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0.0 INTRODUCTION 

Hastings Utilities (HU) in Hastings, Nebraska currently operates over 30 potable water 
wells that are located throughout the City.  These wells pump directly into the 
distribution system without treatment or disinfection.  The raw water quality in HU’s 
wells has historically met regulatory requirements, even without treatment.  However, the 
level of nitrate present in the water supply wells has increased over time, to the point 
where several wells have been removed from service as the nitrate concentration exceeds 
the Maximum Contaminant Level (MCL) of 10 mg/L as N (nitrate references hereafter 
shown as ‘mg/L’ instead of ‘mg/L as N’).  The increasing levels of nitrate in the aquifer 
and the extent of the nitrate contamination have limited the ability of HU to add new 
wells to maintain system capacity. 

In 1996, HU began evaluating the potential impact of nitrate contamination and 
developing design plans to deal with this source water issue.  A nitrate treatment 
residuals study was conducted in 2007 and a 20-Year Facility Implementation Plan was 
developed in 2010.  During the summers of 2010 and 2011, approximately 770 samples 
were collected for analysis of nitrate and other water quality parameters.  These samples 
were obtained primarily from irrigation wells; however, domestic and municipal wells 
were also sampled.  The discovery of extensive upgradient uranium contamination in 
2011, and the discovery of gross alpha above MCL levels in a HU supply well, caused 
HU to re-evaluate previous well field management techniques and water treatment 
concepts that were developed primarily to handle nitrates. 

The purpose of this Preliminary Design Report (PDR) is to provide a background of the 
work conducted to date and to summarize the overall well based nitrate and uranium 
management approach concept.  This PDR presents preliminary design concepts up to 
approximately 30 percent design.    

1.0 PREVIOUS STUDIES AND DESIGN WORK 

The following section presents a summary of the engineering studies and conceptual 
designs that have been developed to date to manage the changes in raw water quality that 
have occurred in and around Hastings. 

1.1 1996 Water System Master Plan 

In 1996, HDR completed a water supply study for HU.  The purpose of this study was to 
evaluate the City’s existing water system and determine the improvements required to 
accommodate system growth through the design period and identify requirements based 
on the evolving criteria of the Safe Drinking Water Act (SDWA) regulations.  The 
following Implementation Plan recommendations were made as part of this study: 

• Monitor SDWA status. 

• Proceed with expansion of supply in northwest area. 

• Construct transmission mains to facilitate distribution of water from north to 
south as southern wells are shut down. 
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• Maintain flexibility in use and routing of piping until treatment requirements are 
defined. 

• Continue modeling water system improvements. 

• Maintain flexibility to allow construction of future reservoirs that could increase 
system capacity and reliability without constructing new wells or transmission 
mains. 

1.2 2007 Residuals Study 

In 2007, HDR completed an evaluation of the possible disposal options for the 
concentrate or brine waste associated with reverse osmosis (RO) and ion exchange (IX) 
based on regulatory requirements that govern discharge or disposal.  Residuals disposal 
options evaluated in this study included direct discharge to surface water, indirect 
discharge to surface water via the wastewater treatment facility, raw water blending for 
agricultural or irrigation reuse, and deep well injection.  As a result of the analyses 
performed in the study, it was determined that each residuals disposal option by itself 
would have significant limitations and a ‘staged’ approach based on future projected 
waste volumes would be required for the overall residual waste management plan.  This 
approach would likely include a combination of: 

• Evaporation/storage ponds, raw water blending for agricultural reuse managed 
according to agronomic and soils tolerance limits, 

• Indirect periodic discharges via the wastewater treatment facility (limited by 
hydraulic capacity, biological tolerance, and a negotiated discharge permit), and 

• Potential limited direct discharge to the receiving stream under suitable flow 
conditions as authorized by flow-variable discharge permit provisions. 

1.3 Westbrook Water Treatment Plant 

In 2008, nitrate levels at a key well (Well 33) for HU began to approach the MCL.  As a 
result, a RO treatment plant was designed for the well site.  The Westbrook Water 
Treatment Plant (WTP) construction was planned for the near future to remove nitrate 
from Well 33 raw water.  The plant was designed to treat an adjustable portion of the well 
flow with a raw water nitrate level as high as 15 mg/L to achieve a finished blended 
water nitrate level between 6 and 8 mg/L.  The plant was anticipated to be built in two 
phases.  The first phase of the Westbrook WTP would provide approximately 1.4 million 
gallons per day (MGD) or 1,000 gallons per minute (gpm) of water treatment based on 
the feed water capacity.  The total final finished water capacity of the Westbrook WTP 
was designed for approximately 3.5 MGD (2,450 gpm). 

1.4 Hastings Wellhead Protection Plan Well Sampling 

In 2009, to evaluate the extent of nitrate contamination in Hastings source water aquifer, 
the Hastings Wellhead Protection Committee recommended that all domestic, irrigation, 
municipal and industrial wells located within the Hastings Well Head Protection Area 
(WHPA) be sampled for nitrates.  This recommendation was adopted as part of the 
Hastings Wellhead Protection Plan (WHPP).  To accomplish the requested water 
sampling, an inter-local agreement was executed between the Upper Big Blue Natural 
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Resource District (UBBNRD), the Little Blue Natural Resource District (LBNRD), and 
HU.  This inter-local agreement allowed for each entity to collect and analyze water 
samples in the Hastings WHPA.  During the summer of 2010 and 2011, approximately 
770 water samples were collected for analysis of nitrate and other water quality 
parameters.  These samples were obtained primarily from irrigation wells; however, 
domestic and municipal wells were also sampled. 

Sample results showed that nitrate in groundwater is prevalent within and around the 
WHPA; and the average nitrate concentration detected was 7.7 mg/L.  Approximately 25 
percent of the 770 samples collected exceeded the nitrate MCL with a maximum detected 
concentration over 50 mg/L.   

1.5 20-Year Facility Implementation Plan – Phase 1 

In 2010, HU hired HDR to evaluate RO and IX treatment options, evaluate residual waste 
stream treatment and disposal requirements, determine the best alternative for primary 
treatment and residual waste stream treatment and disposal, and develop a 20-Year 
Facility Implementation Plan.  Future water demands were evaluated and a Groundwater 
Model to estimate future nitrate concentrations in individual production wells was 
developed during Phase 1.  Both are discussed in more detail below. 

1.5.1 Future Water Demands 

The service population for the HU water supply system is expected to increase gradually, 
from the current population of about 25,100 to a future population of 27,900 in the year 
2030 or at a rate of 0.5% a year.  Projected average day, maximum day, peak hour 
demands in million gallons per day (MGD), and corresponding populations are shown in 
Table 1.1. 

TABLE 1.1 – CITY OF HASTINGS FUTURE WATER DEMANDS (MGD) 

 

1.5.2 Phase 1 Groundwater Model 

As mentioned above, as part of the Phase 1 Implementation Plan, HDR developed a 
groundwater flow and solute transport model as a tool to estimate the future nitrate 

Average Day Maximum Day Peak Hour

Total
2

Total
3

Total
4

2009 (Actual) 25,100 6.35 15.50 Unavailable

2010 25,226 7.46 24.69 31.71

2015 25,862 7.71 25.53 32.79

2020 26,516 7.97 26.38 33.87

2025 27,185 8.22 27.22 34.95

2030 27,872 8.48 28.06 36.03

Note:  Out-City Users are assumed to be included in trend line projections
1
  Includes residential population outside City limits

2  
Based on Trend Line projections

3  
Maximum Day/Average Day = 3.31

4 
 Peak Hour/Average Day = 4.25

Year

Service 

Population
1
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concentrations in individual production wells.  The groundwater model was developed in 
phases with the first phase completed in 2010.  The Phase I model focused on evaluating 
future nitrate concentrations in the Hastings water supply over a 20-year planning period.  
Several water supply management alternatives were evaluated, many of which focused on 
the western-most water supply well, Well 33.  

The most critical component of the modeling process involved the interpretation of 770 
groundwater samples.  Approximately 500 samples were collected during the summer of 
2010.  All samples were analyzed for nitrate and some were analyzed for other water 
quality parameters.  The majority of the groundwater samples were collected from 
irrigation, domestic, and municipal wells located within HU’s WHPA. However, some of 
the samples were collected well outside of the WHPA to evaluate nitrate concentrations 
in these areas. The results of the sampling effort were interpreted by HDR to develop an 
isoconcentration map for nitrate.  These data were used to represent the initial conditions 
in the solute transport model.  The Groundwater Model was constructed to reflect the 
conservative nature of nitrate transport in groundwater.  Due to limitations in the data 
available for the model, an assumption of no continuous source of nitrate had to be made. 

1.6 20-Year Facility Implementation Plan – Phase 2 

In October 2010, HDR presented Phase 1 of the 20-Year Facility Implementation Plan to 
the HU Board.  Due to the high cost associated with full-scale nitrate treatment proposed 
in the Plan, the HU Board decided they would like to pursue other avenues aimed at 
delaying full-scale treatment as long as possible.  As a result, Westbrook WTP 
construction was postponed until the nitrate management concepts could be further 
studied.  With the evaluation of new nitrate management approaches, the need and 
location of the Westbrook WTP was uncertain.  In addition, the need for RO treatment 
compared to other nitrate removal technologies was uncertain.   

Facility Implementation Plan Phase 2, initiated in early 2011, focused on further 
evaluation of groundwater quality, identification of additional water supply sources, and 
evaluation of alternative well management approaches. 

Nitrate Skimming and Aquifer Storage and Restoration (ASR) were identified as two 
well management approaches to potentially improve water quality and are discussed 
below.  Updates to the Groundwater Model that occurred during Phase 2 are also 
discussed.  

The feasibility of using Point of Use (POU) RO treatment devices in the City was also 
mentioned by the HU Board as another avenue to pursue during Phase 2.  A brief cost 
evaluation was conducted and is summarized in a memorandum (see Appendix A).  In 
summary, while POUs have been used in some smaller communities in the State of 
Nebraska, they are generally highly undesirable in larger communities due to the 
following: 

• High initial costs 

• High monitoring and maintenance costs 

• Challenges associated with scheduling, security, and personnel safety 
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• Liability issues associated with leaks and failures and power outages 

• Need for extensive public outreach. 

In addition to the above, Nebraska Department of Health and Human Services requires 
100-percent compliance as per standard operating procedure PWS-029, which is nearly 
impossible to achieve.  If compliance is not achieved, then water treatment would be 
required.  Due to these challenges and costs, using POU RO treatment devices in the City 
of Hastings is not recommended. 

1.6.1 Aquifer Storage and Restoration 

ASR, where water is stored underground and then recovered when it is needed, is 
becoming a common method of water resource management in the United States.  
Although the City has an abundance of groundwater, most of this water is contaminated 
with nitrate to some extent.  As such, a form of ASR called ‘Pump-Treat-Recharge’ was 
selected for further evaluation.  With ‘Pump-Treat-Recharge’, wells with high levels of 
nitrate are pumped extensively, the resultant water is treated to a lower nitrate level, and 
then is pumped into several recharge wells. 

The primary benefit of the ASR concept is the development of a zone of treated water in 
the aquifer (recharge bubble) that forms over the first few years of system operation.  In 
this concept, the aquifer provides a vast storage source for treated water.  The treated 
water is then removed when needed by existing HU water supply wells.  With this well 
management option, water is pumped from the upgradient wells and the capture well(s) 
365 days per year, 24 hours per day.  This water is then treated and injected into the 
aquifer continuously.  This has the further benefit of only treating for average day 
demands, using the aquifer for storage and operating wells in the summer months as 
required to meet maximum day conditions. 

The initial ASR concept presented in the Facility Implementation Plan Phase 2 document 
focused on the high nitrate groundwater located on the western side of the City, 
specifically, Well 33. 

1.6.2 Phase 2 Groundwater Model 

During the summer of 2011, another 270 samples were collected and analyzed for nitrate 
and other water quality parameters.  Of these, 42 irrigation and domestic wells were 
sampled and analyzed for uranium.  The uranium levels in these wells ranged from 1.2 to 
74.8 micrograms per liter (µg/L). The Groundwater Model was updated to include these 
water quality samples collected over a larger area.  The updated (Phase 2) model also 
added uranium to the contaminants that were modeled over the 20-year planning period.  
The groundwater and solute transport model is presented in the HU Groundwater 
Modeling Study TM Phase 2 (2011), which is included as Appendix B.  As noted 
previously, due to limitations in the data available for the model, an assumption of no 
continuous source of nitrate had to be made.  This same assumption was made for 
uranium modeling. 
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1.6.3 Nitrate Skimming (Dual Pump Pilot) 

In 2009, HU experimented with changing the pump suction setting depth in Well 33 as an 
attempt to manage nitrate concentrations in this well.  The results of this study, which 
consisted of a down-hole spinner flow meter survey and depth specific interval sampling, 
are summarized in a letter report developed by Layne Christensen (Layne, 2009).  As 
discussed in the report, 40 to 50 percent of the total well flow rate entered through the top 
10 feet of the screen interval and the concentration of nitrate entering the well screen 
varied by depth, as summarized in the Table 1.2.  Well 33 is screened near the bottom of 
the aquifer, from 205 to 235 feet below ground surface (bgs). 

TABLE 1.2 – WELL 33 DEPTH SPECIFIC NITRATE SAMPLE RESULTS 

Depth of Water Quality 
Sample (feet below top of 

pump pedestal) 

Nitrate Concentration 
(mg/L) 

205 13.9 

207 13.8 

220 4.1 

234 2.0 

Well Discharge 
(February 5, 2009) 

6.1 

 

Given the observations from the pilot study, HU implemented a long-term pilot scale dual 
pump project in early 2011.  The nitrate skimming pilot test consisted of the installation 
of a small diameter submersible pump to capture the high concentration of nitrate 
entering Well 33 near the top of the well screen.  The objective of the nitrate skimming 
pilot test was to evaluate if this pumping modification would significantly reduce the 
nitrate concentration of the well discharge by pumping out the higher nitrate 
concentrations at the top of the screen. The nitrate skimming pilot test successfully 
demonstrated that a low volume/high concentration stream of raw water can be 
intercepted by a second pump installed in a municipal well.   

A second long-term nitrate skimming pilot project was performed by HU on Well 16.  
This pilot program began operations in February 2012.  The results of the Well 16 pilot 
project confirmed the results observed in the Well 33 pilot, showing that concentrations 
in a well differ vertically along the screen interval, with the highest concentrations 
observed near the top of the screen.   

Based on the data collected from the Well 33 and Well 16 pilot tests, it appeared that the 
largest reduction in the composite nitrate concentration of the well was achieved when 
the pumping rate in the municipal well was reduced.  The results of the pilot study 
showed that the use of nitrate skimming is a viable alternative that can be used to reduce 
the volume of water that must be treated. This reduction in treated water requirement will 
reduce capital improvements costs, and thus operation and maintenance (O&M) costs.  
The full extent of the O&M savings has not yet been quantified.  However, a preliminary 
estimate of the reduced capital costs and O&M costs are presented later in this 
evaluation. 



7 

1.7 Water Quality Parameters of Concern for HU Water Supply Wells 

As a result of the studies presented, a list of key water quality parameters as related to 
water treatment technology, was developed.  Key water quality parameters of concern for 
the City, whether related to source water or in the distribution system, are shown in Table 
1.3.  As shown, nitrate, arsenic, gross alpha, and lead were identified as primary 
contaminants of concern.  Blended nitrate, the primary contaminant of concern, is 
projected to increase to between 12.7 mg/L and 15.4 mg/L by 2030 depending on wells 
used to meet water demands. Arsenic was also identified as a parameter of concern.  
Based on limited data available, the arsenic MCL could be exceeded in several wells by 
2030.  Total dissolved solids (TDS) was identified as a secondary contaminant of 
concern.  Hardness, although not regulated, was included due to the high level and 
potential effect of scaling on kitchen and bathroom fixtures.  Although Synthetic Organic 
Chemicals (SOCs) such as atrazine and other herbicides and pesticides are not listed in 
Table 1.3, these were also noted in both 20-Year Facility Implementation Plans as they 
could potentially become parameters of concern in the future.  In particular, low levels of 
atrazine (below the MCL of 3 µg/L) continue to be detected in HU Well 9.  Levels will 
continue to be monitored to determine any potential trends. 

As mentioned previously, during the summer of 2011, 42 wells were sampled and 
analyzed for uranium.  Uranium levels in these wells ranged from 1.22 to 74.8 µg/L.  Six 
wells located primarily north of Well 33 had uranium levels above the MCL of 30 µg/L 
(41.9, 45.3, 54.2, 57.7, 62.0, and 74.8 µg/L).  As a result of this analysis, uranium was 
added to the list of water quality parameters of concern.   

TABLE 1.3 – WATER QUALITY PARAMETERS OF CONCERN HU WATER SUPPLY WELLS 

 

1.8 Revised Aquifer Storage and Restoration Concept 

Following the discovery of extensive uranium contamination upgradient of the northern 
HU wells, the updated HU Phase 2 Groundwater Model was used to evaluate the 

Parameter 2007 

Study 

Blended

2030 

Projected 

Blended

MCL Comments 

Nitrate (mg/L as N) 10.5 12.7-15.4 10

•If true linear relationship, MCL exceeded in Well 22 by 2025 

and Wells 1, 4, 8, 19, 24, and 28 by 2030.

•Limited arsenic data.

•MCL exceeded in Wells 1 and 35 in 2009.

•Based on limited data, general increase over time.

•More data needed. 

•Occasional spikes over MCL – attributed to sample fixtures.

•Levels reduced after newer sampling fixtures added. 

•Fluctuating but overall increase.

•Several wells could approach 500 mg/L by 2030. 

•General increase over time.

•If true linear relationship, hardness could go as high 575 

mg/L as CaCO3 in Well 33.

Uranium (µg/L) NIA NIA 30

•Identified as contaminant of concern in 2011.  Need to 

collect more data.

Hardness (mg/L as 

CaCO3) 

224 364 None 

Lead (µg/L) 1.2 1.3 15

Total Dissolved 

Solids (mg/L) 

343 378 Secondary-500 

Arsenic (µg/L) 1.9 9.6 10

Gross Alpha (pCi/L) 6.2 6.8 15
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feasibility of implementing ASR in the northern portion of the HU well field.  The 
general concepts associated with the alternative are summarized below: 

1. Select existing HU wells that are located along the upgradient (groundwater) side 
of Hastings, in the northern part of the well field, to intercept large quantities of 
uranium (and nitrate) impacted water.  These upgradient wells would be operated 
to intercept groundwater that is high in nitrate and/or uranium.  These would be 
known as capture wells. 

2. Treat raw groundwater to reduce nitrate and uranium concentrations. 

3. Return treated water to the aquifer downgradient of the existing HU wells 
(capture wells) through several recharge wells.  The recharged water would 
migrate downgradient towards other existing HU water supply wells, at the 
natural rate of groundwater flow.  The recharged water would then be recaptured 
by several HU water supply wells over a period of several years.   

4. Remove irrigation wells within the area where the treated recharge bubble 
develops to ensure that treated groundwater is only removed by HU wells.  
Removal of irrigation wells as a result of this project may require HU to provide 
an alternative water source to replace the irrigation water.  This alternative source 
could include a variety of replacement sources, including untreated water pumped 
from the upgradient pumping wells. 

5. Develop pilot program and conduct dual pump pilot program in North Baltimore 
area initially.  The effectiveness of this effort will define treatment needs and 
capacity requirements.  Treatment would be staged to meet regulatory 
requirements as needed. 

6. Monitor the Westbrook area and evaluate dual pumping effectiveness.  
Transferring water that exceeds regulatory requirements to the North Baltimore 
area will be considered.  Depending on effectiveness of dual pumping, treatment 
at the Westbrook site is possible. 

A major benefit of this approach is that it is flexible and can be implemented in stages 
over time.  In addition, treatment can be implemented in modular steps (i.e. more 
treatment can be added as needed in stages over time). 

2.0 WATER QUALITY SUMMARY 

2.1 Nitrates 

The concentrations of chemicals in groundwater can be altered through a variety of 
chemical processes, including: sorption, bio-degradation, retardation, or oxidation-
reduction reactions. Because nitrate is an inorganic chemical, the only chemical process 
that can alter concentrations in groundwater is the oxidation-reduction process. Under 
oxidizing conditions, ammonia is converted to nitrite, and nitrite is converted to nitrate. 
Under reducing conditions, nitrate is converted primarily to nitrogen gas through a 
process termed denitrification (Fetter, 1999).  Denitrification requires denitrifying 
bacteria, low-oxygen conditions, and an electron donor. At the basin scale, denitrification 
may be suspected when low nitrate concentrations are observed along with reducing 
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conditions, such as low dissolved oxygen or high iron (Fe) and manganese (Mn) and an 
electron donor (such as dissolved organic carbon). Nitrate transport occurs without 
significant attenuation in oxygen rich groundwater. Therefore, understanding the 
dissolved oxygen environment of the aquifer is important in determining the 
denitrification potential of an aquifer. 

Given the data available, denitrification does not appear to be occurring in the Hastings 
area. Evidence of this can be observed by nitrate concentrations plotted on Figure 2.1, 
which show little to no degradation of nitrate concentrations as groundwater travels 
hydraulically downgradient.  

Historical water quality sampling from 23 HU water supply wells indicates little to no 
presence of Fe or Mn in the aquifer, with most of the sample results reported as non-
detect for both metals.  Finally, groundwater monitoring data collected from the Former 
Naval Ammunition Depot (NAD), located near Hastings, indicates that dissolved oxygen 
concentrations in the aquifer range from 6 to 10 mg/L.  All of this evidence indicates that 
nitrate transport in the Pleistocene aquifer near Hastings is conservative, meaning that 
little to no denitrification reactions are occurring in the majority of the aquifer. 

2.1.1 Distribution of Nitrates Near Hastings 

As mentioned previously, in 2009, the Hastings WHPC, represented by various 
stakeholders, recommended that all domestic, irrigation, municipal and industrial wells 
located within the Hastings WHPA be sampled for nitrates and other water quality 
parameters .   This recommendation was adopted as part of the Hastings WHPP.   

A combined 770 water samples were collected during the summer of 2010 and 2011 to 
characterize the distribution of nitrates in the aquifer.  The samples were obtained 
primarily from irrigation wells, however domestic and municipal wells were also 
sampled.  The samples collected in 2010 were mostly collected within the HU well 
field’s WHPA, and many of these were collected within the model predicted 20-year time 
of travel for the HU well field.  Conversely, the majority of the samples collected in 2011 
were collected from outside the HU well field WHPA and well outside of the 20-year 
time of travel of the well field.  Each of these samples was analyzed by a chemical 
laboratory to determine the concentration of nitrate as nitrogen in the water sample. 

The interpretation of the spatial distribution of nitrates within the aquifer is shown on 
Figure 2.1.  The figure includes an overlay of the 20-year time of travel of the well field 
to illustrate the extent of the sampling completed, which includes samples collected from 
wells that are located many miles outside of the HU WHPA and/or the 20-year time of 
travel of the HU well field. The nitrate concentrations shown on Figure 2.1 illustrate that 
nitrates are much more than a 20-year concern for HU. 

2.2 Uranium 

Uranium is a radioactive material that occurs naturally in many soils and rock types 
within Nebraska, and occurs primarily as U238 (99.3 percent), with U235 being much 
rarer (0.7 percent). According to University of Nebraska Drinking Water Guide G1569, 
statewide groundwater monitoring has shown that high levels of uranium are found in the 
aquifers associated with the Republican, North Platte and Platte River valleys. It is 
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thought that the rocks and volcanic ash deposits, which contain uranium, were eroded 
from the source and then transported and deposited near these river valleys.  

Movement of uranium in an aquifer can occur through three processes: advection, 
dispersion, and chemical reactions. In advective flow, dissolved chemicals in the aquifer 
move at the same speed as the average linear groundwater velocity. In most cases, 
advective flow is the dominant transport condition. However, to fully represent 
contaminant transport in an aquifer requires consideration of two other processes: 
dispersion and chemical reactions. Dispersion accounts for the mixing that occurs along 
the advancing edge of a flowpath. With dispersion, some chemical travels faster and 
some slower than the average linear groundwater velocity, causing the contaminant to 
"spread out." Dispersion occurs in three dimensions (longitudinally, transversely, and 
vertically) relative to the plume centerline. The concentrations of chemicals in 
groundwater can be altered through a variety of chemical processes, including: sorption, 
bio-degradation, retardation, half-life reduction, or oxidation-reduction reactions. As the 
half-life of U238 is more than four (4) billion years, the only chemical processes that can 
measurably alter concentrations of uranium in groundwater are the oxidation-reduction 
process and sorption/desorption processes. 
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FIGURE 2.1 – NITRATE CONCENTRATIONS IN GROUNDWATER OUTSIDE OF HASTINGS UTILITIES 20 YEAR TIME OF TRAVEL 

HU Well Field 20 Year Time of 
Travel Particle Tracking 
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The chemistry of dissolved uranium is complex in that it has three valance states, +4, +5, 
and +6. Uranium can undergo oxidation-reduction reactions and is a compound that is 
sensitive to both the dissolved oxygen and pH conditions of the aquifer; however 
uranium is insoluble under anoxic conditions. Uranium must be oxidized before it can be 
transported in groundwater, but once in solution, uranium is considered mobile and can 
travel great distances. Uranium can persist in groundwater for decades under oxidizing 
conditions, but can be naturally attenuated under anoxic (dissolved oxygen 
concentrations mostly less than 0.5 mg/L) conditions if given enough residence time. 
Uranium is generally attenuated under anoxic conditions because it precipitates out of 
ground water as an insoluble mineral (uranite) or sorbs onto aquifer sediments in anoxic 
conditions.  

2.2.1 Uranium Distribution near Hastings 

The primary focus of the groundwater sampling effort coordinated by HU was related to 
nitrates.  However, several other groundwater contaminants were detected during the 
summer 2011 sampling event, including: uranium, total dissolved solids, iron and 
manganese.  Approximately 42 of the 770 wells sampled in 2010 and 2011 were also 
sampled for uranium.  All samples collected were included in the interpretation of nitrate 
concentrations in the aquifer regardless of type of well (irrigation well, domestic well 
etc). Concentrations obtained from each well were assumed to be representative of the 
average uranium concentration for the entire aquifer thickness. The interpretation of 
uranium concentrations near the HU well field is presented on Figure 2.2.  

The groundwater sample results indicate that the HU wells located in the north central 
portion of the HU well field (Wells 22, 24, 25, 26, 28, and others) are acting as a 
hydraulic containment system, limiting the downgradient movement of uranium.   
Groundwater modeling performed to evaluate the fate and transport of uranium near 
Hastings confirmed that the northern HU wells intercept the highest concentration of 
uranium and that the model predicted concentrations in many of these wells rise during 
the 20-year planning period.  The continued operation of these HU wells limits the 
potential for uranium to move downgradient, beyond the HU wells. 

The source of uranium in the Hastings aquifer is not conclusive at this time.  As 
mentioned in the previous section, uranium can occur naturally in many soils and rock 
types within Nebraska.  However, uranium is also present in phosphate ores, which are 
used to make phosphate-based fertilizers.  The extent of use of phosphate-based 
fertilizers in the Hastings area is unknown at this time.  The source of uranium, whether 
natural, from fertilizers, or from other entities, will continue to be studied.
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FIGURE 2.2 – URANIUM CONCENTRATIONS NEAR HASTINGS 

 
Note: Figure shows an updated interpretation of uranium concentrations in micrograms per liter (µg/L) and includes the existing HU water supply wells (shown in red).  
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3.0 WELL BASED NITRATE AND URANIUM MANAGEMENT APPROACH 

3.1 Overall Plan 

To maintain a sustainable water supply, HU plans to implement a phased well based 
management approach that combines ASR, Nitrate Skimming (hereinafter referred to as 
Dual Pumping Systems), water treatment, and blending and storage.  With this approach, 
ASR and water treatment are primary components while Dual Pumping Systems, 
blending, and storage, are secondary components used to manage well field water quality.   

As mentioned previously, the ASR concept was initially proposed to manage nitrate 
concentrations along the western edge of the HU well field.  However, discovery of 
elevated concentrations of uranium in the northern portion of the HU well field required a 
re-evaluation of where an ASR system would provide the most benefit to the City.  
Ultimately, it was determined that an ASR system could be developed in phases, and the 
first phase should be designed to address uranium. 

Using ASR, storage of treated water is primarily underground, meaning the water 
treatment systems can be designed to meet average day demand of 8.6 MGD (6,000 gpm) 
rather than the maximum day demand of 28 MGD.  At this time, two ASR systems and a 
water treatment plant (one at North Baltimore and possibly a second at Westbrook) are 
planned for the final HU well based management design as shown on Figure 3.1.  The 
North Baltimore ASR System will be constructed as part of Phase I and the Westbrook 
ASR System as part of Phase II.  When complete, approximately half of the flow will be 
provided from the North Baltimore ASR System, designed primarily to intercept 
groundwater high in uranium and nitrate, and the other half from the Westbrook ASR 
System, which will be designed primarily to intercept groundwater high in nitrate.  

Dual Pumping Systems and blending and storage will be incorporated into both systems. 
Due to the complexity and costs associated with the overall plan, the plan will be 
undertaken in phases.  Plan components and phases are discussed and outlined in this 
section. 

3.2 Aquifer Storage and Restoration 

As mentioned above, the overall ASR concept consists of two ASR systems, the North 
Baltimore ASR System and the Westbrook ASR System.  The North Baltimore ASR 
System will be designed and constructed first, as the water quality threat posed by 
uranium is deemed to be more of an imminent threat than that posed by nitrate.   

3.2.1 ASR Modeling 

The Phase 2 Groundwater Model, was used to evaluate both the North Baltimore and 
Westbrook ASR System approaches.  The North Baltimore ASR System maintains the 
same general concepts as the Westbrook ASR System which was proposed to manage 
nitrate concentrations.  Both consist of two different well types: 1) capture/containment 
wells, and 2) recharge wells.  The updated HU Phase 2 Groundwater Model was used to 
evaluate the feasibility of implementing the ASR concept.   
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FIGURE 3.1 – OVERALL ASR SYSTEM APPROACH
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The general concepts associated with the approach are summarized below: 

1. Select wells located along the upgradient (groundwater) side of Hastings.  These 
wells will be used to intercept groundwater that is impacted by uranium.  The 
upgradient wells consist of Well 17, Well 26 and Well 27. 

2. Treat uranium with adsorptive media before the RO.  In order to achieve no more 
than 20 µg/L in the RO concentrate (assumed acceptable concentration to be used 
for agricultural reuse), the feed to the RO must be between 1.7 and 2.8 µg/L.  This 
range is due to varying rejection rates and recovery rates for the primary and 
secondary RO units.  With this feed rate concentration, the final uranium 
concentration for ASR injection is between 0.56 and 0.94 µg/L, much less than 
the MCL of 30 µg/L. 
 

3. Return treated water to the aquifer through recharge wells.  A total of eight (8) 
recharge wells are planned for the full scale North Baltimore ASR System. 

4. The recharged water will migrate downgradient towards the other existing HU 
water supply wells, at the natural rate of groundwater flow.  The recharged water 
will be recaptured by these existing HU water supply wells.   

In the modeling simulation, the total HU well field pumping was simulated at 
approximately 8.6 MGD or approximate 2030 average day demand, which is roughly the 
average day demand for the HU system.  Specific flow rates for the upgradient HU wells 
are summarized below.  These flow rates are close to the maximum sustainable pumping 
rate for each well. 

• Well 17 – 700 gpm; 

• Well 26 – 1,250 gpm; and  

• Well 27 – 1,250 gpm. 

Dual pumping systems are planned for Wells 17, 26, and 27.  A portion of flow from 
these wells will be treated and the remaining portion will be used for blending or sent into 
distribution.  Concentrations from a dual pumping system cannot be accurately predicted 
before the installation and operation of the well.  However, a 1 to 2 mg/L decline in the 
nitrate concentrations of the well discharge was observed in the Well 16 and 33 dual 
pump pilot projects and it is anticipated that a similar result will be observed in Wells 17, 
26, and 27.  Therefore, operational flexibility will be included in the design of the North 
Baltimore ASR System to accommodate this uncertainty. 

3.2.2 North Baltimore ASR System (Phase I) 

As mentioned previously, the North Baltimore ASR System will be constructed as part of 
Phase I.  A general process flow diagram for the North Baltimore ASR System is 
presented as Figure 3.2a.  As shown, the North Baltimore ASR System will use 
upgradient HU Wells 17, 26, and 27 to contain the migration of uranium and minimize 
the potential for uranium (at quantities above the MCL) to impact other existing wells.  
Dual pumping systems (see Section 3.3 for additional information) will be installed at the 
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wells to skim off nitrate and uranium.  The uranium in the skimmings from the upper 
pump and potentially water from the lower pump (depending on water quality) will be 
removed using uranium adsorptive media.  Any nitrate that is also in the groundwater 
will be removed by two-pass RO.  Both treatment systems will be housed at the future 
North Baltimore WTP.  RO permeate from both passes will be reinjected into the ground 
as part of the ASR approach.  Concentrate from the first pass will be further treated by a 
second pass RO system.  Approximately 100 gpm of concentrate from this second pass 
RO system will be sent to a sanitary sewer (see Section 3.3.2.2 for feasibility discussion) 
with the remaining to an evaporation pond to be used as a storage mechanism for 
agricultural reuse.   

Treated groundwater will be returned to the aquifer through recharge wells at 
concentrations of 5 mg/L of nitrate and less than 1 µg/L for uranium.    This water will 
then eventually be intercepted by various municipal wells as shown on Figure 3.2a. 

As shown in Figure 3.2a, nitrate skimmings from the Dual Pumping Systems at Wells 33, 
34, and 35 may also be sent to be treated at the North Baltimore site or sent to the 
distribution system after blending and storage. 
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FIGURE 3.2A – NORTH BALTIMORE ASR PROCESS FLOW DIAGRAM 
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3.2.2.1 Recharge Well Configuration 

As described above, the pumping wells (Wells 17, 26, and 27) for the North Baltimore 
ASR System are existing HU water supply wells that are likely to be impacted in the 
future by high uranium concentrations.  These wells are fixed and therefore, the model 
simulations only adjusted the flow rate from these pumping wells and the configuration 
of the recharge wells.  An initial configuration for the recharge wells was provided to 
HDR by HU.  This configuration was used as a starting point for the location of the 
recharge wells.  The final recharge well configuration is a result of several modeling 
simulations and generally complies with NDEQ minimum well setback requirements for 
an injection well (see Table 3.1).  The only requirement that could be in question is the 
setback needed for a community water well.  However, given that the concept behind 
ASR is to improve water quality for the HU well system, it may be possible to request a 
waiver from the NDEQ for this requirement.   

TABLE 3.1 – MINIMUM SETBACK REQUIREMENT FOR INJECTION WELLS (FEET) 

Well Type Setback Distance (ft) 

Domestic Water Well 100 

Community Water Well 1000 

Non-Community Water Well 500 

All Other Water Wells 25 

Sewer Lines 25 

Pressure Water Lines 25 

Suction Water Lines 50 

Property Lines 5 

Basements/Footings 10 

Domestic Wastewater Disposal Wells 100 

Other injection wells of this type 25 

Septic Tanks 50 

Surface Water 50 

 

3.2.3 Westbrook ASR System (Phase II) 

A combined general process flow diagram for the North Baltimore and Westbrook ASR 
Systems is shown on Figure 3.2b (see Section 3.2.2 for a description of the North 
Baltimore ASR System).  As mentioned previously, the Westbrook System will be 
constructed as part of Phase II.  Water from dual pumping systems (see Section 3.3 for 
additional information) constructed at Wells 33, 34, and 35 during Phase I will be used as 
the source water for the Westbrook ASR System.  The nitrate in the skimmings from the 
upper pump and potentially water from the lower pump (depending on water quality) will 
be removed by two-pass RO.  As uranium levels in the Westbrook area are not 
approaching the MCL, no uranium treatment is planned.  However, if uranium levels 
increase in the future, uranium adsorptive treatment may need to be added. 

RO permeate from both passes will be reinjected into the ground.  Concentrate from the 
first pass will be further treated by a second pass RO system.  A portion of concentrate 
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from this second pass RO system may be sent to a sanitary sewer (see Section 3.3.2.2 for 
feasibility discussion) with the remaining to an evaporation pond to be used as a storage 
mechanism for agricultural reuse.   

Treated groundwater will be returned to the aquifer through recharge wells at 
concentrations of 5 mg/L of nitrate.    This water will then eventually be intercepted by 
various municipal wells as shown on Figure 3.2a. 

3.2.4 Conceptual Site Plans  

Conceptual site plans for the North Baltimore ASR System and Westbrook ASR Systems 
are depicted in Figures 3.3 and 3.4, respectively.
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FIGURE 3.2B – NORTH BALTIMORE AND WESTBROOK ASR PROCESS FLOW DIAGRAM 
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FIGURE 3.3 – NORTH BALTIMORE ASR SYSTEM CONCEPTUAL SITE PLAN 
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FIGURE 3.4 – WESTBROOK ASR SYSTEM CONCEPTUAL SITE PLAN
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3.3 Dual Pumping Systems - Nitrate and Uranium Skimming 

The Dual Pumping Systems or nitrate skimming concept was included in the well based 
management approach because it is a way to keep the water quality of an existing well 
below the MCL of a specific contaminant (either nitrate or uranium) while treating only a 
portion of the total well flow.   

Two successful Dual Pumping System pilot projects have been performed by HU.  The 
pilot tests were performed at Well 16 and at Well 33 and were described previously.  
These systems used a two pump system, installed in one well, to segregate high nitrate 
water from lower nitrate concentration water.  The results of both pilot studies showed 
that the high nitrate water was collected from near the top of the well screen, while the 
lower nitrate water was collected from near the bottom of the well screen.  In Well 33, 
the differences in influent concentration were as much as 16 mg/L in the upper pump 
compared to 8 mg/L in the lower pump. 

Dual Pumping Systems are planned for installation at HU Wells 17, 26, 27, 33, 34, and 
35.  However, the planned Dual Pumping System for these wells is a modification of the 
dual pump system used for both pilot studies and consists of two wells installed within 
five (5) to ten (10) feet of one another.  For each of these sites, a new skimming well will 
be installed next to the existing HU water supply well.  The intent of this new skimming 
well is to be a location where high concentration nitrate or uranium groundwater is 
collected.  Water collected from these wells will be sent to the treatment system and 
eventually returned to the aquifer through the ASR system.  The water collected from the 
new skimming wells for Wells 16, 26, and 27 will be treated to remove uranium first and 
then treated to remove nitrate.  Water collected from the new skimming wells for Wells 
33, 34, and 35 will be treated to remove nitrate only, since uranium concentrations near 
these wells are much below the MCL.  Raw water from the existing HU wells (Wells 17, 
26, 27, 33, 34, and 35) will be sent to a storage reservoir or piped to run in conjunction 
with other operating wells to blend and then ultimately pumped to the distribution 
system.  

The new skimming well will be installed with a screen interval that extends 10 feet 
higher than the existing water supply well screen.  This will allow for the pump in the 
new well to be set higher in the aquifer and capture higher concentrations of nitrate or 
uranium.  The new skimming wells will be constructed using a pitless adaptor unit.  Plans 
and specifications for the skimming well systems are provided in Appendix C. 
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3.3.1 Treatment and Residuals 

Both uranium adsorptive treatment for uranium removal and RO treatment for nitrate 
removal will be provided as part of the North Baltimore ASR System while the 
Westbrook ASR System will have RO treatment only (unless uranium is shown to be a 
parameter of concern in this area in the future).  Uranium and nitrate treatment and 
residual disposal and reuse are discussed below. 

3.3.2 Uranium Adsorptive Media 

A uranium adsorptive media will be used to remove uranium at the North Baltimore 
WTP.  The primary producer of uranium adsorptive media is Water Remediation 
Technologies (WRT).  WRT’s Z-92 Uranium Treatment Process utilizes proprietary 
adsorptive ion exchange media in a series of upflow treatment vessels to remove uranium 
and reduce gross alpha from drinking water. The water is moved through the treatment 
system using water pressure generated from the well source. No chemicals are added to 
the water for the treatment process. 

After the media is loaded with uranium and other radionuclide contaminants, it is 
removed from the circuit and permanently disposed of in a licensed facility.  WRT 
designs, manufactures and provides the equipment and media used in the facility. 
Handling and exchange of new media to replace spent media, as well as the shipping and 
disposal into licensed disposal sites, is also handled by WRT. The treatment media is 
ANSI/NSF Standard 61 certified for use in drinking water. 

Other adsorptive media systems like ADEDGE are available in the market as well. They 
are similar to WRT and provide the same functionality in terms of treatment and residual 
management. These processes can be bid competitively against each other to provide the 
client fair pricing.   

Two different uranium treatment scenarios were evaluated for the North Baltimore WTP.  
In the first scenario, all raw water (approximately 3,000 gpm) would be treated to remove 
uranium.  The effluent would then be sent to be treated by the two-pass RO system.  In 
the second scenario, the two-pass RO system would be used to remove the uranium in the 
raw water and the uranium adsorptive media would be used to treat the resultant RO 
concentrate stream (approximately 200 gpm).  Budgetary capital and operation and 
maintenance costs for both scenarios were obtained from WRT and are summarized in 
the Table 3.2.   

TABLE 3.2 – URANIUM ADSORPTIVE MEDIA COSTS OBTAINED FROM WRT TECHNOLOGIES 

Treatment Scenario Capital Cost O&M Cost 

Treat All Raw Water (3,000 gpm) $2,000,000 $444,125 

Treat RO Concentrate Water (200 gpm) $160,000 $2,281,0001 

1      Media would need to be exchanged every eight (8) days at $50,000 per exchange. 

As shown in the table, although the capital cost for Scenario 2 is much less than Scenario 
1, the long term O&M cost associated with Scenario 2 makes it cost-prohibitive. 
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3.3.2.1 Reverse Osmosis 

RO and IX are the most common technologies used for nitrate removal for municipal 
drinking water.  Both are very effective at removing nitrate as well as uranium.  
However, RO is a more versatile technology, capable of removing a wider range of 
contaminants than IX and typically requires less operator attention due to the continuous 
regeneration associated with IX.  As it is anticipated that additional water quality 
parameters such as hardness and SOCs such as atrazine may require removal in the 
future, RO was selected treatment technology at the North Baltimore WTP . 

To arrive at estimated residual and finished water flows at the North Baltimore WTP, 
projections were performed for the following conditions and water quality assumptions: 

• Raw Water Nitrate:  15 mg/L 

• Final Nitrate Goal:  5 mg/L 

• Raw Water Uranium:  45 µg/L 

• Final Uranium Goal:  20 mg/L 

• Raw Water Well Feed:  3,000 gpm  

• Primary RO Recovery: 75 and 80 percent 

• Secondary RO Recovery:  50 and 60 percent 

• Nitrate RO Rejection:  90 and 95 percent 

• Uranium RO Rejection:  90 and 95 percent 

• Uranium Adsorptive Media Adsorption:  80, 90, and 95 percent 

Nitrate was determined to be the limiting factor (i.e. more raw water needs to be treated 
to remove nitrate to meet the nitrate goal than uranium).  Maximum, minimum, and 
average raw water, bypass, primary and secondary RO feeds, concentrate or residuals 
flows, and overall recoveries are summarized in Table 3.3.  As shown, an average of 
approximately 2,300 gpm raw water requires treatment to reach a finished water nitrate 
level of 5 mg/L.  This produces 2,767 gpm of permeate water and 233 gpm of concentrate 
water.  These average flows were used to calculate Opinion of Probable Construction 
Costs (OPCC) in the next section.  

TABLE 3.3 – MAXIMUM, MINIMUM, AND AVERAGE RO SYSTEM FLOWS AT NORTH BALTIMORE WTP 

 

As mentioned previously, the Westbrook WTP was designed to produce approximately 
3.5 MGD (2,450 gpm) of finished water with a residual concentrate flow of 200 gpm.  
These flows were used to calculate the OPCC for the Westbrook WTP in the next section. 

Parameter

Well Feed 

(gpm) Bypass (gpm):

Primary RO 

Feed (gpm):

Primary RO 

Permeate 

(gpm):

Primary RO 

Concentrate/

Secondary 

RO Feed 

(gpm):

Secondary RO 

Permeate 

(gpm):

Secondary RO 

Concentrate 

(gpm):

Final Product 

Water (gpm):

Overall 

Recovery (%):

Maximum 3,181 789 2,392 1,909 598 359 299 2,823 94.1%

Minimum 2,819 608 2,211 1,666 442 222 177 2,701 90.0%

Average 3,000 697 2,303 1,785 518 285 233 2,767 92.2%
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3.3.2.2 Treatment Residuals Storage and Disposal 

At the North Baltimore WTP, the plan is to send approximately 100 gpm of concentrate 
from the second pass RO system to a sanitary sewer and the remaining 133 gpm to an 
evaporation pond to be used as a storage mechanism for agricultural reuse.  Concentrate 
residuals would be handled similarly at the Westbrook WTP. 

This disposal option requires evaluation based on Hastings Water Pollution Control 
Center (WPCC) operations and capacity, the effect of residual components on biological 
activity, and future water quality standards with respect to the WPCC National Pollutant 
Discharge Elimination System permit. Preliminary review indicates the biological 
process at the WPCC can readily tolerate the higher levels of TDS in the concentrate, 
particularly when diluted with the remainder of the wastewater flow. Biological activity 
can be disrupted with shock loading (significant changes in the concentration), so the 
concentrate should be discharged to the plant consistently.  Minor increases in the rate to 
balance the impact on the hydraulic capacity could be tolerated, but it should not be 
concentrated into a short one (1) to two (2) hour period.  Also, the increased TDS is 
likely to cause an effluent toxicity issue well before the biological activity or anaerobic 
digesters are upset.   

To be conservative, storage or evaporation ponds sizes were calculated based on total 
concentrate flow.   However, discharge to the WPCC is definitely a possibility for a 
portion of the flow and could lower disposal costs.  Evaporation pond sizes were 
calculated using Hastings monthly 90 percentile precipitation rainfall totals from 1900 to 
2006 and monthly average evaporation based on the U.S. Department of Agriculture Soil 
Conservation Service for average evaporation from ‘shallow ponds and reservoirs’.  A 15 
foot pond depth was assumed and the effect of total salinity was taken into consideration. 

Assuming all concentrate flow is sent to the evaporation storage ponds, approximately 58 
acres would be needed for the North Baltimore ASR System facility and 53 acres would 
be needed for the Westbrook ASR System facility. 

Residuals will continuously be sent to the evaporation storage ponds year-round.  During 
dry summer months, residual flow would be pumped to farmland for agricultural reuse.  
Based on evaporation pond sizes above, approximately 1,000 gpm can be pumped from 
the North Baltimore residual storage pond during the months of June, July, and August.  
Similarly, 850 gpm can be pumped from the Westbrook residual storage pond during the 
same months.   

During rainy years, alternative provisions would need to be made as farmers would not 
need the extra water.  In addition, water needs may vary from year to year due to crop 
rotation.  Either way, this option will require considerable coordination with farmers in 
the vicinity of the North Baltimore WTP.   

During wet years, flow/discharges over the weir in Lake Hastings are likely to occur on a 
regular basis and a flow proportional discharge should be considered.  Discussion with 
NDEQ would be required to develop an operating plan for periodic discharges. This 
likely would require evaluation of normal discharges from Lake Hastings (i.e. 
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background TDS levels in the stream) and projections of wet weather characteristics to 
arrive at the discharge quantity which does not impact steam water quality. 

3.3.3 Blending and Storage 

As mentioned above, one of the primary benefits of ASR is that storage of treated water 
is primarily underground.  Above ground storage will primarily be provided for blending 
purposes.  Finished water from the North Baltimore WTP with low nitrate and uranium 
levels will be blended with water from other wells with higher levels of nitrate and 
uranium, some above corresponding MCLs.  The resultant blended water with moderate 
nitrate and uranium levels, below corresponding MCLs, will then be sent out to the 
distribution system.  Storage and pumping costs were summarized in the 20-Year Facility 
Implementation Plan report.  These same costs were used as a basis for OPCC in the next 
section. 

4.0 IMPLEMENTATION PHASES AND OPINION OF PROBABLE 

CONSTRUCTION COSTS 

4.1 Pilot Phase - ASR and Dual Pumping Systems 

Before the North Baltimore ASR System is built to full scale, a small scale pilot will be 
conducted to compare the observed versus modeled spread of recharged groundwater.  
The main objective of the ASR Pilot is to evaluate how closely the modeled migration of 
injected water compares to the observed migration of injected water.  It is anticipated that 
the ASR Pilot will be run for the period of one (1) year.  An ASR Pilot Plan, which 
presents a detailed summary of the proposed work (including sampling) is presented in 
Appendix D.  Pilot phase work will be conducted in 2012 and 2013.  Costs are based on 
the July 2012 ENR Index. 

TABLE 4.1 – ASR AND DUAL PUMPING SYSTEM PILOTS OPCC 

 

As RO is a proven technology for nitrate removal, it will not be piloted during Phase I.  
However, as RO permeate water is aggressive in nature, there are some potential 
geochemical risks associated with injecting RO treated water into the aquifer.  In other 
words, the geochemical stability or equilibrium of the aquifer may be affected and other 
contaminants in the recharge area could potentially be mobilized.  This effect can 
potentially be mitigated by blending.  However, the degree of blending that can be 
achieved while still meeting water quality goals will be limited by the amount of 
infiltration, which degrades water quality.  This potential effect will need to be piloted 
prior to full-scale construction. 

Component Estimated Cost

ASR Pilot 1,015,000$               

Well 34 and 35 Dual Pump Pilot 320,000$                  

Well 27 Dual Pump and Uranium Treatment Pilot 210,000$                  

Subtotal 1,545,000$               

Contingencies (20% ) 309,000$                  

Subtotal 1,854,000$               

Engineering, Legal and Fiscal (15% ) 278,000$                  

Total Estimated Construction Cost 2,132,000$               
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4.2 Phase I – ASR at North Baltimore Site 

Implementation Phase I involves construction of the North Baltimore ASR System. 
Design for this phase will occur in 2013.  Construction will commence in 2014. OPCC 
for this phase are summarized in Table 4.2. 

TABLE 4.2 – ASR AT NORTH BALTIMORE SITE OPCC 

 

Estimated O&M costs for the North Baltimore WTP are summarized in Table 4.3.  As 
shown, costs are based on four (4) MGD production or approximately 2,800 gpm finished 
water production from the North Baltimore WTP. 

TABLE 4.3 – ESTIMATED O&M COSTS FOR NORTH BALTIMORE WTP 

 

4.3 Phase II – ASR at Westbrook Site 

Implementation Phase II involves construction of the Westbrook ASR System.  Design 
for this phase would occur in 2015 and construction would commence in 2016. OPCC for 
this phase are summarized in Table 4.4.  

Component Estimated Cost

Uranium Treatment Equipment Cost (3,000 gpm Treatment System) 2,000,000$               

Uranium Treatment Plant Building Cost (60' x 72') 864,000$                  

Reverse Osmosis Treatment Equipment Cost (2-Pass RO System) 1,836,000$               

RO Treatment Plant - Building Cost (60" x 100') 1,200,000$               

Subtotal 5,900,000$               

Mechanical (HVAC/Plumbing) (6%) 354,000$                  

Additional Process Piping (12%) 708,000$                  

Electrical/Standby Power (10% ) 590,000$                  

Treatment Plant (Equipment and Building) Subtotal 7,552,000$               

Reinjection System (ASR Wells, Well Houses, Monitoring Wells) 1,850,000$               

Treatment Residuals Storage (No Residuals to Sewer, Lined) 2,585,000$               

Residuals Storage Land Cost ($10,000 per Acre) 582,000$                  

Piping (Extraction, Residuals, Reinjection, Ag Reuse) 1,234,000$               

Subtotal 13,803,000$             

Contractor OH&P (10% ) 1,380,000$               

Contingencies (20% ) 2,761,000$               

Subtotal 17,944,000$             

Engineering, Legal and Fiscal (15% ) 2,692,000$               

Total Estimated Construction Cost 20,636,000$             

Cost Component

Estimated Annual 

Operating Cost 

Based on 4 MGD 

Production Comments

Uranium Treatment $444,125 Cost obtained from WRT Proposal, August 9, 2012.

Labor (Including Fringes) $140,000 2 Personnel 

RO System Power $83,000 Includes power for RO booster pumps, CIP pumps, and CIP heating tank.

RO System Chemicals $115,000 Includes pretreatment and cleaning chemicals.

RO System Maintenance and Replacement $74,000 Includes cost to change out membranes every 5 years and change out cartridge filters annually.

Total $856,125
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TABLE 4.4 – ASR AT WESTBROOK SITE OPCC 

 

As shown, OPCC for this phase are more than $16 million.  The overall need and benefit 
to the City compared to other options cannot be completely defined at this time.  A key 
factor for this area is its higher elevation and the increased hydraulic pressure that is 
required for satisfactory pressures.  Storage or creation of a separate pressure zone may 
be an option.  Other options that will continue to be evaluated in the western portion of 
the City include: 

• Dual pump at the well site could result in a main pump water quality that is lower 

that regulatory limits.  The skimming water could be discharged or sent to the 

North Baltimore WTP for treatment. 

• Creation of a separate pressure zone could allow elimination of Well 33, which is 

currently important for pressure in the west service area. 

• An elevated storage tank or storage/pump station could be constructed in the area 

to function as a replacement for a well in the area.  

The effectiveness of the North Baltimore ASR System will help define the need for the 
specific components required to most effectively address this portion of the service area.  
As additional data are gathered, the alternative can be further developed.  The objective is 
to provide the flexibility and implement the option that addresses problems at the least 
overall cost.  

4.4 Phase III – Storage and Blending at North Baltimore Site 

Implementation Phase III involves construction of storage and pump station facilities at 
the North Baltimore WTP site.   Design for this phase would occur in 2016 and 
construction would commence in 2017.  OPCC for this phase are summarized in Table 
4.5. 

Component Estimated Cost

Treatment Plant (Equipment and Building)
1

4,373,000$               

Reinjection System (ASR Wells, Well Houses, Monitoring Wells) 1,920,000$               

Treatment Residuals Storage (No Residuals to Sewer, Lined 2,861,000$               

Residuals Storage Land Cost ($10,000 per Acre) 531,000$                  

Piping (Extraction, Residuals, Reinjection, Ag Reuse) 1,295,000$               

Subtotal 10,980,000$             

Contractor OH&P (10% ) 1,098,000$               

Contingencies (20% ) 2,196,000$               

Subtotal 14,274,000$             

Engineering, Legal and Fiscal (15% ) 2,141,000$               

Total Estimated Construction Cost 16,415,000$             

1  Based on updated construction for Westbrook RO Treatment Plant, designed in 2008.  Some design 

modifications may  be required.



31 

TABLE 4.5 – STORAGE AND BLENDING AT NORTH BALTIMORE SITE OPCC 

 

4.5 Phase Summary 

OPCC for all phases are summarized in Table 4.6.  As shown, the total estimated 
construction cost is approximately $46 million. 

TABLE 4.6 – TOTAL WELL BASED NITRATE AND URANIUM MANAGEMENT PLAN OPCC 

 

Total estimated construction costs on an annual basis are summarized in Table 4.7.     

 

Component Estimated Cost

North Baltimore WTP Storage and Pump System 4,500,000$               

Subtotal 4,500,000$               

Contractor OH&P (10% ) 450,000$                  

Contingencies (20% ) 900,000$                  

Subtotal 5,850,000$               

Engineering, Legal and Fiscal (15% ) 878,000$                  

Total Estimated Construction Cost 6,728,000$               

Phase Description

Base Estimated 

Construction 

Cost

Pilot ASR and Dual Pumping System Pilots 2,132,000$          

I North Baltimore ASR System  $       20,636,000 

II Westbrook ASR System 16,415,000$        

III Storage and Blending at North Baltimore Site 6,728,000$          

Total Estimated Construction Cost 45,911,000$        
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TABLE 4.7 – TOTAL WELL BASED NITRATE AND URANIUM MANAGEMENT PLAN ANNUAL PROJECTED COSTS (2012-2018) 

I tem Plant Addition Comments 2012 2013 2014 2015 2016 2017 2018

1

3.00 Aquifer Storage and Restoration (Phase 1)               

(carry over includes env. audit, survey, etc) Land Purchase, etc 1,000,000.00$   500,000.00$      

2 Well 34 and 35 Dual Pump Pilot 442,000.00$      

3 Well 27 Dual Pump and Uranium Treatment Pilot 290,000.00$      

4 ASR Pilot 350,000.00$      1,051,000.00$   

5 North Baltimore WTP - Uranium Treatment Engineering only in 2013 603,000.00$      3,891,000.00$   986,000.00$      

6 North Baltimore WTP - Nitrate Treatment Engineering only in 2013 697,000.00$      4,124,000.00$   988,000.00$      

7

North Baltimore WTP - Treatment Residuals 

Storage (Land Cost Included in Item 1) Engineering only in 2013 425,000.00$      3,440,000.00$   

8 North Baltimore Reinjection System and Piping

Mostly Engineering with dual 

pumps for well 17 and 26  in 2013 553,000.00$      1,937,000.00$   2,121,000.00$   

9 Westbrook WTP - Nitrate Treatment 785,000.00$      4,642,000.00$   1,111,000.00$   

10 Westbrook WTP - Treatment Residuals Storage 558,000.00$      4,513,000.00$   

11 Westbrook Reinjection System and Piping 577,000.00$      2,019,000.00$   2,210,000.00$   

12 North Baltimore WTP Storage and Pump System 606,000.00$      3,700,000.00$   2,422,000.00$   

46,541,000.00$                             $   1,000,000.00  $   3,860,000.00  $ 14,443,000.00  $   6,015,000.00  $ 11,780,000.00  $   7,021,000.00  $   2,422,000.00 Total
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5.0 IMPLEMENTATION PLAN 

The ASR program for HU’s water system is a complex long-term program that involves 
numerous regulatory agencies, NRDs, several area land owners/farmers, and several 
Hastings Departments and HU utilities.  The overall objective is to provide a safe 
drinking water supply to HU customers that maintains regulatory compliance, is 
coordinated with system demands to provide a sufficient quantity of water for the 
existing customers needs, and provides an ample reserve to allow for growth of the 
community.  Specific overall tasks to be undertaken include the following: 

• Conduct pilot study of Well 34 and 35 Dual Pump with nitrate disposal plan. 

• Conduct pilot study of Well 27 Dual Pump and Treatment with disposal plan. 

• Conduct ASR pilot study with monitoring, injection wells, and evaluation of 

groundwater movement. 

• Design and construction of Uranium Removal WTP with consideration of future 

nitrate requirements 

• Incorporate as required design and construction of Nitrate WTP components. 

• Construct nitrate storage and disposal for North Baltimore WTP. 

• Construct North Baltimore nitrate/uranium collection and disposal system. 

• Evaluate Western area (Westbrook) construction of storage, pumping or WTP.  

• Construct, if required high nitrate storage/disposal system for Westbrook WTP. 

The schedule for implementation of the ASR program will extend over a period of 
several years. The preliminary phasing and estimated expenditures for implementation of 
the program are presented in Table 4.7.  The specific tasks required to implement the 
program are presented in detail in Figure 5.1.  The timing and duration of many of these 
tasks will be monitored as the program progresses and additional pilot results are 
available. The overall schedule will be adjusted to meet the objectives outlined above, 
which include maintaining flexibility to make adjustments, providing a safe reliable 
supply for the current and future customers of Hastings Utilities, and consideration of 
options that may reduce or delay the costs of implementing the overall program.



34 

 

FIGURE 5.1 – HU WELL BASED NITRATE AND URANIUM MANAGEMENT PLAN IMPLEMENTATION SCHEDULE (PAGE 1)  
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FIGURE 5.1 – HU WELL BASED NITRATE AND URANIUM MANAGEMENT PLAN IMPLEMENTATION SCHEDULE (PAGE 2)
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Memorandum for 

Evaluation of Point of Use Devices for  

Treatment of Nitrates and Uranium 

Hastings Utilities 

Hastings, Nebraska 

General 

With regards to the use of Point of Use (POU) Devices to provide potable water, the State of Nebraska, 

Department of Health and Human Services, does have a Standard Operating Procedure (SOP) No. PWS-

029.  This SOP may be used as a compliance strategy for treatment of contaminants and compliance 

with the Maximum Contaminant Levels (MCL) of a particular pollutant. In the case of Hastings Utilities 

(HU), the contaminants of concern are nitrate and uranium.  While POUs are allowed, they are generally 

highly undesirable due to the initial costs, installation difficulties, difficulty of achieving 100-percent 

compliance, high monitoring and maintenance costs, periodic access to every water treatment unit 

installed, liability of utility personnel entering private properties and extensive record keeping 

requirements.  This compliance strategy is generally not recommended for communities the size of 

Hastings. 

The contaminants of concern for HU include nitrate and uranium.  Nitrates have long been regulated at 

10 mg/l due to the health concern for infants and pregnant women (blue baby syndrome) which makes 

this an acute contaminant (short term exposure problem).  Additional research is being completed to 

evaluate the long term health effects of nitrates which could lead to future regulations. Uranium is a 

carcinogen and therefore is chronic (long term exposure) issue. The longer term exposure of these 

contaminants are a concern to the general population.  

Compliance Requirements 

A copy of PWS-029 is attached.  A summary of some of the key criteria are as follows: 

• Ownership-POU devices must be owned, controlled, and maintained by the public water utility 

(PWS). 

• Participation-PWS must achieve 100 percent participation for each service connection with 

accessibility for sampling and maintenance.  This would include the wholesale customers served 

by the system.  



• Design/Installation Requirements-Units must be certified by the American National Standards 

Institute (ANSI), include performance indicating devices (PIDs) and instrumentation to alert 

customer of proper performance, and allow for pre-existing installations. 

• Monitoring-PWS must monitor POE devices at least annually and sample for the target 

contaminants.  Sampling and testing procedures must have an approved plan, be defined and 

reports must be submitted documenting all results.  If 100 percent compliance is achieved, 

reduced monitoring is possible.  With approximately 10,000 service connections, that would be 

very difficult. 

• Maintenance- PWS is responsible for all equipment maintenance in accordance with an 

approved maintenance plan. 

• Public Notification-PWS must provide annual notification of purpose of POU, health effects, and 

customer responsibilities.  All public locations (schools, businesses etc.) must have a notice 

posted that the untreated water contains a contaminant, any potential health effects, and 

directing them to only drink from fixtures with a POU device. 

• Bottled Water Requirements-PWS must provide bottled water for any POU device that 

malfunctions or is inoperable.  The PWS must provide a bottled water source at no charge to the 

customers. 

• Record Keeping-All activities related to POU program must be maintained for a minimum of five 

(5) years.  The record keeping is extensive and includes purchase orders/receipts, maintenance 

records, all water analysis results, public notification efforts, bottled water receipts, and 

customer complaints. 

• Reporting- The PWS must submit a quarterly report that shall include all analytical results, 

updated sample plans, copies of out of service devices (if out of service for more than 72 hours) 

along with receipts for bottled water service and proof of public notifications. 

• Compliance-The PWS must maintain 100 percent participation, have no results above the 

applicable maximum contaminant level (MCL), provide public notification, provide proper 

maintenance, and submit reports.  If this is not maintained, the PWS is in violation of the MCL 

for that contaminant. 

Estimated Cost of POUs 

Initial Costs:  The POU to address the nitrates and uranium is a small reverse osmosis (RO) or ion 

exchange unit which is preceded by a filter to protect the unit.  The units may require power and also 

have a waste stream which must be discharged to the sewer. This wastewater would then be treated by 

the wastewater treatment plant. The operating cost of wastewater treatment for this waste stream has 

not been computed at this time.   

To properly serve a homeowner and some commercial services, plumbing modifications would likely be 

required to separate internal and external water use.  Currently, HU serves approximately 8,200 

residential connections and 1,350 commercial/industrial customers.  Several of the customers 

(considered as a single connection) have multiple users such as apartment complexes, Hastings College 



and the hospital.  A typical cost for a single family residential unit is about $1,000 plus installation.  For 

commercial/industrial, the initial cost will vary significantly but a cost of $2,000 per unit is estimated.  

• Residential Estimated Cost – 8,200 customers at $1,500 per customer is $12,300,000. 

• Commercial / Industrial Estimated Cost – 1,350 services at $3,000 per connection is $4,050,000. 

This estimate is very rough, because it does not address specific water use issues related to parks, fair 

grounds, camp grounds, swimming pools, churches, schools, apartments, retirement homes, hospitals, 

hotels and other multiple unit facilities.  Some facilities may require multiple treatment units to provide 

continuous un-interrupted service.   Food processing facilities are likely to request all water uses, 

including cleanup, to be in compliance with drinking water standards.  The costs for these installations 

will greatly exceed $3,000 per connection.  For estimating purposes, several larger duplex installations 

may be required.  The Hospital and three large industrial connections may require a $500,000 

installation.  This cost is very rough as the water treatment capacity, required space, available space and 

requirements for redundancy is unknown.  A more detailed estimate for these facilities should be 

completed if a better cost estimate is required.  An additional $2,000,000 should be budgeted for these 

facilities. 

• Total Estimated Cost:  $18,350,000 

Operating Costs:   The staffing required to implement this type of program would be very significant.  

The estimated labor includes two (2) clerical staff to schedule appointments and for record keeping.  

The units must be checked at least once per year and likely more depending on the reliability and 

maintenance requirements for the filters ahead of the treatment units.  Assuming an individual could 

complete four (4) site visits per day, for 9,550 installed units (range of 14,000 to 18,000 site visit per 

year), and 180 working days per year (accounting for holiday, vacation, etc.), between 19 and 25 full 

time staff would be required.  In addition, spare parts for filters, unit replacements, and other parts 

would cost approximately 10 percent of the initial equipment cost per year.  Also, laboratory testing for 

the contaminants and possibly bacteriological testing each time the unit is opened, could result in 

significant testing fees.  Following are a summary of the annual costs: 

• Clerical Staff-Two (2) at $35,000 per year with a 1.5 overhead cost, this is $105,000. 

• Operations/Testing Staff-19 to 25 at $50,000 per per year with a 1.5 overhead cost, this is 

$1,425,000 to $1,875,000. 

• Replacement Parts and Equipment-Initial equipment cost estimate is $1,835,000 per year (Total 

Estimate Cost multiplied by 10-percent). 

• Testing costs for contaminants of concern and biological contamination-9,550 services 

(minimum) at $50 per year is $477,000 per year.  This does not account for sample duplicates 

(QA/QC) or retakes if treatment units are found to be fouled or fail to operate properly. 

• Total-$3,842,000 to $4,292,000. 

  



Total Present Worth:  Total present worth of the POU is very difficult to estimate due to numerous 

unknowns and probable inefficiencies of the overall program.  Based on the amounts identified above, 

for 20 years at 5 percent, the present worth of the annual costs is $47,879,000 to $53,487,000.  This cost 

results in a total present worth (including capital costs) of $66,229,000 to $71,837,000.  These costs do 

not include any potential increased costs at the Water Pollution Control Facility (WPCF) for the discharge 

from the units, power costs experienced by the users for operating the system,  providing bottled water 

to some users, or addressing all of the possible locations which are included in a normal service 

connection. 

Discussion and Summary 

POUs are a possible alternative for providing potable water.  However, besides the significant costs as 

noted above, there are numerous issues that make the alternative quite undesirable for the City of 

Hastings:  

• Inspection and maintenance requires access to the home or commercial user.  For almost 

10,000 users, including all users served by the wholesale customers, this presents numerous 

challenges regarding scheduling, security, and personnel safety.  At the very least, the 

cooperation of all homeowners will be an issue that will lead to inefficiency and maintenance 

issues with the required inspections. 

• Generally the units are installed on the cold water supply.  However, some people use hot water 

for baby formula.  Treating the entire indoor water supply would increase cost significantly.  This 

issue has not been reflected in the opinion of cost as noted above. 

• The above noted opinion of cost did not define if additional storage or booster pump would be 

required at some connections, which could be another significant cost. 

• Some water quality issues such as biological fouling or hardness fouling often occur with in-

home units.  This could lead to another series of problems requiring additional maintenance 

efforts.  Bio-fouling of in-home filters used in the Hastings water system has been noted by HU 

staff as a problem if not properly maintained and periodically changed out. 

• Since the units are owned by the PWS, does a leak or failure of the unit, which could cause 

water damage, lead to additional liability? 

• If all water is treated with a RO unit, the chemical characteristics will change dramatically.  RO 

treated water is very soft and corrosive.  This use of whole house treatment units could 

significantly impact indoor plumbing and could cause a violation of the Lead and Copper Rule. 

• Use of a RO unit will also remove any naturally occurring fluoride in water.  Any dental 

protection provided by existing fluoride found in the water supply would be removed. 

• The devices have a PID which informs the customer of upcoming maintenance or operational 

issue with the unit.  What if the customer does not properly monitor the performance of the 

unit?  Who would be reliable for a treatment malfunction? 

• Some units require electrical power to operate.   This would be a requirement for larger 

commercial and whole house units.  What is the implication of a power outage? Is the PWS 

responsible for bottled water in a power outage?   



• How would incidental ingestion of water by children using swimming pools or water parks be 

addressed? 

• Would public education be sufficient to protect and control children from drinking non-potable 

water from a garden hose? 

• Public education requires signage in many places to educate the public and inform them of the 

water quality issues.  Posting these sorts of signs may not be desirable.  Would these signs 

portray a community as having bad water and thus not a good place to conduct business? Most 

importantly, with this number of connections, it is almost impossible to achieve and maintain 

100 percent compliance.  If that is not achievable, the alternative is the  construction of a Water 

Treatment Plant. 

Recommendation 

The use of POU devices for HU would be very expensive with numerous unknowns regarding the 

implementation and water quality ramifications.   In conjunction with extreme challenges of installing 

units for all users and maintaining 100 percent compliance for the program, we recommend that HU not 

proceed with POUs. 
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STANDARD LIST - GLOSSARY OF TERMS AND ABBREVIATIONS 

 
Alluvium:  Unconsolidated terrestrial sediment composed of sorted or unsorted sand, gravel, and clay 
that has been deposited by water. 

Aquifer:  An underground geological formation, or group of formations, containing water.  Are sources 
of groundwater for wells and springs. 

bgs:  Below Ground Surface 

COHYST:  Cooperative Hydrology Study.  COHYST is a group of Nebraska interests that joined 
together as sponsors and partners to develop scientifically supportable hydrologic databases and models.  

COHYST EMU: The Eastern Model Unit of the COHYST study.   

Cretaceous:  A geologic from circa 145.5 to 65.5 million years ago.  

Drawdown:  The drop in the water table or level of water in the ground when water is being pumped 
from a well. 

Flood plain:  The flat or nearly flat land along a river or stream or in a tidal area that is covered by water 
during a flood. 

gpm:  Gallons per minute 

Hydraulic conductivity (K):  The rate at which water can move through a permeable medium. (i.e. the 
coefficient of permeability.) 

Hydrogeology:  The geology of ground water, with particular emphasis on the chemistry and movement 
of water. 

LBNRD:  Little Blue North Natural Resources District 

mgd:  Million gallons per day 

MODFLOW:  Groundwater flow model developed by McDonald and Harbaugh (1988) with the USGS. 

MODPATH:  Groundwater particle tracking model developed by Pollock (1989) with the USGS. 

MT3D:  Solute transport modeling code developed by Zheng and Wang (1998) 

Nitrate:  Nitrate (NO3) is a naturally occurring form of nitrogen found in soil.  Nitrate can be expressed 
as either NO3 (nitrate) or NO3-N (nitrate as nitrogen).  References to nitrate in this document are for 
nitrate as nitrogen.  

Pleistocene:  The Pleistocene is the epoch from 2.588 million to 12,000 years ago covering the world's 
recent period of repeated glaciations. 

Potentiometric surface:  The surface to which water in an aquifer can rise by hydrostatic pressure. 
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Tertiary:  The Tertiary is a term for a geologic period 65 million to 1.8 million years ago. 

TOT:  Time of Travel 

Unconfined aquifer:  An aquifer containing water that is not under pressure; the water level in a well is 
the same as the water table outside the well. 

UBBNRD:  Upper Big Blue Natural Resources District 

UNLCSD:  University of Nebraska – Lincoln Conservation and Survey 

Uranium:  Uranium is a radioactive heavy metal.  It occurs naturally in low concentrations in soil, rock 
and water.  

WHPA:  Well Head Protection Area, defined as the surface and subsurface area surrounding a water well 
or well field through which contaminants are reasonably likely to move toward and reach such water well 
or well fields. 
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EXECUTIVE SUMMARY 

The following report presents the construction and application of a groundwater and solute transport 
model developed to help manage a groundwater well field operated by Hastings Utilities (HU).  HU 
operates a water supply well field that consists of 32 production wells completed in the unconfined 
Pleistocene age sand and gravel aquifer that underlies the City of Hastings.  These water wells are the 
only source of supply used to meet all of HU’s water demands, which vary from an average daily demand 
of approximately 8 million gallons per day (mgd) to a maximum daily demand of approximately 22 mgd.  
The combined capacity of the 32 production wells is sufficient to meet the maximum day and peak hour 
demands including reasonable fire flow demands.  Currently, the water supply wells pump directly into 
the distribution system with no system storage and no additional treatment.  The level of nitrate present in 
most of the wells has increased throughout their operational history, and several wells have been removed 
from service as the nitrate concentration approached or exceeded the Maximum Contaminant Level 
(MCL) for nitrate as nitrogen of 10 milligrams per liter (mg/L).  Nitrate (NO3) is a naturally occurring 
form of nitrogen found in soil.  Nitrate can be expressed as either NO3 (nitrate) or NO3-N (nitrate as 
nitrogen).  References to nitrate in this document are for nitrate as nitrogen.  

In 2010, Hastings Utilities (HU) hired HDR to develop a 20-Year Facility Implementation Plan (Plan) for 
potable water supply that included treatment options, residual waste stream treatment and disposal 
requirements, opinion of probable construction costs, and the best alternative for primary treatment and 
residual waste stream treatment and disposal.  In November 2010, HDR presented the proposed Plan to 
the HU Board.  Due to the high cost associated with full-scale nitrate treatment proposed in the Plan, the 
HU Board decided they would like to pursue other avenues aimed at delaying full-scale treatment as long 
as possible.  As a result, HU requested that HDR perform additional analyses which focused on further 
evaluation of ground water quality and identification of additional water supply sources, was initiated in 
early 2011.  An integral part of the Plan is the groundwater flow model, which is used to evaluate future 
nitrate concentrations in the HU water supply wells over the 20 year planning period.   

This document presents the results of the Phase II groundwater modeling study, which is an update to the 
Phase I groundwater/solute transport model developed by HDR Engineering, Inc. (HDR) and was 
documented in the Hastings Utilities Phase I Groundwater Modeling Study (HDR, 2010).  The Phase II 
model was developed to include the results of nitrate sampling conducted in 2011 and to also address 
several specific well field operational scenarios that could be beneficial in managing nitrates within the 
Hastings Utilities (HU) water supply well field.  The update of the groundwater model, and the analysis 
and conclusions presented within this report, are based in part on the model constructed in Phase I.   

TECHNICAL APPROACH AND MODELING OBJECTIVES  

No significant changes to the construction or calibration of the Phase I groundwater model (HDR, 2010) 
were required to achieve the objectives of the Phase II model or the 20-Year Facility Implementation Plan 
update.  The primary technical task for the Phase II groundwater model was to update the nitrate sample 
database to include the groundwater samples collected in the summer of 2011.  These samples increased 
the number of samples within the dataset from approximately 500 samples to 770 samples.  The results of 
the nitrate sampling effort were interpreted to develop an isoconcentration map for nitrate.  The 
isoconcentration map represents a snapshot of the nitrate concentrations in the aquifer as measured in the 
summer of 2010 and 2011.  These data were used to represent the initial conditions in the solute transport 
model.  The solute transport model was constructed to reflect the conservative nature of nitrate transport 
in groundwater.  A second change from the Phase I model is the inclusion of uranium as a transport 
parameter.  Uranium concentrations were modeled in a similar manner as nitrate.  A detailed description 
of the uranium transport model simulations is presented in Section 5 of the report.  
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The objectives for the Phase II groundwater modeling study were to evaluate several specific well field 
management alternatives, including: 

1. Pump, Treat, and Recharge option.  For this option, upgradient water supply wells are used to 
intercept areas of high nitrate concentrations.  The pumped water would then be treated and 
returned to the aquifer through recharge/injection wells.  The recharge/injected water forms a 
“bubble” of treated groundwater that travels downgradient at the speed of ambient groundwater 
flow and is later pumped out of the aquifer by existing HU wells that are located downgradient of 
the recharge/injection wells. 

2. Determine the feasibility of operating the existing wells near the Lochland Golf Course.  This 
analysis included a review of operation data of these wells, the geology near the Lochland golf 
course, estimating a maximum pumping rate for wells in this area, and estimating future nitrate 
concentrations in the wells.  

3. Provide future nitrate concentration data for each HU well, to be included in the 20-Year Facility 
Implementation Plan.  This involved updating the model predicted nitrate concentrations for all 
HU wells using the updated nitrate concentrations, which include the 2011 data.   

4. Evaluate the potential to develop new wells in areas with low nitrate concentrations.  

5. Evaluate the impact on HU wells from other contaminants in the aquifer, including uranium. 

CONCLUSIONS AND RECOMMENDATIONS 

The nitrate sample database used to interpret the concentration distribution within the aquifer consisted of 
approximately 770 water samples over the summer of 2010 and 2011 by HU, Little Blue Natural 
Resources District, or Upper Big Blue Natural Resources District staff.  These samples were obtained 
primarily from irrigation wells, but domestic and municipal wells were also sampled.  The sample results 
have shown that nitrate in groundwater is prevalent within and around the Hastings Well Head Protection 
Area (WHPA); and the average nitrate concentration detected was 7.7 mg/L.  Approximately 25 percent 
of the 770 samples collected exceed the 10 mg/L MCL for nitrates and the maximum concentration 
detected was over 50 mg/L.  This sample database was used update the nitrate levels in the groundwater 
model, which was then used to make predictions about future nitrate concentrations within the HU well 
field.   

Other than modifying the initial nitrate concentrations in the model, no structural changes were made to 
the groundwater and solute transport model presented in the Hastings Utilities Phase I Groundwater 
Modeling Study (HDR, 2010).  The conclusions of the Phase II modeling study are presented below, using 
the same numbering system as the previous objectives list.   

1. Pump, Treat, and Recharge option.  Based on the modeling performed, this option appears to be a 
viable long term option to manage the nitrate concentrations within the HU well field.  This 
option has two primary benefits: 

a. Well 33 and a capture well (or wells) can be used to cut off a large portion of the high 
concentration nitrate groundwater that is moving south an east towards the HU wells.  
This water can be treated to a level below the nitrate MCL and then returned to the 
aquifer. 

b. Over years of active recharge, the water that is returned to the aquifer after treatment will 
form a hydraulic “bubble” of treated water, which will move downgradient at the speed 
of ambient groundwater flow until it is recovered by existing downgradient HU wells. 

Under the scenario modeled, the treated water would be recaptured by HU wells 8, 16, 21, 23, 25, 
28, 29, 34, and 35 during the 20-year planning cycle.  Over time, the wells that recover the treated 
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recharge water could be become the primary source of water for HU.  This would ensure a 
reasonably constant long term water quality.  Based on the modeled results, it appears that 
increasing the level of treatment of the effluent of the upgradient pumping wells from 5 mg/L to 2 
mg/L offers only minimal benefit to the operation of the well field and treatment to a level of 5 
mg/L will meet the project objective while also lowering the treatment cost. 

At this time, it is recommended that HU initiate meetings and discussions with regulatory 
agencies to discuss the pump treat recharge concept.  If the regulatory community is agreeable 
towards this concept, it is recommended that a pilot scale demonstration project be initiated to 
demonstrate the feasibility of this concept.  The project should include Well 33 as the pumping 
well and three new recharge wells.  A modeling and monitoring program should be part of the 
demonstration phase project. 

2. Determine the feasibility of operating the existing wells near the Lochland Golf Course.  Based 
on our review of the hydrogeology in this area, development of production wells near the 
Lochland Golf Course is not recommended.  The aquifer thickness in this area is significantly 
shallower than where the other HU wells are constructed.  As a result, yields for municipal wells 
constructed near the golf course are anticipated to be much lower than the other HU wells.  
Additionally, the present day nitrate concentrations near the Lochland wells are above the nitrate 
MCL.  Finally, the groundwater sample results indicate that iron, manganese, and uranium are all 
potential water treatment issues for wells near the golf course. 

3. Provide future nitrate concentration data for each HU well, to be included in the 20-Year Facility 
Implementation Plan.  These data were included in the 20-Year Facility Plan and were used to 
develop the recommendations presented within that document. 

4. Evaluate the potential to develop new wells in areas with low nitrate concentrations.  The nitrate 
sampling results from 2010 identified an area north and east of the HU 20 year time of travel 
WHPA that has low nitrates.  HDR evaluated the potential to develop wells in this area and has 
concluded that it may be possible to develop low nitrate wells in this area.  However, the aquifer 
in this area is thinner and has a lower transmissivity than in the area where the majority of the HU 
wells are constructed.  Therefore, wells constructed in this area would likely produce at a lower 
flow rate than the current HU wells.  Based on the analysis performed, it appears possible that up 
to six (6) wells, which would likely produce between 2,400 gpm to 3,000 gpm (3.5 to 4.3 mgd), 
could potentially be constructed in this area of low nitrates.  However, test drilling in the areas of 
the potential wells is should be performed to evaluate site specific geologic conditions before this 
option is further explored.   

Iron has been detected in this portion of the aquifer at concentrations that exceed the EPA 
secondary MCL standard of 0.3 mg/L (as shown below on Figure 5-9a).  Therefore, if wells are 
constructed in this portion of the aquifer, a centralized treatment plant to remove iron may be 
required.  Finally, the groundwater sample results indicate that manganese and uranium are also 
potential water treatment issues for wells near this area. 

5. Evaluate the impact on HU wells from other contaminants.  Several groundwater contaminants, 
in addition to nitrates, were discovered during the summer 2011 sampling event, including: 
uranium, total dissolved solids, iron and manganese.  Each of these contaminants impacts the 
ability to locate “pristine” areas of the aquifer.  In the report, Figures 5-9a through 5-9c and 
Figure 5-10 illustrate the areas within the aquifer that are impacted by iron, manganese, and 
uranium.  Figure 5-9a has been included in the Executive Summary for ease of reference.  The 
quantitative evaluation of the impact of these compounds on the HU well field is beyond the 
scope of this investigation; however several model runs were performed to evaluate the potential 
future concentrations of uranium.  The model simulations performed to evaluate uranium show 
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that the HU wells located in the north central portion of the HU well field (Wells 22, 24, 25, 26, 
28, and others) intercept the highest concentration of uranium and that the model predicted 
concentrations in many these wells rise during the 20 year planning period.  Based on the 
distribution of uranium observed in the aquifer, and the model simulations performed, it appears 
as though the HU wells are acting as a hydraulic containment system that is capturing much of 
the uranium and limiting the potential for uranium to move downgradient, beyond the HU wells.  
At this time, it is recommended that sampling for these compounds be expanded if possible.  
Additionally, these compounds should be included in any pre-design investigation of a future 
water supply well. 

Figure 5-9a – Iron (black contours) and Nitrate (filled color contours) Concentrations near 
Hastings 

 
Note: Figure shows contours of interpreted iron concentrations (mg/L).  Groundwater sample locations for iron are shown as a black cross hatch.  
Nitrate color scale is the same as in the previous figures.  Existing HU wells are shown in yellow. 

FUTURE MODEL USES AND LIMITATIONS 

The HU groundwater model continues to serve as a powerful well field management tool that can be used 
to complete future evaluations of how changes well field pumping can impact nitrate concentrations in 
wells.  To maintain the usefulness of the model will require continued groundwater sample collection and 
analysis, and maintenance of those data in a GIS database. 

Groundwater and solute transport modeling are state of the practice tools applied by groundwater 
hydrologists to solve complex problems.  Given the complexity of the problems solved through 
groundwater modeling, it is unreasonable to expect that model results will represent the absolute aquifer 
response to future stresses.  Rather, when applied by an experienced practitioner, the results of a 
groundwater and solute modeling study should represent a reasonable approximation of future aquifer 
behavior under the modeled conditions.   

Specific to the study presented within this document, the largest source of uncertainty is the interpretation 
of nitrate concentrations in the aquifer (Figure 4-2b).  This interpretation was based on 770 water samples 
collected from irrigation, domestic, and municipal water supply wells.  Concentrations obtained from 
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each well were assumed to be representative of the average nitrate concentration for the entire aquifer 
thickness, which may not always be an accurate assumption.  However, this simplifying assumption was 
necessary given the compressed project schedule.  It is possible that if additional data are collected, the 
interpretation of the nitrate concentrations will change which could impact the predicted concentrations 
presented in this report.  An additional simplification was the assumption of no continuous nitrate or 
uranium sources with the model domain.  If nitrates or uranium are present in the unsaturated 
zone of the soil profile, it is possible that the observed future nitrate concentrations could be higher 
than the model predicted concentrations presented within this report.  As the understanding of the 
nitrate plume migration and source(s) is improved through future data collection, the limitations of the 
model can be further reduced.  This concept is a key driver for continued groundwater sampling and 
modeling.  

Uncertainty in the flow model was decreased by using the COHYST EMU regional groundwater 
modeling study as a building block for groundwater model.  Uncertainties in the flow model input 
parameters are reasonably well controlled, when considering the modeling objectives, given that the 
groundwater model parameters were obtained from a regional study which includes physical aquifer 
boundaries and aquifer heterogeneity.  Uncertainty in the solute transport model is limited, as the only 
transport processes simulated were advection and dispersion.  The greatest source of uncertainty in the 
solute transport model is the input values used for the dispersion parameters.   

FUTURE DATA COLLECTION 

The groundwater sampling that was performed to support the Phase I and Phase II models has shown that 
the aquifer is impacted by contaminants other than nitrate.  Continuing to collect samples from portions of 
the aquifer that have not been sampled before and maintaining a sampling program that rotates sample 
collection from wells would be an invaluable source of data for the management of the HU well field and 
for any future model updates.  It is recommended that the migration of the nitrate plume near Well 33 be 
monitored by collection of semi-annual or annual water quality samples from select wells.  Additionally, 
it would be beneficial to collect groundwater samples for phosphorous in order to better understand the 
relationship of nitrates and phosphorous in groundwater.  Groundwater samples collected for phosphorous 
could potentially give an indication as to the source(s) of uranium and whether it is man made or naturally 
occurring. 
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1 INTRODUCTION 

HU operates a water supply well field that consists of 32 production wells completed in the unconfined 
Pleistocene age sand and gravel aquifer that underlies the City of Hastings.  These water wells are the 
only source of supply used to meet all of HU’s water demands, which vary from an average daily demand 
of approximately 8 million gallons per day (mgd) to a maximum daily demand of approximately 22 mgd.  
The combined capacity of the 32 production wells is sufficient to meet the maximum day and peak hour 
demands including reasonable fire flow demands.  Currently, the water supply wells pump directly into 
the distribution system with no system storage and no additional treatment.  The level of nitrate present in 
most of the wells has increased throughout their operational history, and several wells have been removed 
from service as the nitrate concentration approached or exceeded the Maximum Contaminant Level 
(MCL) for nitrate as nitrogen of 10 milligrams per liter (mg/L).  Nitrate (NO3) is a naturally occurring 
form of nitrogen found in soil.  Nitrate can be expressed as either NO3 (nitrate) or NO3-N (nitrate as 
nitrogen).  References to nitrate in this document are for nitrate as nitrogen.  

In 2010, Hastings Utilities (HU) hired HDR to develop a 20-Year Facility Implementation Plan (Plan) for 
potable water supply that included treatment options, residual waste stream treatment and disposal 
requirements, opinion of probable construction costs, and the best alternative for primary treatment and 
residual waste stream treatment and disposal.  In November 2010, HDR presented the proposed Plan to 
the HU Board.  Due to the high cost associated with full-scale nitrate treatment proposed in the Plan, the 
HU Board decided they would like to pursue other avenues aimed at delaying full-scale treatment as long 
as possible.  As a result, HU requested that HDR perform additional analyses which focused on further 
evaluation of ground water quality and identification of additional water supply sources, was initiated in 
early 2011.  An integral part of the Plan is the groundwater flow model, which is used to evaluate future 
nitrate concentrations in the HU water supply wells over the 20 year planning period.   

This document presents the results of the Phase II groundwater modeling study, which is an update to the 
Phase I groundwater/solute transport model developed by HDR Engineering, Inc. (HDR) and was 
documented in the Hastings Utilities Phase I Groundwater Modeling Study (HDR, 2010).  The Phase II 
model was developed to include the results of nitrate sampling conducted in 2011 and to also address 
several specific well field operational scenarios that could be beneficial in managing nitrates within the 
Hastings Utilities (HU) water supply well field.  The update of the groundwater model, and the analysis 
and conclusions presented within this report, are based in part on the model constructed in Phase I.  
Therefore, a copy of the Hastings Utilities Phase I Groundwater Modeling Study has been included as 
Appendix 1-1 for ease of reference. 

1.1 PROJECT PURPOSE 

The primary purpose of the Phase II groundwater model update was to update the interpreted nitrate 
concentrations in the aquifer to include data collected during 2011.  This increased the total number of 
samples used to quantify the distribution of nitrates in the aquifer from approximately 500 samples to 770 
samples.  These data are the basis for the nitrate concentrations the are imported into the solute transport 
model and were used to project future nitrate concentrations in the HU wells.  Once the nitrate 
concentrations were updated in the model, the Phase II model was used to evaluate the following specific 
well field management alternatives: 

1. Pump, Treat, and Recharge option.  For this option, upgradient water supply wells are used to 
intercept areas of high nitrate concentrations.  The pumped water would then be treated and 
returned to the aquifer through recharge/injection wells.  The recharge/injected water forms a 
“bubble” of treated groundwater that travels downgradient at the speed of ambient groundwater 
flow and is later pumped out of the aquifer by existing HU wells that are located downgradient of 
the recharge/injection wells. 
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o For this option, treatment standards of 5 milligrams per liter (mg/L) and 2 mg/L were 
used for the water that is returned to the aquifer.  The model predicted concentrations 
were used by HDR water treatment engineers to evaluate the potential benefits of 
treatment to lower discharge values.  

2. Determine the feasibility of operating the existing wells near the Lochland Golf Course.  This 
analysis included a review of operation data of these wells, the geology near the Lochland golf 
course, estimating a maximum pumping rate for wells in this area, and estimating future nitrate 
concentrations in the wells.  

3. Updating the model predicted nitrate concentrations for all HU wells using the updated nitrate 
concentrations, which include the 2011 data.   

4. Evaluate the potential to develop new wells in areas with low nitrate concentrations.  
Consideration of other water quality concerns such as iron and manganese was included in the 
evaluation. 

5. Evaluate the impact on HU wells from other contaminants in the aquifer, including uranium. 

The model predicted future nitrate concentrations for many of the above scenarios were used to evaluate 
well field management alternatives and are also presented in the Hastings Utilities Well Based Nitrate 
Management Approach Technical Memorandum, also developed by HDR (HDR, 2011).  When 
appropriate, the data and results previously presented in that report will also be presented within the Phase 
II modeling report. 

1.2 TECHNICAL APPROACH 

No significant changes to the construction or calibration of the Phase I groundwater model (HDR, 2010) 
were required to achieve the objectives of the Phase II model or the 20-Year Facility Implementation Plan 
update.  The primary technical task for the Phase II groundwater model was to update the nitrate sample 
database to include the groundwater samples collected in the summer of 2011.  These samples increased 
the number of samples within the dataset from approximately 500 samples to 770 samples.  The results of 
the nitrate sampling effort were interpreted to develop an isoconcentration map for nitrate.  The 
isoconcentration map represents a snapshot of the nitrate concentrations in the aquifer as measured in the 
summer of 2010 and 2011.  These data were used to represent the initial conditions in the solute transport 
model.  The solute transport model was constructed to reflect the conservative nature of nitrate transport 
in groundwater.  A second change from the Phase I model is the inclusion of uranium as a transport 
parameter.  Uranium concentrations were modeled in a similar manner as nitrate.  Additional information 
on the uranium transport model simulations is presented in Section 5. 

1.3 REPORT ORGANIZATION 

The remainder of the report presents the methods used to construct the groundwater and solute transport 
models, and the results of the model simulations.  The report is organized as follows: 

 Section 1 – Introduction  

 Section 2 – Hydrogeologic Conceptual Model  

 Section 3 – Groundwater Flow Model Construction 

 Section 4 – Distribution of Nitrates in Groundwater 

 Section 5 – Model Simulations  

 Section 6 – Summary and Conclusions  
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2 HYDROGEOLOGIC CONCEPTUAL MODEL 

The hydrogeologic conceptual model was discussed in the Phase I model and has not changed for this 
update for Phase II.  Any questions related to the hydrogeologic framework of the groundwater model are 
referred to Section Two of the Hastings Utilities Phase I Groundwater Modeling Study, which has been 
included as Appendix 1-1 
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3 GROUNDWATER FLOW MODEL CONSTRUCTION 

The construction of the groundwater model was discussed in the Phase I model and has not changed for 
this update for Phase II.  Any questions related to the groundwater model are referred to Section Three of 
the Hastings Utilities Phase I Groundwater Modeling Study, which has been included as Appendix 1-1 
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4 DISTIBUTION OF NITRATES IN GROUNDWATER  

The most critical component of the modeling process involved the interpretation of 770 groundwater 
samples collected during the summer of 2010 or 2011 for analysis of nitrate in groundwater.  The 
majority of the groundwater samples were collected from irrigation, domestic, and municipal wells 
located within HU’s WHPA.  However, some of the samples were collected well outside of the WHPA to 
evaluate nitrate concentrations in these areas.  The results of the sampling effort were interpreted by HDR 
to develop an isoconcentration map for nitrate.  The following section details the process involved in 
collecting the groundwater samples and interpreting nitrate concentration data. 

4.1 HU/NRD SAMPLING PROGRAM 

In 2009 the Hastings Wellhead Protection Committee represented by various stakeholders recommended 
that all domestic, irrigation, municipal and industrial wells located within the Hastings WHPA be 
sampled for nitrates along with other related constituents.  This recommendation was adopted as part of 
the Hastings Wellhead Protection Plan (WHPP).  To accomplish the requested water sampling an inter-
local agreement was executed between the UBBNRD, LBNRD, and HU.  This inter-local agreement 
allowed for each entity to collect and analyze water samples in the Hastings WHPA.  The results of the 
water analysis are to be shared with each entity.  As recommended by the Hastings WHPA Committee 
these data are to be used to assess the fate and transport of the nitrate contamination within the Hastings 
WHPA.  This was accomplished through the groundwater modeling process presented within this 
document.   

4.2 INTERPRETATION OF NITRATE CONCENTRATIONS 

Constructing a groundwater and solute transport model is a data intensive process.  The most critical input 
parameter necessary to generate meaningful predictions of future nitrate concentrations in water supply 
wells is the initial nitrate concentration field.  To characterize the distribution of nitrates in the aquifer, 
HU/LBNRD/UBBNRD collected approximately 770 water samples over the summer of 2010 and 2011.  
The samples were obtained primarily from irrigation wells, however domestic and municipal wells were 
also sampled.   

The samples collected in 2010 were mostly collected within the HU well field’s WHPA, and many of 
these were collected within the 20 year time of travel zone.  Conversely, the majority of the samples 
collected in 2011 were collected from outside the HU well field WHPA and well outside of the 20 year 
time of travel of the well field.  Each of these samples was analyzed by a chemical laboratory to 
determine the concentration of nitrate as nitrogen in the water sample.  The sampling results were 
provided to HDR via a GIS database for interpretation.  HDR did not evaluate the sampling protocol, 
analytical laboratory data, or data quality reports from the analytical lab. 

The location of samples collected during the 2010 and 2011 sampling events is shown on Figure 4-1.  In 
this figure, the samples collected in 2010 are shown in blue while the samples collected in 2011 are 
shown in pink.  As shown on this figure, very few new locations were sampled in 2011 within the 20 year 
time of travel of the HU.  Therefore, the interpreted nitrate concentrations within the 20-year time of 
travel of the HU well field did not change from what was presented in the Phase I model (HDR, 2010). 
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Figure 4-1 Comparison of 2010 and 2011 Nitrate Groundwater Sample Locations 

 

 

All samples collected were included in the interpretation of nitrate concentrations in the aquifer regardless 
of type of well (irrigation well, domestic well etc).  Concentrations obtained from each well were 
assumed to be representative of the average nitrate concentration for the entire aquifer thickness.  This 
simplifying assumption was necessary because many of the samples were collected from pumping 
irrigation wells or municipal well, which are screened over large intervals within the aquifer.   

The database of samples used to interpret the nitrate concentration distribution in the aquifer reflects all 
samples collected in 2010, and the samples collected in 2011 up to the end of September.  HDR received 
the final sampling database on September 19, 2011.  Standard statistical methods were applied to the 
dataset, which consisted of 770 samples collected in the summer of 2010 and 2011.  The results of a 
histogram plot of the nitrate samples are presented as Figure 4-2a.  Measured nitrate concentrations 
ranged from not detected to 50.8 mg/L.  As shown of Figure 4-2a, approximately 25 percent of the 770 
samples collected exceed the 10 mg/L MCL for nitrates.  The average nitrate concentration detected 
within the aquifer is 7.7 mg/L.   The standard deviation of the samples within the dataset is 6.1 mg/L, 
meaning the concentration range within one standard deviation of the mean is between 1.6 to 13.8 mg/L.  
This analysis indicates that nitrate are above the MCL of 10 mg/L in less than one standard deviation of 
the mean of the dataset sampled. 
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Figure 4-2a Interpreted Nitrate Concentrations from Full 2010 and 2011 Database  

 

 

The interpretation of the spatial distribution of nitrates within the aquifer is shown on Figure 4-2b.  This 
interpretation developed by HU staff using a contouring function in the Spatial Analyst extension of 
ArcView™.  The interpretation of nitrates presented on Figure 4-2b was reviewed manually by HDR staff 
and appears reasonable.  The figure includes an overlay of the 20 year time of travel of the well field to 
illustrate the extent of the sampling completed, which includes samples collected from wells that are 
located many miles outside of the HU WHPA and/or the 20 year time of travel of the HU well field.  The 
nitrate concentrations shown on Figure 4-2b illustrate that nitrates are much more than a 20 year concern 
for HU. 
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Figure 4-2b Interpreted Nitrate Concentrations from Full 2010 and 2011 Database  

 

 

The final interpretation of nitrate concentrations imported into the model is presented on Figure 4-3.  
These concentrations represent the model concentrations at time zero of the twenty year model 
simulations.  The interpretation was developed using a Kriging algorithm in Surfer™.  Kriging is 
typically used to evaluate irregularly spaced data and attempts to express trends suggested evident in the 
spatial distribution of the data, so that high points might be connected along a ridge rather than isolated by 
bull's-eye type contours.  The interpreted nitrate concentrations resulting from the Kriging algorithm were 
checked manually by a hydrogeologist and re-interpreted as necessary.  Manual reinterpretation of the 
Kriging algorithm’s contours was minimal because of the large quantity of data points available, which 
generally improves the output of contouring programs.  

 

 

 

 

 

 

 

 

HU Well Field 
20 Year Time of Travel 

Particle Tracking 



HU Groundwater Modeling Study November 2011 
 
 
 

Page 9 

Figure 4-3 Comparison between Pre-Development and Spring 2010 Groundwater Elevations 

 
Note: Pre-development groundwater elevation contours (COHYST, 2007) shown in green and Spring 2010(HDR, 2010) groundwater contour 
elevations shown in pink.  Nitrate concentrations are shown in the background of the figure.  The nitrate color scale is included for nitrate 
concentrations in mg/L.  Simulation assumes steady state pumping at 8 mgd for HU wells.  Particle tracking results are shown for steady state 
conditions. 

Figure 4-3 illustrates the difference between pre-development groundwater elevations and the 
groundwater elevations measured in Spring 2010.  The Spring 2010 groundwater elevation contours show 
a distinct bend when compared to the pre-development groundwater elevation contours.  This bend in the 
groundwater elevation contours is a result of the long term pumping that has occurred within Hastings, 
beginning with the water withdrawn for the NDS Power Plant and continuing up to the present day 
municipal withdrawals.  Because groundwater (and contaminant) flow is perpendicular to the 
groundwater elevation contours, it is apparent that much of the nitrate contamination which originates 
upgradient of Hastings, including the Platte River Valley, will migrate towards the Hastings Utility wells 
over time. 

The interpreted nitrate concentrations within the HU 20 year time of travel presented on Figure 4-4 are 
not significantly different than those presented on Figure 4-1 of the Phase I modeling report (HDR, 2010). 
Because the starting nitrate concentrations are similar to those used in the Phase I model, there were no 
significant changes in the model predicted concentrations in the HU wells over the 20 year planning 
period.  
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Figure 4-4 Final Nitrate Concentrations Imported into the Groundwater Model - Full 2010 and 
2011 Database  
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5 MODEL SIMULATIONS 

Other than modifying the initial nitrate concentrations in the model, no changes were made to the solute 
transport model presented in the Hastings Utilities Phase I Groundwater Modeling Study (HDR, 2010).  
The following section presents a summary of the groundwater and solute transport modeling predictive 
scenarios.   

5.1 MODELING OBJECTIVES  

The objective for the HU groundwater modeling study was to expand upon the well field management 
alternatives identified in the Phase I model and evaluate several specific well field management 
alternatives, including: 

 Pump, Treat, and Recharge.  For this option, upgradient water supply wells are used to intercept 
areas of high nitrate concentrations.  The pumped water is then treated and returned to the aquifer 
through recharge/injection wells.  The recharge/injected water forms a “bubble” of treated 
groundwater that travels downgradient at the speed of ambient groundwater flow and is later 
pumped out of the aquifer by existing HU wells that are located downgradient of the 
recharge/injection wells. 

o For this option, a treatment standard of 5 mg/L and 2 mg/L were used for the water that is 
returned to the aquifer.  The model predicted concentrations were used by HDR water 
treatment engineers to evaluate the potential benefits of treatment to lower discharge 
values.  

 Determine the feasibility of operating the existing wells near the Lochland Golf Course.  This 
analysis included a review of operation data of these wells, the geology near the Lochland golf 
course, estimating a maximum pumping rate for wells in this area, and estimating future nitrate 
concentrations in the wells.  

 Develop model concentration for the Phase II model or the 20-Year Facility Implementation Plan. 
This involved updating the model predicted nitrate concentrations for all HU wells using the 
updated nitrate concentrations, which include the 2011 data.   

 Evaluate the potential to develop new wells in areas with low nitrate concentrations.  

 Evaluate the impact on HU wells from other contaminants in the aquifer, including uranium. 

The model predicted future nitrate concentrations for many of the above scenarios were used to evaluate 
well field management alternatives and are also presented in the Hastings Utilities Well Based Nitrate 
Management Approach Technical Memorandum, developed by HDR (HDR, 2011).  When appropriate, 
the data and results previously presented in that report will also be presented within the Phase II modeling 
report. 

5.2 MT3D INITIAL CONDITIONS 

The interpretation of nitrate concentrations presented on Figure 4-3 were imported into the modeling 
software program (Groundwater Vistas) and selected as the initial concentration conditions for the MT3D 
model runs.  This concentration distribution represents the model concentrations at time zero of the 20 
year planning simulations.  Model runs were completed assuming no continuous sources of nitrates are 
present within the model domain.  This assumption is optimistic as it appears that additional nitrate is 
being added to the aquifer, as evidenced in the vadose zone sampling completed by Roy Spalding of the 
University of Nebraska-Lincoln in 2010.  The assumption of no additional nitrate sources is necessary 
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given the absence of information on the location of additional source and the contribution of these 
additional sources to concentrations in groundwater.   

5.3 MODEL SCENARIOS  

The objective of the modeling scenarios was to evaluate the changes in nitrate concentrations in specific 
water supply wells for various pumping distributions.  The model simulations were performed assuming 
transient conditions with annual stress periods, which allows the modeler to adjust individual well flow 
rates once per year.  Most simulations were performed assuming a total annual average well pumping rate 
of between 8.3 and 9.5 mgd.  Table 5-1 summarizes the base case pumping scenario used for all 
simulations presented within this report.  A summary of the simulations performed is presented in the 
following sections. 

Table 5-1 – Pumping Rates Used for Model Simulations 

HU Water Supply 

Well Number

HU Reported Pumping 

2004 ‐ 2008 Average Rate 

(gpm)

Base Pumping Rate (gpm) for 

Modeling Scenarios (Scenario 2 in 

HDR Water Treatment Study)

1 140 140

2 85 125

4 103 103

5 Not Pumped

6 45

7 Not Pumped

8 267 267

9 170

10 Not Pumped

11 Not Pumped

12 Not Pumped

13 Not Pumped

14 Not Pumped

15 6 125

16 374 374

17 58

19 134 134

20 Not Pumped

21 574 574

22 76 76

23 167

24 156 156

25 144

26 18

27 378

28 505 505

29 517

31 Not Pumped

32 Not Pumped

33 1,207 1,200

34 Not Installed 1,000

35 Not Installed 1,000

Well Field Total (gpm) 5,779

Well Field Total(mgd) 8.3  

 

5.3.1 PUMP-TREAT-RECHARGE 

The general concepts associated with the pump-treat-recharge well field management alternative are: 

1. Select wells located along the upgradient (ground water) side of Hastings would be used to 
intercept large quantities of nitrate-impacted water.  The upgradient wells would consist of Well 
33 and a new well or capture well, which would be strategically located to intercept an area of 
high nitrate concentration ground water. 

2. The raw ground water would be treated to reduce the nitrate concentrations to 2 or 5 mg/L. 
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3. Most or all of the treated water would be returned to the aquifer downgradient of the two 
pumping wells through several recharge wells.  The recharged water would migrate downgradient 
towards the other HU water supply wells, at the natural rate of ground water flow.  The recharged 
water would be recaptured by several HU water supply wells.   

The primary benefit of the pump-treat recharge concept is the development of a zone of treated water in 
the aquifer (recharge bubble) that forms over the first few years of system operation.  With this concept, 
the aquifer acts as a near infinite volume storage source for treated water.  The treated water is then 
removed by existing HU water supply wells during the 20-year planning period.   

With this well management option, water would need to be pumped from Well 33 and the capture well 
365 days per year, 24 hours per day.   As such, this water would then need to be treated and injected 
continuously as well.  This has the further benefit of treating for average day demands, using the aquifer 
for storage and operating wells in the summer months as required to meet maximum day conditions. 

5.3.1.1 METHODOLOGY 

The purpose of the pump-treat-recharge model simulations was to evaluate the feasibility of this well field 
management strategy to protect and improve the water quality of existing HU wells.  The model 
simulations were developed to conceptually demonstrate viability only and do not represent system final 
design.  If adopted, a final pump-treat-recharge system could be a scaled up or scaled down version of 
what is presented below. 

The pump-treat-recharge option was developed assuming Well 33 and a new well (Capture Well) would 
be used to intercept the high nitrate ground water.  Model simulations were performed using a 1,500 gpm 
flow rate for Well 33 and a 2,000 gpm flow rate for the Capture Well.  As the purpose of these two wells 
would be to intercept as much nitrate impacted water as possible, the wells were assumed to operate 24 
hours per day, 7 days per week, at a high well yield.   

Model simulations were performed assuming treated effluent levels of 2 and 5 mg/L.  The treated water 
was recharged into the aquifer using seven (7) wells, each with a recharge rate of 500 gpm.  The seven (7) 
recharge wells to two (2) pumping wells ratio was selected for the model simulations based on established 
aquifer storage and recovery (ASR) rules of thumb that indicate the recharge capacity of a well is 
typically between three (3) to four (4) times less than the pumping capacity of a well (Pyne, 1995).   

The Capture Well is located downgradient of the highest nitrate concentrations.  Operation of both the 
Capture Well and Well 33 effectively protects the other existing HU wells from the zone of high nitrate 
concentration ground water that is located upgradient of these two wells (Figure 5-1).  The location of the 
recharge wells, and the results of the recharge particle tracking simulations are shown on Figure 5-2. 
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Figure 5-1 - Capture Zones for Well 33 and Capture Well 

 

 

Figure 5-2 - Model Predicted Recharge Particle Tracking Results - 20-Year Time   

 

 

Capture Well 
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The recharge wells, shown on Figure 5-2 were located to achieve the maximum benefit for existing HU 
wells, which are located downgradient of two pumping wells.  Under the modeled scenario, the treated 
water would be recaptured by HU wells 8, 16, 21, 23, 25, 28, 29, 34, and 35 during the 20-year planning 
cycle.  The model predicted time for treated water to first reach the downgradient HU wells is 
summarized in Table 5-2. 

 

Table 5-2 – Time for Treated Recharge Water to Reach Downgradient Well 

Well Number 
Time for Treated 
Recharge Water to 
Reach Well

8 9 years 
16 11 years 
21 13 years 
23 9 years 
25 7 years 
28 4 years 
29 6 years 
34 1 year 
35 2 years 

 

The model predicted future nitrate concentrations at each HU well were tracked by the ground water 
model for both the 2 mg/L and 5 mg/L treatment-recharge scenarios.  The results of these analyses are 
shown on Figures 5-3 and 5-4, respectively.  Although it would take several years for the treated water to 
reach the downgradient HU water supply wells, the benefit of the pump-treat-recharge option is predicted 
to occur very quickly due to the addition of the Capture Well.   
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Figure 5-3 - Model Predicted Nitrate Concentrations in Downgradient Recovery Wells for 2 mg/L 
Recharge Simulation 

 

 

Figure 5-4 - Model Predicted Nitrate Concentrations in Downgradient Recovery Wells for 5 mg/L 
Recharge Simulation 

 

 

From the results of the model simulations presented above, it can be seen that over time the downgradient 
pumping wells eventually produce water with nitrate concentrations well below the MCL of 10 mg/L.  
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Based on these results, it appears that increasing the level of treatment of the effluent of the upgradient 
pumping wells from 5 mg/L to 2 mg/L offers only minimal benefit to the operation of the well field.  

5.3.2 LOCHLAND WELLS 

A review of the historical well performance data, hydrogeologic setting, and nitrate conditions near the 
wells was conducted to evaluate the potential of developing wells located near the Lochland golf course.  
HU maintains two wells (Well 31 and 32) near the Lochland golf course.  Well 31 was constructed in 
1984 and Well 32 was constructed in 1971.  Available well records indicate that these wells were capable 
of achieving flow rates between 450 and 700 gpm when first constructed.  HU maintains the 
infrastructure associated with these wells and water rights associated with the wells, but does not actively 
pump the wells into distribution.   

The hydrogeology near the Lochland golf course is significantly different from the hydrogeology on the 
west side of Hastings, near Wells 33, 34, and 35.  The depth to the static water level in the aquifer in this 
area ranges from 110 to 120 ft bgs, while the depth to bedrock near the wells ranges from 162 and 166 ft 
bgs.  These facts limit the saturated thickness of the aquifer near the Lochland wells to 40 to 50 feet, 
which is much less than the saturated thickness in the area of Wells 33, 34, and 35, which is 
approximately 120 feet.  The saturated thickness of an aquifer impacts the potential yield of a well in two 
ways: 

1. Less saturated thickness reduces the transmissivity of the aquifer.  The transmissivity of the 
aquifer near the Lochland wells is between 50,000 to 100,000 gallons per day per square foot 
(gpd/ft2) while the transmissivity near Well 33 is between 100,000 to 150,000 gpd/ ft2. 

2. Less saturated thickness reduces the available drawdown in the pumping well.  

The yield of a new Lochland well was estimated to evaluate the value of re-drilling these wells using 
current municipal well drilling practices.  For the purposes of this calculation, it was assumed that a new 
well would be constructed using a 20-foot screen, which would provide 20 to 30 feet of available 
drawdown to the top of the well screen.  Given the low transmissivity values and the limited available 
drawdown, it was estimated that the maximum pumping rate for a municipal well constructed in this area 
would be between 400 and 500 gpm. 

5.3.2.1 NITRATES NEAR THE LOCHLAND WELLS 

The 20-year time of travel capture zone of the Lochland wells was calculated using the particle tracking 
code MODPATH.  The model simulation was performed assuming the two Lochland wells would operate 
at a flow rate of 400 gpm each.  Figure 5-5 illustrates the model predicted particle tracking results for this 
simulation.  During the development of this report, 2011 sampling data revealed that nitrate levels near 
Lochland area were higher than those obtained during 2010 sampling.  In fact, the nitrate concentrations 
near the southernmost Lochland well are presently between 10 and 15 mg/L.   The model predicted future 
nitrate concentrations at the Lochland wells for this model simulation are presented on Figure 5-6.   
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Figure 5-5 – 20-Year Time of Travel for Lochland Wells 

 

 

Figure 5-6 – Model Predicted Nitrate Concentrations for Lochland Wells 
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The results of the Lochland Well model simulation show that the model predicted nitrate concentration 
for Well 31 is currently above the MCL and will remain at or near the MCL for the first few years of 
operation of this well.  The model predicted concentrations for both Lochland wells decrease over the 
simulation time because the area upgradient of the wells is an area of relatively low nitrate concentrations 
(see Figure 5-5).  The simulation results reflect optimistic conditions in that no additional nitrate sources 
are assumed to exist within the model.  Because the present day nitrate concentrations near the Lochland 
wells are above the MCL, and the projected peak capacity of Wells 31 and 32 is lower than other HU 
wells, development of the Lochland wells is not recommended. 

5.3.3 20-YEAR FACILITY IMPLEMENTATION PLAN SIMULATIONS  

The Phase II Model was used to predict nitrate concentrations in HU wells over a 20-year period.  Four 
different scenarios were evaluated and are described in Table 5-3.  In Scenario 1, all currently active wells 
were evaluated assuming a treated injected water nitrate concentration of 5 mg/L as N.  In Scenario 2, 
Wells 31 and 32 were added.  Although these wells are currently out of service, they are located in the 
Lochland area and sampling data obtained in 2010 showed lower nitrate levels in this area.  Wells used 
for Scenario 1 and 2 analysis were also used for Scenarios 3 and 4, respectively.  However, in Scenarios 3 
and 4, a treated injected water nitrate concentration of 2 mg/L as N was assumed. 

Table 5-3 – Model Evaluation Result Scenarios 

Scenario Wells Included

Treated Injected 
Water Nitrate 
Concentration 

(mg/L as N)

1
1,2,4,6,8,9,15,16,17,19,21,22,23

,24,25,26,27,28,29,34,35 5
2 Same as Scenario 1 + 31 & 32 5
3 Same as Scenario 1 2
4 Same as Scenario 1 + 31 & 32 2  

The projected nitrate levels were then used to determine total well capacity available for potable water use 
if wells with nitrate levels greater than 8 mg/L are eliminated on a yearly basis.  This total well capacity 
available for potable water use was then compared to peak hour demand to determine whether ground 
storage and high service pumping would be required to meet these needs.  The results of these model 
simulations were used to assist in the evaluation of water treatment alternatives and the results are 
included in the 20-Year Facility Implementation Plan Study. 

5.3.4 ALTERATIVE WELL LOCATIONS IN LOW NITRATE AREAS 

The nitrate sampling results from 2010 identified an area north and east of the HU 20 year time of travel 
WHPA that has low nitrates.  Based on this identification, HU requested that HDR evaluate the potential 
to develop wells in this area.   

To evaluate the potential to develop wells in this area, HDR evaluated the geology in this area to estimate 
the potential yield of a municipal water supply well.  Figures 5-7a presents the saturated thickness of the 
aquifer and Figure 5-7b presents the transmissivity of the aquifer within the study area.  Both figures 
illustrate these aquifer properties on top of the measured nitrate concentrations within the aquifer.  As 
shown on Figures 5-7a and 5-7b, the area of low nitrate concentrations that is north and east of Hastings 
also is an area where the aquifer is thinner and has a lower transmissivity than other portions of the study 
area.  Figure 5-7a presents a regional interpretation of that saturated thickness of the Pleistocene sand and 
gravel aquifer from the data included in the COHYST EMU model.  This figure illustrates that most of 
the HU wells are constructed in a portion of the aquifer where the saturated thickness is near or in excess 
of 100 feet.  This figure also illustrates that the general trend of the aquifer thickness in the aquifer is 
thickest to the west and south of Hastings and thinnest to the north and east of Hastings.  In the area north 
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of Hastings, where nitrate concentrations are lower, the aquifer thickness is shown as generally 80 feet or 
less.  However, data collected from the Lochland wells show that the aquifer thickness in this area is even 
shallower and can be as low as 40 to 50 feet due to several localized bedrock highs that are not captured 
in the COHYST EMU data. 

Figure 5-7b shows the aquifer transmissivity in this area is roughly between half to two thirds of the 
transmissivity of the aquifer where the existing HU wells are constructed.  The combination of these 
issues indicates that municipal wells constructed north of Hastings would produce lower well yields than 
the current HU wells.  For the purposes of the modeling activities, it was estimated that a municipal 
pumping well completed in the low nitrate area north of Hastings could sustain a pumping rate of 500 
gpm. 

 

Figure 5-7a – Distribution of Nitrates (filled color contours) and General Aquifer Thickness (black 
contours) near Hastings 

 
Note: Regional aquifer thickness values (in feet) are shown in black and nitrate concentrations are shown in color.  The nitrate color scale is 
included for nitrate concentrations in mg/L.  HU wells are shown in yellow. 
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Figure 5-7b – Distribution of Nitrates (filled color contours) and Aquifer Transmissivity (black 
contours) near Hastings 

 
Note: Aquifer transmissivity value (in gpd/ft) shown in black, nitrate concentrations shown in color.  Nitrate color scale is included for nitrate 
concentrations in mg/L. 

 

To evaluate potential development scenarios for wells north of Hastings, the groundwater model was used 
to estimate the 20 year time of travel of wells operating between 400 and 500 gpm, which is the estimated 
maximum sustainable pumping rate for a municipal well in this area.  Figure 5-8 present the results of this 
analysis, which includes a total of six (6) pumping wells and does not include the two Lochland wells.  As 
shown, between 2,400 gpm and 3,000 gpm of relatively low nitrate water could be produced from wells.  
However, groundwater samples collected from wells in the low nitrate area indicate the presence of iron 
in a majority of the wells, as shown on Figure 5-9a.  In the area where nitrates are low, iron 
concentrations as high as 4.2 mg/L were detected, which is more than an order of magnitude more than 
the EPA secondary standard for iron (0.3 mg/L).  The observed distribution on iron and nitrate is 
primarily related to the oxidation state of the aquifer.  In an oxic (high dissolved oxygen concentrations) 
aquifer, nitrate is stable and iron is insoluble.  In an anoxic (low dissolved oxygen) aquifer, nitrate 
ultimately transforms to nitrogen gas and iron is soluble.  The relationship between nitrate and dissolved 
iron for the samples collected is presented on Figure 5-9b.  This figure clearly shows that most nitrate 
samples that exceeded the MCL were collected from wells where dissolved iron was not detected (shown 
as 0.001 mg/L in Figure 5-9b).  The relationship between dissolved iron and dissolved manganese for the 
samples collected is presented on Figure 5-9c.  This figure clearly shows that iron and manganese are 
typically both either present or absent in groundwater.  This is because both chemicals are more soluble, 
and therefore more mobile, in reduced groundwater conditions. 
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Figure 5-8 – Maximum Development Scenario – North Wells 

 
Note: Figure shows 20 year time of travel for 6 wells pumping at 400 gpm each.  Nitrate color scale is included for nitrate concentrations in 
mg/L.  Existing HU wells are shown in yellow. 
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Figure 5-9a – Iron (black contours) and Nitrate (filled color contours) Concentrations near 
Hastings 

 
Note: Figure shows contours of interpreted iron concentrations (mg/L).  Groundwater sample locations for iron are shown as a black cross hatch.  
Nitrate color scale is the same as in the previous figures.  Existing HU wells are shown in yellow. 

 

Figure 5-9b – Relationship between Nitrate and Dissolved Iron in Groundwater  
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Figure 5-9c – Relationship between Dissolved Iron and Dissolved Manganese in Groundwater  

 

 

5.4 URANIUM 

The primary focus of the groundwater sampling effort summarized in Section 4 was to quantify the 
distribution of nitrate in the aquifer near Hastings.  However, other compounds were also included in the 
analyses of the groundwater samples.  Based on the observed sampling results, HU expressed an interest 
in evaluating the distribution of uranium and the movement of this compound over the 20 year planning 
cycle.  The following section presents the solute transport modeling performed to evaluate the potential 
future movement of uranium in the HU well field. 

5.4.1 INTERPRETATION OF URANIUM CONCENTRATIONS 

The most critical input parameter necessary to generate predictions of future uranium concentrations in 
the HU water supply wells is the initial uranium concentration field.  To characterize the distribution of 
uranium in the aquifer, HDR used the 2010 and 2011 groundwater sample dataset, which includes over 
770 wells that were sampled primarily for nitrates.  Of these wells, approximately 42 wells were also 
sampled for uranium.  All samples collected were included in the interpretation of nitrate concentrations 
in the aquifer regardless of type of well (irrigation well, domestic well etc).  Concentrations obtain from 
each well were assumed to be representative of the average nitrate concentration for the entire aquifer 
thickness. 

The interpretation of uranium concentrations near the HU well field is presented on Figure 5-10.  The 
interpretation presented was developed using a Kriging algorithm in Surfer™.  Kriging is typically used 
to evaluate irregularly spaced data and attempts to express trends suggested evident in the spatial 
distribution of the data, so that high points might be connected along a ridge rather than isolated by bull's-
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eye type contours.  The interpreted nitrate concentrations resulting from the Kriging algorithm were 
checked manually by a hydrogeologist and re-interpreted as necessary.  Manual reinterpretation of the 
Kriging algorithm’s contours was minimal.  

The interpretation of the distribution of uranium in the aquifer shown on Figure 5-10 could be a function 
of the limited sample data set, but generally is consistent with the particle tracking results that show the 
recharge zone for the HU wells (see Figure 4-2b).  The uranium contours presented on Figure 5-10 
drawing indicate that the HU wells are acting as a containment system, preventing upgradient uranium 
contamination from moving downgradient of the City wells.   

5.4.2 URANIUM TRANSPORT 

Uranium is a radioactive material that occurs naturally in many soils and rock types within Nebraska, and 
occurs primarily as U238 with U 235 being much rarer.  According to University of Nebraska Drinking 
Water Guide G1569, state wide groundwater monitoring has shown that high levels of uranium are found 
in the aquifers associated with the Republican, North Platte and Platte River valleys.  It is thought that the 
rocks and volcanic ash deposits, which contain uranium, were eroded from the source and then 
transported and deposited near these river valleys. 

Movement of a dissolved chemical such as uranium in an aquifer occurs through three processes: 
advection, dispersion, and chemical reactions.  In advective flow, dissolved chemicals in the aquifer move 
at the same speed as the average linear groundwater velocity.  In most cases advective flow is the 
dominant transport condition, however to fully represent contaminant transport in an aquifer requires 
consideration of two other processes: dispersion and chemical reactions.  Dispersion accounts for the 
mixing which occurs along the advancing edge of a flowpath.  With dispersion, some chemical travels 
faster and some slower than the average linear groundwater velocity, causing the contaminant to "spread 
out."  Dispersion occurs in three dimensions (longitudinally, transversely, and vertically) relative to the 
plume centerline.  The concentrations of chemicals in groundwater can be altered through a variety of 
chemical processes, including: sorption, bio-degradation, retardation, half-life reduction, or oxidation-
reduction reactions.  Because uranium is a radioactive isotope, the only chemical processes that can alter 
concentrations in groundwater are the oxidation-reduction process and spontaneous decay (half-life 
reduction).   

The chemistry of dissolved uranium is complex in that it has three valance states, +4, +5, and +6.  
Uranium can undergo oxidation reduction reactions and is a compound that is sensitive to both the 
dissolved oxygen and pH conditions of the aquifer; however uranium is insoluble under anoxic 
conditions.  Uranium must be oxidized before it can be transported in groundwater, but once in solution 
uranium is considered mobile and can travel great distances.  Uranium has a very long half life, 4.5 x 109 
years (Fetter, 1999); therefore, for the purposes of the groundwater modeling activities, uranium was 
considered to be a conservative compound and the half life was ignored.  Uranium can persist in ground 
water for decades under oxidizing conditions, but can be naturally attenuated under anoxic (dissolved 
oxygen concentrations mostly less than 0.5 mg/L) conditions if given enough residence time.  Uranium is 
generally attenuated under anoxic conditions because it precipitates out of ground water as an insoluble 
mineral (uranite) or sorbs onto aquifer sediments in anoxic conditions.  For the purposes of this modeling 
study, it was assumed that the aquifer conditions are primarily oxidizing, therefore the uranium 
simulations were performed assuming dissolved uranium is transported as a conservative compound. 
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Figure 5-10 – Uranium (black contours) and Nitrate (filled color contours) Concentrations near 
Hastings 

 
Note: Figure shows contours of interpreted uranium concentrations in micrograms per liter (µg/L).  Groundwater sample locations for iron are 
shown as a black cross hatch.  Nitrate color scale is the same as in the previous figures.  Existing HU wells are shown in yellow. 

 

5.4.1 URANIUM TRANSPORT RESULTS  

The uranium solute transport model runs were performed using the well pumping rates presented in Table 
5-1.  The model predicted uranium concentrations in the HU pumping wells, for the 20 year planning 
horizon, are shown on Figure 5-11 for selected wells and in Table 5-4 for all HU wells.  As previously 
stated, the uranium model simulations assumed that uranium is a conservative compound, meaning 
concentrations in groundwater were not reduced as a result of chemical processes in the model.  The 
results of this model simulation indicate the upgradient water supply wells located in the north central 
portion of the well field (Wells 22, 24, 25, 26, 28, and others) intercept the highest concentration of 
uranium and that the model predicted concentrations in many these wells rise during the 20 year planning 
period.  HU wells located on the east and west sides of the well field appear to be less impacted by 
uranium than the previously listed wells.   
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Figure 5-11 – Model Predicted Uranium Concentration (µg/L) for Select HU Wells 

 

 

 

Table 5-4 – Model Predicted Uranium Concentration (µg/L) for All HU Wells 

Well 34 Well 35 Well 15 Well 33 Well 23 Well 28 Well 29 Well 16 Well 6 Well 25 Well 8 Well 27 Well 26 Well 22 Well 9 Well 4 Well 21 Well 19 Well 17 Well 1 Well 2 Well 24

Capture 

Well 

Lochland 

Well 32

Lochland 

Well 33

Time 

(Days)

365 11.0 6.0 7.0 9.0 5.1 14.5 8.9 5.2 4.0 13.3 7.8 27.1 22.0 15.3 3.0 8.0 7.3 7.2 23.9 10.0 8.6 8.4 21.6 23.5 23.2

730 13.8 8.0 7.0 8.5 4.9 16.8 8.9 5.0 4.0 15.6 7.9 29.1 24.1 16.9 3.0 8.3 7.8 7.8 26.2 11.4 9.6 8.9 23.5 25.1 23.6

1095 15.8 9.8 7.0 7.8 4.7 19.3 8.9 4.7 4.0 18.2 8.0 31.1 26.4 18.7 3.0 8.7 8.3 7.9 28.6 13.0 10.9 9.5 25.7 26.1 23.8

1460 17.5 11.2 7.0 7.4 4.2 21.7 9.2 4.4 3.9 20.8 8.1 32.9 28.7 20.7 3.0 9.3 8.9 8.2 31.0 14.6 12.3 10.3 28.1 26.8 24.2

1825 19.2 12.4 7.1 7.6 3.9 24.1 9.8 4.2 3.9 23.4 8.2 34.2 31.0 22.9 2.9 10.3 9.5 8.6 33.5 16.3 13.8 11.2 31.1 27.3 24.8

2190 21.0 13.4 7.2 8.6 3.8 26.4 11.0 4.0 3.9 25.8 8.4 35.2 33.2 25.1 2.9 11.5 10.2 9.0 36.0 18.1 15.5 12.3 34.9 27.6 25.5

2555 23.0 14.4 7.4 10.0 3.8 28.4 12.9 4.0 3.9 28.0 8.6 35.9 35.1 27.3 2.9 12.9 11.1 9.5 38.3 20.1 17.2 13.4 38.4 27.8 26.0

2920 25.0 15.4 7.6 11.4 3.8 30.3 15.4 3.9 3.9 29.8 8.8 36.4 36.4 29.4 2.9 14.4 12.1 10.1 40.1 22.2 19.1 14.7 39.8 28.1 26.5

3285 27.1 16.4 8.0 12.3 3.7 32.0 18.2 3.9 3.9 31.4 9.1 36.9 37.2 31.2 2.9 16.1 13.2 10.7 41.1 24.4 21.1 16.2 38.8 28.3 26.9

3650 29.4 17.4 8.4 12.7 3.7 33.5 21.2 3.8 3.8 32.8 9.4 37.3 37.4 32.7 2.9 17.8 14.7 11.4 41.1 26.7 23.3 17.7 36.5 28.6 27.2

4015 31.9 18.4 9.0 12.8 3.7 35.0 24.0 3.7 3.8 33.9 10.0 37.7 37.5 33.8 2.9 19.8 16.3 12.2 40.4 29.2 25.5 19.3 33.8 28.9 27.6

4380 34.4 19.4 9.7 12.5 3.7 36.4 26.4 3.7 3.8 35.0 10.7 38.3 37.5 34.6 2.9 21.8 18.2 13.0 39.5 31.5 27.8 21.0 31.0 29.2 27.8

4745 36.5 20.4 10.7 12.1 3.8 37.9 28.5 3.7 3.7 36.0 11.8 38.9 37.5 35.2 2.9 23.9 20.1 13.9 38.6 33.8 30.1 22.8 28.1 29.6 28.0

5110 37.7 21.4 11.8 11.6 3.9 39.5 30.4 3.6 3.7 36.9 13.1 39.6 37.5 35.8 2.8 26.1 21.9 14.9 37.9 35.7 32.3 24.7 25.1 30.2 28.2

5475 37.6 22.3 13.0 10.9 4.0 41.1 32.2 3.6 3.7 38.0 14.8 40.4 37.6 36.3 2.8 28.3 23.7 15.9 37.5 37.2 34.2 26.6 22.1 30.9 28.5

5840 36.4 23.1 14.4 10.3 4.1 42.8 33.9 3.6 3.6 39.1 16.6 41.4 37.8 36.8 2.8 30.4 25.4 16.9 37.4 38.0 35.7 28.6 19.0 31.7 28.9

6205 34.4 23.5 15.9 9.8 4.0 44.6 35.6 3.6 3.6 40.3 18.4 42.6 38.2 37.4 2.8 32.4 26.7 18.1 37.4 38.2 36.7 30.5 16.1 32.7 29.5

6570 32.1 23.5 17.5 9.3 3.9 46.5 37.3 3.6 3.6 41.7 20.2 44.0 38.8 38.2 2.8 34.1 27.9 19.2 37.6 38.0 37.2 32.3 13.6 33.9 30.2

6935 29.4 22.9 19.3 8.9 3.8 48.3 39.1 3.6 3.6 43.3 21.6 45.5 39.5 39.2 2.8 35.4 28.7 20.4 37.9 37.5 37.3 33.8 11.6 35.1 31.0

7300 26.5 22.1 21.1 8.7 3.6 50.0 40.9 3.6 3.6 45.0 23.1 47.2 40.4 40.3 2.9 36.4 29.5 21.5 38.4 37.0 37.1 35.1 10.1 36.6 32.0

Model Predicted Uranium Concentration in Well (ug/L)
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6 SUMMARY AND CONCLUSIONS  

The Phase II groundwater modeling study presented within this report is an update to the Phase I 
groundwater and solute transport model that was developed to provide a tool for management of the HU 
well field.  The objective of the modeling study was to evaluate several potential 
management/development options that could be used to help minimize the impact of the nitrates present 
within the source water of the well field. 

The first step in the model update was to incorporate the 2011 nitrate sampling results into the model and 
to use the updated nitrate distribution in the aquifer to make predictions about future nitrate 
concentrations within the HU well field.  The nitrate sample database used to interpret the concentration 
distribution within the aquifer consisted of approximately 770 water samples over the summer of 2010 
and 2011 by HU/LBNRD/UBBNRD.  These samples were obtained primarily from irrigation wells, but 
domestic and municipal wells were also sampled.  The sample results have shown that nitrate in 
groundwater is prevalent within and around the Hastings WHPA; and the average nitrate concentration 
detected was 7.7 mg/L.  Approximately 25 percent of the 770 samples collected exceed the 10 mg/L MCL 
for nitrates and the maximum concentration detected was over 50 mg/L.  Other than modifying the initial 
nitrate concentrations in the model, no structural changes were made to the groundwater and solute 
transport model presented in the Hastings Utilities Phase I Groundwater Modeling Study (HDR, 2010).   

6.1 MODELING OBJECTIVES  

The objectives for the Phase II groundwater modeling study were to evaluate several specific well field 
management alternatives, including: 

1. Pump, Treat, and Recharge option.  For this option, upgradient water supply wells are used to 
intercept areas of high nitrate concentrations.  The pumped water would then be treated and 
returned to the aquifer through recharge/injection wells.  The recharge/injected water forms a 
“bubble” of treated groundwater that travels downgradient at the speed of ambient groundwater 
flow and is later pumped out of the aquifer by existing HU wells that are located downgradient of 
the recharge/injection wells. 

2. Determine the feasibility of operating the existing wells near the Lochland Golf Course.  This 
analysis included a review of operation data of these wells, the geology near the Lochland golf 
course, estimating a maximum pumping rate for wells in this area, and estimating future nitrate 
concentrations in the wells.  

3. Provide future nitrate concentration data for each HU well, to be included in the 20-Year Facility 
Implementation Plan.  This involved updating the model predicted nitrate concentrations for all 
HU wells using the updated nitrate concentrations, which include the 2011 data.   

4. Evaluate the potential to develop new wells in areas with low nitrate concentrations.  

5. Evaluate the impact on HU wells from other contaminants in the aquifer, including uranium. 

6.2 CONCLUSIONS AND RECOMMENDATIONS 

The conclusions of the Phase II modeling study are presented below, using the same numbering system as 
the previous objectives list.   

1. Pump, Treat, and Recharge option.  Based on the modeling performed, this option appears to be a 
viable long term option to manage the nitrate concentrations within the HU well field.  This 
option has two primary benefits: 
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a. Well 33 and a capture well (or wells) can be used to cut off a large portion of the high 
concentration nitrate groundwater that is moving south an east towards the HU wells.  
This water can be treated to a level below the nitrate MCL and then returned to the 
aquifer. 

b. Over years of active recharge, the water that is returned to the aquifer after treatment will 
form a hydraulic “bubble” of treated water, which will move downgradient at the speed 
of ambient groundwater flow until it is recovered by existing downgradient HU wells. 

Under the scenario modeled, the treated water would be recaptured by HU wells 8, 16, 21, 23, 25, 
28, 29, 34, and 35 during the 20-year planning cycle.  Over time, the wells that recover the treated 
recharge water could be become the primary source of water for HU.  This would ensure a 
reasonably constant long term water quality.  Based on the modeled results, it appears that 
increasing the level of treatment of the effluent of the upgradient pumping wells from 5 mg/L to 2 
mg/L offers only minimal benefit to the operation of the well field and treatment to a level of 5 
mg/L will meet the project objective while also lowering the treatment cost. 

At this time, it is recommended that HU initiate meetings and discussions with regulatory 
agencies to discuss the pump treat recharge concept.  If the regulatory community is agreeable 
towards this concept, it is recommended that a pilot scale demonstration project be initiated to 
demonstrate the feasibility of this concept.  The project should include Well 33 as the pumping 
well and three new recharge wells.  A modeling and monitoring program should be part of the 
demonstration phase project. 

2. Determine the feasibility of operating the existing wells near the Lochland Golf Course.  Based 
on our review of the hydrogeology in this area, development of production wells near the 
Lochland Golf Course is not recommended.  The aquifer thickness in this area is significantly 
shallower than where the other HU wells are constructed.  As a result, yields for municipal wells 
constructed near the golf course are anticipated to be much lower than the other HU wells.  
Additionally, the present day nitrate concentrations near the Lochland wells are above the nitrate 
MCL.  Finally, the groundwater sample results indicate that iron, manganese, and uranium are all 
potential water treatment issues for wells near the golf course. 

3. Provide future nitrate concentration data for each HU well, to be included in the 20-Year Facility 
Implementation Plan.  These data were included in the 20-Year Facility Plan and were used to 
develop the recommendations presented within that document. 

4. Evaluate the potential to develop new wells in areas with low nitrate concentrations.  The nitrate 
sampling results from 2010 identified an area north and east of the HU 20 year time of travel 
WHPA that has low nitrates.  HDR evaluated the potential to develop wells in this area and has 
concluded that it may be possible to develop low nitrate wells in this area.  However, the aquifer 
in this area is thinner and has a lower transmissivity than in the area where the majority of the HU 
wells are constructed.  Therefore, wells constructed in this area would likely produce at a lower 
flow rate than the current HU wells.  Based on the analysis performed, it appears possible that up 
to six (6) wells, which would likely produce between 2,400 gpm to 3,000 gpm (3.5 to 4.3 mgd), 
could potentially be constructed in this area of low nitrates.  However, test drilling in the areas of 
the potential wells is should be performed to evaluate site specific geologic conditions before this 
option is further explored.   

Iron has been detected in this portion of the aquifer at concentrations that exceed the EPA 
secondary MCL standard of 0.3 mg/L.  Therefore, if wells are constructed in this portion of the 
aquifer, a centralized treatment plant to remove iron may be required.  Finally, the groundwater 
sample results indicate that manganese and uranium are also potential water treatment issues for 
wells near this area. 
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5. Evaluate the impact on HU wells from other contaminants.  Several groundwater contaminants, 
in addition to nitrates, were discovered during the summer 2011 sampling event, including: 
uranium, total dissolved solids, iron and manganese.  Each of these contaminants impacts the 
ability to locate “pristine” areas of the aquifer.  The quantitative evaluation of the impact of these 
compounds on the HU well field is beyond the scope of this investigation; however several model 
runs were performed to evaluate the potential future concentrations of uranium.  The model 
simulations performed to evaluate uranium show that the HU wells located in the north central 
portion of the HU well field (Wells 22, 24, 25, 26, 28, and others) intercept the highest 
concentration of uranium and that the model predicted concentrations in many these wells rise 
during the 20 year planning period.  Based on the distribution of uranium observed in the aquifer, 
and the model simulations performed, it appears as though the HU wells are acting as a hydraulic 
containment system that is capturing much of the uranium and limiting the potential for uranium 
to move downgradient, beyond the HU wells.  At this time, it is recommended that sampling for 
these compounds be expanded if possible.  Additionally, these compounds should be included in 
any pre-design investigation of a future water supply well. 

6.3 FUTURE MODEL USES AND LIMITATIONS 

The HU groundwater model continues to serve as a powerful well field management tool that can be used 
to complete future evaluations of how changes well field pumping can impact nitrate concentrations in 
wells.  To maintain the usefulness of the model will require continued groundwater sample collection and 
analysis, and maintenance of those data in a GIS database. 

6.3.1 MODEL LIMITATIONS 

Groundwater and solute transport modeling are state of the practice tools applied by groundwater 
hydrologists to solve complex problems.  Given the complexity of the problems solved through 
groundwater modeling, it is unreasonable to expect that model results will represent the absolute aquifer 
response to future stresses.  Rather, when applied by an experienced practitioner, the results of a 
groundwater and solute modeling study should represent a reasonable approximation of future aquifer 
behavior under the modeled conditions.   

Specific to the study presented within this document, the largest source of uncertainty is the interpretation 
of nitrate concentrations in the aquifer (Figure 4-2b).  This interpretation was based on 770 water samples 
collected from irrigation, domestic, and municipal water supply wells.  Concentrations obtained from 
each well were assumed to be representative of the average nitrate concentration for the entire aquifer 
thickness, which may not always be an accurate assumption.  However, this simplifying assumption was 
necessary given the compressed project schedule.  It is possible that if additional data are collected, the 
interpretation of the nitrate concentrations will change which could impact the predicted concentrations 
presented in this report.  An additional simplification was the assumption of no continuous nitrate or 
uranium sources with the model domain.  If nitrates or uranium are present in the unsaturated 
zone of the soil profile, it is possible that the observed future nitrate concentrations could be higher 
than the model predicted concentrations presented within this report.  As the understanding of the 
nitrate plume migration and source(s) is improved through future data collection, the limitations of the 
model can be further reduced.  This concept is a key driver for continued groundwater sampling and 
modeling.  

Uncertainty in the flow model was decreased by using the COHYST EMU regional groundwater 
modeling study as a building block for groundwater model.  Uncertainties in the flow model input 
parameters are reasonably well controlled, when considering the modeling objectives, given that the 
groundwater model parameters were obtained from a regional study which includes physical aquifer 
boundaries and aquifer heterogeneity.  Uncertainty in the solute transport model is limited, as the only 
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transport processes simulated were advection and dispersion.  The greatest source of uncertainty in the 
solute transport model are the input values used for the dispersion parameters.   

6.4 FUTURE DATA COLLECTION 

The groundwater sampling that was performed to support the Phase I and Phase II models has shown that 
the aquifer is impacted by contaminants other than nitrate.  Continuing to collect samples from portions of 
the aquifer that have not been sampled before and maintaining a sampling program that rotates sample 
collection from wells would be an invaluable source of data for the management of the HU well field and 
for any future model updates.  It is recommended that the migration of the nitrate plume near Well 33 be 
monitored by collection of semi-annual or annual water quality samples from select wells.  Additionally, 
it would be beneficial to collect groundwater samples for phosphorous in order to better understand the 
relationship of nitrates and phosphorous in groundwater.  Groundwater samples collected for phosphorous 
could potentially give an indication as to the source(s) of uranium and whether it is man made or naturally 
occurring. 
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STANDARD LIST - GLOSSARY OF TERMS AND ABBREVIATIONS 

 
Alluvium:  Unconsolidated terrestrial sediment composed of sorted or unsorted sand, gravel, and clay 
that has been deposited by water. 

ARM:  Absolute residual mean error.  The ARM error represents the average of the absolute values of the 
differences between forecast and the corresponding observation. 

Aquifer:  An underground geological formation, or group of formations, containing water.  Are sources 
of groundwater for wells and springs. 

bgs:  Below Ground Surface 

COHYST:  Cooperative Hydrology Study.  COHYST is a group of Nebraska interests that joined 
together as sponsors and partners to develop scientifically supportable hydrologic databases and models.  

COHYST EMU:  The Eastern Model Unit of the COHYST study.   

Cretaceous:   A geologic from circa 145.5 to 65.5 million years ago.  

Drawdown:  The drop in the water table or level of water in the ground when water is being pumped 
from a well. 

Flood plain:  The flat or nearly flat land along a river or stream or in a tidal area that is covered by water 
during a flood. 

gpm:  Gallons per minute 

GUI:  Graphical user interface.  Software packages used to pre and post process the model code data. 

Hydraulic conductivity (K):  The rate at which water can move through a permeable medium. (i.e. the 
coefficient of permeability.) 

Hydrogeology:  The geology of ground water, with particular emphasis on the chemistry and movement 
of water. 

LBNRD:  Little Blue North Natural Resources District 

mgd:  Million gallons per day 

MODFLOW:  Groundwater flow model developed by McDonald and Harbaugh (1988) with the USGS. 

MODPATH:  Groundwater particle tracking model developed by Pollock (1989) with the USGS. 

MT3D:  Solute transport modeling code developed by Zheng and Wang (1998) 

Nitrate:  Nitrate (NO3) is a naturally occurring form of nitrogen found in soil.  Nitrate can be expressed 
as either NO3 (nitrate) or NO3-N (nitrate as nitrogen).  References to nitrate in this document are for 
nitrate as nitrogen.  
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NRMS:  Normalized root mean square error.  The NRMS error is the standard deviation of a series of 
measurements divided by the range of observed values. 

Pleistocene:  The Pleistocene is the epoch from 2.588 million to 12,000 years ago covering the world's 
recent period of repeated glaciations. 

Potentiometric surface:  The surface to which water in an aquifer can rise by hydrostatic pressure. 

Tertiary:  The Tertiary is a term for a geologic period 65 million to 1.8 million years ago. 

TMR:  Telescopic Mesh Refinement.  A groundwater modeling technique used to simulate smaller areas 
of regional models in greater detail. 

TOT:  Time of Travel 

Unconfined aquifer:  An aquifer containing water that is not under pressure; the water level in a well is 
the same as the water table outside the well. 

UBBNRD:  Upper Big Blue Natural Resources District 

UNLCSD:  University of Nebraska – Lincoln Conservation and Survey 

USGS:  U.S. Geological Survey 

WHPA: Well Head Protection Area, defined as the surface and subsurface area surrounding a water well 
or well field through which contaminants are reasonably likely to move toward and reach such water well 
or well fields. 
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1 INTRODUCTION 

This report presents the construction and application of a groundwater and solute transport model 
developed to help manage a groundwater well field operated by Hastings Utilities (HU), located in 
Hastings, Nebraska.  HU operates a water supply well field that consists of 32 production wells completed 
in the unconfined Pleistocene age sand and gravel aquifer that underlies the City of Hastings.  These 
water wells are the only source of supply used to meet all of HU’s water demands, which vary from an 
average daily demand of approximately 8 million gallons per day (mgd) to a maximum daily demand of 
approximately 22 mgd.  Currently, the water supply wells pump directly into the distribution system with 
no system storage and no additional treatment.  The level of nitrate present in most of the wells has 
increased throughout their operational history, and several wells have been removed from service as the 
nitrate concentration approached or exceeded the Maximum Contaminant Level (MCL) for nitrate as 
nitrogen of 10 milligrams per liter (mg/L).  Nitrate (NO3) is a naturally occurring form of nitrogen found 
in soil.  Nitrate can be expressed as either NO3 (nitrate) or NO3-N (nitrate as nitrogen).  References to 
nitrate in this document are for nitrate as nitrogen.  

To address the potential loss of system capacity due to impact from nitrates in wells, HU added three new 
wells (Wells 33, 34, and 35) on the west side of the City.  Well 33 was brought on-line in 2002 and Wells 
34 and 35 were brought on-line in 2009.  In 2008, nitrate levels at Well 33 began to approach the MCL.  
As a result, HU hired HDR Engineering, Inc. (HDR) to design a reverse osmosis (RO) treatment plant at 
the well site.  A Water Treatment Plant study to address improvements for the HU water system is also 
currently being completed by HDR.  As part of the issues at Well 33 and the nitrate problem for the 
system as a whole, HDR was retained by HU to construct a groundwater flow model capable of 
evaluating how changes in the pumping rates and pumping patterns of Wells 33, 34, and 35 could impact 
the nitrate concentrations observed in these wells.  The results of the groundwater and solute transport 
model are presented in this report.  A figure which illustrates the study area has been included as Figure 
1-1. 

1.1 PROJECT PURPOSE 

The groundwater and solute transport model presented in this document was developed to provide a tool 
for estimating the future nitrate concentrations in HU water supply wells 33, 34, and 35.  The model was 
constructed to evaluate various pumping schedules and their potential impact on nitrate concentrations in 
these wells.  The results of the groundwater modeling study were included in the design process of the 
RO treatment plant for Well 33 and were used by HDR water treatment engineers to evaluate various 
treatment and blending options with the objective of reducing the combined nitrate concentration from 
these wells to below MCL.  Specific modeling objectives for the study are summarized below: 

 Evaluate the potential source(s) of nitrates observed at City Wells 33, 34 and 35 based on 5 and 
10 year travel times to reach the well. 

 Estimate how long it will take for the high concentration of nitrates north and northwest of Well 
33 to reach Wells 34 and 35. 

 Determine if a containment well north of Well 33 could be used to capture the nitrates and slow 
down the rate of migration into Wells 34 and 35.   

 Evaluate if a containment well installed north of Well 33 would decrease the concentration of 
nitrates observed in Well 33. 

 Evaluate if increasing the use of Wells 34 and 35 could help to reduce the nitrate concentrations 
observed in Well 33.   



HU Groundwater Modeling Study October 2010 
 
 
 

Page 2 

 Assist HDR process engineers in preparation of an overall water treatment strategy for the entire 
HU well field. 

1.2 TECHNICAL APPROACH 

The technical approach for constructing a groundwater and solute transport model capable of reproducing 
observed groundwater conditions and predicting future nitrate concentrations in wells was developed 
using a phased approach.  Phase 1 involved obtaining and manipulating an existing regional flow model 
for use as a “building block” to develop a more localized groundwater model.  The regional groundwater 
flow model used for this study is the Eastern Model Unit (EMU) of the Cooperative Hydrology Study 
(COHYST).  COHYST is a group of Nebraska interests that joined together as sponsors and partners to 
develop scientifically supportable hydrologic databases and models.  The EMU covers approximately 
10,400 square miles and includes important hydrologic features such as the Platte River, Little Blue 
River, and the Big Blue River.  As part of Phase 1, HDR imported the COHYST EMU modeling files 
obtained from the Central Platte Natural Resources District into Groundwater Vistas Version 5 
(Rumbaugh, 2009), which is a groundwater modeling software package.  Prior to moving to the next 
phase of the project, HDR evaluated the imported files to ensure that the imported EMU operated as 
documented in the Groundwater Flow Model of the Eastern Model Unit of the Nebraska Cooperative 
Hydrology Study (COHYST, 2007).  

Phase 2 of the groundwater modeling study involved developing a local scale groundwater flow model 
using the COHYST EMU regional model.  This was accomplished through an application of the 
Telescopic Mesh Refinement (TMR) technique, which is used in the groundwater practice to simulate in 
detail subareas of previously developed regional models.  The TMR process involves creating a smaller, 
more refined model for a sub-region of the larger flow model.  The TMR model is a separate model that 
uses the cell-by-cell results of the larger model to define the boundary conditions of the TMR model.  
Whenever an existing regional scale model already exists, TMR modeling can be applied to address any 
number of issues that require evaluating conditions at a localized level.  For this project, the COHYST 
EMU served as the regional groundwater model, and the resulting TMR model approximately covers the 
extents of Adams County.  A comparison of the model domain of the COHYST EMU and the Adams 
County TMR model is shown on Figure 1-2.   

Phase 3 of the modeling process involved interpretation of approximately 500 groundwater samples 
collected during the summer of 2010 for analysis of nitrate in groundwater.  These data were a critical 
component of the solute transport model constructed for the study.  The groundwater samples were 
collected from irrigation, domestic, and municipal wells located within HU’s Well Head Protection Area 
(WHPA).  The results of the nitrate sampling effort were interpreted to develop an isoconcentration map 
for nitrate.  The isoconcentration map represents the nitrate concentrations in the Pleistocene aquifer as 
measured in July and August, 2010.  These data were used to represent the initial conditions in the solute 
transport model.  The solute transport model was constructed to reflect the conservative nature of nitrate 
transport in groundwater.   

1.3 REPORT ORGANIZATION 

The remainder of the report presents the methods used to construct the groundwater and solute transport 
models, and the results of the model simulations.  The report is organized as follows: 

 Section 1 – Introduction  

 Section 2 – Hydrogeologic Conceptual Model  

 Section 3 – Groundwater Flow Model Construction 

 Section 4 – Distribution of Nitrates in Groundwater 
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 Section 5 – Model Simulations  

 Section 6 – Conclusions and Results  
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2 HYDROGEOLOGIC CONCEPTUAL MODEL 

This section presents a summary of the regional aquifer system within the study area.  The east, south, 
and west boundaries of the study area coincide with the boundaries of Adams County.  The northern 
boundary of the study area is the Platte River in Hall County.  The study area includes two major surface 
water features, the Platte River and the Little Blue River.  Study area boundaries are shown on Figure 1-1.  
A more detailed conceptual model of the aquifer system was presented in the COHYST EMU (COHSYT, 
2007, pg. 19).  For ease of reference, this document has been included as Appendix 2-1. 
 

2.1.1 AQUIFER SYSTEM 

The primary source of drinking water in Adams County is the unconsolidated Pleistocene alluvial aquifer 
(USGS, 2003), which consists of a generally coarsening downward sequence of clay, silt, sand, and 
gravel.  The saturated thickness of the aquifer is highly variable and ranges from 100 to 200 feet in 
Adams County (Keech and Dreeszen, 1968), and is approximately 100 to 110 feet near City Well 33.  
Underlying the Pleistocene deposits are the semi-consolidated Tertiary Ogallala Formation (where 
present) or Cretaceous age bedrock units.  The consolidated Cretaceous units consist of low permeability 
marine deposits of sandstone, shale, chalk, and limestone.  Due to their low permeability, the Cretaceous 
age deposits comprise the base of the aquifer (COHYST, 2007).  The Pleistocene aquifer is generally 
considered to be a water table or unconfined aquifer, although there are documented occurrences where 
the aquifer is semi-confined (COHYST, 2007).  The aquifer receives recharge from several sources 
including: precipitation, return flow from irrigation pumping, canal leakage, and infiltration from the 
Platte River (LGS, 1997).  
 
A paleo-channel containing Quaternary age valley fill deposits is present south of the Platte River in 
Adams and Clay counties (COHYST, 2007).  This paleo-channel underlies Hastings, is approximately 60 
miles long, and may be wider than 15 miles in some locations.  The Pleistocene alluvial aquifer is 
especially prolific within this paleo-channel and is capable of supporting many high yield municipal, 
agricultural, or industrial wells.  For example, HU’s Well 33 was tested at a flow rate in excess of 3,200 
gpm with only 29 feet of drawdown after it was installed in 2002.  The Quaternary fill materials within 
the paleo-channel consist primarily of a coarsening downward heterogeneous mixture of sand and gravel, 
within discontinuous lenses of silt and clay (COHYST, 2007).  For the purposes of this study, it was 
assumed that the entire saturated thickness of this aquifer can be approximated as one unit.  
 

2.1.2 HYDRAULIC GRADIENT  

The regional boundaries for groundwater flow near Hastings consist of the Platte and Little Blue Rivers.  
Due primarily to the geometry of these river systems, the direction of groundwater flow (hydraulic 
gradient) near Hastings is approximately south 70 degrees east.  The magnitude of the hydraulic gradient 
is approximately 1.9 x 10-3 feet per foot (ft/ft) (COHYST, 2007).  The average rate of groundwater 
movement in Adams County ranges from 0.5 to 2 feet per day (ft/day) (Keech and Dresden, 1968). 
 

2.1.3 AQUIFER TRANSMISSIVITY 

The transmissivity of the aquifer has been reported to vary between 50,000 to over 200,000 gallons per 
day per foot (gpd/ft) and the saturated thickness of the aquifer has been reported to vary from 100 to 200 
ft (Boyle, 1983).  Aquifer tests performed near the City of Hastings indicated the hydraulic conductivity 
of the aquifer materials ranges from 190 to 230 ft/day (USACE, 2006; Papadopulos, 1995). 
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3 GROUNDWATER FLOW MODEL CONSTRUCTION 

The COHYST program has developed groundwater models that include the Platte River as a focal point 
and extend from the western Nebraska state boundary to Columbus, Nebraska.  Three groundwater model 
units have been developed as part of COHYST, including a Western, Central, and Eastern Model Unit.   

The COHYST models were developed to evaluate regional flow systems.  Because each model unit 
covers a large area, each COHYST model uses a coarse model grid that includes ½ mile by ½ mile cells.  
The use of large cell sizes in regional models is the current state of the practice and is appropriate for the 
scale of the COHYST study.  However, the cell size used in the COHYST EMU is much too coarse to 
achieve the objectives of the HU Groundwater Modeling Study, which includes evaluating changes in 
nitrate concentrates in individual municipal pumping wells.  Therefore, the COHYST EMU was used as 
the “building block” for the HU groundwater flow model presented in this study.   

The primary reasons for using a regional groundwater flow model as a point of departure for a sub-
regional (local scale) model is the fact that the regional model incorporates the physical boundaries of the 
hydrogeologic system and the regional model has been calibrated to various conditions that typically 
include steady-state and transient stresses.  Using a regional model allows the modeler to use calibrated 
values for model input parameters such as the hydraulic conductivity field, recharge rates, boundary 
conditions, etc.  Including the calibrated values from the regional model for all model input parameters 
eliminates the need to construct and recalibrate a sub-regional model.  This results in a significant time 
savings in the model construction process.  However, before the sub-regional model can be used to 
accomplish specific study goals it is good practice to perform a calibration check using an independent 
data set.  The following sections detail how the EMU was used to construct the Adams County sub-
regional model and the calibration check performed on the Adams County sub-regional model. 

3.1 MODEL CODES AND MODELING TOOLS 

The following section provides detail on the numerical modeling codes used in the study.  Details are also 
provide on the graphical user interface (GUI) used to process the model code files and the software 
packages used to pre and post process the model data. 

3.1.1 CODE SELECTION 

The groundwater flow model computer code MODFLOW (McDonald and Harbaugh, 1988), version 
MODFLOW-2000, was selected for this project because it is the same model code used in the COHYST 
EMU.  MODFLOW is a finite-difference, block centered model that simulates three dimensional 
groundwater flow in saturated porous media.  MODFLOW was developed to include a modular structure, 
allowing different hydrologic systems and stresses to be grouped together to simulate the modeled area.  
MODFLOW was selected for use in this modeling study because of its wide use and acceptance by the 
engineering and regulatory communities.  MODPATH (Pollock, 1989), a particle tracking code, was 
selected to evaluate the capture zones of individual pumping wells and the WHPA of the entire well field. 
The three dimensional finite difference groundwater fate and transport code, MT3D, (Zheng and 
Wang,1998) was selected to simulate nitrate transport.  

MODFLOW includes a mass balance calculation which checks the amount of residual error in the 
solution by comparing the total simulated inflows and outflows.  Reviewing the mass balance error is a 
critical technique for checking the accuracy of the model solution.  The water balance error is calculated 
by subtracting the total inflow from the total outflow and dividing the difference by either the total inflow 
or outflow whichever yields the highest error.  A water balance error of one (1) percent is considered an 
acceptable solution (Anderson and Woessner, 1992).  In addition to checking the solver accuracy, the 
water balance calculation can be used to identify errors made during model design.   
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3.1.2 DATA PROCESSING SOFTWARE 

Construction of the numerical model and the evaluation of model-predicted output were completed using 
Groundwater Vistas Version 5 (Rumbaugh, 2009).  Groundwater Vistas is a pre and post processing 
software package that was used to create standard format MODFLOW, MODPATH, and MT3D file sets 
from graphically input data. 

Model output was evaluated using Groundwater Vistas, ArcGIS 9.3, Surfer Version 9 (Golden Software, 
2009), and Microsoft Excel.  Groundwater Vistas was used when possible to provide contoured model 
results (model predicted heads and drawdowns) and numerical data output.  Additional data contouring 
and evaluation was completed using Surfer.  Surfer is a grid-based contouring and three-dimensional 
surface plotting program.  Surfer was used to interpolate the irregularly spaced model-predicted data 
onto regularly spaced grids and to produce contoured results.  ArcView9 is a geographic information 
system (GIS) software package that was used to interface with data available from several statewide 
databases. 

3.2 SUMMARY OF COHYST EMU  

The existing COHYST EMU model was used as a point of departure for the Adams County sub-regional 
model because the EMU represents the best available and most up to date understanding of the primary 
aquifer system of south-central Nebraska.  The EMU includes areas of the Platte River drainage system 
extending from Dawson County in the west to Polk County in the east.  Overall, the EMU covers 
approximately 10,400 square miles and includes the drainages associated with the Platte River, Little Blue 
River, and the West Fork of the Big Blue River.  The EMU was constructed to include the obvious 
hydrologic boundaries to the aquifer system and was calibrated to reproduce both the pre-agricultural and 
post-agricultural development groundwater flow system.   

The EMU was constructed using the groundwater flow model computer code MODFLOW (McDonald 
and Harbaugh, 1988), version MODFLOW-2000.  The Department of Defense Groundwater Modeling 
System (GMS) was the pre and post processor used by COHYST to manipulate the MODFLOW files.  
The Eastern Model Unit of the COHYST model includes the detailed hydrostratigraphy of the aquifer, 
which was simulated using five (5) model layers.  The model layers included in the EMU represent the 
following stratigraphic units, as presented in the COHYST EMU: 

 Layer 1 – Loess.  This unit represents the wind blown deposits that are present in most of the 
EMU.  This unit is typically unsaturated.   

 Layer 2 – Alluvium.  This unit represents the Pleistocene sand and gravel system, which is the 
primary aquifer in Adams County. 

 Layer 3 – Pliocene age silts and clays and upper Ogallala Group.  This layer represents fine 
grained materials of Pliocene age and the upper fine grained materials of the Ogallala Group.  
This system forms a semi-confining unit where present. 

 Layer 4 – Middle Ogallala Group.  Tertiary age semi-consolidated heterogeneous mix of clay, 
silt, sand, and gravel.  This layer represents coarse grained material of the Ogallala group.  

 Layer 5 – Lower Ogallala Group.  Tertiary age semi-consolidated heterogeneous mix of clay, silt, 
sand, and gravel.  This layer represents the lower fine grained material of the Ogallala group. 

The reason for this detailed stratigraphy is that the Tertiary Ogallala aquifer system is an important 
groundwater supply in the western portion of the EMU study area.  However, in areas where thick 
deposits of Pleistocene sand and gravel overlie the Ogallala aquifer system, such as in Adams County, the 
Ogallala aquifer is typically not a significant source of groundwater supply.   
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In addition to the stratigraphy described previously, the COHYST model was constructed to include the 
obvious hydrologic boundaries to the aquifer system and was calibrated to reproduce both the pre-
agricultural and post-agricultural development groundwater flow system.  Once constructed, the first 
calibration of the EMU was performed using pre-development groundwater level measurements from 
1950.  The degree of calibration of the EMU was evaluated using several state of the practice statistical 
techniques.  The first statistic used was the Absolute Residual Mean (ARM) error, defined as the average 
of the absolute value of the model predicted groundwater elevation and the measured groundwater 
elevation.  The second statistic used was the Root Mean Square (RMS), which is the standard deviation of 
the difference between model predicted and observed water level elevations.  The pre-development 
calibration was performed assuming steady state conditions.  This data set consisted of 423 data points 
and resulted in the following calibration statistics: 

 ARM error of 8.9 feet; 

 A RMS error of 12.1 feet; and 

 A Normalized RMS (NRMS) error of 1.0%.  This value represents the RMS error normalized 
over the range of measured water level elevations.  A NRMS of less than five (5) percent is 
generally considered appropriate for a calibrated groundwater model.   

Additional transient post-development calibration efforts were performed as part of the EMU study.  
Details regarding the model calibration process are presented in the COHYST EMU (COHSYT, 2007, pg. 
37).  For ease of reference, this document has been included as Appendix 2-1. 

3.3 ONE LAYER EMU  

Construction of the HU groundwater flow model and the evaluation of model-predicted output were 
completed using Groundwater Vistas Version 5 (Rumbaugh, 2009).  The first step in developing the HU 
groundwater flow model was to import the COHYST ERM modeling files (in GMS and MODFLOW 
format) into Groundwater Vistas.  Next, the layering system used in the EMU was simplified into one (1) 
layer.  Reasoning for this modification is presented below. 

As previously discussed, the EMU was constructed using a five (5) layer approach to simulate the 
hydrostratigraphy of that study area.  However, the focus of the HU groundwater modeling study is 
within the WHPA of HU’s well field.  In this area, the primary aquifer system is the Pleistocene sand and 
gravel aquifer, which was simulated in the EMU as layers 1 and 2.  The Ogallala Group is not a 
significant source of supply with the HU groundwater modeling area and is discontinuous in Adams and 
Clay Counties (USACE, 1990), and therefore was not included in the study.  A comparison of the layer 
thicknesses and hydraulic conductivity values used in the EMU to represent the aquifer system near 
Hastings is presented as further justification for transitioning from a five (5) layer model to a one (1) layer 
model. 

 Layers 1 and 2 – Combined thickness of 280 feet and average hydraulic conductivity (K) of 180 
ft/day.  Depth to water is over 100 feet near Hastings, therefore layer 1 is unsaturated. 

 Layer 3 – Thickness of 85 feet and hydraulic conductivity of 5 ft/day. 

 Layer 4 and 5 – Combined thickness of 30 feet and hydraulic conductivity of 5 ft/day. 

3.3.1 ONE LAYER COHYST CALIBRATION CHECK 

Prior to using the one (1) layer version of the EMU as the basis of a refined sub-regional model, it was 
necessary to ensure that consolidating the model units from five (5) layers to one (1) layer did not 
negatively impact the model calibration.  To evaluate the impact of this layering change on the model 
predicted potentiometric surface within the EMU study area, the one-layer EMU was run assuming 
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steady-state predevelopment conditions.  The calibration data set consisted for this model run consisted of 
410 data points as several calibration targets were located in model layers other than the Pleistocene sand 
and gravel aquifer.  The one-layer EMU steady state run resulted in the following calibration statistics: 

 ARM error of 11.1 feet; 

 RMS error of 16.0 feet; and 

 NRMS error of 1.3%. 

As shown, consolidating the EMU from a five (5) layer model to a one (1) layer model did not have a 
significant impact on the calibration statistics.  This modification had no discernable impact on the model 
predicted potentiometric surface in Adams County.  Comparisons of the model predicted potentiometric 
surfaces for the five (5) layer and one (1) layer COHYST EMU models are presented in Figures 3-1a and 
3-1b.  Figure 3-1a presents a comparison of the potentiometric surfaces predicted for the entire EMU 
model domain, while Figure 3-1b focuses solely on Adams County. 

3.3.2 HU PUMPING 

Prior to using the TMR process to create the Adams County sub-regional model, it was necessary to 
import the HU municipal wells in the one layer version of the EMU.  This was done to ensure the 
boundary conditions generated during the TMR process accurately reflect all known stresses in the model.  
HU’s wells were imported into the one-layer EMU and pumping from these wells was simulated using 
the average annual pumping rate for each individual well, as recorded from 2004 to 2008.  Over this four 
year period, a total of 19 of the available 32 production wells were operated and the average annual total 
well field pumping was approximately 7.3 mgd.  During this time, Well 33 provided approximately 24 
percent of the total well field flow and was operated at an average flow rate of 1.72 mgd, or 
approximately 1,200 gallons per minute (gpm). 

3.4 ADAMS COUNTY SUBREGIONAL MODEL 

A sub-regional groundwater model to represent groundwater conditions in Adams County was created 
from the one-layer EMU using the TMR technique available in Groundwater Vistas.  TMR is used in the 
groundwater practice to simulate in detail subareas of previously developed regional models.  Through 
TMR, a smaller, more refined groundwater model is created for a sub-region of a regional model.  

3.4.1 REFINED MODEL 

The TMR process assigns hydraulic boundaries to the refined model domain based on the mass balance of 
the regional scale model.  For the Adams County sub-regional model, the northern and southern model 
boundaries coincide with a physical boundary of the aquifer (rivers or low permeability outcrop).  The 
eastern and western model boundaries, which represent the continuation of the aquifer in both directions, 
were assigned as constant flux boundaries.  Because of the groundwater flow direction, the western 
boundary is a flux in and the eastern boundary is a flux out.  Figure 3-2 illustrates the boundary 
conditions of the sub-regional model. 

Once completed, the sub-regional model created through the TMR process resulted in a model comprised 
of 185,976 model cells (164,742 active cells).  The grid size in the area of the HU well field was a 
uniform 100 feet by 100 feet.  A variable grid spacing was used expanding outward from the HU well 
field area to the extents of the model.  The maximum cell size along the edges of the model was 770 feet 
by 770 feet.  By comparison, the one layer EMU had 60,996 total cells (41,743 active) and the five (5) 
layer EMU had a total of 306,000 total cells (185,400 active).  Other than the grid spacing and the flux 
boundaries which resulted from TMR process, no input parameters were modified from the COHYST 
EMU model. 
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3.4.2 CALIBRATION CHECK USING 2010 DATA 

Once the construction of the sub-regional model was complete, the ability of the model to reproduce 
present day water level elevations was evaluated by performing a calibration check to measured water 
levels collected from within the study area in Spring 2010 (data collected in April or May).  A total of 30 
water level measurements collected from within the sub-regional model domain were provided by the 
LBNRD, with an additional 11 measurements provided by the UBBNRD.  After importing these 
calibration targets into the sub-regional model, the MODFLOW model was re-run to evaluate the 
calibration of the model.  The steady state model run included the HU wells operating at a total well field 
flow rate of 7.3 mgd.  The steady state run of the Adams County sub-regional model resulted in the 
following calibration statistics: 

 Absolute Residual Mean (ARM) error of 4.9 feet; 

 A Root Mean Square (RMS) error of 6.8 feet; and 

 A Normalized RMS error of 2.8%. 

A comparison of the model predicted potentiometric surfaces for the sub-regional model versus the 
interpreted potentiometric surface for Spring 2010 is presented on Figure 3-3.   Based on the calibration 
statistics and the comparison map, it appears that the sub-regional groundwater model generates a 
reasonable approximation of the current groundwater conditions in Adams County.  A plot showing the 
observed groundwater elevation verses the model predicted groundwater elevation is presented on Figure 
3-4. 

3.4.3 HU WELL FIELD CAPTURE ZONE 

Reverse particle tracking was used to identify areas upstream of a well field that will likely contribute 
waters to the pumping wells of the Well Field, also known as the WHPA.  A MODPATH simulation was 
prepared to delineate the well field capture zone using the average annual pumping scenario summarized 
in Section 3.3.2.  For this simulation, 20 particles per pumping well were located in a circular pattern at 
the pumping well and tracked backwards.  The model-predicted reverse particle tracking simulation is 
presented on Figure 3-5.  The outer boundaries of the WHPA are the 20-year time-of-travel boundaries as 
predicted by the model.  The reverse particle tracking results presented on Figure 3-5 also show arrows 
which represent the ten (10) year time-of-travel for each particle.  Additional travel time boundaries such 
as the twenty (20) year time-of-travel (TOT) boundaries can be extrapolated from Figure 3-5.  The 
WHPA defined in the Layne Geosciences study has been included in Appendix 3-2 for comparison.   
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4 DISTIBUTION OF NITRATES IN GROUNDWATER  

A critical component of the modeling process involved interpretation of approximately 500 groundwater 
samples collected during the summer of 2010 for analysis of nitrate in groundwater.  The groundwater 
samples were collected from irrigation, domestic, and municipal wells located within HU’s WHPA.  The 
results of the nitrate sampling effort were interpreted by HDR to develop an isoconcentration map for 
nitrate.  The following section details the process involved in collecting the groundwater samples and 
interpreting nitrate concentration data. 

4.1 HU/NRD SAMPLING PROGRAM 

In 2009 the Hastings Wellhead Protection Committee represented by various stakeholders recommended 
that all domestic, irrigation, municipal and industrial wells located within the Hastings WHPA be 
sampled for nitrates along with other related constituents.  This recommendation was adopted as part of 
the Hastings Wellhead Protection Plan (WHPP).  To accomplish the requested water sampling, an inter-
local agreement was executed between the UBBNRD, LBNRD, and HU.  This inter-local agreement 
allowed for each entity to collect and analyze water samples in the Hastings WHPA.  The results of the 
water analysis are to be shared with each entity.  As recommended by the Hastings WHPA Committee, 
these data were used to assess the fate and transport of the nitrate contamination within the Hastings 
WHPA.  This was accomplished through the groundwater modeling process presented within this 
document.   

4.2 INTERPRETATION OF NITRATE CONCENTRATIONS 

Constructing a groundwater and solute transport model is a data intensive process.  The most critical input 
parameter necessary to generate meaningful predictions of future nitrate concentrations in water supply 
wells is the initial nitrate concentration field.  To characterize the distribution of nitrates in the aquifer, 
HU/LBNRD/UBBNRD collected approximately 500 water samples from irrigation, domestic, and 
municipal wells located within the HU well field’s WHPA.  Each of these samples was analyzed by a 
chemical laboratory to determine the concentration of nitrate as nitrogen in the water sample.  The 
sampling results were provided to HDR via a GIS database for interpretation.  HDR did not evaluate the 
sampling protocol, analytical laboratory data, or data quality reports from the analytical lab. 

For the purposes of this study, the interpretation of nitrates in the aquifer was limited to 20 year Time of 
Travel (TOT) capture zone of HU’s well field, which was originally presented in the Layne Geosciences 
model developed for HU (Layne, 1997).  All samples collected were included in the interpretation of 
nitrate concentrations in the aquifer regardless of type of well (irrigation well, domestic well etc).  
Concentrations obtain from each well were assumed to be representative of the average nitrate 
concentration for the entire aquifer thickness.  This simplifying assumption was necessary given the 
compressed project schedule.  HDR received the final sampling database on August 26, 2010.   

The final interpretation of nitrate concentrations within the 20 year TOT is presented on Figure 4-1.  The 
interpretation was developed using a Kriging algorithm in Surfer™.  Kriging is typically used to evaluate 
irregularly spaced data and attempts to express trends suggested evident in the spatial distribution of the 
data, so that high points might be connected along a ridge rather than isolated by bull's-eye type contours.  
The interpreted nitrate concentrations resulting from the Kriging algorithm were checked manually by a 
hydrogeologist and re-interpreted as necessary.  Manual reinterpretation of the Kriging algorithm’s 
contours was minimal because of the large quantity of data points available, which generally improves the 
output of contouring programs.  

 



HU Groundwater Modeling Study October 2010 
 
 
 

Page 11 

5 MODEL SIMULATIONS 

The groundwater and solute transport model was developed to provide HU with a tool to mange their well 
field and to estimate future nitrate concentrations in specific water supply wells.  The following section 
presents a summary of the groundwater and solute transport modeling predictive scenarios.   

5.1 MODELING OBJECTIVES  

The objective for the HU groundwater modeling study was to develop a tool that can be used to estimate 
the future nitrate concentrations in HU water supply Wells 33, 34, and 35.  Specifically, the model was 
constructed to answer the following questions: 

 Question 1.  Evaluate the potential source(s) of nitrates observed at City Wells 33, 34 and 35 
based on 5 and 10 year travel times to reach the well. 

 Question 2.  Estimate how long it will take for the high concentration of nitrates north and 
northwest of Well 33 to reach Wells 34 and 35. 

 Question 3.  Determine if a containment well north of Well 33 could be used to capture the 
nitrates and slow down the rate of migration into Wells 34 and 35.   

 Question 4.  Evaluate if a containment well installed north of Well 33 would decrease the 
concentration of nitrates observed in Well 33. 

 Question 5.  Evaluate if increasing the use of Wells 34 and 35 could help to reduce the nitrate 
concentrations observed in Well 33.   

5.2 SOLUTE TRANSPORT CONCEPTUAL MODEL 

Nitrate comes from nitrogen, a plant nutrient supplied by inorganic fertilizer and animal manure. 
Nonagricultural sources of nitrate include lawn fertilizers, septic systems, and domestic animals in 
residential areas.  Nitrate can persist in ground water for decades and accumulate to high levels as more 
nitrogen is applied to the land surface every year. 

Movement of a dissolved chemical such as nitrate in an aquifer occurs through three processes: advection, 
dispersion, and chemical reactions.  In advective flow, dissolved chemicals in the aquifer move at the 
same speed as the average linear groundwater velocity.  In most cases advective flow is the dominant 
transport condition, however to fully represent contaminant transport in an aquifer requires consideration 
of two other processes: dispersion and chemical reactions.  Dispersion accounts for the mixing which 
occurs along the advancing edge of a flowpath.  With dispersion, some chemical travels faster and some 
slower than the average linear groundwater velocity, causing the contaminant to "spread out."  Dispersion 
occurs in three dimensions (longitudinally, transversely, and vertically) relative to the plume centerline.   

The concentrations of chemicals in groundwater can be altered through a variety of chemical processes, 
including: sorption, bio-degradation, retardation, or oxidation-reduction reactions.  Because nitrate is an 
inorganic chemical, the only chemical process that can alter concentrations in groundwater is the oxidation-
reduction process.  Under oxidizing conditions, ammonia is converted to nitrite, and nitrite is converted to 
nitrate.  Under reducing conditions, nitrate is converted primarily to nitrogen gas through a process 
termed denitrification (Fetter, 1999).  Denitrification requires denitrifying bacteria, low-oxygen 
conditions, and an electron donor.  At the basin scale, denitrification may be suspected when low nitrate 
concentrations are observed along with reducing conditions, such as low dissolved oxygen or high iron 
(Fe) and manganese (Mn) and an electron donor (such as dissolved organic carbon).  Nitrate transport 
occurs without significant attenuation in oxygen rich groundwater, therefore understanding the dissolved 
oxygen environment of the aquifer is important to determining the denitrification potential of an aquifer.   
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Given the data available, denitrification does not appear to be occurring in the Hastings area.  Evidence of 
this statement can be observed by reviewing the nitrate concentrations plotted on Figure 4-1, which show 
little to no degradation of nitrate concentrations as groundwater travels hydraulically downgradient.  
Additionally, water quality samples (included in Appendix 5-1) collected from Well 33 indicate no 
presence of Fe or Mn in the aquifer.  Finally, groundwater monitoring data collected from the Former 
Naval Ammunition Depot (NAD), located near Hastings, indicates that dissolved oxygen concentrations 
in the aquifer range from 6 to 10 mg/L (Appendix 5-1).  All of this evidence indicates that nitrate 
transport in the Pleistocene aquifer near Hastings is conservative, meaning that no denitrification 
reactions are occurring in the aquifer. 

5.2.1 MT3D MODEL 

MT3D is a three dimensional solute transport model for the simulation of advection, dispersion, and 
chemical reactions of dissolved constituents in groundwater. The model uses a modular structure similar 
to that implemented in MODFLOW.  The modular structure makes it possible to independently simulate 
advection, dispersion, sink/source mixing, and chemical reactions without reserving computer memory 
space for unused options.  Although the MT3D documentation describes the use of MT3D in conjunction 
with MODFLOW, the transport model can be linked to any other block-centered finite-difference flow 
model.  MT3D can be used to simulate changes in concentration of single-species miscible contaminants 
in ground-water considering advection, dispersion, and some simple chemical reactions.  The chemical 
reactions included in MT3D are equilibrium-controlled linear or non-linear sorption and first-order 
irreversible decay or biodegradation. 

Based on the conceptual chemical transport model previously presented, it does not appear that chemical 
reactions which could alter nitrate concentration are occurring within the aquifer.  Therefore, the no 
sorption and no decay options were selected for the chemical reactions simulated in the MT3D model.  
Nitrate transport in the aquifer was therefore simulated assuming only advection and dispersion processes.  
The following transport parameters variables were included in the MT3D model: 

 Longitudinal dispersivity – 50 ft (LGS, 1997); 

 Transverse dispersivity – 5 ft (LGS, 1997); 

 Vertical dispersivity – 0.5 ft (LGS, 1997); and 

 Effective porosity – 0.15 (LGS, 1997). 

5.2.1.1 MT3D SOLVER 

The MT3D equations were solved using the explicit (upstream) finite difference method.  The explicit 
finite difference solution is subject to numerous stability constraints which limit the length of the 
transport step (Zheng and Wang, 1999).  The largest transport time-step observed during the model 
solutions was approximately 25 days.  Model runs were performed over a 20 year period, assuming the 
start time of the model coincides with present day.  The explicit finite difference solution was selected 
over other available solvers because it is computationally efficient for advection dominated systems and 
because it is mass conservative.  MT3D includes a mass balance calculation to evaluate the accuracy of 
the model solution.  For the explicit finite difference solution the authors of MT3D recommend a mass 
balance error of “generally much less than 1 percent” (Zheng and Wang, 1999).  The mass balance error 
observed in the simulations presented within this report was approximately 0.006 percent, indicating the 
solution was stable. 

5.2.1.2 MT3D INITIAL CONDITIONS 

The interpretation of nitrate concentrations presented on Figure 4-1 was imported into Groundwater 
Vistas and selected as the initial concentration conditions for the MT3D model runs.  The nitrate 
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concentrations were limited to the HU well field’s WHPA, as defined using the 20 year TOT particle 
tracking results presented on Figure 3-5.  Model runs were completed assuming no continuous sources of 
nitrates are present within the model domain. 

5.3 MODEL SCENARIOS  

The objective of the modeling scenarios was to evaluate the changes in nitrate concentrations in specific 
water supply wells for various pumping distributions.  The model simulations were performed assuming 
transient conditions with annual stress periods, allowing the modeler to adjust individual well flow rates 
once per year.  Most simulations were performed assuming a total annual average well pumping rate of 
between 8.3 and 9.5 mgd.     

5.3.1.1 WELL 33, 34, AND 35 SIMULATIONS 

The objectives of the Well 33, 34, and 35 simulations were presented in Section 5.1.  In all modeling 
scenarios, the total well field pumping remained constant except for the pumping distribution from Wells 
33, 34, and 35.  The total average annual pumping rate from these three (3) wells was simulated as 4,000 
gpm (2.7 mgd), or approximately 30 percent of HU’s total average annual pumping.  Other HU wells 
were also included in these simulations in order to most accurately reproduce the aquifer stress 
conditions.  The “base case” total well field pumping for the HU well field is presented on Table 5-1 and 
corresponds to Pumping Scenario 2 in the HDR Water Treatment Study (HDR, 2010).  Well specific 
pumping rates for all wells other than Wells 33, 34, and 35 were based on the actual average annual 
pumping rate for the period of record from 2004 to 2008, as recorded by HU.  A summary of the 
simulations performed is listed below: 

 Base Case  

o Well 33 = 1,200 gpm; 

o Wells 34 and 35 = 1,000 gpm; and 

o Total well field flow = 8.3 mgd. 

 Containment well simulation  

o Capture Well = 2,000 gpm; 

o Well 33 = 1,200 gpm; 

o Wells 34 and 35 = 1,000 gpm; and 

o Total well field flow = 11 mgd. 

 Increase Well 33 pumping 

o Well 33 = 2,000 gpm; 

o Wells 34 and 35 = 1,000 gpm; and 

o Total well field flow = 9.5 mgd. 

 Increase Well 34 and 35 pumping 

o Well 33 = 1,000 gpm; 

o Wells 34 and 35 = 1,500 gpm; and 

o Total well field flow = 9.5 mgd. 
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The first step in the modeling process involved running the flow model (MODFLOW) for each of the 
listed pumping scenarios.  Following the flow model run, a solute transport model (MT3D) run was 
performed.  Model predicted nitrate concentrations generated for the next 20 years (to 2031) were tracked 
at each HU water supply well using a target hydrograph function within Groundwater Vistas™.  The 
model-predicted concentrations for individual supply wells were exported from Groundwater Vistas and 
used to generate nitrate concentration time series graphs for each pumping well.  These figures have been 
included as Figure 5-1 through Figure 5-5.   

5.3.1.2 TREATMENT STUDY SIMULATIONS 

Three (3) pumping scenarios, defined as Scenario 2, Scenario 2 modified, and Scenario 5 in the HDR 
Water Treatment Study (HDR, 2010) were evaluated during the modeling process.  Pumping rates for 
each scenario were limited to an average annual pumping rate of between 8 and 9 mgd.  The model-
predicted concentrations for individual supply wells were exported from the solute transport model and 
provided to the design engineers.  As an example the results of the Scenario 2 model run is presented in               
Appendix 5-2. 

5.4 SUMMARY OF MODELING RESULTS  

The following section presents a summary of the Well 33, 34 and 35 simulations only.  The results of the 
simulations performed in support of the HDR Treatment Study were provided to HDR design engineers 
for inclusion in that study.  

5.4.1 WELL 33, 34, AND 35 SIMULATION RESULTS 

Figures 5-1 through 5-5 present the modeling results for the model simulations specific Wells 33, 34, and 
35.  These figures illustrate the changes in nitrate concentrations at each individual well and how changes 
in well field management can impact the nitrate concentrations observed at a well.  The following section 
provides answers to the project objective questions.  

Question 1:  Evaluate the potential source(s) of nitrates observed at City Wells 33, 34 and 35 based on 
5 and 10 year travel times to reach the well. 

The highest concentration of nitrates observed in any of the approximately 500 samples analyzed (34.2 
mg/L) was detected in a well located less than a half mile north and west of Well 33.  Additionally, the 
area north and west of Well 33 is the only area within the HU WHPA where a 20 to 30 mg/L contour 
interval could be drawn (Figure 4-1).  The 10 year TOT for these wells is shown on Figure 3-5.  The 
current data available are not sufficient to conclusively determine a source of the elevated nitrate 
concentrations observed in Wells 33, 34, and 35.  However, Wells 33, 34, and 35 are located 
hydraulically downgradient of a feedlot that has a reported capacity of 45,000 cattle 
(http://www.agr.state.ne.us/pub/apd/feedlot.htm).   

Question 2:  Estimate how long it will take for the high concentration of nitrates north and northwest 
of Well 33 to reach Wells 34 and 35. 

The results for this simulation are presented on Figure 5-1.  Based on the sampling performed in the 
summer of 2010, both Well 34 and Well 35 have nitrate concentrations of approximately 8 milligrams 
per liter (mg/L), which is approaching the nitrate MCL of 10 mg/L.  Under the base pumping 
conditions previously defined, nitrate concentrations in Wells 34 and 35 will remain fairly constant 
until 2018, when the concentrations in Well 34 increase above the MCL.  Nitrate concentrations in 
Well 34 are predicted to remain above MCL for a period of approximately 8 years and reach a 
maximum value of nearly 14 mg/L in 2024.  Model predicted nitrate concentrations in Well 35 
fluctuate between 6 to 9 mg/L, but remain below the MCL for the duration of the simulation.  The 10 
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year TOT of Well 34 approximately coincides with the location of the high nitrate concentration zone 
(over 30 mg/L) currently measured north and west of Well 33.   

Question 3:  Determine if a containment well north of Well 33 could be used to capture the nitrates 
and slow down the rate of migration into Wells 34 and 35.   

The results for this simulation are presented on Figure 5-2 and the location of the containment well is 
shown on Figure 5-3.  Adding an additional well to the system, designed to intercept the highest 
nitrate concentrations, has a beneficial impact on the nitrate concentrations predicted by the model to 
occur in Wells 33, 34, and 35.  If located as shown, a containment well could intercept the areas of the 
aquifer with the highest measured concentrations of nitrate.  The solute transport model predicts that 
nitrate concentrations in the containment well would remain above the MCL until approximately 2021, 
after reaching a maximum concentration of 18 mg/L in 2014.  Model predicted nitrate concentrations 
for the other three (3) wells remain below the MCL for the duration of the simulation.    

Question 4:  Evaluate if a containment well installed north of Well 33 would decrease the 
concentration of nitrates observed in Well 33. 

As previously stated, the solute transport model predicts that nitrate concentrations in the containment 
well would remain above the MCL until approximately 2021 and that model-predicted nitrate 
concentrations in Well 33 would remain below the MCL for almost the entire simulation.  The model 
predicted concentrations shown on Figure 5-2 show that there would be a significant reduction in the 
nitrate concentration observed in Well 33 if a containment well were constructed in the location shown 
on Figure 5-3. 

Question 5.  Evaluate if increasing the use of Wells 34 and 35 could help to reduce the nitrate 
concentrations observed in Well 33.   

The results for this simulation are presented on Figure 5-4.  As shown, increasing the pumping rate for 
Wells 34 and 35 has minimal to no impact on the nitrate concentrations observed in Well 33.  This is 
because Wells 34 and 35 are hydraulically downgradient of Well 33 and it is very difficult to influence 
the concentrations observed at an upgradient well by changing the distribution or rate of pumping in 
downgradient wells.  However, increasing the pumping rate of Well 35 appears to have increased the 
capture zone of this well to include areas of the aquifer that have lower levels on nitrate.  This increase 
in the pumping rate of Well 35 resulted in a decrease in the predicted nitrate concentrations for this 
well.  Concentrations predicted for Well 34 are similar to those predicted for the base pumping 
condition. 

Question 6.  Evaluate if increasing the use of Well 33 could help to reduce the nitrate concentrations 
observed in Well 34 and Well 35.   

The results for this simulation are illustrated on Figure 5-5.  As shown, increasing the pumping rate in 
Well 33 does have some beneficial impact on the nitrate concentrations predicted to occur in Well 34.  
Specifically, increasing the pumping rate in Well 33 decreases the peak of the nitrate concentration 
predicted for Well 34 from 14 mg/L to 11 mg/L and delays the occurrence of that peak by 
approximately one (1) year.  Changing the pumping rate in Well 33 did not have a significant impact 
on the nitrate concentrations predicted for Well 35. 
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6 SUMMARY AND CONCLUSIONS  

This report presented a groundwater and solute transport model developed to provide a tool that can be 
used to develop management plans to control nitrate concentrations observed in Wells 33, 34, and 35 of 
the HU well field.  Nitrate concentrations in Well 33 began to approach the EPA MCL of 10 mg/L in 
2008 and nitrate concentrations of approximately 8 mg/L were measured in Wells 34 and 35 in the 
summer of 2010.   

The groundwater and solute transport model was constructed using a phased approach.  Phase 1 involved 
obtaining the COHYST EMU regional groundwater model for use as a “building block” to develop a 
more localized groundwater model.  Phase 2 of the modeling study involved developing a local scale 
groundwater flow model using the COHYST EMU regional model.  This was accomplished through an 
application of the TMR technique, which is used in groundwater practice to develop detailed models in a 
sub-section of a regional model.  The TMR process involves creating a smaller, more refined model for a 
sub-region of the larger flow model that uses the cell-by-cell results of the larger model to define the 
boundary conditions of the TMR model.  The COHYST EMU served as the regional groundwater model 
and the resulting TMR model was approximately the size of Adams County.  Phase 3 of the modeling 
process involved interpretation of approximately 500 groundwater samples collected during the summer 
of 2010 for analysis of nitrate in groundwater.  The groundwater samples were collected from irrigation, 
domestic, and municipal wells located within HU’s WHPA.  The results of the nitrate sampling effort 
were interpreted to develop an isoconcentration map for nitrate that represents the initial nitrate 
concentration conditions in the solute transport model.  The solute transport model was constructed to 
reflect the conservative nature of nitrate transport in groundwater and was constructed assuming no 
continuous sources of nitrate are located within the model domain.   

6.1 CONCLUSIONS 

The primary objective of the HU Groundwater Modeling Study was to answer several questions posed by 
HU that are specific to the future nitrate concentrations in Wells 33, 34, and 35.  The questions were 
developed as part of an effort to develop a management strategy for these wells.  HU’s questions and the 
answer which result from this study were presented in detail in Section 5.4.  The following is a brief 
summary of the conclusions of the HU Groundwater Modeling Study: 

 The maximum nitrate concentration predicted by the model to occur in Well 33 is approximately 
16 mg/L, which is predicted to occur in 2013 and 2014.  The model predicts that concentrations 
in Well 33 will exceed the MCL for nitrate (10 mg/L) starting in 2011 and will remain at or above 
the MCL for most of the 20 year simulation. 

 Based on the distribution of nitrates presented on Figure 4-1 and particle tracking and solute 
transport modeling presented within this document, it is estimated that the elevated nitrate levels 
observed at Well 33 will reach Well 34 around 2018 or 2019.  The peak of the nitrate 
concentration slug will be observed in Well 34 and Well 35 from 2023 through 2025.  The 
highest concentration observed in Well 34 and 35 is estimated to be approximately 14 mg/L and 9 
mg/L, respectively.  

 A hydraulic containment well, located as shown on Figure 5-3, could be operated to intercept 
much of the elevated nitrate concentrations observed near Well 33.  The modeling performed 
indicates that operating this well continuously at a pumping rate of 2,000 gpm could keep the 
nitrate concentrations in Wells 33, 34, and 35 generally below the MCL. 

 Modifying the pumping pattern of Wells 33, 34, and 35 does have an impact on the model 
predicted nitrate concentrations in these wells.  Increasing the average annual pumping rate in 
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Well 33 to 2,000 gpm decreased the predicted nitrate concentrations in both downgradient wells, 
although the changes in predicted concentrations were only on the order of 1 to 2 mg/L.   

 Increasing the pumping rates in Wells 34 and 35 did not impact the concentrations predicted for 
Well 33.  However, there was a significant decrease in the predicted nitrate concentrations for 
Wells 35 under this scenario, which could be beneficial if the discharge of these wells is blended. 

 Conclusive identification of a source of the high nitrate conditions observed in the aquifer near 
Well 33 is beyond the scope of this study.  However the highest concentration of nitrates 
measured was in wells located hydraulically downgradient of the feed lot. 

6.2 FUTURE MODEL USES AND LIMITATIONS 

The HU groundwater model will serve as a powerful well field management tool that can be used to 
complete future evaluations of how changes well field pumping can impact nitrate concentrations in 
wells.  For example, as new wells are sited by HU, the model could be used to evaluate the potential long 
term nitrate concentrations in the new well at the design pumping rate.  Additionally, the model could be 
used to develop pumping schedules that minimize the nitrate concentration in specific wells or the 
blended concentration of specific well groupings. 

6.2.1 MODEL LIMITATIONS 

Groundwater and solute transport modeling are state of the practice tools applied by groundwater 
hydrologists to solve complex problems.  Given the complexity aquifer systems, it is unreasonable to 
expect that model results will represent the absolute aquifer response to future stresses.  Rather, when 
applied by an experienced practitioner, the results of a groundwater and solute modeling study should 
represent a reasonable approximation of future aquifer behavior under the modeled conditions.   

Specific to the study presented within this document, the largest source of uncertainty is the interpretation 
of nitrate concentrations in the aquifer (Figure 4-1).  This interpretation was based on approximately 500 
water samples collected from irrigation, domestic, and municipal water supply wells.  Concentrations 
obtained from each well were assumed to be representative of the average nitrate concentration for the 
entire aquifer thickness, which may not always be an accurate assumption.  However, this simplifying 
assumption was necessary given the compressed project schedule and limited budget.  It is possible that if 
additional data are collected, the interpretation of the nitrate concentrations will change which could 
impact the predicted concentrations presented in this report.  An additional simplification was the 
assumption of no continuous nitrate source within the model domain.  As the understanding of the nitrate 
plume migration and source(s) is improved through future data collection, the limitations of the model can 
be further reduced. 

Uncertainty in the flow model was decreased by using the COHYST EMU regional groundwater 
modeling study as a building block for groundwater model.  Uncertainties in the flow model input 
parameters are reasonably well controlled, when considering the modeling objectives, given that the 
groundwater model parameters were obtained from a regional study which includes physical aquifer 
boundaries and aquifer heterogeneity.  Uncertainty in the solute transport model is limited, as the only 
transport processes simulated were advection and dispersion.  The greatest source of uncertainty in the 
solute transport model are the input values used for the dispersion parameters.   

6.3 FUTURE DATA COLLECTION 

Maintaining an updated database of nitrate sample results would be an invaluable source of data for future 
model updates.  It is recommended that the migration of the nitrate plume near Well 33 be monitored by 
collection of semi-annual or annual water quality samples from select wells.  Monitoring as many wells as 
possible in the capture area of Well 33 is recommended at this time.   
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Table 5-1
Groundwater Model Pumping Rates

Base Pumping Distribution for all Well 33, 34, and 35 Simulations
Hastings Utilities Groundwater Modeling Study

HU Water Supply 

Well Number

HU Reported Pumping 

2004 ‐ 2008 Average Rate 

(gpm)

Base Pumping Rate (gpm) for 

Modeling Scenarios (Scenario 2 in 

HDR Water Treatment Study)

1 140 140

2 85 125

4 103 103

5 Not Pumped

6 45

7 Not Pumped

8 267 267

9 170

10 Not Pumped

11 Not Pumped

12 Not Pumped

13 Not Pumped

14 Not Pumped

15 6 125

16 374 374

17 58

19 134 134

20 Not Pumped

21 574 574

22 76 76

23 167

24 156 156

25 144

26 18

27 378

28 505 505

29 517

31 Not Pumped

32 Not Pumped

33 1,207 1,200

34 Not Installed 1,000

35 Not Installed 1,000

Well Field Total (gpm) 5,779

Well Field Total(mgd) 8.3
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Figure 3-1a: Presents a comparison of the pre-development potentiometric surface predicted
by the five layer COHYST EMU and the modified one layer EMU for the entire EMU study domain.
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Figure 5‐1
Model Predicted Nitrate Concentrations
in Wells 33, 34, and 35 (2011 to 2031)
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Figure 5‐1: Presents the model predicted nitrate concentrations for
the wells shown, assuming the base Scenario 2 pumping rate for all wells
and the specific pumping rates listed above for Wells 33, 34, and 35.  Also
the figure shows the measured concentrations at the well in Summer 2010.
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Figure 5‐2
Model Predicted Nitrate Concentrations
in Wells 33, 34, and 35 (2011 to 2031)
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Figure 5‐2: Presents the model predicted nitrate concentrations for
the wells shown, assuming the base Scenario 2 pumping rate for all wells
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Executive Summary  

The Cooperative Hydrology Study (COHYST) is a study of surface water and groundwater resources 
in the Platte River basin of Nebraska upstream from Columbus, Nebraska. The study will assist Nebraska 
in meeting its obligations under the Three-State Cooperative Agreement, assist Natural Resources 
Districts in the study area with the management of groundwater, provide Nebraska with the basis for 
surface-water and groundwater policy, and help analyze the hydrologic effects of proposed activities of 
the Three-State Cooperative Agreement. 

The COHYST study area covers 29,300 square miles and extends from the Republican River and 
Frenchman Creek on the south to the Loup River, South Loup River, and a mapped groundwater divide 
on the north. The COHYST study area was divided into three overlapping areas, called Model Units, 
Western, Central, and Eastern (fig. 1) for the purpose of constructing groundwater flow models. This 
report describes the groundwater flow model that was constructed for the Eastern Model Unit. 

The Eastern Model Unit is about 150 miles east to west and 100 is about miles north to south, and 
covers 10,400 square miles. Agriculture dominates the livelihood and landscape of the region, with land 
in both the valleys and upland plains irrigated with surface water and groundwater. As of 1950, 
approximately 70 percent (4,600,000 acres) of the total land area was farmed. The average slope of the 
land surface in the Eastern Model Unit is 6 to 7 feet per mile from west to east. The topography in the 
Eastern Model Unit varies from relatively flat areas, such as tablelands and the floodplain of the Platte 
River, to dissected plains of the Loup and Republican River basins. Climate in the Eastern Model Unit 
varies from moist sub-humid in the eastern part of the model area to dry sub-humid in the west. Average 
1961-90 precipitation ranges from less than 22 inches per year in the west to more than 28 inches per year 
in the east and southeast. Abundant sunshine, frequent winds, and low humidity contribute to a high rate 
of evaporation.  

The Platte River flows approximately through the center of the Eastern Model Unit. Other large 
streams in the interior of the area include the Little Blue River and the West Fork of the Big Blue River. 
The largest surface water reservoir in the model area is Harlan County Reservoir (6,300 acres), on the 
Republican River. Wetlands and other areas of high evapotranspiration are limited to the floodplain of the 
Platte River and areas near other surface-water bodies. Other small wetlands exist, but are limited to less 
than a few square miles in size.  

The pre-groundwater development water table ranges from more than 2,700 feet above sea level in 
the northwestern part of the Eastern Model Unit to less than 1,500 feet above sea level in the east. The 
water table in the western part of the Eastern Model Unit generally slopes to the southeast at around 6 to 8 
feet per mile, and in the eastern part, the water table generally slopes to the east at around 6 feet per mile.  

The geologic units in the Eastern Model Unit that are important to the groundwater flow model 
consist of various Quaternary-age deposits and deposits of the Ogallala Group of Tertiary age. Both 
Quaternary-age and Tertiary-age deposits are developed as sources of water, though the Ogallala Group is 
absent from most of the eastern part of the Eastern Model Unit. Quaternary-age deposits are present 
throughout much of the Eastern Model Unit, and are frequently coarser-grained than Tertiary-age 
deposits. 

COHYST developed a formal strategy for construction and calibration of flow models. The overall 
strategy was to start simple and add detail to the models as required. This report documents the 
construction and calibration of a flow model for the Eastern Model Unit. This is a five-layer groundwater 
model with a grid of 160 acres. Model construction began with a conceptual flow model, which describes 
the state of the flow system at the beginning of the simulation period, the lateral and vertical boundaries 
of the model, what happens to the flow of water at these boundaries, and how the flow system interacts 
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with external sources or sinks of water. The external boundaries of the Eastern Model Unit consist of 
fixed-flow boundaries at the eastern and western boundaries, a river boundary at the northern boundary, 
and a combination of fixed water level, fixed-flow, zero-flow, and river boundaries along the southern 
boundary. The Platte River, Loup River, South Loup River, North Loup River, and Republican River 
were simulated as river boundaries. All other perennial streams were simulated as stream boundaries in 
the model. Areas of wetlands, generally near the Platte River, were treated as evapotranspiration areas 
which acted as groundwater sinks; that is, locations where groundwater was removed from the model. 
Evapotranspiration areas were identified using 1997 land use mapping data and estimates of areas where 
the groundwater was on average 10 feet or less below land surface. The pre-groundwater development 
model simulated the groundwater system in 1895 as being in a long-term state of equilibrium, called 
steady state. A transient model was then developed, including recharge from canal and lateral leakage to 
simulate the pre-groundwater development period (1895-1950). Finally, a transient model was developed, 
including net pumpage and additional recharge, to simulate the groundwater development period (1950-
98). Output groundwater levels derived from each model, in this sequence of development, are used as 
starting groundwater levels in subsequent models.  

MODFLOW-2000 was selected as the groundwater flow modeling code for this study. The 
Groundwater Modeling System was the pre- and post-processor selected for managing MODFLOW-2000 
input and output. The grid for the Eastern Model Unit consists of 204 rows, 300 columns, and 5 layers, 
with 41,904 active cells per layer for a total of 209,520 potentially active cells, each measuring 2,640 feet 
per side. 

Hydraulic conductivity and specific yield were assigned to the model based on the COHYST testhole 
database and mapped hydraulic conductivities from the Cooperative Hydrology Study Hydrostratigraphic 
Units and Aquifer Characterization Report. Model layers 1 and 5 were each assigned a uniform 
conductivity of 10 feet per day and model layers 2 through 4 were assigned spatially distributed values. 
Mean hydraulic conductivities for model layers 2, 3, and 4 were 155 feet per day, 8 feet per day, and 33 
feet per day, respectively. Model layer 2 was assigned a larger hydraulic conductivity than model layer 4 
because it is comprised of coarser-grained materials. Specific yield was assigned based on the COHYST 
testhole database. Specific yield for model layer 1 was set to a uniform value of 0.16, and specific yield 
for model layers 2-5 varied spatially, with mean values of 0.22 for layer 2, 0.09 for layer 3, 0.18 for layer 
4, and 0.08 for layer 5. 

Recharge due to canal and lateral leakage was estimated based on available records from the 
Nebraska Department of Natural Resources, the Central Nebraska Public Power and Irrigation District, 
and Nebraska Public Power District. Where sufficient data were available, recharge due to canal and 
lateral leakage was estimated through a mass balance approach. For canals without sufficient data, 
recharge due to canal and lateral leakage was estimated to be 40 percent of the water diverted into the 
canal.  

Rangeland recharge assigned to the pre-groundwater development model was based mainly on 
topography and regional precipitation. Rangeland recharge due to precipitation was highest in areas with 
sandiest soils and flattest areas and lowest in areas with silty or clayey soils and more steeply sloping 
topography. Recharge ranged from 0.30 inches per year on the westernmost plains to 2.50 inches per year 
on western Sand Hills. The mean rangeland recharge was 1.25 inches per year and the median was 0.78 
inches per year. 

Simulated 1950 water levels were from the transient pre-groundwater development period model 
were compared to observed water levels at 423 observation points. The mean difference was 2.00 feet, the 
mean absolute difference was 8.92 feet, and the root-mean-square difference was 12.08 feet. Simulated 
groundwater discharge to streams was within the estimated range for most streams. Simulated discharge 
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was outside the estimated range for some streams, in most cases due to groundwater discharge from 
outside the model area. Simulated discharge to the Little Blue River was too large, but this is likely due to 
some area streams not included in the simulation. 

The groundwater development period model simulated the 1950-98 period, starting with the 1950 
simulated water levels from the pre-groundwater development simulation. Inputs from the pre-
groundwater development model were retained and additional time-varying inputs were added to 
represent groundwater development and additional recharge in the 1950-98 period. Annual pumpage for 
groundwater-irrigated crops was estimated based on reported county land uses for various years from 
Census of Agriculture, mapped 1997 land use, and estimated net irrigation requirements. Net irrigation 
requirements were estimated using CropSim, a soil-water-balance model developed at the University of 
Nebraska-Lincoln.  

To calibrate the model, additional time-varying recharge, above the amount of rangeland recharge 
used in the pre-groundwater development model, was added during the groundwater development period. 
This recharge was added only to cropped land, and more recharge was added to irrigated land than to 
dryland. This recharge varied through time because the amount of dryland and irrigated crop land 
changed over time. Recharge added to irrigated land also varied through time because land use practices 
changed over time. Recharge added to the eastern part of the model was more than that added to the 
western part of the model because precipitation increased from west to east. Additional recharge on 
dryland ranged from 0.8 to 1.0 inches per year, and the additional recharge on irrigated land ranged from 
3.7 to 6.9 inches per year. 

Simulated water-level changes were compared to measured water-level changes for five periods 
(1950-98, 1950-61, 1961-73, 1973-85, and 1985-98) with the number of observation points for each 
comparison ranging from 78 to 406 per period. For the 1950-98 period, the mean difference was -0.55 
feet, the mean absolute difference was 5.76 feet, and the root-mean-square difference was 8.67 feet. For 
the remaining periods, the mean difference ranged from -2.63 to 2.11 feet, the mean absolute difference 
ranged from 2.96 to 4.19 feet, and the root-mean-square difference ranged from 3.78 to 5.80 feet. The 
weighted measure for the mean difference was 0.34 feet; for the mean absolute difference it was 3.64 feet; 
and for the root-mean-square difference it was 5.11 feet.  

This model was compared with the pre-groundwater development model of the Central Model Unit to 
the west. Hydraulic conductivity applied to the two models was very similar, even though the models 
were calibrated independently. Hydraulic conductivity for the two models was most different for model 
layer 2. The mean hydraulic conductivity for layer 2 in the Eastern Model Unit was 155 feet per day, 
whereas for the Central Model Unit it was 79 feet per day. However, in the Central Model Unit, layer 2 is 
absent from virtually the entire southern half of the area, and is limited to the valley-fill along the North 
Platte, South Platte, and Platte Rivers, and areas north of those valleys, where it is related to the Sand 
Hills. Both models used similar recharge distributions based on topographic divisions. The mean recharge 
value for the Eastern Model Unit, at 1.25 inches per year, was larger than that of the Central Model Unit, 
at 1.05 inches per year, but this is reasonable given the overall wetter climate in the Eastern Model Unit. 
The same evapotranspiration input values were used for both models.  

Separate analyses were performed to determine the sensitivity of the calibrated transient pre-
groundwater development period and transient groundwater development period models to changes in 
model inputs. The pre-groundwater development period model was tested for sensitivity to hydraulic 
conductivity, rangeland recharge, the ratio of horizontal to vertical hydraulic conductivity, streambed 
conductance, and evapotranspiration. This model was nearly equal in sensitivity to changes in hydraulic 
conductivity and rangeland recharge, least sensitive to changes in streambed conductance and 
evapotranspiration, and was insensitive to changes in the ratio of horizontal to vertical hydraulic 
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conductivity. The groundwater development period model was tested for sensitivity to changes in specific 
yield, net pumpage, dryland recharge, irrigated land recharge, and recharge due to canal and lateral 
leakage. This model was most sensitive to changes in irrigated land recharge and net pumpage, less 
sensitive to canal seepage recharge and dryland recharge, and least sensitive to changes in specific yield.  

This model was designed to be a regional representation of the groundwater flow system. As such, it 
is useful for investigating the effects of water management plans over townships or counties, and over 
time scales of years to decades. Care should be exercised if this model is used beyond the purpose for 
which it was constructed. The model is better calibrated in areas with greater numbers of water-level or 
streamflow observations against which to calibrate, and is less calibrated to areas with little or no 
calibration information.  

This report is the culmination of a multi-year effort to construct and calibrate a groundwater flow 
model for the Eastern Model Unit. As with all models, this model can only represent the flow system as it 
is understood at the time the model was constructed. As more information is collected and the 
understanding of the flow system improves, this model should be updated. The current pre-groundwater 
development simulation does not account for effects of irrigation wells prior to 1950. The effects of early 
pumping are probably important enough that these wells should be added in future simulations. The 
groundwater development period model was hampered by the lack of pumpage data. Recent advances in 
groundwater modeling software have provided new methods of representing geology, solving flow 
equations, and automated parameter estimation, which should lead to decreased computer run times and 
allow for comprehensive exploration of model uncertainty and sensitivity, and could lead to 
improvements to the conceptual model of the system.  

 

Description and Purpose of COHYST  

The Cooperative Hydrology Study (COHYST) is a study of surface water and groundwater resources 
in the Platte River basin of Nebraska upstream from Columbus, Nebraska. COHYST was started in early 
1998 to develop scientifically supportable hydrologic databases, analyses, models, and other information 
which, when completed, will: 

1. Assist Nebraska in meeting its obligations under the Three-State Cooperative Agreement 
(Governors of Wyoming, Colorado, and Nebraska, and the Secretary of the Interior, 1997); 

2. Assist the Natural Resources Districts in the study area with management of groundwater; 
3. Provide Nebraska with the basis for surface-water and groundwater policy; and 
4. Help Nebraska analyze the hydrologic effects of proposed activities of the Three-State 

Cooperative Agreement. 

The COHYST study area (fig. 1) covers 29,300 square miles (mi2) and extends from the Republican 
River and Frenchman Creek on the south to the Loup River, South Loup River, and a mapped 
groundwater divide on the north. The eastern boundary is a geographic boundary that follows county 
lines, but was located sufficiently far east that variations between simulated and actual groundwater flow 
across this boundary are likely to have minimal effect on groundwater discharge to the Platte River at 
Columbus. The western boundary and part of the southern boundary also are geographic boundaries, and 
are placed 6 miles (mi) inside Colorado and Wyoming. The remainder of the southern boundary in 
Colorado is the extent of the aquifer. These boundaries are sufficiently far from Nebraska that variations 
between simulated and actual groundwater flow across these boundaries will have minimal effect on the 
study results in Nebraska. Additionally, the southern boundary of the model along the Nebraska-Colorado 
border nearly follows a mapped groundwater flow line, so little groundwater is likely to flow across this 
boundary. 
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Figure 1. COHYST groundwater model area and model units. 



 

 Page 10 of 80  01/26/2009 

The COHYST study area was divided into three overlapping areas, called Model Units, for the 
purpose of constructing groundwater flow models (fig. 1). This report describes the groundwater flow 
model that was constructed for the Eastern Model Unit. 

 

Previous Studies  

The earliest studies of groundwater in central Nebraska were done by Darton (1898, 1905). Shortly 
thereafter, Condra (1907) studied the Republican valley and adjacent areas. Nebraska State Planning 
Board (1936) did a comprehensive hydrologic study of the state. Lugan and Wenzel (1938) studied the 
area between Gothenburg and Chapman while Wenzel (1940) investigated groundwater overdraft at 
Grand Island. Waite and others (1944a and 1944b) studied the Republican River basin and Waite and 
others (1949) studied the lower Platte River valley. Keech (1952) studied the area around the Wood River 
while Sniegocki (1955) studied the area around Prairie Creek. Bradley and Johnson (1957) studied the 
Republican River and Frenchman Creek valleys. Johnson and Keech (1959) studied the Big Blue River 
basin while Sniegocki (1959) studied the Loup River basin. Johnson (1960) studied the area where the 
Little Blue River, Platte River, and Republican River basins meet. 

Bentall and others (1975) studied central Nebraska, including much of the area described in this 
report. Lichter and others (1980) investigated artificial recharge at several sites, including one near 
Aurora. Ellis (1981) updated previous studies of the Republican River basin. Bartz and Peckenpaugh 
(1986) compiled extensive data for the area of this report. Hardgree and McChesney (1995) compiled a 
bibliography on the Platte River basin in Nebraska which emphasized water-quality information but 
included other references as well. 

A number of county-level studies were conducted in the study area from the 1940s into the 1980s. 
Adams County was studied by Keech and Dreeszen (1968) and Boyle Engineering Corp. (1983). Buffalo 
County was studied by Schreurs (1956). Clay County was studied by Keech and Dreeszen (1959). 
Franklin County was studied by Conservation and Survey Division (1957). Hall County was studied by 
Keech and Dreeszen (1964) and Spalding (1975). Hamilton County was studied by Keech (1962). 
Kearney County was studied by Conservation and Survey Division (1948). Phelps County was studied by 
Conservation and Survey Division (1953). Polk County was studied by Weakly (1966), Keech (1972), 
and Davis (1986). York County was studied by Keech and others (1967). 

Large area studies after the Darton (1898, 1905) studies began with the Missouri River Basin 
Commission (1975). This was later followed by the Missouri Basin States Association (1982a and 
1982b). A study of the entire High Plains aquifer was reported by Gutentag and others (1984) and Weeks 
and others (1988). Pettijohn and Chen (1983a and 1983b) did more detailed reports on the Nebraska 
portion of the High Plains aquifer. 

Studies of central Nebraska that included a groundwater flow model or other detailed numerical 
analysis include Emery (1965), Huntoon (1974), Missouri River Basin Commission (1975), Cady and 
Ginsberg (1979), Lappala and others (1979), Burns (1981 and 1983), Missouri Basin States Association 
(1982a and 1982b), Peckenpaugh and Dugan (1983), Pettijohn and Chen (1984), Nguyen and Gilliland 
(1985), Luckey and others (1986 and 1988), Peckenpaugh and others (1987), Ayers (1990), Goeke and 
others (1992), Miller (1993), McLean and others (1997), McGuire and Kilpatrick (1998), and Chen and 
Yin (1999). Alley and Emery (1986) looked at how well a previous model of the Blue River basin 
performed. A groundwater model of the Republican River basin was constructed as part of an interstate 
lawsuit involving Colorado, Kansas, and Nebraska (Republican River Compact Administration, 2003). 
Details of that model are given by Nebraska Department of Natural Resources (2006). The northern part 
of that model coincided with the southern part of this study. In 2005, a groundwater modeling study of the 
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Elkhorn and Loup River basins was begun by the U.S. Geological Survey and Nebraska Department of 
Natural Resources. The southern part of that study coincided with the northern part of this study.  

Testhole descriptions have been published for all of the counties in the study area. These include 
Adams County (Wigley, 1999a), Buffalo County (Dreeszen, 2000), Clay County (Burchett and Smith, 
1994), Custer County (Cast, 2000a), Dawson County (Smith, 1999a), Franklin County (Burchett and 
Summerside, 1997), Frontier County (Eversoll, 2000), Furnas County (Smith, 1998), Gosper County 
(Cast, 2000b), Hall County (Dreeszen, 1999a), Hamilton County (Wigley, 1999b), Harlan County 
(Burchett and Summerside, 1998a), Howard County (Dreeszen, 1999b), Kearney County (Summerside, 
1999a), Merrick County (Smith, 1999b), Nance County (Burchett and Smith, 1992), Nuckolls County 
(Summerside, 2003), Phelps County (Summerside, 1999b), Platte County (Burchett and Summerside, 
1998b), Polk County (Burchett and Smith, 1996), Webster County (Summerside, 2004), and York County 
(Smith, 2000). 

 

Modeling Strategy  

Groundwater flow models are one of the primary tools being developed by COHYST to meet its 
objectives. Flow models can be used to better understand the resource and estimate the effects of 
implementing groundwater management alternatives. Effects of these alternatives include changes in 
groundwater levels with time and changes in streamflows due to changes in groundwater discharge to or 
from streams. COHYST developed a formal strategy for construction and calibration of groundwater flow 
models (Cooperative Hydrology Study Technical Committee, 2000). The overall strategy was to start 
simple and add detail to the models as required. The COHYST strategy called for constructing flow 
models for three overlapping areas (fig. 1). This report documents the construction and calibration of a 
flow model for the Eastern Model Unit. The Eastern Model Unit overlaps approximately 30 mi with the 
Central Model Unit to the west. Within the area of overlap, work was coordinated to make model inputs 
as consistent with each other as reasonably possible. However, because the models were developed on 
different schedules, some differences exist. Differences between this model and the adjacent model to the 
west are described in the “Comparison to Adjacent Model” section. 

The strategy calls for initially developing models with a fixed grid of 4 mi2 and a single layer and 
eventually decreasing grid size to 160 acres and including one to eight layers. This report is for a model 
grid of 160 acres and 5 layers. Models were constructed for two time periods. The first was for the period 
prior to large-scale development of the aquifer for irrigation (pre-groundwater development period) and 
the second was for the period after the beginning of large-scale development (groundwater development 
period). For COHYST purposes, the start of major groundwater development for irrigation is defined to 
be 1950 (fig. 2). Most of the surface-water development for irrigation was completed in the region 
covered by the Eastern Model Unit by 1950, though some continued until around 1960. Both the pre-
groundwater development period model and the groundwater development period model are described. 

Description of Eastern Model Unit  

The COHYST Eastern Model Unit (fig. 1) included in the groundwater flow model extends from 
Columbus westward to a boundary that parallels the western edge of Dawson County, and covers about 
10,400 mi2. The southern boundary of the model follows the Republican River from the western edge of 
Furnas County to where the river leaves Nebraska in Nuckolls County. The southern boundary then 
continues eastward along the southern edge of Nuckolls County to the east edge of Nuckolls County. The 
eastern boundary of the model follows the eastern edge of Nuckolls and Clay Counties, the southern and 
eastern edges of York County, and the eastern edge of Polk County. The northern boundary of the model 
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starts on the South Loup River near the 
western edge of Custer County, and 
continues eastward to the junction with 
the Middle Loup River in western Howard 
County, and continues along the Middle 
Loup River. The Middle Loup River 
merges with the North Loup River in 
northeastern Howard County to become 
the Loup River, which is the northern 
boundary of the model eastward to 
Columbus. The Platte River flows from 
west to east roughly through the center of 
the Eastern Model Unit. 

Major cities included in the Eastern 
Model Unit include (in order of 2000 
population): Grand Island (42,940), 
Kearney (27,431), and Hastings (24,064), 
Lexington (10,011) and many other 
smaller communities of less than 10,000 
population. Columbus (20,898) is just 
outside of the Eastern Model Unit. 
Counties, major streams, and lakes are shown in figure 3, and the eight Natural Resources Districts 
(NRDs) and major cities are shown in figure 4. 

Agriculture dominates the livelihood and landscape of the region, with land in both the valleys and 
upland plains irrigated with surface water and groundwater. Areas where the groundwater aquifers are 
thin or non-existent are primarily used for grazing or dryland crops, and areas too topographically rough 
for crops are frequently used for pasture. As of 1950, the time considered to be the start of groundwater 
development in this study, approximately 70 percent (4,600,000 acres) of the total land area was farmed. 
Corn, wheat, and hay were the dominant crops at that time (Cooperative Hydrology Study, 2001a).  

The average slope of the land surface in the Eastern Model Unit is 6 to 7 feet per mile (ft/mi) from 
west to east, although local variations exist. The topography in the Eastern Model Unit varies from 
relatively flat areas, such as tablelands and the floodplain of the Platte River, to dissected plains of the 
Loup and Republican River basins. The areas of dissected plains have considerably more topographic 
relief than the tablelands and floodplains. Canyons that are 30 to 160 feet (ft) deep are generally spaced at 
10 to 20 mi intervals perpendicular to the east-west trending Republican River. 

Climate in the Eastern Model Unit varies from moist sub-humid in the eastern part of the model area 
to dry sub-humid in the west (Conservation and Survey Division, 1998). Average 1961-90 precipitation 
ranges from less than 22 inches per year (in/yr) in the west to more than 28 in/yr in the east and southeast 
(fig. 5). Average 1895-1998 precipitation for the four climate divisions that cover the Eastern Model Unit 
is 24.2 in/yr (National Climatic Data Center, 2000). Annual precipitation may vary significantly, and has 
been recorded from as low as 13.2 inches (1934) in the southwest part of the model area (climate division 
8) to as high as 48.3 inches (1993) in the southeast part of the area (climate division 9). Abundant 
sunshine, frequent winds, and low humidity contribute to a high rate of evaporation. Between 1950 and 
1998, the average summer (May through September) pan evaporation in the Eastern Model Unit was 
about 45 in/yr, based on data collected at Grand Island and Harlan County Reservoir (Nebraska 
Department of Natural Resources, 2000; High Plains Regional Climate Center, 2003).  

 

      
    Figure 2. Irrigation well development in the COHYST area. 

 

C
um

ul
at

iv
e 

N
um

be
r o

f I
rr

ig
at

io
n 

W
el

ls
, i

n 
Th

ou
sa

nd
s

0

10

20

30

40

50

19
20

19
30

19
40

19
50

19
60

19
70

19
80

19
90

20
00



 

 Page 13 of 80  01/26/2009 

 

. 

Figure 3. Counties, major streams, canals, and lakes in the Eastern Model Unit of COHYST. 
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Targets ( ) 
indicate the 
approximate 
center of the 

cities. 
 

Figure 4. Natural Resources Districts (NRD) and major cities in the Eastern Model Unit of COHYST. 
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Figure 5. Average annual 1961-90 precipitation and 1946-55 lake evaporation in the Eastern Model Unit. Modified from Water and Climate Center of 
the Natural Resources Conservation Service (2000), and U.S. Weather Bureau (1959). 



 

 Page 16 of 80  01/26/2009 

The Platte River flows approximately through the center of the Eastern Model Unit. As shown in 
figure 3, other major rivers in the interior of the area include the Little Blue River and the West Fork of 
the Big Blue River. The largest surface-water reservoir in the model area is Harlan County Reservoir 
(6,300 acres), on the Republican River. The only other large reservoirs in the model area are Johnson 
Lake (2,200 acres in Dawson and Gosper Counties), and Elwood Reservoir (1,100 acres in Gosper 
County), which are part of the Central Nebraska Public Power and Irrigation District system. 

Wetlands and other areas of high evapotranspiration are limited to the floodplain of the Platte River 
and areas near other surface-water bodies. Other small wetlands exist in the eastern part of the Eastern 
Model Unit, in York and Clay Counties, but are limited to less than 1-2 mi2 in size.  

The pre-groundwater development water table ranges from more than 2,700 ft above sea level in the 
northwestern part of the Eastern Model Unit to less than 1,500 feet above sea level in the east (Gutentag 
and others, 1984; Cederstrand and Becker, 1999) (fig. 6). The water table in the western part of the 
Eastern Model Unit generally slopes to the southeast at around 6 to 8 ft/mi, and in the eastern part of the 
study unit the water table generally slopes to the east at around 6 ft/mi. In some areas, within 8 to 9 mi 
north of the Republican River, water table gradients can be as high as 30 to 60 ft/mi to the south. 

 

Geologic and Hydrostratigraphic Units of the Eastern Model Unit  

The geologic units in the Eastern Model Unit important to the groundwater flow model consist of 
various Quaternary-age deposits and deposits of the Ogallala Group of Tertiary age (table 1). Quaternary-
age deposits consist of Pleistocene-age alluvial deposits, Pleistocene-age and Holocene-age loess, 
Holocene-age dune sand, and Holocene-age valley-fill deposits. The alluvial deposits, which typically 
yield large amounts of water to wells, are found throughout most of the Eastern Model Unit, though they 
may be thin or absent where the underlying bedrock is topographically higher than surrounding areas. 
Loess deposits are also found throughout the Eastern Model Unit, and tend to be thin or absent in active 
river valleys. Loess deposits are thickest in the west, in bluffs south of the Platte River, and in an area 
north of the Platte River valley. These deposits can be over 400 ft thick, but generally only the lowest 100 
ft is below the water table. These deposits are capable of storing and slowly releasing large amounts of 
water. Dune sand is relatively thin in northern Phelps County, Kearney County, Custer County, Howard 
County, and northern Buffalo, Hall, and Merrick Counties, and is not developed as a source of 
groundwater in the Eastern Model Unit. The valley-fill deposits occur primarily along the Platte and 
Republican Rivers. These deposits and the Quaternary-age alluvial deposits are a heterogeneous mixture 
of gravels, sands, silts, and clays and typically yield large amounts of water to wells. The valley-fill 
deposits are nearly 20 mi wide along the Platte River in the vicinity of Grand Island. Two distinct 
separate paleo-channels also contain Quaternary-age valley-fill deposits (fig. 6). The upper end of one of 
these channels is located south of the Platte River near the western boundary of the Eastern Model Unit, 
and ends over 100 mi southeast near the Republican River. At the western end of the paleo-channel, 
Tertiary-age valley-fill deposits overlie older aquifers, however the Tertiary-age deposits are absent in the 
eastern half of this paleo-channel. The other paleo-channel containing Quaternary-age valley-fill deposits 
is south of the Platte River in Adams and Clay Counties. This paleo-channel is present for about 60 mi 
east to west in the Eastern Model Unit, and in places may be greater than 15 mi wide. Quaternary-age 
valley-fill deposits in this paleo-channel can be over 200 ft thick (Cannia and others, 2006).  
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Figure 6. Pre-groundwater development period water table and paleo-channels in the Eastern Model Unit. Modified from generalized map by 
Gutentag and others (1984) and detailed digitized map by Cederstrand and Becker (1999). 
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Table 1. Generalized section of geologic units used in the Cooperative Hydrology Study (modified from Gutentag and others, 1984; Swinehart and 
others, 1985).  

System Series Geologic Unit Hydrostratigraphic Unit Description 

Q
ua

te
rn

ar
y 

H
ol

oc
en

e Valley-fill deposits Generally Unit 2 
Gravels, sands, silts, and clays with coarser materials more common. Generally stream deposits. 
Upper fine material, if present, is assigned to Hydrostratigraphic Unit 1. Lower fine material, if 
present, is assigned to Unit 3. Occurs in major river valleys where it can be over 180 ft thick. 

Dune sand Unit 1 
Wind-deposited fine to medium sand with small amounts of clay, silt, and coarse sand. Occurs in 
only a few locations in Hall, Howard, Phelps, and Kearney Counties, where it can be a few tens of ft 
thick. 

P
le

is
to

-
ce

ne
 a

nd
 

H
ol

oc
en

e 

Loess deposits Unit 1 when above Unit 2, 
otherwise Unit 3 

Silt with small amounts of very fine sand and clay. Deposited as wind blown dust. Occurs almost 
everywhere in the Eastern Model Unit, and is generally thinnest in valleys of large, active rivers. Can 
be over 370 ft thick in bluffs and plains adjacent to the Platte River valley, but generally only the 
lowest 100 ft is beneath the water table. 

P
le

is
to

-
ce

ne
 

Alluvial deposits Generally Unit 2 

Gravels, sands, silts, and clays with coarser materials more common. Generally stream deposits. 
Upper fine material, if present, is assigned to Hydrostratigraphic Unit 1. Lower fine material, if 
present, is assigned to Unit 3. Occurs throughout most of the Eastern Model Unit, except where 
underlying bedrock is topographically higher than surrounding areas, and can be over 300 ft thick. 

Te
rti

ar
y 

U
pp

er
 a

nd
 

m
id

dl
e 

M
io

ce
ne

 

Ogallala Group Units 4-6 

Generally unconsolidated heterogeneous mixture of gravels, sands, silts, and clays. Generally 
stream deposits but also contains wind-blown deposits. Upper fine material, if present, is assigned to 
Unit 4. Center coarse material, if present, is assigned to Unit 5. Lower fine material, if present, is 
assigned to Unit 6. Occurs throughout the western half of the Eastern Model Unit, where the mean 
thickness is around 160 ft, though it can be over 500 ft thick. Thins eastward and is absent from the 
eastern part of the Eastern Model Unit.  

Lo
w

er
 

M
io

ce
ne

 
an

d 
up

pe
r 

O
lig

oc
en

e 

Arikaree Group Unit 7 

Predominately very fine to fine-grained sandstone but may also contain siltstones. Locally, may 
contain conglomerates, gravels, and sands. Fluvial deposits with some wind-blown volcanic deposits. 
Present in only one testhole in the Eastern Model Unit, in Custer County, where it is 35 ft thick. 

 L
ow

er
 

O
lig

oc
en

e 

Brule Formation of 
White River Group  

Unit 8 of High Plains aquifer 
or Unit 9 below High Plains 
aquifer 

Predominately siltstone, but may contain sandstone and channel deposits. Sometimes highly 
fractured with areas of fracturing difficult to predict. Upper part of Brule Formation is included in High 
Plains aquifer and Unit 8 only if fractured or contains sandstone or channel deposits, otherwise it is 
Unit 9 and forms the base of the High Plains aquifer. Wind-blown volcanic deposits with some fluvial 
deposits. Occur in only two testholes in the Eastern Model Unit, both in Dawson County, where it 
was 19 ft thick in one testhole and over 200 ft thick in the other testhole. 

C
re

ta
ce

ou
s 

U
nd

if-
fe

re
nt

ia
te

d 

Undifferentiated Unit 10; below the High 
Plains aquifer 

Shale, chalk, limestone, siltstone, and sandstone. Except for a few minor units in the extreme 
western part of the COHYST area and the Dakota Sandstone in the extreme eastern part of the area, 
generally forms an impermeable base of High Plains aquifer. Deep marine deposits to beach 
deposits. 
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The Ogallala Group consists of a heterogeneous mixture of gravels, sands, silts, and clays of the 
Ash Hollow, Valentine, and Runningwater Formations, though COHYST does not subdivide this 
unit below the group level. Outside of Nebraska, the Ogallala is treated as a single formation. The 
Ogallala Group typically yields large amounts of water to wells. The Ogallala Group is absent from 
most of the eastern part of the Eastern Model Unit. 

The High Plains aquifer is underlain by shale, chalk, limestone, siltstone, and sandstone of 
Cretaceous age. Except for sandstones, these units generally transmit very little water and form a 
relatively impermeable base to the High Plains aquifer. The Dakota Sandstone underlies the aquifer 
in the extreme eastern part of the Eastern Model Unit and may exchange small amounts of water 
with the High Plains aquifer. 

COHYST divides the High Plains aquifer into eight Hydrostratigraphic Units plus two additional 
units beneath the aquifer. These units are different from the geologic units discussed above. 
Geologic units are frequently grouped or subdivided on the basis of hydrostratigraphic 
characteristics, wherein geologic units that have similar water transmitting and storage 
characteristics are grouped together. No part of the COHYST area contains all ten 
Hydrostratigraphic Units and some of the units are discontinuous over large areas. Unit 1 consists of 
an upper Quaternary-age silt or clay; Unit 2 consists of a middle Quaternary-age sand or gravel; and 
Unit 3 consists of a lower Quaternary-age silt or clay. Some sands and gravels may occur in parts of 
Units 1 and 3 and some silts and clays may occur in parts of Unit 2. Unit 4 consists of an upper 
Tertiary-age silt or clay. Units 3 and 4 have the same hydrostratigraphic characteristics but different 
ages and cannot be distinguished from each other except in test holes. Units 3 and 4 were grouped 
together for input to the groundwater model, and in that context are referred to as Unit 3-4. Unit 5 
consists of a middle Tertiary-age sand or gravel; and Unit 6 consists of a lower Tertiary-age silt or 
clay. Some sands and gravels may occur in parts of Units 4 and 6 and some silts and clays may occur 
in parts of Unit 5. Unit 7 consists of very fine to fine-grained sandstone or siltstone of the Arikaree 
Group. Unit 8 consists of that part of the Brule Formation that is part of the High Plains aquifer 
because it is fractured or consists of channel deposits. Unit 9 is that part of the Brule Formation 
containing non-fractured silts and clays and the remainder of the White River Group. Unit 9 forms 
the generally impermeable base of the High Plains aquifer, though it only exists in two locations in 
the Eastern Model Unit. Unit 10 is Cretaceous-age materials that form the generally impermeable 
base of the aquifer where Unit 9 is absent. For more information on the geologic layers, refer to the 
COHYST Hydrostratigraphic Units and Aquifer Characterization Report (Cannia and others, 2006). 

 

Conceptual Flow Model  

A conceptual flow model is a narrative description of the characteristics of the groundwater flow 
system that are important to the intended use of the numerical model. The conceptual model includes 
descriptions of the state of the flow system at the beginning of the simulation period, the lateral and 
vertical boundaries of the model, what happens to the flow of water at these boundaries, and how the 
flow system interacts with external sources or sinks of water. An example of an important 
characteristic of the groundwater component of the flow system is how hydraulic conductivity 
(parameter describing the ability of the aquifer to transmit water) varies over the model area. The 
state of the groundwater flow system at the beginning of simulation describes whether the system is 
in a state of dynamic equilibrium or whether it is in a state of long-term change. Recharge from 
applied irrigation water is an example of an external source of water and evapotranspiration by a 
stand of cottonwood trees whose roots directly tap the aquifer is an example of an external sink of 
water. The details of the conceptual model may evolve as the study proceeds, but the basic 
framework generally is understood at the start of model construction. 
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The external boundaries of the Eastern Model Unit consist of fixed-flow boundaries at the 
eastern and western boundaries, a river boundary at the northern boundary, and a combination of 
fixed water level, fixed-flow, zero-flow, and river boundaries along the southern boundary (fig. 7). 
These boundaries are geographic boundaries of the model area, and were chosen to have relatively 
small influence on the internal area of the model.  

A fixed-flow boundary is a boundary where a specified flow into or out of the model is constant 
throughout the simulation (McDonald and Harbaugh, 1988). A fixed-flow boundary means that the 
simulated water level can change at the boundary, but flow across the boundary cannot change. In 
addition to the eastern and western boundaries, part of the southern boundary in Nuckolls County 
was simulated as a fixed-flow boundary because the Republican River flows 1 mi south of and 
parallel to the model boundary, and it is likely that some flow moves from the model area south to 
the river. Further discussion on the use of fixed-flow boundaries can be found in the report on the 
COHYST Modeling Strategy (Cooperative Hydrology Study Technical Committee, 2000).  

A fixed water-level boundary was used in this model to simulate Harlan County Reservoir. 
Further discussion on the use of fixed water-level boundaries can be found in the COHYST 
Modeling Strategy (Cooperative Hydrology Study Technical Committee, 2000). The lower boundary 
of the flow model is the base of the aquifer, and the upper boundary is the water table. 

A zero-flow boundary is a boundary across which no flow is permitted throughout an entire 
simulation (McDonald and Harbaugh, 1988). Zero-flow boundaries were used in this model where 
groundwater flows parallel to the exterior boundary of the model, thus probably little or no water 
crosses those boundaries (southern border of York County, fig. 7).  

Rivers and streams can be modeled as either river boundaries or as stream boundaries. Stream 
boundaries are allowed to gain or lose water from the aquifer, up to the amount of water in the 
stream. River boundaries are similar to stream boundaries except that the amount of water in the 
river is not tracked by the flow model. River boundaries are appropriate for large features that 
seldom go dry whereas stream boundaries are appropriate for smaller potentially ephemeral 
drainages. The interaction between the rivers or streams and the aquifer beneath the river or stream 
boundaries is controlled in the flow model by relative elevations of the feature and the water table 
and estimated parameters that control the rate of movement between the aquifer and the streams. The 
Platte River, Loup River, South Loup River, North Loup River, and Republican River were 
simulated as river boundaries (fig. 7). All other perennial streams were simulated as stream 
boundaries. These include the West Fork of the Big Blue River, the Big Blue River, the Little Blue 
River, Deer Creek (Frontier and Furnas Counties), Muddy Creek, Elk Creek, Turkey Creek (Gosper 
and Furnas Counties), Spring Creek (Harlan County), Deer Creek (Harlan County), Foster Creek, 
School Creek, Flag Creek, Rope Creek, Turkey Creek (Franklin County), Center Creek, Thompson 
Creek, Elm Creek, Wood River, Buffalo Creek, Spring Creek (Dawson County), Plum Creek, North 
Dry Creek, Tributaries A, B, and C (Phelps County), Prairie Creek, Lincoln Creek, and Beaver 
Creek.  

Drains and other enhanced ditches in the Platte River floodplain were simulated as drain 
boundaries (fig. 7). Drain boundaries are allowed to gain water from the aquifer but are not allowed 
to lose water to it. Interaction between a drain boundary and the groundwater system is controlled as 
it is in a river boundary. Most of these drains are a few miles in length, and were originally 
constructed to lower the local water table. Often drains of this size and extent would not be included 
in a regional groundwater simulation; however, due to the large number of drains south of the Platte 
River and their influence on the groundwater flow system, they were included in the Eastern Model 
Unit.  
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Figure 7. Conceptual model features for the Eastern Model Unit. Areas where evapotranspiration was simulated are shown by gray shading. 
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Areas of wetlands, generally near the Platte River, were treated as evapotranspiration areas (fig. 
7) where groundwater was removed from the model. Evapotranspiration areas were defined using 
the 1997 land use map (Dappen and Tooze, 2001). Evapotranspiration was simulated in a model cell 
if more than 25 percent of the cell was classified as open water, riparian forest and woodlands, 
wetlands, or dryland alfalfa. Dryland alfalfa was included because it is usually grown in areas where 
the water table is shallow, and in those areas it is often sub-irrigated. Groundwater 
evapotranspiration areas in the groundwater model were also defined as areas where the groundwater 
was on average 10 ft or less below land surface, using long-term depth to water data (U.S. 
Geological Survey National Water Information System, 1999). 

The interaction of the Republican River with the groundwater system north of the river changes 
from west to east in the Eastern Model Unit. In the western part of the model, the Ogallala aquifer 
adjoins Republican River valley-fill deposits. The Ogallala deposits thin eastward, and are generally 
absent near the Republican River valley downstream of Harlan County Reservoir. Overlying 
Quaternary-age alluvial deposits generally adjoin Republican River valley-fill deposits downstream 
of Harlan County Reservoir for about 8 mi. Eastward of this point, the Quaternary-age alluvial 
deposits thin as well, to the point where hydrologic connection to the Republican River alluvium is 
unlikely (Condra, 1907; Lugn and Wenzel, 1938; Waite and others, [1944]; Peckenpaugh and others, 
1987). This disconnect between Quaternary-age alluvial deposits and Republican River valley-fill 
deposits is about 1-2 mi north of the Republican River and extends from western Franklin County 
about 30 mi eastward to the vicinity of Elm Creek, in Webster County (J. Goeke, Conservation and 
Survey Division, personal commun., 2002; L. Cast, Central Platte Natural Resources District, 
personal commun., 2003). This concept of the Republican River valley-fill deposits being separated 
from the Quaternary-age alluvial aquifer is also supported by testhole drilling performed in this area 
during 2001 (Summerside, 2004). Locations of COHYST testholes drilled in this area in 2001-02 are 
shown in figure 8, and an interpretive cross-section based on one group of testholes is shown in 
figure 9. As shown in figure 9, the zone of separation between the two aquifers could be up to ½ mi 
wide at this location. At the full possible width of ½ mi, this physical boundary to groundwater flow 
is somewhat smaller in width than the size of the model cells, because at the time this feature was 
added to the simulation, the model cell size was larger than ½ mi. Therefore, this barrier to 
groundwater flow was simulated with a Horizontal Flow Barrier (Hsieh and Freckleton, 1993). The 
amount of restriction provided by this barrier is based on estimated physical parameters that control 
the rate of water movement across the barrier. Downstream of Elm Creek, Quaternary valley-fill 
deposits in a paleo-channel (fig. 6) in the Cretaceous bedrock surface adjoin the Republican River 
alluvium (L. Cast, personal communication, 2003); therefore, the barrier was not simulated in the 
model east of Elm Creek.  

Six Hydrostratigraphic Units (HU) were simulated as five layers in this model. The model 
layers, from top down, represent HU 1, HU 2, HU 3-4 combined, HU 5, and HU 6. Hydraulic 
conductivity is a mappable attribute for HU 2, 3-4, and 5 (Cannia and others, 2006). The mapped 
hydraulic conductivity distributions were used in model calibration. For HU 1 and HU 6, hydraulic 
conductivity was not a mappable attribute, therefore a uniform value was assigned to the entire layer. 
Specific yield used in model calibration was based on the testhole database (Cooperative Hydrology 
Study, 2003a). In addition, not all Hydrostratigraphic Units exist in all parts of the model (Cannia 
and others, 2006), though MODFLOW requires continuous layers. Where Hydrostratigraphic Units 
were absent, the corresponding model layers were assigned a default thickness of 1 foot; hydraulic 
conductivity and specific yield for these situations were averages of the units that were present 
above and below the absent Hydrostratigraphic Unit.  
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Figure 8. Locations of COHYST testholes drilled in Webster County in 2001-02. Line A-A’ shows the location 
of the cross-section in figure 9. Green dots show testholes from the COHYST database (Cooperative Hydrology 
Study, 2003a). 



 

 Page 24 of 80  01/26/2009 

 
 

Figure 9. Interpretive geologic cross-section of selected COHYST testholes in Webster County. Location map shown in figure 7. No saturated materials were found above the Niobrara Formation in testhole W05-02. The Quaternary-age valley-fill 
aquifer was present in testhole W04-02, the Quaternary-age alluvial aquifer was present in W06-02, yet both were absent in W05-02.  
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Several irrigation canals were simulated in the model from 1895 to 1998 (fig. 3). The canal 
systems include Cambridge Canal, Franklin Canal, Superior Canal, the Central Nebraska Public 
Power and Irrigation District canals (Supply Canal, Phelps Canal, E65 Canal, E67 Canal), 
Gothenburg Canal, Cozad Canal, Dawson County Canal, Orchard-Alfalfa Canal, Six-Mile Canal, 
Thirty-Mile Canal, Elm Creek Canal, and Kearney Canal (State Board of Irrigation, 1899). 

 

Numerical Model Construction  

After fully conceptualizing the model, a numerical representation of flow within an aquifer and 
the exchange of water between the aquifer and the external environment can be constructed. The 
model necessarily simplifies and aggregates the true system but includes those features important to 
the intended use of the model. This numerical model was constructed to simulate and investigate the 
important effects of recharge to and discharge from the regional aquifer within the Eastern Model 
Unit. Important regional effects include changes in water levels and changes in groundwater 
discharge to or from streams. 

This numerical flow model makes the following assumptions: 

1. Flow in the aquifer obeys Darcy’s Law of water movement through porous media, and mass 
and energy are conserved. These assumptions are valid over the scale at which this model is 
constructed. 

2. The density and viscosity of water is constant over time and space. This assumption is 
approximately true and any small variations in water density or viscosity are masked by the 
uncertainties in model parameters. 

3. Model parameters can be meaningfully averaged within 160-acre areas. This assumption is 
appropriate for a model designed as a regional representation of the groundwater flow system 
and because the spacing of testholes used to define model parameters is large compared to 160-
acre areas. 

4. The interchange of water between the aquifer and streams can be adequately simulated as 
one-dimensional flow through a discrete streambed layer. Such a discrete layer may or may not 
actually exist, but this conceptualization probably is appropriate over the scale at which this 
model is constructed. Additionally, the Model Sensitivity section shows that the model was not 
sensitive to conductance of this streambed layer. 

5. Hydraulic conductivity is isotropic in the horizontal direction but can be anisotropic in the 
vertical direction. The assumption about isotropy in the horizontal directions probably is valid at 
the scale of this model. Vertical hydraulic conductivity for each cell is assigned values that are 
10 percent of the horizontal hydraulic conductivity for the cell unless otherwise noted in the 
Model Calibration section. 

MODFLOW-2000 (Harbaugh and others, 2000) was selected as the groundwater flow modeling 
code for this study. MODFLOW-2000 is a widely used flow code that employs block-centered 
finite-difference techniques to solve the three-dimensional partial differential equations that describe 
the flow of groundwater through porous media, such as the High Plains aquifer. The finite difference 
techniques treat space and time as finite sets of discrete points rather than as continuums. This 
approach introduces a negligible error into the solution, compared with the uncertainties associated 
with the real system. 

To use the finite-difference technique, the aquifer is subdivided into a grid with individual 
blocks called cells. Although the flow code allows variation in cell size within a grid, a constant cell 
size of ½ mi by ½ mi is used in this study. Aquifer properties are assumed to be uniform within a 
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single cell, but can vary between cells. Water levels are calculated at the centroid, or node, of each 
cell. MODFLOW-2000 accounts for the flow of water between adjacent cells and water in and out of 
each individual cell from various external sources and sinks. The flow code generates a finite 
difference equation for each active cell in the model domain and uses numerical techniques to 
simultaneously solve the equations. The numerical techniques make successive approximations, 
called iterations, to obtain the final solution. When the difference between successive 
approximations becomes negligible, a solution is reached. 

The Department of Defense Groundwater Modeling System (GMS) developed by the 
Engineering Computer Graphics Laboratory at Brigham Young University (Environmental 
Modeling Systems, Incorporated, 2007) was the pre- and post-processor selected for managing 
MODFLOW-2000 input and output. GMS version 6.0 supports a number of groundwater flow and 
transport codes in addition to MODFLOW-2000. GMS allows a wide variety of data inputs and 
outputs, including Geographic Information System (GIS) coverages and data tables of points, lines, 
and polygons. In addition, images, borehole data, Triangulated Irregular Networks (TINs), and data 
sets of two and three-dimensional grids can be used. GMS allows such data sets to be created within 
the pre-processor. GMS uses the coverages and other data sets to prepare the input files required by 
MODFLOW-2000. The output from MODFLOW-2000 is imported into GMS, which then displays 
the results with maps, graphs, diagrams, cross sections, and tables. These capabilities allow GMS 
users to efficiently conceptualize and simulate flow in real groundwater systems. The conceptual 
models can evolve based on the comparison of results of the simulations with historic hydrologic 
data.  

The grid for the Eastern Model Unit consists of 204 rows, 300 columns, and 5 layers, with 
41,904 active cells per layer for a total of 209,520 potentially active cells (fig. 10). The grid lines are 
oriented in a north-south, east-west fashion, such that grid cells are squares measuring 2,640 ft on 
each side. This orientation is maintained for all model units to make it easier to compare results and 
inputs in the areas of model unit overlap.  

The thickness of each cell is defined using contour maps of the bottom of Hydrostratigraphic 
Units 1-6 (Cannia and others, 2006). Figure 11 shows the elevation of the base of the aquifer. Cells 
are allowed to become inactive during calibration if the simulated water level drops below the 
bottom elevation of the cell. This allows cells that represent large areas of generally unsaturated 
layers to be removed from the simulation. Cells were allowed to re-activate in the simulation if the 
water level in the underlying cells rose to a predefined height above the bottom of an inactive cell 
(McDonald and others, 1991). 

The MODFLOW River Package (McDonald and Harbaugh, 1988) was used to simulate river 
boundaries; the Drain Package (McDonald and Harbaugh, 1988) was used to simulate drain 
boundaries; the Stream Package (Prudic, 1989) was used to simulate stream boundaries. Drain, river, 
and stream boundary elevations were assigned from a digital elevation model (DEM) (Nebraska 
Department of Natural Resources, 1997) at selected locations, and GMS interpolated between those 
points. Stream and river locations followed generalized courses of the streams but did not duplicate 
exact details of the streams. The MODFLOW General Head Boundary Package (McDonald and 
Harbaugh, 1988) was used to simulate Harlan County Reservoir. The simulated extent and lake 
elevation approximated the area inundated by a moderately low stage, at 1,946 ft elevation. The 
Horizontal Flow Barrier Package (Hsieh and Freckleton, 1993) was used to simulate horizontal flow 
barriers.  
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Figure 10. Active cells in the calibrated model in the Nuckolls County area. 
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Figure 11. Base of Hydrostratigraphic Unit 6, corresponding to the base of the aquifer and the base of the groundwater flow model. 
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MODFLOW-2000 simulates the interaction between the groundwater system and the surface-
water system as flow through a hypothetical bed layer with properties potentially different from 
those of the aquifer. This applies to streams, rivers, and lakes. A lumped parameter termed 
“conductance” accounts for the vertical hydraulic conductivity and thickness of the layer, feature 
width, and feature length in each drain, river, stream, or lake cell. Conductance controls the ease of 
interaction between the surface-water and groundwater systems. GMS automatically calculates the 
length of drain, stream, and river features, so the value input to GMS is conductance per unit length. 
In this report, conductance means the lumped parameter that accounts for layer vertical hydraulic 
conductivity, layer thickness, and feature width (for linear features only) to which GMS will apply 
feature length. Conductance for the drain, stream, and river boundaries was initially assigned 
according to the size and character of each stream. Large streams were assigned a conductance value 
of 10 feet per day per foot (ft/d/ft) length, and drains and small streams were assigned 1 ft/d/ft.  

Recharge due to canal and lateral leakage (table 2) was estimated using different methods for 
different canal systems. For many of the canal systems, only diversion data were available, and data 
on deliveries were not available. Some of these canals (fig. 3) have returns back to the Platte River 
below the irrigated area, though those returns were not measured. For these canal systems, the 
recharge due to canal and lateral leakage was assumed to be 40 percent of the diversion, based on 
estimates made by various canal operators in the area. For canals where the annual diversion tended 
to be relatively constant, the average of all the annual diversion data was used to estimate recharge 
due to canal and lateral leakage. For some other canals, long-term trends were evident in the annual 
diversion data. For those canals, annual diversion data were plotted and regression lines were 
manually fit to represent the long-term trends, excluding data that appeared to be short-term outliers 
(fig. 12). From this technique, the long-term data could be represented by a relatively small number 
of points. Canal seepage recharge between those points was linearly interpolated. For some of these 
canals, data representing the early periods were either partially or totally absent. In these cases, the 
earliest data available were used to estimate the canal seepage recharge, and applied to the 
simulation as a constant rate.  

For a few canals on the Central Nebraska Public Power and Irrigation District system, annual 
diversion and delivery data were available by major subdivisions of the system (Supply Canal, 
Phelps Canal, E65 Canal, Elwood Reservoir, E67 Canal). For Phelps Canal, E65 Canal, and E67 
Canal, recharge due to canal and lateral leakage was estimated as the diversion minus the delivery 
for each sub-system. The Supply Canal is a large canal that flows through a series of lakes, and is 
operated year round for hydroelectric power generation, as well as to provide water for the 
downstream irrigation canals during the summer. Data from hydroelectric plant discharge from two 
plants on the Supply Canal were used along with other outflow data, such as returns to the river and 
irrigation canal diversions, as well as evaporation and precipitation data, to estimate the amount of 
water in the Supply Canal that went to groundwater recharge. For Elwood Reservoir, seepage 
recharge applied to the groundwater model for 1978-93 was based on a study by CH2MHill (written 
commun., 1993). Seepage recharge from Elwood Reservoir from 1994-98 was based on Central 
Nebraska Regional Water Conservation Task Force (2002). A summary of recharge due to canal and 
lateral leakage applied to the simulation is shown in table 2. This recharge was fixed during model 
construction and was not changed during model calibration. 

The model first simulated the period prior to 1895 as a 1,000-year-long simulation to allow the 
groundwater system to come into dynamic equilibrium with recharge from precipitation. This period 
was required so that equilibrium was assured throughout the model area, although much of the 
model reached equilibrium within a few hundred years. This equilibrium, called steady state, is 
commonly simulated directly by MODFLOW, but had to be achieved indirectly using the 1,000-year 
period because highly permeable alluvial deposits in model layer 2 caused numerical instability that 
precluded direct simulation of steady state conditions by MODFLOW.  



 

 Page 30 of 80  01/26/2009 

 

 

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

year

R
ec

h
ar

g
e 

d
u

e 
to

 c
an

al
 a

n
d

 la
te

ra
l l

ea
ka

g
e,

 a
cr

e-
fe

et

Blue diamonds = 40% of canal diversion
Green triangles = manual regression line

Outliers

Figure 12. An example of a manual regression line used to represent historic recharge due to canal and lateral leakage of Gothenburg Canal. 

Year 



 

 Page 31 of 80  01/26/2009 

Table 2. Summary of estimated recharge due to canal and lateral leakage applied to the simulation. Seepage volumes shown as ranges were linearly 
interpolated between listed years. Seepage is rounded to the nearest 1,000 acre-feet per year or to two significant figures.  

Canal name 

Year(s) 
applied to 
simulation 

Estimated annual 
seepage, acre-feet  Canal name 

Year 
applied to 
simulation 

Estimated annual 
seepage, acre-feet 

Cozad Canal 1895-1998 7,800  Central Nebraska Public Power and 
Irrigation District Phelps Canal (continued) 

1978-84 100,000 to 71,000 
Dawson County Canal 1895-1998 21,000  1984-98 71,000 
Orchard-Alfalfa Canal 1895-1998 2,700  Central Nebraska Public Power and 

Irrigation District E65 Canal 
1942-49 42,000 

Gothenburg Canal 1895-1950 14,000 to 51,000  1949-50 42,000 to 57,000 
1950-67 51,000 to 44,000  1950-75 57,000 to 55,000 
1967-73 44,000 to 24,000  1975-79 55,000 to 32,000 
1973-98 24,000 to 20,000  1979-98 32,000 

Six-mile Canal 1895-1950 380  Cambridge Canal 1951-57 7,600 to 9,700 
1950-64 380 to 400  1957-68 9,700 to 12,000 
1964-69 400 to 860  1968-98 12,000 to 11,000 
1969-79 860 to 1,000  Superior Canal 1952-98 5,100 
1979-98 1,000  Franklin Canal 1954-59 3,300 to 5,800 

Kearney Canal 1895-1950 4,600  1959-60 5,800 to 8,200 
1950-55 4,600 to 5,700  1960-72 8,200 to 11,000 
1955-68 5,700 to 9,200  1972-98 11,000 
1968-98 9,200 to 9,600  Central Nebraska Public Power and 

Irrigation District E67 Canal 
1954-64 5,300 to 4,600 

Thirty-mile Canal 1928-98 11,000  1964-75 4,600 to 7,000 
Elm Creek Canal 1929-50 3,400  1975-90 7,000 to 6,400 

1950-54 2,900 to 3,400  1990-97 6,400 to 6,500 
1954-62 3,400 to 2,600  1997-98 6,500 

Central Nebraska Public Power and Irrigation 
District Supply Canal (only within Eastern Model Unit) 1942-98 209,000 

 

Elwood Reservoir 1978-93 25,000 
1993-94 25,000 to 20,000 

Central Nebraska Public Power and Irrigation 
District Phelps Canal 
 

1942-49 54,000  1994-98 20,000 

1949-50 54,000 to 82,000        

1950-59 82,000 to 117,000  
 

  

1959-78 117,000 to 100,000    
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Next, the model simulated the period 1895-1950 as a transient period when extra recharge from canal 
leakage and surface-water irrigation was added to the model, affecting much of the area north and south 
of the Platte River in the western half of the Eastern Model Unit. This part of the simulation was broken 
into five different stress periods. The first two stress periods had identical inputs and were used only to 
break the 1895 to 1928 period into roughly equal halves. The remaining stress periods were selected to 
coincide with the different times when various canals started operation (stress periods from 1895 to 1928, 
1928 to 1929, 1929 to 1942, and 1942 to 1950). Finally, the model simulated the period 1950-98 as a 
transient period when groundwater irrigation and additional recharge from precipitation on cultivated land 
were added to the model.  

The initial groundwater level for the 1,000-year simulation was set to a small distance below land 
surface to control numerical stability early in the period. The model was then run for 1,000 years so the 
groundwater levels changed until they came into dynamic equilibrium (called steady state) with recharge 
from precipitation. Steady state was verified in the 1895 simulation by running the model an additional 
100 years and noting that water levels changed only a negligible amount over the additional 100 years. 
Because equilibrium was reached, the 1895 simulated water table was independent of the initial water 
levels. The simulated 1,000-year water level was set as the initial water level for the 1895-1950 period. 
The simulated 1950 water level was the initial water level for the 1950-98 period.  

The 1,000-year period prior to 1895 was simulated with 2,000 time steps of about 183 days. The 
1895-1950 transient period was simulated with 5 stress periods using 201 time steps of about 98 days. 
The small time steps prevented problems with model convergence related to cells wetting and drying as 
water levels rose and fell across layers according to the model stresses. 

Beginning May 1, 1950, the transient model simulated each year with two stress periods: an irrigation 
season stress period (May-September) and a non-irrigation season stress period (October-April). Pumpage 
and recharge were constant throughout each stress period. The irrigation season stress period was 
simulated with 200 time steps and the non-irrigation season stress period was simulated with 224 time 
steps; this resulted in a time step length of about 0.8 days during the irrigation season and about 1.0 day 
during the non-irrigation season. The small time steps prevented problems with model convergence. 
Although the October-April period is called the non-irrigation season, some irrigation on alfalfa and 
wheat was simulated during this period. Because the groundwater development period started on May 1, 
1950, the last non-irrigation season ended on April 30, 1998.  

The period 1950-98 was subdivided into four shorter periods for calibration. These shorter periods 
were 1950-61, 1961-73, 1973-85, and 1985-98. These periods were selected after examining numerous 
water-level hydrographs and noting dates of natural breaks (R.R. Luckey, 2002, electronic commun.). 
More water-level change data were available for calibration of the shorter periods, particularly the last 
two periods, than were available for 1950-98. 

Pumpage for groundwater-irrigated crops was estimated for the irrigation seasons beginning May 1 of 
1950 through 1997 (1950-97). The estimates were based on changes in land uses from Census of 
Agriculture county crop statistics (U.S. Department of Commerce, 1949-92, and U.S. Department of 
Agriculture, 1997), mapped 1997 land use (Dappen and Tooze, 2001), and estimated net irrigation 
requirement. These estimates are for net pumpage, which is total pumpage less any runoff and deep 
percolation due to over-application of water. 

The Census of Agriculture reports contain county-level crop statistics on about a 5-year recurring 
basis. Beginning with the 1954 Census, irrigated acres by selected crops were reported. For the 1949 
Census, irrigated acres by crop were estimated, because only total irrigated acres were reported. Not all 
crops were reported for all years, so dryland and irrigated acres had to be estimated in some cases. This 
was usually the case with minor crops. When more acres were planted, the Census included these crops.  
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Some counties are only partially within the COHYST area. For these counties, the Census data were 
reduced by a factor based on the percentage of the county located within the study area. A linear 
interpolation between Census years was used to estimate irrigated and dryland acres by crop for non-
Census years. 

The location of irrigated cropland, dryland, and rangeland within a county for 1950-97 was estimated 
based on the 26 land uses in the 1997 land use map (Dappen and Tooze, 2001), location of surface-water 
irrigated land, registered irrigation wells (Cooperative Hydrology Study, 2004), and topographic regions 
(Conservation and Survey Division, 1998, figure 2). Six land uses were assumed not to change over time, 
including urban, open water, woodlands, wetlands, other agricultural land, and roads. While minor 
changes may have occurred over time, these land uses, when combined, cover less than 7 percent of the 
study area, with wetlands and woodlands being the dominant land uses in this group. Two minor 1997 
land uses, dryland potatoes and dryland sugar beets, were assumed to be irrigated, because these crops 
normally are irrigated for full development on the High Plains. The remaining 18 land uses were modified 
over time as described below.  

The 1997 land uses (Dappen and Tooze, 2001), originally output at 2.5-meter resolution, were 
aggregated to 640-acre cells that covered the entire COHYST area. The number of acres of each of the 24 
land uses in 1997 was calculated for each cell. The 640-acre cell size was necessary because of the large 
file sizes and long processing times required to accomplish the process described below. The 640-acre 
cells are coincident with four 160-acre cells of the model described in this report. Pumpage was 
calculated for the 640-acre cells and equally distributed to the four 160-acre cells in the groundwater 
model. The 1997 land uses also were aggregated to 10-acre cells and saved for potential future use. 

The process of estimating 1950-96 land use by 640-acre cells started with 1997 land use (Dappen and 
Tooze, 2001) and worked backwards from 1997, one year at a time, until the land use for all years was 
estimated. For example, if total acres for a particular land use in a county was less in 1996 than in 1997, 
random fields, weighted as described below, were removed from the 1997 data set to develop the 1996 
data set. The land use with the largest decrease was processed first. The fields that were removed were 
tracked for later re-assignment of land use. After all the land uses in a county that had decreased from 
1997 to 1996 were processed, land uses that increased were processed, beginning with the land use that 
had the largest increase. These land uses were assigned to random fields, based on the weighting 
procedure, that had been previously removed. If the increase in land uses was greater than the decreases 
in land use, the net increase in land uses were added by removing rangeland. 

The random process of removing or adding acres by cells was weighted based on topographic 
regions. The 18 variable land uses were grouped into three general categories, row crops (and alfalfa), 
grain/fallow, and rangeland, and a weight was assigned to the likelihood of a category being present 
within a topographic region. For example, the “row crop” land use category was given large weights for 
cells in valleys and plains and small weights for cells in the Sand Hills, sand dunes, and 
bluffs/escarpments. This meant that the weighted random process was much more likely to add a row 
crop field to cells in a valley or plain, and was similarly much more likely to remove it from cells in the 
Sand Hills, sand dunes, or bluffs/escarpments. The weighting was generally based on the premise that 
when farmers chose new ground to develop for crop land, flat ground near large streams would be most 
preferred, and hilly or steep ground far from large streams would be least preferred. 

The process of re-assigning land uses also considered the location of surface-water irrigated lands and 
registered irrigation wells. Irrigated cropland was preferentially kept on surface-water irrigated lands by 
rejecting removal of an irrigated land use or favoring addition of an irrigated land use on surface-water 
irrigated lands. In a similar manner, the number of irrigation wells in an area was used to weight retention 
or removal of irrigated land uses from 1997 to 1996. 

Once the 1996 land use data set was built from the 1997 land-use data set, the 1995 data set was built 
from the 1997 data set in the same manner. Then the 1994 data set was built from the 1997 data set, and 



 

 Page 34 of 80  01/26/2009 

so on until the 1950 land-use data set was built. The decision to always start with the 1997 land use had 
the advantage of keeping any bias in any particular year from affecting other years. 

Net irrigation requirement for the Eastern Model Unit was computed with an unpublished soil water 
balance model developed by Dr. Derrel Martin, University of Nebraska-Lincoln. This model, referred to 
as CropSim, attempts to deal with the spatial variations of soils, land uses, and the spatial and temporal 
variations in meteorology. CropSim uses daily time steps to account for precipitation, computed crop 
evapotranspiration, and computed remaining available soil moisture. When modeled soil moisture 
decreases to a specified level in CropSim, irrigation water is added. Seasonal net irrigation requirement is 
equal to the total amount of water added for the season. CropSim is very data intensive as it requires daily 
inputs for precipitation and meteorological data to compute potential evapotranspiration, which is also 
known as reference crop evapotranspiration. It also requires data that are not continuously or universally 
available or are very sparse. CropSim has been calibrated to natural conditions only to a very limited 
extent. 

The data to compute daily potential evapotranspiration, the most critical data input to CropSim, is not 
available for much of the 1950-98 period. For this period the daily potential evapotranspiration was 
estimated indirectly from meteorological data using Hargreaves method (Hargreaves, 1994) adjusted to 
each meteorological station. The calculated potential evapotranspiration changed several inches on an 
annual basis from one meteorological station to the next. This variation is attributed to limitations of 
calibrating the Hargreaves method to the meteorological stations, some of which may be due to 
substandard site locations. To correct for this, potential evapotranspiration was averaged over the entire 
COHYST area on a daily basis. This calculated value was greater than generally accepted values, so daily 
potential evapotranspiration values determined by this method were reduced by 10 percent to bring them 
into the accepted range. Net pumpage was then reduced by an additional 10 percent to account for less-
than-ideal crops in the real world, because real-world crops are less healthy, do not always receive all the 
nutrients and water they would like, are stressed by insects and other pests, and thus consume less water. 
For more information on the processing of acres and pumpage data, see Kern (2004). 

Recharge due to over-application of surface-water irrigation was estimated for the groundwater 
development period using Bureau of Reclamation on-farm delivery estimates (D. Woodward, Central 
Platte Natural Resources District, personal commun., 2004) compared with CropSim estimated net 
irrigation requirement. When the on-farm delivery was greater than the net irrigation requirement, the 
extra delivered water was applied to the groundwater development period simulation as recharge (R. 
Kern, Nebraska Department of Natural Resources, personal commun., 2004). When on-farm delivery was 
less than the net irrigation requirement, the amount of water necessary to meet the net irrigation 
requirement was withdrawn as groundwater pumpage (simulated as negative recharge). The average value 
for the 1950-52 surface-water irrigation over-application was applied to the 1895-1950 simulation 
because CropSim net irrigation requirement was not estimated for the 1895-1950 period. This recharge 
was fixed during model construction and was not changed during model calibration, and amounted only 
about 1 percent of the magnitude of the recharge due to canal leakage shown in table 2.  

Numerical Model Calibration  

A groundwater flow model should be calibrated prior to being used for analysis or prediction. 
Calibration is a process of systematically adjusting selected model inputs within reasonable limits while 
comparing simulated and observed water levels and groundwater discharge to or from streams. The model 
was calibrated for both the pre-groundwater development period (pre-1950) and the groundwater 
development period (1950-98). In the pre-groundwater development model, rangeland recharge, hydraulic 
conductivity, properties of horizontal flow barriers, and streambed conductance were adjusted. In the 
groundwater development period model, dryland recharge, irrigated land recharge, and specific yield 
were adjusted. Boundary flows were initially fixed using preliminary model output data, and were later 
adjusted slightly during calibration of the groundwater development period model. Other model inputs, 
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including stream, river and drain elevations, river stages, canal leakage, surface-water irrigation recharge, 
Hydrostratigraphic Unit elevations, and net pumpage were not modified during calibration.  

A groundwater flow model may not be unique in that different combinations of model inputs can 
produce similar results. For example, simulated recharge and hydraulic conductivity are highly 
interrelated with respect to simulated water levels. This means the simulated values for recharge and 
hydraulic conductivity could be in considerable error, and the model could produce reasonable 
groundwater levels if the ratio between the two input values were correct. Fortunately, simulated recharge 
and hydraulic conductivity are not interrelated with respect to simulated groundwater discharge to or from 
streams. Therefore, both groundwater levels and groundwater discharge to streams were used to 
determine whether the model was correctly calibrated.  

This model is a refinement of several models previously constructed and calibrated as described in the 
COHYST modeling strategy (Cooperative Hydrology Study Technical Committee, 2000). The models 
started with a coarse grid and simple distributions of parameters and stresses. As the modeling process 
evolved, the grid was refined and the inputs became more complex and realistic. Documentation of 
calibrations of previous versions of the model were reviewed by the COHYST Technical Committee but 
were not publicly released. 

Observed water levels from U.S. Geological Survey and Nebraska Department of Natural Resources 
databases and data-based estimates of groundwater discharge to streams (Peterson and Carney, 2002) 
were used to calibrate the pre-groundwater development model. Observed water-level changes were used 
to calibrate the groundwater development period model. Water-level changes rather than absolute water 
levels were used in the development period so that any errors in the 1950 simulated water levels were not 
propagated into the development period. Changes in streamflows were used only in a qualitative manner 
because groundwater discharge to most streams changed only slightly between 1950 and 1998 (Peterson 
and Carney, 2002).  

Observed water levels used in calibration of the pre-groundwater development period model were 
selected from water levels measured in wells during 1946-55, a period of relative stability in water levels. 
Some areas contain numerous observation wells that reflect the same conditions, so a 4-mi by 4-mi grid 
was overlain on the COHYST area and the most reliable water level in each grid was selected for use in 
calibration. This selection process prevented a cluster of closely spaced observation wells from 
dominating the calibration process. Because the largest potential errors in calculating the water level are 
due to errors in location or land-surface elevation, the most reliable water level is the level associated with 
the most accurate location and land-surface elevation. After screening values in all the 4-mi by 4-mi cells, 
a few water levels that appeared to have large errors in location or land-surface elevation were excluded 
from the calibration data set. The final data set used in the pre-groundwater development calibration 
consisted of 423 water levels. 

Observed water-level changes were used in calibration of the groundwater development period 
model. These changes were selected from water levels measured near the beginning and end of the 
periods 1950-98, 1950-61, 1961-73, 1973-85, and 1985-98. A 4-mi by 4-mi grid was overlain on the 
entire COHYST area and the observation well with the most water levels in the cell, including ones near 
the beginning and ending date, was selected. The number of water levels in the Eastern Model Unit for 
each period were:  

 

Period Number 
1950-98 78 
1950-61 132 
1961-73 219 
1973-85 280 
1985-98 405 
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Due to the limited number of available water levels in the 1950-98, 1950-61, and 1961-73 periods, there 
were some areas that had more observed change data than others. For instance, no observed change data 
were available for Frontier County and the western part of Gosper County except in the 1985-98 period. 
Fortunately, water levels exist in every time period for some heavily developed areas (for example, 
Hamilton, York, and Polk Counties).  

Groundwater model calibration is commonly evaluated by comparing either the mean difference, the 
mean absolute difference, or the root mean square of the differences between simulated and observed 
water levels.  

The mean difference (MD) is defined as: 

where hs is the simulated water level and ho is the measured or observed water levels at each observation 
point. The mean difference is not commonly regarded as the best measure of calibration because 
differences of opposite sign tend to cancel out. However, the mean difference is a measure of overall bias 
in the calibration, and as such, it should be close to zero. The mean absolute difference (MAD) is defined 
as: 
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The mean absolute difference is a useful measure of model calibration because positive and negative 
differences do not cancel each other out. Furthermore, all differences are given equal weight, so a few 
measurements with large error will not dominate the measure of error. Root mean square (RMS) 
difference is another commonly used measure of calibration. RMS difference is defined as: 
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RMS is the standard deviation of the differences between simulated and observed water levels. The RMS 
difference emphasizes large differences between simulated and observed water levels and these points 
tend to dominate this measure of error. 

Similar statistics were defined for comparison of simulated and observed changes in water levels. 
MODFLOW computes water-level changes as drawdowns, which means that water-level declines are 
positive and water-level rises are negative. As a result, the sign convention on water-level changes is 
counterintuitive. 

Groundwater discharge to streams was estimated using streamflows recorded at gaging stations 
during the fall (October and November), because this period is least affected by diversions and runoff. 
The techniques used to estimate groundwater discharge using gaged streamflow data are described by 
Peterson and Carney (2002). A minimum, mean, and maximum estimate of observed groundwater 
discharge was made for each stream or segment of stream with a gaging station. If the simulated 
discharge was within the range of estimates (minimum to maximum), the model was considered 
calibrated with respect to that stream. Some streams, such as Elm Creek, have relatively narrow ranges of 
observed groundwater discharges, whereas other streams, such as the Platte River, have relatively wide 
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ranges. Qualitatively, the model calibration was deemed better if the simulated groundwater discharge 
was close to the mean estimate of observed discharge to that stream, but no truly quantitative measure of 
model fit to observed groundwater discharge to streams was made.  

 

Pre-Groundwater Development Period Calibration  
Hydraulic conductivity is a coefficient describing the quantity of groundwater that can flow through 

an aquifer. Hydraulic conductivity is a function of the physical properties of the aquifer and the viscosity 
of the water passing through it (Fetter, 1994). The rate at which groundwater moves through the aquifer is 
controlled by hydraulic conductivity as well as gradient and porosity. 

Several distributions of hydraulic conductivity and rangeland recharge were tested to determine 
which produced the best model calibration. Early in model development, simple conceptual distributions 
of hydraulic conductivity were tested against the hydraulic conductivity data set of Gutentag and others 
(1984). However, subdivision of the single-layer model into multiple layers allowed for a more accurate 
representation of hydraulic conductivity within the Hydrostratigraphic Unit configuration recently 
produced by Cannia and others (2006). The conceptual distributions used early in model development 
focused on the regional geology, whereas Cannia and others (2006) provided locally refined information 
about distinct Hydrostratigraphic Units (HU). Based on the multi-layer conceptual model, values of 
hydraulic conductivity were initially applied uniformly to each layer based on Hydrostratigraphic Units. 
For example every cell that represented some saturated thickness of HU 1 was assigned the same 
hydraulic conductivity value. For model layers 1 and 5 (corresponding to HU 1 and HU 6), no additional 
variation was considered because testhole information indicated little spatial variation in hydraulic 
conductivity. For model layers 2-4, corresponding to HU 2, HU 3-4, and HU 5, testhole information was 
used to produce a spatial distribution of hydraulic conductivity within each model layer represented by 
polygon areas (Cannia and others, 2006). Hydraulic conductivity values defined by these distributions 
were uniformly modified upward or downward by layer within the estimated range of uncertainty until 
the best model calibration was identified. Table 3 shows a summary of the hydraulic conductivity values 
used in the simulation, and figure 13 shows the thickness-weighted hydraulic conductivity from the 
calibrated model. Figure 14 shows 1950 saturated thickness from the calibrated simulation.   

Table 3. Hydraulic conductivity for the calibrated pre-groundwater development period model, for portions of 
model layers where the corresponding Hydrostratigraphic Units (HU) were present. Where a HU represented 
by a model layer was absent, that model layer was assigned hydraulic conductivity representative of HUs 
present above and below that model layer (not represented in this table).  

Model 
Layer 

HU 
Mean hydraulic 

conductivity (ft/d) 
Minimum hydraulic 
conductivity (ft/d) 

Maximum hydraulic 
conductivity (ft/d) 

1 1 10 -- -- 

2 2 155 5 240 

3 3-4 8 5 25 

4 5 33 25 125 

5 6 10 -- -- 
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Figure 13. Composite hydraulic conductivity distribution applied to the calibrated model. Values from each layer were weighted by saturated 
thickness of the layer and divided by the total saturated thickness to show an effective composite hydraulic conductivity. 
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Figure 14. Simulated 1950 saturated thickness of combined Hydrostratigraphic Units in the Eastern Model Unit. 
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During model construction, streams were classified as large or small and were assigned an initial 
conductance based on the size classification. The conductance for each stream classification was separately 
calibrated (fig. 15) to obtain the best match between simulated and observed stream baseflow (Peterson and 
Carney, 2002). Conductance for all small streams was initially adjusted from 10 ft/d/ft down to 0.4 ft/d/ft to 
make the simulated baseflow to these streams better match observed baseflow. Conductance was then further 
calibrated by using streambed cores collected during the summer and fall of 2000 (Cooperative Hydrology 
Study, 2001b) as a guide for the adjustment of streambed conductance using conductance multipliers. 
Conductance multipliers were generated for each coring location based on grain size and stratigraphy of shallow 
streambed sediments. Streambed cores at 7 of the 25 coring sites in the Eastern Model Unit showed the shallow 
streambed sediments to be fine-grained. These streams were assigned a conductance multiplier of 0.5. 
Streambed cores at 13 of the 25 sites showed coarse-grained sediments; these streams were assigned 
conductance multipliers of 2 or 3. The remaining 5 sites had neither very fine-grained nor very coarse-grained 
sediments and thus were assigned a multiplier of 1. The conductance of 0.4 ft/d/ft for small streams was then 
multiplied by the conductance multiplier to produce a revised estimate of conductance for that stream or section 
of that stream. For instance, Spring Creek (Phelps and Harlan Counties, fig. 15) was assigned a conductance 
multiplier of 1 based on the streambed core logs. Therefore the final conductance value for the Spring Creek 
stream boundary was 0.4 ft/d/ft length ((base conductance of 0.4 ft/d/ft length)*1 = 0.4 ft/d/ft length). Some 
streams were added after the initial calibration of conductance values. Streams added subsequent to the initial 
stream calibration were assigned a value equal to the base value or were assigned a modified value based on the 
character of similar streams nearby. For example, Elk Creek, Turkey Creek in Furnas County, Lincoln Creek, 
and Beaver Creek were all added during later stages of model calibration and development. Elk Creek and 
Turkey Creek in Furnas County were assigned a conductance value of 0.4 ft/d/ft length, whereas Lincoln Creek 
and Beaver Creek were assigned a conductance value of 1.0 ft/d/ft length. Calibrated streambed conductances 
are shown in figure 15.  

In many cases there were multiple streambed cores described for a stream at different locations. For 
instance, Muddy Creek (fig. 15) was assigned a conductance multiplier of 0.25 on the upstream half of the 
perennial reach, and assigned a conductance multiplier of 0.5 on the downstream half of the perennial reach, 
based on streambed cores from those areas of the stream. When the original base conductance for the class 
(small streams in this example) was multiplied by the conductance multiplier based on streambed cores, the 
resulting streambed conductances were 0.1 ft/d/ft (base conductance of 0.4 ft/d/ft*0.25 = 0.1 ft/d/ft) and 0.2 
ft/d/ft (base conductance of 0.4 ft/d/ft*0.5 = 0.2 ft/d/ft) for the upstream and downstream sections, respectively. 
Using multiple cores to assign conductance multipliers to a stream required the assumption that if the 
conductance multipliers were different at the separate locations, the transition between the two values took place 
at an equal distance between the two core locations. This could introduce a degree of inaccuracy in some cases, 
but cannot be better constrained without further data collection.  

Rangeland recharge rates used in the calibrated model are shown in figure 16. The distribution of rangeland 
recharge due to precipitation was based mainly on topography (Cooperative Hydrology Study, 2000). Each 
topographic region was also combined with a trend based on long-term average rainfall values by Climate 
Division (National Climatic Data Center, 2000). Precipitation generally increased from west to east, and to a 
lesser degree, from south to north (National Climatic Data Center, 2000). These trends are also evident in the 
rangeland recharge used in the calibrated model (fig. 16). The zones labeled “other sandy deposits,” in the 
eastern part of the area, were modified using a shaded relief image (Cooperative Hydrology Study, 2003b). 
While areas of “other sandy deposits” are not as sandy as Sand Hills terrains, they are still substantially sandier 
than the remainder of the area, and can be easily identified from shaded relief imagery due to characteristic 
“hummocky” landforms. Rangeland recharge was highest in the areas with the sandiest soils. Recharge in the 
Platte River valley was smaller than that simulated for the sandy soils but larger than that simulated for the 
South-central plains. Rangeland recharge in the Republican River valley was the same as that simulated for the 
adjoining dissected plains.
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Figure 15. Stream classifications and calibrated streambed conductance values. Conductances are shown in ft/d/ft length. 
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Figure 16. Rangeland recharge distribution used in the calibrated pre-groundwater development model of the Eastern Model Unit. Topographic 
regions (modified from Cooperative Hydrology Study, 2000 by adding other sandy deposits) are shown with corresponding applied recharge. 
Counties are shown by gray lines, except those shown by black lines where they correspond to recharge divisions.  
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Evapotranspiration from groundwater (fig. 7) was simulated in areas identified as riparian vegetation or 
wetlands (Dappen and Tooze, 2001) and in areas where the water table was close to land surface, based on long-
term depth to water data (U.S. Geological Survey National Water Information System, 1999). The maximum 
groundwater evapotranspiration rate in the Eastern Model Unit was 13.1 in/yr in the western part of the model 
and decreased linearly to 7.7 in/yr in the easternmost part of the model. These estimates were based on the 
difference between lake evaporation and precipitation, and a factor based on riparian woodland 
evapotranspiration studies near Gothenburg and Odessa, Nebraska (M.K. Landon, U.S. Geological Survey, 
personal commun., July, 2004), accounting for the fact that vegetation evapotranspiration rates are less than 
open-water rates. The maximum evapotranspiration rate occurred when the simulated water table was at or 
above the evapotranspiration surface. The evapotranspiration surface was estimated as the average of the mean 
land surface in a 160-acre grid and the minimum land surface in the grid. This surface was assumed to 
approximate lower areas within a model cell where evapotranspiration would occur. The evapotranspiration rate 
was reduced linearly and reached zero when the simulated water table was at the extinction depth below the 
evapotranspiration surface. The extinction depth was 7 ft in riparian and wetland areas because of the deeply 
rooted cottonwood trees, and 3 ft in areas defined as shallow groundwater evapotranspiration areas, because of 
less deeply rooted grasses and wetland plants. 

Figure 17 shows the comparison between simulated and observed 1950 water levels for the calibrated pre-
groundwater development model. Positive values indicate simulated water levels are above measured water 
levels, whereas negative values indicate simulated water levels are below measured water levels. Simulated 
water levels are within ±25 ft of measured or interpolated water levels for 400 of the 423 total observation 
points (95 percent). Of those that differ by more than ±25 feet, no regional trends are evident, indicating that 
there are no trends of bias in the regional flow system conceptualization. The largest differences are -45.5 ft in 
southwestern Phelps County and 38.1 ft in north-western Nuckolls County.  

As shown by figure 17, the observed water levels do not uniformly cover all parts of the simulation area. 
Therefore, additional pre-groundwater development water-table data (referred to as interpolated observation 
points) were obtained as an additional check on calibration. Figure 18 shows the comparison between simulated 
water levels and water-level contours from the Groundwater Atlas of Nebraska (representing water levels 
measured in 1979), along with interpolated points based on the published contours (Conservation and Survey 
Division, 1998). The simulated contours match the Conservation and Survey Division (CSD) contours 
reasonably well in most places, with the exception of the west-central portion of the Eastern Model Unit. In this 
area, groundwater levels had risen significantly by 1979, due to surface-water irrigation, whereas the simulation 
only accounts for rises up to 1950. Figure 19 shows a comparison of the simulated water-level contours with the 
High Plains Regional Aquifer System Analysis (RASA) water-level contours (Cederstrand and Becker, 1999), 
along with the associated interpolated observation points. The simulated contours are consistent with the RASA 
contours in most places, except in the northwest and southeast parts of the model area. However, the points at 
which the simulated water levels are greater than 25 ft different from the RASA water-level contours are 
different from the points where the simulated water levels are greater than 25 ft different from the CSD 
contours, indicating that the simulated water levels are probably within the range of error associated with the 
CSD and RASA contours.  

Table 4 shows difference statistics for the simulated versus observed 1950 water levels for the three 
observation point sets. The mean difference of 2.00 feet for the observed water-level data set indicates that the 
simulated water levels averaged somewhat above observed water levels at calibration points, though the mean 
difference for the two interpolated observation point sets is closer to zero. Mean absolute difference was 
considered to be the most appropriate measure of error for these simulations. The mean absolute difference 
between observed and simulated values is 8.92 feet, which is small compared to the gradient of the water table 
(about 1,400 feet change across the model area) combined with potential measurement errors. The mean 
absolute difference between the simulated water levels and the interpolated observations is larger than it was for 
the observed water levels. However, the two published water table maps upon which the interpolated values  
were based are not in total agreement with each other, so the larger mean absolute difference is not of concern. 
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Statistic 

Simulated water levels 
compared with observed 

water levels (feet) 

Simulated water levels compared with interpolated water 
levels from published sources (feet) 

RASA (Cederstrand and 
Becker, 1999) 

Groundwater Atlas of 
Nebraska (Conservation and 

Survey Division, 1998) 

Number of points 423 212 223 

Mean difference 2.00 0.26 1.22 

Mean absolute 
difference 8.92 16.60 15.20 

Root mean squared 
difference 12.08 21.54 20.76 

  

Table 5 shows the 1950 estimated and simulated groundwater discharge to streams for the calibrated model. 
Table 6 shows simulated groundwater discharge to streams for which estimated discharge could not be 
computed because of a lack of data. Simulated discharge is within the estimated range for most streams. 
Discharge was either too large or too small for some streams, such as the Platte River from Brady to Cozad, the 
Loup River system from St. Michael to St. Paul, and the Little Blue River. The difference for the Platte River 
from Brady to Cozad is not of concern, because 9 mi of that reach are actually outside the model area. Similarly, 
the Loup River system from St. Michael to St. Paul probably receives groundwater discharge from outside the 
model area. The source of the difference for the Little Blue River is not clear, but it may be related to the 
absence of Liberty Creek (Clay and Nuckolls Counties) and Elk Creek (Nuckolls County) in the simulation. 
These streams were not recognized to be important until late in the calibration process, but discussions with 
some persons familiar with the area (S. Summerside, Conservation and Survey Division, University of 
Nebraska-Lincoln, personal commun., 2004; K. Orvis, Little Blue Natural Resources District, personal 
commun., 2004) suggest that these streams together may receive an amount of groundwater discharge that is 
similar to the amount by which the simulated discharge to the Little Blue River is too high. The remaining six 
streams for which simulated discharge is outside the estimated range are within 5.3 ft3/s of the estimated range; 
for five of those six streams 5.3 ft3/s is 28 to 147 percent of the total stream discharge (Muddy Creek, Turkey 
Creek at Edison, Center Creek, Thompson Creek, and Elm Creek). Furthermore, simulated discharge to Center 
Creek was low by 3.1 ft3/s, but simulated discharge to the neighboring Turkey Creek in Franklin County was 4.2 
ft3/s, and personal observations (by S.M. Peterson and C.P. Carney, March 2001) suggest simulated discharge to 
Turkey Creek in Franklin County is probably high. It appears that some of the groundwater discharge that 
should be simulated as going to Center Creek is being simulated as discharge to Turkey Creek, perhaps due to 
local-scale geologic features not represented in the regional simulation.  

Table 7 shows the overall water budget for the calibrated model. Recharge comprises the single largest 
inflow (99 percent of total inflow), whereas discharge to evapotranspiration comprises the single largest outflow 
(34 percent of total outflow). The only other substantial inflow is from fixed-flow boundaries (1 percent of total 
inflow). Other large outflows include river boundaries (21 percent of total outflow), stream boundaries (18 
percent of total outflow),  and water entering storage (25 percent of total outflow). 

The calibrated pre-groundwater development period model is considered a reasonable representation of the 
system, given the data available and the size of the grid. Final results from this model were used as starting 
conditions for the groundwater development period model. 

  

 Table 4. Observed versus simulated water-level differences for the 1950 calibrated model.  
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Figure 17. Comparison between simulated water levels for the calibrated model and measured pre-groundwater development water levels 
(Cooperative Hydrology Study, unpublished).  
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Figure 18. Comparison between simulated 1950 water levels for the calibrated model and pre-groundwater development water levels from the 
Groundwater Atlas of Nebraska (Conservation and Survey Division, 1998). Contours published in the Groundwater Atlas were used to generate 
interpolated observation points, to allow for comparison with simulated water levels in locations were no measured data exist. Contour elevations 
are in feet above mean sea level.  
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Figure 19. Comparison between simulated 1950 water-level elevations for the calibrated model and pre-groundwater development water-level contours 
from the High Plains Regional Aquifer System Analysis (RASA) (Cederstrand and Becker, 1999). Published High Plains RASA contours were used to 
generate interpolated observation points to allow for comparison with simulated water levels in locations where no measured data existed. Contour 
elevations are in feet above mean sea level. 



 

 Page 48 of 80  01/26/2009 

 

Table 5. Estimated and simulated pre-groundwater development discharge to streams. Gain is positive 
number and loss is negative number.  

Surface-water feature 
Estimated range 

(ft3/s) Simulated gain or 
loss (ft3/s) Remarks 

Low Mean High 

Platte River, Brady to 
Cozad 65 100 180 51 

-14 (Below range). There 
are 9 miles of this stream 
outside of model area 

Platte River, Cozad to 
Overton -100 20 200 33 Within range 

Platte River, Overton to 
Odessa -80 -20 50 -8 Within range 

Platte River, Odessa to 
Grand Island -750 -150 300 -51 Within range 

Platte River, Grand Island 
to Duncan -80 20 260 -18 Within range 

Republican River, 
Cambridge to Orleans -20 0 40 17 

Within range. Stream 
probably receives water 
from outside of model area 

Republican River, 
Orleans to Hardy -50 0 240 45 

Within range. Stream 
probably receives water 
from outside of model area 

Loup River, upper end to 
St. Michael 130 160 180 140 

Within range. Stream 
probably receives water 
from outside of model area 

Loup River, St. Michael to 
St. Paul 40 810 1100 13 

-27 (Below range). Stream 
probably receives water 
from outside of model area 

Loup River, St. Paul to 
Genoa -180 -50 70 18 

Within range. Stream 
probably receives water 
from outside of model area 

West Fork of the Big Blue 
River 38 49 60 64 4 (Above range) 

Big Blue River (Polk 
County) 0.0 0.2 0.3 0.0 Within range 

Little Blue River 51 56 60 79 19 (Above range) 

Muddy Creek 3.6 4.5 5.4 6.1 -0.5 (Below range) 

Turkey Creek (at Edison, 
Furnas County) 2.4 3.6 4.8 1.9 -0.5 (Below range) 

Center Creek 4 5.1 5.7 0.9 -3.1 (Below range) 

Thompson Creek 17 19 20 15 -1.8 (Below range) 

Elm Creek (at Amboy, 
Webster County) 11 12 12 5.7 -5.3 (Below range) 

Buffalo Creek (Dawson 
County) 0.0 0.9 1.8 0.8 Within range 
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Table 6. Pre-groundwater development simulated groundwater discharge to streams for which quantitative 
discharge estimates could not be computed. Comparisons are based on field observations by S.M. Peterson in 
most cases, and published information (U.S. Geological Survey 1:100,000 topographic maps) in a few cases.  

Surface-water feature 
Simulated gain (positive) 
or loss (negative) (ft3/s) 

Author’s evaluation of 
simulated flow 

Wood River 11 Reasonable value 

Deer Creek 4.7 Reasonable value 

Spring Creek (Harlan County) 0.5 Reasonable value 

Turkey Creek (near Naponee, 
Franklin County) 4.2 Probably high 

Other small Republican River 
tributaries 1.8 Reasonable value 

Spring Creek (near Overton, 
Dawson County) 0.2 Reasonable value 

Small drains near Platte River 
above Lexington 23 Reasonable value 

Small drains near Platte River 
from Lexington to Grand Island 1.5 Reasonable value 

Plum Creek 0.8 Reasonable value 
N. Dry Creek, Tributaries A, B, 
and C, and a nearby unnamed 
tributary  

0.0 Reasonable value 

Prairie Creek 2.4 Reasonable value 

Lincoln Creek (York County) 0.0 Reasonable value 

Beaver Creek (York County) 1.3 Reasonable value 

 

 

Groundwater Development Period Calibration  
The groundwater development period model simulated the period May 1, 1950, through April 30, 

1998. The simulated water levels for April 30, 1950 were the starting water levels for this model. All of 
the inputs to the pre-groundwater development period model were retained and other time- and spatially-
varying inputs were added for the 1950-98 period. Pumpage, as described in the Numerical Model 
Construction section, was added to the groundwater development period model and was not changed 
during calibration. A spatially-varying specific yield was added to the model and the values were 
determined during calibration. Time-varying recharge on cultivated land also was added to the model and 
the values were determined during calibration. 
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Specific yield is the ratio of the volume of water that drains from a saturated aquifer due to gravity 
drainage to the water-level decline in the aquifer (Fetter, 1994). Specific yield is a dimensionless number. 
Numerous specific yield distributions were tested in calibrating this model. The best fit between 
simulated and observed water-level changes occurred when a uniform specific yield was assigned to 
model layer 1 and spatially-varying specific yield was assigned individually to model layers 2 through 5. 
Specific yield for model layers 2-5 was based on the various Hydrostratigraphic Units (HU) which 
comprise those model layers, using spatially-distributed values estimated at testhole locations (Cannia and 
others, 2006). Model layer 1, corresponding to HU1, was assigned a uniform value of specific yield of 
0.16. Hydrostratigraphic Unit 1 is typically comprised of silt or loess deposits that are not saturated 
everywhere throughout the model area. Where HU1 is thick, only the lower portion is saturated, and it is 
often coarser-grained. Therefore, the specific yield assigned to HU1 is between that which is usually used 
for silts (around 0.03-0.19) and that which is usually estimated for sands and gravels (0.15-0.35) (Fetter, 
1994). Model layer 2, which is comprised mainly of Quaternary-age alluvial sands and gravels, had the 
largest mean specific yield among model layers at 0.22. The mean for the distributed values for model 
layer 4 was lower, at 0.18; model layer 4 corresponds with HU5, which is sand and gravel of the Ogallala 
Group. These sands and gravels are finer grained than those of HU2. Specific yields for model layers 3 
and 5, which are comprised of silt and clay, were lower, with means of 0.08 and 0.09, respectively. 
Specific yield values for model layers 2-5 were not modified during the calibration process, and were 
used for all simulation periods. Specific yield for model layer 1 was determined during the 1950-98 
calibration. Table 8 shows a summary of the specific yield values used in the calibrated simulation. 

  

Table 7. Simulated 1950 water budget for the calibrated pre-groundwater development period model. Individual 
items may not sum to total because of rounding. River boundaries include the Platte River, Republican River, 
South Loup River, Middle Loup River, and Loup River. Stream boundaries include all other natural streams. 
Drain boundaries include constructed artificial drains and modified stream channels. Where items may be both 
inflow and outflow (such as river boundaries), a net value was computed and placed on the side of the budget 
with the larger value. 

Inflow Rate, in cubic 
feet per second 

Volume, in thousands of 
acre-feet per year 

Percent of 
budget 

Fixed-flow boundaries 13 10 1 
Recharge (pre-settlement) 660 480 55 
Recharge (canal seepage) 510 370 43 
Recharge (surface-water irrigation 
over- and under-application) 6 4 1 

TOTAL IN 1,200 860 100 

Outflow Rate, in cubic 
feet per second 

Volume, in thousands of 
acre-feet per year 

Percent of 
budget 

Increase in storage 300 220 25 
River boundaries 250 180 21 
Stream boundaries 210 150 18 
Drain boundaries 25 18 2 
Evapotranspiration 410 290 34 

TOTAL OUT 1,200 860 100 
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The specific storage term represents the amount of water an aquifer can receive or release per unit 
volume of aquifer for a change in water level. This volume is related to the expansion/compressibility of 
water and the compressibility of the aquifer material. Specific storage only applies to those cells which 
are entirely below the water table. Fetter (1994) suggests specific storage values less than 0.0001 for 
sediments comprising the High Plains aquifer. A specific storage value of 0.00001 was applied to the 
Eastern Model Unit model. As shown in the Model Sensitivity section, model results were insensitive to 
values of specific storage below 0.0001. 

Additional recharge from precipitation, above the amount in the pre-groundwater development period 
model, was added during the groundwater development period to achieve calibration. This recharge was 
applied only to cropped land, including dryland (fallow and active) and irrigated land. More recharge was 
added to irrigated land than to dryland. The recharge on dryland varied over time because the amount of 
dryland varied over time. The justification for adding extra recharge to dryland is that dryland, when 
fallow, is cultivated to capture and maintain soil moisture. Because of this, the soil moisture profile on 
dryland regularly exceeds that on rangeland. Therefore, when precipitation falls on dryland, it has a better 
chance to become recharge than when precipitation falls on uncultivated rangeland.  

The soil moisture profile on irrigated crop land is maintained by irrigation and precipitation, thus 
precipitation on irrigated land has a better chance of becoming recharge than precipitation on either 
dryland or rangeland. Note that the extra recharge on irrigated crop land is not the same as deep 
percolation of applied irrigation water. Deep percolation of applied irrigation water is accounted for in the 
net pumpage estimate from the CropSim analysis. The amount of additional recharge on cropped land was 
not varied according to soil type, because the distribution of rangeland recharge for the pre-groundwater 
development model was based partially upon topographic regions, which are similar to the distribution of 
soils. This recharge was increased from west to east to account for west to east increases in precipitation. 
The additional recharge on irrigated land and dryland west of the western boundary of Hall, Adams, and 
Webster Counties was 16 percent less than that applied east of that line.  

Recharge on irrigated land was also varied through time, in addition to the variation caused by the 
changes in the amount of irrigated crop land. Recharge applied to the eastern portion of the model for the 
1950-73 period was 2.5 in/yr less than that applied from 1973-98, and recharge applied to irrigated land in 
the western portion of the model for the 1950-73 period was 2.1 in/yr less than that applied during the 
1973-98 period. This change in the additional recharge rate accounted for changes in agricultural land 
management practices that in more recent times have generally enhanced the capability of cropped land to 
capture and retain soil moisture. In the 1950s, row crops were spaced widely apart, allowing considerable 
evaporative loss of soil moisture directly from the soil. However, from 1950 to 1998, agricultural 
practices gradually changed; crops in 1998 were planted at higher densities, rows were planted closer 

Table 8. Specific yield for the calibrated model for portions of model layers where the 
corresponding Hydrostratigraphic Unit (HU) was present. Where a HU represented by a model 
layer was absent, that model layer was assigned specific yield representative of HU’s present 
above and below that model layer (not represented in this table).  

Model 
Layer 

HU 
Specific yield, dimensionless 

Mean Minimum Maximum 

1 1 0.16 0.16 0.16 

2 2 0.22 0.02 0.30 

3 3-4 0.09 0.01 0.20 

4 5 0.18 0.09 0.27 

5 6 0.08 0.01 0.21 
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together, crop canopies closed earlier in the growing season, and surface residue increased. These changes 
have substantially reduced the amount of moisture that could evaporate directly from the soil and 
increased moisture holding capability (M. Trompke, Central Nebraska Public Power and Irrigation 
District, personal commun., 2004). Center-pivot sprinkler irrigation increased significantly in the 1970s 
through the 1990s, which in some cases was accompanied by a moderate reduction in tillage (D. Ford, 
Central Nebraska Public Power and Irrigation District, personal commun., 2004). Tillage and other 
agricultural practices may have caused compaction of underlying soil layers; compaction tends to reduce 
recharge. However, a compaction-reducing practice called “deep chiseling” came into widespread use in 
the 1970s (D. Ford, Central Nebraska Public Power and Irrigation District, personal commun., 2004). 
Optimally, deep chiseling produces widespread fracturing of compacted soil layers down to a depth of a 
few feet. Farmers in Gosper and Phelps Counties tend to deep-chisel fields every few years (V. Fastenau, 
Central Nebraska Public Power and Irrigation District, personal commun., 2004). Row spacing is 
probably only a minor component in these modifications, and changes in row spacing have been sporadic 
and local, and not as widespread as other factors mentioned above. In addition to these changes, 
additional recharge was added to an area of dense agricultural development between Kearney (Buffalo 
County) and Grand Island (Hall County). In this area, farmers generally construct small dikes around the 
edges of fields to enhance recharge (D. Woodward, Central Platte Natural Resources District, personal 
commun., 2004), so an additional 1 in/yr of recharge was added to the model in this area.  

A considerable number of simulations were made in which the additional recharge was some function 
of precipitation, both spatially and temporally, but these simulations were not as good as the calibrated 
model, which has a simple distribution of the recharge based on land use. Table 9 summarizes the 
recharge added to the 1950 simulated recharge to calibrate the 1950-98 period.  

Calibration statistics for the simulated versus observed water-level change in the calibrated 1950-98 
groundwater development period model are shown in table 10. Weighted measure was used to serve as an 
overall measure of calibration to all water-level change observations for all time periods, and was the 
primary indicator of model calibration during the final model calibration process. Weighted measure was 
calculated by multiplying the mean difference, mean absolute difference, and root-mean-square difference 
for each time period times the number of points used to calculate the statistic for that time period, 
summing the results from all the periods, then dividing by the total number of observations in all periods. 
Therefore, the time periods with more observations have more of an effect on the weighted measure, and 
time periods with fewer observations have less of an effect on the weighted measure.  

Simulated water-level changes and graphical comparison to measured water-level changes are shown 
in figures 20, 21, and 22. For the 1950-98 period, simulated water-level changes were less than 5 ft for 
much of the area. Areas in Dawson, southern Buffalo, Gosper, Phelps, and Kearney Counties were 
affected by recharge due to canal and lateral leakage, and both simulated and observed water levels rose 
in those areas. North of the Platte River, in Custer, eastern Dawson, Buffalo, Hall, and Merrick Counties, 
simulated water levels declined, whereas observed water levels increased slightly or did not change. This 
is probably related to irrigation well pumpage that took place prior to 1950, which occurred mainly in the 
bottomlands of the Platte River valley. Irrigation well pumpage prior to 1950 was not simulated in this 
model.  
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Some simulated 1950-98 water-level rises occur in Nuckolls County, in the southeastern part of the 
Eastern Model Unit. These rises may be due to the fixed-flow boundary effects; the model boundary in 
that area was specified to have a constant flow throughout all the simulations. Constant flow is inaccurate 
for this area because the groundwater system was affected by water diverted into Superior Canal, which 
started operations in 1952 (table 2). Furthermore, the aquifer is only a few tens of feet thick in this area, 
so a water level rise of a few tens of feet could have doubled the water-table gradient in this area, which 
would increase flows across this boundary from 1952 to 1998. This issue was not discovered until after 
the calibration process was complete, but it is limited to a small area. Inaccurate flow in this area does not 
affect any simulation result near the Platte River, the main feature for which these simulations were 
constructed. 

Figure 20 shows the simulated groundwater level changes for the Eastern Model Unit from 1950 to 
1998. Figures 21 and 22 show the incremental changes for this period. Figure 21 shows the changes from 
1950 to 1961 and 1961 to 1973. Figure 22 shows the changes from 1973 to 1985 and 1985 to 1998. 
Simulated water-level changes generally agree with observed changes in these figures. Two areas appear 
important to all four periods; one in Gosper, Phelps, and Kearney Counties, and one in York, Polk, and 
Hamilton Counties. The area in Gosper, Phelps, and Kearney Counties is affected by recharge due to 
canal and lateral leakage; simulated water-level increases are too large towards the western side of this 
area in all four periods, though little observed water-level change information was available to use in 
calibration for this area except for the 1985-98 period. Simulated water-level changes in the eastern half 
of this area are generally the same as observed water-level changes in all four periods.  

There were many observed water-level changes available for York, Polk, and Hamilton Counties 
during calibration. Simulated water-level changes match more closely with the observed water-level 

Table 10. Calibration statistics for the calibrated groundwater development period model.  

Time period Number of 
points 

Mean 
difference 

Mean absolute 
difference 

Root-mean-square 
difference 

1950-98 78 -0.55 5.76 8.67 

1950-61 132 -2.64 3.70 4.75 

1961-73 219 -0.27 2.96 3.78 

1973-85 281 2.12 4.19 5.80 

1985-98 406 0.57 3.19 4.77 
Weighted 
Measure 1,116 0.34 3.64 5.11 

 

Table 9. Recharge added on cropped land to calibrate the 1950-98 period. Eastern portion is east of western 
boundary of Hall, Adams, and Webster Counties.  

Time period Land use 
Additional recharge (in/yr) 

Eastern portion  Western portion 
1950-98 Dryland 1.0 0.8 

1950-73 Irrigated land 4.4 3.7 

1973-98 Irrigated land 6.9 5.8 
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changes in this area in the 1961-73 and 1985-98 periods, and match less closely in the 1950-61 and 1973-
85 periods. In the 1950-61 period, observed water-level changes in this area tended to show declines of 
several feet, whereas the simulated water-level changes tended to show either very small declines or 
increases (fig 21-A). Simulated water-level declines for the 1961-73 period match reasonably well with 
observed declines (fig 21-B). Observed water-level changes in this area for the 1973-85 period tended to 
show increases up to several feet, whereas the simulated changes for that period tended to show declines 
of a few feet (fig. 22-A). Observed water-level changes in this area for the 1985-98 period were increases 
of up to 10 ft, and were matched reasonably well by simulated water-level increases (fig. 22-B).  

Simulated streamflow for the groundwater development period model was larger for some streams 
than simulated streamflow for the pre-groundwater development model, resulting in a slightly improved 
comparison with estimated groundwater discharge to streams. For instance, in the pre-groundwater 
development period model, simulated discharge for  Turkey Creek (near Edison), Center Creek, and Elm 
Creek were too low; by 1998 in the groundwater development period simulation, simulated discharge to 
Turkey Creek (near Edison) was within the estimated range, and simulated discharge to Center Creek and 
Elm Creek were slightly closer to the estimated range. Stream discharge data does not exist for Wood 
River for the pre-groundwater development period, and recent data suggests that Wood River flows are 
minimal where it joins the Platte River. Therefore, simulated discharge to Wood River improved as it 
decreased from 11 ft3/s to 6.1 ft3/s from 1950 to 1998, possibly as a result of groundwater pumping, 
though it may still be too large. Simulated discharge to Plum Creek and other streams that drain the 
Central Nebraska Public Power and Irrigation District area increased from 1950 to 1998, as water levels 
in that area increased due to recharge from canal and lateral leakage. Simulated discharge to the Little 
Blue River and the West Fork of the Big Blue River were too large in 1950, and the 1998 simulated 
discharges was even larger on the West Fork of the Big Blue River. Simulated discharge to the Little Blue 
River in 1998 was the same as it was for 1950.  

The simulated water budget for the groundwater development period is shown in table 11. Simulated 
inflows are dominated by recharge, which amounts to 96 percent of the inflow budget. The largest 
component of simulated outflows was net pumpage (49 percent), followed by evapotranspiration (17 
percent), river boundaries (16 percent), and outflows to storage (increases in storage) (8 percent). 
Simulated inflows are the same as simulated outflows, indicating that the model is in balance. However, 
storage is increasing over the 48-year period, indicating that inflows other than storage are greater than 
outflows other than storage. When compared with the simulated budget from the pre-groundwater 
development model, inflow components were very similar, though inflows from storage and from 
cropped land recharge were not important components of the pre-groundwater development budget. With 
regard to outflows, budgets were also similar between the pre-groundwater development model and the 
groundwater development model, except for outflows to net pumpage. However, in the latter period, 
outflows to rivers, streams, and evapotranspiration decreased as a percentage of the total budget.  
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Figure 20. Simulated 1950-98 water-level change for the calibrated groundwater development period model and comparison between simulated and 
observed water-level change at observation points in the Eastern Model Unit.  
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Figure 21. Simulated water-level change for the 1950-61 period (A) and 1961-73 period (B) and 
comparison between simulated and observed water-level change at observation points for the Eastern 
Model Unit. 
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Figure 22. Simulated water-level change for the 1973-85 period (A) and 1985-98 period (B) and 
comparison between simulated and observed water-level change at observation points for the Eastern 
Model Unit. 
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Outflows to storage increased in the development period, which may be related to high recharge rates 
in areas affected by canal seepage recharge. Cropped land recharge provided increased inflows, but net 
pumpage in the groundwater development period model created an increase in inflows from storage and a 
decrease in outflows to rivers, streams, and evapotranspiration. Outflows to net pumpage (900,000 acre-
feet per year) are relatively the same magnitude as the inflows from cropped land recharge (1,100,000 
acre-feet per year). This is consistent with the small magnitude of observed and simulated water-level 
changes across much of the area for the 1950-98 period. The overall volume of the water budget of the 
groundwater development period model is 2.1 times larger than the overall volume of the water budget of 
the pre-groundwater development period model. The water budgets for these models (tables 7 and 11) 
show that the groundwater development period model has more recharge, more groundwater pumping, 
and less flow into storage than the pre-groundwater development model. The amount of recharge applied 
to non-agricultural lands in the development period was less that the recharge applied to non-agricultural 
lands in the pre-development period because the acres of rangeland decreased during the development 
period, as more acres were converted to cropped land. 

  

Table 11. Simulated average water budget for the calibrated groundwater development period model of the 
Eastern Model Unit using CropSim net pumpage. Values are averages for the 48-year period. Individual items 
may not sum to total because of rounding. Where items may be both inflow and outflow (such as river 
boundaries), a net value was computed and placed on the side of the budget with the larger value. 

 

Inflow Rate, in cubic 
feet per second 

Volume, in thousands 
of acre-feet per year 

Percent of 
budget 

Fixed water-level boundaries (from 
Harlan County Reservoir) 98 71 4 

Recharge (pre-settlement) applied to 
non-agricultural lands 290 210 11 

Recharge (canal seepage) 580 420 23 
Recharge (surface-water irrigation 
over- and under-application) 76 55 3 

Recharge (dryland/irr. land, including 
recharge from field diking practices) 1,500 1,100 59 

TOTAL IN 2,500 1,800 100 

Outflow Rate, in cubic 
feet per second 

Volume, in thousands 
of acre-feet per year 

Percent of 
budget 

Increase in storage 210 150 8 
River boundaries 400 290 16 
Stream boundaries 220 160 8 
Drain boundaries 47 34 2 
Evapotranspiration 440 320 17 
Net pumpage (including fixed-flow 
boundaries) 1,200 900 49 

TOTAL OUT 2,500 1,800 100 
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Recharge due to canal and lateral leakage is an important component of the inflow budget of the 
groundwater development period model (table 11). In particular, the groundwater mound in Gosper, 
Phelps, and Kearney Counties is an important sub-regional groundwater resource caused by recharge due 
to surface-water irrigation. The simulated water-level rises from 1950-98 along the edge of the mapped 
mound are greater than the observed rises (Stanton, 1999). Only two measured 1950-98 water-level 
changes exist near the mapped center of the mound; at one of these, the simulated water-level rise was 57 
ft, about 15 ft less than observed rise. At the other point, simulated water-level rise was 62 ft, about 12 ft 
less than observed water-level rise. At a point near Johnson Lake (fig. 3, fig. 20), observed water-level 
rise was about 36 ft, about 37 ft less than the simulated 1950-98 water-level rise of about 73 ft. As shown 
by figure 20 for the groundwater development period, measured water-level rises were smaller than 
simulated water-level rises for nearly all of the observation points around the edge of the mapped mound, 
whereas simulated rises were smaller than measured water-level rises in the middle of the mapped mound. 
Extensive testing of hydraulic parameters was conducted during calibration of the groundwater 
development period model to try to remedy this problem. However, no values within reasonable ranges 
for hydraulic conductivity or specific yield were found that improved the model in this area.  

Canal seepage was estimated using Central Nebraska Public Power and Irrigation District records, 
and is thought to be reasonably accurate. However, because the simulated groundwater development 
period water-level rises in the area of the mound did not match observed rises as well as desired, the 
volume of water contained in the observed mound was estimated and compared with the volume 
contained in the simulated mound. Estimated volume of the observed mound was calculated by 
subtracting pre-development water-level data (Cederstrand and Becker, 1999) from a water table map 
representing 1995 (Conservation and Survey Division, 2003). The results were contoured, and average 
thicknesses of the water table rises were calculated for the areas between the contours. The average 
thicknesses for these areas were then multiplied by an average specific yield (0.16) to estimate the 
volume. The estimated volume of water in the observed groundwater mound was 8,340,000 acre-feet, 
whereas the volume of the simulated mound was approximately 9,200,000 acre-feet. The difference 
between simulated volume of the mound and the estimated volume of the mound could be accounted for 
by relatively small errors in estimated canal seepage recharge, groundwater pumping, groundwater 
discharge to streams, groundwater that flowed out of the mound area, inaccuracies in the maps used to 
estimate the volume of the observed mound, or most likely, some combination of these factors. It is 
possible that some aspect of local hydrology might not be represented in the simulation, because the 
simulated height of the groundwater mound appeared to be less than the observed height, and the 
simulated volume of the mound was a little more than the estimated volume of the mound. However, 
neither the height nor the volume of the mound is well known because of lack of early pre-mound water-
level data in the area, so the model may be a reasonable representation of the mound.  

The calibrated groundwater development model is considered a reasonable representation of the 
system, given the data available and the size of the grid. This model is adequate to simulate management 
scenarios on a regional scale. 

 

Comparison to Adjacent Model  

The model west of this model, in the area of the Central Model Unit, was documented by the 
Cooperative Hydrology Study Technical Committee (2004). That model was a six-layer model that 
simulated the pre-groundwater development period. A development period model was later produced and 
documented (Carney, 2008) after this report was prepared. The pre-groundwater development period is 
compared in this report.  
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The model representing the Central Model Unit contained 6 layers and simulated identical time 
frames in both the pre-groundwater development period and the groundwater development period. The 
Eastern Model Unit and the Central Model Unit overlap in a 30-mi area from the Lincoln-Dawson County 
line to the Gosper-Phelps County line. Although development and calibration of the two models occurred 
at different times, the modelers for each area communicated frequently to share data and discuss 
calibration strategies and obstacles.  

Hydraulic conductivity applied to the two models was very similar, even though the models were 
calibrated independently and calibration procedures for the Central and Eastern models were somewhat 
different. For the Central Model Unit, hydraulic conductivity distribution polygons within 
Hydrostratigraphic Units were adjusted individually, whereas for the Eastern Model Unit, all hydraulic 
conductivity polygons for a Hydrostratigraphic Unit were adjusted in the same way. Both models used 
variations of the COHYST hydraulic conductivity maps (Cannia and others, 2006) for simulation of 
HU 2, HU 3-4, and HU 5, though the values used for HU 2 in the Eastern Model Unit were increased 
somewhat more than they were in the Central Model Unit. The mean hydraulic conductivity for HU 2 in 
the Eastern Model Unit was 155 ft/d, whereas for the Central Model Unit it was 79 ft/d. However, it is 
important to note that in the Central Model Unit, HU 2 is absent from virtually the entire southern half of 
the area, and is limited to the valley-fill along the North Platte, South Platte, and Platte Rivers, and areas 
north of those valleys, where it underlies the Sand Hills. The mean, minimum, and maximum values for 
hydraulic conductivity used for HU 3-4 in the Eastern Model Unit was lower than that used in the Central 
Model Unit. For HU 5, both models used similar values, though the maximum value used in the Eastern 
Model Unit was less than the maximum value used in the Central Model Unit. Uniform hydraulic 
conductivities were used in both models for HU 1 and HU 6, though those used in the Eastern Model Unit 
(10 ft/d for both units) were lower than those used in the Central Model Unit (23 ft/d and 27.5 ft/d 
respectively).  

Similar recharge was applied to the two models. Both models used recharge distributions based on 
topographic divisions. Central Model Unit recharge rates in the overlap area ranged from 0.35 to 2.20 
in/yr, whereas Eastern Model Unit recharge rates in the overlap area ranged from 0.3 to 2.50 in/yr. 
However, as shown in figure 16, in the Eastern Model Unit only a few small areas were assigned recharge 
of 2.50 in/yr, whereas in the Central Model Unit several large sand dune areas were assigned values of 
2.20 in/yr or greater. For the Eastern Model Unit, the mean recharge value was 1.25 in/yr and the median 
was 0.78 in/yr, contrasted with a mean of 1.05 in/yr and median of 0.35 in/yr for the Central Model Unit. 
The larger mean and median are reasonable given the overall wetter climate in the Eastern Model Unit.  

Some areas of groundwater evapotranspiration in the two model units lie in the area of overlap. The 
same parameter values were used for evapotranspiration for both models. 

Streambed conductances used in the two models differed only slightly. Stream discharges for streams 
mutual to both models were found to be consistent between models, with the exception of the South Loup 
River in Custer County and Spring Creek and Buffalo Creek in Dawson County. For the Eastern Model 
Unit, simulated South Loup River stream discharges were larger than those simulated for the Central 
Model Unit. Investigation of this difference suggested that the larger discharge in the Eastern Model Unit 
was most likely related to the larger values of HU 2 hydraulic conductivity. For Spring Creek and Buffalo 
Creek in Dawson County, groundwater discharge simulated in the Eastern Model Unit was much lower 
than that simulated by the Central Model Unit. Simulated discharge to Buffalo Creek was within the 
estimated range for the Eastern Model Unit, but for the Central Model Unit simulated discharge to 
Buffalo Creek was higher than the estimated range. Furthermore, the Central Model Unit included one 
tributary in that area (West Buffalo Creek) that was not simulated in the Eastern Model Unit. 
Groundwater discharge to two of these three streams could not be estimated due to a lack of basic flow 
data, however, personal observations (by S.M. Peterson and C.P. Carney, March, 2001) suggested that 
discharge to Spring Creek and Buffalo Creek would be unlikely to be greater than several cubic feet per 
second, and simulated discharge was approximately in that range for both models.  
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The overlap area and simulated water levels from the two models are shown in figure 23. The 
simulated water levels generally agree between the two models. The overall calibration of the Eastern 
Model Unit to 1950 water levels, at a mean absolute difference of 8.92 feet, was slightly better than the 
9.38 feet for the Central Model Unit, but both represented reasonable calibration. 

 

Model Sensitivity  

An analysis was performed to determine the sensitivity of the calibrated model to changes in model 
inputs. A separate analysis was performed for the pre-groundwater development period model and the 
groundwater development period model, and different inputs were investigated for different periods. The 
sensitivity analysis consisted of uniformly increasing or decreasing a single model parameter or stress and 
looking at the effects on observed water-level or water-level change statistics and at simulated 
groundwater discharge to selected streams. For the pre-groundwater development period, changes in 
hydraulic conductivity, the ratio of horizontal to vertical hydraulic conductivity, maximum 
evapotranspiration rate, streambed conductance, and rangeland recharge were investigated. For the 
groundwater development period, changes in specific yield, net pumpage, canal seepage recharge 
(grouped with surface-water irrigation over-application), dryland recharge, and irrigated land recharge 
were investigated. Changes in the spatial distribution of model parameters and stresses were not 
investigated because the spatial distributions were based on generally well-defined, known conditions. 

The pre-groundwater development period model sensitivity to 1950-water-level statistics was 
analyzed (fig. 24). At calibration (input multiplier equals 1.0), the mean difference between simulated and 
observed water levels was 2.00 ft. The mean difference increased as rangeland recharge increased and 
reached 6.14 ft when this recharge was increased 30 percent. The mean difference decreased as this 
recharge decreased and reached –2.38 ft when this recharge was decreased 30 percent. The mean 
difference was closest to zero when rangeland recharge was decreased 10 percent. At calibration, the 
mean absolute difference between simulated and observed water levels was 8.92 ft. This difference was 
10.32 ft when rangeland recharge was increased 30 percent and was 9.28 ft when this recharge was 
decreased 30 percent. This difference was at a minimum when rangeland recharge was decreased 5 
percent. At calibration, the root-mean-square difference between simulated and observed water levels was 
12.08 ft. This difference was 13.71 ft when rangeland recharge was increased 30 percent and was 12.87 ft 
when this recharge was decreased 30 percent. This difference was at a minimum when rangeland recharge 
was decreased 5 percent. The sensitivity of the simulation to recharge suggests that a 5 percent reduction 
in rangeland recharge might have been beneficial to calibration. However, such a change would have 
degraded some of the simulated groundwater discharge to some streams, so this change was not made.  

The pre-groundwater development period model showed a similar sensitivity to hydraulic 
conductivity (fig. 24), although for the mean difference, the effect was in the opposite direction, which is 
hydrologically correct. The mean difference decreased as hydraulic conductivity increased and reached 
1.23 ft when hydraulic conductivity was increased 30 percent. The mean difference increased as hydraulic 
conductivity decreased and reached 3.25 ft when hydraulic conductivity was decreased 30 percent. The 
mean difference was closest to zero when hydraulic conductivity was increased 30 percent. The mean 
absolute difference was 8.67 ft when hydraulic conductivity was increased 30 percent and was 9.72 ft 
when hydraulic conductivity was decreased 30 percent. This difference was at a minimum when hydraulic 
conductivity was increased 30 percent. The root-mean-square difference was 11.91 ft when hydraulic 
conductivity was increased 30 percent and was 13.47 ft when hydraulic conductivity was decreased 30 
percent. This difference was at a minimum when hydraulic conductivity was increased 20 percent. The 
sensitivity analysis of hydraulic conductivity suggests that an increase in hydraulic conductivity might 
have been beneficial to calibration. However, this change was not made because it would have degraded 
the simulated groundwater discharge to some streams. 
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Figure 23. Comparison of simulated 1950 water-level contours in the overlap area of the Central Model Unit (CMU) and Eastern Model Unit 
(EMU). The model areas extend beyond what is shown in this figure, as indicated by the arrows. Central Model Unit contours were as of 
August 16, 2007, and could be slightly different from the final documented version. 
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Figure 24. Effects of varying rangeland recharge, hydraulic conductivity, evapotranspiration, streambed conductance, and the ratio of horizontal to 
vertical hydraulic conductivity on simulated 1950 water levels.  
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The mean difference decreased as streambed conductance increased and reached 1.75 ft when 
streambed conductance was increased 30 percent. The mean difference increased as streambed 
conductance decreased and reached 2.45 ft when streambed conductance was decreased 30 percent. The 
mean difference was closest to zero when streambed conductance was increased 30 percent. The mean 
absolute difference was 8.88 ft when streambed conductance was increased 30 percent and was 9.05 ft 
when streambed conductance was decreased 30 percent. This difference was at a minimum when 
streambed conductance was increased 30 percent. The root-mean-square difference was 12.06 ft when 
streambed conductance was increased 30 percent and was 12.23 ft when streambed conductance was 
decreased 30 percent. This difference was at a minimum when streambed conductance was increased 30 
percent. The sensitivity analysis of streambed conductance suggests that a 30 percent increase in 
streambed conductance might have been beneficial to calibration. However, this change was not made 
because it would have degraded the simulated groundwater discharge to streams. 

The mean difference decreased as the maximum evapotranspiration rate increased and reached 1.67 ft 
when the maximum rate was increased 30 percent. The mean difference increased as the maximum 
evapotranspiration rate decreased and reached 2.46 ft when the maximum rate was decreased 30 percent. 
The mean difference was closest to zero when maximum evapotranspiration rate was increased 30 
percent. The mean absolute difference was 8.76 ft when the maximum evapotranspiration rate was 
increased 30 percent and was 9.17 ft when the maximum rate was decreased 30 percent. This difference 
was at a minimum when the maximum evapotranspiration rate was increased 30 percent. The root-mean-
square difference was 11.93 ft when the maximum evapotranspiration rate was increased 30 percent and 
was 12.33 ft when the maximum rate was decreased 30 percent. This difference was at a minimum when 
the maximum evapotranspiration rate was increased 30 percent. The sensitivity analysis of the maximum 
evapotranspiration rate suggests that a 30 percent increase in the maximum rate might have been 
beneficial to calibration. However, the maximum rate used in the simulation was based on recent studies 
of riparian evapotranspiration (M.K. Landon, U.S. Geological Survey, personal commun., July, 2004), 
and was not adjusted to improve calibration. 

The sensitivity analysis of the ratio of horizontal to vertical hydraulic conductivity shows that effects 
of changes to the ratio of horizontal to vertical hydraulic conductivity in the model were negligible. 
Therefore, no changes to the ratio of horizontal to vertical hydraulic conductivity would have been 
beneficial to calibration. 

The sensitivity of streamflow to hydraulic conductivity rangeland recharge, evapotranspiration, 
streambed conductance, and the ratio of horizontal to vertical hydraulic conductivity in the pre-
groundwater development period was investigated for four streams: the Platte River from Brady to Cozad, 
Thompson Creek, Turkey Creek in Furnas County, and the Platte River from Overton to Odessa (fig. 25). 
The simulated flow to the Platte River from Brady to Cozad at calibration was 51 ft3/s. The simulated 
flow was 67 ft3/s when rangeland recharge was increased 30 percent and 35 ft3/s when rangeland recharge 
was decreased 30 percent. The simulated flow was 52 ft3/s when hydraulic conductivity was increased 30 
percent, and 47 ft3/s when hydraulic conductivity was decreased 30 percent. The simulated flow was 
43 ft3/s when the evapotranspiration was increased 30 percent, and 60 ft3/s when the evapotranspiration 
was decreased by 30 percent. The simulated flow was 50 ft3/s when the ratio of horizontal to vertical 
hydraulic conductivity was increased 30 percent, and was 51 ft3/s when the ratio of horizontal to vertical 
hydraulic conductivity was decreased by 30 percent. The simulated flow was 51 ft3/s when streambed 
conductance was increased by 30 percent, and was 49 ft3/s when streambed conductance was decreased 
by 30 percent. The Platte River from Brady to Cozad was most sensitive to changes in rangeland recharge 
and evapotranspiration, least sensitive to hydraulic conductivity and streambed conductance, and 
relatively insensitive to changes in the ratio of horizontal to vertical hydraulic conductivity. 

The simulated flow to Thompson Creek at calibration was 15 ft3/s. The simulated flow was 17 ft3/s 
when rangeland recharge was increased 30 percent and 13 ft3/s when rangeland recharge was decreased 
30 percent. The simulated flow was 15 ft3/s when hydraulic conductivity was increased 30 percent, and 
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15 ft3/s when hydraulic conductivity was decreased 30 percent. The simulated flow was 15.1 ft3/s when 
the evapotranspiration was increased 30 percent, and 15 ft3/s when the evapotranspiration was decreased 
by 30 percent. The simulated flow was 15 ft3/s for all changes to the ratio of horizontal to vertical 
hydraulic conductivity. The simulated flow was 16 ft3/s when streambed conductance was increased by 
30 percent, and was 13 ft3/s when streambed conductance was decreased by 30 percent. Thompson Creek 
was sensitive to changes in rangeland recharge and streambed conductance, but relatively insensitive to 
changes in hydraulic conductivity, evapotranspiration and the ratio of horizontal to vertical hydraulic 
conductivity. 

The simulated flow to Turkey Creek at calibration was 1.9 ft3/s. The simulated flow was 2.9 ft3/s 
when rangeland recharge was increased 30 percent and 1.0 ft3/s when rangeland recharge was decreased 
30 percent. The simulated flow was 1.5 ft3/s when hydraulic conductivity was increased 30 percent and 
2.3 ft3/s when hydraulic conductivity was decreased 30 percent. The simulated flow was 1.8 ft3/s when the 
evapotranspiration was increased 30 percent, and 1.9 ft3/s when the evapotranspiration was decreased by 
30 percent. The simulated flow was 1.9 ft3/s for all changes to the ratio of horizontal to vertical hydraulic 
conductivity. The simulated flow was 2.0 ft3/s when streambed conductance was increased by 30 percent, 
and was 1.7 ft3/s when streambed conductance was decreased by 30 percent. Turkey Creek was most 
sensitive to changes to hydraulic conductivity and streambed conductance, but insensitive to changes to 
rangeland recharge, the ratio of horizontal to vertical hydraulic conductivity, and evapotranspiration. 

The simulated flow to the Platte River from Overton to Odessa at calibration was -8.0 ft3/s. The 
simulated flow was -4.0 ft3/s when rangeland recharge was increased 30 percent and -12 ft3/s when 
rangeland recharge was decreased 30 percent. The simulated flow was steady at -8.0 ft3/s for all hydraulic 
conductivity changes. The simulated flow was -13 ft3/s when the evapotranspiration was increased 30 
percent, and -3.0 ft3/s when the evapotranspiration was decreased by 30 percent The simulated flow was   
-8.0 ft3/s for all changes to the ratio of horizontal to vertical hydraulic conductivity. The simulated flow 
was -8.0 ft3/s for all changes to streambed conductance. Platte River from Overton to Odessa was 
sensitive to changes in rangeland recharge and evapotranspiration, but insensitive to changes in hydraulic 
conductivity, the ratio of horizontal to vertical hydraulic conductivity and streambed conductance. 

For the groundwater development period, sensitivity analysis was done for the entire 1950-98 period, 
using the weighted measure calculated as described in the Groundwater Development Period Calibration 
section. The weighted measure represents the difference of the simulated changes from the observed 
changes for all simulation periods, thus displaying the sensitivities using 1,116 points instead of only 
using a portion of the calibration points or only using points for one time period. Therefore, examination 
of the weighted measure response to various input changes should provide the most useful insight into 
model sensitivities. The model was most sensitive to irrigated land recharge followed closely by net 
pumpage, and was least sensitive to specific yield, followed closely by dryland recharge (fig. 26). The 
model was fairly insensitive to canal seepage recharge. The insensitivity to canal seepage recharge may 
be due to a small number of water-level observation points in the area of the groundwater mound in 1950. 
The mound grew more rapidly prior to 1950 and in the 1950-61 period, than it did in the 1961-73, 
1973-85, and 1985-98 periods when observation points were more numerous.  

At calibration, the mean difference between simulated and observed water-level changes was 0.34 ft. 
This difference was -2.05 ft when net pumpage was reduced 30 percent and was 2.96 ft when net 
pumpage was increased 30 percent. This difference was closest to zero when net pumpage was increased 
5 percent. The mean absolute difference between simulated and observed water-level changes was 3.64 ft 
at calibration; this difference was 3.94 ft when net pumpage was reduced 30 percent and was 5.02 ft when 
net pumpage was increased 30 percent. This difference was at a minimum when net pumpage was 
reduced 5 percent. At calibration the root-mean-square difference between simulated and observed water- 
level changes was 5.11 ft; this difference was 5.30 ft when net pumpage was reduced 30 percent and was 
6.66 ft when net pumpage was increased 30 percent. This difference was at a minimum when net 
pumpage was reduced 5 percent.  
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Figure 25. Effects of varying hydraulic conductivity, rangeland recharge, ratio of horizontal to vertical hydraulic conductivity, evapotranspiration and 
streambed conductance on simulated flow of the Platte River from Brady to Cozad and Overton to Odessa, Turkey Creek (Furnas County), and 
Thompson Creek. 



 

 Page 67 of 80  01/26/2009 

 

Figure 26. Effects of varying specific yield, net pumpage, dryland recharge, irrigated land recharge, and canal seepage recharge on simulated 1950-
98 water-level changes. Canal seepage recharge included recharge from the over- and under-application of surface-water irrigation. 
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The groundwater-development period model showed a similar sensitivity to irrigated land recharge, 
though in the opposite direction, which is hydrologically correct. The mean difference was 2.29 ft when 
irrigated land recharge was reduced 30 percent, and was -1.47 ft when irrigated land recharge was 
increased by 30 percent. This difference was closest to zero when irrigated land recharge was increased 5 
percent. The mean absolute difference was 5.13 ft when irrigated land recharge was reduced 30 percent, 
and was 3.72 ft when irrigated land recharge was increased 30 percent. The mean absolute difference was 
at a minimum when irrigated land recharge was increased 5 percent. The root-mean-square difference 
between simulated and observed water-level changes was 6.89 ft when irrigated land recharge was 
reduced 30 percent, and was 4.94 ft irrigated land recharge was increased 30 percent. This difference was 
at a minimum when irrigated land recharge was increased 5 percent. 

The model was least sensitive to changes in canal seepage recharge and dryland recharge. The mean 
difference was 0.11 ft when canal seepage recharge was decreased by 30 percent, and was 0.55 ft when 
canal seepage was increased by 30 percent. This difference was closest to zero when canal seepage 
recharge was decreased by 30 percent. The mean absolute difference was 3.80 ft when canal seepage 
recharge was decreased by 30 percent, and 3.77 ft when canal seepage recharge was increased by 30 
percent. This difference was at a minimum when canal seepage recharge was decreased by 5 percent. The 
root mean square difference was 5.20 ft when canal seepage recharge was decreased by 30 percent, and 
5.29 ft when canal seepage recharge was increased by 30 percent. This difference was at a minimum 
when canal seepage recharge was decreased by 5 percent. 

The mean difference for dryland recharge was -0.08 ft when decreased by 30 percent, and 0.73 ft 
when dryland recharge increased by 30 percent. This difference was closest to zero when dryland 
recharge decreased by 20 percent. The mean absolute difference was 3.81 ft when dryland recharge 
decreased by 30 percent, and was 3.63 ft when dryland recharge increased by 30 percent. This difference 
was at a minimum when dryland recharge decreased by 5 percent. The root mean square difference was 
5.41 ft when dryland recharge decreased by 30 percent, and was 5.03 ft when dryland recharge increased 
by 30 percent. This difference was at a minimum when dryland recharge increased by 5 percent. 

The groundwater-development period model was relatively insensitive to changes in specific yield, 
especially for changes of 10 percent or less. 

The sensitivity of simulated 1950-98 stream discharge with respect to model parameters was not 
investigated during the sensitivity runs. 

 

Limitations on Use of this Model  

This model was designed to be a regional representation of the groundwater flow system. As such, it 
is useful for investigating the effects of water management plans over townships or counties. It should not 
be used to investigate effects over a few square miles or less. The model also was designed to look at the 
effects of water management plans over scales of years to decades. It should not be viewed as capable of 
predicting effects through one year or less. 

This groundwater flow model is an aggregation and simplification of the natural system, and contains 
the best available information and essential features of the natural flow system. It was constructed for the 
purpose of simulating water-management scenarios for the Platte River basin in the Eastern Model Unit 
of the COHYST study area, as well as providing the framework for construction of other models with 
different time factors or smaller spatial resolution. Care should be exercised if this model is used beyond 
the purpose for which it was constructed. 

As with all models, the calibration of this model is potentially non-unique in that a different set of 
model inputs could have produced similar results. This uncertainty was reduced by calibrating the pre-
groundwater development model to both streamflows and observed water levels, which fixed the 
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hydraulic conductivity and the pre-groundwater development rangeland recharge. Those parameters were 
not adjusted during calibration of the groundwater development period simulation. 

One particular type of model error, called Type IV Error, can limit the usefulness of a model. A Type 
IV Error refers to a model input to which the model calibration is insensitive, but to which the model use 
is sensitive. Simulated maximum evapotranspiration rate might fall into this category for some uses of 
this model. As was shown in the Model Sensitivity section, simulated water levels were somewhat 
insensitive to the maximum evapotranspiration rate. The simulated discharges to streams were somewhat 
sensitive to evapotranspiration rate, but the observed discharges to some streams were only known within 
fairly broad ranges (table 5). The best that can be done with a Type IV Error is to make the input as 
realistic as possible and attempt to reduce the uncertainty of the input.  

The model is better calibrated in areas with greater numbers of water-level or streamflow 
observations against which to calibrate, and may be less well calibrated to areas with little or no 
calibration information. The inputs to which the model is more sensitive are naturally better calibrated 
than those inputs to which the model is less sensitive.  

The Platte River was simulated as a river boundary in the model described in this report. This is 
appropriate because this stream seldom goes dry, and when it does, the period during which it is dry is 
short compared to the 48 years of analysis. As a result of how this stream was simulated, this model 
should not be used to calculate effects of management scenarios that may cause this stream to go dry for 
months or years. If there is a need to investigate such management scenarios in the future, the Platte River 
should first be converted to a stream boundary. 

This model should not be used to simulate contaminant transport without specifically calibrating it for 
that purpose. Flow models tend to be most sensitive to average inputs in a region whereas solute transport 
models tend to be most sensitive to the extreme inputs in a region (Luckey and Cannia, 2005). As a result, 
this regional flow model might not adequately simulate solute transport without specific calibration for 
that purpose.  

 

Further Work  

This report is the culmination of a multi-year effort to construct and calibrate a groundwater flow 
model for the Eastern Model Unit. As with all models, this model can only represent the flow system as it 
was understood at the time the model was constructed. As more information is collected and the 
understanding of the flow system improves, this model should be updated. Small changes in inputs are 
not likely to change the model, but as data suggesting large changes or many small changes become 
available, this model should benefit from incorporating those changes. 

For instance, data collected during recent testhole drilling in southern Gosper County (R. Holloway, 
Tri-Basin Natural Resources District, personal commun., 2004) has shown the actual configuration of 
hydrostratigraphic units to be tens of feet different in elevation at some locations from what was mapped 
by Cannia and others (2006). This suggests that adding more testhole or irrigation well log data could 
improve those maps, which in turn could be expected to improve the models.  

Canal seepage recharge is an important model input for the Eastern Model Unit, but is only generally 
constrained in spatial distribution and volume. Any additional data collected to better define the 
distribution of canal seepage or to improve estimates of the volume of canal seepage should improve the 
model or lead to an improved conceptual model of the system. 

The groundwater development period simulation starts in 1950; however, many irrigation wells were 
already operating in the Platte River valley prior to this time (Cooperative Hydrology Study, 2004). 
Within the bottomlands of the Platte River valley in the Eastern Model Unit, over 3,600 irrigation wells 
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were drilled prior to 1950, with over 1,000 drilled prior to 1940. Furthermore, these wells were not 
required to be registered in those times, so the actual number of operational wells in the Platte River 
valley may have been even larger. The current pre-groundwater development simulation does not 
simulate any of the effects of early irrigation wells, though it appears that the impact of those wells is 
probably important enough that they should be added in future simulations. 

The groundwater development period model was hampered by the lack of pumpage data. Better 
pumpage data is something that the Natural Resources Districts in some parts of the COHYST area have 
identified as a priority. A number of years of pumpage data would be needed before such pumpage data 
could be used to improve the model. In addition to better pumpage data, better estimates are needed for 
deep percolation from pumped irrigation water as well as recharge from precipitation on irrigated fields. 
These processes need further research and refinement. 

Recent advances in groundwater modeling software have provided new methods of representing 
geology (Anderman and Hill, 2000) and solving flow equations (Mehl and Hill, 2001). If the simulation 
were modified to work with this new software, computer run time should decrease, which would allow for 
easier testing of model improvements. Also, recent advances in automated parameter estimation using 
MODFLOW-2000 (Harbaugh and others, 2000) and PEST (Doherty, 2004) allow for comprehensive 
exploration of model uncertainty and sensitivity, and could lead to an improved conceptual model of the 
system. 
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SECTION 02580 1 

GRAVEL PACK WELLS 2 

PART 1 - GENERAL 3 

1.1 SUMMARY 4 

A. Section Includes: 5 

1. Construction and development of three (3) gravel pack water supply wells.  Wells to be 6 

constructed near existing City Wells No. 27, 34, and 35. 7 

a. One (1) vertical well with expected capacity of 1,300 gpm (Well 27A). 8 

b. Two (2) vertical wells with expected capacity of 2,000 gpm (Wells 34A and 35A). 9 

2. Performing well plumbness and alignment tests. 10 

3. Test pumping of the well(s) including well recovery measurements. 11 

4. Well analysis and report. 12 

5. Disinfection of the water supply well. 13 

6. Temporary capping of the well. 14 

7. Abandonment of the well if so directed by the Owner and Engineer. 15 

8. Miscellaneous work specified or required. 16 

1.2 QUALITY ASSURANCE 17 

A. Referenced Standards: 18 

1. ASTM International (ASTM): 19 

a. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, 20 

Welded and Seamless. 21 

b. D2464, Standard Specification for Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe 22 

Fittings, Schedule 80. 23 

c. F480, Standard Specification for Thermoplastic Well Casing Pipe and Couplings Made 24 

in Standard Dimension Ratios (SDR), SCH 40 and SCH 80. 25 

2. American Welding Society (AWS): 26 

a. Code for Arc and Gas Welding. 27 

3. American Water Works Association (AWWA): 28 

a. A100, Standard for Water Wells. 29 

4. State of Nebraska: 30 

a. Department of Health and Human Services (DHHS). 31 

1) NAC Title 179 Chapter 7, Siting, Design and Construction of Public Water 32 

Systems 33 

B. Qualifications: 34 

1. Contractor shall be a licensed well driller in the State of Nebraska in accordance with NAC 35 

46-1213 Water Well Standards and Contractors' Practice Act.  36 

2. Submit list of above described wells with bid. 37 

a. Include location, Owner, telephone number, contact person and brief description of 38 

wells. 39 

3. Submit identification and qualification of person(s) analyzing driller's log, whether on 40 

driller's staff, special consultant, or equipment manufacturer. 41 

C. Comply with all State of Nebraska rules and regulations concerning municipal water supply 42 

wells. 43 

D. Contractor shall comply with and be responsible to adhere to the terms and conditions of the 44 

Owner-supplied general permit for temporary dewatering and temporary use permit. 45 
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1.3 SUBMITTALS 1 

A. Shop Drawings: 2 

1. Submit shop drawings for approval by Engineer. 3 

2. Product technical data including: 4 

a. Well casing and cap. 5 

b. Well screen. 6 

c. Gravel pack gradation. 7 

d. Well seal. 8 

3. By submitting the Shop Drawings, Contractor acknowledges that products submitted meet 9 

the requirements of all standards referenced. 10 

B. Submit four (4) copies of the following Well Data at appropriate times during construction: 11 

1. Daily driller's report: 12 

a. During the drilling of the production well, maintain a daily, detailed driller's report. 13 

b. Furnish a complete description of all formations encountered, number of feet drilled, 14 

number of hours on the job, shutdown due to breakdown, feet of casing set, and such 15 

other pertinent data as may be requested by the Engineer. 16 

2. Driller's log: 17 

a. During the drilling of the production well, prepare and keep and complete log setting 18 

for the following: 19 

1) The reference point for all depth measurements. 20 

2) The depth at which each change of formation occurs. 21 

3) The depth at which the first water was encountered. 22 

4) The thickness of each stratum. 23 

5) The identification of the material of which each stratum is composed, such as: 24 

a) Clay. 25 

b) Sand or silt. 26 

c) Sand and gravel:  Indicate whether gravel is loose, tight, angular or smooth; 27 

color. 28 

d) Cemented formation:  Indicate whether grains (if present) have natural 29 

cementing materials between them, e.g., silica, calcite, etc. 30 

e) Hard rock. 31 

6) Samples of formations encountered (one set total). 32 

7) The depth interval from which each formation sample was taken. 33 

8) Sieve analysis of each significant water bearing formation. 34 

a) Provide a minimum of three (3) 7-point sieve analyses per boring from wash 35 

bore samples. At a minimum the following standard US Sieve Sizes should be 36 

used: No.4, No.8, No. 16, No. 30, No. 50, No. 100, and No. 200. 37 

9) The depth to the static water level (SWL) and changes in SWL with well depth if 38 

measurable with drilling method used. 39 

10) Total depth of completed well. 40 

11) Confirm Engineer recommended gravel pack gradation and well screen type and 41 

opening size. 42 

a) Submit name of gravel pack supplier. 43 

b) Contractor recommended gravel pack gradation and screen slot size in vertical 44 

well will be reviewed by Engineer. 45 

12) Any and all other pertinent information for a complete and accurate log. 46 

13) Depth or location of any lost drilling fluid, drilling materials or tools. 47 

14) The depth of the surface seal. 48 

15) The amount of cement (number of sacks) installed for the seal. 49 

16) The depth and description of the well casing. 50 

17) The description (to include type, length, diameter, slot sizes, material, and 51 

manufacturer) and location of well screens. 52 

a) Include full manufacturer's recommendations for screen to casing attachment 53 

with specific connection or welding recommendations. 54 

18) Results of well alignment and plumbness test. 55 
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19) The sealing off of water-bearing strata, if any, and the exact location thereof. 1 

3. Production well performance test results and recommendations: 2 

a. Keep accurate records of the pumping tests and furnish copies of all records upon 3 

completion of the tests. 4 

b. Include the date of the test, the clock time and elapsed pumping time of each 5 

measurement, the depth to water below the measuring point, the pumping rate at the 6 

time of measurement, and any pertinent comments on conditions that may affect the 7 

measurements. 8 

c. Provide description of methods and results of development of well. 9 

d. Provide copies of the results of the well performance tests as described in these 10 

specifications, including electronic data files for pressure transducers.   11 

e. Reduce data from the test pumping and recovery period by computation and plot to 12 

determine the degree of development, efficiency and coefficient of transmissibility of 13 

the well. 14 

1) Raw data and computed data are to be prepared in tabular form. 15 

2) Graphical plots of time-drawdown and time-recovery shall be made on three-cycle 16 

semilog charts. 17 

3) Describe methods used in computations and show example calculations. 18 

f. Provide results of the bacterialogical water analysis. 19 

g. Provide all testing results to Engineer. 20 

4. Drawings showing "As Constructed" conditions for completed well. 21 

5. Completed State of Nebraska Well Completion Report: 22 

a. Submit copy to Engineer and State of Nebraska Department of Natural Resources. 23 

PART 2 - PRODUCTS 24 

2.1 ACCEPTABLE MANUFACTURERS 25 

A. Subject to compliance with the Contract Documents, the following manufacturers are 26 

acceptable: 27 

1. Continuous slot wire wound screen: 28 

a. Johnson Hi-Flow, Cook, Roscoe Moss, or Houston. 29 

b. Cook. 30 

c. Roscoe. 31 

d. Houston. 32 

2.2 MATERIALS 33 

A. Well Casing for Production Well: 34 

1. Provide steel well casing and surface casing material conforming to ASTM A53 (Grade B). 35 

2. Furnish well casing diameter and length as shown on Drawings. 36 

3. Thickness: 37 

a. 18 IN DIA:  Minimum 0.50 IN wall thickness casing with a minimum weight per foot 38 

of 125 LBS. 39 

4. Weld rings shall be at least 4 IN wide and be of same material as casing. 40 

B. Well Screen for Production Well: 41 

1. Provide well screen fabricated of Type 304 stainless steel. 42 

2. Provide well screen of adequate strength to minimize the external forces that will be applied 43 

to it during installation, development and use. 44 

3. Furnish screen diameter and length as shown on Drawings. 45 

4. Limit water entrance velocity, through screen openings to 0.10 fps. 46 

5. Screen shall have a minimum open area of 300 sq inch/foot of screen. 47 

6. Screen slot size, screen type and gravel pack gradation as shown on Drawing.  Final gravel 48 

pack and screen slot size shall be recommended by Contractor, subject to review by 49 

Engineer. 50 

7. Weld rings shall be at least 4 IN wide and be of same material as screen. 51 
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C. Production Well Gravel Pack: 1 

1. Provide gravel pack material consisting of clean well rounded grains that are smooth and 2 

uniform. 3 

a. The material shall be siliceous with a limit of 5 percent by weight of calcareous 4 

material. 5 

2. Provide gravel pack consisting of hard, rounded grains with an average specific gravity of 6 

not less than 2.5. 7 

a. Not more than 1 percent by weight of the material shall have a specific gravity of 2.25 8 

or less. 9 

3. Provide filter material containing not more than 2 percent by weight of thin, flat or 10 

elongated pieces and free of shale, mica, clay, sand, dirt, loam, and organic impurities and 11 

containing no iron or manganese in a form which will adversely affect water quality. 12 

4. Gradation:  Contractor shall select gravel pack gradation subject to review by Engineer.  13 

The acceptable gravel pack envelope for the production well will be based on the results of 14 

the grain size distribution analysis performed on samples collected from the test hole.  A 15 

multiplier range of 3 to 6 times the d30 of the finest sample within the screened interval of 16 

the production well is acceptable for the filter pack.  The recommended filter pack should 17 

have a uniformity coefficient of < 2.5. 18 

D. Well Sanitary Seal: 19 

1. Cement grout shall be a mixture consisting of a high sulfate resistant type Portland cement 20 

and not more than 6 GAL of clean water per bag (1 CF or 94 LBS) of cement. 21 

a. Cement-based grout must be placed using a tremie pipe.  Tremie pipe must be kept full 22 

during grouting.  Tremie pipe must be kept submerged just below the surface of the 23 

grout until the grout zone is completely filled. 24 

2. Cement based grout installed to a minimum depth of 10 feet below the discharge of the 25 

pitless adaptor unit (see Drawing).  26 

3. Chip bentonite must be installed from the top of the gravel pack to the base of the cement 27 

based grout (see Drawing). Bentonite shall be a mixture consisting of a high solids, sodium 28 

bentonite material which has been commercially manufactured and specially formulated for 29 

use as a well casing seal. 30 

PART 3 - EXECUTION 31 

3.1 PREPARATION 32 

A. Production Well Construction Method: 33 

1. Drilling method shall be reverse rotary circulation. 34 

2. Borehole diameter:  36 IN DIA. 35 

3. The drill rig shall be capable of utilizing water, whereby the water and drillings are pumped 36 

up through a drill stem having a minimum 7 IN DIA. 37 

4. The Contractor shall take care to provide a continuous and sufficient supply of water so that 38 

the drill hole will be kept full throughout the drilling operation. 39 

a. The water may be recirculated through a temporary sump of adequate size and depth to 40 

remove the drillings from the water. 41 

5. A temporary outer casing shall be installed as the drilling progresses, if required, to prevent 42 

sloughing or caving of the natural formation. 43 

a. Temporary casing may be used materials if they are in good condition. 44 

b. Temporary casing shall be removed prior to placing well grout. 45 

6. Upon completion of the bore hole, the casing and screen shall then be set and the gravel 46 

pack placed as specified in PART 3. 47 

7. The use of drilling mud will not be permitted in the well construction operation. 48 

B. Sanitary Protection of Well: 49 

1. At all times during the progress of the work, use reasonable precautions to prevent either 50 

tampering with the well or the entrance of foreign material into it. 51 
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a. Keep well drilling equipment and tools clean. 1 

b. Cap with a watertight welded or threaded cap or equipped with some other type of 2 

"vandalproof" cover satisfying applicable state or local regulations or 3 

recommendations. 4 

2. Upon completion of well, install a suitable welded cap so as to prevent any pollutants from 5 

entering the well. 6 

3. Slope ground immediately surrounding the top of the well casing away from well. 7 

 8 

3.2 INSTALLATION 9 

A. Production Well: 10 

1. Well casing: 11 

a. Provide casing joints which are welded watertight joints with 4 IN weld rings for 12 

attaching centralizers. 13 

1) Welds must conform to AWS Code for Arc and Gas Welding. 14 

2) Four (4) centralizers shall be attached at each casing and screen joint. 15 

b. Casing shall be welded to well screen with 4 IN weld rings. 16 

1) Weld rings shall be of same material as screen. 17 

c. Cap well casing when all testing is complete. 18 

2. Well screen: 19 

a. Attach screen, with closed bottom, in an approved manner to the casing and lower into 20 

well with the casing. 21 

1) The closed bottom of screen shall bear uniformly on the bottom of the hole. 22 

2) In no instance, drive or force into position. 23 

3) Suspend from the surface until the gravel pack has been placed. 24 

4) Center screen and casing in the borehole. 25 

5) The screen and casing shall be set plumb. 26 

b. Join screen sections by welded joints with 4 IN weld rings for attaching centralizers. 27 

1) Welds must conform to AWS Code for Arc and Gas Welding. 28 

2) The resulting joints must be straight, sand tight and retain 100 percent of the screen 29 

strength. 30 

3) Four (4) centralizers shall be attached at each casing and screen joint. 31 

c. To seal bottom of the deepest screen, provide a welded stainless steel plate for the 32 

screen. 33 

1) The material used shall be the same as the screen it is sealing. 34 

d. Attach three (3) tremie pipes for placement of gravel pack. 35 

1) The tremie pipes shall be equally spaced around the circumference of the screen. 36 

2) The tremie pipe that is on the top of the well screen after the well screen is fully 37 

installed shall be used for placement of the gravel pack. 38 

3) The two (2) others will be removed before placement of the pack. 39 

4) The size of the tremie pipe shall be large enough to ensure easy transmission of the 40 

selected gravel pack but not too large so the gravel pack is not placed in a 41 

controlled manner. 42 

3. Production well gravel pack: 43 

a. Install gravel pack to depth shown on Drawings. 44 

1) Protect gravel pack from contamination during delivery and storage. 45 

2) Do not install any gravel pack contaminated with foreign substances. 46 

b. Place gravel pack with tremie pipe such that pipe is not more than 5 FT above the top of 47 

the gravel already placed. 48 

c. Add water to the tremie pipe to prevent segregation of gravel. 49 

d. Disinfect the gravel pack as it is placed. 50 

1) Use 1 LB of 70 percent HTH chlorine powder or other acceptable sodium 51 

hypochlorite per cubic yard of gravel pack. 52 

4. Production well centralizers: 53 

a. Centralizers shall be manufactured with 3/8 IN wall steel cut in half moon shapes. 54 
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1) The half moon centralizers shall be welded to the 4 IN weld rings in a manner to 1 

center the screen and casing in the well. 2 

2) Four (4) centralizers shall be placed equal distance around the casing and screen on 3 

each weld ring. 4 

3) Centralizers shall be constructed of the same type of steel as the material they are 5 

welded to. 6 

B. Vertical Production Well Seal: 7 

1. Seal well after test pumping and after gravel pack thickness lost during development and 8 

test pumping is replaced in the well. 9 

a. Replace any gravel pack thickness lost in well during development and test pumping. 10 

2. Install chip bentonite from the top of the gravel pack to 10 feet below the discharge of the 11 

pitless unit.   12 

a. Placement of bentonite into the annular space must be done in a manner which ensures 13 

that bridging does not occur.  14 

b. Bentonite chips shall be hydrated using potable water. 15 

3. Install cement grout mixture from 10 feet below ground surface to the ground surface by 16 

pressure grouting. 17 

a. No work is permitted in well within 72 HRS after the grout operation. 18 

C. Protection of Quality of Water: 19 

1. Take necessary precautions to prevent contamination of the well and the aquifer from which 20 

the well is to draw its supply. 21 

2. In the event the well becomes contaminated due to the neglect of the Contractor, the 22 

Contractor, at his own expense, will perform such work as may be necessary to eliminate 23 

the contamination as directed by Engineer. 24 

3.3 FIELD QUALITY CONTROL 25 

A. Plumbness/Alignment Tests, Alignment Tests, and Orientation Tests: 26 

1. Furnish labor, tools and equipment and perform the tests described herein. 27 

a. Vertical production wells: 28 

1) Conduct alignment/plumbness test. 29 

2) Completed well shall be constructed round, plumb and true to line. 30 

3) Tests for plumbness and alignment shall be made after well construction is 31 

completed. 32 

4) Test well full depth in accordance with AWWA A100, Appendix D. 33 

a) Plumbness:  Maximum horizontal deviation (drift) of the well casing center 34 

line from the vertical shall not exceed two-thirds (2/3) of the smallest inside 35 

diameter of the part of the well being tested per 100 FT. 36 

b) Alignment:  Maximum horizontal deviation between the actual well centerline 37 

and a straight line representing the proposed pump centerline shall not exceed 38 

one-half (1/2) of the difference between the inside diameter casing/hole in that 39 

part of the well being tested and the maximum outside diameter of the 40 

proposed pump to be installed. 41 

2. Conduct the test for plumbness/alignment or alignment following construction of the well, 42 

and before test pump equipment is installed. 43 

3. Provide Engineer and Owner advance notice of the date of such test. 44 

4. Correct the plumbness/alignment of the well at Contractor's expense. 45 

5. Make records of deflection readings, interpretations of results and all other pertinent 46 

information a part of the permanent well log and record. 47 

6. Should the Contractor fail to correct the faulty alignment/plumbness, the Owner may refuse 48 

to accept the well. 49 

B. Well Development: 50 

1. Vertical production wells: 51 

a. At a minimum, provide a double surge block device for the air development of each 52 

well as follows: 53 
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1) The surge block shall have a swedge fit into the 24 IN DIA well with top and 1 

bottom confining plates, no more than 2 IN less than the ID of screen. 2 

a) The plates shall be spaced 10 FT apart. 3 

2) The eductor pipe shall be a minimum 8 IN DIA with a 2 IN DIA air line. 4 

a) The eductor pipe between swab flanges shall have holes drilled to allow water 5 

to enter and be carried to the surface. 6 

3) Provide an air compressor and sufficient eductor and air line pipe to pump 500 7 

gpm minimum from each 10 FT section of screen being developed. 8 

a) Supply experienced personnel to operate the air lift system. 9 

4) Begin at the top of screen and develop each 10 FT or less of screen with the double 10 

surge block air lift device. 11 

5) Include in Bid a minimum of 6 HRS development work for each 10 FT section of 12 

screen. 13 

a) Additional development time required to meet sediment content limit shall be 14 

at the Contractor's expense. 15 

6) Develop each 10 FT section of screen so the sediment content of the finished well 16 

water is 1 mg/l or less as determined by Rossum testing apparatus or other 17 

equivalent centrifugal sand sample. 18 

7) Submit to Engineer for each well a log showing development time for each 10 FT 19 

section of screen. 20 

2. The well shall be fully developed to obtain the maximum yield of water per foot of 21 

drawdown and as necessary to extract from the water-bearing strata the maximum practical 22 

quantity of such sand as would tend to be drawn through the screen during the life of the 23 

well. 24 

a. The well shall be further developed after the test pump has been installed by surging 25 

with the test pump for a minimum of 2 HRS. 26 

3. Water produced during development pumping shall remain on-site and appropriate 27 

erosion/sedimentation control measures, which may include straw bales and filter fencing, 28 

will be employed to prevent the discharge of sediment to the Missouri River. 29 

a. After sediment separation, water may be discharged to the Missouri River. 30 

C. Well Pumping Tests (Production Well): 31 

1. Furnish and install the following equipment, and remove when complete. 32 

a. Vertical production wells: 33 

1) A vertical turbine pump with a diesel or gasoline engine and capable of pumping at 34 

least 2,000 gpm. 35 

a) Provide pump assuming no electrical power is not available at the site. 36 

b) The pump suction shall be no more than 10 FT above the bottom of the well. 37 

c) Provide a water sample tap between the pump head and the check valve 38 

assembly. 39 

d) Contractor shall man pump equipment at all times during all well pumping 40 

tests. 41 

2. Calibrated orifice plate properly leveled with manometer tube to control and measure 42 

pumping rate. 43 

a. Pressure changes at the manometer tube shall be measured and recorded (for the 44 

duration of the test) using a pressure transducer/data logger. 45 

3. An opening of no less than 2 IN will be provided for access of a water level meter or 46 

pressure transducer. 47 

4. Furnish and install an electronic water level monitor for accurately measuring water level in 48 

each production well drawdown during step and constant rate testing. 49 
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a. Collect manual water level measurements from all applicable observations wells 1 

according to the following schedule:  0 to 10 minutes - every minute; 10 to 45 minutes - 2 

every 5 minutes; 45 to 90 minutes - every 15 minutes; 90 to 180 minutes - each half 3 

hour; 180 minutes to the end of the test - each hour.  If measurements are not made 4 

exactly at the times specified, record the actual time of each measurement.  On 5 

completion of pumping, make recovery measurements according to the above 6 

drawdown schedule 7 

5. Furnish continuous water level data recorders and pressure transducers for observation wells 8 

during the step and constant rate tests.  Assume a minimum of two (2) observation wells and 9 

pumping well will be monitored. 10 

6. Temporary hose and/or pipe to convey pumped water overland to discharge into the 11 

Missouri River, including gate valve at discharge end. 12 

a. No trenching, ditching or excavation will be acceptable. 13 

b. Size hose/pipe to convey maximum pumping rate. 14 

7. Appropriate erosion control measures which may include plastic or plywood sheeting to 15 

control erosion at the discharge orifice. 16 

8. First, step pump production well at the following rates (rates to be verified by Engineer) and 17 

time lengths: 18 

a. 1,200 gpm flow rate for 2 HRS. 19 

b. 1,400 gpm flow rate for 2 HRS. 20 

c. 1,600 gpm flow rate for 2 HRS. 21 

d. 1,800 gpm flow rate for 2 HRS. 22 

e. A recovery observation period after the 4 HR step test pumping interval until the 23 

original static water level is reached or for 12 HRS, whichever occurs first. 24 

9. After the step-drawdown test is completed, pump production well at the following constant 25 

rate and time length: 26 

a. A pumping rate recommended by the Contractor and approved by the Engineer for a 27 

minimum of 48 HRS. 28 

1) Estimated rate is 1,800 gpm. 29 

2) Allow Engineer a minimum of 48 HRS notice to approve pumping rate, not 30 

including Saturday, Sunday or holiday. 31 

b. A recovery observation period until the original static water level is reached or for 32 

24 HRS, whichever occurs first. 33 

1) The recovery observations shall commence immediately after constant rate 34 

pumping. 35 

D. Record the following information from each observation well and production pump test well. 36 

1. Static water level from the production pump test wells and observation wells prior to 37 

commencement of both the constant-rate and step-drawdown tests. 38 

2. Pumping water level from the production pump test wells and observation wells for the 39 

constant-rate and step-drawdown tests. 40 

3. Water level recovery measurements: 41 

a. Constant-rate test:  After the constant-rate test is completed, the water level recovery in 42 

the production pump test wells and each observation well shall be recorded until the 43 

original static water level is recovered or for 24 HRS, whichever occurs first. 44 

b. Step-drawdown test:  After the well is pumped at each pumping rate, the water level 45 

recovery shall be recorded in the production pump test wells and each observation well 46 

until the original static water level is recovered or for 12 HRS, whichever occurs first. 47 

c. Frequency of measurement:  Water level recovery measurements shall be recorded with 48 

the same frequency as those taken during each pumping test. 49 

4. Submit test pump manufacturer, column size, bowl assembly model and number of stages, 50 

depth of setting and power source used for approval of Engineer prior to installation. 51 

5. Manual flow rate measurements at intervals frequent enough to ensure a constant flow rate 52 

is maintained. 53 
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6. Failure of pump operation for a period greater than 1 percent of the elapsed pumping time 1 

shall require suspension of the test until the water level in the pumped well has recovered to 2 

its original level. 3 

a. Recovery is considered "complete" after the well has been allowed to rest for a period 4 

at least equal to the elapsed pumping time of the aborted test except that if any three (3) 5 

successive water level measurements spaced at least 20 minutes apart show no further 6 

rise in the water level in the pumped well, the test may be resumed immediately. 7 

1) The Engineer or Owner's Representative shall be the sole judge as to whether this 8 

latter condition exists. 9 

7. After completing the constant rate pumping test, remove by bailing, sand pumping or other 10 

methods, any sand, stones or other foreign material that may have become deposited in the 11 

production pump test well. 12 

8. Sand content testing: 13 

a. The sand content shall be determined by collecting well samples at the following times 14 

during the final pumping test: 15 

1) 15 minutes after start of the test. 16 

2) After 1/4 of the total planned test time has elapsed. 17 

3) After 1/2 of the time has elapsed. 18 

4) After 3/4 of the time has elapsed. 19 

5) Near the end of the pumping test. 20 

b. The maximum acceptable sand content shall be 1 mg/l from every sample without 21 

exception. 22 

c. Sand content shall be determined by using a Rossum testing apparatus as available from 23 

Roscoe Moss Company, Los Angeles, California, or equivalent. 24 

9. Well efficiency: 25 

a. Minimum well efficiency shall be 80 percent or greater as calculated by Engineer. 26 

b. Engineer shall use the Cooper-Jacob Modified Theis Equation or Cooper-Jacob 27 

Distance Drawdown Method based on the constant rate test data to calculate well 28 

efficiency. 29 

c. Regardless of the final well capacity, the resulting well shall have an efficiency as 30 

specified. 31 

d. If the calculated well efficiency is below 80 percent, the Contractor shall be responsible 32 

to do the following: 33 

1) Redevelop and retest (variable and constant rate) the well to meet the well 34 

efficiency requirements at no additional cost to the Owner. 35 

2) If, after redevelopment, the well does not meet minimum well efficiency, then 36 

properly abandon well and construct new well at no additional cost to Owner. 37 

a) Contractor has the right to salvage casing and screen from abandoned well. 38 

E. Production Well Water Quality and Sampling Analysis: 39 

1. During the constant rate test, collect a water quality sample at the end of the constant rate 40 

test. 41 

a. Samples will be collected to comply with Nebraska DHHS Title 179 requirements. 42 

b. Sample bottles, sample shipment and testing will be the responsibility of Contractor. 43 

c. Provide 24 HR notice to Engineer prior to sampling. 44 

1) Engineer shall witness the collection of sample, preparation of sample for shipment 45 

and be provided confirmation of shipment. 46 

F. Production Well Disinfection: 47 

1. After production pump test well is developed and well pump tests and water quality samples 48 

are completed, disinfect well and pump with chlorine solution. 49 

a. Thoroughly clean well of all foreign substances, oil, grease, joint dope, and scum, 50 

including tools, timbers, rope, debris, cement, prior to disinfection. 51 

b. Utilize chemical cleaners if necessary. 52 

2. Disinfect well in accordance with AWWA A100 and State of Nebraksa requirements. 53 

3. Furnish chlorine solution for disinfecting the well of such volume and strength that a 54 

minimum chlorine concentration of the solution is 200 ppm. 55 
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4. When flushing the well, the heavily chlorinated water used for disinfection shall not 1 

discharge to a stream, river or other waterway if chlorine is detected in the water. 2 

5. After well is disinfected and flushed, collect bacteriological samples as required by the State 3 

of Nebraska. 4 

a. Sample bottles and testing will be the responsibility of the Contractor. 5 

b. If bacteriological samples do not meet State of Nebraska requirements, or coliform 6 

organisms are present, Contractor shall re-disinfect well until an acceptable test report 7 

is obtained. 8 

END OF SECTION 9 
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SECTION 15107 1 

PITLESS ADAPTORS  2 

PART 1 - GENERAL 3 

1.1 SUMMARY 4 

A. Section Includes: 5 

1. Assembled pitless unit including well cap, lift-out bail, hold down hooks, lift out pipe, 6 

discharge body with support ring, spool and pressure equalizing passages. 7 

2. Pitless adaptors shall be used with submersible well pumps.  8 

B. Related Sections include but are not necessarily limited to: 9 

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract. 10 

2. Division 1 - General Requirements. 11 

3. Section 01340 - Submittals. 12 

4. Section 03002 - Concrete. 13 

1.2 QUALITY ASSURANCE 14 

A. Referenced Standards: 15 

1. American Water Works Association (AWWA). 16 

2. Water Systems Council Pitless Adaptor Standard 97. 17 

3. Recommended Standards for Water Works, Great Lakes Upper Mississippi River Board of 18 

State Public Health & Environmental Managers, Health Education Services, Albany, NY. 19 

1.3 SUBMITTALS 20 

A. Shop Drawings: 21 

1. See Section 01340. 22 

2. Product technical data including: 23 

a. Acknowledgement that products submitted meet requirements of standard reference. 24 

b. Manufacturer’s installation instructions. 25 

c. The Manufacturer and Model of the Pitless Unit to be installed. 26 

d. Detailed Specifications with Drawings of the System furnished by the manufacturer. 27 

B. Operation and Maintenance Manuals: 28 

1. See Section 01340. 29 

PART 2 - PRODUCTS 30 

2.1 ACCEPTABLE MANUFACTURERS 31 

A. Subject to compliance with the Contract Documents, the manufacturers listed under the specific 32 

pitless adaptor types are acceptable: 33 

1. Baker Manufacturing Company, Monitor Division. 34 

2. Or approved equal. 35 

B. Submit request for substitution in accordance with Specification Section 01640. 36 

2.2 COMPONENTS 37 

A. Case: 38 

1. The pitless unit case shall be made of steel. 39 

2. The upper case shall have an 18 IN outside diameter upper pitless case size. 40 

3. The bottom of the adaptor shall have an 18 IN outside diameter well casing size. 41 

B. Water Tight Seal Cap: 42 

1. The metal material of the cap shall be made of cast iron with a green enamel finish. 43 
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2. The cap shall be installed with a 2.5 IN screened well vent. 1 

3. The well vent shall be screened with 16-mesh non-corrodible screen. 2 

4. The cap and well vent shall extend at least 2 FT above the 100 year flood level. 3 

5. The cap will have a cover with a downward flange which will overlap the edge of the pitless 4 

unit or casing. 5 

C. Drop Pipe:  The drop pipe shall have an 8 IN inside diameter. 6 

D. Spool: 7 

1. Will have O-ring grooves machined into the spool retaining the O-rings when setting or 8 

pulling the system. 9 

2. Shall be designed to accommodate probe tubes or water samplers and NPT ports for 10 

discharge pressure taps. 11 

E. Discharge Body: 12 

1. Shall be constructed of lead-free galvanized ductile iron or lead-free galvanized steel. 13 

2. Shall be constructed with a minimum I.D. equal to or greater than I.D. of the well casing. 14 

3. Shall include an O-ring seat to be designed to prevent crevice and galvanic corrosion. 15 

4. Shall be designed to resist distortion due to vertical movement of discharge pipe allowing 16 

spool to bind in the discharge body. 17 

F. The following items shall also be installed with the pitless adaptor: 18 

1. Electrical cable seal. 19 

2. One additional conduit entrance connections for signal wires. 20 

3. Probe tube for drawdown line. 21 

4. Water sampler valve. 22 

5. Airline assembly with gauge and stainless steel tubing(one continuous length). 23 

6. 4 FT square concrete pad, minimum 6 IN thickness shall be placed around the underground 24 

discharge unit and properly sloped in all directions 25 

G. Bolting:  Bolting materials (including bolts, screws, studs, and nuts) shall be made of 26 

ASTM A193, Grade B8 stainless steel (AISI Type 304 austentic steel). 27 

H. Valve stems, stem nuts and other components containing copper:  Copper shall conform to 28 

ASTM B763, alloy C-99500. 29 

I. Gaskets:  Gasket material shall be a rubber composition. 30 

J. O-ring Seals:  O-ring seals may be used. 31 

2.3 DESIGN REQUIREMENTS 32 

A. 300 psi working pressure. 33 

B. 4 FT bury depth. 34 

C. 18 IN ID DIA at the bottom. 35 

D. 18 IN OD upper case size. 36 

E. The opening of the well vent shall be screened with 16-mesh non-corrodible screen. 37 

F. 4 IN discharge pipe size. 38 

G. 4 IN drop pipe size. 39 

H. Threaded connection discharge.An electrical cable seal.  One additional conduit entrance 40 

connections for signal wires. 41 

I. Probe tube for drawdown line. 42 

J. Water sampler valve. 43 

K. Airline assembly with gauge and stainless steel tubing (one continuous length). 44 
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L. A 4 FT square concrete pad, minimum 6 IN thick shall be placed around the underground discharge 1 

unit and 1/4 IN per foot sloped in all directions. 2 

PART 3 - EXECUTION 3 

3.1 INSTALLATION 4 

A. Install products in accordance with manufacturer’s instructions. 5 

B. Setting Pitless Adaptors: 6 

1. Locate pitless units where indicated on the Drawings in accordance with pipe installation. 7 

2. The pitless unit shall extend above the finished grade according to the specifications. 8 

3. Lower the pitless unit into place, rotate the discharge outlet to the desired location, and weld 9 

the pitless unit to the well casing. 10 

4. Attach the submersible motor, pump and cable to the drop pipe and then lower into the well.  11 

When the top of the last section of the drop pipe is one foot or more above the pitless case 12 

screw the spool assembly onto the drop pipe.  13 

5. Wipe the rubber o-ring seals with a clean cloth and then coat with a heavy layer of 14 

petroleum jelly for proper seating of rings.  Lower the spool assembly, drop pipe with 15 

motor, pump and cable into place.  16 

6. Extend the cap and well vent at least 2 FT above the 100 year flood level. 17 

7. Complete the electrical service before installing the water tight cap. 18 

8. Connect outlet to the distribution line. 19 

C. Operate the unit a sufficient time to ensure no leaks are present before backfilling. 20 

3.2 ADJUSTING 21 

A. Adjust valves to open and close at system pressures. 22 

END OF SECTION 23 
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TEST HOLE DETAIL

160 VF of 12"
Column Pipe

65.5' BGS
66.0 BGS

176 LF of 24" Ø Plain
Steel Casing tw=0.5"

Static water level Elev. 1834.2

Top of Bowls El. 1783.00'

Bot. of Bowls El. 1770.0'

Bot. of Suction Pipe El. 1768.00''

25'-0" Stainless Steel
Screen .080 Slot, 24" Ø

Bot. of Screen 198.0' BGS

5'-0" of .375" Plain
Steel Casing (Sump)

203' BGS

Bottom Plug
Welded Steel 

EL. 1935.0'

6" Bentonite Seal

137 L.F.
Luther Maddox
Type "A" Gravel
Pack

Plate  tw=0.5"

See Pump Base Detail
Sheet 3 of 6

Top of Pump Base
Elev. 1943.00

48" Drilled

Casing
and Screen

Hole

COLUMN AND CASING DETAILS

Centralizer (4 req'd)

2' Tail Pipe

Centralizer (4 req'd)
Top of Screen 173.0' BGS

NOTE:  Assumed Specific Capacity
75 gpm/ft  at Flow 2100 gpm (nominal)

Concrete Seal 68.5'

NOTE:

B.G.S. = Below Ground Surface
S.W.L.=Static Water Level
D.D.=Drawdown

GL. 1940±

Top Screen El. 1767.0

El. 1742.0

El. 1737.0

1st Fl. Elev. 1941.753.
0'

4'x4' Sq. Base

24"Ø

tw=0.5"
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NEW WELL 34A
CONCRETE PAD DETAIL
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TEST HOLE DETAIL

6.0' BGS

160 VF of 12"
Column Pipe

63.5'
64.0'

Current D.D. El. 1805.8

Top of Bowls El. 1783.0

Bot. of Bowls El. 1770.0

Bot. of Suction Pipe El.1766.0

Install 25'-0" of 24" Stainless
Steel Screen .080 Slot

Bot. of Screen 200.0'

Install 5'-0" of 0.5" Plain
Steel Casing (Sump)

205.0' BGS

Bottom Plug
Welded Steel 

Concrete Seal 63.5' vertical feet

6" Bentonite Seal

Install 142.5 vertical feet
Luther Maddox
Type "A" Gravel
Pack

Specific Capacity 75gpm/ft
Flow 2100 gpm (normal)

Plate tw=0.5"

4'x 4' Sq. Base

3.0'

See Pump Base Detail
Sheet 3 of 6

Top of Pump Base
Elev. 1943.0

48" Drilled

24"Ø

Casing
and Screen

Hole

COLUMN AND CASING DETAILS

Centralizer (4 ea. Req'd)

4' Tail Pipe 12" Ø

Centralizer (4 ea. Req'd)

Top of Screen El. 1765.0

Elev. 1940.0
Approx. GL

Note:

First Floor El. 1941.75

El. 1876.0

Install 178 vertical feet
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El. 1735.0

175' BGS

El. 1740.0

S.W.L. El. 1833.8
4/20/2006

EXISTING WELL 35

NEW WELL 35A
CONCRETE PAD DETAIL
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FIGURE

City of Hastings
New Dual Pump Well No. 35A
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City of Hastings
New Dual Pump Well No. 35A
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APPENDIX D – Aquifer Storage and Restoration Pilot Plan 

 
 





 

 

Aquifer Storage and Restoration Pilot Plan 

1.0 INTRODUCTION 

Before the North Baltimore ASR system is built to full scale, HDR and HU plan to 
perform a small scale pilot program to compare the observed versus modeled spread of 
recharged groundwater.  The main objective of the ASR Pilot is to evaluate how closely 
the modeled migration of injected water compares to the observed migration of injected 
water.  It is anticipated that the ASR Pilot will be run for the period of one (1) year.  The 
following sections describe the specifics of the ASR pilot program. 

The pilot testing program consists of two components:  

• Baseline Monitoring – Includes a water level and water quality monitoring program 

initiated before the start of ASR testing. A step rate aquifer test will be conducted at the 

ASR wells to document pre‐ASR well performance. 

• ASR Pilot Testing – Year long pilot program.  Includes operation and maintenance of 

pumping well and injection wells.  Includes collection of water quality data from 

recharge wells and monitoring wells. 

2.0 PUMPING AND RECHARGE WELLS 

The source well/extraction well used for the ASR Pilot will be Well 27.  The water 
obtained from this well will be routed to three (3) recharge wells.  The recharge wells 
selected are R-3, R-4, and R-5, which are shown on Figure 1.  These recharge wells will 
be installed as full scale recharge wells to be used as part of the North Baltimore ASR 
System, provided that the pilot test is successful.  





 

 

FIGURE 1 – ASR PILOT WELL LOCATIONS





 

 

 

2.1 ASR Recharge Wells and Piping 

2.1.1 Piping 

Water will be conveyed through temporary piping from Well 27 to the ASR wells.  The 
piping used will be variable diameter irrigation pipe that will be placed above grade.  

2.1.2 ASR Well 

ASR wells will be constructed as 18-inch diameter wells.  The wells will be installed in 
the Pleistocene sand and gravel aquifer and will terminate at the top of bedrock, which is 
anticipated to range between 175 and 185 feet below ground surface (bgs).  The ASR 
well casing will consist of low carbon steel and the screen interval will be constructed 
using type 304 stainless steel wire wrap screen.  The screen interval of the ASR wells 
will be 50 to 60 feet long, depending on the specific geology encountered.    

The ASR wellhead will have a flow control valve, a water level/transducer access tube, 
and sample port.  A recharge pipe/drop pipe will be installed in each ASR well, allowing 
for injection into the ASR well.  Water will be injected under positive pressure into the 
well through the recharge pipe.  The recharge pipe will be terminated 5 feet above the 
bottom of the screen.  The injection rate will be controlled by the above grade flow 

control valve.  Above grade systems will be sized to be reused for the full‐scale project 
where practical. 

2.2 Water Tracer Chemical 

To track and monitor the movement of injected water, a tracer chemical will be added to 
the water extracted from Well 27.  The tracer selected for the ASR pilot program is 
bromide (Br-). Bromide ion, typically from sodium or potassium bromide salts, is an 
inorganic conservative tracer that is not harmful to the environment and is widely used in 
ground-water studies (Prych, 1999; Springer,1998; Wilson and Mackay, 1993).  
Advection and dispersion processes control the movement of bromide in groundwater, 
which makes bromide a good candidate as a groundwater tracer.  The concentration of 
Br- in natural groundwater is generally 1/300th (Davis, et.al, 1980) that of chloride.  
Background concentrations of bromide from HU wells are not available at this time.  
However, chloride concentrations from HU wells are available.  A recent sample 
collected from Well 27 indicates that the background chloride level is 24 mg/L.  Given 
the relationship between bromide and chloride, this suggests that native/background 
bromide concentrations should be in the range of 0.1 mg/L.  A round of background 
sampling for bromide will occur before the start of the ASR pilot program to confirm that 
background bromide concentrations are close to this anticipated range. 

Bromide solution will be injected in the discharge piping of Well 27 at an approximate 
concentration of 1,000 mg/L.  This injection concentration will allow for a dilution of 104 

times before the tracer is masked by natural background conditions. 



 

2.1.3 Injection without Treatment 

Treatment for uranium and nitrate removal is planned as part of the full scale North 
Baltimore ASR system.  However, treatment for these compounds is not planned as part 
of the ASR Pilot program due to flow limitations associated with pilot scale uranium and 
nitrate treatment systems.  Uranium and nitrate concentrations are at or near the MCL for 
each compound in the area of the ASR Pilot test, as shown on Figure 2.  Well 28, which 
is located near the pilot treatment area, was recently taken offline due to high gross alpha 
concentrations in the well discharge.  Gross alpha concentrations are a measurement of 
the concentration of radionuclides that emit alpha particles within a sample.  As uranium 
is a gross alpha emitter, changes in gross alpha concentrations are considered an indicator 
of changes in uranium concentrations.  Well 28 is located within the model predicted 
ASR bubble for the full scale ASR system. 

 

 

 



 

 

 

FIGURE 2 –ASR PILOT LOCATION AND NITRATE AND URANIUM CONCENTRATIONS 





 

2.3 Monitoring Wells 

Five (5) monitoring wells will be installed with each of the three (3) recharge wells to 
monitor changes in bromide, uranium, and nitrate concentrations during the ASR pilot 
program.  The monitoring wells will be 2-inch PVC and will be screened to intercept the 
water table.  The screen interval in the monitoring wells will extend from approximately 
five (5) to ten (10) feet above the water table to the top of bedrock.   

One (1) upgradient well will be located upgradient of the recharge well.  Two (2) of the 
monitoring wells will be installed downgradient of the recharge well, at a distance of 50 
feet and 100 feet, respectively.  The other two (2) wells will be installed side gradient of 
the recharge well as shown on Figure 3. 

 

 

FIGURE 3 – TYPICAL LAYOUT OF ASR PILOT MONITORING WELLS  

 

2.4 Water Quality Monitoring and Sampling 

This section describes the required monitoring and sampling during the pilot test 
program. The objectives of the water quality monitoring program include the following: 

• Confirm that the injected water does not degrade native groundwater quality. 

• Assess water quality compatibility with respect to: 

o Injection well clogging caused by particulates (turbidity), air, biological 

activity, and chemical reactions 

o Mineral dissolution reactions in the aquifer that could affect recovered 

water quality 

o ASR well redevelopment criteria 

2.1.4 Monitoring Well Sampling 

Water quality samples will be collected from the 12 ASR monitoring wells to evaluate 
the changes in bromide, nitrate, and uranium over the full one year period of the ASR 



 

pilot test.  For each water quality sample, a total of three (3) discrete intervals will be 
evaluated.  Samples will be collected from the top of the water table, the midpoint of the 
saturated thickness of the well, and near the bottom or the well. Prior to startup of the 
ASR system, a water quality sample will be collected from each monitoring well for 
analysis of bromide, uranium, nitrate, dissolved oxygen, and general water quality 
parameters.  These baseline samples will be submitted to an offsite lab for analysis.   

Once the ASR Pilot project is started, two types of water quality samples will be 
collected.  These samples will consist of samples collected for on-site or off-site 
laboratory analysis.  Samples for analysis of bromide concentrations will be collected 
every two weeks and will be analyzed using equipment located at an HU lab.  Theses 
samples will be monitored for bromide concentration using an ion-selective electrode at 
the on-site laboratory.  Monthly samples will be collected from each monitoring well for 
off site laboratory analysis of bromide, uranium, and nitrate. 

One sample from each ASR well system (three samples total) will be collected monthly 
for a more detailed off site laboratory analysis.  This sample will be collected from the 
monitoring well that shows the largest change in bromide concentrations.  The water 
sample will be submitted for off-site laboratory analysis of the analytes listed in Table 1 
of the Groundwater Monitoring Plan (Attachment 1). The parameters on the list will be 
used to determine whether there are constituents or organisms present in the ASR source 
water that would degrade native groundwater quality. Selected parameters including 
cations, anions, metals, and redox parameters will be input into PHREEQC to model 
saturation indices of common minerals, model precipitation and dissolution reactions, and 
assess the potential to mobilize of trace minerals (i.e. arsenic or uranium) in order to 
assess water quality compatibility between native groundwater and ASR source water.  A 
detailed sampling plan that summarizes analytical methods is included as Attachment 1. 
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SECTION 1.0 

 INTRODUCTION 

1.1 Background 

To maintain a sustainable water supply, Hastings Utilities (HU) plans to construct an Aquifer 

Storage and Restoration (ASR) well system in the northern portion of the HU well field.  The 

ASR system will be built to capture nitrate and uranium impacted water using existing 

upgradient HU wells, treat and then re-inject the recovered groundwater, and finally recover the 

treated groundwater using existing downgradient wells.  Using ASR, storage of treated water is 

primarily underground, meaning the water treatment systems can be designed to meet average 

day demand of 8.6 MGD (6,000 gpm) rather than the maximum day demand of 28 MGD.  At 

this time, two ASR systems and two water treatment plant sites are planned for the final HU well 

based management design.  The two ASR systems are described as the North Baltimore ASR 

system and the Westbrook ASR system.  When complete, approximately half of the flow will be 

provided from the North Baltimore ASR System, designed primarily to intercept groundwater 

high in uranium and nitrate, and the other half from the Westbrook ASR System, which will be 

designed primarily to intercept groundwater high in nitrate.  

 

Before the Northern ASR system is built to full scale, HDR and HU plan to perform a small 

scale pilot program to compare the observed versus modeled spread of recharged groundwater.  

The main objective of the ASR Pilot is to evaluate how closely the modeled migration of injected 

water compares to the observed migration of injected water.  It is anticipated that the ASR Pilot 

will be run for the period of one (1) year.  The following section describes the specifics of the 

ASR pilot program. The pilot testing program consists of two components:  

 

o Baseline Monitoring – Includes a water level and water quality monitoring program 

initiated before the start of ASR testing. A step rate aquifer test will be conducted at the 

ASR wells to document pre‐ASR well performance. 

o ASR Pilot Testing – Year long pilot program.  Includes operation and maintenance of 

pumping well and injection wells.  Includes collection of water quality data from 

recharge wells and monitoring wells. 

 

The source well/extraction well used for the ASR Pilot will be Well 27.  The water obtained 

from this well will be routed to three (3) recharge wells.  The recharge wells selected are R-3, R-

4, and R-5, which are shown on Figure 1.  These recharge wells will be installed as full scale 

recharge wells to be used as part of the North Baltimore ASR system, provided that the pilot test 

is successful.   
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FIGURE 1 –ASR PILOT WELL LOCATIONS 

1.2 Water Tracer Chemical 

To track and monitor the movement of injected water, a tracer chemical will be added to the 

water extracted from Well 27.  The tracer selected for the ASR pilot program is bromide (Br
-
). 

Bromide ion, typically from sodium or potassium bromide salts, is an inorganic conservative 

tracer that is not harmful to the environment and is widely used in ground-water studies.  

Advection and dispersion processes control the movement of bromide in ground water, which 

makes bromide a good candidate as a groundwater tracer.  The concentration of Br- in natural 

groundwater is generally 1/300
th

 that of chloride.  Background concentrations of bromide from 

HU wells are not available at this time.  However, chloride concentration from HU wells are not 

available.  A recent sample collected from Well 27 indicates that chloride is 24 mg/L.  Given the 

relationship between bromide and chloride, this suggests that native/background bromide 

concentrations should be in the range of 0.1 mg/L.  A round of background sampling for bromide 

will occur before the start of the ASR pilot program to confirm that background bromide 

concentrations are close to this anticipated range. 

 

Bromide solution will be injected in the discharge piping of Well 27 at an approximate 

concentration of 1,000 mg/L.  This injection concentration will allow for a dilution of 10
4 

times 

before the tracer is masked by natural background conditions. 
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1.3 Monitoring Wells 

Five (5) monitoring wells will be installed with each of the three (3) recharge wells to monitor 

changes in bromide, uranium, and nitrate concentrations during the ASR pilot program.  The 

monitoring wells will be 2-inch PVC and will be screened to intercept the water table.  The 

screen interval in the monitoring wells will extend from approximately five (5) to ten (10) feet 

above the water table to the top of bedrock.   

 

One (1) upgradient well will be located upgradient of the recharge well.  Two (2) of the 

monitoring wells will be installed downgradient of the recharge well, at a distance of 50 feet and 

100 feet, respectively.  The other two (2) wells will be installed side gradient of the recharge well 

as shown on Figure 2. 

 

 

FIGURE 2 – TYPICAL LAYOUT OF ASR PILOT MONITORING WELLS 

 

1.4 Water Quality Monitoring and Sampling 

This section describes the required monitoring and sampling during the pilot test program. The 

objectives of the water quality monitoring program include the following: 

 

• Confirm that the injected water does not degrade native groundwater quality. 

• Assess water quality compatibility with respect to: 

o Injection well clogging caused by particulates (turbidity), air, biological activity, 

and chemical reactions 

o Mineral dissolution reactions in the aquifer that could affect recovered water 

quality 

o ASR well redevelopment criteria 

1.4.1 Monitoring Well Sampling 

Water quality samples will be collected from the 12 ASR monitoring wells to evaluate the 

changes in bromide, nitrate, and uranium over the full one year period of the ASR pilot test.  For 

each water quality sample, a total of three (3) discrete intervals will be evaluated.  Samples will 

be collected from the top of the water table, the midpoint of the saturated thickness of the well, 

and near the bottom or the well.  Prior to startup of the ASR system, a water quality sample will 

be collected from each monitoring well for analysis of bromide, uranium, nitrate, dissolved 
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oxygen, and general water quality parameters.  These baseline samples will be submitted to an 

offsite lab for analysis.   

 

Once the ASR Pilot project is started, two types of water quality samples will be collected.  

These samples will consist of samples collected for on-site or off-site laboratory analysis.  

Samples for analysis of bromide concentrations will be collected every two weeks and will be 

analyzed using equipment located at an HU lab.  Theses samples will be monitored for bromide 

concentration using an ion-selective electrode at the on-site laboratory.  Monthly samples will be 

collected from each monitoring well for off site laboratory analysis of bromide, uranium, and 

nitrate. 

 

One sample from each ASR well system (three samples total) will be collected monthly for a 

more detailed off site laboratory analysis.  This sample will be collected from the monitoring 

well that shows the largest change in bromide concentrations.  The water sample will be 

submitted for off-site laboratory analysis of the analytes listed in Table 1. 

 

1.5 Frequency of Events 

Water level elevations will be collected from the ASR wells and the monitoring wells at a 

frequency of once every two weeks throughout the duration of the year long pilot program.  

 

The frequency of sampling chemical constituents in the groundwater is summarized in Table 1, 

and includes one round of pre-startup baseline monitoring.  It is expected that these events will 

occur over a one year time period.  

 

1.6 Groundwater Level Measurement 

The static water levels in each piezometer will be measured using a water level meter. The 

groundwater elevation will then be calculated by considering the mean sea level (MSL) elevation 

of the top of the monitoring well casing (as surveyed by others), the reference point for the 

groundwater level measurement.  

 

1.7 Groundwater Analysis 

The groundwater samples will be analyzed for the following parameters (and analytical 

methods):  

 

• Field Parameters: 

o Temperature SM 2550 B     

o Conductivity (Specific Conductance)  SM2510C     

o Oxygen, Dissolved- Water  SM 4500 OC or OG     

o pH EPA 150.1      

o Turbidity EPA 180.1/ SM 2130B      

o Oxidation-Reduction Potential SM2580B     
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• Geochemical Parameters: 

o Alkalinity, as CaCO3 (bicarbonate/carbonate) SM 2320B 

o Bromide EPA 300.1     

o Calcium (Ca) EPA 6010B/ 200.7 (ICP)     

o Chloride EPA 300.0   

o Hardness, Total - EPA 130.2  

o Magnesium (Mg)EPA 6010B/ 200.7     

o Nitrogen, Nitrate  EPA 353.2     

o Nitrogen, Nitrite  EPA 353.2     

o Nitrogen, Nitrate+Nitrite- Water  EPA 300.0     

o Potassium (K) EPA 6010B/ 200.7  

o Sodium (Na) EPA 6010B/ 200.7     

o Sulfate - Water  EPA 300.0      

o Fluoride-Water  EPA 300.0     

o Solids, Total dissolved (TSS)  SM 2540C     

o Total Organic Carbon (TOC) EPA 9060     

o Solids, Total Suspended (TSS)  SM 2540i     

• Metals  EPA 6010B/ 200.7 (total and dissolved) 

• Radionuclides: 

o Radium-228  EPA 904.0     

o  Uranium (Total) -Radiochemical Method  EPA 908.0     

o  Gross Alpha  EPA 900.0     

o  Gamma (photon) emitters -Aqueous  901.1 / PGH-R-023-3     

o Gross Beta  EPA 900.0     
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SECTION 2.0 

SAMPLING METHODS 

2.1 General 

This section describes the procedures that will be used to collect groundwater samples from the 

monitoring wells.  The procedures are designed so 1) samples collected over time are obtained in 

a consistent manner; 2) samples are identified, preserved and transported following standards of 

practice that will help ensure that they are representative of the environment from which they 

originated; and 3) sample results are defensible and meet the identified data quality objective 

process. 

 

The data quality objective (DQO) process is used to establish the objectives of the project, define 

the decisions that need to be made to meet those objectives, the type of data needed to make 

decisions and the required quality of the data.  The following discussion outlines the DQOs. 

 

The objectives of this pilot program are as follows:   

 

1. Evaluate the performance of the pilot scale ASR system 

2. Determine if the tracer chemical (bromide), added to the ASR injection water, migrates in 

groundwater as predicted by the groundwater model.  

3. Monitor nitrate and uranium concentrations within the ASR injection zone.   

4. Monitor changes to groundwater elevations over the span of the pilot program. 

 

Nitrate and uranium concentrations within the ASR injection zone are very close to, and in some 

instances exceed, the Nebraska Water Quality Standards (Title 117).  Sampling of monitoring 

wells that are located downgradient of the ASR wells will be performed to ensure that the ASR 

program does not cause an inadvertent degradation of the water quality when compared to the 

baseline values for these monitoring wells. 

 

If, during the monitoring program, it is noted that uranium or nitrate concentrations are 

increasing in the monitoring wells, the following actions will be performed: 

  

• HU will resample to evaluate the validity of the samples in question.   

• Statistical analyses will be performed to determine if the observed increase in 

concentration is a statistically significant increase. 

• If the increase in concentration is determined to be statistically significant, then HU will 

stop the ASR program and contact NDEQ to evaluate the data and determine a course of 

action. 

 

Statistical significance will be evaluated using two sample step-trend test analysis using all 

monitoring wells in the ASR pilot program.  The analysis of change over a single time step is 

referred to as a two sample step-trend test (Helsel and Hirsch, 2002). When the same well has 

been sampled twice, step-trend tests, a type of matched-pair test, are typically used to determine 

statistically significant differences. Step-trend tests first calculate differences in concentrations at 

each well, and then the patterns of those changes are summarized at the group level (well 



Groundwater Monitoring Plan 

HUASR 2-2 January 2013 

network) to determine whether or not the observed pattern represents a statistically significant 

change in the network as a whole. 

 

2.2 Equipment Calibration and Maintenance 

Field equipment requiring calibration or maintenance will be used in this sampling effort. A low-

flow cell and multi-meter will be required for collection of groundwater samples.  All meters and 

equipment will be calibrated on a daily basis in accordance with manufacturers’ 

recommendations. 

 

2.3 Groundwater Sampling 

Groundwater samples will be collected from an estimated twelve monitoring well locations and 

three (ASR) well locations.  The QC requirements are provided in Table 2-1.  Groundwater 

samples will be collected using a flow cell with a multi-parameter meter. Field parameters will 

be collected for pH, temperature, electroconductivity (Eh), oxidation/reduction potential (ORP), 

dissolved oxygen (DO) and possibly turbidity.  

 

2.4 Equipment List 

The following equipment is required to conduct groundwater sampling and shall be assembled 

prior to field activities: 

 

• Sample containers 

• Field log book 

• Sample labels and custody tape 

• Chain-of-Custody Records 

• Cooler and ice 

• Plastic Zip Lock bags (one-gallon) 

• Strapping tape 

• Distilled Water 

• Camera 

• Sampling pump 

• Generator 

• Tubing 

• Multi-Meter and Flow Cell 
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SECTION 3.0 

SAMPLE HANDLING 

3.1 Sample Labeling/Numbering 

Each sample will be assigned a unique sample identification number to allow for proper data 

management.  These sample numbers will be included on the sample label, in the daily field log 

book to identify notes pertaining to the sample, and on the Chain-of-Custody Records. 

 

Samples will be labeled immediately after collection.  The following information is included on 

the sample label: sample identification number, sample type, date and time of collection, name of 

the sampler, preservative added and requested analysis.  The labels will be printed and/or filled 

out in indelible ink, and firmly affixed to the sample container.   

 

Sample identification numbers will consist of a 4-field description as follows: 

 

HUASR- XX-PZ-YY, where  

HUASR represents the project name 

XX represents the date (e.g. 041313) 

YY represents monitoring well location (e.g. 01)  

 

An example would be HUASR-041313-MW01 which would be a groundwater sample taken on 

April 13, 2013 from Monitoring Well 1. Details pertaining to sample handling methodology are 

presented in TP-13-001 in Appendix B of this document.   

 

3.2 Sample Preservation 

Field sampling personnel shall preserve each sample collected for laboratory analysis according 

to the specified preservation requirements provided by the analytical laboratory.  The laboratory 

provides the required preservatives in labeled containers designated for each specific analysis. 

 

3.3 Chain-of-Custody Procedures 

Written records of the sample transfer chain are kept each time a sample changes hands.  Each 

person in custody of a sample is required to document the transfer on the Chain-of-Custody 

Records.  The Chain-of-Custody Records have two carbon-type copies.  The Site Coordinator 

fills out records and sends the top two copies, the original (white) and the verification of sample 

delivery (yellow copy), along with the lab samples.  The third copy (pink) is retained by the Site 

Coordinator. 

 

Appropriate information for each sample is entered onto a Chain-of-Custody Record for each 

sample.  One Chain-of-Custody Record is used for the samples in each cooler.  The white and 

yellow copies of the Chain-of-Custody Record are taped to the inside lid of the cooler in a 

separate plastic bag. 
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3.4 Sample Packing 

Each sample container is placed inside the cooler and cushioning material is added for stability 

during transportation.  Sample coolers must be packed with ice; the ice is double bagged in 

sealed plastic bags and dispersed evenly inside the cooler, preferably on the topmost part.   

 

3.5 Sample Transportation 

The cooler lid is secured with strapping tape wrapped completely around the cooler (over the top 

and bottom) in at least two places, preferably over the hinges.  The name and address of the 

laboratory is printed on the cooler.  The cooler is marked with the designations "Fragile" and 

"This End Up" with arrows. 

 

Two signed and dated custody seals are attached to the outside of each cooler.  One seal is 

attached to the front and one to the back of the cooler.  The seals are placed so that at least one of 

them will be broken if the cooler is opened.   

 

Coolers are transported to the analytical laboratory via an overnight express mail service such as 

UPS or Federal Express.  A bill of lading (or manifest) provided by the carrier is filled out and 

signed.  A sticker with the tracking number is maintained as part of the Chain-of-Custody 

Record.  Samples are sent by overnight courier to the laboratory as soon as possible.  

Alternatively, the samples may also be transported directly to the laboratory by HDR personnel. 

 

3.6 Sample Containers 

Sampling containers will be purchased furnished by the analytical laboratory.  Each lot number 

will be recorded by the sampling team in a field logbook prior to a sampling event.  Lids and 

caps remain securely on the containers until sample collection, and the containers are not rinsed 

before use.  The coolers and sample containers are stored in areas that are not used for reagent or 

solvent storage of any kind, in order to minimize the possibility of contamination. 

 

3.7 Sample Preparation 

The Site Coordinator will be responsible for sample transportation.  The Site Coordinator checks 

that the appropriate containers are used, the sample containers are decontaminated prior to 

shipment, the sample is preserved in the appropriate manner, each sample is properly identified, 

all documentation is completed, and the proper packaging and shipping methods are used. 
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SECTION 4.0 

DOCUMENTATION 

4.1 Field Documentation 

The proper completion of Chain-of-Custody Records, sampling log sheets, and a bound field 

notebook are required during this sampling effort, as discussed below. 

 

4.1.1 Chain-of-Custody Records 

Chain-of-Custody ("COC") records allow for the tracing of possession and handling of the 

samples from the time of field collection through laboratory analysis. 

 

The COC Record contains the following information: 

 

• Project name 

• Signature of sampler(s) 

• Field sample (sample identification) number 

• Date and time sample taken 

• Composite or grab sample 

• Piezometer location 

• Number of containers 

• Parameters requested for analysis 

• Remarks 

• Signature of persons involved in the change of possession 

• Inclusive dates and times of possession 

 

Entries are made on the COC Record for all samples, including quality control samples.  A single 

line with initials is used to cross out any erroneous entries.  One COC Record is used for the 

samples in each cooler.  The person accepting custody of the samples signs the COC Records.  

Having custody of the samples requires that the person keep the samples in sight, or ensures that 

the samples are secured (e.g. custody seals on coolers are in place, samples are locked in 

refrigerators or other secure place). 

 

The pink copy of the COC Record is kept in the Site Coordinator's permanent files.  The white 

and yellow copies of the COC Record are placed inside the cooler in a separate plastic bag.  The 

person accepting custody of the samples at the analytical laboratory shall break the custody seals 

on the cooler, and retrieve and sign the COC Record.  In addition, the person notes the condition 

of the samples on the COC Record.  The analytical laboratory retains the yellow copy of the 

COC Record, and sends the original COC Record to the project manager at HDR. 

 

4.1.2 Field Notebook/Log Sheets 

A bound field notebook with sequentially numbered pages is used to document all field 

activities.  The purpose of the bound field notebook is to provide a complete and permanent 
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record that will allow reconstruction of field activities, thereby validating the data collected.  

Date, time, and field crew, are recorded upon site entry.  Weather conditions, malfunctioning 

equipment, and any pertinent observations are also recorded.  Information is recorded in the field 

notebook during the sampling, sample preservation and obtaining the quality control samples.  

Entries are made with a permanent, indelible pen.  A single line with initials is used to cross out 

any erroneous entries.  The person recording information signs his or her name under the final 

entry for each day's activities. 

 

4.1.3 Sample Collection Information 

Sample collection information is recorded in the logbook for each sample.  Field records are 

completed at the time the sample is collected and prepared for shipment.  The logbooks shall 

contain the following information: 

 

• Sample identification number 

• Date and time 

• Source of sample (name, location, type) 

• Preservation details 

• Analysis required 

• Name of collector 

• Field data 

• Sample observations and characteristics 

• Identification numbers on seals 

• Number and types of containers filled 

 

4.1.4 Data Corrections 

As previously stated, all data recorded in daily log books, sample identification labels, Chain-of-

Custody Records, and other forms are written in indelible ink.  These documents are retained, 

and are not destroyed or thrown away, even if they are illegible, tattered, or contain inaccuracies 

that require a replacement document. 

 

If an error is made on a document, corrections are made by crossing a line through the error in 

such a manner that the original entry is still legible, and entering the corrected information.  All 

corrections are initialed and dated if the date of the correction is not the date of the original entry. 
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SECTION 5.0 

DECONTAMINATION 

5.1 Personal Decontamination Procedures 

Personal decontamination will consist of washing off any soil that comes in contact with skin or 

clothing.  Potable water may be used to wash these items.  New gloves will be worn whenever 

handling sampling equipment, or when collecting and handling samples. A new pair of gloves 

will be worn for collection of each sample.   

 

5.2 Equipment Decontamination Procedures 

Non-disposable sampling equipment, including the pump, support cable and electrical wires in 

contact with the sample, must be decontaminated thoroughly as described below: 

 

1. Pre-rinse:  Operate pump in a deep basin containing 8 to 10 gallons of potable 

water for 5 minutes and flush other equipment with potable water for 5 minutes. 

2. Wash:  Operate pump in a deep basin containing 8 to 10 gallons of a non-

phosphate detergent solution, such as Alconox, for 5 minutes and flush other 

equipment with fresh detergent solution for 5 minutes.  Use the detergent 

sparingly. 

3. Rinse:  Operate pump in a deep basin of potable water for 5 minutes and flush 

other equipment with potable water for 5 minutes. 

4. Disassemble pump. 

5. Wash pump parts:  Place the disassembled parts of the pump into a deep basin 

containing 8 to 10 gallons of non-phosphate detergent solution.  Scrub all pump 

parts with a test tube brush. 

6. Rinse pump parts with potable water. 

7. Rinse pump parts with distilled/deionized water. 

8. Replace Teflon bladder with a new bladder for each well. 

9. Re-assemble pump. 

 

The field personnel will use a new pair of outer gloves before handling sampling equipment after 

it is cleaned. 
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SECTION 6.0 

ANALYTICAL 

6.1 General 

This section discusses the analytical methods which will be used for groundwater analyses.  Analytical 

methods used by the laboratory are those detailed in the EPA Methods Manual SW-846, dated 

November 1986, including any future revisions. Any deviations from these methods will require the 

concurrence and approval of HDR's Project Manager and the PMT Compliance Team Lead.  Analytical 

methods, sample are outlined in Table 1. 

 

 

 

 



ASR Wells - Three 

Wells Total

Monitoring Wells 

(12 Wells Total)

ASR Wells - Three 

Wells Total

Monitoring Wells 

(12 Wells Total)

ASR Wells - Three 

Wells Total

Monitoring Wells 

(12 Wells Total)

ASR Wells - Three 

Wells Total

Monitoring Wells 

(12 Wells Total)

Parameter Group Analyte Analytical Method 

Field Parmeters

 Temperature   SM 2550 B  x x

 Conductivity (Specific 

Conductance)  
 SM2510C  x x

 Oxygen, Dissolved- Water   SM 4500 OC or OG  x x x x x x

 pH   EPA 150.1  x x

 Turbidity   EPA 180.1/ SM 2130B  x x

 Oxidation-Reduction Potential  SM2580B  x x

Geochemical Parameters

 Alkalinity, as CaCO3 

(bicarbonate/carbonate) - water  
 SM 2320B  x x

 Bromide   EPA 300.1  x x x x x x x x

 Calcium (Ca)  EPA 6010B/ 200.7 (ICP)  x x

 Chloride   EPA 300.0  x x

 Hardness, total - Water-

Calculation Only  
 EPA 130.2  x x

 Magnesium (Mg)  EPA 6010B/ 200.7 (ICP)  x x

 Nitrogen, Nitrate   EPA 353.2  x x x x x x

 Nitrogen, Nitrite   EPA 353.2  x x x x x x

 Nitrogen, Nitrate+Nitrite- Water   EPA 300.0  x x x x x x

 Potassium (K)  EPA 6010B/ 200.7 (ICP)  x x

 Silica, Total   SM 4500-Si E  x x

 Sodium (Na)  EPA 6010B/ 200.7 (ICP)  x x

 Sulfate - Water   EPA 300.0  x x

 Fluoride-Water   EPA 300.0  x x

 Solids, Total dissolved (TSS)   SM 2540C  x x

 Total Organic Carbon (TOC) 

(Water only)  
 EPA 9060  x x

 Solids, Total Suspended (TSS)   SM 2540i  x x

Metals

 Metals: Total Al, Sb, As, Ba, Be, 

Cd, Cr, Cu, Fe, Pb, Mn, Ni, Se, Ag, 

Tl, Zn
 EPA 6010B/ 200.7 (ICP)  x x

 Mercury, CVAA   EPA 245.1  x x

Dissolved Metals: Iron and 

Manganese
 EPA 200.7  x x

 
 Sample Filtration (i.e. metals)  x x

Radionuclides 

 Radium-226; Radon Emanation   EPA 903.1  x x

 Radium-228   EPA 904.0  x x

 Uranium (Total) -Radiochemical 

Method  
 EPA 908.0  x x x x x x

 Gross Alpha   EPA 900.0  x x

 Gamma (photon) emitters -

Aqueous  
 901.1 / PGH-R-023-3  x x

 Gross Beta   EPA 900.0  x x

 Radon-Rn (Liquid Scintillation 

Method)  
 SM 7500-Rn  x x

Pre-Startup Sampling Bi-Monthly Sampling (On-Site Lab) Bi-Monthly Sampling (Analytical Lab) Monthly Sampling 

Table 1 - List of Sampling Analytes by Well Type and Sampling Event
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SECTION 7.0 

DATA QUALITY 

7.1 General 

This section discusses activities to be performed in the field and the analytical laboratory to 

ensure that the data generated is representative and of a quality nature. 

 

7.2 Field Quality Control Samples 

Duplicate samples are collected and analyzed as quality control checks, as discussed below.  If 

constituents are detected or results are questionable, attempts are made to identify the source.  

Corrective action shall be initiated, which may involve re-sampling. 

 

7.3 Duplicate Samples 

Duplicate samples are collected and analyzed to determine variability in the sampling procedure, 

and to provide a quality assurance check on total measurement precision of the analytical 

laboratory and field sampling procedures.  Field duplicates are collected independently from its 

characteristic sample, i.e., bailer volumes will not be shared between the duplicate and its 

characteristic sample. 

 

Duplicate samples are generated at a frequency of one to every ten samples.  If the number of 

duplicate samples involves a fraction less than 0.5 (i.e. 12 samples equals 1.2), the number of 

duplicate samples will be rounded down to the nearest whole number.  The duplicate sample for 

analysis is collected at a location expected to have relatively moderate or high levels of soil 

contaminants.  For this investigation one duplicate sample will be collected from the sampling 

area expected to exhibit the highest potential concentrations of the target analytes.  The identity 

for the duplicate sample location is documented on the sample log sheet and the field logbook.  

However, the location identity is not provided on the sample label or the Chain-of-Custody 

Record, in order to avoid possible analytical laboratory bias. 

 

If the concentrations measured in the duplicate samples vary by more than an order of 

magnitude, a review of sampling procedures and quality assurance procedures is conducted. 
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