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Purpose and Overview 

 

This report was written to comply with Nebraska Revised Statutes § 46-713(1)(a)(Reissue 

2004) which states: 

By January 1 of each year beginning in 2006 and except as otherwise 
provided in this section and section 46-720, the Department of Natural 
Resources shall complete an evaluation of the expected long-term availability 
of hydrologically connected water supplies for both existing and new surface 
water uses and existing and new ground water uses in each of the state’s river 
basins and shall issue a report that describes the results of the evaluation.  For 
purposes of the evaluation and the report, a river basin may be divided into 
two or more subbasins or reaches.  A river basin, subbasin, or reach for which 
an integrated management plan has been or is being developed pursuant to 
sections 46-715 to 46-717 or pursuant to section 46-719 shall not be evaluated 
unless it is being reevaluated as provided in subsection (2) of this section.  For 
each river basin, subbasin, or reach evaluated, the report shall describe (i) the 
nature and extent of use of both surface water and ground water in each river 
basin, subbasin, or reach, (ii) the geographic area within which the department 
preliminarily considers surface water and ground water to be hydrologically 
connected and the criteria used for that determination, and (iii) the extent to 
which the then-current uses affect available near-term and long-term water 
supplies.  River basins, subbasins, and reaches designated as overappropriated 
in accordance with subsection (4) of this section shall not be evaluated by the 
department. 

 

Following the evaluation, the Department of Natural Resources (Department) is then required 

to determine which basins, subbasins or reaches are fully appropriated.  Specifically, 

Nebraska Revised Statutes § 46-713(1)(b)(Reissue 2004) states: 

Based on the information reviewed in the evaluation process, the department 
shall arrive at a preliminary conclusion for each river basin, subbasin, and 
reach evaluated as to whether such river basin, subbasin, or reach presently is 
fully appropriated without the initiation of additional uses.  The department 
shall also determine if and how such preliminary conclusion would change if 
no additional legal constraints were imposed on future development of 
hydrologically connected surface water and ground water and reasonable 
projections are made about the extent and location of future development in 
such river basin, subbasin, or reach.   

 

The statutory criteria for determining a basin, subbasins or reaches to be fully appropriated 

are set forth in Nebraska Revised Statutes § 46-713(3) (Reissue 2004) which states: 

 A river basin, sub-basin, or reach shall be deemed fully appropriated 
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 if the department determines that then-current uses of hydrologically 
connected surface water and ground water in the river basin, subbasin, or 
reach cause or will in the reasonably foreseeable future cause (a) the surface 
water supply to be insufficient to sustain over the long term the beneficial or 
useful purposes for which existing natural flow or storage appropriations were 
granted and the beneficial or useful purposes for which, at the time of 
approval, any existing instream appropriation was granted, (b) the streamflow 
to be insufficient to sustain over the long term the beneficial uses from wells 
constructed in aquifers dependent on recharge from the river or stream 
involved, or (c) reduction in the flow of a river or stream sufficient to cause 
noncompliance by Nebraska with an interstate compact or decree, other 
formal state contract or agreement, or applicable state or federal laws.     

 

The specific criteria to be used to reach a determination of whether a basin, subbasin or reach 

is fully appropriated are set forth in Department rule 457 NAC 24.001 (Appendix A) of the 

Nebraska Administrative Code.  These criteria focus on the requirements of Nebraska 

Revised Statutes, Section 46-713(3)(a) (Reissue 2004) regarding the availability of surface 

water to meet the demands of junior surface water appropriators.  As the documentation in 

Appendix B explains more fully, if sufficient water supplies are available for the junior 

surface water appropriators, there also will be sufficient water available to meet the long term 

beneficial uses of wells dependent on recharge from streamflow. Thus the analysis to 

determine whether part (a) of the statutory criteria, whether surface water supplies are 

sufficient to sustain the uses of surface water appropriations, also addresses the requirements 

of part (b) of the statutory criteria i.e. that streamflow be sufficient to sustain uses from wells 

dependent on recharge from the river or stream.   

 

The basins in Nebraska that have not already been determined to be fully appropriated or 

designated as overappropriated and, therefore, are the subjects of this report include: (1) the 

Big Blue River Basin, (2) the Little Blue River Basin, (3) the Elkhorn River Basin, (4) the 

Loup River Basin, (5) the Missouri Tributaries Basin, (6) the Nemaha Basin, (7) the Lower 

Niobrara River Basin, and (8) the Lower Platte River Basin.  In addition, this report includes 

an evaluation of the extent of areas where ground water is considered to be hydrologically 

connected to that portion of the Platte River that was previously determined to be fully 

appropriated. 
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Based on the requirements of the statutes mentioned above, the report must describe for each 

basin evaluated: 

1.  the existing uses of water; 

2. the geographic area within which surface water and ground water are considered 

by the Department to be hydrologically connected; 

3. the criteria used to make the determination in number two above; and 

4. the extent to which the current water uses will affect future water supplies, near 

term and long term. 

Thus, for each basin, the report will provide information on: 1) precipitation in the basin, a 

major source of both surface and ground water, 2) the basin's hydrogeologic characteristics 

that determine the available ground water supply, 3) current and expected well development 

and ground water use in the basin including changes in ground water table elevations, 4) 

streamflow, which is an expression of the basin’s surface water supply, 5) current surface 

water appropriation development in the basin, and where relevant 6) discussion of interstate 

compacts, decrees, or other formal interstate agreements or applicable state or federal laws.  

The discussion in this report is limited to interstate compacts and state laws because in the 

basins evaluated there are no interstate decrees, agreements or federal laws that are or could 

be impacted at this time. The Department is aware that species of wildlife listed as 

endangered or threatened pursuant to the federal Endangered Species Act of 1973 (ESA) 

exist in Nebraska and that there is a possibility that flow reductions could cause a federal 

project or program to be in noncompliance with the ESA in the future: however, no agency 

of the federal government has informed the Department of any such project or program at 

this time.  Following this information each chapter contains a summary of the analyses for 

the fully appropriated determination.  

 

Nebraska Revised Statutes § 46-713(1)( c) (Reissue 2004) states that each annual report must 

also include, for informational purposes only, a summary of relevant data provided by any 

interested party concerning the social, economic, and environmental impacts of additional 

hydrologically connected surface water and ground water uses on resources that are 

dependent on streamflow or ground water levels but are not protected by appropriations or 

regulations.  The Department published a notice inviting the public to submit relevant data 
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for this purpose by November 30, 2005 (Appendix I). No information was received by the 

Department; however, additional information provided by some Natural Resources Districts 

was considered and is listed in the bibliographies following each chapter.  

 

In preparing this report, the Department has relied “on the best scientific data and 

information readily available” as required by Nebraska Revised Statutes § 46-713(1)(d) 

(Reissue 2004).  The types of scientific data and other information that may be considered for 

making the conclusions are specified in Department rule 457 NAC 24.002, which states as 

follows: 

002  INFORMATION CONSIDERED.  For making preliminary determinations 
required by Neb. Rev. Stat. Section 46-713 (Reissue 2004, as amended) the 
Department will use the best scientific data and information readily available to the 
Department at the time of the determination.  Information to be considered will 
include: 
 
Surface water administrative records 
Department Hydrographic Reports 
Department and United States Geological Survey stream gage records 
Department’s registered well data base 
Water level records and maps from Natural Resources Districts, the Department, the 
University of Nebraska, the United States Geological Survey or other publications 
subject to peer review 
Technical hydrogeological reports from the University of Nebraska, the United States 
Geological Survey or other publications subject to peer review 
Ground water models 
Current rules and regulations of the Natural Resources Districts 
 
The Department shall review this list periodically, and will propose amendments to 
this rule as necessary to incorporate scientific data and information that qualifies for 
inclusion in this rule, but was not available at the time this rule was adopted.   

 

Methodology for Determining Whether a Basin is Fully Appropriated 

   

Step One – Determination of Net Corn Crop Irrigation Requirement and Number of Days in 

Which Surface Water is Available for Diversion. 

 

Department rule 457 NAC 24.001.01, states the criteria under which the Department shall 

determine a basin to be fully appropriated, as follows: 
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001.01  For purposes of Section 46-713(3)(a), the surface water supply for a river 
basin, subbasin, or reach shall be deemed insufficient, if, after considering the impact 
of the lag effect from existing groundwater pumping in the hydrologically connected 
area that will deplete the water supply within the next 25 years, it is projected that 
during the period of May 1 through September 30, inclusive, any irrigation right  will 
be unable to divert sufficient surface water to meet on average eighty-five percent of 
the annual crop irrigation requirement, or, during the period of July 1 through August 
31, inclusive,  will be unable to divert sufficient surface water to meet at least sixty-
five percent of the annual crop irrigation requirement.   

 
For purposes of this rule, the “annual crop irrigation requirement” will be determined 
by the annual irrigation requirement for corn.  This requirement is based on the 
average evapotranspiration of corn that is fully watered to achieve the maximum yield 
and average amount of precipitation that is effective in meeting the crop water 
requirements for the area. 

 
The availability of stream flow will be based on the percentage of time junior rights 
were able to divert water during the previous 20 year period and the projected impacts 
of depletions on stream flow from existing wells over the next 25 years.  

 
In the event that the junior water rights are not irrigation rights, the Department will 
utilize a standard of interference appropriate for the use, taking into account the 
purpose for which the appropriation was granted. 

 
Use of the method described in this rule is not intended to express or imply any 
mandate or requirement that the method used herein must be included in the goals and 
objectives of any integrated management plan adopted for a river basin, subbasin or 
reach determined to be fully appropriated under this rule.  Further, nothing in this 
section is intended to express or imply a priority of use between surface water uses 
and ground water uses. 

 
 

The net corn crop irrigation requirements for each basin are set out in each chapter, Figure 1.  

The requirements are based on the average evapotranspiration of corn that is fully watered to 

achieve the full yield and the average amount of precipitation that is effective in meeting the 

net corn crop irrigation requirements for the area. The development of net corn crop 

irrigation requirements is described in Appendix C. 

 

To determine the amount of water available to meet the net corn crop irrigation requirement, 

the Department calculated the average number of days that a junior surface water 

appropriation was able to divert surface water during two time periods, May 1 through 
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September 30 and July 1 through August 31, over the previous 20 year period.  If a surface 

water appropriation was able to divert any water, it was assumed the surface water 

appropriation could divert at the rate of diversion specified in the permit.  The Department's 

water administration records for the years 1985-2004 were used to determine the average 

number of days for the two time periods that junior surface water appropriations were able to 

divert surface water.  

 

If administration records between 1985 and 2004 showed times when the senior surface 

water appropriation making a call on junior surface water appropriations had a priority date 

later than 1985, the Department completed a second analysis and reconstructed the 

administrative record as if  all the surface water appropriations that existed as of 2004 existed 

in 1985 (Appendix D).  

 

Step Two - Determination of the Area Considered To Be Hydrologically Connected to a Fully 

Appropriated Basin 

 

For all evaluated basins, the geographic areas of hydrologically connected surface water and 

ground water, if any, are shown in Figure 2 and a basin wide map is included with each basin 

chapter.  In those maps, the surface watershed basin is shown by a dashed line and the 

ground water portion is depicted by a shaded area.  Surface water supplies are considered to 

be hydrologically connected to a stream or stream reach if the surface water is draining to the 

streams.  In accordance with Department Rule 457 NAC 24.001.02, the Department 

considers the area within which ground water is hydrologically connected to a stream to be 

that area within which “pumping of a well for 50 years will deplete the river or a base flow 

tributary thereof by at least 10% of the amount pumped in that time.”  For purposes of the 

report, the Department determined estimated pumping in accordance with the methodology 

described in Appendix D.  In this report this area is referred to as either the “hydrologically 

connected area” or the ‘10/50’ area.  In this report, the use of the term “hydrologically 

connected” means the area in which ground water lies within the 10/50 area. 
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Figure 1.  Net Corn Crop Irrigation Requirement. 
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The methodologies used for determining the hydrologically connected area (10/50 area) of a 

basin are described in detail in Appendix D.  When making the decision of which 

methodology is appropriate to use for this purpose in each basin, an evaluation of the existing 

information and the ability to utilize that information in an acceptable manner directed the 

selection.  Each of the methodologies used in our evaluation has a documented history of 

being used extensively for this type of analysis for water management purposes.  

 

In those areas of the state that were the subject of the numeric ground water (MODFLOW) 

models from the Cooperative Hydrology Study (COHYST) effort, the COHYST models 

were used.  These models were peer reviewed by outside parties for completeness and 

compliance with national modeling standards such as those developed by the American 

Society for Testing and Materials (ASTM).  Documentation on these models is in Appendix 

E.  A numerical MODFLOW model developed by the Upper Big Blue Natural Resources 

District using COHYST data was reviewed by the Department and deemed suitable for 

delineating the extent of the area hydrologically connected (10/50 area) to the Platte River 

within the Upper Big Blue and the Little Blue Natural Resources Districts.  This model was 

also used to delineate the extent of the area hydrologically connected (10/50 area) to the 

Little Blue River (Appendix E). 

 

Unfortunately, in many areas of the state there are no sufficient numerical models available, 

nor are the data required to develop such a model available.  Until such time as these data 

and models can be developed, the Department must rely on less data-intensive analytical 

models such as the Glover-Balmer or Jenkins methods, Appendix F.  The use of the Jenkins 

method for this report was also peer reviewed by the United States Geological Survey, 

Appendix G.  The Jenkins method was used in the Lower Niobrara, Loup, Elkhorn, Lower 

Platte, and Missouri Tributaries Basins. 

 

There are areas of the state, such as in the Big Blue Basin, where it is not possible to use any 

method currently available to determine the 10/50 area or the lag impact of ground water 

pumping. 
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The data used in the above methodologies and throughout the report comes from published 

reports from the University of Nebraska-Conservation and Survey Division, and represents 

the most current publication available. These data include information on transmissivity, 

specific yield, saturated thickness, depth to water, surficial geology, bedrock geology, water 

table elevation change, water table elevation, characteristics of aquifers and test-hole 

information. These data are available on the UNL-Conservation and Survey Division web 

site: http://csd.unl.edu/. Additional data used in the report comes from the U.S. Geological 

Survey through their web site which is located at http://waterdata.usgs.gov/ne/nwis/gw and 

represents the most current publication available. 

 

Step Three – Determining Lag Impacts 

  

For purposes of this report, lag impacts are defined as the delayed effect that the consumptive 

use of water associated with well pumping will have on hydrologically connected streamflow 

and the associated impact on surface water appropriations.  In accordance with Department 

rule 457 NAC 24.001.01, when making these determinations the Department must also take 

into account the lag impacts of ground water uses on water supplies over the next 25 years.  

The calculation of the lag impacts for the next 25 years from current development was 

evaluated by analyzing the impact from high capacity wells, wells pumping greater than 50 

gallons per minute that were part of the registered well data base as of October 1, 2005.    

Expected future ground water uses, including their lag impacts, were also calculated to 

determine their impact on the water supply over the next 25 years.  In some basins, the lag 

impact was not calculated due to a lack of data or models.  In those cases, because the 

number of days in which surface water is available for diversion so far exceeded the number 

of days necessary to meet the net corn crop irrigation requirement the final conclusion would 

not change even with the addition of lag impacts. 
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Results 

 

Figure 2 shows the hydrologically connected areas for the basins evaluated in this report.  

Tables 1 and 2 summarize the results of the analysis for sufficiency of water availability for 

irrigation in each basin.  A description of the methodology for this analysis is available in 

Appendix D.  When viewing the results from the above analysis, the time period of July 1 

through August 31 is the critical period for supplemental water.  It is during these months 

that the trigger for meeting the fully appropriated status is most likely to be met.  The basins 

closest to meeting the trigger are the Loup River Basin, Elkhorn River Basin, and Lower 

Platte River Basin.   

 

Table 1.  Summary of Comparison between Net Corn Crop Irrigation Requirement and 
Number of Days in Which Surface Water is Available for Diversion (July 1 –August 31). 

 

Days Necessary to 
Meet 65% of Net 

Corn Crop Irrigation 
Requirement. 

Average Annual 
Days Available to the 

Most Junior Water 
Appropriations 

(1985-2004) 

Days Above Fully 
Appropriated in 2030 
with Additional Well 

Development 
 

Big Blue 
River Basin 23.9 57 Not Calculated* 

Elkhorn River 
Basin 29.2 39.2 6.0 

Little Blue 
River Basin 26.6 57 Not Calculated* 

Loup River 
Basin 31.9 37.2 1.2 

Lower 
Niobrara 

River Basin 
37.2 62 Not Calculated* 

Lower Platte 
River Basin 23.9 37.2 9.2 

Missouri 
Tributaries 

Basin 
23.9 62 Not Calculated* 

Nemaha 
Basin 18.6 59 Not Calculated* 

* This number was not calculated.  Because the number of days in which surface water is 
available for diversion so far exceeds the number of days necessary to meet the net corn crop 
irrigation requirement the final conclusion would not change even with the addition of lag 
impacts from additional wells. 
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Figure 2.  Hydrologically Connected Areas 
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Table 2.  Summary of Comparison between Net Corn Crop Irrigation Requirement and 
Number of Days in Which Surface Water is Available for Diversion (May 1 – September 
30). 

 

Days Necessary 
to Meet 85% of 
Net Corn Crop 

Irrigation 
Requirement. 

Average Annual 
Days Available to 
the Most Junior 

Water 
Appropriations 

(1985-2004) 

Days Above Fully 
Appropriated in 2030 
with Additional Well 

Development 
 

Big Blue 
River Basin 31.3 148 Not Calculated* 

Elkhorn River 
Basin 38.2 115.4 70.3 

Little Blue 
River Basin 34.7 144 Not Calculated* 

Loup River 
Basin 41.7 112.6 63.8 

Lower 
Niobrara 

River Basin 
48.6 153 Not Calculated* 

Lower Platte 
River Basin 31.3 112.6 74.2 

Missouri 
Tributaries 

Basin 
31.3 153 Not Calculated* 

Nemaha 
Basin 24.3 150 Not Calculated* 

* This number was not calculated.  Because the number of days in which surface water is 
available for diversion so far exceeds the number of days necessary to meet the net corn crop 
irrigation requirement the final conclusion would not change even with the addition of lag 
impacts from additional wells. 
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Basin Summaries 
 

Big Blue River Basin 

 

Big Blue River Basin 

 

The Big Blue River in Nebraska is located in south-central Nebraska and flows into Kansas 

where it becomes a tributary of the Kansas River.  Major tributaries of the Big Blue River in 

Nebraska include Lincoln Creek, West Fork of the Big Blue River, Turkey Creek, Swan 

Creek, and Big Indian Creek.  The total area of the Big Blue River Basin in Nebraska is 

approximately 4,600 square miles.   

 

The principal aquifer includes all saturated unconsolidated sediments of Quaternary age 

above the bedrock (exclusive of the glacial sediments) as well as the bedrock Tertiary age 

Ogallala Group.  Though it is not part of the principal aquifer, in local areas wells drilled into 

the Dakota Sandstone are known to produce 500 to 800 gallons per minute.  In the 

northwestern area of the Big Blue River Basin, most stream reaches have streambed 

elevations five feet or more above the surrounding water table elevation.  In the glaciated 

areas of the Big Blue River Basin the hydrogeology is complex and the degree of hydrologic 

connection between the ground water system and the surface water system is poor and 

uncertain.   

 

Although a numeric ground water model is available to determine the 10/50 area and to 

estimate lag impacts from ground water wells it does not sufficiently represent the 

complexities relating to the hydrologic connection between the principal aquifer and the 

streams of the Big Blue River Basin; therefore a determination regarding the 10/50 area or 

the lag impacts could not be made by that model at this time.  The same complexities also 

prevented the use of the Jenkins method to determine the 10/50 area or lag impacts from 

pumping ground water wells at this time.  There is no map of geographic areas of 

hydrologically connected surface water and ground water (10/50) for the Big Blue River 

Basin. 
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The northern part of the Big Blue River Basin has hydrologic connection with the Platte 

River, which is fully appropriated at that location.  A discussion of that area is in the Platte 

River Chapter. 

 

No portions of the Big Blue River Basin have been determined to be fully appropriated with 

respect to the Big Blue River and its tributaries.  The number of days in which surface water 

is available for diversion to the junior surface water appropriations far exceeds the number of 

days necessary to meet the net corn crop irrigation requirement as specified in Department 

rule 457 NAC 24.001.01.  Although reductions in flows may require water administration 

more often in the future, under the Kansas-Nebraska Big Blue River Compact compliance 

provisions, low flows do not cause noncompliance. 

 

Little Blue River Basin 

 

The Little Blue River in Nebraska is located in south-central Nebraska and flows into Kansas 

where it becomes a tributary of the Big Blue River.  The major tributary to the Little Blue 

River in Nebraska is Big Sandy Creek.  The total area of the Little Blue River Basin in 

Nebraska is approximately 2,500 square miles.   

 

The principal aquifer includes all saturated unconsolidated sediments of Quaternary age 

above bedrock as well as the bedrock Tertiary age Ogallala Group.  Other bedrock aquifers in 

the Little Blue River Basin are known to yield water at a moderate rate, but are not included 

in the principal aquifer.  In the eastern and south-central areas of the Little Blue River Basin 

the principal aquifer is very thin or absent.   

A MODFLOW ground water model was available to determine the 10/50 area; however it 

did not provide data on the lag impacts from ground water wells.  In the western half of the 

Little Blue River Basin no sufficient transmissivity or specific yield data are available on a 

regional basis.  Because of the lack of sufficient data, lag impacts from pumping ground 

water wells could not be determined using the Jenkins method at this time. 
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No portions of the Little Blue River Basin have been determined to be fully appropriated. 

The number of days in which surface water is available for diversion to the junior surface 

water appropriations far exceeds the number of days necessary to meet the net corn crop 

irrigation requirement as specified in Department rule 457 NAC 24.001.01.  Although 

reductions in flows may require water administration more often in the future, under the 

Kansas-Nebraska Big Blue River Compact compliance provisions, low flows do not cause 

noncompliance. 

 

Elkhorn River Basin 

 

The Elkhorn River is located in northeast and north-central Nebraska and flows in a 

southeasterly direction until its confluence with the Platte River near Gretna.  Major 

tributaries to the Elkhorn River include the South and North Forks of the Elkhorn River, 

Logan Creek, and Maple Creek.  The total area of the Elkhorn River Basin is approximately 

7,000 square miles. 

 

The principal aquifer includes all saturated unconsolidated sediments of Quaternary age 

above the bedrock (exclusive of the glacial sediments) as well as the bedrock Tertiary age 

Ogallala Group.  In the western and central parts of the Elkhorn River Basin the principal 

aquifer is unconfined in nature and generally in hydrologic connection with the streams.  In 

the eastern part of the Elkhorn River Basin the hydrogeologic system is complex due to 

glaciations, therefore the degree of hydrologic connection between the ground water system 

and the surface water system is poor and uncertain, except where alluvial aquifer systems 

have been identified.   

 

No sufficient numeric ground water model is available in the Elkhorn River Basin to 

determine the 10/50 area or the lag impact of ground water wells.  In the areas where a 

hydrologic connection has been identified it is possible to use the Jenkins method to 

determine the 10/50 area and to calculate lag impacts from ground water wells. 
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No portions of the Elkhorn River Basin have been determined to be fully appropriated.  The 

number of days in which surface water is available for diversion to the junior surface water 

appropriations exceeds the number of days necessary to meet the net corn crop irrigation 

requirement as specified in Department rule 457 NAC 24.001.01.    

 

Loup River Basin 

 

The Loup River Basin is defined as the area of central Nebraska that drains into the Loup 

River above its confluence with the Platte River.  Major tributaries of the Loup River include 

Beaver and Mud Creeks and the Calamus, Cedar, Dismal, Middle Loup, North Loup, and 

South Loup Rivers.  The total area of the Loup River Basin is approximately 15,200 square 

miles. 

 

The Sand Hills cover a large portion of the Loup River Basin.  The principal aquifer includes 

all saturated unconsolidated sediments of Quaternary age above the bedrock as well as the 

bedrock Tertiary age Ogallala Group.  Throughout the Loup River Basin the aquifer is 

unconfined in nature and in hydrologic connection with the alluvial aquifers and/or the 

streams. 

 

No sufficient numeric ground water model is available in the Loup River Basin to determine 

the 10/50 area or the lag impact of ground water wells.  Because the aquifers in the entire 

Loup River Basin are in hydrologic connection with the streams it is possible to use the 

Jenkins method to determine the 10/50 area and to calculate lag impacts from ground water 

wells. 

 

No portions of the Loup River Basin have been determined to be fully appropriated.  The 

number of days in which surface water is available for diversion to the junior surface water 

appropriations exceeds the number of days necessary to meet the net corn crop irrigation 

requirement as specified in Department rule 457 NAC 24.001.01. 
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Missouri Tributaries Basin 

 

The Missouri Tributaries Basin is defined as the area along the northeast and eastern border 

of Nebraska that drains into the Missouri River below its confluence with the Niobrara River 

and above its confluence with the Platte River.  Major streams and rivers in the Missouri 

Tributaries Basin include Ponca, Bazile, Aowa, Elk, Omaha, Blackbird, and Papillion Creeks 

and the Missouri River.  The total area of the Missouri Tributaries Basin is approximately 

3,000 square miles. 

 

Glacial sediments cover a large portion of the Missouri Tributaries Basin except for the 

western part of Knox County and the northeastern part of Antelope County.  The principal 

aquifer includes all saturated unconsolidated sediments of Quaternary age above the bedrock 

(exclusive of the glacial sediments) as well as the bedrock Tertiary age Ogallala Group.  

Throughout most of the Missouri Tributaries Basin the occurrence of a principal aquifer as 

well as the hydrologic connection between the principal and the streams is limited by the 

nature of glacial sediments and bedrock.  Only in the upper reaches of Bazile Creek and in 

the Missouri River alluvium is the principal aquifer present and known to be in hydrologic 

connection with the streams. 

 

No sufficient numeric ground water model is available in the Missouri Tributaries Basin to 

determine the 10/50 area or the lag impact of ground water wells. The Jenkins method can be 

used in the headwaters of Bazile Creek to determine the 10/50 area and to calculate lag 

impacts from ground water wells.  However, the remainder of the Basin cannot be analyzed 

with the Jenkins method because of the limited occurrence of the principal aquifer and the 

poor or uncertain hydrologic connection between the principal aquifer and the streams.  

 

No portions of the Missouri Tributaries Basin have been determined to be fully appropriated.  

The number of days in which surface water is available for diversion to the junior surface 

water appropriations exceeds the number of days necessary to meet the net corn crop 

irrigation requirement as specified in Department rule 457 NAC 24.001.01.     
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Nemaha Basin 

 

The Nemaha Basin in Nebraska is defined as the area of Nebraska south of the Platte River 

Basin that drains directly into the Missouri River including the Missouri River below its 

confluence with the Platte River.  Major tributaries of the Nemaha Basin include Weeping 

Water Creek, the Little Nemaha River, the Big Nemaha River, and the Missouri River.  The 

total area of the Nemaha Basin is approximately 2,800 square miles. 

 

Glacial sediments cover most of the Nemaha Basin.  The principal aquifer includes all 

saturated unconsolidated sediments of Quaternary age above the bedrock (exclusive of the 

glacial sediments).  Throughout the Nemaha Basin the occurrence of the principal aquifer is 

limited by the nature of glacial sediments and bedrock; and in this area the hydrologic 

connection between the surface water and ground water is poor and uncertain.  In the areas 

where the Missouri River alluvium is present the aquifer is unconfined and in hydrologic 

connection with the streams. 

 

No sufficient numeric ground water model is available in the Nemaha Basin to determine the 

10/50 area or the lag impact of ground water wells.  Due to the hydrogeologic complexities 

of the Nemaha Basin and lack of sufficient data, the Jenkins method cannot be used to 

determine the 10/50 area or lag impacts from pumping ground water wells. 

 

No portions of the Nemaha Basin have been determined to be fully appropriated.  The 

number of days in which surface water is available for diversion to the junior surface water 

appropriations exceeds the number of days necessary to meet the net corn crop irrigation 

requirement as specified in Department rule 457 NAC 24.001.01.  There is no map of 

geographic areas of hydrologically connected surface water and ground water (10/50 area) 

for the Nemaha Basin.  
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Lower Niobrara River Basin 

 

The Lower Niobrara River Basin is defined as the area of north-central Nebraska that drains 

into the Niobrara River Basin from the Mirage Flats Diversion Dam to the confluence of the 

Niobrara River and the Missouri River. Major tributaries of the Lower Niobrara River 

include Minnechaduza Creek, the Snake River, the Keya Paha River, Plum Creek, Eagle 

Creek, Redbird Creek, Long Pine Creek, and Verdigre Creek.  The total area of the Lower 

Niobrara River Basin is approximately 12,100 square miles. 

 

The Sand Hills cover a large portion of the Lower Niobrara River Basin.  The principal 

aquifer includes all saturated unconsolidated sediments of Quaternary age above the bedrock 

as well as the bedrock Tertiary age Ogallala Group.  Throughout the Lower Niobrara River 

Basin the aquifer is unconfined in nature and in hydrologic connection with the alluvial 

aquifers and/or the streams. 

 

No sufficient numeric ground water model is available in the Lower Niobrara River Basin to 

determine the 10/50 area or the lag impact of ground water wells.  Because the aquifers in the 

entire Lower Niobrara River Basin are in hydrologic connection with the streams, it is 

possible to use the Jenkins method to determine the 10/50 area and to calculate lag impacts 

from ground water wells. 

 

No portions of the Lower Niobrara River Basin have been determined to be fully 

appropriated.  The number of days in which surface water is available for diversion to the 

junior surface water appropriations exceeds the number of days necessary to meet the net 

corn crop irrigation requirement as specified in Department rule 457 NAC 24.001.01.     
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Platte River Basin 

 

Lower Platte River Basin 

 

The Lower Platte River is defined as the portion of the Platte River from its confluence with 

the Loup River to its confluence with the Missouri River.  For purposes of this report, the 

Lower Platte River Basin does not include the Loup and Elkhorn River Basins.  Major 

tributaries in the Lower Platte River Basin include Shell Creek, Salt Creek, and Wahoo 

Creek.  The total area of the Lower Platte River Basin is approximately 3,200 square miles. 

 

The principal aquifer includes all saturated unconsolidated sediments of Quaternary age 

above the bedrock (exclusive of the glacial sediments) as well as the bedrock Tertiary age 

Ogallala Group which lies in the western end of the Lower Platte River Basin.  In the western 

and central parts of the Lower Platte River Basin the principal aquifer is unconfined in nature 

and generally in hydrologic connection with the streams.  In the remaining areas of the 

Lower Platte River Basin the hydrogeologic system is complex due to glaciations and the 

degree of hydrologic connection between the ground water system and the surface water 

system is poor and uncertain.   

 

No sufficient numeric ground water model is available in the Lower Platte River Basin to 

determine the 10/50 area or the lag impact of ground water wells.  In the areas where a 

hydrologic connection has been identified it is possible to use the Jenkins method to 

determine the 10/50 area and to calculate lag impacts from ground water wells. 

 

No portions of the Lower Platte River Basin have been determined to be fully appropriated.  

The number of days in which surface water is available for diversion to the junior surface 

water appropriations exceeds the number of days necessary to meet the net corn crop 

irrigation requirement as specified in Department rule 457 NAC 24.001.01.   
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Upper Platte River Basin 
 
The Upper Platte River is defined as the portion of the Platte River from the Wyoming state 

line to the Platte River’s confluence with the Loup River.  By operation of law and an order 

dated September 30, 2004 the portions of the Platte River Basin lying in the North Platte, 

South Platte, Twin Platte, and Central Platte Natural Resources Districts were determined to 

be fully appropriated.  No further evaluation of those areas was done for this report.  

However, the Department’s earlier evaluation of water supplies and uses in the Upper Platte 

River Basin was applied, for the first time to those portions of the Upper Platte River Basin 

that lie within the Upper Big Blue, Little Blue and Tri- Basin Natural Resources Districts.  

Those areas were determined to be fully appropriated.  A combination of the Jenkins Stream 

Depletion Factor method, Cooperative Hydrology Study (COHYST) models and numeric 

groundwater models derived from the COHYST model would be the best scientific method 

readily available to the department to locate the 10% in 50 year line.  Maps showing the 

10/50 areas can be found in the Upper Platte River Basin chapter.  
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Big Blue River Basin 

 

The Big Blue River is located in south-central Nebraska and flows into Kansas where it 

becomes a tributary of the Kansas River, Figure BB-1.  Major tributaries of the Big Blue 

River in Nebraska include Lincoln Creek, West Fork of the Big Blue River, Turkey 

Creek, Swan Creek, and Big Indian Creek, Figure BB-2.   The total area of the Big Blue 

River Basin (Basin) in Nebraska is approximately 4,600 square miles and includes all of 

York County and portions of Adams, Butler, Clay, Fillmore, Gage, Hall, Hamilton, 

Jefferson, Lancaster, Pawnee, Polk, Saline, and Seward counties.  County seats in the 

Basin include Aurora, Beatrice, David City, Geneva, Hastings, Osceola, Seward, Wilber, 

and York. 

 

Sources of Water 

 

Precipitation 

 

Annual and growing season (May 1 through September 30) precipitation charts for gage 

sites in Aurora, Beatrice, Crete, Geneva, Osceola, Seward and York are shown on Figures 

BB-3 through BB-16.  The average annual precipitation ranges from 27.3 inches at 

Hastings at the western end of the Basin to 30.6 inches at Beatrice in the southeast corner 

of the Basin.  The average growing season precipitation ranges from 18.1 inches at 

Hastings to 20.3 inches at Beatrice.  Locations of the precipitation gages can be seen in 

Figure BB-17. 
 

Ground Water 

 

Ground water in the study area originates mainly as infiltration from precipitation.  Some 

ground water also flows into the study area from neighboring basins.  The location and 

extent of the supply of economically available ground water is partially determined by 

the hydrogeology of the Basin.  The Basin hydrogeology is complex due to the glacial or 

glacially influenced origin of the recent sediments.  Much of the Basin has been 
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glaciated, Figure BB-18.  For purposes of this report, all saturated unconsolidated 

sediments of Quaternary age above bedrock inclusive of the paleovalley alluvial aquifers 

where there is a hydrologic connection, the alluvial aquifers, the shallow aquifers and the 

bedrock Tertiary Ogallala Group are combined into the principal aquifer unit for the 

Basin.  Most of the principal aquifer in the upper part of the Basin is capped by a thick 

mantle of loess that either does not supply a significant amount of ground water or is not 

saturated.  Bedrock Formations are secondary aquifers in this Basin.  Tables BB-1 and 

BB-2 list all the aquifers by age along with their important hydrogeologic characteristics.  

The bedrock aquifers range in age from Tertiary to Permian (Figure BB-19) and supply a 

small amount of water compared to the other aquifers, but are important sources locally 

(CSD, 2005).  In some areas wells drilled in the Dakota Sandstone are known to produce 

500 to 800 gallons per minute (gpm) (Ellis, 1981).  Generally, the streams in the Basin 

are not incised into the bedrock aquifers; though in some areas streams are known to be 

in contact with the Dakota Sandstone (Tabidian, 1987 and Ellis, 1981). 

 

The principal aquifer varies in saturated thickness from 0 to approximately 400 feet, 

Figure BB-20.  Depth to water from the land surface varies from 0 to more than 200 feet, 

Figure BB-21 (CSD 2005).  Transmissivity ranges from less than 20,000 gallons per day 

per foot (gal/day/ft) to more than 200,000 gal/day/ft.  Most areas of the southern and 

eastern parts of the Basin have a transmissivity value of less than 20,000 gal/day/ft, 

Figure BB-22.  Values of specific yield range from less than 5 to greater than 25 percent, 

Figure BB-23 (CSD 2005).  

 

There are areas in the Basin where the principal aquifer is absent or very thin due to the 

glaciated nature of the area.  In these areas a hydrologic connection between the principal 

aquifer and the stream network has not been established (CSD 2005).  

 

In the northwest area of the Basin, most stream reaches have streambed elevations five 

feet or more above the surrounding water table elevation; therefore, the stream and 

aquifer in this area are not in hydrologic connection, Figure BB-24 (Bitner, R. J., 2005).  

An inspection of all current (12/2005) hydrographs available on the U.S. Geological 
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Survey (USGS) website for the sites located along the West Fork of the Big Blue River 

within Hamilton and York counties shows that no water levels in that database are within 

10 feet of the land surface.  There are three sites in Hamilton County that are completed 

in Platte River alluvium that reflect water levels that are within 10 feet of the land 

surface.  The majority of the Basin beginning in western York, Fillmore, and Polk 

counties and then extending east to the Basin boundary, lies in an area “where due to the 

complex hydrogeologic nature of this area the degree of connection between the ground 

water system and the surface water system is poor and uncertain” (CSD, 2005).  The 

ground water table reflects the complicated nature of this glaciated area, Figure BB-25.  

 

The Department has conducted seepage run studies in which streamflow is measured at 

intervals along a stream during a period in which there is no precipitation to cause surface 

water runoff.  Such studies allow the determination of the extent to which streamflow is 

enhanced by baseflows from the surrounding ground water aquifer.  Based on seepage 

runs completed in 1978, Soap Creek, Cub Creek, Indian Creek, Bear Creek, Big Indian 

Creek, Plum Creek, and various reaches of the Big Blue River itself are in some sections 

of their reaches in hydrologic connection with their surrounding aquifer systems (Ellis, 

1981).  The Ellis report also states that “All the stratigraphic units that have been 

described in this report are hydrogeologically interrelated.  Conceptually, these deposits 

can be thought of as forming either a single unconfined aquifer in which there are large 

lateral and vertical differences in thickness and hydrogeologic properties, or as an 

unconfined aquifer system composed of hydraulically interconnected aquifers and local 

confining or semi-confining beds.”     

 

Seepage runs completed in 1984 and 1985 showed that streams were also in hydrologic 

connection to and gaining water from the aquifer for the reach of the Big Blue River 

between the cities of Dewitt and Beatrice, extending for 3 miles to either side of the river, 

(Tabidian, 1987).  Tabidian states that in some areas the gain in flow was probably from 

the Dakota Sandstone Formation.  Chemical analysis (Emery, 1966) and ground water 

gradients (Tabidian 1987) also support the fact that there is a hydrologic connection 

between the Big Blue River and the aquifer.  
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The information provided by all of the above named studies for seepage runs was 

insufficient to determine the hydrologic connection for this report.    

 

Ground Water Use 

 

Ground water in the Basin is used for a variety of purposes: domestic, industrial, 

livestock, irrigation, and others.  Irrigation is the largest consumer of ground water, with 

16,268 wells registered to irrigate approximately 1,700,000 acres as of October 1, 2005 

(Department registered ground water wells database).  There are approximately 16,000 

registered ground water wells within the Big Blue River Basin as of October 1, 2005 

(Department registered ground water wells database).   Not all wells are registered in the 

Department database, especially stock and domestic wells, which if drilled prior to 1993 

are not required to be registered.  Certain dewatering and other temporary wells are not 

required to be registered.  Figure BB-26 illustrates the location of depletive ground water 

wells. Depletive wells are those wells that consume water and thus remove water from 

the ground water system.  Depletive wells include uses for: aquaculture, commercial, 

domestic, irrigation, public water supply, dewatering, stock, and other, except those in the 

other category noted as sparge, vapor extraction, or another non-consumptive use.   

 

The areal extent of the high capacity wells shown in Figure BB-27 indicates where 

ground water has been and could be beneficially developed.  High capacity wells are 

depletive wells with registered pumping rates equal to or greater than 50 gpm.  This map 

is also useful in gauging where potential new wells could possibly be developed because 

future development will likely occur in the same areas.  In the east end of the Basin, wells 

are mostly found in the paleovalleys, narrow alluvial valleys and isolated pockets of sand 

and gravel in the glacial sediments.  In the western end of the Basin wells are mostly 

completed in the sediments of Pleistocene and Tertiary age.  For purposes of this report 

only high capacity wells (wells capable of pumping more than 50 gallons per minute) 

have been analyzed for impacts on surface water in both current and future development 

scenarios.  Ground water development analyzed by comparison of completion dates has 

shown that development of high capacity wells has been steadily increasing with 
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accelerated increases during the years 1967 through 1983 and 1994 to the present, 

Figures BB-27 to BB-29.  Table BB-3 shows the estimated average irrigated acreage by 

county within the Basin between 1950 and 2003.  The increase in the number of other 

depletive wells seen in Figures BB-28 and BB-29 after 1993 is attributed to revision of 

the well registration statute in 1993. 

  

Changes in Ground Water Table Elevation 

 

Figure BB-30 is a map made from a compilation of all ground water levels reported to the 

Conservation and Survey Division of the University of Nebraska-Lincoln in cooperation 

with the USGS and the Natural Resources Districts (NRDs).  It shows an area in 

southeast Butler County with a decline of up to 30 feet in ground water table elevations 

from predevelopment through the spring of 2005.  A decline between 5 and 10 feet 

covers much of the western portion of the Basin, with an area of decline in the range of 

20 to 30 feet in Fillmore County and an area of 10 to 20 feet of decline in Clay County.  

Figure BB-31 is the location map for selected ground water hydrographs across the 

Basin.  Figures BB-32 through BB-37 are hydrographs (USGS 2005) which give a 

representative change in ground water table elevations for the particular area.  Where 

possible a graph of a continuous recorder site is used.  There are two very small areas of 

ground water table elevation increase in the Basin, one in Gage County and one in Polk 

County; both are very small in areal extent.  

 

Ground Water Management 

 

On December 9, 1977, the Upper Big Blue Natural Resources District (UBBNRD) 

instituted a ground water quantity management area.  Permits have been required to 

construct certain wells since January 8, 1978.  Currently, newly permitted wells are 

subject to 1,000 foot well spacing requirements.  Large capacity well developers, such as 

industrial users exceeding 500 acre-feet per year, are required to submit ground water 

studies to show the expected impacts of their proposed well development.  The UBBNRD 

Board considers permits for these wells on a case-by-case basis.  Ground water 
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allocations will be implemented by the UBBNRD if the weighted average district ground 

water level drops below the 1978 level, Figure BB-38.  If allocations are implemented, 

ground water users will be required to certify to the UBBNRD how many acres of land 

they irrigate and install a meter to measure ground water use.   

 

The Lower Big Blue Natural Resources District (LBBNRD) has established a ground 

water management area (GWMA) for quality purposes.  As part of the GWMA 

requirements in the LBBNRD, permits are required prior to the construction of wells 

pumping greater than 50 gallons per minute (gpm). 

  

Surface Water 

 

Hydrographs from eight surface water gages in the Basin are included in this report, 

Figures BB-39 through BB-46.  They are Lincoln Creek near Seward, West Fork of the 

Big Blue River near Dorchester, Turkey Creek near Wilber, Big Blue River at Surprise, 

Big Blue River near Seward, Big Blue River near Crete, Big Blue River at Beatrice and 

Big Blue River at Barneston, Figure BB-47.  Streamflow in the Basin is driven primarily 

by precipitation and generally follows the annual variation in precipitation.   

 

Surface Water Use 

 

As of October 1, 2005, there are approximately 1,500 surface water appropriations in the 

Basin for a variety of uses.  The majority of the surface water appropriations are for 

irrigation use and tend to be located on the major streams.  There are no instream flow 

appropriations in the Basin.  The first surface water appropriations in the Basin have a 

priority date of 1868 and development has continued through present day.  The largest 

period of development occurred between 1967 and 1975, Figure BB-48 and Figure BB-

49.  The approximate locations of the surface water irrigated acres are shown in Figure 

BB-50.  Information on specific appropriations is available in the Department’s biennial 

report.  Information on categories of use can be found in Appendix H. 
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Surface Water Compact 

 

The State of Nebraska is a signatory member of the Kansas – Nebraska Big Blue River 

Compact (Compact).  The purposes of the Compact are:  To promote interstate comity, to 

achieve an equitable apportionment of the waters of the Big Blue River Basin, to 

encourage continuation of the active pollution-abatement programs in each of the two 

states, and to seek further reduction in pollution of the waters of the Big Blue River 

Basin.   

 

The Compact sets state line flow targets from May 1 through September 30. The targets 

for the Big Blue River are shown in Table BB-4 and are measured at the Big Blue River 

gage at Barneston.  If the targets are not met the State of Nebraska is required to: 

1. Limit surface water diversions by natural flow appropriators to their decreed 

appropriations, 

2. Close natural flow appropriators with priority dates junior to November 1, 

1968 in accordance with the doctrine of priority, 

3. Ensure that no illegal surface water diversions are taking place, and 

4. Regulate wells installed after November 1, 1968, within the alluvium and 

valley side terrace deposits downstream of Turkey Creek, unless it is 

determined by the Compact Administration that such regulation would not 

yield any measurable increase in flows at the state line gage. 

At the present time the Compact Administration has found that the regulation of those 

wells will not yield measurable increases in flow at the state line.  Administration for the 

Compact occurred in 2002 and 2003 on the Big Blue River in Nebraska. 

 

Table BB-4.  Stateline flow targets for the Big Blue River. 
Month Target Flow 
May 45 cfs 
June 45 cfs 
July 80 cfs 

August 90 cfs 
September 65 cfs 
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Analyses for the Fully Appropriated Determination  

 

Surface Water Administration 

 

In the 137-year period since the first surface water appropriation was perfected in the 

Basin, there have only been a few recorded instances of surface water administration in 

the administrative record, with the first occurring in 1954.  A summary of water 

administration that occurred between 1985 and 2004 can be found in Table BB-5.  The 

junior surface water appropriations in the Basin above Lincoln Creek had an average of 

57 days in which surface water was available for diversion from July 1 through August 

31 and 148 days in which surface water was available for diversion from May 1 through 

September 30.  The junior surface water appropriations below Lincoln Creek on average 

had 61 days in which surface water was available for diversion from July 1 through 

August 31 and 152 days in which surface water was available for diversion from May 1 

through September 30.  

 

Table BB-5.  Water Administration in the Big Blue River Basin between 1985 and 2004. 

Year Water Body Days 
Closing 

Date 
Opening 

Date 
2000 Turkey Creek 3 Jun 9 Jun 12 
2000 Big Blue River above Lincoln Creek 2 Aug 15 Aug 17 
2001 Big Blue River above Lincoln Creek 1 Aug 14 Aug 15 
2002 Big Blue River above Lincoln Creek 11 Jul 11 Jul 22 
2002 Big Blue River above Lincoln Creek 14 Jul 30 Aug 13 
2002 Big Blue River 8 Aug 5 Aug 13 
2002 North Fork Big Blue River 1 Aug 14 Aug 15 
2003 Big Blue River above Lincoln Creek 49 Jul 16 Sep 3 
2003 Big Blue River 11 Jul 17 Jul 28 
2003 Big Blue River 8 Aug 11 Aug 19 
2004 Big Blue River above Lincoln Creek 16 Aug 3 Aug 19 

 

The senior surface water appropriations that caused administration in the Basin have 

priority date years prior to 1985 (1937, 1966, and 1968 are some of the known dates from 

the administration record), therefore it is not necessary to reconstruct the water 

administration table.  
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Determination of Hydrologically Connected Area 

  

a) Big Blue River 10/50 area 

 

There are four ground water models covering all or portions of the Basin.  Some of these 

models are outdated and all are mentioned here for historical perspective of the modeling 

effort.  In 1965, the USGS created an electric analog model of the Big and Little Blue 

River Basins to determine the effect of ground water withdrawals on the flow of the Big 

and Little Blue Rivers at or near the Nebraska-Kansas state line.  This model is outdated 

and could not be used today to determine the 10/50 area or the impacts of current well 

development.  The 1987 computer model developed by Mohamad Ali Tabidian is not 

useful for the purposes of this report because the model only covers a limited area of the 

Basin.  The 2005 Cooperative Hydrology Study (COHYST) model also is limited in 

aerial extent and is therefore not useful for determining the 10/50 areas for the Basin.  It 

is, however, useful in determining to the 10/50 area for the Platte River and is discussed 

in section b found below.  Another model based on the COHYST model and further 

developed by the UBBNRD is also useful in determining to the 10/50 area for the Platte 

River and is discussed in section b found below.  It does not cover enough of the Basin to 

be used to determine the 10/50 area connected to the Big Blue River and its tributaries. 

 

For those areas of the Basin without a suitable numeric model, the Jenkins method is the 

selected tool for this report.  However, the Jenkins method cannot be used because the 

restrictive and complex nature of the hydrogeology of the glaciated portions of the Basin 

violates the Jenkins methodology assumption that the aquifer consists of homogeneous, 

isotropic materials.  The geology of the western area of the Basin is less complex; 

however, in most areas the principal aquifer is not in hydrologic connection with the 

streams because the water table is lower than the streambed elevation.  Figure BB-25 

shows that in the upper Big Blue drainage only a few small areas are in connection with 

the stream (Bitner, R. J., 2005).  Because of the Jenkins assumptions violations and the 

limited area of stream/aquifer connection, much of the Basin cannot be analyzed using 
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the Jenkins method.  At the present time the Department cannot determine the 10/50 area 

for the Big Blue River and its tributaries. 

 

The alluvial aquifer is known to be in hydrologic connection with the streams in many 

areas of the middle and lower Basin.  However, the hydrogeology of the alluvial area 

violates the Jenkins assumptions that the aquifer is isotropic, homogenous and semi-

infinite in aerial extent.  In particular, the Dakota Sandstone is known to be in contact 

with certain stream reaches which could cause calculated depletions to be greater than 

actual depletions and the presence of boundary conditions within a few miles or less of 

the stream could lead to an underestimate of actual stream depletions.  Given this 

limitation, any Jenkins method calculation of stream depletions could deviate 

significantly from actual depletions.  Datasets are not available to modify the Jenkins 

method to incorporate the effects of image well theory into the analysis which would 

improve the depletions calculations.  Additionally, no data exists that defines the extent 

of the alluvial areas of the Basin.   

 

There is no determination of the 10/50 area due to the hydrogeologic complexities of the 

Basin and lack of sufficient data.  As better and more data become available it may be 

possible to determine areas of the principal aquifer that meet the criteria for determining 

the 10/50 area. 

  

b) Platte River 10/50 Area 

 

The 10/50 area of the Basin, as relating to the Platte River, was determined using the 

Upper Big Blue ground water model developed by the UBBNRD.  It is based on the 

COHYST model. Figure BB-51 shows the 10/50 area along the Platte River. 
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Lag Impacts 

 

a) Current Well Development 

 

Due to the lack of sufficient hydrogeologic data, no lag impacts were calculated for the 

Basin.  The lack of a lag impact calculation is the result of the same factors that limited 

the use of the Jenkins method as described above in the subsection on “Determination of 

Hydrologically Connected Area.”  

 

Even if lag impacts could be calculated, other information suggests that the current well 

development has a minimal effect on the long term streamflow.  Many high capacity 

ground water wells have been completed in the Basin in the last 40 years, but there are no 

large areas of severe ground water decline (more than 10 feet) except for Butler, Clay, 

and Fillmore counties or observed decreases in streamflow that are not primarily due to 

cyclical climatic conditions.  Most high capacity wells have been developed in the 

principal aquifer, outside of the alluvial valleys.     

 

b) Future Well Development 

 

The lag impact calculation of projected future ground water uses was not carried out for 

the same reasons as stated above.  Estimates of the number of high capacity wells that 

would be completed over the next 25 years if no new legal constraints were imposed 

were calculated based on extrapolating the present day rate of increase in well 

development into the future, Figure BB-52.  For the past 20 years, the rate of increase in 

high capacity wells is nearly linear at a rate of 158 wells per year. 

 

Future Surface Water Development and Uses 

 

The number of surface water appropriations in the Basin has grown steadily over the past 

30 years and it appears reasonable to project that that trend will continue into the future, 
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Figure BB-48.  The number of acres permitted for surface water irrigation also has grown 

steadily for the past 30 years, Figure BB-49. 

 

Ability to Satisfy Net Corn Crop Irrigation Requirement 

 

Figure BB-53 shows the net corn crop irrigation requirement for the Basin.  The map 

shows the net corn crop irrigation requirement to range just over 9 inches in the 

northwestern portion of the Basin to less than 7 inches at the southeast corner of the 

Basin.  Assuming a surface water diversion rate equal to 1 cubic foot per second per 70 

acres and a downtime value of 10 percent (see Appendix D); depending on the location in 

the Basin, it takes between 18.6 and 23.9 days annually to divert 65% of the net corn crop 

irrigation requirement from July 1 through August 31 and 24.3 to 31.3 days to divert 85% 

of the net corn crop irrigation requirement from May 1 through September 30 in the 

Basin.   

 

The surface water administration analysis showed an average of at least 57 days in which 

surface water was available for diversion from July 1 through August 31 and an average 

of at least 148 days in which surface water was available for diversion from May 1 

through September 30.   

 

Sufficiency of Surface Water Supply [Nebraska Revised Statutes Section 46-713(3)(a) 

(Reissue 2004)] 

 

The average number of days in which surface water was available for diversion in both 

the July 1 through August 31 and the May 1 through September 30 time frames required 

by Department rule 457 Nebraska Administrative Code (NAC) 24.001.01 exceeds the 

number of days surface water is required to be available pursuant to the rule during those 

same periods.  Because the average annual number of days in which surface water was 

available for diversion far exceed the number of days required (57 available versus 23.9 

needed and 148 available versus 31.3 needed) it is unlikely that the existing level of well 

development will cause flows in the Big Blue River or its tributaries to decrease to the 
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point where they may become fully appropriated without the initiation of additional uses.  

Table BB-6 summarizes the results of comparisons between the number of days surface 

water must be available  to meet the 65% and 85% net corn crop irrigation requirements 

and the number of days in which surface water was available for diversion to the junior 

surface water appropriations.   

 

Table BB-6.  Summary of Comparison Between Net Corn Crop Irrigation Requirement 
and Number of Days Surface Water is Available for Diversion. 

 

Number of Days 
Necessary to 
Meet the 65% 

and 85% of Net 
Corn Crop 
Irrigation 

Requirement 

Average Annual 
Number of Days 
Available to the 
Junior Surface 

Water 
Appropriations 

(1985-2004) 

Average Annual 
Number of Days 

Available in 
2030 with no 

Additional Well 
Development 

Average Annual 
Number of Days 

Available in 
2030 with 

Additional Well 
Development 

July 1 – 
August 31 23.9 

57 
(34.1 days above 
the requirement) 

Not Calculated* Not Calculated* 

May 1- 
September 

30 
31.3 

148 
(116.7 days 
above the 

requirement) 

Not Calculated* Not Calculated* 

* This number was not calculated.  Because the number of days in which surface water 
was available for diversion far exceed the number of days necessary to meet the net corn 
crop irrigation requirement, the final conclusion would not change even with the addition 
of lag impacts from additional wells. 
 

Sufficiency of Streamflow for Ground Water Supply [Nebraska Revised Statutes Section 

46-713(3)(b) (Reissue 2004)] 

 

Since the criteria for Nebraska Revised Statutes Section 46-713(3)(a) were satisfied, the 

conclusion for this section is the same for reasons explained in the report introduction. 

 

Sufficiency of Surface Water Supply for Compliance with Compacts or State Laws 

[Nebraska Revised Statutes Section 46-713(3)(c) (Reissue 2004)]  

 

As discussed previously, Section 46-713(3) requires the Department to make a 

determination that a basin is fully appropriated if current use of hydrologically connected 
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surface water and ground water will create a reduction in the flow of a river sufficient to 

cause Nebraska to be out of compliance with an interstate compact.  The requirements for 

compliance with the Kansas – Nebraska Big Blue River Compact are stated in the 

Surface Water Compact Section of this Basin chapter.  As long as Nebraska administers 

surface and ground water in compliance with the Compact, decreased streamflow, in and 

of itself, will not cause Nebraska to be in noncompliance; therefore, any depletion would 

not cause Nebraska to be in noncompliance.   However, decreased streamflows could 

increase the number of times the state would have to administer to remain in compliance. 

  

The future usable water supply in the Basin may actually improve in the future if water 

can be made available to augment state line flows to meet Compact targets.  A 

cooperative study between the Department, the U.S. Bureau of Reclamation, and the 

Basin NRDs is tentatively planned to examine the value of augmentation water and to 

develop potential criteria for locating reservoirs to store and release augmentation water. 

 

Future Development of Surface and Ground Water [Nebraska Revised Statutes Section 

42-713(1)(b) (Reissue 2004)] 

 

Given the rate of registered ground water well and surface water appropriation 

development, the conclusion that the Basin is not fully appropriated would not change 

even if no additional legal constraints were placed on development and a reasonable 

projection of a continuation of the current trend of well development of the last 20 years 

is used. 

 

Conclusions 

 

There is no evidence that current ground water depletions to streamflow in the Basin are 

affecting surface water users sufficiently to meet the criteria for being fully appropriated 

as found in Department rule 457 NAC 24.001.01 when compared to the amount of 

surface water available at the present time.  
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There is not sufficient data available at this time to determine the lag impact over the next 

25 years; however, due to the fact that the number of days in which surface water was 

available for diversion far exceeds the number of days required to meet the net corn crop 

irrigation requirements, it is unlikely that any lag impact could sufficiently affect the 

streamflow to lower the number of days in which surface water was available for 

diversion below the criteria for being fully appropriated as found in Department rule 457 

NAC 24.001.01. 

 

Based upon available information and its evaluation, the Department has reached a 

determination that the Basin is not fully appropriated except for those areas where the 

ground water is hydrologically connected to the Platte River (See Upper Platte River 

Basin Chapter).  The Department has also determined that even if no additional legal 

constraints are imposed on future development of hydrologically connected surface water 

and ground water and reasonable projections are made about the extent and location of 

future development, this conclusion would not change.  
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Little Blue River Basin 

 

The Little Blue River in Nebraska is located in south-central Nebraska and flows into 

Kansas where it becomes a tributary of the Big Blue River, Figure LB-1.  The major 

tributary to the Little Blue River in Nebraska is Big Sandy Creek, Figure LB-2.   The 

total area of the Little Blue River Basin (Basin) in Nebraska is approximately 2,500 

square miles and includes all of Thayer County and portions of Adams, Clay, Fillmore, 

Franklin, Jefferson, Kearney, Nuckolls, Saline, and Webster counties.  County seats in 

the Basin include Clay Center, Fairbury, Hastings, Hebron, Minden, and Nelson. 

 

Sources of Water 

 

Precipitation 

 

Annual and growing season (May 1 through September 30) precipitation charts for gage 

sites in Clay Center, Fairbury, Hastings, Hebron, and Nelson are shown on Figures LB-3 

through LB-12.  The average annual precipitation ranges from 24.9 inches at Minden in 

the northwest corner of the Basin to 30.5 inches at Fairbury in the southeast corner of the 

Basin.  The average growing season precipitation ranges from 17.2 inches at Minden to 

20.3 inches at Fairbury.  Locations of the precipitation gages can be seen in Figure LB-

13. 

 

Ground Water 

 

The hydrogeology of the Basin is complex due to its glacial origin (in the extreme eastern 

end) and the influence of recent (Pleistocene) sediments.  The extreme eastern part of the 

Basin has been glaciated, Figure LB-14 (CSD 2005).  For purposes of this report, all 

saturated unconsolidated sediments of Quaternary age above bedrock inclusive of the 

paleovalley alluvial aquifers and those small areas of bedrock Tertiary Ogallala Group 

were combined into the principal aquifer unit for the Basin.  Secondary aquifers are made 

up of the remaining bedrock aquifers.  Tables LB-1 and LB-2 list the aquifers by age with 
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the important hydrogeologic characteristics.  The bedrock aquifers range in age from 

Tertiary to Permian, Figure LB-15.  The bedrock aquifers supply a small amount of water 

compared to the other aquifers, but are an important source locally (CSD, 2005).  The 

bedrock aquifers generally are not in hydrologic connection with the streams in the Basin. 

 

The principal aquifer varies in saturated thickness from 0 to approximately 400 feet, 

Figure LB-16.  Depth to water from the land surface varies from 0 to more than 200 feet, 

Figure LB-17 (CSD 2005).  Transmissivity values range from less than 20,000 gallons 

per day per foot (gal/day/ft) to more than 300,000 gal/day/ft.  Most areas of the Basin 

have high transmissivity values, exceeding 50,000 gal/day/ft where mapped, Figure LB-

18.  Areas of higher transmissivity are generally related to the Pleistocene age aquifers.  

Specific yield ranges from less than 5 to greater than 25 percent, Figure LB-19.  The 

principal aquifer is generally unconfined and in hydrologic connection with the streams 

(CSD 2005).  The ground water table, Figure LB-20, reflects the regional nature of the 

ground water table in the western end, the gaining nature of the streams in the central 

portion, and the complexity of the glaciated area at the eastern edge of the Basin.  Ground 

water tends to move from the uplands to the streams; however, the ground water contour 

map should not be taken as an expression of hydrologic connection (CSD 2005).   

 

Ground Water Use 

 

Ground water in the Basin is used for a variety of purposes: domestic, industrial, 

livestock, irrigation, and others.  There are 7,852 registered ground water wells within the 

Basin as of October 1, 2005 (Department registered ground water wells database).  Not 

all wells are registered in the Department database, especially stock and domestic wells, 

which if drilled prior to 1993 are not required to be registered.  Certain dewatering and 

other temporary wells are not required to be registered.  Irrigation is the largest consumer 

of ground water, with approximately 850,000 acres being supplied with water from 

approximately 7,000 wells as of October 1, 2005 (Department registered ground water 

wells database).  
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Ground water development is limited within the Basin by the geology of the area.  Figure 

LB-21 illustrates the location of depletive ground water wells.  The areal extent of those 

wells indicates where ground water has been beneficially developed.  In the east end of 

the Basin, wells are mostly found in the paleovalleys and alluvial aquifers.  The western 

and central sections of the Basin show the broad extent of the principal aquifer and 

irrigation suitability of the overlying lands.  The western part of the Basin lies over the 

principal aquifer, but development is limited to only those lands suitable to irrigation.  

Ground water development analyzed by comparison of completion dates has shown that 

development of high capacity wells (depletive wells capable of pumping more than 50 

gallons per minute) has been steadily increasing with accelerated increases during the 

years 1967 through 1983 and 1994 to the present, Figures, LB-22, LB-23, and LB-24. 

Table LB-3 shows the estimated average irrigated acreage by county within the Basin 

between 1950 and 2003.  The increase in the number of other depletive wells seen in 

Figures LB-23 and LB-24 after 1993 is attributed to revision of the well registration 

statute in 1993. 

  

Changes in Ground Water Table Elevation 

 

Figure LB-25 is a map made from a compilation of all ground water elevations reported 

to the Conservation and Survey Division of the University of Nebraska-Lincoln in 

cooperation with the U.S. Geological Survey and the Natural Resources Districts.  It 

shows a large area in the north half of the Basin, including large parts of Adams, Clay, 

Fillmore, Nuckolls and Thayer counties, with a decline of up to 30 feet in ground water 

table elevations from predevelopment through the spring of 2005.  This area is adjacent 

to a similar area of decline in the Big Blue River Basin.  An additional area showing 

ground water table elevation declines includes part of southern Thayer County.  There is 

a large area of ground water table elevation increases in central Kearney County.  Figure 

LB-26 is the location map for selected ground water hydrographs across the Basin.  

Figures LB-27 through LB-32 are hydrographs (USGS 2005) which give a representative 

change in ground water table elevations for the particular area.  Where possible a graph 

of a continuous recorder site is used.   
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Ground Water Management 

 

The Basin primarily encompasses portions of two Natural Resources Districts (NRDs), 

the Little Blue NRD (LBNRD) and the Tri-Basin NRD (TBNRD). 

 

The LBNRD and the TBNRD have each established a ground water management area 

(GWMA) for quality and quantity purposes.  As part of the GWMA requirements in each 

of these NRDs, permits are required prior to the construction of wells pumping greater 

than 50 gallons per minute (gpm).  The TBNRD, as part of the requirements in the 

quantity GWMA, has spacing restrictions more stringent than state statute for wells 

pumping in excess of 1,000 gpm, requires all new wells pumping greater than 50 gpm to 

install flow meters and report annual use, and requires TBNRD approval for transfers of 

ground water within or outside of the TBNRD.  The TBNRD is currently in the process 

of certifying all irrigated acres within the TBNRD. 

 

Surface Water 

 

Hydrographs from five surface water gages in the Basin are included in this report, 

Figures LB-33 through LB-37.  They are Big Sandy Creek at Alexandria, Little Blue 

River at Deweese, Little Blue River near Alexandria, Little Blue River near Fairbury, and 

Little Blue River at Hollenberg, Kansas, Figure LB-38.  Streamflow in the Basin is 

primarily driven by precipitation and generally follows the annual variations in 

precipitation.   

 

Surface Water Use  

 

As of October 1, 2005, there are approximately 650 surface water appropriations in the 

Basin for a variety of uses.  The majority of the surface water appropriations are for 

irrigation use and they tend to be located on the major streams.  There are no instream 

flow appropriations in the Basin.  The first surface water appropriations in the Basin were 

permitted in 1927 and development has continued through present day.  The largest 
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period of development occurred in the 1970’s, Figure LB-39 and Figure LB-40.  The 

approximate locations of the surface water irrigated acres are shown in Figure LB-41.  

Information on specific appropriations is available in the Department’s biennial report.  

Information on categories of use can be found in Appendix H. 

 

Surface Water Compact 

 

The State of Nebraska is a signatory member of the Kansas – Nebraska Big Blue River 

Compact (Compact).  The purposes of the Compact are:  To promote interstate comity, to 

achieve an equitable apportionment of the waters of the Big Blue River Basin, to 

encourage continuation of the active pollution-abatement programs in each of the two 

states and to seek further reduction in pollution of the waters of the Big Blue River Basin.   

 

The Compact sets state line flow targets from May 1 through September 30.   The targets 

for the Little Blue River are shown in Table LB-4 and are measured at the Little Blue 

River gage at Hollenberg.  If the targets are not met, the State of Nebraska is required to: 

1. Limit surface water diversions by natural flow appropriators to their decreed 

appropriations, 

2. Close natural flow appropriators with priority dates junior to November 1, 

1968 in accordance with the doctrine of priority, 

3. Ensure that no illegal surface water diversions are taking place, and 

4. Regulate wells installed after November 1, 1968, within the alluvium and 

valley side terrace deposits downstream of Walnut Creek, unless it is 

determined by the Compact Administration that such regulation would not 

yield any measurable increase in flows at the state line gage. 

At the present time the Compact Administration has found that the regulation of those 

wells will not yield measurable increases in flow at the state line.  Administration for the 

Compact occurred in 1988, 1991, 2002 and 2004 on the Little Blue River in Nebraska. 
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Table LB-4.  State line flow targets for the Little Blue River. 
Month Target Flow 
May 45 cfs 
June 45 cfs 
July 75 cfs 

August 80 cfs 
September 60 cfs 

 

Analyses for the Fully Appropriated Determination  

 

Surface Water Administration 

 

In the 78-year period since the first surface water appropriation was perfected in the 

Basin, there have only been a few recorded instances of surface water administration in 

the administrative record, with the first occurring in 1978.  A summary of water 

administration that occurred between 1985 and 2004 can be found in Table LB-5.  The 

junior surface water appropriations in the Basin on Rose Creek had an average of 57 days 

in which surface water was available for diversion from July 1 through August 31 and 

144 days in which surface water was available for diversion from May 1 through 

September 30.  The junior surface water appropriations in the rest of the Basin on average 

had 59 days in which surface water was available for diversion from July 1 through 

August 31 and 146 days in which surface water was available for diversion from May 1 

through September 30. 

 

Table LB-5.  Water Administration in the Little Blue River Basin between 1985 and 
2004. 

Year Water Body Days 
Closing 

Date 
Opening 

Date 
1988 Little Blue River 50 Aug 11 Sep 30 
1989 Rose Creek 4   
1991 Little Blue River 45 Aug 16 Sep 30 
1991 Rose Creek 94 Jun 28 Sep 30 
2002 Little Blue River 11 Jul 18 Jul 29 
2002 Little Blue River 13 Aug 6 Aug 19 
2002 Little Blue River 7 Sep 9 Sep 16 
2004 Little Blue River 10 Sep 13 Sep 23 
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The senior surface water appropriations that caused administration in the Basin have 

priority date years prior to 1985 (1968 is the known date from the administration record); 

therefore it is not necessary to reconstruct the water administration table.  

 

Determination of Hydrologically Connected Area 

 

The 10/50 area for the Basin was determined from the results of the MODFLOW ground 

water model developed by the Upper Big Blue NRD, Figure LB-42.  This model was 

developed from the COHYST models developed for the Platte River and the surrounding 

area.  Documentation on how the model was developed and used for this determination is 

in Appendix E.  

 

Lag Impacts 

 

a) Current Well Development 

 

Even though a MODFLOW ground water model was available to determine the 10/50 

area; it did not provide data on the lag impacts from ground water wells.  In the western 

half of the Little Blue River Basin no sufficient transmissivity or specific yield data are 

available on a regional basis.  Because of the lack of sufficient data, lag impacts from 

pumping ground water wells could not be determined using the Jenkins method at this 

time. 

 

b) Future Well Development 

 

The future well development lag impact calculation was not carried out for the same 

reasons as stated above.  Estimates of the number of high capacity wells that would be 

completed over the next 25 years if no new legal constraints were imposed on the 

construction of such wells were calculated based on extrapolating the present day rate of 

increase in well development into the future, Figure LB-43.  For the past 20 years, the 

rate of increase in high capacity wells is nearly linear at a rate of 103 wells per year. 
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Future Surface Water Development and Uses 

 

The number of surface water appropriations in the Basin has grown steadily over the past 

30 years and it appears reasonable to project that that trend will continue into the future, 

Figure LB-39.  The number of acres permitted for surface water irrigation also has grown 

steadily for the past 30 years, Figure LB-40. 

 

Ability to Satisfy Net Corn Crop Irrigation Requirement 

 

Figure LB-44 shows the net corn crop irrigation requirement for the Basin.  The map 

shows the net corn crop irrigation requirement to range from 10.0 inches in the northwest 

portion of the Basin to less than 7.0 inches at the southeast corner of the Basin.  

Assuming a surface water diversion rate equal to 1 cubic foot per second per 70 acres and 

a downtime value of 10 percent; depending on the location in the Basin, it takes between 

18.6 and 26.6 days annually to divert 65% of the net corn crop irrigation requirement 

from July 1 through August 31 and 24.3 to 34.7 days to divert 85% of the net corn crop 

irrigation requirement from May 1 through September 30.   

 

The surface water administration analysis showed an average of at least 57 days in which 

surface water was available for diversion from July 1 through August 31 and an average 

of at least 144 days in which surface water was available for diversion from May 1 

through September 30. 

 

Sufficiency of Surface Water Supply [Nebraska Revised Statutes Section 46-713(3)(a) 

(Reissue 2004)] 

 

The average number of days in which surface water was available for diversion in both 

the July 1 through August 31 and the May 1 through September 30 time frames required 

by Department rule 457 Nebraska Administrative Code (NAC) 24.001.01 exceeds the 

number of days surface water is required to be available pursuant to the rule during those 

same periods.  Because the average annual number of days in which surface water was 
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available for diversion far exceed the number of days required (57 available versus 23.9 

needed and 144 available versus 31.3 needed) it is unlikely that the existing level of well 

development will cause flows in the Little Blue River or its tributaries to fall to the point 

where they may become fully appropriated without the initiation of additional uses.  

Table LB-6 summarizes the results of comparisons between the number of days surface 

water must be available  to meet the 65% and 85% net corn crop irrigation requirements 

and the number of days in which surface water was available for diversion to the junior 

surface water appropriations.   

 

Table LB-6.  Summary of Comparison Between Net Corn Crop Irrigation Requirement 
and Number of Days Surface Water is Available for Diversion. 

 

Number of Days 
Necessary to 
Meet the 65% 

and 85% of Net 
Corn Crop 
Irrigation 

Requirement 

Average Annual 
Number of Days 
Available to the 
Junior Surface 

Water 
Appropriations 

(1985-2004) 

Average Annual 
Number of Days 

Available in 
2030 with no 

Additional Well 
Development 

Average Annual 
Number of Days 

Available in 
2030 with 

Additional Well 
Development 

July 1 – 
August 31 26.6 

57 
(30.4 days above 
the requirement) 

Not Calculated* Not Calculated* 

May 1 – 
September 

30 
34.7 

144 
(109.3 days 
above the 

requirement) 

Not Calculated* Not Calculated* 

* This number was not calculated.  Because the number of days in which surface water 
was available for diversion far exceed the number of days necessary to meet the net corn 
crop irrigation requirement, the final conclusion would not change even with the addition 
of lag impacts from additional wells. 
 

Sufficiency of Streamflow for Ground Water Supply [Nebraska Revised Statutes Section 

46-713(3)(b) (Reissue 2004)] 

 

Since the criteria for Nebraska Revised Statutes Section 46-713(3)(a) were satisfied, the 

conclusion for this section is the same for reasons explained in the report introduction. 
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Sufficiency of Surface Water Supply for Compliance with Compacts or State Laws 

[Nebraska Revised Statutes Section 46-713(3)(c) (Reissue 2004)]  

 

As discussed previously, Section 46-713(3) requires the Department to make a 

determination that a basin is fully appropriated if current use of hydrologically connected 

surface water and ground water will create a reduction in the flow of a river sufficient to 

cause Nebraska to be out of compliance with an interstate compact.  The requirements for 

compliance with the Kansas – Nebraska Big Blue River Compact are stated in the surface 

water compact section of this Basin chapter.  As long as Nebraska administers surface 

and ground water in compliance with the Compact, decreased streamflow, in and of itself, 

will not cause Nebraska to be in noncompliance; therefore, any depletion would not cause 

Nebraska to be in noncompliance.   However, decreased streamflows could increase the 

number of times the state would have to administer to remain in compliance. 

  

The future usable water supply in the Basin may actually improve in the future if water 

can be made available to augment state line flows to meet Compact targets.  A 

cooperative study between the Department, the U.S. Bureau of Reclamation, and the 

Basin NRDs is tentatively planned to examine the value of augmentation water and to 

develop potential criteria for locating reservoirs to store and release augmentation water. 

 

Future Development of Surface and Ground Water [Nebraska Revised Statutes Section 

42-713(1)(b) (Reissue 2004)] 

 

Given the rate of registered ground water well and surface water appropriation 

development, the conclusion that the Basin is not fully appropriated would not change 

even if no additional legal constraints were placed on development and a reasonable 

projection of a continuation of the current trend of well development of the last 20 years 

is used. 
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Conclusions 

 

There is no evidence that current ground water depletions to streamflow in the Basin are 

affecting surface water users sufficiently to meet the criteria for being fully appropriated 

as found in Department rule 457 NAC 24.001.01 when compared to the amount of 

surface water available at the present time.  

 

There is not sufficient data available at this time to determine the lag impact over the next 

25 years; however, due to the fact that the number of days in which surface water was 

available for diversion far exceeds the number of days required to meet the net corn crop 

irrigation requirements, it is unlikely that any lag impact could sufficiently affect the 

streamflow to lower the number of days in which surface water was available for 

diversion below the criteria for being fully appropriated as found in Department rule 457 

NAC 24.001.01. 

 

Based upon available information and its evaluation, the Department has reached a 

determination that the Basin is not fully appropriated.  The Department has also 

determined that even if no additional legal constraints are imposed on future development 

of hydrologically connected surface water and ground water and reasonable projections 

are made about the extent and location of future development, this conclusion would not 

change.   
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Figure LB-3.  Annual Precipitation at Clay Center, Nebraska. 
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Figure LB-4.  Growing Season (May-September) Precipitation at Clay Center, Nebraska. 
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Figure LB-5.  Annual Precipitation at Fairbury, Nebraska. 
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Figure LB-6.  Growing Season (May-September) Precipitation at Fairbury, Nebraska. 
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Figure LB-7.  Annual Precipitation at Hastings, Nebraska. 
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Figure LB-8.  Growing Season (May-September) Precipitation at Hastings, Nebraska. 
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Figure LB-9.  Annual Precipitation at Hebron, Nebraska. 
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Figure LB-10.  Growing Season (May-September) Precipitation at Hebron, Nebraska. 
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Figure LB-11.  Annual Precipitation at Nelson, Nebraska. 
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Figure LB-12  Growing Season (May-September) Precipitation at Nelson, Nebraska. 
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Table LB-1 – Aquifers in unconsolidated surficial deposits (modified from Keech and Dreeszen, 1959, 

1968)

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

LB-22

Undifferentiated

fluvial and 

terrace deposits, 

Todd Valley 

sand.

Clay, silt, sand and fine 

gravel; underlies valley-side 

terraces and valley floor of 

drainage courses.  Sand and 

gravel valley and terrace 

deposits, mostly along stream 

valleys.

30

Generally saturated, 

wells yield water at a 

moderate rate. 

Crete Formation, 

Undifferentiated

fluvial, lacustrine 

and eolian 

deposits.

Sand and gravel channel-fill 

deposits.  Silt, sand and gravel 

restricted to broad valleys. 130

Generally saturated 

where thick and coarse 

textured, wells yield 

water at a high rate. 

Sappa Formation 

Stratified deposits of silt, clay 

sand and gravel. 60

Sand lenses yield water 

at a slow rate in wells. 

Grand Island 

Formation 

Stream deposited sand and 

gravel with a persistent 

aqueous-eolian deposited silt 

and clay layer. 

200

Yields abundant water 

to wells. 

Quaternary

Red Cloud sand 

and gravel and 

Holdrege

Formation 

Undifferentiated

Stream deposited sand and 

gravel with non-persistant silt 

and clay, probably of 

aqueous-eolian origin. 

200

Yields abundant water 

to wells. 



Table LB-2 – Characteristics of bedrock aquifers (modified from Keech and Dreeszen, 1959, 1968; 

LBNRD, 1995) 

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

LB-23

Tertiary Ogallala Group 

Silt, sandy and clayey silt 

with lenses of sand and 

gravels, partly calcareous. 
<100

Only used as a 

secondary aquifer, used 

mostly for stock and 

domestic wells. 

Niobrara

Formation 

Chalky shale, weathered in 

parts. 380

Yields water to wells at 

a moderate rate where 

creviced.

Greenhorn-

Graneros

Formations 

(Undifferentiated)

The Graneros is non-

calaceous shale with thin 

limestone layer in the upper 

part.  The Greenhorn is 

limestone to shaley 

limestone. 

100

Not known to be a 

major source of water to 

wells, but some stock 

and domestic wells may 

get water from joints in 

the Greenhorn 

Limestone. 

Cretaceous 

Dakota

Sandstone

Interbedded clay shale, sandy 

shale and sandstone. 

600

Moderately to highly 

mineralized water, 

salinity appears to 

increase with depth.

Sandstone layers yield 

water at a moderate rate 

to wells. 

Permian 

Undifferentiated

limestone and 

shales

Interbedded limestone and 

shales.

700

Limestone used as 

minor aquifers, yields 

water to wells where 

secondary porosity has 

developed.
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Adams County, Nebraska 

Hydrologic Unit Code 10270206 

Latitude 40°29'10", Longitude 98°35'21" NAD27 

Land-surface elevation 1,980. feet above sea level NGVD29 

The depth of the well is 210 feet below land surface. 

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure LB-27 (T 06N R 01W Section 17) 
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Adams County, Nebraska 

Hydrologic Unit Code 10270206 

Latitude 40°34'03", Longitude 98°24'40" NAD27 

Land-surface elevation 1,927. feet above sea level NGVD29 

The depth of the well is 155 feet below land surface. 

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure LB-28 (T 07N R 10W Section 23) 
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Clay County, Nebraska 

Hydrologic Unit Code 10270206 

Latitude 40°28'06", Longitude 98°13'25" NAD27 

Land-surface elevation 1,800. feet above sea level NGVD29 

The depth of the well is 205 feet below land surface. 

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure LB-29 (T 06N R 08W Section 21) 

LB-39



Clay County, Nebraska 

Hydrologic Unit Code 10270203 

Latitude 40°39'10", Longitude 98°05'14" NAD27 

Land-surface elevation 1,812. feet above sea level NGVD29 

The depth of the well is 206 feet below land surface. 

This well is completed in the This well is completed in the 

QUATERNARY SAND AND GRAVEL DEPOSITS

(112SDGV) local aquifer.

Figure LB-30 (T 08N R 07W Section 23) 
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Fillmore County, Nebraska 

Hydrologic Unit Code 10270206 

Latitude 40°25'04", Longitude 97°43'22" NAD27 

Land-surface elevation 1,651. feet above sea level NGVD29 

The depth of the well is 260 feet below land surface.

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure LB-31 (T 05N R 04W Section 12)
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Thayer County, Nebraska 

Hydrologic Unit Code 10270206 

Latitude 40°15'37", Longitude 97°43'41" NAD27 

Land-surface elevation 1,605.00 feet above sea level NGVD29 

The depth of the well is 195 feet below land surface. 

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure LB-32 (T 03N R 04W Section 02) 
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Figure LB-33.  Annual Flows, Big Sandy Creek at Alexandria. 
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Figure LB-34.  Annual Flows, Little Blue River at Deweese. 
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Figure LB-35.  Annual Flows, Little Blue River at Alexandria. 
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Figure LB-36.  Annual Flows, Little Blue River near Fairbury. 
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Figure LB-37.  Annual Flows, Little Blue River at Hollenberg, Kansas. 
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Figure LB-43.   Historic High Capacity Well Development in the Little Blue River Basin.  

Source:  DNR Registered Ground Water Well Database 
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 E-1

Elkhorn River Basin 

 

The Elkhorn River is located in northeast and north-central Nebraska and flows in a 

southeasterly direction until its confluence with the Platte River near Gretna, Figure E-1.  

Major tributaries to the Elkhorn River include the South and North Forks of the Elkhorn 

River, and Logan and Maple Creeks, Figure E-2.  The total area of the Elkhorn River 

Basin (Basin) is approximately 7,000 square miles and includes all of Cuming, Stanton, 

and Wayne counties and portions of Antelope, Boone, Brown, Burt, Cedar, Colfax, 

Dakota, Dixon, Dodge, Douglas, Garfield, Holt, Knox, Madison, Pierce, Platte, Rock, 

Sarpy, Thurston, Washington, and Wheeler counties.  County seats in the Basin include 

Basset, Fremont, Madison, Neligh, O’Neill, Pender, Pierce, Stanton, Wayne, and West 

Point. 

 

Sources of Water 

 

Precipitation 

 

Annual and growing season (May 1 through September 30) precipitation charts for gage 

sites in Newport, Norfolk, O’Neill, Wayne and West Point are shown on Figures E-3 

through E-12.  The average annual precipitation ranges from 23.4 inches at O’Neill in the 

northwestern portion of the Basin to 29.9 inches at Fremont in the southeastern corner of 

the Basin.  The average growing season precipitation ranges from 11.9 inches at O’Neill 

to 15.2 inches at Fremont.  Locations of the precipitation gages can be seen in Figure E-

13. 

 

Ground Water 

 

The hydrogeology of the Basin is complex due to the wide range of depositional 

environments from eolian in the west to glacial in the east.  Nearly 40 percent of the 

Basin has been glaciated, Figure E-14.  For purposes of this report, all saturated 

unconsolidated sediments of Quaternary age above bedrock inclusive of the paleovalley 
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alluvial aquifers with hydrologic connection, the alluvial and the shallow aquifers, and 

the bedrock Tertiary Ogallala Group are combined into the principal aquifer unit for the 

Basin.  Secondary aquifers are made up of the remaining bedrock aquifers.  Tables E-1 

and E-2 list the aquifers by age with the important hydrogeologic characteristics.  The 

bedrock aquifers range in age from Tertiary to Cretaceous, Figure E-15.  The bedrock 

aquifers supply a small amount of water compared to the other aquifers but are an 

important source locally (CSD, 2005).  They generally are not in hydrologic connection 

with the streams in the Basin. 

 

The principal aquifer varies in saturated thickness from 0 to approximately 800 feet, 

Figure E-16.  Depth to water from the land surface varies from 0 to more than 200 feet, 

Figure E-17 (CSD 2005).  Transmissivity values range from less than 20,000 gallons per 

day per foot (gal/day/ft) to more than 250,000 gal/day/ft.  Most areas of the eastern part 

of the Basin have transmissivity values of less than 20,000 gal/day/ft, Figure E-18.  Areas 

of higher transmissivity are generally related to the paleovalley alluvial aquifers or in the 

western half of the Basin where the Tertiary Ogallala Group makes up a large part of the 

principal aquifer.  Specific yield ranges from less than 5 to greater than 20 percent, 

Figure E-19.  The western and central parts of the Basin exclusive of the glaciated area 

are in hydrologic connection with the stream and are unconfined in nature.  The eastern 

part of the Basin is complicated due to its glaciated nature and the principal aquifer does 

not always have hydrologic connection with the streams (with the exception of the 

alluvial aquifers) (CSD 2005).  The ground water table, Figure E-20, reflects a normal 

gaining stream pattern in the west and central areas and the complicated nature of the 

glaciated area in the east.  Ground water tends to move from the uplands to the streams; 

however, the ground water contour map should not be taken as an expression of 

hydrologic connection in the glaciated area (CSD 2005).   

 

Ground Water Use 

 

Ground water in the Basin is used for a variety of purposes: domestic, industrial, 

livestock, irrigation, and others.  There are 12,441 registered ground water wells within 
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the Basin as of October 1, 2005 (Department registered ground water wells database).  

Not all wells are registered in the Department database, especially stock and domestic 

wells, which if drilled prior to 1993 are not required to be registered.  Certain dewatering 

and other temporary wells are not required to be registered.  Irrigation is the largest 

consumer of ground water, with approximately 1,100,000 acres being supplied with water 

from approximately 8,400 wells as of October 1, 2005 (Department registered ground 

water wells database).  

 

Ground water development is limited within the Basin by the geology of the area.  Figure 

E-21 illustrates the location of depletive ground water wells.  The areal extent of those 

wells indicates where ground water has been beneficially developed.  In the east end of 

the Basin, wells are mostly found in the paleovalleys and alluvial aquifers.  The central 

section of the Basin shows the broad extent of the principal aquifer and irrigation 

suitability of the overlying lands.  The western end of the Basin lies over the principal 

aquifer, but development is limited to lands suitable to irrigation.  Ground water 

development analyzed by comparison of completion dates has shown that development of 

high capacity wells (depletive wells capable of pumping more than 50 gallons per 

minute) has been steadily increasing with accelerated increases during the years 1967 

through 1983 and 1994 to the present, Figures E-22, E-23, and E-24. Table E-3 shows the 

estimated average irrigated acreage by county within the Basin between 1950 and 2003.  

The increase in the number of other depletive wells seen in Figures E-23 and E-24 after 

1993 is attributed to revision of the well registration statute in 1993. 

 

Changes in Ground Water Table Elevation 

 

Figure E-25 is a map made from a compilation of all ground water elevations reported to 

the Conservation and Survey Division of the University of Nebraska-Lincoln in 

cooperation with the U.S. Geological Survey and the Natural Resources Districts.  It 

shows a small area in northern Holt County with a decline of up to 20 feet in ground 

water table elevations from predevelopment through the spring of 2005.  This area is 

adjacent to a similar area of decline in the Niobrara River Basin.  Additional areas of 
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declines include parts of central Burt, northern Pierce, central Stanton, northwest Cuming 

and north-central Colfax counties.  There is a large area of ground water table elevation 

increase in southwest Madison County.  Figure E-26 is the location map for selected 

ground water hydrographs across the Basin.  Figures E-27 through E-33 are hydrographs 

(USGS 2005) which give a representative change in ground water table elevations for the 

particular area.  Where possible a graph of a continuous recorder site is used.   

 

Ground Water Management 

 

The Basin primarily encompasses portions of two Natural Resources Districts (NRDs):  

the Upper Elkhorn NRD (UENRD) and the Lower Elkhorn NRD (LENRD). 

 

The UENRD and the LENRD have each established a ground water management area 

(GWMA) for quality purposes.  As part of the GWMA requirements in each of these 

NRDs, permits are required prior to the construction of wells pumping greater than 50 

gallons per minute (gpm). 

 

Surface Water 

 

Hydrographs from fourteen surface water gages in the Basin are included in this report, 

Figures E-34 through E-47.  They are South Fork of the Elkhorn River at Ewing, Willow 

Creek near Foster, North Fork of the Elkhorn River near Pierce, Union Creek at Madison, 

Pebble Creek at Scribner, Maple Creek near Nickerson, Logan Creek at Pender, Logan 

Creek near Uehling, Elkhorn River near Atkinson, Elkhorn River at Ewing, Elkhorn 

River at Neligh, Elkhorn River at Norfolk, Elkhorn River at West Point, and Elkhorn 

River at Waterloo, Figure E-48.  Streamflow in the Basin is driven by ground water 

discharge as baseflow to the streams and by precipitation.   
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Surface Water Use  

 

As of October 1, 2005, there are approximately 550 surface water appropriations in the 

Basin issued for a variety of uses.  The majority of the surface water appropriations are 

for irrigation and they tend to be located on the major streams.  There are no instream 

flow appropriations in the Basin, but the instream flow appropriations on the Platte River 

below its confluence with the Elkhorn River have a major impact on administration in the 

Basin.  The first surface water appropriations in the Basin were permitted in the 1890’s 

and development has continued through present day.  The largest period of development 

occurred between 1974 and 1977, Figure E-49 and Figure E-50.  Figure E-51 shows the 

approximate locations of permitted surface water diversions in the Basin.  Information on 

specific surface water appropriations is available in the Department’s biennial report.  

Information on categories of use can be found in Appendix H. 

 

Analyses for the Fully Appropriated Determination 

 

Surface Water Administration 

 

In the 115-year period since the first surface water appropriation was perfected in the 

Basin, there have only been a few recorded instances of surface water administration in 

the administrative record, with the first occurring after 1970.  The amount of surface 

water administration in the Basin has increased significantly since 1998, when the 

instream flow appropriations were granted.  Table E-4 shows the occurrences of water 

administration between 1985 and 2004.  The junior surface water appropriations in the 

Basin had an average of 53.0 days in which surface water was available for diversion 

from July 1 through August 31 and 137 days in which surface water was available for 

diversion from May 1 through September 30.   
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Table E-4.  Water Administration in the Elkhorn River Basin between 1985 and 2004. 

Year Water Body Days 
Closing 

Date 
Opening 

Date 
1990 Willow Creek 14 Aug 17 Aug 31 
1991 Taylor Creek 4 Jul 30 Aug 3 
1991 Taylor Creek 3 Aug 23 Aug 26 
1991 Taylor Creek 7 Aug 28 Sep 4 
1991 Union Creek 7 Aug 28 Sep 4 
2000 Elkhorn Basin 53 Aug 8 Sep 30 
2001 Elkhorn Basin 11 Aug 7 Aug 18 
2002 Elkhorn Basin 6 Jun 6 Jun 12 
2002 Elkhorn Basin 59 Jun 25 Aug 23 
2002 Elkhorn Basin 4 Aug 27 Aug 31 
2002 Elkhorn Basin 24 Sep 6 Sep 30 
2003 Elkhorn Basin 66 Jul 14 Sep 18 
2004 Elkhorn Basin 13 May 6 May 19 
2004 Elkhorn Basin 7 Jun 29 Jul 6 
2004 Elkhorn Basin 58 Jul 27 Sep 23 

 

There is a senior surface water appropriation that has caused administration in the Basin 

has a priority date year of 1993, therefore it is necessary to reconstruct the water 

administration table pursuant to the methodology in Appendix D, Table E-5.  Pursuant to 

the reconstructed table, there were an average of 39.2 days in which surface water was 

available for diversion from July 1 through August 31 and 115.4 days in which surface 

water was available for diversion from May 1 through September 30.   
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Table E-5.  Reconstructed Water Administration Table, Elkhorn River Basin, 1985 - 
2004 

Year 

July 1 though August 31 
Number of Days Available 

for Surface Water Diversion 

May 1 through September 30 
Number of Days Available for 

Surface Water Diversion 
1985 49 135 
1986 62 153 
1987 48 139 
1988 10 69 
1989 15 49 
1990 18 79 
1991 10 71 
1992 62 153 
1993 62 153 
1994 59 149 
1995 53 144 
1996 62 153 
1997 43 134 
1998 62 153 
1999 62 153 
2000 35 97 
2001 34 118 
2002 5 51 
2003 11 77 
2004 22 78 

Average 39.2 115.4 
 

Determination of Hydrologically Connected Area 

 

No sufficient numeric ground water model is available in the Elkhorn River Basin to 

determine the 10/50 area or the lag impact of ground water wells. 

 

The 10/50 area was determined using the Jenkins methodology as explained in Appendix 

D.  Figure E-52 shows the extent of the area considered to be hydrologically connected in 

accordance with Department rule 457 NAC 24.001.02 (Appendix A).   
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Lag Impacts 

 

a) Current Well Development 

 

The lag impact was computed using the Jenkins methodology documented in Appendix 

D.  The results show that an additional 40 cubic feet per second (cfs) of daily depletion 

can be expected from the Basin due to the effect of lag impact from existing wells.  The 

total calculated future depletion at Louisville includes the future depletion from the Loup 

River Basin (see Loup River Basin Chapter), Elkhorn River Basin, and the Platte River 

(see Lower Platte River Basin Chapter).  The sum of those depletions results in a total 

depletion in the year 2030 of 310 cfs daily if there is no well development.   

 

The results found by comparing the senior surface water appropriation with the depleted 

daily flows (see methodology in Appendix D) show that in the future the average annual 

number of days in which surface water will be available for diversion to the junior 

surface water appropriations in the Basin will be 36.8 days from July 1 through August 

31 and 111.9 days from May 1 through September 30 (Table E-6). 
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Table E-6.  Water Administration Table with Current Ground Water Depletions, Elkhorn 
River Basin, 2011-2030 

Year 

July 1 though August 31 
Number of Days Available 

for Surface Water Diversion 

May 1 through September 30 
Number of Days Available for 

Surface Water Diversion 
2011 44 130 
2012 59 150 
2013 43 134 
2014 6 64 
2015 14 47 
2016 16 77 
2017 7 68 
2018 61 151 
2019 62 153 
2020 54 143 
2021 53 143 
2022 62 153 
2023 42 133 
2024 62 151 
2025 62 153 
2026 31 92 
2027 27 105 
2028 4 47 
2029 9 75 
2030 17 68 

Average 36.8 111.9 
 

 

b) Future Well Development 

 

Estimates of the number of high capacity wells that would be completed over the next 25 

years if no new legal constraints were imposed on the construction of such wells were 

calculated based on extrapolating the present day rate of increase in well development 

into the future, Figure E-53.  For the past 20 years, the rate of increase in high capacity 

wells is nearly linear at a rate of 129 wells per year. 

 

The lag impact was computed for the projected wells using the Jenkins methodology 

documented in Appendix D.  The results show that an additional 95 cfs of daily depletion 
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due to ground water pumping can be expected from the Basin if there is new well 

development.  

 

The result of the future development depletions can be quantified the same way as with 

the current depletions.  The sum of the depletions with future development results in a 

total depletion in the year 2030 of 530 cfs daily at Louisville.   

 

The results found by comparing the senior surface water appropriation with the depleted 

daily flows show that in the future, with no restrictions on well development, the average 

annual number of days in which surface water will be available for diversion to the junior 

surface water appropriations in the Basin will be 35.2 days from July 1 through August 

31 and 108.5 days from May 1 through September 30, Table E-7. 

 
Table E-7.  Water Administration Table with Current and Future Ground Water 
Depletions, Elkhorn River Basin, 2011-2030 

Year 

July 1 though August 31 
Number of Days Available 

for Surface Water Diversion 

May 1 through September 30 
Number of Days Available for 

Surface Water Diversion 
2011 42 126 
2012 57 148 
2013 40 131 
2014 5 60 
2015 14 45 
2016 13 74 
2017 7 67 
2018 59 143 
2019 62 153 
2020 51 138 
2021 50 136 
2022 61 152 
2023 42 133 
2024 62 147 
2025 62 153 
2026 27 88 
2027 22 97 
2028 4 45 
2029 6 71 
2030 17 63 

Average 35.2 108.5 
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Future Surface Water Development and Uses 

 

The number of surface water appropriations in the Basin has grown steadily over the past 

30 years and it appears reasonable to project that the trend will continue into the future, 

Figure E-49.  The number of acres permitted for surface water irrigation also has grown 

steadily for the past 30 years, Figure E-50.  However, surface water development must be 

limited to ensure compliance with the Nebraska Nongame and Endangered Species 

Conservation Act (NNESCA) due to the presence of Pallid Sturgeon and Sturgeon Chub 

in the Lower Platte River.  The Department and the Nebraska Game and Parks 

Commission have a policy regarding the procedure for issuing new surface water 

appropriations and amending existing appropriations so that NNESCA will be complied 

with.  This policy limits the number of surface water appropriations that can be issued 

without further study of the effects on these species.  

 

Ability to Satisfy Net Corn Crop Irrigation Requirement 

 

Figure E-54 shows the net corn crop irrigation requirement for the Basin.  The map 

shows the net corn crop irrigation requirement to range from approximately 11.0 inches 

in the western portion of the Basin to approximately 6.5 inches at the southeast corner of 

the Basin.  Assuming a surface water diversion rate equal to 1 cubic foot per second per 

70 acres and a downtime value of 10 percent; depending on the location in the Basin, it 

takes between 17.3 and 29.2 days annually to divert 65% of net corn crop irrigation 

requirement from July 1 through August 31 and 22.6 to 38.2 days to divert 85% of the net 

corn crop irrigation requirement from May 1 through September 30.   

 

The reconstructed surface water administration analysis showed an average of 39.2 days 

in which surface water was available for diversion from July 1 through August 31 and an 

average of at least 115.4 days in which surface water was available for diversion from 

May 1 through September 30.  The number of days in which surface water was available 

for diversion in both the July 1 through August 31 and the May 1 through September 30 

time frames exceeds the number of days surface water is required to be available for the 
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greatest net corn crop irrigation requirement for the junior surface water appropriations in 

the Basin during those same periods.  

 

Sufficiency of Surface Water Supply [Nebraska Revised Statutes Section 46-713(3)(a) 

(Reissue 2004)] 

 

The average number of days in which surface water was available for diversion in both 

the July 1 through August 31 and the May 1 through September 30 time frames required 

by Department rule 457 Nebraska Administrative Code (NAC) 24.001.01 exceeds the 

number of days surface water is required to be available pursuant to the rule during those 

same periods.  The lag impact analyses show that even in the future, the number of days 

in which surface water will be available for diversion in both time periods will exceed the 

number of days surface water would be required to be available.  Table E-8 summarizes 

the results of comparisons between the number of days surface water must be available  

to meet the 65% and 85% net corn crop irrigation requirements and the number of days in 

which surface water was available for diversion to the junior surface water 

appropriations.   

 

Table E-8.  Summary of Comparison Between Net Corn Crop Irrigation Requirement and 
Number of Days Surface Water is Available for Diversion. 

 

Number of Days 
Necessary to 
Meet the 65% 

and 85% of Net 
Corn Crop 
Irrigation 

Requirement 

Average Annual 
Number of Days 
Available to the 
Junior Surface 

Water 
Appropriations 
(1985-2004)* 

Average Annual 
Number of Days 

Available in 
2030 with no 

Additional Well 
Development 

Average Annual 
Number of Days 

Available in 
2030 with 

Additional Well 
Development 

July 1 – 
August 31 29.2 

39.2 
(10.0 days above 
the requirement) 

36.8 
(7.6 days above 
the requirement) 

35.2 
(6.0 days above 
the requirement) 

May 1 – 
September 

30 
38.2 

115.4 
(77.2 days above 
the requirement) 

111.9 
(73.7 days above 
the requirement) 

109.2 
(70.3 days above 
the requirement) 

* From the reconstructed administration record. 
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Sufficiency of Streamflow for Ground Water Supply [Nebraska Revised Statutes Section 

46-713(3)(b) (Reissue 2004)] 

 

Since the criteria for Nebraska Revised Statutes Section 46-713(3)(a) were satisfied, the 

conclusion for this section is the same for reasons explained in the report introduction. 

 

Sufficiency of Surface Water Supply for Compliance with Compacts or State Laws 

[Nebraska Revised Statutes Section 46-713(3)(c) (Reissue 2004)]  

 

There are no compacts on any portions of the Elkhorn River Basin in Nebraska.  At this 

time there is sufficient water supply in the Basin to comply with NNESCA and, as 

discussed above, future development will be limited so as to continue compliance. 

 

Future Development of Surface and Ground Water [Nebraska Revised Statutes Section 

42-713(1)(b) (Reissue 2004)] 

 

Given the rate of registered ground water well and surface water appropriation 

development, the conclusion that the Basin is not fully appropriated would not change 

even if no additional legal constraints were placed on development and a reasonable 

projection of a continuation of the current trend of well development of the last 20 years 

is used. 

 

Conclusions 

 

There is no evidence that current ground water depletions to streamflow in the Basin are 

affecting surface water users sufficiently to meet the criteria for being fully appropriated 

as found in Department rule 457 NAC 24.001.01 when compared to the amount of 

surface water available at the present time.  
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There is no evidence available at this time that lag impact will be sufficient in 25 years to 

affect existing water users enough to meet the criteria for being fully appropriated as 

found in Department rule 457 NAC 24.001.01. 

 

Based upon available information and its evaluation, the Department has reached a 

determination that the Basin is not fully appropriated.  The Department has also 

determined that even if no additional legal constraints are imposed on future development 

of hydrologically connected surface water and ground water and reasonable projections 

are made about the extent and location of future development, this conclusion would not 

change.   
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Figure E-3.  Annual Precipitation at Newport, Nebraska. 
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Figure E-4.  Growing Season (May-September) Precipitation at Newport, Nebraska. 
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Source:  High Plains Climate Center 
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Figure E-5.  Annual Precipitation at Norfolk, Nebraska. 
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Figure E-6.  Growing Season (May-September) Precipitation at Norfolk, Nebraska. 
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Figure E-7.  Annual Precipitation at O’Neill, Nebraska. 
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Figure E-8.  Growing Season (May-September) Precipitation at O’Neill, Nebraska. 
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Figure E-9.  Annual Precipitation at Wayne, Nebraska. 
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Figure E-10.  Growing Season (May-September) Precipitation at Wayne, Nebraska. 
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Figure E-11.  Annual Precipitation at West Point, Nebraska. 
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Figure E-12.  Growing Season (May-September) Precipitation at West Point, Nebraska. 
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Table E-1. – Aquifers in unconsolidated surficial deposits (modified from Brogden, Shaffer and Engberg, 
1976; Newport, 1957; LENRD, 1994; UENRD, 1995) 

System Hydrogeologic
unit Character and description 

Maximum 
thickness, 

in feet 

Hydrogeologic
characteristics

E-24

Recent

Alluvium, 
loess, dune 

sand and soil 

Clay, silt, sand and gravel 
alluvium in reworked stream-
valley lands and sand and 
gravel in stream channels. 
Loess deposited on valley 
terraces and upland surfaces.

30

Not an important source 
of water except in areas 
where the water table is 
close to the land surface.

Peorian Loess

Wind deposits of massive clay 
on uplands and on terraces; 
some dune sand. 45

Yields water slowly to 
wells in areas where it 
occurs below the water 
table.

Todd Valley 
Formation 

Eolian or alluvial sand and 
gravel.  Dune-like topography 
on upper surfaces. 

50
May yield water to wells 
where it occurs below 
the water table. 

Loveland
Formation 

Stratified silt and clay with fine 
sand laminae in valleys.  
Massive silt and clay (loess) in 
uplands.  Capped with paleosol.

50

Yields water slowly to 
wells in areas where it 
occurs below the water 
table.

Crete
Formation 

Sand and gravel deposited as 
channel fill.  Modified by local 
materials.  Generally occurs as 
buried channels.  Upland 
equivalent is a very thin deposit 
of boulders and gravel. 

30

May yield water to wells 
in areas where it occurs 
below the water table. 

Kansan
(Glacial) Drift 

Boulder till with a high 
percentage of Sioux Quartzite 
fragments and thick oxidized 
and leached material. 

100

Not an important source 
of water but may yield 
small amounts of water 
in some areas. 

Grand Island 
Formation 

Sand and gravel deposited by 
streams. Fine sand near top 
with some glacial outwash. 75

Yields abundant good 
quality water to wells in 
areas where it occurs 
below the water table. 

Quaternary

Holdrege
Formation 

Fluvial sand and gravel 
generally deposited in pre-
Pleistocene valleys.   

15
Yields abundant supplies 
of good quality water to 
wells.



Table E-2. – Characteristics of bedrock aquifers (modified from Keech and Dreeszen, 1959, 1968; 
LENRD, 1994) 

System Hydrogeologic
unit Character and description 

Maximum 
thickness, 

in feet 

Hydrogeologic
characteristics

E-25

Tertiary Ogallala Group 

Fluvial gravel, sand, silt and 
clay.  Generally occurs in thin 
lenses that interfinger within a 
short distance.  Moderately to 
well cemented in places by 
calcium carbonate forming 
resistant ledges. 

200

Yields abundant supplies 
of good quality water to 
wells.  More important in 
western part of the Basin 
where it is thicker than in 
the eastern part of the 
Basin.

Pierre Shale 

Shale that is generally 
weathered at the top.  Some 
areas with overlying clay may 
be made-up of weathered 
Pierre Shale. 

400

Not an important source 
of water but may yield 
small amounts of poor 
quality water to wells 
were fractured or along 
bedding planes and thin 
isolated sand beds. 

Niobrara
Formation 

Soft shaley limestone or 
impure chalk with some clay, 
fine sand and limy shale beds. 250

Not an important source 
of water but may yield 
small amounts of water 
to wells. 

Cretaceous 

Dakota
Sandstone

Fine to medium-grained 
sandstone interbedded with 
clay shale, sandy shale, 
siltstone and claystone.  May 
be massive or cross-bedded, 
common ironstone zones. 
Sandstones are slightly to 
moderately permeable. 

600

Will yield small amounts 
of poor quality water.
May be too highly 
mineralized for most 
uses.



H
O

LT

C
U

ST
ER

K
N

O
X

R
O

C
K

N

C
ED

A
R

LO
U

P

B
O

O
N

E

PL
AT

TE

B
U

RT

A
N

TE
LO

PE
PI

ER
C

E

PO
LK

D
O

D
G

E

B
U

TL
ER

D
IX

O
N

VA
LL

EY

SA
U

N
D

ER
S

C
U

M
IN

G

H
O

W
A

R
D

N
A

N
C

E

G
R

EE
LE

Y

W
AY

N
E

M
A

D
IS

O
N

W
H

EE
LE

R

SH
ER

M
A

N

G
A

R
FI

EL
D

M
ER

R
IC

K

C
O

LF
A

X

ST
A

N
TO

N

SA
R

PY

TH
U

R
ST

O
N

D
O

U
G

LA
S

D
A

K
O

TA

W
A

SH
IN

G
TO

N

LO
W

ER
LO

U
P

N
R

D

LO
W

ER
EL

K
H

O
R

N
N

R
D

U
PP

ER
EL

K
H

O
R

N
N

R
D

LE
W

IS
&

C
LA

R
K

N
R

D

LO
W

ER
PL

AT
TE

N
O

RT
H

N
R

D

PA
PI

O
-M

IS
SO

U
R

I
R

IV
ER

N
R

D

0
8

16
24

32
4

M
ile

s
B

as
e

m
ap

pr
od

uc
ed

by
Jo

sh
Le

ar
,F

eb
ru

ar
y

4,
20

05
B

as
e

m
ap

ap
pr

ov
ed

Fe
br

ua
ry

4,
20

05
B

ed
ro

ck
ge

ol
og

y
m

ap
pr

od
uc

ed
by

K
ev

in
J.

Sc
hw

ar
tm

an
,O

ct
ob

er
7,

20
05

Pl
an

ni
ng

an
d

A
ss

is
ta

nc
e

D
iv

is
io

n

Lo
ca

tio
n

M
ap

Ex
pl

an
at

io
n

El
kh

or
n

B
as

in
Be

dr
oc

k
G

eo
lo

gy
O

ga
lla

la
Pi

er
re

N
io

br
ar

a
C

ar
lil

e
G

re
en

ho
rn

-G
ra

ne
ro

s

D
ak

ot
a

W
ab

au
ns

ee
Sh

aw
ne

e
D

ou
gl

as
La

ns
in

g
K

an
sa

sC
ity

M
ar

m
at

on

C
ul

tu
ra

lF
ea

tu
re

s
C

ou
nt

y
B

ou
nd

ar
y

St
at

e
B

ou
nd

ar
y

N
R

D
B

ou
nd

ar
y

EL
K

H
O

R
N

R
IV

E
R

B
A

SI
N

B
ed

ro
ck

G
eo

lo
gy

Th
is

m
ap

is
in

te
nd

ed
to

su
pp

ly
on

ly
ge

ne
ra

li
nf

or
m

at
io

n
co

nc
er

ni
ng

th
e

m
at

te
rs

ta
te

d
in

its
tit

le
.

B
ou

nd
ar

ie
sa

nd
th

e
lo

ca
tio

n
of

fe
at

ur
es

po
rtr

ay
ed

on
th

is
m

ap
ar

e
no

tt
o

be
co

ns
tru

ed
as

le
ga

lb
ou

nd
ar

ie
s

or
ac

tu
al

lo
ca

tio
ns

,a
nd

m
ay

ch
an

ge
as

ad
di

tio
na

lo
rb

et
te

rd
at

a
be

co
m

e
av

ai
la

bl
e.

U
se

ra
ss

um
es

al
lr

is
ks

as
so

ci
at

ed
w

ith
in

te
rp

re
ta

tio
ns

of
th

is
m

ap
be

yo
nd

its
in

te
nd

ed
pu

rp
os

e.

B
ed

ro
ck

ge
ol

og
y

in
fo

rm
at

io
n

pr
ov

id
ed

by
th

e
U

N
L

C
on

se
rv

at
io

n
an

d
Su

rv
ey

D
iv

is
io

n:
ht

tp
://

cs
d.

un
l.e

du
/g

en
er

al
/g

is
-d

at
as

et
s.a

sp
.

Fi
gu

re
E

-1
5.

E-26



H
O

LT

C
U

ST
ER

K
N

O
X

R
O

C
K

N

C
ED

A
R

LO
U

P

B
O

O
N

E

PL
AT

TE

B
U

RT

A
N

TE
LO

PE
PI

ER
C

E

PO
LK

D
O

D
G

E

B
U

TL
ER

D
IX

O
N

VA
LL

EY

SA
U

N
D

ER
S

C
U

M
IN

G

H
O

W
A

R
D

N
A

N
C

E

G
R

EE
LE

Y

W
AY

N
E

M
A

D
IS

O
N

W
H

EE
LE

R

SH
ER

M
A

N

G
A

R
FI

EL
D

M
ER

R
IC

K

C
O

LF
A

X

ST
A

N
TO

N

SA
R

PY

TH
U

R
ST

O
N

D
O

U
G

LA
S

D
A

K
O

TA

W
A

SH
IN

G
TO

N

LO
W

ER
LO

U
P

N
R

D

LO
W

ER
EL

K
H

O
R

N
N

R
D

U
PP

ER
EL

K
H

O
R

N
N

R
D

LE
W

IS
&

C
LA

R
K

N
R

D

LO
W

ER
PL

AT
TE

N
O

RT
H

N
R

D

PA
PI

O
-M

IS
SO

U
R

I
R

IV
ER

N
R

D

0
8

16
24

32
4

M
ile

s

B
as

e
m

ap
pr

od
uc

ed
by

Jo
sh

Le
ar

,F
eb

ru
ar

y
4,

20
05

B
as

e
m

ap
ap

pr
ov

ed
Fe

br
ua

ry
4,

20
05

Sa
tu

ra
te

d
th

ic
kn

es
sm

ap
pr

od
uc

ed
by

K
ev

in
J.

Sc
hw

ar
tm

an
,O

ct
ob

er
7,

20
05

Pl
an

ni
ng

an
d

A
ss

is
ta

nc
e

D
iv

is
io

n

Lo
ca

tio
n

M
ap

Ex
pl

an
at

io
n

El
kh

or
n

B
as

in
Sa

tu
ra

te
d

Th
ic

kn
es

s
A

bs
en

t
0

-1
00

ft.
10

0
-2

00
ft.

20
0

-3
00

ft.

30
0

-4
00

ft.
40

0
-5

00
ft.

50
0

-6
00

ft.
60

0
-7

00
ft.

70
0

-8
00

ft.
>

80
0

ft.
C

ul
tu

ra
lF

ea
tu

re
s

C
ou

nt
y

B
ou

nd
ar

y
St

at
e

B
ou

nd
ar

y
N

R
D

B
ou

nd
ar

y

EL
K

H
O

R
N

R
IV

E
R

B
A

SI
N

Sa
tu

ra
te

d
T

hi
ck

ne
ss

Th
is

m
ap

is
in

te
nd

ed
to

su
pp

ly
on

ly
ge

ne
ra

li
nf

or
m

at
io

n
co

nc
er

ni
ng

th
e

m
at

te
rs

ta
te

d
in

its
tit

le
.

B
ou

nd
ar

ie
sa

nd
th

e
lo

ca
tio

n
of

fe
at

ur
es

po
rtr

ay
ed

on
th

is
m

ap
ar

e
no

tt
o

be
co

ns
tru

ed
as

le
ga

lb
ou

nd
ar

ie
s

or
ac

tu
al

lo
ca

tio
ns

,a
nd

m
ay

ch
an

ge
as

ad
di

tio
na

lo
rb

et
te

rd
at

a
be

co
m

e
av

ai
la

bl
e.

U
se

ra
ss

um
es

al
lr

is
ks

as
so

ci
at

ed
w

ith
in

te
rp

re
ta

tio
ns

of
th

is
m

ap
be

yo
nd

its
in

te
nd

ed
pu

rp
os

e.
Fi

gu
re

E
-1

6.

Sa
tu

ra
te

d
th

ic
kn

es
s

in
fo

rm
at

io
n

pr
ov

id
ed

by
th

e
U

N
L

C
on

se
rv

at
io

n
an

d
Su

rv
ey

D
iv

is
io

n:
ht

tp
://

cs
d.

un
l.e

du
/g

en
er

al
/g

is
-d

at
as

et
s.a

sp
.

E-27



H
O

LT

C
U

ST
ER

K
N

O
X

R
O

C
K

N

C
ED

A
R

LO
U

P

B
O

O
N

E

PL
AT

TE

B
U

RT

A
N

TE
LO

PE
PI

ER
C

E

PO
LK

D
O

D
G

E

B
U

TL
ER

D
IX

O
N

VA
LL

EY

SA
U

N
D

ER
S

C
U

M
IN

G

H
O

W
A

R
D

N
A

N
C

E

G
R

EE
LE

Y

W
AY

N
E

M
A

D
IS

O
N

W
H

EE
LE

R

SH
ER

M
A

N

G
A

R
FI

EL
D

M
ER

R
IC

K

C
O

LF
A

X

ST
A

N
TO

N

SA
R

PY

TH
U

R
ST

O
N

D
O

U
G

LA
S

D
A

K
O

TA

W
A

SH
IN

G
TO

N

LO
W

ER
LO

U
P

N
R

D

LO
W

ER
EL

K
H

O
R

N
N

R
D

U
PP

ER
EL

K
H

O
R

N
N

R
D

LE
W

IS
&

C
LA

R
K

N
R

D

LO
W

ER
PL

AT
TE

N
O

RT
H

N
R

D

PA
PI

O
-M

IS
SO

U
R

I
R

IV
ER

N
R

D

0
8

16
24

32
4

M
ile

s

B
as

e
m

ap
pr

od
uc

ed
by

Jo
sh

Le
ar

,F
eb

ru
ar

y
4,

20
05

B
as

e
m

ap
ap

pr
ov

ed
Fe

br
ua

ry
4,

20
05

D
ep

th
to

w
at

er
m

ap
pr

od
uc

ed
by

K
ev

in
J.

Sc
hw

ar
tm

an
,O

ct
ob

er
7,

20
05

Pl
an

ni
ng

an
d

A
ss

is
ta

nc
e

D
iv

is
io

n

Lo
ca

tio
n

M
ap

Ex
pl

an
at

io
n

El
kh

or
n

B
as

in
D

ep
th

to
W

at
er

0
-5

0
fe

et
50

-1
00

fe
et

10
0

-2
00

fe
et

>
20

0
fe

et
C

ul
tu

ra
lF

ea
tu

re
s

C
ou

nt
y

B
ou

nd
ar

y
St

at
e

B
ou

nd
ar

y
N

R
D

B
ou

nd
ar

y

EL
K

H
O

R
N

R
IV

E
R

B
A

SI
N

D
ep

th
to

W
at

er

Th
is

m
ap

is
in

te
nd

ed
to

su
pp

ly
on

ly
ge

ne
ra

li
nf

or
m

at
io

n
co

nc
er

ni
ng

th
e

m
at

te
rs

ta
te

d
in

its
tit

le
.

B
ou

nd
ar

ie
sa

nd
th

e
lo

ca
tio

n
of

fe
at

ur
es

po
rtr

ay
ed

on
th

is
m

ap
ar

e
no

tt
o

be
co

ns
tru

ed
as

le
ga

lb
ou

nd
ar

ie
s

or
ac

tu
al

lo
ca

tio
ns

,a
nd

m
ay

ch
an

ge
as

ad
di

tio
na

lo
rb

et
te

rd
at

a
be

co
m

e
av

ai
la

bl
e.

U
se

ra
ss

um
es

al
lr

is
ks

as
so

ci
at

ed
w

ith
in

te
rp

re
ta

tio
ns

of
th

is
m

ap
be

yo
nd

its
in

te
nd

ed
pu

rp
os

e.

D
ep

th
to

w
at

er
in

fo
rm

at
io

n
pr

ov
id

ed
by

th
e

U
N

L
C

on
se

rv
at

io
n

an
d

Su
rv

ey
D

iv
is

io
n:

ht
tp

://
cs

d.
un

l.e
du

/g
en

er
al

/g
is

-d
at

as
et

s.a
sp

.

Fi
gu

re
E

-1
7.

E-28



0
8

16
24

32
4

M
ile

s

Lo
ca

tio
n

M
ap

Ex
pl

an
at

io
n

Tr
an

sm
is

siv
ity

Th
ou

sa
nd

so
fg

al
/d

ay
/ft

C
ul

tu
ra

lF
ea

tu
re

s

EL
K

H
O

R
N

R
IV

E
R

B
A

SI
N

Tr
an

sm
is

si
vi

ty

Fi
gu

re
E

-1
8.



0
8

16
24

32
4

M
ile

s

Lo
ca

tio
n

M
ap

Ex
pl

an
at

io
n

Sp
ec

ifi
cY

ie
ld

(P
er

ce
nt

)

C
ul

tu
ra

lF
ea

tu
re

s

EL
K

H
O

R
N

R
IV

E
R

B
A

SI
N

Sp
ec

ifi
cY

ie
ld

Fi
gu

re
E

-1
9.



H
O

LT

C
U

ST
ER

K
N

O
X

R
O

C
K

N

C
ED

A
R

LO
U

P

B
O

O
N

E

PL
AT

TE

B
U

RT

A
N

TE
LO

PE
PI

ER
C

E

PO
LK

D
O

D
G

E

B
U

TL
ER

D
IX

O
N

VA
LL

EY

SA
U

N
D

ER
S

C
U

M
IN

G

H
O

W
A

R
D

N
A

N
C

E

G
R

EE
LE

Y

W
AY

N
E

M
A

D
IS

O
N

W
H

EE
LE

R

SH
ER

M
A

N

G
A

R
FI

EL
D

M
ER

R
IC

K

C
O

LF
A

X

ST
A

N
TO

N

SA
R

PY

TH
U

R
ST

O
N

D
O

U
G

LA
S

D
A

K
O

TA

W
A

SH
IN

G
TO

N

LO
W

ER
LO

U
P

N
R

D

LO
W

ER
EL

K
H

O
R

N
N

R
D

U
PP

ER
EL

K
H

O
R

N
N

R
D

LE
W

IS
&

C
LA

R
K

N
R

D

LO
W

ER
PL

AT
TE

N
O

RT
H

N
R

D

PA
PI

O
-M

IS
SO

U
R

I
R

IV
ER

N
R

D

24
50

1250

1900

14
00

111
0

1380

1130

1160
1170

13
30

10
60

13
50

1050

1200

10
00

1150

1850

1500

17
00

16
00

1500

14
00

20
50

10

1300

11
00

23
00

0
8

16
24

32
4

M
ile

s
B

as
e

m
ap

pr
od

uc
ed

by
Jo

sh
Le

ar
,F

eb
ru

ar
y

4,
20

05
B

as
e

m
ap

ap
pr

ov
ed

Fe
br

ua
ry

4,
20

05
W

at
er

ta
bl

e
m

ap
pr

od
uc

ed
by

K
ev

in
J.

Sc
hw

ar
tm

an
,O

ct
ob

er
7,

20
05

Pl
an

ni
ng

an
d

A
ss

is
ta

nc
e

D
iv

is
io

n

Ex
pl

an
at

io
n

El
kh

or
n

B
as

in
19

95
W

at
er

Ta
bl

e
(f

t.
ab

ov
e

m
.s.

l.)
M

aj
or

St
re

am
s

C
ul

tu
ra

lF
ea

tu
re

s
C

ou
nt

y
B

ou
nd

ar
y

St
at

e
B

ou
nd

ar
y

N
R

D
B

ou
nd

ar
y

EL
K

H
O

R
N

R
IV

E
R

B
A

SI
N

19
95

G
ro

un
d

W
at

er
Ta

bl
e

Th
is

m
ap

is
in

te
nd

ed
to

su
pp

ly
on

ly
ge

ne
ra

li
nf

or
m

at
io

n
co

nc
er

ni
ng

th
e

m
at

te
rs

ta
te

d
in

its
tit

le
.

B
ou

nd
ar

ie
sa

nd
th

e
lo

ca
tio

n
of

fe
at

ur
es

po
rtr

ay
ed

on
th

is
m

ap
ar

e
no

tt
o

be
co

ns
tru

ed
as

le
ga

lb
ou

nd
ar

ie
s

or
ac

tu
al

lo
ca

tio
ns

,a
nd

m
ay

ch
an

ge
as

ad
di

tio
na

lo
rb

et
te

rd
at

a
be

co
m

e
av

ai
la

bl
e.

U
se

ra
ss

um
es

al
lr

is
ks

as
so

ci
at

ed
w

ith
in

te
rp

re
ta

tio
ns

of
th

is
m

ap
be

yo
nd

its
in

te
nd

ed
pu

rp
os

e.

Lo
ca

tio
n

M
ap

W
at

er
ta

bl
e

in
fo

rm
at

io
n

pr
ov

id
ed

by
th

e
U

N
L

C
on

se
rv

at
io

n
an

d
Su

rv
ey

D
iv

is
io

n:
ht

tp
://

cs
d.

un
l.e

du
/g

en
er

al
/g

is
-d

at
as

et
s.a

sp
.

Fi
gu

re
E

-2
0.

E-31



W
ay
ne

O

Bl
ai
r

N
or
fo
lk

Fr
em
on
t

So
ut
h
Si
ou
x

Ci
ty

O
m
ah
a

Co
lu
m
bu
s

No
rth
Fo
rk E
lkh
orn
River

Lo
ga
n C
ree
k D
red
ge

El
kh
or
n
Ri
ve
r

M
ap
le
Cr
ee
k

0
8

16
24

32
4

M
ile

s

B
as

e
m

ap
pr

od
uc

ed
by

Jo
sh

Le
ar

,F
eb

ru
ar

y
4,

20
05

B
as

e
m

ap
ap

pr
ov

ed
Fe

br
ua

ry
4,

20
05

D
ep

le
tiv

e
gr

ou
nd

w
at

er
w

el
ls

m
ap

pr
od

uc
ed

by
Sh

uh
ai

Zh
en

g,
O

ct
ob

er
6,

20
05

.

Pl
an

ni
ng

an
d

A
ss

is
ta

nc
e

D
iv

is
io

n

Lo
ca

tio
n

M
ap

Ex
pl

an
at

io
n

D
ep

le
tiv

e
W

el
ls

Su
rf

ac
e

W
at

er
Fe

at
ur

es
R

iv
er

s
In

te
rm

itt
en

tS
tre

am
s

C
an

al
s/

D
itc

he
s

La
ke

s
El

kh
or

n
B

as
in

C
ul

tu
ra

lF
ea

tu
re

s
C

ou
nt

y
B

ou
nd

ar
y

St
at

e
B

ou
nd

ar
y

N
R

D
B

ou
nd

ar
y

C
iti

es

EL
K

H
O

R
N

R
IV

E
R

B
A

SI
N

D
ep

le
tiv

e
G

ro
un

d
W

at
er

W
el

ls

Th
is

m
ap

is
in

te
nd

ed
to

su
pp

ly
on

ly
ge

ne
ra

li
nf

or
m

at
io

n
co

nc
er

ni
ng

th
e

m
at

te
rs

ta
te

d
in

its
tit

le
.

B
ou

nd
ar

ie
sa

nd
th

e
lo

ca
tio

n
of

fe
at

ur
es

po
rtr

ay
ed

on
th

is
m

ap
ar

e
no

tt
o

be
co

ns
tru

ed
as

le
ga

lb
ou

nd
ar

ie
s

or
ac

tu
al

lo
ca

tio
ns

,a
nd

m
ay

ch
an

ge
as

ad
di

tio
na

lo
rb

et
te

rd
at

a
be

co
m

e
av

ai
la

bl
e.

U
se

ra
ss

um
es

al
lr

is
ks

as
so

ci
at

ed
w

ith
in

te
rp

re
ta

tio
ns

of
th

is
m

ap
be

yo
nd

its
in

te
nd

ed
pu

rp
os

e.
Fi

gu
re

E
-2

1.

D
ep

le
tiv

e
w

el
li

nf
om

at
io

n
is

fr
om

th
e

D
N

R
R

eg
is

te
re

d
G

ro
un

d
W

at
er

W
el

l
D

at
ab

as
e,

as
of

O
ct

ob
er

1,
20

05
,a

nd
in

cl
ud

es
w

el
ls

us
ed

fo
ra

qu
ic

ul
tu

re
,

co
m

m
er

ci
al

,d
om

es
tic

,i
rr

ig
at

io
n,

pu
bl

ic
w

at
er

su
pp

ly
,d

ew
at

er
in

g,
st

oc
k

an
d

ot
he

rs
ex

ce
pt

w
el

ls
fo

rn
on

-c
on

su
m

pt
iv

e
us

es
.

E-32

So
ut
h
Fo
rk
El

ho
rn

k
Ri
ve
r

E l
kh
or
n
Ri
ve
r



W
ay
ne

O

Bl
ai
r

N
or
fo
lk

Fr
em
on
t

So
ut
h
Si
ou
x

Ci
ty

Co
lu
m
bu
s

O
m
ah
a

El
kh
or
n
Ri
ve
r

No
rth
Fo
rk
Elk
hor
n Ri
ver

Lo
ga
n C
ree
k D
red
ge

M
ap
le
Cr
ee
k

0
8

16
24

32
4

M
ile

s
B

as
e

m
ap

pr
od

uc
ed

by
Jo

sh
Le

ar
,F

eb
ru

ar
y

4,
20

05
B

as
e

m
ap

ap
pr

ov
ed

Fe
br

ua
ry

4,
20

05
H

ig
h

ca
pa

ci
ty

w
el

ls
m

ap
pr

od
uc

ed
by

Sh
uh

ai
Zh

en
g,

N
ov

em
be

r1
0,

20
05

.

Pl
an

ni
ng

an
d

A
ss

is
ta

nc
e

D
iv

is
io

n

Lo
ca

tio
n

M
ap

Ex
pl

an
at

io
n

Su
rf

ac
e

W
at

er
Fe

at
ur

es
R

iv
er

s
In

te
rm

itt
en

tS
tre

am
s

C
an

al
s/

D
itc

he
s

La
ke

s
El

kh
or

n
B

as
in

H
ig

h
C

ap
ac

ity
W

el
ls

Pr
e

-1
94

0
w

el
ls

19
40

-1
95

9
w

el
ls

19
60

-1
97

9
w

el
ls

19
80

-1
99

9
w

el
ls

Po
st

-1
99

9
w

el
ls

C
ul

tu
ra

lF
ea

tu
re

s
C

ou
nt

y
B

ou
nd

ar
y

St
at

e
B

ou
nd

ar
y

N
R

D
B

ou
nd

ar
y

C
iti

es

EL
K

H
O

R
N

R
IV

E
R

B
A

SI
N

H
ig

h
C

ap
ac

ity
W

el
ls

by
C

om
pl

et
io

n
D

at
e

Th
is

m
ap

is
in

te
nd

ed
to

su
pp

ly
on

ly
ge

ne
ra

li
nf

or
m

at
io

n
co

nc
er

ni
ng

th
e

m
at

te
rs

ta
te

d
in

its
tit

le
.

B
ou

nd
ar

ie
sa

nd
th

e
lo

ca
tio

n
of

fe
at

ur
es

po
rtr

ay
ed

on
th

is
m

ap
ar

e
no

tt
o

be
co

ns
tru

ed
as

le
ga

lb
ou

nd
ar

ie
s

or
ac

tu
al

lo
ca

tio
ns

,a
nd

m
ay

ch
an

ge
as

ad
di

tio
na

lo
rb

et
te

rd
at

a
be

co
m

e
av

ai
la

bl
e.

U
se

ra
ss

um
es

al
lr

is
ks

as
so

ci
at

ed
w

ith
in

te
rp

re
ta

tio
ns

of
th

is
m

ap
be

yo
nd

its
in

te
nd

ed
pu

rp
os

e.
Fi

gu
re

E
-2

2.

H
ig

h
ca

pa
ci

ty
w

el
li

nf
om

at
io

n
is

fr
om

th
e

D
N

R
R

eg
is

te
re

d
G

ro
un

d
W

at
er

W
el

lD
at

ab
as

e,
as

of
O

ct
ob

er
1,

20
05

an
d

in
cl

ud
es

de
pl

et
iv

e
w

el
ls

w
ith

re
gi

st
er

ed
pu

m
pi

ng
ra

te
s

eq
ua

lt
o

or
gr

ea
te

rt
ha

n
50

gp
m

.

So
ut
h
Fo
rk

Ri
ve
r

ho
rn

k
El

E-33



E-34E-34



E-35E-35



E-36



E-37



H
O

LT

C
U

ST
ER

K
N

O
X

R
O

C
K

N

C
ED

A
R

LO
U

P

B
O

O
N

E

PL
AT

TE

B
U

RT

A
N

TE
LO

PE
PI

ER
C

E

PO
LK

D
O

D
G

E

B
U

TL
ER

D
IX

O
N

VA
LL

EY

SA
U

N
D

ER
S

C
U

M
IN

G

H
O

W
A

R
D

N
A

N
C

E

G
R

EE
LE

Y

W
AY

N
E

M
A

D
IS

O
N

W
H

EE
LE

R

SH
ER

M
A

N

G
A

R
FI

EL
D

M
ER

R
IC

K

C
O

LF
A

X

ST
A

N
TO

N

SA
R

PY

TH
U

R
ST

O
N

D
O

U
G

LA
S

D
A

K
O

TA

W
A

SH
IN

G
TO

N

LO
W

ER
LO

U
P

N
R

D

LO
W

ER
EL

K
H

O
R

N
N

R
D

U
PP

ER
EL

K
H

O
R

N
N

R
D

LE
W

IS
&

C
LA

R
K

N
R

D

LO
W

ER
PL

AT
TE

N
O

RT
H

N
R

D

PA
PI

O
-M

IS
SO

U
R

I
R

IV
ER

N
R

D

0
8

16
24

32
4

M
ile

s

Pl
an

ni
ng

an
d

A
ss

is
ta

nc
e

D
iv

is
io

n

Lo
ca

tio
n

M
ap

Ex
pl

an
at

io
n

El
kh

or
n

B
as

in
G

ro
un

d
W

at
er

L
ev

el
C

ha
ng

es
-2

0.
00

to
-2

9.
99

fe
et

-1
0.

00
to

-1
9.

99
fe

et
-5

.0
0

to
-9

.9
9

fe
et

<
+/

-5
.0

0
fe

et
5.

00
to

9.
99

fe
et

10
.0

0
to

19
.9

9
fe

et
C

ul
tu

ra
lF

ea
tu

re
s

C
ou

nt
y

B
ou

nd
ar

y
St

at
e

B
ou

nd
ar

y
N

R
D

B
ou

nd
ar

y

EL
K

H
O

R
N

R
IV

E
R

B
A

SI
N

G
ro

un
d

W
at

er
L

ev
el

C
ha

ng
es

Pr
ed

ev
el

op
m

en
tt

o
Sp

ri
ng

20
05

Th
is

m
ap

is
in

te
nd

ed
to

su
pp

ly
on

ly
ge

ne
ra

li
nf

or
m

at
io

n
co

nc
er

ni
ng

th
e

m
at

te
rs

ta
te

d
in

its
tit

le
.

B
ou

nd
ar

ie
sa

nd
th

e
lo

ca
tio

n
of

fe
at

ur
es

po
rtr

ay
ed

on
th

is
m

ap
ar

e
no

tt
o

be
co

ns
tru

ed
as

le
ga

lb
ou

nd
ar

ie
s

or
ac

tu
al

lo
ca

tio
ns

,a
nd

m
ay

ch
an

ge
as

ad
di

tio
na

lo
rb

et
te

rd
at

a
be

co
m

e
av

ai
la

bl
e.

U
se

ra
ss

um
es

al
lr

is
ks

as
so

ci
at

ed
w

ith
in

te
rp

re
ta

tio
ns

of
th

is
m

ap
be

yo
nd

its
in

te
nd

ed
pu

rp
os

e.
Fi

gu
re

E
-2

5.
B

as
e

m
ap

pr
od

uc
ed

by
Jo

sh
Le

ar
,F

eb
ru

ar
y

4,
20

05
B

as
e

m
ap

ap
pr

ov
ed

Fe
br

ua
ry

4,
20

05
G

ro
un

d
w

at
er

le
ve

lc
ha

ng
es

ad
de

d
by

Sh
uh

ai
Zh

en
g,

O
ct

ob
er

13
,2

00
5

G
ro

un
d

w
at

er
le

ve
lc

ha
ng

es
in

fo
rm

at
io

n
pr

ov
id

ed
by

th
e

U
N

L
C

on
se

rv
at

io
n

an
d

Su
rv

ey
D

iv
is

io
n:

ht
tp

://
cs

d.
un

l.e
du

/g
en

er
al

/g
is

-d
at

as
et

s.a
sp

.

E-38



H
O

LT

C
U

ST
ER

K
N

O
X

R
O

C
K

N

C
ED

A
R

LO
U

P

B
O

O
N

E

PL
AT

TE

B
U

RT

A
N

TE
LO

PE
PI

ER
C

E

PO
LK

D
O

D
G

E

B
U

TL
ER

D
IX

O
N

VA
LL

EY

SA
U

N
D

ER
S

C
U

M
IN

G

H
O

W
A

R
D

N
A

N
C

E

G
R

EE
LE

Y

W
AY

N
E

M
A

D
IS

O
N

W
H

EE
LE

R

SH
ER

M
A

N

G
A

R
FI

EL
D

M
ER

R
IC

K

C
O

LF
A

X

ST
A

N
TO

N

SA
R

PY

TH
U

R
ST

O
N

D
O

U
G

LA
S

D
A

K
O

TA

W
A

SH
IN

G
TO

N

LO
W

ER
LO

U
P

N
R

D

LO
W

ER
EL

K
H

O
R

N
N

R
D

U
PP

ER
EL

K
H

O
R

N
N

R
D

LE
W

IS
&

C
LA

R
K

N
R

D

LO
W

ER
PL

AT
TE

N
O

RT
H

N
R

D

El
kh
or
n
Ri
ve
r

Lo
up
R
iv
er

er

So

uth
Lo
up
Ri
ve

r

M
id
dl
e L
ou
p
R
iv
er

Mu
d C

re
ek

Ca
la
m
us
Ri
ve
r

Ce
da
r R
ive
r

Lo
ga
n C
ree
k D
red
ge

Lo
up
Ri
ve
r

Ce
dar
Cre
ek

No
rth
Fo
rk E
lkh
orn
River

Bi
g C

ed
ar
C
re

ek

M
is
so
ur
i R
iv
er

M
id
dl
e
Lo
ga
n
C
re
ek

L o
up
Ri
ve
r

PA
PI

O
-M

IS
SO

U
R

I
R

IV
ER

N
R

D

T
17

N
R

03
E

Se
ct

io
n

11

T
28

N
R

03
W

Se
ct

io
n

33

T
22

N
R

01
W

Se
ct

io
n

33

T
31

N
R

14
W

Se
ct

io
n

27
T

30
N

R
10

W
Se

ct
io

n
32

T
26

N
R

12
W

Se
ct

io
n

26

T
23

N
R

05
E

Se
ct

io
n

02

0
8

16
24

32
4

M
ile

s
B

as
e

m
ap

pr
od

uc
ed

by
Jo

sh
Le

ar
,F

eb
ru

ar
y

4,
20

05
B

as
e

m
ap

ap
pr

ov
ed

Fe
br

ua
ry

4,
20

05
G

ro
un

d
w

at
er

hy
dr

og
ra

ph
m

ap
pr

od
uc

ed
by

K
ev

in
J.

Sc
hw

ar
tm

an
,N

ov
em

be
r1

,2
00

5.

Pl
an

ni
ng

an
d

A
ss

is
ta

nc
e

D
iv

is
io

n

Lo
ca

tio
n

M
ap

Ex
pl

an
at

io
n

El
kh

or
n

B
as

in
W

el
lH

yd
ro

gr
ap

hs
M

aj
or

St
re

am
s

C
ul

tu
ra

lF
ea

tu
re

s
C

ou
nt

y
B

ou
nd

ar
y

St
at

e
B

ou
nd

ar
y

N
R

D
B

ou
nd

ar
y

EL
K

H
O

R
N

R
IV

E
R

B
A

SI
N

G
ro

un
d

W
at

er
H

yd
ro

gr
ap

h
L

oc
at

io
ns

Th
is

m
ap

is
in

te
nd

ed
to

su
pp

ly
on

ly
ge

ne
ra

li
nf

or
m

at
io

n
co

nc
er

ni
ng

th
e

m
at

te
rs

ta
te

d
in

its
tit

le
.

B
ou

nd
ar

ie
sa

nd
th

e
lo

ca
tio

n
of

fe
at

ur
es

po
rtr

ay
ed

on
th

is
m

ap
ar

e
no

tt
o

be
co

ns
tru

ed
as

le
ga

lb
ou

nd
ar

ie
s

or
ac

tu
al

lo
ca

tio
ns

,a
nd

m
ay

ch
an

ge
as

ad
di

tio
na

lo
rb

et
te

rd
at

a
be

co
m

e
av

ai
la

bl
e.

U
se

ra
ss

um
es

al
lr

is
ks

as
so

ci
at

ed
w

ith
in

te
rp

re
ta

tio
ns

of
th

is
m

ap
be

yo
nd

its
in

te
nd

ed
pu

rp
os

e.
Fi

gu
re

E
-2

6.

E-39



Colfax County, Nebraska 
Hydrologic Unit Code 10200103 
Latitude 41°27'26.12", Longitude 97°02'48.04" NAD27 
Land-surface elevation 1,349.00 feet above sea level NGVD29 
The depth of the well is 90.0 feet below land surface. 
This well is completed in the QUATERNARY GRAVEL DEPOSITS 
local aquifer. 

Figure E-27  (T 17N R 03E Section 11)
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Cuming County, Nebraska 
Hydrologic Unit Code 10220003 
Latitude 42°00'07", Longitude 96°48'27" NAD27 
Land-surface elevation 1,400. feet above sea level NGVD29 
The depth of the well is 102 feet below land surface.
This well is completed in the QUATERNARY GRAVEL DEPOSITS 
local aquifer.

Figure E-28  (T 23N R 05E Section 02)
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Holt County, Nebraska 
Hydrologic Unit Code 10220001 
Latitude 42°12'10", Longitude 98°40'20" NAD27 
Land-surface elevation 2,060.00 feet above sea level NGVD29 
The depth of the well is 140 feet below land surface. 
This well is completed in the TERTIARY OGALLALA GROUP 
DEPOSITS (112SDGV)  regional aquifer.

Figure E-29  (T 26N R 12W Section 26)
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Holt County, Nebraska 
Hydrologic Unit Code 10150007 
Latitude 42°31'48", Longitude 98°30'06" NAD27 
Land-surface elevation 1,952.00 feet above sea level NGVD29 
The depth of the well is 85.0 feet below land surface. 
This well is completed in the QUATERNARY SAND AND 
GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure E-30  (T 30N R 10W Section 32)
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Holt County, Nebraska 
Hydrologic Unit Code 10150007 
Latitude 42°37'30", Longitude 98°56'00" NAD27 
Land-surface elevation 2,080.00 feet above sea level NGVD29 
The depth of the well is 72.0 feet below land surface. 
This well is completed in the QUATERNARY SAND AND 
GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure E-31  (T 31N R 14W Section 27) 
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Madison County, Nebraska 
Hydrologic Unit Code 10220003 
Latitude 41°50'07", Longitude 97°26'37" NAD27 
Land-surface elevation 1,577.00 feet above sea level NGVD29 
The depth of the well is 60.0 feet below land surface.
This well is completed in the QUATERNARY SAND DEPOSITS 
(112SDGV) local aquifer.

Figure E-32  (T 22N R 01W Section 33)
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Pierce County, Nebraska 
Hydrologic Unit Code 10220002 
Latitude 42°21'50", Longitude 97°40'24" NAD27 
Land-surface elevation 1,673.00 feet above sea level NGVD29 
The depth of the well is 121 feet below land surface. 
This well is completed in the QUATERNARY SAND AND 
GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure E-33  (T 28N R 03W Section 33) 
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Figure E-34.  Annual Flows, South Fork of the Elkhorn River at Ewing. 
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Figure E-35.  Annual Flows, Willow Creek near Foster. 
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Data from: US Geological Survey and NE Department of Natural Resources 
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Figure E-36.  Annual Flows, North Fork of the Elkhorn River near Pierce. 
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Figure E-37.  Annual Flows, Union Creek at Madison. 
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Data from: US Geological Survey and NE Department of Natural Resources 
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Figure E-38.  Annual Flows, Pebble Creek at Scribner. 
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Figure E-39.  Annual Flows, Maple Creek near Nickerson. 
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Data from: US Geological Survey and NE Department of Natural Resources 
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Figure E-40.  Annual Flows, Logan Creek at Pender. 
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Figure E-41.  Annual Flows, Logan Creek near Uehling. 
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Data from: US Geological Survey and NE Department of Natural Resources 
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Figure E-42.  Annual Flows, Elkhorn River near Atkinson. 
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Figure E-43.  Annual Flows, Elkhorn River at Ewing. 
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Data from: US Geological Survey and NE Department of Natural Resources 
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Figure E-44.  Annual Flows, Elkhorn River at Neligh. 
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Figure E-45.  Annual Flows, Elkhorn River at Norfolk. 
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Figure E-46.  Annual Flows, Elkhorn River at West Point. 

Annual Flows
Elkhorn River at West Point

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

1,800,000

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

Year

Fl
ow

, A
cr

e-
Fe

et

Figure E-47.  Annual Flows, Elkhorn River at Waterloo. 
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Figure E-53.   Historic High Capacity Well Development in the Elkhorn River Basin. 

Source:  DNR Registered Ground Water Well Database 
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Loup River Basin 

 

The Loup River Basin (Basin) is defined as the area of central Nebraska that drains into 

the Loup River above its confluence with the Platte River, Figure L-1.  Major tributaries 

of the Loup River include Beaver Creek, the Calamus River, the Cedar River, the Dismal 

River, Mud Creek, the Middle Loup River, the North Loup River, and the South Loup 

River, Figure L-2.  The total area of the Basin is approximately 15,200 square miles and 

includes all of Blaine, Grant, Greeley, Loup, Sherman, Thomas, and Valley counties and 

portions of Antelope, Arthur, Boone, Brown, Buffalo, Cherry, Custer, Dawson, Garden, 

Garfield, Hall, Holt, Hooker, Howard, Lincoln, Logan, McPherson, Merrick, Nance, 

Platte, Rock, Sheridan, and Wheeler counties.  County seats in the Basin include Albion, 

Bartlett, Brewster, Broken Bow, Burwell, Columbus, Fullerton, Greeley, Hyannis, Loup 

City, Mullen, Ord, St. Paul, Stapleton, Taylor, and Thedford. 

 

Sources of Water 

 

Precipitation 

 

Annual and growing season (May 1 through September 30) precipitation charts for gage 

sites in Arthur, Broken Bow, Greeley, Loup City, Ord, St. Paul, Taylor, and Valentine are 

shown on Figures L-3 through L-18.  The average annual precipitation ranges from 18.3 

inches at Valentine near the northwest end of the Basin to 25.8 inches at Fullerton in the 

southeast corner of the Basin.  The average growing season precipitation ranges from 

12.8 inches at Valentine to 16.9 inches at Fullerton.  Locations of the precipitation gages 

can be seen in Figure L-19. 
 

Ground Water 

 

The hydrogeology of the Basin reflects the nature of the eolian and fluvial origin of the 

recent sediments.  For purposes of this report, all saturated unconsolidated sediments of 

Quaternary age above bedrock inclusive of the paleovalley alluvial aquifers with 
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hydrologic connection, the alluvial and the shallow aquifers, and the bedrock Tertiary 

Ogallala Group are combined into the principal aquifer unit for the Basin (CSD 2005).  

Secondary aquifers are made up of the remaining bedrock aquifers.  Tables L-1 and L-2 

list the aquifers by age with the important hydrogeologic characteristics.  The bedrock 

aquifers range in age from Tertiary to Cambrian, Figure L-20.  The bedrock aquifers 

supply a small amount of water compared to the other aquifers but are an important 

source locally (CSD, 2005).  They generally are not in hydrologic connection with the 

streams in the Basin. 

 

The principal aquifer varies in saturated thickness from 0 to approximately 1,100 feet, 

Figure L-21.  Depth to water from the land surface varies from 0 to more than 200 feet, 

Figure L-22 (CSD 2005).  Transmissivity values range from less than 20,000 gallons per 

day per foot (gal/day/ft) to more than 250,000 gal/day/ft.  Most areas of the Basin have 

transmissivity values between 100,000 and 150,000 gal/day/ft, Figure L-23.  Specific 

yield ranges from less than 5 to greater than 20 percent, Figure L-24.  The principal 

aquifer is generally unconfined and is in hydrologic connection with the streams (CSD 

2005).  The ground water table, Figure L-25, reflects the regional nature of the area 

where ground water tends to move from the uplands to the streams (CSD 2005). 

 

Ground Water Use 

 

Ground water in the Basin is used for a variety of purposes: domestic, industrial, 

livestock, irrigation, and others.  There are a total of 15,824 registered ground water wells 

within the Basin as of October 1, 2005 (Department registered ground water wells 

database).  Not all wells are registered in the Department database, especially stock and 

domestic wells, which if drilled prior to 1993 are not required to be registered.  Certain 

dewatering and other temporary wells are not required to be registered.  Irrigation is the 

largest consumer of ground water, with approximately 1,300,000 acres being supplied 

with water from approximately 10,000 wells as of October 1, 2005 (Department 

registered ground water wells database).  
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Ground water development is limited within the Basin by the geology and terrain of the 

area.  Figure L-26 illustrates the location of depletive ground water wells.  The areal 

extent of those wells indicates where ground water has been beneficially developed.  The 

significant amount of well development in the east-central section of the Basin is due to 

the broad extent of the principal aquifer and the fact that much of the overlying land is 

suitable for irrigation.  The western end of the Basin lies over the principal aquifer, but 

development in the west is limited because not all lands are suitable for irrigation.  

Ground water development analyzed by comparison of completion dates has shown that 

development of high capacity wells (depletive wells capable of pumping more than 50 

gallons per minute) has been steadily increasing with accelerated increases during the 

years 1966 through 1981, Figures L-27, L-28, and L-29. Table L-3 shows the estimated 

average irrigated acreage by county within the Basin between 1950 and 2003.  The 

increase in the number of other depletive wells seen in Figures L-28 and L-29 after 1993 

is attributed to revision of the well registration statute in 1993. 

 

Changes in Ground Water Table Elevation 

 

Figure L-30 is a map made from a compilation of all ground water table elevations 

reported to the Conservation and Survey Division of the University of Nebraska-Lincoln 

in cooperation with the U.S. Geological Survey and the Natural Resources Districts.  It 

shows an area in Custer, Buffalo, Howard and Merrick counties with declines of up to 20 

feet in ground water table elevations from predevelopment through the spring of 2005.  

This area is adjacent to a similar area of decline in the Platte River Basin.  There are large 

areas in Howard, Sherman, Greeley, Nance, Valley and Garfield counties in the eastern 

part of the Basin where the ground water level has risen. Parts of Hooker, Thomas, 

McPherson and Logan counties in the western part of the Basin also show rising ground 

water table elevations.  Figure L-31 is the location map for selected ground water 

hydrographs across the Basin.  Figures L-32 through L-37 are hydrographs (USGS 2005) 

which give a representative change in ground water table elevations for the particular 

area.  Where possible a graph of a continuous recorder site is used.   
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Ground Water Management 

 
The Basin primarily encompasses portions of two Natural Resources Districts (NRDs):  

the Upper Loup NRD (ULNRD) and the Lower Loup NRD (LLNRD). 

 

The ULNRD has not established a ground water management area (GWMA), whereas 

the LLNRD has established a GWMA for quality purposes.  As part of the GWMA 

requirements in the LLNRD, permits are required prior to the construction of wells 

pumping greater than 50 gallons per minute (gpm). 

 

Surface Water 

 

Hydrographs from eighteen surface water gages in the Basin are included in this report, 

Figures L-38 through L-55.  They are Beaver Creek at Loretto and Genoa; Cedar River 

near Spalding and Fullerton; Dismal River at Dunning and near Thedford; Mira Creek 

near North Loup; Mud Creek near Sweetwater; Calamus River near Burwell and Harrop; 

South Loup River at St. Michael; Middle Loup River at Dunning, Arcadia, and St. Paul; 

North Loup River at Taylor, Ord and near St. Paul; and Loup River near Genoa, Figure 

L-56.  Streamflow in the Basin is driven primarily by ground water discharge as baseflow 

to the streams with additional contributions from precipitation.   

 

Surface Water Use  

 

As of October 1, 2005, there are approximately 1,200 surface water appropriations in the 

Basin issued for a variety of uses.  The majority of the surface water appropriations are 

for irrigation use and they tend to be located on the major streams.  There are no instream 

flow appropriations in the Basin, but the instream flow appropriations on the Platte River 

below its confluence with the Loup River have a major impact on administration in the 

Basin.  The first surface water appropriations in the Basin were permitted in 1890 and 

development has continued through present day.  The largest period of development 

occurred in the 1970’s with large increases in irrigated acreage occurring as additional 
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irrigation districts developed occurring at later dates, Figure L-57 and Figure L-58.  The 

approximate locations of the surface water diversions are shown in Figure L-59.  

Information on specific surface water appropriations is available in the Department’s 

biennial report.  Information on categories of use can be found in Appendix H. 

 

There are a number of surface water canals in the Basin.  Annual surface water diversion 

records are presented in Figures L-60 through L-71 for the Burwell-Sumter Canal, 

Farwell Main Canal, Farwell South Canal, Middle Loup Canals 1-4, Mirdan Canal, Ord-

North Loup Canal, Sargent Canal, Taylor-Ord Canal, and the Loup Power Canal. 

 

Analyses for the Fully Appropriated Determination  

 

Surface Water Administration 

 

In the 115-year period since the first surface water appropriation was perfected in the 

Basin, there have only been a few recorded instances of surface water administration in 

the administrative record, with the first occurring after 1950.  The amount of surface 

water administration in the Basin has increased significantly since 1998, when the 

instream flow appropriations were granted.  Table L-4 shows the occurrences of water 

administration between 1985 and 2004.  The junior surface water appropriations in the 

Basin had an average of 52.6 days in which surface water was available for diversion 

from July 1 through August 31 and 136 in which surface water was available for 

diversion from May 1 through September 30.   

 

The senior surface water appropriation that caused all of the administration in the Basin 

has a priority date year of 1993; therefore it is necessary to reconstruct the water 

administration table pursuant to the methodology in Appendix D, Table L-5.  Pursuant to 

the reconstructed table, there were an average of 37.2 days in which surface water was 

available for diversion from July 1 through August 31 and 112.6 days in which surface 

water was available for diversion from May 1 through September 30.   
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Table L-4.  Water Administration in the Loup River Basin between 1985 and 2004. 

Year Water Body Days 
Closing 

Date 
Opening 

Date 
2000 Loup Basin 53 Aug 8 Sep 30 
2001 Loup Basin 11 Aug 7 Aug 18 
2002 Loup Basin 6 Jun 6 Jun 12 
2002 Loup Basin 67 Jun 25 Aug 31 
2002 Loup Basin 24 Sep 6 Sep 30 
2003 Loup Basin 81 Jul 11 Sep 30 
2004 Loup Basin 13 May 6 May 19 
2004 Loup Basin 7 Jun 29 Jul 6 
2004 Loup Basin 58 Jul 27 Sep 23 

 

Table L-5.  Reconstructed Water Administration Table, Loup River Basin, 1985 - 2004 

Year 

July 1 though August 31 
Number of Days Available 

for Surface Water Diversion 

May 1 through September 30 
Number of Days Available for 

Surface Water Diversion 
1985 44 130 
1986 62 153 
1987 47 138 
1988 10 69 
1989 14 47 
1990 16 77 
1991 6 66 
1992 62 153 
1993 62 153 
1994 56 143 
1995 52 134 
1996 62 153 
1997 40 131 
1998 62 153 
1999 61 152 
2000 32 94 
2001 28 111 
2002 2 48 
2003 6 72 
2004 20 75 

Average 37.2 112.6 
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Determination of Hydrologically Connected Area 

 

No sufficient numeric ground water model is available in the Loup River Basin to 

determine the 10/50 area or the lag impact of ground water wells. 

 

The 10/50 area was determined using the Jenkins methodology as explained in Appendix 

D.  Figure L-72 shows the extent of the area considered to be hydrologically connected in 

accordance with Department rule 457 NAC 24.001.02  (Appendix A).   

 

Lag Impacts 

 

a) Current Well Development 

 

The lag impact from depletive ground water wells was computed using the Jenkins 

methodology documented in Appendix D.  The results show that an additional 95 cubic 

feet per second (cfs) of daily depletion can be expected from the Basin due to the effect 

of lag impact from existing wells.   The total calculated future depletion at North Bend 

includes the future depletion from the Loup River Basin, and the Platte River Basin (see 

Lower Platte River Basin Chapter) and the total calculated future depletion at Louisville 

includes the future depletion from the Loup River Basin, Elkhorn River Basin (see 

Elkhorn River Basin Chapter), and the Platte River.  The sum of those depletions results 

in a total depletion in the year 2030 of 110 cfs daily at North Bend and 310 cfs daily at 

Louisville if there is no new well development.   

 

The results found by comparing the senior surface water appropriation with the depleted 

daily flows (see methodology in Appendix D) show that in the future the average annual 

number of days in which surface water will be available for diversion to the junior 

surface water appropriations in the Basin will be 34.7 days from July 1 through August 

31 and 109.0 days from May 1 through September 30 (Table L-6). 
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Table L-6.  Water Administration Table with Current Ground Water Depletions, Loup 
River Basin, 2011-2030 

Year 

July 1 though August 31 
Number of Days Available 

for Surface Water Diversion 

May 1 through September 30 
Number of Days Available for 

Surface Water Diversion 
2011 40 126 
2012 59 150 
2013 42 133 
2014 6 64 
2015 14 46 
2016 14 75 
2017 4 64 
2018 61 150 
2019 62 153 
2020 51 136 
2021 51 133 
2022 62 153 
2023 38 129 
2024 61 150 
2025 61 152 
2026 26 87 
2027 20 97 
2028 1 44 
2029 5 71 
2030 16 67 

Average 34.7 109.0 
 

b) Future Well Development 

 

Estimates of the number of high capacity wells that would be completed over the next 25 

years if no new legal constraints on the construction of such wells were imposed were 

calculated based on extrapolating the present day rate of increase in well development 

into the future, Figure L-73.  For the past 20 years, the rate of increase in high capacity 

wells is nearly linear at a rate of 114 wells per year. 

 

The lag impact was computed for the projected wells using the Jenkins methodology 

documented in Appendix D.  The results show that an additional 220 cfs of daily 

depletion due to ground water pumping can be expected from the Basin if there is new 

well development.  
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The result of the future development depletions can be quantified the same way as with 

the current depletions.  The sum of the depletions with future development results in a 

total depletion in the year 2030 of 270 cfs daily at North Bend and 530 cfs daily at 

Louisville.   

 

The results found by comparing the senior surface water appropriation with the depleted 

daily flows show that in the future, with no restrictions on well development, the average 

annual number of days in which surface water will be available for diversion to the junior 

surface water appropriations in the Basin will be 33.1 days from July 1 through August 

31 and 105.5 days from May 1 through September 30, Table L-7. 

 
Table L-7.  Water Administration Table with Current and Future Ground Water 
Depletions, Loup River Basin, 2011-2030 

Year 

July 1 though August 31 
Number of Days Available 

for Surface Water Diversion 

May 1 through September 30 
Number of Days Available for 

Surface Water Diversion 
2011 39 123 
2012 56 147 
2013 39 130 
2014 5 60 
2015 14 44 
2016 11 72 
2017 3 63 
2018 59 142 
2019 62 153 
2020 47 127 
2021 49 126 
2022 61 152 
2023 38 129 
2024 61 146 
2025 61 152 
2026 20 81 
2027 15 89 
2028 1 42 
2029 4 69 
2030 16 62 

Average 33.1 105.5 
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Future Surface Water Development and Uses 

 

The number of surface water appropriations in the Basin has grown steadily over the past 

30 years and it appears appropriate to project that that trend will continue into the future, 

Figure L-57.  The number of acres permitted for surface water irrigation has also grown 

significantly during the past 30 years as additional irrigation districts lands have been 

developed Figure L-58.  However, surface water development must be limited to ensure 

compliance with the Nebraska Nongame and Endangered Species Conservation Act 

(NNESCA) due to the presence of Pallid Sturgeon and Sturgeon Chub in the Lower Platte 

River.  The Department and the Nebraska Game and Parks Commission have a policy 

regarding the procedure for issuing new surface water appropriations and amending 

existing appropriations so that NNESCA will be complied with.  This policy limits the 

number of surface water appropriations that can be issued without further study of the 

effects on these species.  

 

Ability to Satisfy Net Corn Crop Irrigation Requirement 

 

Figure L-74 shows the net corn crop irrigation requirement for the Basin.  The map 

shows the net corn crop irrigation requirement to range from approximately 13.5 inches 

in the western portion of the Basin to less than 8.0 inches at the confluence of the Loup 

and Platte Rivers.  Assuming a surface water diversion rate equal to 1 cubic foot per 

second per 70 acres and a downtime value of 10 percent; depending on the location in the 

Basin, it takes between 21.2 days and 35.9 days annually to divert 65% of the net corn 

crop irrigation requirement from July 1 through August 31 and between 27.8 days and 

46.9 days to divert 85% of the net corn crop irrigation requirement from May 1 through 

September 30.  The junior surface water appropriation in the Basin with the highest net 

corn crop irrigation requirement is located along the South Loup River in Custer County.  

Comparing its location with the data in Figure L-74 shows that its net corn crop irrigation 

requirement would be approximately 11.6 inches annually.  For an 11.6 inch net corn 

crop irrigation requirement it would take 30.8 days to meet 65% and 40.3 days to meet 

85%  of the net corn crop irrigation requirement.  
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The reconstructed surface water administration analysis showed surface water was 

available for diversion an average of 37.2 days from July 1 through August 31 and an 

average of 112.6 days from May 1 through September 30.  The number of days in which 

surface water was available for diversion in both the July 1 through August 31 and the 

May 1 through September 30 time frames exceeds the number of days surface water is 

required to be available for the greatest net corn crop irrigation requirement for the junior 

surface water appropriations in the Basin during those same periods.  

 

Sufficiency of Surface Water Supply [Nebraska Revised Statutes Section 46-713(3)(a) 

(Reissue 2004)] 

 

The average number of days in which surface water was available for diversion in both 

the July 1 through August 31 and the May 1 through September 30 time frames required 

by Department rule 457 Nebraska Administrative Code (NAC) 24.001.01 exceeds the 

number of days surface water is required to be available pursuant to the rule during those 

same periods.  The lag impact analyses show that even in the future, the number of days 

in which surface water will be available for diversion in both time periods will exceed the 

number of days surface water would be required to be available.  Table L-8 summarizes 

the results of comparisons between the number of days surface water must be available  

to meet the 65% and 85% net corn crop irrigation requirements and the number of days in 

which surface water was available for diversion to the junior surface water 

appropriations.   
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Table L-8.  Summary of Comparison Between Net Corn Crop Irrigation Requirement and 
Number of Days Surface Water is Available for Diversion. 

 

Number of Days 
Necessary to 
Meet the 65% 

and 85% of Net 
Corn Crop 
Irrigation 

Requirement 

Average Annual 
Number of Days 
Available to the 
Junior Surface 

Water 
Appropriations 
(1985-2004)* 

Average Annual 
Number of Days 

Available in 
2030 with no 

Additional Well 
Development 

Average Annual 
Number of Days 

Available in 
2030 with 

Additional Well 
Development 

July 1 – 
August 31 31.9 

37.2 
(5.3 days above 
the requirement) 

34.7 
(2.8 days above 
the requirement) 

33.1 
(1.2 days above 
the requirement) 

May 1 – 
September 

30 
41.7 

112.6 
(70.9 days above 
the requirement) 

109.0 
(67.3 days above 
the requirement) 

105.5 
(63.8 days above 
the requirement) 

* From the reconstructed administration record. 

 

Sufficiency of Streamflow for Ground Water Supply [Nebraska Revised Statutes Section 

46-713(3)(b) (Reissue 2004)] 

 

Since the criteria for Nebraska Revised Statutes Section 46-713(3)(a) were satisfied, the 

conclusion for this section is the same for reasons explained in the report introduction. 

 

Sufficiency of Surface Water Supply for Compliance with Compacts or State Laws 

[Nebraska Revised Statutes Section 46-713(3)(c) (Reissue 2004)]  

 

There are no compacts on any portions of the Loup River Basin in Nebraska.  At this time 

there is sufficient water supply in the Basin to comply with NNESCA and, as discussed 

above, future development will be limited so as to continue compliance. 

 

Future Development of Surface and Ground Water [Nebraska Revised Statutes Section 

42-713(1)(b) (Reissue 2004)] 

 

Given the rate of registered ground water well and surface water appropriation 

development, the conclusion that the Basin is not fully appropriated would not change 

even if no additional legal constraints were placed on development and a reasonable 
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projection of a continuation of the current trend of well development of the last 20 years 

is used. 

 

Conclusions 

 

There is no evidence that current ground water depletions to streamflow in the Basin are 

affecting surface water users sufficiently to meet the criteria for being fully appropriated 

as found in Department rule 457 NAC 24.001.01 when compared to the amount of 

surface water available at the present time.  

 

There is no evidence available at this time that lag impact will be sufficient in 25 years to 

affect existing water users enough to meet the criteria for being fully appropriated as 

found in Department rule 457 NAC 24.001.01. 

 

Based upon available information and its evaluation, the Department has reached a 

determination that the Basin is not fully appropriated. The Department has also 

determined that even if no additional legal constraints are imposed on future development 

of hydrologically connected surface water and ground water and reasonable projections 

are made about the extent and location of future development, this conclusion would not 

change.   

 

The Department determination may change in future years to be preliminarily fully 

appropriated for the Basin if one of the following occurs: 

• A surface water appropriation is issued in an area where the net corn crop 

irrigation requirement is greater than 12.4 inches. 

• The subsequent analysis year is drier than the first year used in the surface water 

administration analysis.  For example, 2005 was considerably drier than 1985 

when comparing Platte River flows.  The preliminary data shows that 2005 had 

32 fewer days when the instream flow appropriation were met at North Bend.  

That alone will reduce the 20-year average number of days in which surface 

water was available for diversion by 1.6 days. 
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Figure L-3.  Annual Precipitation at Arthur, Nebraska. 
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Figure L-4.  Growing Season (May-September) Precipitation at Arthur, Nebraska. 
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Source:  High Plains Climate Center 
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Figure L-5.  Annual Precipitation at Broken Bow, Nebraska. 
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Figure L-6.  Growing Season (May-September) Precipitation at Broken Bow, Nebraska. 
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Figure L-7.  Annual Precipitation at Greeley, Nebraska. 
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Figure L-8.  Growing Season (May-September) Precipitation at Greeley, Nebraska. 
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Figure L-9.  Annual Precipitation at Loup City, Nebraska. 
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Figure L-10.  Growing Season (May-September) Precipitation at Loup City, Nebraska. 
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Figure L-11.  Annual Precipitation at Ord, Nebraska. 
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Figure L-12.  Growing Season (May-September) Precipitation at Ord, Nebraska. 
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Figure L-13.  Annual Precipitation at St. Paul, Nebraska. 
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Figure L-14.  Growing Season (May-September) Precipitation at St. Paul, Nebraska. 
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Figure L-15.  Annual Precipitation at Taylor, Nebraska. 
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Figure L-16.  Growing Season (May-September) Precipitation at Taylor, Nebraska. 
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Figure L-17.  Annual Precipitation at Valentine, Nebraska. 
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Figure L-18.  Growing Season (May-September) Precipitation at Valentine, Nebraska. 
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Table L-1. – Aquifers in unconsolidated surficial deposits (modified from Brown, 1955; CSD, 1990; 
LLNRD, 1995; and NNRC, 1993) 

System Hydrogeologic
unit Character and description 

Maximum 
thickness, 

in feet 

Hydrogeologic
characteristics

L-26

Undifferentiated
sand, gravel, silt 

and clay. 

Eolian (dune) sand and 
alluvial fill.  Sandy and clayey 
silt and sandy clay. 180

Provides moderate to 
high well yields.

Todd Valley sand 
Fine sand and gravel 
deposited as valley fill. 50

Yields water to wells in 
areas where it is 
saturated. 

Crete Formation 
Sand and gravel deposited as 
channel fill.  Modified by 
local materials. 

30
Yields water to wells in 
areas where it is 
saturated. 

Grand Island 
Formation 

Sand and gravel deposited by 
streams. 60

Yields water to wells in 
areas where it is 
saturated. 

   Recent 
       to 
Quaternary

Holdrege
Formation 

Sand and gravel deposited by 
streams.   15

Yields abundant 
supplies of water to 
wells.

Tertiary
Plio-Pleistocene 

sands and gravels 

Sand and gravel interbedded 
with silt. >100

High capacity wells 
drilled to Plio-
Pleistocene sands and 
gravels



Table L-2. – Characteristics of bedrock aquifers (modified from Keech and Dreeszen, 1959, 1968; 
 LLRD, 1995) 

System Hydrogeologic
unit Character and description 

Maximum 
thickness, 

in feet 

Hydrogeologic
characteristics

L-27

Tertiary Ogallala Group 

Sand, silty sand, sandy and 
clayey silt, sandstone, 
siltstone and some gravel. 600

Hydraulically connected 
to unconsolidated 
sediments, part of the 
primary aquifer.  

Niobrara
Formation 

Shaley chalk and limestone 400 Secondary aquifer where 
fractured.

Cretaceous Dakota
Sandstone

Sandstone and shale. 
2000

Secondary aquifer.  May 
be highly mineralized. 

Ordovician
and

Cambrian 

Undifferentiated
shale, limestone, 

dolomite and 
sandstone

Shale, limestone, dolomite, 
some sandstone.  

unknown

Cambrian and 
Ordovician sandstones 
may yield moderate to 
large amounts of water 
to wells but is too deep 
and highly mineralized 
to be of use. 
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Custer County, Nebraska 
Hydrologic Unit Code 10210004 
Latitude 41°10'13", Longitude 99°55'46" NAD27 
Land-surface elevation 2,785. feet above sea level NGVD29 
The depth of the well is 481.0 feet below land surface.  This well is 
completed in the TERTIARY OGALLALA GROUP DEPOSITS 
(112SDGV) regional aquifer.

Figure L-32  (T 14N R 23W Section 23) 
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Hooker County, Nebraska 
Hydrologic Unit Code 10210001 
Latitude 42°02'04", Longitude 101°20'05" NAD27 
Land-surface elevation 3,437.00 feet above sea level NGVD29 
The depth of the well is 20.0 feet below land surface.  This well is 
completed in the QUATERNARY SAND AND GRAVEL 
DEPOSITS (112SDGV) local aquifer.  

Figure L-33  (T 24N R 35W Section 23) 
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Howard County, Nebraska 
Hydrologic Unit Code 10210007 
Latitude 41°14'53", Longitude 98°35'18" NAD27 
Land-surface elevation 2,037.00 feet above sea level NGVD29 
The depth of the well is 182 feet below land surface.  This well is 
completed in the TERTIARY OGALLALA GROUP DEPOSITS 
(112SDGV) regional aquifer.

Figure L-34  (T 15N R 11W Section 28) 
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McPherson County, Nebraska 
Hydrologic Unit Code 10210004 
Latitude 41°31'30", Longitude 100°53'12" NAD27 
Land-surface elevation 3,225.00 feet above sea level NGVD29 
The depth of the well is 120 feet below land surface.  This well is 
completed in the QUATERNARY SAND DEPOSITS (112SDGV) 
local aquifer.

Figure L-35  (T 18N R 31W Section 16) 
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Sherman County, Nebraska 
Hydrologic Unit Code 10210003 
Latitude 41°22'28", Longitude 98°56'50" NAD27 
Land-surface elevation 2,190. feet above sea level NGVD29 
The depth of the well is 199.0 feet below land surface.  This well is 
completed in the TERTIARY OGALLALA GROUP DEPOSITS 
(112SDGV) regional aquifer.

Figure L-36  (T 16N R 14W Section 08) 
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Valley County, Nebraska 
Hydrologic Unit Code 10210007 
Latitude 41°27'27", Longitude 98°49'51" NAD27 
Land-surface elevation 2,035.71 feet above sea level NGVD29 
The depth of the well is 94.0 feet below land surface.  This well is 
completed in the QUATERNARY SAND DEPOSITS (112SDGV) 
local aquifer just above the TERTIARY OGALLALA GROUP 
DEPOSITS regional aquifer.

Figure L-37  (T 17N R 13W Section 08) 
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Figure L-38.  Annual Flows, Beaver Creek at Loretto. 
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Figure L-39.  Annual Flows, Beaver Creek at Genoa. 
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Data from: US Geological Survey and NE Department of Natural Resources 
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Figure L-40.  Annual Flows, Cedar River near Spalding. 
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Figure L-41.  Annual Flows, Cedar River near Fullerton. 
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Data from: US Geological Survey and NE Department of Natural Resources 
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Figure L-42.  Annual Flows, Dismal River at Dunning. 
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Figure L-43.  Annual Flows, Dismal River near Thedford. 
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Data from: US Geological Survey and NE Department of Natural Resources 
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Figure L-44.  Annual Flows, Mira Creek near North Loup. 
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Figure L-45.  Annual Flows, Mud Creek near Sweetwater. 

Annual Flows
Mud Creek near Sweetwater, Nebraska

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

90,000

19
47

19
49

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

Year

Fl
ow

, A
cr

e-
Fe

et

Data from: US Geological Survey and NE Department of Natural Resources 
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Figure L-46.  Annual Flows, Calamus River near Burwell. 
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Figure L-47.  Annual Flows, Calamus River near Harrop. 
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Figure L-48.  Annual Flows, South Loup River at St. Michael. 
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Figure L-49.  Annual Flows, Middle Loup River at Dunning. 
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Figure L-50.  Annual Flows, Middle Loup River at Arcadia. 
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Figure L-51.  Annual Flows, Middle Loup River at St. Paul. 
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Figure L-52.  Annual Flows, North Loup River at Taylor. 
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Figure L-53.  Annual Flows, North Loup River at Ord. 

Annual Flows
North Loup River at Ord, Nebraska

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

800,000

900,000

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

Year

Fl
ow

, A
cr

e-
Fe

et

Data from: US Geological Survey and NE Department of Natural Resources 

L-55



Figure L-54.  Annual Flows, North Loup River near St. Paul. 
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Figure L-55.  Annual Flows, Loup River near Genoa. 
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Figure L-60.  Annual Diversions, Burwell-Sumter Canal. 
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Burwell-Sumter Canal from North Loup River
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Figure L-61.  Annual Diversions, Farwell Main Canal. 

Annual Diversions
Farwell Main Canal from Sherman Reservoir
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Source: NE Department of Natural Resources 

L-61



Figure L-62.  Annual Diversions, Farwell South Canal. 
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Figure L-63.  Annual Diversions, Middle Loup Canal No. 1. 
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Middle Loup Canal No. 1 from Middle Loup River
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Figure L-64.  Annual Diversions, Middle Loup Canal No. 2. 
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Figure L-65.  Annual Diversions, Middle Loup Canal No. 3. 
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Middle Loup Canal No. 3 from Middle Loup River
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Figure L-66.  Annual Diversions, Middle Loup Canal No. 4. 

Annual Diversions
Middle Loup Canal No. 4 from Middle Loup River
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Figure L-67.  Annual Diversions, Mirdan Canal. 

Annual Diversions
Mirdan Canal from Calamus Reservoir
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Figure L-68.  Annual Diversions, Ord-North Loup Canal. 

Annual Diversions
Ord-North Loup Canal from North Loup River
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Figure L-69.  Annual Diversions, Sargent Canal. 

Annual Diversions
Sargent Canal from Middle Loup River
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Figure L-70.  Annual Diversions, Taylor-Ord Canal. 

Annual Diversions
Taylor-Ord Canal from North Loup River
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Figure L-71.  Annual Diversions, Loup Power Canal. 

Annual Diversions
Loup River Power Canal near Genoa, Nebraska
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Figure L-73.  Historic High Capacity Well Development in the Loup Basin. 

Source:  DNR Registered Ground Water Well Database 
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Missouri Tributaries Basin 

 

The Missouri Tributaries Basin (Basin) in Nebraska is defined as the areas of Nebraska 

that drain into the Missouri River between its confluence with the Niobrara River and its 

confluence with the Platte River and includes the Missouri River, Figure MT-1.  Major 

streams in the Basin include Ponca, Bazile, Aowa, Elk, Omaha, Blackbird, and Papillion 

Creeks and the Missouri River, Figure MT-2.  The total area of the Basin is 

approximately 3,000 square miles and includes all of Dakota County and portions of 

Antelope, Burt, Cedar, Dixon, Douglas, Knox, Pierce, Sarpy, Thurston, and Washington 

counties.  County seats in the Basin include Blair, Center, Dakota City, Hartington, 

Omaha, Papillion, Ponca, and Tekamah. 

 

Source of Water 

 

Precipitation 

 

Annual and growing season (May 1 through September 30) precipitation charts for gage 

sites in Blair, Butte, Hartington, Homer, Newcastle, and Omaha are shown on Figures 

MT-3 through MT-14.  The average annual precipitation ranges from 23.7 inches at Butte 

near the northwestern end of the Basin to 30.3 inches at Omaha in the southeast corner of 

the Basin.  The average growing season precipitation ranges from 15.5 inches at Butte to 

19.3 inches at Omaha.  Locations of the precipitation gages can be seen in Figure MT-15. 
 

Water is also supplied to the Missouri River from surface water sources upstream from 

the Basin.  These supplies far exceed the amount of water which originates locally and 

supplies the Missouri River. 

 

Ground Water 

 

The hydrogeology of the Basin is complex due to the glacial origin of the recent 

sediments.  The entire Basin has been glaciated except for the western edge, Figure MT-
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16.  For purposes of this report, all saturated unconsolidated sediments of Quaternary age 

above bedrock inclusive of the paleovalley alluvial aquifers, the Missouri alluvial 

aquifers and the shallow aquifers and the bedrock Tertiary Ogallala Group are combined 

into the principal aquifer unit for the Basin.  Secondary aquifers are made up of the 

remaining bedrock aquifers.  Tables MT-1 and MT-2 list the aquifers by age with the 

important hydrogeologic characteristics.  The bedrock aquifers range in age from Tertiary 

to Cambrian, Figure MT-17.  The bedrock aquifers supply a small amount of water 

compared to the other aquifers but are an important source locally (CSD, 2005).  They 

generally are not in hydrologic connection with the streams in the Basin. 

 

The principal aquifer varies in saturated thickness from 0 to approximately 500 feet, 

Figure MT-18.  Depth to water from the land surface varies from 0 to more than 200 feet, 

Figure MT-19 (CSD 2005).  Transmissivity values range from less than 20,000 gallons 

per day per foot (gal/day/ft) to more than 200,000 gallons gal/day/ft.  Most areas of the 

Basin have transmissivity values of less than 20,000 gal/day/ft, Figure MT-20.  Areas of 

higher transmissivity are generally related to the paleovalley and Missouri River alluvial 

aquifers.  Specific yield ranges from less than 5 to greater than 20 percent, Figure MT-21.  

Due to the glaciated nature of the area, the principal aquifer is not always hydrologically 

connected to the streams, except the Missouri River alluvial aquifers (CSD 2005).  The 

ground water table, Figure MT-22, reflects the complicated nature of this glaciated area.  

Ground water tends to move from the uplands to the streams however the ground water 

contour map should not be taken as an expression of the hydrologic connection (CSD 

2005).   

 

Ground Water Use 

 

Ground water in the Basin is used for a variety of purposes: domestic, industrial, 

livestock, irrigation, and others.  There are 3,697 registered ground water wells within the 

Basin as of October 1, 2005 (Department registered ground water wells database).  Not 

all wells are registered in the Department database, especially stock and domestic wells, 

which if drilled prior to 1993 are not required to be registered.  Certain dewatering and 
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other temporary wells are not required to be registered.  Irrigation is the largest consumer 

of ground water, with approximately 230,000 acres being supplied with water from 

approximately 1,600 wells as of October 1, 2005 (Department registered ground water 

wells database).  

 

Ground water development is limited within the Basin by the geology of the area.  Figure 

MT-23 illustrates the location of depletive ground water wells.  The limited areal extent 

of those wells indicates where ground water has been beneficially developed.  Most wells 

are found in the paleovalley and Missouri alluvial aquifers.   Ground water development 

analyzed by comparison of completion dates has shown that development of high 

capacity wells (depletive wells capable of pumping more than 50 gallons per minute) has 

been steadily increasing with accelerated increases during the years 1967 through 1981 

and 1994 to the present, Figures MT-24, MT-25, and  MT-26. Table MT-3 shows the 

estimated average irrigated acreage by county within the Basin between 1950 and 2003.  

The increase in the number of other depletive wells seen in Figures MT-25 and MT-26 

after 1993 is attributed to revision of the well registration statute in 1993. 

 

Changes in Ground Water Table Elevation  

 
Figure MT-27 is a map made from a compilation of all ground water table elevations 

reported to the Conservation and Survey Division of the University of Nebraska-Lincoln 

in cooperation with the U.S. Geological Survey and the Natural Resources Districts.  It 

shows a small area in Cedar and Dixon counties with a small decline in ground water 

table elevations from predevelopment through the spring of 2005.  Figure MT-28 is the 

location map for selected ground water hydrographs across the Basin.  Figures MT-29 

through MT-33 are hydrographs (USGS 2005) which give a representative change in 

ground water table elevations for the particular area.  Where possible a graph of a 

continuous recorder site is used.   
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Ground Water Management 

 

The Basin primarily encompasses portions of two Natural Resources Districts (NRDs):  

the Lewis and Clark NRD (LCNRD) and the Papio-Missouri River NRD (PMRNRD). 

 

The LCNRD has established a ground water management area (GWMA) for quality 

purposes in the southwestern corner of the district within Knox County.  As part of the 

GWMA requirements, permits are required prior to the construction of wells pumping 

greater than 50 gallons per minute (gpm). The PMRNRD has not established a GWMA.  

 
Surface Water 

 

Hydrographs from seven surface water gages in the Basin are included in this report, 

Figures MT-34 through MT-38.  They are Bazile Creek near Niobrara, Omaha Creek at 

Homer, Tekamah Creek at Tekamah, and the Missouri River at Sioux City and Omaha, 

Figure MT-39.  Streamflow in the Basin is primarily driven by precipitation and 

generally follows the annual variations in precipitation.   

 

Surface Water Use 

 

As of October 1, 2005, there are approximately 350 surface water appropriations in the 

Basin issued for a variety of uses.  The majority of the appropriations are for irrigation 

use and they tend to be located on the major streams.  There are no instream flow 

appropriations in the Basin.  The first appropriations in the Basin were permitted in 1881 

and development has continued through present day.  The largest period of development 

occurred in the 1970’s, Figure MT-40 and Figure MT-41. The approximate locations of 

the surface water diversion points are shown in Figure MT-42.  Information on specific 

appropriations is available in the Department’s biennial report.  Information on categories 

of use can be found in Appendix H. 

 



  

 MT-5

Analyses for the Fully Appropriated Determination  

 

Surface Water Administration 

 

In the 124-year period since the first surface water appropriation was perfected in the 

Basin, there is one recorded instance of surface water administration in the administrative 

record, occurring in 1988.  A summary of water administration that occurred between 

1985 and 2004 can be found in Table MT-4.  The junior surface water appropriations in 

the Basin had an average of 62 days in which surface water was available for diversion 

from July 1 through August 31 and 153 days in which surface water was available for 

diversion from May 1 through September 30.   

 

Table MT-4.  Water Administration in the Missouri Tributaries Basin between 1985 and 
2004. 

Year Water Body Days 
Closing 

Date 
Opening 

Date 
1988 Antelope Creek near Menominee  June 27  

 

The senior surface water appropriation that caused administration in the Basin has a 

priority date year prior to 1985; therefore it is not necessary to reconstruct the water 

administration table.  

 

Determination of Hydrologically Connected Area 

 

No sufficient numeric ground water model is available in the Missouri Tributaries Basin 

to determine the 10/50 area or the lag impact of ground water wells. 

 

The Jenkins method can only be applied where sufficient data and appropriate 

hydrogeologic conditions exist.  In most of the Basin the principal aquifer is absent or 

very thin due to the glaciated nature of the area (CSD 2005).  Additionally, where there is 

a principal aquifer present, the complex hydrogeologic nature of this area makes the 

degree of connection between the ground water system and the surface water system poor 

and uncertain (CSD 2005).  The area surrounding Bazile Creek is the only portion of the 
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Basin where the principal aquifer is present and in hydrologic connection with the 

streams (CSD 2005).  Figure MT-43 shows the hydrologically connected area for the 

headwaters of Bazile Creek in accordance with Department rule 457 NAC 24.001.02  

(Appendix A). 

 

Lag Impacts 

 

a) Current Well Development 

 

The lag impact was computed using the Jenkins methodology documented in Appendix 

D.  The results show that an additional 2 cubic feet per second (cfs) of daily depletion 

from ground water pumping to Bazile Creek can be expected in the year 2030 from the 

Basin due to the lag impact of existing wells if there is no new well development.  At the 

present time, there is no way to quantify the effect the additional depletion will have on 

existing surface water appropriations in the Basin.  Other information suggests that the 

current well development has a minimal impact on the long term streamflow.  Many high 

capacity ground water wells have been completed in the Basin in the last 40 years, but 

there are no large areas of ground water decline and the observed decreases in streamflow 

appear to be mostly due to cyclical climatic conditions.     

 

b) Future Well Development 

 

Estimates of the number of high capacity wells that would be completed over the next 25 

years if no new legal constraints were imposed on the construction of such wells were 

calculated based on extrapolating the present day rate of increase in well development 

into the future, Figure MT-44.  For the past 20 years, the rate of increase in high capacity 

wells is nearly linear at a rate of 33 wells per year. 

 

The lag impact was computed for the projected wells using the Jenkins methodology 

documented in Appendix D.  The results show that an additional 5 cfs of daily depletion 

to Bazile Creek from ground water pumping can be expected in the year 2030 from the 



  

 MT-7

Basin, if there is additional well development.  As with the current well development 

analysis, there is no way to quantify the impact the additional depletion will have on 

existing surface water appropriations in the Basin.  Other information suggests that the 

current well development has a minimal impact on the long term streamflow.  Many high 

capacity ground water wells have been completed in the Basin in the last 40 years, but 

there are no large areas of ground water decline and the observed decreases in streamflow 

appear to be mostly due to cyclical climatic conditions.    

 

Future Surface Water Development and Uses 

 

The number of surface water appropriations in the Basin has grown steadily over the past 

30 years and it appears appropriate to project that that trend will continue into the future, 

Figure MT-40.  The number of acres permitted for surface water irrigation also has 

grown steadily for the past 30 years, Figure MT-41, and no significant changes to that 

rate of growth are expected in the future. 

 

Ability to Satisfy Net Corn Crop Irrigation Requirement 

 

Figure MT-45 shows the net corn crop irrigation requirement for the Missouri Tributaries 

Basin.  The map shows the net corn crop irrigation requirement to be 9.0 inches or less 

for the entire Basin.  Assuming a surface water diversion rate equal to 1 cubic foot per 

second per 70 acres and a downtime value of 10 percent; depending on the location in the 

Basin, it takes approximately 23.9 days annually to divert 65% of the net corn crop 

irrigation requirement from July 1 through August 31 and approximately 31.3 days to 

divert 85% of the net corn crop irrigation requirement from May 1 through September 30.   

 

The surface water administration analysis showed 62 days in which surface water was 

available for diversion from July 1 through August 31 and an average of 153 days in 

which surface water was available for diversion from May 1 through September 30.  The 

number of days in which surface water was available for diversion in both the July 1 
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through August 31 and the  May 1 through September 30 time frames far exceed the 

required number of days for the Basin during those same periods.  

 

Sufficiency of Surface Water Supply [Nebraska Revised Statutes Section 46-713(3)(a) 

(Reissue 2004)] 

 

The average number of days surface in which surface water was available for diversion in 

both the July 1 through August 31 and the May 1 through September 30 time frames 

required by Department rule 457 Nebraska Administrative Code (NAC) 24.001.01 

exceeds the number of days surface water is required to be available pursuant to the rule 

during those same periods.  Because the average annual number of days in which surface 

water was available for diversion far exceed the number of days required (62 available 

versus 23.9 needed and 153 available versus 31.3 needed) it is unlikely that the existing 

level of well development will cause flows in the streams of the Basin to fall to the point 

where they may become fully appropriated without the initiation of additional uses.  

Table MT-5 summarizes the results of comparisons between the number of days surface 

water must be available  to meet the 65% and 85% net corn crop irrigation requirements 

and the number of days in which surface water was available for diversion to the junior 

surface water appropriations.   
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Table MT-5.  Summary of Comparison Between Net Corn Crop Irrigation Requirement 
and Number of Days Surface Water is Available for Diversion. 

 

Number of Days 
Necessary to 
Meet the 65% 

and 85% of Net 
Corn Crop 
Irrigation 

Requirement 

Average Annual 
Number of Days 
Available to the 
Junior Surface 

Water 
Appropriations 

(1985-2004) 

Average Annual 
Number of Days 

Available in 
2030 with no 

Additional Well 
Development 

Average Annual 
Number of Days 

Available in 
2030 with 

Additional Well 
Development 

July 1 – 
August 31 23.9 

62 
(38.1 days above 
the requirement) 

Not Calculated* Not Calculated* 

May 1 – 
September 

30 
31.3 

153 
(121.7 days 
above the 

requirement) 

Not Calculated* Not Calculated* 

* This number was not calculated.  Because the number of days in which surface water 
was available for diversion far exceed the number of days necessary to meet the net corn 
crop irrigation requirement, the final conclusion would not change even with the addition 
of lag impacts from additional wells. 
 

Sufficiency of Streamflow for Ground Water Supply [Nebraska Revised Statutes Section 

46-713(3)(b) (Reissue 2004)] 

 

Since the criteria for Nebraska Revised Statutes Section 46-713(3)(a) were satisfied, the 

conclusion for this section is the same for reasons explained in the report introduction. 

 

Sufficiency of Surface Water Supply for Compliance with Compacts or State Laws 

[Nebraska Revised Statutes Section 46-713(3)(c) (Reissue 2004)]  

 

There are no compacts on any portions of the Missouri Tributaries Basin in Nebraska. 

 

Future Development of Surface and Ground Water [Nebraska Revised Statutes Section 

42-713(1)(b) (Reissue 2004)] 

 

Given the rate of registered ground water well and surface water appropriation 

development, the conclusion that the Basin is not fully appropriated would not change 

even if no additional legal constraints were placed on development and a reasonable 
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projection of a continuation of the current trend of well development of the last 20 years 

is used. 

 

Conclusions 

 

There is no evidence that current ground water depletions to streamflow in the Basin are 

affecting surface water users sufficiently to meet the criteria for being fully appropriated 

as found in Department rule 457 NAC 24.001.01 when compared to the amount of 

surface water available at the present time.  

 

There is no evidence available at this time that lag impact will be sufficient in 25 years to 

affect existing water users enough to meet the criteria for being fully appropriated as 

found in Department rule 457 NAC 24.001.01. 

 

Based upon available information and its evaluation, the Department has reached a 

determination that the Basin is not fully appropriated. The Department has also 

determined that even if no additional legal constraints are imposed on future development 

of hydrologically connected surface water and ground water and reasonable projections 

are made about the extent and location of future development, this conclusion would not 

change.   
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Figure MT-3.  Annual Precipitation at Blair, Nebraska. 
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Figure MT-4.  Growing Season (May-September) Precipitation at Blair, Nebraska. 
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Figure MT-5.  Annual Precipitation at Butte, Nebraska. 
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Figure MT-6.  Growing Season (May-September) Precipitation at Butte, Nebraska. 
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Figure MT-7.  Annual Precipitation at Hartington, Nebraska. 
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Figure MT-8.  Growing Season (May-September) Precipitation at Hartington, Nebraska. 

Growing Season (May-September) Precipitation

Hartington, Nebraska

0

5

10

15

20

25

30

35

40

45

1
9
4
9

1
9
5
1

1
9
5
3

1
9
5
5

1
9
5
7

1
9
5
9

1
9
6
1

1
9
6
3

1
9
6
5

1
9
6
7

1
9
6
9

1
9
7
1

1
9
7
3

1
9
7
5

1
9
7
7

1
9
7
9

1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
9
9
9

2
0
0
1

2
0
0
3

Year

P
re

ci
p

it
a

ti
o

n
, 
in

ch
es

Source:  High Plains Climate Center 

MT-15



Figure MT-9.  Annual Precipitation at Homer, Nebraska. 
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Figure MT-10.  Growing Season (May-September) Precipitation at Homer, Nebraska. 
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Figure MT-11.  Annual Precipitation at Newcastle, Nebraska. 
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Figure MT-12.  Growing Season (May-September) Precipitation at Newcastle, Nebraska. 
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Figure MT-13.  Annual Precipitation at Omaha, Nebraska. 
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Figure MT-14.  Growing Season (May-September) Precipitation at Omaha, Nebraska. 
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Figure MT-16.

Glacial till information provided by the UNL Conservation and Survey
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Table MT-1. – Aquifers in unconsolidated surficial deposits (modified from Verestraeten and Ellis, 1995;

Kent, Engberg, and Ellis, 1981) 

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

MT-21

Elkhorn River 

Alluvial

Aquifer

Sand and gravel deposits 

located within the incised 

bedrock valley of the Elkhorn 

River.

90

Unconfined aquifer with 

wells yielding 700 to 

1,200 gal/min. 

Missouri River 

Valley

Alluvial

Aquifer

Sand and gravel deposits 

located within the incised 

bedrock valley of the Missouri 

River.

100

Usually unconfined but 

may be locally confined.  

Wells generally yield 600 

to 1,200 gal/min. 

Platte River 

Valley

Alluvial

Aquifers

Sand and gravel deposits 

located within the incised 

bedrock valley of the Platte 

River.

100

Unconfined aquifer with 

wells that yield 900 to 

2,000 gal/min. Quaternary

Upland Area 

Alluvial

Aquifers

Sand and gravel with eolian 

deposits of silt and clay sized 

loess and clay sized glacial 

till.
<200

Confined or partially 

confined discontinuous 

beds of saturated sand and 

gravel with yields from 10 

to 300 gal/min with some 

wells in the northeast with 

yields from 550 to 1,500 

gal/min. 



Table MT-2. – Characteristics of bedrock aquifers (modified from Verestraeten and Ellis, 1995; Kent, 

Engberg, and Ellis, 1981) 

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

MT-22

Tertiary Ogallala Group 

Sand, silty clay, interbedded 

with a little volcanic ash and 

orthoquartzite.
125

 Not a principal source 

of water, may yield 

water to some domestic 

wells.

Niobrara

Formation 

Clayey limestone, chalky, 

highly fractured in places. 

340

Significant source of 

water to wells in areas 

with secondary 

porosity.  Well may 

have yields of 360 to 

900 gal/min. 

Cretaceous 

Dakota

Sandstone

Sandstone with claystone and 

shale.  Locally cemented with 

iron oxide.  Claystone is 

massive and often silty.  

Some areas have numerous 

thin layers of carbonaceous 

material. 

500

Confined or partially 

confined with wells 

yielding 10 to 600 

gal/min depending on 

thickness of saturated 

sandstone.

Mississippian 

to

Cambrian 

Undifferentiated

limestone, shale 

and sandstone 

beds

Mostly massive dolomite 

bedding with limestone beds 

in the upper part, thin 

dolomite shale in the middle 

and sandstone beds in the 

lower part. 

1600

Confined aquifers.

Well yields range from 

200 to 1,300 gal/min. 
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Burt County, Nebraska 

Hydrologic Unit Code 10220004 

Latitude 41°57'34.5", Longitude 96°28'25" NAD27 

Land-surface elevation 1,277 feet above sea level NGVD29 

The depth of the well is 48.0 feet below land surface.  

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure MT-29  (T 23N R 08E Section 13) 
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Cedar County, Nebraska 

Hydrologic Unit Code 10170101 

Latitude 42°37'23", Longitude 97°08'26" NAD27 

Land-surface elevation 1,460. feet above sea level NGVD29 

The depth of the well is 178 feet below land surface.

This well is completed in the QUATERNARYGRAVEL DEPOSITS 

(112SDGV) local aquifer.

Figure MT-30  (T 31N R 02E Section 36) 
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Dixon County, Nebraska 

Hydrologic Unit Code 10220004 

Latitude 42°18'37", Longitude 96°59'41" NAD27 

Land-surface elevation 1,480. feet above sea level NGVD29 

The depth of the well is 122 feet below land surface.

This well is completed in the QUATERNARY GRAVEL DEPOSITS 

(112SDGV) local aquifer.

Figure MT-31  (T 27N R 04E Section 17) 
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Thurston County, Nebraska 

Hydrologic Unit Code 10230001 

Latitude 42°07'37", Longitude 96°19'59" NAD27 

Land-surface elevation 1,068. feet above sea level NGVD29 

The depth of the well is 93.0 feet below land surface.

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.   

Figure MT-32  (T 25N R 10E Section 19) 
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Washington County, Nebraska 

Hydrologic Unit Code 10230001 

Latitude 41°33'55.26", Longitude 96°09'36.73" NAD83 

Land-surface elevation 1,055 feet above sea level NGVD29 

The depth of the well is 36.0 feet below land surface. 

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS, UNDIFFERENTIATED (110SDGV) local 

aquifer.

Figure MT-33  (T 18N R 11E Section 03) 
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Figure MT-34.  Annual Flows, Bazile Creek near Niobrara. 
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Figure MT-35.  Annual Flows, Omaha Creek at Homer. 

Annual Flows

Omaha Creek at Homer, Nebraska

0

20,000

40,000

60,000

80,000

100,000

120,000

1
9
4
6

1
9
4
9

1
9
5
2

1
9
5
5

1
9
5
8

1
9
6
1

1
9
6
4

1
9
6
7

1
9
7
0

1
9
7
3

1
9
7
6

1
9
7
9

1
9
8
2

1
9
8
5

1
9
8
8

1
9
9
1

1
9
9
4

1
9
9
7

2
0
0
0

2
0
0
3

Year

F
lo

w
, 
A

cr
e-

F
e
et

Data from: US Geological Survey and NE Department of Natural Resources 
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Figure MT-36.  Annual Flows, Tekamah Creek at Tekamah. 
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Figure MT-37.  Annual Flows, Missouri River at Sioux City. 
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Figure MT-38.  Annual Flows, Missouri River at Omaha. 
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Figure MT-44.   Historic High Capacity Well Development in the Missouri Tributaries Basin. 

Source:  DNR Registered Ground Water Well Database 
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Nemaha Basin 

 

The Nemaha River Basin (Basin) in Nebraska is defined as the areas of Nebraska south 

of the Platte River Basin that drain directly into the Missouri River and includes the 

Missouri River below its confluence with the Platte River, Figure N-1.  Major streams in 

the Basin include Weeping Water Creek, the Little Nemaha River, the Big Nemaha 

River, and the Missouri River, Figure N-2.  The total area of the Basin is approximately 

2,800 square miles and includes all of Johnson, Nemaha, Otoe, and Richardson counties 

and portions of Cass, Gage, Lancaster, and Pawnee counties.  County seats in the Basin 

include Auburn, Falls City, Nebraska City, Pawnee City, Plattsmouth, and Tecumseh. 

 

Streams in the Basin are incised into the glacial tills and loess that cover the entire Basin. 

Stream orientation is nearly perpendicular to the direction of the glacial advance with the 

majority of the streams flowing from the northwest to the southeast. The exception is the 

Big Nemaha River which is the furthest south major stream. Its headwaters are in Kansas, 

where it flows northeast across the Nebraska–Kansas state line, continues northeast a 

short distance then gradually changes direction to the southeast.  All streams in the Basin 

discharge to the Missouri River. 

 

Sources of Water 

 

Precipitation 

 

Annual and growing season (May 1 through September 30) precipitation charts for gage 

sites in Auburn, Falls City, Nebraska City, and Tecumseh are presented in Figures N-3 

through N-10.  The average annual precipitation ranges from 29.1 inches at Lincoln near 

the northwestern end of the Basin to 34.7 inches at Falls City in the southeast corner of 

the Basin.  The average growing season precipitation ranges from 19.2 inches at Lincoln 

to 22.1 inches at Falls City.  Locations of the precipitation gages can be seen in Figure N-

11. 
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Ground Water 

 

The hydrogeology of the Basin is complex due to the glacial origin of the recent 

sediments.  The entire Basin has been glaciated, Figure N-12.  For purposes of this report, 

all saturated unconsolidated sediments of Quaternary age above bedrock inclusive of the 

paleovalley alluvial aquifers, the Missouri alluvial aquifers and the shallow aquifers are 

combined into the principal aquifer unit for the Basin.  Secondary aquifers are the 

bedrock aquifers.  Tables N-1 and N-2, which are from the Nemaha Natural Resources 

District (NRD) Ground Water Management Plan, list the aquifers by age with the 

important hydrogeologic characteristics.  The bedrock aquifers range in age from 

Cretaceous to Pennsylvanian, Figure N-13.  The bedrock aquifers supply a small amount 

of water compared to the other aquifers but are an important source locally (CSD, 2005).  

They generally are not in hydrologic connection with the streams in the Basin. 

 

The principal aquifer varies in saturated thickness from 0 to approximately 500 feet, 

Figure N-14.  Depth to water from the land surface varies from 0 to more than 200 feet, 

Figure N-15 (CSD 2005).  Transmissivity values range from less than 20,000 gallons per 

day per foot (gal/day/ft) to more than 150,000 gal/day/ft.  Most areas of the Basin have 

transmissivity values of less than 20,000 gal/day/ft, Figure N-16.  Areas of higher 

transmissivity are generally related to the paleovalley and Missouri River alluvial 

aquifers.  Specific yield ranges from less than 5 to greater than 20 percent, Figure N-17.  

Due to the glaciated nature of the area, the principal aquifer is not always in hydrologic 

connection with the streams, except the Missouri River alluvial aquifers (CSD 2005).  

The ground water table, Figure N-18, reflects the complicated nature of this glaciated 

area.  Ground water tends to move from the uplands to the streams however the ground 

water contour map should not be taken as an expression of the hydrologic connection 

(CSD 2005).   
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Ground Water Use 

 

Ground water in the Basin is used for a variety of purposes: domestic, industrial, 

livestock, irrigation, and others.  There are 1,400 registered ground water wells within the 

Basin as of October 1, 2005 (Department registered ground water wells database).  Not 

all wells are registered in the Department database, especially stock and domestic wells, 

which if drilled prior to 1993 are not required to be registered.  Certain dewatering and 

other temporary wells are not required to be registered.  Irrigation is the largest consumer 

of ground water, with approximately 46,000 acres being supplied with water from 

approximately 400 wells as of October 1, 2005 (Department registered ground water 

wells database).  

 

Ground water development for irrigation is controlled by the geology of the area and the 

suitability of the land surface for irrigation.  Figure N-19 illustrates the location of 

depletive ground water wells.  Depletive wells are those wells that consume water and 

thus remove water from the ground water system.  Depletive wells include uses for: 

aquaculture, commercial, domestic, irrigation, public water supply, dewatering, stock, 

and other, except those in the other category noted as sparge, vapor extraction, or another 

non-consumptive use.   

 

Most wells are found in the alluvial valleys, paleovalleys and Missouri alluvial aquifers.  

Ground water development analyzed by comparison of completion dates has shown that 

development of high capacity wells (depletive wells capable of pumping more than 50 

gallons per minute) has been steadily increasing with accelerated increases during the 

years 1964 through 1981 and 2001 to the present, Figures N-20, N-21, and N-22. Table 

N-3 shows the estimated average irrigated acreage by county within the Basin between 

1950 and 2003.  The increase in the number of other depletive wells seen in Figures N-21 

and N-22 after 1993 is attributed to revision of the well registration statute in 1993. 
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Changes in Ground Water Table Elevation 

 

Figure N-23 is a map made from a compilation of all ground water table elevations 

reported to the Conservation and Survey Division of the University of Nebraska-Lincoln 

in cooperation with the U.S. Geological Survey and the Natural Resources Districts.  It 

shows a small area in northwest Nemaha County with small declines in ground water 

table elevations from predevelopment through the spring of 2005.  Figure N-24 is the 

location map for selected ground water hydrographs across the Basin.  Figures N-25 

through N-27 are hydrographs (USGS 2005) which give a representative change in 

ground water table elevations for the particular area.  Where possible a graph of a 

continuous recorder site is used.   

 

Ground Water Management 

 

The Basin primarily encompasses portions of two Natural Resources Districts (NRDs):  

the Nemaha NRD (NNRD) and the Lower Platte South NRD (LPSNRD). 

 

The NNRD has established a ground water management area (GWMA) for quality 

purposes and the LPSNRD has established a GWMA for quality and quantity purposes.  

As part of the GWMA requirements in each of these districts, permits are required prior 

to the construction of wells pumping greater than 50 gallons per minute (gpm). 

 

Surface Water 

 

Hydrographs from four surface water gages in the Basin are included in this report, 

Figures N-28 through N-31.  They are Weeping Water Creek at Union, Little Nemaha 

River at Auburn, Big Nemaha River at Falls City and the Missouri River at Rulo, Figure 

N-32.  Streamflow in the Basin is primarily driven by precipitation and generally follows 

the annual variations in precipitation.   
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Surface Water Use  

 

As of October 1, 2005, there are approximately 800 surface water appropriations in the 

Basin issued for a variety of uses.  The majority of the surface water appropriations are 

for irrigation use and they tend to be located on the major streams.  There are no instream 

flow appropriations in the Basin.  The first surface water appropriations in the Basin were 

permitted in 1934 and development has continued through present day.  The largest 

period of development occurred in the 1970’s, Figure N-33 and Figure N-34.  The 

approximate locations of the surface water irrigated acres are shown in Figure N-35.  

Information on specific surface water appropriations is available in the Department’s 

biennial report.  Information on categories of use can be found in Appendix H. 

 

Analyses for the Fully Appropriated Determination  

 

Surface Water Administration 

 

In the 70-year period since the first surface water appropriation was perfected in the 

Basin, there have only been a few recorded instances of surface water administration in 

the administrative record, with the first occurring in 1977.  A summary of water 

administration that occurred between 1985 and 2004 can be found in Table N-4.  The 

junior surface water appropriations in the Basin had an average of 59 days in which 

surface water was available for diversion from July 1 through August 31 and 150 days in 

which surface water was available diversion from May 1 through September 30.   

 

The senior surface water appropriations that caused administration in the Basin have 

priority date years prior to 1985 (1957 and 1974 are the known dates from the 

administration record); therefore it is not necessary to reconstruct the water 

administration table.  
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Table N-4.  Water Administration in the Nemaha Basin between 1985 and 2004. 

Year Water Body Days 
Closing 

Date 
Opening 

Date 
1985 Little Nemaha River 2 Jul 17 Jul 19 
1989 Little Nemaha River 25   
1989 North Fork Big Nemaha River 14   
1989 Long Branch 5   
1990 North Fork Little Nemaha River 14 July July 
1991 Little Nemaha River 7 Jul 2 Jul 9 
1991 Little Nemaha River 19 Jul 18 Aug 6 
1991 North Fork Little Nemaha River 1 Jul 8 Jul 9 
2002 Weeping Water Creek 21 Jul 30 Aug 20 
2004 Weeping Water Creek 3 Aug 23 Aug 26 

 

Determination of Hydrologically Connected Area 

 

No sufficient numeric ground water model is available in the Nemaha Basin to determine 

the 10/50 area or the lag impact of ground water wells. 

 

The Jenkins method can only be applied where sufficient data and appropriate 

hydrogeologic conditions exist.  In most of the Basin the principal aquifer is absent or 

very thin due to the glaciated nature of the area (CSD 2005).  Additionally, where there is 

a principal aquifer present, the complex hydrogeologic nature of this area makes the 

degree of connection between the ground water system and the surface water system poor 

and uncertain (CSD 2005).  The area of the Basin with hydrologic connection to the 

streams is limited to a very slim area where the Missouri River aquifer exists. 

 

There is no determination of the 10/50 area due to the hydrogeologic complexities of the 

Basin and lack of sufficient data.  As better and more data become available it may be 

possible to determine areas of the principal aquifer that meet the criteria for determining 

the 10/50 area. 
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Lag Impacts 

 

a) Current Well Development 

 

Due to the lack of sufficient hydrogeologic data, no lag impacts were calculated for the 

Basin.  The lack of lag calculation is a result of the same factors that limited the use of 

the Jenkins method as described in the subsection on “Determination of Hydrologically 

Connected Area.”  

 

Even if lag impacts could be calculated, other information suggests that current well 

development has a minimal impact on the long term streamflow.  Many high capacity 

ground water wells have been completed in the Basin in the last 40 years, but there are no 

large areas of ground water decline or observed decreases in streamflow that are not 

mostly due to cyclical climatic conditions.  Most high capacity wells have been 

developed in the principal aquifer, outside of the alluvial valleys.     

 

b) Future Well Development 

 

The lag impact calculation for projected future development was not carried out for the 

same reasons as stated above.  Estimates of the number of high capacity wells that would 

be completed over the next 25 years if no new legal constraints were imposed were 

calculated based on extrapolating the present day rate of increase in well development 

into the future, Figure N-36.  For the past 20 years, the rate of increase in high capacity 

wells is nearly linear at a rate of 9 wells per year. 

 

Future Surface Water Development and Uses 

 

The number of surface water appropriations in the Basin has grown steadily over the past 

30 years and there is no reason to believe that that trend will not continue into the future, 

Figure N-33.  The number of irrigated acres permitted for surface water irrigation also 
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has grown steadily for the past 30 years, Figure N-34, and no significant changes to that 

rate of growth are expected in the future. 

 

Ability to Satisfy Net Corn Crop Irrigation Requirement 

 

Figure N-37 shows the net corn crop irrigation requirement for the Basin.  The map 

shows the net corn crop irrigation requirement to be less than 7.0 inches for the entire 

Basin.  Assuming a surface water diversion rate equal to 1 cubic foot per second per 70 

acres and a downtime value of 10 percent; depending on the location in the Basin, it takes 

approximately 18.6 days annually to divert 65% of the net corn crop irrigation 

requirement from July 1 through August 31 and approximately 24.3 days to divert 85% 

of the net corn crop irrigation requirement from May 1 through September 30.   

 

The surface water administration analysis showed an average of at least 59 days in which 

surface water was available for diversion from July 1 through August 31 and an average 

of at least 150 days in which surface water was available for diversion from May 1 

through September 30.   

 

Sufficiency of Surface Water Supply [Nebraska Revised Statutes Section 46-713(3)(a) 

(Reissue 2004)] 

 

The average number of days in which surface water was available for diversion in both 

the July 1 through August 31 and the May 1 through September 30 time frames required 

by Department rule 457 Nebraska Administrative Code (NAC) 24.001.01 exceeds the 

number of days surface water is required to be available pursuant to the rule during those 

same periods.  Because the average annual number of days available in which surface 

water was available for diversion far exceed the number of days required (59 available 

versus 18.6 needed and 150 available versus 24.3 needed) it is unlikely that the existing 

level of well development will cause flows in any Nemaha Basin river or its tributaries to 

fall to the point where they may become fully appropriated without the initiation of 

additional uses.  Table N-5 summarizes the results of comparisons between the number of 
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days surface water must be available  to meet the 65% and 85% net corn crop irrigation 

requirements and the number of days in which surface water was available for diversion 

to the junior surface water appropriations.   

 

Table N-5.  Summary of Comparison Between Net Corn Crop Irrigation Requirement 
and Number of Days Surface Water is Available for Diversion. 

 

Number of Days 
Necessary to 
Meet the 65% 

and 85% of Net 
Corn Crop 
Irrigation 

Requirement 

Average Annual 
Number of Days 
Available to the 
Junior Surface 

Water 
Appropriations 

(1985-2004) 

Average Annual 
Number of Days 

Available in 
2030 with no 

Additional Well 
Development 

Average Annual 
Number of Days 

Available in 
2030 with 

Additional Well 
Development 

July 1 – 
August 31 18.6 

59 
(40.4 days above 
the requirement) 

Not Calculated* Not Calculated* 

May 1 – 
September 

30 
24.3 

150 
(125.7 days 
above the 

requirement) 

Not Calculated* Not Calculated* 

* This number was not calculated.  Because the number of days in which surface water 
was available for diversion far exceed the number of days necessary to meet the net corn 
crop irrigation requirement, the final conclusion would not change even with the addition 
of lag impacts from additional wells. 
 

Sufficiency of Streamflow for Ground Water Supply [Nebraska Revised Statutes Section 

46-713(3)(b) (Reissue 2004)] 

 

Since the criteria for Nebraska Revised Statutes Section 46-713(3)(a) were satisfied, the 

conclusion for this section is the same for reasons explained in the report introduction. 

 

Sufficiency of Surface Water Supply for Compliance with Compacts or State Laws 

[Nebraska Revised Statutes Section 46-713(3)(c) (Reissue 2004)]  

 

There are no compacts on any portions of the Nemaha Basin in Nebraska. 
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Future Development of Surface and Ground Water [Nebraska Revised Statutes Section 

42-713(1)(b) (Reissue 2004)] 

 

Given the rate of registered ground water well and surface water appropriation 

development, the conclusion that the Basin is not fully appropriated would not change 

even if no additional legal constraints were placed on development and a reasonable 

projection of a continuation of the current trend of well development of the last 20 years 

is used. 

 

Conclusions 

 

There is no evidence that current ground water depletions to streamflow in the Basin are 

affecting surface water users sufficiently to meet the criteria for being fully appropriated 

as found in Department rule 457 NAC 24.001.01 when compared to the amount of 

surface water available at the present time.  

 

There is no evidence available at this time that lag impact will be sufficient in 25 years to 

affect existing water users enough to meet the criteria for being fully appropriated as 

found in Department rule 457 NAC 24.001.01. 

 

Based upon available information and its evaluation, the Department has reached a 

determination that the Basin is not fully appropriated. The Department has also 

determined that even if no additional legal constraints are imposed on future development 

of hydrologically connected surface water and ground water and reasonable projections 

are made about the extent and location of future development, this conclusion would not 

change.   
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Figure N-3.  Annual Precipitation at Auburn, Nebraska. 
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Figure N-4.  Growing Season (May-September) Precipitation at Auburn, Nebraska. 
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Figure N-5.  Annual Precipitation at Falls City, Nebraska. 
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Figure N-6.  Growing Season (May-September) Precipitation at Falls City, Nebraska. 
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Figure N-7.  Annual Precipitation at Nebraska City, Nebraska. 
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Figure N-8.  Growing Season (May-September) Precipitation at Nebraska City, Nebraska. 
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Figure N-9.  Annual Precipitation at Tecumseh, Nebraska. 
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Figure N-10.  Growing Season (May-September) Precipitation at Tecumseh, Nebraska. 
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Table N-1. – Aquifers in unconsolidated surficial deposits (modified from (modified from Condra and 

Reed, 1959; NNRD, 1995; Tanner and Steele, 1991) 

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

N-19

Shallow

aquifers

Shallow Holocene alluvium in valleys 

and discontinuous Pleistocene sand 

and gravel lenses in predominately 

fine-grained deposits. 

150

Generally are unconfined 

to semi-confined and 

might be hydraulically 

connected to surface-

water systems, other 

shallow aquifers or 

paleovalley alluvial 

aquifers.  Wells 

generally yield 50 to 

700 gal/min.  

Discontinuous sand and 

gravel lenses generally 

are confined to semi-

confined and may be 

hydraulically connected.

wells yield water at 10 to 

100 gal/min. 

Missouri

River Alluvial 

Aquifer

Predominately sand, gravel and silt 

deposits.  Deposits are located within 

the incised bedrock valley of the 

Missouri River. 

150

A major aquifer that 

generally is unconfined 

to semi-confined and 

hydraulically connected 

with the Missouri River.  

Wells generally yield 

300 to 700 gal/min, and 

locally yield as much as 

1,500 gal/min. 

Quaternary

Paleovalley

Alluvial

Aquifers

Predominately sand and gravel 

deposits within bedrock valleys.

Basic directional trend of 

paleovalleys seems to be west to east. 

<200

Major aquifers that are 

generally semi-confined 

to confined.    Might be 

hydraulically connected 

to local shallow aquifers 

and surface-water 

systems.  Wells yield 

500 to 1,000 gal/min and 

locally as much as 

1,500 gal/min. 



Table N-2. – Characteristics of bedrock aquifers (modified from Condra and Reed, 1959; NNRD, 1995; 

Tanner and Steele, 1991) 

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

N-20

Cretaceous 
Dakota

Sandstone

Predominately massive to 

cross-bedded friable 

sandstone with interbedded 

clayey to slightly sandy 

shales.  Sandstone may 

contain ironstone or 

spherulitic siderite 

concretions, chert pebbles.

Sandstones and shales may 

be micaceous. 

<100

Generally an unconfined 

or semi-confined 

aquifer.  Wells can yield 

50 to 750 gallons 

gal/min.  Might be 

hydraulically connected 

to saturated sand and 

gravels in overlying 

unconsolidated deposits. 

Aquifer

In

Chase

Group

Predominately gray clayey 

shale with interbedded to 

massive limestones.  

Limestones may be geodal, 

fossiliferous, or very cherty.  

Some shales are massive. 

Lower third of unit has 

scattered beds of shale-

sandstones, mudstone-shales 

and limestone-sandstones. 

170

Generally an unconfined 

or semi-confined 

aquifer.  Wells can yield 

20 to 50 gal/min in areas 

where secondary 

porosity has developed 

in fractured limestones.  

Might be hydraulically 

connected to saturated 

sand and gravel.  In 

overlying

unconsolidated deposits. 

Aquifer in 

Council Grove 

Group

Predominately clayey shales 

with interbedded, massive, 

blocky, clayey limestones.  

Some limestones may be 

fossiliferous.  Shales may be 

laminated, micaceous, 

sandy, calcareous, blocky or 

contain fine gypsum.   320

Generally an unconfined 

or semi-confined 

aquifer.  Wells can yield 

20 to 50 gal/min in areas 

where secondary 

porosity has developed 

in fractured limestones.  

May be a confining 

layer to local underlying 

sand-stones and be 

hydraulically connected 

to saturated sand and 

gravel in overlying 

unconsolidated deposits. 

Permian 

Aquifer in 

Admire 

Predominately shale with 

interbedded, porous, clayey 

130 Generally a semi-

confined or confined 



Table N-2. – Characteristics of bedrock aquifers--Continued 

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

N-21

Group limestone and shale.  Top 

45 ft. of shale contains 12- to 

18-foot bed of fine-grained 

sandstone.  Basal sandstones 

0 to 50 feet thick occur 

locally.

180 with 

local

basal

sandstones

aquifer.  Wells 

developed in fractured 

development zones in 

the limestone can yield 

20 to 50 gal/min as a 

result of secondary 

porosity.  Local basal 

sandstone might slightly 

increase yield.  Might be 

hydraulically connected 

to saturated sand and 

gravels in overlying 

unconsolidated deposits. 

Aquifer in 

Wabaunsee

Group

Predominately clayey shale 

with some beds of limestone.  

Limestone may contain 

lenses or thin interbedded 

sandstones and coal beds.

Limestone and shale may be 

fossiliferous. 

400

Not a major aquifer.  

Some wells developed 

in the limestone 

generally yield 20 to 

50 gal/min as a result of 

the secondary porosity 

from fracturing.  Some 

of the interbedded 

sandstones might be 

hydraulically connected. 

Pennsylvanian

Aquifer in 

Shawnee

Group

Predominately interbedded 

to massive limestones with 

clayey shales.  Limestones 

and shales may be highly 

fossiliferous. 

175

Not a major aquifer.  

Because of secondary 

fracturing, some wells 

can be completed in the 

limestone sequences.  

Generally wells yield 20 

to 50 gal/min. 
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High capacity well infomation is from the DNR Registered Ground

Water Well Database, as of October 1, 2005 and includes depletive

wells with registered pumping rates equal to or greater than 50 gpm.

WeepingWaterCreek

N-29



NN-30



NN-31



N-32



GAGE

OTOE

CASS

LANCASTER

SAUNDERS

PAWNEE

NEMAHA

RICHARDSON

JOHNSON

SARPY

NEMAHA NRD

BIG BLUE NRD

LOWER PLATTE SOUTH NRD

NEMAHA RIVER BASIN

Ground Water Level Changes

Predevelopment to Spring 2005

0 8 16 24 324

Miles

Planning and Assistance Division

Location Map

Explanation

Nemaha Basin

Ground Water Level Changes

-5.00 to -9.99 feet

Cultural Features

County Boundary

State Boundary

NRD Boundary

This map is intended to supply only general information concerning the

matter stated in its title. Boundaries and the location of features portrayed

on this map are not to be construed as legal boundaries or actual

locations, and may change as additional or better data become

available. User assumes all risks associated with interpretations of this

map beyond its intended purpose.

Figure N-23.

LOWER BIG

B

Base map produced by Josh Lear, February 4, 2005

Base map approved February 4, 2005

Ground water level changes added by Shuhai Zheng, October 13, 2005

Ground water level changes information provided by the UNL Conservation

and Survey Division: http://csd.unl.edu/general/gis-datasets.asp.

N-33



GAGE

OTOE

CASS

LANCASTER

SAUNDERS

PAWNEE

NEMAHA

RICHARDSON

JOHNSON

SARPY

DOUGL S

NEMAHA NRD

BIG BLUE NRD

LOWER PLATTE SOUTH NRD
Sa
lt

C
re

ek

L
ittle Nemaha

River

Big Nemaha River

North Fork
B
ig
N

emaha River

T 07N R 12E Section 28

e

T 03N R 14E Section 09

T 06N R 11E Section 25

NEMAHA RIVER BASIN

Ground Water Hydrograph Locations

0 8 16 24 324

Miles

Base map produced by Josh Lear, February 4, 2005

Base map approved February 4, 2005

Ground water hydrograph map produced by Kevin J. Schwartman, November 1, 2005.

Planning and Assistance Division

Location Map

Explanation

Nemaha Basin

Well Hydrographs

Major Streams

Cultural Features

County Boundary

State Boundary

NRD Boundary

This map is intended to supply only general information concerning the

matter stated in its title. Boundaries and the location of features portrayed

on this map are not to be construed as legal boundaries or actual

locations, and may change as additional or better data become

available. User assumes all risks associated with interpretations of this

map beyond its intended purpose.

Figure N-24.

LOWER BIG

B

N-34



Johnson County, Nebraska 

Hydrologic Unit Code 10240006 

Latitude 40°27'24", Longitude 96°07'26" NAD27 

Land-surface elevation 1,130.00 feet above sea level NGVD29

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure N-25  (T 06N R 11E Section 25) 
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Otoe County, Nebraska 

Hydrologic Unit Code 10240006 

Latitude 40°32'24", Longitude 96°04'49" NAD27 

Land-surface elevation 1,029.00 feet above sea level NGVD29 

The depth of the well is 76.0 feet below land surface.  This well is 

completed in the QUATERNARY SAND DEPOSITS (112SDGV) 

local aquifer.

Figure N-26  (T 07N R 12E Section 28) 
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Richardson County, Nebraska 

Hydrologic Unit Code 10240008 

Latitude 40°14'13", Longitude 95°50'40" NAD27 

Land-surface elevation 1,046.00 feet above sea level NGVD29

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure N-27  (T 03N R 14E Section 09) 
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Figure N-28.  Annual Flows, Weeping Water Creek at Union. 
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Figure N-29.  Annual Flows, Little Nemaha River at Auburn. 
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Figure N-30.  Annual Flows, Big Nemaha River at Falls City. 
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Figure N-31.  Annual Flows, Missouri River at Rulo. 
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Figure N-36.   Historic High Capacity Well Development in the Nemaha River Basin. 

Source:  DNR Registered Ground Water Well Database 
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Lower Niobrara River Basin 

 

The Lower Niobrara River Basin (Basin) in Nebraska is defined as the areas in Nebraska 

that drain into the Niobrara River Basin from the Mirage Flats Diversion Dam to the 

confluence of the Niobrara River and the Missouri River that had not previously been 

determined to be fully appropriated and the areas of Nebraska that drain into the Missouri 

River from the Nebraska – South Dakota state line to the Missouri Rivers confluence 

with the Niobrara River, Figure LN-1.  Major tributaries of the Lower Niobrara River 

include Minnechaduza Creek, the Snake River, the Keya Paha River, Plum Creek, Eagle 

Creek, Redbird Creek, Long Pine Creek, and Verdigre Creek, Figure LN-2.  The total 

area of the Basin is approximately 12,100 square miles and includes all of Boyd and 

Keya Paha counties and portions of Antelope, Brown, Cherry, Dawes, Holt, Knox, Rock, 

and Sheridan counties.  County seats in the Basin include Ainsworth, Butte, Rushville, 

Springview, and Valentine. 

 

Source of Water 

 

Precipitation 

 

Annual and growing season (May 1 though September 30) precipitation charts for gage 

sites in Ainsworth, Butte, Rushville, and Valentine are presented in Figures LN-3 through 

LN-10.  The average annual precipitation ranges from 18.2 inches at Rushville near the 

western end of the Basin to 23.7 inches at Butte near the eastern end of the Basin.  The 

average growing season precipitation ranges from 12.4 inches at Rushville to 15.5 inches 

at Butte. Locations of the precipitation gages can be seen in Figure LN-11. 

 

Ground Water 

 

The hydrogeology of the Basin is typical for an area dominated by the origin of the recent 

sediments.  For purposes of this report, all saturated unconsolidated sediments of 

Quaternary age above bedrock and the bedrock Tertiary Ogallala Group are combined 



  

 LN-2

into the principal aquifer unit for the Basin.  Secondary aquifers are made up of the 

remaining bedrock aquifers.  Tables LN-1 and LN-2 list the aquifers by age with the 

important hydrogeologic characteristics.  The bedrock aquifers range in age from Tertiary 

to Cretaceous, Figure LN-12.  The bedrock aquifers, with the exception of the Tertiary 

Ogallala Group, supply a small amount of water compared to the other aquifers but are an 

important source locally (CSD, 2005).  They generally are not in hydrologic connection 

with the streams in the Basin. 

 

The principal aquifer varies in saturated thickness from 0 to approximately 900 feet, 

Figure LN-13. Depth to water from the land surface varies from 0 to more than 200 feet, 

Figure LN-14 (CSD 2005). Transmissivity ranges from less than 20,000 gallons per day 

per foot (gal/day/ft) to more than 150,000 gal/day/ft.  Most areas of the eastern half of the 

Basin have transmissivity of less than 20,000 gal/day/ft, Figure LN-15.  Areas of higher 

transmissivity are generally related to the areas where the principal aquifer is present.  

Specific yield ranges from less than 5 to greater than 17 percent, Figure LN-16.  Due to 

the thickness of sediments and the complexity of the depositional environment that make 

up the principal aquifer an estimate of 17 percent was given to most of the area west of 

Brown County (CSD 2005). The principal aquifer is generally unconfined and in 

hydrologic connection with the streams (CSD 2005). The ground water table, Figure LN-

17, reflects a pattern of ground water movement toward the Niobrara River and its 

tributaries. Ground water tends to move from the uplands to the streams (CSD 2005).  

 

Ground Water Use 

 

Ground water in the Basin is used for a variety of purposes: domestic, industrial, 

livestock, irrigation, and others.  There are 6,772 registered ground water wells within the 

Basin as of October 1, 2005 (Department registered ground water wells database).  Not 

all wells are registered in the Department database, especially stock and domestic wells, 

which if drilled prior to 1993 are not required to be registered.  Certain dewatering and 

other temporary wells are not required to be registered.  Irrigation is the largest consumer 

of ground water, with approximately 540,000 acres being supplied with water from 
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approximately 4,000 wells as of October 1, 2005 (Department registered ground water 

wells database).  

 

Ground water development for irrigation is controlled by the geology of the area and the 

suitability of the land surface for irrigation.  Figure LN-18 illustrates the location of 

depletive ground water wells.  Depletive wells include uses for: aquaculture, commercial, 

domestic, irrigation, public water supply, dewatering, stock, and other, except those in the 

other category noted as sparge, vapor extraction, or another non-consumptive use.   

 

Most wells are found in the western end of the Basin and the south-southeast corner of 

the Basin.  Ground water development analyzed by comparison of completion dates has 

shown that development of high capacity wells (depletive wells capable of pumping more 

than 50 gallons per minute) has been steadily increasing with accelerated increases during 

the years 1966 through 1981 and 2002 through present, Figure LN-19, LN-20, and LN-

21. Table LN-3 shows the estimated average irrigated acreage by county within the Basin 

between 1950 and 2003. These Figures also show the estimated average irrigated acreage 

by county within the Basin between 1950 and 2003. The increase in the number of other 

depletive wells seen in Figures LN-20 and LN-21 after 1993 is attributed to revision of 

the well registration statute in 1993. 

 

Changes in Ground Water Table Elevation 

  
Figure LN-22 is a map made from a compilation of all ground water levels reported to the 

Conservation and Survey Division of the University of Nebraska-Lincoln in cooperation 

with the U.S. Geological Survey and the Natural Resources Districts.  It shows an area in 

eastern Holt County and in western Sheridan County with declines in ground water table 

elevations of nearly 20 feet from predevelopment through the spring of 2005.  Two small 

areas in Cherry and Keya Paha counties show significant ground water table elevation 

increases.  Figure LN-23 is the location map for selected ground water hydrographs 

across the Basin.  Figures LN-24 through LN-27 are hydrographs (USGS 2005) which 
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give a representative change in ground water table elevations for the particular area.  

Where possible a graph of a continuous recorder site is used.   

 

Ground Water Management 

 

The Basin primarily encompasses portions of three NRDs:  the Upper Niobrara-White 

NRD (UNWNRD), the Middle Niobrara NRD (MNNRD), and the Lower Niobrara NRD 

(LNNRD).     

 

The UNWNRD has established a ground water management area (GWMA) for 

information and education purposes while the MNNRD and the LNNRD have each 

established a GWMA for quality purposes.  As part of the GWMA requirements in each 

of these three districts, permits are required prior to the construction of wells pumping 

greater than 50 gpm.  In addition, the UNWNRD has implemented a district-wide 

moratorium on the issuance of well construction permits effective October 28, 2004. 

 

Surface Water 

 

Hydrographs from ten surface water gages in the Basin are included in this report, 

Figures LN-28 through LN-39.  They include Minnechaduza Creek near Valentine; 

Snake River at Doughboy and near Burge; Keya Paha River near Naper; Plum Creek at 

Meadville; Long Pine Creek near Riverview; and the Niobrara River near Sparks, 

Norden, Spencer and Verdel, and Ponca Creek at Anoka and Verdel, Figure LN-40.  

Streamflow in the Basin is driven primarily by ground water discharge as baseflow to the 

streams with additional contributions from precipitation.   

 

Surface Water Use  

 

As of October 1, 2005, there are approximately 750 surface water appropriations in the 

Basin issued for a variety of uses.  The majority of the appropriations are for irrigation 

use and they tend to be located on the major streams.  There are instream flow 
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appropriations in the Basin on Long Pine Creek.  The first appropriations in the Basin 

were permitted in 1894 and development has continued through present day.  The largest 

period of development occurred in the 1970’s, Figure LN-41 and Figure LN-42.  The 

approximate locations of the surface water diversion points are shown in Figure LN-43.  

Information on specific appropriations is available in the Department’s biennial report.  

Information on categories of use can be found in Appendix H. 

 

There is one major canal diversion in the Basin, the Ainsworth Canal.  The annual 

surface water diversions from the canal are shown in Figure LN-44. 

 

Analyses for the Fully Appropriated Determination  

 

Surface Water Administration 

 

In the 111-year period since the first surface water appropriation was perfected in the 

Basin, there have only been a few recorded instances of surface water administration in 

the administrative record, with the first occurring in 1970.  A summary of water 

administration that occurred between 1985 and 2004 can be found in Table LN-4.  There 

have been no occurrences of administration due to instream flow appropriations not being 

met.  The junior surface water appropriations in the Basin had an average of 62 days in 

which surface water was available for diversion from July 1 through August 31 and 153 

days in which surface water was available for diversion from May 1 through September 

30.   

 

Table LN-4.  Water Administration in the Lower Niobrara River Basin between 1985 and 
2004. 

Year Water Body Days 
Closing 

Date 
Opening 

Date 
1991 North Branch Verdigre Creek 3 Jul 26 Jul 29 

 

The senior surface water appropriation that caused administration in the Basin has a 

priority date year prior to 1985, therefore it is not necessary to reconstruct the water 

administration table.  
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Determination of Hydrologically Connected Area 

 

No sufficient numeric ground water model is available in the Lower Niobrara River 

Basin to determine the 10/50 area or the lag impact of ground water wells.  

 

The 10/50 area was determined using the Jenkins methodology as explained in Appendix 

D.  Figure LN-45 shows the extent of the area considered to be hydrologically connected 

in accordance with Department rule 457 NAC 24.001.02  (Appendix A).   

 

Lag Impacts 

 

a) Current Well Development 

 

The lag impact was computed using the Jenkins methodology documented in Appendix 

D.  The results show that an additional 30 cubic feet per second (cfs) of daily depletion 

can be expected from the Basin due to the effect of lag impact from existing wells.  At 

the present time, there is no way to quantify the impact this additional depletion will have 

on existing surface water appropriations in the Basin.  Other information suggests that the 

current well development has a minimal impact on the long term streamflow.  Many high 

capacity ground water wells have been completed in the Basin in the last 40 years, but 

there are no large areas of ground water decline except for portions of Holt and Sheridan 

counties and the observed decreases in streamflow appear to be mostly due to cyclical 

climatic conditions.     

 

b) Future Well Development 

 

Estimates of the number of high capacity wells that would be completed over the next 25 

years if no new legal constraints were imposed on the construction of such wells were 

calculated based on extrapolating the present day rate of increase in well development 

into the future, Figure LN-46.  For the past 20 years, the rate of increase in high capacity 

wells is nearly linear at a rate of 43 wells per year. 
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The lag impact was computed for the projected wells using the Jenkins methodology 

documented in Appendix D.  The results show that an additional 70 cfs of daily depletion 

from ground water pumping can be expected in the year 2030 from the Basin, if there is 

new well development.  As with the current well development analysis, there is no way to 

quantify the impact the additional depletion will have on existing surface water 

appropriations in the Basin.  Other information suggests that the current well 

development has a minimal impact on the long term streamflow.  Many high capacity 

ground water wells have been completed in the Basin in the last 40 years, but there are no 

large areas of ground water decline except for portions of Holt and Sheridan counties and 

the observed decreases in streamflow appear to be mostly due to cyclical climatic 

conditions.    

 

Future Surface Water Development and Uses 

 

The number of surface water appropriations in the Basin has grown steadily over the past 

30 years and appears reasonable to project that that trend will continue into the future, 

Figure N-41.  The number of acres permitted for surface water irrigation also has grown 

steadily for the past 30 years, Figure N-42, and no significant changes to that rate of 

growth are expected in the future. 

 

Ability to Satisfy Net Corn Crop Irrigation Requirement 

 

Figure LN-47 shows the net corn crop irrigation requirement for the Basin.  The map 

shows the net corn crop irrigation requirement to be range from 14.0 inches at the 

western end of the Basin to 9.0 inches at the eastern end.  Assuming a surface water 

diversion rate equal to 1 cubic foot per second per 70 acres and a downtime value of 10 

percent; depending on the location in the Basin, it takes between 23.9 and 37.2 days 

annually to divert 65% of the net corn crop irrigation requirement from July 1 through 

August 31 and between 31.3 and 48.6 days to divert 85% of the net corn crop irrigation 

requirement from May 1 through September 30.   
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The surface water administration analysis showed an average of 62 days in which surface 

water was available for diversion from July 1 through August 31 and an average of 153 

days in which surface water was available for diversion from May 1 through September 

30.  The number of days in which surface water was available for diversion in both the 

July 1 through August 31 and the May 1 through September 30 time frames far exceed 

the required number of days for the Lower Niobrara River and its tributaries during those 

same periods.  

 

Sufficiency of Surface Water Supply [Nebraska Revised Statutes Section 46-713(3)(a) 

(Reissue 2004)] 

 

The average number of days in which surface water was available for diversion in both 

the July 1 through August 31 and the May 1 through September 30 time frames required 

by Department rule 457 Nebraska Administrative Code (NAC) 24.001.01 exceeds the 

number of days surface water is required to be available pursuant to the rule during those 

same periods.  Because the average annual number of days in which surface water was 

available for diversion far exceed the number of days required (62 available versus 37.2 

needed and 153 available versus 48.6 needed) it is unlikely that the existing level of well 

development will cause flows in the Lower Niobrara River or its tributaries to fall to the 

point where they may become fully appropriated without the initiation of additional uses.  

Table LN-5 summarizes the results of comparisons between the number of days surface 

water must be available  to meet the 65% and 85% net corn crop irrigation requirements 

and the number of days in which surface water was available for diversion to the junior 

surface water appropriations.   
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Table LN-5.  Summary of Comparison Between Net Corn Crop Irrigation Requirement 
and Number of Days Surface Water is Available for Diversion. 

 

Number of Days 
Necessary to 
Meet the 65% 

and 85% of Net 
Corn Crop 
Irrigation 

Requirement 

Average Annual 
Number of Days 
Available to the 
Junior Surface 

Water 
Appropriations 

(1985-2004) 

Average Annual 
Number of Days 

Available in 
2030 with no 

Additional Well 
Development 

Average Annual 
Number of Days 

Available in 
2030 with 

Additional Well 
Development 

July 1 – 
August 31 37.2 

62 
(24.8 days above 
the requirement) 

Not Calculated* Not Calculated* 

May 1 – 
September 

30 
48.6 

153 
(104.4 days 
above the 

requirement) 

Not Calculated* Not Calculated* 

* This number was not calculated.  Because the number of days in which surface water 
was available for diversion far exceed the number of days necessary to meet the net corn 
crop irrigation requirement, the final conclusion would not change even with the addition 
of lag impacts from additional wells. 
 

Sufficiency of Streamflow for Ground Water Supply [Nebraska Revised Statutes Section 

46-713(3)(b) (Reissue 2004)] 

 

Since the criteria for Nebraska Revised Statutes Section 46-713(3)(a) were satisfied, the 

conclusion for this section is the same for reasons explained in the report introduction. 

 

Sufficiency of Surface Water Supply for Compliance with Compacts or State Laws 

[Nebraska Revised Statutes Section 46-713(3)(c) (Reissue 2004)]  

 

There are no compacts on any portions of the Lower Niobrara River Basin in Nebraska. 

 

Future Development of Surface and Ground Water [Nebraska Revised Statutes Section 

42-713(1)(b) (Reissue 2004)] 

 

Given the rate of registered ground water well and surface water appropriation 

development, the conclusion that the Basin is not fully appropriated would not change 

even if no additional legal constraints were placed on development and a reasonable 
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projection of a continuation of the current trend of well development of the last 20 years 

is used. 

 

Conclusions 

 

There is no evidence that current ground water depletions to streamflow in the Basin are 

affecting surface water users sufficiently to meet the criteria for being fully appropriated 

as found in Department rule 457 NAC 24.001.01 when compared to the amount of 

surface water available at the present time.  

 

There is no evidence available at this time that lag impact will be sufficient in 25 years to 

affect existing water users enough to meet the criteria for being fully appropriated as 

found in Department rule 457 NAC 24.001.01. 

 

Based upon available information and its evaluation, the Department has reached a 

determination that the Basin is not fully appropriated. The Department has also 

determined that even if no additional legal constraints are imposed on future development 

of hydrologically connected surface water and ground water and reasonable projections 

are made about the extent and location of future development, this conclusion would not 

change.  
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Figure LN-3.  Annual Precipitation at Ainsworth, Nebraska. 
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Figure LN-4.  Growing Season (May-September) Precipitation at Ainsworth, Nebraska. 
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Figure LN-5.  Annual Precipitation at Butte, Nebraska. 
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Figure LN-6.  Growing Season (May-September) Precipitation at Butte, Nebraska. 
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Figure LN-7.  Annual Precipitation at Rushville, Nebraska. 
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Figure LN-8.  Growing Season (May-September) Precipitation at Rushville, Nebraska. 
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Figure LN-9.  Annual Precipitation at Valentine, Nebraska. 
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Figure LN-10.  Growing Season (May-September) Precipitation at Valentine, Nebraska. 
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Table LN-1. – Aquifers in unconsolidated surficial deposits (modified from Cronin and Newport, 1995; 

Souders, 1976; Newport and Krieger, 1959) 

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

LN-18

Recent to Late 

Pleistocene 

Deposits

Gravel, sand, silt, and clay.  

Includes dune sand and loess in 

upland areas and thin alluvial 

deposits below the floors of 

principal valleys. 

150

An important source of 

water where saturated. 

Beds of sand and gravel 

below bottom lands yield 

small to moderate 

amounts of water to 

wells.  Some deposits 

mantling upland areas 

may also serve as water 

sources.  Variable water 

quality, generally suitable 

for livestock and 

domestic use.  Water 

from river valleys may 

contain more dissolved 

iron.

Early

Pleistocene 

Deposits

Gravel, sand, silt and clay in 

upland areas.  Generally south 

of the Niobrara River. 175

Thick saturated deposits 

of sand and gravel yield 

moderate to large 

quantities of water to 

wells.

Dune Sand 

Wind-blown very fine to fine 

sand.
200

Yields large supplies to 

stock wells tapping thick 

sequences of saturated 

sand.

Grand Island 

Formation 

Cross-bedded sand and gravel 

deposits derived mostly from 

granitic crystalline rocks. 
100

Yields moderately large 

to large amounts of water 

tapping thick sequences 

of saturated material. 

Quaternary

Holdrege

Formation 

Sand and gravel made up 

mostly of reworked Tertiary 

material and some quartz and 

granitic crystalline material. 

50

Yields large supplies of 

water.



Table LN-2. – Characteristics of bedrock aquifers (modified from Cronin and Newport, 1995; Souders, 

1976;

Newport and Krieger, 1959) 

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

LN-19

Ogallala

Group

Fine to medium sand and silt 

containing volcanic ash; calcareous 

in places. Some lower sands are 

cemented with silica. Contains 

fossil seeds and vertebrates. 

400

Yields small to moderately 

large amounts of water to 

wells tapping thick beds of 

saturated material.  

Miocene (?) 

Silt Beds 

Silt, clay, siltstone and claystone 

beds containing lime concretions in 

places and may be gravelly in lower 

part.

80

Source of water to stock 

and domestic wells in 

some places.  Excellent 

water quality. 

Tertiary

Brule

Formation of 

the White 

River Group 

Sandy siltstone. 

350

Not a source of water, but 

test drilling indicates that 

water is locally present 

under artesian pressure. 

Pierre Shale 

Claystone, shale, chalk to chalky 

shale.

800

Yields little or no water to 

wells, generally very poor 

quality. Some wells 

tapping thin zone of 

saturation in overlying 

rocks extend into upper 

Pierre shale to provide 

storage space for water 

draining from saturated 

zone.

Niobrara

Formation 

Chalk, shaly chalk, shale and 

limestone. 

220

Not an important water 

source.  Secondary 

porosity in upper part may 

provide water to wells in 

Missouri River valley.

Cretaceous 

Codell

Sandstone

Member of 

the Carlile 

Shale

Sandstone, siltstone and clayey 

siltstone.

60

Yields mineralized water.  

Satisfactory for livestock 

and domestic purposes. 



Table LN-2. – Characteristics of bedrock aquifers--Continued 

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

LN-20

Cretaceous 

Dakota

Sandstone

Fine to coarse sandstone 

interbedded with siltstone, clay, 

carbonaceous shale, and sandy 

shale.
750

Good source of water with 

some flowing wells.  

Yields small to moderate 

amounts of water that is 

mineralized.  Water is 

good quality for livestock 

but limited suitability for 

domestic use. 
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Brown County, Nebraska 

Hydrologic Unit Code 10150004 

Latitude 42°35'27", Longitude 99°52'15" NAD27 

Land-surface elevation 2,519.00 feet above sea level NGVD29 

The depth of the well is 94.0 feet below land surface.  This well is 

completed in the QUATERNARY SAND DEPOSITS (112SDGV) 

local aquifer.

Figure LN-24  (T 30N R 22W Section 11) 
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Cherry County, Nebraska 

Hydrologic Unit Code 10150005 

Latitude 42°37'49", Longitude 100°51'55" NAD27 

Land-surface elevation 2,952.9 feet above sea level NGVD29 

The depth of the well is 105 feet below land surface.

This well is completed in the TERTIARY OGALLALA GROUP 

DEPOSITS (112SDGV) regional aquifer.  

Figure LN-25  (T 31N R 30W Section 29) 
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Cherry County, Nebraska 

Hydrologic Unit Code 10150003 

Latitude 42°56'36", Longitude 101°30'09" NAD27 

Land-surface elevation 3,210 feet above sea level NGVD29 

The depth of the well is 21.0 feet below land surface.

This well is completed in the QUATERNARY SAND DEPOSITS 

(112SDGV) local aquifer.

Figure LN-26  (T 34N R 36W Section 01) 
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Keya Paha County, Nebraska 

Hydrologic Unit Code 10150006 

Latitude 42°50'50", Longitude 99°47'20" NAD27 

Land-surface elevation 2,376.00 feet above sea level NGVD29 

The depth of the well is 30.0 feet below land surface.

This well is completed in the TERTIARY OGALLALA GROUP 

DEPOSITS (112SDGV) regional aquifer.  

Figure LN-27  (T 33N R 21W Section 09) 
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Figure LN-28.  Annual Flows, Minnechaduza Creek near Valentine. 
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Figure LN-29.  Annual Flows, Snake River at Doughboy. 
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Data from: US Geological Survey and NE Department of Natural Resources 
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Figure LN-30.  Annual Flows, Snake River near Burge. 

Annual Flows

Snake River near Burge, Nebraska
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Figure LN-31.  Annual Flows, Keya Paha River near Naper. 
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Figure LN-32.  Annual Flows, Plum Creek at Meadville. 
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Figure LN-33.  Annual Flows, Long Pine Creek near Riverview. 
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Figure LN-34.  Annual Flows, Niobrara River near Sparks. 
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Niobrara River near Sparks, Nebraska
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Figure LN-35.  Annual Flows, Niobrara River near Norden. 
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Figure LN-36.  Annual Flows, Niobrara River near Spencer. 
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Figure LN-37.  Annual Flows, Niobrara River near Verdel. 
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Figure LN-38.  Annual Flows, Ponca Creek at Anoka. 
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Figure LN-39.  Annual Flows, Ponca Creek at Verdel. 
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Figure LN-44.  Annual Diversions, Ainsworth Canal. 
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Figure LN-46.   Historic High Capacity Well Development in the Niobrara River Basin. 

Source:  DNR Registered Ground Water Well Database 
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Lower Platte River Basin 

 

The Lower Platte River is defined as the portion of the Platte River from its confluence 

with the Loup River to its confluence with the Missouri River.  The Lower Platte River 

Basin (Basin) is defined as all areas that drain into the Lower Platte River with the 

exception of the Loup River Basin and the Elkhorn River Basin, Figure LP-1.  Major 

streams in the Basin include Shell Creek, Salt Creek, and Wahoo Creek, Figure LP-2.  

The total area of the Basin is approximately 3,200 square miles and includes all of 

Saunders County and portions of Antelope, Boone, Butler, Cass, Colfax, Dodge, 

Douglas, Lancaster, Madison, Platte, Polk, Saline, Sarpy, and Seward counties.   County 

seats in the Basin include Columbus, Fremont, Lincoln, Plattsmouth, Schuyler, and 

Wahoo. 

 

Even though the portion of the Basin that falls within the Central Platte Natural 

Resources District has already been determined to be fully appropriated and was not 

reevaluated in that regard, the data relating to that area of the Basin had to be included in 

the analyses of the remaining portion of the Basin in order for the Department of Natural 

Resources to consider all relevant data in making the fully appropriated determination for 

the rest of the Basin.   

 

Source of Water 

 

Precipitation 

 

Annual and growing season (May 1 through September 30) precipitation charts for gage 

sites in Columbus, Fremont, Lincoln, Plattsmouth, and Schuyler are shown on Figures 

LP-3 through LP-12.  The average annual precipitation ranges from 26.8 inches at 

Columbus at the confluence of the Platte River with the Loup River to 29.8 inches at 

Plattsmouth at the confluence of the Platte River with the Missouri River.  The average 

growing season precipitation ranges from 17.6 inches at Columbus to 19.1 inches at 

Plattsmouth.  Locations of the precipitation gages can be seen in Figure LP-13. 

 



  

 LP-2

Ground Water 

 

The hydrogeology of the Basin is complex due to the glacial origin of the recent 

sediments.  The entire Basin has been glaciated except for the western edge, Figure LP-

14 (CSD 2005).  For purposes of this report, all saturated unconsolidated sediments of 

Quaternary age above bedrock inclusive of the paleovalley alluvial aquifers where in 

hydrologic connection, the alluvial and the shallow aquifers, and the bedrock Tertiary 

Ogallala Group are combined into the principal aquifer unit for the Basin.  Secondary 

aquifers are made up of the remaining bedrock aquifers.  Tables LP-1 and LP-2 list the 

aquifers by age with the important hydrogeologic characteristics.  The bedrock aquifers 

range in age from Tertiary to Pennsylvanian, Figure LP-15.  The bedrock aquifers supply 

a small amount of water compared to the other aquifers but are an important source 

locally (CSD, 2005).  They generally are not in hydrologic connection with the streams in 

the Basin. 

 

The principal aquifer varies in saturated thickness from 0 to approximately 500 feet, 

Figure LP-16.  Depth to water from the land surface varies from 0 to more than 200 feet, 

Figure LP-17 (CSD 2005).  Transmissivity ranges from less than 20,000 gallons per day 

per foot (gal/day/ft) to more than 300,000 gal/day/ft.  Most areas of the Basin have 

transmissivity of less than 20,000 gal/day/ft, Figure LP-18.  Areas of higher 

transmissivity are generally related to the paleovalley alluvial aquifers.  Specific yield 

ranges from less than 5 to greater than 20 percent, Figure LP-19.  Due to the glaciated 

nature of the area, the principal aquifer is not always in hydrologic connection with the 

streams (CSD 2005).  The ground water table, Figure LP-20, reflects the complicated 

nature of this glaciated area.  Ground water tends to move from the uplands to the 

streams; however, the ground water contour map should not be taken as an expression of 

hydrologic connection (CSD 2005).   

 

Ground Water Use 

 

Ground water in the Basin is used for a variety of purposes: domestic, industrial, 

livestock, irrigation, and others.  There are 10,649 registered ground water wells within 
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the Basin as of October 1, 2005 (Department registered ground water wells database).  

Not all wells are registered in the Department database, especially stock and domestic 

wells, which if drilled prior to 1993 are not required to be registered.  Certain dewatering 

and other temporary wells are not required to be registered.  Irrigation is the largest 

consumer of ground water, with approximately 600,000 acres being supplied with water 

from approximately 5,500 wells as of October 1, 2005 (Department registered ground 

water wells database).  

 

Ground water development is limited within the Basin by the geology of the area.  Figure 

LP-21 illustrates the location of depletive ground water wells.  The areal extent of those 

wells indicates where ground water has been beneficially developed.  Wells are mostly 

found in the paleovalleys and alluvial aquifers.  Ground water development analyzed by 

comparison of completion dates has shown that development of high capacity wells 

(depletive wells capable of pumping more than 50 gallons per minute) has been steadily 

increasing with accelerated increases during the years 1954 to 1957, 1965 to 1981 and 

2002 to the present, Figures LP-22, LP-23, and LP-24. Table LP-3 shows the estimated 

average irrigated acreage by county within the Basin between 1950 and 2003.  The 

increase in the number of other depletive wells seen in Figures LP-23 and LP-24 after 

1993 is attributed to revision of the well registration statute in 1993. 

 

Changes in Ground Water Table Elevations 

 

Figure LP-25 is a map made from a compilation of all ground water elevations reported 

to the Conservation and Survey Division of the University of Nebraska-Lincoln in 

cooperation with the U.S. Geological Survey and the Natural Resources Districts.  It 

shows a small area in southeast Butler County with a decline of up to 30 feet in ground 

water table elevation from predevelopment through the spring of 2005.  This area is 

adjacent to a similar area of decline in the Big Blue River Basin.  Additional areas of 

declines can be seen in parts of Saunders, Cass and Lancaster counties.  There is a large 

area of ground water increase in Northeast Boone and southwest Madison counties.  

Figure LP-26 is the location map for selected ground water hydrographs across the Basin.  

Figures LP-27 through LP-31 are hydrographs (USGS 2005) which give a representative 
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change in ground water table elevations for the particular area.  Where possible a graph 

of a continuous recorder site is used.   

 

Ground Water Management 

 

The Basin primarily encompasses portions of four Natural Resources Districts (NRDs):  

the Central Platte NRD (CPNRD), the Lower Platte North NRD (LPNNRD), the Lower 

Platte South NRD (LPSNRD), and the Papio-Missouri River NRD (PMRNRD). 

 

The CPNRD has established a ground water management area for both quality and 

quantity.  As part of this management area, a permit from the NRD is required before the 

construction of a well pumping greater than 50 gallons per minute (gpm).  The entirety of 

the CPNRD was determined to be fully appropriated in 2004.  Due to this determination 

there is a stay on the issuance of NRD well construction permits and on the increase of 

ground water irrigated acres within the CPNRD portion of the Basin.  Also, an integrated 

management plan is under development by the NRD and the Department for the entirety 

of the CPNRD. 

 

The LPNNRD has established a ground water management area (GWMA) for quality 

purposes and the LPSNRD has established a GWMA for quality and quantity purposes.  

As part of the GWMA requirements in each of these NRDs, permits are required prior to 

the construction of wells pumping greater than 50 gallons per minute (gpm). 

 
The PMRNRD has not established a GWMA. 

 

Surface Water 

 

Hydrographs from eleven surface water gages in the Basin are included in this report, 

Figures LP-32 through LP-42.  They are Shell Creek near Columbus; Salt Creek at Roca, 

Lincoln, and Greenwood; Little Salt Creek near Lincoln; Stevens Creek near Lincoln; 

Rock Creek near Ceresco; Wahoo Creek at Ithaca; and the Platte River at North Bend, 

near Ashland, and at Louisville, Figure LP-43.   
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Surface Water Use  

 

As of October 1, 2005, there are approximately 550 surface water appropriations in the 

Basin issued for a variety of uses.  The majority of the surface water appropriations are 

for irrigation use and they tend to be located on the major streams.  There are instream 

flow appropriations in the Basin along the Platte River.  The first surface water 

appropriations in the Basin were permitted in 1897 and development has continued 

through present day.  The largest period of development occurred in the 1970’s, Figure 

LP-44 and Figure LP-45.  The approximate locations of the surface water diversions are 

shown in Figure LP-46.  Information on specific surface water appropriations is available 

in the Department’s biennial report.  Information on categories of use can be found in 

Appendix H. 

 

Analyses for the Fully Appropriated Determination  

 

Surface Water Administration 

 

In the 108-year period since the first surface water appropriation was perfected in the 

Basin there have only been a few recorded instances of surface water administration in 

the administrative record, with the first occurring after 1975.  The amount of surface 

water administration in the Basin has increased significantly since 1998, when the 

instream flow appropriations were granted.  Table LP-4 shows the occurrences of water 

administration between 1985 and 2004.  The junior surface water appropriations in the 

Basin had an average of 52.6 days in which surface water was available for diversion 

from July 1 through August 31 and 136 days in which surface water was available for 

diversion from May 1 through September 30.   
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Table LP-4.  Water Administration in the Lower Platte River Basin between 1985 and 
2004. 

Year Water Body Days 
Closing 

Date 
Opening 

Date 
2000 Lower Platte River Basin 53 Aug 8 Sep 30 
2001 Lower Platte River Basin 11 Aug 7 Aug 18 
2002 Lower Platte River Basin 6 Jun 6 Jun 12 
2002 Lower Platte River Basin 67 Jun 25 Aug 31 
2002 Lower Platte River Basin 24 Sep 6 Sep 30 
2003 Lower Platte River Basin 81 Jul 11 Sep 30 
2004 Lower Platte River Basin 13 May 6 May 19 
2004 Lower Platte River Basin 7 Jun 29 Jul 6 
2004 Lower Platte River Basin 58 Jul 27 Sep 23 

 

The senior surface water appropriation that caused all of the administration in the Basin 

has a priority date year of 1993, therefore it is necessary to reconstruct the water 

administration table pursuant to the methodology in Appendix D, Table LP-5.  Pursuant 

to the reconstructed table, there were an average of 37.2 days in which surface water was 

available for diversion from July 1 through August 31 and 112.6 days in which surface 

water was available for diversion from May 1 through September 30.   
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Table LP-5.  Reconstructed Water Administration Table, Lower Platte River Basin, 1985 
- 2004 

Year 

July 1 though August 31 
Number of Days Available 

for Surface Water Diversion 

May 1 through September 30 
Number of Days Available for 

Surface Water Diversion 
1985 44 130 
1986 62 153 
1987 47 138 
1988 10 69 
1989 14 47 
1990 16 77 
1991 6 66 
1992 62 153 
1993 62 153 
1994 56 143 
1995 52 134 
1996 62 153 
1997 40 131 
1998 62 153 
1999 61 152 
2000 32 94 
2001 28 111 
2002 2 48 
2003 6 72 
2004 20 75 

Average 37.2 112.6 
 

Determination of Hydrologically Connected Area 

 

No sufficient numeric ground water model is available in the Lower Platte River Basin to 

determine the 10/50 area or the lag impact of ground water wells. 

 

The 10/50 area was determined using the Jenkins methodology as explained in Appendix 

D.  Figure LP-47 shows the extent of the area considered to be hydrologically connected 

in accordance with Department rule 457 NAC 24.001.02 (Appendix A).   
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Lag Impacts 

 

a) Current Well Development 

 

The lag impact was computed using the Jenkins methodology documented in Appendix 

D.  The results show that in the year 2030 an additional 15 cubic feet per second (cfs) of 

daily depletion can be expected from the Basin due to the effect of lag impact from 

existing wells.  In addition, a depletion from the development of a senior surface water 

appropriation, the Metropolitan Utilities District wellfield, is estimated to be 160 cfs and 

affect streamflow at Louisville.  The total calculated future depletion at North Bend 

includes the future depletion from the Loup River Basin (see Loup River Basin Chapter), 

and the Platte River and the total calculated future depletion at Louisville includes the 

future depletion from the Loup River Basin, Elkhorn River Basin (see Elkhorn River 

Basin Chapter), and the Platte River.  The sum of those depletions results in a total 

depletion in the year 2030 of 110 cfs daily North Bend and 310 cfs daily at Louisville if 

there is no new well development. 

 

The results found by comparing the senior surface water appropriation with the depleted 

daily flows (see methodology in Appendix D) show that in the future the average annual 

number of days in which surface water will be available for diversion to the junior 

surface water appropriations in the Basin will be 34.7 days from July 1 through August 

31 and 109.0 days from May 1 through September 30 (Table LP-6). 
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Table LP-6.  Water Administration Table with Current Ground Water Depletions, Lower 
Platte River Basin, 2011-2030 

Year 

July 1 though August 31 
Number of Days Available 

for Surface Water Diversion 

May 1 through September 30 
Number of Days Available for 

Surface Water Diversion 
2011 40 126 
2012 59 150 
2013 42 133 
2014 6 64 
2015 14 46 
2016 14 75 
2017 4 64 
2018 61 150 
2019 62 153 
2020 51 136 
2021 51 133 
2022 62 153 
2023 38 129 
2024 61 150 
2025 61 152 
2026 26 87 
2027 20 97 
2028 1 44 
2029 5 71 
2030 16 67 

Average 34.7 109.0 
 

b) Future Well Development 

 

Estimates of the number of high capacity wells that would be completed over the next 25 

years if no new legal constraints were imposed on the construction of such wells were 

calculated based on extrapolating the present day rate of increase in well development 

into the future, Figure LP-48.  For the past 20 years, the rate of increase in high capacity 

wells is nearly linear at a rate of 43 wells per year. 

 

The lag impact was computed for the projected wells using the Jenkins methodology 

documented in Appendix D.  The results show that in the year 2030 an additional 50 cfs 

of daily depletion due to ground water pumping can be expected at North Bend and an 

additional 55 cfs of depletion due to ground water pumping at Louisville if there were 

new well development in the Basin.  In addition, a depletion from the development of a 
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senior surface water appropriation, the Metropolitan Utilities District well field, is 

estimated to be 160 cfs and affect streamflow at Louisville. 

 

The result of the future development depletions can be quantified the same way as with 

the current depletions.  The sum of the depletions with future development results in a 

total depletion in the year 2030 of 270 cfs daily at North Bend and 530 cfs daily at 

Louisville.   

 

The results found by comparing the senior surface water appropriation with the depleted 

daily flows show that in the future, with no restrictions on well development, the average 

annual number of days in which surface water will be available for diversion to the junior 

surface water appropriations in the Basin will be 33.1 days from July 1 through August 

31 and 105.5 days from May 1 through September 30, Table LP-7. 

 
Table LP-7.  Water Administration Table with Current and Future Ground Water 
Depletions, Lower Platte River Basin, 2011-2030 

Year 

July 1 though August 31 
Number of Days Available 

for Surface Water Diversion 

May 1 through September 30 
Number of Days Available for 

Surface Water Diversion 
2011 39 123 
2012 56 147 
2013 39 130 
2014 5 60 
2015 14 44 
2016 11 72 
2017 3 63 
2018 59 142 
2019 62 153 
2020 47 127 
2021 49 126 
2022 61 152 
2023 38 129 
2024 61 146 
2025 61 152 
2026 20 81 
2027 15 89 
2028 1 42 
2029 4 69 
2030 16 62 

Average 33.1 105.5 
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Future Surface Water Development and Uses 

 

The number of surface water appropriations in the Basin has grown steadily over the past 

30 years and it appears reasonable to project that that trend will continue into the future, 

Figure LP-44.  The number of acres permitted for surface water irrigation also has grown 

steadily for the past 30 years, Figure LP-45, and no significant changes to that rate of 

growth are expected in the future.  However, surface water development must be limited 

to ensure compliance with the Nebraska Nongame and Endangered Species Conservation 

Act (NNESCA) due to the presence of Pallid Sturgeon and Sturgeon Chub in the Lower 

Platte River.  The Department and the Nebraska Game and Parks Commission have a 

policy regarding the procedure for issuing new surface water appropriations and 

amending existing appropriations so that NNESCA will be complied with.  This policy 

limits the number of surface water appropriations that can be issued without further study 

of the effects on these species.  

 

Ability to Satisfy Net Corn Crop Irrigation Requirement 

 

Figure LP-49 shows the net corn crop irrigation requirement for the Basin.  The map 

shows the net corn crop irrigation requirement to be 9.0 inches or less across the Basin.  

Assuming a surface water diversion rate equal to 1 cubic foot per second per 70 acres and 

a downtime value of 10 percent; depending on the location in the Basin, it takes 

approximately 23.9 days annually to divert 65% of the net corn crop irrigation 

requirement from July 1 through August 31 and approximately 31.3 days to divert 85% 

of the net corn crop irrigation requirement from May 1 through September 30.    

 

The reconstructed surface water administration analysis showed an average of 37.2 days 

in which surface water was available for diversion from July 1 through August 31 and an 

average of 112.6 days in which surface water was available for diversion from May 1 

through September 30.  The number of days in which surface water was available for 

diversion in both the July 1 through August 31 and the May 1 through September 30 time 

frames exceeds the number of days surface water is required to be available for the 
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greatest net corn crop irrigation requirement for the junior surface water appropriations in 

the Basin during those same periods.  

 

Sufficiency of Surface Water Supply [Nebraska Revised Statutes Section 46-713(3)(a) 

(Reissue 2004)] 

 

The average number of days in which surface water was available for diversion in both 

the July 1 through August 31 and the May 1 through September 30 time frames required 

by Department rule 457 Nebraska Administrative Code (NAC) 24.001.01 exceeds the 

number of days surface water is required to be available pursuant to the rule during those 

same periods.  The lag impact analyses show that even in the future, the number of days 

in which surface water will be available for diversion in both time periods will exceed the 

number of days surface water would be required to be available.  Table LP-8 summarizes 

the results of comparisons between the number of days surface water must be available  

to meet the 65% and 85% net corn crop irrigation requirements and the number of days in 

which surface water was available for diversion to the junior surface water 

appropriations.   

 

Table LP-8.  Summary of Comparison Between Net Corn Crop Irrigation Requirement 
and Number of Days Surface Water is Available for Diversion. 

 

Number of Days 
Necessary to 
Meet the 65% 

and 85% of Net 
Corn Crop 
Irrigation 

Requirement 

Average Annual 
Number of Days 
Available to the 
Junior Surface 

Water 
Appropriations 
(1985-2004)* 

Average Annual 
Number of Days 

Available in 
2030 with no 

Additional Well 
Development 

Average Annual 
Number of Days 

Available in 
2030 with 

Additional Well 
Development 

July 1 – 
August 31 23.9 

37.2 
(13.3 days above 
the requirement) 

34.7 
(10.8 days above 
the requirement) 

33.1 
(9.2 days above 
the requirement) 

May 1 – 
September 

30 
31.3 

112.6 
(81.3 days above 
the requirement) 

109.0 
(77.7 days above 
the requirement) 

105.5 
(74.2 days above 
the requirement) 

* From the reconstructed administration record. 
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Sufficiency of Streamflow for Ground Water Supply [Nebraska Revised Statutes Section 

46-713(3)(b) (Reissue 2004)] 

 

Since the criteria for Nebraska Revised Statutes Section 46-713(3)(a) were satisfied, the 

conclusion for this section is the same for reasons explained in the report introduction. 

 

Sufficiency of Surface Water Supply for Compliance with Compacts or State Laws 

[Nebraska Revised Statutes Section 46-713(3)(c) (Reissue 2004)]  

 

There are no compacts on any portions of the Lower Platte River Basin in Nebraska.  At 

this time there is sufficient water supply in the Basin to comply with NNESCA and, as 

discussed above, future development will be limited so as to continue compliance. 

 

Future Development of Surface and Ground Water [Nebraska Revised Statutes Section 

42-713(1)(b) (Reissue 2004)] 

 

Given the rate of registered ground water well and surface water appropriation 

development, the conclusion that the Basin is not fully appropriated would not change 

even if no additional legal constraints were placed on development and a reasonable 

projection of a continuation of the current trend of well development of the last 20 years 

is used. 

 

Conclusions 

 

Excluding the portion of the Basin that includes CPNRD, which has already been 

determined to be fully appropriated and was not reevaluated in this report, there is no 

evidence that current ground water depletions to streamflow in the Basin are affecting 

surface water users sufficiently to meet the criteria for being fully appropriated as found 

in Department rule 457 NAC 24.001.01 when compared to the amount of surface water 

available at the present time.  
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There is no evidence available at this time that lag impact will be sufficient in 25 years to 

affect existing water users enough to meet the criteria for being fully appropriated as 

found in Department rule 457 NAC 24.001.01. 

 

Based upon available information and its evaluation, the Department has reached a 

determination that the Basin is not fully appropriated. The Department has also 

determined that even if no additional legal constraints are imposed on future development 

of hydrologically connected surface water and ground water and reasonable projections 

are made about the extent and location of future development, this conclusion would not 

change.   
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Figure LP-3.  Annual Precipitation at Columbus, Nebraska. 
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Figure LP-4.  Growing Season (May-September) Precipitation at Columbus, Nebraska. 
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Figure LP-5.  Annual Precipitation at Fremont, Nebraska. 
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Figure LP-6.  Growing Season (May-September) Precipitation at Fremont, Nebraska. 
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Figure LP-7.  Annual Precipitation at Lincoln, Nebraska. 
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Figure LP-8.  Growing Season (May-September) Precipitation at Lincoln, Nebraska. 
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Figure LP-9.  Annual Precipitation at Plattsmouth, Nebraska. 
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Figure LP-10.  Growing Season (May-September) Precipitation at Plattsmouth, Nebraska. 
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Figure LP-11.  Annual Precipitation at Schuyler, Nebraska. 
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Figure LP-12.  Growing Season (May-September) Precipitation at Schuyler, Nebraska. 
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Table LP-1. – Aquifers in unconsolidated surficial deposits (modified from Druliner and Mason, 2001; 

LPSNRD, 1995) 

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

LP-24

Platte River 

Aquifer

Alluvial sand, gravel and silt 

deposited within incised 

bedrock valley of the Platte 

River.

70

Unconfined and 

hydraulically connected 

with the Platte River. 

Yields 900 to 2000 

gal/min of water to wells. 

Missouri River 

Aquifer

Alluvial sand, gravel and silt 

deposited within incised 

bedrock valley of the 

Missouri River. 
80

Unconfined to semi-

confined and 

hydraulically connected 

with the Missouri River.  

Wells generally yield 300 

to 700 gal/min, and 

locally yield as much as 

1,500 gal/min. 

Paleovalley

Alluvial

Aquifers

Fluvial silt, sand, gravel and 

clay deposits within bedrock 

valleys.  Commonly 

underlying thick fine-grained 

deposits of glacial till and 

loess.

275

Semi-confined to 

confined alluvial 

aquifers.  May yield 400 

to 1,200 gal/min of water 

to wells. 

Loess

Silt with a little very fine 

sand and clay deposited as 

wind-blown dust. 
unknown

May provide small 

amounts of water to 

shallow stock or domestic 

wells.

Quaternary

Till

Ice deposited silty, sandy clay 

with some gravel, pebble, and 

cobbles.
unknown

Relatively impermeable 

but may contain small 

perched ground water or 

sand deposits that yield 

water to small capacity 

wells.



Table LP-2. – Characteristics of bedrock aquifers (modified from Druliner and Mason, 2001; LPSNRD, 

1995; Sniegocki, 1955) 

System 
Hydrogeologic

unit
Character and description 

Maximum 

thickness, 

in feet 

Hydrogeologic

characteristics

LP-25

Tertiary Ogallala Group 

Gravel, sand, silt, clay, 

with some lime-cemented 

beds. 0-200

Widespread aquifer in 

Nebraska, but not an 

important source of 

water in the Lower 

Platte River Basin. 

Cretaceous 
Dakota

Sandstone

Massive to crossbedded 

friable sandstone 

interbedded with clayey to 

slightly sandy shales.

Sandstone may contain 

ironstone or siderite 

concretions and chert 

pebbles.

<140

Unconfined or semi-

confined aquifer.  Wells 

can yield 50 to 750 

gal/min of water to 

wells.  Water is of 

variable quality.  Used 

as a primary water 

source only when other 

sources are not 

available.

Permain and 

Pennsylvanian

Undifferentiated

Undifferentiated

shale, limestone 

and sandstone 

Shales interbedded with 

limestone and sandstone.   

Shales may be laminated 

clayey, sandy, calcareous, 

fossiliferous and may 

contain gypsum.  

Limestone may be 

massive, geodal, 

fossiliferous or contain 

chert.  Sandstone is 

generally thin bedded and 

may contain coal. 

<1000

Not a major aquifer.  

Fractured limestone 

may yield 20 to 

50 gal/min of water to 

wells.  Yield may be 

increased by locally 

thick sandstone or if 

hydrologically

connected to overlying 

unconsolidated sand 

and gravel deposits. 
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Bedrock geology information provided by the UNL Conservation and

Survey Division: http://csd.unl.edu/general/gis-datasets.asp.
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Saturated thickness information provided by the UNL Conservation

and Survey Division: http://csd.unl.edu/general/gis-datasets.asp.
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Depth to water information provided by the UNL Conservation and

Survey Division: http://csd.unl.edu/general/gis-datasets.asp.
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Water table information provided by the UNL Conservation and

Survey Division: http://csd.unl.edu/general/gis-datasets.asp.
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Figure LP-21.

Depletive well infomation is from the DNR Registered Ground Water Well

Database, as of October 1, 2005, and includes wells used for aquiculture,

commercial, domestic, irrigation, public water supply, dewatering, stock

and others except wells for non-consumptive uses.
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locations, and may change as additional or better data become

available. User assumes all risks associated with interpretations of this

map beyond its intended purpose.

Figure LP-22.

High capacity well infomation is from the DNR Registered Ground

Water Well Database, as of October 1, 2005 and includes depletive

wells with registered pumping rates equal to or greater than 50 gpm.
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Figure LP-25.
Base map produced by Josh Lear, February 4, 2005

Base map approved February 4, 2005

Ground water level changes added by Shuhai Zheng, October 13, 2005.

Ground water level changes information provided by the UNL Conservation

and Survey Division: http://csd.unl.edu/general/gis-datasets.asp.
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Cass County, Nebraska 

Hydrologic Unit Code 10200203 

Latitude 41°00'02", Longitude 96°23'23" NAD27 

Land-surface elevation 1,100.00 feet above sea level NGVD29 

The depth of the well is 93.0 feet below land surface.  This well is 

completed in the QUATERNARY SAND AND GRAVEL 

DEPOSITS (112SDGV) local aquifer just above the CRETACEOUS 

DAKOTA GROUP regional aquifer.  

Figure LP-27  (T 12N R 09E Section 22) 

LP-39



Lancaster County, Nebraska 

Hydrologic Unit Code 10200203 

Latitude 40°52'05", Longitude 96°38'32" NAD27 

Land-surface elevation 1,138.98 feet above sea level NGVD29 

The depth of the well is 33.0 feet below land surface. 

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS, UNDIFFERENTIATED (110SDGV) local 

aquifer.

Figure LP-28  (T 10N R 07E Section 04) 

LP-40



Polk County, Nebraska 

Hydrologic Unit Code 10270201 

Latitude 41°10'12", Longitude 97°32'52" NAD27 

Land-surface elevation 1,662.00 feet above sea level NGVD29 

The depth of the well is 180 feet below land surface. 

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure LP-29  (T 14N R 02W Section 21) 

LP-41



Saunders County, Nebraska 

Hydrologic Unit Code 10200203 

Latitude 41°04'28", Longitude 96°22'04" NAD27 

Land-surface elevation 1,062.13 feet above sea level NGVD29 

The depth of the well is 12.00 feet below land surface. 

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure LP-30  (T 13N R 09E Section 24) 
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Saunders County, Nebraska 

Hydrologic Unit Code 10200203 

Latitude 41°10'05", Longitude 96°28'15" NAD27 

Land-surface elevation 1,171. feet above sea level NGVD29 

The depth of the well is 80.0 feet below land surface. 

This well is completed in the QUATERNARY SAND AND 

GRAVEL DEPOSITS (112SDGV) local aquifer.  

Figure LP-31  (T 14N R 08E Section 24) 

LP-43



Figure LP-32.  Annual Flows, Shell Creek near Columbus. 

Annual Flows

Shell Creek near Columbus, Nebraska
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Figure LP-33.  Annual Flows, Salt Creek at Roca. 
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Data from: US Geological Survey and NE Department of Natural Resources 
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Figure LP-34.  Annual Flows, Salt Creek at Lincoln. 

Annual Flows

Salt Creek at Lincoln, Nebraska
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Figure LP-35.  Annual Flows, Salt Creek at Greenwood. 
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Figure LP-36.  Annual Flows, Little Salt Creek near Lincoln. 
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Figure LP-37.  Annual Flows, Stevens Creek near Lincoln. 
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Figure LP-38.  Annual Flows, Rock Creek near Ceresco. 
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Figure LP-39.  Annual Flows, Wahoo Creek at Ithaca. 
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Wahoo Creek at Ithaca, Nebraska
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Figure LP-40.  Annual Flows, Platte River at North Bend. 
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Figure LP-41.  Annual Flows, Platte River near Ashland. 
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Figure LP-42.  Annual Flows, Platte River at Louisville. 
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Figure LP-48  Historic High Capacity Well Development in the Lower Platte River Basin. 

Source:  DNR Registered Ground Water Well Database 
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Upper Platte River Basin 

 

When the Nebraska Ground Water Management and Protection Act, Nebraska Revised 

Statutes 46-701 through 46-753 (Reissue 2004) (the Ground Water Management Act) 

took effect on July 16, 2004, much of the land area in the Upper Platte River Basin 

(Basin), defined as the portion of the Platte River Basin upstream of the confluence of the 

Loup River with the Platte River, became fully appropriated by operation of law.  That 

occurred because Section 46-720 provided for an immediate transition from the “joint 

action” planning processes that were initiated under previous law to the new integrated 

management planning process that is authorized by the Ground Water Management Act.  

All of the land area in the North Platte Natural Resources District (except for the 

Pumpkin Creek subarea) became fully appropriated, final determination, in that manner 

and on that date.  Three other Natural Resources Districts (NRDs), the South Platte NRD, 

the Twin Platte NRD and the Central Platte NRD became fully appropriated, preliminary 

determination, on that same date, July 16, 2004.  For those three NRDs, the Department 

of Natural Resources (Department) was required to hold public hearings before making 

final determinations.  Following those hearings, the Department issued an order on 

September 30, 2004, that specified in part as follows:  

 

“The portions of each of the Platte River Basin upstream of the Loup River 
Confluence, the North Platte River Basin and the South Platte River Basin that are 
within each of the South Platte Natural Resources District, the Twin Platte 
Natural Resources District and the Central Platte Natural Resources District are 
hereby determined to be fully appropriated, final determination.” 

 

In that same order, the Department also determined: 

 

“The geographic area within which the Department has determined ground water 
to be hydrologically connected to the surface water for the purposes of the final 
fully appropriated determination includes the entire geographic area of the South 
Platte Natural Resources District, the Twin Platte Natural Resources District, and 
the Central Platte Natural Resources District.”  
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The determinations made in the September 30, 2004 order were based on an assessment 

of the extant water supplies and water uses in the Basin, but only land area that was in 

one of the NRDs named above could then be determined as fully appropriated.  Section 

46-720 did not allow any other parts of the Basin to be determined as fully appropriated 

at that time, nor could land outside of those NRDs then be considered as hydrologically 

connected to the Platte River or its tributaries.   

 

Also relevant to the evaluation being made in this report is the September 15, 2004 

Department designation of all of the Platte River Basin upstream of the Kearney Canal 

diversion as “overappropriated.”  That designation included the Platte River Basin 

portion of the Tri-Basin NRD upstream of that location.  The geographic area where 

ground water and surface water were considered to be hydrologically connected for the 

purposes of that designation was also determined by that order and a portion of the Tri-

Basin NRD was included in that determination.   

 

As a result of the Ground Water Management Act and the September 15 and September 

30, 2004 orders issued by the Department, most of the Basin was designated as fully 

appropriated and/or overappropriated prior to the issuance of this report.  The most 

significant portions of the Basin that have not been so designated are the following: (1) 

the Platte River Basin portion of the Tri-Basin NRD east of Highway 183; (2) the Platte 

River Basin portion of the Little Blue NRD; and (3) the Platte River Basin portion of the 

Upper Big Blue NRD.  Those previously omitted portions of the Basin have not been 

made subject to the Section 46-714 stays on new surface water permits or on expansion 

of surface water irrigated acres.  Except for the areas subject to the July 16, September 15 

and September 30, 2004 actions, determinations as to the geographic areas within which 

ground water is hydrologically connected to the Basin’s surface water supply have not 

been and could not have been made prior to this report.  Consequently, there have been 

no Section 46-714 stays on the construction of new wells or on the expansion of ground 

water irrigated acreage in those portions of the basin listed as (1), (2), and (3) above or in 

any additional areas where ground water and surface water are hydrologically connected 

for that part of the Basin.  For those portions of the Basin and those hydrologically 
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connected areas, no integrated management plans are being developed in accordance with 

Sections 46-715 through 46-718.  This 2005 report presents the first statutory opportunity 

to determine whether the previously omitted portions of the Basin and any additional 

hydrologically connected areas should be subjected to the same limitations on new uses 

and to the same planning requirements as the previously designated areas.   

 

The extant water supplies and water uses of the Basin were evaluated by the Department 

prior to the issuance of the September 30, 2004 order and that evaluation provided the 

basis for the Department’s conclusion at that time that the Basin is fully appropriated.  

For the purposes of this report, an evaluation of supplies and uses in that same portion of 

the Basin does not need to be repeated.  Therefore, the Department preliminarily 

concludes in accordance with Section 46-713 that the following additional portions of the 

Basin are fully appropriated: (1) the Platte River Basin portion of the Tri-Basin NRD east 

of Highway 183; (2) the Platte River Basin portion of the Little Blue NRD; and (3) the 

Platte River Basin portion of the Upper Big Blue NRD.   

 

The September 30, 2004 order, however, did not provide the basis for determining, 

outside of the areas subject to that order, the extent to which ground water is 

hydrologically connected to Platte River Basin surface waters.  For this report, the criteria 

used for that purpose is found in Department rule 457 Nebraska Administrative Code 

24.001.02.  That rule, which was filed with the Nebraska Secretary of State on August 31, 

2005, provides as follows:    

 

“001.02  The geographic area within which the Department preliminarily 
considers surface water and ground water to be hydrologically connected for the 
purpose prescribed in Section 46-713(3) is the area within which pumping of a 
well for 50 years will deplete the river or a base flow tributary thereof by at least 
10% of the amount pumped in that time.”   

 

For the portions of the Basin for which hydrologically connected determinations have not 

previously been made, the Department determined that using a combination of the 

Jenkins Stream Depletion Factor analysis, Cooperative Hydrology Study (COHYST) 

models and numeric groundwater models derived from the COHYST model would be the 
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best scientific method readily available to the Department to locate the 10% in 50 year 

line.  A description of the Jenkins method is found in Appendix D and a description of 

the Upper Big Blue model which is based on the COHYST model is found in Appendix 

E.  Based upon the results obtained from the use of these methods and in accordance with 

Section 46-713, the geographic areas shown on Figure UP-1 are preliminarily determined 

by the Department to be additional areas where ground water is hydrologically connected 

to those portions of the Basin that were determined by the September 30, 2004 order to 

be fully appropriated and/or to those portions of the Basin that are preliminarily 

determined above to be fully appropriated.  
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Figure UP-1.  Preliminary Hydrologically Connected Area, Upper Platte River Basin. 
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Basic Assumptions Used in the Development of the Department of Natural 
Resources Proposed Method to Determine Whether a Stream and the 

Hydrologically Connected Ground Water Aquifers Are Fully Appropriated 
 
 

Nebraska Revised Statutes § 46-713(3) states that a river basin subbasin or 
reach shall be deemed fully appropriated if the department determines that 
then-current uses of hydrologically connected surface water and ground water 
in the river basin, subbasin, or reach cause or will in the reasonably foreseeable 
future cause: (a) the surface water supply to be insufficient to sustain over the 
long term the beneficial or useful  purposes for which existing natural flow or 
storage appropriations and the beneficial or useful purposes for which, at the 
time of approval, any existing instream appropriation was granted, (b) the 
streamflow to be insufficient to sustain over the long term the beneficial uses 
from wells constructed in aquifers dependent on recharge from the river or 
stream involved and (c) reduction in the flow of a river or stream sufficient to 
cause noncompliance by Nebraska with an interstate compact or decree, or 
other formal state contract or agreement, or applicable state off federal laws.  
This memo will address the assumptions relied upon to develop the method the 
Department proposes to use to address sections a and b of the statute.  
 
In essence, if streamflow is sufficient enough to supply surface water 
appropriators, it is also sufficient to supply recharge for ground water wells 
dependent on the streamflow. This is true because any ground water aquifer that is 
hydrologically connected to a fully appropriated stream is also fully appropriated 
because the surface water and hydrologically connected ground water are both 
part of one interconnected system. A depletion in one component of this system 
depletes the other component. If there is an additional well and consumptive use 
of water in the ground water aquifers connected to the stream, the new well will 
either intercept and consume water that otherwise would have flowed to the 
stream or cause more water to flow from the stream to the aquifer. Eventually this 
additional consumption will cause not only additional depletions to the aquifer, 
but also additional depletions to the stream. In essence, the test of looking at the 
sufficiency of streamflow to satisfy a junior surface water right is like a canary in 
the coal mine; the junior water rights act as an alarm system signaling that the 
stream and the hydrologically connected ground water aquifers are both fully 
appropriated.  
 
The nature of the connection between the stream and the aquifer determines how 
much and how fast water will flow between the stream and the aquifer. Water 
flows from a hydrologically connected aquifer to a stream, or vice versa, in 
response to the difference in the hydraulic head between the stream and the 
aquifer. Water flows down the hydraulic head gradient from areas of higher 
hydraulic head to areas of lower hydrologic head. Hydraulic head in ground water 
is a function of the combination of both the elevation and the pressure of the 
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water. Water flows downhill in response to gravity and uphill in response to 
pressure from the weight of overlying aquifer materials and water.   
 
In the case of a gaining stream, the water in the aquifer has a higher hydraulic 
head than the stream and water flows down gradient from the aquifer to the 
stream. In this situation, the addition of a pumping ground water well that 
removes water from the aquifer will lower the hydraulic head of the ground water 
in the aquifer and decrease the gradient between the higher hydraulic head in the 
aquifer and the lower hydraulic head in the stream.  The decrease in the hydraulic 
gradient results in less water flowing from the aquifer to the stream.  
 
In the case of a losing stream the water in the stream is at a higher hydraulic head 
than the ground water and water flows down gradient from the stream to the 
aquifer. As before, the addition of a pumping ground water well that removes 
water from the aquifer will lower the hydraulic head of the ground water in the 
aquifer. In this case the well will increase the hydraulic gradient between the 
higher head of the stream and the lower head in the aquifer and more water will 
flow from the stream to the aquifer, further depleting the stream. In either case, if 
the stream itself is already determined to be fully appropriated, than the whole 
integrated system must be fully appropriated.  
 
One must also ask, is it possible for a stream itself to have sufficient water for all 
surface water rights but not have sufficient ground water to recharge wells 
dependent on streamflow?  In this case, all the demands of the surface water 
rights would have to be satisfied, but the water in the ground water aquifer would 
be insufficient for the existing wells. Such a system could not happen on a gaining 
stream because if the ground water were insufficient to sustain the wells, there 
would be little or no water in the stream for the surface water users. According to 
Bentall and Shafer (1979) most streams in the State of Nebraska are gaining 
streams1. 
 
The remaining case would be a losing stream on which the major water supply to 
the stream and the hydrologically connected aquifers was from surface water 
runoff to the stream. Furthermore, this runoff would have to be sufficient to 
satisfy the junior surface water rights, or it would be determined to be fully 
appropriated under criteria (a) of the statute, but not sufficient enough to satisfy 
ground water wells for which the stream flow was a critical component of the 
supply. In areas on the White and Hat Creeks in western Nebraska, where isolated 
fractures in the  Brule Formation are in close hydrologic connection to the stream 
but not to a surrounding ground water aquifer, there could be small stock and 
domestic wells that depend primarily on streamflow as their sole source of water. 
However, these streams have already been declared fully appropriated because the 
demands of the existing surface water rights are not met. There may also be such 

                                                 
1 Availability and Use of Water in Nebraska 1975. 1979. Nebraska Water Survey Paper Number 48. 
Conservation and Survey Division Institute of Agriculture and Natural Resources, University of Nebraska 
Lincoln.  
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isolated physical systems in other parts of the state such as in the glacial till area 
of the eastern part of the state and along the Missouri River, but like the White 
River and Hat Creek, if the demands of the hydrologically wells are not being 
met, it is unlikely that the demands of any existing surface water rights would be 
met.  
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Net Irrigation Requirement1 
 
Background 
 
The net irrigation water requirement (INET) is the net amount of water that must be applied by 
irrigation to supplement stored soil water and precipitation and supply the water required for the 
full yield of an irrigated crop. INET does not include irrigation water that is not available for 
crop water use such as irrigation water that percolates through the crop root zone or that runs off 
of the irrigated field. INET as used in this application is the annual amount of water and is 
expressed in units of acre-inches of water per acre of irrigated land for a year. Since corn is the 
most widely irrigated crop in Nebraska, the net irrigation requirement was simulated for corn 
grown on fine sandy loam soil. The soil used in the simulations holds about 1.75 inches of 
available water per foot of soil depth. The soil used for the simulations represents an average 
condition of soils across Nebraska.  
 
Procedure 
 
The net irrigation requirement can be computed using several methods. Early methods relied on 
the difference between the evapotranspiration (ET) required for full crop yields minus the 
amount of precipitation during the irrigation season that is estimated to be effective in meeting 
crop water requirements. This method was generally applied on a monthly basis and did not 
consider precipitation or soil water rewetting during the portion of the year when crops were not 
growing, or the effects of individual precipitation events. This method has given way to daily 
calculations of the soil water balance of irrigated crops.  
 
A computer simulation model (CROPSIM) developed at the University of Nebraska-Lincoln by 
Dr. Derrel Martin was used to compute the daily water balance for irrigated corn and INET for 
an array of weather stations across the state. Computations with the CROPSIM program for data 
from selected weather stations were used to generate the map of net irrigation water requirements 
for corn grown on a fine sandy loam soil. 
 
The CROPSIM model maintains a daily soil water balance including the following terms:   
  

1i i c netD D ET DP RO P I−= + + + − −  
  

 where Di is the available soil water depletion on day i, inches 
    Di-1 is the depletion on the previous day, inches 
  ETc is the daily evapotranspiration rate, inches/day 
  DP is the daily deep percolation from the root zone, inches/day 
  RO is the daily run off from the irrigated land due to rainfall, inches/day 
  P is the daily precipitation, inches/day 
  Inet is the net irrigation that is applied on day i, inches/day. 
 

                                                 
1 Prepared by Derrel Martin, Professor of Irrigation and Water Resources Engineering, Department of Biological 
Systems Engineering, University of Nebraska-Lincoln, Lincoln, NE.  68583-0726. 



The daily soil water depletion is maintained in the model.  Irrigations are applied on days when 
the depletion reaches a specified amount for the crop root zone. Irrigations were applied when 
more than half of the available water in the top four feet of the root zone was depleted. This is a 
common management practice used to schedule irrigation. The net irrigation applied each 
irrigation resembles practices typical of center pivot irrigation. This involved applying a gross 
irrigation of one inch each application which equaled a net irrigation of 0.85 inches per 
irrigation. Irrigations did not begin until the corn crop had begun vegetative growth. Irrigations 
were continued for the year until the corn crop had reached a growth stage where water stress has 
minimal affects on yield. This stage generally matches a hard-dent growth stage for corn. 
 
The CROPSIM program depends on evapotranspiration (ET) to compute the soil water depletion 
and determine dates for irrigation. The ET for corn was computed in the model using a reference 
crop evapotranspiration (ETr) that represents the amount of energy available from the 
environment to evaporate water. The reference crop evapotranspiration is multiplied by a crop 
coefficient (Kc) to compute the water use of corn: 
 
     ETc Kc ETr=  
 
A tall reference crop often considered to be alfalfa about 20 inches in height was used for the 
reference crop evapotranspiration. The Standardized Penman-Monteith method developed by the 
ASCE-EWRI2 task force was used as the basis for computing ETr. Since climatic data needed for 
the Penman-Monteith method are not available dating back to 1950, the Hargreaves3 method was 
calibrated to the Penman-Monteith method for a period of about 20 years for selected weather 
stations that are part of the Automated Weather Data Network operated by the High Plains 
Climate Center at the University of Nebraska-Lincoln. The calibrated Hargreaves method 
provides daily estimates of reference crop ET for the CROPSIM model to simulate corn ET and 
net irrigation requirements for the period from 1950 through 2004. The fifty-five year period was 
used to include climatic variations that are expected in the Great Plains.  The Hargreaves method 
was calibrated for each month using the ASCE Hourly method for an alfalfa (tall) reference crop. 
Data were used from the 23 automated weather data network stations listed in Table 1. The 
automated weather stations were selected to provide statewide coverage and a period long 
enough to represent climatic variations across the state.  The location of the automated weather 
data network (AWDN) stations are shown in Figure 1. The map shows that the AWDN stations 
are well distributed across the state. 

                                                 
2 ASCE-EWRI. 2005. The ASCE Standardized Reference Evapotranspiration Equation. Environmental and Water 
Resources Institute of the American Society of Civil Engineers, Standardization of Reference Evapotranspiration 
Task Committee. ASCE.  Reston, NY. 
3 Hargreaves, G.H. and R,G. Allen. 2003. History and evaluation of Hargreaves evapotranspiration equation. Journal 
of Irrigation and Drainage Engineering. ASCE. 129(1): 53-63. 



 
Table 1.  Automated weather data network stations used to calibrate the Hargreaves method to the sum-of-hourly for 
daily reference ET for a tall reference crop (i.e., alfalfa). The date the system first became operational and the 
latitude, longitude and elevation of the stations are also listed.   

Station 
Latitude 

degrees North
Longitude, 

degrees west 
Elevation, 

meters Month Day Year 
AINSWORTH  42.550 -99.817 765 6 4 1984 
ALLIANCEWEST  42.017 -103.133 1213 5 29 1988 
BEATRICE  40.300 -96.933 376 1 1 1990 
CENTRALCITY  41.150 -97.967 517 9 4 1986 
CHAMPION  40.400 -101.717 1029 5 20 1981 
CLAY CENTER(SC)  40.567 -98.133 552 7 14 1982 
CONCORD(NE)  42.383 -96.950 445 7 16 1982 
DICKENS  40.950 -100.967 945 5 21 1981 
ELGIN  41.933 -98.183 619 1 1 1988 
GORDON  42.733 -102.167 1109 10 18 1984 
GUDMUNDSENS  42.067 -101.433 1049 10 5 1982 
HOLDREGE  40.333 -99.367 707 5 29 1988 
LEXINGTON  40.767 -99.733 728 8 5 1986 
MCCOOK  40.233 -100.583 792 5 21 1981 
MEADTURFFARM  41.167 -96.467 366 7 29 1986 
MITCHELL FARMS  41.933 -103.700 1098 7 11 1996 
NEBRASKA CITY  40.533 -95.800 328 6 29 1998 
ONEILL  42.467 -98.750 625 7 17 1985 
ORD  41.617 -98.933 625 7 10 1983 
SCOTTSBLUFF  41.883 -103.667 1208 1 1 1991 
SIDNEY  41.217 -103.017 1317 12 1 1982 
WESTPOINT  41.850 -96.733 442 5 15 1982 
YORK  40.867 -97.617 490 4 22 1996 
 



 
Figure 1. Location of automated weather stations used to calibrate the Hargreaves method. 

 
 

The daily reference crop ET for alfalfa was calibrated using the following equation: 
 
 2 cETr a b Long Hg⎡ ⎤= +⎣ ⎦   
 
where  ETr is daily reference crop ET for alfalfa as computed with the ASCE method, and 

Long is the longitude, degrees 
Hg is the Hargreaves factor,   
and a, b and c are empirical coefficients.  

 
The Hargreaves factor is computed as: 
 

( )17.8 max minTa T T Ra
Hg

λ
+ −

=   

 
where Ta is the average daily temperature, °C,  

Tmax is the maximum daily temperature, °C, 
Tmin is the minimum daily temperature, °C,  
Ra is the extraterrestrial radiation, MJ/m2/day,  
8 is the heat of vaporization = 2.45 MJ/Kg of water. 

 
Daily data from the AWDN stations were used to compute daily ETr values with the Penman-
Monteith method. The Hargreaves factor was compute for each day as well. The results of the 
computations were separated by month and the coefficients for the calibrated Hargreaves method 
(i.e., a, b and c) were computed from the regression analysis for all 23 AWDN stations.  The 
results of the calibration are listed in Table 2.   The coefficients of determination (r2) for the 
monthly values are reasonably good for all months.  



 
Table 2.  Parameters and coefficient of determination for calibration of Hargreaves method to 
Sum-of-Hourly calculations for ASCE Penman-Monteith. 

Month a b c r2 

January -2.97117E-03 6.68252E-07 1.0400 0.68 

February -2.10020E-03 4.71103E-07 1.0746 0.74 

March -1.99470E-04 1.60011E-07 1.1419 0.76 

April 3.42244E-04 2.06925E-08 1.2499 0.76 

May 1.48641E-04 1.16248E-08 1.3282 0.65 

June 1.13210E-04 8.14170E-10 1.4143 0.66 

July 6.58766E-05 5.44612E-09 1.4072 0.66 

August 4.65366E-05 2.19358E-08 1.3122 0.62 

September 3.90011E-04 7.01456E-08 1.1518 0.62 

October 9.59964E-04 1.20508E-07 1.0839 0.65 

November -1.08578E-03 3.78426E-07 1.0814 0.68 

December -4.57939E-03 8.95039E-07 1.0180 0.66 
 
 
Simulation of crop water use for the period from 1950 through 2004 required a different set of 
weather stations since AWDN data are not available before 1980.  Sixty-two cooperator or 
National Weather Service stations were selected for the simulation. Stations that were selected 
included measurements for at least the maximum daily air temperature, the minimum daily air 
temperature and daily precipitation (rain and snow). Some stations also included evaporation 
measurements from evaporation pans. These data were not used in the simulation. Weather 
stations were selected to represent the state as indicated by the climate zones shown in Figure 2. 
Only stations that included daily weather data starting before 1949 were selected for analysis. 
The High Plains Climate Center has developed data management routines to estimate values for 
days when data are missing or appear to be incorrect.  Therefore, none of the stations have 
missing data and no procedures were developed to correct these data which are referred to as 
National Weather Station (NWS) stations in this report. 
 
The CROPSIM model uses a set of parameters to describe how corn develops during the year 
and to represent typical management practices for a region. To simulate corn growth the state 
wad divided into four management zones as shown in Figure 3. The management zones in Figure 
3 generally align with the Climate Zones in Figure 2 except for the North Central Climate Zone. 
This zone was divided approximately in half to represent management practices for that region.  
Some important parameters for the management zones are included in Table 3. The data show 
that the amount of growing degree days required for crop development increases as one 
progresses from management zone 1 east to management zone 4. Planting is also generally 
delayed as one progresses west from zone 3. A slightly later planting date was used for 
management zone 4 since this region receives more rain in the spring that can delay planting 
compared to zone 3. Other parameters used to simulate crop growth and management are listed 
in Table 2. These values were held constant across all four management zones. 



 
 

 
Figure 2. Location of National Weather Service stations used in simulations and Climatic 
Zones for Nebraska. Specific information for the NWS stations is included in Table 4. 

 
 
 

 
Figure 3. Location of management zones for the CROPSIM model. 

 



 
 
  
Table 3. Parameters used in simulation of crop growth with the CROPSIM model. 

Growing Degree Days for Specific Growth Stages 
Management 
Zone 

Planting 
Date 

Begin of 
Flowering 

Begin of 
Ripening

Yield 
Formation 

Effective 
Cover 

Physiological 
Maturity 

Zone 1 5/5 1200 1700 2160 1050 2400 
Zone 2 5/1 1300 1800 2500 1200 2750 
Zone 3 4/25 1350 1850 2600 1250 2850 

Zone 4 5/1 1400 1850 2700 1300 2950 
Minimum Depth of Crop Root Zone, inches 6 
Maximum Depth of Crop Root Zone, inches 72 
Growing Degree Days for Start of Root Growth 200 
Growing Degree Days for Start of Vegetative Growth 450 
Depth of Soil Profile Used for Irrigation Management, inches 48 
 
 
Runoff was simulated using the curve number method originally developed by the USDA 
Natural Resources Conservation Service. The method was modified to adjust curve numbers 
based on the soil water content at the time of precipitation. The soil water content adjustment of 
curve numbers, and melting and infiltration of snow was based on routines in the SWAT4 model.  
The fine sandy loam soil has been characterized as being in hydrologic group B in the curve 
number method.  
 
 
Results 
 
The net irrigation requirement and the amount of evapotranspiration for fully irrigated corn and 
non-irrigated corn grown on fine sandy loam was simulated at sixty-two NWS stations across 
Nebraska for the period from 1949 through 2004. Data for 1949 were not included in the analysis 
as there is usually a stabilization period following the initial conditions used for the soil water 
content for the first year of simulation for a site.  The difference in the evapotranspiration for 
fully irrigated corn and non-irrigated corn is the consumptive irrigation requirement (CIR). The 
CIR is the amount of consumptive use of water due to irrigating for full crop yield. Results of the 
simulations for the NWS stations are summarized in Table 4. The net irrigation requirement was 
used to develop contour lines for the net irrigation map across the state (Figure 4).  The results 
generally show that irrigation requirements increase in a southeast-northwest pattern.

                                                 
4  Arnold, J.G. and N. Fohrer. 2005. SWAT2000: current capabilities and research opportunities in applied 
watershed modeling. Hydrol. Process. 19(3):563-572. 



 
Table. 4. Results of simulations for ET, CIR and net irrigation for NWS weather stations used in the analysis. 

 
Site 

ET Full 
Yield, 

Inches/Year 

ET  Non 
Irrigated, 

Inches/Year 

CIR, 
Inches 
/Year 

Net 
Irrigation,  

Inches/Year

Latitude, 
Degrees 

Longitude, 
Degrees 

Elevation, 
Meter 

Climate 
Division Station Code

Station Name 
AINS 29.86 20.48 9.38 10.45 42.55 -99.85 765 2 c250050 AINSWORTH 

ALBI 29.65 23.03 6.63 8.41 41.68 -98.00 546 3 c250070 ALBION 

ALLI 28.81 15.65 13.15 13.97 42.10 -102.88 1217 1 c250130 ALLIANCE 1 WNW 

ARNO 32.07 19.75 12.32 13.09 41.42 -100.18 838 4 c250355 ARNOLD 

ARTH 30.12 17.93 12.19 13.21 41.57 -101.68 1067 2 c250365 ARTHUR 

ATKI 29.28 20.88 8.40 9.67 42.53 -98.97 643 2 c250420 ATKINSON 

AUBU 28.70 24.84 3.86 6.00 40.37 -95.73 283 8 c250435 AUBURN 5 ESE 

BART 30.14 22.11 8.03 9.58 41.82 -98.53 652 2 c250525 BARTLETT 4 S 

BEAV 33.37 21.01 12.36 13.21 40.12 -99.82 658 7 c250640 BEAVER CITY 

BENK 31.25 17.78 13.47 14.37 40.05 -101.53 922 6 c250760 BENKELMAN 

BRID 30.01 15.67 14.34 14.85 41.67 -103.10 1117 1 c251145 BRIDGEPORT 

BROK 30.75 20.51 10.23 11.30 41.40 -99.67 762 4 c251200 BROKEN BOW 2 W 

BURW 30.67 20.59 10.08 11.16 41.77 -99.13 663 2 c251345 BURWELL 4 SE 

CAMB 31.23 19.77 11.46 12.16 40.27 -100.17 689 7 c251415 CAMBRIDGE 

CLY6 29.59 22.88 6.71 8.07 40.50 -97.93 530 8 c251680 CLAY CENTER 6 ESE 

COLU 28.05 22.67 5.38 7.11 41.47 -97.33 442 5 c251825 COLUMBUS 3 NE 

CREI 29.63 22.06 7.58 9.16 42.45 -97.90 497 3 c251990 CREIGHTON 

CRET 28.67 23.78 4.89 6.80 40.62 -96.93 437 8 c252020 CRETE 

CURT 31.22 19.38 11.84 13.15 40.67 -100.48 829 6 c252100 CURTIS 3 NNE 

FAIB 29.92 24.67 5.25 7.09 40.13 -97.17 415 8 c252820 FAIRBURY 

FAIM 29.64 22.83 6.81 8.30 40.63 -97.58 500 8 c252840 FAIRMONT 

GENE 28.27 23.16 5.11 6.91 40.52 -97.58 497 8 c253175 GENEVA 

GORD 28.79 16.89 11.90 13.20 42.88 -102.20 1128 1 c253355 GORDON 6 N 



GOTH 30.89 20.18 10.70 11.39 40.93 -100.15 788 4 c253365 GOTHENBURG 

GRAN 28.70 21.27 7.43 8.89 40.95 -98.30 561 4 c253395 GRAND ISLAND WSO AP 

GREE 30.87 22.15 8.73 10.20 41.53 -98.53 616 4 c253425 GREELEY 

GUID 29.48 22.43 7.05 8.72 40.07 -98.32 498 7 c253485 GUIDE ROCK 

HARL 30.17 20.70 9.47 10.35 40.08 -99.20 610 7 c253595 HARLAN COUNTY LAKE 

HARR 28.11 16.25 11.87 13.85 42.68 -103.88 1478 1 c253615 HARRISON 

HART 28.72 22.05 6.67 8.35 42.60 -97.25 418 3 c253630 HARTINGTON 

HAST 29.93 23.08 6.85 8.55 40.65 -98.38 591 7 c253660 HASTINGS 4 N 

HEBR 29.51 23.75 5.77 7.46 40.17 -97.58 451 8 c253735 HEBRON 

HERS 30.51 18.47 12.04 13.21 41.10 -100.97 900 6 c253810 HERSHEY 5 SSE 

HOLD 30.09 22.02 8.07 9.41 40.43 -99.35 707 7 c253910 HOLDREGE 

IMPE 29.85 18.30 11.56 12.67 40.52 -101.63 999 6 c254110 IMPERIAL 

KEAR 29.72 21.70 8.03 9.37 40.72 -99.00 649 4 c254335 KEARNEY 4 NE 

KIMB 30.38 16.60 13.78 14.51 41.27 -103.65 1451 1 c254440 KIMBALL 

MADI 29.19 22.81 6.39 8.27 41.82 -97.45 511 3 c255080 MADISON 2 W 

MADR 31.45 18.73 12.72 13.77 40.85 -101.53 975 6 c255090 MADRID 

MASO 30.30 21.65 8.65 9.83 41.22 -99.30 689 4 c255250 MASON CITY 

MCCO 29.05 19.31 9.74 11.14 40.20 -100.62 771 6 c255310 MCCOOK 

MIND 29.60 21.79 7.80 9.20 40.50 -98.95 658 7 c255565 MINDEN 

NEBR 28.48 24.88 3.60 5.61 40.68 -95.88 329 8 c255810 NEBRASKA CITY 

NPLA 29.45 18.64 10.81 12.13 41.12 -100.67 847 6 c256065 NORTH PLATTE WSO 
ARP 

OMAH 27.31 23.98 3.33 5.39 41.30 -95.88 304 5 c256255 OMAHA EPPLEY AIRFIEL

ONEI 30.20 21.30 8.90 10.15 42.45 -98.63 607 2 c256290 ONEILL 

PAWN 29.13 24.66 4.48 6.63 40.12 -96.15 369 8 c256570 PAWNEE CITY 

PURD 31.79 19.67 12.12 12.98 42.07 -100.25 820 2 c256970 PURDUM 

REDC 31.29 22.46 8.83 10.35 40.10 -98.52 524 7 c257070 RED CLOUD 

SCOT 29.43 14.72 14.72 15.36 41.87 -103.60 1202 1 c257665 SCOTTSBLUFF AP 



SID6 29.43 15.99 13.44 14.14 41.20 -103.02 1317 1 c257830 SIDNEY 6 NNW 

STPA 28.30 21.10 7.20 8.64 41.27 -98.47 541 4 c257515 ST PAUL 4 N 

SUPE 29.68 23.05 6.63 8.27 40.02 -98.05 482 8 c258320 SUPERIOR 

TRYO 30.53 18.30 12.23 13.34 41.55 -100.95 990 2 c258650 TRYON 

WAHO 29.47 25.01 4.47 6.68 41.22 -96.62 387 5 c258905 WAHOO 

WALT 29.22 23.18 6.05 7.93 42.15 -96.48 372 3 c258935 WALTHILL 

WAYN 28.91 22.50 6.41 8.05 42.23 -97.00 445 3 c259045 WAYNE 

WEEP 28.49 24.41 4.08 6.17 40.87 -96.13 335 5 c259090 WEEPING WATER 

WEST 28.30 23.30 5.00 7.09 41.83 -96.70 399 3 c259200 WEST POINT 

YORK 28.78 23.19 5.59 7.31 40.87 -97.58 491 5 c259510 YORK 



 
Figure 4. Map of net irrigation requirements (inches/year) for corn grown on fine sandy loam. 
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Methodologies 

  

Limitations of hydrologic modeling and methods must be considered by the user when 

considering the results and analyses, and the appropriateness of such for the given task. 

Historically three broad categories of models have been used to study ground water flow 

systems, i.e. sand tank models, analog models and mathematical models, including 

analytical methods and numerical models.  The first two methods were primarily used 

prior to the advent of the modern high speed digital computers.  Since the advent of 

computers, numerical models have been the favored type of model for studying ground 

water.   

 

One widely used numerical model that was developed by the U.S. Geological Survey is 

MODFLOW1.  An example of a previous study compared the results of several analytical 

methods to a two-dimensional ground water flow model and showed that simplifying 

assumptions needed for use of the analytical methods resulted in differences in stream 

flow depletion from the numerical model that ranged from 20 percent, due to neglect of 

partial penetration, to 45 percent, due to neglect of clogging layer resistance, after 58 

days of pumping Spalding and Khaleel [1991]2.  This study was done not for the 

determination of regional stream depletion analysis with regional datasets, but was used 

to show the impacts of a single well on a stream with detailed, known parameters to 

perform a numerical analysis.  

 

For those areas of the state where an existing MODFLOW model suitable for regional 

analysis is available, it is used to develop the 10/50 areas.  However, much of the state is 

not covered by suitable numerical model(s).  In order to properly use a numerical model 

the appropriate detail of data must be supplied as inputs to the numerical model.  Due to 

lack of detailed data and the time constraints for this report a suitable numerical model 

                                                 
1 McDonald, M.G., and Harbaugh, A.W., 1988, A modular three-dimensional finite-difference 
ground-water flow model: U.S. Geological Survey Techniques of Water-Resources 
Investigations, book 6, chap. A1, 586 p. 
2 Spalding, C.P. and R. Khaleel. 1991. An evaluation of analytical solutions to estimate drawdown and 
stream depletions by wells. Water Resour. Res. 27(4). 597-609. 



 D-2

could not be developed for areas where a model does not already exist.  In these areas an 

analytical method was used. 

 

This study uses the analytical method described by Jenkins in 1968, which is commonly 

known as the Stream Depletion Factor (SDF)3 . This method lends itself to the basin wide 

aspect of the task described by this report. A list of the assumptions for the Jenkins 

method is contained in the USGS publication referred to earlier.  The method Jenkins 

described was built upon equations previously published by Glover and Balmer (1954)4, 

Maasland and Bittinger (1963)5 Gautuschi (1964)6 and others.  Jenkins specifically 

developed his tools for ease of use for water administrators. This was one major reason 

for selecting this tool for this analysis as well as the fact that the detail of data necessary 

on a regional basis is available and this tool is currently used by other states for 

administrative purposes, including Colorado and Wyoming.   

 

Modified versions of the Jenkins SDF method were also considered because the 

assumptions in the original Jenkins method do not always fit real world situations.  

Jenkins SDF can be modified to address situations such as boundary conditions7 and 

streambed conductance8. These modifications require data on these parameters to 

perform the analysis. No modifications were made to Jenkins for this analysis because of 

the lack of published data necessary for the calculations. Generally these additional 

calculations are required only when near the stream or boundary condition. As you move 

away from the stream the percent impact of the parameters becomes a small fraction of 

the overall total analysis. 
                                                 
3 Jenkins, C.T. 1968. Techniques for computing rate and volume of stream depletion by wells. Techniques 
of Water Resources Investigations, U.S. Geological Survey, Chapter D1, Book 4. 
4 Glover, R.E. and C.G. Balmer, 1954. River depletion resulting from pumping a well near a river. Am. 
Geophys. Union Trans. V. 35. pt 3, pp. 468-470. 
5 Maasland, D.E. and M. W. Bittinger (eds.). 1963. Summaries of solved cases in rectangular coordinates, 
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Hydrologically Connected Area  

 

In areas covered by numerical models the steps taken to define the 10/50 line and 

associated hydrologically connected area are documented in the respective model 

documentation in Appendix E.  The upper portion of the Little Blue River, the eastern 

portion of the TriBasin NRD associated with the Platte River, and that portion of the 

Loup River associated with Platte River depletions were evaluated by combination of the 

Jenkins Stream Depletion Factor analysis, Cooperative Hydrology Study (COHYST) 

models and numeric groundwater models derived from the COHYST model to do the 

analysis and draw the 10/50 line. 

 

In areas that are not covered by an acceptable numerical model and where sufficient data 

existed, the following steps were taken to define the 10/50 areas using the Jenkins 

Method. 

 

Step 1  Data preparation. 

• Develop transmissivity maps and associated datasets for all basins 

being studied. 

• Develop specific yield maps and associated datasets for all basins 

being studied. 

• Select appropriate maps of perennial stream reaches.  

• Use Geographic Information System (GIS) software to develop raster 

grid points and associated SDF values. 

 

Step 2 Evaluate available data to determine if the principal aquifer is present and 

if sufficient data exists to determine that a given stream reach is in 

hydraulic connection with the principal aquifer. 

 

Step 3 Complete Jenkins SDF calculations using customized GIS software. 

 

Step 4 Modify the point shapefile to create the 10/50 management area. 
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Data Preparation 

 

The following data were necessary for determining the 10/50 area   

• Aquifer transmissivity and specific yield 

• Locations of perennial streams 

• Grid of points within study area 

 

The aquifer properties used in the study were found in the report “Mapping of Aquifer 

Properties – Transmissivity and Specific Yield – for Selected River Basins in Central and 

Eastern Nebraska” published by the Conservation and Survey Division9 (CSD).   

 

The location and extent of perennial streams were found from a CSD GIS shapefile10.  

The main stems of each river and its tributaries were included in the calculations for 

individual basins. 

 

A grid of points was created in ArcView11 GIS.  These points were spaced at one-mile 

intervals within and beyond the study area.  ArcView is a GIS program used to view, 

process, and query spatially referenced data. 

 

Principal Aquifer and Hydraulic Connection 

 

This information was primarily determined from maps generated by the Conservation and 

Survey Division9.  Other supporting evidence from published reports was also used in 

some cases and is referenced in where used.   

 

                                                 
9 Summerside, S., Olafsen-Lackey, S., Goeke, J., and Myers, W., 2005, Mapping of Aquifer Properties – 
Transmissivity and Specific Yield – for Selected River Basins in Central and Eastern Nebraska. 
10 http://csd.unl.edu/general/gis-datasets.asp#Streams_-_Simplified 
11 ArcView ESRI Corporation 
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Jenkins Calculations 

 

There are two equations necessary to make the 10/50 determination at each point in the 

grid, the depletion percentage term and the SDF term.  

 

Depletion percentage: v/Qt 

Dimensionless term: 
Sa

tT
2    

 

Where:        v = volume of stream depletion during time t 

Qt = net volume pumped during time t 

t = time during the pumping period since pumping began 

T = average transmissivity of the aquifer  

        a = perpendicular distance between the well and stream 

S = average specific yield of the aquifer  

 
A large number of calculations are necessary to make the 10/50 area determination.  To 

facilitate the amount of calculation necessary, ArcView was customized to do much of 

the work.  The goal of the process was to solve the above equations for the ‘a’ or distance 

term and compare that to the actual distance from the point to the perennial stream.  The 

known values for the equations are: 

• t is 50 years or 18262 days. 

• T is the aquifer transmissivity – which is determined by computing the average 

transmissivity along the perpendicular line between the well and the perennial 

stream in ArcView.   

• S is the aquifer specific yield – which is determined by computing the average 

specific yield along the perpendicular line between the well and the perennial 

stream in ArcView.   

• v/Qt is equal to 0.1 or 10%.  From the nomograph, the corresponding 

dimensionless term value is equal to 0.359.  
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Once the ‘a’ or distance value is solved for, the actual perpendicular distance from the 

point to the perennial stream is determined.  If the actual distance is less than the 

computed distance, the point is included as part of the 10/50 area. These points were 

stored as a point shape file for further analysis. 

 

Analysis for SDF was only completed for points that fell in areas where the principle 

aquifer exists and is in hydraulic connection with the stream.  These areas were defined 

from information found in the CSD aquifer properties report.   

 

Management Area Analysis 

 

Many ArcView functions were used to convert the point shapefile into a polygon 

shapefile.  The process included converting the point file into a series of one-mile 

polygon cells with the original point at the center of the cell.  The polygon cells were then 

merged into a single polygon.  The results polygon had its ‘jagged’ edges removed to 

produce a polygon with a ‘smoothed’ appearance.  After smoothing some 10/50 areas 

extended into the areas previously defined by the CSD as consisting of no principle 

aquifer or having no hydraulic connection with the stream.  The smoothed polygon was 

modified to remove such areas.   

 

This final 10/50 polygon was then converted into the management area polygon by 

determining the portion of legal description sections that fell within the 10/50 polygon.  If 

50% or more of the section polygon fell within the 10/50 polygon, the section was 

included.  The final edit to the management polygons was to clip out of the legal 

description sections the areas that fell outside of the perennial streams that formed the 

boundaries to the study areas. 
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Results 

 

Figure D-1 shows the areas where ground water and surface water are hydrologically 

connected.  The shaded areas on each map represent the results of the above process. 

 

Figure D-1.  Hydrologically Connected Areas. 

 
 

Reconstructing the Surface Water Administration Record 

 

The surface water administration record was reconstructed if administration records 

between 1985 and 2004 showed times when the senior surface water appropriation 

making a call on junior surface water appropriations had a priority date later than 1985.  

The purpose was to construct an administrative record as if the all surface water 

appropriations that exist as of 2004 existed in 1985.  
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The following steps were taken to reconstruct the surface water administration record: 

• Compare the senior surface water appropriation to the historical daily streamflow 

values for 1985 to 2004. 

• If the senior surface water appropriation was greater than the historical daily, 

assume that surface water administration would have occurred.  

• Create tables showing the 20-year average number of days when surface water 

was available for diversion for the July 1 through August 31 and the May 1 

through September 30 time periods. 

 

Future Impact of Current Ground Water Well Development and of Additional Ground 

Water Well Development  

 

According to Nebraska Revised Statutes § 46-713( Reissue 2004) the Department is to 

calculate the lag impacts of the current level of ground water well development on 

surface water supplies into the reasonably foreseeable future.  The Department shall also 

determine the future impacts if development continues.   According to Department rule 

Title 457 Chapter 24, twenty-five years shall be the time period for consideration of 

future impacts.  

 

Similar to the analysis for the hydrologically connected area, this type of analysis can 

also be computed using Jenkins SDF equations and nomographs.  Two separate analyses 

were performed: 1) determine the lag impacts of the current well development and 2) 

determine the lag impacts of current plus continued well development. 

 

The following steps were taken to compute the lag impact: 

1. Define the study area. 

2. Determine which wells will be used to calculate the lag impact (depletive wells). 

3. Project the locations of wells that will be part of the future development in the 

basin.  These wells were only considered for the second analysis, continued well 

development. 
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4. Calculate the annual volume of depletion the stream will experience due to the 

existing wells and future wells for the next 25 years  

5. Convert annual acre-feet values to average annual cubic feet per second values to 

estimate streamflow impact. 

 

Study Area 

 

The study area for each river basin is defined by ground water boundary conditions.  

Those conditions include perennial baseflow streams, non-hydrologically connected 

areas, and other conditions which cause static ground water levels or prevent the flow of 

ground water.   

 

Depletive Wells 

 

Not every well within in the Department well database was used to calculate lag impacts.  

Only high capacity (rate of flow greater than 50 gpm) active irrigation, industrial, public 

water supply, or unprotected public water supply wells were selected for this analysis, as 

these cause most of the lag impacts.  Other depletive wells such as the abandoned or 

inactive high capacity wells, livestock watering wells and domestic wells were not 

included because of the relatively small amount of water they use and because the 

database is not complete for these types of wells. 

 

Future Well Development 

 

Future development was estimated by analyzing the trend of the current rate of well 

development over the last 20 years and location of existing well development in the study 

area. 

 

Figure D-2 shows the cumulative well development within the Loup River study area.  

The blue line shows the cumulative number of registered depletive wells in the basin and 

the red line shows the linear trend for the last 20 years.  The slope of the line shows 154 
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new wells per year.  Therefore the future well development estimation for the Loup River 

study area was 154 wells per year for the next 25 years. 

 

The future wells were located geographically within the study area by overlaying each 

future development well on a randomly selected existing well within the study area.  This 

method for locating the wells was selected because the existing wells seem to be 

clustered together and future development will likely occur near areas where 

development has already occurred.  Figure D-3 shows the location of existing depletive 

wells within the Loup River Basin. 

 
Figure D-2. Cumulative Well Development in the Loup River Study Area. 

Loup Study Area Well Development

20-year average of 154 wells per year

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

1940 1950 1960 1970 1980 1990 2000 2010

Year

C
um

ul
at

iv
e 

N
um

be
r 

of
 W

el
ls

 
 



 D-11

Figure D-3.  Loup River Basin Depletive Wells. 

 
 

Annual Depletions Calculations 

 

In order to estimate the future stream depletions, the level of depletion for each year 

between 2005 and 2030 must be calculated.  This depletion value can be calculated for 

each existing depletive well in the study area using Jenkins SDF method.  The 

methodology equations used include the depletion percentage term and the dimensionless 

term.   

 

Depletion percentage: v/Qt 

Dimensionless term: 
Sa

tT
2    

 

The goal of the depletion analysis is to solve for the ‘v’ term, the cumulative value of 

stream depletion each year.  The rest of the variables in the equation are known and are 

described in the section “Hydrologically Connected Area Jenkins Calculations” or below. 
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Q is the annual volume of water pumped for consumptive use over the well age in acre-

feet.  This is calculated by multiplying the net corn crop irrigation requirement12 by an 

average field size in acres.  The average field size was estimated to be 90 acres.  The 

average field size was developed using the results described in section “Development of 

Ground Water Irrigated Acres per Well” found in this document.  Industrial and public 

water supply wells are treated the same as irrigation wells for this analysis.   

 

Each well in the basin has this type of analysis completed and recorded into the database.  

The depletion values in the database are modified if a well falls within multiple basin 

study areas.  If the well falls into two basin study areas, the depletion is divided by 2, if it 

falls within three basin study areas; the depletion is divided by 3.  This type of 

modification is done so that the total depletion is not overestimated in overlapping areas.     

 

The final annual results for such an analysis can be seen in Table 1.  Once the process has 

been repeated for each year from 2006 to 2030, the volume depleted in year ‘X’ can be 

calculated by subtracting the cumulative depletion for year ‘X-1’ from the cumulative 

depletion calculated for year ‘X’.   

 

                                                 
12 Dr. Derrel Martin, College of Engineering and Technology, Department of Biological Systems 
Engineering, University of Nebraska, Publication in process.   
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Table D-1.  Sample Depletion Analysis Results. 

Year 

Cumulative 
Depletion  

(Acre-Feet) 

Annual 
Depletion 

(Acre-Feet) 
2005 3,814,368 157,412 
2006 3,974,815 160,447 
2007 4,138,043 163,228 
2008 4,304,249 166,206 
2009 4,473,398 169,149 
2010 4,645,100 171,702 
2011 4,819,213 174,113 
2012 4,995,949 176,736 
2013 5,175,176 179,227 
2014 5,357,076 181,900 
2015 5,541,308 184,232 
2016 5,727,910 186,602 
2017 5,916,848 188,938 
2018 6,107,993 191,145 
2019 6,301,696 193,703 
2020 6,497,913 196,217 
2021 6,696,558 198,645 
2022 6,897,714 201,156 
2023 7,101,208 203,494 
2024 7,307,043 205,835 
2025 7,515,023 207,980 
2026 7,725,565 210,542 
2027 7,938,715 213,150 
2028 8,154,208 215,493 
2029 8,371,876 217,668 
2030 8,592,034 220,158 
 

Estimated Stream Flow Impact 

 

The results from the annual depletion analysis can then be converted from annual acre-

feet of depletion to an average annual cubic feet per second of water by dividing the 

difference between the 2005 and the 2030 value by 724.46 (the conversion factor for 

acre-feet/year to cfs).  For Table D-1 above, the results would be (220,158 – 157,412) / 

724.46 or 87 cfs. These values can then be used for estimating the total change in stream 

flow over time. 
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Conversions for the above equations: 

 

• 1 cubic foot per second  = 31,557,600 cubic feet per year   

• 1 acre-foot = 43,560 cubic feet  

• 1 cubic foot per second = 724.46 acre-feet per year 

 

The methodology section described above was independently peer reviewed by the 

Nebraska Water Science Center, U.S. Geological Survey in October of 2005.  The 

conclusion was “The NWSC reviewers found the document technically sound.”  A copy 

of the peer review transmittal letter is in Appendix G. 

 

Development of Ground Water Irrigated Acres per Well  

 

Estimation of the number of acres irrigated per ground water well was completed after 

three methodologies were evaluated: 

 

Method 1: Average Method 

 

All active irrigation wells in the Nebraska Department of Natural Resources Ground 

Water Well database were queried and distributed into the nine study basins. The average 

registered acres per well were computed for each basin. The ground water well database 

acres figure is based upon the number of acres provided by the applicant when the well 

was originally registered. An examination in the Republican River Basin showed that 

number was 25% to 33% higher than the actual measured irrigated acreage number. 

Therefore three alternate variations on Method 1 have been produced, decreasing the 

acres per well by 25, 30, and 35%. 

 

Method 2: 1995 Study Ground Water Irrigated Acres 

 

Based on the ground water irrigated acres by county in the U.S. Geological Survey / 

Nebraska Natural Resources Commission 1995 Water Use Study Report and the number 
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of active irrigation wells for each county in 1995 from Nebraska Department of Natural 

Resources Ground Water Well database, the average number of acres per well for each 

county was computed.  After attributing each irrigation well and its associated average 

acres into one of the nine study basins, the average irrigated acres per well for each basin 

was computed by dividing the basin total acres by basin total number of irrigation wells. 

 

Method 3: Combination of 1995 Report Results and 2002 Agriculture Census Data 

 

The total number of irrigated acres and ground water irrigated acres by county in the 

1995 Water Use Study Report, total irrigated acres by county from the 2002 Agriculture 

Census, and the number of active irrigation wells in 2002 from Nebraska Department of 

Natural Resources Well Database were used to estimate the number of irrigated acres per 

well in 2002. 

 

By assuming that ground water acres accounted for 95% of the increase in irrigated acres 

between 1995 and 2002, ground water irrigated acres per county in 2002 were estimated 

as the 1995 ground water irrigated acres plus 95% of the change in irrigated acres 

between 2002 and 1995.  Then using the estimated ground water irrigated acres for each 

county in 2002 and the number of irrigation wells in 2002, an average number of acres 

per well for each county was computed. 

 

All irrigation wells with their average acres per well by county were assigned to their 

corresponding basins using GIS analyses. Then the total numbers of acres and wells for 

each basin were totaled. An average number of acres per well by basin in 2002 was 

developed by dividing the total acres by the number of wells in each basin.  The results 

obtained with the three methodologies are shown in Table D-2. 
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Table D-2. Number of Ground Water Irrigated Acres per Well. 
Basin        Method 1  Method 2 Method 3 

  Average 1A (75%) 
1B 

(70%) 1C (65%)     
Big Blue 120 90 84 78 91.7 89.7
Elkhorn 
River 131 98.3 91.7 85.2 99.2 95.9
Little Blue 126 94.5 88.2 81.9 96.3 92.6
Loup River 126 94.5 88.2 81.9 85.6 80.7
Lower Platte 106 79.5 74.2 68.9 85.7 84.4
Missouri 
Tributaries         116.2 103.9
Nemaha 138 103.5 96.6 89.7 54.6 63.8
Niobrara 130 97.5 91 84.5 83.7 78.4
Tri-Basin         100.1 99.6

 

 

Examination of the results produced by the three methods indicates that there is not a lot 

of difference between them.  Method 1 was eliminated because selection of the correct 

percentage reduction for each basin would be purely an educated guess until such time as 

actual data is collected to substantiate the numbers.  Method 2 produces defensible 

numbers but is limited by its use of 1995 data.  Method 3 is the procedure with the best 

available data. 

 

Method 3 was selected as the preferred alternative.   This process utilizes the information 

from a very detailed study done in 1995, and calibrates it to actual survey data collected 

in the 2002 Census of Agriculture.  This procedure offers the additional advantage that it 

can be re-calibrated when the 2007 Census of Agriculture becomes available to see how 

the average number of acres per well in each basin have changed over time.  Between 

census years, the number of acres irrigated can be estimated using the current number of 

registered wells in each basin times the number of acres per well. 

 

There are a total of 89,695 irrigation wells in Nebraska as of October 2005.  Registration 

information shows that 37,519 of these are not in the area included in the nine basins 
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evaluated.  A breakdown of the location of the remaining 52,176 irrigation wells is shown 

in Table D-3.    

 

Table D-3. Number of Irrigation Wells by Basin. 
Basin Number of Irrigation Wells 

Big Blue 14,169 
Elkhorn River 8,350 

Little Blue 6,720 
Loup River 9,953 

Lower Platte 5,375 
Missouri Tributaries 1,642 

Nemaha 411 
Niobrara 4,030 
Tri-Basin 1,526 

Nine Basin Total 52,176 
 

There are an additional 3,539 high capacity, non-irrigation wells registered in Nebraska.  

Of these, 1220 are not in the nine basins evaluated.   The remaining 2319 wells are 

registered for a variety of uses:  Aquaculture, Commercial/Industrial, Domestic, 

Livestock, Public Water Supplier, and Other.  The distribution of these wells in the nine 

basins is shown in Table D-4. 

 
Table D-4. Number of Non-Irrigation Wells by Use by Basin. 

 Aquaculture 
Commercial/

Industrial Domestic Livestock

Public 
Water 
Supply Other Total

Big Blue 4 58 19 12 244 12 349 
Elkhorn 
River 2 88 18 79 230 31 448 

Little Blue 1 21 15 9 114 10 170 
Loup River 10 40 25 63 166 7 311 

Lower Platte 3 108 51 8 292 29 491 
Missouri 

Tributaries 5 72 18 20 137 14 266 
Nemaha  16 2 1 135 4 158 
Niobrara 3 3 5 17 72 4 104 
Tri-Basin  11 2 1 8  22 
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The U.S. Environmental Protection Agency reports that consumptive use varies by water 

use category13.  They estimated that the rate of consumption is highest for livestock at 

67%, followed by irrigation at 56%.   Domestic use consumes 23%, while industrial/ 

mining and commercial uses consume 16% and 11 % respectively.  Thermoelectric use 

consumes only 3% while public uses and losses are not even quantified as consumptive 

use by them.   

 

Because these 2,319 wells are such a small portion of the total number of high capacity 

wells in the state (2%), and no data exists in the registration database to indicate the 

annual pumpage of these wells, no additional efforts were made to identify the pumpage 

and calculate consumptive use at this time. 

 

The well numbers were then supplied for use in lag impact calculations along with the 

irrigated acres per well. 

 

Quantifying Impacts of Stream Depletions on Senior Surface Water Appropriation 

Administration 

 

The impacts of the additional depletion on water administration can be quantified by: 

• Determine the total future depletions at the measuring gages.   

• Use the most recent daily streamflow records (1985-2004) as a base for the years 

2011 through 2030. 

• Subtracting the depletion from the historical daily flow values.   

• Compare the depleted flows values to the senior surface water appropriation.   

• If the senior surface water appropriation was greater than the historical daily, 

assume that surface water administration would have occurred.  

• Create tables showing the 20-year average number of days when surface water 

was available for diversion for the July 1 through August 31 and the May 1 

through September 30 time periods. 

                                                 
13 http://www.epa.gov/watrhome/you/chap1.html 
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Converting Inches of Net Corn Crop Irrigation Requirement to Days Necessary to Divert 

 

Assumptions include a downtime of 10%, due to mechanical failures and such, a 

diversion rate of 1 cfs per 70 acres, this is the most common rate that surface water 

appropriations are permitted for, and an irrigation efficiency of 80%.  Steps include: 

 

• Multiplying the Net Corn Crop Irrigation Requirement by 0.65 or 0.85 to find the 

65% and 85% inches. 

• Converting 1 cfs/70 acres to inches per day 

o 1 cfs = 1.983 acre-feet/day 

o 1 foot = 12 inches 

o (1 / 70) * 1.983 * 12 = 0.34 inches / day 

• Calculate the Gross Irrigation Requirement by dividing the 65% and 85% values 

by 0.8 (the efficiency) 

• Calculate the number of days by dividing the gross irrigation requirement by the 

0.34 inches per days rate of diversion and by 0.9 (to account for the downtime) 

o Gross Requirement / 0.34 / 0.9 
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A GROUNDWATER MODEL TO DETERMINE THE AREA WITHIN THE UPPER BIG
BLUE NATURAL RESOURCES DISTRICT WHERE GROUNDWATER PUMPING

HAS THE POTENTIAL TO INCREASE FLOW FROM THE PLATTE RIVER TO THE
UNDERLYING AQUIFER BY AT LEAST 10 PERCENT OF THE VOLUME PUMPED

OVER A 50-YEAR PERIOD

Prepared By
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  EMSI is an acronym for “Environmental Modeling Systems, Inc.”
1

  GMS is an acronym for “Groundwater Modeling System”.
2

  COHYST is an acronym for “ Cooperative Hydrology Study”. 
3
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INTRODUCTION

This report discusses development and application of a groundwater model for a region

that lies within the boundary of the Cooperative Hydrology Study (COHYST) eastern regional

groundwater model  in Nebraska.  The geographic area modeled is shown on Figure 1 and4

includes all, or portions of, Platte, Polk, York, Nance, Merrick, Hamilton, Clay, Nuckolls,

Howard, Hall, and Adams Counties.  The modeled area overlays portions of the Upper Big Blue,

Central Platte, and Little Blue Natural Resources Districts.  The total land surface within the

model boundary is approximately 7,520 square miles (4.8 million acres).

PURPOSE

The purpose of this model is to provide a method for calculating the potential increase in

the rate of flow from the Platte River to the underlying aquifer due to groundwater pumping near

the Platte River within the Upper Big Blue Natural Resources District.  The model is used to

define a boundary encompassing the area within which a well pumping groundwater could

increase flow from the Platte River to the underlying aquifer by an amount equal to, or greater

than, 10 percent of the volume pumped over a period of 50 years.  For purposes of determining

whether or not a river basin is fully appropriated , the Nebraska Department of Natural5

Resources considers that wells within the 10 percent / 50-year boundary are hydrologically

connected to the river.

CONCEPTUAL MODEL

The model boundaries are defined with a series of fixed flow arcs that specify flow into or

out of the model, depending upon the direction and slope of the groundwater gradient at the

boundary.  The Platte River is defined with a series of river arcs which specify the river bed

conductance, river bed thickness, and river stage.  The model cells intersected by the river arcs

are defined by the model as a series of point source river cells, each with its own conductance

value.  The model cells intersected by the fixed flow boundary arcs are defined by the model as a

series of wells that are either source (injection) or sink (withdrawal), depending on whether the
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boundary flow is into or out of the model at that point.  The amount of river to aquifer flow

induced by pumping is tested with a single well, which is moved from cell to cell parallel to the

Platte River, at varying distances from the river.  Other streams within the model boundary, such

as the Big Blue River and its tributaries, including the West Fork Big Blue River, Lincoln Creek,

and Beaver Creek, are not included in the model.  The bed conductances of these rivers and

streams are very low, approximately 0.0079 ft /day, and have minimal connectivity to the2

underlying aquifer  and the Platte River.  Areal sources and sinks included in this model are6

recharge from precipitation, and evapotranspiration from rooted plants located in wet meadows

near the Platte River.  The model geology is represented by five unconfined layers.  The

numerical flow model is based on the following basic assumptions:

• At the scale in which this model is constructed, flow in the aquifer obeys Darcy’s Law

and mass and energy are conserved.

• Since the modeled fluid is groundwater, having a temperature in the range of 50 degrees

Fahrenheit, the density and viscosity of water are constant over time and space.

• Parameters are uniform within each cell, and represent an estimate of their average value

within the cell.

• The interchange of water between the aquifer and Platte River can be adequately

simulated as one-dimensional flow through a discrete streambed layer.  This

conceptualization is appropriate over the scale at which this model is constructed.

• Hydraulic conductivity in the horizontal plane is isotropic; however, hydraulic

conductivity in the vertical direction is not equal to hydraulic conductivity in the

horizontal direction.  The horizontal to vertical anisotropic ratio is assigned a value of 10

(i.e. horizontal hydraulic conductivity is ten times greater than vertical hydraulic

conductivity), unless otherwise noted.
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GEOLOGIC AND HYDROSTRATIGRAPHIC UNITS

The model has five unconfined geologic layers.  The layer definitions are consistent with

those documented in the COHYST aquifer characterization report .  The model layers consist7

primarily of Quaternary deposits of Pleistocene alluvium, Pleistocene and Holocene loess,

Holocene dune sand, and Holocene valley fill.  Valley fill deposits are found along the Platte

River and consist of gravel, sand, and silt.  Alluvial deposits, which typically support high

capacity wells, are found throughout the model area.  In topographic bedrock highs these deposits

are generally thinner, and produce lower yielding wells.  Loess deposits are found throughout the

model area, and the thickest deposits are located along the Platte River bluffs.  The deposits

become thinner as they approach the Platte River north of the loess bluffs.  The Platte River bed

contains a low permeability loess layer at about 10 to 20 feet below the current streambed

surface .  The bedrock formation at the bottom of Layer 5 consists of shale, chalk, limestone,8

siltstone, and sandstone of Cretaceous age.  These bedrock materials transmit very little water,

and for modeling purposes are considered to be impermeable.

The model layers are numbered 1 through 5.  Unit 1 is the top layer, and Unit 5 is the

bottom layer.  The layers used in this model are described as follows:

• Layer 1 Top layer consisting of upper Quaternary age silt and clay with some sand

and gravel

• Layer 2 Middle Quaternary age sand and gravel

• Layer 3 Lower Quaternary age silt and clay with some sand and gravel

• Layer 4 Upper Tertiary age silt and clay with some sand and gravel

• Layer 5 Middle Tertiary age sand and gravel underlain with bedrock materials

consisting of shale, chalk, limestone, siltstone, and sandstone
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MODEL DESCRIPTION

The groundwater model is a three-dimensional finite difference computer model

developed around the MODFLOW , Version 2000, groundwater modeling software enclosed9

within EMSI GMS , Version 5.1.  The GMS software includes a pre-processor to read input data10

and place it in the model according to MODFLOW format requirements.  GMS also does some

post-processing of output in both graphical and numerical forms.  The units of measure used in

this model include feet for linear measure, days for time, feet per day for velocity, cubic feet for

volume, and cubic feet per day for flow rate.

Model Grid

The model grid has 120,330 cells per layer.  Each cell measures 1,320 feet per side, and

covers an area of approximately 40 acres.  Model feature locations are geo-referenced in the

horizontal plane to the Nebraska State Plane Coordinate System, NAD 83 - feet.  Top and bottom

elevations of each layer are referenced to USGS mean sea level datum.

Modules

The MODFLOW software is modular in the sense that various modules (packages) can be

activated for any particular modeling situation.  The modules used in this model include river,

well, recharge, and evapotranspiration.

River Module

The Platte River is simulated in this model as a series of arcs, connected at their upstream

and downstream ends at nodes, with a combined length of 87.8 miles.  Attributes associated with

the arcs and nodes specify the river bed conductance, bottom of river bed elevation, and river

ystage.  The hydrologic properties (K, S ) of model cells identified as river cells (cells crossed by

river arcs), and located in Layer 1, are adjusted to match the hydrologic properties of the

underlying cell in Layer 2.  In this way there is a direct connection of the Platte River bed to the

aquifer, and the only limitation on inter-connectivity between the river bed and underlying
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aquifer is river bed conductance.  River bed conductance is a function of river bed length, width,

bed thickness, and hydraulic conductivity.  MODFLOW uses the following equation  to11

calculate bed conductance:

EQ. 1 C = (k x L x W) / M

For each river arc “n”:

nC  = streambed conductance (ft /d/ft)2

vnk  = vertical hydraulic conductivity of the streambed (ft/d)

nL  = length of the streambed (ft)

nW  = width of streambed (ft)

nM  = thickness of streambed (ft)

For this model, the value of river bed conductance at each river arc is set at the same value as

used in the COHYST Eastern Regional Model, except where detailed testing indicates the value

should be different.  The values established by testing were determined based on geoprobe and

permeameter tests conducted by the University of Nebraska Conservation and Survey Division. 

Geoprobe electric logs, hydraulic conductivities, and bed conductance calculations are shown in

Appendix B of this report.  Platte River bed conductances used in this model are set at 11 ft /d/ft2

in reaches where testing is completed.  River bed conductances in the remaining reaches vary

from 20 ft /d/ft to 30 ft /d/ft.2 2

Well Module

The potential increase in induced flow from the Platte River to the underlying aquifer,

due to groundwater pumping near the Platte River, is tested with this model by placing a

simulated pumping well at alternate cell locations, operating the model for a 50-year period at

each location, and calculating the change in the water budget when compared with the baseline

condition.  The initial baseline condition is simulated with no pumping well.

For these simulations, pumping is assumed to be from Layer 2, the volume of water



7

pumped is set at 160 acre-feet per year, and the pumping rate is set to be continuous at 19,094.79

cubic feet per day.  This volume of groundwater is approximately the average amount of water

pumped in one year to irrigate a quarter section of crop.  A gravity irrigated system would pump

slightly more volume on average, and a pivot irrigated system would pump slightly less volume

on average, based on the District’s records of irrigation water use.  Although irrigation systems

typically operate at a higher pumping rate, are operated on an intermittent pumping schedule, and

only operate for a few months per year, a continuous lower pumping rate is used to simplify the

modeling process.  The volume of water pumped per year would be the same with either

continuous or transient pumping schedules.  The continuous pumping schedule is not expected to

give significantly different results than a transient pumping schedule would yield.  Some

comparisons of continuous and transient pumping were made to confirm this conclusion.

Recharge Module

Recharge is modeled as an areal source of inflow to the aquifer, and includes the amount

of precipitation that percolates from the surface through Layer 1 into  Layer 2.  The recharge rate

used in this model, in feet per day, is interpolated from the COHYST Eastern Model, pre-

development period, scatter point data set.  The scatter point file is derived from the COHYST

EMU model and interpolated to this model’s 2-dimensional grid.  The 2D data set is imported to

the MODFLOW model recharge array.  The recharge point of application option is set to the

highest active layer at each grid cell.  For this model, the minimum recharge rate is 0.000222 feet

per day (0.97 inches per year), and the maximum rate is 0.000557 feet per day (2.44 inches per

year).  The mean rate is 0.000222 feet per day (0.972 inches per year).  The recharge rate is held

constant throughout the modeled time period, and does not vary from stress period to stress

period.

Evapotranspiration Module

Evapotranspiration (ET) is modeled as the amount of groundwater extracted from the

aquifer by rooted vegetation, and then evaporated from the plant canopy to the atmosphere

external from the model.  For this model ET is considered to be an areal sink; i.e., outflow from

the model space.  The ET rate data set used in this model is interpolated from the COHYST

Eastern Model pre-development data set.  A scatter point file is produced from the COHYST
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EMU model and interpolated to this model’s 2-dimensional grid.  The 2D data set is then

imported to the MODFLOW model ET array.  The point of ET withdrawal is the top of Layer 1,

and the extinction depth is set at a specified depth (nominally 7 feet) below the top of Layer 1. 

For this sub-regional model, the minimum ET rate is 0.00 feet per day, and the maximum rate is

0.002993 feet per day (13.1 inches per year).  The rate of evapotranspiration is held constant

throughout the modeled time period, and does not vary from stress period to stress period.

Wetland areas, mostly located near the Platte River, are treated as groundwater sinks,

where groundwater can be removed from the model space by plant evapotranspiration.  The

evapotranspiration rate, extinction depth, and active ET layer are interpolated to the model 2D

grid from COHYST EMU scatter point data sets.  Areas that have potential for significant

evapotranspiration are selected using 1997 land use mapping data for wetlands (Dappen and

Tooze, 2001), and also by defining areas where the depth to groundwater is on average 7 feet or

less below land surface, according to USGS long-term depth to water data (U.S. Geological Survey

National Water Information System, 1999). 

Boundary Conditions

The model is bounded vertically by land surface at the top of Layer 1 and bedrock at the

bottom of Layer 5.  The model is bounded horizontally by fixed flow boundaries.  A fixed flow

boundary is a boundary where the flow is specified prior to the simulation and held constant

throughout the simulation (McDonald and Harbaugh, 1988).  At fixed flow boundaries the

simulated water level can change, but flow across the boundary does not change.  The northern

model boundary is aligned with the Loup River and the southern boundary is aligned with the

Little Blue River and southern boundary of Adams County.  The eastern model boundary is

aligned with the eastern boundaries of York and Polk Counties, and the western boundary is

aligned with the western boundaries of Hall and Adams Counties, as shown on Figure 1.  The

rate of flow through each model boundary, in cubic feet per day, is calculated using the Darcy

Equation.
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EQ. 2

For each boundary arc “n”

nQ  = fixed rate of flow through the boundary, ft /d3

nk  = weighted horizontal hydraulic conductivity, ft/d

ni  = gradient of the 1950 groundwater surface perpendicular to the boundary flow

plane, ft/ft

nA  = cross sectional area of the flow plane at the boundary, ft2

Each layer’s thickness determines the relative weight given to each layer’s hydraulic

conductivity for this calculation.  The calculated boundary flow is distributed evenly over the

saturated thickness between the groundwater level and the base of the aquifer at each boundary

arc.  Appendix A contains calculations and supporting documents used to compute boundary

fixed flows.  A boundary flow is not computed for Layer 1, since it is a silty clay layer generally

representing the unsaturated zone which overlays the saturated zone.

Model Flow Simulation

The MODFLOW software has several packages (BCF, LPF, and HUF) available for

calculating conductance coefficients and groundwater storage parameters to be used in the finite-

difference equations that calculate flow between cells.  The Layer Property Flow (LPF) package

is selected as the internal flow calculation methodology for this model.  The LPF package reads

input data for hydraulic conductivity and global top and bottom elevation data for each cell

(layer).  Transmissivity is calculated for each cell at the beginning of each iteration of the flow

equation matrix solution process.  The LPF package calculates leakance between layers using the

x zvertical hydraulic conductivity, based on estimated anisotropic ratio K /K , and distance between

nodes obtained from global elevation data.

Flow Equation Solver

The MODFLOW software has several linear differential equation “solver” packages

(SIP1, PCG2, SCR1, and GMG) available.  For this model, the pre-conditioned conjugate-



P. Concus, G. H. Golub, and D. P. O’Leary, A Generalized Conjugate Gradient for the Numerical
12

Solution of Elliptical Partial Differential Equations, Academic Press, 1976.

J. C. Cannia, D. Woodward, L. Cast, and R. L. Luckey, Cooperative Hydrology Study COHYST
13

Hydrostratigraphic Units and Aquifer Characterization Report, November 2004.

E. C. Reed and R. Piskin, unpublished report, University of Nebraska Conservation and Survey
14

Division.

10

gradient  (PCG2) package is selected to solve the linear finite difference equation matrix.  For a12

transient groundwater model, the solution matrix is expressed as shown in EQ. 3, where [A] is

the coefficient matrix, [x] is a vector of hydraulic heads, and [b] is a vector of defined flows,

associated with head-dependent boundary conditions and storage terms at each grid cell.

EQ. 3

The matrix is solved iteratively until both head-change and residual convergence criteria are met. 

The convergence criteria are too large if the global groundwater flow budget discrepancy is

unacceptably large.  In general, a global budget discrepancy less than one percent is considered

acceptable.  Convergence criteria for this model, specified in the input options for the PCG2

module, are 0.5 foot for heads and 10.0 ft /d for flow residual.  The iteration parameters are not3

specified, but rather are calculated internally.

Aquifer Characteristics

Aquifer properties are input for each layer, including horizontal hydraulic conductivity

x x z z(K ), vertical anisotropic ratio (K /K ) or vertical hydraulic conductivity K , horizontal

x y s yanisotropic ratio (K /K ), Specific Storage (S ), and specific yield (S ).  The procedures used to

estimate parameter values for each layer are described in the COHYST hydrostratigraphic Units

Characterization Report .13

xHydraulic Conductivity K

Test well logs, interpreted by Reed and Piskin , are the basis for horizontal hydraulic14

conductivity values used in this groundwater model and the COHYST eastern regional model. 

The interpreted values for each layer are weighted according to layer thickness, and the weighted

xaverage value of K  is then determined for each model layer at each test well location.  The
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process used to weight the values is written in a computer code called Geoparm .  A 2D data set15

is then created by interpolating the computed values.  The 2D data set is then used to set the

MODFLOW array of values for each layer.

Anisotropic Ratios

x zAs described previously in this report, the vertical anisotropic ratio, K /K  , is estimated

to be 10.0 for all layers at each grid cell, unless pump testing indicates a different ratio, and the

x yhorizontal anisotropic ratio, K /K , is estimated to be 1.0.

ySpecific Yield S

Data compiled by USGS, and summarized by Reed and Piskin, is the basis for specific

yield values used in this groundwater model and the COHYST eastern regional model.  As

discussed in the Hydrostratigraphic Units Report, specific yield values are interpreted for each

layer material classification.  The interpreted values are then weighted using the Geoparm

program to establish specific yield for each model layer at each test well location.  The computed

values are then interpolated to the model’s 2D grid for each model layer.  The 2D data sets are

then used to set the MODFLOW array values for each layer.

Specific Storage Ss

All layers in this model are considered to be unconfined; however, the LPF simulation

options available in MODFLOW are either confined or convertible.  The convertible option is

selected for all layers, and the specific storage for all layers, except Layer 1, is set to 2.1e ; this-3

value is based on discussions with UNL Conservation and Survey  and takes into account low16

potential for changes in aquifer storage due to height of overburden or changes in hydraulic head. 

The specific storage for Layer 1 is set to 0.16, the estimated specific yield, since this layer is

always unconfined, and cannot be converted to confined.

Specific storage is the volume of water per unit volume of confined saturated aquifer that

is absorbed, or expelled, due to changes in pressure within the aquifer.  Overburden tends to
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consolidate the aquifer (reduce storage volume), and hydraulic pressure head tends to offset

consolidation (increase storage volume).  

Storativity for a confined layer is equal to the product of specific storage and layer

thickness.  Storativity for an unconfined layer is equal to the specific yield plus the product of

groundwater depth and specific storage.

PRE-DEVELOPMENT PERIOD

Geologic and hydrogeologic layer parameters used in this model are derived from

calibrated COHYST eastern regional model (EMU) data.  The EMU was calibrated for the pre-

groundwater development period by varying and adjusting evapotranspiration, recharge,

hydraulic conductivity, properties at horizontal flow boundaries, and streambed conductances. 

For this model the evapotranspiration, recharge and horizontal hydraulic conductivity are

interpolated from EMU scatter point files.  Streambed conductances and vertical hydraulic

conductivities are adjusted at some locations based on recent testing conducted by the University

of Nebraska Conservation and Survey.  Fixed flows at boundaries are computed for each

boundary arc as previously described.  Observed water levels, measured between 1946 and 1955,

are used to establish the starting head values.

Observed water levels used to establish starting heads are from a period of relatively

stable conditions.  Observation points were selected as being representative of pre-groundwater

development, and only the most reliable data within 4-mile by 4-mile grid cells were selected (by

COHYST modelers) for EMU calibration.  This selection process prevents a cluster of closely

spaced observation wells from dominating the calibration process.  After screening values in all

of the 4 by 4-mile cells, a few points that appeared to have large errors in location or land-surface

elevation were excluded from the calibration data set.  The starting heads file for this model is

based on a sub-set of the EMU calibration data set that contains 209 of the observation points.

The ability of this model to represent a 50-year period of pre-groundwater development

conditions is evaluated by comparing the percent discrepancy in global groundwater flow budget,

as well as the mean difference, mean absolute difference, and root mean square of the differences

between observed pre-development groundwater levels at the beginning and end of a 50-year

computer run without well development.
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Mean Difference

The mean difference (MD) of observed and simulated water levels is defined in EQ.4. 

0 sThe variable h  is the observed water level and h  is the simulated water level at each of the n

observation points.  The mean difference is used here as a measure of overall bias in calibration,

and as such should be close to zero at calibration.

EQ.4

Mean Absolute Difference

The mean absolute difference (MAD) of observed and simulated water levels is defined

in EQ.5.  The MAD is used here to evaluate the overall model calibration, since positive and

negative differences do not cancel each other.  All differences are given an equal weight, so a few

measurements with large differences will not dominate the result. 

EQ.5

MODFLOW calculates the water level changes as draw-downs, therefore positive changes are

declines and negative changes are rises.

Root Mean Square Difference

The root mean square difference (RMSD), also referred to as the quadratic mean, is

defined in EQ. 6.  This statistic is the standard deviation of the differences between observed

groundwater levels and groundwater levels produced by the model, for the pre-development

period.  Assuming that the differences between observed and modeled water levels are normally

distributed about the mean difference, the standard deviation gives a measure for determining the

range within which the differences can be expected to occur.  Statistically, 68.27% of the

differences are expected to occur within MD ± RMSD, and 95.45% of the differences are

expected to occur within MD ± (2)(RMSD).

EQ. 6
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PRE-DEVELOPMENT MODEL - WITHOUT PUMPING

Starting heads for the pre-development model are obtained by interpolating the observed

pre-development water levels to the model 2D grid, which is then imported to the MODFLOW

model starting head data set.  The observation data points are also imported to the model so that

heads computed by the model can be compared to the starting heads for the purpose of evaluating

groundwater level changes over the 50-year period.  Figures 2 and 3 show the locations of water

level observation points, water level contours, and statistical variation at each observation point

for the starting heads and 50-year model run.  Statistical variations are shown in 10 feet

increments; green indicates variation from 0 to 10 feet, yellow indicates variation from 10 to 20

feet, and red indicates variation from 20 to 30 feet.  If the indicator is above the line, the

computed water level is higher than observed, and if the indicator is below the line the computed

water level is lower than observed at that observation point.  The mean difference between

observed and interpolated water levels, for both starting heads and 50-year model run, is 0.240

feet, the mean absolute difference is 1.376 feet, and the root mean square difference is 2.235 feet. 

Statistically it can be expected that approximately 95% of the differences between observed and

computed water levels will occur within ± 2.235 feet of the mean difference.

The global groundwater inflow and outflow budgets, without well development, are

shown in Tables 1 and 2 for the 50-year model run.

TABLE 1

MODEL INFLOW VOLUMETRIC BUDGET

Inflow From Inflow Volume

(KAF)

Inflow Rate

(KAF / Yr.)

Percent of Inflow

(%)

Storage 19,088 382 52.1

Fixed Flow Boundary 2,324 46 6.4

Platte River 4,388 88 12.0

Recharge 10,781 216 29.5

Total Inflow 36,580 732 100
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TABLE 2

MODEL OUTFLOW VOLUMETRIC BUDGET

Outflow From Outflow Volume

(KAF)

Outflow Rate

(KAF / Yr.)

Percent of Outflow

(%)

Storage 22,196 444 60.7

Fixed Flow Boundary 5,599 112 15.3

Platte River 106 2 0.3

Evapotranspiration 8,681 174 23.7

Total Outflow 36,582 732 100

For the 50-year no well development scenario, the model calculates flow from the Platte

River to the underlying aquifer at an average rate of 86 acre-feet per year within the model

boundaries.   This river to aquifer flow, without pumping, is the baseline for computing induced

river to aquifer flow due to groundwater pumping.  The global groundwater flow budget

discrepancy is less than 0.01 percent.

HYDROLOGICALLY CONNECTED AREA

The portion of the Upper Big Blue Natural Resources District that is considered to be

“hydrologically connected” to the Platte River, is that area contained between the Platte River,

the Upper Big Blue NRD boundary, and the 10% / 50 year line.  Groundwater pumping wells

contained within this area are determined by the model to have the potential for inducing

additional flow from the Platte River to the underlying aquifer by an amount of at least 10

percent of the volume pumped over a 50-year period.  The increase in flow from the river to the

aquifer is presented in terms of the “global” model volumetric budget; i.e., the water pumped

from the well causes an increase in the mass of water moving from the river to the aquifer, but

does not address the transport issues, such as source path or age of water pumped.

A baseline model run, without a pumping well, establishes the volume of water moving

from the river to the aquifer due to non-pumping gradients.  Independent model runs are then

made for each new location of the single pumping well.  The well is placed at the center of a grid
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FIGURE 2

PRE-DEVELOPMENT G.W. LEVELS

STARTING HEADS
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FIGURE 3

FIFTY YEAR MODEL G.W. LEVELS

CHANGES AT OBSERVATION WELLS



Coordinate system is North American Datum, 1983, Nebraska State Plane, Feet.
17
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cell, and the well screen is assumed to be in Layer 2 for each run.  The global volumetric budgets

at the end of the 50  stress period are compared with and without pumping, and the difference inth

river flow into the model is used to determine the volume of water induced from the river to the

aquifer due to pumping.

10% / 50-Year Boundary Determination

The 10% / 50-year boundary is determined by evaluating groundwater pumping along

transects, spaced approximately 1 mile apart and perpendicular to the Platte River.  Transect cells

that lie on either side of the boundary line are interpolated linearly to determine the actual

coordinates  of the boundary line on each transect.  Table 3 is a summary of coordinates used to17

establish the 10 / 50 boundary line within the Upper Big Blue NRD.  Figures 4 and 5 are

graphical representations of the 10% / 50-year boundary line location.

TABLE 3

10% / 50-YEAR BOUNDARY WITHIN THE UPPER BIG BLUE NRD

STATE PLANE COORDINATES

Easting Northing

2115914.5307 368243.7495

2119524.3678 373861.1446

2122067.5150 377912.3125

2124670.4467 383220.1545

2128158.4452 387639.9242

2132229.2680 391476.8695

2135624.8026 395989.1030

2139012.1417 400512.5376

2140957.5416 402519.5190

2145105.3989 406279.4298

2149493.4078 411118.6532

2153212.8089 415307.0203
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FIGURE 4

10% / 50-YEAR LINE PLATTE RIVER 

HALL, HAMILTON AND POLK COUNTIES
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FIGURE 5

10% / 50-YEAR LINE PLATTE RIVER

WITHIN THE UPPER BIG BLUE NRD BOUNDARY 



APPENDIX A

 MODEL BOUNDARY

FIXED FLOW CALCULATIONS



Gradient Gradient Gradient Weighted Weighted 1950 Bottom Saturated
Crossing Angle Perpendicular Hyd. Cond. G.W. Velocity Groundwater Layer 5 Thickness At Boundary Boundary Boundary

Boundary Boundary At Boundary To Boundary At Boundary At Boundary Elevation Elevation Boundary Arc Length Flow Area Flow
Arc No. (ft./ft.) (deg) (ft./ft.) (ft./d) (ft./d) (ft.>msl) (ft.>msl) (ft.) (ft.) (ft.2) (ft.3/d)

80 -0.000869 90 0.000000 44.3 0.000 1880.0 1660.4 219.6 46,017 10,105,333 0
38 -0.00208 90 0.000000 69.6 0.000 1833.0 1589.0 244.0 28,340 6,914,960 0
39 -0.00208 0 -0.002080 54.4 -0.113 1805.0 1557.6 247.4 27,847 6,889,348 -779,543
82 -0.00129 90 0.000000 59.8 0.000 1775.0 1551.3 223.7 41,096 9,193,175 0
23 -0.00089 90 0.000000 109.5 0.000 1740.0 1587.2 152.8 16,903 2,582,778 0
40 -0.000968 90 0.000000 84.0 0.000 1728.0 1600.4 127.6 30,987 3,953,941 0
41 -0.002924 72 -0.000904 144.8 -0.131 1680.0 1575.0 105.0 24,486 2,571,030 -336,384
1 -0.002000 35 -0.001638 192.1 -0.315 1650.0 1566.5 83.5 24,920 2,080,820 -654,872

42 0.001481 24 0.001353 93.3 0.126 1660.0 1562.9 97.1 35,838 3,479,870 439,268
43 0.002000 33 0.001677 82.0 0.138 1632.0 1467.0 165.0 35,201 5,808,165 798,866
36 0.002105 67 0.000822 94.2 0.077 1600.0 1410.6 189.4 31,263 5,921,212 458,766

-73,898Total Estimated 1950 Boundary Flow =

Ground Water Model
Fixed Flow Boundary Estimates

Southern Boundary
1950 G.W. Level -  Layer 5

Updated 07/18/05



Gradient Gradient Gradient Weighted Weighted 1950 Bottom Saturated
Crossing Angle Perpendicular Hyd. Cond. G.W. Velocity Groundwater Layer 5 Thickness At Boundary Boundary Boundary

Boundary Boundary At Boundary To Boundary At Boundary At Boundary Elevation Elevation Boundary Arc Length Flow Area Flow
Arc No. (ft./ft.) (deg) (ft./ft.) (ft./d) (ft./d) (ft.>msl) (ft.>msl) (ft.) (ft.) (ft.2) (ft.3/d)

79 -0.002609 54 -0.001534 34.9 -0.054 1910.0 1698.3 211.7 64,788 13,715,620 -734,063
66 -0.001696 49 -0.001113 178.6 -0.199 1735.0 1687.3 47.7 30,975 1,477,508 -293,616
67 -0.001885 70 -0.000645 54.3 -0.035 1790.0 1635.3 154.7 46,543 7,200,202 -252,062
78 -0.002924 0 0.000000 36.2 0.000 1775.0 1608.3 166.7 9,834 1,639,328 0
49 -0.002924 0 0.000000 19.3 0.000 1765.0 1611.0 154.0 10,939 1,684,606 0
50 -0.002924 26 -0.002628 11.1 -0.029 1750.0 1605.0 145.0 18,572 2,692,940 -78,557
75 -0.002924 26 -0.002628 18.7 -0.049 1730.0 1598.7 131.3 14,537 1,908,708 -93,803
68 -0.002924 26 -0.002628 35.5 -0.093 1715.0 1593.3 121.7 37,939 4,617,176 -430,767
69 -0.002827 29 -0.002473 69.4 -0.172 1670.0 1596.3 73.7 33,140 2,442,418 -419,107
70 -0.002827 29 -0.002473 121.3 -0.300 1630.0 1544.3 85.7 37,584 3,220,949 -966,028
71 -0.002827 29 -0.002473 175.5 -0.434 1595.0 1505.0 90.0 36,660 3,299,400 -1,431,717
77 -0.002310 63 -0.001049 121.7 -0.128 1585.0 1468.7 116.3 51,693 6,011,896 -767,292
72 -0.002310 63 -0.001049 53.8 -0.056 1505.0 1430.3 74.7 40,925 3,057,098 -172,485
37 -0.002310 63 -0.001049 17.7 -0.019 1480.0 1417.5 62.5 3,374 210,875 -3,914
74 -0.001571 51 -0.000989 21.5 -0.021 1475.0 1409.0 66.0 31,526 2,080,716 -44,228
73 -0.001571 51 -0.000989 18.9 -0.019 1445.0 1365.7 79.3 27,643 2,192,090 -40,961

-5,728,601Total Estimated 1950 Boundary Flow =

Ground Water Model
Fixed Flow Boundary Estimates

Northern Boundary
1950 G.W. Level -  Layer 5

Updated 07/18/05



Gradient Gradient Gradient Weighted Weighted 1950 Bottom Saturated
Crossing Angle Perpendicular Hyd. Cond. G.W. Velocity Groundwater Layer 5 Thickness At Boundary Boundary Boundary

Boundary Boundary At Boundary To Boundary At Boundary At Boundary Elevation Elevation Boundary Arc Length Flow Area Flow
Arc No. (ft./ft.) (deg) (ft./ft.) (ft./d) (ft./d) (ft.>msl) (ft.>msl) (ft.) (ft.) (ft.2) (ft.3/d)

27 -0.001333 34 -0.001105 13.3 -0.015 1440.0 1323.2 116.8 11,533 1,347,054 -19,799
1 -0.001097 59 -0.000565 23.8 -0.013 1443.0 1318.4 124.6 9,800 1,220,753 -16,415
5 -0.001296 81 -0.000203 22.8 -0.005 1455.0 1304.0 151.0 15,820 2,388,820 -11,042
2 -0.001296 81 -0.000203 14.0 -0.003 1480.0 1298.4 181.6 23,550 4,276,680 -12,139
3 -0.002455 41 -0.001853 12.8 -0.024 1487.0 1302.1 184.9 26,940 4,981,206 -118,134
4 0.002261 0 0.000000 20.7 0.000 1555.0 1260.0 295.0 51,610 15,224,950 0
6 -0.002665 75 -0.000690 21.4 -0.015 1570.0 1207.1 362.9 33,086 12,006,909 -177,230

19 -0.001964 50 -0.001262 31.6 -0.040 1505.0 1206.0 299.0 26,280 7,857,720 -313,468
18 -0.001399 29 -0.001224 35.8 -0.044 1485.0 1210.9 274.1 34,070 9,338,587 -409,073
17 -0.001399 29 -0.001224 52.3 -0.064 1473.0 1191.8 281.2 8,860 2,491,432 -159,436
25 -0.001399 29 -0.001224 32.8 -0.040 1465.0 1267.9 197.1 24,300 4,789,530 -192,222
16 -0.001565 74 -0.000431 24.3 -0.010 1472.0 1318.6 153.4 18,560 2,847,104 -29,844
15 -0.001565 74 -0.000431 62.0 -0.027 1500.0 1318.3 181.7 19,950 3,624,915 -96,949
14 -0.001565 74 -0.000431 124.9 -0.054 1520.0 1310.1 209.9 13,430 2,818,957 -151,881
13 -0.001565 74 -0.000431 131.8 -0.057 1540.0 1308.8 231.2 12,850 2,970,920 -168,911
12 -0.001565 74 -0.000431 138.2 -0.060 1552.0 1328.8 223.2 10,080 2,249,856 -134,127
11 -0.001565 74 -0.000431 100.4 -0.043 1570.0 1371.8 198.2 13,820 2,739,124 -118,631
10 -0.001565 74 -0.000431 52.5 -0.023 1590.0 1409.6 180.4 8,470 1,527,988 -34,604
9 -0.001565 90 0.000000 45.2 0.000 1600.0 1425.0 175.0 5,450 953,750 0
8 -0.001565 90 0.000000 35.1 0.000 1615.0 1449.2 165.8 12,070 2,001,206 0
7 -0.001565 90 0.000000 22.4 0.000 1630.0 1489.1 140.9 9,460 1,332,914 0

26 -0.001399 90 -0.001399 23.4 -0.033 1638.0 1512.3 125.7 18,456 2,319,919 -75,946
20 -0.001399 90 -0.001399 72.3 -0.101 1640.0 1471.9 168.1 28,943 4,865,318 -492,116
21 -0.001399 90 -0.001399 30.0 -0.042 1647.0 1506.0 141 30,370 4,282,170 -179,723
22 -0.001794 41 -0.001354 77.2 -0.105 1595.0 1388.6 206.4 52,830 10,904,112 -1,139,751
23 -0.001696 22 -0.001573 117.6 -0.185 1577.0 1314.5 262.5 14,429 3,787,613 -700,430
24 -0.001555 7 -0.001543 109.1 -0.168 1575.0 1364.0 211 35,841 7,562,451 -1,273,411

-6,025,283Total Estimated 1950 Boundary Flow =

Ground Water Model
Fixed Flow Boundary Estimates

Eastern Boundary
1950 G.W. Level -  Layer 5

Updated 07/18/05



Gradient Gradient Gradient Weighted Weighted 1950 Bottom Saturated
Crossing Angle Perpendicular Hyd. Cond. G.W. Velocity Groundwater Layer 5 Thickness At Boundary Boundary Boundary

Boundary Boundary At Boundary To Boundary At Boundary At Boundary Elevation Elevation Boundary Arc Length Flow Area Flow
Arc No. (ft./ft.) (deg) (ft./ft.) (ft./d) (ft./d) (ft.>msl) (ft.>msl) (ft.) (ft.) (ft.2) (ft.3/d)

1 0.000891 0 0.000891 29.5 0.026 1902.0 1745.3 156.7 10,227 1,602,571 42,123
2 0.001382 45 0.000977 56.5 0.055 1903.0 1782.5 120.5 12,141 1,462,991 80,776
4 0.003388 26.5 0.003032 50.5 0.153 1920.0 1812.4 107.6 9,090 978,084 149,762
12 0.002875 18.4 0.002728 45.0 0.123 1932.0 1811.7 120.3 12,930 1,555,479 190,952
3 0.002964 26.5 0.002653 48.5 0.129 1930.0 1784.8 145.2 13,060 1,896,312 243,961
13 0.002341 34.5 0.001929 54.1 0.104 1955.0 1720.3 234.7 26,130 6,132,711 640,096
5 0.002145 19.3 0.002024 51.6 0.104 1985.0 1694.7 290.3 25,910 7,521,673 785,727
6 0.001969 17.6 0.001877 50.0 0.094 2008.0 1768.2 239.8 40,530 9,719,094 912,056
7 0.001607 45 0.001136 40.7 0.046 2003.0 1818.3 184.7 35,491 6,555,188 303,166
14 0.001786 45 0.001263 31.9 0.040 1982.0 1797.9 184.1 11,750 2,163,175 87,146
8 0.001684 0 0.001684 17.6 0.030 1972.0 1759.4 212.6 34,700 7,377,220 218,649
9 0.001684 0 0.001684 10.0 0.017 1978.0 1731.2 246.8 14,990 3,699,532 62,300
10 0.001752 27.6 0.001553 9.2 0.014 1978.0 1722.8 255.2 10,340 2,638,768 37,693
11 0.001906 56.9 0.001041 19.2 0.020 1960.0 1713.6 246.4 19,299 4,755,274 95,033

3,849,440Total Estimated 1950 Boundary Flow =

Ground Water Model
Fixed Flow Boundary Estimates

Western Boundary
1950 G.W. Level -  Layer 5

Updated 07/18/05



APPENDIX B

RIVER BED CONDUCTANCE

PLATTE RIVER



Transect Site Kv1 Kv2 Ecbase M1 M2 Kv L W M C
(ft/d) (ft/d) (mS/m) (ft) (ft) (ft/d) (ft) (ft) (ft) (ft2/d/ft)

A1 NC 78.7 0.056 35 13.8 6.8 0.169 1 1 20.6 0.0082
A2 MC 78.7 0.056 35 15.9 6.9 0.185 1 1 22.8 0.0081
A3 SC 78.7 0.056 35 12.4 13.3 0.108 1 1 25.7 0.0042
B1 NC 109.7 0.056 35 21.6 1.7 0.763 1 1 23.3 0.0327
B2 MC 109.7 0.056 35 10.8 9.5 0.120 1 1 20.3 0.0059
B3 SC 109.7 0.056 35 8.5 8.1 0.115 1 1 16.6 0.0069

Average Unit C = 0.0110 ft2/d per foot of river reach per foot of river width
Total Conductance C 11.0 ft2/d per foot of river reach (using a river bed with of 1,000 ft.)

NOTES:
1.  NC = North Channel
2.  MC = Middle Channel
3.  SC = South Channel
4.  Site A is located in Sec 29, Twp 11N, Rng 8W, and is upstream from the BNSF railroad bridge over the Platte River near Grand 
Island
5.  Site B is located in the NW4 Sec 11, Twp 11N, Rng 8W, and is near the upstream from the Chapman Bridge near the intersection of 
5th and B Streets 
6.  Kv1 = vertical hydraulic conductivity of river bed material with EC log < 35 mS/m
7.  Kv2 = vertical hydraulic conductivity of river bed material with EC log >= 35 mS/m
8.  Kv = wighted vertical hydraulic conductivity for total river bed thickness M
9.  L = river reach length (use 1.0 ft. for this calculation)
10.  W = river bed width (use 1.0 ft. to compute the unit condutance.
              Apply total river bed width of 1,000 ft. to determine total bed conductance per 
              linear foot of river reach between Hwy. 34 bridge and Chapman bridge
11. M1 = thickness of the river bed material with EC log < 35 mS/m)
              (based on CSD geoprobe resistivity log)
12. M2 = thickness of the river bed material with EC log >= 35 mS/m)
              (based on CSD geoprobe resistivity log)
13. M = total river bed thickness (M1 + M2)
14. Equation for computing river bed conductance
                 Kv x L x W
      C = ------------------------
                       M

15. Equation for weighting vertical hydraulic conductivity:
                          M
      Kv = ----------------------------------
               (M1/Kv1) + (M2/Kv2)

Platte River
Average Bed Conductance

Between Hwy. 34 And Chapman Bridges
Based On Permeameter Tests and Geoprobe Borings

UNL Conservation and Survey - August 2005
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23

FIGURE 7

GENERAL GROUNDWATER ELEVATION MODEL
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FIGURE 8

GENERAL DEPTH OF GROUNDWATER BELOW LAND SURFACE
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PREFACE 

The series of manuals on techniques describes procedures for planning 
and executing specialized work in water-resources investigations. The ma- 
terial is grouped under major subject headings called books and further 
subdivided into sections and chapters; Section D of Book 4 is on inter- 
related phases of the hydrologic cycle. 

The unit of publication, the chapter, is limited to a narrow-field of 
subject matter. This format permits flexibility in revision and publica- 
tion as the need arises. 

Provisional drafts of chapters are distributed to field offices of the 
U.S. Geological Survey for their use. These drafts are subject to revision 
because of experience in use or because of advancement in knowledge, 
techniques, or equipment. After the technique described in a chapter is 
sufficiently developed, the chapter is published and is sold by the U.S. 
Geological Survey, 1200 South Eads Street, Arlington, VA 22202 (author- 
ized agent of Superintendent of Documents, Government Printing Office). 

This manual is an expanded version of a paper, “Techniques for com- 
puting rate and volume of stream depletion of wells” (Jenkins, 1968a), 
that was prepared in the Colorado District, Water Resources Division, in 
cooperation with the Colorado Water Conservation Board and the South- 
eastern Colorado Water Conservancy District and published in Ground 
Water, the journal of the Technical Division, National Water Well Asso- 
ciation. 

III 
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COMPUTATION OF RATE AND VOLUME OF STREAM DEPLETION BY WELLS 

By C. T. Jenkins 

Abstract 

When field conditions approach certain assumed 
conditions, the depletion in flow of a nearby stream 
caused by pumping a well can be calculated readily 
by using dimensionless curves and tables. Computa- 
tions can be made of (1) the rate of stream depletion 
at any time during the pumping period or the following 
nonpumping period, (2) the volume of water induced 
from the stream during any period, pumping or non- 
pumping, and (3) the effects, both in rate and volume 
of stream depletion, of any selected pattern of inter- 
mittent pumping. Sample computations illustrate the 
use of the curves and tables. An example shows that 
intermittent pumping may have a pattern of stream 
depletion not greatly different from a pattern for 
steady pumping of an equal volume. 

The residual effects of pumping, that is, effects after 
pumping stops, on streamflow may often be greater 
than the effects during the pumping period. Adequate 
advance planning that includes consideration of 
residual effects thus is essential to effective management 
of a stream-aquifer system. 

Introduction 

With increasing frequency, problems of water 
management require evaluation of effects of 
ground-water withdrawal on surface supplies. 
Both rate and volume effects have significance. 
Effects after the pumping stops (called residual 
effects in this paper) are important also but 
have not previously been examined in detail. 
In fact, residual effects can be much greater 
than those during pumping. Curves and tables 
shown in this paper, although applicable to 
a large range of interactions, are especially 
oriented to the solution of problems involving 
very small interactions and to the evaluation 
of residual effects. Where many wells are 
concentrated near a stream, the combined 
withdrawals can have a significant effect on 
the availability of water in the stream. 

In some instances, especially in the evaluation 
of residual effects, the grid spacing on the 

charts shown may prove to be too coarse to 
provide the desired precision. However, this 
precision can be attained either by interpolating 
between the tabular values supplied or by 
using curves prepared by plotting the tabular 
values on commercially available chart paper 
that is more finely divided. 

The relations between the pumping of a well 
and the resulting depletion of a nearby stream 
have been derived by several investigators 
(Theis, 1941; Conover, 1954; Glover and 
Balmer, 1954; Glover, 1960; Theis and Conover, 
1963; Hantush, 1964, 1965). The relations 
generally are shown in the form of equations 
and charts; however, except for the charts 
shown by Glover (1960), which were in a 
publication that had limited distribution, the 
charts are useful as computational tools only 
in the range of comparatively large effects, and 
rather formidable equations must be solved to 
evaluate small effects. The average user retreats 
in dismay when faced by the mysticism of 
“line source integral, ” “complementary error 
function,” or “the second repeated integral of 
the error function.” The primary purpose of 
this report is to provide tools that will simplify 
the seemingly intricate computations and to 
give examples of their use. 

Because this writer definitely is a member of 
the community of “average users,” he has 
exercised what he believes to be his prerogative 
of reversing the usual order of presentation. 
In this paper, the working tools-curves, 
tables, and sample computations-are shown 
first, and the discussion of their mathematical 
bases is relegated to the end of the report. The 
usefulness of the tools will not be greatly 
enhanced by an understanding of the material 
at the end of the report; it is shown for the 
benefit of those who desire to examine the 
mathematical bases of the tools. 

1 



2 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 

The techniques demonstrated in this paper 
are not new, but they seem to have been rather 
well concealed from most users in the past. 
Their value to water managers is apparent, 
especially in the estimation of total volume of 
depletion and of residual effects. 

Virtually all the literature that discusses the 
effects of pumping on streamflow fails to 
mention that the effects of recharge are identi- 
cal, except for direction of flow. (See Glover, 
1964, p. 48.) Only pumping will be considered 
in this paper, but the reader should be aware 
that the terms “recharging” and “accretion” 
can be substituted for “pumping” and “deple- 
tion,” respectively. 

Definitions and Assumptions 

To avoid confusion owing to the use of the 
same symbol for the dimension time as for 
transmissivity, symbols for the dimensions time 
and length are set in Roman type, are capi- 
talized, and are enclosed in brackets. All other 
symbols, except that designating the mathe- 
matical term “second repeated integral,” are 
set in italics. 

Stream depletion means either direct deple- 
tion of the stream or reduction of ground-water 

flow to the stream. 
The symbols used in the main body of the 

report are defined below (those that have to do 
only with the mathematical bases are defined 
at the end of the report in the section on this 
subject) : 

T = transmissivi ty, [L2/T] ; 
S= the specific yield of the aquifer, 

dimensionless; 
t-rtime, during the pumping period, 

since pumping began, [T] ; 
t,= total time of pumping, [T] ; 
tf= time after pumping stops, [T]; 
&=the net steady pumping rate, [L3/T]; 

the steady pumping rate less the 
rate at which pumped water returns 
to the aquifer; 

Q= the rate of depletion of the stream, 
[L3/Tl ; 

&t=the net volume pumped during time 
t, b”l; 

&t,=the net volume pumped, [L3]; 
v= the volume of stream depletion dur- 

ing time t, tp, or tp+tl, ]L3]; 

a= the perpendicular distance from the 
pumped well to the stream, [L]; 

sdj=the stream depletion factor, [T]. 
The term “stream depletion factor” was 

introduced by Jenkins (1968a). It is arbitrarily 
defined as the time coordinate of the point 
where v=28 percent of Qt on a curve relating v 
and t. If the system meets the assumptions 
listed in this section, sdj=a2S/T; in a complex 
system it can be considered to be an effective 
value of a2S/T. The value of the sdj at any 
location in the system depends upon the 
integrated effects of the following: Irregular 
impermeable boundaries, stream meanders, 
aquifer properties and their area1 variation, 
distance from the stream, and imperfect 
hydraulic connection between the stream and 
the aquifer. 

The curves and tables in this report are 
dimensionless and can be used with any units. 
The units in the system must be consistent, 
however. For example, if & and p are in acre-feet 
per day (acre-ft/day), v must be in acre-feet 
(acre-ft). If a is in feet (ft) and T/S is in 
gallons per day per foot (gal/day-ft), the value 
of T/S must be converted to square feet per 
day (ft2/day). A T/S value of 10 6gal/day-ft 
equals (lO”gal/day-ft) X (lft3/7.48 gal) equals 
134,000 ft2/day. 

The assumptions made for this analysis are 
the same as other investigators have made and 
are as follows: 
1. T does not change with time. Thus for a 

water-table aquifer, drawdown is consid- 
ered to be negligible when compared to the 
saturated thickness. 

2. The temperature of the stream is assumed to 
be constant and to be the same as the 
temperature of the water in the aquifer. 

3. The aquifer is isotropic, homogeneous, and 
semi-infinite in area1 extent. 

4. The stream that forms a boundary is straight 
and fully penetrates the aquifer. 

5. Water is released instantaneously from 
storage. 

6. The well is open to the full saturated thick- 
ness of the aquifer. 

7. The pumping rate is steady during any pe- 
riod of pumping. 

Field conditions never meet fully the idealized 
conditions described by the above assumptions. 
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0 The usefulness of the t,ools presented in this 
report will depend to a large extent on the de- 
gree to which the user recognizes departures 
from ideal conditions, and on how well he under- 
stands the effects of these departures on stream 
depletion. 

Departure from idealized conditions may 
cause actual stream depletions to be either 
greater or less than the values determined by 
methods presented in this report. Although the 
user usually cannot determine the magnitude 
of these discrepancies, he should, where possible, 
be aware of the direction the discrepancies take. 

Jenkins (196813) has described the use of a 
model to evalute t,he effects on stream deple- 
tion of certain departures from the ideal. If a 
model is not available, the user of this report 
can be guided in estimating the sdf by the effects 
calculated in that report for selected departures 
from the idealized system. Intuitive reasoning 
will be useful in estimating the effects of de- 
partures from the ideal that are difficult to in- 
corporate in a model. For example, where 
drawdowns at the well site are a substantial 

0 

proportion of the aquifer thickness, T will de- 
crease significantly. A decrease in T results in 
a decrease in the amount of stream depletion 
relative to the amount of water pumped. 

Variations in water temperatures will cause 
variations in stream depletion, especially by 
large-capacity wells near the stream. Warm 
&ater is less viscous than cold water; hence 
stream depletion will be somewhat greater in 
the summer than in the winter, given the same 
pattern of pumping. Stream stages affect water- 
table gradients, and hence stream depletion. 

Lowering of the water table on a flood plain 
may result in the capture of substantial amounts 
of water that would otherwise be transpired. 
The effect is similar to intercepting another re- 
charge boundary, and the proportion of stream 
depletion to pumpage is decreased. Interception 
of a valley wall or other negative boundary will 
have the opposite effect. 

If large-capacity wells are placed close to a 
stream, and streambed permeability is low com- 
pared to aquifer permeability, the water table 
may be drawn down below the bottom of the 
streambed. (See Moore and Jenkins, 1966.) 

0 Under these conditions, stream depletion de- 

pends upon streambed permeability, area of the 
streambed, temperature of the water, and stage 
of the stream, and the methods presented in 
this report are not applicable. 

Both during and after pumping, some part 
and at times all of stream depletion can consist 
of ground water intercepted before reaching the 
stream. Thus a stream can be depleted over a 
certain reach, yet still be a gaining stream over 
that reach. The flow at the lower end of the 
reach is less than it would have been had 
depletion not occurred, and less by the amount 
of depletion. In order to predict the amount of 
streamflow at the lower end of the reach, 
residual effects of previous pumping or recharge 
must be considered. They can be approximately 
accounted for by using past records of pumping 
and recharge to “prestress” the calculations. 
The depletion due to the pumping under con- 
sideration will then be superimposed on the 
residual depletion, and the resultant value will 
be the net direct depletion from the stream. 

Description OF Curves and Tables 

Effects during pumping 

Curves A and B in figure 1 apply during the 
period of steady pumping. Curve A shows the 
relation between the dimensionless term t/sdf 
and the rate of stream depletion, p, at time t, 

expressed as a ratio to the pumping rate Q. 
Curve B shows the relation between t/scJf and 
the volume of stream depletion, w, during time 
t, expressed as a ratio to the volume pumped, 

Qt. The two curves labeled 1 -Q/Q and 1 - & are 

shown to facilitate determination of values of 

Q/Q and & when the ratios exceed 0.5. The 

coordinates of curves A and B are tabulated in 
table 1. The number of significant figures shown 
for the values in table 1 was determined by 
needs for some of the computations described 
in the next section. Precision to more than two 
significant figures in reporting results probably 
will never be warranted. 



4 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 

0.001 
0.1 1 .o 10 100 1000 

t/sdf ModlIned from Jenkins (1%8a.b) 

Figure I .- Curves to determine rate and volume of stream depletion. 

Residual effects 

Stream depletion continues after pumping 
stops. As time approaches infinity, the volume 
of stream depletion approaches the volume 
pumped, if the assumption is made that the 
stream is the sole source of recharge. In any 
real case this is not true in the long term 
because precipitation and return flow from 
irrigation may represent the major portion of 
the recharge. To simplify the relation between 
well pumpage and stream depletion all other 
sources of water input are ignored in the follow- 
ing discussions. The rate and volume of deple- 
tion at any time after pumping ends can be 
computed by using the method of superposition, 
that is, by assuming that the pumping well 
continues to pump, and that an imaginary well 
at the same location is recharged continuously 
at the same rate the pumping well is discharging. 
The rate and volume of stream depletion at 
any time after pumping ends is equal to the 
differences between the rate and volume of 
depletion that would have occurred if pumping 
had continued, and the rate and volume of 
accretion resulting from recharge by the imagi- 

nary rechaxge well, starting from the time 
ptimping ends. 

Residual effects are shown in figures 2 and 3 
for eight values of tPlsdj. Problems concerned 
with values of tp/sdj other than those for whit h 
curves are shown in figures 2 and 3 can be 
solved with an acceptable degree of accuracy 
by interpolation, but if the user desires a more 
accurate appraisal, separate computations can 
be made. 

The computations shown in table 2, which 
are the basis for the curves labeled t,/scZj=0.35 
in figures 2 and 3 and for the curve in figure 4, 
will serve as an illustration of how additional 
curves can be constructed. As an aid to con- 
struction of curves such as those in figure 3, 
note that the curves are asymptotic to the 

ordinate & ( = t,/sdf> . 

Because-Q-is the same for both the pumping 
and recharging wells, residual n/Q can be 
computed directly from a/Q values in table 1. 
However, Qt is different for the two wells; SO 

the ratios 2 must be given a common denom- 
Qt 

inator by multiplying by their respective values 
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Table 1 .-Values of q/O, &, and & corresponding 

to selected values of t/sdf 

0 
.008 
.025 
.068 
.114 
.157 
.197 
.232 
.264 
.292 
.317 
.340 
.361 
.380 
. 398 
.414 
.429 
443 

:456 
.468 
.480 
.500 
.519 
.535 
.550 
. 564 
576 

:588 
. 598 
.608 
.617 
.634 
.648 
.661 
.673 
.683 
.705 
.724 
.739 
.752 

: 777633 
. 789 
.803 

. E 

.855 

.874 

. 897 

.920 
* 944 
.977 

0 
.OOl 
.006 
.019 
,037 
.057 
.077 
.097 
.115 

. E': 

.167 

.182 

. 197 

.211 

.224 

.236 

.248 

. 259 

.270 

.280 

.299 

.316 

. 333 

.348 

.362 

.375 

.387 

.398 

.409 

.419 

.438 

: :;o" 
.484 
.497 
. 525 
. 549 
. 569 
.587 
.603 
.616 
.640 
. 659 
.676 
. 690 
.740 
.772 
.810 
.850 
. 892 
. 955 

0 
.OOOl 
.0006 
.003 
.007 
.014 
.023 
.034 
.046 
.060 
.076 
. 092 
.109 
.128 
.148 
.168 
.189 
.211 
.233 
.256 
.280 
. 329 
.379 
.433 
.487 
.543 
600 

:658 
.716 
.777 
.838 
964 

1: 09 
1. 22 
1. 36 
1. 49 
1. 84 
2. 20 
2. 50 
2. 94 
3. 32 
3. 70 
4. 48 
5. 27 
6. 08 
6. 90 

11. 1 
15. 4 
24. 3 
42. 5 
89. 2 

573 

of tlsdf, to obtain the values given in table 1 

- for QsY7y * The “stepping” of the last six items in 

column 8, table 2, is the result of using linear 
interpolation in table 1. The errors are small 
and can be practically eliminated by drawing 
mean curves. 

The magnitude, distribution, and extent of 
residual effects in a hypothetical field situation 

are shown in figure 4. The curve labeled p shows 
the relation between the rate of stream deple- 
tion, p, and time, t, resulting from pumping a 
well 3,660 feet from a stream at a rate of 10 
acre-ft/day for 35 days. The ratio T/S is 134,000 
ft 2/day, which is not an unusual value for an 
alluvial aquifer. The sdj is 100 days. The pump- 
ing rate is 10 acre-ft/day; the maximum rate of 
stream depletion is 2.7 acre-ft/day. Pumping 
stops at the end of 35 days; the maximum rate 
of stream depletion occurs about 10 days later, 
and p still is about half the maximum rate 45 
days after pumping stops. 

The area in the rectangle under the line 
labeled Q represents total volume pumped; the 
area under the curve labeled p represents the 
volume of stream depletion. In terms of volume 
removed from the stream during the pumping 
period, the effect is small, only about 10 percent 
of the volume pumped. However, the effect 
continues, and as time approaches infinity, the 
volume of stream depletion approaches the 
volume pumped. 

Consideration of such residual effects as are 
illustrated in figure 4 leads to the conclusion 
that the management of a system that uses both 
surface water and a connected ground-water 
reservoir requires a great deal of foresight. The 
immediate effects on streamflow of a change in 
pumping pattern may be very small; plans 
adequate for effective management of the 
resource generally require consideration of 
needs in the future-sometimes the distant 
future. The sample problems solved later in 
this report illustrate the value of long-range 
plans in water management. 

Intermittent pumping 

The curves in figure 5 illustrate the effect 
of one pattern of intermittent pumping. The 
computations are shown in table 3. Effects on 
the stream, both in volume removed and rate 
of removal are compared for two patterns of 
pumping of 63 acre-ft during a 4%day period. 
In both cases the aquifer has a ratio T{S 
of 134,000 ft?/day, and the well is 1,890 feet 
from the stream; thus the value for the sdj= 
26.7 days. During steady pumping, the well 
is pumped at a rate of 1.5 acre-ft/day for 42 
days. In the intermittent pattern, the well 
is pumped at a rate of 5.25 acre-ft/day for 
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G 
sdf 

Modified from Jenkins W66a) 

Figure I.- Curves to determine rate of stream depletion during and after pumping. 

Table I.-Computation of residual effects of pumping 

[Pumping stopped when t/sd/=0.351 

Pumped well Recharged well Residual 
Residual v 

t/M 

(1) 

g/Q 

(2) 

u 

QW 

(3) 

t/M 

(4) 

916 

(5) 

” 

Qsdf 

03 

dQ 

(7) 

QM 

(8) 

0. 35 0. 232 0. 034 0 

.t; . . 275 292 .052 060 

. Z8 
1317 : 076 

.07 . 10 

. 15 
: 361 : 109 .25 

.70 398 148 .35 
1. 00 .480 .280 65 
1. 50 
2. 00 5:; 

1: 15 

3. 00 : 683 
: xii 1. 65 

1. 49 2. 65 

10: EX 00 

. 752 2. 94 4. 65 

.789 . 823 4. 6. 48 90 9. 6. 65 65 
15. 00 855 11. 1 14. 65 
20. 00 : 872 15. 3 19. 65 
30.00 .897 24. 3 29. 65 

0 
. 008 
. 025 
. 068 
. 157 
.232 
.380 
. 510 
. 581 
. 664 
. 743 
.783 
. 8198 
. 8528 
. 8718 
. 8961 

0 0.232 “: % 
. 059 
. 073 

014 
. . % 
. 354 

1: t:; 
035 

: 019 
.209 
.235 

2. 67 .009 .27 
4. 21 . 006 .27 
6. 61 . 0032 . 29 

10. 81 15. 00 : CK);; . 3; 

23. 99 . 0009 . 31 

1. F=t/sdflor pumped well if pumping had continued. 

2. g/Q for pumped well if pmn ing had continued. Values 
from table 1 for value of t/s 8. fmdtcated in column 1. 

3. -!- for pumped well if pumping had continued. Values 
QW 

from table 1 for value of t/adj indicated in column 1. 
4. tlsdffor recharged well, beginning at end of pumping. 

5. g/Q for recharged well, beginnin at end Of pUmPfW. 
plues from table 1 for value oft f sdf mdlcated ~II OOl~n 

6. QG, for recharged well, beginning at end of pumping. 
Values from table 1 for value of tlsdfindicated in 0011DIn 

7. C&mn 2 minus column 5; residual g/Q. 

3. Column 3 minus column 6; residual 2. 4W 
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t, 
sdf 
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Figure 3.-C urves to determine volume of stream depletion during and after pumping. 

0 Figure 4.-E xample of residual effects of well pumping 35 
days. I 

4 days beginning 5 days after the beginning 
of the period, shut down 10 days, pumped 4 
days, shut down 10 days, pumped 4 days, 
and shut down 5 days. The computed effects 
of the pattern of intermittent pumping are 
compared in figure 5 with those of the steady 
rate. The comparisons indicate that, within 
quite large ranges of intermittency, the effects 
of intermittent pumping are approximately the 
same as those of steady, continuous pumping 
of the same volume. 
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Table 3.-Computation of the effects of two selected 
0 

[a=l,&@ft, T/S=l34,1XMft2/day, adf=26.7 days. Intermittent pumping rate=5.25ecre-ft/dsy, 

Time from beginning of period (days) 

Steady pumping Intermittent pumping 

Pumping period (lst42d day inclusive) Pumping period (6th-9th day inclusive) 

tr (I 
(scrLft) 

Time v 
t/W q/Q 

zz 
(acre-ft (days) Wf q/Q 

per day) Bsdf 

0 0 0 0 0 ___-___________-___----- 

. 187 122.1 102 . 006 
. 15 0 0 

-3.17 .031 .33 1:; 4” . 150 . 068 -_. --- 

.449 . 060 .44 . 712 : zt 153 .60 2 ;’ 

:E :471 446 .262 : 216 :76: 1:: 
1. 236 . 525 . 398 . 79 15: 9 
1. 386 . 548 . 479 . 82 19. 2 
1. 573 . 573 . 585 . 86 23. 4 

7 .262 . 127 
:;: : 524 674 : 061 080 

$i 1: 787 049 .050 .034 

i; 1.199 1. 386 . . 029 023 

-_ .-----. 
0 

. 003 

. 015 

. 044 

.054 

. 061 

. 071 

. 074 

. 081 

Sample C omputations 

To illustrate the use of the curves and tables, 
solutions are shown of problems that might 
arise in the conjunctive management of ground 
water and surface water. 

Problem I 

Management criteria require that pumping 
cease when the rate of stream depletion by 
pumping reaches 0.14 acre-ft/day: 
1. Under this restriction how long can a well 

1.58 miles from the stream be pumped at 
the rate of 2 acre-ft/day if T/S is lo6 gal/ 
day-ft, and what is the volume of stream 
depletion during this time? 

2. If pumping this well is stopped when q=O.l4 
acre-ft/day, what will the rate of stream 
depletion be 30 days later? What will be 
the volume of stream depletion at that 
time? 

3. What will be the largest rate of stream 
depletion and when will it occur? 

Given : 

p= 0.14 acre-f t/day 
&= 2 acre-f t/day 
a= 1.58 miles 
T/S= lo6 gal/day-f t 
ti=30 days 

&+&3jT=a2= (1.58 mi)2 (5,280 ft/mi)2 
T/S (lPgal/day-ft) (1 ft3/7.48gal) 

=520 days. 

Find : 

t, 
v at t, 
p at t, + tt 
w at t, + tt 
p max 
t of p max. 

Part 1 
From information given, the ratio of the 

rate of stream depletion to the rate of pumping 
is 

(0.14 acre-ft/day)EO o7 
n/Q=,, acre-ft/day) ’ ’ 

From curve A (fig. 1) 

t/saj=0.15. 

Substitute the value under “Given” for sdf, and 

t= (0.15) (520 days) =78 days. 

The total time the well can be pumped is 78 
days. 

When 
t/sdf=0.15. 

then from curve B (fig. l), 

&=0.02. 

Substitute the values for & and t, and the 
volume of stream depletion during this time is 

v= (0.02) (2 acre-ft/day) (78 days) 
=3.1 acre-ft. 



COMPUTATION OF RATE AND VOLUME OF STREAM DEPLETION BY WELLS 

patterns of pumping on a nearby strtam 

9 

t,/adf=0.15 (see curves in figures 2 and 3). Steady pumping rate=l.5 acre-ft/day] 

I Intermittent mmmine-Contimmd 

Pumping period (20th-23d day inclusive) 

Time u 
(days) tlW q/Q 

Gi 

- _I~ 
Pumping period (32d-35th day inclusive) 

Time 
(days) 

0 
WJ q/Q 

Qddr 
916 

Totals 

0 

G 
(ac!e-It 

per day) 
(ackft) 

__________________-_____________________------------------------------------------------------------- 
____-_______________----------------------------------------------- 0 0 0 0 
_________________-______________________--------------------------- . 068 . 003 . 36 
________________________________________--------------------------- 

: 
0 0 0 

. 127 . 015 . 67 2: ‘: 

150 . 068 
__________________________________ 080 . 044 . 42 

7 : 262 . 127 
. 003 -_________________________________ : 129 .057 . 68 
. 

524 080 
015 __________________________________ .177 .076 .93 

ii: i 

044 
:: : 674 : 061 : 054 : 

0 
10. 7 

0 0 114 . 115 .60 

23 . 861 . 044 . 063 
150 . 068 . 003 : 158 

16. 1 

9 : 337 . 223 . 031 
131 83 

. 188 : 169 ‘. 99 
18. 4 
23. 7 

During the 7%day pumping period, 3.1 acre-ft, 
out of a total of 156 acre-ft pumped, is stream 
depletion. 

Part 2 
If pumping is stopped at the end of 78 days, 

then t,/sdf=0.15, and 30 days later, 

tP+tdEds;ys-O 21 

sdf 520 days * * 

From figure 2: if 
t,/sdf=0.15 

and 
t,+ti 

sdf 
=0.21, 

q/&=0.12. 

Thus the rate of stream depletion is 
p= (0.12) (2 acre-ft/day) 
=0.24 acre-ft/day, 30 days after 

pumping stops. 
From figure 3 

-- Q;df-o.oo8. 

Substitute the values for Q and sdf, and the 
total volume of the stream depletion at the end 
of 30 days is 
ZJ= (0.008) (2 acre-ft/day) (520 days) 
=8.3 acre-ft of stream depletion during 108 

days 
as a result of pumping 2 acre-ftjday during the 
first 78 days. 

Part 3 
If 

t,/sdf=cm, 

then from figure 2 

maximum q/&=0.13, 
when 

tp+ti p-=0.25. 
sdf 

Therefore 
maximum q= (0.13) (2 acre-ft/day) 

=0.26 acre-ft/day 
when 

t,+t,=(0.25)(520 days) 
=130 days, or 52 days after 

pumping stops. 

Problem II 

An irrigator is restricted to a maximum 
withdrawal of 150 acre-ft during the 150-day 
growing season, provided his pumping depletes 
the stream less than 25 acre-ft during the 
season. His well is 1 mile from the stream, and 
T/S=134,000 fV/day. He will pump at the 
rate of 2.00 acre-ft/day, regulating his average 
pumping rate by shutting his pump off for the 
appropriate number of hours per day. Examine 
the effects of several possible pumping patterns: 
Given : 

max=Qt 150 acre-ft 
v max=25 acre-ft 
t max= 150 days 
a=1 mile 
T/S= 134,000 ft2/day 
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6 

16 - 

TIME, IN DAYS Mod#f8ed from Jenkms (1968e) 

Figure 5.-C urves showing the effects of intermittent and steady pumping on a stream 
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s+a2~,T=??=-@J280 ft)z-=20g days. 
T/S 134,000 ft2/day 

Find : 
Various pumping patterns possible within 

the restrictions given. 

Part 1 

First, test to see if both restrictions apply 
to any combination of pumping time and rate 
within the 150-day period. Try ending pumping 
the last day of the season, beginning pumping 
at a time and rate such t,hat pumping 150 acre-ft 
will result in a depletion of the stream of 25 
acre-ft at the end of pumping. 

Qt=l50 acre-ft, v=25 acre-ft; 6 =0.167. 

From curve B (fig. 1) 

Time will be 

t=(0.54) (209 days) 
=113 days, or 37 days after beginning 

of season. 

Pumping rate will be 

Q= 
150 acre-ft 

113 days 
=1.33 acre-ft/day. 

He can pump 16 hours per day, beginning 113 
days before the end of the season. 

If pumping 150 acre-ft during the 113-day 
period at the end of the season results in 25 
acre-ft of stream depletion, it follows that 
pumping 150 acre-ft-regardless of rate-in a 
shorter period at the end of the season will 
result in less than 25 acre-ft depletion, and the 
150 acre-ft limit will apply. It also follows that 
pumping 150 acre-ft in the earlier periods will 
result in more than 25 acre-ft of stream deple- 
tion, hence the restriction on stream depletion 
will apply during the first part of the season. 

Part 2 

Begin pumping 60 days after the beginning 
of the season. Test reasoning that the restric- 
tion on volume pumped applies. 

Qt= 150 acre-ft, 
t=90 days, 

tlsdj= 9O.Pv =0*43. 
209 days 

From curve B 

$=0.13. 

The volume of stream depletion is 

v=(O.13) (150 acre-ft)=19.5 acre-ft. 

The restriction on the volume of stream deple- 
tion has not been exceeded; therefore, the 
restriction on volume pumped does apply, and 
the allowable pumping rate would be 

Q= 150 acre-ft 
90 days 

= 1.67 acre-ft/day 

which is the equivalent of pumping at the rate 
of 2.00 acre-ft/day for 20 hours per day. 

Part 3 

Begin pumping at the beginning of the 
season, pump for 73 days. Test reasoning that 
the restriction on stream depletion applies. 

t,/sdj=73 days/209 days=0.35. 

From figure 3, for 

and 
t/sdj=O.35 

t,+tc= 150 days 
sdf 209 days 

=0.72, 

Gj=o.12. 

The steady pumping rate is 

25 acre-ft 
Q= co.12l (20g dajs)=l’OO acre-f t/day, 

and the net volume pumped is 

Qt= (1.00 acre-ft/day) (73 days)=73 acre-ft. 

Therefore, the restriction on volume of stream 
depletion does apply. He can pump 12 hours 
per day at a rate of 2.00 acre-ftlday during a 
73-day pumping period at the beginning of the 
season. 
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Part 4 

The irrigator elects to pump 6 hours per day 
for the first 32 days of the season. What is the 
highest rate he can pump during the remaining 
118 days? 

Try assumption that restriction on volume 
of stream depletion will apply. 

and 

tp/sdj= 32 days =0.15 
209 days 

150 dapEO 72 tn+tt 
sdf 209 days * * 

From figure 3 

&j=o.057. 

The volume of stream depletion during the 
32 days is 

vl= (0.057) (0.5 acre-ft/day) (209 days) 
=6.0 acre-ft. 

The net volume pumped during this time is 

QItl= (0.5 acre-ft’/day) (32 days)=16 acre-ft. 

Subtract ZJ~ from the allowable volume of stream 
depletion 

25 acre-f&6 acre-ft=19 acre-ft=vz. 
If 

tp/sdj= 118 dvs=0 56 
209 days ’ ’ 

then from figure 1 

*=0.17. 
Q&z 

The volume pumped during the 118 days is 

Q&=(19 acre-ft)/O.17=112 acre-ft. 

The values for the two periods total 

(112-l-16) acre-ft=128 acre-ft, 

which is less than 150 acre-ft. Therefore the 
assumption that restriction on volume of stream 
depletion applies is correct. 

Q2= 
112 acre-ft 
118 days 

=0.95 acre-ft/day. 

He can pump at the steady rate of 2.00 acre- 
ft/day for 11.4 hours per day during the last 
118 days of the season. 

The irrigator elects to pump continuously at 
the rate of 2.00 acre-ft/day. If he plans to pump 
until the end of the season, how soon can he 
start pumping? (See Fart 5.) If he plans to 
start pumping at the beginning of the season, 
how long can he pump? (See Part 6.) If he 
plans to start pumping 50 days after the be- 
ginning of the season, how long can he pump? 
(See Part 7.) 

Part 5 

&t=150 acre-ft, 

t= 150 acre-ft 
2 acre-ft/day 

=75 days 

t/sd j= 75 days cO.36. 
209 days 

From curve B (fig. 1) 

Z=O.lO. 
Qt 

The volume of stream depletion is 

v= 15.0 acre-ft. 

Therefore the restriction on volume pumped 
applies, and he can pump continuously at the 
rate of 2 acre-ft/day, beginning 75 days before 
the end of the season. 

Part 6 

Assume that the restriction on stream de- 
pletion applies, 

V 25 acre-ft 
mj= (2 acre-ft/day) (209 days) 

=0.060 

and 
tn+ti- 

s&f 
150 days=-, 72 
209 days . ’ 

From figure 3 
tPfsaj = 0.17 

t, = (0.17) (209 days) = 35 days. 

Therefore the irrigator can begin pumping at 
the beginning of the season and pump con- 
tinuously at a rate of 2.00 acre-ft/day for about 
35 days. 
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Part 7 The net is 

Restriction on volume pumped limits pump- 
ing time to 

150 acre-ft 
2 acre&/day 

=75 days. 

Test to see if depletion restriction would be 
exceeded by 75 days of pumping beginning 
50 days after the beginning of the season. 

t,+&=(150-50) days=100 days. 
If 

t,+ti 
sdf 

100 days o 48 =--= 
209 days * 

and 
t,/sdj=75 days.1209 days=0.36, 

then from figure 3 

Gj=0.72. 

The volume of stream depletion is 

D= (0.72)(2 acre-ft/day) (209 days) 

~30 acre-ft, 

which exceeds the 25 acre-ft restriction. 
Try stopping pumping after 69 days. Use 

values from table 1 instead of interpolation 
between curves in figure 3. 

&=(lOO-69) days=31 days. 
If 

t,+tt 
df 

=0.48, then sj=0.070, 

and if 

t,=0.15, then A-=0.003. 
sdf QW 

The net is 

Gj=0.067. 

The volume of steam depletion is 

v=28 acre-ft. 

Try t,=54 days, ti=46 days, 

and 

t”+t”,o.48, - 
W 

Q;;j=o.070, 

t* 
-=0.22, -- 
sdf 

Qrdj-0.010. 

Gj=0.060. 

The volume of stream depletion is 

v=25 acre-ft. 

Therefore, the irrigator can pump continuously 
at a rate of 2 acre-ft/day during the 54-day 
period beginning 50 days after the season begins. 

Problem III 

A well 4,000 feet from the stream is shut 
down after pumping at a rate of 250 gallmin for 
150 days; T/S=67,000 ft2/day. 
1. What effect did pumping the well have on the 

stream during the pumping period? 
2. What will be the effect during the next 216 

days after pumping was stopped? 
3. What would the effect have been if pumping 

had continued during the entire 366 days? 
Given : 

Q =250 gal/min 
t, = 150 days, 366 days 
tt =216 days 
a =4,000 feet 
T/S= 67,000 ft2/day 

sdj= 
(4000 ft)” 

67.000 ft2/dav 
=239 days. 

Find: ’ ’ ” 
p and v for t,= 150 days 
p and v for t,+t,=366 days 
p and v for t,=366 days 

Part 1 

t,/sdj=150 days/239 days=0.63. 

The rate of pumping in consistent units is 

When 
=l.l acre-ft/day. 

t/sdj=O.63. 
From curve A 

q/Q= 0.37. 
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From curve B 

-21_=0.19. 
Qt 

At the end of 150 days, 

q=(l.l acre-ft/day) (0.37) 
=0.41 acre-ft/day, 

v=(l.l acre-ft/day) (150 days) (0.19) 
=31 acre-ft. 

Part 2 

When t,+t,=(150+216) days=366 days, 

t +ti L-=1.53. 
W 

From figure 2 by interpolation, 

n/&=0.11. 

From figure 3 by interpolation, 

Gj=o.33. 

Thus, 216 days after pumping ceased, 

q= (0.11) (1.1 acre-ft/day) 
=O.12 acre-ft/day, 

v= (0.33) (1.1 acre-ft/day) (239 days) 
=87 acre-ft. 

The additional volume of stream depletion 
during the 216-day period would be 

(87-31) acre-ft=56 acre-ft. 

Part 3 

If pumping had continued for the entire 
366-day period, 

t 
-=1.53, 
sdf 

and from trible 1, n/&=0.568 and 

x=0.366. 
Qt 

q= (0.568) (1.1 acre-ft/day) 
=0.62 acre-ft/day, 

v= (0.366) (1 .l acre-ft/day) (366 days) 
= 147 acre-ft. 

During the last, 216 days the stream depletion 
would have been 

v=(147-31) acre-ft=116 acre-ft. 

Problem IV 

A municipal well is to be drilled in an alluvial 
aquifer near a stream. Downstream water uses 
require that depletion of the stream be limited 
to no more than 5,000 cubic meters during the 
dry season, which commonly is about 200 days 
long. The well will be pumped continuously at 
the rate of 0.03 m3/sec (cubic meters per second) 
during the dry season only. Wet season recharge 
is ample to replenish storage depleted by the 
pumping in the previous dry season, thus 
residual effects can be disregarded. T=30 
cm2/sec (square centimeters per second), 
s= 0.20. 

What, is the minimum allowable distance 
between the well and the stream? 

Given : 
v=5,000 m3 
&=0.03 m”/sec 
t,=200 days 
T= 30 cm2/sec 
s=o.20 

Qt= (0.03 m3/sec) (200 days) 
(86,400 set/day) = 5.184X 105m3 

&=5,000 m3/5.184X105 m3=0.01. 

Find: a 

From curve B 

o ,,=(200 days) (86,400 set/day) (30 cm2/sec), 
a2(0.20) 

a,=(200) (86,400) (3O)*=2*l6x 1o’o cm2 
(0.12) (0.20) 9 

a=l.47X lo5 cm=1,470 meters. 

Problem V 

A water company wants to install a well near 
a stream and pump it 90 days during the sum- 
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mer to supplement reservoir supplies. Down- 
stream residents have protested that the well 
might dry up the stream. Natural ,streamflow 
at the lower end of the reach that would be 
affected by pumping is not expected to go 
below 2.0 ft?/sec in most years, and the down- 
stream users have agreed that the well can be 
installed if depletion of the stream is limited to 
a maximum of 1.5 ft3/sec. The well would be 
500 feet from the the stream and would pump 
1,000 gpm. T=50,000 gpd/ft, and S =0.20. 
1. Will the rate of stream depletion exceed 

1.5 fV/sec during the first season or any 
following season? 

2. If so, when will the rate of stream depletion 
exceed 1.5 ft3/sec? 

3. At what rate could the well be pumped in 
order not to exceed 1.5 ft3/sec of stream 
depletion? 

Given : 
p max allowable= 1.5 ft3/sec 
a=500 feet 
T=50,000 gal/day-ft 
s=o.20 
Q= 1,000 gal/min 

sdjC(500 ft)2(0.20)(7.48 gal/ft3) --- --- -=7.5 days 
50,000 gal/day-ft 

Find : 
p max 
t for q=1.5 ft3/sec 
Q for p= 1.5 ft3/sec 

Part 1 

t,=90 days. 

tp/8dj= 12. 
From figure 1, 

l--q/&=0.155. 

Therefore 
q/&=0.845, 

p=(0.845)(1,000 gal/min)(1,440 min/day) 
7.48 gal/ft3 

=1.63X105 ft3/day 

= 1.88 ft3fsec. 

Therefore by the end of the first pumping 
period, the rate of stream depletion would have 
exceeded the allowable depletion of 1.5 ft3/sec. 

Part 2 

p= 1.5 ft3/sec= (1.5 ft3/sec) (86,400 set/day) 

=1.30X lo5 ft3/day 
Q=l,OOO gal/mm 

(1,000 gal/mm) (1,440 min day) =------ 
7.48 gal/l?? 

=1.93X105 ft3/day 

q/Q= 1.30X105/1.93X 105=0.67 

1--q/Q=l.OO-0.67=0.33. 

From figure 1, curve 1 -q/Q 

t/sdj=2.7, 

t= (2.7) (7.5)=20 days. 

Therefore, the rate of strea,m depletion will 
exceed 1.5 ft3/sec after 20 days pumping at 
1,000 gal/min. 

Part 3 

From “Part 1,” p/&=0.845. 
Q=q/O.845 

= (1.30X lo5 ft3/day)/0.845 
=1.54x 105 ft3/day 
= 800 gal/mm 

Therefore, if pumping were reduced to 800 gal/ 
min, the rate of stream depletion would not 
exceed 1.5 ft3/sec during the first go-day period 
of pumping. 

However, the residual effects of this pumping 
would carry over through the next pumping 
period. 

The residual effect of the first pumping period 
on rate of stream depletion at the end of the 
second period, assuming no pumping during the 
second period, is as follows: 

t,+t,=90 days+365 days=455 days. 

-=61, ti/sdj=49. 
sdf 

From figure 1, 

(I-qg/Q),+,=O.O73, 

(l--q/&),=0.081, 
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and 
q/&=0.008. 

?erfc x= the second repeated integral of the a 

Thus the rate of depletion is 

a=(0.008) (1.54X105 fF/day) 

= 1,230 ft3/day 

=0.014 ft3/sec. 

The effects are very slight. Pumping 800 gal/ 
min during the second pumping period would 
exceed the allowable stream depletion rate by 
only 0.014 ft3/sec. Reduction of the pumping 
rate to about 750 gal/min would keep rate of 
stream depletion below 1.5 ft3/sec during 
several successive pumping seasons. 

Mathematical Bases for Curves 

and Tables 

The literature concerning the effect of a 
pumping well on a nearby stream contains 
several equations and charts that, although 
superficially greatly different, yield identical 
results. The basic curves and table (Curves A 
and B, and table 1) of this report can be derived 
from any of the published expressions. A 
cursory review of some of the pertinent equa- 
tions may be useful to those interested in the 
mathematics. 

Definitions 

The notation that has been used in the 
literature is even more diverse than the pub- 
lished equations; consequently, definitions of 
only selected terms are given below. Complete 
definitions of all terms used are in the indicated 
references. 

erf s=the error function of z 

=- 
;o s 

Ze-i2dt=l -erfc x 

erfc x=the complementary error function of x 

error function. 
The line source integral (Maasland and 

Bittinger, 1963, p. 84) 

In the notation used in the main body of this 
report, 

-J 
zj 

x/J4Pt= 4t 

Definitions and tabular values of erf x ,erfc 
2, and i*erfc x are shown by Gautschi (1964, p. 
297, 310-311, 316-317). Tabular values of the 
line source integral are shown by Maasland 
and Bittinger (1963, p. 84) and by Glover 
(1964, p. 45-53). 

Mathematical base for curve A 

Curve A and its coordinates in table 1 can 
be computed ,from Theis (1941), Conover 
(1954), and Theis and Conover (1963) 

S orize-k sed u&, 

from Glover and Balmer (1954) 

a/Q=1 --P(s,/~~) 

from Glover (1960) 

(1 

(2 

> 0 

(3) 

and from Hantush (1964, 1965) 

Q,= Qerfc (U) (4) 

Theis transformed his basic integral into 
equation 1 because the basic integral is laborious 
to evaluate, but in the form of equation 1, is 
amenable to either numerical or graphical solu- 
tion. Equations 2, 3, and 4 are identical, and 
in the notation used in this paper are 

n/Q=erfc(E)=l-erf(#$)- (5) 
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Mathematical base for curve B References 

Curve B and its coordinates in table 1 can 
be computed either by integration of curve A 
or of the equations that are the base of curve A. 
Analytical integration of equations 2 and 3 is 
shown by Glover (1960) as 

Conover, C. S., 1954, Ground-water conditions in the 
Rincon and Mesilla Valleys and adjacent areas in 
New Mexico: U.S. Geol. Survey Water-Supply 
Paper 1230, 200 p. [1955]. 

Gautschi, Walter, 1964, Error function and Fresnel in- 
tegrals, in Abramowitz, Milton, and Stegun, I. A., 
eds., Handbook of mathematical functions with 
formulas, graphs, and mathematical tables: U.S. 
Dept. Commerce, Natl. Bur. Standards, Appl. 
Math. Ser. 55, p. 295-329. 

and equation 4 is integrated by Hantush (1964, 
1965) 

v,= 
s 

‘Q,dt=4Qtoia erfc (U,) 
0 (7) 

In the notation used in this paper, equation 6 is 

and equation 7 is 

-11-=4i2erfc df 
Qt u-1 

t * 

Equations 8 and 9 both can be expressed in 
terms extensively tabulated in Gautschi (1964, 
p. 310-311) as 

$=($+l) erfc (.$$) 

Before discovering equations 6 and 7, the 
writer integrated curve A both numerically and 
graphically. The results were identical, within 
the limitations of the methods, to those ob- 
tained from equation 10. 

Glover, R. E., 1960, Ground water-surface water rela- 
tionships [A paper given at Ground Water Section 
of Western Resources Conference, Boulder, Colo- 
rado]: Colorado State Univ. paper CER60REG45, 
8 pp. [1961]. 

- 1964, Ground-water movement: U.S. Bur. Rec- 
lamation Eng. Mon. 31, 67 p. 

Glover, R. E., and Balmer, C. G., 1954, River deple- 
tion resulting from pumping a well near a river: 
Am. Geophys. Union Trans., v. 35, pt. 3, p. 
468-470. 

Hantush, M. S., 1964, Hydraulics of wells, in Chow, 
Ven te, ed., Advances in Hydroscience, v. 1: New 
York, Academic Press, p. 386. 

- 1965, Wells near streams with semipervious 
beds: Jour. Geophys. Research, v. 70, no. 12, p. 
2829-2838. 

Jenkins, C. T., 1968a, Techniques for computing rate 
and volume of stream depletion by wells: Ground 
Water, v. 6, no. 2, p. 37-46. 

- 1968b, Electric-analog and digital-computer 
model analysis of stream depletion by wells: 
Ground Water, v. 6, no. 6, p. 27-34. 

Massland, D. E. L., and Bittinger, M. W., eds., 1963, 
Summaries of solved cases in rectangular coordi- 
nates, Appendix A, in Proceedings of the sympo- 
sium on transient ground water hydraulics: Colorado 
State Univ. pub. CER63DEM-MWB70, p. 83-84. 

Moore, J. E., and Jenkins, C. T., 1966, An evaluation 
of the effect of groundwater pumpage on the in- 
filtration rate of a semipervious streambed: Water 
Resources Research, v. 2, no. 4, p. 691-696. 

Theis, C. V., 1941, The effect of a well on the flow of a 
nearby stream: Am. Geophys. Union Trans., v. 
22, pt. 3, p. 734-738. 

Theis, C. V., and Conover, C. S., 1963, Chart for de- 
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aquifer tests: U.S. Geol. Survey Water-Supply 
Paper 1545-C pp. C106-Cl09 [1964]. 
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Use Code Use Definition
AU All Uses (Default)
IR Irrigation from Natural Stream
ST Storage
MF Manufacturing
DO Domestic

SO
Store-Only (irrigation from a reservoir on lands not covered by a natural flow 
appropriation)

SI
Supplemental Irrigation (irrigation from reservoir on lands also covered by a natural 
flow appropriation)

FC Fish Culture

SS
Supplemental Storage (an additional appropriation added to a prior appropriation for 
storage)

IS Irrigation and Storage (an appropriation which was approved for both uses)
PS Supplemental Power and Incidental Underground Storage
PR Power
CO Cooling
RD Raise Dam
DG Dredge
PI Power and Incidental Underground Storage

SP
Supplemental Power (an appropriation for more water for power through a system that 
has a prior appropriation for power)

ML Maintain Level of a Lake

SC
Supplemental Cooling (an additional appropriation for water for cooling through a 
system that has a prior appropriation for cooling)

US Incidental Underground Storage
SU Storage and Incidental Underground Storage
IU Irrigation and Incidental Underground Storage
UI Supplemental Irrigation and Incidental Underground Storage
FW Fish and Wildlife
GW Groundwater Recharge
IF Instream Flow

OU Store-Only and Incidental Underground Storage
SF Supplemental Fish Culture
IN Intentional Underground Storage
SD Supplemental Domestic
IG Induced Ground Water Recharge
WT Wetlands
WS Waste Storage

Appendix XX Surface Water Use Codes and Description



Use Code Use Definition
FL Flood Control
MU Municipal
DA Domestic, Agriculture and Manufacturing

Appendix XX Surface Water Use Codes and Description
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