
CORRESPONDENCE/MEMORANDUM 
 

State of Wisconsin 

 

 

DATE: September 30, 2019  

 

TO: File 

 

FROM: Ian Anderson 

 

SUBJECT: Nemadji Trail Energy Center – Conceptual Model and High Capacity Well Review 

 

Nemadji Trail Energy Center (NTEC, the Applicant) has requested approval to construct five non-potable high capacity 

wells at the site of a proposed natural gas-fired combined cycle gas turbine (CCGT) generating plant in Superior, 

Wisconsin (Figure 1). The DNR’s Water Use Section received a high capacity well application on December 28, 2018 

which was deemed to be incomplete due to missing well construction design details and proposed construction that was 

non-compliant with well construction code Ch. NR 812, Wis. Adm. Code. Water Use received a revised application on 

February 22, 2019 with five proposed non-potable high capacity wells, each with a pump capacity of 750 gallons per 

minute (gpm) and a proposed average annual withdrawal rate of 2.9 million gallons per day (MGD), maximum monthly 

volumes of 3.5 MGD, with a proposed water loss of over 2 MGD in any 30 day period.  

 

The application packet included a site map, aerial photo, proposed well construction diagram, and geologic logs for the 

five test wells that were constructed in September 2013. Upon request, in August 2019, the Applicant also provided to the 

department additional information including water quality sampling results, pumping test results, a geologic cross-section 

and groundwater flow model report  

 

Geology of the Superior Region  

The geology in northern Douglas County can be characterized as glacially deposited clay overlying Precambrian 

sandstone bedrock, with a thin horizon of sand and gravel in between the clay and bedrock. The sandstone surrounding 

Superior, Wisconsin is mapped as Orienta sandstone of the Bayfield Group, described as a poorly sorted arkosic sandstone 

(Sims, 1992). Groundwater yields of this particular sandstone are limited (NTEC Groundwater Modeling Summary 

Report. Burns & McDonnell, 2018).  

 

The Applicant’s Conceptual Model  

The Applicant’s conceptual model was developed by Burns & McDonnell as part of the groundwater flow model and 

included a geologic cross-section (Figure 2). Source: Figure 2-2 of Water Loss Application, Figure 4 of Groundwater 

Modeling Report). The cross section shows a fairly uniform layer of clay at the surface that is approximately 100 feet 

thick. Below this clay layer is a similarly uniform layer labeled “aquifer” that is about 100 feet thick on average, with a 

minimum thickness of 80 feet. The modeling report refers to the regionally extensive sand and gravel aquifer, in the 

model layering section on page 6, but provides no supporting documentation. 

 

Five test boreholes were constructed with geologic and geophysical logs collected at each borehole. The Applicant’s test 

wells drilled on-site revealed a sand and gravel deposit layer approximately 125-feet thick. The Applicant conducted an 

aquifer test in May 2014, in which one well was pumped at a constant rate of 1,001gpm for 93 hours. The Applicant 

recorded water levels in four monitoring wells for the duration of the pump test and for the next 4 days to record recovery 

after the pumping ceased.  

 

DNR requested and received the May 2014 pumping test results and analysis. In the aquifer pump test report dated 

January 8, 2016, the Applicant noted an increase in slope of the drawdown line after about 800 minutes. The report also 

noted that recovery data show a residual drawdown of 5 feet. In other words, the pump was turned off, and after 4 days 

there was still 5 feet of drawdown because the aquifer did not fully recover. The Applicant projected approximately 105 

feet of drawdown after 1,000 days of pumping (see Figure 3). It is important to note that in the case of a confined aquifer, 

such as this situation, the term drawdown means a reduction in the potentiometric surface, analogous to a decrease in 

pressure. This will not result in physical dewatering of the confined aquifer, unless the potentiometric surface is 

reduced below the clay/sand interface. If this occurs, the aquifer will behave as unconfined, and further drawdown 

would dewater the sand and gravel. 
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DNR Conceptual Model  

 

I began my review of the high capacity well application following receipt of the revised application in February 2019. I 

developed a conceptual model (see Figure 4) of the geology and hydrostratigraphy of the site based on the following data 

sources: a bedrock geologic map (Sims, 1992), no less than 25 well construction reports (WCRs), and Pleistocene 

Geology of the Superior Region, Wisconsin (Clayton, 1984). In my review of WCRs proximal to the proposed NTEC site 

and around the City of Superior and surrounding area, there are very few WCRs that listed the thick sand and gravel 

beyond what was found beneath the site in the Applicant’s test boreholes. In fact, two of the wells that appear to be used 

in the Applicant’s cross section, Wisconsin Unique Well Number (WUWN) TJ253 and OH132, have only 12 feet and 9 

feet of sand, respectively. This is inconsistent with the applicant’s 100-foot layer of “aquifer” on Figure 2 below.  

 

I shared my preliminary conceptual model on a Skype call with the Applicant (representatives from Burns & McDonnell, 

South Shore Energy, and Minnesota Power) and other DNR and Wisconsin Public Service Commission (PSC) staff, on 

July 18, 2019. 

  

Following the July 18, 2019 call, the applicant submitted their 2016 aquifer test pumping report (they had previously 

submitted plotted data only) and their groundwater modeling report dated March 2018. The aquifer test data confirmed 

my conceptual model. The inflection point where the slope of drawdown steepens indicates a boundary condition (see 

Figure 4). In other words, the provided pumping test data shows that drawdown accelerates when the pumping stress hits a 

no-flow boundary, such as where a sand lens pinches out. The fact that there was 5 feet of residual drawdown after 4 days 

of recovery further bolsters the idea that groundwater supplies are limited and may not sustain the requested volume. 

 

The Applicant’s groundwater modeling report references a 1975 map (Devaul) that estimates the probable yields of wells 

in the sand and gravel aquifer around the state (Figure 6). Within the sand and gravel aquifer, in the immediate vicinity of 

Superior Wisconsin, the map indicates yields of 100-500 gpm are likely. However, the majority of Douglas County falls 

within the area described as chances of yields greater than 100 gpm are poor. The projected average daily water usage for 

the proposed project is over 2,000 gpm, with a maximum average of 2,800 gpm (4 MGD) in warmer months, such as July 

(see Applicant’s Water Loss Approval Application).  Furthermore, regional maps like the 1975 probable yields estimates 

are intended as a reference only; these maps are not intended to determine water quantity information for site-specific 

projects, such as this. In conjunction with yield estimates that are well below the Applicant’s proposed withdrawal rates, 

groundwater recharge through the clay aquifer will likely be extremely limited. In summary, my assessment of available 

data indicates that the water necessary for this project cannot be attained from the sand and gravel aquifer below the 

Applicant’s proposed site. 

 

High Capacity Well and Water Loss Approvals 

 

My core job responsibility is reviewing proposed high capacity wells for potential impact to water resources. Under s. 

281.34 Wis. Stats and Ch. NR 820 Wis. Adm. Code, the only reviewable resource relevant to the NTEC project is the 

municipal well at the Village of Oliver, located approximately 7.3 miles west of the site. There are no designated trout 

streams or outstanding or exceptional resource water within 1,200 feet of the proposed wells and there are no one cubic 

foot per second (cfs) springs that may be impacted. If there was a hydraulic connection between the proposed wells and 

the Village well, it is possible that pumping stress from NTEC could travel a large distance under confined conditions as 

are found here due to the thick clay deposit at the surface. It is unlikely that there is a direct connection between them, due 

to the same thick clay deposit that limits groundwater yields in the area.  

 

However, according to s. 281.35(5)(d), Wis. Stats., the proposed high capacity well(s) may not be approved unless they 

can meet all conditions of a water loss approval. The department must make multiple determinations under water loss 

approval requirements in s. 281.35, Wis. Stats. and Ch. NR 142. One of the determinations is concluding that the 

proposed withdrawals will not have a significant detrimental impact on the quantity of waters of the state. Based on WCR 

data available and the cross section I developed, the proposed wells could potentially impact one private golf course well 

(Wisconsin Unique well Number - TJ253) if connected to the same sand and gravel lens. The proposed wells are not 

likely to impact other wells due to the disconnected nature of the sand and gravel lens they will be completed in. 

However, the quantity of groundwater within this sand and gravel lens could be significantly impacted, because the 



Applicant’s pumping test analysis predicts 100 feet of drawdown after approximately 400 days of pumping at 1,000 gpm. 

This pumping test was conducted at less than half the amount needed to support this project. Thus, it is my professional 

opinion that, based on my review of available data, this project is not approvable with regard to high capacity wells under 

the authority of s. 281.35 Wis. Stats. I have serious concerns that the aquifer identified in the high capacity well approval 

request can support the volume of water necessary for this project. 
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Figure 1. Site Map. Site boundary is illustrated by red line. Proposed high capacity wells are shown as orange circles. 

 



 
Figure 2. Applicant’s Cross Section. Source: Figure 2-2 of Water Loss Application, Figure 4 of Groundwater Modeling Report 

 



 
Figure 3. Applicant’s Projected Drawdown at 1000gpm. Source: NTEC Aquifer Pump Test Report, Burns & McDonnell 

 



  
Figure 4. Cross-Section developed by DNR to illustrate Hydrostratigraphy and conceptual model 
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Figure 4A. Map view showing transect and wells used to develop Cross-section  

Proposed Site 



 

  
Figure 5. Applicant’s Aquifer Test Analysis. Source: NTEC Aquifer Pump Test Report, Burns & McDonnell 
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that pumping stress has 
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Figure 6. Probable Well Yields From Wells in the Sand and Gravel Aquifer. Modified from DeVaul 1975 
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