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SUMMARY 
This addendum includes further analysis and clarification of the results summarized in the 

Monolith Hydrogeologic Analysis Report (Report). The Report was prepared pursuant to the 

Lower Platte South Natural Resources Districts (LPSNRD) Rules and Regulations governing 

well permits. The proposed water use for Monolith requires a Class 2 Permit because Monolith 

will require more than 250 acre-feet per year of water to support their manufacturing process. A 

Class 2 permit requires “[a] hydrogeologic analysis report considering the impact of the 

proposed withdrawal on current groundwater users and a minimum twenty (20) year impact on 

the aquifer for potential future users.” The LPSNRD Rules and Regulations further stipulate that 

for a Class 2 Permit (in addition to the other requirements) the “application for a permit … shall 

be granted unless the district finds … [t]he hydrogeologic analysis indicates potential short or 

long-term detrimental effects to the aquifer …(emphasis added).” 

The LPSNRD also has a Groundwater Management Plan (Plan), which states “[t]he 

dependency of water users in the LPSNRD on a sufficient supply of good quality water now and 

in the future has spurred the Board of Directors to adopt a policy of proactive groundwater 

management.” The Plan further outlined that [t]he LPSNRD has designated areas of 

management for both groundwater quality and quantity [and] has established a limit “trigger” to 

the amount of contamination or decline that is allowed …(emphasis added).” The first trigger for 

the Crete-Princeton-Adams (CPA) Aquifer is defined as: 

… 30% of the monitoring network wells have declined from the established upper 

elevation of the saturated thickness to an elevation that represents greater than 

or equal to a[n 8%] reduction in the saturated thickness and has remained below 

that elevation for more than two [2] consecutive years. 

To date, 0% of the monitoring network wells in the CPA aquifer have declined by more than 8% 

of their saturated thickness for two consecutive years. As documented in the Report, the 

maximum impact to the existing monitoring well network due to the Monolith water use would be 

that two of the monitoring wells could experience an 8% decline over the next 50 years. 

However, that is only 7% of the monitoring wells in the network, falling well short of the 30% 

required to meet the first management trigger. Therefore, based on the policies and rules of the 

LPSNRD, the proposed Monolith water use should be allowed. 

The LPSNRD contracted with LRE Water to provide a peer review of the groundwater model 

(Model) developed as part of the Monolith Hydrogeologic Analysis. Following the review of the 

draft report LRE Water has issued their report titled Review of the Monolith Materials Inc. 

Groundwater Flow Model.  Notably, the LRE Water report contains the following conclusions: 
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Conclusion #1: The Model calibration to observed groundwater level data is 

adequate to meet the objectives based on our modeling experience. 

Conclusion #5: The model also reasonably represents regional drawdown in the 

CPA aquifer due to the Monolith Well … 

Conclusion #6: The assumptions included … into Olsson’s Future Model are 

adequate for reasonably reliable drawdown predictions. 

The report also contains six recommendations that we address in Section 2 below. 

In addition, the LPSNRD held a special board meeting on 3/24/2021 to discuss any additional 

information that they would like Monolith to submit with their final well permit application.  Six 

items were identified and those are addressed in Section 3 below. To prevent confusion, and 

because none of these recommendations or requests result in any change to the conclusion of 

the Report, the draft Report has been finalized as it was submitted on December 8, 2020, and 

all additional requests for information are contained in this addendum. 
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1. PURPOSE 
This addendum includes further detail and analysis of the results summarized in the Monolith 

Hydrogeologic Analysis Report (Report). Following the review of the draft Report, six 

recommendations were made by LRE Water in their report titled Review of the Monolith 

Materials Inc. Groundwater Flow Model (LRE Report). In addition, during a special board 

meeting of the LPSNRD on March 24, 2020, the board approved six motions requesting 

additional information or clarification. The purpose of this addendum is to address these 

recommendations and requests. It is intended that this document be used in conjunction with 

the main Report. 

2. RECOMMENDATIONS FROM LRE WATER 
LRE Water was retained by the Lower Platte South Natural Resources District (LPSNRD) to 

complete a peer-review and evaluation of the groundwater flow model and accompanying 

hydrogeologic analysis report. Their findings were summarized and provided to Monolith 

Materials, Inc. (Monolith). Included in the LRE Report were the six recommendations outlined 

below. Accompanying the recommendations are responses to each along with supporting 

information. 

2.1 Recommendation 1: Complete a more detailed sensitivity 

analysis on the following:  

a) scale of the hydraulic conductivity in model layers 1 and 3; 

b) horizontal/vertical hydraulic conductivity ratio in all layers.  
 

The distribution of hydraulic conductivity in the final model was determined based on a 

parameter estimation routine. The primary purpose of the parameter estimation was to find the 

spatial distribution of hydraulic conductivity in model layers 2 and 4, the layers representing the 

aquifer materials. The horizontal hydraulic conductivity was initially specified at a spatially 

constant 10 ft/day for layers 1 and 3. Initially, the parameter estimation routine was allowed to 

vary the horizontal hydraulic conductivity of that constant value in layers 1 and 3, however it was 

found that the model was not sensitive to these parameters.   

From the standpoint of the impact of groundwater use in the CPA aquifer, the important 

question regarding the hydraulic conductivity in layers 1 and 3 is whether the assumed values in 

the groundwater model are too high, and if assumed values were decreased, what impact would 
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that have on modeled water levels in the CPA aquifer. To answer this question, the future model 

simulation (the baseline future model scenario with the addition of Monolith pumping) was rerun 

with hydraulic conductivity values for layers 1 and 3 reduced by an order of magnitude to assess 

model sensitivity to changes in hydraulic conductivity of these layers. The calibrated 

groundwater model used values of 10 feet/day and 1 foot/day for the horizontal and vertical 

hydraulic conductivity, respectively. So, the new simulation was changed so that horizontal and 

vertical hydraulic conductivity were reduced to 1 foot per day and 0.1 feet per day, respectively. 

This approach allows for a comparison between the impact of the addition of the Monolith water 

use to this reduction in hydraulic conductivity in Layers 1 and 3 (see Figure 1).  

The difference starts at zero because the starting heads for each simulation are the same, then 

it very slowly (over the first 25 years) increases to about one foot before stabilizing at around 

1.25 feet. In other words, when this difference is compared to the predicted impact at this well 

due to the addition of the Monolith water use (which is approximately three feet, see Report 

Figure 4.5) its magnitude is only half despite the dramatic decrease in hydraulic conductivity for 

layers 1 and 3 in the model. This demonstrates the fact that simulated water levels in for the 
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Figure 1 The difference in simulated water levels at well G-073007 (Hallam municipal well) 
when hydraulic conductivity in Layers 1 and 3 are reduced by a factor of 10.  
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acre used within the LPSNRD was applied to the 2013 LPMT 

groundwater irrigated acres to simulate pumping outside of the LPSNRD. 

3. Municipal and industrial pumping from the calibration model period 1995-2019 

was repeated and added to the WEL file for the future pumping scenario. 

4. To represent the Monolith pumping, a well was added to the model at the 

approximate location of the Monolith site. The pumping schedule for the Monolith 

well was determined using historical temperature data and operational design 

data from Monolith. The daily temperature record from 1995-2019 documented 

by a weather station near Crete (named CRETE 4 ESE, NE US) was 

downloaded from the High Plains Regional Climate Center website. Combined 

with the design data supplied by Monolith, a 25-year pumping schedule was 

developed and repeated for the full 50-year future scenario model. 

2.3 Recommendation 3: Less model refinement or discretization 

for ease of use. 
 

This recommendation will be considered for any future applications. 

2.4 Recommendation 4: Better characterize the gradient between 

the bedrock units and the CPA aquifer in the area.  
 

While there is no known data regarding water levels in the bedrock aquifer underlying the CPA 

aquifer, an assessment of the interaction between the bedrock aquifer and the CPA aquifer can 

be made utilizing the Lower-Platte Missouri Tributaries (LPMT) groundwater model. As 

documented in the report on the LPMT groundwater model titled Groundwater Model for the 

Central and Northern Parts of the Lower Platte River and Missouri River Tributary Basins, the 

gradient between the bedrock aquifer and the principal aquifer (including the CPA aquifer) is 

generally upward across the majority of eastern Nebraska (NDNR 2018). Detailed analysis of 

the LPMT model in the area covered by the CPA aquifer in Lancaster County reveals the 

bedrock aquifer is constantly discharging to the CPA aquifer at a rate of approximately 27 acre-

feet per month, or 0.054 inches per year. 

 

2.5 Recommendation 5: Develop a groundwater monitoring plan. 
 

See the monitoring plan attached to this addendum as Appendix A. 
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2.6 Recommendation 6: Identify and document details on all 

private and public supply wells within 1 ½ miles of the 

pumping site. Provide a well interference contingency plan.  
 

See the well protection plan attached to this addendum as Appendix B. 

3. MOTIONS FROM THE LPSNRD BOARD OF DIRECTORS 

3.1 Motion 1: The Monolith Application submit a more detailed 

sensitivity analysis as recommended in LRE Water Review 

Recommendation 1. 
 

See section 2.1. 

3.2 Motion 2: The Monolith Application include (1) further analysis 

of interaction of the CPA aquifer in the area with bedrock 

aquifer to support its assertion of little or no interaction with 

bedrock aquifers, (2) the likelihood of gradient reversal to 

upward flow direction if the further analysis shows downward 

gradient or little to no interaction.  
 

Section 2.1.3 of the Hydrogeologic Analysis Report describes the geology of the area and 

Figure 2.3 presents the bedrock map of the area. As described in Section 2.4, the bedrock 

aquifer generally discharges to the principal aquifer across most of eastern Nebraska, as is the 

case for the CPA aquifer based on the results of the LPMT groundwater modeling (NDNR 

2018). However, the rate of discharge appears to be extremely low (0.054 inches per year on 

average). The report on the LPMT groundwater model states: “As expected, the overall rates of 

groundwater flow in the bedrock units are much smaller than in the principal aquifer.” Therefore, 

it is highly unlikely that there would be any significant increase in the rate of discharge, given the 

“sluggish” flow rates within the bedrock aquifer that would control the availability of water from 

the bedrock aquifer. Moreover, given the extremely low current rate of discharge, even a 

relatively large percentage increase in the upward flow of water from the bedrock aquifer to the 

CPA aquifer would not result in a significantly large amount of additional upward flow. 
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3.3 Motion 3: The Monolith Application include details of any 

groundwater monitoring plan Monolith intends to develop and 

implement to address future potential changes in 

groundwater quality and quantity at the Site and surround 

area. 
 

See the monitoring plan attached to this addendum as Appendix A. 

3.4 Motion 4: The Monolith Application include details of wells 

and a well interference plan as provided in Recommendation 

6 (the area to be considered will be increased from 1.5 miles 

to 3.0 miles from the site). 
 

See the well protection plan attached to this addendum as Appendix B. 

3.5 Motion 5: That Monolith provide additional information on (1) 

the use of future climate in the Monolith Hydrogeologic 

Analysis, and (2) the general effect of future climate on the 

CPA aquifer. 
 

Actual future climate in eastern Nebraska is inherently unknowable. However, it is generally 

recognized in water resources management that a recent period of climate is most 

representative of the potential future climate conditions. Also, it has been documented by the 

Nebraska Department of Natural Resources that a 25-year period of climate conditions provides 

for a representative period of wet, normal, and dry years. Therefore, the Future Model for the 

Monolith hydrogeologic analysis was set up using the climate conditions experienced during 

1995-2019. The model started at the beginning of 2020 with the modeled water levels from the 

end of 2019 from the historic calibration model. As noted above, the LRE Water Review 

supported the use of the Future Model for the purpose of predicting the likely drawdown that 

would result from Monoliths water use. 

As for the general effect of future climate on the CPA aquifer, water levels are likely to fluctuate 

somewhat based on the occurrence of wet and dry periods. See for example Figure 2, which is 

a plot of the predicted water levels in well G-073007 (one of the water supply wells for the 

Village of Hallam). The 25-year climate pattern has periods of water level increases and 
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decreases, with the water level ending up being about three feet higher after 50 years. 

Moreover, the dips in water levels representing the dry periods are more than made up for by 

subsequent wet periods, so that during the second two periods of drought (occurring around 

2057 and 2065), water levels bottom out at levels that are higher than the low water levels 

experienced during the first two periods of drought (occurring around 2032 and 2040). While not 

shown on Figure 2, these first two low water levels simulated in the Future Model are greater 

than the water level lows experienced during the actual years these droughts represent (around 

2004 and 2012). 

The reason for the general upward trend in water levels in the historic and future models is the 

general upward trend in precipitation being experienced in eastern Nebraska and much of the 

northern Midwest. In fact, the six-year period between 2014 and 2019 is generally the wettest 

six-year period experienced in eastern Nebraska in 120 years of climatic records. This is 

consistent with the general predictions that come from global climate circulation models, which 

predict that eastern Nebraska is likely to experience greater precipitation into the future. 

The actual water level variability that will be experienced in the CPA aquifer may not turn out to 

be as optimistic as the model prediction contained in Figure 2. However, that does not change 

the predicted impact of the Monolith water use on the CPA aquifer, as that prediction does not 

depend on a certain climate pattern. This is because the prediction of the Monolith water use 

impact is done by subtracting the results in one model run (without the Monolith water use) from 

another model run (with the Monolith water use), thereby canceling out the underlying climate 

pattern (assuming the model behaves linearly, which it appears to do) and isolating the 

predicted impact of the Monolith water use on the CPA aquifer. As discussed in Section 1, this 

impact is not expected to cause the CPA aquifer to be “triggered” into being a Phase 2 

management area, because it is not expected to cause more than an 8% decline in saturated 

thickness in 30% or more of the monitoring wells in the CPA aquifer. However, if a prolonged 

dry period should occur in the future, the groundwater management triggers may be reached 

due to reduced recharge.  If this should occur, the aquifer would enter Phase 2 management 

would be triggered and all existing water users would share in needed reductions in water use 

under the correlative rights doctrine which governs groundwater management in Nebraska. 
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3.6 Motion 6: That Monolith provide additional information on the 

potential for upwelling in the immediate vicinity (as that term 

is used on page 57 [of the Monolith Hydrogeologic Report]) of 

the Monolith well over the 50-period of its future scenario. 
 

The Monolith Hydrogeologic Analysis Report states on page 57: 

While declines of up to 8.5 feet can be anticipated in the immediate vicinity of the 

Monolith well, impacts of this extent will be localized and are generally less than 

1-2 feet over most of the aquifer. 

In the Monolith Future Model, a decline of 8.5 feet is experienced in the model cell that contains 

the well simulating Monolith’s water use. Groundwater model cells are 165 feet by 165 feet (or 

approximately 0.6 acres) in the area of the Monolith site. This model cell (along with many 

surrounding cells) is wholly contained within the property on which Monolith intends to construct 
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Figure 2 Water level in well G-073007 (Hallam municipal well) over the 50-year Future Model 
simulation. 
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Maximum drawdown after 50 years reaches about 6.8 feet in the immediate vicinity of the three 

wells, which is less than the drawdown simulated in the future scenario in the Report (8.5 feet). 

4.2 Future Scenario B 
In Scenario B, 400 million gallons per year was divided evenly between three wells pumping 

approximately 254 gpm on average. This scenario represents the highest amount of pumping 

that Monolith might require from the wellfield. Drawdown in this scenario is shown in Figure 4. 

Maximum drawdown is slightly greater than in the future scenario included in the Report (8.6 

feet versus 8.5 feet). However, the maximum drawdown is experienced in three model cells (the 

cells that contain the three wells) as opposed to the one model cell experiencing maximum 

drawdown in the original future scenario with only one well. Visual comparison with the 

drawdown map in the Report (Figure 3.14) reveals a very similar drawdown pattern and extent. 

The cumulative water budget for the 50-year simulation period (2020-2069) is presented in 

Table 1. Model budget terms along with average annual values are shown for both the baseline 

and Scenario B. To aid in comparison to the future model simulation from the Report, the 

difference between the baseline scenario and the monolith pumping scenario is displayed for 

this Scenario B simulation and the simulation in the Report. 
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Table 1 The cumulative water budget for the future model simulation scenarios in acre-feet 
per year. 

Model Budget Term 

Baseline 
Scenario Value 
(acre-feet per 

year) 

Scenario B 
Value (acre-

feet per year) 

Difference 
(acre-feet per 

year) 

Difference 
from 

Report 
(acre-feet 
per year) 

Storage -1,889 -1,499 -390 -301 

Wells -12,016 -13,246 1230 959 

River -7,452 -7,395 -56 -45 

Evapotranspiration -1,130 -1,124 -6 -4 

General Head 
Boundary 

-6,839 -6,638 -201 -157 

Recharge 72,309 72,309 0 0 

Stream Leakage -42,983 -42,406 -576 -453 

Total (In-Out) -1 -1 0 0 

 

As the groundwater pumping in Scenario B is approximately 25% greater than the scenario in 

the Report, the difference between the baseline scenario and the Monolith pumping scenario for 

the computed budget terms (e.g., storage, baseflow) is also approximately 25% greater.  

For comparison of predicted drawdown from the Report, Figure 5 provides the predicted 

drawdown for the two municipal wells in Hallam for this additional scenario (compare with Figure 

4.5 in the Report). The total drawdown after 50 years is approximately 25% greater under this 

scenario (3.75 feet versus 3 feet). This level of additional drawdown would not change any of 

the conclusions contained in the Report. 
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Figure 5 Predicted drawdown at Hallam’s municipal wells after 50 years under Scenario B. 

4.3  Future Scenario C 
Under Scenario C, one well pumping a constant 1200 gpm from April to September for a 

hypothetical future year was simulated. This scenario is meant to represent an extreme example 

of the impact of heavy, continued pumping at the Monolith site in the event of a hot summer and 

does not represent a realistic scenario that Monolith ever intends to operate under. The 

pumping rate compared to the original pumping rate of the future scenario in the Report is 

shown in Figure 6.  
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Figure 6 Pumping rate at the Monolith site in Scenario C overlaid on the pumping rate from 
the future scenario in the Report. 

Model results from this modified pumping schedule show an additional 0.5 feet of drawdown at 

the Hallam municipal well site during the year of increased pumping. Additional drawdown 

gradually lessens to two inches or less within 18 months of the increased pumping (Figure 7). 
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Figure 7 Drawdown in feet and the difference between the original future scenario and 
Scenario C at a Hallam municipal well. 
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Groundwater Protection Plan


