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EXECUTIVE SUMMARY 
In 2021 and 2022, the Nebraska legislature enacted LB406 and LB1023, respectively, which 
first established the Statewide Tourism And Recreational Water Access and Resources 
Sustainability (STAR WARS) special committee, and then the Lake Development Act which was 
codified in statute as the Jobs and Economic Development Initiative (JEDI) Act (Neb. Rev. Stat. 
§61-401 to 61-404). In these pieces of legislation, the unicameral recognized the importance – 
in the wake of historic flooding in 2019 and the COVID-19 pandemic – for both flood control and 
major recreational opportunities in the state to attract and retain an increasingly remote 
workforce. The STAR WARS committee envisioned, in the lower Platte River corridor, a lake 
that would rival Iowa’s Lake Okoboji as a tourist destination and hub for public-private 
partnerships to develop lakeside communities, a community town center, and a major resort. As 
outlined in the STAR WARS committee’s report, a lake location northeast of the city of Ashland, 
Nebraska was contemplated and this informed the committee’s recommendation that further 
analysis be conducted to inform viable locations for a lake of at least 3,600 acres, located in or 
near Sarpy County, and adjacent to – but not impounding – the Platte River.   

Recognizing the potential for impacts to public water system wellfields, the legislature also 
appropriated funds to be administered through the Nebraska Department of Natural Resources 
(NeDNR) for further study on possible lake sites. The City of Lincoln Water System (LWS) 
already had its Water 2.0 project – investigating possibilities for additional source(s) of drinking 
water – underway with Black & Veatch and Olsson, and recognized that these consultants have 
the necessary expertise regarding the water system as well as expertise in the types of 
technical analysis needed for potential lake sites. Thus, LWS amended its Water 2.0 contract to 
include this study and entered into a memorandum of understanding with Omaha’s Metropolitan 
Utilities District (MUD) to allow for MUD’s wellfields and concerns to also be considered.  

The scope of this study, then, was to: (1) construct and calibrate a subregional groundwater 
model and run scenarios to help inform where a lake of this scale should not be developed while 
considering wellfields and their associated wellhead protection areas (WHPAs); (2) develop and 
calibrate a two-dimensional surface water model of the Platte River and floodplain in the area of 
interest and use information from scenarios run with this model to inform further groundwater 
modeling to determine impacts of potential lakes on wellfields operated by the LWS and MUD; 
(3) evaluate impacts to local water balance resulting from lakes constructed at the identified 
potential locations, specifically estimating evaporation and evapotranspiration; (4) perform 
seepage analysis of potential lakes; and (5) evaluate geomorphic impacts of potential lakes, 
including impacts from flood events on geomorphology of the lake itself as well as fluvial 
geomorphology resulting from existence of a lake.  
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With LWS, MUD, and NeDNR serving as client advisors throughout this study, three potential 
lake sites were identified and analyzed: (1) a dammed lake on the Elkhorn River near 
Nickerson, Nebraska; (2) a dammed lake on Salt Creek between Greenwood and Ashland, 
Nebraska; and (3) an excavated lake along the Platte River downstream of Louisville, Nebraska. 
Midway through the study, the Nebraska Department of Economic Development (NDED) joined 
as a client advisor. Upon presentation of initial analytical results of these potential lake sites, the 
NDED also requested consideration of a small excavated lake along the Platte River upstream 
of Louisville – alongside the larger excavated lake downstream of Louisville that had already 
been analyzed – that had previously been eliminated from consideration. The purpose of 
considering both excavated lakes along the Platte River was to understand any change to the 
already-analyzed impacts for a total lake surface area, at these locations, that would be more 
similar to the legislatively envisioned 3,600+ acres (the combined acreage of both Platte River 
lakes in this study is roughly 3,000 acres).  

For the Elkhorn River lake, which would have a footprint of approximately 4,100 acres, 
groundwater modeling indicated an increase in groundwater level of approximately 29.4 feet on 
the downstream end of the lake. Surface water modeling showed a decrease in the immediately 
downstream 100-year flood water surface elevations of up to 0.60 feet, and reduced 100-year 
flood water surface elevations along the Platte River of 0.01 foot or less. Water balance analysis 
indicated that, during exceptionally dry periods, water surface elevation of the lake would 
fluctuate but minimum flows (as defined by this analysis)1 could be maintained downstream. 
The greatest concerns revealed by the desktop geotechnical seepage analysis were that 
foundation seepage rates could be highly variable and that relatively shallow bedrock could 
present concerns about karst conditions either being present or developing. Finally, the 
geomorphic analysis indicated substantial possible impacts on overall sediment, flow, and 
habitat downstream in the Platte River, and that negative impacts to water quality, habitat, fish 
passage, and flooding were possible for the Elkhorn River.  

For the Salt Creek lake, which would also have a footprint of approximately 4,100 acres, 
groundwater modeling indicated an increase in groundwater level of approximately 41.8 feet on 
the downstream end of the lake. Surface water modeling showed a decrease in the immediately 
downstream 100-year flood water surface elevations of up to 0.30 feet, and reduced 100-year 
flood water surface elevations along the Platte River of 0.1 foot or less. Water balance analysis 
indicated that, during exceptionally dry periods, water surface elevation of the lake would 

 
1 Required minimum flows were determined based on the monthly 10th percentile flows for each stream. 
Required minimum flows do not consider wellfield needs as defined by LWS or MUD or existing in-stream 
flow rights downstream of the lake locations. In addition, the Water Balance Analysis did not consider this 
recreational lake as a water supply and also assumed a minimum flow during drought conditions for 
releases to support biological integrity. 
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fluctuate significantly but minimum flows (as defined by this analysis)1 could be maintained 
downstream. The greatest concern revealed by the desktop geotechnical seepage analysis was 
that foundation seepage rates could be highly variable. Finally, the geomorphic analysis 
indicated minimal possible impacts on overall sediment, flow, and habitat downstream in the 
Platte River, but that negative impacts to water quality, habitat, fish passage, and flooding were 
possible for Salt Creek. Most notably, adverse impacts are likely to creek bend stability and 
bridge scour through an infrastructure-dense portion of the city of Ashland.  

For the Platte River lakes, which would have a combined footprint of approximately 3,000 acres, 
groundwater modeling indicated an increase in groundwater level of approximately 8.4 feet on 
the downstream end of the large lake, with an equal decrease on the upstream end; for the 
small lake, this increase/decrease was 6.8 feet. Surface water modeling showed increases of 
1.37 feet and 1.89 feet, respectively, for the large and small lake in the immediately downstream 
100-year flood water surface elevations along the Platte River; these conditions would require a 
Conditional Letter of Map Revision with the Federal Emergency Management Agency (FEMA). 
Water balance analysis indicated decreased average annual atmospheric water loss when 
comparing lake evaporation to existing land use evapotranspiration, and reduced demand on 
groundwater supplies. The greatest concern revealed by the desktop geotechnical seepage 
analysis was that foundation seepage rates were anticipated to be high and that, because of 
variable depth to bedrock, the possibility exists for karst conditions to be present or to develop. 
Finally, the geomorphic analysis indicated several concerns, including: (1) increased erosion 
due to elevated flood depths and associated increased risk of avulsion; (2) high sediment load 
in the lakes themselves would lead to a requirement for substantial dredging efforts; (3) removal 
of native vegetated floodplain would render proposed embankments/structures more vulnerable 
to damage from overbank flows; (4) negative impacts on water quality, habitat, fish passage, 
and flooding were possible for Buffalo Creek, Springfield Creek, and other tributaries that would 
be intercepted by the lakes; and (5) water quality and ecological concerns would exist within the 
lakes due to removal of wetlands, nutrient loading, and sedimentation. For the large lake, an 
increased scour threat would exist due to the location on the outside bend of the Platte River 
meander, requiring robust channel stabilization measures; for the small lake, the location on the 
inside bend of the Platte River meander would result in increased sedimentation. In addition, for 
the small lake, increased velocities and flood depths due to natural constriction of the floodplain 
could be further exacerbated.   

General conclusions of the analyses included in this study are summarized in Table 1 of this 
document, and details of each of the analyses are provided in the appendices.  
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1. PROJECT HISTORICAL CONTEXT 
1.1 LB406 (2021): The STARWARS Committee 
In 2021, the Nebraska legislature enacted LB406 which, in part, established the Statewide 
Tourism And Recreational Water Access and Resources Sustainability (STAR WARS) special 
committee. This committee was tasked with conducting studies that would investigate various 
needs, conditions, and opportunities around three areas 
of the state – including a stretch of the lower Platte River 
– focused on surface water-based development and 
recreation. The legislature noted the need to investigate 
opportunities to invest in these areas to help attract and 
retain an increasingly remote workforce.2  

In the lower Platte River corridor particularly, the STAR 
WARS committee’s study and report (Figure 1) focused 
on flood mitigation measures as well as identifying 
opportunities to maximize tourism and recreational 
opportunities, provide water supply resilience and 
increased habitat preservation opportunities, and 
improve water quality. In the course of the committee’s 
study, a consultant evaluated impacts – at a conceptual 
level – of flood control/recreation projects in the lower 
Platte River corridor (Figure 2). The consultant 
conceptualized and evaluated two different 4,000-acre lake configurations: a dual-lake system 
split by a causeway; and a large, single lake. The general location of the conceptualized lakes 
was in the vicinity of the Metropolitan Utilities District (MUD)’s Platte West and City of Lincoln 
Water System (LWS)’s wellfields along the Platte River, generally northeast of Ashland, 
Nebraska.3  

The committee envisioned that this lake would provide public access to outdoor recreation and 
rival out-of-state lakes, such as Lake Okoboji in Iowa, so that recreation dollars currently leaving 
Nebraska would remain in state. The committee’s report also envisioned robust development 
around this lake, including residences, a community town center, and a destination resort. 
Recognizing the complexities of such a development between the state’s two major 

 
2 Legislature of Nebraska, 2022. Legislative Bill 1023. Retrieved July 25, 2024 from: 
https://nebraskalegislature.gov/FloorDocs/107/PDF/Intro/LB1023.pdf.  
3 Executive Board of the Legislative Council for the State of Nebraska, 2022. Statewide Tourism and 
Recreational Water Access and Resource Sustainability (STARWARS) Special Committee Final Report. 
Retrieved July 25, 2024 from: https://dnr.nebraska.gov/lb-1023-water-recreation-enhancement-act.  

Figure 1: Cover page of the STAR 
WARS special committee final 
report 

https://nebraskalegislature.gov/FloorDocs/107/PDF/Intro/LB1023.pdf
https://dnr.nebraska.gov/lb-1023-water-recreation-enhancement-act
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metropolitan areas (and noting that both cities have municipal wellfields in the area), the 
committee also recommended further assessment and analysis of the feasibility of such a lake.3   

1.2 LB1023 (2022) and the Jobs and Economic Development 
Initiative (JEDI) Act 

In 2022, as the STAR WARS committee’s report was being finalized, the Nebraska legislature 
enacted LB10232, a portion of which was later codified in statute as the Jobs and Economic 
Development Initiative (JEDI) Act (Neb. Rev. Stat. §61-401 to 61-404)4. The legislation and 
statute granted several powers to the Nebraska Department of Natural Resources (NeDNR) 
related to implementing the Act, including the authority to select land upon which a lake would 
be built according to the following criteria: 

1. Land shall be located in or near Sarpy County and within the floodplain or floodway of 
the Platte River; 

 
4 Nebraska Revised Statutes Chapter 61. Retrieved July 25, 2024 from: 
https://nebraskalegislature.gov/laws/browse-chapters.php?chapter=61.  

Figure 2: Lakes as conceptualized by HDR, Inc. in STAR WARS Committee’s final 
report.3 

https://nebraskalegislature.gov/laws/browse-chapters.php?chapter=61
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2. Preference shall be given to locations that were materially under water when the Platte 
River flooded in 2019; 

3. It is the intent of the legislature that the lake be at least 3,600 acres in size; 

4. No dam shall be constructed on the main channel of the Platte River in order to 
construct the lake; 

5. No city or village, or any part thereof, shall be flooded in order to construct the lake. 
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2. SCOPE OF STUDY 
2.1 City of Lincoln Water System, (Omaha) Metropolitan 

Utilities District, and State of Nebraska Involvement 
Recognizing the potential for impacts to public water system wellfields, the Nebraska legislature 
also appropriated funds to be administered through NeDNR for further study on possible lake 
sites. LWS already had its Water 2.0 project - investigating possibilities for additional source(s) 
of drinking water - underway with Black & Veatch and Olsson, and recognized that these 
consultants have the necessary expertise regarding the water system as well as expertise in the 
types of technical analysis needed for potential lake sites. Thus, LWS amended its Water 2.0 
contract to include this study and entered into a memorandum of understanding with MUD to 
allow for MUD’s wellfields and concerns to also be considered. LWS, MUD, and NeDNR 
provided guidance throughout the course of the study described in this report. Monthly progress 
meetings and workshops were held between LWS, MUD, NeDNR, Olsson, and Black & Veatch 
to discuss the progress of the modeling and evaluations. In addition, LWS, MUD, and NeDNR 
provided direction and feedback on assumptions and decisions throughout the study. In summer 
2024, around the time the most critical pieces of analysis were completed and presented to the 
client advisory group, representatives of the Nebraska Department of Economic Development 
(NDED) joined the discussions as client advisors.  

The following representatives participated in these meetings and comprised the client advisory 
group: 

• Steve Owen, Assistant City Engineer, LWS 
• Bob Taylor, Senior Design Engineer, Water Production, MUD 
• Luca DeAngelis, Senior Hydrogeologist at Layne and Technical Advisor to MUD 
• Jesse Bradley, Assistant Director, NeDNR 
• Jenny B. Mason, Director of Community Development and Disaster Recovery, NDED 
• Joseph Lauber, Deputy Director of Operations/Chief Legal Officer, NDED 

2.2 Study Purpose 
The purpose of this study, then, was to: (1) construct and calibrate a subregional groundwater 
model and run scenarios to help inform where a lake of this scale should not be developed while 
considering existing wellfields and their associated protection areas, and then use this 
groundwater model to examine impacts of the potential lakes to local groundwater levels and 
elucidate water quality concerns; (2) develop and calibrate a two-dimensional model of the 
Platte River and floodplain in the area of interest and use information from scenarios run with 
this model to inform further groundwater modeling to determine impacts of potential lakes on 
wellfields operated by LWS and MUD; (3) evaluate impacts to local water balance resulting from 
lakes constructed at the identified potential locations, specifically estimating evaporation and 
evapotranspiration; (4) perform seepage analysis of potential lakes; and (5) evaluate 
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geomorphic impacts of potential lakes, including impacts from flood events on geomorphology 
of the lake itself as well as fluvial geomorphology resulting from existence of a lake.  

2.3 Summary of Analytical Reports 
Analytical reports were prepared outlining each area of analysis and are included here as 
appendices. The reports are as follows: 

• Groundwater Modeling Summary Report (Appendix A): Discusses construction and 
calibration of the sub-regional JEDI groundwater model (JEDI model) and the results of 
particle tracking and water level assessment scenarios 

• Surface Water Flood Modeling Report (Appendix B): Provides details on the 
construction and calibration of a two-dimensional surface water model of the applicable 
portion of the lower Platte River, as well as the modeled impacts of potential lakes 
resulting from various flood intensities 

• Water Balance Modeling Report (Appendix C): Describes impacts of each potential 
lake on local water balances, especially the impacts to losses of water to the 
atmosphere through evapotranspiration 

• Desktop Geotechnical Analysis Summary Report (Appendix D): Examines 
anticipated seepage through the embankments and beds of each potential lake to 
determine each lake’s viability from a perspective of maintaining permanent pool 

• Geomorphic Analysis Report (Appendix E): Summarizes the foreseeable impacts to 
local geomorphology from each potential lake, especially each lake’s potential to induce 
head cutting upstream and/or downcutting and/or bank erosion downstream 
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3. DEVELOPMENT IN AREA OF INTEREST 
3.1 Water Supply and Users 
Black & Veatch and Olsson examined the development history of the alluvial valley/floodplain of 
the Platte River between North Bend, Nebraska, and the river’s confluence with the Missouri 
River near Plattsmouth, Nebraska. This area – including the floodway and floodplain bounded 
by bluffs on both sides – is approximately 160,000 acres. 

Within this area, there are fourteen wellhead protection areas (WHPAs), which provide water to 
around 930,000 people. The WHPAs in the area include those of LWS, MUD, and many smaller 
jurisdictions such as the Cities of Ashland and Papillion, Nebraska, as shown in Figure 3.  

WHPAs are delineated to aid public water systems both in understanding where their source 
water comes from and potential sources of contamination, and to provide a basis from which to 
consider and implement protections against contamination of public water supply wells. WHPA 
boundaries are determined by the Nebraska Department of Environment and Energy (NDEE) 
and are based on hydrogeologic data gathered for the area. The data is incorporated into a 
numerical groundwater model using either the Wellhead Analytic Element Model (WhAEM) or 
the U.S. Geological Survey (USGS) modular finite-difference groundwater flow model 
(MODFLOW). Reverse particle tracking scenarios are used to simulate 20-year or 50-year time-
of-travel lines that represent the path that hypothetical particles would take through the aquifer 
to a well pumping groundwater.  
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Figure 3: Wellhead protection areas in the study area. 

While WhAEM times-of-travel have been historically used in Nebraska to determine 20-year 
time-of-travel zones for public water supply wells and therefore WHPAs, NDEE has begun to 
use MODFLOW simulations in recent years to verify and update WHPAs as necessary. A 
WHPA boundary is typically drawn around the 20-year time-of-travel lines to the nearest 
section, but some communities may choose to adopt the 50-year time-of-travel area. 
Communities and/or counties can place restrictions on land uses in the WHPA that could 
negatively impact water quality (e.g. confined animal feeding operations, landfills, etc.). 
Regulations within a WHPA are not consistent across Nebraska and are instituted at the 
jurisdictional authority’s discretion. 

Groundwater modeling results from this study (detailed in Appendix A: Groundwater 
Modeling Summary Report) confirmed the importance of the LWS and MUD WHPA 
boundaries. Particle tracking simulations showed that hypothetical particles placed around the 
municipalities’ wellfields traveled to the boundaries of the already-established WHPAs in roughly 
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twenty years. More details on the particle tracking scenarios and results can be found in 
Appendix A: Groundwater Modeling Summary Report. 

3.2 Sandpit Lakes through Time 
Manmade lakes that result from mining sand and gravel below the water table are generally 
referred to as sandpit lakes. The formation of these lakes along the Platte River is possible due 
to relatively shallow depth to groundwater. Sandpit lakes provide increased opportunity for water 
recreation and facilitate population growth across the state. The study area has seen an 
increase in the development of sandpit lakes over time, as outlined below. Many of the sandpit 
lakes have been developed into private communities with houses constructed around the lake 
perimeter. 

Aerial imagery from 1984, 2003, and 2023 was used to understand the development of sandpit 
lakes in the project area over time. In 1984, there were about 131 lakes covering 3,390 acres 
within the project area. In 2003, there were about 200 lakes covering a total area of 
approximately 6,080 acres. In 2023, there were about 281 lakes covering a total area of 8,035 
acres. The progression and location of lakes in the project area is shown in Figure 4. As shown, 
sandpit lake development has increased over time and is likely to continue into the future at a 
similar rate.  It is reasonable to assume that, in the absence of a large lake such as that 
envisioned in the JEDI legislation, private sandpit lake development will continue in feasible 
areas. 
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Figure 4: Progression of sandpit lake development in the study area. 

3.3 Comprehensive Plans and Zoning 
As outlined in the analytical summary reports (appendices to this document), the study area is 
located within portions of Cass, Dodge, Douglas, Sarpy, and Saunders Counties. For this 
reason, comprehensive plans and projected zoning maps were reviewed to understand both 
any planning or zoning policies or restrictions that would prevent development of the 
legislatively proposed lake, and any plans or policies for other development in these counties 
that would conflict with the proposed lake. Review of these documents indicated that there are 
no policies that conflict with the lake’s development. 

3.3.1 Cass County  
Cass County zoning maps show that a large portion of the Cass County study area is zoned as 
agricultural and transitional agricultural land. Recreational facilities for use by the public for 
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recreational activities including swimming are a conditional use of agricultural and transitional 
agricultural zones in Cass County.5  

3.3.2 Dodge County  
Dodge County zoning maps show that large portions of the Dodge County study area are zoned 
as Platte River corridor and agricultural land. Public and private parks and recreational areas 
are a conditional use of the Platte River corridor, and public parks and recreational areas are a 
principal permitted use of agricultural land in Dodge County.6,7  

3.3.3 Douglas County  
Within Douglas County, parks and recreation are a permitted use of all zoning districts.8  

3.3.4 Sarpy County  
Sarpy County zoning maps show that a large portion of the Sarpy County study area is zoned 
as agricultural land. Sarpy County agricultural farming district regulations specify private and 
public recreational lakes as a principal permitted use of agricultural land.9 

3.3.5 Saunders County  
Additionally, large portions of the project area within Saunders County are designated as 
agricultural and transitional agricultural districts. Private lakes are a permitted conditional use of 
land for both of these classifications in Saunders County, as well.10   

 

 

  

 
5 Cass County Zoning Regulations. Retrieved July 24, 2024 from: 
https://www.cassne.org/plugins/show_image.php?id=929.  
6 Dodge County, Nebraska: Official Zoning Map. Retrieved July 24, 2024 from: 
https://dodgecounty.nebraska.gov/sites/default/files/doc/Dodge-Co-Official-Zoning-Map.pdf.  
7 Dodge County Zoning Regulations – 2015. Retrieved July 24, 2024 from: 
https://schmidguides.unl.edu/ld.php?content_id=61750699.  
8 Douglas County Zoning Regulations. Retrieved July 24, 2024 from: 
https://www.dceservices.org/images/Article_4_Zoning_Regulations.pdf.  
9 Sarpy County Zoning Regulations. Retrieved July 24, 2024 from: 
https://www.sarpy.gov/DocumentCenter/View/407/Zoning-Regulations---Section-9-AG---Agricultural-
Farming-District-20-Acres-PDF.  
10 Saunders County, Nebraska Zoning Regulations – 2015 Update. Retrieved July 24, 2024 from: 
https://saunderscounty.ne.gov/pdfs/zoning/Zoning%20Regulations.pdf.  

https://www.cassne.org/plugins/show_image.php?id=929
https://dodgecounty.nebraska.gov/sites/default/files/doc/Dodge-Co-Official-Zoning-Map.pdf
https://schmidguides.unl.edu/ld.php?content_id=61750699
https://www.dceservices.org/images/Article_4_Zoning_Regulations.pdf
https://www.sarpy.gov/DocumentCenter/View/407/Zoning-Regulations---Section-9-AG---Agricultural-Farming-District-20-Acres-PDF
https://www.sarpy.gov/DocumentCenter/View/407/Zoning-Regulations---Section-9-AG---Agricultural-Farming-District-20-Acres-PDF
https://saunderscounty.ne.gov/pdfs/zoning/Zoning%20Regulations.pdf
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4. OVERVIEW OF ANALYTICAL PROCESSES AND 
RESULTS 

4.1 Potential Lake Location Selections 
As preliminarily evaluated during the STAR WARS committee’s study, a conceptual lake 
location was identified in the floodplain of the Platte River on its east side, northeast of the city 
of Ashland. However, this location coincides directly with a portion of the WHPA delineated for 
the LWS wellfield and was thus determined during this study to not be a viable lake location 
(Figure 5), because a large recreational lake with residential and commercial development 
would stand to present threats to water quality in the local aquifer as well as the hydrologically 
connected Platte River. Reverse particle tracking scenarios using the groundwater model (JEDI 
model) constructed for this study and detailed in Appendix A: Groundwater Modeling 
Summary Report confirmed that the LWS and MUD WHPAs had been properly delineated and 
that contaminants within these areas could generally be expected to reach corresponding wells 
within 20 years’ time. It was also noted that the originally conceptualized lake’s boundaries 
extended into shorter times-of-travel for some of the LWS wells and that the hydrogeologic 
system is highly connected in the areas of the LWS and MUD wellfields. An example of a 
reverse particle tracking scenario is presented in Figure 6.  
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Figure 5: Wellhead protection areas and originally conceptualized lake location. 
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Figure 6: Example of reverse particle tracking scenario conducted for this study. 

In consultation with the client advisory group, it was determined that Black & Veatch and Olsson 
would investigate lake locations within the lower Platte River floodplain assuming excavated 
lakes without dams, but also dammed and excavated lakes on Salt Creek and the Elkhorn 
River, if viable. While the original study scope did not include investigation of dammed lakes on 
Platte River tributaries, NeDNR requested that these areas also be considered in this study, as 
examples of sites chosen to examine initial feasibility, with the possibility that similar sites could 
be considered in the future.  

To determine viable potential lake locations, then, Olsson and Black & Veatch first used the 
particle tracking scenarios from the JEDI groundwater model to clearly identify where a lake 
should not be constructed, particularly in terms of protecting existing wellfields/associated 
WHPAs. The surface water model (detailed in Appendix B: Surface Water Flood Modeling 
Report) was then used to provide further information about potential lake locations and 
configurations back to the groundwater model, which was used to determine impacts of 



 

 14  

potential lakes on wellfields operated by LWS and MUD; this iterative modeling process is 
described in greater detail in Section 4.2.   

An initial set of five potential lake locations was considered and is shown in Figure 7: 

• An excavated lake along the Elkhorn River, near Valley, Nebraska 
• A small excavated lake along the Platte River, upstream of Louisville, Nebraska 
• A large excavated lake along the Platte River, downstream of Louisville, Nebraska 
• A dammed lake on the Elkhorn River, near Nickerson, Nebraska  
• A dammed lake on Salt Creek, between Greenwood and Ashland, Nebraska  

The excavated lake along the Elkhorn River was eliminated from further consideration due to 
existing development in the downstream end of the lake footprint, including homes, as well as 
some development at the upstream end. Additionally, it would require relocation/re-routing of 
roads, and would have a significant slope that would require extensive excavation and berming. 
The small excavated lake along the Platte River was also initially eliminated from further 
consideration due to inadequate size relative to the legislatively envisioned 3,600+ acres.  
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Figure 7: Lake locations initially considered in this study. 
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4.2 Iterative Hydrologic Modeling Process and Results 
To use the JEDI groundwater model to determine where a lake should not be constructed, 
USGS particle-tracking model for MODFLOW (MODPATH) scenarios were run to track 
hypothetical particles and their interactions with the Platte River and municipal wellfields. To 
determine footprints of potential lakes, then, the surface water model was used to: (1) limit 
increases in water surface elevation during a 100-year flood event to no more than 1.0 feet for 
the Platte River excavated lake; and (2) compute the necessary dimensions for dams to 
impound roughly 4,000 acres if spanning the floodplains of the Elkhorn River and Salt Creek, 
without threatening existing development or major infrastructure. These lake footprints, then, 
were input in the groundwater model and scenarios were run to evaluate impacts to 
groundwater level elevations. Additionally, forward particle tracking scenarios were created to 
demonstrate times- and paths-of-travel from the Platte River excavated lakes to the Platte River. 
Each of the models, as well as results and conclusions, are summarized in the following 
sections.  

4.2.1 Groundwater Model 
The JEDI groundwater model (Figure 8) was constructed to be run as a standalone model but 
has the capability to be coupled with the regional Lower Platte Missouri Tributaries (LPMT) 
model. The JEDI model was constructed as a five-layer MODFLOW 6 model, using octree 
refinement.11 The model cells are most refined along the Platte River in Layer 1 (the uppermost 
layer) and grow coarser as they move outward from the Platte River and move down through 
the layers. Most modeling inputs were borrowed from the regional LPMT model; however, aerial 
electromagnetic (AEM) survey data was used to refine aquifer properties, and flow-stage 
relationships were used to build the Platte River MODFLOW 6 package. Stream locations and 
pumping data were also refined based on the refinement of the JEDI model grid. Additionally, 
municipal pumping data was refined based on pumping data from The Flatwater Group, a 
consultant that has worked with NeDNR on the LPMT model which is the parent model to the 
JEDI model developed for this study.  

 
11 Langevin, C.D., J.D. Hughes, E.R. Banta, A.M. Provost, R.G. Niswonger, and S. Panday. 2017. 
MODFLOW 6 Modular Hydrologic Model: U.S. Geological Survey Software, 
https://doi.org/10.5066/F76Q1VQV 

https://doi.org/10.5066/F76Q1VQV
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Figure 8: JEDI groundwater model extent within the Lower Platte Missouri Tributaries model. 

MODPATH was used to complete reverse particle tracking scenarios using three climatic 
conditions – wet, dry, and normal. These climatic conditions were built to isolate the effects of 
the Platte River and municipal wellfield pumping rates on contaminant time of travel, i.e., the 
amount of time as determined by modeling for a single particle of a contaminant to move from 
one location to another. Particles traveled the farthest (largest radius of influence) when the 
Platte River was at a low stage and pumping rates were high; conversely, particles had the 
smallest radius of influence when the Platte River was at a high stage and pumping rates were 
low. As expected, then, when the Platte River and pumping rates were set to mean values 
(normal conditions), the radius of influence landed between these two extremes. Detailed 
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figures illustrating these results are provided in Appendix A: Groundwater Modeling 
Summary Report. In general, the particle tracking scenarios confirmed that WHPAs as 
delineated by NDEE for public water systems in the area were properly identified; these 
scenarios also demonstrated that the LWS and MUD wellfields draw water both from the local 
aquifer and the Platte River in all climatic conditions, with greater reliance over greater 
distances on the local aquifer when conditions are dry – demonstrating that impacts to water 
quality and/or quantity resulting from construction of a lake would have potential to be rather 
significant. 

4.2.2 Surface Water Flood Model 
A surface water flood model was also developed for this study and consists of a model of the 
Platte River including the Elkhorn River and Salt Creek. The surface water model geometry is 
foundationally a digital elevation model (DEM) constructed from available topographic and 
bathymetric data from USGS, the Eastern Nebraska Lidar Download Application, and the 
Headwaters Corporation. The DEM extends along the Platte River from North Bend to the 
confluence with the Missouri River and includes a portion of the Missouri River, Elkhorn River, 
and Salt Creek. Figure 9 shows the boundaries of the surface water model.  
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Figure 9: Boundaries of the surface water flood model developed for this study. 
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The surface water model was used to identify footprints of lakes that would come close to or 
meet the legislatively envisioned 3,600+ acres while avoiding major infrastructure and WHPAs. 
It was also used to evaluate potential impacts of excavating a lake in the floodplain of the Platte 
River or damming the Elkhorn River or Salt Creek. While the original study scope did not include 
investigation of dammed lakes on Platte River tributaries, it became apparent as this study 
progressed that an excavated lake along the Platte River would not be feasible at the size 
envisioned by the legislature, due to the presence of critical infrastructure and WHPAs designed 
to be protective of public water supplies, including those serving the state’s two largest 
metropolitan areas. Thus, possible impacts of dammed lakes on the Elkhorn River and Salt 
Creek were also examined in this study.  

Three potential lake locations from the original set of five were identified that were of 
appropriate size and did not inundate or threaten existing infrastructure, and were carried 
forward for full analysis. These included:  

• The large excavated lake along the Platte River, downstream of Louisville, Nebraska 
• The dammed lake on the Elkhorn River, near Nickerson, Nebraska  
• The dammed lake on Salt Creek, between Greenwood and Ashland, Nebraska 

The Platte River lake footprint was limited in spatial extent to roughly 2,100 acres because the 
area is confined by two WHPAs, the Platte River itself, and bluffs. The lake would need a berm 
constructed around it to prevent the entry of floodwaters. It is also notable that several small 
tributaries exist to the northwest of this potential lake footprint, and flow from these would either 
have to be allowed to enter the lake or be routed around it. The berm would be approximately 
10 feet high. While the lake boundary was defined by attempting to limit increases in the water 
surface elevation (WSE) during the 100-year flood event to no more than 1.0 feet (as required 
by Federal Emergency Management Agency [FEMA] regulations), final modeling results 
indicate that the maximum increase in the 100-year WSE may be slightly above the regulatory 
threshold. Thus, the lake footprint would possibly need to be reduced; alternatively, a 
Conditional Letter of Map Revision (CLOMR) from FEMA could be sought to update the 
regulatory flood map(s) and/or provide regulatory comment on whether changes in hydrology 
resulting from the lake’s construction would be acceptable under National Flood Insurance 
Program standards.  

Both the Salt Creek and Elkhorn River dammed lakes, as modeled and analyzed, would be 
approximately 4,100 acres in size. The Salt Creek lake would have a dam height and length of 
approximately 50 feet and 5,500 feet, respectively, while the Elkhorn River lake would have a 
dam height and length of approximately 36 feet and 9,000 feet, respectively. Final modeling 
results indicate that the downstream reduction in WSE for the Salt Creek lake would be less 
than 0.1 foot; for the Elkhorn River lake, this reduction would be even smaller at less than 0.01 
foot.  



 

 21  

4.2.3 Additional Groundwater Modeling  
From these lake footprints, then, additional groundwater modeling scenarios were carried out to 
evaluate the impacts of each potential lake on water table elevations. Modeling showed that 
each lake would locally produce declines and/or rises in water tables. The water table rises on 
the downstream end of the Elkhorn River and Salt Creek lakes would be 29.4 feet and 41.8 feet, 
respectively; the Platte River excavated lake would produce an upstream-end decline of 8.4 feet 
and a commensurate downstream-end rise. Figures detailing these changes are presented in 
Appendix A: Groundwater Modeling Summary Report.  

Forward particle tracking scenarios were also carried out to examine times and paths of travel 
from the conceptual lakes and whether they would impact the existing municipal wellfields 
operated by LWS and MUD. These scenarios showed that the Platte River lake would 
contribute water over short periods of time – as little as 1 to 2 years – to the local aquifer and 
then to the river. Note, again, that previously discussed model scenarios showed that all three 
municipal wellfields draw water from the Platte River, with more water drawn from the 
surrounding aquifer during dry periods. The conceptual Platte River lake as analyzed is located 
upstream of the MUD Platte South wellfield.  

4.3 Water Balance Modeling Process and Results 
This study also included a water balance analysis (Appendix C: Water Balance Modeling 
Report) which includes water flowing into the lake from upstream and rainfall, and outflow 
leaving the potential lake from evaporation, groundwater infiltration, and downstream flows. 
Figure 10 provides an example illustration of the mass balance for a water balance analysis.  
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Figure 10: Example illustration of mass balance for a water balance analysis. 

The purpose of the analysis was to estimate evaporation from the potential lakes, and the 
impacts of the lakes on changes in evapotranspiration within their footprints and evaporation 
from the river under low-flow conditions. While the conceptual lake was assumed to be for 
recreational purposes, its operation was not defined in this analysis. In addition, this analysis for 
outflows did not consider the lake as a water supply and also assumed a minimum flow during 
drought conditions for releases to support biological integrity. Because the lake would be for 
recreational purposes, releases were not assumed to be made for augmenting flows in the 
Platte River. Additional analysis and modeling will need to be completed to address the lake 
operation and augmenting of downstream flow requirements.  

The Platte River excavated lake would represent reduced loss of water to the atmosphere from 
groundwater, as the evapotranspiration conditions in the area currently are greater than would 
be the evaporative loss from the lake surface. In other words, the Platte River lake would 
marginally increase the amount of groundwater retained in the local aquifer as compared to 
present conditions. Additionally, over half of the land within the footprint of the lake as modeled 
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and analyzed is assumed to be irrigated, so conversion of these acres to permanent pool from 
irrigated row crops would reduce groundwater demand in the area.  

For the two dammed lake locations, the Salt Creek lake would drain a much smaller land area 
compared to the Elkhorn River lake and would thus be more influenced by low-flow conditions. 
The Elkhorn River lake would drain an area of approximately 5,406 square miles, as compared 
to the Salt Creek lake’s drainage area of approximately 1,119 square miles. As such, the 
relative impact of evaporative and groundwater losses would be less significant for the Elkhorn 
River lake. Results indicate that, under modeled conditions, the Salt Creek lake would result in 
passing approximately 99.0% of the upstream volume while the Elkhorn River lake would pass 
approximately 99.7% of the volume. Note that daily flows would be highly controlled by lake 
operation rules and requirements to maintain minimum environmental instream flows. The 
monthly assigned 10th percentile flows for the minimum flow did not take into account the 
potential needs of the LWS and MUD wellfields or existing instream flow rights.   

4.4 Desktop Geotechnical Analysis 
In addition, a desktop geotechnical analysis (Appendix D: Desktop Geotechnical Analysis 
Summary Report) was performed to examine likely seepage at each of the three identified 
potential lake locations.  

For the Elkhorn River lake, on-site soils generally comprise four different complexes that vary 
from well/excessively drained to very poorly drained. Permeability rates in the upper five feet of 
soil could generally be between 0.039 cm per second to 0.000021 cm per second. It is also 
expected that on-site soils could include clay with varying silt or sand content overlying fine to 
coarse grained sands, with the possibility of intermittent layers of fine to coarse grained gravels 
as well. Estimated seepage rates through the embankment and foundation of the embankment 
were calculated as less than 0.1 to 2.0 cubic feet per day per linear foot, and less than 0.1 to 
200 cubic feet per day per linear foot, respectively. Foundation seepage rates are anticipated to 
be highly variable, based on the likelihood of encountering intermittent layers of sands and 
gravel within the clay soil alluvial stratigraphy.  

For the Salt Creek lake, soils at the site predominantly include two different complexes that are 
also described with variable drainage, but the permeability rates in the upper five feet of soil are 
expected to be within a smaller range than for the Elkhorn River lake at 0.00092 cm per second 
to 0.000025 cm per second. On-site soils could comprise clays with carrying silt and sand 
content or fine to coarse grained sands with varying silt and clay content; it is also possible that 
intermittent layers of clay soils could be encountered within the sand. In general, seepage 
through the lake bed at this location would not be expected to be as significant or variable as 
through the Elkhorn River lake. Additionally, limestone bedrock is generally encountered at 
depths ranging from approximately 40 to 116 feet below the surface, and Dakota sandstone or 
shale may be encountered at greater depths. Estimated seepage rates through the 
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embankment and foundation of the embankment were calculated as less than 0.1 to 4.0 cubic 
feet per day per linear foot, and less than 0.1 to 300 cubic feet per day per linear foot, 
respectively. It is anticipated that seepage rates may be variable, as with the Elkhorn River lake, 
and also that limestone bedrock below a depth of about 40 feet could be encountered which 
could indicate existence or potential development of karst conditions.   

For the Platte River lake location, soils at the site largely comprise two complexes, both of which 
are described as at least well drained (one is described as excessively drained). Permeability 
rates could generally be between 0.039 cm per second and 0.00014 cm per second. On-site 
soils could comprise clay with varying silt or sand content, and intermittent layers of fine to 
coarse grained sands and/or gravels may also be encountered. Sands and gravels may also be 
encountered with exposed sands more likely along the Platte River and near historic gravel pit 
areas. Layers of shale, sandstone, and ironstone were encountered in test holes in the area at 
depths as shallow as 125 feet and as deep as 205 feet below ground surface in the vicinity of 
this lake. Estimated seepage rates through the embankment and foundation of the embankment 
were calculated as less than 0.1 to 0.3 cubic feet per day per linear foot, and less than 0.1 to 20 
cubic feet per day per linear foot, respectively. Seepage rates may be high, based on the 
likelihood of encountering shallow sands and gravels associated with the Platte River and 
nearby quarries. Like the Salt Creek lake, the potential for existence or development of karst 
conditions exists at this location due to the variable depth of limestone bedrock.   

4.5 Geomorphic Analysis 
Additionally, this study included a geomorphic analysis (Appendix E: Geomorphic Analysis 
Report) for each of the three potential lake locations. Figure 11 provides an example of the 
channel and floodplain velocities along the Platte River, as these relate to fluvial 
geomorphology. The purpose of this analysis was to consider and describe the nature and 
magnitude of such changes in flood and erosion hazards in response to the scope and scale of 
different lake positions.  
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Figure 11: Example of channel and floodplain velocities along the Platte River. 

The Platte River lake would require a berm isolating it from river floods to prevent the lake from 
eroding and capturing the normal river flow and filling with river sediment.  The berm would 
displace natural floodplain surfaces where sediment normally is deposited and force that 
sediment downstream where it could have substantial unintended consequences and 
accumulations in areas that could acerbate downstream flooding.  The narrowing of the 
floodplain would also accelerate flow during floods by constricting the floodplain, and the extra 
energy would increase erosion in the vicinity of the berm and beyond.  

Two tributaries would be intercepted by the Platte River lake, lowering their confluence elevation 
with the Platte River floodplain by more than 10 feet. Without intervention, this lowering could 
lead to head cutting on those tributaries, leading to substantial bank failures and property loss 
well upstream of the lake boundary.  

The two dammed lakes would produce different effects. The Elkhorn River lake would trap a 
significant volume of sediment, preventing its normal delivery to the Platte River. This would 
require dredging upstream of the dam to maintain lake volume. Without intervention, the 
trapping of this sediment would facilitate riverbed and bank erosion downstream of the dam and 
would likely increase localized erosion on portions of the Platte and Elkhorn Rivers, especially 
near their confluence. The Salt Creek lake would have less effect on the Platte River’s stability 
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because it normally delivers a less consequential sediment load to the Platte River. However, 
the lake would increase erosivity of Salt Creek itself where it runs through an infrastructure-
dense area of Ashland, Nebraska.  

While various structural and other strategies could mitigate most of the erosion impacts, building 
and maintenance of any structures are costly. Further, such structures can displace energy and 
create their own downstream impacts.  

Each of the lake positions contemplated would likely create a variety of complex upstream 
and/or downstream property instabilities and risk management scenarios to a greater extent or 
in different positions from which they currently occur, especially at the locations in closest 
proximity to the lakes. Fluvial geomorphic modeling, including detailed numerical modeling of 
sediment transport and erosive forces will be necessary to determine the specific locations of 
project impacts and the magnitude of those impacts on flood risks, habitat loss, and asset 
erosion.  

4.6 Additional Analysis 
Upon discussion of the analyses completed in June 2024, representatives of NDED in the client 
advisory group asked whether both Platte River excavated lakes first identified as potential 
locations early in this study could be considered for construction to provide a total lake area 
(roughly 3,000 acres) closer to the targeted size mentioned in legislation. Black & Veatch and 
Olsson briefly revisited analyses to examine the extent to which a two-lake scenario would 
impact the analytical findings, and concluded that construction of both lakes would not 
significantly change the findings of the evaluation or the analyses that were completed. Impacts 
to the yield and water quality of the wellfields from the lakes would not change. The smaller 
Platte River lake would be further away from MUD’s Platte South wellfield and several miles 
downstream of LWS’s wellfield. Changes in flood elevations would be similar to those shown for 
the single-lake analyses and mitigation would likely be required to limit the rise in the 100-year 
flood elevation to one foot or less; alternatively, a CLOMR could be sought as in the single-lake 
scenario. The extent of the mitigation would likely be somewhat greater since more floodplain 
area would be taken by the second lake. The impacts to the geomorphology of the Platte River 
and its floodplain would increase; thus, careful consideration of the changes in sediment and 
erosion patterns in the Platte River as well as tributaries would be needed. Finally, the water 
balance of the Platte River small excavated lake would be the similar to the large excavated 
lake, where there would be a slight reduction in evapotranspiration overall.  
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5. CONCLUSIONS 
While no fatal flaws were identified for any of the potential lake locations fully analyzed in this 
study, challenges and possible adverse impacts were identified for each lake. More detailed 
analysis would be needed to identify the extent to which possible impacts could be mitigated. 
Therefore, it is recommended that a full feasibility study be conducted on any site(s) selected for 
further consideration for development.  

A matrix of major conclusions from each analysis is presented in Table 1. The analytical reports 
provided in Appendices A – E provide additional detail on these conclusions as well as the 
analyses leading to them.  
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Table 1: Major Conclusions of LB1023 (JEDI) Impact Analysis for City of Lincoln Water System and Metropolitan Utilities District.  
 Salt Creek Dammed Lake Elkhorn River Dammed Lake Platte River Large Excavated Lake Platte River Small Excavated Lake 

Groundwater 
Modeling 

• Increase in groundwater level of 
approximately 41.8 ft on downstream end 
of lake 
 

• Increase in groundwater level of 
approximately 29.4 ft on downstream 
end of lake 

• Potential contaminants introduced at lake would 
travel relatively quickly (on the order of 5 years 
or less) to source water for MUD’s Platte South 
wellfield 

• Increase in groundwater level of approximately 
8.4 ft on downstream end of lake 

• Decrease in groundwater level of approximately 
8.4 ft on upstream end of lake 

• Potential contaminants introduced at lake 
would travel relatively quickly (on the order of 
5 years or less) to source water for MUD’s 
Platte South wellfield  

• Increase in groundwater level of 
approximately 6.8 ft on downstream end of 
lake 

• Decrease in groundwater level of 
approximately 6.8 ft on upstream end of lake 

Surface Water 
Modeling 

• Decreased 100-year water surface 
elevations immediately downstream of up 
to 0.30 feet 

• Reduction in 100-year water surface 
elevations along Platte River of 0.10 foot 
or less 

• Decreased 100-year water surface 
elevations immediately downstream of 
up to 0.60 feet 

• Reduction in 100-year water surface 
elevations along Platte River of 0.01 
foot or less 

• Increased 100-year water surface elevations of 
up to 1.11 feet, which would require a 
Conditional Letter of Map Revision and 
coordination with the Federal Emergency 
Management Agency 

• Increased 100-year water surface elevations 
of up to 1.89 feet in combination with the large 
excavated lake, which would require a 
Conditional Letter of Map Revision and 
coordination with the Federal Emergency 
Management Agency 

Water Balance 
Analysis 

• During exceptionally dry periods, water 
surface elevation of the lake would 
fluctuate significantly but minimum flows 
(as defined by this analysis*) could be 
maintained downstream 

• Water surface elevation in the lake would 
frequently be controlled by minimum flows 
(as defined by this analysis*) required 
downstream 

• During exceptionally dry periods, water 
surface elevation of the lake would 
fluctuate but minimum flows (as defined 
by this analysis*) could be maintained 
downstream 

• Decreased average annual atmospheric water 
loss when comparing proposed lake 
evaporation to existing land use 
evapotranspiration  

• Reduced demand on groundwater supplies 

• Decreased average annual atmospheric water 
loss when comparing proposed lake 
evaporation to existing land use 
evapotranspiration  

• Reduced demand on groundwater supplies 

Geotechnical 
Seepage 
Analysis 

• Shallow groundwater would affect 
earthwork operations and excavations 

• Foundation seepage rates anticipated to 
be highly variable based on likelihood of 
encountering intermittent layers of sands 
and gravels within the alluvium 

• Shallow groundwater would affect 
earthwork operations and excavations 

• Foundation seepage rates anticipated 
to be highly variable based on likelihood 
of encountering intermittent layers of 
sands and gravels within the alluvium 

• Bedrock encountered at depths of 
around 40 feet could cause concern for 
karst conditions to be present or 
develop 

• Shallow groundwater would affect earthwork 
operations and excavations 

• Seepage rates anticipated to be high based on 
likelihood of encountering shallow sands and 
gravels associated with the Platte River and 
nearby quarries 

• Depth to bedrock may be variable. Paired with 
shallow groundwater, karst conditions could be 
present or develop in the underlying limestone. 
 

• Shallow groundwater would affect earthwork 
operations and excavations  

• Seepage rates anticipated to be high based 
on likelihood of encountering shallow sands 
and gravels associated with the Platte River 
and nearby quarries 

• Depth to bedrock may be variable. Paired with 
shallow groundwater, karst conditions could 
be present or develop in the underlying 
limestone. 
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Table 1: Major Conclusions of LB1023 (JEDI) Impact Analysis for City of Lincoln Water System and Metropolitan Utilities District.  
 Salt Creek Dammed Lake Elkhorn River Dammed Lake Platte River Large Excavated Lake Platte River Small Excavated Lake 

Geomorphic 
Analysis 

• Minimal impacts on overall sediment, flow, 
and habitat in downstream Platte River 

• Negative impacts on water quality, habitat, 
fish passage, and flooding to Salt Creek 

• Adverse impacts to creek bend stability 
and bridge scour through Ashland 
 

• Substantial impacts on overall 
sediment, flow, habitat, and water 
quality in downstream Platte River 

• Negative impacts on water quality, 
habitat, and fish passage to the Elkhorn 
River 
 
 

• Lake could erode and capture the river, 
changing its course. River would then fill lake 
with sediment 

• Lake would require substantial routine 
maintenance dredging, unless the lake is 
isolated from the river with berms 

• A bermed lake would displace flood flow energy 
locally and down valley, subjecting additional 
real estate and infrastructure to erosion  

• Negative impacts on stability, habitat, and fish 
passage to Buffalo Creek and Springfield Creek 

• Increased scour threat due to location on the 
outside bend of Platte River meander requiring 
robust channel stabilization measures to protect 
the lake 

• Water quality and ecological concerns within 
lake due to removal of wetlands, nutrient 
loading, and sedimentation 

• Lake could erode and capture the river, 
changing its course. River would then fill lake 
with sediment  

• Lake would require substantial routine 
maintenance dredging, unless the lake is 
isolated from the river with berms 

• Lake is at a natural constriction of the 
floodplain at this location, and would displace 
and concentrate erosive forces along the 
opposite bank and down valley 

•  Negative impacts on stability, habitat, and 
fish passage to three unnamed tributaries 

• Water quality and ecological concerns within 
lake due to removal of wetlands, nutrient 
loading, and sedimentation 
 

*Required minimum flows were determined based on the monthly 10th percentile flows for each stream. Required minimum flows do not consider wellfield needs as defined by LWS or MUD or existing in-stream flow rights 
downstream of the lake locations. In addition, the Water Balance Analysis did not consider this recreational lake as a water supply and also assumed a minimum flow during drought conditions for releases to support 
biological integrity. 
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ACRONYMS AND ABBREVIATIONS 
AEM ............................................................................................ Aerial Electromagnetic (Survey) 
B&V ......................................................................................................................Black & Veatch 

DRN ..........................................................................................Drain (MODFLOW Cell/Package) 

ENWRA ........................................................... Eastern Nebraska Water Resources Assessment 
EVT ...................................................................... Evapotranspiration (MODFLOW Cell/Package) 

Lidar ............................................................................................... Light Dectection and Ranging 

LPMT ........................................................................... Lower Platte Missouri Tributaries (Model) 
LTU ........................................................................................ Lincoln Transportation and Utilities 

LWS………………………………………………………………………………..Lincoln Water System  

MUD ................................................................................................. Metropolitan Utilities District 

NAD .......................................................................................................... North American Datum 
NDEE ............................................................. Nebraska Department of Environment and Energy 

NeDNR .................................................................... Nebraska Department of Natural Resources 

NHD .............................................................................................. National Hydrography Dateset 
NPF………………………………………………….Node Property Flow (MODFLOW Cell/Package) 

PEST .................................. Model-Independent Parameter Estimation and Uncertainty Analysis 

RCH……………………………………………………………..Recharge (MODFLOW Cell/Package) 
RIV……………………………………………………………………River (MODFLOW Cell/Package) 

RSWB ................................................................................. Regional Soil Water Balance (Model) 

SFR………………………………………………….Streamflow Routing (MODFLOW Cell/Package) 

STO………………………………………………………………..Storage (MODFLOW Cell/Package) 
USGS ...................................................................................................... U.S. Geological Survey 

WEL ........................................................................................... Well (MODFLOW Cell/Package) 
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EXECUTIVE SUMMARY 
In 2021 and 2022, the Nebraska legislature enacted LB406 and LB1023, respectively, which 
first established the Statewide Tourism And Recreational Water Access and Resources 
Sustainability (STAR WARS) special committee, and then the Lake Development Act which was 
codified in statute as the Jobs and Economic Development Initiative (JEDI) Act (Neb. Rev. Stat. 
§61-401 to 61-404). In these pieces of legislation, the unicameral recognized the importance – 
in the wake of historic flooding in 2019 and the COVID-19 pandemic – for both flood control and 
major recreational opportunities in the state to attract and retain an increasingly remote 
workforce. The STAR WARS committee envisioned, in the lower Platte River corridor, a lake 
that would rival Iowa’s Lake Okoboji as a tourist destination and hub for public-private 
partnerships to develop lakeside communities, a community town center, and a major resort. As 
outlined in the STAR WARS committee’s report, a lake location northeast of the city of Ashland, 
Nebraska was contemplated and this informed the committee’s recommendation that further 
analysis be conducted to inform viable locations for a lake of at least 3,600 acres, located in or 
near Sarpy County, and adjacent to – but not impounding – the Platte River.   

Recognizing the potential for impacts to public water system wellfields, the legislature also 
appropriated funds to be administered through the Nebraska Department of Natural Resources 
(NeDNR) for further study on possible lake sites. The City of Lincoln Water System (LWS) 
already had its Water 2.0 project – investigating possibilities for additional source(s) of drinking 
water – underway with Black & Veatch and Olsson, and recognized that these consultants have 
the necessary expertise regarding the water system as well as expertise in the types of 
technical analysis needed for potential lake sites. Thus, LWS amended its Water 2.0 contract to 
include this study and entered into a memorandum of understanding with Omaha’s Metropolitan 
Utilities District (MUD) to allow for MUD’s wellfields and concerns to also be considered. 

As part of the work under the amended Water 2.0 contract, OIsson was tasked to construct a 
groundwater flow model (JEDI model). The JEDI model was constructed to be run as a 
standalone model but has the capability to be coupled with the regional Lower Platte Missouri 
Tributaries (LPMT) model, its “parent” model. The purpose of the JEDI model is to determine 
locations where a lake as envisioned in legislation should not be developed because of impacts 
to municipal wellfields, especially those operated by LWS and MUD.   

The JEDI model was constructed as a five-layer MODFLOW 6 model, using octree refinement 
(Langevin et al. 2017). The model cells are most refined along the Platte River in Layer 1 (the 
uppermost layer) and grow coarser as they move outward from the Platte River and move down 
through the layers. Most modeling inputs were borrowed from the regional LPMT model; 
however, aerial electromagnetic (AEM) survey data was used to refine aquifer properties, and 
flow-stage relationships were used to build the Platte River MODFLOW 6 package. Stream 
locations and pumping data were also refined based on the refinement of the JEDI model grid. 
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Additionally, municipal pumping data was refined based on pumping data from The Flatwater 
Group.  

Water level scenarios showed that for the Salt Creek lake location, an increase in groundwater 
level of approximately 41.8 feet could be expected on the downstream end of the lake; for the 
Elkhorn River lake location, this increase was approximately 29.4 feet. For the large Platte River 
lake, an increase in groundwater level on the downstream end of the lake of 8.4 feet was 
modeled, with a commensurate upstream decrease. For the small Platte River lake, this 
increase and decrease was 6.8 feet. 

Reverse particle tracking scenarios were completed using wet, dry, and normal climatic 
conditions, which were built to isolate the effects of Platte River flow and municipal wellfield 
pumping rates on contaminant time of travel, i.e., the amount of time as determined by modeling 
for a single particle of a contaminant to move from one location to another. Particles traveled the 
farthest (largest radius of influence) when the Platte River was at a low-flow stage and pumping 
rates were high, and conversely had the smallest radius of influence when the Platte River was 
at a high-flow stage and pumping rates were low. When the Platte River flow stage and 
pumping rates were set to normal conditions (mean values), the radius of influence predictably 
landed between these two extremes. The reverse particle tracking scenarios both allowed for a 
more complete understanding of how groundwater and surface water interact in and near the 
lower Platte River and the importance of ensuring that any possible lake locations to be 
considered did not intersect with wellhead protection areas (WHPAs) or existing infrastructure. 
WHPAs are delineated to aid public water systems both in understanding where their source 
water comes from and potential sources of contamination, and to provide a basis from which to 
consider and implement protections against contamination of public water supplies.  

Following identification of viable potential lake locations with feedback from the client advisory 
group consisting of LWS, MUD, and the Nebraska Department of Natural Resources (NeDNR), 
four total lakes – dammed lakes on the Elkhorn River and Salt Creek, and large and small 
excavated lakes along the Platte River – were modeled. It is noted that the small lake along the 
Platte River was originally not included in analyses, but was added upon request of the 
Nebraska Department of Economic Development once results of the original scenarios were 
presented. In all scenarios, generally, water table levels decreased at the upstream boundary 
and increased at the downstream boundary of each lake. Additionally, forward particle tracking 
scenarios were completed for the two lake locations along the Platte River. These scenarios 
demonstrated that contaminants in either of these two lakes would have short times of travel – 
on the order of five years or fewer – to the Platte River and, from there, to the MUD Platte South 
wellfield. It is noted that presence of either lake configuration along the Platte River (either the 
large lake alone or the large and small lake combined) would present a significantly different 
hydrologic regime than is present currently in the vicinity of these municipal wellfields and, thus, 
contaminants not yet encountered at these wellfields could become a concern.  
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1. INTRODUCTION 
As part of the Legislative Bill (LB) 1023 (JEDI) Evaluation for the City of Lincoln Water System 
(LWS) and Omaha’s Metropolitan Utilities District (MUD) project, Olsson constructed the JEDI 
groundwater model (JEDI model). The JEDI model is a “child” model of the Lower Platte – 
Missouri Tributaries (LPMT) model, which was commissioned by the Nebraska Department of 
Natural Resources (NeDNR) and constructed by HDR, The Flatwater Group, and TBirdie 
Consulting Inc. Olsson also separately completed work to convert the LPMT model to a 
MODFLOW 6 model and update it through 2020 (Olsson 2023).  

The purpose of the JEDI model is to provide information for and receive information from the 
coupled surface water model, which was developed by project partner Black & Veatch (B&V). 
The JEDI model is used to determine areas where the proposed lake should not be developed 
because of potential impacts to existing wellfields (including through both contamination and 
altered water levels). These impacts are determined through particle tracking scenarios (via 
MODPATH software) that identify capture zones for these wellfields. From there, the surface 
water model is used to delineate potential lake locations in the remaining floodplain area by 
eliminating areas that don’t have enough available area for the lake. Once these unsuitable 
areas are eliminated, the JEDI model is used to further refine potential lake locations based on 
bedrock elevations, which are used to determine the depths of potential lakes, and existing 
groundwater gradients. This modeling allows for the elimination of areas where bedrock is not 
deep enough to support the lake and determines necessary berm heights on the downstream 
end of the lakes. Finally, the groundwater model is used to model potential lakes and berms, 
identifying changes in water table elevation. Additionally, forward particle tracking is completed 
to demonstrate times of travel to the Platte River (and thence to municipal wellfields).  

This report details the construction and calibration of the JEDI model. For information on the 
converted and updated LPMT model (the “parent” model), refer to Olsson’s previous report 
(Olsson 2023). Development of the surface water model is detailed in the report titled “LB 1023 
(JEDI) Impact Evaluation for City of Lincoln Water System and Metropolitan Utilities District: 
Surface Water Flood Modeling Report”, authored by B&V. Implications of these modeling 
efforts, as well as the others carried out under the larger JEDI evaluation project, are detailed in 
the project’s final summary report, to which this report is an appendix.  
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2. METHODS 
The methods used to construct the JEDI model are outlined below.  

2.1 Hydrogeologic Data Assessment and Mapping 
The development of the conceptual model is outlined here, including the geographic setting and 
land use; the hydrology and hydrogeology; soils; and previous modeling efforts. 

2.1.1 Geographic Setting and Land Use 
The JEDI model domain is within the east central/southeast portion of the LPMT model, 
covering portions of Dodge, Washington, Saunders, Douglas, Sarpy, Lancaster, and Cass 
counties in Nebraska. Figure 1 shows the extent of the JEDI model domain.  
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Figure 1: JEDI Model Domain 
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Land use within the JEDI model domain is a mix of agricultural, municipal, and small areas of 
forest (largely adjacent to surface water features). Figure 2 shows land use classifications 
within the JEDI model domain (Dewitz 2021).  

 

Figure 2: JEDI Land Use 

 
Historic Trends in Land Use  
Figure 3 shows the change in cultivated crop types from 1960 to 2012 within the JEDI model 
domain (NeDNR 2018). The bars, each representing a year, are expressed as a percentage of 
the model area, and each color corresponds to a different cultivated crop type.   
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Figure 3: Cultivated Crop Types Within the JEDI Model Domain (1960-2012; adapted from 
NeDNR 2023) 

 

Aerial imagery from the years 1984, 2003, and 2023 was used to outline the footprint and 
quantity of lakes present along the Platte River between North Bend and the confluence with the 
Missouri River. As shown in Table 1, the number of sandpit lakes has increased at a relatively 
constant rate since 1984. Several parcels are currently owned by sand and gravel mining 
companies according to the Sarpy County parcel boundary dataset (Sarpy County 2023). 
Considering the rate of development and parcel ownership, it is reasonable to assume that 
sandpit lakes will continue to be constructed along the Platte River. 

Table 1: Development of Sandpit Lakes Along the Platte River 

Aerial Year Number of 
Sandpit Lakes 

1984 131 
2003 200 
2023 281 

 
2.1.2 Hydrogeology 
In the model domain, the Dakota aquifer underlies the younger Cenozoic Era sediments; 
however, it is generally regarded as a minor contributor to the overall groundwater supply 
(Korus et al. 2013). The primary aquifer of interest supplies the municipal wells; it consists of 
younger, unconsolidated sediments and is explicitly delineated in the JEDI model. Vertical flow 
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from the Dakota aquifer to the primary aquifer is determined by the regional LPMT model and 
incorporated as an input to the JEDI model. 

2.1.3 Soils  
Several soil classifications are present within the JEDI model domain, including large areas of 
Ponca-Marshall in the east; Sharpsburg, Sharpsburg-Fillmore, and Zook-Wabash-Kennebec in 
the west; and Luton-Gibbon, Inavale-Cass-Barney, Platte-Leshara-Inavale-Alda, and Monona-
Ida along the Platte River (UNL 2009). Soil classifications are presented in Figure 4.  

 

Figure 4: JEDI Soil Classifications 
 

2.1.4 Previous Modeling Efforts 
Under a separate contract with NeDNR, Olsson updated and extended the LPMT model (the 
“parent” model to the JEDI model). The LPMT model was updated from MODFLOW 2005 
software to MODFLOW 6 software and extended to add the years 2014-2020. Of note is the use 
of quasi-3D confining layers (as included in the original model), which are not supported in 
MODFLOW 6 software; so, the updated LPMT model consists of three distinct layers instead of 
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two. Sensitivity analysis was completed on specific storage and hydraulic conductivity terms, 
consisting of a suite of simulations that showed reducing both terms benefited the parallelism of 
the water budget between the two model versions, i.e., reducing both terms made the 
MODFLOW 6 water budget terms match the MODFLOW 2005 water budget terms most closely.  
The seven additional years simulated in the model were represented by 84 monthly stress 
periods. Finally, the WEL and RCH packages, which contain the pumping and recharge inputs, 
were extended using data taken from the Regional Soil Water Balance (RSWB) model; for the 
EVT and SFR packages, which simulate evapotranspiration and streams in the model, the data 
from 2006-2013 was repeated (NeDNR 2018). 

2.2 Subregional JEDI Groundwater Model Development 
The development of the JEDI model is outlined below, including the decision to use MODFLOW 
6 software, the discretization of the model, the boundary conditions, and a description of how 
the model input files were constructed. 

2.2.1 Model Code and Applications 
The MODFLOW software suite of groundwater modeling codes published by the U.S. 
Geological Survey (USGS) are accepted as the industry standard for groundwater flow 
modeling. MODFLOW software uses a finite difference numerical solution to solve a system of 
equations using iterative numerical methods. MODFLOW 6 software (Langevin et al. 2017) is 
the most recent version of the MODFLOW software family and was selected for this modeling 
effort for the following reasons:  

• MODFLOW 6 software supports multiple models and multiple types of models within the 
same simulation. This feature allows for tightly coupling the JEDI model with the regional 
LPMT model at the matrix level by adding them to the same numerical solution.  

• MODFLOW 6 software supports unstructured grids and vertically varying discretization. 
This feature allows more flexible discretization of model inputs where irregular features 
need to be accurately represented and complex, highly heterogeneous aquifer 
properties exist. 

• MODFLOW 6 software allows for a single design of the Newton-Raphson formulation for 
groundwater flow between connected, convertible groundwater cells. This feature 
prevents cells from going dry when computed water levels fall below the cell bottom and 
improves the solution of unconfined groundwater-flow problems where cell 
drying/rewetting is common. This is an important update because the occurrence of dry 
cells in simulations could cause models to produce unreliable results.  

• MODFLOW 6 software can partition model packages of the same type to track water 
budgets individually. This feature allows for separate well pumping by group and by 
different river systems to be tracked individually.  



   

 8   
 

MODFLOW 6 software was also chosen for the JEDI model because it supports groundwater 
model coupling. To accurately depict boundary conditions, two versions of the JEDI model were 
built: (1) a coupled version, and (2) a standalone version. In the coupled version, the JEDI 
(child) model is coupled with the LPMT (parent) model. An exchange file defines how parent 
and child models are spatially related and determines how they interact in a coupled model run; 
vertical and horizontal exchanges must be specified. All five layers of the JEDI model 
correspond to Layer 1 of the LPMT model. All five layers of the JEDI boundary cells were 
horizontally connected to Layer 1 of the bordering LPMT cells. All Layer 5 JEDI cells were 
vertically connected to the Layer 2 LPMT cells they overlayed. Layer schematics are provided 
below. On completion of the coupled model run, the amount and direction of water that is 
exchanged between the two models is specified as an output.  

The flow exchanged between the two models is then specified as an input in the standalone 
JEDI model. The exchanges are specified as well files and referred to as “face flows” throughout 
this report. All face flows are input into Layer 5 of the standalone JEDI model and separated by 
vertical and horizontal flows. The magnitude and direction of flow from the coupled LPMT model 
is maintained in the face flow well files for the JEDI model. Flow into the JEDI model (from the 
LPMT model) is specified as an injection well, whereas flow out of the JEDI model (into the 
LPMT model) is specified as an extraction well.  

The JEDI model was calibrated using Parameter Estimation and Uncertainty Analysis (PEST) 
as discussed further in Section 3. MODPATH software, a companion program to MODFLOW 
software, is also used for particle tracking to determine areas of influence for specific 
locations/cells within the JEDI model.  

The coordinate system used for the JEDI model is the same as for the LPMT model, i.e., North 
American Datum (NAD) 1983 State Plane Nebraska Federal Information Processing Standards 
(FIPS) 2600 (NeDNR 2018).  

2.2.2 Model Discretization 
The temporal and horizontal discretization of the JEDI model are outlined below.  

2.2.2.1 Temporal Discretization 
The JEDI model is temporally discretized into 446 stress periods. The model begins in 1960 and 
ends in December 2020. The first 26 stress periods are annual and the remaining 420 stress 
periods are monthly, as outlined in Table 2. The temporal discretization of the JEDI model 
exactly reflects the temporal discretization of the extended LPMT MODFLOW 6 model (Olsson 
2023). 

Table 2: Temporal Discretization 

Simulation Period Number of Stress Periods Length of Stress Period (days) 
1960 - 1985 (annual) 26 365.25 
1986 - 2020 (monthly) 420 30.43 
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2.2.2.2 Horizontal Discretization 
The JEDI model is divided vertically into five layers and uses octree refinement. The model cells 
are most refined in Layer 1, within the Platte River alluvial valley where the minimum cell size is 
82.5 by 82.5 feet. Cell faces double in length incrementally, moving outward from the Platte 
River, reaching a maximum cell size of 2,640.0 by 2,640.0 feet. The octree refinement is 
horizontally smoothed so that no more than two cells touch any particular face of a neighboring 
cell. Cell faces also double in length moving down layers, with a maximum of four cells 
overlaying a single cell of a lower layer. The number of cells and minimum cell size by layer is 
shown in Table 3. The spatial discretization by layer is shown in Figures 5 - 9. 

Table 3: Horizontal Discretization by Layer 

Layer Number of Cells Minimum Cell Size  Maximum Cell Size 

1 311,851 82.5 x 82.5 feet = 0.160 acre 

2,640.0 x 2,640.0 feet 
= 160 acres 

2 80,761 165.0 x 165.0 feet = 0.625 acre 

3 23,431 330.0 x 330.0 feet = 2.500 acres 

4 9,592 660.0 x 660.0 feet = 10.000 acres 

5 6,319 1,320.0 x 1,320.0 feet = 40.000 acres 

 

Finally, note that all horizontal JEDI (child) model boundary cells are the same size as LPMT 
(parent) model boundary cells for ease of coupling. 
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Figure 5: JEDI Layer 1 Horizontal Discretization 
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Figure 6: JEDI Layer 2 Horizontal Discretization 



   

 12   
 

 

Figure 7: JEDI Layer 3 Horizontal Discretization 
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Figure 8: JEDI Layer 4 Horizontal Discretization 
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Figure 9: JEDI Layer 5 Horizontal Discretization 
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2.2.2.3 Vertical Discretization 
The top of Layer 1 (model top) was defined using the average lidar surface elevation within 
each cell. The bottom of Layer 5 (model bottom) was defined based on the bottom of each 
corresponding cell in Layer 1 of the LPMT model. Horizontal discretization decreased with depth 
as outlined above. This was done to ensure a balance between a high level of refinement near 
areas of interest (i.e., the Platte River) while keeping the total number of cells - and therefore, 
model run times - manageable.  

Layer Design 
At each location within the model, the layers were initially set to equal thickness, using the 
difference between model top and model bottom. Adjustments were made to enforce a 
minimum layer thickness of two feet at all locations, forcing the top of the model up, above land 
surface, to maintain the bottom of the model equal to the bottom of LPMT Layer 1. The tops of 
lower layers are defined using the bottom of the layer above. For example, the top of a Layer 2 
cell is defined based off the bottom of the Layer 1 cell that overlays it. Additional adjustments 
were made to assure that each lower-layer cell top was defined based on a continuous upper-
layer bottom. In locations where four Layer 1 cells overlay a single Layer 2 cell, all four Layer 1 
cells were assigned the same cell bottom. This process was repeated for consecutive layers. As 
a result of this process, thicknesses between layers at a single location deviated slightly and 
were not always equal. 

2.2.3 Boundary Conditions and Cell Assignments 
Table 4, below, provides a summary of water budget terms, the model packages used, and 
what each term simulates.  

Table 4: Water Budget Terms 

Package (Water Budget Term) Simulating 
EVT (EVT) Evapotranspiration  
WEL (WEL_1) Lateral face flows from LPMT* model 
WEL (WEL_2) Vertical face flows from LPMT* model  
WEL (WEL_3) Wells located in the unrefined portion of 

the model   
WEL (WEL_4) Wells in the refined portion of the model 

that are neither MUD* nor LWS* wells  
WEL (WEL_5) MUD Platte South wellfield 
WEL (WEL_6) MUD Platte West wellfield 
WEL (WEL_7) LWS wellfield 
RIV (RIV_1) Missouri River  
RIV (RIV_2) Platte River  
RCH (RCH) Recharge  
STO (STO_SS & STO_SY) Aquifer storage  
*LPMT = Lower Platte Missouri Tributaries (Model); MUD = Metropolitan Utilities 
District; LTU = Lincoln Transportation and Utilities  
 

Outer boundary cells (at the edges of the JEDI model domain) are specified flow cells, with 
flows specified from the LPMT parent model. As in the LPMT model, the Missouri River cells are 
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assigned as river (RIV) cells and serve as the eastern boundary of the model. The Platte River 
cells are also assigned as RIV cells because this area is horizontally refined; it provides the 
ability to define stages on a stress-period-by-stress-period basis. The tributaries are assigned 
as Drain (DRN) cells because they are important to the water budget but are not our primary 
interest in the construction of the JEDI model. Figure 10, below, shows all cell assignments 
within the JEDI model domain.  

 

Figure 10: JEDI Boundary and Internal Cell Assignments 

 

For the Missouri River package (RIV_1), the river bottom elevation, conductance, and stage 
were borrowed from corresponding LPMT RIV cells. The number of RIV cells was refined to 
reflect the location and footprint of the Missouri River, according to National Hydrography 
Dataset (NHD) flowlines (USGS 2017). 

For the Platte River package (RIV_2), the maximum footprint of the Platte River (high-flow 
conditions) was defined based on all cells that lie between the levees along the Platte River; 
where levees are not present, aerial imagery was used to estimate the footprint of the Platte 
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River under high-flow conditions. River bottom elevation was assigned based on bathymetric 
data obtained from Headwaters Corporation, the consulting firm that operates the Platte River 
Recovery Implementation Program (NV5 2022). A moving mean function was used to smooth 
river bottom elevations to address uphill anomalies in the bathymetric data. Additionally, the 
river bottom was uniformly lowered by five feet to account for inaccurate measurements in turbid 
areas. Conductance for RIV cells was borrowed from streamflow routing (SFR) conductance, as 
was conductance for DRN cells (the DRN package is described below). A low-flow line to 
estimate a river centerline was established based on aerial imagery; along this low-flow line, 
river stationing was assigned based on cell size. River stations were assigned to the high-flow 
footprint of the Platte River, based on the low-flow cell they were nearest to, to simulate cross-
sections. At each of the five USGS stream gages along the Platte River, Black & Veatch 
developed flow vs stage relationships and a natural log equation was used to interpolate the 
data. USGS stream gage data was used to determine an average flow rate at each gage 
location for each stress period of the JEDI model. Stages were assigned to the low-flow cells 
based on linear interpolation between gages while stages were assigned outward from the low-
flow line to the footprint of the Platte River based on the previously established cross-sections. If 
the stage of a river cell fell below the river bottom for any stress period, this cell was not 
specified as a river cell for this stress period.  

Two well files were created to represent boundary conditions for the standalone JEDI model. 
The WEL_1 package accounts for the horizontal face flows from the LPMT model (as discussed 
in Section 2.1.1). The WEL_2 package accounts for the vertical face flows from the LPMT 
model. All face flows were injected into or extracted from Layer 5 of the JEDI model. As 
discussed in Section 2.3, large areas of the upper layers of the model are dry at the end of the 
transient model solution. To ensure face flows were applied throughout the transient simulation, 
all face flows were applied to Layer 5.  

The tributaries to the Platte River (LPMT SFR cells within the JEDI model domain) were 
assigned to be DRN cells. The SFR package was excluded from the JEDI model for two 
reasons. The tributaries to the Platte River do not serve as a significant source of water to the 
aquifers within the JEDI model area. Additionally, the routing of tributaries was not a primary 
concern in the construction of the JEDI model. Routed tributary flows were not necessary 
because Platte River flows were specified on a stress-period-by-stress-period basis. The DRN 
package serves as a water sink and provided an appropriate amount of complexity, outside the 
Platte River alluvial valley. The DRN cells were refined to reflect the location and footprint of the 
tributaries. The DRN elevation was defined based on the minimum lidar elevation present within 
each cell and the DRN conductance was calculated from LPMT SFR terms as the following: 
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DRN conductance = 𝑆𝑆𝑆𝑆𝑆𝑆 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑐𝑐𝑐𝑐𝑛𝑛𝑛𝑛𝑐𝑐𝑛𝑛 𝑐𝑐𝑜𝑜 𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑤𝑤𝑤𝑤𝑐𝑐ℎ𝑤𝑤𝑐𝑐 𝑆𝑆𝑆𝑆𝑆𝑆 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

 

Where SFR conductance = ℎ𝑦𝑦𝑐𝑐𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐𝑤𝑤𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑤𝑤𝑐𝑐𝑤𝑤𝑐𝑐𝑦𝑦 ∗ 𝑤𝑤𝑤𝑤𝑐𝑐𝑐𝑐ℎ 𝑐𝑐𝑜𝑜 𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐ℎ ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝑙𝑙𝑐𝑐ℎ 𝑐𝑐𝑜𝑜 𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐ℎ
𝑐𝑐ℎ𝑤𝑤𝑐𝑐𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑜𝑜 𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑐𝑐𝑛𝑛𝑛𝑛𝑐𝑐𝑐𝑐

 

2.2.4 Evapotranspiration, Recharge, and Pumping Inputs 
For the EVT package, evapotranspiration (ET) extinction depth was duplicated from the LPMT 
model. The ET surface was assigned to be the top of JEDI model Layer 1; the surface was 
refined in accordance with the refinement of the Layer 1 cells. Using the LPMT ET rate in the 
JEDI model area, water budget plots showed that more ET was being extracted from the JEDI 
model as compared to the LPMT model. The final ET rate in the JEDI model is equal to 25 
percent of the ET rate in the LPMT model, as it proved to provide the best match in the water 
budgets (comparing JEDI to the JEDI area of the LPMT model). When the water level elevation 
in any given cell of the model falls below the extinction depth of seven feet, no ET occurs in this 
cell. When the water level elevation is above the extinction depth, ET is extracted from the 
model.  

For the recharge (RCH) package, recharge rates were duplicated from LPMT recharge rates, 
and all recharge was assigned to JEDI model Layer 3. As discussed in Section 2.3, there are 
many dry cells in JEDI Layers 1 and 2 at the end of the transient model run. To ensure that the 
majority of recharge was applied throughout the transient simulation, all recharge was assigned 
to JEDI Layer 3. 

When constructing the WEL_3 package, corresponding to wells within the unrefined region of 
the JEDI model, borehole data was used to assign top and bottom elevations of well screens. 
Two rasters were created to cover the JEDI model domain by kriging borehole data according to 
top of screen, bottom of screen, and an enforced minimum screen length of 20 feet. Pumping 
was assigned to the layers using the following criteria: (1) where the screen fell entirely below 
the bottom of Layer 5, all pumping was assigned to Layer 5; (2) where the screen fell entirely 
above the top of Layer 1, all pumping was assigned to Layer 1; (3) where the screen fell fully 
within any layer, all pumping was assigned to that layer; and (4) where the screen spanned 
more than one layer, the weighted average pumping rate – based on the percentage of screen 
in each layer – was assigned to the corresponding layer. Scenarios 1 and 2 are possible 
because of the data processing methods. The screen rasters were created by interpolating point 
data at discrete locations within the JEDI model area, whereas the land surface raster used to 
assign layer elevations was a continuous, measured dataset. Finally, pumping was distributed 
to all JEDI model WEL cells that comprised the corresponding LPMT model WEL cell.  

A separate well package (WEL_4) was created for the wells that fell within the refined region of 
the JEDI model but did not provide municipal water to LWS or MUD. Pumping data was 
obtained from The Flatwater Group and the well location and pump rates were refined to reflect 
the actual location and pump rates of the well. All pumping from these wells was assigned to 
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Layer 4. As discussed in Section 2.3, large portions of Layers 1 and 2 are dry at the end of the 
transient simulation. Layer 4 was chosen to maintain pump rates throughout the transient 
simulation.  

Additionally, three separate well files were created for the MUD and LWS wellfields (WEL_5 for 
MUD South, WEL_6 for MUD West, and WEL_7 for LWS). For these three well files, the 
locations of the wells were updated to reflect the actual locations. The pumping data was 
obtained from The Flatwater Group. To ensure that pumping was distributed vertically 
throughout the aquifer where wells are generally screened, the pumping was allocated with 25 
percent from Layer 3, 25 percent from Layer 4, and 50 percent from Layer 5. 

2.2.5 Aquifer Parameters 
To determine aquifer properties, AEM voxels were developed based on AEM flight lines as 
obtained from the Eastern Nebraska Water Resources Assessment (ENWRA), resulting in 
resistivity cubes measuring 500 feet by 500 feet by 2 feet (X by Y by Z directions, respectively). 
A group number was assigned to each AEM voxel in accordance with the values in Table 5 
below. The AEM voxels’ resistivity group numbers were smoothed to remove outliers and 
anomalous data. In the X/Y plane, the centroid of each JEDI model Layer 1 node was found and 
used to determine in which AEM voxel this centroid fell. From here, a weighted average was 
calculated from all voxels falling between the Layer 1 top and bottom, and the resulting 
resistivity group was assigned to each Layer 1 node. This process was repeated for the 
remaining layers. Resistivity groups were used to control hydraulic conductivity ranges during 
calibration with PEST. In the node property flow (NPF) package, hydraulic conductivity was 
assigned based on each group as shown in Table 5 below. Within the JEDI model domain, 
resistivity values are largely dependent on sediment grain size. Lower resistivity values 
correspond to silts and clays, which are less hydraulicly conductive relative to gravels, which 
have larger resistivity values.  
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Table 5: Resistivity Grouping and Corresponding Hydraulic Conductivity 

Group 

Minimum 
R* 

(Ohm-m) 

Maximum 
R* 

(Ohm-m) 
PEST Calibrated K  

(feet/day) 
Minimum K 
(feet/day) 

Maximum 
K 

(feet/day) 
1 0 12 15 1 30 
2 12 20 45 30 60 
3 20 30 75 60 90 
4 30 40 105 90 120 
5 40 50 135 120 150 
6 50 65 175 150 200 
7 65 85 225 200 250 
8 85  275 250 300 

* R represents the resistivity ranges used to define each group. Hydraulic conductivity, 
K, was assigned based on each group as: K = kx= ky, Kz = kx/10; minimum/maximum K 
represents the range used in calibration. PEST = Parameter Estimation and 
Uncertainty Analysis.  

 

The hydraulic conductivity groups by layer are shown in Figures 11 - 15 below. As shown in the 
figures, the Platte River alluvium and Todd Valley aquifer are pronounced based on resistivity 
values. The remaining non-aquifer material within the model domain is also pronounced. 
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Figure 11: Layer 1 Resistivity Groups 
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Figure 12: Layer 2 Resistivity Groups 
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Figure 13: Layer 3 Resistivity Groups 
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Figure 14: Layer 4 Resistivity Groups 
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Figure 15: Layer 5 Resistivity Groups



   

 26   
 

 

For the storage (STO) package, specific yield was set as 0.14 for all cells in all layers, 
consistent with the LPMT model. Specific storage was set as 1 x 10-6 feet-1 for all cells in all 
layers, consistent with the LPMT model.  

2.3 Transient Model Resultant Heads  
At the end of the transient model simulation (stress period 446), dry cells appeared throughout 
the layers. The most dry cells can be seen in Layer 1 (Figure 16) and Layer 2 (Figure 17). The 
model was constructed as a five-layer model to provide a high level of detail and complexity 
throughout the aquifer. In many areas, the water table falls below the upper layers and therefore 
dry cells in upper layers are not a cause for concern. The majority of cells in Layer 3 (Figure 
18), Layer 4 (Figure 19), and Layer 5 (Figure 20) are saturated throughout the transient model 
run. 
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Figure 16: Layer 1 Heads from Stress Period 446 
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Figure 17: Layer 2 Heads from Stress Period 446 
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Figure 18: Layer 3 Heads from Stress Period 446 
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Figure 19: Layer 4 Heads from Stress Period 446 
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Figure 20: Layer 5 Heads Stress Period 446
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3. RESULTS: CALIBRATION 
The model was calibrated using Model-Independent Parameter Estimation and Uncertainty 
Analysis (PEST) (Doherty 2015). The goal of the calibration process was to produce simulated 
water levels comparable to the observed water levels. A steady state model was constructed for 
the purpose of calibration to simulate predevelopment conditions (prior to 1960).  

3.1 Calibration Targets 
For the steady state simulation, the primary calibration targets consisted of water level 
observation data from USGS (USGS 2023). Water level elevations for the years 1955 to 1965 
were obtained and associated with the correct location within the model. The final calibration run 
in PEST with the steady state model had a total of 97 targets. All targets were placed in Layer 5 
of the JEDI model. The targets provided a good spatial distribution throughout the area of 
interest (Figure 21); therefore, no weighting scheme was applied.  

3.2 Calibration Approach 
The calibration approach consisted of the use of PEST (Doherty 2015) to estimate the aquifer 
parameters that would result in the best fit between observed and modeled water levels. The 
PEST calibration used the eight resistivity groups discussed in Section 2.2.5. Each resistivity 
group was given a starting horizontal hydraulic conductivity and a range that it could vary 
between, shown in Table 5. Throughout the calibration process, the horizontal and vertical 
hydraulic conductivities were tied using a 10:1 ratio.  

The aquifer and non-aquifer material is pronounced in the resistivity group assignments 
(Figures 11 - 15) and therefore assumed to be accurate. PEST calibration was largely 
constrained by the established resistivity groups and served as fine tuning for hydraulic 
conductivity values.  

On completion of the steady-state calibration, the steady-state model was rerun with the 
calibrated hydraulic conductivity values. The resultant heads from the steady-state model run 
were defined as initial conditions for the transient run. 

3.3 Calibration Results 
The estimated final model parameters, obtained through the calibration process described 
above, produced a well-calibrated model. The final model simulation was conducted using the 
calibrated model parameters. Final calibration statistics for the steady-state model run, which 
compares modeled water levels to actual observed water levels, can be found in Table 6. 
Figure 21 shows the spatial distribution of the calibration targets and residual head (measured 
minus the simulated water level elevation). The Platte River alluvial valley was the primary area 
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of interest for this modeling effort. PEST calibration shows low residuals (good calibration) 
within the area of interest; the model is thus appropriately calibrated for scenario evaluation.  

Table 6: Parameter Estimation and Uncertainty Analysis (PEST) Calibration Statistics 

Statistic Value  
Phi 34,865.1475 
Residual Mean -5.0115 
Absolute Residual Mean  12.9585 

 

 

Figure 21: Residual Heads from Steady-State Model-Independent Parameter Estimation and 
Uncertainty Analysis (PEST) Run 

The transient model was run using the calibrated hydraulic conductivity values and calibration 
was checked manually based on water level observations within the project area. The wells 
used for this calibration correspond to the wells within the JEDI model area that were used for 
LPMT model calibration, shown in Figure 22. There were 65 wells used in this calibration 



   

 34   
 

check, with water level data spanning from 1960 to 2020. The average number of observations 
per well was 167, with a maximum of 2,838 observations and a minimum of 12 observations. 
These water level hydrographs are shown in Figures 23 - 35. The hydrographs show that the 
trends in simulated water levels very closely match the trends in measured water levels. When 
there is an initial difference in measured versus simulated water levels, this difference is 
generally preserved throughout the transient model run. However, target locations within the 
Platte River alluvial valley show good calibration and therefore the model is well calibrated and 
suitable for use for scenario testing within the Platte River alluvial aquifer.  

 

Figure 22: Transient Water Level (WLE) Target Locations 
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Figure 23: Transient Water Level Hydrographs - Observations 1-5 
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Figure 24. Transient Water Level Hydrographs - Observations 6-10 
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Figure 25: Transient Water Level Hydrographs - Observations 11-15 
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Figure 26: Transient Water Level Hydrographs - Observations 16-20 
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Figure 27: Transient Water Level Hydrographs - Observations 21-25 
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Figure 28: Transient Water Level Hydrographs - Observations 26-30 
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Figure 29: Transient Water Level Hydrographs - Observations 31-35 
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Figure 30: Transient Water Level Hydrographs - Observations 36-40 
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Figure 31: Transient Water Level Hydrographs - Observations 41-45 
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Figure 32: Transient Water Level Hydrographs - Observations 46-50 
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Figure 33: Transient Water Level Hydrographs - Observations 51-55 
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Figure 34: Transient Water Level Hydrographs - Observations 56-60 
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Figure 35: Transient Water Level Hydrographs - Observations 61-65 
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4. SCENARIOS 
The purpose of the JEDI model is to determine locations where a lake as envisioned in 
legislation should not be constructed because of impacts to existing municipal wellfields, 
especially those operated by LWS and MUD. To evaluate these potential impacts, two different 
types of scenarios were set up. MODPATH software scenarios were set up to track particles 
and their interactions with the Platte River and LWS and MUD’s wellfields. Lake scenarios were 
set up to evaluate impacts to the local water table if a lake were excavated.  

4.1 Reverse Particle Tracking Scenarios  
To examine possible water quality impacts, Olsson used MODPATH particle-tracking software 
to simulate flow paths and times of travel for hypothetical particles (representing contaminants) 
placed within MODFLOW model cells as desired, and then ran scenarios to demonstrate times 
and paths of travel for these particles. Three steady-state scenarios were created to track 
particles under different climatic events (wet, dry, and normal conditions). For each climate 
scenario, two particle tracking scenarios were completed: one where particles (one particle per 
cell per layer) were placed along the outer boundaries of the Platte River and a second where 
300 particles were placed at a 250-foot radius from each municipal well. In both starting 
locations’ files, particles were placed at the vertical midpoint of all five layers. The stress periods 
chosen for each climatic scenario are outlined in Table 7.  

Table 7: Stress Periods for Each Climatic Scenario 

Climatic 
Scenario 

Pumping Stress 
Period 

Cumulative Pumping 
from Municipal 

Wellfields 
(cubic feet per day) 

River Stress 
Period 

Average Flow from 
U.S. Geological 
Survey (USGS) 

Stream gage Platte 
River at Ashland 
(cubic feet per 

second) 
Wet 364 

(February 2014) 
1.29 ∗  107 320 

(June 2010) 
4.27 ∗  104 

Normal 438 
(April 2020) 

1.91 ∗  107 112 
(February 1993) 

6.22 ∗ 103 

Dry 441 
(July 2020) 

4.66 ∗  107 346 
(August 2012) 

3.99 ∗  102 

 

The wet event is modeled by high-flow stage in the Platte River and low pump rates in the 
municipal wellfields. The Platte River stages are taken from stress period 320 (June 2010) of 
the JEDI model, because data from the USGS stream gage of Platte River at Ashland indicated 
this to be the stress period with the highest average flow rate across the month (USGS 2023). 
The three municipal well files (LWS, MUD South, and MUD West) were created using pump 
rates from stress period 364 (February 2014) of the model. This stress period was chosen 
because it had the least amount of municipal pumping in the last 10 years of the model. Results 
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from the particles placed along the Platte River are shown in Figure 36 below, and results from 
particles placed around the municipal well cells are shown in Figure 37. 

 

Figure 36: Results from Wet Event - Particles Placed along Platte River 
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Figure 37: Results from Wet Event - Particles Placed around Municipal Well Cells 

 

The normal event is modeled by median flow rates in the Platte River and median pumping 
rates in the municipal wellfields. The Platte River stages are taken from stress period 112 
(February 1993) of the JEDI model, because USGS stream gage data indicated this to be the 
stress period with median average flow rates across the month (USGS 2023). The three 
municipal well files were created using pumping rates from stress period 438 (April 2020) of the 
JEDI model. This stress period was chosen because it had the median pumping rates across 
the last 10 years of the model. Results from the particles placed along the Platte River are 
shown in Figure 38 below, and results from particles placed around the municipal well cells are 
shown in Figure 39. 
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Figure 38: Results from Normal Event - Particles Placed along Platte River 
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Figure 39: Results from Normal Event - Particles Placed around Municipal Well Cells 

 

The dry event is modeled by low flow rates in the Platte River and high pumping rates in the 
municipal wellfields. The Platte River stages are taken from stress period 346 (August 2012) of 
the JEDI model, because USGS stream gage data indicated this to be the stress period with the 
lowest average flow rate across the month (USGS 2023). The three municipal well files were 
created using pumping rates from stress period 441 (July 2020) of the model. This stress period 
was chosen because it had the largest amount of municipal pumping in the last 10 years. 
Results from the particles placed along the Platte River are shown in Figure 40 below, and 
results from particles placed around the municipal well cells are shown in Figure 41. 
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Figure 40: Results from Dry Event - Particles Placed along Platte River 
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Figure 41: Results from Dry Event - Particles Placed around Municipal Well Cells 

 

As more pumping is applied to the model, each well pulls from a larger radius of surrounding 
aquifer; therefore, particles have the potential to travel farther. This result can be seen by 
comparing Figure 36 to Figure 40. Figures 40 and 41 show that in the high pumping scenario, 
the wells pull from a larger radius of aquifer; therefore, a larger radius of particles is formed. As 
shown in Figures 38 and 39, the normal conditions fall between the two extremes depicted in 
these figures. 

4.2 Lake Scenarios 
A steady-state model was created for each potential lake location (Elkhorn River lake near 
Nickerson, Salt Creek lake between Greenwood and Ashland, Platte River small lake upstream 
of Louisville, and Platte River large lake downstream of Louisville) to evaluate impacts to water 
level elevations. The calibrated steady-state model served as the baseline model. For each 
potential lake location, all cells within the lake boundaries were assigned as constant head cells. 
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For the excavated lakes, the constant head value was set to the mean between the maximum 
and minimum head within the lake boundary at the end of the steady-state baseline model. For 
the dammed lakes, the constant head value was assigned as the minimum head within the lake 
boundary plus the difference between the river invert and normal pool elevation. It is important 
to note that the constant head elevation in the groundwater models does not necessarily match 
the permanent pool elevation of the potential lakes.  

The drawdown for each cell was determined by subtracting the baseline water level elevation 
from the scenario water level elevation on a cell-by-cell basis. Each potential lake was 
evaluated individually. As shown in Figures 44 – 46, water table levels decrease at the 
upstream end of each excavated lake and increase downstream. For the dammed lakes, as 
illustrated in Figures 42 and 43, water levels increase in the vicinity of the reservoirs, with the 
largest increases occurring downstream.  

Each lake has a distinct area of influence, beyond which water levels remain constant between 
the baseline and scenario model runs. Specific details for each lake are provided in Table 8.  

Additionally, the Elkhorn River lake falls outside the JEDI model domain, so the regional LPMT 
model was used to simulate a potential lake at this location. However, the LPMT model has a 
much coarser resolution (larger cell sizes) than the JEDI model, resulting in less-detailed 
simulations for the lake at this location. The JEDI model, with its finer resolution, offers more 
precise insights that the LPMT model cannot provide.  

Table 8: Lake Scenario Details 

Potential 
Lake 

Location 

Modeled Surface 
Area (acres) 

Constant Head 
Elevation (feet) 

Maximum 
Decrease in 
Water Level 

Elevation (feet) 

Maximum 
Increase in 
Water Level 

Elevation (feet) 
Elkhorn River 

near 
Nickerson 

4,120 1,201.00 N/A 29.4 

Salt Creek 
between 

Greenwood 
and Ashland 

4,110 1,120.10 N/A 41.8 

(Small) Platte 
River 

Upstream of 
Louisville 

908 1,023.65 -6.8 6.8 

(Large) Platte 
River 

Downstream 
of Louisville 

2,097 1,007.60 -8.4 8.4 
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Figure 42: Changes in Head at Elkhorn River Lake Location 



   

 57   
 

 

Figure 43: Changes in Head at Salt Creek Lake Location 
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Figure 44: Changes in Head at Upstream of Louisville Lake Location 
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Figure 45: Changes in Head at Downstream of Louisville Lake Location 
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Figure 46: Changes in Head at Both Platte River Lake Locations 
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4.3 Forward Particle Tracking Scenario 
With the potential for water quality impacts to MUD’s Platte South wellfield from either or both of 
the Platte River lakes (upstream and downstream of Louisville), a forward particle tracking 
scenario was also completed to demonstrate time of travel from the lakes to the Platte River. 
This scenario assumed normal climate and pumping conditions as described in Section 4.1, and 
particles were placed in each model cell in each layer, within the lake boundaries. As shown in 
Figure 47, times of travel from these lakes to the Platte River are as little as 1-2 years. 

 

Figure 47: Forward Particle Tracking - Particles Placed in Platte River Lakes 
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5. CONCLUSIONS 
Reverse particle tracking scenarios were completed using wet, dry, and normal climatic 
conditions, which were built to isolate the effects of Platte River flow and municipal wellfield 
pumping rates on contaminant time of travel, i.e., the amount of time as determined by modeling 
for a single particle of a contaminant to move from one location to another. Particles traveled the 
farthest (largest radius of influence) when the Platte River was at a low-flow stage and pumping 
rates were high, and conversely had the smallest radius of influence when the Platte River was 
at a high-flow stage and pumping rates were low. When the Platte River flow stage and 
pumping rates were set to normal conditions (mean values), the radius of influence predictably 
landed between these two extremes. The reverse particle tracking scenarios both allowed for a 
more complete understanding of how groundwater and surface water interact in and near the 
lower Platte River and the importance of ensuring that any possible lake locations to be 
considered did not intersect with wellhead protection areas (WHPAs) or existing infrastructure. 
WHPAs are delineated to aid public water systems both in understanding where their source 
water comes from and potential sources of contamination, and to provide a basis from which to 
consider and implement protections against contamination of public water supplies.  

Following identification of viable potential lake locations with feedback from the client advisory 
group consisting of LWS, MUD, and the Nebraska Department of Natural Resources (NeDNR), 
four total lakes – dammed lakes on the Elkhorn River and Salt Creek, and large and small 
excavated lakes along the Platte River – were modeled. It is noted that the small lake along the 
Platte River was originally not included in analyses, but was added upon request of the 
Nebraska Department of Economic Development once results of the original scenarios were 
presented. In all scenarios, generally, water table levels decreased at the upstream boundary 
and increased at the downstream boundary of each lake. Additionally, forward particle tracking 
scenarios were completed for the two lake locations along the Platte River. These scenarios 
demonstrated that contaminants in either of these two lakes would have short times of travel – 
on the order of five years or fewer – to the Platte River and, from there, to the MUD Platte South 
wellfield. It is noted that presence of either lake configuration along the Platte River (either the 
large lake alone or the large and small lake combined) would present a significantly different 
hydrologic regime than is present currently in the vicinity of these municipal wellfields and, thus, 
contaminants not yet encountered at these wellfields could become a concern. 

Using the JEDI model, water level scenarios showed that for the Salt Creek lake location, an 
increase in groundwater level of approximately 41.8 feet could be expected on the downstream 
end of the lake. For the Elkhorn River lake location, this increase was 29.4 feet. For the Platte 
River lakes, this increase was 8.4 feet with an equal upstream decrease for the large lake, and 
the increase was 6.8 feet downstream with an equal decrease upstream for the small lake.  
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EXECUTIVE SUMMARY 
In 2021 and 2022, the Nebraska legislature enacted LB406 and LB1023, respectively, which 

first established the Statewide Tourism and Recreational Water Access and Resources 

Sustainability (STAR WARS) special committee, and then the Lake Development Act which was 

codified in statute as the Jobs and Economic Development Initiative (JEDI) Act (Neb. Rev. Stat. 

§61-401 to 61-404). In these pieces of legislation, the unicameral recognized the importance – 

in the wake of historic flooding in 2019 and the COVID-19 pandemic – for both flood control and 

major recreational opportunities in the state to attract and retain an increasingly remote 

workforce. The STAR WARS committee envisioned, in the lower Platte River corridor, a lake 

that would rival Iowa’s Lake Okoboji as a tourist destination and hub for public-private 

partnerships to develop lakeside communities, a community town center, and a major resort. As 

outlined in the STAR WARS committee’s report, a lake location northeast of the City of Ashland, 

Nebraska was contemplated and this informed the committee’s recommendation that further 

analysis be conducted to inform viable locations for a lake of at least 3,600 acres, located in or 

near Sarpy County, and adjacent to – but not impounding – the Platte River.   

Recognizing the potential for impacts to public water system wellfields, the legislature also 

appropriated funds to be administered through the Nebraska Department of Natural Resources 

(NeDNR) for further study on possible lake sites. The City of Lincoln Water System (LWS) 

already had its Water 2.0 project – investigating possibilities for additional source(s) of drinking 

water – underway with Black & Veatch and Olsson, and recognized that these consultants have 

the necessary expertise regarding the water system as well as expertise in the types of 

technical analysis needed for potential lake sites. Thus, LWS amended its Water 2.0 contract to 

include this study and entered into a memorandum of understanding with Omaha’s Metropolitan 

Utilities District (MUD) to allow for MUD’s wellfields and concerns to also be considered. 

As part of the work under the amended Water 2.0 contract, OIsson was tasked to conduct 

desktop geotechnical analysis on potential lake sites identified through other analyses within the 

overall study, the purpose of which is to determine locations where a lake as envisioned in 

legislation should not be constructed because of impacts to existing infrastructure and/or 

municipal wellfields, especially those operated by LWS and Omaha’s MUD.  

This desktop geotechnical analysis involved research of available data and information on each 

possible lake site, including: (1) identification of general soil formations and engineering 

parameters; (2) review of groundwater and soil information obtained from test hole logs; (3) 

review of soil information obtained from registered groundwater wells; and (4) review of readily 

available geotechnical exploration and engineering reports and/or soil test boring logs 

completed nearby. It is noted that full site-specific geotechnical exploration and laboratory 

testing would need to be performed for any of these sites to properly determine geotechnical 
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suitability, and the analysis described herein is performed as an initial screening. Three possible 

lake sites were examined: (1) a dammed lake on the Elkhorn River near Nickerson, Nebraska; 

(2) a dammed lake on Salt Creek between Greenwood and Ashland, Nebraska; and (3) an 

excavated lake on the Platte River downstream of Louisville, Nebraska.  

For the dammed lake on the Elkhorn River, on-site soils generally comprise four different 

complexes that vary from well/excessively drained to very poorly drained. Permeability rates in 

the upper five feet of soil could generally be between 3.9 x 10-2 to 2.1 x 10-5 centimeters per 

second (cm/sec). On-site soils could include clay with varying silt or sand content overlying fine 

to coarse grained sands, with the possibility intermittent layers of fine to coarse grained gravels 

as well. Estimated seepage rates through the embankment and foundation of the embankment 

are calculated as less than 0.1 to 2.0 cubic feet per day per linear foot (cfd/lf), and less than 0.1 

to 100 cfd/lf, respectively. Foundation seepage rates are expected to be highly variable, based 

on the likelihood of encountering intermittent layers of sands and gravels within the clay soil 

alluvial stratigraphy.  

For the dammed lake on Salt Creek, on-site soils generally include two different complexes that 

are also described with variable drainage, but the permeability rates in the upper five feet of soil 

are expected to be within a smaller range than for the dammed lake on the Elkhorn River, at 9.2 

x 10-4 to 2.5 x 10-5 cm/sec. On-site soils could comprise clays with varying silt and sand content 

or fine to coarse grained sands with varying silt and clay content; it is also possible that 

intermittent layers of clay soils could be encountered within the sand. In general, seepage 

through the lakebed would not be expected to be as significant or variable as through the 

dammed lake on the Elkhorn River. Additionally, limestone bedrock is generally encountered at 

depths ranging from approximately 40 to 116 feet below the surface, and Dakota sandstone or 

shale may be encountered at greater depths. Estimated seepage rates through the 

embankment and foundation of the embankment are calculated as less than 0.1 to 4.0 cfd/lf, 

and less than 0.1 to 300 cfd/lf, respectively. It is anticipated that seepage rates may be variable, 

as with the dammed lake on the Elkhorn River, and also that limestone bedrock below a depth 

of about 40 feet could be encountered which could indicates existence or potential development 

of karst conditions.  

For the large excavated lake on the Platte River, soils largely comprise two complexes, both of 

which are described as at least well drained (one is described as excessively drained). 

Permeability rates could generally be between 3.9 x 10-2 and 1.4 x 10-4 cm/sec. Soils on the site 

could comprise clay with varying silt or sand content, and intermittent layers of fine to coarse 

grained sands and/or gravels could also be encountered. Sands and gravels may also be 

encountered with exposed sands more likely along the Platte River and near historic gravel pit 

areas. Layers of shale, sandstone, and ironstone were encountered in test holes in the area at 

depths as shallow as 125 feet and as deep as 205 feet below ground surface in the vicinity of 

this site. Estimated seepage rates through the embankment and foundation of the embankment 
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are calculated as less than 0.1 to 0.3 cfd/lf, and less than 0.1 to 20 cfd/lf, respectively. Seepage 

rates may be high, based on the likelihood of encountering shallow sands and gravels 

associated with the Platte River and nearby quarries. Like the dammed lake on Salt Creek, the 

potential for existence or development of karst conditions exists at this location due to the 

variable depth of limestone bedrock.  
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1. INTRODUCTION 
This report summarizes the results of a desktop geotechnical study for the construction of a lake 

at three potential project sites as shown in Figure 1. More specific project site location 

descriptions are as follows: 

• Elkhorn River Dammed Lake: Dodge and Washington Counties: near Nebraska 91 

from County Road R Boulevard to County Road L near Nickerson, Nebraska. 

• Salt Creek Dammed Lake: Cass and Saunders Counties: north-northwest of U.S. 6 

from 205th Street to County Road 7 between Greenwood, Nebraska and Ashland, 

Nebraska.  

• Platte River Large Excavated Lake: Sarpy County: near Nebraska 50 from Riha Road 

to South 120th Street and north of the Platte River downstream of Louisville, Nebraska. 

For this analysis, only the Platte River Large Excavated Lake was investigated. It is our 

understanding that most of the Platte River Small Excavated Lake comprises sand and 

gravel quarries. 

 

 

 

 

 



   

2 
 

 

Figure 1: Lake Locations Considered in This Analysis 

Our geotechnical and historical research of the parcels included the following:  

• Review of United States Department of Agriculture (USDA) – Natural Resource 

Conservation Service (NRCS) Web Soil Survey (WSS) to identify general soil formations 

and engineering parameters across the potential lake sites;  

• Review of groundwater and soil information obtained from test holes performed by the 

University of Nebraska-Lincoln (UNL) School of Natural Resources published on the 

Conservation and Survey Division (CSD) Ground Water and Geology Data Portal;  

• Review of soil information obtained from active groundwater wells registered with the 

Nebraska Department of Natural Resources (NeDNR); and  

• Review of readily available geotechnical exploration/engineering reports and/or soil test 

boring logs completed near the potential lake sites.  
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2. SURFACE AND SUBSURFACE CONDITIONS 
While expected site conditions – based on desktop review – are discussed below, a final site-

specific geotechnical exploration and appropriate laboratory testing must be performed to 

determine actual subsurface conditions at any selected site. In addition, the on-site soils should 

be visually classified and described in accordance with the Unified Soil Classification System 

(USCS). 

In general, soil complexes comprising predominantly clay soils will have lower permeability rates 

versus those comprising predominantly sands. If soils comprise a combination of clays and 

sands, permeability rates could be highly variable. 

2.1 Elkhorn River Dammed Lake 
Based on soil information obtained from the NRCS WSS, the on-site soils generally appear to 

predominantly comprise the following soil complexes: Inavale-Cass-Barney, Zook-Wann-

Leshara, Luton-Gibbon, and Zook-Wabash-Kennebec. The Inavale-Cass-Barney complex 

generally consists of deep, well drained to excessively drained soils formed in alluvium and 

sandy alluvium. The Zook-Wann-Leshara complex generally consists of very deep, very poorly 

drained to somewhat poorly drained soils formed in alluvium, calcareous alluvium, and loamy 

alluvium. The Luton-Gibbon complex generally consists of very deep, very poorly drained to 

somewhat poorly drained soils formed in calcareous alluvium and clayey alluvium. The Zook-

Wabash-Kennebec complex generally consists of very deep, very poorly drained to moderately 

well drained soils formed in alluvium and silty alluvium.  

In addition, the NRCS WSS indicates permeability rates in the upper five feet of the referenced 

soil complexes in the vicinity of the Elkhorn River dammed lake could generally be between 3.9 

x 10-2 cm/sec and 2.1 x 10-5 cm/sec.  

The on-site soils could comprise clay with varying silt or sand content overlying fine to coarse 

grained sands. Intermittent layers of fine to coarse grained gravels may also be encountered. A 

map indicating relevant soil associations in the project area are shown on the NRCS WSS 

presented in Attachment A.  

There is information for eight test holes published on the UNL School of Natural Resources 

CSD Ground Water and Geology Data Portal that are located east and west of the potential 

dammed lake on the Elkhorn River. Based on review of the referenced test holes, groundwater 

was encountered at depths ranging from 2.4 to 75 feet circa 1940 to 2023. Shale was also 

encountered at depths ranging from approximately 156 to 209 feet below the ground surface in 

test holes 70-A-42, 71-A-42, 72-A-42, and 75-A-42. The approximate locations of the referenced 

test holes are presented in Figure 2. 
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Figure 2: UNL School of Natural Resources CSD Test Hole Locations Near the Potential 
Elkhorn River Dammed Lake 

Near the potential dammed lake on the Elkhorn River, there are numerous active and 

decommissioned groundwater wells registered with NeDNR as shown below in Figure 3. A 

purple, blue, green, yellow, or orange circle indicates and active groundwater well, while a letter 

‘x’ indicates a decommissioned well. The soil and bedrock (shale) subsurface conditions 

described in the referenced groundwater wells are generally similar in composition to the soils 

discovered in the UNL School of Natural Resources CSD test holes.  
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Figure 3: Groundwater Wells Registered with NeDNR Near the potential Elkhorn River 
Dammed Lake 

2.2 Salt Creek Dammed Lake 
Based on soil information obtained from the NRCS WSS, the on-site soils generally appear to 

predominantly comprise the following soil complexes: Zook-Wabash-Kennebec and 

Sharpsburg-Fillmore. The Zook-Wabash-Kennebec complex generally consists of very deep, 

very poorly drained to moderately well drained soils formed in alluvium and silty alluvium. The 

Sharpsburg-Fillmore complex generally consists of very deep, somewhat poorly drained to 

moderately well drained soils formed in loess. 

In addition, the NRCS WSS indicates permeability rates in the upper five feet of the referenced 

soil complexes in the vicinity of the potential dammed lake on Salt Creek could generally be 

between 9.2 x 10-4 cm/sec and 2.5 x 10-5 cm/sec.  

The on-site soils could comprise clays with varying silt and sand content or fine to coarse 

grained sands with varying silt and clay content. Intermittent layers of clay soils may also be 

encountered within sands. A map indicating relevant soil associations in the project area are 

shown on the NRCS WSS presented in Attachment A. 
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There is information for six test holes on the UNL School of Natural Resources CSD Ground 

Water and Geology Data Portal that are located in the vicinity of the potential dammed lake on 

Salt Creek. Based on review of the referenced test holes, groundwater was encountered at 

depths ranging from 0.5 to 43 feet circa 2008 to 2023. Limestone was also encountered at 

depths ranging from approximately 40 to 116 feet below the ground surface in test holes 1-SC-

08, 3-SC-08, 4-SC-08, 5-SC-08, and 6-SC-08. The approximate locations of the referenced test 

holes are presented in Figure 4. 

 

Figure 4: UNL School of Natural Resources CSD Test Hole Locations Near the Potential Salt 
Creek Dammed Lake 

Near the potential dammed lake on Salt Creek, there are numerous active and decommissioned 

groundwater wells registered with NeDNR as shown below in Figure 5. As described 

previously, a purple, blue, green, yellow, or orange circle indicates an active groundwater well, 
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while a letter ‘x’ indicates a decommissioned groundwater well. The soil and bedrock 

(limestone) subsurface conditions described in the referenced groundwater wells are generally 

similar in composition to the soils and bedrock discovered in the UNL School of Natural 

Resources CSD test holes. However, Dakota sandstone or shale may be encountered at 

greater depths (50 feet or more). 

 

Figure 5: Groundwater Wells Registered with NeDNR Near the Potential Salt Creek Dammed 
Lake 

2.3 Platte River Large Excavated Lake 
Based on soil information obtained from the NRCS WSS, the on-site soils generally appear to 

predominantly comprise the following soil complexes: Ponca-Marshall and Inavale-Cass-

Barney. The Ponca-Marshall complex generally consists of very deep, well drained soils that 

formed in loess. The Inavale-Cass-Barney complex generally consists of deep, well drained to 

excessively drained soils formed in alluvium and sandy alluvium. Previous sand and gravel pits 

were also noted at various locations along the Platte River. 

In addition, the NRCS WSS indicates permeability rates in the upper five feet of the referenced 

soil complexes in the vicinity of the potential large excavated lake on the Platte River could 

generally be between 3.9 x 10-2 cm/sec and 1.4 x 10-4 cm/sec.  
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The on-site soils could comprise clay with varying silt or sand content. Intermittent layers of fine 

to coarse grained sands and/or gravels may also be encountered. Sands and gravels may also 

be encountered, with exposed sands more likely along the Platte River and near the historic 

gravel pit areas. A map indicating revelation soil associations in the area are shown on the 

NRCS WSS presented in Attachment A. 

There is information for four test holes published on the UNL School of Natural Resources CSD 

Ground Water and Geology Data Portal that are located in the vicinity of the potential large 

excavated lake on the Platte River. Based on review of the referenced test holes, groundwater 

was encountered at depths ranging from 5 to 52 feet circa 1962 to 2023. Shale was also 

encountered at a depth of approximately 205 feet below the ground surface in test hole 26-80. 

Intermittent layers of sandstone, ironstone, and shale were encountered at a depth of 

approximately 125 feet below the ground surface in test hole 1-A-62. Lastly, intermittent layers 

of shale and limestone were encountered at a depth of approximately 91 feet below the ground 

surface in test hole 1-80. The approximate locations of the referenced test holes are presented 

below in Figure 6.   
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Figure 6: UNL School of Natural Resources CSD Test Hole Locations Near the Potential 
Platte River Large Excavated Lake 

Near the potential Platte River Large Excavated Lake, there are numerous active and 

decommissioned groundwater wells registered with NeDNR as shown below in Error! Reference s

ource not found.. The soil and bedrock (shale, sandstone, ironstone, and limestone) subsurface 

conditions described in the referenced groundwater wells are generally similar in composition to 

the soils and bedrock discovered in the UNL School of Natural Resources CSD test holes.  
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Figure 7: Groundwater Wells Registered with NeDNR Near the Potential Platte River Large 
Excavated Lake 
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3. PRELIMINARY GEOTECHNICAL SEEPAGE 
ANALYSIS 

For the preliminary geotechnical seepage analysis at each potential site, we obtained the design 

parameters used to describe the physical behavior of the soils from available published 

information, our geotechnical engineering judgement, and local experience. The goal of this 

process is a hypothetical and conservative site characterization of seepage through 

embankments and underlying soil foundations based on the provided preliminary information. 

The ranges of permeability rate were estimated conservatively by our engineering judgement 

through our local experience in the Nebraska region. Table 1 displays estimated vertical and 

horizontal permeability rates used in our preliminary geotechnical seepage analysis. Please 

note that soil permeability can drastically vary based on numerous factors and, as such, actual 

soil permeabilities at each site could be outside of the listed ranges. 

Table 1: Estimated Soil Permeabilities for Preliminary Geotechnical Seepage Analysis 

Formation Vertical Permeability (cm/s) Horizontal Permeability (cm/s) 

Embankment Soils 1.0E-05 to 1.0E-07 1.0E-04 to 1.0E-06 

Foundation Soils 1.0E-03 to 1.0E-07 1.0E-02 to 1.0E-06 

In addition, based on information provided by the Olsson/Black & Veatch project team, the 

following parameters for each site were used in our preliminary geotechnical seepage analysis. 

Table 2: Project Site Parameters for Preliminary Geotechnical Seepage Analysis  

Project Site 

Surface 

Area 

(acres) 

Embankment 

Length (feet) 

Maximum 

Embankment 

Height (feet) 

Normal Pool 

Elevation 

(feet) 

Top of 
Embankment 

Elevation 
(feet) 

Elkhorn River 

Dammed Lake 
4,123.37 9,000 36 1,196 1,206 

Salt Creek 

Dammed Lake 
4,113.00 5,500 50 1,097 1,107 

Platte River Large 

Excavated Lake 
2,097.39 52,462 32* 1,005 1,027 

*Estimate based on an assumed low ground surface elevation of 995 

To complete our analysis, we assumed that the proposed embankments would comprise 

idealized trapezoidal cross-sections with crest widths of 20 feet, upstream/downstream slopes 

of 3(H):1(V), and embankment toe drains located within the downstream portion of the 

embankments. Our analysis evaluated seepage at the maximum embankment section. The 

results of our preliminary geotechnical seepage analysis are presented in Table 3. 
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Table 3: Estimated Seepage Rates of Preliminary Geotechnical Seepage Analysis 

Project Site 

Maximum 

Embankment 

Height (feet) 

Normal 

Pool 

Elevation 

(feet) 

Estimated 

Seepage 

Rates 

Through 

Embankment 

(cfd/lf) 

Estimated 

Seepage 

Rates 

Through 

Foundation 

(cfd/lf) 

Elkhorn River 

Dammed Lake 
36 1,196 <0.1 to 2.0 <0.1 to 200 

Salt Creek 

Dammed Lake 
50 1,097 <0.1 to 4.0 <0.1 to 300 

Platte River Large 

Excavated Lake 
32* 1,005 <0.1 to 0.3 <0.1 to 20 

The results show that seepage through an embankment and the underlying foundation soils of 

the embankment depend on the soil permeability and water gradient between the normal pool 

elevations and the downstream toe elevations. As shown above, change in conditions such as 

gradient (displayed through the maximum embankment height) and permeability can play a 

significant role in seepage through a dam. 

We reiterate that full analysis involving a soils investigation that includes sampling and 

laboratory testing must be completed for any selected site in order to properly assess seepage.  
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4. CONCLUSIONS 
Considering the potential surface and subsurface conditions as well as potential seepage rates, 

we anticipate there to be general concerns at each possible site. Here, we provide a preliminary 

overview of general concerns at each project site as they relate to the feasibility of construction. 

Near the dammed lake on the Elkhorn River, shallow groundwater could be a potential concern 

during earthwork operations and excavations. If shallow groundwater is encountered during 

earthwork operations and excavations, dewatering operations would need to be considered. In 

addition, we anticipate foundation seepage rates to be highly variable based on the likelihood of 

encountering intermittent layers of sands and gravels within the clay soil stratigraphy of the 

alluvium. If seepage rates are higher than desired, remediation of foundation soils may be 

required. 

Near the dammed lake on Salt Creek, shallow groundwater could also be a potential concern 

during earthwork operations and excavations. Again, if it is encountered, dewatering operations 

would need to be considered. We also, again, anticipate seepage rates may be variable based 

on the likelihood of encountering intermittent layers of sands and gravels within the clay soil 

stratigraphy. Bedrock (limestone) below a depth of approximately 40 feet could be encountered, 

which could cause concern for karst conditions to be present or develop based on the potential 

of shallow groundwater. Evaluation of such conditions should be considered if this project site is 

selected.   

Lastly, near the large excavated lake on the Platte River, shallow groundwater could again be a 

concern during earthwork operations and excavations. We anticipate seepage rates may be 

high based on the likelihood of encountering shallow sands and gravels associated with the 

Platte River and nearby quarries. If seepage rates are higher than desired, remediation of the 

foundation soils may be required. While bedrock (shale or limestone) may be encountered 

deeper at this project, we anticipate the depth to bedrock may be variable based on the vicinity 

of the existing and operating quarry. Paired with shallow groundwater, karst conditions could be 

present or develop in the underlying limestone. Evaluation of such conditions should be 

considered if this project site is selected. 

We note, again, that this information should be considered preliminary in nature as site-specific 

geotechnical explorations will be required to document site-specific subsurface and groundwater 

conditions prior to future development, earthwork, and construction. In essence, the information 

included in this report provides estimates of possible seepage results.  
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5. CLOSURE AND LIMITATIONS 
The information presented in this report has been gathered, reviewed, and interpreted by an 

Olsson Professional Geotechnical Engineer. However, this information should be considered 

preliminary in nature as site-specific geotechnical explorations will be required to document site-

specific subsurface and groundwater conditions prior to future development, earthwork, and 

construction.  

Furthermore, the above information is intended only to provide an estimate of possible seepage 

results. Final seepage results must be based on final site-specific geotechnical explorations and 

final project characteristics such as surface area, dam dimensions, final pool elevation, 

thickness of clay layer, etc. 

We appreciate the opportunity to provide our services for this project. Should you have any 

questions regarding the information provided, please do not hesitate to contact us at your 

convenience. 

Respectfully submitted, 

Olsson, Inc. 

Nebraska Certificate of Authority No. CA-0638 

 

 

Jordan N. Koskelin, PE Sean A. Parks, PE  

Geotechnical Engineer Senior Geotechnical Engineer 

531.365.4639 402.458.5900 
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