


























































































































































 

 R O C K Y  M O U N T A I N   |   M I D W E S T   |   S O U T H W E S T   |   T E X A S  

Sioux Falls, SD    |   Office: 605-310-1721    |  LREWATER.COM 

 
 
October 29, 2020 
 
 
Paul Kostboth 
A1 Development Solutions 
101 N. Main Ave., Suite 321 
Sioux Falls, SD 57104 
 
 
RE: Aquifer Pumping Test Report 
 
 
Dear Mr. Kostboth, 

The purpose of this letter report is to provide A1 Development Solutions (A1) with the results of 
the aquifer pumping test (Test) completed on September 28, 2020 at the Dakota Line Dairy (DLD). 
DLD is currently under construction at a location approximately two miles south of Humboldt, SD 
(Project Site), in the southeast quarter of Section 20, Township 102 North, Range 52 West, in 
Minnehaha County. This project was authorized by signed contract between A1 and LRE, dated 
June 24, 2020.  

The primary purpose of the Test was to provide additional information regarding the aquifer from 
which DLD plans to appropriate 300 acre-feet per year (ac-ft/yr) of groundwater (for commercial 
use) under water permit application #8426-3 (WPA #8426-3). WPA #8426-3 was originally 
submitted in March 2020, and requested authorization to pump groundwater from a well 
completed in an undifferentiated Cretaceous-age sandstone (un-K SS). In a letter to the South 
Dakota Department of Environment & Natural Resources (DENR) dated August 21, 2020, LRE 
submitted a request on behalf of DLD to amend WPA #8426-3 by changing the proposed water 
source from the un-K SS to the Precambrian Sioux Quartzite aquifer, while leaving the annual 
withdrawal volume and maximum instantaneous diversion rate un-changed from the original 
application. The maximum instantaneous diversion rate under WPA #8426-3 is 0.67 cubic feet 
per second, which is equivalent to approximately 300 gallons per minute (gpm). 

BACKGROUND INFORMATION 

It was originally planned to develop the un-K SS as a water source, and one well (hereinafter 
referred to as Well 1) completed in the un-K SS was constructed in February 2020 by Dave Putzke 
Well Drilling & Repair, Inc. (Putzke).  DLD hired Heine Electric & Irrigation, Inc. (HEI) to conduct 
test hole drilling for the purpose of identifying another suitable well location and to conduct an 
aquifer-pumping test of the un-K SS. The aquifer-pumping test for the un-K SS was required by 
the DENR in support of the original WP #8426-3 application. 
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ACTIVITIES 

The following activities were completed by LRE during work on this project: 

 Reviewed the available information regarding the project site geology, including, well 
log and lithologic log databases maintained by the DENR and the South Dakota 
Geological Survey (SDGS); 

 Corresponded and collaborated with HEI, as needed, regarding the construction of 
four  wells (one to be used as the pumping well and the remaining three as observation 
wells); 

 Provided, installed, and programmed four data-logging pressure transducers 
(transducers) in the pumping well and three observation wells; 

 Provided and programmed a barometric pressure data-logging pressure transducer; 
 Assisted in conducting the Test, using Well 4 as the pumping well and Wells 1, 2, and 

3 as observation wells. The Test included 20 hours of background monitoring, 26 hours 
of constant-rate pumping, and 96 hours of groundwater level recovery monitoring after 
pumping shut-down; 

 Provided Test oversight, which included collecting manual water-level measurements 
at the pumping and observation wells to confirm the transducers were working properly 
and periodically checking the pumping rate; 

 Conducted a qualitative analysis of the aquifer test data; and, 
 Provided this report including the water level and barometric data collected during the 

Test and the results of the qualitative analysis of the Test data. 

 

TEST HOLE DRILLING 

Eight test holes (TH1 through TH8) were drilled at the Project Site between June 17, 2020 and 
July 15, 2020 by HEI using the forward mud-rotary drilling method.  The locations of the eight test 
holes, as well as geologic logs for TH5 and TH6, have not been provided as of the date of this 
report. The stratigraphic units (rock layers) encountered in the test holes is summarized in Table 
1. Those test hole geologic logs provided to LRE are included in Attachment 1. HEI concluded 
that none of the eight test holes were suitable for completion as a water supply well, and the test 
holes were properly sealed and abandoned.  
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Table 1. HEI Test Hole Drilling Results 

 
Notes: 
na: not available 
ft bgs: feet below ground surface 
 

WELL INSTALLATION 

During the period from July through September 2020, Putzke constructed three additional well 
(Wells 2, 3 and 4) at the Project Site. Wells 2, 3 and 4 are completed as open boreholes in the 
Sioux Quartzite (referred to as “Granite” in the well logs completed by Putzke).  The approximate 
locations of the three wells completed in the Sioux Quartzite (Well 2, Well 3, and Well 4), and the 
well completed in the un-K SS (Well 1), are shown in Figure 1.  

 

 

  Location 
Date 

Drilled 

Total 
Depth 

(ft bgs) 
Stratigraphic Units 

(ft bgs) 
TH1 6/17/2020 277 0 – 254 Unconsolidated 

254 – 276 Shale 
276 – 277 Quartzite Wash 

TH2 6/26/2020 312 0 – 246 Unconsolidated 
246 – 303 Chalk 
303 – 312 Sandstone 
312 Quartzite 

TH3 6/30/2020 301 0 – 227 Unconsolidated 
227 – 251 Chalk 
251 – 290 Shale 
290 – 294 Sandstone 
294 – 301 Shale 
301 Quartzite 

TH4 7/2/2020 244 0 – 241 Unconsolidated 
241 – 244 Quartzite 

TH5 na na na 
TH6 na na na 
TH7 7/13/2020 273 0 – 195 Unconsolidated 

195 – 237 Shale 
237 – 266 Chalk 
266 – 271 Soft Sand 
271 – 273 Hard Sandstone 
273 Quartzite 

TH8 7/15/2020 294 0 – 264 Unconsolidated 
264 – 288 Shale 
288 – 294 Sandstone 
294 Quartzite 
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The stratigraphic units encountered in the four wells are summarized in Table 2.  Well construction 
and geologic logs are provided in Attachment 2. 

 

Table 2. Stratigraphic Unit and Construction Details Summary for Wells 1 through 4 

Notes: 
SS: stainless steel 
ft bgs: feet below ground surface 
ft bTOC: feet below top of casing 

 

Following installation, the wells were developed using the airlift pumping development method. 
Development time on each well is unknown. The wells were also disinfected after completion 
using chlorine pellets and pumped circulation. 

SITE HYDROGEOLOGY 

In general, the upper 200 to 265 feet of material at the Project Site is comprised of unconsolidated, 
Quaternary-age, glacial sediments called till, which is consistent with the information in the 
geologic map of Minnehaha county (Tomhave, 1994). Till is a heterogeneous mixture of clay, silt, 
sand, gravel and boulders, and the clay-rich till at the Project Site is not suitable for a commercial 
water supply well. The HEI test hole logs and the Putzke well logs from the Project Site indicate 
that the first bedrock underlying the till at the Project Site varies with location, and consists of the 
Precambrian Sioux Quartzite, the un-K SS, and Cretaceous-age shale or chalk deposits.  

Location 
Date 

Completed 

Total 
Depth 

(ft bgs) 

Static 
Water 
Level 

(ft bTOC) 

Well 
Construction 

(ft bgs) 
Stratigraphic Units 

(ft bgs) 
Well 1 2/10/2020 316 157 0 – 296 PVC Casing 

296 – 316 SS Screen 
0 – 240 Unconsolidated 
240 – 250 Shale 
250 – 290 Clay 
290 – 316 Sandstone 
316 Quartzite  

Well 2 7/31/2020 645 140 0 – 279 Steel Casing 
279 – 645 Open Hole 

0 – 200 Unconsolidated 
200 – 275 Shale 
275 – 279 Sandstone 
279 – 645 Quartzite 

Well 3 8/13/2020 740 140 0 – 264 Steel Casing 
264 – 740 Open Hole 

0 – 195 Unconsolidated 
195 – 264 Shale 
264 – 740 Quartzite 

Well 4 9/18/2020 595 160 0 – 317 Steel Casing 
317 – 595 Open Hole 

0 – 200 Unconsolidated 
200 – 307 Shale 
307 – 317 Sandstone 
317 – 595 Quartzite 
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These undifferentiated Cretaceous sediments in the vicinity of the Project Site could possibly 
include the Split Rock Creek Formation, Dakota Formation, Graneros Shale, Greenhorn 
Formation, Carlile Shale, Niobrara Formation, and Pierre Shale; and potentially also quartzite 
wash (a local term for unconsolidated pink sands believed to have been eroded from the Sioux 
Quartzite and re-deposited, typically in a topographic low of the Sioux Quartzite surface). A 
substantial geologic discussion is provided in the “Report to the Chief Engineer, Water Permit 
Application No. 8426-3, Dakota Line Dairy, May 22, 2020” (DENR, 2020) and is not reiterated 
herein. As stated in DENR (2020), the extent of the Cretaceous undifferentiated in South Dakota 
is still evolving. Therefore, it is unclear which of the above listed formations are consistently 
present at the Project Site, aside from the regionally extensive Sioux Quartzite.  

Well 1 is constructed in Cretaceous sandstone or quartzite wash immediately overlying the Sioux 
Quartzite. Wells 2, 3, and 4 are completed in the underlying Sioux Quartzite. However, as 
discussed further in a later section of this report, regardless if Well 1 is completed in the un-K SS 
or in quartzite wash, the Sioux Quartzite and overlying sandstones at the Project Site behave 
hydraulically as one aquifer system. 

AQUIFER TEST 

Putzke provided the submersible pump for the Test, which was installed in Well 4 by HEI. HEI 
provided the generator to power the pump, and a circular orifice plate weir for pumping rate 
measurements. As indicated previously, LRE provided and installed the transducers to measure 
and record water-level data displacement data (drawdown and recovery) from the pumping well 
and the three observation wells.  

TEST SCHEDULE 

The Test was conducted between 9:00 am on September 23, 2020 and 10:45 am on September 
24, 2020, and includes 1,545 minutes (25.8 hours) of continuous pumping.  Start and stop times, 
pumping duration, pumping rate, and recovery period information are provided in the Aquifer Test 
Summary Sheet in Attachment 3. The pumping portion of the Test was planned to be 48 hours in 
duration; however, a pump motor malfunction resulted in an unexpected shut down of the Test. 
Pump diagnostics concluded that the pump motor failed and could not be restarted. Therefore, it 
was decided to leave the pump in Well 4 and collect groundwater level recovery data. Although 
the Test was shorter than planned, the Test data illustrate that it was a clean test. 

MONITORING EQUIPMENT 

Water levels were monitored during the Test using dedicated transducers installed by LRE. The 
transducers were vented and automatically compensate for changes in barometric pressure. In 
addition, manual water-level measurements were collected periodically in Wells 1 through 4 with 
an electronic water-level meter.  Data were downloaded from the transducers and graphed by 
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LRE to monitor the progress during the Test. Details specific to the Test are provided in the Aquifer 
Test Summary Data Sheet in Attachment 3.  

PUMPING RATE 

The pumping rate was measured with a circular orifice plate weir installed by HEI, and the flow 
rate was periodically recorded. The pumping rate averaged approximately 206 gpm for the 
duration of the Test.  Power for the submersible pump in Well 4 was obtained from a generator 
provided by HEI.   

BAROMETRIC PRESSURE 

A barometric pressure transducer was placed near Well 4 to monitor variations in barometric 
pressure throughout the Test and its potential influence on observed water-level fluctuations.  
Barometric pressure data throughout the Test is shown on hydrographs in Attachment 4. 
Fluctuations in barometric pressure did not influence the water levels in the four wells during the 
Test. 

AQUIFER TEST RESULTS AND DISCUSSION 

Drawdown in response to pumping during the Test was measured in all four wells. A hydrograph 
showing the groundwater elevation data measured in the four wells, from 9/22/20 to 9/28/20 is 
provided in Attachment 4, as is a graph showing the drawdown-versus-time data for Wells 1 
through 4.  The changes in the water levels over time in response to pumping at Well 4 indicate 
that the Sioux Quartzite aquifer is capable of providing water to Well 4 at the tested rate (206 
gpm), and that pumping influence is observed in each of the three observation wells. At the end 
of the pumping portion of the Test, Well 4 had a maximum drawdown of 80.1 feet of drawdown, 
Well 1 had 6.3 feet of drawdown, Well 2 had 5.8 feet of drawdown, and Well 3 had 3.2 feet of 
drawdown.  Note that the Well 4 hydrographs in Attachment 4 indicate the pump likely began 
failing prior to its ultimate shutdown on September 24. The maximum drawdown listed above for 
Well 4 is the maximum observed during the entire pumping portion of the Test, prior to pump 
failure.  

Upon shutdown of Well 4, the recovery of each well was reviewed after a recovery duration of 
1,545 minutes (the equivalent duration of pumping). Well 4 reached 98% recovery, Wells 1 and 2 
reached 85% recovery, and Well 3 reached 87% recovery. When the transducers were removed 
from the wells on September 28, 2020, Well 4 had achieved 99% recovery and Wells 1, 2, and 3 
had reached 100% recovery. A summary of the maximum drawdown observed at the end of the 
Test, the recovery percentages relative to the pumping period, and other pertinent Test 
information is provided in the Aquifer Test Summary Sheet in Attachment 3. 

The pumping water level in Well 4 at the average pumping rate of 206 gpm was approximately 
227 to 233 ft bgs. A specific capacity graph for Well 4 is provided in Attachment 4 and illustrates 
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that, for the duration of the test, the specific capacity of Well 4 ranged from approximately 2.6 
gallons per minute per foot (gpm/ft) to 2.8 gpm/ft.  

A distance-drawdown plot provided in Attachment 4 illustrates the amount of drawdown observed 
with distance from the pumping well. The distance-drawdown plot shows that the drawdown data 
from Wells 1, 2, and 3 fall on a straight line and indicate that all three wells are in good hydraulic 
connection with the pumped aquifer. This is particularly notable for Well 1, which is completed in 
the un-K SS directly overlying the Sioux Quartzite. As previously indicated, it is unknown if the 
un-K SS is comprised of quartzite wash, is part of the Split Rock Creek formation, or is a 
sandstone layer of another Cretaceous-age formation. Regardless of formation association, the 
Test data illustrates that Well 1 is in direct hydraulic connection with the pumped Sioux Quartzite 
aquifer. 

The distance-drawdown plot was also used to estimate a Well 4 efficiency of 54%. 

 

CONCLUSIONS DRAWN FROM THE AQUIFER TEST DATA 

The results provided in this letter report indicate that the Sioux Quartzite aquifer is capable of 
providing 200 gpm to Well 4. Assuming a conservative specific capacity of 2.4 gpm/ft (specific 
capacity decreases with increased pumping rate), a pump setting at Well 4 at 310 feet bgs (above 
the bottom of well casing), a maximum pumping level of 290 ft bgs (310 ft pump setting minus a 
20 ft safety factor to avoid cavitation), and a static water level of approximately 150 ft bgs, Well 4 
may be able to be pumped at a rate as high as 330 gpm.  

It is LRE’s understanding that DLD intends to use all four wells as water supply wells. The results 
from the Test indicate that all four wells when pumped would be producing from the Sioux 
Quartzite aquifer. Consequently, it is appropriate to include all four wells as points of diversion in 
WPA #8426-3. 
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RECOMMENDATIONS 

While the primary purpose of the Test was to provide information regarding the source of 
groundwater for the four wells at the Project Site, LRE recommends that DLD consider the 
following operational items intended to facilitate the monitoring of the well field production and to 
provide data for determining when to conduct well and pump maintenance activities. 

 Install permanent transducers in the wells to monitor the water-levels in the wells over 
time, and to provide information regarding the effect of well interference between the 
four wells (which will occur, based on the hydraulic connection observed among the 
four wells during the Test). The transducers should be capable of measuring water 
levels accurate to 0.01 ft. 

 Measure and record periodic manual water-level measurements from the wells to 
compare against the transducer data. The manual water-level measurement data will 
validate the transducer data and indicate if the transducers are working properly. 

 Install individual flow meters with totalizers on each pumping well, and keep accurate, 
long-term pumping records for each well.  

 Maintain a database of water-level measurements (manual measurements and 
transducer data) and pumping rates and volumes for each well, and assess the well 
field production and static and pumping water levels on a monthly basis for the first 
year of operation to provide information regarding the long-term viability of the aquifer. 

 Conduct periodic short-term specific capacity testing on the pumping wells to monitor 
yield and evaluate well performance. Future specific capacity testing results for Well 4 
should be operated for 1 hour at a similar rate as the initial Test (206 gpm) so the 
results can be compared to the 1-hour specific capacity test provided in this report (2.6 
gpm/ft). The specific capacity testing can be utilized to determine when well 
maintenance or rehabilitation is necessary. 

 

Approximate specific capacities for the other three wells can be estimated from the well 
construction logs (Attachment 2), although the accuracy of the pumping water level data (and 
therefore the specific capacity) obtained during airlifting is marginal. It is estimated that the 
specific capacity of Well 2 could be similar to that of Well 4. The specific capacity of Well 1 is 
estimated to be on the order of 0.5 to 1 gpm/ft, and the specific capacity of Well 3 is likely less 
than 0.25 gpm/ft. It is recommended that an initial specific capacity test be conducted in Wells 2, 
3, and 4 after their permanent pumps are installed. The initial and subsequent specific capacity 
tests should be conducted for a duration of 1 hour. 
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Sincerely, 

LRE WATER 
 

   
 
Mitch Kannenberg, PE    Michael Plante, GISP 
Senior Project Manager    Lead Hydrogeologist 
 
 
5506ADS01 
MWK/mcp 
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Aquifer Test Summary Data Sheet

Client: A1 Development Solutions Site: Dakota Line Dairy
Task: Well 4 constant-rate aquifer test. City/State: approximately 2 miles south of Humboldt, SD
Project Number: 5506ADS01

Pumping Well Information

Pumping Well(s): Well 4 Make: Make: Atlas Copco
Screen Setting (ft bg): Open Hole 317-595 Intake (ft bg): 400 Power (ie. 3-ph 480 V): 3-ph 480 V
Well Radius (in): 3 Column Diameter (in): 4 Horsepower:
Stickup Height (ft): 0.833 Power (ie. 3 ph, 480 V): 3 ph, 480 V Owner / Rental Source: Heine Electric & Irrigation, Inc.
Static Water Level (ft): 154.10 Horsepower: 15 Adjustable: Yes / No No
Measuring/Reference Point: top of casing Owner / Rental Source: Dave Putzke Well Drilling Drilling Max. Allowable Amp Draw (Amps):
Sand Meter Type:  --- Type:  Submersible Max. Allowable Frequency (Hz):

none Max. Allowable Drawdown (ft):
Sand Concentration (mg/L): na Max. Allowable Motor Temp. (F):

Aquifer Test Information
Test Type: Constant-Rate Test
Purpose of Test: Other: qualitative analysis
Date of Test: 9/22/2020 to 9/28/2020
Flow Rate Measurement:  
Assisting Subcontractor:  Heine Electric & Irrigation, Inc.

Pumping Well(s): Well 4
Pumping 

Rate
(gpm)

Pumping 
Duration

(hr)

Recovery 
Duration

(hr)
Start
Date

Start
Time

End
Date

End
Time

Maximum 
Drawdown 

(ft)

Specific 
Capacity 
(gpm/ft)

206 25.8 9/23/2020 9:00 AM 9/24/2020 10:45 AM 80.11 2.57
--- --- 95.7 9/24/2020 10:45 AM 9/28/2020 10:12 AM --- ---Well 4 (recovery)

Wellhead Manifold and Discharge:  4-inch tee to flexible discharge hose and circular orifice plate weir.

Pumping Well Pump Generator or Power Supply

Notes: 

Well 4 (pumping)

Notes: 

Totalizer, Acoustic Meter, Mag Meter, Orifice Weir,
Name:not applicable,

Other:
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Aquifer Test Summary Data Sheet

Client: A1 Development Solutions Site: Dakota Line Dairy
Task: Well 4 constant-rate aquifer test. City/State: approximately 2 miles south of Humboldt, SD
Project Number: 5506ADS01

Observation Well(s) Information

Well
Depth
(ft bg)

Screen 
Setting
(ft bg)

Stickup 
Height

(ft)

Distance to 
Pumping 

Well
(ft)

Static Water
Level

(ft bTOC)

Water
Level
Type
(M/T)

Logger 
Sample Rate

(min)

Drawdown at 
End of Test

(ft)

Recovery 
(Recovery= 

Pumping 
Period)

(%) 
595 217-595 OH 0.83 0 154.00 M/T 1 73.92 98
316 296-216 2.5 602 149.83 M/T 1 6.26 85
645 279-645 OH 0.83 744 143.09 M/T 1 5.78 85
740 264-740 OH 1.02 1260 126.01 M/T 1 3.22 87

Additional Information

Footnotes:
F = fahrenheit Hz = Hertz na = not applicable TOS = top of sounding tube
ft = feet in = inch ph = phase V = volt
ft bg = feet below grade/ground mg/L = milligrams per Liter TOC = top of casing gpm/ft = gallons per minute per foot of drawdown
hr = hour min = minute TOP = top of port M/T = Manual Measurement or Transducer

Well ID
Well 4 top of casing LevelTroll 700, 300 psig

Transducer Type
Measuring/

Reference Point

Notes: 

- Permits: na

- Nearby High Capacity or Domestic Wells (Yes, No, or describe): None

Discussion: 
- Weather Data:  

Notes: OH = open hole

top of casing

- Water Quality Samples: none

LevelTroll 700, 30 psig
LevelTroll 700, 30 psig
LevelTroll 700, 15 psig

Well 1
top of casing
top of casing

Well 2
Well 3

Precipitation, Barometric Pressure, Temperature
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QUALITATIVE ANALYSIS 
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GROUNDWATER ELEVATIONS VERSUS DATE 
DAKOTA LINE DAIRY

HUMBOLDT, SD
9/22/2020 THROUGH 9/28/2020

Well 4 Manual Well 4 Transducer

Well 1 Manual Well 1 Transducer

Well 2 Manual Well 2 Transducer

Well 3 Manual Well 3 Transducer

Barometric Pressure

Start of Constant-Rate
Test at Well 4
9/23/20 09:00

Pump Failure and 
Shutdown of Constant-

Rate Test at Well 4
9/24/20 10:45

Equipment Removed
End of Constant-Rate 

Test at Well 4

Potential indicator 
of slowly failing 

pump motor
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