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Figure 5.10: Site located south of Gering, Nebraska near State Highway 92.  
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Table 5.11: Updated regression equations compared to existing methods for a watershed 
near O’Neill, Nebraska. 

 
Method 

Q10 
(cfs) 

Q25 
(cfs) 

Q50 
(cfs) 

Q100 
(cfs) 

Hydraflow Hydrograph 237 340 435 518 
Cordes Regression – Region 1 408 1,050 1,560 2,509 
Cordes Regression – Region 2 464 1,050 1,503 2,266 
Rational Method 509 671 842 983 
Updated Regression   (<10 mi2) – NW 25 76 221 541 
  (complete) – NW 189 580 1,169 2,127 
Updated Regression   (<10 mi2) – NE 3,010 4,715 6,428 8,511 
  (complete) – NE 211 393 594 867 

 
 The Hydraflow, Rational and updated NW regression equations (< 10 mi2) predicted 
lower discharges.  The updated NW equations predicted the lowest peak flows for the given 
return periods.  Peak flows were significantly underpredicted for return periods of less than 50-
years.  But, the larger return period peak flows compared favorably with results of the NDOR 
recommended methods.  A possible reason that the NW equations are lower is because they were 
developed for a CDA range of 1.8-10.5 mi2.  The CDA for the O’Neill site is 0.91 mi2.  
Furthermore, Figures 4.6 and 5.1 illustrate that the majority of gaging stations with an area of 
less than 10 mi2 are at least 150 miles to the west of the test site.  The updated equations for the 
NE region (complete) gave results comparable to NDOR recommended methods.  The location 
of the watershed is shown in Figure 5.11. 

5.11 Sidney, Nebraska – Cheyenne County 
 The site is located west of Sidney on County Road 22.  The drainage area is 0.98 mi2 and 
is located in the Northern & Western Region.  Table 5.12 gives the peak discharge estimates 
computed using existing methods and the updated regression equations. 

Table 5.12: Updated regression equations compared to existing methods for a watershed 
near Sidney, Nebraska. 

 
Method 

Q10 
(cfs) 

Q25 
(cfs) 

Q50 
(cfs) 

Q100 
(cfs) 

TR55 Method 412 590 789 961 
Hydraflow Hydrograph 413 592 783 947 
Cordes Regression  299 1,300 3,186 7,757 
Beckmans Regression  223 540 966 1,617 
Rational Method 655 884 1,062 1,282 
Updated Regression   (<10 mi2) – NW 31 98 295 741 
  (complete) – NW 123 426 919 1,745 

 



 

 

108

 
Figure 5.11: Site located north of O’Neill, Nebraska on U.S. Highway 281.
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 The largest peak flow estimates are given by Cordes regression equations and smallest by 
the updated regression equations (< 10 mi2).  The updated regression equations are likely too low 
for return periods of less than 50-years.  The recommended method used by NDOR was the 
Rational method.  Beckmans and the updated regression equations (complete) gave peak flow 
estimates similar to the Rational method.  Almost identical peak flow predictions were given by 
the TR55 and Hydraflow methods, but these discharges are slightly lower than the Rational 
method estimates.  Overall the updated equations (< 10 mi2) did not compare well to existing 
NDOR methods.  The updated equations for the NW regions were developed from watersheds 
larger than 1.8 mi2, which is twice as large as the Sidney basin.  Also, figures 4.6 and 5.1 
illustrate that a majority of gaging stations with an area less than 10 mi2 are north of the current 
site.  The location of the watershed is shown in Figure 5.12. 

5.12 Sunol, Nebraska – Cheyenne County 

 The site is located in Sunol on US Highway 30.  The drainage area is 0.35 mi2 and is 
located in the Northern & Western Region.  Table 5.13 gives the peak discharge estimates using 
existing methods and the updated regression equations. 

Table 5.13: Updated regression equations compared to existing methods for a watershed 
near Sunol, Nebraska. 

 
Method 

Q10 
(cfs) 

Q25 
(cfs) 

Q50 
(cfs) 

Q100 
(cfs) 

TR55 Method 116 185 264 356 
Hydraflow Hydrograph 117 191 281 380 
Cordes Regression 235 1,100 2,724 6,837 
Beckmans Regression 173 426 771 1,302 
Rational Method 448 603 717 856 
Updated Regression   (<10 mi2) – NW 9 33 129 401 
  (complete) – NW 67 264 618 1,249 

 
 The highest peak flows were predicted using Cordes regression equations.  The large 
regression slopes give low estimates for the 10-year peak flow but high discharges for the 100-
year return period.  Beckmans and the updated regression equations (complete) produced peak 
flows that were lower than those predicted by Cordes but were still large for high return periods.  
The recommended method used by NDOR was the Hydraflow method, which produced results 
that were nearly identical with those produced using the TR55 method.  The Rational method 
produced results that were higher than those produced using the recommended method, but the 
results were reasonable. 
 The updated equations (< 10 mi2) predicted peak flows that were extremely low 
compared to peak flows computed using the existing methods.  Return periods of 10- and 25-
years were inaccurate, but for larger return periods the results compared favorably.  The small 
estimates can be partially attributed to the size of the drainage basin.  The area is five times 
smaller than any stream gage used in the development of the updated equations.  Also, figures 
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4.6 and 5.1 illustrate that a majority of gaging stations with an area less than 10 mi2 are north of 
the current site. A lack of stream gages near Sunol makes the peak flow estimates less accurate.  
The location of the watershed is shown in Figure 5.13. 



 

 

111

 
Figure 5.12: Site located northwest of Sidney, Nebraska near U.S. Highway 30.
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Figure 5.13: Site located at Sunol, Nebraska on U.S. Highway 30.
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6. SUMMARY AND CONCLUSIONS 

 In this chapter, a summary of the methods and procedures used in the project is given.  
Conclusions of the work are outlined, and future research and implementation that might be of 
interest based on findings from this research effort are discussed.   

6.1 Summary 
 The objective of this research project was to develop a set of regression equations that 
allow the Nebraska Department of Roads (NDOR) to rapidly estimate peak flow discharges for 
both large and small watersheds.  The new equations take advantage of new Geographic 
Information Systems (GIS) technology to reduce processing time and to improve peak flow 
predictions.  The use of 7.5-minute Digital Elevation Models (DEM) improved the spatial 
resolution so that the revised equations are applicable for high resolution maps.   
 Regional peak flow frequency analysis made it possible to estimate extreme flow values 
in locations with limited flow data using data from watersheds with similar hydrologic responses.  
Using a GIS and digital spatial data, drainage-basin characteristics were quantified.  Peak 
discharges were estimated at return intervals ranging from 2- to 500-years in Nebraska.  The 
regional regression analysis used a weighted-least squares (WLS) regression and data from 273 
gaging stations to develop peak flow equations for seven hydrologic regions.   
 Twenty-five morphometric characteristics were extracted from the 7.5-minute DEMs.  
The improved DEM resolution allowed for the extraction of characteristics from previously 
undefined watersheds.  The basin characteristics were extracted using ArcInfo software.  A basin 
characteristic database was created using ArcInfo software.  ArcInfo was used to manipulate the 
DEMs into useable hydrologic information.  There are twelve measured morphometric basin 
characteristics which were used in the development of other calculated basin characteristics.   
 Peak-flow frequency data were gathered for unregulated streams with at least 10 years of 
annual peak-flow records.  Nebraska’s return period discharge estimates were collected from 
Soenksen et al. (1999a), who used the Log-Pearson Type III frequency distribution and the 
guidelines in Bulletin 17B of the Interagency Advisory Committee on Water data to determine 
the peak flows.  The gaging station information through the 1994 water year was used to develop 
the peak discharge frequencies.  In addition, the most recent peak-flow frequencies were 
collected from selected basins in South Dakota, Iowa, Missouri and Kansas.  All of the out-of-
state stations used in the analysis had flow data at least through the 1992 water year.   
 Regionalization was used to improve the accuracy of peak flow predictions in Nebraska.  
In the latest update of Nebraska’s regression equations, the state was subdivided into seven 
hydrologic regions (Soenksen et al., 1999a).  Western Nebraska was regionalized based on 
permeability and the percent of noncontributing drainage area.  The Upper Republican River 
basin was used in the southwest corner of the state.  The central and south-central region was 
developed from Loup River tributaries and streams located in the Platte River floodplain.  The 
eastern regions were based on watershed divides.  Major basins included the Big Blue River, 
Elkhorn River, Salt Creek, Big Nemaha River, and the Missouri River tributaries.  The seven 
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hydrologic regions are the Big Blue, Eastern, Northeastern, Central and South-Central, Upper 
Republican, Northern and Western, and the High Permeability region.   
  A weighted least-squares (WLS) regression model was used to develop a relationship 
between basin characteristics and peak-flow data.  The WLS regression model takes into 
consideration the length of record at each site.  Basin characteristics were chosen by minimizing 
the standard error between observed and predicted peak discharge values, as determined from the 
regression analysis.  Each region had an annual peak flow estimate for the recurrence intervals of 
2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-years in Nebraska.   
 All regional regression equations included contributing drainage area (CDA) which is 
likely to be the most important basin characteristic.  Drainage area is directly related to the 
magnitude of the stream discharge.  The regression equations were limited to three basin 
characteristics for each return period.  Also, the equations included at least one slope or soil 
characteristic in them, and preferably both a slope and soil characteristic.  Important slope 
characteristics include the average basin slope (BS), main channel slope (MCS), and relative 
relief (RR).  Statistically relevant soil characteristics were the average permeability of the least 
permeable layer (PLP), average permeability rate of the 60-inch soil profile (P60) and the 
average maximum soil slope (MSS).  In addition, a correlation was established between peak 
flows and the compactness ratio (CR) and shape factor (SF).  In the regression equations, 
exponents with powers of greater than two were avoided.  Large exponents can cause the 
significance of a basin attribute to be over-represented.   

6.2 Conclusions 

 Regional equations were developed for seven hydrologic regions in Nebraska.  Two sets 
of regression equations were developed for each region: one representative of basins with areas 
less than 10 mi2 and one for the complete range of drainage areas except for the High 
Permeability region.  The elimination of large watersheds increased the accuracy of prediction 
for smaller watersheds, but because the number of gages used in the analysis was necessarily 
reduced, the level of confidence in the resulting equation is also lower.   
 The Big Blue region is primarily the Big Blue River drainage area in southeastern 
Nebraska.  The equations developed for basins with areas of less than 10 mi2 gave reasonable 
estimates when compared to two Nebraska Department of Roads (NDOR) projects.  The 
standard error of the equations ranged from 16 to 64 percent.  Equations developed for the 
complete range of drainage areas had a standard error of 38 to 63 percent.  When compared with 
NDOR predictions the regression equations developed for the Big Blue Region produced 
consistent results.   
 The Eastern region represents the Missouri River tributaries in northeastern Nebraska and 
the southeastern corner of the state.  The equations developed for basins with areas of less than 
10 mi2 gave reasonable estimates when compared to the results of two NDOR projects.  The 
standard error of the equations ranged from 22 to 32 percent.  Equations developed for the 
complete range of drainage areas had a standard error of 24 to 49 percent.  The equations 
developed for the complete range of drainage areas also were in agreement with the peak flow 
estimates determined for the NDOR projects. 
 The Northeastern region includes most of the Elkhorn River drainage area in Nebraska.  
The equations developed for basins with areas of less than 10 mi2 gave reasonable results when 
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compared to three NDOR sites.  But, a majority of the stations are located in the eastern part of 
the region.  When compared to the NDOR results of sites located on the west side of the region, 
the regression equations produced estimates that were high.  The standard error of the equations 
ranged from 23 to 63 percent.  Equations developed for the complete range of drainage areas had 
a standard error of 39 to 70 percent.  The gaging stations used in the development of the 
complete range of drainage areas have a spatially uniform representation in the Northeastern 
region. 
 The Central and South-Central region represents the middle Platte, Loup and middle 
Republican Rivers in Nebraska.  The equations developed for basins with areas of less than 10 
mi2 gave variable results.  The region has a wide variety of soils and morphological 
characteristics and lacks representative peak flow data.  The standard error of the equations 
developed for small basins ranged from 33 to 100 percent.  Equations developed for the complete 
range of drainage areas had a standard error of 92 to 149 percent.  The equations for the 
complete range of drainage areas gave reasonable estimates when compared to results of the 
NDOR methods.    
 The Upper Republican region represents the southwestern corner of Nebraska.  The 
standard error of the equations developed for basins with areas of less than 10 mi2 ranged from 
21 to 74 percent.  Equations developed for the complete range of drainage areas had a standard 
error of 60 to 113 percent.  Both sets of equations produced estimates that were in agreement 
with the peak flow estimates determined for recent NDOR projects. 
 The Northern and Western region includes a majority of northwestern Nebraska.  The 
equations developed for basins with areas of less than 10 mi2 did not compare well to NDOR 
estimates.  The region covers a large area, is highly variable, and has a majority of the gaging 
stations located in the northwestern corner of the state.  The standard error of the equations 
ranged from 32 to 221 percent.  Equations developed for the complete range of drainage areas 
had a standard error of 81 to 136 percent.  Neither set of equations accurately predicts peak 
discharge, but the equations developed using all of the gaging stations may be more trustworthy 
because of the shortage of gaging stations on watersheds with small drainage areas.   
 The High Permeability region is representative of basins centrally located in the Nebraska 
sandhills.  Only equations for the complete range of drainage areas were created.  The High 
Permeability region is highly variable and has high permeability rates.  The standard error of 
estimate ranged from 66 to 172 percent.  The regression equations are not likely to be as accurate 
in this region, but no NDOR sites were available for comparison with existing methods. 
 With the use of 7.5-minute Digital Elevation Models the spatial resolution used to 
develop the regression equations was improved.  The Big Blue, Eastern and Northeastern region 
(regions on the eastern side of the state) compared the best with existing NDOR peak-flow 
estimates.  Due to the lack of peak flow data and the higher spatial variability of basin attributes, 
western Nebraska regions do not accurately estimate peak flows.  The greatest concern is that 
there is only a limited number of streamflow gages, and a much smaller number of streamflow 
gages for small watersheds. 
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6.3 Recommendations 
 The accuracy of the regional regression equations is dependent upon the datasets used to 
develop them.  Regional analysis creates homogeneity within regions, which improves the 
accuracy of the peak flow estimates.  However, when the state is subdivided into regions the 
number of stations within each region is limited.  Additional gaging stations, uniformly 
distributed throughout the state, are critical to provide a better representation of each region.  
Additional flow data at current locations and at sites that currently are not recording flow 
characteristics will strengthen the regression equations.  Since many roadway and construction 
projects require flow information for small basins, it would be beneficial to gage a larger number 
of basins with areas of less than 10 mi2.  With recent improvements in technology, creating a 
simple, low cost, and durable recording device may be practical on a statewide basis.  Also, 
satellite data is improving and it may eventually become possible to remotely obtain higher 
resolution flow data.  These things should be considered for future improvements in peak flow 
prediction. 
 The locations of additional gaging stations should also be carefully considered.  It is 
important to create a uniform distribution of stations.  Each region should be populated with 
stations that cover the entire region.  In addition, the locations should consider a wide range of 
topography and soil characteristics.  The basin slope, main channel slope and relative relief of 
each basin can be easily extracted.  Updates in Nebraska’s GIS databases have made the 
collection of soil characteristics quicker.   
 The procedures used to develop Nebraska’s updated regression equations will be helpful 
as updates in GIS technology and new data become available.  Recently 7.5-minute, 10 meter 
Digital Elevation Models were released by the USGS for Nebraska and updated, high resolution 
soil maps will be released in the future.  Improved topographic resolution and soil properties will 
improve representations of basin properties and should make basin delineation more accurate, 
but it should also be recognized that many of the variables used in the regression equations are 
data-scale dependent, and the equations will need to be adjusted if new scales are introduced.   
 As a final note, the introduction of high resolution mapping and other GIS capabilities 
has made it desirable to look into relating precipitation to stream-flow.  In future research, it will 
be beneficial to focus on methods of using precipitation data to predict peak flows, rather than 
using a statistical representation of the peak flows themselves.  Improvements in Doppler radar 
and other measurement techniques have made it much easier to gather precipitation data, and 
although humans have an influence on precipitation amounts, they have a much stronger 
influence on land-use.  High resolution elevation data, accurate soils data, and real-time land use 
monitoring will all contribute to more accurate coupling between precipitation data and peak 
flow data.  Statistical peak flow data, on the other hand, do not take changes in land use into 
account; this can lead to gross inaccuracies (e.g., if urbanization or changes in tillage practices 
occur).  This methodology may be easier to develop for small watersheds where storm coverage 
is often 100% and the impact of base flow is not as great. 
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APPENDIX A.  DEFINITIONS OF MORPHOMETRIC AND SOILS 

PARAMETERS 
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Table A.1: Drainage basin characteristics quantified using Arcinfo 
 

Morphometric Characteristics 
 

 Morphometric characteristics were delineated from 1:24,000-scale Digital Elevation 
Models (DEM), with 30-meter resolution.  The DEM’s are an array of elevations representing 
ground positions at regularly spaced horizontal intervals.  The use of a single dataset simplified 
and increased the processing speed of the basin network analysis.  It also produced a uniform 
dataset with seamless basin measurements.   
 

Basin-Area Quantifications 
 
Total drainage area (TDA): in square miles, the WATERSHED function in GRID was used to 
determine the area.  TDA includes all areas that will potentially contribute to surface runoff, 
based on topography.   
 
Contributing Drainage Area (CDA): in square miles, the area within the TDA that contributes 
directly to surface runoff.  If NCDA exists the CDA was determined from published data. 
 
Non-contributing drainage area (NCDA): in square miles, all areas in the basin that do not 
directly contribute to surface runoff.  NCDA was considered as SINKS within the DEM’s, but 
errors in resolution limited its use.  TDA and published CDA were used to calculate non-
contributing areas.   

NCDATDACDA −=  
 

Basin-Length Quantifications 
 
Basin Perimeter (BP): in miles, determined from the PERIMETER value in the INFO file of the 
watershed polygon coverage.  Basin perimeter is a measure of the length around the entire total 
drainage area.   
 
Basin Width (BW): Effective basin width, in miles. 

MCL
CDABW =  

 
Basin-Relief Quantifications 

 
Average Basin Slope (BS): in feet per mile, the contour-band method was used to determine the 
basin slope of the TDA.   
BS = [(total length of all selected elevation contours) (contour interval)] / TDA 
 
Basin Relief (BR): if feet, measured as the elevation difference between the highest grid cell 
(Emax) and the elevation of the watershed outlet (Emin). 
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Table A.1: (continued) 
 
Maximum basin elevation (Emax): Taken from statistics INFO file of the elevation grid. 
 
Minimum basin elevation (Emin): Taken from statistics INFO file of the elevation grid. 
 

Basin Quantifications 
 
Compactness Ratio (CR): dimensionless, 

CDA
BPCR
π2

=  

 
Elongation Ratio (ER): dimensionless, 

SFMCL
CDAER 113.14

2 ==
π

 

 
Rotundity of Basin (RB): dimensionless, 

SF
CDA
MCLRB 785.0
4

2

==
π  

 
Relative Relief (RR): in feet per mile,  

BP
BRRR =  

 
Shape Factor (SF): dimensionless, 

BW
MCLSF =  

 
Channel or Stream Quantifications 

 
Main Channel Length (MCL): in miles, the FLOWLENGTH command was used to determine 
the length of the longest reach.  Flow path was measured from the basin outlet to the watershed 
divide in the TDA.   
 
Total Stream Length (TSL): in miles, summing the lengths of all stream segments within the 
total drainage area.  Using the INFO table from the STREAMORDER coverage, TSL can be 
found by summing the LENGTH column.    
 

Channel-Relief Quantification 
 
Main-Channel Slope (MCS): in feet per mile, Computed from the difference in elevations at 10 
percent (E10) and 85 percent (E85) of the distance along the main channel from the pour point to 
the basin divide.   
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Table A.1: (continued) 
 

MCL
EE

MCS
75.0

)( 1085 −=  

 
Channel or Stream Quantification 

 
Main-Channel Sinuosity Ratio (MCSR): dimensionless,  

BL
MCLMCSR =  

 
Stream Density (SD): in miles per square miles,  

CDA
TSLSD =  

 
Constant of Channel Maintenance (CCM): in square miles per mile, 

SDTSL
CDACCM 1

==  

 
Main-Channel Slope proportion (MCSP): dimensionless,  

MCS
MCLMCSP =  

 
Ruggedness Number (RN): in feet per mile,  

))(())(( BRSD
CDA

BRTSLRN ==  

 
Slope Ratio (SR): dimensionless, 

BS
MCSSR =  

Stream-Order Quantifications 
 
First Order Streams (FOS): dimensionless, a STREAMORDER grid was created using the 
Strahler method option in GRID.  GRID summary statistics are used to compute the number of 
first order streams.   
 
Basin Stream Order (BSO): dimensionless, stream order of the main channel at the basin 
outlet.   
 
Drainage Frequency (DF): in number of first order streams per mile,  

CDA
FOSDF =  
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Table A.1: (continued) 
 
Relative Stream Density (RSD):  dimensionless,  

22

))((
SD
DF

TSL
CDAFOSRSD ==  

 
 

Soil Characteristics 
 
 Soils were based on characteristics defined by Dugan (1984) for Nebraska Stations and 
by State Soil Geographic Data Base (STATSGO) for stations outside of Nebraska (Natural 
Resources Conservation Service, 1994).   
 
Average Permeability (P60): in inches per hour, the average permeability rate of the soil 
horizon.  Where, PERMH and PERML are the maximum and minimum value for a range in 
permeability and FA is the fractional area of the drainage basin occupied by the soil series.   

2
)( PERMLPERMHPAvgH +

=  

∑ •= )(60 FAPAvgHP  
 
Average Available Water Capacity (AWC): in inches per hour, where AWCH is the maximum 
value for the range of available water capacity for the soil horizon. 

∑ •= )( FAAWCHAWC  
 
Average Minimum permeability (PLP): in inches per hour, where PERML is the minimum 
value for the range in permeability rate for the soil layer.   

∑ •= )( FAPERMLPLP  
 
Average Maximum Soil Slope (MSS): in percent, the maximum value for the range of slope 
(SLOPEH) of a soil series.  

∑ •= )( FASLOPEHMSS  
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Figure A.1: Locations of the basin relief quantifications. 
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Figure A.2: Example of graphical output from ArcGIS. 
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APPENDIX B.  GAUGING STATIONS USED IN REGRESSION ANALYSIS 
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Table B.1: Gaging stations with drainage areas of less than 10 mi2. 

 
 
 
 
 
 
 
 
 

Region Gaging stations used in regression analysis 
Big Blue 6856800 6872600 6873300 6880590 6883540 6883955 6884005 6884300

Eastern 6600600 6600800 6607700 6607800 6607900 6608600 6608700 6608800 6803540 6803570
 6803700 6804100 6806420 6806440 6806470 6810060 6810100 6810400 6816000 6820000
 6821000 

 
 

Northeastern 6600600 6600800 6607700 6607800 6607900 6608600 6608700 6608800 6610700 6790600
 6793995 6799190 6800350  

Central & 
South Central   

6768300 
6853100 

6777700 6777800 6782800 6782900 6789100 6789200 6790600 6790900 6851300

   
Upper 6823500 6829700 6839200 6839700 6844800 6847600 6848200
Republican 
 

  

Northern &  6382200 6399700 6443200 6443300 6445590 6449750 6456200 6463200 6652400 6762600
Western 
 

6767100 6767200  
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Table B.2: Gaging stations used in complete regression analysis. 

 
 
 
 
 
 
 
 
 
 

Region Gaging stations used in regression analysis 
Big Blue 6853800 6856100 6856800 6871000 6871500 6873000 6873300 6873500 6874500 6879900

 6880000 6880500 6880508 6880710 6880720 6880730 6880740 6880800 6881000 6881200
 6881450 6881500 6882000 6883000 6883540 6883570 6883600 6883700 6883800 6883940
 6883955 6884000 6884005 6884200 6884300 6884400 6885500 6886500 6887200 6888000
 6888300  
   

Eastern 6600600 6600700 6600800 6600900 6601000 6606790 6607700 6607800 6607900 6608000
 6608500 6608600 6608700 6608800 6608900 6609000 6610600 6803000 6803510 6803520
 6803530 6803540 6803600 6803700 6803900 6804000 6804100 6804200 6804500 6805000
 6806400 6806420 6806440 6806460 6806470 6806500 6810060 6810100 6810200 6810300
 6810500 6811500 6813000 6814000 6814500 6815000 6815500 6815510 6816000 6820000
 6821000  
   

Northeastern 6466500 6478280 6478300 6478518 6478520 6478800 6478820 6478840 6600000 6600600
 6600700 6600800 6600900 6601000 6607700 6607800 6607900 6608000 6608500 6608600
 6608700 6608800 6608900 6609000 6610600 6610700 6790600 6790700 6790800 6790900
 6791100 6791500 6792000 6793500 6793995 6795000 6797500 6798000 6798500 6799000
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Table B.2: Gaging stations used in complete regression analysis (Continued). 

 
 
 

Region Gaging stations used in regression analysis 
Central &  6768050 6768100 6768200 6768400 6768500 6769000 6769100 6769200 6769300 6769500
South Central   6770700 6770800 6770900 6770910 6771000 6771500 6772000 6777700 6777800 6782800

 6782900 6783500 6784000 6784700 6784800 6788988 6789100 6789200 6789300 6789400
 6789500 6790600 6790700 6790800 6790900 6791100 6849600 6850000 6850200 6851000
 6851100 6851200 6851300 6851400 6851500 6853100 
   

Upper 6821500 6823000 6824500 6825000 6825500 6828000 6835000 6836000 6837300 6838200
Republican 6839000 6839200 6839400 6839500 6839600 6839850 6839900 6839950 6840000 6840500

 6841500 6844000 6844210 6844800 6844900 6845000 6845100 6845200 6846000 6846200
 6846500 6847000 6847500 6847600 6847900 6848200 
   

Northern &  6382200 6396490 6399700 6443200 6443300 6443700 6444000 6445500 6445560 6446000
Western 6446400 6447500 6449100 6449500 6449750 6450500 6453500 6453600 6456200 6456300

 6462500 6463500 6464500 6464900 6465300 6652400 6677500 6687000 6767100 6767200
 6767300 6767400 6767410 6767500  
   

High  6447500 6448000 6449100 6449500 6450500 6459175 6459200 6462500 6463500 6677500
Permeability 6687000 6692000 6775500 6775900 6776500 6777000 6777500 6778000 6779000 6780000

 6782500 6782700 6785000 6786000 6787000 6787500 6788500 6789000 6790500 6791500
 6792000 6793500 6794000 6794500 6797500 6798000 6798300 6798500 6799000 6799100
 6799350 6821500 6823000 6823500 6824500 6828000 6834500 6835000 6837300 6839000
 6839500  
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APPENDIX C.  IMPLEMENTATION PLAN 

By Kevin Donahoo and David Admiraal 
 
Following the completion of Water-Resources Investigations Report 99-4032, it became 
apparent to the potential users at the Nebraska Department of Roads that the procedures outlined 
within that report would be difficult to duplicate using available office resources.  The purpose of 
this research is to develop new equations and procedures that would enable designers at the 
Department of Roads to use the updated GIS-based Regression Equations using available office 
means. 
 
Since the Regression Equations developed through this research are also of interest to 
organizations outside of the Nebraska Department of Roads, coordination with other agencies 
and organizations has already been initiated.  Dr. Admiraal has presented the results of this 
research to Nebraska Department of Natural Resources and Nebraska Department of Roads 
personnel.  As a result, in addition to the automation processes developed herein for the Arcinfo 
software, additional automated procedures were developed by staff members at Nebraska 
Department of Natural Resources for use within the Arcview GIS software.  This has enhanced 
the information-sharing capabilities between the two agencies, and has allowed both agencies to 
compare the results from the new equations with other regression equations. 
 
It is considered standard operating procedure for several hydrology methods to be used on large 
scale drainage studies so that each method can be considered for suitability at the study site.  The 
new equations contained within this report are already being implemented as one of those 
methods.  
 


