS

Klt Carcon, CO

Norlon, Ks

Nud$lls, NE

Perkins, NE

Phelps, NE

Phllllps, CO

Bawllns, KS

FodWllow, NE

Fspubllc, KS

Sh€man, KS

Thornas, KS

Washlnglon, CO

Wobslsr, NE

Yuma, CO

Basln total

Colorado

Kansas

Nebraska

Tri-Stale toùal

Râeln uc trl-Rl.lô

85,100

61,500

142,600

175,400

103,300

60,800

69J00

49,700

100700

38,800

59,600

27,600

61,600

69,900

156,300

99,800

9f ,o00

87,200

201,100

Tt2OO

66,400

193,700

104,400

128p00

150,600

103,800

76,600

191 .100

7,780

7,894

19,786

24,559

9,428

5,417

13,C)Ít6

6,529

11,888

3,852

7,968

2,151

7,145

12,515

14,828

14303

13,865

8,437

2,.218

8,710

7,142

241465

16,315

16Ps5

't5,032

10"260

8,194

15 ß5q

53,200

31,300

80,200

1 1 9,600

47,7O0

35,500

44,000

33,900

27.000

22,600

43,000

9,/m0

41,200

41,000

65,300

63,700

63,700

54,000

124,2O0

61,200

35,600

130,800

64,000

TT,NO

89,100

45,500

42,500

100,500

335,775

5,226,520

5,056,268

3,203,558

13 ¿86 â¿6

1,æ7,700

æ257,400

25,789,900

16,344,500

76 3ql

2,828,400

62279,70O

44,906¿00

27,641CoO

134.827.100

t aoot^ ,,.19e/" 2'ltql^

D-5
KS001572



Attochmenl D

Table D-6.-Per caplta Income (Republlcan Blrær Basln)

($1'ooo)

Per caplta

lncomo

11970)

Percaplh
lnæmo

t1980)

Per caplla

lnmme

11990)

Chase, NE

Cheyenne, KS

Clay, KS

Cloud, KS

Decalur, KS

Dundy, NE

Franklln, NE

Fronüer, NE

Fumas, NE

G¡ospêr, NE

Harlan, NE

Ha¡æs, NE

Hltcñcod<" NE

Jeu¡sl, KS

Klt Carson, CO

Norlon, KS

Nuckolls, NE

Perldns, NE

Phelps, NE

Phlllþs,6
Rawllns, KS

Bed Wllou NE

Republlc, KS

Sheman, KS

Thomas, KS

Washlngton, GO

Websler, NE

Yuma, CO

Basln lotal

Colorado

Kansas

Nebraska

Td-Slate lolal

Basln vs. trl-Stato

5,452

6,700

6,113

5,720

6$81

6,061

5,872

6,116

6,428

5,786

5,736

5?37

2284

5,597

5,950

62.32

5,960

5,979

7,192

6,325

6,093

7,MO

5,906

6,554

5,762

5;764

5.758

5^958

2,212

2,368

2,584

2,486

2431

2,768

2A27

2217

2,312

2,37s

2314

1,9ß

2,24

2,597

2,692

2,584

2,2M

3,070

3,O27

2,706

2,Ov

2,591

2,696

2,716

2,614

2.426

2,172

2.393

8,978

1t,165

1 1 ,4€t1

10,853

10,e09

f 0,894

10,968

9,6'll

9,432

11,738

9,721

13,871

1 0,689

9,698

11,385

10,912

9,862

9,S03

12,837

10,444

'10,¡168

11,146

1 0,890

10,356

10,551

10,473

9.*Ì9

10.713

247O

3,rfiì
2.929

5,973

7,998

7.350

10,677

14,921

13.300

2J97

2,944

8f1.900¿

6,936

7,428

80.4'lo/"

12,452

13,524

78-9501"

D-ó
KS001 573



TAE-E D-7,-- FTms, cropland,and Frlgated crcpland
(Bepubl¡can River Basln) f 992

Fams
Land

ln farms
Avelage
slze frm

Total cropland Haryested croola¡d
ÞÍms Acres Avtage Frrns Acres Avøaqe

lrrioaled land
l-Erms Acres Ayeraoe

Chase,NE
Cheyenne,KS
Clay, KS
CloudKS
Decãtur,KS
Dundy. NE
Franklin,NE
Frontier, NE
Frnas, NE
Gosper. NE
Ha¡lan, NE
Hayes, NE
Hltchcock, NE
Jsvrel, t(S
Klt Crson, CO
Ncrt¡n, KS
Nuckolls, NE
Perkins, NE
Phelps,NE
Phllllps, CO
Rar¡lhs. KS
Red Willoq NE
Fepublic, KS
Sherman, KS
Thomas, KS
Washlngton, CO
Websær, NE
Yuma, CO

521 ,389
592,207
380,969
407,4æ
526,064
528,731
323,315
526,476
430,972
229,7æ
305,724
401,978
403,584
484,88

1,341.738
465,527
333,488
532,901
375,771
459,659
641,109
439,475
443,2Ð
620,14
702,549

1,333,5Z/
307,527

1 ,433,f f 1

319,652
387,156
285,980
290,932
341,950
230,0q3
191 ,138
æ1 ,617
287,31s
14'.t,974
?o9,æ7
195,200
250,985
240,801
832,1 s4
290,649
255,0¡lå
450,965
380,O2.
399,S83
422,8õ3
254,350
338,521
501,970
595,036
826,2É
194,60r
696,32,

205,2't9
153,69¡
189,528
80,085

176,7U
136,7S'
't 35,959
149,3ã
171 ,s8o
95,370

1 33,176
1 01 039

126,259
226,980
402,3æ
152J¿7
175,4Æ
242,39
2s5,245
229,8â
174,96A
156,775
247,281
186,076
242,179
339,18(
128,593
425,401

158,256
38,949
11,282
10,046
7,257

89,431
73,268
54,024
42,52E
60,387
61 ,2f o
32,236
26,257

7,O79
139,41S

6,553
42,369

107,45S
2f 9,586
80,426
10,8f I
42,309
4s,947
84,268
84,836
44,242
36,034

271,781

368
4?,6
600
613
439
308
444
419
459
282
385
273
373
659
7't8
420
541
479
578
375
494
4Æ
746
500
547
784
448
932

1,417
1,390

635
665

1 ,198
1,717

728
1,257

9S9
815
794

1,472
1,065

736
1,869
1,108

616
1,1 13

650
1,?26
1,298
1,034

594
1,240
1,284
r,701

686
1,538

1,103

1,25
738
839

329
368
538
564
395
283
3n
373
410
236
345
228
331
601
627
381
483
4s2
530
345
469
36r
679
46?
sl4
676
380
733

972
998
s32
516
,866
813
507
621
701
602
607
856
758
401

1,327
763
528
998
717

1 ,159
902
705
499

1,087
1 ,158
1,222

512
950

309
350
51s
515
383
259
349
362
399
219
s19
211
314
576
5S3
359
468
431
514
334
442
340
661
s89
459
597
360
687

664
439
368
156
452
528
389
412
430
435
417
479
402
394
755
424
375
562
497
688
396
46r
s74
478
528
558
357
6f9

239
1f5
58
6'l
eî

188
247
196
194
164
208
109
128
3l

286
42

155
215
475
150
79

161
176
217
184
137
134
459

66-2

339
195
165
f13
476
297
276
219
368
294
296
205
228
487
156
275
500
462
536
137
263
261
388
461
323
269
592

I
o
oJ
3
o
=I

Basin totaJ 1 4,041 15,493,26s 12,490 10,042,579 804 11,654 5,439,361 467 4,872 1,8A8,252 388

Colcrado
Kansas
Nebraska

n,152
63,278
52,923

33,983,029
46,672,188
44,393,129

15,193
6,543

19,328

3,169,839
2,680,34t
6,3f r,633

2f ,882 10,933,484
56,389 31,119,250
48,348 22,402,192

18,573 5,532,964
52,348 18,794,787
43,879 16,146,818

298
359
368

500
552
483

209
410
s27

T¡i-State totalx
U)oo
J
()l{5

I
\¡

964 t1 41 161



I
t
æ

TAEILE D-8.-- F{ms, cropland, end frlgatÐd creland
(Fepublloan River Basln) f 987

Farms
.Land
ln farms

Average
farm 5

Chase,NE
Cheyenne,KS
Clay, KS
CloudKS
DecaUJr,KS
Dundy. NE
FranklinNE
Frontier, NE
Ftrnas, NE
Gosper, NE
Ha¡lan, NE
Hayes, NE
Hitchoock, NE
Jewel, KS
K¡tCrson, CO
NTEN.KS
Nuckolls, NE.
Perkins, NE
Phelps,NE
Phllllps, CO
Ba¡lins, KS
Bed Willow, NE
Republic, KS
Sherman, KS
Thomas, KS
Washington, C0
Webster', l.¡E
Yuma, CO

468 534,3æ
493 619,870
672 392,321
659 397,3&t
486 5¿1f1,466

389 536,373
523 354,6(B
496 537e4o
539 461 ,0æ
345 255,54t
465 31e,s42
317 403,5¿l!'
426 429,342
736 502,f(F
793 r,415,8æ
470 507,626
621 336,016
591 570,4i1{t
616 371 ,405
417 450,277
541 641 ,810
499 451:t24
833 440,215
524 625,942
644 677,139
854 1,391,208
508 300,2t5
s75 1,478,313

193,96'/
176¿*!
176,2't7
184,007
175,86'l
f33,396
f 28,463
140,652
174,247
8s,135

130,450
1054/.7

127,4æ
208,645
434,547
154,827
160,670
257,885
214,f 95
194,641
196,7s7
1s2,348
230,517
251,334
296,047
416,0æ
112,941
395,5æ

141,7æ
40,651
10,62è
10,t 39
10,433
82,673
67,735
54,319
42,337
53,852
61 ,472
32,662
29,279

7,O87
1?|,475

5,893
44,6'17

107,187
187.427
70a83
11,s47
48,837
45,220
83,424
73,546
39,547
23,378

246,116

't,142
1,257

584
603

1,1 18
1,379

678
f ,083

855
741
686

1,273
1,008

682
1,785
1,080

541
96s
603

1,080
'l ,186

924
s28

1,195
1,O52
1,62s

591
1,516

1,248
680
749

413
454
6f4
611
4s2
337
456
448
471
307
421
279
396
669
715
439
562
563
562
386
.506

430
765
487
606
761
453
854

324,459
403,719
283,874
293,364
356,393
231,7',t0
209,053
254,2&
257,2æ
l sf ,763
2l f ,983
157,6n
252,303
354,217
829,7æ,
323,300
25r,966
474,119
257,98
366,028
414,81t
268,gfft
342,576
497,49
585,7trt
841,36A
1s3,369
709,868

786
889
462
480
788
688
458
568
631
494
504
708
637
529

1,1 60
736
448
842
530
948
820
626
448

1,022
967

1,106
427
831

393
426
586
583'
438
320
436
427
459
289
409
269
379
647
671
415
548
549
548
367
491
411
736
474
592
720
430
777

494
414
301
316
402
417
295
329
380
30s
319
392
336
322
648
373
253
470
39'l
530
396
371
313
535
500
s78
263
509

282
151
49
7A
92

208
308
253
228
198
253
14',1

't70
52

320
54

218
250
491
157
72

209
232
246
218
140
143
494

503
269
217
f33
113
397
220
215
1ð6
272
243
232
't72
13q
389
109
205
429
382
44A
160
224
195
339
337
282
163
498

308

202
335
251

-+o
o)
3
o
=o

Basin total 15,890 15,944,408 1 ,003 14,417 10,21s,245 709 'f 3,792 5,61 1,478 4O7 5;7Os 1754,547

Colcrado
Kansas
Nebraska

Trl-State total

27,284 34,048,¿î33
68,5/9 46,628,5t9
60,502 45,305,441

156.365 1

22,334 f0,s88,853
61 ,615 31 ,385,090
59,s00 23,320,162

244
307
29f,

889

492
509
436

19,446 5,522,216
57,822 17,729,394
51,f75 15,276,f5f

14,s13 3,013,773
7,352 2,463,073

22,596 5,681 ,835x
Ø(f
O
J
('l{(tl

2.677 137.449 65.694,105 1,457 128-443 38,527,761 44.86f 11.'t 58.681



TAEII-E D-9.-- Frms, cropland, and hr¡gaÞd crçland
(Bepublican Biver Basin) 1982

Fe.ms
Land

ln tarms
Average
size fã-m ms Acres

lrñõeted leñd
Frms Acres

Chase,NE
Cheyenne,KS
Clay, KS
CIoudKS
Decarh¡r,KS
Dundy. NE
Franklln,NE
Frontìer, NE
Frnas, NE
Gosper, NE
Hailen, NE
Hayes, NE
Hitchcock, NE
Jewel, KS
KltCãson,CO
Nd-t)n, KS
Nuckolls, NE
Perkins, NE
Phelps,NE
Phllllps, CO
Flarllns, KS
Bed Wlllow NE
Republic, KS
Sherman, KS
Thomas, KS
Washlngton, CO
Webste!-, f.lE
Yuma, CO

433
546
719
728
516
382
530
463
520
324
4s3
324
443
808
763
517
624
547
588
427
62f
474
923
5s0
628
854
500
996

1,223
1 ,104

508
55s

f ,037
1,460

607
'I ,094

834
763
712

1,271
922
632

1,701
993
558

f ,002
655

1,085
1,f 05

933
478

1,222
1,049
1,599

59s
1,422

398
509
668
663
472
345
462
421
46s
294
414
297
407
741
679
477
575
5f6
545
394
591
414
855
529
s91
756
46s
818

3't 4,f 08
393,440
253,377
279,045
338,5t/
217,685
192,804
226,591
273,271
147,2o1
198,0r/
183,433
228,153
346,850
771,661
308,'192
2s3,248
446,324
294,455
39f ,582
443,868
zss,350
328,1¡19
543,516
ss8,816
777,3æ
t92,45

D

789
773
379
421
7't7
631
417
538
588
s01
478
61 8
561
468

1,136
646
440
865
540
9S4
751
617
384

1,O27
946

1,028
414

0

389
49f
647
642
459
326
444
¿100

450
278
396
292
398
719
634
458
5s6
502
s32
386
s79
400
831
512
575
709
449
775

219,853
197,174
189,8n
214,O74
f 72,683
143,449
139,42
146,508
17s,47s
f 03,836
'f 38,206
r 1 8137

134,582
249,175
418,5 t 9
170,49f
1 84,698
262,0m
249,097
238,242
217,218
1 62,113
259,275
296,853
307,900
40f ,630
132,943
419,gil

s65
402
293
333
376
440
314
366
390
374
349
405
338
347
660
372
332
502
468
617
375
405
3'.t2
580
535
566
296
542

155,845
44,496
11,090
I,146
9,548

75,512
76,446
6r,087
41,794
59,714
58,646
33,029
31,A47

7,O74
119,847

6,255
43,0s5
98,555

z',t4,318
89,246
17,715
53,351
42,871

104,010
84,216
46,600
28,724

273,605

571
276
185
131
102
383
266
274
197
300
239
234
t8f
136
404
98

222
429
438
565
187
247
206
399
430
330
188 ,,

586

s29.44
602,7æ
365,074
403,290
53s,06-l
557,7Æ
32f ,90{¡
506,58r
433,7rs
247,O71
322,74
4'16,738
408,346
510,447

1,æ8,0æ
51 3,2e5
347,973
547,9S1
384,896
463,171
686,471
442,O51
441,118
672,29
6s8,558

1,36s,488
297,482

1,416,1s5

273
161
6o
70
94

197
287
226
212
't 99
245
141
176
52

297
64

154
230
489
158
95

216
208
261
196
14f
1s3
467

o
of,
3
of-+
U

Basin total f 6,203 15,695,810 969 14,761 9,157,496 620 14,229 6,0s3,400 425 5,s62 1,897,645 341

Colqado
Kansss
Nebraska

27,111 33,s37,998
73,315 47,052,213
60,243 44,96f ,371

22,421 10,s52,383
66,481 30,598,859
54,475 22,434,059

20,061 6,036,673
62,860 20,186,974
52,497 17,075,625

15232 3,200p42
7,257 ?,675J6r

22,190 6,039,292

210
369
272

301
321
32s

471
460
4't2

,237
642
748

xU)oO,Oo
J(¡{
o,

Tri-State total 160,669 12s,551 ,582 2,625 143.3 1 63,585,301 .1,343 135,4f8 43,299,278 947 44,679 1l,9't5,401
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TAELE D-1 0.-- Fams,øopland, and lnlgated cropland

(Flepublican Rivcr Basin) 1974

Frms
Land

ln larms
Average
sizefrm Acres

Chase,NE
Cheyenne,KS
Clay,KS
CloudKS
Deceûrr,KS
Dundy. NE
Franklin,NE
Frontier, NE
Funas, NE
Gosper, NE
Ha¡lan, NE
Hayes, NE
Hitchcock, NE
Jewel, KS
K¡tCrson, CO
Ncrt¡n, KS
Nuckolls, NE
Perkins, NE
Phelps,NE
Phllllps, CO
Barvllns, KS
Red Willoq NE
Fepublic, KS
Sherman, l(S
Thomas, KS
Washhgton, Co
Webstr, NE
Yuma, CO

407
541
830
847
574
391
575
5t3
594
338
504
335
470
914
842
590
694
546
637
444
64r
520

1,O74
544
648
906
s95

1,065

515,964
599,2æ
382,483
429,991
533.1 52
528,5 t9
337,794
506,564
441,524
243,4C2
337,408
408,599
432,495
52t,962

1,373,716
487,09t
355,752
52'l,Eâ
347;72
467,309
652,163
432,510
42E,5U
617,347
72A,9æ

1,381,515
315,69¡t

1,433.473

1,268
1,t08

461
508
929

1,352
587
s87
743
720
669

1,220
920
571

1,631
826
513
956
546

1,0s2
1,017

832
399

1,135
1,124
1,525

531
1,346

375
51s
782
810
538
3,62
541
469
s48
822
478
322
455
859
788
554
663
526
609
412
611
464

1,035
524

.627
838
564
955

251 ,798
377,414
267,090
309,096
339,799
179,499
178,186
217,8æ,
269,4ß
138,8æ,
207,1õt
179,8/l8
234,86A
336,719
729,2n
298,50s
244,1æ
408,783
268,3 6
2f 7,896
400,378
235,44r¡
325,980
442,9æ
559,1 14
7s3,195
180,,t2.
649,074

368
498
754
791
517
352
531
458
530
ql0
463
308
444
834
756
537
651
sf9
603
412
545
437

1,006
512
621
812
543
886

173,656
200,8S8
195,383
232,22.
157,537
f 25,33{r
12r,7æ,
I 4f1,069
159,1 10
94,1 13

139,e76
'107433

128,8e0
238,480
402,652
152,466
176,360
220,774
2f 6,995
217,896
238,252
185,673
246,9S0
263,27f
308,210
380,291
121 ,633
365,958

92,461
35,818
't0,031

1f ,614
7,746

37,261
41,088
37,4e'0
33,940
41,297
41,853
i g,or s
28,500

8,270
124,259

5,042
32,r 68
39,377

148,5æ
60,942
f 2,466
38,144
36,r 64
78,895
46,547
46,600
18,424

173,Oæ

671
733
342
382
632
496
szs
464
492
431
433
559
5f6
392
925
539
368
777
441
529
655
507
s15
845
892
899
3f9
680

472
403
259
294
305
3s6
241
312
300
304
302
349
290
286
533
?.84
271
425
360
529
4e7
310
245
514
496
468
224
413

227
t45
72
74
73

165
243
.l79

207
169
235
101
181
78

343
62

207
134
s03
143
8t

220
2æ
225
142
141
152
432

407
247
139
ts7
106
201
169
209
164
244
178
f78
157
r06
862
8t

155
294
295
426
154
173
158
35f
328
330
12,1

40f

252

226
306
t97

do)
3
o
:l
g

Basin lotal 17,s79 1s,76¿156 897 16,546 9,200,718 556 15,998 5,671 ,226 3s4 5,183 1,s06,017

Colcrado
Kansas
Neb¡eska

25,501
79,188
67,597

35,90?t 6s
47,945,722
46,172,O12

1,408
605
683

æ'792 10,512,521
74,306 29,984,268
63,040 22,212,756

21,049 5,956,865
70,573 19,870,535
60,660 16,309,¡+fì4

12,324 2,7æ,7Æ
6,569 2,007,801

20,075 3,957,232

461
404
352

283
2e2
269

8ft3
Tri-Stde tr¡tal 138

779

x
U)oo
J(¡
\l{

I



Frms
Land

in tarms

TABI-E D-l1.-- Frms,cræland, and lnlgated cropland
(Republican River Basin) 1964

Average
size frm

Total cropland
Ftms Acres Avenage

_ Havest,ed croplan9 lrdgated land
Frms Acres AvErege ffi

Chase,NE
Cheyenne,KS
Oay, KS
CloudKS
Decãtur,KS
Dundy. NE
F¡anklin,NE
Frontier, NE
Funas, NE
Gosper, NE
Ha¡lan, NE
Hayes, NE
Hitchcock, NE
Jewel, KS
Klt Crson, CO
Ncr-bn, KS
Nuckolls. NE
Pe¡kins, NE
Phelps,NE
Phllllps, CO
Bawllns, KS
Red Willow, NE
Fepubllc, KS
Sherman, KS
Thomas, KS
Washlngton, CO
Websts, NE
Yuma, ÇO

459
622

1,039
1,002

692
426
745
622
790
432
606
367
561

'l ,084
760
757
858
597
802
460
679
641

1,268
517
632
885
730

1,009

541 .388
874,210
423,380
432,410
566,415
555,æ3
359,172
587,s79
454,770
277,1%
351,509
463,16-l
€4,85A
525,263

1,272,624
550,170
356,889
567,947
348,960
479,093
685,808
449,492
450,170
640,',|Q.
728,O74

1,431 ,1æ
337,8æ

1,456,038

1,179
1,084

407
432
819

1,303
442
945
576
642
5E0

1,262
775
485

1,675
727
418
95.1

435
1,042
f ,010

701
355

1,238
1,152
1,617

463
1,443

432
597
968
955
664
399
689
606
741
413
578
360
s32

1,V27
735
7't5
8t9
575
773
438
659
608

1,187
503
620
846
699
933

25A,779
417,49t
265,336
304,0æ
323,075
189,842
184,756
244,2æ
274,243
'139,741

210,920
185,740
223,6f 6
318,058
698,506
3'14,339
230,570
42A,5gt
249,359
353,903
3e4,797
256,408
299,053
4s3,23r
569,tf7
715,37s
196,060
562,259

418
577
952
940
651
384
674
604
727

,41 3
569
356
530

1,013
693
696
806
57'l
768
417
655
598

1,174
486
614
816
688
881

130,334
191 ,078
199,221
203,947
159,380
I 12,38f)
110,265
147,315
152,439

91 ,946
123,945
1 00034

121,7W
216,1æ,
265,468
161 ,365
156,8æ
207,787
168,44s
136,r/0
19f ,3tt
137,756
218,317
205,251
252,876
2A6,',t72
I 14,94r
264,E91

118
f04
47
69
75

109
259
'l06
249
168
't E7

69
182
79

213
57

219
46

582
42
51

223
235
108
72

105
132
158

f 8,317
5,102

18,833

17,5f 1

13,538
3,636
6,637
5,666

13,962
24,789
11,635
21 ,498
21,937
1E,7t0
6,137

21 ,395
5,685

56,576
3,176

24,',t79
5,166

88,586
6,400
4,564

27,185
23,467
23,23

9,990
12,O40
10,465
20,175

599
699
274
318
4A7
476
268
403
070
338
365
516
420
31 0
950
440
282
731
323
808
584
4æ.
?52
901
919
846
280
603

312
331
209
217
245
293
164
244
210
223
2't8
281
230
213
383
232
195
364
2't9
328
292
230
186
422
412
35r
167
301

189
218
206

148
130
77
96
76

128
96

110
86

131
r00
89

118
72

266
56

ff0
112
152
152
89

122
100
215
139
lf5
79

128

125

147
197
115

+
o
o
=3
oa--+
I

Basin total 20,042 16,400,805 8t8 19,07't 9,243,984 485 18,671 4,828,481 259 4,064 507,93'l

Colrado
Kansas
Nebraska

29,798 38,258,626
92,440 50,271,',|',t7
80,163 47,792,663

355
340
293

,2e4
544
596

27.103 9,629,384
86,535 29,421,414
75,386 22,099,510

24,93E 4,725,7U
84,171 18,160,353
73.758 15,229,112

2,690,018
1,004,210
2,169,3f 7

ĉnv
Qr
oJ
(Jl{
æ

Trí-State total 202,401 136,3æ,406 2,424 189,024 6'l ,150,308 988 182,89t 38,115,199 612 42,252 5,863.545
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ÎABLE D-1 2.-- Frms,øçtand.and lnigated croÞland

(Republican River Basin) l9S4

Frms
Land

In farms
Average
Slze frm

Chase,NE
Cheyenne,KS
Clay, KS
CloudKS
Decatur,Ks
Dundy. NE
Franklin,NE
Frontþ¡, NE
Funas, NE
Gosper, NE
HarlEn, NE
Hayes, NE
Hitchcock, NE
Jewel, KS
KitCãson, CO
Nøbn,KS
Nuckolls, NE
Perkins, NE
Phelps,NE
Philllps, CO
Fìawllns, KS
Red Wlllow, NE
RepublÍc, KS
Sheman, KS
Thomas, KS
Washlngton, CO
Webster, NE
Yuma, CO

5s5,426
654,794
401,O47
418,85/
572,7U
564,45.1
360,198
609,056
¿149,1 f I
274.283
334,1At
432,2,, .

426,479
521,786

1,374,f 59
532,670
354,052
559,s52
341,8æ
515,597
691 ,410
452,512
442,791
630,597
741,285

f ,384,6¡t2
343,470

1,476,580

264,9æ
400,1 60
256,014
278,9â
s22,2ß
207,475
'l92,905
259,935
265,319
147,155
204,6æ
188,830
223,7?ß
325,026
778,257
321 ,960
233,2æ
415,381
253,1 0o
348,1@
392,591
252,03f)
313,947
439,595
562,001
690,801
217,356
579,444

171,6n
203,797
213,8æ
242,4æ
195,856
146,826
154,263
184,691
184,0æ
109,77t
142,988
127,803
136,3æ
277,752
264,599
204,v1
199,9&+
233,375
199,376
202,2A9
203,472
164,687
267,a57
æ1,9S3
301 ,608
339,1 69
'l 66,166
343,747

612
747

1,335
1,338

870
527
908
873

1,003
559
764
436
683

1,553
f ,085

993
1,172

68s
998
560
813
828

1,705
573
731

.1,',162

f ,013
1,307

908
832
300
313
658

1,071

397
698
448
491
437
991
624
336

1,267
536
302
817
34ft
921
850
547
260

1,1 01

1,0f4
't,192
tr9

1 ,130

'561
752

1,2s8
1,284

849
486
872
835
936
545
731

4æ
639

't,423
1,036

948
r,078

673
961
545
788
772

1,603
s64
702

1,094
966

I,238

472
s32
204
216
380
427
221
3r1
283
?7O
280
440
350
228
751
340
216
6t 7'
263
639
498
326
f96
779
e01
631
225
468

5s8
7æ

1,249
1,263

843
479
867
833
927
542
729
427
632

1,414
884
940

1,071

666
958
541
780
759

1,583
55È'
697

f ,055
956

r,200

308
280
'171

192
232
307
178
?22
'f 98
243
196
299
216
196
299
217
t87
350
208
374
261
217
169
417
433
321
174
288

68
30
't8

17
14
66

109
39

174
124
72
45

143
'15

47
38

1',17

26
573
14
16

104
31
12
7

105
46
64

7,736
I,863
1,036
1 ,145

826
6,601
8,290
9,674
9,674

r 2,50s
4,696
3,731

14,759
679

4,396
2,584
9.36iÍt
3,061

63,s82
f ,940
f 

^5627,144
1,734

934
868

f 0,750
3,036
5,1 r7

lf4
62
58
67
59

100
76

248
56

10t
65
83

103
45
94
68
80

fi8
't12
139
98
69
56
78

124
f02
66
80

97
121
94

.-t-

o
oJ
3
(D

f
U

Basin lotal 25,873 16,416,160 634 24,568 9,333,067 380 24,138 5,814,279 241 2,194 199,686 94
Coltrado
Kansas
Nebraska

40,749
120,167
100,8¿t6

38,385,234
s0,023,538
47,486,580

942
416
471

155
199
200

"3,355 
2,262,921

2,736 331,55.1
12,500 1,17f,369

37,070 1.t ,062,68,f¡
110,350 29,577,170
95,570 æ,86¿514

298 33,599 5e19,689
26e 107,60'2 21,440,292
239 94,580 18,874,341Q̂)oo

J
(Jt
\,1
(o

lri-StEte total 261,7æ. 1 35,89s,352 1,829 242,9æ 63,502367 806 554 38,591 3,76s.e41



TABLE D-l3.-- Farms,croplãnd, and lnlgated cropland
(Hepublican River Basin) 1949

Fêrms
Land

ln larms

551 ,863
629,7æ
400,954
420,845
552,403
s75,52s
353,72s
608,296
446,1 15
278,513
345,474
460,f 05
429,324
s37,5æ

1.253,327
s36,f 16

350,811
557,917
33,678

485,035
698,7æ
453,O47
436,9æ.
717,2æ
688,205

1,402,362
350,790

1,449,1,10

37,953,099
48,6'1 1,366
47,466,828

Average
size fam

@ Havestedcropland
FãmE Ases Avenage Fãms Acres Avsage

lrdoEted land
Fãms Acres Averaqe

Chase,NE
Cheyenne,KS
Cley, KS
CloudKS
Decatur,KS
Dundy, NE
Franklin,NE
Frontier, NE
Funas, NE
Gosper, NE
Harlan, NE
Hayes, NE
Hltchcock, NE
Jewel, KS
KitCrson, CO
Ncrbn, KS
Nuckolls, NE
Perldns, NE
Phelps,NE
Phllllps, CO
Feã'llns, KS
Red Willow, NE
Republic, KS
Sherman, KS
Thomas, KS
Washlngton, CO
Webster, NE
Yuma, GO

599
768

t,506
1,549

939
55S

I,037
916

1 ,'t 03
608
833
474
703

1,749
't,067
1,064
1 ,191

73s
1,054

593
875
863

1,876
603
755

1,263
1,130
r,436

92f
820
266
272
s88

1,031
341
664
404
458
415
97',!
6'1 1

307
1 ,17s

s04
295
7s9
32

818
799
525
293

1 ,189
9f2

1,1 10
3fo

I,009

585
7s3

1,407
1 ,416

909
542
973
897

1,038
592
802
469
672

1,636
1,041
1,030
1,'t36

706
999
565
850
826

1,686
582
735

1,206
1,O7r
1,358

272,963
399,664
26s,50s
283,6'14
319,449
219,058
196,506
?62,225
272,476
150,292
21 6,1 17
200,489
226,095
352,881
650,871
311,877

"44,O83416,96f
248,4't2
373,407
401,433
257,8æ
304,241
526,670
537,062
687,9æ
2æ,79
s78,2V

571
726

1,383
1,392

897
536
951
893

1,007
s88
792
465
661

1 ,61s
'I ,020
1,011
1,122

689
988
561
832
812

1,666
560
68Ê

1,186
1,059
1,346

139,376
169,2æ
229,560
250,03-/
'l 74,'t 58
142,212
156,709
189,635
171,974
1 1 4,889
154,578
133,45()
137,337
287,4æ
355,500
169,717
209,801
æ2,6A3
209,051
208.654
194,064
163,396
269,673
26',tJâ
256,s21
397,856
173,615
3s8,667

29
9
0
2
I

43
41

5
51

69
46
11

118
2
I

't2
44

3
517

7
o

67
1

4
4

82
20
33

I,236

3,176
432

0
18

331
4,100
2,259

500
2,558
5,998
2,599
1,344

r 1,065
80

I,530
220

2,686
135

48,542
2,089

o
4,430

45
293
270

8,505
960

1,586

467
s31
189
200
3s1
404
202
292
263
254
269
427
336
216
625
303
215
591
249
661
472
312
180
90s
731
570
211
426

244
23S
166
180
't 94
265
165
212
17'l
195
195
287
208
178
349
168
187
323
212
372
233
201
162
466
374
335
1&t
266

227

110
48

+
o
o
=3
oa-+
U

I
41

95
55

100
50
87
57

122
94
4o

191
18
61

45
94

298

66
45
73
68

104
48
48

86

106
119
91

170
183
192

262
24

232

Basin total 27,847 16,003,770 s75 26,488 9,403,132 3ss 26,015 5,900,926 105,751

Colcrado
Kansas
Nebraska

45.578
131 ,394
107.1&¡

833 42,103 11,027,572
370 1,231 ,081 29,439,625
443 102,s2s 23,776,470

40'¿197 6'892,904
117,481 21,493,734
100,984 t9,406,990

27,121 2,872,3ß
't ,l 66 138,6e6
9,680 876,259

Tri-State þtal 284,155 134,031 ,293 1,646 1,375,709 64,243,667 s18 2s8.9æ 47,793,628 545 37,967 3.887.293

-Stete 11.94a/s 34.93% 1.93% 14.640/ø 68.57% 10.05% 12.35% 41

x_a)v
ol
3ã(¡
æ
O



Attqchmenf D

Table D-l4.-Tax base (Reprbllcan Rlrær Basln)

Tolal agdcullural

taxable
/!lì

Total taxåbls

fsì

Agrlcultural

vs.

lolal ta,€ble
lø/"1

Chase, NE

Cheyenne, KS

Clay, KS

Cloud, KS

Dscalur, Ks

Dund¡ NE

Franklln, NE

Frontlor, NE

Fumas, NE

Gosper, NE

Hadan, NE

Hâyss, NE

Hllchcock, NE

Jewel, KS

Klt Carson, CO

Notun, KS

Nuckolls, NE

Perldns, NE

Ph€lps, NE

Phllllps, CO

Rawllns, KS

RedWlllow NE

Republlc, KS

Shermen, KS

Thomas, KS

Washhglon, CO

W€bstoG NE

Yuma, CO

174,60'1,59f

50,2¡t5;196

¿19,261,3't4

46,790,662

39,420,586

125,512,124

174,375,215

f62,392,310

1æ.,142,725

14,/,,æ7,702

136,367,',l75

95,331,371

115,667,233

57,6t1,078

33,22,8,570

33,530,843

170,468,000

169,816,339

3v3"254,44s

21.218,720

46,s61,046

146,@2,478

58,520,896

62,990,918

66,056,677

32,553,@0

1æ;t't4,u5
40_795_130

281,4æ,979

s/,452,369

'174,386,972

165.286,830

9l,595,76f

169,134,469

230,922,609

210,689,021

2æ,281,567

'190,074,048

202,567,950

115,04àJs3

1902t7,9'12

84¿8e,513

69,630,4rc

s9327,147

250,799,860

237253.,940

635700,275

39,6G1J80

81 ,316;318

374,971,611

126,852,681

185,45'13't0

219,6æ,490

68,658,2r0

193,977:798

01.4¡16.700

62.03

51 .56

28.26

28.31

42.99

7421

75.51

71.O8

6724

7622

ü.32

82.87

60.81

68.42

47.72

33.76

67.57

71.56

6'1.86

53.58

5726

38.96

,16.13

gt^97

30.08

47.41

71 .51

402'l

Baêln lsÞl 2,938,438,219 5,114,169,313 5i1.46

Coloraclo 687,304,590 29,831,046,660 2.3O

Kansas 4,886,862,468 63,9¡16,045,651 7.64

N€braska 18,432,100,466 56¿07,563,555 32.79

Tfl.slalo lotal 24,006.?:67,464 149,984,655,866 16.01

Basln vs. trl-Stat€ 1224% 9.41%

D-t4
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REPUBLICAN RIVER COMPACT

The Republican River Compact of I94? is an agreement between the States of

colorado,.Nebraska, and Kansas, governing the waters of the Republican

River and its tributaries and providing for their most efficient use.

Specific allocations in acre-feet are made to each state derived from the

computed average annual virgin water suppìy orÍginating in the following
des'ignated. drai na-ge subbasins of the Repub'lican River Basin, in the amounts

shown

North Fork of the Repubìican River drainage basjn in colorado,
44,700 acre-feet

Arikaree River drainage basin, .19,610 acre-feet
Buffa'lo Creek drainage basin, 7,990 acre-feet
Rock Creek drainage basin, li,000 acre-feet
South Fork of the Republican niver drainage basin, s7,200 acre-feet
B'lackwood Creek drainage basin, 6,g00 acré-feet
Driftwood Creek drainage basin, Z,gOO acre-feet
Red l.lillow creek drainage basin iñ Nebraska, 21,900 acre-feet
Medicine Creek drainage basin, 50,900 acre-ieet'
Beaver Creek drainage basin, 16,500 acre-feet
Sappa Creek drainage basjn, 21,400 acre-feet
Prairie Dog Creek drainage basin, ?7,600 acre-feet
The North Fork of the Republican River in Nebraska and the main stem of

the Repub'lican River between the junction of the North Fork and the
Arikaree River and the lowest croising of the river at the
Nebraska-Kansas state line and the smãll tributaries thereof,
87,700 acre-feet

3
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Should the computed annual v'irgin water supply of any source vary more than

10 percent from the origina'l compact virgin water suppìy as set forth

above, the followÍng a'llocations made from. the above wateruou".., sha'll be

increased or decreased'ln the re1ative proportions such that the future

yearly computed'virgin water supply bears to the computed virg'in water

supply used above.

A totaì of 54,100 acre-feet of watelis allocated for benef icial

consumptive use in Co'lorado annually to be derjved from the sources ìn the

amount specified below and'is subject to such quantitìes being physica'l1y

avai'ì abl e f rom the sources:

North Fork of the Republican River drainage basin, 10,000 acre-feet
Arjkaree River drainage basin, 15,400 acre-feet
South Fork of the Republ'ican River drainage basin, 25,400 acre-feet
Beaver Creek drainage basìn, 3,300 acre-feet
In addition, for beneficiaì consumptive use in Coìorado annually, the

entìre water supp'ly of the Frenchman Creek drainage basin in Colorado
and of the Red l.l'il'low Creek drainage basin in Colorado.

For benef ici al consumpti ve use Í n'Nebrask a, 234,500 acre-f eet of wateri s

allocated annually. This water is to be derived from the sources in the

amounts specified beìow and agaìn ìs subject to such quantitìes beìng

physjcally available from the sources:

North Fork of the Republ ican River drainage bas'in 'in Colorado,
11,000 acre-feet

Frenchman Creek drainage basìn in Nebraska, 52,800 acre-feet
Rock Creek drainage basin, 4,400 acre-feet
Arikaree River drainage basin, 3,300 acre-feet
Buffalo Creek drainage basin, 2,600 acre-feet
South Fork of the Republ'ican River drainage basin, 800 acre-feet
Drif twood Creek dra'inage bas'i n, 1,200 acrê-f eet
Red tliIIow Creek draìnage basìn in Nebraskâ, 4,200 acre-feet
Medicine Creek drainage basin, 4,600 acre-feet
Beaver Creek drainage basin, 6,700 acre-feet
Sappa Creek drainage basin, 8,800 acre-feet

4
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Prairie Dog Creek drainage basin, Z,100 acre-feet
From the North Fork of the Republican River in Nebraska, the main stem ofthe Republican River between the junction of the Nortñ Fork and Arikaree

River and the lowest crossing of the river at the Nebraska-Kansas Stateline, from the small tributaiies thereof, and from wate. supplies ot
upstream bas'ins otherwise unallocated heiein, 132,000 acre-iäet

lrrithin Kansas, a totaì of 190,300 acre-feet of water is allocated for
beneficial consumpt'ive use and is to be derived from the sources jn the

amounts specified below. and 'likewise is subject to such quantitÍes being

physicaì 1y available fron the sources:

Ari karee Ri ver drai nage bas.i n
South Fork of the Republican
Driftwood Creek drainage basi
.Beaver Creek drainage basin,
Sappa Creek drainage basin, I
Prairie Dog Creek dra'inage ba
From the main stem of the Rep

crossing of the river at th
supplies of upstream basjns
138,000 acrê:fêet provided
all or any portion thereof

, 1,000 acre-feet
ntver arãìnãge-Ëãsin, 23,000 acre-feet
n, 500 acre-feet
6,400 acre-feet
,800 acre-feet
sin, 12,600 acre-feet
ubl'ican Ríver upstream from the lowest
e Nebraska-Kansas State line and from water
otherwise unal located herein,

that Kansas shall have the right to dÍvert
at or near Guide Rock, Nebraska

In addition' there ib hereby allocated for beneficia'l consumptive use in

Kansas, annualìy,.the entire water supp'ly originating in the basjn

downstream from the lowest cross'ing of the river at the Nebraska-Kansas

State 'l i ne.

!,|AT.ER RIGHIS LAt,l

The Republican River Basin is located within the states of colorado,

Nebraska, and Kansas. Each state has specifìc water r.ights laws whjch

govern the use of both surface and ground water. The following summarizes

the laws by which each state appropriates its surface water and ground

water supp'ly.

5
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Colorado Water Rights Law

Surface l,later

l,/ater rights Ín the State of Co]orado follow what is known as the Colorado

Ooctrine which is based upon the principle of appropriation for beneficial

use. Under this law, the entire flow of a stream can be diverted from its
natural watercourse prov i ded the wateri s used benef i ci al l y.

Water rights are established at general adjudication proceedings in the

0istrÍct Courts. In these proceedings, the first date of beneficial use is

determined for each claimant to water, and prìority numbers are assjgned to

appropriators in chronologicaì order. Thus, the approprìator with.No. I
prior'lty on the stream has tirit rìght and can force all appropriators

above him to allow all flows required to satisfy his appropriat'ion to pass

by.

Hater rights are divided into two classes--direct-flow and storage.

Direct-flow rights are decreed in terms of a given quantity per un'it of

time, usually cubic feet per second. In most cases, these rights do not

specificaìly limit the perÍod during which diversion can be made; however,

limìtat'ions are imposed in that the water must be used beneficÍaì'ly. Water

obtained under such rights may not be.stored but must be used as diverted.

Storage rights are decreed in terms of cubic feet or acre-feet, and the

tota'l decree is usuaììy equaì to the capacity of the reservoir" It'is only

in unusual cases that a reservoir js allowed more than one fill'ing a year.

6
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Prior to 1936, the practice rras to give direct-flow rights precedence over

storage rights regardless of priority date, and storage rights were denied

water if direct-flow ri.ghts required the water for irunediate beneficial

use, In 1935, a case invo'lving relative priority dates of direct-flow and

storage rights was brought before the court, and a decision was rendered'in

favor of the junior direct-f'low user. In 1936, this decision was reversed

by the colorado supreme court, which stated in part . . "The effect of

the reversal being to deny preference to either group otherw'ise than on a

basis of priority. The individuaì priority of an appropriatjon governs

regardless of its classìf ication as a direct f 'lovr or storage right.,'1 In

most cases, this ruling has little effect on present practices since most

storage rights are junìor in time to dÍrect-flow rights. However, jt does

protect present storage decrees aga'inst future d'irect-flow decrees.

Another provis'i'on recognjzed in Colorado laws concerning water rights is

the right of exchange. Under such practice, decreed water from one source

on a stream may be passed down the stream in exchange for water at some

other point, usuaìly hìgher on the stream. This is a'llowed only if the

exchange ls not detrimental to other rights on the stream.

Water rights are administered under the authority of the State Engineer by

division eng'ineers and water commissioners who apportion the waters of the

streams to the appropriators, in order of prìority, untìI the supply'is

exhausted. The State is dìvided geographically Ínto seven divisions. Each

djvision consists of a major or part of a major river basin and operates

198 Colorado. 505; 57 Pac. 2 894-1936
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under the supervision of a division engineer. The seven divisions, whÍch

incìude the watershed areas of the tributaries to the major streams, are

di,vi ded i nto 70 dì stri cts. Each di stri ct 'is under the admi ni strat'ion of a

water commissioner who is responsib]e to the divjsjoñ engineer.

Ground t'later

Ground water in the State oT coìorado is, ììke surface water, subject to

the'law of'appropriatìon. This water is characterized as either tr.ibutary
to a natural stream or not tributary to a major stream.

Tributary ground water includes seepage,. underf'lowr or percoìating water,

if that water would ev.entuaìly become a part of a natural stream. A

natural streamr's waters Íncìude water in the unconsolidateC alìuvial
aquifer of sand, gravel, and'other sedimentary materiaìs, and other waters

hydraîlically connected which can influence the rate or direction of
movement of the water in that stream.'l,later rights for tributary water

wel'ls must'be adiudicated in order to be given priority as to their actual

dates of in'itiation. Ground water is c'lassifjed as trìbutary if its
withdrawal wilì significanily depìete any adjacent streams within 100 years

at its adjudicated rate of withdrawal as specified on the welì permit

app'lÍcation.

Nontributary ground water includes alì subsurface waters which are not

hydrauìicaljy connected to any adjacent surface streams and whose

withdrawal wilì not affect the rate or directlon of movement of the water

I
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jn those surface streams. Nontributary ground-water appropriation is based

on the area of an appl.ic¿nt's property to which the water is to be'put to

benefìcìal use, the estimated quantity of water stored in the aquifer(s)

under'lyÍng the applicant's proper.ty, the estimated annual rate of recharge,

the est'imated use of ground water in the area, and the number of users

drawing water at the time of determination. lf there are no unappropriated

waters in the deiignated source, or if the appropriation would unreasonably

impaìr existing water rÌghts, then the application is denied. If the

proposed appropriation will not unreasonab'ly 'impair existing rights, then

the permit is granted, subject to any specified conditions or'limltations.

Kansas Water Ri hts Law

Surface Llater

As part of the earìy deveìopment of the State, Kansas adopted the riparian

common law doctrine to govern the.use and enjoyment of the State's water

resources. In 1886, the appropriation doctrine was first recognil.O,t

and in 1891, it was recognized as applying to the portion of the state west

of the ninety-ninth merid'îan.2 Ín 1944, the courts recognized onìy the

common'law docirjne of riparian rights and definitely stated that the

0ivision of Water Resources, State Board of Agricu'lture, could not

appropriate water.3 In 1945, House Bill No. 3?2, an appropriation act, vras

passed by the Kansas legislature for the control of state water. This law

became effective June 28, 1945,4 and thà constitutional va]idity of this

law was upheìd in a decision of the Kansas Supreme Court on June 11, 1949.

I
2

3

4

Kansas Gen. Stats., 1935, sec" 42-101.
Kansas Gen. S-tats . , 1935, sec. 42-301.
State, ex-reì-v. Board of Agricu'lture, l5g, Kan. 603 (Ig44).
sections of 824-701 !o q?A-72?, tg4s supp1. to the Genera't statutes ofKansas, effective Jurie 28, 1945.
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The general admin'istrative control of water'rights has been vested in the

Division of þlater Resources, Kansas state Board of Agricuiture. This

dìv'is'ion is administered by the chief engineer, who is charged with the

responsibilfty of administering the statutes governÍng the appropriatjon

and d'istribution of the water.

The l'later Appropriation Act was amended by the leg.islature of 1957. This

amendment cìarified the 1945 l,later Appropriation Act in several respects

and made some important changes in the 'larv.

some of the princìp'les established by the Kansas law are:

1- All r'¡ater with'in the State'is dedicated to the use of the people of the
State.

2. Water may be appropriated subject to vested rights.

Ir No-person may acquìre an appropriation right to the use of water of theState for other than domestic purposes withouI makìng appiicã¡oñ-'to ttr.chief engìneer for permit to mãke such approprtjiìon.

4. A "vested right" is defined to be the right of a person under cómmonlaw.or,statutory'claìm to conijnue the use oi water havìng actualìy beenapplied to beneiîcial .use on or before Juñe-Za,-iö+s.

Groûnd l,fater

Kansas ground water, s'ince the adoption of the water code of 1g4s, is now

subject to State admjnìstration and control. Prior to th'is enactment,

ground water belonged to the owner of the land overlying it for use as he

wished. However, ground water hydraufically connected to a surface stream

never be'longed to the overly'ing landowner, but has always been governed by

appropriation. The 1945.act dedicated all of the unallocated water to the

use of the people of the State and provided that rights, except for

10
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domestic use, couìd only be acqu'ired by f i'ling an appl'ication for.a permit

with the State Ch'ief Engìneer. All prior water rights were protected if
the ground water was prevìously put to beneficial use or put to beneficial

use within a reasonable time after the act was passed. The owner of an

existing right did not acquire a vested right to the existing water leve'|.

In considering the effect of new applications on ex'isting ground-water

rights, the act specified that impairment is limited to the unreasonable

raising or lowering of. the static water level. The approval of each

application ìs subject to the express condition that the water right must

allow for a reasonable ra'ising or lowering of the static water leve'l .

Spec'ial provisions relate.to artesian rights. ltater obtained by an

artesian well and put to benefìcial use'is considered to be appropriated.

In addition, regulation of the drilìing, construction, and use of artesìan

wateris specif ied.

Nebraska Water Riqhts Law

Surface l,/ater

Neb.raska law distinguishes between surface water and water flowing in a'

definite channe'l with a bed and banks or sides. Surface water may be

retained by the owner upon whose land it fal1s, so long as it has not

become part of a watercourse or natural lake. The 'latter category,

including floodwaters, ìs subject to the complex 'interaction of Nebraska's

dual approach to water r iþtrts.

11

KS001594



The Riparian Doctrine states that each landowner may enjoy the use of

streams flowing past his ìand provìded that this use does no.'injury

downstream. Because this doctrine made no provísion for consumptive uses

such as irrígation, many of the semiarid western states, 'including

Nebraska, modífied the doctrine to appìy a ne¡r rule of'reasonable use.,,

Contrary to prevalent applicat'ion Ín.the Unjted States, Nebraska has ruled

that one requìrement for vesting of a riparian right is ownershjp of part

of the strearnbed. Another Nebraska'limitation is that all excess flow must

be returned to the watercourse from which it wa.s withdrawn.

The Appropriation system is defjned as a doctrjne whereby a property

interest in the use of a definite quantity of streamfìow may be acquired by

diverting and applyÍng 'it to a benef icia'l use. subsequent to the act of

1895, an appropri at'ion i s obtaì ned. by app'lyi ng to the Department of t{ater

Resources, which then decides whether an unapproprìated water supply does

exjst and whether'granting the appropriation would be dþtrimental to the

pub'ìic welfare. Although the Nebraska Constitution, Article XV, SectÍon 6,

st¿tes that the right to divert unappropriated waters for beneficja'l use

may be denied "when such denial is dernanded by the public interest,,,the

provÍsion is omitted from Nebraska revised statutes, Section 46-204, which

states that "the right to divert unapproprìated waters of every natural

stream beneficial use shalì never be deniecJ." The right once granted ìs

attached to the lands upon wh'ich jt js to be used. Prior to the 1895 act,

rìghts were acguired by the simpje act of dìverting water and cou'ld be

transferred or assigned in the same rnanner as any other property.

I2

KS001595



After, and only after, a]l the water in a watercourse has þeen allocated

for use under the water rights system of the state, constitutional and

'legislative authority provide a means for a superior use to iake preference

over an inferior use. This procedure of acquis.ition is an exercise of the

power of eminent domafn. Accompanying this power, however, is the

obligation to adequateìy compensate'the deprìved party, In Nebraska,

domestic uses have preference over all other uses, and agricultural uses

have preference over manufacturing uses and the generatfon of electric
power.

conflicting claims as to the better right in ìaw between appropriators

seekjng water for the same purpose, and hence not subject to the preference

System, are subject to the principle that fìrst in time'is first in right.
Between riparians, the common-law doctrine of reasonable use governs their
relative rights to the water.

Between a riparian and an appropriator, early Nebraska court decisions

found for the superiority of the approprìator. In 1966, however, the

courts'laid down a different ru'ling. It appears that hereafter the court
'intends to consider and decide water right disputes between riparians and

appropriators on the basis of equity, having now recognized that both sìdes

possess equa'lly protected interests" Since the preference system app'lies

only to appropriators, r'iparìans may seek the protection of equ'itable

remedy regard'less of the contesting use,

13
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Ground t{ãter

Before 1963, the I'lebraska Court followed the,'reasonable use'l rule as a

guÍde to a landowner's right to appropri.ate ground water. There was no

requirement that a permit be obtained by an app.ropriator of ground water.

A ground-water code adopted in 1963 defines thls water as water which

occurs, seeps, filters, or percolates through the ground under the surface.

Due to the fact that pumping water forirrigation near streams may affect

those streams, the legislature requ'ired appropriators to secure a permit in

such a situation from the Nebraska Department of lllater Resources before

initiating such use. The department may take into consideration the effect

of the pumping on the amount of watelin the stream, and the abil'ity of the

stream to meet.the requirements of appropriators from the stream.

t'lunicipalìties. receive 'a special preference for domestìc uSê¡

RECLAMAT I ON IRRIGATION DIVISIONS WATER RICHT FILINGS

lrlithin the Repubìican River Basin of Colorado, Kansas, and Nebraska are

'located four divisions of the Pick-Sloan Míssouri Basin Program (figure 1).

These are the Upper Republ ican, Frenchman-Cambrìdge, Kanaska, and Bostwick

Divisìons. A list of the applications for permit to appropriate water

with'in these four divisions is provided jn tab'le 1. Ihese applicatíons, or

water right fitings are for both the storage of water rrithin the eight

storage faciljtìes utilized to supply the irrigat'ion divisions and for the

appì'icati on of water on the di stri cts , I ands.

14
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Upper Repub'ì 'ican Di v'isi on

The Upper Repubìican 0ivision contaìns the Armel Unit, which. consists of

Bonny Reservoir and Hale DÍtch. This unit is located in eastern Colorado

on the South Fork of the Republ'ican River. A water right to store 351,460

acre-feet in Bonny Reservoir $ras filed in November 1950. As this water

right fiìing exceeds the conservation storage of the reservoir, ít was

likely based on a larger proposed structure rather than the present Bonny

Reservoìr. The Bonny Reservoir water right is now in state court and

shouìd be reduced when 'it becomes adjudicated.

Or'iginaììy, irrigatìon was to have been one of the benefits derived from

Bonny Reservoir; however, ìater investigations disclosed that an

economica'lly feas'ib1e plan for Federaì deve'lopment couìd not be formulated

within the 24,000-acre area previously studìed. As a resurt, Bonny

Reservoìr's conservation space was so1d to the State of Co'loraáo for fish,
wjldlife, and recreation use. The only ìand irrigated by this reservoir js

the 750 acres of nonproiect land located south of the river and suppl'ied by

the Haìe Dìtch. The State of Colorado operates a fish hatchery and manages

a w'lldìife habitat on 400 acres of the nonproject land.

Frenchman-Cambri dqe Di vi s'ion

The Frenchman-Cambridge Division js located in sbuthwestern Nebraska and

extends from Pal'isade southeastward along the Frenchman River and from

Swanson Lake eas.tward along the Repub'lican River to Har'ìan County Lake.

1s
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Storage facilities for this division consist of Enders Reservoir and

Swanson, Hugh Butler, an.d Harry Strunk Lakes.. Irrigation re'leases are made

from all reservoirs to the stream for diversion into downstream canal

systems. In addition, irrigation releases are made from Srvanson Lake

directly into the l,leeker-0riftwood system canal. Enders Reservojr, Swanson

Lake, Hugh Butler Lake, and Harry Strunk Lake are located on the Frenchman

River, Republican River, Red llillow Creek, and t'ledjcine Creek,

respectively. Water right fil'ings and their associated priority dates for

t hese reservoi rs are as f o I 'lows:

Enders Reservoir, 44,079 acre-feet, May 1946
Swanson Lake, L22,800_acre-feet, July 1951.
Hugh But'ler Lake,3q!490 acre-feet, Jury 1951 and August 1960 (z filings)
Harry Strunk Lake, 40,000 acre-feet, May 1946

Four jrriEation districts are located within the Frenchman-Cambridge

0ivision. These are the Meeker-Driftwood Unit, .the Frenchman Unit, the Red

l,lil low Un1t, and the Cambridge Unit.

The Meeker-Driftwood Unit, 
.which 

is served by the Meeker-0riftwood Cana1,

is located along the south side of the Republican River ímmediately below

Swanson Lake in Hitchcock and Red l,lillow Counties. hlater right filings
have been made for this unit providing for the'irrigation of 34,783 ôcres.

The Frenchman Unit'is served by the Culbertson Canal and t,he Culbertson

Canal Extension. t{ater for this jrrigation district is stored in Enders

Reservo'ir, located on the Frenchman R'iver near Enders, Nebraska. It is

located aìong the north slde of the Frenchman River between the Culbertson

t6
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Diversion'Dan and culbertson, Nebraska, and on the north side of the

Republican:River from near Culbertson to just east of McCook., Nebraska.

l,later right filings for thjs unlt provide for the irrìgatìon of 43,OZz

acres.

A th'lrd irrigation district, the Red t.lillow Unit, is served by Red t.lÍllow

and Bartley Canals. Hugh Butler Lake-, located on Red tlillow Creek north of

Mccook, Nebraska, and the Repubtican River, are the source of water for
these canal s.

Red l'lillow Canal serves lands aìong the north side of the Repub'lican River

from the confluence of Red willow creek and the Republican River to

Cambridge, Nebraska. The ìands irrigated by the Bartley Canal are located

on the south sìde of the Republican River between the conf'luence of Red

l,lillow Creek, tld the Cambridge 0ìversion Oam. Water is d'iverted to the.
Bartley Canal at the Bartley Diversion Dam, Iocated 2 mjles southeast of

Indianola, Nebraska. tlater rigtrt fì1ings for the Red llil'low Canal and

Bartley Canal supp'lied portions of the Red l.lillow Unit and provided for the
'irrigation of 11,943 acres and 13,086 acres, respectively.

The Cambridge Unit is served by the Cambridge Cana'l and is'located in the

Repubfican River Va'lIey between the towns of Cambridge and A'lma, Nebraska,

i n Furnas and Har'l an Counties. The water supp'ly f or th'i s cana'l i s obtai ned

from water stored in Harry strunk Lake and from natural ftow of the

Republican Rìver. Irrigation water is released from Harry Strunk Lake and

flows down Medicine creek to the Repub'lican River, where it is then

L7
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diverted from the Republìcan River approximately 2 miles east of Cambridge,

Nebraska. þlater rights filed for the cambrldge unit provide for the

irrìgation of 34,994 acres.

Kanaska Di v.i si on

The Kanaska Division, 'located along prairie Dog creek jn north-centraj

Kansas, contains the Almena Unjt, which consists of Keith Sebelius Lake and

the Almena Irrigation District. A water right to store 36,700 acre-feet

withìn Keith Sebeljus Lake was fjled in Febrûary 1957. The corresponding

Almena Irrigation District has water right filÍngs wh.ich prov.ide for

ìrrigatìon of 5,350 acres.

Bostwick Dì vi sion

The Bostwick Division is located in south-central Nebraska and north-

centra'l Kansas. It extends.from Harlan County Lake, located on the

Republican River in Nebraska, to Concordia, Kansas, and includes lands on

both sides of the Republican River.

Water for the Bostwick Division is stored in Har'lan County Lake in Nebraska

and Lovewell Reservoir located on. hlhite Rock Creek in Kansas. A water

right to store 350,000 acre-feet'in Harlan County Lake was filed in January

1948. Lcjvewell Reservoir has a water rìght which was filed in 0ctober 1955

and provides for the storage of 41,690 acre-feet. 0f this storage w'ithin

Lovewell, 19,700 acre-feet annually can be suppìied from blhtte Rock treek

wÍth the remainÍng to.or. fror the Republican River through canal

diversion.
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Three irrigation districts are located within the Bostwick Divis'ion. These

are the Franklin Unit, the Superior-Courtland Unìt, and the lower Courtland

Unit.

The Frankl'in Un'it is served by the Frankìin and Naponee Cana'ls which divert

water directly from Harlan County Lake and by the Franklin South Side Pump

Cana'|, wh'ich receives water from the Republican Rlver through a pump'ing

stat'lon 17 miles downstream from the reservoir. The Franklin Canal runs

from Harlan County Lake along the north side of the Republican Rjver to a

point 47.9 miles east. }later right filings associated with this canal

allow for the irrigation of 22,760 acres of the Franklin unit. Along the

south sìde of the Repub'lican River, the Naponee Canal extends eastward from

Harlan County Lake. Related water right fìl'ings provide for the irrigation

of 3,604 acres of the Franklin Unit.

The Frankl in Pump Canal. located on the south side of the riv.er it 4.: mi1es

in length. Associated water right filings provjde for the'irrìgation of

4,243 acres within the Frankì'in Unit.

The Superior-Courtland Unit is served by the Superìor and Courtland Ca.nals

which originate at the Superior-Courtland 0iversion Dam located on the

Republican River in Nebraska. The Courtland Cana'l serves the

Superior-Courtland Unit in both Nebraska and Kansas. The Superior Canal

begins at the north side of the Superìor-Courtland Diversion Dam and

continues 30 niles eastward through blebster and Nuckolls Counties,

Nebraska, to near th.e Nebraska-Kansas State line. [t's water right filings
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provide for the irrigatioñ of 14,235 acres north of the Republican River

withln the Nebraska portion of the Superior-Court'land Unit. The Courtland

Canal originates at the south side of the Superior-Courtland Diversion Darn

and fo'llows the Repub'lican River past the Nebraska-Kansas State line to
Lovewell Reservoir in Kansas. l,later right fi'lings associated with thJs

canal prov'ide for the irrigation of 4,335 acres in Nebraska, and I?,77I
acres in Kansas, of the Superior-Couriland Unit.

The Lower Court'land Unit is served by the Lower Courtland Canal which is

located in Repubìic and Jewell Counties, Kansas. tlater is diverted from

Lovewell Reservoir and conveyed southeast to the vícinity of Courtland,

Kansas. l'later right f il ings for this unit provide for the irrigation of

?7,3?9 acres.

NONPROJECT I'IATER RIGHTS FILINGS FOR THE REPUBLiCAN RIVER BASIN

Application for permi.t to appropriate surface water for beneficial use'in

the Republican River drainage has been summarized from the Kansas State

Board of Agriculture, Division of ltater Resources; colorado State

Engineer's Office; and the Nebraska State Department of t'tater Resources

(table 2)" Ground-watår rights have been summarized in a supporting

document and are not dealt with here. As the four divisions of the

Pick-Sloan l\lissouri Basin Program located in the Républican RÍver Basin

have previousìy been discussed, they are not included in this summary.

These app'lications are for the use of surface water taken from the

Repub'l ican River Basin.

I

I
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KANSAS TVATER RIGHTS GENERÄL
REPTJBLICAN RTVER BASIN

Genera} Crenerally, water rights are a matter of state law, not federal law. Water is
ænsidered to be tlre property of the state. An individual may acquire a right to the use
of water by obtaining â state water right. Under Section 8 of the 1902 Reclamation Act,
the Bureau of Reclamation is required to conform with st¡rte law and ensure that state
water rights are acquired for each of its projects.

System: Kansas is an appropriation state. The Kansas Water appropriation Act, passed
in 1945, provides for two types of water rights; vested rights and appropriation ri_uhts. A
vested right is the right to continue the use of water acrually applied to beneficial use on
or before June 28, 1945 (the date the act was effective). An appropriation right is a
right, acquired pursuant to the provisions of the Water Appropriation Act, to diven from
a definite water supply a specific quantify of water at a specific rate of diversion and
apply such water to a specific beneficial use or uses in preference to all appropriation
rights of later date. Although the 1945 act established a process for acquiring a warer
right based on the principle of þrior appropriation, the act did not make it iliegal ro
appropriate water withour a permit.

In 1978, the act was amended to make it illegal to appropriate or threaten to appropriate
water without the prior approval of the chief engineer of the Division of Waær
Resources. Also in 1978, the act was amended to require all persons claiming a vesæd
right to file a verified claim with the chief engineer by July l, 1980.

A water ri,eht is appunenant to and severable from the land as soon as beneficial use is
made of the water pursuant to an approved application. The cenificate of
Appropriation is evidence of the extent to which a water appropriation right has been
perfected.

Administrative Agency/Body: The State Board of A-ericulture, Division of Water
Resources administers the water wïrhin the State.

State Board of Agriculnrre
Division of Water Resources
109 SW Ninth St.
Topeka, KS 66612-1283
(et3) 296-3717

Permits: Required for surface water and groundwater (Kansas Water Appropriation
Act)

Change is Use, Buying-Selling: Prior approval of the Chief Engineer is required for a

transfer of ownership of a water right only if the water rights is ævered from the land
that is the authorizèd place of use for that right. Prior approval of the Chief Engineer is
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required for a change in the place of use, type of use, or point of diversion, whether or
not there is a change in ownership involved

Preference System: Where uses of water for different purposes conflict such uses shall
conform to the following preference order: Domestic, municipal, irigation, industrial,
recreation and water power uses. However, the date of priority of an appropriation
right, and not the purpose of use determines the right to divert. The preference system
is applM when necessary b.y condemnation (higher public interest).

Groundwater: Five ground water management districts have formed in the south-central
and western parts of thb State. These districts develop management programs and
recommend rules and regulations to the chief engineer to implement policies necessary to
the conseryation and management of ground water supplies. Mandatory metering, well-
sBacing restrictions, safe yield criteria, enforcement agairxt water waste and other
progrítms have been used to protect ground water supplies. Kansas' ground water
management laws also expand the chief engineer's authority to manage and regulate
water use in area of serious ground water decline. These ateas are called Intensive
Ground Water Use Control Areas. The chief engineer has designated several such areas,
in which more restrictive measures now apply. Reductions i'n authorized quantity, multi-
year allocation systems, mandatory metering and conservation plans are examples of
corrective control provisions that have been implemented in these areas.

Instream Flow: The Appropriation Act established minimum desirable streamflow
requirements MDS(levels set by law for particular streams and rivers). Water right
applications received after April L2, L984, are considered to be junior in priority to these
minimum desirable streamflow requirements. In the event that MDS seems serio¡rsly
threatened, the Kansas Water Office has the responsibilir,v of requesting the chief
engineer to administer. rights to protect the MDS. The Reblublican River has MDSs
established at Concordia and Clay Center.

Abandonment: Any water right shall be deemed abandoned and terminated when
without due and sufficient cause no lawful beneficial use is made of the water for three
successive years.

Ðisputes: Disputes are handled by the Chief Engineer and/or general court.

Safe Yield Concept: Two criteria the chief engineer must consider in evaluating
applications are (1) whether the proposed use will impair an existing permit or water
right and (2) whether the proposed use will adversely affect the public intercst. One ke¡r

factor in determining whether there will be an adverse affect on the public interest is
whether a proposed use will meet safe yield. This standard refers to the long-term heath
of the system, basically looking to balance the amount of water being used under existing
permits and water rights with the system's ability to restore its supply. If safe yield
cannot be met, an application will be denied. Because most areas of the State are either
rrcar safe yield, fully appropriated or over-appropriated, the likelihood of obtaining
approval of new alplication is questionable.
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Compact: Republican River Compact, t942. A compact providing a division of water
between the states of Nebraska, Kansas and Colorado. The compact allocates specific
quantities of.water to Colorado, Nebraska, and Kansas.

Reclamation Policy: Our policy in Kansas has been to let the contracting agency
(inigation district'or municþlity) make the water right filings and take the necessary
steps. to perfect 'them. This has been true for both direct flow and storage rþhts. Most
of the earlier l¡lings that were in the name of the Uuited Staæs have been cancelled in
favor of later filings'by irrigation districts.
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NEBRASKA WATER RIGHTS, GENERAL
REPUBLICAN RWER BASIN

General: Generally, water rights are a matter of state law, not federal law. Water is
considered to the properfy of the state. An individual may acquire a right to the use of
water by obtaining a state water right. Under Section 8 of the 1902 Reclamation Act,
the Bureau of Reclamation is required to conform with state law and ensure that state
water rights are acquired for each of its projects.

System: Nebraska is an appropriation state but a few riparian rights do exist as a results
of court decisions.

Administrative Agency/Body: The Department of Water Resources administers the
water within the State.

Department of Water Resources
301 Centennial Mall Sourh
P.O. Box 94676
Lincoln, NE 68509-4676
(402) 471-2363

Permits: Required for surface water and not required for groundwater, but well must be
registered. Well permits are required in control areas.

Change in Use, Buying Selling: Generally water rights may be transferred in location
only, not for different use. Transfers of existing surface \tarer rights are permitted by the
Department of Water Resources under limited circumstances by legislation passed in
1983. Existing rights cannot be transfened for use in a differenr river basin
and the purpose of the use cannot be changed. For example. an agriculrural right could
be transferred to another agricultural user but not to an industrial user. In addition,
other water users must not be harnred by the transfer. Transfers of surface water from
one type of use to another can occur only through the exercise of a "preference. " This
type of'transfer is not a transfer of a right from one user to ano¡her. The preferred user
must already have a right. The "preference" only grants the right to interfere with
another's use and is normally temporary in nature, occurring only when water is
insufficien¡ for both users (Refer to the Report on the 'Water and Water rights Transfers
Study, State of Nebraska, Water Mana_eement Board, November 1988).

Preference System: Courß have required recognition of preference for out-of-prioriry
use with compensation to senior apprcpriators. This system operates secondarily to the
priority system. Domestic use is given preference' over all other uses, and agriculture has
preference over manufacturing and power uses. However, a junior preferred user
doesn't have the right to water being used by a senior but subordinate user, unless that
user is compensated for damages.
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Groundwater: Groundwater is. not allocated, but three local areas do require permits
before large capacity wells can be drilled. Recent laws have also been passed to
recognize incidental and intentional undèrground storage of surface water. The Ground
Water Management and Protection Act gives authority to twenty-four natural resources
disricts to establish ground water control and management areas. Well spacing, rotiation
of purnping, water allocation and moratoriums on drilling arc some of the- inanagement
alternatives described in the act. Best management practices are also required to prot€ct
water quality. Several "control" and "managementn areas have been established in
Nebraska to protect ground water ,"sourc*J by providing a means to regulate
withdrawals and prevent the leaching of agriculturar chemicars.

Instream Flow: Instream flow rights may be'obtained in a manner similar to other
surface righß. They are given a priority date like all other rights and are regulated
accordingly. Only a natural resource district or the' Nebraska Game and Parla
Commission may apply for instream flow rights.

Disputes: Initially handled by The Deparrment of V/ater Resources, with appeal going
forward to the Court.

Adjudication hocedure: Nèbraska law provides that the Department of Water
Resources examine water appropriations to determine if water rights are being used and
-whether all diversions of water are legally valid. This process, which began in the late
1960s, is Nebraska's water adjudication procedure. To accomplish adjuà'ication, the state
was divided into sub-basins. Every water appropriation was investigated within
approximately fifteen years, except those owned by irrigation districts and carral
companies. In 1983, investigations of inigation districts and canal companies were begun.
This process continues to the present time. The Nebraska adjudication process involves
seven steps: (l) a record search, (2) investigation, (3) review of the investigation reporr,
(4) public notice, (5) a hearing, (6) a decision and (7) appeals and rehearin*q.

Compact: Republican River Compact, L942. A compact providing a division of water
betrveen the states of Nebraska, Kansas and Colorado. The compact allocates specific
quantities of water to Colorado, Nebraska, and Kansas.

ReclamatÍon Policy: As a rule, all natural flow or direct flow rights were filed for by the
irrigation districts, Storage and storage use righs were filed for by the United Stares
Bureau of Reclamation. The storage rights for Reclamation reseryoirs in Nebraska were
filed for multiple use.
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REPUBLICAN BASIN WATER RIGHTS
Reseruoirs/La S

WATER R]GHT
TYPE /2

st

IF

IR

IR

IR

IR

tß

¡R

IR

Êl

st&so

sl

PR]ORITY
DATE

5-19d6

5-t890

3-1960

4-lssr

1-19t1

I '1946

3-f95r¡

a-195a

t-f981

12-1

l-1

0-

ADJUDICATIOÀ
OUANTITY

.t

f0,957 Ac¡€¡

9,51¡l Ao.ca

767 Acre¡

9.f60.¡l Acrc¡

1,415 Acro!

9,578 Ac¡cr

132 Acts¡

68fl Ac.6!

60 AEr6!

2{ Ac?ot

22c]t
157 Acrar

3899

ô2r{

9802

9ô97

130f6

38694R

6225H

97A2

15839

D2{-25
29-30

14249

r5678

Mull¡-Usa

Itrþlion

lriFllorl

hdgalion

lrþllon

Inþllon

lrrþllon

hr¡gafíon

lirlgat¡on

lnþlíon

lnlgatioo

lrrþllon

WATER
OUANTITY I

RIGHT FILING
t sEs I ruuuspn

¡l¡1.079 AF

1 34,5 cls
9.¿l f6.3 ác.es

1.9 cls
132.0 acrès

17.5 cls
1.¡19t.0 Aêros

'142.6 cls
9.985,0 acrcs

2.2clt
lõ7.0 ¡c¡a¡

9.9 cfs
69e,O acr€g

0.9 clc
60.0 acrâ!

¡13.0 acfôg

WÂTFR SôltnCF

Frónchrnan Rfucr

Frenchman-
Canbddç Dlr.

Bassryoir¡

F¡cnchman Flvet

Flenchman Fivsr

Fronchman Rlver

FA.CILITY 
'I

Endor¡ ßo¡o¡voir
O{-05N-3IW, Cl¡ase

Culb€rtlon C¡nal
gl -05N-331^r, Hâyo3

Culberlson Canal
3l -05N -33ì'T. Hayeg

Culberlson Csnâl
31-05N-33W. Hây€s

Culbsíson &
Culberlson EL Canâl
3f -osN-fitw, Hâyês

Unl¡od Stale¡

Frenchmn Valley
lrrþ. Disr

Frenchman Valley
lrrfg. Dlst

H&Rl¡/ lrr¡9. D¡st

WATER RIGHT
EI.¡TITY

Unired S¡Êtes

Dlvl¡lon
F¡enchnan Unil

NEBRASKA
F¡enchman-
Cambrldge

UNIT
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REPUBLICAN BAS¡N WATEB RIGHTS
Reserv nals

HT

:,1-f 9¡16

ro-rsTt

11-1gTf

3-1965

2-19t67

4-

a-195{

.t-f

9-

1-tgii;

3-.'rgEt
a:f976

l,l.262Acrs¡

i.lt*n":q,, ,

117 k at.

¡;i$efir"r;.'

,. , efs,6ç.ç. 
', 

j ;
:. lÌ.r:: i:.,,'l ..,.1'

izloç. ,.',

l8t Aàsc ,.

..74øes ..
3OO Aar¡s .. ...
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3{þ Acrst

7'l ftr,¡cl
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t tg Âc.es

25O Ac¡s¡

,l,lE^cr€.

lã!o0 . : ,

. ::ir.-

ßu¿6

t4fðf

fH79

lltHt

I 5131

::

6?18

czq5L

soÂbEt

'9763

t059t

fæ€7

158(X
tlSE

ts8t4

rs137

Mt¡ld-U¡e

lrrþllon

Itlþtion

lr¡gtsl¡ofl

hrþlion

lrrlgation

frfgadon

lnþllon

lnfu¡ion

lnþlion

!rrþlio¡

lrrþtíon

hr¡gÉtlon

lnþel¡on
krþlion

lrrftcl¡on

Irrþtion

TìIGHT FILING

t84.5 cts
18,¡150 acrês

4.t cti
flôõfcrer ¡

1,7 cls
1 t? Ac¡er

30t AÊrês
2.6!15 acro¡

lo.ooo^F

77 acrcs

?gl rcrrs

7.2 cle
724 âcfos

3.2 cfr
&0acias

1.9 ctg
It? acros

8.5 cti
¡166 ¡cras

S.9 cf¡
?70tcrot

11,7 cfs
828Acrot

¿8 stE
t79 Ac¡es

1,5 cfs
't05 Acres

WATER SO¡.IRCE

ModlcinóCrsoh

F¡anchman-
Cambrldge D!.

ßeservoìrs .

Republican River

Frenchíiãn-
CambddgoDfu.

Besoruoirs

FACILITY /I

Hary Strunk Late
. JQ5:05N-26W. Front¡sr

Cambddge Cenal
27-01N-25w'

Furnas
Crmbridgs Canal
27-O1N-25W,

Furnas

Gambrldgo Canal
rt-o.fN-25w.

Furnas

WATER RIGHT
ENTTY

UnÌlq{ 9tatñ

Unitêd Srat€s

Frsnclìman-
Gambrldge l¡¡. Díst

Un¡r6dSbt€s

UNIT
DISTRICT

Frcnchman-
Cambddge Dlv.

Conllnu6d

Gambddgo Unlt

Û)oO
I
o)
J(¡



F¡e
Cambrldgc Div.

Contlnuod
Mcsker-Drlftwood

Unlt ',

REPUBLICAN BASIN WATER RIGHTS
Reservoi L.a s

F¡cn¿ùman-
Meeker -D¡iltwood Canal Cambridgo Dlr.

Unílod Sùatss 08-02N -3:¡W, H¡tchoock Fesorvoils

x
Øoo
J
o)
J

Unilod Slålss

Frenchman-
Cambridgo hr. Dirt

Ffonch¡nsn-
Cambridge

Ir¡ Dlst

Meeker-Otlltt rood Canal
08-02N-33W. Hatchcock

Maeker -Dr¡fh,vood Cenal
08 -021.t-33ìiV. Hilchcock

.lJceker- DtlÍlwood Canal
08-fr2N-33W.

Hilchcock

Bartloy Cánal
t7-03N-27W.

Ik¡d Wilk¡w

Republlcan Rþsr

Ropublican River

RepublÍcan Rlver

F¡errchman-
Cambrldç D'v,

l¿10 Acreg

¡11.88 cls
4930 Acrot

!6.96 ct3
{,226 Acres

1J7 cls
132 Acres

125.ôl cls
10.(X9 Acre¡

2,ô7 ct3
257 Acres

8.91 cl¡
621 acreg

1.00
76 acres

0.86 cls
60 scres

1,28¡l acres

l3 r6rai

1{l scfss

110 acres

hrþtion

, lrþtion

lrrþÊt¡on

hrþtíon

lrrþtlon

lrdgaüon

ln¡f¡at¡on

lrþllon

hrþÊtlon

l¡rigption

l¡riFlion

hrifFlfon

lrrþlion

krþtion

hritalion

ktþtton

62256

1a157

15t38

t581 r

Dr,7-9

38698H

3887C8

62t3

9690

9é¡t I

r0590

f t9¡16

13227

11t80

t5130

r5805

WATER RIG}IT
TTPE 12

ST

sl

sl

st

st

tß

IR

IR

]R

IR

IF

.tB

tß

IR

IR

IB

IB

PRIORITY
DATE

¡àsÈn:È.-_-

7-195r

¡l -195,1

a - 1976

lf-t977

3-f98r

12- 1890

3-'t98t

3-r96r

a - t95t

I - t954

l-l

¡l-

2-

3-

{-l

5-

10-

OUÂNTITY
¿:a:-...É-rr'+

ÂDJUDIGATIOÀ

21709 Aa¡er

2,5€9 Ac¡o¡

9.170 Ac¡os

60 AcË!

1272Áat¿r-

13 Acr€r

107 Acrot

f 10 AÊrâr

6.228 Acra¡

197 Acror

92Acrc¡

5õ Acro3

500 Ac¡a¡

1r:506 AF

2.G¡8 AF

107 Acror

13t Acios

{88{

NU

Multi-UsË122,8æAF

W^TEF SoUnçç

Hgpubl¡can Bivôr

F/tcrLrw /1

Swanson Lake
08-02N-33W, HilchcockUn¡ted Strtes

WÀTER

Fry_r.lTY _.._..

UNIT

Un¡tcd Slnl6 llosuNoirs hril¡rti(nt lj:¿?.lK



REPUBLICAN BAS¡N WATER RIGHTS
Reservoi Ganals

st

st

IR

IR

1R

IF

1R

IR

IR

1R

st

n^1F
PRtonfrY

| - 1976

3-i98t

t-rsò

,l- 1954

3-i96:l

2-1967

4-1970

r0-197{

a-197€

3-198r

{-1954

ADJUDICATIOI
CIUANTIIY

5,98i1Acrer

f30 Ac¡as

2{ô Acras

123 Acrrr

I Acrtr

l¡12 Ac¡¡¡

9 Acrsr

13 Acro!

I Acro¡

I 15 Acres

tl Acra!

1r533

t{179

I 1920

6217

t3æ

r58ß

3869DR

l¡ll5{t

r58t2

t0't90

11012

lnitnl¡on

l¡rígption

l¡¡lg¡tion

lrrþtion

frrþ¡l¡on

lrrþst¡on

lnþtion

krl¡allon

lnl0at¡on

lrrþllon

kriFlíon

wÂr
ôTIÂNTITY

78. I ch
7.116 aó¡es

9 Acres

I rcre!

z2cls

0.2 cls

1.8 cls
123 ¡crêg

Zg cls
273 acres

O.'l cl6
6 ecreg

0.2 clt
l3 ¡crsr

IYATER SOURCE

Frencf¡nian -
ormbrldge Dl,r.

. Fssowoln

F¡enshñrn-
Cambrldgo D'v.

Rsssrvoirs

ßepubllcan Rivcr

Bepublican River

Rspubl¡can R¡v€r

FACILITY /1

Barlley Oanal
17-ßN-27w'

BedWillow

Barlløy Canal

t7-03N-27r¡r.
HedWillow

Bailley Cânal
t?-o3N-2?W.

Red Willow

Bartlay CarBI
r7-03N-2n /,

ñed Wllow

Bartley Canal
r7-onN-27W.

R6d W¡llow

WATEF F¡GHT
ENTITY

UnllodSfatss

Unítod St¡atèg

Fr¿ntùman-
Cam6rldg€ lrr. Oist

Ffendrrnan-
Carnbrldg€ ln Dist

Frenclrmrn-
Crmbrldg€ lrr, Dlst

UN¡T
DrsrRtcl

Frenchr¡an-
Canbddge Dlv.

Continued
Meoksr-Drlftwood

Unlt ',

x
Q)oo
J
O)
I{



REPUBLIGAN BASIN WATER RIGHTS
Rese als

WATEB RIGHT

t f -1987

1-1971

rti-rszr

t- r978

F-r968

{:1946

3-1S8f

1-1Ê76

3-tgsl

4-1

5:l

8-r

ADJUO

:i '

.,!.{fl Ariôr

, 
etr1tuÎ :'
1Tl Actat

,l8ll 
Acrs¡

'67?Acra¡

.. . 41 Ncrer . i

l:,'.:': . 
a

82 Ac¡or

,178 Acr6!

4t Acrr.

4cre¡

'i

':1,?5ç

23{ Ac¡e:

2{0Âcre¡

I t532

t8a!i

9858

r6602

3ðö9CB

14156

f5813

g¿18

10t95

14068

1s006

1zr01

r32T

f{178

ILING

Muiti-usa

Mu[l-üra

hr¡ôaUon

lníntlon

lrrþllon

¡aþûba

lnþlion

lrþÊl¡on

lnhsl¡on

lnþtion

lri'garton

lrrlgstlon

l¡þllotl

l¡tþllon

lnþtlon

WAT
OUANTITY

2€,400 AF

12æOAF

{5.3 ol¡
4.306 Ac.Ês

34 Ac¡os

52 Acros

8.3 cfs
579ãcrcs
I,l cls

500 acres
lo.f cfs

706 ¡ct€s

52 acros
7.2 cli

82 ¡crs¡

242 ac¡es

27li Ecrss

39 acrec

Red W¡llow Crook

Fre¡ich¡mir-..
c9¡Iþddg6 O¡r,

' Reóoivoi¡s

F¡enchmEn-
Crmbrldge D'r.

Reservolrc

l{uoh Butlo. l¡t€

Fro¡rhman-
Cambridç Dl,r.

Ræeiloíf!

ßed Wllow Cleek

Red Wllloer Crèsk

FACILITY /r

Hugh Buller Lako
38-bSN-30W, Fronriêr

ßed Willow C¡nal
25-01N-29w'

Fsd Willow

Fed WÌllowCanal
25-O4il-æw.

Hed ìlillow

ßodWîllowCunrrl
25-0,1N-29W. BodWllow

fled W¡¡lowCenal
?5-01N-2ew'

Rad Willow

Fed Witlow Carul
25-o4N-29w'

Red W¡lloç

8od Willor C¡nal
25-fXN-2eW

WATER RIGHT
FNfITY

Unitod Slales

Un¡tÊdSbls!

UniledStates

UnltodSlales

UnlledSlaþr

Fronchmsn-
Öqmbrldgp lrr. D¡st

Frenchmn-
CarÍbrldga lrr. Dbt

UNIT
ntsTRtcT

Ftcnchrnan-
Carnbrldge Dlv.

Contlnuod
Hcd Wltlow Unit

Û'oo
I

@



F¡anklln UnÍl

REPUBLICAN BASIN WATER RIGHTS
Reservoi k nals

Fr¡nklh Canal
t I -01N- 17W, HarlanUnilÊd S!Ât6$

Unilsd Slalee
Frankll Cenal

tt-OfN-f7W.ll¡rlân

Unlled Srale¡
F¡¡nllir Ca¡¡al

I l-olN-l7lY.llarhn

Unllsd StÂlss
Fr¡nklh Canal

f l-0lN-17W, Harlân

Frankth Can¡l
lJnlled States f l-01N-l7Ïrr, Harhn

Boltwick lrl DisL
Franklh C¡nal

ll-0lN-171¡/. Hå¡hn

Eostericklrr. Oist
F¡¡nklh C¡n¡l

1t-otN-17W llqrlsn

Eostw¡ckhr. O¡lt
F¡anllh Canal

l1-01H-17W. Hrrlan

Bostwlck ln Oist
F¡anHh Canal

1l-0lN-17W. Hsrhn

Bostr¡lck hr. Dist
Frrnklh Csnål

lf -OlN-n7W. Harlan

Bostrvick kr. Olst
Franklh Crnsl

ll-olN-flW, Hsrhn

Bostwick l.I. oirt
Franllh C¡nal

f f -0f N-17W. !la.l6n

8o¡twlck ln Oíst
Franklh Canal

1f -0f N- f 7W. Harlan

8os¡¡íck lrr. Dlst
Franklh Canal

tl-otil-lZW ll¿¡rlail

Eosrw¡ck h¡. Dist
Franklh Canal

t¡-olN-17W, llerlan

8osùNli:t( trr. D¡st
Franklh C¡nal

1l-01N-l7lÀ/. Harlan

Franklh Canal

Harlan Gounly ßes.

Halen Corinry Bes.

tlârlân Counv R€3.

Harlan Counly Res.

Hallan CounÌy Rer,

RapuHican Biver

Fapubtican Fiver

ßeÞubl¡can F¡v.r

ßepubllcan flÞer

ßapublican f,ivor

Republican Blvcr

Fapublican ßlver

ßepublican Rivar

fleÞublican Rlyer

Fepublican Bivar

Hepr.rblican Fiver

10,565 Ecr6s

636 acras

21 âcre3

57Acrgs

101 ecróB

l,{¡11 rcres

1,013 aor€s

1,958 Ëoros

188 acrsr

145 8c¡€3

53 acres

18 acr6t

314 acras

t06 uc¡cs

21 dcre.

57 ao¡es

lnþtion

Irritatlon

Irr¡gâtlon

.lnþtÍon

lltlgatío¡

hrþrlon

hrþlion

lrthEt¡on

tr¡bEllon

Itrþllon

krþùon

lnþtlon

lrr¡gâllon

lrrþÉüon

hrlgat¡on

lrrþlion

RIGHT

uT

st

st

sl

SN

si

IR

IR

tR

IR

IR

lß

IR

]R

IR

IR

IR

I - 1948

12- 1979

l-19¡t6

5-1958

{- r959

l-195,1

/¡-r976

5-1982

2-19¿18

2-1973

6-t979

t-

rr-1

f r -197{

t0-t966

,|

10,112 A¡rr¡

{,303 Âcr.s

3,757Acrc¡

t,9?9 Acro¡

6l! Acres

101 
^cr6!

2t Acrs¡

5ì7 Acras

I Sil Aorc¡

115 Aerc¡

911 Aclas

103Acr€s

53 Ácres

18 Acres

2l Acles

57 A¡res

4190

6æ50

r3268

1{103

rå518

r6t08

269rA

269rBR

4216

@j

s25s

9623

9724 ,

109ô.1

1?7þ6

14 r62

t5¡tBS

Multi-Uso350,(xþ AF

wATFn Sôlrnntr

ßapubllcan ßlver

FACILITY 
't

Harlan Counly Ros.
1l-0tN-17W, Harlen

WATEF F'GHT
ENTITY

Unlted Slrta!
(Corpt of Engineers)

UNIT
DISTRICT

Bostwiok lrr. DisÈ It-0lN-t7W. llarhn 101 ucrc¡



REPUBLICAN BASIN WATER RIGHTS
Reseruoi ls

Frenklh Pump Canal
03-0lN-1.1W. Franklhr

Ftanklh Pump Canal
03-01N-f {!ry. Franklin

Franklh Pump Canal
ül-0lN-1,1W. Franklin

flepublican River

Republícan Fiver

l{arlan Gounty
Re¡eryoir

2.102 acror

190 acras

I acrc¡

zil acros

2.1 10 ¡cres

I acror

2l rc¡ec

f.¿178 acrês

125 acLs

67 6crGs

I I ücro9

23¡l scres

65 ¡cres

1,,130 acres

331 ecrêg

65 acrur

Naponee Canal
fl-01N-17W. Harhn R€publ¡can F¡v€t

Naponea Canal
11-olN-t7W, llarlan Harhn Cóunly Rer.

Superlx Canal

07-0lN-09W. Wsbslcr

Sup€rlor Csnal
07-0lN-09W. Wobslar

Superlor Cenal
07-0lN-09W, Websle¡

Superlor Ceml
O7-01N-GlW. Wabsler

Republlcan H¡v€¡ ¿Í18 ¡crsg lr¡t¡adon 2091CR

fìepublican River 57 aoror ldgøl¡on 4æ1

Republlcan River 2&l àcrct krþllon æ23

lr¡igqtion

Irþlion

lrþlion

' krþdon

lrrigatfon

Irr¡gÊl¡on

lnþlion

lrrigation

lnþallon

hdga[on

lrffgaùon

lrrlgÉlíon

lr¡gallon

lrrígatlon

lrr¡galÌon

lrbal¡on

hr¡galion

a?27

tæ,

1096¿

18150

6u.sP

15266

16158

1217

6u.0

94qt

ïn2

10985

161t6

s22sN

13269

16156

WATER BIGHÏ
TYPÊ 12

¡R

IR

IR

IR

sl

sl

sl

¡R

IR

¡R

IR

IB

IR

st

st

st

IR

IF

¡R

IR

PR¡ORITY
DATE

10-r966

9-1982

4-f95{

fl-1974

10-1982

2-19¡18

r -1 95{

¿t-t959

4-

4 -r954

5-

a-

2-1918

{ -'lg5.l

r0-198:t

2-19¡18

¡t-t951

¿l - 1959

10-1986

ADJUDICATIOtT
OUAHTITY

1.866 Âc¡o¡

f8l Ac¡e¡

2.050 Acre¡

I Acre¡

23 Acr€3

1,239 AcrrJ

80Àcr€3

88Ac¡cs

1 I Acror

'lô9 Acro.

65 Ac¡o¡

1.396 Âcr.i

27OAc¡as

&i Ac¡o¡

5.386 Acr6r

252 Acrðr

57 Acrot

¿15 Acr€t

I Acrrg

23 Acre¡

I

WATER
OUANTITY I

RIGHT FIL!NG
UsEs I xuunrnWATER SOURCEFACILITY /1

WATER RIGHT
ENT¡TY

Eoslwlck hn D¡st
-Nebæka

(NãturalFlowl

Bostwlck hr Dist
-Nebrasl¡

(Natural Florryl

Unítod Ststss

Boslwick lrr. Disl

-Nebrask¡
(NalurelFlowl

UnilÊd Slaler
(Slorage Usa t

Eostwlckln Dist

Bosrw¡ck lr. Di¡t

Bostwlckh. Dist

803twlck lß. Dist

UNIT
DISTRICT

Bostrlcl Dlvlrlon

Franklln Unlt

Supcrlor-Gourtlrnd
Unlt

x
Øoo
J
o)
No

Rapublican River 45 ao¡as 972t



REPUBLICAN BASIN WATER RIGHTS
Heseruoi s

TVATER RIGI{T
TYPÊ N

tß

IF

st

st

sl

'R

IH

IB

IB

IR

IR

st

sl

sl

PRIORITY
DATE:

t f - 197,(

10-ts83

¡l- 1954

5-l

1l-

5-

1

2-f9{8

l0-l

¿l-

9-197¡l

9-1982

5,ñtgAc¡e¡

700 cf3

187 Âcr6!

19 Â0ror

73Acrlt

I 17 Ac¡e¡

I fTAcre¡

r6r07

5 720 ¡c¡e¡

3,105 åcror

8ã1 cls

¡19 ac¡os

187 ac¡es

l4l acres

93 ¡c¡ac

l4l åcres

2l8ac¡es

987s

10966

6225F

13271

l8rOO

lrdfrallon

lrrþation

lrrþlion

lrrþfion

lrþlion

,¡r¡Ftion

13€ Acra.

8l Acr.r

19 Acrlr

1,6ltAc¡er

1l.l Acrcr

f,7?Acrtl

136Acr63

&lAcro¡

1Ø.

Èz¿4

109dt

r32.t0

f8ft9

62255

lfr¿70

16f5t

lrr'rgalion

lrþtion

lrrþtlon

lnþatlon

lnþlion

lnlgalion

krþallon

lnþal¡on

118 acrcr

¡12 âcr€s

50 acre¡

1,837 ¡c¡e¡

l8!¡ ac¡ot

È2 acres

Bepubllcan Flver

Bepublican River

Harhn County

Harlan County
Êsserìroir

Hadån Counly
Fesen¡oir

Hepublioan RÞer

flepublican Ftuer

Hadan County Fcr.

Hocervolr

FACILITY /1

Suporior Cânal
07-01N-0914/, Websrer

Sup€rior C,anal
07-0tN-09W, Webote¡

Superiot Canal
07-0lN-09W. Webgler

Superior Canal
07-01N-09n. Web¡tår

SuperlorCanal
07-01N-09W, Weþter

CourtlandCanâl
07-01Ñ-ogvú. w€brel

CouilbndC¡nal
07-01N-ßW, Webster

Courthnd Canal
07-0lN-09W. Nr¡ckolls

Webstor07-01

WATER RIGHT
ENTITY

Bostwick lrr. Djst

Eostwlck lr¡. Dlct

UnlledStrl€3

Unltod slatos

UnilcdStBles

Eoglwickl¡r, Digt

Bostwlck ln Dist
-Nrb¡a¡ka

tNilural F¡ow)

Unítod Slatsr
(Storage Usc)

Kanssr-Bolrwick lr,

UNIT
DISTRICT

o
J
o)N
A



REPUBLICAN BASIN WATER RIGHTS
R rvo¡ nals

rnay ¡ìol6ho¡y duo to hcil¡ty balng ¡n unsurveyed area or nol loc¡e,,t8d fþm P¡oiecd olllca

12 tF lnþtlon lrom slream uslng Nalùr8l Flov, Apptopr¡atlon
ST Slonge
So Sto¡ o¡ly - lrþållon From Re¡elolr on t¡nds not Corered by Natunl Flow Appropriationr
Sl SupplementÂt krigÊlion - lrrlgalion lroo f,asen¡oir on t¡nds Blso CGr€red by Nalural Flow Approprialion
SS Supplomental SIô.sgð - ¡n Approprh¡ion lhst f¡as a prior oppropriation tor slorag€

x
U)oo
I
o)
N)
N)

WATER RIGHT
TTPÉ. 12

sÎ

ef, tF & st

sl tn

PRIORITY
fIÂTF

. :.
,4. ::..

,:, t.. il..i:ir.

::' ..:ii-i050

2-1957

2-te57

io-rs55

ADJUD¡CATIOi
OLIÂNTITY

¡slJ9qAF ¡

¡1,9 CFS

l0O ch
36_tæ 

^F

rg.?d^F'

ld¡|80

6917

(Corefr both
C¡nrl Â Sl6.rdål

69384

¡67t

Muld-U¡¡

Munloipal

lnbrüôñ

Multl-u¡a

'.gsi.16ú ÀF

8.7 cft
t,6måF

100 cf3

38_700AF.

6:15 oft
a r_69lr AF

waTtrR sôilnfìF

Fepublican Rli6r

Prakíe Dog Creek
(Norlon RÊsêwolIl

Pr!¡riå Dod Cr66k

i¡vrt¡re n¡Lt crmk

Norlon Dsm
0A-35S-231¡r, Nodon

Almena Canal

2a-02S-22W. Nôrton

FA(ìII ITY 
'T

'Bo¡ny Resorvolr
l6-059-43W YuErs

Norton Dam
08-35S-23W Norlon

Lovasall Re¡a¡voi¡
û Coun¡and C¡nâl

rn-rÞi-oßt¡, JÊwâlt

WATER RIGHT
ENTITY

Unilsd Stele!

Clty of Norton

Almena lrr. Dist
Nô- 5

lGniår - Bostwicli lfr."
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EIEIJT ¡IOR¡III\E ÁcnEEtGrT BEtt¡EEir
DEPÂâmEtrT . or IHE ARlfy, coa.ps oF E¡¡cIltEERs, AÀrD

DEPARlÌfEUr OF TIIE INTERrOR, Bü¡Ì5NI OF ¡I.ECLA¡|AÎIOì¡
REGÁRDIT{G OPERATIOI.I OF

EåRI,AII COUNTT DA}T A}ID RESERVOIR
EEFUBLICå¡I RIVER, HARLAIT Cc[tr.IIT, NEBEâSKA

urf¡ atrREEl'E¡n, uade sad enrÊred fnro thts 30 day of Aprtl, lgsz,
bcÈsee¡ 3he Corps of EngLneer¡ and Bureau of Reclsnatlon, wÍnress¡Tlt TlLâ,T:

lfEEREls, the Deparrnent of the A¡Try, acÈtng through thc corps of
\lneers, rePresented b7 fta approprtaie Dtstrict Enginecr, t¡eräinafcerrcfcrred to as the Dl.strict Englneei, has conaÈ¡îr¡cted Èhc Harlao Councy
Il¡o ¡nd Resenroir on the Republtcan Rlver neer Al¡¡a, Nebraska, and Ls
rcaporufble for Èbe safeÈy of the scrucÈure, for flood-concrol operationsof the resentoLr, and for cerËs,in other operaÈiong as defined heieln, and

_ ¡IHEREAS, Ehe Departurent of the Interfor, actlng Èhrough Ëhe Bureauof Recls¡atton, represented by its aporopriaEe projeet Ìlanager, hereÍn-¡fter referied to a.s thc pr-oject ìhnäger, fs respoirslble foi rrrigation
ope¡atton of the conprebenslve systeu of lrrigation rorhg in Êhe Republfcan
Èlver Basl.n, and

IÛIIEREAS' the lrrlgaËLon sÈorage Ln sefd dam ¡nd re¡errroir reavcs
Èhe coopreheosÍve sysÈeu of Lrrigat,ton rrorks, ancl

_ I{HREAS, I rtatenent of operaÈional obJectlves for ¡nrrposcs of
flood control, lrrlgatiou, prblic healrh, rãcreatÍon and flsh aird wfld-
llfe presèrvation has been agreed upon by the va:ious Federal and SÈete
rgencies concerned (a copy of che scalenenE of operacional objectives is
r!Èrched as Appendfx A), and

IIBEREÀS, Ehe DlsÈrtct Engincer and the projecÈ l.lanagcr, Èogether
rrtth olher Federel and Scate agencfes, sre considered to have " varying
degree, a Joint lnterest fn operatlonal o'ojectivcs othcr Èhan flood
control and lrrfgatf.on, and

.¡IHEREIS' there f¡ need for r worklng lgreÊr.nÈ ln order thst Èhera
¡1111 be a clear understandtng becwecn the Distrlct Englneer and cbe ProJecc
lbruger lt to rese¡ivoir opereËtons for frrlgation and rclaËcd consenrctioa
utctr fncluding delatls of sCorage allocations and possible rcallocaÈfons,
hydrologlc daÈa collection end reporting rrrsngeræ,ntt.

NC[J, IttER.gFOREr lt fs rrrtuelly understood end egrced by and betçeen
Èhc percic¡ hereto a¡ follo¡,.s:
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l. SÈoraqe ceoaclty ellocetlonrr--!hÊ réorage capecfÈy el[ocaglor¡s
otarl1tn@r,cxc1ue1veoËiurchärgestoragecãPlcicy
rbova clevatfon 1973,5 feet, 8.r.1., which 1r providcil in cæ¡bfn¡tfon
u{tb rpfllray capaeity co l,ngr¡rc oafccyr of cbe sËruegurer 8r€ defÍued 1n
th¡ follorftrg aubperegraphr t

l. Flood:eonlrol sto-rage.--Floód-concrol rÈorrgê capacfty
lh!1lr.ncludc@ybecueenelevacioEr946'ofået,t!.8.I'¡
l¡d elev¡tlon 1g73.5 feet, B.!.1. (lafÈially amusÈfBg Èo 5or?r000 acre-
feet).

b.
Irrlgatloo,
tnclud¿ ttre
erprclty fni
fect ere spe
¡rrovlded ae

Irrf tfon conservaÈfon and sedf¡nent re¡e útora
conse¡íì¡a on and gedLmenË reserve sEo ragÊ capacity sha It
storage capaci.Ey belorr elevaÈion 1946.0 feeË, m.s.l. IAir
ttally amouncs ro 35010OO acre-feeÊ,.oË shich l50rOOO acre-
cifically plaaned for lrrÍgsÈlon and 2001000 ecre-feeÈ ara
a reselrre for ¡he accur¡¡,rlaÈion of g.edfseat. Untll suchtlæ re scdl''ent ftrlly oceupies the -alloc¿ced resenrÊ cs.pacity, lt wlll

be uscd for trrigecfon snd verious conservsÈfoa purposes lncluáiug publlc
health, recreaÈloa, qad fish and rrlldltfe preseEvatlou.

2._ gtolaBe resllocatiogs.--ltre DfstrlcÈ Er¡gfnecr shall sc ressonable
f¡rtenral¡ nalce uecessary field surveya and office ¡ñ¡dtes to prepsre
eEÈltn8Èeo of the volune and locaÈlon of sedÍaenÈ deposits in it¡e reser-Yolr. If Èhe resulÈs of theee sÊudies shotr Èhct Èhe storage avaiLablefor flood-control and lrrigaclon, respectively, is reù¡ced by an añÞung
cxceedfng l0 percenÈ oi the speclflc allocsclon for cfther ggrpoae, tbe
operating plan described herefn rlÈh respect Èo sÈoraBe allãcalions
¡nd/or the elevatlon ll¡rfts of the storaie allocaÈions sh¿tI be revieuedrlch the vLer¡ of compensåting for such rãduction iu Btorage capacity by
rssfgrocnt of eguitsble share¡ of au appropriate parr of Èhe rårnafaing
ted{trnc reserrs eapacicy.

3 1a of raÊfon.

l. ltrc Distrlct Englneer ¡rfll operate Èhe ¡Èorage capacLty 1n
Èbe Hrrl¡n councy Reserrrolr referenced in paregraph lb, 

"bo""r-throughrpproprlate 1n3Èrr¡ctfon to the Reserrrolr Hanager to eupply the r¿ater
requfreocnts for the Bostwlck rrrfgaE,ion project aa preseribed by the
Burear¡ of Reclaortlon, and to fulfi.ll tbe ocher operarLonel obJecrives
¡tated fn Appendlx A lnsofar a¡ may be pracÈlcable Ín accordance r¡i¡h
generel ttorage and releage seheù¡le¡ çrorked or¡t çfth the projecÈ lleaeger
rnd represcnÈrÈlvcs of other intercatcd agencleg aod agreed ulon uith rhe
SÈttcl fg ¡¡r¡u¡I ¡sd ære frequent confereaces ag uay bc nscessa¡T.

' b. Itra ProJcct Hanager rrlll furnfsh thc DfuÈrfcÈ Englneer slrh
trcekly GttlnaÊe¡ of dally lrrigatfon releaee rcqulreuenÈs, uhich shatl
br rubJccÈ to tor:rim adJueruenr by the proJcct Haaagcr ar reçrired.

2
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lhc reckly Grtt-ErÊas and l¡ccrl.s edJuaræotr ¡hall bo furnLshed
tlsrl¡encouely Èo the Dlgtrtct Englncer end to ope:iatltrg personnet
tÈ thê drq, usirg coEs,¡nicgtfon nethodg under dct¿iled arrangene¡rcs
L ttay bc oad¡ fron Èiñâ to tloe. Oral uorafec rhall be conf,Lrued
l¡ ¡rrtÈr.8.

C. llhea Che reservolr lcvel 1¡ lo the flood-couÈfol pool,
Èh¡ Dlr¡rlcÈ Eoglneer ¡rÍ11 o¡ke ruch nlnlmru releaceg gr Èhe ProJecÈ
tlaurger !¡ay prercrlbe as necesrar? Èo EeeÊ frrigatlou reçrl.renents.
Proccdr¡rea wfll be the 6rña !¡¡ glven in pe'iagraph 3b, lnsofsr as
rgpltcable.

ô.
Proporc

date arran
d achedr¡1es o.f flood-co EE es and flood-concrol atorage

cbrager, if av¿ilal¡le, and curreriÈ operaÊing data ahall be provided
Èo ¡hc ProJect ì'fanager by the DlstrlcÊ Eugfneer. Itre currenÈ reser-
volr opersÈfug daÈs shalt be tabulated daily ssd fi¡rnlshed perlodteally
g rcqulred, and shall lnclude such lÊetrs as¡ regervolr elevtÈfon,
ttorage, lnfloc, and outflop. All avallab1e reports froo rneceorologlc
ll¡d ¡treaæflor¡ gÈatfons pertfnent to ,the operat,ion of the resenrofr
obÈal,ned by efther the Dlctriet EnglneeE or the Project l.lanager shall
bc cxehanged ¿s reçrl.red. îhese d¿Èa shall be furnished ór exchanged
fy the trogË expedltious neÈhod of con-,¡nicatlos uuder detelled arrange-
muÈt ¡t Eay be ¡oade frou t{'ne Èo tlne.

IN I{I!¡ìTESS !üIIE'REOtr, Èhe partfec hereto have csuscd thic æoorandum
of egrceænÈ Èo be execuÈed as of the day and date flrst rbove lrrf.Ëten.

COR¡S OF E¡.EII\IEER.S II'REAI' OF R8CI.A}IAIION:

tl E, Q. {dnr¡q fy /a/ Paut X. ¡ere

fon and dro

E. C. ADA}ff¡
Colonel, Corps of Englneera
Dlctrfct Eugtaeer
I¡or¡¡ CfÈy DlstrlcÈ

ÂÈÈrctnanÈ:
þpendfr A - SËetenêlc of ObJecÈlve¡ dated 27 Juae 1952

PAI'L H. BERG

ProJccc Manegcr
X¡så¡s'Blvcr ProJects Offfce
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