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EXECUTIVE SUMMARY 
 
 In accordance with the December 15, 2002 Final Settlement Stipulation in Kansas v. 
Nebraska and Colorado, No. 126 Original, the Republican River Ground Water Modeling 
Committee developed a comprehensive ground water model to represent the ground water flow 
system in the Republican River Basin. The primary purpose of the Republican River Compact 
Administration Ground Water Model (RRCA Model) is to determine the amount, location, and 
timing of streamflow depletions to the Republican River caused by well pumping and to determine 
streamflow accretions from recharge of water imported from the Platte River Basin into the 
Republican River Basin. 
 Representatives from the State of Colorado, State of Kansas, and State of Nebraska 
developed the RRCA Model, with participation from the United States Bureau of Reclamation and 
United States Geological Survey.  The data and information used in construction and calibration of 
the RRCA Model were provided and shared by all three States and the United States in a collegial 
manner.  In a similar vein, the RRCA Model was constructed and calibrated in a collaborative 
exercise by technical experts from all three States. 

The RRCA Model is fully operational and calibrated to represent the physical and 
hydrogeological characteristics of the Republican River Basin to a reasonable degree.  The RRCA 
Model matches the trend and magnitude of ground water level changes and stream baseflow targets 
distributed throughout the Republican River Basin, without significant bias in any region or 
hydrologic characteristic.  The RRCA Model is calibrated to a sufficient degree that depletions from 
ground water pumping and accretions from imported water from the Platte River System to the 
Republican River may be quantified and assigned to prescribed streamflow reaches in accord with 
the RRCA Accounting Procedures. 

 
INTRODUCTION 
 

The Republican River rises in the high plains of northeastern Colorado and western Kansas 
and Nebraska.  The river flows in a generally eastern direction and encompasses approximately 
24,900 square miles within its watershed that is illustrated below.  The States of Colorado, Kansas, 
and Nebraska, with the consent of the United States of America, entered into the Republican River 
Compact in 1942 in order to equitably divide the waters of the Republican River Basin.  Ground 
water accretions and depletions are subject to administration within the Compact for the portion of 
the basin that contributes flow above the streamflow gaging station on the Republican River near 
Hardy, Nebraska which is in the eastern part of the Republican River Basin near the Kansas-
Nebraska state line. 
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 The Final Settlement Stipulation (FSS) in Kansas v. Nebraska and Colorado, No. 126 
Original, which resolved that interstate dispute, provided for development of a comprehensive 
ground water model to represent the ground water flow system in the Republican River Basin.  This 
document describes the content, construction, and calibration of the Republican River Compact 
Administration Ground Water Model (RRCA Model). Representatives from the State of Colorado, 
State of Kansas, and State of Nebraska developed the RRCA Model, with participation from the 
United States Bureau of Reclamation and United States Geological Survey (USGS). 
 
Purpose and Scope  
  

The primary purpose of the RRCA Model is to determine the amount, location, and timing 
of streamflow depletions to the Republican River caused by well pumping and to determine 
streamflow accretions from recharge of water imported from the Platte River Basin into the 
Republican River Basin above the streamflow gaging station near Hardy, Nebraska.  The RRCA 
Model construction and calibration represent the physical and hydrogeological characteristics of the 
Republican River Basin to a reasonable degree for the period 1918 to 2000.  The RRCA Model 
simulates historical and current physical conditions; it is not an optimization or operational model 
and does not assess the impact of land use and conservation practices, reservoir operations, or other 
water supply or water administration practices. 

The RRCA Model will be used to determine ground water depletions and imported water 
supply accretions in formulas prescribed in the RRCA Accounting Procedures.  Future input data to 
the RRCA Model will be developed in accordance with the requirements of the Accounting 
Procedures. 
  
Document Context 
  

This document is intended to provide a detailed description of all major facets in the RRCA 
Model structure, data and information, calibration, and results that were reached in its construction 
by the State of Colorado, State of Kansas, and State of Nebraska in consultation with the United 
States.  Updated with annual streamflow, climatological, irrigated acreage, ground water pumping, 
and other information, the RRCA Model will be used to quantify said streamflow depletions caused 
by well pumping and imported water supply accretions for application within the formulas 
prescribed in the RRCA Accounting Procedures. The data and information used in construction and 
calibration of the RRCA Model were provided and shared by all three States and the United States 
in a collegial manner.  In a similar vein, the RRCA Model was constructed and calibrated in a 
collaborative exercise by technical experts from all three States.  This document reflects the RRCA 
Model architecture, the data sets used, and calibration agreed upon by the States as required by the 
FSS. 

The RRCA Model, consisting of the computer code, input files, and pre-processing and 
post-processing programs, is provided in Appendix A on a DVD ROM.  Members of the RRCA 
Engineering Committee are working on a RRCA Ground Water Model Users Manual that will 
provide details related to the use of the model in conjunction with the RRCA Accounting 
Procedures.  The Users Manual will discuss data content and formatting, the use of pre-processing 
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programs, details on completing the various runs of the model, and application of the RRCA 
Model’s outputs in the annual RRCA accounting.   
 
Model Findings and Summary 
  

The RRCA Model is fully operational and calibrated to represent the physical and 
hydrogeological characteristics of the Republican River Basin to a reasonable degree.  The RRCA 
Model reasonably matches the trend and magnitude of ground water levels and stream baseflow 
targets distributed throughout the Republican River Basin, without significant bias in any region or 
hydrologic characteristic.  The RRCA Model is calibrated to a sufficient degree that depletions from 
ground water pumping and accretions from imported water from the Platte River System to the 
Republican River may be quantified and assigned to prescribed streamflow reaches in accord with 
the RRCA Accounting Procedures. 

 
 

CONCEPTUAL MODEL OF GROUND WATER FLOW SYSTEM 
 
Background and Physical Setting 
 

The tributaries at the headwaters of the Republican River rise on the high plains of 
northeastern Colorado and western Kansas and Nebraska.  The mainstem of the Republican River is 
formed by the junction of the North Fork of the Republican River and the Arikaree River near 
Haigler, Nebraska.  The river flows in a generally eastern direction for approximately 445 miles 
before it joins the Smoky Hill River to form the Kansas River at Junction City, Kansas.  The 
Republican River Basin encompasses approximately 24,900 square miles within its watershed that 
is illustrated below. 

In order to include all ground water resources that affect stream flows within the Republican 
River Basin, the RRCA Model domain was extended beyond the Republican River watershed.  The 
model domain boundaries extend from the Platte River in the north to the Ogallala aquifer outcrops 
on the southern, eastern, and western boundaries.  The model domain coincides with that described 
in USGS Open File Report 02-175 except in the eastern portion of the Basin where it was extended 
eastward to the eastern edge of Kearney County, Nebraska and into Adams County, Nebraska to 
reflect increased water table elevations caused by imported water supplies from the Platte River.  
The model domain encompasses approximately 30,000 square miles.  A map of the model domain, 
including model cell designations and boundary conditions, is provided in Appendix B. 
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Hydrogeology Framework 
  

The predominant source of ground water supply within the Republican River Basin is the 
shallow alluvium and deeper bedrock formations that collectively form the High Plains aquifer.  
The High Plains aquifer underlies portions of eight western States, including Colorado, Kansas, and 
Nebraska, and the topography is characterized by flat to gently rolling terrain that is bisected by 
mostly eastward-flowing rivers and streams, such as the Republican River.  The predominant 
geologic unit of the High Plains aquifer is the Miocene-aged Ogallala Formation of the Tertiary 
period.  The Ogallala Formation principally consists of unconsolidated to semi-consolidated sands, 
gravels, clays, and silts.  The High Plains aquifer is also composed of the shallower river alluvium 
and eolian deposits of the later Quaternary period.  Water-table or unconfined conditions are 
predominant throughout the aquifer.  However, in some areas the hydraulic interconnection between 
the stream systems and geologic units may have been broken and in other localized areas cemented 
“mortar” (caliche) beds are common and create artesian or confined aquifer conditions. 

The depositional history of the High Plains Aquifer is complex because it contains both 
fluvial (stream-deposited) and eolian (wind-deposited) sediments.  Braided streams systems that 
flowed eastward across the alluvial fans adjacent to the Rocky Mountains served as the primary 
source of deposition of coarse-grained and fine-grained sediments to the Ogallala Formation during 
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the Tertiary time period.  However, in the Quaternary period, as the climate in the area turned drier 
and colder due to mountain uplift, the major form of sediment deposition changed to eolian.  The 
winds transported the fine materials caused by braided stream erosion in dust storms that carried 
very fine to medium sands to the east before settling into dune deposits, the largest and most 
prominent being located in west-central Nebraska.  The Quaternary age alluvial, valley-fill, dune 
sand, and loess deposits are also considered to be part of the High Plains aquifer where they are 
hydraulically connected to the underlying Ogallala Formation. 

The saturated thickness of the High Plains aquifer ranges from zero in the western edge of 
the aquifer in Colorado where the aquifer outcrops, to approximately 1,000 feet in west-central 
Nebraska.  Ground water flow in the High Plains aquifer is generally from west to east in response 
to the predominant slope of the water table.  
 
 
Water Budget 
 
 The water budget for the Republican River Basin changed dramatically over the simulation 
period of 1918-2000.  As anticipated, during the pre-development period the natural precipitation 
recharge, evapotranspiration and stream gains were the only significant stresses on the system.  
Beginning in the 1940’s, accretions from surface water canals in the Platte River Basin began to 
migrate into the Republican River Basin ground water system and introduce a significant new 
recharge into the system.  Well pumping increased from approximately 1950 to 1980, then 
essentially leveled off but continued its impact as a major stress on the system.  Coincident with 
well pumping increases, return flows from groundwater irrigation became a significant source of 
recharge.  For illustrative and comparative purposes, the selected water budget components are 
tabulated below and a graphical representation is provided in Appendix C.  
 

RRCA Model Global Water Budget    
 Annual Average Amount in acre-feet 

Inflows     
Years Precipitation 

Recharge 
Ground Water 

Recharge 
Surface Water 

Recharge Canal Leakage Stream Losses Decrease in Storage 

1921-1930 1,440,697 0 0 0 222,780 424,581
1931-1940 601,512 1,264 421 15,996 229,750 632,529
1941-1950 1,916,460 15,262 47,777 632,988 208,071 467,162
1951-1960 1,283,039 69,083 99,152 652,719 207,269 812,763
1961-1970 1,479,667 237,718 102,332 598,784 230,134 1,217,401
1971-1980 1,452,260 595,112 111,638 665,139 236,637 2,511,248
1981-1990 1,740,645 572,102 101,767 623,134 233,679 2,309,917
1991-2000 1,998,741 498,803 86,742 607,402 234,982 2,221,763
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RRCA Model Global Water Budget  
 Annual Average Amount in acre-feet 

Outflows 
Years 

Phreatophyte ET Springs Well Pumping Constant Head 
Boundaries Stream Gains Increase in Storage 

1921-1930 477,250 65,435 6,227 167,033 448,280 923,836
1931-1940 460,743 65,368 10,059 165,869 439,771 339,611
1941-1950 466,106 76,599 52,441 434,574 511,874 1,746,297
1951-1960 502,402 86,981 227,993 581,770 489,936 1,234,618
1961-1970 542,580 86,624 898,512 553,367 509,096 1,276,170
1971-1980 493,572 85,542 2,553,584 557,971 466,483 1,414,830
1981-1990 487,373 83,919 2,595,959 575,350 426,078 1,412,304
1991-2000 470,615 87,937 2,537,878 554,059 411,616 1,586,317

 
 
Ground Water Pumping 
 
Irrigation Pumping 

Ground water pumping for irrigation of croplands in the Republican River Basin was limited 
prior to World War II but progressed rapidly in the 1960’s and 1970’s.  The cumulative number of 
irrigation wells within the Republican River model domain over time is illustrated in the graph 
below.  The States agreed to accept the method each one developed to estimate gross irrigation 
pumping within their respective boundaries for the period 1940-2000.  The methods used by each 
state for estimating historical ground water pumping and tabulations of the annual pumping 
estimates are provided in Appendix D.  
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Pumping for Municipal and Industrial Uses  

The pumping for municipal and industrial purposes for Colorado and Nebraska was obtained 
from the USGS and subsequently verified and refined by each state. Kansas developed its estimates 
from its wateruse database. Municipal and industrial pumping estimates include those quantities 
equal to or greater than 50 acre-feet/year. 
 
 
Recharge 

 
Recharge into the ground water aquifers is from two primary sources of water: recharge 

from precipitation and recharge from human-induced activities such as irrigation of cropland and 
seepage from ditches/canals.  Recharge from irrigation is further segmented into two principal 
components based upon the source of water – surface water or ground water.  The following 
narrative describes how these components were estimated for the period 1940 – 2000. 
 
Recharge from Precipitation 

Precipitation recharge is a significant variable in the overall water budget because it affects 
the entire model domain of over 19 million acres.  Average precipitation between 1918 and 2000 
varies from approximately 16 inches per year in the western part of the study area to approximately 
27 inches per year in the eastern part of the Basin.  Recharge from precipitation generally increases 
from west to east across the domain.  Recharge from precipitation is also influenced by soil type.  
More recharge is generated on coarse textured soils than fine textured soils for the same amount of 
precipitation.  Therefore, STATSGO soil maps were initially used to locate sandy soils in the 
domain.  These areas are commonly referred to as the sand hills of Colorado and western Nebraska.  
In a similar manner, medium and fine textured soils were identified.  For simplicity, the three soil 
classifications used in the RRCA Model are described as coarse, medium, and fine. The final 
distribution of soils across the model domain is illustrated in Appendix E. 

Recognizing the amount of precipitation that recharges the ground water aquifer increases in 
proportion with the amount of precipitation, a set of two curves was developed for each soil 
classification.  One curve is for irrigated lands and the other for non- irrigated lands.  The Y-axis for 
each curve represents the number of inches of recharge from precipitation and the X-axis depicts the 
total amount of precipitation each year. In addition to the curves developed for the three 
predominant soil classifications, a two-curve precipitation recharge set was similarly developed for 
tributary alluviums and another for the main stem of the Republican River alluvium to represent 
their unique recharge and soil characteristics.  The curves were developed from historical climate 
information and analysis of output from theoretical soil-water balance computer models and refined 
as part of the calibration process.  The extent of the increase in precipitation recharge for irrigation 
conditions relative to non- irrigated conditions was the subject of extensive discussion and the 
resulting recharge curves represent a compromise agreement that shall not be considered a 
precedent toward application of precipitation recharge to surface water accounting. The 
Precipitation Recharge Curves are provided in Appendix F and the amount of recharge from 
precipitation is tabulated in Appendix G.  
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Recharge from Ground Water Irrigation 

Recharge from ground water irrigation for all three states are calculated as the product of 
estimated pumping multiplied by an appropriate efficiency factor.  The following methods are 
applied to calculate recharge from ground water irrigation in each State for 1940-2000 and the 
amount of ground water recharge is tabulated in Appendix H. 

  
Colorado – Recharge from ground water pumping in Colorado is calculated for each year 

and for each county.  Ground water recharge from sprinkler irrigation is calculated by multiplying 
the gross pumping for sprinkler irrigation by the percentage that returns as deep percolation.  In a 
similar manner, the amount of ground water recharge from flood irrigation is calculated by 
multiplying the gross pumping for flood irrigation by the percentage that returns to the aquifer as 
deep percolation.  The total amount of recharge from ground water per county and year is the sum 
of the returns to deep percolation from sprinkler and flood irrigation. 
 

Kansas – Recharge from ground water irrigation was calculated by subtracting the net 
pumping from the gross pumping, and deducting spray loss for sprinkler irrigation or surface water 
runoff on lands that are flood irrigated.  The average percentage of pumping lost to spray loss was 
6% until 1986 and declined to 3% in more recent years.  The net surface water runoff from flood 
irrigation is 5%.  Once the county monthly pumping and return flow values were calculated, they 
were distributed to the sections within the county using the annual well count and irrigated acreage.  
A section’s percentage of the county’s total irrigated acreage was calculated and multiplied by the 
county pumping and return flows to obtain values for the section. 
 

Nebraska - Based on professional judgment, Nebraska assumed recharge rates that are 
generally inverse to assumed farm efficiency.  Nebraska applies a ground water irrigation efficiency 
of 70% from 1940 to 1960 and a linear increase from 70% in 1960 to 80% in 2000.  These 
percentages were checked for reasonableness using information available on the number of wells 
and number of center-pivot irrigation systems for each year. 

 
 

Recharge from Canals and Laterals 
 

A number of canal systems supply surface water for irrigation within the domain that 
influences flow in the Republican River and its tributaries.  Seepage from these canals and their 
corresponding laterals is specified in the model as a recharge term.  The calculation of canal and 
lateral seepage recharge specified in the model is dependent on the type of canal system as 
summarized in the table below.  Recharge estimates from canals and laterals are tabulated in 
Appendix I 
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Canal System Type Method for Calculating Canal and Lateral Seepage Recharge 
Small Non-Federal Ditches and 
Canals 

Recharge from canal seepage and from surface water 
irrigation is combined into one term.   The total amount of 
recharge for both the canal seepage and surface water 
irrigation is calculated to be 40 percent of tabulated 
diversions.  

Federal Canals (Maintained by 
the US Bureau of Reclamation) 

Recharge from canal seepage calculation based on 
methodology specified in Section IV.A.2.c in the RRCA 
Accounting Procedures. 

Platte River Canals Where available canal seepage was determined from 
measured farm headgate deliveries and diversions at the 
headgate with estimated evaporation from the canal surface 
subtracted out.  Where these data were not available canal 
loss rates were estimated using the rates from like canal 
systems with available data. 

 
 
Recharge from Surface Water Irrigation 

 
Surface water irrigation recharge was specified based on a percentage of the water delivered 

to farm headgates by canal systems and small pumping plants that extracted water directly from 
surface water bodies.  The methods used to calculate surface water irrigation recharge is provided in 
the table below.   Recharge estimates from surface water are tabulated in Appendix J. 
 

 
Canal System Type Method for Calculating Surface Water Irrigation Recharge 

Small Non-Federal Ditches and 
Canals 

Recharge from canal seepage and from surface water 
irrigation is combined into one term.   The total amount of 
recharge for both the canal seepage and surface water 
irrigation is calculated to be 40 percent of tabulated 
diversions.  

Federal Canals (Maintained by 
the US Bureau of Reclamation) 

Recharge from surface water irrigation calculation based on 
methodology specified in Section IV.A.2.c in the RRCA 
Accounting Procedures. 

Platte River Canals Recharge from surface water irrigation was specified to be 
40 percent of farm headgate deliveries for 1940 to 1960 
linearly decreasing to 30 percent in 2000.   

Small Surface Water Pumping 
Plants 

Recharge was specified to be 25 percent of the water 
diverted. 
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Irrigated Acreage 

 
The States agreed to methods for estimating irrigated acreage for the period 1940-2000, 

which are documented in Appendix K.  The summary of the total estimated irrigated acreage at the 
beginning of each decade is provided below and the estimates by county and year for each State are 
tabulated in Appendix K.   

 
Total Estimated Irrigated Acreage in Republican River Basin

Year Colorado Kansas Nebraska
1940 5,409 2,952 22,427
1950 15,900 6,080 188,031
1960 62,736 50,882 451,385
1970 428,009 196,831 638,969
1980 664,161 357,710 1,428,685
1990 667,351 402,132 1,498,400
2000 667,891 434,767 1,654,452  

 
 
 
Crop Irrigation Requirements 
 

Colorado - The potential irrigation requirement for each crop for each county and year was 
estimated using the Hargreaves equation calibrated to the Penman-Monteith equation and are 
tabulated in Appendix L.  The crop mix was obtained from County Assessor data.  Effective rainfall 
was estimated using the procedure outlined in Irrigation Water Requirements, Technical Release 
No. 21, United States Department of Agriculture, April 1967 (Revised September 1970).  The gain 
in soil moisture from winter and spring precipitation was an average of 2.0 inches (source: 
Republican River Basin Water Management Study, Steven J. Vandas, United States Bureau of 
Reclamation, March 1983).  The net crop irrigation requirement was calculated as the potential 
consumptive use minus effective precipitation minus the gain in soil moisture from winter and 
spring precipitation. 
 
 Kansas - Using the Hargreaves equation calibrated to the Penman-Monteith calculations and 
effective rainfall from TR-21, the composite crop-weighted unit CIR was obtained for each year. At 
climate stations for which the requisite data to calculate the CIR for 1940-1949 was not available, 
data from a nearby station were substituted.  The unit CIR for 1940-2000 was multiplied by the 
irrigated acreage described above to obtain volume of irrigation demand for each county.  To 
account for winter soil moisture, a preliminary soil moisture factor was applied to each county in 
April and, if necessary, May, and was used to offset the CIR at the beginning of the irrigation 
season.  The remaining CIR was then used as an initial estimate of net pumping. 
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 Nebraska – Crop irrigation requirements are not estimated in the Nebraska procedure. 
 
Streams and Reservoirs  
  

The RRCA Model considers only the impact of ground water pumping and surface water 
imports to the baseflow for the major streams in the Republican River Basin.  It is not a surface 
water model and total streamflows are not incorporated in its design or calculations.  The stream 
network was adopted from the USGS Republican River Study and a schematic diagram is shown in 
Appendix M.  The seven major federal reservoirs were simulated in the RRCA Model using 
historical elevations or reservoir stages. 
 
Phreatophytes 
  

The potential evapotranspiration rate for the various classifications of phreatophyte 
vegetation (forest, woody, and marsh) was collapsed into a single ET rate that was calculated by the 
Hargreaves method using appropriate equivalent crop coefficients.  Results were obtained for the 
Akron, McCook, and Red Cloud climate stations on a monthly time step.  For selected sub-basins, 
the change or encroachment of phreatophytes over time was adjusted in accordance with the 
curvilinear time-relationship developed from aerial photographic data provided by Michaela 
Johnson in a published Master’s Thesis (Johnson, 2001) with refinements based on observed 
streamflows during calibration.  The methods used by each State to calculate and assign 
phreatophyte distribution are provided in Appendix N.  The phreatophyte potential 
evapotranspiration rates used in the RRCA Model are tabulated in Appendix N in addition to the 
sub-basin phreatophyte potential evapotranspiration factors that reflect the expansion of 
phreatophytes over time. 

 
 
Discussion of Flow Pattern 
  

The general direction of water flow in the Republican River Basin is west to east with 
tributaries intersecting from both the southern and northern boundaries to the mainstem in the center 
of this gourd-shaped watershed.  In the extreme north-central portion of the basin in Nebraska, there 
is a small amount of ground water flow from the Republican River Basin north toward the Platte 
River Basin.  Further east, ground water migrates south from the Platte River Basin into the 
Republican River Basin in the northeastern portion area of the watershed referred to as the “mound 
area” that is approximately centered on the 99th Meridian.  Headwaters of the Republican River are 
born on the high plains of eastern Colorado and combine with tributaries from southwestern 
Nebraska and northwestern Kansas to form the mainstem of the Republican River at the confluence 
of the North Fork of the Republican River and Arikaree River near Haigler, Nebraska.  The 
Republican River flows eastward and generally parallel to the Nebraska-Kansas stateline before 
turning in a southeastern direction to cross the border near Hardy, Nebraska.  The Republican River 
meets the Smoky Hill River at Junction City, Kansas to form the Kansas River, a major tributary to 
the Missouri River. 
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 Streamflows are captured and retained in seven federal reservoirs that are within the 
Republican River Basin upstream of the Nebraska-Kansas stateline near Hardy, Nebraska.  The 
reservoirs and associated tributary streams are as follows, progressing from the headwaters 
downstream: 
 

Bonny Reservoir  South Fork of the Republican River, Colorado  
Swanson Lake   Mainstem of the Republican River, Nebraska  
Enders Reservoir  Frenchman Creek, Nebraska 
Hugh Butler Lake  Red Willow Creek, Nebraska 
Harry Strunk Lake  Medicine Creek, Nebraska  
Keith Sebelius Lake  Prairie Dog Creek, Kansas  
Harlan County Lake  Mainstem of the Republican River, Nebraska  

 
 The RRCA Model predicted change in water levels vary dramatically across the Republican 
River Basin from the pre-development period through 2000.  The maximum rise in water level is 
approximately 179 feet in the mound area in Nebraska and the greatest decline is approximately 86 
feet near Burlington, Colorado.  For illustrative purposes, the predicted change in water levels in the 
RRCA Model domain is shown below. 
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MATHEMATICAL REPRESENTATION OF GROUND WATER FLOW MODEL 
 
Model Program 
 
 The RRCA Model applies a modified version of the United States Geological Survey 
modular ground water model MODFLOW 2000 (Harbaugh and others, 2000) version 1.10 to 
numerically calculate stream depletions from ground water pumping and accretions from imported 
water supplies.  MODFLOW is a simulation program that uses a finite-difference method to solve 
the ground water flow equation. 

In addition to its robust numerical solver capabilities, MODFLOW also offers two 
significant attributes.  First, it is relatively easily understood, which promotes confidence in its 
application by those intending to use the computer model to simulate physical and hydrological 
conditions.  Second, it is easily enhanced to accommodate the continuing need for additional 
capabilities to address a variety of physical and hydrogeological conditions. 

The MODFLOW program promotes simulation accuracy and computational flexibility by 
segmenting various hydrologic attributes such as recharge, leakage from the aquifer to the rivers, or 
evapotranspiration from ground water as separate or distinct packages.  For application within the 
RRCA Model, the following enhancement modules or packages were used: 

♦ Basic (BAS6) 
♦ Layer Property Flow (LPF1) 
♦ Recharge (RCH6) 
♦ Well (WEL6) 
♦ Stream (STR6) 
♦ Evapotranspiration (EVT6) 
♦ Drains (DRN6) 
♦ Preconditioned Conjugate Gradient (PCG2)  
♦ Hydrograph (HYMOD1) 

 
Model Architecture  
 

The following items are the major components in the RRCA Model architecture: 
? The model is a single layer bounded on the bottom by the impermeable Pierre Shale. 
? The initial Stream Network was taken from USGS Open File Report 02-175. 
? The interim aquifer base was taken from USGS Open File Report 02-175, and was adjusted 

to reflect elevation variances near streams and data available from Nebraska. 
? Land surface elevations were obtained from the National Elevation Dataset (NED) one arc 

second Digital Elevation Model (DEM).  The land surface elevations along stream channels 
were modified in order to provide strictly decreasing elevations along stream channels. 

? The ground water flow system was simulated as if there were a constant transmissivity in 
order to preserve numerical stability. 
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Simulation Period 
 
The RRCA Model represents the long-term steady-state conditions prior to 1918 and transient 

conditions from 1918 to 2000.  Transient conditions are discretized into monthly stress periods.  
The RRCA Model will be updated annually by the RRCA to reflect data from 2001 to the current 
accounting year. 
 
Discretization 

 
The RRCA Model is spatially discretized into one-square mile grid cells and temporally 

discretized into one-month stress periods, with two time-steps per stress period. 
 
Boundary Conditions 

 
Constant head boundary conditions for the model were assigned along the Platte River, the 

eastern boundary of Kearney, Clay, Nuckolls, and Adams Counties, Nebraska; and in Cheyenne 
County, Colorado where the Ogallala aquifer continues south of the Republican River Basin. All 
other boundaries are no-flow boundaries or drains.  See Appendix B, RRCA Model Domain for 
boundary and drain locations.  
 
Initial Conditions 
 

The steady state recharge, or initial condition, was established on the premise of no ground 
water irrigation prior to 1940.  The historical recharge for the period of 1918-1940, assuming no 
irrigation, was used in conjunction with the developed recharge curve(s) to obtain the recharge for 
each year.  The recharge obtained for each year in the 1918-1940 period was averaged and assigned 
as the initial recharge condition in 1918, also known as the steady state condition.  A global 
multiplier called the steady state multiplier was used to adjust the steady state recharge. During 
model calibration, the value of the steady state multiplier was established at 0.75, in part to replicate 
the long-term upward trend in the hydrographs observed in the western part of the domain. 
 
Aquifer Parameters 
  

The RRCA Model considers two aquifer parameters: 
♦ The specific yield values were obtained from previous USGS investigations and reports 

and are portrayed in the Distribution of Specific Yields in Appendix O. 
♦ Hydraulic conductivities were quantified through the calibration process and are 

portrayed in the Distribution of Hydraulic Conductivities in Appendix P. 
 

Stresses 

Calculation of the model stresses is fairly complex due to the variance in the three States’ 
data and methods used to calculate well pumping for ground water irrigation, surface water 
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irrigation and the associated recharge.  To provide resolution and a common platform, a set of 
programs was developed to transform the data from raw well and irrigation files to a common cell-
by-cell format.  This common format consists of a set of files named yyyy.mm.xxx, where the 
letters designate the year, month, and type of information respectively.  The type of information is 
“pmp” for pumping, “rcs” for surface water recharge, “rcg” for ground water recharge and “rcc” for 
canal recharge.  In addition, the file named yyyy.xxx is used to represent annual quantities and type 
of information respectively.  For the annual quantities, “mi” is used to represent municipal and 
industrial pumping, “asw” is the surface water irrigated area, “agw” is the ground water irrigated 
area, and “aco” is the commingled irrigated area.  Volumes are always specified in acre-feet, and 
areas are always specified in acres. 
   
Colorado - The Colorado ground water input data consist of two databases.  The well database 
specifies the location, county, appropriated acreage, and priority date for each well.  The pumping 
database specifies the county totals for well pumping and the county-by-county ground water irrigated 
efficiency.  The mkgw program is then used to calculate cell-by-cell pumping, ground water irrigation 
recharge, and irrigated areas.  The program distributes pumping from the county to the model cells by 
assigning pumping proportional to the appropriated acreage of the active wells for that year.  Pumping 
is distributed from the annual value to monthly values using a fixed proportioning.  Irrigation recharge 
from ground water is assigned to the same cells where the pumping occurs.  The ground water 
recharge is equal to the pumped amount multiplied by the return flow fraction, defined as one minus 
the irrigation efficiency.  The appropriated acreage is used to calculate cell-by-cell ground water 
irrigated acreage. 

The Colorado surface water input data are also contained within two databases.  The ditch 
database consists of the acreage per cell for each ditch system.  The diversion database consists of 
monthly diversions for each ditch.  Surface water irrigation returns are calculated as the fixed 
percentage of the diverted amount as specified in the settlement agreement.  The surface water 
return flow amount is distributed over the ditch acreage proportional to the acreage in each cell.  
The mksw program is used to perform this calculation.  The surface water irrigated acreage is the 
sum of the ditch acreages for each cell.  There are no commingled surface and ground water 
irrigation applications modeled in Colorado. 

Kansas - The Kansas ground water input data consists of two databases.  The well database 
specifies the location, county and irrigated acreage by year for each well.  The pumping database 
specifies the total pumping for each county by year, the irrigation efficiency by county by year, and 
the annual to monthly distribution factors by county by year.  The mkgw program is used to 
calculate monthly cell-by-cell pumping by distributing annual county totals to months using the 
monthly factors, and then to cells in proportion to the irrigated acreage for each year.  For years that 
records indicate the well is not pumping, an irrigated acreage of zero switches off pumping in that 
well.  The ground water recharge from ground water pumping is assigned in the same cell as where 
the pumping occurs.  The ground water recharge amount is computed as a percentage of the pumped 
amount, equal to one minus the irrigation efficiency multiplied by pumping, adjusted down for 
runoff and spray loss. 
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The Kansas surface water return flow calculation is performed exactly like the surface water 
return flow calculation in Colorado except for those lands in Kansas served by the Almena Canal 
that are surface and ground water irrigated commingled land. 

Nebraska - The Nebraska raw data consists of seven databases.  They include the lands served 
exclusively by ground water irrigation database, the commingled lands ground water irrigated 
database, the lands served exclusively by surface water irrigation database, the commingled surface 
water database, the river pumpers database, the private canals database, and canal leakage database.  
Each of the first four databases specifies the annual volume of applied water and area over which it 
is applied on a cell-by-cell basis.  The river pumpers database and private canals database supply 
only the annual volume by cell and the canal leakage database supplies the monthly volume by cell.  
The program mknedat is used to create the required monthly ground water pumping files by 
distributing the annual cell-by-cell pumping to a monthly timestep using a fixed set of factors.  The 
ground water recharge is calculated as a factor of the pumped amount.  This factor is a constant over 
the State of Nebraska, and is 30% until 1960 and then reduces linearly to 20% in 2000.  The 
pumping and ground water irrigation recharge are calculated in the same manner for commingled 
and exclusively ground water irrigated lands.  The total of both commingled and exclusively ground 
water pumping is written to a single pumping file.  The exclusively ground water pumping acreage 
is stored to the ground water irrigation acreage files.  The commingled ground water acreage is not 
used in this application since it is the identical acreage that is designated as surface water 
commingled acreage. 

Surface water farm deliveries are specified on a land-by- land basis.  For each land, the cell 
and appropriate canal system is specified.  The return flows from each land are calculated as the 
delivered amount multiplied by a system specific fraction.  This fraction is specified in the FSS, and 
for most systems it is a constant with time, but for some systems the return flow fraction varies with 
time.  The annual volume is accumulated for each cell and distributed to a monthly timestep using 
the same set of factors used to distribute the pumping.  The irrigated acreage served exclusively by 
surface water is saved to the surface water irrigated area file and the commingled surface water area 
is saved to the commingled area file for the year. 

River pumpers and private canals are specified as annual totals by cell.  The return flow 
from these irrigation methods are calculated as a fixed fraction of the applied amounts and added to 
the cell-by-cell surface water return flows.  The irrigated acreage is not considered. 

The canal leakage database specifies canal losses on a cell-by-cell basis for every month and 
is simply copied to change the file format. 

 

Stress Calculation  

The Republican River Pre-Processor (rrpp) program is used to construct MODFLOW 
recharge and well pumping input files from these cell-by-cell files.  The input files for each state are 
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kept in a separate directory.  The rrpp program reads the cell-by-cell monthly and annual files for all 
three states, calculates recharge from precipitation and outputs the resulting recharge and well 
pumping data sets as input to the MODFLOW program.  A steady state step is used to establish the 
model initial condition at the beginning of the 1918 to 2000 transient simulation.  There is no well 
pumping, irrigation recharge or canal leakage in this initial steady state.  Therefore, the recharge 
consists only of precipitation recharge.  The rrpp program calculates the precipitation recharge for 
each year from 1918 to 1940 and then averages the recharge.  Each cell is assumed to be only non-
irrigated during this period. 

The rrpp program is used to generate MODFLOW input files for both the historical or base 
run and the impact runs - “No State pumping” for each of the states and “No Nebraska import”.  
The program reads a set of instructions from a parameter file.  The NOPUMP instruction is used to 
switch off irrigation well pumping and return flows for a particular state as well as the M&I 
pumping.  The MOUND instruction is used to switch off all surface water returns and canal leakage 
within the area in Nebraska designated as the mound area.  A map of the mound area in Nebraska is 
provided in Appendix A. 

Pumping is calculated on a month-by-month basis by accumulating the cell-by-cell pumping 
specified in the individual state files.  If pumping is switched off for a state, pumping for that state 
is simply omitted. The total pumping for each month is then written to the MODFLOW well file. 

Recharge from irrigation is calculated on a month-by-month basis by accumulating the cell-
by-cell return flows from precipitation, surface water and ground water irrigation recharge, and 
canal leakage.  Surface water return flows are accumulated on a cell-by-cell basis for each state, 
except when the MOUND instruction is used, in which case the surface water return flows inside 
the designated mound area are omitted.  In a similar manner, canal leakage is accumulated on a cell-
by-cell basis for each state, except again the mound area is omitted when so instructed.  Ground 
water recharge is also accumulated on a cell-by-cell basis for each state, except when the NOPUMP 
instruction is used, in which case the ground water recharge for that state are omitted. 

In order to calculate precipitation recharge, the irrigated area within each cell is accumulated 
as the sum of the ground water, surface water and commingled area in the cell.  When the MOUND 
instruction is used, the exclusive surface water acreage is not added within the mound area.  
Similarly when the NOPUMP instruction is used, exclusive ground water acreage within the cell is 
not counted.  Commingled acreage is always counted.  If the total irrigated acreage within a cell 
equals or exceeds the number of acres in a cell, the entire cell is treated as irrigated.  Otherwise the 
remaining acreage within a cell is treated as non- irrigated. 

The annual precipitation for each cell is calculated by kriging the annual precipitation at a 
number of stations in the basin to the cell.  For both the non- irrigated and irrigated fraction of the 
cell, the amount of recharge that corresponds to this precipitation amount is then calculated from 
precipitation recharge curves that correspond to non-irrigated and irrigated lands for the type of soil 
associated with this cell.  The soil type and curves are specified in the parameter file read by the 
rrpp program.  The resulting total recharge for the cell is then calculated as the product of the 
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fraction of non-irrigated and irrigated lands multiplied by the respective recharge amounts.  The 
total recharge from precipitation is then adjusted using a spatial multiplier to adjust the recharge 
amount for spatial variations in terrain.  The resulting annual recharge amounts are then distributed 
to months using a fixed set of monthly factors. 

The resultant total recharge is the sum of the precipitation recharge, surface and ground 
water irrigation recharge, and canal leakage, appropriately adjusted to honor the NOPUMP or 
MOUND instructions.  These values are written to the MODFLOW recharge file. 

Phreatophyte Evapotranspiration 

The MODFLOW evapotranspiration input file is generated by the mket program.  This 
program calculates the monthly maximum evapotranspiration rate required by MODFLOW from 
four input files.  The monthly phreatophyte evapotranspiration rate at the Akron, McCook and Red 
Willow climate stations are read from the first database.  This rate is then multiplied by the 
phreatophyte area.  The phreatophyte area is calculated from the present day cell-by-cell areas 
multiplied by a set of sub-basin factors.  The sub-basin factors vary by year and hydrologic sub-
basin.  Within each sub-basin, the area is adjusted by the sub-basin factor for that year.  Basin 
factors were generated for the period 1938-1993.  After 1993 the basin factors were assumed to 
remain at the 1993 levels.  From 1935 to 1938, the basin factors were assumed to remain at the 1938 
level.  Although the basin factors were initially taken from the USGS, they were ultimately 
determined as calibration factors.  However, no information prior to the catastrophic 1935 flood in 
the Republican River Basin is available.  Since the flood regime of the basin changed with the 
construction of federal reservoirs in the 1950’s and beyond, the present day phreatophyte growth is 
not representative of pre-development growth.  Therefore the year 1950 was selected as a surrogate 
to represent pre-development phreatophyte evapotranspiration. 
 The evapotranspiration surface is set equal to the NED ground surface, and the extinction 
depth is set to a constant ten feet.  The NED ground surface is adjusted in the stream package setup to 
provide for streams always flowing down gradient.  In those cells, the evapotranspiration surface is set 
at five feet above the stream channel elevation.  This offset is intended to represent the elevation of 
the stream banks relative to the incised stream channel and is a constant across the basin. 

Streams and Reservoirs 

The stream network previously generated by the USGS was adopted for this study.  The 
streambed conductance, thickness and area were adopted verbatim.  The mkstr program was used 
to adjust the streambed elevation to represent the more accurate NED data that became available 
after the original USGS work and to introduce reservoirs to the stream network. 

The streambed elevation for a cell was calculated as the average of the minimum NED 
elevation for a cell and the upstream cells within the stream network.  For headwater cells, the 
elevation was set equal to the average NED elevation in the cell.  The stream network was then 
traversed in a series of operations designed to ensure that the stream network runs down gradient.  
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Where the NED reflects present day reservoir stages, a linear interpolation from the cell above and 
below the reservoir was used to represent pre-reservoir stream elevations. 

In order to model reservoirs as part of the stream network, each reservoir was associated 
with one or more stream segments and a set of model cells.  At the particular month that a reservoir 
came into operation, that stream segment was replaced by a set of reservoir cells with a conductance 
equal to one square mile in area, a hydraulic conductivity of one foot per day, and a thickness of ten 
feet.  The reservoir segment of the stream network is isolated from the rest of the stream network by 
altering the tributaries array and an inflow into that segment is set to one million cubic feet per 
second.  The stream elevation for each month is set equal to the middle of month stage for the 
reservoir. This arbitrarily large inflow ensures reservoir losses are not constrained within the 
reservoir segment. Since outflow from the reservoir segment is not transferred to downstream 
segments, the assignment of this inflow does not affect downstream computations.   Note: the 
stream network must be specified for every stress period during which reservoirs are active because 
the reservoir stage changes from month to month.  The specific yield was set to zero for those cells 
containing reservoirs because the reservoir storage change calculations are explicitly incorporated 
within the RRCA Accounting Procedures.  

The HYDMOD package was used to extract stream flows and reservoir leakage at selected 
locations.  A limitation of this package is the number of reaches within a stream segment canno t 
change in order for the HYDMOD package to extract the flow at the correct location.  Therefore, 
the mkstr program pads the reservoir segments of the stream network with “dummy reaches” to 
ensure that each segment contains the same number of reaches before and after the reservoir goes 
in.  The dummy reaches can be identified as having a conductance of zero, which precludes any 
surface-ground water interaction but ensures proper routing of flow and proper operation of the 
HYDMOD package. 

 
 
CALIBRATION OF GROUND WATER FLOW MODEL 
 
Purpose of Calibration 
 The purpose of calibrating the RRCA Model is to achieve an acceptable level of 
correspondence between model inputs, results and historical physical observations of the ground 
water flow system in the Republican River Basin.  The process of calibrating the RRCA Model also 
included the mathematical representation of the hydrogeologic framework, boundary conditions and 
hydraulic properties to reflect the physical characteristics of the Republican River Basin.  
 
 
Calibration Targets 
 
Water Levels 

Ground water levels have been measured throughout the Basin since the early 1900’s, but 
the number of sites increased dramatically post-World War II.  The source of ground water level 
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information used in the RRCA Model is the Ground Water Site Inventory (GWSI) maintained by 
the United States Geological Survey (USGS) in cooperation with all three States.  The tenure of 
static ground water level data ranges from a single-year measurement at a discrete location to a 
continuum of annual measurements that began in the early 1950’s and continues to date at the same 
well.  Ground water levels are typically measured once each year, usually in the non-irrigation 
season when effects from irrigation pumping are minimized.  The RRCA Model is calibrated to a 
ground water level dataset that contains a total of 350,233 water level records at 10,835 different 
sites.  The GWSI dataset was converted from latitude/longitude to an X-Y coordinate system.  The 
entire dataset, including one-measurement water levels, was used in model calibration except for 
wells that were determined by the representative State to be clearly erroneous.  The dataset and well 
hydrographs depicting observations and predictions are provided in electronic format in Appendix 
A. 
 
Baseflow 

 
Hydrograph separation is a technique that partitions the amount of surface water and ground 

water that is measured as total streamflow at a river gaging station.  Determining the component of 
total streamflow that is contributed by ground water (also called baseflow) requires professional 
expertise and judgment.  The hydrograph separation analysis used in this application is referred to 
as the Pilot Point method.  This procedure was adopted for application in this ground water model 
since it combines the benefits of graphical baseflow analysis with the computational efficiency 
afforded by electronic spreadsheets.  Daily streamflow information for one, or multiple years, is 
easily tabulated in a Microsoft Excel© electronic spreadsheet.  Daily hydrographs are subsequently 
plotted using the graphics package.  The analyst performing the baseflow separation uses the tools 
available in the electronic graphics package to select pilot or turning points that signify the baseflow 
component in the total amount of streamflow measured at a river gaging station.  A significant 
contribution of the graphics and computational package afforded by Microsoft Excel© is the 
flexibility to easily change the assignment of each pilot or turning point upon comparative review 
with other nearby streamflow hydrographs or in collaboration with another analyst.  The analyst 
may change one or multiple pilot points using the click-and-drag tool to another turning point and 
instantly recalculate the amount of baseflow for a defined period of time – from a month up to 
decades.   
 For the RRCA Model, sixty-five (65) independent baseflow analyses were performed and 
adopted as calibration targets.  Annual and monthly baseflow estimates for each analysis is provided 
in electronic medium in Appendix A.    
 
 
Comparison of model calculations to targets 
  

The RRCA Model calculations match the representative baseflow and water- level targets to 
a reasonable and acceptable degree. For the baseflow evaluation, the RRCA Model results were 
evaluated in juxtaposition on a graphical format with the accepted baseflow quantifications for 65 
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different stream reaches.  Based upon professional judgment, the model results reasonably match 
the trend and magnitude of the actual baseflow condition at the various locations. 
 Hydrographs showing the physical observations and model predictions were generated for 
all ground water wells with measurements.  Professional judgment was again used to evaluate the 
accuracy of the measurements and the comparison to model predictions, with greater weight being 
given to wells with a consistent measurement set and longer periods of record.  In consideration of 
the magnitude and complexity of the model domain, the RRCA Model generally matched the 
observed water- level targets.  The comparative evaluation of model calculations to physical targets 
based upon professional judgment, as opposed to a statistical assignment, is an acceptable method 
for a mathematical model with the magnitude and complexity inherent within the Republican River 
Basin.   
 
 
Calibrated Parameters  

Calibration parameters are physical, climatic, and/or aquifer properties that can be adjusted 
to so that the mathematical representation of a ground water model better represents actual 
conditions.  Selection of final values for calibration parameters requires consideration of the match 
between model outputs and calibration targets, and whether such values are reasonable considering 
geologic, climatic, and other conditions in the Republican River Basin.  Calibration parameters may 
vary in a spatial context to reflect different physical and/or geographic conditions.  The two 
principal calibration parameters used in application to the RRCA Model are hydraulic conductivity 
and precipitation recharge. 

 
Hydraulic Conductivity: hydraulic conductivity may be defined as the measure of the ease in which 
water can be transmitted through a porous material, i.e. flow through an aquifer.  The hydraulic 
conductivity values applied in the model are based upon professional expertise and vary across the 
model domain.  Hydraulic conductivity parameters were refined and statistically distributed 
throughout the model domain during the calibration process.  Hydraulic conductivity values were 
specified at a set of user-supplied points, approximately one per county.  These point values were 
distributed to every cell in the domain using logarithmic kriging.  The point values were varied 
during calibration using a combination of professional judgment and automated calibration using a 
parameter estimation program. 
 
Precipitation Recharge: The amount of precipitation that percolates into the ground water aquifer is 
dependent upon different soil characteristics and the amount of precipitation.  Three general soil 
classifications were identified and distributed throughout the Republican River Basin: coarse, 
medium, and fine. As part of the model calibration, the STATSGO Soil Type 832 that was 
originally classified as “fine” was reclassified as “medium” to better differentiate precipitation 
recharge in the mound area in Nebraska from the rest of the model domain.  In addition, the alluvial 
valleys were treated as distinct soil groups, with one group for the tributary alluviums and one for 
the alluvium along the mainstem.  Recognizing the amount of precipitation that recharges the 
ground water aquifer increases in proportion with precipitation, a set of two curves was developed 
for each of the three soil classifications.  One curve is for irrigated lands and the other for non-
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irrigated lands.  The Y-axis for each curve is inches of recharge from precipitation and the X-axis 
depicts the total amount of precipitation each year.  
 
Lesser calibration parameters that are used to further refine the ground water model include: 
 

Spatial Multipliers – the Spatial Multiplier has a value of 1.0 throughout the model domain 
except in the mound area in Nebraska where the value is 1.5.  A map of spatial multipliers with 
associated values is provided in Appendix Q. 
 
Steady-State Multiplier – for the period of 1918 to 1940, the long-term average recharge is not 
fully indicative of all conditions in the model domain, primarily in the western area. A steady-
state multiplier of 0.75 was applied to the average of the 1918-1940 recharge period throughout 
the Republican River Basin. 
 
Phreatophyte potential evapotranspiration rate – the rate is indexed to the McCook and Red 
Cloud, Nebraska and Akron, Colorado climate stations.  The annual potential evapotranspiration 
rates were linearly interpolated from west to east across the model domain.  To improve the 
ability of the model to match baseflows, all phreatophyte evapotranspiration rates were adjusted 
by a factor of 2.0.  For specific sub-basins, a second factor ranging between 0.03 and 1.12 was 
applied.  The location of the phreatophyte areas and distribution of potential evapotranspiration 
are provided in Appendix R. 
 
Saturated Thickness – Applied within the RRCA Model to improve the model performance, the 
saturated thickness in any given model cell was adjusted to a minimum of 10 feet.  The 
saturated thickness is based upon average values for the period 1940-2000 and was kriged 
across the model domain between known data points. The distribution of saturated thickness is 
provided in Appendix S. 
 
Transmissivity – The adjustments to hydraulic conductivity and saturated thickness described 
above were made during the calibration procedures and resulted in a distribution of 
transmissivity that is provided in Appendix T.  

 
Model Output 
 
 The RRCA Model is fully operational and calibrated to represent the physical and 
hydrogeological characteristics of the Republican River Basin to a reasonable degree.  The RRCA 
Model reasonably matches the trend and magnitude of ground water levels and stream baseflow 
targets distributed throughout the Republican River Basin, without significant bias in any region or 
hydrologic characteristic.  The RRCA Model is calibrated to a sufficient degree that depletions from 
ground water pumping and accretions from imported water from the Platte River System to the 
Republican River are quantified and assigned to prescribed streamflow reaches that are in accord 
with the RRCA Accounting Procedures.  
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The RRCA Model calculates the amount of ground water depletions from well pumping as 
the difference in streamflows using two simulation runs of the model.  The “base” run is the 
simulation with all ground water pumping, ground water pumping recharge, and surface water 
recharge within the model study boundary for the period 1918 to the current accounting year “on”.  
The “no State pumping” run is the simulation run with the same model inputs as the base run with 
the exception that all ground water pumping and pumping recharge for that particular State is turned 
“off.”  The amount of recharge from precipitation is recalculated by converting all ground water-
only irrigated land to non- irrigated lands.  The amount of depletions charged to each respective 
State is the difference between the “base run” and the “no State pumping run”.  In a similar manner, 
the “no NE import” run is the simulation with the same model inputs as the base run with the 
exception that surface water recharge from irrigation and canal leakage that is associated with 
Nebraska’s Imported Water Supply is turned “off.”  The amount of recharge from precipitation is 
recalculated by converting all surface water-only irrigated land to non irrigated lands and the 
Imported Water Supply Credit is the difference in stream flows between these two model simulation 
runs.  For commingled lands, defined as receiving irrigation water from a combination of surface 
and ground water supplies, there is no switch or conversion from irrigated to non- irrigated lands 
because it is assumed any deficit from one supply source will be replaced by the other.  Therefore, 
while the surface or ground water return flows may be removed in a no pumping or import 
simulation run, the derivation of recharge from precipitation remains unchanged for commingled 
lands. 

An output of the model is baseflows at selected stream cells. Changes in the baseflows 
predicted by the model between the “base” run and the “no-State-pumping” model run are 
considered to be the depletions to streamflows, or ground water computed beneficial consumptive 
use due to State ground water pumping at that location.  The values for each Sub-basin include all 
depletions and accretions upstream of the confluence with the Main Stem. For sub-basins with 
reservoirs and the Main Stem, the model’s output totals the depletions and accretions above and 
below each federal reservoir and in the reservoir reaches.  The values for the Main Stem include all 
depletions and accretions in stream reaches not otherwise accounted for in a Sub-basin.  The values 
for the Main Stem are computed separately for the reach above Guide Rock, and the reach below 
Guide Rock.  For subsequent years, the RRCA Model will be extended to include new hydrologic, 
pumping, climate, and other annualized datasets.  The data will be compiled and exchanged in 
accordance with the RRCA Accounting Procedures. 

 
For illustrative purposes, impact tables that quantify the depletion of ground water well 

pumping and imported water supply accretions by stream reach are provided in Appendix U for the 
period 1981-2000. 

 
 

CONCLUSIONS  
 

The RRCA Model fulfills the requirements of the FSS to develop a ground water model for 
use by the RRCA to aid in the administration of the Republican River Compact. The RRCA Model 
quantifies the amount, location, and timing of streamflow depletions caused by ground water well 



 
 
 

 24 

pumping and the accretions to streamflow from imported water across the model domain on an 
annual basis.  The RRCA Model provides the required output information in an acceptable format 
to describe the amounts and timing of said ground water pumping depletions and imported water 
accretions that are necessary for application within the prescribed annual RRCA Accounting 
Procedures. The RRCA Model calibration represents the physical and hydrogeological 
characteristics of the Republican River Basin to a reasonable degree. The use of specific methods or 
computational procedures within the RRCA Model does not necessarily mean that any party 
represents or accepts them to be the best or only method for purposes other than that, which is 
applied in the RRCA Model.  The RRCA Model will be used as is, with only annual updates to the 
appropriate data files and necessary modifications to pre-processor programs required to 
accommodate modified future data formats, but without recalibration, until such time as the RRCA 
approves any changes.  The RRCA may cons ider revisions to the model as set forth in the FSS.  
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