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1 . R E G U L AT O R Y

Brown and Caldwell reviewed the Nebraska Department of Natural Resources (NDNR) Rules for 
Surface Water (Nebraska Administrative Code [N.A.C.] Title 457,  Chapter 24) and compared the 
regulations contained in these rules with the calculation procedures that were carried out for the 
2009 Annual Evaluation of Availability of Hydrologically Connected Water Supplies (“2009 Annual 
Evaluation”) (NDNR, 2008).  This review was limited to NDNR’s preliminary determination for the 
Lower Platte River Basin.  Four primary issues were identified in the regulatory aspect of this review, 
and are discussed below.

This document sets forth the results of Brown and Caldwell’s independent review of the Nebraska 
Department of Natural Resources 2009 Annual Evaluation of the Availability of Hydrologically 
Connected Water Supplies. During the course of this work, methods and models used by the USGS 
and used by the State of Nebraska were evaluated. Brown and Caldwell’s review was based on 
compilation and interpretation of pre-existing information from third parties or the client, which 
information has not been independently verified by Brown and Caldwell unless explicitly stated 
herein.  

1.1 Future Depletions from Groundwater Pumping in 
Hydrologically Connected Areas

It is clearly stated in 457 N.A.C. 24 that future streamflow depletions from current levels of 
groundwater development will be estimated for wells within hydrologically connected areas.  
References to estimating depletions for wells within hydrologically connected areas can be found in 
the first sentence of Paragraph 001, in the first sentence of Paragraph 001.01A, and in the last 
sentence of Paragraph 001.01A.  

The geographic extent of hydrologically connected areas is defined in Paragraph 001.02 as the area 
within which a well pumped for 50 years will deplete the baseflow of a river or tributary by 
10 percent of the amount pumped over that time, also referred to as the 10/50 area.

The 2009 Annual Evaluation included estimates of future lagged depletions from all current 
irrigation wells in the basin rather than only those wells within the 10/50 area.  This resulted in 
estimating more future lagged depletions than what is prescribed in 457 N.A.C. 24.  Future lagged 
depletions resulting from current well development that were estimated by the Elkhorn Loup Model 
(ELM) model and by the Jenkins method should have only included impacts from those wells 
located within the 10/50 area.  

1.2 Most Junior Appropriator
It is clearly stated in 457 N.A.C. 24 that the 65/85 and erosion rules will be evaluated against the 
most junior irrigation right in the basin (for an explanation of the 65/85 and erosion rules, see 
NDNR, 2008).  References to the most junior irrigation right are made in the first, fourth, and 
fifth sentence of Paragraph 001.01A, Paragraph 001.01B, and the first sentence of Paragraph 
001.01C.
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The 2009 Annual Evaluation used a junior irrigation right for its evaluation of the 65/85 and erosion 
rules that was not the most junior irrigation right.  The junior irrigation right that was used 
(A-17900) is an active irrigation right that is junior to the priority date of the instream flow rights in 
the Platte River (November 30, 1993), and has the highest net corn crop irrigation requirement 
(NCCIR) of the junior irrigation rights in the Loup and Elkhorn Basins.  This irrigation right has a 
priority date of August 3, 2000 and is used to irrigate approximately 32 acres in southeast Custer 
County (Figure 1).  The NCCIR corresponding to this location is 10.52 inches. In the Loup Basin, 
there are 122 active irrigation rights junior to November 30, 1993.  In the Elkhorn Basin, there are 
65 active irrigation rights junior to November 30, 1993.

The most junior irrigation right in both the Loup and Elkhorn Basins is number A-18534 (Figure 1).  
This irrigation right has an appropriation date of September 4, 2007, and irrigates 132.8 acres in 
southwest Washington County.  The location of this irrigation right corresponds to an NCCIR of 
approximately 6.8 inches.  If this NCCIR were adopted, the number of days necessary to meet the 
65/85 rule would be 18.06 and 23.62, respectively.  

The most junior irrigation right in the Loup Basin is number A-18422 (Figure 1).  It irrigates 
65.1 acres in southeast Sherman County and has a priority date of September 15, 2006.  The NCCIR 
corresponding to the location of this irrigation right is approximately 9.6 inches per year.  If this 
value were adopted, the number of days necessary to meet the 65/85 rule would be 25.49 and 33.34, 
respectively.  

1.3 Assumption of 80 Percent Efficiency 
In the 2009 Annual Evaluation, the NCCIR for the junior water right is multiplied by 65 percent and 
85 percent to calculate the number of days necessary to meet the July-August and seasonal 
requirements, respectively.  These numbers are then divided by 0.8 to account for an assumed 
irrigation efficiency of 80 percent.  The 2009 Annual Evaluation considers the resulting numbers to 
be gross irrigation amounts that are necessary to meet July-August and seasonal irrigation 
requirements.  The NDNR adopted this calculation procedure based on a memorandum written by 
Dr. Ray Supalla (undated).  Dr. Supalla’s memorandum was written to document and to justify the 
65/85 rule and its application to assessments of full appropriation.

Dr. Supalla’s memorandum refers to the 65 percent and 85 percent as amounts of gross irrigation as 
a proportion of the NCCIR that is needed to meet July-August and seasonal irrigation requirements, 
respectively.  It appears that NDNR misinterpreted the 65 percent and 85 percent as net irrigation 
requirements rather than gross irrigation requirements, which is why an adjustment for 80 percent
irrigation efficiency was included in their calculation procedure.  Dr. Supalla confirmed that the 
irrigation efficiency of 80 percent was included in the 65/85 multipliers (Supalla, personal 
communication, 2009).  Because the 65 percent and 85 percent multipliers already incorporate an 
assumed irrigation efficiency of 80 percent, the additional irrigation efficiency adjustment over-
estimates the number of days in the 65/85 calculation, adding 6 and 7 days, respectively.  
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1.4 Assumption of 10 Percent Downtime 
In the 2009 Annual Evaluation, it is assumed that an irrigation system will be shut down for 
approximately 10 percent of the time when there is adequate streamflow to divert.  The NDNR
adopted the 10-percent downtime factor based on the memorandum written by Dr. Ray Supalla 
(undated).  

The memo does not describe considerations that resulted in the 10-percent downtime assumption, 
although it is a rule of thumb that is used in irrigation system design.  There are more detailed ways 
to evaluate or estimate downtime.  Considerations of time necessary for repair and maintenance, and 
for load control, frequently factor in to more specific estimates of downtime.  If irrigators are on 
load control or have extensive problems with system clogging and other frequent maintenance 
issues, then the 10-percent downtime assumption is probably realistic.  However, Brown and 
Caldwell understands from conversations with Natural Resources Districts’ (NRD’s) staff that it is 
unlikely that there are many junior surface irrigators that are on load control. This makes sense
because irrigators who are frequently shut down due to surface water administration will not likely 
subject themselves to additional shutdowns from load control.  In addition, it seems probable that 
irrigators who are subject to shutdowns from surface water administration will save regular repair 
and maintenance activities for periods when they cannot irrigate because of a senior call.

The 2009 Annual Evaluation for the Lower Platte River Basin is sensitive to the downtime 
assumption; it adds 3 and 4 days, respectively, to the 65/85 calculation.  Given the sensitivity of the 
2009 Annual Evaluation to the downtime assumption, it should be reviewed with respect to the 
general irrigation practices in the Loup and Elkhorn Basins.  

Findings:
• The 2009 Annual Evaluation considered impacts for wells outside of the 10/50 area.  
• The 2009 Annual Evaluation assessed the 65/85 rule against an irrigator that is not the most 

junior irrigator in the basin.  
• The 2009 Annual Evaluation used a calculation procedure that effectively adjusts for 

irrigation efficiency twice, and over-estimates the number of days required for the 65/85 
rule.  

• The 2009 Annual Evaluation assumes a 10-percent downtime assumption in the calculation 
of the number of days required to meet the 65/85 rule.  
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2 . E V A L U A T I O N  O F  T H E  T E C H N I C A L  T O O L S

2.1 Jenkins Method 

2.1.1 Best Available Science

The NDNR relies on the Jenkins (1968) method as the best approach to calculate stream depletion 
for the purposes of determining the availability of hydrologically connected water supplies in regions 
where no numerical groundwater flow model exists.  It is argued that the Jenkins method is 
especially useful when key hydrological data are unknown. Yet, this methodology is outdated, 
because it is based on overly simplistic assumptions leading to over-estimates of streamflow 
depletions. More recent and commonly applied analytical solutions provide much more realistic 
estimates.  Thus, the Jenkins method for determining stream depletion factors is no longer the best 
available science.  

The three main simplifying assumptions of the Jenkins method that consistently cause the 
overestimation of stream depletion at the basin scale are: (1) there is no groundwater recharge; 
(2) there is no constraint on water interchanges between groundwater and surface water due to 
diminished vertical hydraulic conductivity (conductance) of the streambed; and (3) the streambed 
fully penetrates the aquifer system.  Newer analytical and semi-analytic methods require fewer 
assumptions. 

The Jenkins method is essentially an overly conservative “end-member” solution for the 
quantification of streamflow depletion. It will always produce a higher estimate of streamflow 
depletion due to pumping relative to the more advanced analytical solutions developed by Hunt 
(1999) and Zlotnick (2004).

2.1.2 Other Sources of Groundwater Recharge

The Jenkins method assumes that the only source of groundwater to satisfy pumping within a basin 
is streamflow. As time increases, this solution assumes that stream depletions will eventually satisfy 
100 percent of all groundwater pumping.  However, both areal recharge and evapotranspiration also 
comprise portions of a groundwater basin water budget and are known to be additional sources of 
groundwater that can be captured by pumping.  If these other components of the water budget are 
not negligible relative to the net loss of streamflow, then results from the Jenkins solution
overestimate streamflow depletion (Chen and Shu, 2002).  The magnitude of the errors in both the 
estimated extents of the 10/50 demarcations as well as the 25-year quantified volumes of future 
stream depletions can be significant when there is non-negligible recharge. This is the situation in 
the Lower Platte River Basin, as documented by the United States Geological Survey (USGS) in 
their description of the ELM water budget (Peterson et al., 2008).  

One of the important features of groundwater systems in northeastern Nebraska is the ability for 
water-level recovery in years with high rainfall and reduced pumping. Such complexity is not 
accommodated by the Jenkins method.  In other words, in a basin where groundwater is in 
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connection with the surface water system, years with higher precipitation can restore groundwater 
levels that may have been reduced by drought and/or groundwater pumping back to pre-pumping 
conditions (Chen and Shu, 2002). This “restoration” of groundwater levels could lead to baseflow 
levels comparable to pre-depletion levels.  The lack of consideration of the cyclicity and impacts of 
“wet” years or seasons will also cause the significant overestimation of the magnitude of streamflow 
depletion over time periods as large as 25 years.  Powerful numerical models like MODFLOW can
include (1) all sources of groundwater recharge, and (2) the natural variability in precipitation and 
recharge. In the absence of a suitable numerical model to calculate streamflow depletions, the best 
available science includes the more advanced analytical solutions that do not make the 
oversimplifying assumptions inherent in the Jenkins method.  

2.1.3 Advanced Analytical Methods

The Jenkins method assumes that the stream unit is in full connection with the underlying aquifer 
system and fully penetrates it.  It ignores the possibility of disconnection or limited connection 
between the stream and underlying aquifer system, even though this condition is present to some 
degree in practically all river systems.  The use and application of the analytical solutions provided by 
Hunt (1999) and Zlotnik (2004) address these shortcomings of the Jenkins method through their 
inclusion of streambed conductivity values and consideration of the partial penetration of streams 
relative to the depth and thickness of typical well pumping intervals.  Although these analytical 
solutions also neglect groundwater recharge and capture, they can be readily used in lieu of the 
overly simplistic Jenkins method to provide more realistic and accurate estimates of hydrologically 
connected areas and future streamflow depletion.  

Analyses and graphs presented by Zlotnik and Tartakovsky (2005), the USGS (Reeves, 2008), and 
Butler et al., (1999) show that even the simplistic consideration of streambed conductivity and partial 
stream penetration, which are included in all recently derived analytical solutions, will always result in 
lower estimates of streamflow depletion as compared to the Jenkins method.  In order to remove 
this overly conservative, mathematical bias with respect to streamflow depletion and be more 
representative of realistic stream and groundwater conditions, it is proposed that at a minimum the 
Hunt solution (Hunt, 1999) be used instead of the Jenkins method.

The data requirements and mathematical application of the Hunt solution are not time- or cost-
prohibitive, and streambed conductivity estimates can readily be inferred from available field data, 
literature values, analogous systems, or commonly accepted horizontal to vertical conductivity ratios.  
Estimates of streambed conductance from work recently performed in the Blue River Basin and 
along Platte River would provide a data source to begin this process (Chen, personal 
communication, 2009). Even the inclusion of conservative estimates of streambed conductivity 
values would necessarily reduce the mathematical overestimation of streamflow depletion estimates 
from the use of the outdated Jenkins method.  

2.2 Elkhorn-Loup Model
The evaluation of water supplies in the Loup and Elkhorn Basins was based on results from the 
Phase I ELM (Peterson et al., 2008). Modeling a region the size of the Loup and Elkhorn Basins is a 
formidable challenge given the complexity of the physical setting and the groundwater/surface water 
interactions. An appropriate scientific evaluation of the water resources within these basins requires 
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a modeling tool with the power and flexibility to handle these complexities. This capability is 
provided by the numerical, finite difference, MODFLOW modeling package. In this respect then, 
the Phase I ELM represents an important step in evaluating the hydrologic response to pumping. 

The ELM is being developed over a period of years through two additional phases of work that are 
designed to provide refinements to the model and to incorporate new hydrologic data that will be 
collected in the two basins.  The present review of the Phase I ELM has identified a number of 
opportunities for improving the ELM in subsequent phases.  

2.2.1 Calibration

To provide confidence in future predictions, the ELM must demonstrate the capability to predict 
the historical behavior of groundwater and surface water systems. The model in its present form 
has made progress in this respect. However, as shown in Figure 2, the simulated groundwater levels 
in the ELM do not satisfactorily capture the magnitudes of groundwater levels or temporal patterns 
of change. In addition, calibrating to water level change versus water level magnitude is not 
appropriate for the stated purpose of simulating baseflow, as it can lead to unacceptable errors in 
simulated groundwater levels.  Errors in simulated groundwater levels will lead to errors in predicted 
inflows and outflows from the streams. 

Clearly, a better calibration of groundwater conditions is required to be confident that the ELM is a 
valid representation of the actual hydrogeologic setting. This issue of calibration appears to be an 
important aspect of work planned for the follow-on phases of the ELM project. 

2.2.2 Conceptual Model and Estimates of Baseflow

Mathematical models like ELM are built around what is known as a conceptual model, which 
provides a simplified understanding of how the hydrologic system works. For a model like ELM to 
be successful, the conceptual model needs to capture key details about the hydrologic system. One 
area where refinements to the ELM conceptual model are required relates to the present treatment 
of baseflow. The Phase I ELM uses ranges of baseflows (Figure 3) as part of the calibration 
exercise. Peterson et al. (2008) theorized that this single range of baseflows for various rivers can be 
used in the calibration of the pre-1940 simulation and the 1940-2005 simulations. Thus, the ELM 
model is calibrated with the implicit assumption that baseflows in 1940 and 2005 should be similar.
This assumption is valid for upstream reaches rising in the sand hills but likely invalid for 
downstream reaches. To provide baseflows in 2005 that are comparable to those of 1940 required 
the addition of “additional recharge” that was almost identical to the irrigation pumpage. Beyond 
meeting the assumption of similar baseflow, there is little justification provided for the magnitude of 
the additional recharge.  A revised conceptual model should treat variable baseflow in a more 
realistic manner.

The analysis of the impacts of pumping on baseflow from the ELM, shown on Figures 4 and 5, 
must be viewed as extremely preliminary. The issue is that the 1940-2005 simulation is being 
calibrated to provide some expected quantity of baseflow:  the ELM inputs are being adjusted to 
finally produce a value of baseflow in the 1940-2005 simulation that fits the modeler’s
conceptualization. Having obtained this final value of baseflow, it is not appropriate then to analyze 
the predictive baseflow estimates from the model as though they were independent variables.  
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Figure 6 displays baseflow from 1940 to 2033 for the case with no groundwater irrigation (NGWI).  
Note particularly the baseflow from 1940 to 2005, which increased by approximately 250,000 acre-
feet per year (afy) over this period.  This almost linear increase in baseflow appears to be an artifact 
of the model design rather than actual conditions in the natural system.  Considering that 
precipitation has no statistically significant trend from 1940-2005, recharge should behave similarly.  
With no groundwater irrigation pumping, there is no reason to expect that the ELM should simulate 
an increase in baseflow of this magnitude.  

The scope of the Phase I ELM study apparently precluded a detailed analysis of baseflow trends 
(Peterson et al., 2008, pg. 17). It will be essential in future phases of the ELM to look carefully and 
specifically at baseflow behavior both seasonally and interannually. The baseflow behavior of the 
streams in response to complex patterns of precipitation and pumping provides key data available to 
constrain the choice of parameter values during calibration.  The simplified treatment of baseflow 
conditions in the Phase I ELM translates specifically into uncertainty with respect to the regulatory 
outcome of the predictive simulations. Clearly, a critical purpose of the modeling must be to 
understand how much water is flowing in the rivers under various conditions of recharge and 
pumping. With the present simplified conceptualization of baseflow behavior, estimates of 
baseflow, as well as baseflow depletion, are therefore highly speculative in this Phase I of the ELM 
project. 

2.2.3 The Best Tool Available

The regulations emphasize the importance of employing the best science available to make decisions 
about the management of water resources in Nebraska.  The difficulty in analyzing hydrologic 
systems of the size and complexity represented by the ELM cannot be overemphasized. By its very 
nature, numerical modeling is an iterative process moving from conceptualization, simulation, 
evaluation, to new data collection and back again (Domenico and Schwartz, 1998).

The ELM is a clear improvement over the Jenkins method for delineating the 10/50 area and 
calculating future streamflow depletions.  These improvements are based on the fact that the ELM 
considers (1) streambed conductance, (2) other sources of recharge, (3) complex basin boundaries, 
and (4) fluctuations in recharge and pumping over time.  Improvements planned in Phases II and III 
will refine the ELM and improve its value to the NDNR in performing their yearly assessments of 
hydrologically connected water supplies.  In the interim, the ELM is the best available scientific tool 
for the Annual Evaluation, relative to any simplified analytical solutions.

Findings:
• The Hunt solution overcomes one of the major limitations of the Jenkins method and is 

readily available.  It is a better scientific tool than the Jenkins method for the area outside of 
the ELM region. 

• Numerical groundwater flow models are the best available science for calculating the 10/50 
area and baseflow depletions.  NDNR’s decision to use the ELM is the correct selection of 
the best available tool.

• Improvements to the ELM model construction and calibration, as well as the refinements of 
the conceptual model and estimates of the various water budget components, will provide 
greater accuracy and reliability in future estimates of streamflow depletion.
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3 . L A G  I M P A C T S  A N D  B A S E F L O W D E P L E T I O N – E L K H O R N  
L O U P  M O D E L

This section addresses the assumptions and approach used by the NDNR to calculate 25-year lag 
impacts, or baseflow depletions, with the ELM.  This section differs from the evaluation of the 
ELM as a tool (Section 2.2), as it is focused on the use of that tool to predict baseflow depletion in 
the future.  In this discussion, the distinction between the numerical model itself (referred to as the 
ELM) and simulations that are run with this model (referred to as simulations, scenarios, or model 
runs) is important.  Multiple scenarios were run with the ELM, incorporating a number of different 
timelines and assumptions about inputs.  

The ELM was developed by the USGS and was completed in 2008 (Peterson et al., 2008).  The 
USGS version of the model was calibrated through 2005.  For purposes of the appropriation 
determination analysis, the ELM was updated by the NDNR to continue through 2006 and 2007 
before transitioning to a predictive timeline beginning in 2008.  In this update, the NDNR added 
2006 and 2007 pumping and recharge estimates based on actual precipitation measurements.  The
predictive simulations to support the analysis of baseflow depletion begin in 2008 and end in 2033, 
accounting for 25 years of future conditions. (Note:  the predictive simulation actually ended in 
2047, but output from 2033 was used in the course of the 2009 Annual Evaluation.)

The approach used to calculate future baseflow depletion was to run the model with groundwater 
irrigation (Base Simulation) and without groundwater irrigation (NGWI Simulation), and calculate 
depletion by subtracting the respective baseflows.  The NGWI Simulations are therefore the 
standard of comparison for baseflow depletion.  The timeline for the NDNR simulations are shown 
in Table 3-1.

Table 3-1.  Time Periods for the NDNR Simulations with the Elkhorn Loup Model

Simulation Period Base Simulation NGWI Simulation
1940 to 2007 Base thru Present Day NGWI thru Present Day
2008 to 2047* Base Predictive NGWI Predictive

NDNR = Nebraska Department of Natural Resources
NGWI = No Groundwater Irrigation
*Output for the period from 2008 to 2033 was used for the 2009 Annual Evaluation.

Input and output from model simulations performed by both the USGS and NDNR were examined 
during the course of this technical review.  Two major concerns were identified with respect to
(1) the pumping/recharge assumptions in the predictive simulations, and (2) the method of 
calculating the 25-year lag impacts by comparison with the NGWI simulation.   
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3.1 Pumping/Recharge Assumptions in the 25-Year Predictive 
Simulations

Large water budget changes occur in the Base Simulation runs between 2007 and 2008.  This time 
period represents the transition from present-day conditions to predictive conditions.  A summary 
of the MODFLOW-generated water budgets for the NDNR simulations that were used for the 
appropriation determination are provided as Appendix A.  Comparing the cumulative budgets in 
Table A-1 for the Base Simulations (1940-2007 versus 2008-2047), the overall water budget drops 
from 5.1 to 4.8 million acre-feet because a net recharge approach was used to account for pumping.  
However, the net recharge for the predictive simulation time period was inconsistent with net 
recharge for the period from 1940 through 2007.  

After review of the pumping and recharge inputs that were used to calculate the net values found in 
the 2008-2047 water budget, it was found that a total of 3.03 million acre-feet of groundwater 
pumping was assumed every year for all years in the predictive Base Simulation, whereas recharge 
inputs totaled 4.70 million afy.  This assumed future rate of pumping is extremely high, particularly 
when compared with pumping assumptions for prior years, as shown on Figure 7.  The highest rate 
of pumping in the historic period was approximately 1.8 million afy.

The method of calculating pumping for the predictive simulation was discussed with the USGS and 
NDNR.  The future pumping was estimated based on 2005 irrigated acreage (Center for Advanced 
Land Management Information Technologies [CALMIT], 2007), the average effective precipitation 
for the growing season, and net crop irrigation requirements.  Estimated 2005 acreage for each crop 
and the net crop water requirements are shown in Table 3-2.  Groundwater pumping was calculated 
to be the difference between the average effective precipitation for the growing season and the crop 
requirements.  A similar approach was reportedly used for groundwater pumping assumptions for 
1940 through 2007.   

Table 3-2. Estimated 2005 Acreage in the ELM Region and Crop Water Requirements Used in Calculating 
Pumping for Predictive Simulations

Crop 2005 Crop Acreage in the 
ELM Region Percent of Total Acreage Crop Water Requirement

(Inches)
Corn 1,468,941 63.4% 25.5

Soybeans 633,948 27.4% 22.0
Sorghum 3,775 0.2% 20.5

Small grains 12,770 0.5% 17.0
Dry Edible beans 6,442 0.3% 15.5

Potatoes 762 0.0% 23.2
Alfalfa Hay 188,319 8.1% 33.5
Sunflower 1,272 0.1% 17.0
TOTAL 2,316,230 100.0% 25.1*

*Weighted Average 
ELM = Elkhorn Loup Model
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Total irrigated acreage from the CALMIT data was estimated to be 2.3 million acres (Peterson et al., 
2008).  Applying the irrigation pumping in the predictive simulation to this acreage results in an 
average of 15.7 inches of water.  As the most prevalent crop within the model domain is corn, the 
15.7 inches was compared to the NCCIR values developed using the CROPSIM model (Martin, 
2005).  The NCCIR values within the ELM region range from approximately 13.5 inches in the west 
down to 8 inches in the east (Figure 8), and are based on daily calculations of the soil water balance 
for the growing season, using the period from 1950 through 2004.  A comparison of the ELM 
assumptions versus these NCCIR values in calculating future groundwater pumping is presented in 
Table 3-3.

Table 3-3. Comparison of the ELM Assumptions for Predictive Pumping versus 
Pumping Calculated Based on a Range of NCCIR

Source Inches per Acre Acres Groundwater Pumping
(afy)

ELM Assumption 15.7 2,316,230 3,030,401
NCCIR Low Value 8.0 2,316,230 1,544,153
NCCIR High Value 13.5 2,316,230 2,605,759

afy = acre-feet per year
ELM = Elkhorn Loup Model
NCCIR = Net Corn Crop Irrigation Requirement

The comparison in Table 3-3 presents a range of values for total groundwater pumping for the 
predictive streamflow depletion simulations, making a simplifying assumption that all crops are corn.  
These calculations do not account for the location of the irrigated lands; however, the CALMIT land 
use pattern shows that the distribution of irrigated lands in the ELM region are concentrated in the 
east, coinciding with the lower values of NCCIR.

The level of pumping assumed in the predictive simulation was estimated as a long-term average, 
which suggests that much greater levels of pumping could be expected immediately in the future.  
The maximum possible groundwater pumping would be approximately 4.85 million afy, 
corresponding to zero rainfall and total crop water requirements satisfied by groundwater.  The
estimate of 3.03 million afy is much larger than an average of the range of possible groundwater 
pumping scenarios, and appears to assume very dry conditions for all future years.

Spreadsheets, calculations, and numbers used in developing the pumping assumptions for the future 
predictive simulation were requested from and provided by the USGS.  Figure 9 presents effective 
precipitation and groundwater-irrigated acreages assumed for the period from 1940 through 2005.  
The ramp-up in the number of acres under irrigation is evident on the top graph; the bottom graph 
normalizes the effective precipitation to depict the number of inches of effective precipitation by 
acre.  The average effective precipitation for this historic period is 19.14 inches (note: precipitation 
values capped at 25.1 inches).  Subtracting this average from the weighted crop requirement of 
25.1 inches (Table 3-2) equals 5.96 inches of groundwater that would have to be pumped.   
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Figure 10 presents the effective precipitation in inches per year from the ELM (top graph), and the 
amount of groundwater in inches per year that would have to be pumped (bottom graph) to satisfy a 
net crop requirement of 25.1 inches for each year.  The average of this historic groundwater demand 
is 5.96 inches (note:  average calculation assumed zero groundwater pumping in years of 
precipitation higher than 25.1 inches).  Also shown on this graph is the 15.7 inches that was used in 
the ELM for 25 years in the future, which is almost 10 inches higher than the average for the 
historic period.  

The USGS provided the steps they took to calculate and estimate future groundwater pumping that 
resulted in 15.7 inches of demand.  Instead of using the normalized groundwater demand in inches 
of water, the annual volume of effective precipitation that fell on the irrigated acreage was averaged 
from 1940 through 2005 and then applied to the present-day acreage.  The effect of calculating an 
average based on the volume of effective precipitation can be illustrated using 1940 as an example:  
132,038 acres were irrigated in 1940 using 123,366 acre-feet of groundwater.  Applying 123,366 acre-
feet to 2,316,230 acres currently under development results in less than 1 inch of water provided by 
precipitation, the rest would have to be pumped.  This essentially was the calculation made for every 
year from 1940 through 2005.  Because the volume of effective precipitation is highly dependent 
upon the number of acres, the calculation was skewed downward by the early time period with small 
numbers of acreage.  

This mistake in calculating an average effective precipitation led to the over-estimate of future
pumping.  Using the annual average of 5.96 inches for the historic period and the 2005 irrigated 
acreage (2,316,230 acres), groundwater pumping for future simulations would be 1,150,394 afy.  

An alternative approach to estimating future groundwater pumping would be using the NCCIR 
contours developed by Martin (2005).  The daily soil water balance model developed to produce the 
NCCIR contours provides a solid basis for future predictions of groundwater demand during the 
growing season.  Moreover, the NCCIR is the standard used for other elements of the Annual 
Evaluations, thus there is a good precedent for its use in the ELM simulations for the Elkhorn and 
Loup Basins as well. 

Findings:
• Although the ELM is the best tool available, its use in a predictive sense requires a clear 

understanding of: (1) the limitations of the model in its preliminary state and (2) all 
assumptions regarding pumping and recharge that are used for the predictive simulations.

• An error was made in the methodology to calculate average groundwater pumping for the 
predictive simulations used in the 2009 Annual Evaluation.  This error resulted in over-
estimating groundwater pumping by a factor of three.

3.2 Calculating Lag Impacts Using the NGWI Simulation
The approach used to calculate lag impacts, or future streamflow depletions for 25 years, involved 
(1) using the ELM to simulate conditions both with groundwater irrigation (Base Simulation) and 
without groundwater irrigation (NGWI Simulation), and (2) calculating depletions by subtracting 
baseflows from each respective simulation (Table 3-1).  The NGWI Simulations are therefore the 
standard of comparison for baseflow depletion.  

In the upper reaches of the basins, within the sand hills, streamflow and by extension baseflow, is 
relatively consistent, varying little over time.  Downstream of the sand hills, more variability is seen 
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in stream hydrographs, reflecting the close relationship between baseflow and precipitation.  Thus, 
one would expect alternating highs and lows in baseflow that mimic to some extent the precipitation 
patterns.  One would not expect the system to reflect a steady increase in baseflow through time as 
that pattern would indicate a potential issue related to the magnitude of estimated recharge in the 
model input.  

Figure 6 depicts the trends in baseflow in the NGWI Simulation from 1940 through 2033.  Large 
increases in baseflow are observed from 1940 through 2004.  Between 2004 and 2005, model 
assumptions and/or inputs change, and baseflow no longer increases at the previous rate although it 
does continue to rise.  The lower graph in Figure 6 highlights the predictive simulation period in the 
NGWI Simulation, and shows the low but steadily increasing rate of baseflow from 2008 through 
2033.

Because the NGWI Simulation is used as the point of comparison or “yardstick” to measure the 
impacts of irrigation on baseflow, a continuous rate of rise in a simulation that does not include 
pumping and recharge for irrigation is problematic.  For the predictive period from 2008 to 2033, 
the increased baseflow amounts to 30.7 acre-feet/day (afd) or 15.5 cubic feet per second (cfs).  In 
the context of the water budget for a regional model, this is not a significant amount; in the context 
of the appropriation determination and calculations of daily baseflow volumes available for 
irrigators, it is significant. 

Because the changes in baseflow attributable to groundwater pumping for irrigation are derived 
from subtracting the NGWI Simulation baseflow from the Base Simulation baseflow in both 2008 
and 2033, the additional 15.5 cfs of increased baseflow in the NGWI run shows up as additional 
streamflow depletion.  This “augmentation” to the model-estimated, 25-year streamflow depletion is 
not due to groundwater pumping at all, but rather due solely to the simulated increase seen in 
baseflow over a time period when the NGWI Simulation should instead be showing relatively 
steady-state and non-changing conditions.  The actual 25-year streamflow depletion estimate due to 
groundwater pumping should be determined solely from the consideration of the simulated 
baseflows from the predictive Base Simulation in 2008 and 2033.  The method as it currently is 
being applied is artificially predicting too much streamflow depletion.

Findings:
• The NGWI Simulation, which is used as a point of comparison, introduces a 15.5-cfs bias 

into calculations of baseflow depletion.  
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4 . L A G  I M P A C T S  A N D  B A S E F L O W D E P L E T I O N – J E N K I N S  
M E T H O D

This section addresses the assumptions and approach used by the NDNR to calculate 25-year lag 
impacts, or baseflow depletions, outside of the ELM region using the Jenkins method.  Apart from 
the issue of including wells located outside of the hydrologically connected area (Section 1.1), a 
discrepancy in the calculation of the baseflow depletions at the Louisville gage was identified.  

Baseflow depletions at the Louisville gage were calculated to be 870 cfs after 25 years (NDNR, 
2008).  Of this amount, 25 cfs was attributed to regions outside of the ELM region, and was 
calculated using the Jenkins method. A review of the Geographic Information System files provided 
electronically with the 2009 Annual Evaluation revealed that approximately 121 wells downstream of 
the Louisville gage were included in the calculation of depletions at the gage.  This downstream 
reach extends for approximately 15 river miles.  The calculation of stream depletions caused by these 
wells was based on the distance to the closest downstream segment, not the distance back to the 
Louisville gage.  This approach carries downstream impacts back to a point several miles upstream,
over-estimates streamflow depletions, and, consequently, under-estimates the number of days 
available for diversion based on gage records.

Findings:
• Streamflow depletion calculations at the Louisville gage included wells in a 15-mile reach 

downstream of the gage location.  These calculations used the distance to the closest stream 
segment instead of the distance back to the Louisville gage.  This approach over-estimates 
streamflow depletions at the gage.
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5 . C O N C L U S I O N

The Preliminary Determination of Fully Appropriated in the Lower Platte River Basin is not 
supported by the best science.
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FIGURE 3 
Estimated Minimum and Maximum Baseflow Compared with Simulated 1940 and 2005 

Baseflow, Elkhorn and Loup River Basins, Nebraska (Table 2 from Peterson et al., 2008) 
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Figure 32. Annual rate of effects of ground-water irrigation on simulated base flow, Elkhorn and Loup River 
Basins, Nebraska, 1940 through 2005. (Differences in simulated base flow for simulations with and without 
ground-water irrigation are graphed.)
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Figure 4. Map of net irrigation requirements (inches/year) for corn grown on fine sandy loam. 
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Annual Groundwater Pumping Calculation:  
Net Crop Requirement of 25.1 inches Minus  Effective Precipitation (Graph Above)
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APPENDIX A 

MODFLOW Water Budgets from the Nebraska Department of Natural 
Resources Simulations 

 

 



TABLE A-1
MODFLOW WATER BUDGET SUMMARY

NEBRASKA DEPARTMENT OF NATURAL RESOURCES
BASE SIMULATIONS 1940 - 2047

CUMULATIVE ANNUALIZED CUMULATIVE ANNUALIZED
IN: ft3 afy ft3 afy ft3/day afy ft3/day afy

STORAGE = 5.36E+11 181,102 2.14E+12 1,226,412 15,133,659 126,809 109761536 919,719
CONSTANT HEAD = 1.30451E+11 44,040 1.45066E+11 83,257 4,802,980 40,245 11218506 94,003

WELLS = 0 0 0 0 0 0
DRAINS = 0 0 0 0 0 0 0 0

ET = 0 0 0 0 0 0 0 0
HEAD DEP BOUNDS = 67273453568 22,712 63387013120 36,379 668,381 5,601 1039622.438 8,711

RECHARGE = 1.28E+13 4,307,446 4.99E+12 2,865,416 547,236,736 4,585,432 341728288 2,863,426
STREAM LEAKAGE = 1.5354E+12 518,352 9.7616E+11 560,239 61,325,988 513,866 66622344 558,245

TOTAL IN = 1.50E+13 5,073,799 8.31E+12 4,771,694 629,167,744 5,271,952 530370304 4,444,104

OUT:
----

STORAGE = 6.59341E+11 222,594 73190244352 42,005 29,941,950 250,891 255912.5 2,144
CONSTANT HEAD = 9.41853E+11 317,970 3.59687E+11 206,432 39,393,200 330,085 21976596 184,147

WELLS = 1.6927E+12 571,457 0 94,485,320 791,716 0
DRAINS = 9.19264E+11 310,344 4.60756E+11 264,438 36,617,696 306,829 29154824 244,295

ET = 2.71E+12 913,716 1.31E+12 750,000 105,200,776 881,503 81801488 685,435
HEAD DEP BOUNDS = 2.76189E+11 93,242 1.60071E+11 91,868 8,493,130 71,166 8091636 67,802

RECHARGE = 0.00E+00 0 2.04E+12 1,170,455 0 0 137474976 1,151,937
STREAM LEAKAGE = 7.83E+12 2,644,189 3.91E+12 2,246,843 315,107,232 2,640,361 251667040 2,108,780

TOTAL OUT = 1.50E+13 5,073,462 8.31E+12 4,772,039 629,239,296 5,272,551 530422464 4,444,541

IN - OUT = 727,711,744 246 -603455488 -346 -71,552 -600 -52160 -437

PERCENT DISCREPANCY = 0 -0.01 0 -0.01
ft3 = cubic feet

afy = acre-feet per year

1940-2007 2008-2047 2007 2047
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TABLE A-2
MODFLOW WATER BUDGET SUMMARY

NEBRASKA DEPARTMENT OF NATURAL RESOURCES
NO GROUNDWATER IRRIGATION (NGWI) SIMULATIONS 1940 - 2047

CUMULATIVE ANNUALIZED CUMULATIVE ANNUALIZED
IN: ft3 afy ft3 afy ft3/day afy ft3/day afy

STORAGE = 5.88E+10 19,855 8.06E+10 46,282 9,022,687 75,603 861,515 7,219
CONSTANT HEAD = 20176738304 6,812 7.76E+10 44,528 4,192,868 35,133 5,244,111 43,942

WELLS = 0 0 0 0 0 0 0 0
DRAINS = 0 0 0 0 0 0 0 0

ET = 0 0 0 0 0 0 0 0
HEAD DEP BOUNDS = 67159523328 22,673 6.02E+10 34,564 635,833 5,328 921,955 7,725

RECHARGE = 1.19E+13 4,010,358 6.98E+12 4,003,271 477,435,936 4,000,554 477,435,936 4,000,554
STREAM LEAKAGE = 1.5198E+12 513,085 8.76937E+11 503,293 60,287,208 505,161 59,910,368 502,004

TOTAL IN = 1.37E+13 4,640,320 8.07E+12 4,631,944 551,574,528 4,621,779 544,373,888 4,561,443

OUT:
----

STORAGE = 84159664128 28,412 1.78878E+11 102,662 10,590,789 88,743 5,387,309 45,142
CONSTANT HEAD = 1.0233E+12 345,467 5.64735E+11 324,113 45,767,760 383,499 38,261,200 320,600

WELLS = 30982676480 10,460 1.82E+10 10,460 1,247,444 10,453 1,247,444 10,453
DRAINS = 36538013696 12,335 5.77968E+11 331,708 39,308,924 329,379 39,755,528 333,121

ET = 2.80E+12 945,180 1.70E+12 976,641 113,904,840 954,437 117,091,896 981,142
HEAD DEP BOUNDS = 77230387200 26,073 1.64991E+11 94,692 8,608,322 72,131 8,815,859 73,870

RECHARGE = 9.70E+06 3 1.29E+08 74 8,859 74 8,859 74
STREAM LEAKAGE = 7.99E+12 2,698,239 4.86E+12 2,792,068 332,231,168 2,783,847 333,834,176 2,797,279

TOTAL OUT = 1.37E+13 4,639,983 8.07E+12 4,632,404 551,668,096 4,622,563 544,402,304 4,561,681

IN - OUT = 1,095,761,920 370 -817364992 -469 -93,568 -784 -28416 -238

PERCENT DISCREPANCY = 0 -0.01 0 -0.01
ft3 = cubic feet

afy = acre-feet per year

1940-2007 2008-2047 2007 2047

P:\Fennemore_Craig\136915 - Lower Platte Tech Review\Working\Reports\AppendixA waterbudgetsNDNR01.xls





26.720.4

Using Most Junior
Loup Irrigator and

Eliminating Irrigation
Efficiency

Adjustment

36.527.9
2009 Annual
Evaluation

33.325.5
Using Most Junior

Loup Irrigator

24.018.4

Using Most Junior
Loup Irrigator and

Eliminating Irrigation
Efficiency and

Downtime
Adjustments

Number of Days to
Meet 85 Rule

Number of Days to
Meet 65 Rule

Evaluation of Impacts to Days Needed to Meet 65/85
Requirements Under Various Scenarios














	Lower Platte Technical Review (complete)
	Cover Page

	Table of Contents
	1. Regulatory

	2. Evaluation of the Technical Tools

	3. Lag Impacts and Baseflow Depletion - Elkhorn Loup Model

	4. Lag Impacts and Baseflow Depletion - Jenkins Method

	5. Conclusion 
	6. References

	Figures

	Appendix A



	Text1 Fig 1:           FIGURE 2 - Calibration results for the 1940 through 2005 simulation, Elkhorn and Loup River Basins, Nebraska
(Figure 25, Peterson, et al., 2008)
	Text1: 
	Text2 Fig 3:   FIGURE 4 - Cumulative Effects of Groundwater Irrigation on Simulated Base Flow, Elkhorn and Loup River Basins, 
Nebraska, 1940 through 2005.  (Figure 31 from Peterson, et al., 2008)
	Text3: 
	Text4 Fig 4: FIGURE 5 - Annual Rate of Effects of Groundwater Irrigation on Simulated Base Flow, 
Elkhorn and Loup River Basins, Nebraska, 1940 through 2005. 
(Figure 32 from Peterson, et al., 2008)
	Text1 Fig 7: FIGURE 8 - Map of Net Irrigation Requirements (inches/year) for Corn Grown on
Fine Sandy Loam (Figure 4 from Martin, 2005)


