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STATE OF NEBRASKA 
DEPARTMENT OF NATURAL RESOURCES

APPLICATION FOR A PERMIT TO APPROPRIATE WATER FOR INSTREAM FLOWS 

INSTRUCTIONS For Department Use Only 

Complete Items 1 through 5 by typing the appropriate information and by placing 
an (X) in the appropriate box. 

The following information must accompany this form and is made a part of this 
application.  Refer to Department Rules, Title 457, Chapter 18, for requirements A -F. 

A. Copy of any studies completed to quantify the instream flow.
B. List of persons and their addresses who testified at public hearings held by the

applicant. 
C. U.S. Geological Survey Topographic Quadrangle map(s) marked to show the

location of the stream reach. 
D. An evaluation of the availability of unappropriated water.
E. An evaluation of how the appropriation would affect senior appropriations. 
F. An evaluation of whether the proposed appropriation is in the public interest. 

Filed in the office of the Department of Natural 

Resources at ___________________ a.m./p.m. 

on ___________________________, 20____. 

Application No. _______________________ 

Water Division ________________________ 

Receipt No. ____________ Amount _______ 

1. Name of applicant:_________________________________________________Telephone Number (_____)___________________

Address____________________________________________________________________________________________________

City______________________________________________________State_____________Zip Code_____________________ 

2. Identify the stream________________________________________________________________________________________.

3. A permit is sought for the purpose of providing flows for:

¨ Fish & Wildlife ¨ Recreation

4. Describe below the quantity of water necessary to provide adequate instream flows, and the time of year when instream flows are most
critical.

Beginning Ending Quantity 
Month/Day Month/Day cfs. 

5. I believe the information contained in this application is true, complete and accurate.

_______________________________ _________________________________________________________ 
Date Signature and Title 

This form must be completed in full.  An incomplete or defective application will be returned for correction.  A non-refundable filing fee of 
$10.00 (payable to the Department of Natural Resources) must accompany this application.  Forward this application and fee to: 

State of Nebraska 
Department of Natural Resources 

301 Centennial Mall South 
P.O. Box 94676 

Lincoln, NE  68509 
(402)471-2363



Attachment A (and F as a subset of A)

A. Copy of any studies completed to quantify the instream flow.
F. An evaluation of whether the proposed appropriation is in the

public interest.

Copies of all studies are attached hereto.  The studies include an analysis 
of the ecological benefits of the requested instream flow and the economic 
benefits of the requested in stream flows.  Those studies not only quantify 
the amount of the flows but demonstrate that they are in the public 
interest.  In addition, the application received overwhelming support from 
the elected Lower Elkhorn NRD Board of Directors.
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ECONOMIC ANALYSIS OF ALTERNATIVE USES OF UNAPPROPRIATED FLOWS IN THE 

LOWER ELKHORN NATURAL RESOURCE DISTRICT 

Daniel J. Phaneuf1 

Henry C. Taylor Professor of Agricultural and Applied Economics, University of Wisconsin-Madison 

Version date:  December 14, 2017 

 

INTRODUCTION 

In this report I examine the range of economic values attributable to unappropriated water in the Lower 

Elkhorn River basin.  The analysis is part of efforts by the Lower Elkhorn Natural Resources District 

(NRD) to develop an instream flow recommendation for its reach of the Elkhorn River.  Nebraska statutes 

specify that an instream flow appropriation must be in the public interest based on (a) the economic value 

of the instream uses that are secured, and (b) the economic value of foreseeable out-of-stream uses that 

are forgone.  Furthermore, unappropriated water must be available.   

In recent years, the Nebraska Department of Natural Resources (NDNR) has determined that the Lower 

Platte River basin, which includes the Elkhorn River as a sub-basin, is not fully appropriated.2  In other 

words, unappropriated water remains available.  This is a necessary condition for granting a new 

appropriation.  A recently completed study of stream flows in the Elkhorn River derives estimates of 

seasonally-adjusted flows in excess of current appropriations (Flatwater Group, 2017).3  It finds, for 

example, that 2,380 cubic feet per second are available 20 percent of the time during June through 

August, at the Waterloo station near the confluence of the Elkhorn and Platte Rivers.  The estimates in the 

Flatwater Group report provide the starting point for my analysis.   

The Lower Elkhorn NRD (LENRD) is a largely rural region dominated by agricultural land uses.  It 

includes 2.53 million acres of land in parts of 15 counties in the northeast part of Nebraska.  The LENRD 

is home to approximately 89,000 people.4  The predominantly agricultural landscape in the Lower 

Elkhorn NRD means that the primary use of water is for agriculture.  Currently 83 percent of consumptive 

water use in the NRD is for crop irritation, and 6.8 percent is for animal husbandry.  The source for these 

operations is overwhelmingly from groundwater – only 1.7 percent of use is from surface water.  Most of 

the surface water diversions that do take place are for irrigation along for the Elkhorn River.5   

Though agriculture is the primary consumptive use of water in the NRD, the Elkhorn River and its 

tributaries and surrounding riparian areas also provide numerous recreation opportunities, habitat for fish 

and wildlife, and ecosystem services generally.  The primary value of instream flow is in its support of 

                                                           
1 A complete curriculum vitae is included after this report. 
2 See 2017 Annual Evaluation of Availability of Hydrologically Connected Water Supplies, Nebraska 

Department of Natural Resources.  Often referred to as the FAB report.  Downloaded from 

https://dnr.nebraska.gov/water-planning/annual-evaluation-availability-hydrologically-connected-water-supplies-

fab-report.   
3 See Flatwater Group, “Evaluation of Streamflow Frequencies in the Lower Elkhorn River Basin,” 

November 2017.   
4 See https://www.nrdnet.org/nrds/lower-elkhorn-nrd. 
5 Figures drawn from Lower Elkhorn NRD Draft Drought Management Plan, 2017.  See pp. 15-18.  

https://static1.squarespace.com/static/54be71a0e4b096702d519464/t/599c3af6d55b4135ade807b8/1503410995358/

LENRD+Drought+Management+Plan+Draft+12_21.pdf. 

https://dnr.nebraska.gov/water-planning/annual-evaluation-availability-hydrologically-connected-water-supplies-fab-report
https://dnr.nebraska.gov/water-planning/annual-evaluation-availability-hydrologically-connected-water-supplies-fab-report
https://www.nrdnet.org/nrds/lower-elkhorn-nrd
https://static1.squarespace.com/static/54be71a0e4b096702d519464/t/599c3af6d55b4135ade807b8/1503410995358/LENRD+Drought+Management+Plan+Draft+12_21.pdf
https://static1.squarespace.com/static/54be71a0e4b096702d519464/t/599c3af6d55b4135ade807b8/1503410995358/LENRD+Drought+Management+Plan+Draft+12_21.pdf
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these largely nonmarket, environmental services.  As such, in this document I focus on the economic 

value of water use in irrigation, and then turn attention to its instream value.  

Overview of findings 

I find that access to irrigation adds $70 per acre per year to farm profits in the Lower Elkhorn NRD, and 

so the economic value of allocating surface water to irrigation depends on the number of irrigated acres 

that can be added in the NRD.  This depends on the volume of available surface water, and more 

importantly, on the annual demand for additional irrigation acres and regulations setting the amount of 

irrigation that can be added.  Based on these, I predict average annual economic benefits over the next 

thirty years from allocating unappropriated surface water to irrigation of $270,000.    

Economic benefits from instream flow arise from nonmarket environmental services, such as enhanced 

recreation, improved habitat for fish, wildlife, and flora, and conservation services generally.  Data are not 

available to measure the economic value of these services in any precise way, but the research literature in 

environmental economics and related fields supports the assertion that recreation and conservation 

benefits from protecting instream flows are positive and generally sizeable.  Using a subjective but 

plausible line of reasoning, I show that the nonmarket value of these services in the Elkhorn River likely 

exceeds $1.4 million per year.   

 

IRRIGATION 

The economic value of allocating unappropriated surface water to irrigation in the Elkhorn River NRD 

depends on four interrelated factors.  These include: 

 The per acre profit premium from farming irrigated land, relative to non-irrigated (dry) land.   

 The number of irrigated acres that can be added, with the currently unappropriated water. 

 The acres of current dryland for which there may be demand for new irrigation.   

 Rules and statutes governing expanded groundwater and surface water irrigation.  

I address each of these in the following sub-sections.  

 

Per acre value of irrigation 

Basic capitalization theory says that the market price of a productive asset such as farmland is based on 

the net present value of the perpetual stream of returns that the asset is expected to produce.  A simple 

representation of this is 
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where Pj is the per-acre market price for agricultural land in state j (dryland or irrigated), Aj is the annual 

return from production on land in state j, r is the real interest (discount) rate, and the approximation in the 

second line follows from the geometric rule for infinite series.  The expression in (1) implies we can 

measure the present value of the stream of returns to irrigation by looking at the difference in prices for 
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suitably comparable irrigated and dry cropland.6 

The Department of Agricultural Economics at University of Nebraska-Lincoln publishes regionally 

differentiated annual trends in agricultural land markets across the state.  According to the 2017 report,7 

the average price per acre in the northeastern region of the state (the region including the Lower Elkhorn 

NRD) for dryland cropland with irrigation potential is $5,845.  The corresponding figures for irrigated 

land are $7,000 to $7,395, depending on the irrigation technology used.  Using the average for irrigated 

land of approximately $7,200, the asset price difference is approximately $1,355 per acre.  Annualizing 

this at an r=0.05 discount rate using the second line in (1) implies a per-year, per-acre profit premium 

from access to irrigation of $68.  I round this to $70 per acre for ease of exposition.   

As second way to measure the profit premium for irrigated land is to measure Aj directly in expression (1) 

for both dryland and irrigated farmland.  Cash rental market provides an opportunity for this, since in a 

competitive market, the rental rate reflects the expected return from producing on the land in a given year.  

The University of Nebraska report documents that the 2017 average rental rate in the eastern region of the 

state for dryland cropland is $215 per acre.  The average rental rate for irrigated cropland ranges from 

$250 to $305, depending again on the irrigation technology.  The implied difference of $35 to $90 per 

acre is consistent with the asset-based finding from above.   

Based on this analysis, in what follows I assume that transitioning 1 acre of dryland crop area to 

irrigation will generate $70 in economic returns annually.   

 

Volume of available water 

To understand the potential economic value of expanded surface water irrigation, it is necessary to 

understand how much additional irrigation can be supported with the available surface water.  To set a 

physical baseline, I first predict the expansion ignoring existing regulations and market factors.   

The Nebraska DNR presents figures for net corn crop irrigation requirement (NCCIR) implying that 1 

ft3/sec (cfs) needs to be diverted for 36.5 days to irrigate 70 acres of corn out to 85 percent of its irrigation 

requirement (2017 FAB, p. 105).  Assuming that irrigation takes place during the June through August 

period, this means that 1 cfs allocated for irrigation during the summer months needs to be available 

approximately 33 percent of the time to satisfy the NCCIR.  As a concrete example, this implies that if the 

June through August flow is such that an unappropriated stream flow of 1,000 cfs was exceeded 33 

percent of the time, then 70,000 newly-irrigated acres (70×1000) could be deployed with the available 

water.   

In the flow estimates report (Flatwater Group, 2017, p. 7, table 3), the results show that 1,640 cfs and 

1,220 cfs are present in-stream 30 and 40 percent of the time, respectively, on average during June 

through August, near the confluence of the Elkhorn and Platte Rivers.  However, some of this water is 

already appropriated for in-stream use further below in the Lower Platte River, and so these figures do not 

reflect the available amount (see Flatwater Group, 2017, p. 4).  During June through August, 27 percent 

of water in the Elkhorn serves the Platte River in-stream appropriation (Flatwater Group, 2017, p. 6, table 

4), and so approximately 1,200 cfs and 890 cfs are present and available 30 and 40 percent of the time, 

                                                           
6 The basic capitalization model is described by Nickerson and Zhang, “Modeling the determinants of 

farmland values in the United States,” in The Oxford Handbook of Land Economics, Oxford University Press, 2014.   
7 See http://agecon.unl.edu/cornhusker-economics/2017/2017-trends-nebraska-farmland-markets.pdf.   

http://agecon.unl.edu/cornhusker-economics/2017/2017-trends-nebraska-farmland-markets.pdf
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respectively, on average during June through August near the confluence of the Elkhorn and Platte 

Rivers.  Assuming for reference that this implies 1,000 cfs are available 33 percent of the time, the 

estimated availability is sufficient to add 70,000 (70×1000) irrigated acres to the NRD.   

This figure is not useful for economic analysis, since it fails to consider important institutional, market, 

and regulatory factors.  As I discuss in the next sub-section, these factors are the main determinants of the 

economic value that could be generated from an expansion of irrigation in the NRD. 

 

Possibilities for additional irrigation 

The physical measure does not account for the institutional and market-based limits on new irrigation.  

For example, the Lower Elkhorn NRD limits the number of new irrigation acres via a permitting process.  

During the October 2017 meeting, the LENRD board determined that 2,500 acres of new groundwater 

irrigation development (451.35 acre feet of total new depletions, whichever comes first) would be allowed 

in the hydrologically connected (10/50) areas of the NRD during 2018.8  Outside of special circumstances 

that led to a total of 798 new acres between 2013 and 2017, this is the first time since December 2011 that 

new irrigation wells have been approved in the NRD.  Based on this, 11,554 new irrigation acres across 

the NRD were added during 2012.9  From this history I conclude for my analysis that the possibility of 

genuinely new irrigation acres from groundwater in the hydrologically connected areas in the NRD is 

unlikely to exceed 5,000 acres in any given year.   

Since the 10/50 designation means that at least 10 percent of water pumped from the ground would 

effectively be drawn from the hydrologically connected surface water (over a 50 year time period), this 

implies that approximately 500 acres worth of new irrigation could be supplied indirectly each year, from 

currently existing available flow in the NRD streams.  This is a very rough approximation in that actual 

impacts depend on the proximity of groundwater diversions to surface water sources, and these impacts 

are spread out over many years.  Nonetheless it serves as a useful baseline for my comparisons   

Other data from the Nebraska DNR illustrate that new surface water appropriations for irrigation are rare 

in the Elkhorn River.  Since 1990, approximately 700 acres worth of new surface water irrigation 

appropriations have been added, and none since 2010.10  Thus the sum of annual development of 

groundwater and surface water irrigation in the Lower Elkhorn NRD is not sufficient to absorb the 

physical volume of available surface water in the foreseeable future.11   

 

Summary of findings on irrigation 

The discussion above suggests there are two ways to measure the value of allocating unappropriated 

water in the Lower Elkhorn River to agriculture:  based on the physical quantity of available water, and 

based on recent irrigation expansion and current regulations.  Only the latter makes sense from an 

economics perspective, and so I focus on this in summarizing my findings.   

                                                           
8 See LENRD news item from October 27, 2017.  http://www.lenrd.org/latest-news/2017/10/27/lenrd-to-

receive-applications-for-new-irrigated-acres-beginning-november-15.  
9 Based on communications with LENRD staff member Brian Bruckner, 14 December 2017.   
10 Based on data recovered from the NE DNR website 

https://nednr.nebraska.gov/dynamic/waterrights/SelectSearchOptions.aspx.  
11 This is true even if my approximations are off by an order of magnitude.   

http://www.lenrd.org/latest-news/2017/10/27/lenrd-to-receive-applications-for-new-irrigated-acres-beginning-november-15
http://www.lenrd.org/latest-news/2017/10/27/lenrd-to-receive-applications-for-new-irrigated-acres-beginning-november-15
https://nednr.nebraska.gov/dynamic/waterrights/SelectSearchOptions.aspx
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I assume that each year’s new allocation of groundwater wells for irrigation in the hydrologically 

connected areas will indirectly use surface water from the Lower Elkhorn to serve 500 acres.12  To allow 

for some direct expansion of irrigation from surface water, I assume there are 100 newly irrigated acres 

per year.  This total of 600 new acres per year is likely high in that it is based on above-trend assumptions 

for both new groundwater and surface water acres.  Using the $70 estimate of the annual economic return 

to irrigation in agriculture, the first year’s return for using available water in this way would be $42,000 

(70×600).  Adding 600 acres each additional year implies the returns evolve so that the second year’s 

return would be $84,000 (70×1200), the third year’s return would be $126,000 (70×1200), and so on.  

After ten years, 6,000 acres would be added and the annual return would be $420,000; after twenty years 

12,000 acres would be added and the yearly return would be $332,417.  If returns in the future years are 

discounted to the present value using a 5 percent rate before taking the mean, and thirty years of returns 

are used, the average yearly return under this expansion scenario is $270,473.13  This figure ignores the 

cost of any new infrastructure necessary for deploying surface water irrigation onto the new acres.   

Rounding to the nearest thousandth, I predict that irrigation expansion using available surface water in 

the Lower Elkhorn River would generate $270,000 in annual economic value.   

 

IN STREAM VALUES 

The economic benefits generated by river water left instream are fundamentally nonmarket.  That is, the 

environment-related services provided by instream flow are not bought and sold in markets, and so there 

are no sale prices or quantities available for inferring economic value, as was the case for irrigation.  The 

absence of markets, however, does not imply an absence of value.  A basic tenant of economics is that 

people hold preferences over a wide range of goods and services, including potentially nonmarket 

environmental services.  Economic value arises based on the degree to which a person is willing to give 

up something they care about (e.g. spending on restaurant meals or clothing) in order to acquire 

something else they care about (e.g. an improved environment).  More to the point, economic value is 

based on peoples’ willingness to make tradeoffs among different goods and services that they care about.  

Given this, economists use willingness to pay (WTP) as a metric for economic value.  By definition, WTP 

is the maximum amount of money a person would part with, based on her budget and preferences, to 

secure something.  Importantly, the concept does not rely on actual payment – only on the willingness to 

make payment, should it be required.14   

In the current context, I am interested in households’ annual WTP to maintain water in the Elkhorn River 

at is current instream flow level.  Environmental services such as protected instream flow are a type of 

public good, meaning they are non-rival and non-excludable.  That is, the benefits of environmental 

services can be enjoyed by many people simultaneously, and people cannot be prevented from accessing 

these services.  This means that that aggregate economic value of an environmental service is the 

summation of all affected households’ individual WTPs.  As such, if WTP were measureable for all 

                                                           
12 As noted above, the actual impact of any one well is determined by its proximity to and connectivity with 

the stream, and so my prediction should be seen as an aggregate approximation.  
13 If 10 or 20 years of returns are used to construct the average, the figure is $173,638 and $244,646, 

respectively.   
14 The history and formal details on how economists define and measure economic value are contained in 

my graduate textbook:  Phaneuf and Requate, A Course in Environmental Economics, Cambridge University Press, 

2017.  See in particular chapters 14-15.   
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impacted households, it would provide an indicator of the economic value of the instream appropriation, 

which could be compared to the value of using water for irrigation.  The challenge, however, is 

measurement – a point to which I return below.  

Households may have positive WTP to maintain instream flow for a variety of reasons.  For people 

interested in paddling on the rivers, maintaining instream flow improves recreation opportunities.  

Protecting instream flows can also protect ecological functions, thereby improving habitat and 

populations for fish, wildlife, and flora.  These services may be valued by fishers, hunters, and wildlife 

watchers for their positive impact on game populations, or by those who simply care about conservation.  

In cases where threatened or endangered species are present, preserving instream flow can be an 

important part of biodiversity protection.  While the economic value of irrigation and other consumptive 

uses of water has long been recognized, it is increasingly appreciated that the suite of nonmarket benefits 

from maintaining instream flow can also generate sizeable benefits.  Jorda-Capdevila and Rodrigues-

Labajos (2017) provide a timely summary of economists’ efforts to define and estimate these benefits.15 

Nonmarket environmental values, including values associated with instream flows, can be measured using 

two different approaches.  In revealed preference (RP) analysis, economists examine consumption of a 

related good, and estimate how it depends on the level of an environmental good.  As one example, a 

person’s recreation trips to a river for recreational boating (e.g. canoeing, kayaking) may depend on the 

water level in the river.  If a robust instream flow leads to more or higher quality trips, then instream flow 

generates economic value via the mechanism of recreation.  As a second example, a household’s interest 

in buying a home near a river may depend in part on a minimum level of summertime instream flow.  In 

this case, water level contributes to higher home prices.  In stated preference (SP) analysis, economists 

rely on carefully crafted surveys that ask people their willingness to pay for a specifically defined change 

in an environmental outcome.  For example, households might be asked to vote on a proposed policy that 

could maintain a particular level of river health, but increase property taxes by a specified amount.  

Information on how a sample of household would vote provides the basis for estimating the economic 

value of the proposal.16   

 

Example studies 

The economics literature contains many examples of RP and SP studies designed to measure the 

nonmarket economic benefits of maintaining instream flow.  In this section, I briefly discuss a handful of 

studies, in order to demonstrate that maintaining instream flow qualitatively generates positive economic 

value.   

In a recent paper, Loomis and McTernan (2014)17 measure how the economic benefits from river rafting 

                                                           
15 Jorda-Capdevila and Rodriguez-Labajos, “Socioeconomic values of restoring environmental flows: 

systematic review and guidance for assessment,” River Research and Applications 33 (2017): 305-320.   
16 The literature on RP and SP approaches to environmental valuation is enormous.  Example overviews 

that are relevant for this document include Phaneuf and Smith, “Recreation Demand Models,” in Handbook of 

Environmental Economics, Maler and Vincent, editors, North-Holland, 2005; and Kling, Phaneuf, and Zhao, “From 

Exxon to BP: has some number become better than no number,” Journal of Economic Perspectives 26 (2012): 3-26.  

The Phaneuf and Requate (2017) textbook also contains chapters dedicated to recreation models, property value 

models, and stated preference methods.   
17 Loomis and McTernan, “Economic value of instream flow for non-commercial whitewater boating using 

recreation demand and contingent valuation methods,” Environmental Management 53 (2014): 510-519.   
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and kayaking on a river in Colorado depend on the volume of water in the stream.  They examine the 

demand for recreation trips among a sample of boaters to the Poudre River, taken over the course of the 

summer of 2010.  Using information on the number of visits in the month prior to intercept, the authors 

find that higher flow periods are associated with more trips.  Using their travel cost model, in which the 

‘price’ of access to a recreation site is the money and time cost of travel, Loomis and McTernan predict 

that boaters are willing to pay $55 per person per river trip when the flow is 300 cubic feet per second, 

and $97 per trip when flow increases to 1900 cubic feet per second.  Other studies that have established a 

positive relationship between river-based recreation values and instream flow include Duffield et al. 

(1992)18, Hansen and Hallam (1991)19, and Ward (1987).20   

Berrens et al. (1996)21 use a stated preference approach to measure the economic value of minimum 

instream flow levels, as needed for habitat protection for endangered or threatened fish and wildlife.  A 

sample of New Mexico residents was contacted by phone, and asked to consider a (hypothetical) program 

in which contributions were sought to purchase or lease water rights from willing parties.  The goal of the 

program was to secure a minimum level of instream flow to protect endangered and threatened species at 

rivers in the state.  Respondents were presented with a cost amount, and asked to vote yes or no on their 

willingness to contribute the posted amount to have the program.  Using these referenda-style data, the 

authors predict, for example, that New Mexico households are willing to pay $29 per year (in 1995 

dollars) to secure minimum instream flow for endangered/threatened species protection on the Middle Rio 

Grande River.  In a similar study, Brown and Duffield (1995)22 use a mail survey to measure Montana 

residents’ value of protecting instream flow in individual rivers, as well as in groups of rivers.  They find, 

for example, that people in the state are willing to pay almost $7 per household (in 1988 dollars) to 

protect one river’s instream flow, when endangered species are not involved.   

While none of these papers examines recreation or conservation values for instream flow protection in the 

Elkhorn River, they do suggest that residents of western states hold positive economic value for the 

recreation and conservation services that protected instream flow can provide.   

 

Economic value in the Lower Elkhorn River 

There are no primary studies that I am aware of that look at the recreation or conservation benefits to 

protected instream flow in the Elkhorn River basin.  As such, any assessment must be speculative.  

However, some bounding arguments are possible.  In this subsection I present logic designed to 

demonstrate plausible orders of magnitude for the environmental services generated by the maintenance 

instream of unappropriated water in the Lower Elkhorn NRD. 

Consider first some descriptive evidence.  There are several recreation areas within the NRD, which sit on 

                                                           
18 Duffield, Neher, and Brown, “Recreation benefits of instream flow: application to Montana’s Big Hole 

and Bitterroot Rivers,” Water Resources Research 28 (1992): 2169-2181.   
19 Hansen and Hallam, “National estimates of the recreational value of streamflow,” Water Resources 

Research 27 (1991): 167-175.  
20 Ward, “Economics of water allocation to instream uses in a fully appropriated river basin: evidence from 

a New Mexico wild river,” Water Resources Research 23 (1987): 381-391.   
21 Berrens, Ganderton, and Silva, “Valuing the protection of minimum instream flows in New Mexico,” 

Journal of Agricultural and Resource Economics 21 (1996): 294-309.   
22 Brown and Duffield, “Testing part-whole valuation effects in contingent valuation of instream flow 

protection,” Water Resources Research 31 (1995): 2341-2351.  
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the Elkhorn or its tributaries.  These include Maskenthine Lake Recreation Area, Willow Creek State 

Recreation Area, and Maple Creek Recreation Area.23  In addition, the Nebraska Game and Parks 

Commission describes the Elkhorn River Canoe Trail, which spans both the upper and lower reaches of 

the river.24  The description of the trail stresses varying depth and many sandbars, suggesting that in-

stream flow rates are an important determinant of the quality of canoe trips on the river.  Similarly, the 

organization Nebraska Birding Trails describes the Elkhorn Valley Trail for bird watching, noting that  

“The Elkhorn Valley crosses the tallgrass prairies and glaciated uplands of the eastern quarter of 

Nebraska, through an area of loess hills were mixed-grass prairies mix with Sandhills grasslands, 

and finally into pure Sandhills prairies.”25 

Finally, a May 2017 blog post from the magazine Nebraskaland describes a floating-based activity called 

“tanking”:  

“The activity, heralded by many as good country entertainment or tubing on steroids, has become 

wildly popular with folks of all ages on rivers such as the Middle Loup, Cedar, Calamus, Elkhorn, 

North Platte, Niobrara and Republican. Though water levels vary and can sometimes affect trips, 

what these Nebraska rivers have in common is that they are tranquil, relatively shallow waterways 

with calm currents and mainly sandy bottoms, optimum for a lazy day of drifting.”26 

Floating activities more generally are privately marketed by several Elkhorn River outfitters.27  These 

anecdotes illustrate that streams in the region attract active users for canoeing and kayaking, nature 

enthusiasts for bird watching, and leisure-based floating visitors – all of which can be affected to greater 

or lesser degrees by stream flow.   

Protecting in stream flow can also generate biodiversity benefits.  The interior least tern is a federally 

listed endangered bird species that nests on sand bars and sand pits in the Elkhorn River.  Similarly, the 

piping plover is a threatened bird species.  Like the least tern, the piping plover nests on exposed sand 

bars, and has been observed on the Elkhorn River during period censuses of sub-populations.  Finally, the 

iconic sandhill crane passes through the Platte River basin and its tributaries during migration.28  There 

are also listed aquatic species whose habitat depends on ecological conditions.  Examples include the 

topeka shiner29 and palid sturgeon, where the latter’s habitat in the Platte River depends on sustained 

flows from the Elkhorn and other tributaries.   

I next provide some quantitative evidence, beginning with conservation services.  In 2010 there were 

nearly 89,000 people living in the Lower Elkhorn NRD,30 and there are approximately 2.5 people per 

household in the state.31  The Brown and Duffield (1995) study reports that households in Montana are 

                                                           
23 See http://www.lenrd.org/recreation/.  
24 See https://outdoornebraska.gov/wp-content/uploads/2015/11/NGPC_Trails_Elkhorn_River.pdf.   
25 See http://nebraskabirdingtrails.com/elkhorn-valley-trail/.  
26 See http://magazine.outdoornebraska.gov/2017/05/try-float-trip-phenomenon-called-tanking/  
27 See for example http://www.tubingandadventures.com/ and http://www.tankdown.com/index.html.   
28 These examples are drawn from Allan, “An assessment of the benefit to fish and wildlife of an instream 

flow appropriation for the Elkhorn River, Nebraska,” December 2017.  Prepared for the same application as this 

document.  
29 See https://www.fws.gov/midwest/endangered/fishes/TopekaShiner/index.html and 

http://outdoornebraska.gov/wp-content/uploads/2015/09/NLP_Assessment_TopekaShiner.pdf  
30 See https://www.nrdnet.org/nrds/lower-elkhorn-nrd.  
31 See https://www.indexmundi.com/facts/united-states/quick-facts/nebraska/average-household-size#map.   

http://www.lenrd.org/recreation/
https://outdoornebraska.gov/wp-content/uploads/2015/11/NGPC_Trails_Elkhorn_River.pdf
http://nebraskabirdingtrails.com/elkhorn-valley-trail/
http://magazine.outdoornebraska.gov/2017/05/try-float-trip-phenomenon-called-tanking/
http://www.tubingandadventures.com/
http://www.tankdown.com/index.html
https://www.fws.gov/midwest/endangered/fishes/TopekaShiner/index.html
http://outdoornebraska.gov/wp-content/uploads/2015/09/NLP_Assessment_TopekaShiner.pdf
https://www.nrdnet.org/nrds/lower-elkhorn-nrd
https://www.indexmundi.com/facts/united-states/quick-facts/nebraska/average-household-size#map


9 
 

willing to pay over $14 per year (translating to 2017 dollars32) for protecting instream flow on a single 

river.  Transferring this value directly and assuming there are 35,600 households, residents of the 

Lower Elkhorn NRD would be willing to pay $498,400 in aggregate per year, to maintain 

unappropriated water in the river.  This does not include value that might accrue to residents outside of 

the district, who may also be interested in conservation on the river.  In addition, since the Brown and 

Duffield study did not consider habitat for endangered species, this is likely an underestimate, given 

the potential for instream protections to benefit threatened wildlife in the Elkhorn River case  

For recreation services, I was unable to locate reliable data on fishing, paddling, bird watching, or other 

recreation trips taken on or near waters in and around the NRD area.  Various web searches did produce a 

document of unknown quality reporting 2010 attendance at a range of Nebraska attractions; included on 

the list is Willow Creek State Recreation Area, in the LENRD.33  The document indicates that the Willow 

Creek Area received 205,900 visitors in 2010.  In addition, personal communication with the owner of a 

tubing business reported that 10,000 tubers was typical for his business, and that he was one of three 

operators on the Elkhorn River in the greater Omaha area.34  Using these figures as a starting point, it is 

reasonable to assert that the total volume of recreation activity in the district – including floating trips, 

bird watching, and hunting and fishing activity – would readily exceed 200,000 user days in a typical 

year.  If the economic value of each of these trips is enhanced by just $5 per outing due to the currently 

available instream flow – a figure that is plausible and even conservative given the findings of Loomis 

and McTernan (2014) – the maintenance of current instream flow level generates at least $1 million in 

economic benefits annually through recreation.  

 

Summary 

It is not possible to predict the nonmarket economic value of the services generated from the current level 

of instream flow in the Lower Elkhorn NRD, using secondary data.  However, existing research in 

environmental economics and related fields confirms that instream flows generate positive economic 

benefits in the nonmarket sector, and anecdotal evidence suggests that recreation and conservation 

services are important in the Elkhorn River basin.  By plausibly extrapolating, I show that the economic 

value of these services likely exceeds $1.4 million annually, based on the contribution of recreation 

visitors, and the value derived by Nebraska households from the conservation services provided.   

 

CONCLUSIONS 

Economic value from water arises from both consumptive and non-consumptive uses.  In the case of the 

Lower Elkhorn NRD, the primary consumptive use is for irrigation.  The volume of unappropriated water 

currently instream could be allocated to agriculture, and this would generate economic benefits.  

However, the extent of economic gain from this allocation is limited by the annual demand for new 

irrigation acres, and existing regulations relating to groundwater irrigation expansion.  When these are 

considered, the economic benefits of allocating available water to agriculture are approximately $270,000 

                                                           
32 See https://www.bls.gov/data/inflation_calculator.htm.  
33 See 

http://media.visitnebraska.com.s3.amazonaws.com/attachments/attachments/000/005/185/original/2010AttractionAtt

endance.pdf?1412725811.  
34 Personal communication via email with Brock Beran, owner, Tubing & Adventures, December 4, 2017.   

https://www.bls.gov/data/inflation_calculator.htm
http://media.visitnebraska.com.s3.amazonaws.com/attachments/attachments/000/005/185/original/2010AttractionAttendance.pdf?1412725811
http://media.visitnebraska.com.s3.amazonaws.com/attachments/attachments/000/005/185/original/2010AttractionAttendance.pdf?1412725811
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per year.   

The primary non-consumptive use of unappropriated water is for recreation and conservation purposes.  

While estimating a firm value for the economic benefits in these sectors is not possible, it is possible to 

use existing literature and plausible reasoning to conclude that the instream value of the unappropriated 

water exceeds $1.4 million per year.   
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An Assessment of the Benefits to Fish and Wildlife of an Instream 

Flow Appropriation for the Elkhorn River, Nebraska 
 

J. David Allan, Professor Emeritus
1
 

School of Environment and Sustainability 

The University of Michigan, Ann Arbor 

Executive Summary 

This report describes the fish and wildlife resources of the Elkhorn River Basin in support of an 

application for an instream flow appropriation to ensure the long-term sustainability of the 

Elkhorn River ecosystem and biological resources that are dependent upon river flows.  

Nebraska recognizes four instream flow purposes: fish, wildlife, recreation, and for induced 

ground water recharge of public water supplies
2
. This application for an instream flow water 

right (appropriation) emphasizes the benefits to fish, wildlife and recreation; groundwater 

recharge may also benefit but is not documented here. 

A hydrologic analysis conducted by Flatwater Group finds that sufficient unappropriated water is 

available for an instream flow appropriation for the Elkhorn River. This report summarizes 

information concerning the fish and wildlife resources of the Elkhorn River Basin, and shows 

that the recommended appropriation is the minimum necessary to protect the river ecosystem and 

the fish and wildlife that are dependent upon it. Specifically, this application is intended to 

protect sufficient flows to maintain habitat for the aquatic food web of the Elkhorn River and for 

waterfowl species that depend on the aquatic food web for their food and on riverine habitat 

features for staging, roosting and nesting. The requested instream flow appropriation is necessary 

to maintain aquatic habitat, emergent terrestrial features including sand bars and river margins, 

and adjacent wet meadows. This instream flow is also necessary to dilute pollutants and ensure 

that management efforts to improve water quality and ecosystem condition are successful. This 

appropriation will contribute to the well-being of species protected under state and federal law, 

as well as many additional species, and is expected to have additional benefits for recreation, 

including wildlife viewing. 

Flatwater Group analyzed streamflow exceedance probabilities at two locations in the Elkhorn 

River basin during four sub-periods throughout the year and annually to ascertain the quantity of 

water to meet the 20% rule in state statute for instream flows. The twenty-percent streamflow 

exceedance flowrate has previously been used by NDNR in their review of hydrologic analyses 

that have supported instream flow applications in the central and lower Platte River
3
. Sufficient, 

unappropriated water is available to meet the requested instream flow appropriation, as detailed 

in the concluding section of this report. Flatwater Group’s analysis takes into account seasonal 

timing, thereby ensuring that natural seasonal variation in river flow is met. 

                                                           
1
 Allan’s curriculum vitae is attached as Appendix 1 

2
 http://outdoornebraska.gov/wp-content/uploads/2015/11/Instream_Flows_Q_A.pdf.  

3
 Instream flow allocation for the Niobrara River provides a case study example: see Parasiewicz et al. (2014). 

http://outdoornebraska.gov/wp-content/uploads/2015/11/Instream_Flows_Q_A.pdf
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The benefits of protecting instream flows are widely recognized (Poff et al. 1997, Bunn and 

Arthington 2002, Annear et al. 2004, Novak et al. 2015). Instream flows support many 

ecosystem goods and services, including filtration, dilution of sewage and other effluents, 

livestock watering, increased land values, fish and wildlife needs, and recreation of all types, 

such as fishing, hunting, boating and aesthetics. Instream flows also supply cooling water for 

electrical generating plants, hydro-electric power, drinking water sources and groundwater 

recharge. Maintaining instream flows also benefits riparian wetlands, which in turn help absorb 

flood waters and polluted runoff, provide wildlife habitat, keep exotic species in check, and 

promote economic vitality for nearby communities. The State of Nebraska Policy Issue Study on 

Instream Flows lists fishery resources, recreation and aesthetics, compliance with interstate 

compacts and judicial decrees, hydroelectric power, aquifer recharge, sub-irrigation, navigation, 

wildlife, wild and scenic rivers, and water quality as instream water uses
4
. 

While the Elkhorn River has been affected by agricultural activities and agrichemical runoff, 

mostly notably in the eastern half of the basin, the Elkhorn River ecosystem today has good 

water quality, locations of high biological condition, and contains rare fish species. An ambitious 

plan is in place to address impacts from agricultural activities. Significant reduction in river flow 

would directly harm the aquatic ecosystem and also offset any reductions in pollutant loads by 

reducing the diluting effects of streamflow. Hence the Elkhorn River Basin is an excellent 

candidate for long-term protection via an instream flow appropriation to ensure that it maintains 

and improves upon its present condition for the benefit of future generations. The requested 

flows represent the minimum necessary to provide continued protection at all times of the year 

for fish and wildlife, and for recreational use of the river including fishing, birding, and river 

enjoyment by canoe and tubing. 

 

The instream uses for which this flow allocation is requested include the fish and wildlife that 

depend on adequate river flow (including threatened and endangered species) and the economic 

and social values that result from environmental protection. Least terns, piping plovers and 

whooping cranes are federally listed species that utilize portions of the Elkhorn River Basin for 

stopover or nesting habitat, and sandhill cranes also occur in the Elkhorn basin. The Elkhorn 

River provides habitat and food resources for these four important bird species. These and other 

waterfowl use emergent sandbars for roosting and nesting, and shallow and deeper waters for 

feeding on fish and invertebrates. River margins and adjacent wet meadows also provide habitat 

and feeding sites. Adequate river flows are important to movement of sediments in this 

dynamically active river channel, maintaining barren sand bars favored by some species for 

nesting habitat relatively safe from predators. Sufficient flow ensures a variety of habitats, 

critical to the aquatic food web and to wading and diving birds for access to their prey. The 

requested flows are necessary to prevent water temperatures from increasing to lethal levels 

during summer as may result when flows are reduced. Furthermore the requested flow allocation 

ensures that the Elkhorn River continues to provide flows to the Lower Platte River during its 

low-flow summer condition, thereby benefitting species in that ecosystem including federally 

listed pallid sturgeon. 

                                                           
4
 Zelmer, http://water.unl.edu/documents/ZellmerIinstreamFlows.pdf 
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In sum, the requested instream flow allocation is the minimum flow necessary to provide 

protection of fish and wildlife of the Elkhorn River ecosystem for the enjoyment and benefit of 

many today as well as for the enjoyment and benefit of future generations.  

 

 

Environmental Flows and Ecosystem Integrity 

Environmental flows 

The importance of maintaining adequate flows to support fish and wildlife is based on 

fundamental understanding of the ecological benefits of maintaining a natural flow regime (Poff 

et al. 1997) and a natural sediment regime (Wohl et al. 2014) to the extent feasible. The 

underlying scientific principles have been recognized and approaches for their implementation 

have been articulated in detailed documents developed by the Nebraska Game and Parks 

Commission
5
 and by the EPA and USGS (Novak et al. 2015). All river ecosystems are highly 

vulnerable to changes in water flow resulting from diverse human activities. Built structures 

including dams and levees, changing urban and agricultural land use, and the expanding 

appropriation of fresh water for agricultural, municipal and industrial purposes significantly 

impact species, their habitat and ecosystem condition (Allan 2004, Nilsson et al. 2005, Postel and 

Richter 2003). Recognizing the dynamic and variable nature of river flows, river ecologists 

developed a new paradigm for river restoration and conservation known as the natural flow 

regime (Poff et al. 1997) or environmental flows (Arthington 2012). As stated by Novak et al. 

(2015), “the natural flow regime, defined as the characteristic pattern of flow magnitude, timing, 

duration, frequency, and rate of change, plays a critical role in supporting the chemical, physical, 

and biological integrity of streams and rivers and the services they provide. Human-induced 

alteration of the natural flow regime can degrade a stream’s physical and chemical properties, 

leading to loss of aquatic life and reduced aquatic biodiversity. Protecting aquatic life from the 

effects of flow alteration involves maintaining multiple components of the flow regime within 

their typical range of variation” 

Alteration of the natural flow regime can have cascading effects on the physical, chemical and 

biological properties of riverine ecosystems (Figure 1). Effects on physical properties include 

changes to channel shape, such as incision or widening, and altered connectivity, both laterally to 

the riparian zone and flood-plain, longitudinally between upstream and downstream river 

sections, and vertically between surface and groundwater. Altered flow magnitudes can 

negatively impact water quality, as both sedimentation and water temperature can increase when 

flow volumes are reduced. These changes to a stream can in turn lead to the degradation of 

aquatic life as a result of the loss and disconnection of high-quality habitat. In particular, the 

variety of habitat conditions and ecosystem types in a river environment is enhanced by the 

variability of flows, resulting in higher biological diversity than would be expected under a more 

constant environment. The biota are adapted to the conditions they historically have experienced. 

As Poff et al. (1997) state, “predictable diversity of in-channel and floodplain habitat types has 

                                                           
5 See http://nlc1.nlc.state.ne.us/epubs/G1000/B046-2009.pdf 

http://nlc1.nlc.state.ne.us/epubs/G1000/B046-2009.pdf
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promoted the evolution of species that exploit the habitat mosaic created and maintained by 

hydrologic variability”. Furthermore, altered flows can fail to provide the cues needed for 

aquatic species to complete their life cycles and can encourage the invasion and establishment of 

non-native aquatic species. The ability of a water body to support aquatic life is tied to the 

maintenance of key flow-regime components.  These same principles all apply to the Lower 

Elkhorn River. 

 

Figure 1. Schematic diagram illustrating a generalized conceptual model of the biological effects 

of flow alteration. From Novak et al. 2015. 
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Several literature reviews (Arthington 2012, Poff and Zimmerman 2010, Poff et al. 2010) 

document a wide range of ecological and physical changes to riverine systems in response to 

flow alteration. Most studies report population or community change of riparian vegetation, 

aquatic primary producers, invertebrates or vertebrates as a consequence of flow alteration (Poff 

et al. 2010); a few illustrative studies are mentioned here. Wherever streamflow becomes more 

variable and extreme, habitat generalists (species tolerant of a wide range of conditions) often 

increase in abundance at the expense of more specialized species dependent upon specific 

conditions within the habitat mosaic (Bain et al.1988; Pusey et al. 2000). Reduction of natural 

flood peaks can prevent recruitment of indigenous riparian vegetation and allow the proliferation 

of nonnative trees (Stromberg et al. 1996). Where storage and water extraction have eliminated 

seasonal flooding, non-native fish species may become more abundant (Marchetti and Moyle 

2001) and entire river food webs can experience shifts in their dominant pathways (Wootton, 

Parker and Power 1996).  

Flow regime is important to aquatic and riparian ecosystems for its influence on habitat quality. 

In rivers, flow regime interacts with a range of sediment-related processes that determine channel 

morphology, bed conditions and heterogeneity; disturbance regime; community structure and 

water quality (Wohl et al. 2014). Rivers with mostly sand substrate are especially dynamic. 

Major sections of the Platte and Elkhorn Rivers have braided channels with extensive sand bars 

that are frequently scoured and thus kept free of vegetation, resulting in suitable feeding, roosting 

and nesting habitat for certain water birds, and a wide range of aquatic habitat for invertebrates 

and fish. When river flow is reduced, the river has less power to move sediments, and as sand 

bars become stabilized, vegetation becomes established, creating brushy islands that are no 

longer suitable habitat for important species of water birds. 

Extensive research in rivers of the Great Plains documents that declines in the size and 

abundance of sandbars have been detrimental to aquatic and terrestrial organisms (Fischer et al. 

2015). Reduction of sandbar habitat in the Missouri River drainage has reduced nesting success 

of the federally threatened piping plover (Charadrius melodus) and the federally endangered 

least tern (Sterna albifons) (Kirsch, 1999; Stucker et al., 2012; Buenau et al., 2013). Sandbars are 

associated with increased heterogeneity in depths and water velocities, which may provide a 

nursery habitat for young fishes and increase biodiversity (Jacobson and Galat, 2006; Wyzga et 

al., 2009; Tracy-Smith et al., 2012).  

The federally endangered pallid sturgeon (Scaphirhynchus albus) and other native riverine fishes 

may select for river reaches with more sandbars, potentially because of enhanced feeding 

opportunities in complex channels (Bramblett and White, 2001; Eitzmann and Paukert, 2010). 

The abundance of slow water and recirculation zones associated with sandbars may increase 

retention of drifting eggs and larvae, reducing the likelihood that they are flushed into unsuitable 

impoundment habitats (Widmer et al., 2012), thus benefiting fishes with drifting life stages such 

as pallid sturgeon and plains minnow (Hybognathus placitus; Perkin and Gido, 2011; Braaten et 

al., 2012).  

Considerable effort has been expended to enhance sandbar habitats for native species in sand-bed 

rivers. In the Platte River, Nebraska, vegetation is removed annually to increase the sandbar area 
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available for roosting sandhill cranes (Grus canadensis) and federally endangered whooping 

cranes (Grus americana) (Kinzel et al., 2009; Smith, 2010). Similarly, on the Missouri River, 

sandbars are mechanically built to restore nesting habitat for piping plovers and interior least 

terns (Stucker et al., 2012; Buenau et al., 2013). As worthy as these restoration efforts are, it is 

both prudent and cost-effective to protect natural systems where feasible from human actions 

that may cause harm and thus lead to the need for subsequent restoration projects. In the Elkhorn 

River system, ensuring adequate flows for fish and wildlife is such an action. 

Aquatic-Terrestrial Food Web Linkages 

Riverine food webs are supported by a diverse mix of energy supplies that originate within the 

river and beyond its banks, and that rely on sufficient flow to support biological production. 

These energy supplies include the living resources of algae and higher plants that occur within 

the aquatic ecosystem, and the non-living resources of decaying organic matter (detritus) 

produced mainly by plants of the terrestrial ecosystem, as well as the riparian fringing vegetation 

and riparian wetlands. Because riverine food webs are complex it is useful to simplify this 

complexity by assigning species into major categories based on the food they consume and how 

they obtain it (Figure 2). Four “functional feeding roles” are widely recognized (Allan and 

Castillo 2007). Grazers consume algae and are most abundant in shallow, well-lit streams and 

rivers receiving abundant sunlight, where they graze or scrape attached algae from gravel and 

wood substrates and from submerged vegetation. The other three categories describe aspects of 

feeding on detritus, often the dominant energy source and pathway to higher consumers 

including fish. Shredders consume coarse particulate organic matter (CPOM) such as leaves shed 

in autumn. Feeding by shredders coupled with leaf abrasion and softening in water and microbial  

 

 

Figure 2: A generalized river food web, modified from Allan and Castillo (2007). 
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leaf breakdown creates another organic matter resource, microbially enriched fine particles 

(FPOM). These are acquired by collector-gatherers feeding in depositional locations and by 

filter-feeders that collect FPOM from suspension in slower currents. A typical food web diagram 

uses these categories rather than individual species because describing the exact food 

consumption of each of hundreds of species is impractical and the resulting diagram is much too 

complicated. The relative magnitude of pathways depicted in Figure 2 varies across habitats. 

Channel margin wetlands are a rich source of CPOM, and the submerged stems provide substrate 

for algal growth (“periphyton”) and perches for filter-feeding insects. Riparian vegetation, both 

grasses and woody plants, provide different types of organic matter inputs. Wood within the 

channel and areas of coarse substrate provide a stable surface for algal and microbial (“biofilm”) 

growth. Pools act as depositional zones, trapping organic matter, whereas fast-flowing sections 

provide habitat for species adapted to current and the transport of FPOM to consumers. Channel 

margins typically support rooted aquatic plants, preferred habitat of many small fishes as well as 

their predators such as northern pike.  

Connectivity is a key concept in studying food webs. Different habitats are connected by the 

presence of water, and especially by flowing water, both transporting food material and allowing 

organisms to move from location to location, often due to different food requirements at different 

stages of their life cycle. This is connectivity within the channel. All of the organisms in the food 

web are of course connected by the flow of energy. Importantly, connectivity between the 

aquatic and terrestrial food web is key to ecosystem function. Depending on position within the 

river ecosystem and many specifics of the ecosystem type, a major fraction of the energy supply 

originates in the riparian ecosystem along the river’s margins. When least terns feed on small 

fish or piping plover on aquatic insects, critical food supply to these semi-terrestrial species 

derives from the aquatic ecosystem. Truly, aquatic and terrestrial food webs are inter-connected, 

and in the Elkhorn River Basin such important species as terns, plovers and the whooping crane 

benefit from the aquatic ecosystem, which itself is dependent upon adequate river flows. 

 

Elkhorn River Basin: General Description 

The Elkhorn River is a tributary of the Platte River. The Platte, originating in the Southern 

Rocky Mountains, traverses montane, foothills and plains habitat and drains 230,360 km
2
 before 

its confluence with the Missouri River at Omaha (Galat et al. 2005). For most of its length it is a 

wide, shallow, braided river with shifting sandbars important for waterfowl breeding. 

Headwaters rise in the Colorado Rockies Forest ecoregion. The North Platte flows eastward 

through the Wyoming Basin Shrub Steppe ecoregion, and both the North and South Platte flow 

through the Western Short Grasslands ecoregion, joining at North Bend, NE. Continuing 

eastward, the Platte crosses the Nebraska Sandhills Mixed Grassland ecoregion and the Central 

and Southern Mixed Grassland ecoregion before terminating in the Central Tall Grasslands 

ecoregion. Within the Central Great Plains, the Platte River Valley region is a flat, wide, alluvial 

valley with shallow, braided stream channels and alluvial sand and silty soils. Situated in the 

middle of the Central Flyway, the Platte is notable for its importance as migratory bird habitat 
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and for several high profile endangered species, including the whooping crane, piping plover, 

interior least tern and pallid sturgeon. 

The Elkhorn River basin with a drainage area of 18,000 km
2
 is located in northeastern and north-

central Nebraska, encompassing parts of 24 counties (Figure 3). The Elkhorn River originates at 

606 m above sea level in lush hay-meadow country in the eastern part of the Sandhills region in 

Rock and Holt Counties. The river flows in a southeasterly direction, joining the North Fork near 

Norfolk, and continuing toward the south and southeast, receiving two additional tributaries, 

Maple Creek and Logan Creek before reaching the Platte River near Gretna just west of Omaha 

at 366 m. Additional tributaries of note include Pebble Creek, Plum Creek and Union Creek. A 

smooth-flowing, meandering river of varying widths and depths and shallow sandbars (Figure 4), 

its riverside terrain includes hilly areas with moderate to steep slopes and rounded ridge crests 

composed of glacial till mantles with loess. Including all tributaries, the Elkhorn’s total stream 

length is 2,818 km (Hrabik et al. 2016).  

 

Figure 3. Elkhorn River basin.  Source: 2016 Surface Water Quality Integrated Report, Nebraska 

Department of Environmental Quality Water Quality Division April 01, 2016 

 

Like the Platte, the Elkhorn River is classified as a braided river due to its wide, shallow and 

extremely dynamic shifting channel, easily eroded banks and frequent sand bars. River reaches 

tend to be relatively shallow, exhibit low current velocities and are primarily sand-bottomed. 

Discharge levels tend to be relatively consistent throughout the year but are affected by strong 

rain events and from runoff from winter snowmelt. Ice jams can act as temporary dams, and 

cause severe flooding when spring melt occurs.  



9 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Elkhorn River basin spans two Level III ecoregions. The upper and western-most river lies 

in the Nebraska Sandhills Ecoregion on the boundary between the Sandhills and the Holt 

Tableland, but then flows into and through the hilly loess soils of the Western Cornbelt Plains 

Ecoregion. Soils (Figure 5) and land use (Figure 6) differ markedly between the two ecoregions. 

The sub-basin within the Sandhills Ecoregion is characterized by pastureland and soIls of lower 

organic content, while richer soils support more intensive agriculture in the Western Cornbelt 

Plains Ecoregion. The predominant land use is agriculture, with ranch and pasture lands 

primarily in the Sandhills portion of the Elkhorn River Basin and row crop farmland comprising 

the majority of the Western Cornbelt portion of the Basin. Most of the sandy soils support 

rangeland agriculture, whereas most of the loess soils are devoted to cultivated cropland 

agriculture (Nebraska DEQ 1990). 

Overall land use in the basin is 55% cultivated, 40% livestock production and native hay 

grasslands, and 5% urban, but differences in soil type and agricultural practices between western 

and eastern portions of the watershed are pronounced (see Kolok et al. 2009). Corn and soybeans 

are the major row crops in the east, with a gradual change to wheat, pasture and rangeland 

further west in the watershed (Figure 6). Livestock practices also differ, as cattle feedlots 

predominate in the east, whereas cow-calf operations predominate in the west. This has 

implications for water quality, recreational use and human health, because agrichemical use 

varies with land use and thus the types and quantities of contaminants present in ground and 

surface waters are expected to differ from west to east.   

 

 

 

 

 

 
Figure 4a Section of Elkhorn River just 

upstream of Norfolk (seen at upper right) 

and south of US 275. Note extensive 

riparian forest. Meanders, sandbars and 

islands create quality instream habitat. 

Image from Google Earth. 

Figure 4b. The Elkhorn River near its 

confluence with the Platte River (seen at left), 

some 15-20 km west of Omaha, a section 

popular for tubing. Note riparian forest, 

meanders, sandbars and islands indicative of 

varied instream habitat. Image from Google 

Earth. 
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Figure 5.  Soil organic matter in the Elkhorn River Basin.  From Kolok et al. (2009) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Land use/land cover in the Elkhorn River Basin.  From Kolok et al. (2009) 
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Land cover within the Lower Elkhorn Natural Resource District (LENRD) is changing towards 

an increase in row crop extent. A recently developed Water Quality Management Plan (WQMP 

2017)
6
 reported 75% row crop as of 2014 (an increase from 68% in 2009) and 13.6% grass and 

pasture in 2014 (a decrease 18.3% in 2009). Forest/shrubland, wetlands and open water comprise 

less than 3% of the land cover and all experienced small decreases from 2009-2014. 

The Elkhorn River Basin is sparsely populated. Cities within the Elkhorn basin with > 2,000 

population include Fremont, with a 2010 census population of 26,397, Norfolk (24,210), Wayne 

(5,660), O’Neill (3,705), West Point (3,364) and Madison (2,438). The total population of the 

entire Elkhorn Basin is approximately 200,000, based on the sum of the populations included 

within the Upper and Lower Elkhorn NRDs. Kolok et al. (2009) give a slightly higher estimate 

of 232,000.  

Climate is the Elkhorn River Basin is generally continental, with wide variations in temperature 

and precipitation. Average precipitation in the basin area ranges from 23 to 30 inches of rain. 

Periods of maximum precipitation tend to occur from the middle of spring to early autumn, most 

of which occurs as high-intensity, convective thunderstorms. Rainfall varies modestly from east 

to west, from an annual average of 29.9 inches (15.2 inches during the growing season) at 

Fremont to 23.4 inches (11.9 inches during the growing season) at O’Neill. Winter precipitation 

takes the form of snow. Annual snowfall ranges from 24 inches, in the southern part of the basin, 

to 34 inches in the northern part. The average annual temperature ranges from 43 to 51 degrees 

Fahrenheit. The freeze-free period ranges from 150 to 190 days (average = 170 days) increasing 

in length from northwest to southeast (NRCS, 2006). 

The Elkhorn River maintains a fairly constant year-round flow because the majority of its inputs 

are from groundwater in the rivers draining the upper reaches of the basin. Nine gages located on 

the Elkhorn River and tributaries, along with gages on the Platte River and nearby rivers, allow a 

full and thorough characterization of flows in the system
7
. Flow constancy is exhibited through 

flow duration curves generated for the Elkhorn River at Waterloo and Norfolk, which are 

relatively flat between 20 and 80 percent duration exceedance probabilities. For example, 

discharge in the Elkhorn River at Waterloo exceeds 440 cfs 80% of the time and 1,820 cfs 20% 

of the time. In drought conditions discharge still exceeds 150 cfs 99% of the time, which stands 

in contrast to flood events (1%) which were found to exceed 10,500 cfs.  

The lower Platte River’s hydrograph and base flow benefit from the influence of the 

groundwater-fed Elkhorn and Loup Rivers, which are considered to have exceptionally stable 

flows even when compared to rivers worldwide (Bentall 1989). The contributions of water from 

the Loup River (34 percent), Elkhorn River (23 percent), and Salt Creek (13 percent) help to 

keep the lower Platte River in better condition than the central Platte River, as it is not unusual 

for portions of the central Platte River to completely dry up at times during the hottest months of 

the year (Peters and Parham 2008). 

                                                           
6
 Lower Elkhorn River Basin Water Quality Management Plan, LakeTech, Inc and Olson Associates , March 2017 

7
 See the Flatwater Group report for hydrologic analysis of these streamgage data 
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There are two dams in the Elkhorn River Basin for purposes of irrigation, flood control, 

recreation, and fish and wildlife habitat, located at Atkinson on the Elkhorn River and at Norfolk 

on the North Fork. The basin also contains some 30 lakes/reservoirs and numerous farm ponds 

on tributaries. Channel modifications are few. Most stream straightening occurred prior to 1970. 

Straightening results in increased stream grade and decreased stability of the channel bed and 

banks. Among those streams in the basin planning area, Logan Creek was straightened nearly 

throughout its entire stream length. 

Irrigation drawing upon surface water and groundwater is the principal water use in the Elkhorn 

River Basin. As of December 6, 2017, a total of 10,826 registered groundwater irrigation wells 

existed within the Elkhorn River Basin. Because not all wells drilled prior to 1993 were required 

to be registered, additional non-registered wells likely exist. These groundwater wells supply 

irrigation water to approximately 1.4 million acres. The majority of the approximately 630 

surface water appropriations present as of December 6, 2017, are also used for irrigation 

purposes and are typically located on major streams. Other uses include domestic, industrial 

livestock, and reservoir storage.   

 

Water Quality in the Elkhorn River 

It should be acknowledged that the Elkhorn River has significant water quality concerns. Within 

the Lower Elkhorn Natural Resources District, water quality assessments indicate that 688 of 

1,212 total stream miles (71%) and 1,072 lake acres of 1,135 acres of public access lakes (84%) 

are impaired (2016 Nebraska Surface Water Quality Integrated Report). The major pollutants 

responsible for water quality degradation in the basin are nitrogen, phosphorus, bacteria, and 

sediment. Agricultural pesticides and veterinary pharmaceuticals may also be important 

contaminants within the watershed (Kolok et al. 2009). Pesticide use within the Elkhorn River 

watershed is greatest in the eastern half of the watershed where corn and soybeans predominate. 

A number of compounds, including atrazine, have been employed. The use of growth-promoting 

steroids for beef cattle also predominates in the eastern half of the Elkhorn River watershed. 

However animal operations generally differ from west to east. Cow-calf grazing operations 

predominate in the western portions of the watershed, and growth-promoting implants are 

routinely used on the slower growing calves. In contrast, animals held in the feedlots (heifers, 

fast-growing calves or steers) all receive growth-promoting implants. There are currently six 

compounds listed for use as growth-promoting agents in beef cattle. 

Numerous studies have suggested that agrichemicals may have multiple effects on human health, 

including impaired reproductive capacity, altered immune and thyroid function, and cancer risk. 

Pesticides occur in detectable concentrations throughout the Elkhorn River watershed in stream 

water samples (Frenzel et al. 1998). The compounds alachlor, atrazine, cyanazine, and 

metolachlor were most commonly applied and detected (>78% of stream water samples) for 

corn, sorghum, and soybean production in the Central Nebraska Basins Study Unit. Atrazine was 

detected in all stream samples. Concentrations in the water were found to depend upon seasonal 
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application and rainfall patterns as the greatest concentrations were inevitably found during the 

growing season following intense rainfall shortly after herbicide application.  

People living in the Elkhorn River watershed get their drinking water from wells (Kolok et al. 

2009). The Nebraska Department of Natural Resources Wells Database lists 2812 registered 

domestic wells and 389 registered wells for public water supply systems in the Elkhorn River 

watershed. Importantly, all of the public water supply wells are located close to rivers or creeks 

and 266 wells are within 100 m of those waterways. Studies reported by Kolok et al. (2009) 

show that pumping in near-river wells can induce infiltration of river water into the streambed 

and if the pumping time is sufficiently long, the infiltrated river water will arrive at the pumping 

well. In addition, public water supply withdrawn from the Platte River downstream from its 

confluence with the Elkhorn contained atrazine, cyanazine and alachlor at levels of potential 

concern, and Frenzel et al. (1998) concluded that these compounds originated within the Elkhorn 

River.   

The Elkhorn River ecosystem may also be negatively affected by these compounds. Chemical 

sampling of four Nebraska watersheds revealed higher levels of pesticides in the Elkhorn and 

Platte Rivers, both characterized by intense agriculture including row crop and beef cattle 

production, relative to the Niobrara and Dismal Rivers, which are primarily grasslands. In 

addition, female fathead minnows (Pimephales promelas) placed in the Elkhorn River for 7 days 

showed greater endocrine disruption in comparison to the other sites (Sellin et al. 2009). (Note 

that P. promelas is a common and widespread species of the Elkhorn River.) Further studies in 

the Elkhorn River (Knight et al. 2013) indicated that leopard frogs (Rana pipiens) and fathead 

minnows both experienced adverse impacts that depended on the sex and species of the sentinel 

organism. That study used a rapid assessment atrazine strip assay to document that spring 

snowmelt and heavy rainfall can result in pulses in the transport of agrichemicals (using atrazine 

as a marker as well as a likely cause of endocrine disruption), and included both fathead 

minnows and leopard frogs as sentinel organisms to detect impacts on the aquatic ecosystem. 

Atrazine levels exceeded the U.S. drinking water standard (>3 ppb) for each of the seven days 

during the study. Exposures to Elkhorn River water during this period resulted in the 

defeminization of female minnows and the feminization of male frogs (each determined by 

alterations in the expression of estrogen-responsive genes). 

Biologically active compounds (BACs) are episodically introduced to surface water during 

snowmelt and rainstorm events, and may be found in water for only hours or days after a storm 

event. However, recent research suggests that sediments play an important role in the persistence 

of herbicides and steroids in watersheds after nonpoint source loading events. In effect, the 

sediment serve as both a sink and a source, equilibrating with BACs during storm events then 

slowly releasing them back into the water over time, long after the initial pulse of chemicals has 

moved downstream (Kolok et al. 2014). 

Notably, in response to these impairments, the Lower Elkhorn Natural Resources District 

(LENRD) began work in 2015 on the Lower Elkhorn River Basin Water Quality Management 
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Plan, (the “Plan”) resulting in a detailed and comprehensive 2017 document
8
. The Plan will 

provide the opportunity for funding of restoration and mitigation projects from Section 319 funds 

from the Environmental Protection Agency (EPA) and identify specific water quality issues, 

pollutant loads and reduction targets, monitoring strategies, costs and funding avenues, and 

education and outreach efforts. Thus new efforts are underway to benefit human use of the 

Elkhorn River and to protect water quality and the environment. The Plan describes a host of 

practices for reducing pollutant introduction, mobilization, and transport to surface water. It 

includes a comprehensive toolbox of both structural and nonstructural measures that have been 

identified due to their capability to address the primary pollutants degrading water quality in the 

basin; specifically, nutrients, sediment, and bacteria.  

While most efforts are directed at on-site farm practices, the Plan also recommends aquatic 

habitat restoration including improving the conditions, or enhancing stream ecology, to support 

desired fish and other aquatic species. Enhancing habitat will also result in increased biological 

processing of nutrients and other pollutants. Actions to improve aquatic habitat vary depending 

on the goals, but may include increasing overhanging riparian vegetation, providing structural 

habitat, and removing trash and other man-made products. Aquatic habitat improvement is often 

a component, or result of, other interventions, such as streambank stabilization, buffering, and 

riparian zone renovation. Common structural alternatives include restoring natural flow cycles 

such as reconnection to an oxbow or floodplain, riverine wetland restoration, native vegetation, 

and wetland enhancement. Based on the water quality issues identified in the basin, the most 

beneficial management measures include those that: promote healthy riparian areas including 

adequate width and vegetation quality, lead to more effective use of manure and commercial 

fertilizer, and reduce the potential for pollutant transport to streams and groundwater. These 

steps are expected to improve overall condition of the aquatic ecosystem and to be reflected in 

improved water quality, biological communities and recreational opportunities. 

Ensuring that Elkhorn River flows are maintained at or above the 20% exceedance threshold 

is a crucial complement to the Plan’s efforts to improve water quality and ecosystem condition 

by reducing inputs of contaminants. Because contaminants are expressed in units of 

mass/volume (e.g. ug/L or mg/L), adequate flows help to dilute contaminants, whereas 

reductions in flows would only increase concentrates and exacerbate potential risk.  

 

Important Species of the Elkhorn River Basin 

Interior Least Tern:  Interior Least Terns are colonial, fish-eating birds that nest on bare sandbars 

within active channels of large sand-bed rivers of the Great Plains and in the Lower Mississippi 

Valley. Meandering rivers with broad, flat floodplains, high sedimentation rates and slow 

currents typically offer the best nesting and feeding habitat because of the resulting formation of 

sandbars and shallow water areas. At least two discrete sub-populations of least terns are known 

to nest on sand bars and sand pits of the Elkhorn River (Lott et al. 2013).  

                                                           
8
 Water Quality Management Plan, Lower Elkhorn  River Basin. Prepared for the Lower Elkhorn  Natural Resource 

District, LakeTech Consulting and Olsson Associates, March 2017 
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Federally listed as endangered, least terns are migratory, arriving in Nebraska from late 

April/early May to mid-June. Several important factors are vital to successful nest site selection 

with respect to on-river habitat areas, including: (1) exposure of the nesting site above water 

from mid-May through early August to allow young chicks to fledge; (2) the establishment of 

high-flows early in the nesting season, which causes adults to nest on higher areas and reduces 

the potential for nest inundation; (3) least tern preference for nesting sites with little to no 

vegetation (often less than 10 percent, but can have as much as 25 percent of vegetation cover); 

and (4) channel width, sandbar area, the elevation of sandbars above the water level, and other 

geomorphic features can also affect tern nesting success.  

In addition to requiring emergent sandbars for nesting, least terns also need forage fish from 

nearby river habitats to feed themselves and their semi‐altricial offspring.  As a plunge‐diving 

piscivore, endangered least terns rely on ready access to appropriately sized slender‐bodied fish: 

<52 mm total length for adults and <34 mm total length for young chicks. Based on unconsumed 

fish dropped in colonies the diet likely consists of shiners, minnows, shad, killifish and chubs 

(Wilson et al. 1993; Schweitzer and Leslie 1996; Thompson et al. 1997, Tibbs and Galat 1998).  

Piping plover: The piping plover has two populations in North America, divided by numbers 

roughly equally between an eastern and a Midwestern population. It also is a migratory species, 

with nesting patterns and habitat requirements very similar to those of the least tern (Stucker et 

al. 2012). Piping plovers known to nest in Nebraska are listed as threatened. Like the least tern, 

piping plovers nest on sparsely vegetated sandbars or suitable sand bars and gravel pits. Egg-

laying often begins the second or third week in May, with female piping plovers laying three to 

five eggs, with an incubation period that lasts about a month. Young chicks leave the nest almost 

immediately, though many adult males will stay with the chicks until they fledge, about 28 days 

later. Departure from breeding sites by both adults and young is typically complete by early 

August. Piping plovers were found to be present on the Elkhorn River when surveyed as part of 

the International Piping Plover Census in 1991, 1996, 2001, and 2006
9
. Adults are opportunistic 

feeders and consume a variety of small fish up to about 4 cm in length as well as crustaceans, 

mollusks, insects and annelids (FWS 1990), indicating their dependence on the adjacent aquatic 

ecosystem for their food supply 

Whooping crane: The endangered whooping crane is endemic to North America, with a historic 

distribution that ranged from the Rocky Mountains to the East Coast, as far north as Canada and 

as far south as Mexico. One of the largest birds in North America, whooping cranes have an 

average height of 5 feet when standing erect, and a wingspan that measures 7 feet across. The 

largest population (around 215 individuals), the Aransas-Wood Buffalo National Park 

Population, migrates from the Wood Buffalo National Park in northern Canada to the Aransas 

National Wildlife Refuge on the Texas coast and back again (Canadian Wildlife Service and 

FWS, 2007). Whooping cranes travel through the migration corridor biannually, and pass 

through Nebraska between October 1 and December 1 in the fall, and between March 15 and 

May 15 in the spring. Although the Elkhorn basin lies at roughly the eastern boundary of 

                                                           
9 Elliott-Smith, Elise; Haig, Susan M.; and Powers, Brandi M., "Data from the 2006 International Piping Plover 

Census" (2009). USGS Staff -- Published Research. 662. http://digitalcommons.unl.edu/usgsstaffpub/662 
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stopover habitat (Hefley et al. 2015), individuals have been sighted in Madison County in the 

western portion of the basin. Whooping cranes often roost on submerged sandbars in wide 

unobstructed channels that are isolated from human activity (FWS undated). They feed and roost 

in wetlands as well as in upland grain fields, where they consume insects, minnows, mollusks, 

crustaceans, frogs, rodents, small birds and berries. A combination of habitat is used during 

migration of the species, including cropland for feeding and large palustrine wetlands.   

Sandhill crane:  Up to 450,000 sandhill cranes migrate annually through the Platte River valley 

(Krapu et al. 2014), which serves as important stopover habitat, including in the Elkhorn Basin. 

With an average height of 2’7” to 4’, a wing span of 5.5’’ to 7’7’, soaring flight and a loud, 

trumpeting call, the stopover of sandhill cranes is a major event in south-central Nebraska. The 

spring migration usually begins in the Platte River Valley in late February, peaks in mid-March, 

and has a mass exodus in mid-April. During the spring migration, cranes stay in the area for 

several weeks to "fuel up" for the long trip north. The fall migration is spread over a longer 

period, from September to December, and a wider area and so is less of an attraction for birders. 

Quoting from the Nebraska Fly way website
10

, “Each spring, something magical happens in 

the heart of the Great Plains. More than 80 percent of the world’s population of sandhill cranes 

converge on Nebraska’s Platte River valley—a critical sliver of threatened habitat in North 

America’s Central Flyway. Along with them come millions of migrating ducks and geese in the 

neighboring rainwater basins. For centuries they have come to rest and restore themselves. The 

shallow braided channels of Nebraska’s Platte River provide safe nighttime roost sites. Waste 

grain in crop fields provides food to build up depleted fat reserves needed for migration. 

Adjacent wet meadows provide critical nutrients and secluded loafing areas for rest, bathing and 

courting. During their stop in Nebraska, cranes gain nearly 10 percent of their body weight. 

There is no question: The arrival of the cranes on the Platte River—and the millions of other 

migratory birds that visit each spring—is one of the greatest wildlife spectacles on the 

continent.”  

Sandhill cranes are mainly herbivorous, but eat various types of food, depending on availability. 

They often feed with their bills down to the ground as they root around for seeds and other foods, 

in shallow wetlands or various upland habitats. Waste corn is useful to cranes preparing for 

migration, providing them with nutrients for the long journey. As a conspicuous ground-dwelling 

species, sandhill cranes are at risk from predators, which are probably the main non-

anthropogenic source of mortality. Sandhill cranes are not considered threatened as a species, 

although some populations are quite rare. The lesser sandhill crane that migrates along the 

Nebraska Flyway is the most abundant population, in excess of 400,000 individuals. 

Other species of concern:  The pallid sturgeon (Scaphirhynchus albus) is one of the largest 

freshwater fish species in North America, weighing up to 85 pounds, and may live as long as a 

century. Once widely distributed, it is an endangered species undergoing recovery efforts 

including in the lower Platte River. The lower Platte River retains a natural spring rise in water 

levels, although much smaller than historic flows, as a result of waters provided by the Loup and 

Elkhorn Rivers and other tributaries (Nebraska Game and Parks 2007). High spring flows likely 

                                                           
10 http://www.nebraskaflyway.com/the-spring-migration-of-the-sandhill-cranes/ 



17 
 

are an important spawning cue for pallid sturgeon, allowing the migratory fish to move into the 

lower Platte River from the Missouri River in the spring to use the scour holes, deep channels 

and shifting habitats that it favors.  

A recent study found that indicate that pallid sturgeon use of the lower Platte River was strongly 

tied to the flow regime (Hamel et al. 2014). That study divided the lower Platte River into two 

hydrologically distinct areas. Below the Elkhorn River confluence the Platte River is 

characterized by continuous but variable flows year round with a significant portion of the base 

flow coming from the groundwater-fed Elkhorn River (Galat et al., 2005). Above the Elkhorn 

River confluence the Platte also has continuous flow; however, daily fluctuations in flow are 

greater and daily discharge is less above the confluence of the Elkhorn with the Platte.  Notably, 

pallid sturgeon were found throughout the Lower Platte but were observed in higher frequency in 

locations below the Elkhorn River confluence.  

River otters (Lontra canadensis) were extirpated in Nebraska by the early 1900s, and 

reintroduction efforts in the 1980s have been successful
11

. Presence–absence data from sign 

surveys and data on environmental characteristics were used to estimate the likelihood of otter 

occupancy across the state’s larger rivers. This method suggested that the central and eastern 

Niobrara, Elkhorn, Platte, eastern Republican, and southern reaches of the Loup River system 

were most likely to be occupied. Additional data provided by the Nebraska Game and Parks 

Commission based on more than 35 years of incidental harvest reports from fur trappers and 

confirmed reports from around the state also indicates that the northern Elkhorn River is suitable 

for otters.  

Other species of concern in the general region include the northern long-eared bat, a federally 

threatened species that feeds on insects, presumably including insects hatching from aquatic 

environments; and the red knot, a small, migratory shorebird that also is listed as federally 

threatened and reported to migrate through this area. Forage for this species commonly consists 

of clams, mussels, snails and other macroinvertebrates, indicating its dependence on aquatic 

habitats. The range of the western prairie fringed orchid includes parts of the upper Elkhorn 

watershed.  

Nebraska State law lists and protects additional species under the Nebraska Non-Game and 

Endangered Species Act (see http://outdoornebraska.gov/atriskspecies/). State-listed fish species 

include the Topeka Shiner (Notropis topeka, endangered), Sturgeon Chub (Macrhybopsis gelida, 

endangered), Blacknose Shiner (Notropis heterolepis, endangered), Lake Sturgeon (Acipenser 

fulvescens, threatened), Northern Redbelly Dace (Chrosomus eos, threatened), Finescale Dace 

(Chrosomus neogaeus, threatened). By nature of their rarity, these species may be present and 

not recorded. As described later in this report, the Topeka Shiner is known from the Elkhorn 

River. Other rare species could have their habitat needs met within the Elkhorn and their 

presence not documented. 

                                                           
11 https://necoopunit.unl.edu/river-otter-distribution-and-abundance-nebraska 
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Biological Assemblages and Stream Condition in the Elkhorn River 

Biological and water quality surveys conducted by various agencies evaluate stream condition 

throughout the region. The Nebraska DEQ has segmented all water bodies in the state of 

Nebraska and has assigned beneficial uses to each designated segment (e.g., see NDEQ 2016, 

2016 Nebraska Surface Water Quality Integrated Report). Waterbodies are characterized as (1) 

all designated uses met, (2) some designated uses are met and information is insufficient to state 

that all are met, (3) information is insufficient to state that all are met, (4) impaired but a TMDL 

is not needed (with various sub-categories), (5) one or more beneficial uses are determined to be 

impaired and all of the TMDLs have not been developed (and subject to EPA 

approval/disapproval). According to NDEQ (2016), the Elkhorn basin has 135 assessed stream 

segments, categorized as aquatic life - coldwater B, 1; aquatic life - warmwater A, 38; aquatic 

life - warmwater B, 96. 

Of the 135 stream segments in the Elkhorn River, most fall into categories 2 or 3, indicating that 

some but not all designated uses are met, and presumably incomplete information precludes 

category 1 classification. Four are listed in category 4A or 4A/C, and 21 in category 5. Of the 35 

lakes/reservoirs assessed, 27 fall in categories 2 or 3, and eight in category 5. There are eight 

established TMDLS for Elkhorn streams, and none for Elkhorn lakes/reservoirs. Thus, although 

some sites within the Elkhorn River Basin are impaired, many are not, and impaired sites are 

either impoundments or locations particularly influenced by agriculture (and where any 

reduction in flow is highly likely to hamper recovery). 

Stream impairments are due primarily to E coli, selenium and aquatic community assessment, 

although selenium has been detected as naturally occurring at some sites, and some sites are 

placed in category 5 based on biological data but have no pollutant identified. Category 4 and 5 

assignments for lake/reservoirs commonly are due to E coli and nutrients, and both mercury and 

selenium are impairments at some locations, resulting in fish consumption advisories. Excess 

bacteria results in failure to meet the beneficial use of primary contact recreation, and can cause 

gastrointestinal problems if swallowed. E. coli exists naturally in the environment and can 

become elevated in lakes and rivers from runoff following a rainfall event. A few sources of 

E.coli include wildlife and livestock feces and failing septic systems.   

Low scores from invertebrate assessment (ICI) may often be due to “poor” habitat that is actually 

typical of Nebraska prairie streams. For example, Elkhorn River site EL4-40000 received a  poor 

ICI score but all water quality parameters measured at the time of sample collection met 

Nebraska water quality standards, numerous fish species were captured including several 

pollution sensitive species (IBI score=good), and the ecological integrity of the site was 

sufficient to score it as a possible reference site (NDEQ 2016). Flooding following a storm may 

also contribute to low ICI scores at an otherwise ‘good’ site.Nebraska’s stream biological 

monitoring program (SBMP) began in 1983 with a targeted approach for classifying stream 

segments. Over 900 stream sites were sampled for fish and macroinvertebrates over a 14 year 

period. In 1997, the Department added a probabilistic monitoring design that involved the 

sampling of randomly selected sites to its SBMP in order to address statewide and regional 

questions about water quality. From 1997-2013, the biological communities of 580 randomly 
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selected stream sites were sampled on a rotating basin basis. The most recent round of sampling 

of the Elkhorn Basin took place in 2016 but those data are not available at the time of this report. 

However, portions of the Elkhorn Basin were sampled in during the 2004-2008 state-wide 

survey, and in 2000, 2005 and 2010.  

The Water Quality Index (WQI) used by NDEQ clearly shows the mixed condition of the 

Elkhorn Watershed. The WQI is a composite of eight water chemistry parameters: temperature, 

DO, pH, TN, TP, TSS, Atrazine, and E. coli. The resulting value is scaled from 0-100, with 100 

indicating the stream never had a value that exceeded its criterion value. It is sensitive to the 

number of observation that are unacceptable and the extent to which the values are unacceptable. 

The WQI of the Elkhorn averaged across some 131 sites is 64.4, slightly lower than the state-

wide average of 69.5. This corresponding to a rating of 'fair' for the Elkhorn (70 is the cut-off for 

"good"). The average for some 88 sites downriver from Norfolk is 56.0, still rated as "fair" but 

near the bottom of that category's range. In sharp contrast, the average for some 4 sites upriver 

from Norfolk is 82.2 for an average rating well above the State average and clearly in the "good" 

range. 

 

Stream surveys provide numerical scores and category ratings for three indices: an index of 

habitat quality, and two indices based on diversity and presence of sensitive species of 

invertebrates and fishes. The most recent (2016) stream ratings in the Elkhorn River received at 

least one score of ‘good’ at 19 of the 20 locations sampled, and sites on Maple Creek, Dry Creek, 

Elkhorn River and South Elkhorn River were scored as ‘excellent’. Taylor Creek, near Madison, 

is another example of a high value stream. Taylor Creek has the only coldwater classification in 

the basin and has no documented impairments. In addition to being a cold water resource, Taylor 

Creek is a habitat of the endangered Topeka Shiner. In response, NGPC has prohibited trout 

stocking in this stream for the protection of this species.  

 

Historically, the Elkhorn supported the greatest diversity of freshwater mussels in Nebraska, with 

28 species (of 30 or 31 total), although present-day diversity is lower as is true of locations 

throughout Nebraska and elsewhere (Hoke 2011). Nebraska mussel diversity is concentrated in 

the formerly glaciated portion of eastern Nebraska, and drops abruptly along the Missouri River 

to the east and in the Great Plains westward. Sites throughout Nebraska where mussels were 

encountered in recent surveys yielded from 1 to 19 species. The most diverse site encountered, 

with 19 species, was on Logan Creek in the Elkhorn basin. 

 

Wetlands associated with the river are further evidence of the ecological values of the aquatic 

ecosystem. Of the five different categories of wetlands that exist in the LENRD’s watershed 

planning area, the Riverine category, which includes the Elkhorn River, (38,616 acres), 

comprises the majority of total National Wetland Inventory’s wetland acres in the basin (53.2%). 

These riverine wetlands are important habitat for waterfowl, amphibians, and for fish spawning. 

 

In sum, these data indicate that the Elkhorn River Basin contains high value riverine sites in 

good to excellent ecological condition and is worthy of protection.  Many of the upper tributaries 

are spring-fed systems rising from Sand Hills aquifers, resulting in uniform flows and good 

water quality, benefitting both the Lower Elkhorn and the Lower Platte Rivers. The Elkhorn 

River is relatively unobstructed by dams and its channel has not been altered except for the 
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lowermost section where it joins the Platte (Hrabit et al. 2016). As a result, some of Nebraska’s 

rarest and most interesting fish are found in the Elkhorn basin, as will be detailed in a subsequent 

section.  

The Fish Assemblage of the Elkhorn River  

The author of this report compiled NDEQ fish collection data from three counties (Holt, Dodge, 

and Burt, collections from the year 2000) to characterize the fish assemblage of the Elkhorn 

River Basin. A total of 49 species were recorded (Table 1). For comparison, a survey
12

 over the 

years 2004-2008 that sampled a total of 205 stream sites across the state in all river basins, all 

seven ecoregions and in 73 counties recorded 52 fish species. Moreover, the number of species 

caught per collection ranged from 1 to 25, and the highest number (25) was found at the Elkhorn 

River near Stanton in Stanton County. Clearly the Elkhorn contains much of the diversity found 

throughout the rivers of Nebraska. According to Hrabik et al. (2016), the Elkhorn is noteworthy 

because “Nebraska’s rarest and most interesting fishes are found in this basin, such as Topeka 

Shiner, Bluntnose Minnow, Grass Pickerel, Tadpole Madtom, and Iowa Darter”. 

At least two species of fish occurring within the Elkhorn River are listed as endangered, 

threatened or at risk according to state agencies (Table 1). The plains topminnow (Fundulus 

sciadicus) is listed as Tier 1 At Risk by the Natural Heritage Program of Nebraska Game and 

Parks (http://outdoornebraska.gov/atriskspecies/). Tier I species are those that are globally or 

nationally at-risk. The plains topminnow is found in springs and in quiet to flowing pools and 

backwaters of creeks and small to medium rivers, usually near vegetation. Although not included 

in the survey collections summarized in Table 1, the Topeka shiner (Notropis topeka) has been 

reported from the Elkhorn (Hrabik et al. 2016) and likely is under-sampled due to its rarity. This 

species is listed as both State and Federally endangered. It is usually found in pool and run areas 

of cool, clear prairie streams that are low gradient, slow-moving and naturally winding, with 

bottoms made of sand, gravel, or rubble often covered by a deep layer of silt. 

The cool headwaters in the Sandhills are likely locations for additional very rare species that 

often are under-represented in state surveys. The finescale dace (Phoxinus neogaeus) and 

northern redbelly dace (Phoxinus eos) are listed as State-threatened species under Nebraska’s 

Threatened and Endangered Species (http://rarespecies.nebraska.gov/species/). Both occur in 

cool-water streams lined with sand or gravel. Northern redbelly dace are planktivores consuming 

tiny plants and animals from the water column as well as algae and aquatic invertebrates from 

the substrate. Finescale dace primarily eat aquatic invertebrates (small insects and clams) but 

may also eat plankton and algae.  The pearl dace (Margariscus nachtriebi) and blacknose shiner 

(Notropis heterolepis) are additional Tier 1 At Risk species. The pearl dace inhabits pools of 

upland creeks and small rivers, and is usually found over sand or gravel.  The blacknose shiner 

occupies clear headwater streams, preferring pools and quiet waters, usually over sand. 

Although these species differ in specifics of habitat use, feeding biology and reproductive timing 

(to the extent of current, limited knowledge), they inhabit cool-water habitats where reduction in  

 

                                                           
12

 Nebraska Stream Biological Monitoring Program 2004-2008. NDEQ Technical Report. Ken Bazata, February 2011. 

http://outdoornebraska.gov/atriskspecies/
http://rarespecies.nebraska.gov/species/
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Table 1.  The 49 fish species collected from Elkhorn River from three sub-areas in 2000. Species 

are listed in rank order of abundance averaged across the three collections. Species of 

conservation concern are highlighted in blue. Pelagic spawners are highlighted in yellow. 

Recreational fishes are highlighted in grey.  

Common Name Species Common Name Species 
Red shiner Cyprinella lutrensis Golden shiner Notemigonus crysoleucas 

Sand shiner Notropis stramineus Shoal chub Macrhybopsis hyostoma 

Fathead minnow Pimephales promelas Northern pike Esox lucius 

Bigmouth shiner Notropis dorsalis Stonecat Noturus flavus 

Brassy minnow Hybognathus hankinsoni Spotted bass Micropterus punctulatus 

Channel catfish Ictalurus punctatus Flathead catfish Pylodictis olivaris 

Green sunfish Lepomis cyanellus Emerald shiner Notropis atherinoides 

Bluntnose minnow Pimephales notatus Freshwater drum Aplodinotus grunniens 

Plains minnow Hybognathus placitus Gizzard shad Dorosoma cepedianum 

Creek chub Semotilus atromaculatus River shiner Notropis blennius 

Common carp Cyprinus carpio Iowa darter Etheostoma exile 

Black bullhead Ameiurus melas Silver chub Macrhybopsis storeriana 

White sucker Catostomus commersoni Black crappie Pomoxis nigromaculatus 

Bluegill Lepomis macrochirus Bigmouth buffalo Ictiobus cyprinellus 

Flathead chub Platygobio gracilis Goldeye Hiodon alosoides 

River carpsucker Carpiodes carpio Shortnose gar Lepisosteus platostomus 

Yellow perch Perca flavescens Goldfish Carassius auratus 

Western silvery minnow Hybognathus argyritis Pumpkinseed Lepomis gibbosus 

Quillback Carpiodes cyprinus Tadpole madtom Noturus gyrinus 

Johnny darter Etheostoma nigrum White crappie Pomoxis annularis 

Grass pickerel Esox americanus Western mosquitofish Gambusia affinis 

Shorthead redhorse Moxostoma macrolepidotum Longnose gar Lepisosteus osseus 

Suckermouth minnow Phenacobius mirabilis Orangespotted sunfish Lepomis humilus 

Yellow bullhead Ameiurus natalis Largemouth bass Micropterus salmoides 

Plains topminnow Fundulus sciadicus 
 

Species of conservation concern:  Species of fish occurring within the Elkhorn River are listed as endangered, 

threatened or at risk according to state agencies.  These species are identified under Nebraska’s Threatened and 

Endangered Species (http://rarespecies.nebraska.gov/species/) and the Natural Heritage Program of Nebraska Game 

and Parks (http://outdoornebraska.gov/atriskspecies/).   

Pelagic spawners: These species require long and intact reaches to survive because larvae and/or eggs drift some 

distance with current (Perkin, J.S and K.B. Gido.  2011.  Stream Fragmentation Thresholds for a Reproductive Guild 

of Endemic Great Plains Fishes. Fisheries 36:371-383.).   

Sport fish and pan fish: http://outdoornebraska.gov/fishidentification/ 

 

 

flows can result in an increase in water temperature and loss of connectivity.  Both the finescale 

and northern redbelly dace are near the southern limit of their geographic range and can be 

greatly impacted by any changes to the spring-fed streams they inhabit, including increased 

summer temperatures. The sturgeon chub (Macrhybopsis gelida) is listed as State endangered.  It 

inhabits shallow sand and gravel runs of medium to large turbid rivers 

http://rarespecies.nebraska.gov/species/
http://outdoornebraska.gov/atriskspecies/
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At least five species found in the Elkhorn River are pelagic spawners (Table 1). These species 

require long and intact reaches to survive because larvae and/or eggs drift some distance with the 

current (Perkin and Gido 2011). Any reduction in river flow may result in fragmentation of 

habitat and loss of upstream-downstream connectivity, thus threatening population recruitment. 

 

Finally, at least 13 species of the Elkhorn River are listed by Nebraska Game and Parks as sport 

fish or pan fish (Table 1). Angler effort focuses primarily on channel catfish. 

 

Streamflow and Habitat Availability in the Elkhorn River 

Ensuring adequate flows in the Elkhorn River also ensures that the river has adequate wetted 

habitat, as both width and depth decline non-linearly and quickly at low flows. The Flatwater 

Group used USGS field measurements at the Elkhorn River gages at Waterloo (Station No. 

06800500) and Norfolk (Station No. 06799000) to document the relationship of streamflow to 

width, average depth and mean velocity. Both wetted channel width (Figures 7a and 7b) and 

depth (Figures 7c and 7d) decline as streamflow declines, and this trend accelerates at flows 

below approximately 1,200 (Norfolk gage) and 3,000 cfs (Waterloo gage). These are 

approximately the 20% thresholds for these two locations of the Elkhorn River during the 

March-May time window. The top panel of each figure displays the relationship over the entire 

range of flows, and the bottom panel displays an expanded view of the “left corner” or low range 

of values. Clearly, width and depth of the Elkhorn River decline dramatically at streamflows 

below the requested appropriation based on the 20% exceedance threshold. The actual loss of 

wetted habitat will vary from place to place. It should be noted that the depth measure is an 

average, derived from the ratio of channel width to channel cross-sectional area. Depending on 

the actual channel bed contours, some locations may see even more dramatic reductions in depth, 

with the potential for loss of upstream-downstream connectivity. 
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Figure 7a.  Wetted width of the Elkhorn River varies as a function of streamflow. The top panel 

shows the entire range of flows; the bottom panel enlarges the relationship to show the 

relationship at low flows. RMSE = root square mean error, an indicator of overall range of the 

data. Analysis by The Flatwater group for the Elkhorn River gage at Waterloo (Station No. 

06800500). 

Elkhorn River at Waterloo, Nebraska 
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Figure 7b.  Wetted width of the Elkhorn River varies as a function of streamflow. The top panel 

shows the entire range of flows; the bottom panel enlarges the relationship to show the 

relationship at low flows. RMSE = root square mean error, an indicator of overall range of the 

data. Analysis by The Flatwater group for the Elkhorn River gage at Norfolk (Station No. 

06799000). 

Elkhorn River at Norfolk, Nebraska 
 

 
 
 

y = 102.54x0.0995 (R² = 0.06, RMSE = 40ft) 
 

y = 108.55x0.0963 (R ² = 0.19, RMSE = 34ft) 
 

y = 56.994x0.1858 (R² = 0.40, RMSE = 92ft) 
 

y = 40.774x0.2575 (R² = 0.30, RMSE = 42ft) 
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Figure 7c.  Average depth of the Elkhorn River varies as a function of streamflow. The top panel 

shows the entire range of flows; the bottom panel enlarges the relationship to show the 

relationship at low flows. RMSE = root square mean error, an indicator of overall range of the 

data. Analysis by The Flatwater group for the Elkhorn River gage at Waterloo (Station No. 

06800500). 

Elkhorn River at Waterloo, Nebraska 
 

 

 
 

y = 0.0804x0.5040 (R² = 0.87, RMSE = 0.57ft) 
 

y = 0.0770x0.5063 (R² = 0.85, RMSE = 1.15ft) 
 

y = 0.0846x0.4860 (R² = 0.88, RMSE = 0.86ft) 
 

y = 0.0806x0.4883 (R² = 0.80, RMSE = 0.43ft) 
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Figure 7d.  Average depth of the Elkhorn River varies as a function of streamflow. The top panel 

shows the entire range of flows; the bottom panel enlarges the relationship to show the 

relationship at low flows. RMSE = root square mean error, an indicator of overall range of the 

data. Analysis by The Flatwater group for the Elkhorn River gage at Norfolk (Station No. 

06799000). 

Elkhorn River at Norfolk, Nebraska 
 

 

 
 

y = 0.1810x0.3746 (R² = 0.72, RMSE = 0.28ft/s) 
 

y = 0.2211x0.3515 (R² = 0.86, RMSE = 0.34ft/s) 
 

y = 0.2908x0.3038 (R² = 0.87, RMSE = 0.32ft/s) 
 

y = 0.2527x0.3264 (R² = 0.69, RMSE = 0.22ft/s) 
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Threats to the Elkhorn River Ecosystem  

 

Recent assessments indicate that streamflow alteration is pervasive in the Nation's streams and 

rivers (Novak et al. 2015). In a national assessment, the USGS found that human alteration of 

waterways has affected the magnitude of minimum and maximum streamflows in more than 86 

percent of monitored streams (Carlisle et al. 2013). In addition, human-caused depletion of 

minimum and maximum flows was associated with a twofold increase in the likelihood of effects 

on fish and macroinvertebrate communities (Carlisle et al. 2011). The following quote from Poff 

et al. (2010) outlines the current scientific consensus and need for action. “The flow regime is a 

primary determinant of the structure and function of aquatic and riparian ecosystems for streams 

and rivers. Hydrologic alteration has impaired riverine ecosystems on a global scale, and the 

pace and intensity of human development greatly exceeds the ability of scientists to assess the 

effects on a river‐by‐river basis. Current scientific understanding of hydrologic controls on 

riverine ecosystems and experience gained from individual river studies support development of 

environmental flow standards at the regional scale.” Toward this end, the Instream Flow Council 
13

 (https://www.instreamflowcouncil.org/), with membership representing 38 States (including 

Nebraska) and 5 Provinces of Canada, is actively working to improve the effectiveness of 

instream flow programs and activities for conserving fish and wildlife and related aquatic 

resources. 

While the Elkhorn River has been affected by human activities, mostly notably in the eastern 

region due to row crop agriculture and cattle operations, the river today benefits from its origin 

in the Sandhills region and stable flows, which in turn benefit the flows and the ecosystem of the 

Lower Platte River. Quoting Hrabik et al. (2016), “The Elkhorn River and its tributaries support 

a diverse assemblage of fishes”, further noting “good water quality” and that “some of 

Nebraska’s rarest and most interesting fishes are found in this basin”. Surveys of its water 

quality, habitat, and aquatic species (described above) identify high quality sites. Least terns, 

piping plovers and whooping cranes are federally listed species that rely on portions of the 

Elkhorn River Basin for habitat, feeding and nesting. Sandhill cranes and birding routes are 

popular tourism attractions.  

Nonetheless, the Elkhorn River faces challenges, primarily related to agrichemicals, as described 

above. Thus it is significant that the LENRD has embarked on an ambitious plan to improve 

water quality and aquatic ecosystem condition. The recently developed Plan provides a general 

framework and overall strategy for implementing activities that will directly or indirectly benefit 

water resources in the plan area. To facilitate implementation, priority actions have been 

identified for larger-scale non-targeted efforts, as well as targeted efforts in priority and special 

priority areas identified in the Plan. Implementation schedules, milestones, and reconnaissance 

level costs also have been described for priority activities. These steps are expected to improve 

                                                           
13 The Instream Flow Council (IFC) is a non‐profit organization made up of state, provincial, and territorial fish and 

wildlife agencies working to improve the effectiveness of instream flow programs and activities for conserving fish 
and wildlife and related aquatic resources. The term “Instream flow” and related scope has evolved since the 
conception of the IFC and is synonymous with more recent terms that include ‘environmental’ and ‘ecological’ 
flow.  

https://www.instreamflowcouncil.org/
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overall condition of the aquatic ecosystem and to be reflected in improved biological 

communities.   

The establishment of adequate instream flows is a crucially important complement of this 

plan. Ensuring adequate instream flows to dilute remaining pollutant loads, which will still be 

considerable, will complement and benefit the actions taken, whereas depletion of flows will 

make it more difficult to achieve desired water quality conditions in Elkhorn surface waters 

despite effort and investments called for.  
 

There are further, ecological benefits of ensuring adequate instream flows. In the absence of such 

an allocation, reduced river flows are likely to lead to de-watering of habitat episodically during 

droughts. Even without de-watering, habitat could be severely impacted within a wide, shallow 

river system as occurs in sections of the Elkhorn. Connectivity between river sections may be 

affected, reducing dispersal opportunities including for those fishes identified in Table 1 with 

drifting eggs or larvae. The abundance of small fish and the availability of deeper pools could be 

reduced, limiting food supply to plunge-divers like the least tern.  

 

Water temperature is likely to increase under slow-current, shallower conditions, potentially 

exceeding temperature criteria for aquatic life
14

 as a result of reduced depths and (or) reduced 

input of cool groundwater (Wehrly et al. 2006).  Low flows also increase the likelihood of 

stagnant water with a low dissolved-oxygen concentration. The maximum limit for cold waters is 

72°F (22°C); for warm waters, the maximum limit is 90°F (32°C). Most sites in the Elkhorn 

River are designated as warmwater, although the Taylor River is cold water habitat and supports 

the endangered Topeka Shiner.  

 

Ensuring adequate river flow is more than just avoiding droughts and maintaining minimum 

flows. Maintenance of pulse flows also is critical, because they move sediments and reduce 

siltation, maintain channel shape and connectivity, and prevent sand and gravel bars from 

transitioning into brushy islands no longer suitable for terms and plovers.  

 

This review of threats to the Elkhorn River ecosystem leads to two main conclusions.   

 First, due to its stable groundwater sources, the Elkhorn today supports locations of good 

water quality, habitat and biota, and also benefits the Lower Platte River.  

 Second, although the ecosystem today is challenged by intensive agricultural activities, 

important steps have begun to address these concerns and protect its water quality and 

ecosystem condition.  

 

Ensuring adequate instream flows in the Elkhorn will accomplish three important objectives: it 

will protect the Elkhorn ecosystem from further harm that would occur due to flow depletion, it 

will protect the Lower Platte by contributing to summer flows, and it will assist the ambitious 

watershed management plan by ensuring that efforts to reduce pollutant loads are not offset by 

any lessening of the dilution effects of current streamflows. 

 

 

                                                           
14 Nebraska Department of Environmental Quality, Nebraska Administrative Code Title 117, dated April 1, 2012 

(http://www.deq.state.ne.us/RuleAndR.nsf/pages/117-TOC).   
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Environmental Flows to Sustain the Elkhorn River Species, Habitat and Ecosystem 

The instream uses for which this flow allocation is requested include the fish and wildlife that 

depend on adequate river flow (including threatened and endangered species), the recreational 

use associated with these fish and wildlife resources, and the economic and social values that 

result from environmental protection. The Elkhorn River provides habitat and food resources for 

four important bird species, including the federally endangered whooping crane and least tern, 

threatened piping plover, and the abundant and iconic sandhill crane. These waterfowl use 

emergent sandbars for roosting and nesting, and shallow and deeper waters for feeding on fish 

and invertebrates. River margins and adjacent wet meadows also provide habitat and feeding 

sites. Adequate river flows are important to movement of sediments in this dynamically active 

river channel, maintaining barren sand bars favored by some species for nesting habitat relatively 

safe from predators.  Sufficient flow ensures a variety of habitats, critical to the aquatic food web 

and to wading and diving birds for access to their prey. The requested flows are necessary to 

prevent water temperatures from increasing to lethal levels during summer as may result when 

flows are reduced.  

Based on the analysis by Flatwater Group, an instream flow appropriation in the range of 1200-

3000 cfs would be available seasonally or annually at the Waterloo gage, and 400 to 1100 cfs at 

the Norfolk gage. Analyses by the Flatwater group establish the flow availability using the 

twenty-percent streamflow exceedance flow rate
15

. However, because an instream flow 

appropriation is in effect for the Platte River downstream of the confluence with the Elkhorn 

River, the unappropriated streamflow available in the Elkhorn River, as estimated by Flatwater 

Group and as requested herein, is reduced to account for this existing appropriation. The 

requested instream flow appropriation, seasonally and annually at each gage location, are 

specified in Table 2 below. 

Key benefits to Elkhorn River species, habitats and ecosystem condition from the requested 

instream flow allocation are listed in Table 2. It is apparent that the aquatic ecosystem, its 

invertebrates, fish and aquatic-dependent waterfowl and birdlife will benefit from the requested 

flow allocation. It is important to note that the requested instream flow allocation at the Waterloo 

gage locations would effectively protect the entire Elkhorn River system from harm due to over-

appropriation of surface flows. There also will be downstream benefits, notably to the pallid 

sturgeon, because of the importance of Elkhorn River summer flows to water levels and sturgeon 

habitat in the Lower Platte.  

The Elkhorn River ecosystem today has good water quality, locations of high biological 

condition, and contains rare fish species. It is highly impacted by agricultural activities but an 

ambitious plan is in place to address these threats. Significant reduction in river flow would 

directly harm the aquatic ecosystem and also offset any reductions in pollutant loads by reducing 

the diluting effects of streamflow, Hence the Elkhorn River Basin is an excellent candidate for 

long-term protection via an instream flow appropriation to ensure that it remains in its present 

condition for the benefit of future generations.  The requested flows represent the minimum 

                                                           
15

 Requested flows are based on Flatwater Group’s analysis, Table 4, Norfolk and Waterloo gages, using 1954-2016 
time interval. 
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necessary to provide continued protection at all times of the year for fish, wildlife, and recreation 

interests. 

 

Table 2. Key benefits to Elkhorn River species, habitats and ecosystem condition by an instream 

flow appropriation based on the 20% exceedance threshold and reduced to account for the 

Elkhorn’s contributions to an existing appropriation for the Lower Platte. 

Timeframe Requested Flows (cfs) Ecosystem Benefits 

Norfolk 

gage       

Waterloo 

gage 

 

January-

February 

 

240 

 

600 

Maintain overwinter habitat and promote winter 

survival of native fish community and aquatic 

invertebrates.  Provide foraging habitat for bald 

eagles and raptors. Maintain ice scour events which 

scour vegetation from islands/sand bars and forms 

and shapes channel 

 

March-May 

 

 

830 

 

2100 

High spring flows scour vegetation from 

islands/sand bars and form and shape channel. 

Support spring emergence of aquatic insects. 

Provide spawning habitat for fish and mussels. Main 

migration window for whooping and sandhill cranes. 

Wetland habitat provides roosting and feeding for 

migrating waterfowl, wading birds and shorebirds. 

Least tern and piping plover arrive to establish 

nests..  

 

June-August 

 

 

420 

 

1400 

Provide nesting shorebirds and young with a degree 

of protection from terrestrial predators. Maintain 

adequate instream habitat for fish and invertebrates 

and food supply for terns. Protect native fish 

communities from losses due to high water 

temperatures. Maintain connectivity between 

upstream and downstream river segments. Augment 

flow to lower Platte River and sturgeon habitat. 

Maintain water quality. 

 

September-

December 

 

160 

 

470 

Maintain and prevent loss of native fish community, 

and promote survival of fish young-of-year. Provide 

fall migration habitat for migratory bird species, 

including whooping and sandhill cranes. Maintain 

aquatic life (e.g. growth and survival of aquatic 

insects and young-of-year fish). Provide foraging 

habitat for bald eagles and raptors.. 

Annual 

 

380 1000 See above 
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Evaluation of Streamflow Frequency and Unappropriated Streamflow 
in the Lower Elkhorn River Basin 

 
1.0 INTRODUCTION AND BACKGROUND  

  

The Flatwater Group, Inc. (TFG) completed a preliminary evaluation of streamflow probability estimates 
in the Lower Elkhorn River for the Lower Elkhorn Natural Resources District (LENRD) on October 25, 
2016.  This evaluation focuses on streamflow gage records collected by the United States Geologic 
Survey (USGS) for the Elkhorn River at Waterloo, Nebraska.  Figure 1 shows this gage in relation to other 
regional USGS and Nebraska Department of Natural Resources (NDNR) streamflow gages.   
 
Streamflow was estimated using duration exceedance probabilities for the gages period of record from 
water year (October – September) 1929 to 2016.  The period of record was evaluated over four 
temporal periods throughout the year and annually: 

1. January – February 
2. March – May 
3. June – August 
4. September – December 
5. Annual (October – September) 

 
For each location and time period an evaluation was made to determine the streamflow exceedance 
probabilities and other associated factors that would likely require consideration to be consistent with 
previous NDNR instream flow application approvals.  This evaluation did not seek to project future 
conditions or include other projects that may be developed in the basin in the future (pending 
application), although this may be a necessary consideration if an application is filed. 
 
Methods used in this analysis are consistent with USGS Scientific Investigation Report 2009-50111.  The 
USGS report found positive temporal trends in annual mean flows for the period of record at the 
Waterloo gage.  This streamflow frequency analysis is limited to the period of record, which provides a 
conservative estimate of future streamflow in the lower Elkhorn River.  Additionally, the USGS report 
found that the Elkhorn River at Waterloo contributes 12 to 30 percent of the mean annual flow recorded 
in the Platte River at Louisville.  Percent contributions calculated for this unappropriated streamflow 
analysis fell within the USGS’s range for each temporal period.  This document describes the data used 
in the evaluation, the methodologies used to estimate likely streamflow availability, and the results of 
the evaluation.   

 

Appendices: 

Appendix A – Flow Duration Curves / Exceedance Charts 

Appendix B – NDNR Instream Flow Orders 

Appendix C – Evaluation of Riverine Habitat as a Function of  

Streamflow in the Lower Elkhorn River Basin 

                                                           
1 United States Geologic Survey. Trends in Streamflow Characteristics of Selected  
Sites in the Elkhorn River, Salt Creek, and Lower Platte River Basins, Eastern Nebraska,  
1928-2004, and Evaluation of Streamflows in Relation to Instream-Flow Criteria,  
1953-2004. Scientific Investigations Report 2009-5011. 



2 
 

2.0 DATA INPUTS  
 

Mean daily discharge data were obtained for the Platte River at Louisville and the Elkhorn River at 
Waterloo and Norfolk USGS streamflow gages2.  The period of record for the Louisville gage spans from 
1953 to current day.  The period of record for the Waterloo gage spans from 1899 to current day, with 
data gaps prior to 1928.  Similarly, the period of record for the Norfolk gage spans from 1896 to current 
day with data gaps prior to 1945.  For consistency, this analysis was limited to USGS approved records 
available within a complete water year (1953 - 2016 for Louisville, 1929 – 2016 for Waterloo, and 1945 – 
2016 for Norfolk).  Table 1 provides details for this gage and other nearby streamflow gages in the lower 
Elkhorn River and Platte River basins.  Gage locations are shown in Figure 1. 

 
Table 1. Streamflow and canal gages utilized in support of the evaluation. 

Gage No. Description HUC8 Basin Source Period of Record Yrs 

06800500 Elkhorn River at Waterloo Lower Elkhorn USGS 
10/1/1899 – 11/21/1903 

9/2/1928 – Current 
* 

89 

06800000 Maple Creek near Nickerson Lower Elkhorn USGS 10/1/1951 – Current 66 

06799510 Elkhorn River at Winslow Lower Elkhorn NDNR 7/11/2007 - Current 10 

06799500 Logan Creek near Uehling Logan USGS 4/1/1941 – Current 76 

06799385 Pebble Creek at Scribner Lower Elkhorn 
USGS 
NDNR 

10/1/1978 – 9/29/1993 
10/1/1993 – Current 

15 
24 

06799350 Elkhorn River at West Point Lower Elkhorn USGS 10/1/1972 – Current 45 

06799315 Elkhorn River at Pilger Lower Elkhorn USGS 6/30/2001 – Current 16 

06799100 
North Fork Elkhorn River nr 
Pierce 

North Fork 
Elkhorn 

USGS 8/1/1960 - Current 57 

06799000 Elkhorn River at Norfolk Upper Elkhorn USGS 
8/1/1896 – 10/30/1903 

10/2/1945 - Current 
* 

71 

06805500 Platte River at Louisville Lower Platte USGS 6/1/1953 - Current 64 

06801000 Platte River at Ashland Lower Platte USGS 9/1/1928 - Current 88 

06796500 Platte River near Leshara Lower Platte USGS 6/29/1994 - Current 23 

06796000 Platte River at North Bend Lower Platte USGS 4/1/1949 - Current 68 

06804700 Wahoo Creek at Ashland Salt USGS 8/31/1990 - Current 27 

06805000 Salt Creek at Ashland Salt USGS 10/1/1947 – 9/29/1969 22 

06803555 Salt Creek at Greenwood Salt USGS 11/1/1951 - Current 66 

*Period of record is incomplete. 
 
3.0 METHODOLOGY 
 

3.1 Assessment of Streamflow Frequency 
 

Flow Duration Curves / Exceedance charts indicate the frequency at which flows exceed a certain 
streamflow rate. Five time-periods (the four temporal periods and an annual summary) were 
considered, each on a separate chart, to allow the reader to evaluate how often a certain streamflow 
has been exceeded during each temporal period over the period of record. 

                                                           
2 United States Geologic Survey. National Water Information System: Web Interface. 
https://waterdata.usgs.gov/ne/nwis/inventory/?site_no=06800500 

https://waterdata.usgs.gov/ne/nwis/inventory/?site_no=06800500
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To develop the flow duration curves, each mean daily flowrate (CFS) for the period of record was 
categorized into its respective temporal period and then sorted from largest to smallest. The sorted 
daily flows were then each assigned a rank, with a rank of one assigned to the largest flow, a rank of two 
assigned to the next largest, etc.  The final step to calculate the percent exceedance was to divide the 
rank by the number of observations plus one.  These ranked and sorted datasets were then graphed 
versus each value’s exceedance percentage. This process was repeated for the Elkhorn River at 
Waterloo and Norfolk gages over each temporal period considered and annually. 
 

 
Figure 1. General location map representing the analysis points (Platte River at Louisville, Elkhorn River at 
Waterloo and Norfolk) and other regional USGS and NDNR streamflow gages  

 
3.2 Assessment of Additional Instream Flow Availability Criteria 

 
A review of previous orders issued for instream flow appropriations in the Platte River Basin was 
conducted to identify likely considerations of the hydrologic analyses that NDNR would evaluate when 
reviewing an instream flow appropriation.  The orders that were reviewed consisted of the instream 
flow order issued to the Nebraska Game and Parks Commission (NGPC) in 1998.  Upon reviewing the 
hydrologic considerations made by the NDNR director as part of those orders the following 
considerations were identified: 

Analysis Points 
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1. Allowances in the analysis of historical streamflow data for significant upstream development 
changes may warrant incorporation in the analysis. 

2. The existence of previously established instream flow appropriations within a given stream reach 
must be accounted for; 

3. The presence of “storage” water in the stream that is appropriated for other purposes must be 
accounted for; 

4. The presence of existing induced recharge permits within the reach for which the instream flow 
appropriation is sought must be accounted for; and 

5. Potential pending applications for new significant consumptive uses may need to be considered.  
 
The guidance that was outlined in these orders related to the hydrologic analyses would suggest the 
following:  
 
1. That for any given reach a new instream flow appropriation would be issued only for that amount in 

excess of an existing instream flow appropriation and that the combined total of all instream flow 
appropriations would need to be available at least twenty percent of the time.  It is possible that 
NDNR may require upstream junior instream flow appropriations to be adjusted based on the 
proportion of contributions to downstream senior instream flow locations. 

2. The presence of storage water that is available for other appropriations should be accounted for in 
the streamflow records used to support the analyses.  This did not apply to any of the reaches 
analyzed. 

3. The presence of induced recharge permit appropriations within a reach requires modification to the 
applicant’s requested flow rates, but was only applied to those reaches in which the induced 
recharge appropriations were established.  The nature of this adjustment was not directly clear from 
the order and would likely require access to additional testimony exhibits.  However, no known 
induced recharge permits are present upstream of the analysis points, thus no adjustments of this 
nature were made.   

4. The NDNR director’s commentary also suggests the potential need for allowances toward pending 
applications, but only appeared to contemplate such adjustment for larger scale applications for 
consumptive use.   Given that no known significant consumptive use applications are currently 
pending upstream of the analysis points no adjustments were made to accommodate pending 
applications. 
 

3.3 Assessment of Unappropriated Streamflow 
 

Instream flow rights for the Platte River downstream of the confluence with the Elkhorn River (NGPC, 
1998) are accounted for at the Louisville gage.  Appropriations vary by month from 3,100cfs to 3,700cfs.  
Each of the temporal periods considered in the streamflow frequency assessment included at least one 
month with the maximum flowrate, therefore 3,700cfs was conservatively used for all periods.    The 
percentages of flow contribution to the Platte River gage at Louisville by the Elkhorn River gages at 
Waterloo and Norfolk were calculated on a total volumetric basis for each temporal period over 
Louisville’s period of record (WY 1954 to 2016).  These percentages were applied to the 3,700cfs 
instream flow right to calculate a net reduction factor for each temporal period and gage location.  The 
20% exceedance streamflow values calculated in the streamflow frequency analysis were subsequently 
reduced by these factors to estimate the unappropriated streamflow available in the Elkhorn River.   
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4.0 RESULTS 

The key results have been summarized in tables and figures within this section.  Flow Duration Curves / 
Exceedance Charts indicate the frequency at which mean daily streamflow exceeds a certain flow rate.  
For example, annual streamflow in the Elkhorn River at Waterloo is expected to exceed 150cfs 99% of 
the time, and 10,500cfs 1% of the time (Table 2).  Figure 2 compiles the flow duration curves for each 
time-period analyzed, demonstrating the temporal variability in streamflow.  Fifty percent of the time 
streamflow in the Elkhorn River at Waterloo exceeds 1,370cfs in the months of March through May, 
which is up from 630cfs in the months of January and February (Table 3).   
 
The 20% exceedance flow rate is of interest for evaluating the availability of streamflow for instream 
appropriations at various times of year.  Appendix A, Figures A1 through A5 provide individual flow 
duration curves for each of the five time-periods.  The scale of these figures was truncated to 4,000cfs 
for ease of comparison.   
 
Table 4 compiles the results of the unappropriated streamflow assessment.  To illustrate, streamflow in 
the Elkhorn River at Waterloo gage exceeds 1,820cfs annually.  This gage contributes 22% of the annual 
discharge in the Platte River at Louisville.  Multiplying this percentage by Louisville’s instream flow 
appropriation of 3,700cfs yields a net reduction value of 820cfs.  Subtracting the reduction value from 
the 20% exceedance streamflow yields 1,000cfs of available streamflow. 
 
Table 2.  Annual Percent Exceedance of Mean Daily Streamflow (CFS) 

Elkhorn River at Waterloo (Water Year 1929 to 2016) 

Exceedance 
(%) 

Streamflow 
(cfs) 

 Exceedance 
(%) 

Streamflow 
(cfs) 

 Exceedance 
(%) 

Streamflow 
(cfs) 

1% 10,500  35% 1,170  75% 480 

2% 7,620  40% 1,040  80% 440 

5% 4,540  45% 920  85% 380 

10% 2,970  50% 820  90% 320 

15% 2,240  55% 730  95% 250 

20% 1,820  60% 660  98% 190 

25% 1,530  75% 600  99% 150 

30% 1,330  70% 540    

Elkhorn River at Norfolk (Water Year 1945 to 2016) 

Exceedance 
(%) 

Streamflow 
(cfs) 

 Exceedance 
(%) 

Streamflow 
(cfs) 

 Exceedance 
(%) 

Streamflow 
(cfs) 

1% 4,020  35% 430  75% 230 

2% 2,800  40% 390  80% 210 

5% 1,600  45% 360  85% 190 

10% 1,050  50% 330  90% 170 

15% 800  55% 300  95% 130 

20% 650  60% 280  98% 100 

25% 550  75% 260  99% 80 

30% 480  70% 240    
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Elkhorn River at Waterloo (Water Year 1929 to 2016) 
 

 
Elkhorn River at Norfolk (Water Year 1945 to 2016) 
 
Figure 2.  Flow-Duration Curves for the Period of Record 
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Table 3.  Five Time-Period Summary of Mean Daily Streamflow (CFS) Percent Exceedance 
   Elkhorn River at Waterloo (Water Year 1929 to 2016) 

Period 10% 20% 30% 40% 50% 60% 70% 80% 90% 

Jan-Feb 1,770 1,250 980 790 630 530 450 380 290 

Mar-May 4,490 2,990 2,220 1,720 1,370 1,140 950 790 630 

Jun-Aug 4,030 2,380 1,640 1,220 930 740 580 450 310 

Sept-Dec 1,540 1,120 850 670 570 500 430 360 280 

Annual 2,970 1,820 1,330 1,040 820 660 540 440 320 

Elkhorn River at Norfolk (Water Year 1945 to 2016) 

Period 10% 20% 30% 40% 50% 60% 70% 80% 90% 

Jan-Feb 630 470 400 340 300 270 240 210 180 

Mar-May 1,830 1,150 890 710 590 480 420 370 310 

Jun-Aug 1,230 690 470 370 310 250 210 180 130 

Sept-Dec 520 380 320 290 260 230 210 190 150 

Annual 1,050 650 480 390 330 280 240 210 170 

 
Table 4.  Unappropriated Streamflow (CFS) based on the 20% Exceedance Discharge and the Current 
Instream Flow Appropriation at Louisville (3,700cfs). 

Elkhorn River at Waterloo (Water Year 1954 to 2016) 

Period Jan-Feb Mar-May Jun-Aug Sep-Dec Annual 

20% Exceedance Streamflow (cfs) 1,250 2,990 2,380 1,120 1,820 

Percent Contribution 18% 24% 27% 17% 22% 

Reduction Value (cfs) 650 890 980 650 820 

Instream Flow Available (cfs) 600 2,100 1,400 470 1,000 

Elkhorn River at Norfolk (Water Year 1954 to 2016) 

Period Jan-Feb Mar-May Jun-Aug Sep-Dec Annual 

20% Exceedance Streamflow (cfs) 470 1,150 690 380 650 

Percent Contribution 6% 9% 7% 6% 7% 

Reduction Value (cfs) 230 320 270 220 270 

Instream Flow Available (cfs) 240 830 420 160 380 
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Elkhorn River at Waterloo (Water Year 1929 to 2016) 
 

 
Elkhorn River at Norfolk (Water Year 1945 to 2016) 
 
Figure A1.  January - February Flow Duration Curves 
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Elkhorn River at Waterloo (Water Year 1929 to 2016) 
 

 
Elkhorn River at Norfolk (Water Year 1945 to 2016) 
 
Figure A2.  March - May Flow Duration Curves 
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Elkhorn River at Waterloo (Water Year 1929 to 2016) 
 

 
Elkhorn River at Norfolk (Water Year 1945 to 2016) 
 
Figure A3.  June - August Flow Duration Curves 
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Elkhorn River at Waterloo (Water Year 1929 to 2016) 
 

 
Elkhorn River at Norfolk (Water Year 1945 to 2016) 
 
Figure A4.  September - December Flow Duration Curves 
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Elkhorn River at Waterloo (Water Year 1929 to 2016) 
 

 
Elkhorn River at Norfolk (Water Year 1945 to 2016) 
 
Figure A5.  Annual Flow Duration Curves 
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Appendix C – Evaluation of Riverine Habitat as a Function of Streamflow in the  

Lower Elkhorn River Basin 



 

 

 

 
 
 

MEMORANDUM       

 

 
To: Don Blankenau, Blankenau Wilmoth Jarecke LLP 
  
From: Justin Cermak PE, The Flatwater Group Inc. 
 
Date: 12 December 2017 
 
Re: Evaluation of Riverine Habitat as a Function of Streamflow in the Lower Elkhorn River Basin 

  
The Flatwater Group (TFG) examined the relationship of riverine habitat as a function of streamflow in the Elkhorn River. 
The analysis relates United States Geologic Survey (USGS) field measurements of discharge, channel width, channel 
area, and mean velocity, which are collected several times annually at streamflow gaging stations.1  Relationships 
between these parameters can be useful when evaluating anticipated riverine habitat type and flow connectivity for 
varying streamflow.  Two analysis points were evaluated to coincide with the findings from TFG’s previous evaluation of 
streamflow frequency in the Lower Elkhorn River Basin.2  

1. The Elkhorn River at Waterloo, Nebraska (USGS Gage No. 06800500, 5/19/1911 to current)  
2. The Elkhorn River at Norfolk, Nebraska (USGS Gage No. 06799000, 9/27/1945 to current) 

 
TFG obtained all available field measurements from the USGS1 for the period of record at each gage.  USGS streamflow 
gages are generally located at highway bridges in relatively stable river sections.  Field measurements allow for the 
independent calculation of channel discharge for gage rating curve calibration.  Multiple measurement methods were 
employed by the USGS at each site over the period of record depending on equipment availability and flow conditions.  
Measurement examples include, but are not limited to, an acoustic doppler current profiler from a moving boat 
downstream of the bridge; Price AA velocity meter lowered from the bridge; and electromagnetic velocity meter measured 
from a cableway, by wading in the water or walking on river ice.  Prior to October of 1950 channel width, area and velocity 
measurements with quality ratings were not included in the record, and were therefore not included in this analysis.  
Channel and flow observations are generally recorded along with each field measurement.  Observation examples include 
channel stability, bed material, velocity distribution and measurement quality.  These observations from the record remove 
“poor” quality data measurements where potential error exceeded 8% of the actual flow.   
 
The Elkhorn River has a braided channel morphology with continually shifting sandbars and channel dimensions.  Full 
channel width is approximately 250 feet and 230 feet at the Waterloo and Norfolk gage locations, respectively.  TFG 
generated figures to relate streamflow at each gage to channel width, average depth, and velocity.  Channel width and 
velocity data were obtained directly from the field measurements.  Average depth was calculated from the ratio of channel 
width to channel cross sectional area.  Trends are provided temporally and are shown at two scales (all records and less 
than the 20% exceedance level) to coincide with TFG’s streamflow frequency evaluation.2 The four temporal periods 
considered are: 

1. January – February 
2. March – May 
3. June – August 
4. September – December 

 
Data trends were fit using power equations for each parameter and temporal period.   R2 values for trendlines were 
generally above 0.5 with the exception of the width to streamflow relationship for the Platte River.  The root mean square 
error (RMSE) for each trendline is shown on the figures to estimate the range (plus or minus) of width, average depth, and 
mean velocity values for a given streamflow. 

                                                           

1 United State Geologic Survey. National Water Information System: Web Interface. 

https://waterdata.usgs.gov/ne/nwis/measurements. Data downloaded on 12/5/2017. 

2 The Flatwater Group, Inc. Evaluation of Streamflow Frequencies in the Elkhorn River Basin. 13 December 2017. 

https://waterdata.usgs.gov/ne/nwis/measurements
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Elkhorn River at Waterloo, Nebraska 

 

 
 

y = 115.38x0.0765 (R² = 0.15, RMSE = 31ft) 
 

y = 90.158x0.1092 (R ² = 0.23, RMSE = 43ft) 
 

y = 53.452x0.1819 (R² = 0.43, RMSE = 46ft) 
 

y = 58.675x0.1806 (R² = 0.33, RMSE = 35ft) 
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Elkhorn River at Waterloo, Nebraska 

 

 

 
 

y = 0.0804x0.5040 (R² = 0.87, RMSE = 0.57ft) 
 

y = 0.0770x0.5063 (R² = 0.85, RMSE = 1.15ft) 
 

y = 0.0846x0.4860 (R² = 0.88, RMSE = 0.86ft) 
 

y = 0.0806x0.4883 (R² = 0.80, RMSE = 0.43ft) 
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Elkhorn River at Waterloo, Nebraska 

 

 

 
 

y = 0.1078x0.4196 (R² = 0.72, RMSE = 0.32ft/s) 
 

y = 0.1441x0.3845 (R² = 0.86, RMSE = 0.45ft/s) 
 

y = 0.2206x0.3323 (R² = 0.87, RMSE = 0.45ft/s) 
 

y = 0.2116x0.3308 (R² = 0.69, RMSE = 0.26ft/s) 
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Elkhorn River at Norfolk, Nebraska 

 

 
 

y = 102.54x0.0995 (R² = 0.06, RMSE = 40ft) 
 

y = 108.55x0.0963 (R ² = 0.19, RMSE = 34ft) 
 

y = 56.994x0.1858 (R² = 0.40, RMSE = 92ft) 
 

y = 40.774x0.2575 (R² = 0.30, RMSE = 42ft) 
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Elkhorn River at Norfolk, Nebraska 

 

 

 
 

y = 0.0539x0.5257 (R² = 0.68, RMSE = 0.31ft) 
 

y = 0.0416x0.5525 (R² = 0.88, RMSE = 0.41ft) 
 

y = 0.0603x0.5105 (R² = 0.88, RMSE = 0.90ft) 
 

y = 0.0971x0.4161 (R² = 0.59, RMSE = 0.31ft) 
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Elkhorn River at Norfolk, Nebraska 

 

 

 
 

y = 0.1810x0.3746 (R² = 0.72, RMSE = 0.28ft/s) 
 

y = 0.2211x0.3515 (R² = 0.86, RMSE = 0.34ft/s) 
 

y = 0.2908x0.3038 (R² = 0.87, RMSE = 0.32ft/s) 
 

y = 0.2527x0.3264 (R² = 0.69, RMSE = 0.22ft/s) 



Attachment E

Evaluation of how the appropriation would affect senior 
appropriations:

The requested instream flow appropriation will receive a priority date 
and will not, and cannot legally interfere with any senior surface water 
users.  The Nebraska Supreme Court has made this point clearly on 
several occasions.  See In re Applications A-17004 – A-17009 of Cent. 
Platte NRD, 512 N.W.2d 392 (1993).  The requested instream flow 
will also offer protection to existing water users downstream by 
preventing new upstream consumptive uses that could deplete 
streamflows and result in calls for administration.
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