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1. Introduction 
 
MODFLOW (McDonald and Harbaugh 1988) has been commonly used in the calculation of 
streamflow depletion possibly caused by nearby groundwater irrigation.  Chen and Yin (1999a; 
1999b) were among the first to use MODFLOW in the analysis of stream-aquifer interactions for 
Nebraska’s river basins.  Other applications of MODFLOW for such an analysis in Nebraska 
include Chen and Chen (2004) in the central Sand Hills area, Chen and Shu (2006) in south-
central Platte Valley, Lucky and Cannia (2005) in the Platte Valley west of Lake McConaughy, 
and Peterson (2005) in the Platte Valley between Columbus and Gothenburg.   
 
The River Package in MODFLOW can be used for the quantification of water exchange between 
rivers and aquifers.  The River Package requires values of streambed conductance.  This 
parameter is a mathematical term, defined such that (McDonald and Harbaugh 1988)  
 

M
WLk

C rivv
riv =         (1) 

 
where vk  = hydraulic conductivity of the streambed materials, Lriv = length of the stream channel 
in the model grid cell, W = width of the stream channel in the model cell, and M = thickness of 
the streambed material. Streambed width can be easily determined from a field investigation, but 
the values of vk  and M are not.  As pointed out by McDonald and Harbaugh (1988), calculation 
of Criv from Equation 1 is straightforward if a low-hydraulic-conductivity layer (LHC) in the 
channel can be differentiated from the underlying sediments. However, values of vk  and M for 
this distinct layer are often not at hand and they must be determined from in-situ investigations 
or laboratory methods.  Under some circumstances, this LHC layer does not exist on the channel 
surface but in the deeper part of the channel sediment, which cannot be observed without 
sediment coring directly in river channels. Furthermore, sediments in some river channels consist 
wholly of sand and gravel, in which LHC layers cannot be differentiated. Thus, the value of M 
must be chosen more or less arbitrarily (McDonald and Harbaugh 1988). In any circumstances, 
determination of sedimentary structures and the vertical hydraulic conductivity of channel 
sediments is still needed. In many practices of groundwater flow modeling, values of Criv are 
calibrated without knowledge of the values of kv, M, and W. Such an approach would only bring 
a large amount of uncertainty into the calculation of streamflow depletion induced by a pumping 
well.    
 
As has been discussed by Chen and Chen (2003) and Chen (2007), the water flow under river 
channels has a strong vertical component.  Figure 1 shows nearly vertical water flowlines 



 2 

induced by a nearby pumping well, and Figure 2 shows strong vertical flowlines on a vegetation-
river-aquifer profile. 
 

 
 
Fig. 1. Infiltrated streamwater flowlines connect to a pumping well on the  right side (Chen and 

Chen 2003). The flowlines are nearly vertical under the river (left side). 
 
 

 
 
Fig. 2.  A flownet for a vegetation-river-aquifer profile shows that a river gains water from the 

left and loses water to the right side.  Flowlines are nearly vertical under the river 
channel.  The flownet was generated using a Galerkin finite eleme nt numerical model of 
Chen (2007). 

 
 
As suggested by the flowline patterns in the two figures, the vertical hydraulic conductivity and 
the thickness of streambed (M) are needed parameters in the quantification of water exchanges 
between stream and the nearby aquifers.  In some occasions, analytical solutions, for example, 
the Hunt solution (1999), may be used for a quick/simplistic assessment of streamflow depletion 
induced by groundwater pumping. Knowledge about streambed conductance is also required to 
use the Hunt solution.  
 
Investigation of streambed thickness and its hydraulic conductivity for the rivers in the Elkhorn 
River Basin has not been conducted. Within this basin, the Quaternary sediments in the river 
valleys and uplands change from sand/gravel in the west to glacial tills in the east.  How this 
lithologic pattern of soil and aquifer groups affects the sedimentary structures of the channel 
sediments is unknown.  There is no knowledge about how the hydraulic conductivity of the 
channel sediments varies from the channel surface to a larger depth and from one reach to 
another. Yet, the results of this hydraulic parameter from various reaches of the main stem and 
tributaries of the Elkhorn River are needed for a better understanding of the aquifer-river 
hydrologic relationship and for development of river-aquifer management models.   
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2. Objectives 
 
There are three objectives for this project: 1) to determine the architecture of the channel 
sediments in the Elkhorn River and its tributaries from which the streambed thickness will be 
determined; 2) to determine the vertical hydraulic conductivity of the channel sediments from the 
top to the depth (up to 50 ft) ; 3) to quantify the hydrologic relations between rivers and their 
adjacent aquifers. 
 
3. Previous studies and methods 
 
Investigation of the vertical hydraulic conductivity of streambed on Nebraska rivers includes 
Nguyen and Gilliland (1985) within the Platte River near the Grand Island well field; Landon et 
al. (2001) on the Platte River near Brady and on several tributaries of it; Chen (2000), Chen 
(2004), Chen (2005), and Song et al. (2007) in the Republican River between McCook and Red 
Rock, in the Platte River between Kearney and Ashland, and in the rivers of the Blue Basin. All 
of these tests show that the vertical hydraulic conductivities vary greatly from one river segment 
to another.  Those tests of Nguyen and Gilliland (1985) penetrated only the top of 15-cm channel 
sediments, 25-cm channel sediments by Landon et al. (2001), and 40 to 100-cm sediments by 
Chen (2000, 2004, 2005) and Song et al. (2007).  In-situ permeameter tests are inexpensive 
methods for characterization of spatial variations of vertical hydraulic conductivities of the top 
channel sediments. Determination of the thickness of streambed (M) and the vertical hydraulic 
conductivity of the channel sediments deeper that 1 m needs other technologies.  
 
Dr. Chen, principal investigator (PI), recently used the direct-push method of Geoprobe to 
generate electrical conductance (EC) log and collect sediment cores from river channel up to 20 
m.  EC logs provide crucial information on the layers of the channel sediments; permeameter 
tests on these sediment cores produced Geoprobe provide the vertical hydraulic conductivity of 
channel sediments for a larger depth. This method provides needed data for estimation of M and 
kv, appearing in Equation 1.  Figure 3 shows the operation of Geoprobe in a tributary of the Big 
Blue River of Nebraska. This figure also shows standpipe permeameter tests in the channel.   
Figure 4 shows two electrical logs generated by Geoprobe from two study sites within the Platte 
River.  At the Kearney site (Fig. 4a), the channel sediments consist mainly of sand and gravels to 
a depth of 14 m; at this depth, a regional aquitard layer begins.  In contrast, the channel 
sediments at the Silver Creek site consist mainly of silt and clay for the depth between 4 to 15 m 
(Fig. 4b).  The channel at the latter site has thus much less hydrologic connection with the 
adjacent alluvial aquifer.  Sediment columns from various depths were tested for vertical 
hydraulic conductivity.  The vertical hydraulic conductivity values of the channel sediments for 
the two sites vary with the depth of sediment column, as shown in Figure 5.  
 
Results of a study on streambed conductance in the Platte River between Kearney and Duncan 
and another study in the Blue River Basin by Dr. Chen indicate that streambed conductance can 
differ several orders of magnitude from one to another site.  This difference in streambed 
conductance can lead to a large difference in the results of calculated streamflow depletion 
induced by a pumping well.  For a given well location, the depletion can be less than 5% for a 
smaller streambed conductance but greater than 80% for a large streambed conductance. 
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Fig. 3. Geoprobe produces electrical log and collects sediment cores. In-channel permeameter 
tests (standpipes) determine the vertical hydraulic conductivity of the top streambed. 
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Fig. 4. A large electric conductance (EC) value indicates low-hydraulic-conductivity sediments. 

(a) EC log from the Platte River near Kearney, (b) EC log from the Platte River near Silver 
Creek. 
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Fig. 5. Profiles of vertical hydraulic conductivity of the channel sediments from the Kearney 

(left) and Silver Creek (right) sites of the Platte River. 
 
 
 
4. Investigation activities and project management 
   
We propose to investigate streambed tests in the Elkhorn River Basin.  We will use Geoprobe 
techniques for EC logging and sediment coring in river channels, conduct in-situ and in-
laboratory permeameter tests on the channel sediment cores for determination of spatial 
variations of streambed vertical hydraulic conductivity, and integrate new and existing data (such 
as CSD test-hole logs, logs of irrigation wells, stream stage, groundwater levels, and well 
capacity test results) for quantification of the hydrologic connections between stream and 
aquifers at the study sites.  We propose to conduct these investigations at 15 sites in the Elkhorn 
River Basin.  Among these test sites, one EC log and one series of continuous sediment cores 
will be produced at two sites. Each sediment core is retained in a 5-feet tube.  The transparent 
feature of the tube allows us to examine the layers of channel sediments from the cores and 
compare them with the EC log at the test site.  The depth of the EC log and sediment cores will 
be up to 50 feet or until the Geoprobe sampler reaching bedrock if the thickness of the channel 
sediments is smaller than 50 ft.  At other eight sites, three EC logs and one series of sediment 
cores will be produced.  The three EC logs can be generated across the channel or along the 
channel, depending the channel geometry or site accessibility.  The remaining five sites will 
likely be located in areas with stronger heterogeneity of geological materials. At these five sites, 
one series of sediment cores and up to 5 EC logs will be generated. For these five sites, the 
number of EC logs can be fewer if a site has limited spots for Geoprobe to access and operate.  
At each site, one of the test spots for EC logging will be co-located with the spot for sediment 
coring.  The sediment cores produced by Geoprobe will be brought to UNL to conduct 
permeameter tests from which the vertical hydraulic conductivity of each sediment cores will be 
determined. 
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At each test site, in-channel permeameter tests will also be conducted at eight locations.  At each 
location, a permeameter test for the shallow layer and the other for the deeper layer will be 
conducted.  This test mode provides information on the vertical variation of kv in the top 1-m of 
the channel sediments.  Sediment samples will also be collected from each site to document 
grain-size distribution of the channel sediments.  With the information on the sedimentary 
layering and vertical hydraulic conductivity of the channel sediments, a streambed conductance 
can be determined for the studied reaches. 
 
Three agencies, the Nebraska Department of Natural Resources (NDNR), the Lower Elkhorn 
Natural Resource District (LENRD), and the Upper Elkhorn Natural Resource District 
(UENRD), and the University of Nebraska-Lincoln School of Natural Resources (UNL-SNR) 
will be involved in this project.  Xun-Hong Chen and Sue Lackey of UNL-SNR will be principal 
and co-principal investigators for this project. Jesse Bradley, Rick Wozniak and Tylr Naprstek 
will be the primary leader of NDNR, LENRD, and UENRD, respectively, for this project. 
 
The PI, Co-PI, and leaders of the three agencies will meet to discuss and identity the study 
locations. Inputs will also be invited from others member in the involved units.  After the 
preliminary sites are selected, permissions will be obtained from property owners by UENRD 
and LENRD for possible streambed tests. CSD drilling crew will visit some of the sites to 
evaluate the accessibility to Geoprobe. 
 
This project will take about two years.  When technical problems or managerial issues arise, the 
team should meet or communicate to discuss.  During the progress of the project, PI and Co-PI 
will communicate with the team to update preliminary results.  We will also be available to 
update our preliminary results to the managers of NDNR, LENRD, and UENRD.  Results will be 
summarized in a final report to the two NRDs and NDNR. 
 
5. Timelines of this project 
 
The project will start on July 1, 2007 and the projected end date is June 30, 2009.  The timelines 
of the project activities is as follows.  
 
7/07 – Identifying study sites, contacting landowners for permission for work on their properties, 

and visiting the study sites to evaluate the accessibility to Geoprobe. 
08/07-12/08 – Geoprobe operation within or near the river channels. 
08/07-12/08 – Conducting in-channel and laboratory permeameter tests. 
7/08-6/09 – Data analysis for determination of streambed conductance and quantification of the 

hydrologic relations between streams and aquifers. 
4/09-6/09 – Preparing the final report to the two NRDs and NDNR. 
 
6. Contractual process and cost estimate 
 
The total cost estimated for the project is $84,666.  NDNR, LENRD, and UENRD will share the 
cost. Among this estimated cost, $42,000 will come from NDNR, and $42,666 will come from 
LENRD and UENRD.  The Lower Elkhorn Natural Resource will develop an inter-local 
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agreement with NDNR and UENRD and it will serve as contractual unit to develop a contract 
with the University of Nebraska-Lincoln. 
 
 
Table 1 summarizes the cost for various research activities in this project. 
 
 

 
Table1. Cost for streambed tests in the Elkhorn 
Basin    

 Project Period: 7/1/2007-6/30/2009     
      

 Description Quantity 
Total 
Cost 

Cost 
From  

Cost 
From  

    
Two 

NRDs NDNR 
      
1 PI Dr. Xun-Hong Chen, 0.1 FTE  $0   
 CO-PI Sue Lackey, 0.1 FTE  $0   
      
2 Graduate student salary $1600/month 18 months $28,800 $14,400 $14,400 
 Tuition remission (32%)  $9,216 $4,608 $4,608 
 Health insurance  $1,500 $750 $750 
      
3 Geoprobe -- EC logs and sediment coring  15 sites $30,000 $15,000 $15,000 
 (CSD drilling crew, average $2000 per site)     
      
4 Travel     

 
 In-stream permeameter tests, site visit, 
meetings     

 (mileages, food, and lodging), $250/site 15 sites $3,750 $1,875 $1,875 

 
attending a national conference to present 
results  $1,500 $750 $750 

      

5 Sediment sample analyses ($30/one sample) 
180 

samples $5,400 $3,033 $2,367 
 (12 samples/site, Geotechnical Services Inc.)     
      
6 Permeameter tests in the laboratory, supplies  $500 $250 $250 
 (for sediment cores from Geoprobe coring)     
      
7 Office and computer supplies  $2,000 $1,000 $1,000 
      
8 Publication  $2,000 $1,000 $1,000 
      

      
      

 Total Costs  $84,666 $42,666 $42,000 
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The contact information for each agency includes the following. 
 
The primary contact for UNL is:   Dr. Xun-Hong Chen,  

UNL, School of Natural Resources 
Hardin Hall, Room 623 
Lincoln, NE 68583-0996 
xchen2@unl.edu  
Phone (402) 472-0772 
 
Sue Lackey 
UNL, School of Natural Resources 
601 E Benjamin Ave Ste 104, NEREC 
Norfolk, NE 68701-0812 
Slackey1@unl.edu  
Phone (402) 286-4052 

       
 
The primary contact for NDNR is:   Jesse Bradley 

  Nebraska Department of Natural Resources 
 301 Centennial Mall South 
 Lincoln, NE 68509-4676 
  jbradley@dnr.ne.gov  
  Phone (402) 471-0586 

 
The primary contact for LENRD is:   Rick Wozniak, Water Resources Manager 

Lower Elkhorn Natural Resources District 
601 East Benjamin Avenue, Suite 101 
Norfolk, NE 68701 
rwozniak@lenrd.org  
Phone (402) 371-7313 
 

The primary contact for UENRD is:   Tylr Naprstek, Water Resource Manager 
Upper Elkhorn NRD 
301 N. Harrison St. 
O'Neill, NE 68763 
tnaprstek@uenrd.org  
Phone (402) 336-3867 
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