
Delineation of Areas Potentially Drained by Tile Drains and 
Updating of Streamflow-Trend Statistics from the Elkhorn 

River Basin in Eastern Nebraska 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

By  
Kellan R. Strauch and Richard C. Wilson, P.E.  

U.S. Geological Survey 
Nebraska Water Science Center 

Lincoln, Nebraska 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

February 8, 2010 



SUMMARY 
The results of a previous study that focused on streamflow trends in the Elkhorn River Basin reported 
increased temporal trends in streamflow for the period of record at eight streamflow-gaging stations 
(Dietsch and others, 2009).  To better understand the hydrologic processes in the basins it is proposed to 
study the reasons for the positive trend in streamflow at the streamflow-gaging stations. Some of the 
processes that are presumed to affect streamflow are; tile drains, precipitation effects, streambed 
degradation, creek straightening effects on streambed degradation, and agricultural best management 
practices (BMPs).  The U.S. Geological Survey (USGS) in cooperation with the Lower Elkhorn Natural 
Resources District (LENRD) propose to study the effect of man-made tile drains on streamflow in the 
Elkhorn River Basin and to update the streamflow statistics of the previously published report by 
Dietsch and others (2009).  The USGS and the LENRD will update the streamflow statistics and trends 
to include data from 2005-2009, use a decision tree classification (DTC) system (Naz and Bowling, 
2008) to determine areas that would have the highest likelihood of being underlain by tile drains, ground 
truth selected sites for presence of tile drains, determine if the use of remote-sensing methods described 
by Naz and Bowling (2008) is a practical method to map tile drains in the Elkhorn River Basin, and 
determine and demonstrate a method to measure the quantity of water that flows in tile drains to 
streams. The study will span Federal fiscal years 2010 and 2011. The results of this study will be made 
available as an online U.S. Geological Survey (USGS) Scientific Investigations Report (SIR). 

BACKGROUND AND PROBLEM 
The sustainability of water resources in the Elkhorn River Basin, Nebraska is a critical issue. The 
understanding of streamflow trends is important to the determination of sustainable use of surface water 
and groundwater in the basin.  Nebraska State Statute, Section 46-713 of the Ground Water 
Management and Protection Act, requires the Nebraska Department of Natural Resources to evaluate 
annually the expected long-term availability of hydrologically connected water supplies. This annual 
evaluation is required for every river basin, sub-basin, or reach that has not previously been determined 
to be fully or over appropriated including the Elkhorn River Basin. As such, the LENRD is collecting 
data and developing water-management strategies to assist with water-resources planning. Specifically, 
the LENRD is concerned with the effect of groundwater withdrawal on the availability of surface water 
and the long-term effects of groundwater withdrawal on water resources.  

The Elkhorn River Basin is located in northeastern Nebraska, situated within two distinct landforms—
the migrating sand dunes to the west and the windblown loess deposits to the east (Bentall and others, 
1971). The topography is charactristic of many basins in Nebraska, with a relatively flat surface near the 
stream transitioning to rolling hills and dunes or loess deposits at the basin margins. 

The Elkhorn River is a tributary of the Platte River and drains an area of about 7,000 mi2 (Bentall and 
others, 1971). The Elkhorn River discharge is fairly uniform throughout the year with base flow 
provided by groundwater; however, during springtime the possibility for large precipitation events, 
coupled with winter-thaw and snow-melt runoff, can produce large rises in stream stage and large 
increases in discharge. 

The principal use of groundwater in Nebraska is agricultural, primarily as a source of irrigation. The 
average number of center-pivot irrigation systems in the State is about 1.1 per mi2. The number of 



irrigation wells within about 3 miles of the Elkhorn River in the Upper Elkhorn River Basin increased 
from approximately 294 in 1975 to approximately 730 in 2000. 

Previously, the LENRD, Upper Elkhorn Natural Resources District (UENRD), and the USGS 
cooperatively studied trends in streamflow characteristics of sites in the Elkhorn River, Salt Creek, and 
Lower Platte River Basins to provide information for developing water-resources management and 
planning strategies.  The findings were published in a USGS Scientific Investigations Report (SIR): 
“Trends in Streamflow Characteristics of Selected Sites in the Elkhorn River, Salt Creek, and Lower 
Platte River Basins, Eastern Nebraska, 1928-2004, and Evaluations of Streamflows in Relation to 
Instream-Flow Criteria, 1953-2004” by Benjamin J. Dietsch, Julie A. Godberson, and Gregory V. 
Steele.  The results of the study indicated positive temporal trends in streamflow for the period of record 
at eight streamflow-gaging stations.  Wen and Chen (2006) showed that trends in mean-annual 
streamflow at gages in eastern Nebraska were not significant when adjusted for precipitation; however, 
the purpose of this study is to investigate mechanisms other than precipitation and groundwater 
withdrawals that may affect streamflow, particularly during low flows.  To better understand the 
processes in the basins it is proposed to study the underlying reasons for the positive trend in streamflow 
at the streamflow-gaging stations and to update the streamflow statistics at these stations from 2005-
2009.  The processes that could affect streamflow are; tile drains, precipitation effects, streambed 
degradation, creek straightening effects on streambed degradation, and agricultural best management 
practices (BMPs).  This proposed study will initially focus on the effects of tile drains on streamflow 
and the updating of streamflow statistics. 

OBJECTIVES AND SCOPE 
Determine if the use of remote sensing techniques are a realistic option to map tile drains in the Elkhorn 
River Basin and determine a method to measure discharge in tile drains.  The USGS Scientific 
Investigations Report (SIR) by Dietsch and others (2009) will be updated to include the most recent 
streamflow data available. Specific study tasks are: 

 
1. Update the streamflow statistics and trends from 2005-2009 at eight streamflow-gaging 

stations (gage) at – Platte River near Duncan (06774000), Platte River at North Bend 
(06796000), Elkhorn River at Neligh (06798500), Logan Creek near Uehling (06799500), 
Maple Creek near Nickerson (06800000), Elkhorn River at Waterloo (06800500), Salt Creek at 
Greenwood (06803555), and Platte River at Louisville (06805500). In general, sites in the 
Elkhorn River Basin upstream from Norfolk showed fewer significant trends than did sites 
downstream from Norfolk and sites in the Platte River and Salt Creek basins, where trends in 
low flows also were positive.  The previous streamflow analysis is detailed in USGS Scientific 
Investigations Report  “Trends in Streamflow Characteristics of Selected Sites in the Elkhorn 
River, Salt Creek, and Lower Platte River Basins, Eastern Nebraska, 1928-2004, and 
Evaluations of Streamflows in Relation to Instream-Flow Criteria, 1953-2004” by Benjamin J. 
Dietsch, Julie A. Godberson, and Gregory V. Steele. 

 
2. Use a decision tree classification (DTC) system (Naz and Bowling, 2008) to determine areas 

that would have the highest likelihood of being underlain by tile drains, and ground truth 
selected sites for presence of tile drains. Interviews and surveys will be conducted with area 
farmers, LENRD employees, Conservation and Survey Division employees, and other 



knowledgeable individuals with knowledge of the area for information on tile-drain prevalence 
in the areas highlighted by the DTC. 

 
3. Determine if the use of remote sensing methods described by Naz and Bowling (2008) is a 

practical option to map tile drains in the Elkhorn River Basin by testing the method on a small 
area of the basin. If the method proves to be a viable option. available aerial and satellite 
photography in the study area will be compiled and reviewed to determine the adequacy for 
mapping tile-drain locations and if additional data sets will be needed. 
 

4. Determine and demonstrate a method to measure the quantity of water that flows in tile drains 
to streams in the basin.  

RELEVANCE AND BENEFITS 
The Elkhorn River Basin is a sensitive watershed, and its contribution to the In-Stream Appropriation A-
17331 (Aiken, 1989) creates a need for additional hydrologic study.  This proposal will contribute the 
scientific information that will assist in successfully managing water resources in the basins. The 
proposed work is consistent with the USGS’s Strategic Direction for the Water Resources Division 
(WRD), Facing Tomorrow’s Challenges—U.S. Geological Survey Science in the Decade 2007-2017 
(Circular 1309). This issue specifies that the USGS should work to understand ecosystems and predict 
ecosystem change: ensuring the nation’s economic and environmental future and to work to quantify, 
forecast, and secure freshwater for America’s future. The proposal will benefit the cooperator by 
providing basic hydrologic data and a more thorough understanding of the hydrologic system so that 
informed decisions, can be made on surface-water management issues. 

APPROACH 
To attain the objectives of this study several approaches will be used.  First, the streamflow trends in the 
report “Trends in Streamflow Characteristics of Selected Sites in the Elkhorn River, Salt Creek, and 
Lower Platte River Basins, Eastern Nebraska, 1928-2004, and Evaluations of Streamflows in Relation to 
Instream-Flow Criteria, 1953-2004” by Benjamin J. Dietsch, Julie A. Godberson, and Gregory V. Steele 
will be updated to include the data from water years 2005-2009 using statistical methods. Mean-annual 
discharges will be determined for each of the past 5 years for each gage and mean-monthly discharges 
will be updated for June, July, August, and September of each complete water year of gage operation. 
Daily values will be reformatted and converted to watershed data management (WDM) format using the 
program Input and Output for a Watershed Data Management (IOWDM) (Flynn and others, 1995; 
available at: (http://water.usgs.gov/software/iowdm.html).  The program Surface Water Statistics 
(SWSTAT) (Flynn and others, 1995) will be used to analyze data for trends. The Kendall’s tau test 
(Kendall, 1975) will be used to test for the presence of temporal trends in mean-annual discharge, and 
mean-monthly discharge for June, July, August, and September. A p value threshold of 0.01 will be 
used to determine whether possible trends are significant; p-values measure the “believability” of the 
null hypothesis of the test (Helsel and Hirsch, 2002). 

The SWSTAT program will be used to update the 1-day and 7-day low-flow discharge magnitude and 
time period for each water year at each gage based on mean-daily discharge data.  Kendall’s tau test will 
be used to determine the presence of trends in low-flow data.  Histograms will be generated to 

http://water.usgs.gov/software/iowdm.html


summarize the number of water years that 1- and 7-day lowest flow for the year occurred in each 
calendar month.  Flow duration curves will be generated for June, July, August, and September.  
Additionally, duration hydrographs for each gage will be generated in SWSTAT depicting the flow 
exceedance percentiles (for example, 90th percentile) and related flow for each day of the year at each 
gage to identify low-flow seasons over the long term at each gage. 

Second, a DTC will be used to delineate areas that are not likely to be drained by tile drains and areas 
that are likely to have tile drains.  The DTC process will follow the guidelines described in “Automated 
Identification of Tile Lines from Remotely Sensed Data” by Naz and Bowling (2008). A DTC along 
with Geographic Information System (GIS) coverages of land use, soil-drainage class, surface-slope 
data, and a set of three rules will be used to determine the areas that are potentially drained by tile drains 
in the Elkhorn River Basin. The first step of the delineation will be to select areas with agricultural 
fields based on the land-use data set.  The second step will be to select areas from the soil-drainage class 
that are poorly drained. The third step will be to select areas that have small surface slopes (Naz and 
Bowling, 2008).  After the DTC process is finished, selected sites within the area highlighted by the 
DTC will be investigated for the presence of tile drains.  In addition, individuals including area farmers, 
LENRD employees, Conservation and Survey Division employees, and other knowledgeable individuals 
in the areas highlighted by the DTC process, will be surveyed to determine if any known tile drains are 
present. 

Third, a small subsection of the area that was highlighted by the DTC will be selected to test the 
effectiveness of mapping tile drains using remotely sensed data.  The process that will be used is 
described in Naz and Bowling (2008).  This process uses aerial and satellite photography, along with an 
edge-detection technique to map tile drains. This method achieves the best results with 1-meter 
resolution photography and photography that is collected within several days of a rainfall event of at 
least 1 inch (Naz and Bowling, 2008).  The timeliness of the photography is important because soils 
above the tile drains dry more quickly than soils in the surrounding areas and will be displayed as 
different colors of soil. These color differences can be detected in aerial photography and mapped out 
using an edge-detection filter and GIS.  Once the best-suited photography is selected, an edge-detection 
filter will be applied to map the tile drains as described in Naz and Bowling (2008).  After this process is 
completed, the method’s effectiveness will be determined after talks between the LENRD and USGS to 
determine if it should be applied to the remainder of the area highlighted by the DTC.  If the decision is 
made to continue the process, available areal and satellite photography will be compiled and reviewed to 
determine if additional photography will need to be collected. 

Fourth, the USGS and the LENRD will determine a method to measure the amount of water flowing 
from a tile drain.  This will be important to determine if physical measurements can be made to 
determine discharge from tile drain’s to the Elkhorn River.  This process will include literature reviews, 
contacting other agencies that have experience measuring tile-drain discharge, and testing different 
methods for effectiveness. 

PRODUCTS 
The results of the report will be published as an online USGS SIR. Availability of an online report 

helps disseminate the results of the investigations to a broad audience, and enables water managers and 
users to gain access to this information in a timely manner. All products will adhere to the USGS 
Fundamental Science Practices including peer review and to all other USGS quality standards 



SCHEDULE 
Proposed study will span the state fiscal years 2010-2012. 

 
Activity 

2010 2011 2012 
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 

Update Streamflow Trends 
Report 

X X       

DTC/Ground Truth for 
Tile Drains 

 X X X     

Map Tile Drains using 
Aerial 
Photography/Review 
Existing Photography 

   X X    

Determine Method to 
Measure Flow in Tile 
Drains     X X 

  

Report and Publication       X X 

 

BUDGET 
The total cost of the study to the LENRD is $92,000 over three as shown in the table below. 

 
State FY 

 
FY 2010 FY 2011 FY 2012 Total 

LENRD   $23,000   $50,600   $18,400   $92,000 
USGS   $7,800   $17,000   $6,200   $31,000 
Total   $30,800   $67,600   $24,600   $123,000 
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