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Summary 

High quality/high capacity aquifers are difficult to find in many portions of southwestern 
Minnesota since the area is underlain by silt and clay rich Quaternary glacial sediments and shale 
rich Cretaceous bedrock. In cooperation with five major water appropriators in the region (City 
of Luverne, Rock County Rural Water, City of Worthington, Lincoln-Pipestone Rural Water, and 
the City of Marshall), the Minnesota Department of Natural Resources (DNR) has drilled 17 
mud rotary test holes at selected locations in Rock, Nobles, Yellow Medicine, and Lincoln 
Counties. Ten additional test holes are planned for the 1997 field season. These test holes will 
be located in Yellow Medicine, Lyon, and Pipestone Counties. The purposes of these test holes 
include: 1) finding the most productive aquifers in areas closest to the major water appropriators, 
and 2) obtaining geological information to help predict the locatiom of the best aquifers for 
future use. 

The test holes drilled during the summer and fall of 1996 ranged in depth from 400 to 979 feet. 
Most of the test holes penetrated both the Quaternary and Cretaceous sections. In the 
Worthington area (Nobles County), potentially productive sand layers (thickness of 20 feet or 
more) were found in the Quaternary section at depths of 134 to 426 feet below ground surface at 
thicknesses ranging from 20 to 3 7 feet. Maximum Cretaceous sandstone thicknesses ranged 
from 68 to 124 feet at depths of 363 to 744 feet below ground surface. The Worthington area 
appears to have several options for future groundwater exploration and development. 

Rock County appears to have fewer options for groundwater supplies than Nobles County, since 
the area is underlain by a thinner section of Quaternary materials and Cretaceous bedrock. 
However, even with these limitations, this study has shown that additional groundwater 
resources may be available in this area. Two new potential large capacity aquifers were 
discovered by this project consisting of sand layers at the base of the Quaternary section. One 
aquifer was found in the area around the Rock River and Kanaranzi Creek valleys near the Iowa 
border at depths of approximately 200 to 250 feet. The other aquifer was found between 
Magnolia and Adrian at a depth of approximately 250 feet. The maximum sand thickness of 
these potential large capacity aquifers ranges from 3 8 to 46 feet. Aquifer testing, water quality 
testing, and additional drilling is required to determine if these units can supply the capacity and 
quality demands of the water producers in the area. 

Shallow buried outwash units (Prairie Coteau aquifer) in the Lincoln-Pipestone Rural Water 
Burr Well Field area (Yellow Medicine County) have a dominant northwest-southeast 
orientation. Thick sections of these outwash units were found in DNR test holes 41-1 and 87-7, 
located 4-5 miles south-southeast of the Burr Well Field, at depths of 70 to 312 feet below 
ground surface. In addition, 35 to 38 foot thick accumulations of sand were found at the base of 
the Quaternary section (Altamont aquifer) in test holes 41-1 and 87-7. The depth to the top of 
the Altamont aquifer in this area ranges from 365 to 461 feet below ground surface. 

The distribution and orientation of the deeper aquifers in the Burr Well Field/Lake Cochrane 
area (Unit 5 outwash and Altamont aquifer) are not known since very few boreholes penetrate 
these units in the area. The Altamont aquifer is an attractive target since it is relatively thick, 
widespread, and produces relatively good quality water. In addition, based on stratigraphic 
relationships, this aquifer appears to be hydraulically isolated from the overlying Prairie Coteau 
aquifer. Additional test drilling is required to locate the thickest portions of this aquifer. 



1.0 Introduction 

The 1995 legislature funded this project from a proposal that was initiated by the Minnesota 
Water Well Contractors Association. The purpose of the project is to help characterize the 
geologic and hydrologic conditions in southwestern Minnesota where water supplies are difficult 
to locate. The original name of the project was the "Grid Drilling Program". One of the 
exploration strategies considered during the early stages of the project was to drill test holes at 
regularly spaced intervals or in a grid pattern. However, the test holes were located based on 
available geologic information and the name has been changed to the Southwestern Minnesota 
Groundwater Exploration Project 1996-1997. 

An amount of $50,000 was appropriated from the General Fund to the DNR Division of Waters 
to be matched by an equal amount of money from non-state sources for a total program budget of 
$100,000 for the biennium. The non-state sources included: the City of Worthington, City of 
Luverne, Rock County Rural Water System, Lincoln-Pipestone Rural Water System, and the 
City of Marshall. The study area (Figure 1) was defined based on regional geology and the 
locations of the water suppliers that chose to participate. Specifically the project was designed 
to: 1) find potentially productive aquifers near the major water appropriators, and 2) obtain 
geological information to help predict the locations of the best aquifers for future investigations. 

The purpose of this progress report is to summarize information gathered during the 1996 field 
season from portions of Rock, Nobles, Y_ellow Medicine, and Lincoln Counties. The remainder 
of the project, including planned test dril'ling in portions of Pipestone, Lyon and Yell ow 
Medicine Counties, will be completed during the 1997 field season. 

The test hole drilling locations (Figure 2) were chosen based on regional subsurface geology that 
was researched and compiled by the DNR for this project. The Minnesota Geological Survey 
(MGS), the U.S. Geological Survey (USGS), the project participants, and a consulting firm 
representing three of the participants reviewed the drilling plan and provided suggestions. The 
regional subsurface geology and target areas were discussed with all of these parties in meetings 
during the spring of 1996. 

2.0 Regional Geology 

Previous work in the study area was reviewed prior to drilling in order to locate promising test 
hole sites. Understanding the regional geology of the area was important for locating areas 
suitable for test drilling and for interpreting the results of the test drilling. 

2.1 Stratigraphy 

2.1.1 Cretaceous 

The general stratigraphy of the area is shown in Figure 3. The Precambrian basement consists of 
hard rock such as quartzite and other metamorphic rock types. The Precambrian basement is 
overlain by a softer bedrock layer composed of Cretaceous shale, sandstone and silty marlstone 
units. The Cretaceous bedrock is overlain by unconsolidated Pleistocene glacial sediments and 
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other Quaternary deposits. The Cretaceous sandstone and Quaternary sand layers are the primary 
aquifers in the area. 

The Cretaceous sedimentary rocks of southwestern Minnesota were deposited near the eastern 
shore of a large inland sea (Setterholm, D.R., 1990). The floor of the inland sea had very little 
topographic relief. The east-west trending Sioux Ridge which occurs in the southwestern portion 
of the study area (Figure 4) was partly exposed during the Cretaceous period. 

At least two sandstone units within the Cretaceous bedrock have important aquifer potential: the 
Split Rock Creek Formation and the Dakota Formation. The Split Rock Creek sandstone occurs 
in South Dakota and the southwestern portion of the study area. This unit was deposited in a 
marginal marine setting (beach and offshore sand bar) at the edge of the exposed Sioux Ridge. 
The Dakota Formation, which occurs at the base of the Cretaceous section, was deposited in 
marginal marine and non-marine settings. This unit appears to be widespread and has a highly 
variable thickness. 

2.1.2 Quaternary 

The Quaternary section consists of Pleistocene or glacial age sediments deposited from 8,000 
years to 2 million years before the present (B.P.) and Holocene (recent post-glacial) 
unconsolidated sediments. The Quaternary sediments are separated from the Cretaceous bedrock 
by a long period during which no deposition occurred (unconformity). The Cretaceous deposits 
were exposed and eroded for a very long time, creating a distinctive layer just above the 
Cretaceous bedrock. This layer is referred to in this report as the basal Quaternary (BQ) because 
it is found at the base of the Quaternary. The exact age of this layer is unknown. The basal 
Quaternary sediments are composed of unconsolidated sand and clay deposited in non-marine 
fluvial (stream deposits) and lacustrine (lake deposits) settings. 

The remaining overlying portions of the Quaternary sediments can be divided based on surface 
exposures and subsurface evidence indicating boundaries between till layers (Patterson, 1995). 
The upper two units of Quaternary sediments (Units 1 and 2) were deposited as silty clay tills 
and outwash sands from Wisconsin and Late Wisconsin advances of the Des Moines glacial lobe 
(Figure 5). These units were deposited over most of the study area with the exception of Rock 
County, southwestern Pipestone County, and extreme southwestern Lincoln County. 

The Pre-Wisconsin till/outwash units have been divided based on evidence from drill cuttings 
indicating previous land surface exposure. Where driller's or geologist's logs noted a change 
from an unoxidized color (such as gray) to an oxidized color (such as yellow, yellow-brown or 
tan), the color change was interpreted as the upper contact of a glacial unit that had previously 
been exposed to the land surface. In addition, thick sand layers and boulder/cobble zones were 
interpreted as representing the top or near top of the glacial till/outwash unit. Three glacial 
till/outwash units (Units 3, 4 and 5) can be identified in the Pre-Wisconsin section within the 
areas investigated to date. 

2.1.3 Area Type Logs 

Gamma and resistivity logs that represent typical geologic conditions in the area (type logs) have 
been included from Rock and Nobles Counties (Figures 6 and 7) and the Burr Well Field/Lake 
Cochrane area (Figure 8). The stratigraphic designations were made by referring to the 
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geologist's mud logs and by comparing with other gamma and resistivity logs in the area. The 
gamma and resistivity logs are a continuous depth records of the natural radiation and electrical 
resistivity of the subsurface formations measured from inside the drill hole. The geologist's mud 
log is a depth record of the subsurface geology created by identifying pieces of rock and 
sediment in the drilling mud that are circulated to the surface from the bottom of the drill hole. 
The till unit tops were commonly identified by a lower gamma reading indicating a higher quartz 
sand content. The higher quartz sand content was interpreted as evidence of deposition in an 
exposed environment during a glacial recession. 

The unit designations within Rock and Nobles Counties are considered equivalent since 
correlations were made across the area with a network of cross sections (Section 3.2). For 
instance, that portion of the glacial deposits in the Worthington area identified as Unit \Vas 
deposited by the same glaciation as a Unit 5 interval in Rock County. No attempt has been made 
at this stage of the project to correlate between Rock and Nobles Counties and the Burr Well 
Field/Lake Cochrane area. 

2.2 Topography 

Much of the study area topography is depicted in the top layer of Figure 4. The region consists 
of a topographically high surface to the west, called the Prairie Coteau, and a low relief, lower 
elevation surface in the eastern portion of the area where Marshall and Worthington are located. 
The Prairie Couteau strongly influences groundwater flow direction (Bradt, R., 1996). The 
Prairie Coteau was created by deposition from successive glaciations and erosion of the 
adjoining lowland to the northeast by gJaciation (Patterson, C. J., 1995). 

3.0 Rock and Nobles Counties 

3.1 Summary of Test Hole Information 

Tables 1 and 2 (pages 6 and 7) are a summary of the potentially productive sand and sandstone 
layers that were encountered in the Rock and Nobles County test holes. The locations of the 
Rock and Nobles County test holes are shown in Figure 2. These test hole locations were 
chosen based on sand thickness maps that were created by the DNR from available well logs and 
published information. Geophysical information was also used to help locate the test holes in 
Rock County. The strategy in this area was to try to locate low areas in the top of the Cretaceous 
bedrock surface on the assumption that these low areas may have been occupied by streams prior 
to glaciation. Low gravity areas from a published gravity survey of Rock County (Chandler, V. 
W., 1994) were used to help locate test holes. Refraction seismic data collected at three 
locations in Rock County by the DNR geophysicists, also influenced the locations of the test 
holes. 

The depth ranges of these intervals were determined from drilling rates, lithology from cuttings 
(mud log or drillers log), resistivity log responses, and gamma log responses. A fast drilling rate 
is often a good indicator of sand, sandstone, and gravel layers. A low gamma response (recorded 
by the line on the right side of the log), interpreted in conjunction with the mud log, indicates a 
high quartz sancl content. These characteristics often correspond to material with good aquifer 
potential. The electrical resistivity of the layers is recorded as the solid line on the left portion of 
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the log. The resistivity values are controlled by the groundwater chemistry and the 
permeability/porosity of the layers. 

Due to scheduling and drilling problems we were unable to log test holes 67-4 and 67-5 for 
gamma and resistivity. In addition, due to hole obstructions, we were only able to obtain a 
partial log of 67-1. A partial gamma and resistivity log was also obtained for test hole 53-7 due 
to scheduling difficulties for the logging equipment. The logged segment from 320 to 430 feet in 
test hole 53-6 is inaccurate due to a logging tool malfunction. 

Most of the test holes in Rock and Nobles Counties were drilled to hard rock (Precambrian 
basement). Only test holes 67-1, 67-2 and 53-7 were not. Test holes 67-1 and 67-2 were only 
drilled into the Cretaceous bedrock due to the budgetary limitations. The 53-7 test hole was 
drilled to a depth just short of the hard rock due to difficulties in interpreting the geology from 
drill cuttings. 
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Table 1 Quaternary Sand Layers - Rock and Nobles Counties 

Depth 
Test Range 
Hole# (feet) 

53-2 134-154 

53-2 224-261 

53-3 400-426 

53-4 320-346 

53-7 256-277 

67-5 176-198 

67-6 290-310 

67-7 260-284 

67-8 204-232 

Thickness 
(feet) 

20 

37 

26 

26 

21 

22 

20 

24 

28 

Comments 

Drilled very fast. Rough drilling indicated cobbles and 
gravel in this interval. Cuttings consisted of coarse to 
very coarse sand with gravel and rock fragments. 
Medium gamma response possibly due to a low 
quartz/high rock fragment composition of the sand and 
gravel. 

Drilled very fast. Silty very fine to very coarse sand. 
Low gamma response, high resistivity. 

Drilled fast. Silty medium to coarse sand. Medium to 
high gamma response, high resistivity. 

Drilled fast. Silty very fine to very coarse sand. Low to 
medium gamma response, medium to high resistivity. 

Drilled fast. Very fine to medium sand. Low gamma 
response, high resistivity. 

Drilled fast. Medium to coarse sand. No gamma or 
resistivity log. 

Drilled fast. Very fine to medium sand with some 
coarse sand. Low gamma response, medium resistivity. 

Drilled very fast. Very fine to medium sand. Low 
gamma response, high resistivity. 

Drilled very fast. Very fine to medium sand. Low 
gamma response, high resistivity. 
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Unit 

2 

3 

BQ 

5 

BQ 

BQ 

BQ 

BQ 

BQ 



Table 2 Cretaceous Sandstone Layers - Rock and Nobles Counties 

Test 
Hole# 

53-3 

53-4 

53-6 

67-6 

67-7 

Depth 
Range (feet) 

620-744 

672-740 

456-508 

395-455 

363-410 

Thickness 
(feet) 

124 

68 

52 

60 

47 

Comments 

Drilled very fast. Fine to medium sandstone with 
some coarse layers. Low gamma response, 
medium resistivity. 

Drilled very fast. Fine to medium sandstone with 
some coarse layers. Low gamma response, 
medium resistivity. 

Drilled very fast. Very fine to medium grained 
sandstone with some coarse sand. Low gamma 
response, medium resistivity. 

Drilled very fast. Poor recovery, siltstone or 
very fine sandstone. Low gamma response, 
medium resistivity. 

Drilled very fast. Poor recovery, some siltstone 
and very fine sandstone. Low gamma response, 
high resistivity. 
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3.2 Aquifer Distribution 

The information from the test holes was used to revise and update maps (Figures 9 through 13) 
that were created at the beginning of the project. For each unit map all the available well logs in 
the area were used. The classification of the sand and sandstone layers (Units 1 through 5, BQ, 
and Cretaceous bedrock) from available well log data (driller, gamma and resistivity logs) were 
made by comparing each well log with an extensive system of geologic cross sections. Selected 
cross sections have been included in this report as Figures 14 through 19. Many Cretaceous 
bedrock classifications were obtained from the Minnesota Geological Survey (MGS) County 
Well Index database. 

Cross section locations are shown on Figure 9. Prominent regional features are visible on the 
cross sections. The sloping Precambrian basement surface shown on Cross Sections A-A' 
(Figure 14), B-B'(Figure 15) and E-E' (Figure 18) is the southern slope of the buried Sioux 
Ridge. The Cretaceous section thins toward the north along this slope and is absent beneath the 
City of Luverne. Cross sections C-C' (Figure 16) and D-D' (Figure 17) are oriented 
perpendicular to the direction of lateral ice movement in the Wisconsin and Late Wisconsin, and 
perpendicular to the Bemis (Late Wisconsin) moraine. The highest topographic portions of these 
cross sections represent the Bemis moraine. 

3 .2.1 Quaternary Sand Thickness Maps 

The general orientation of the subsurface sand units as drawn on these maps is based on a 
regional understanding of glacial ice movement and the associated sediment transport from the 
melting ice during glacial retreat (Wright, H.E., 1972). Glaciations that resulted in the 
deposition of the upper two units (Units 1 and 2) originated northwest of Minnesota and moved 
to the southeast. These ice movement directions are known from the orientation of surface 
exposures. Many of the major outwash channels, created during the recession of the glacier from 
the southeast to the northwest, probably had a similar northwest/southeast orientation. During 
glacial recession, outwash channels could have formed between the southwestern edge of the 
glacier and the northeastern slope of the topographically higher areas to the southwest 
(Southwick, D.L. et al., 1993). Schematic block diagrams illustrating this process are shown in 
Figure 20. 

The orientation of basal Quaternary sand bodies in Rock County were derived by connecting 
sand thickness trends in southeastern South Dakota (Lindgren, R.J., 1992) with the Cretaceous 
bedrock topography trends of northwestern Iowa (Hansen, R.E., 1986). Less information is 
available regarding the orientation of Units 3, 4, and 5. Studies of Early Pleistocene deposits in 
Kansas, Nebraska, Iowa, and South Dakota, however, indicate significant glacial advances that 
affected southwestern Minnesota originated north and northwest of Minnesota (Patterson, C.J., 
1993). Therefore, the dominant orientation of outwash units 3, 4, and 5 may also be 
northwest/southeast as suggested by the maps in this report. 

The maps included in this report were created with this orientation information along with 
interpolations between data points. Therefore, the maps are interpretations from the drill hole 
data combined with the historical geology of the region. Actual subsurface conditions will be 
different in some areas, but the use of these maps for subsurface exploration should increase 
chances for success in finding productive sand layers. 
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3.2.2 Basal Quaternary (BQ) 

The BQ sand occurs within an elevation range of 1, 100 to 1,290 feet above the National 
Geodetic Vertical Datum (NGVD) in Rock and Nobles Counties (Figures 14 through 19). The 
known trend of the BQ in the Worthington area is shown in Figure 10. This unit was 
encountered in DNR test hole 53-3 and appears to have a northeast-southwest trend southeast of 
Worthington. Very little information exists regarding the width or maximum thickness of this 
unit. 

More information on the BQ exists in Rock County which is mainly due to the 1996 DNR and 
the 1995 USGS test hole drilling programs. DNR test holes 67-4 through 67-8 in southeastern 
Rock County penetrated a laterally continuous BQ sand layer with an average thickness of 20 to 
25 feet. Test holes 67-1 through 67-3 were drilled in an effort to find the northwesterly 
extension of this layer. Unfortunately, the thickest portion of this unit between Steen and Beaver 
Creek was not found. The maximum thickness of this unit along the Steen/Beaver Creek appears 
to be is at least 46 feet based on a domestic or farm well located approximately midway between 
test holes 67-2 and 67-3. 

Test hole 53-7, located approximately 3 miles west of Adrian, penetrated 21 feet of BQ. A 
domestic or farm well located approximately 3 .5 miles north-northwest of test hole 53-7 
encountered 38 feet of BQ. This information suggests a general north-south trend of the BQ 
sand layer in this area. 

3.2.3 Unit 5 

The known trend of Unit 5 outwash in the Worthington area is shown in Figure 11. This unit 
was encountered in DNR test hole 53-4. This unit and Unit 4 have been objectives of a recent 
exploration and evaluation project northeast of Worthington completed by a Minneapolis 
consulting firm (B.A. Liesch and Associates, November 1996). Maximum sand thickness may 
range from 20 to 30 feet and the width of the thickest sandy intervals appear to be less than a half 
a mile. 

Less information exists regarding this unit in Rock County. Thick intervals of this unit were not 
encountered in any of the DNR test holes in this area. The Unit 5 outwash occurs within an 
elevation range of 1,210 to 1,390 feet (NGVD) in Rock and Nobles Counties. 

3.2.4 Unit 4 

Unit 4 outwash in the Worthington area appears to have a maximum thickness of 20 feet and the 
width of the thickest sandy intervals is less than a half mile (Figure 12). Unit 4 outwash is thin 
or absent in the Rock County. A buried channel appears to exist just southwest of Luverne; 
however, the northwest and southeast ends of this channel terminate at the Beaver Creek and 
Rock River Valleys, respectively, limiting the extent of the aquifer.. This outwash unit is found 
within an elevation range of 1,300 to 1,500 feet (NGVD) in Rock and Nobles Counties. 

3.2.5 Unit 3 

The data availability for Unit 3 outwash in the entire Worthington area is generally good (Figure 
13). In the Worthington area, a buried system of channels exists which converge to the south. 
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This unit was encountered in test hole 53-1 with a thickness of 6 feet and in test hole 53-2 with a 
thickness of 3 7 feet. The maximum thickness of sand and gravel in this unit (72 feet) was 
encountered in a domestic well approximately one mile west of test hole 53-3. Typical of most 
of these Quaternary units, the width of the thickest sandy intervals is less than one half mile. 
Unit 3 outwash in Rock County and has been eroded or mixed with younger deposits. The 
elevation range of this unit in the area is 1,380 to 1,550 feet (NGVD). 

3.2.6 Unit 2 

Unit 2 has not been mapped but was encountered in test hole 53-2 with a thickness of 20 feet. In 
the Worthington area this unit has an elevation range of 1,440 to 1,650 feet (NGVD). 

3 .2. 7 Cretaceous Sandstone 

Some thick sandstone layers were encountered in five of the test holes. The thicker layers 
(greater than 20 feet) ranging from 47 feet (test hole 67-7) to 124 feet (test hole 53-3). These 
thick sandstone layers occur in the middle to lower portions of the Cretaceous bedrock. The 
sandstone layer at the base of the Cretaceous bedrock found in test holes 53-3 and 53-4 is the 
Dakota Formation (Figure 17, Cross Section D-D'). This unit was deposited predominantly in a 
stream environment (Setterholm, D.R., 1990). Therefore, sandstone bodies within the formation 
tend to be localized and do not extend over a wide area. For instance, the 124 foot thick 
sandstone layer penetrated in test hole 53-3 is mostly absent in wells or test holes approximately 
2 miles to the north or south. 

Some potential large capacity aquifers''appear to exist in the Cretaceous sandstone in the vicinity 
oftest holes 53-6, 67-6, and 67-7 (Figure 16, Cross Section C-C'). A 47-60 foot thick zone with 
a low gamma response exists in the middle portion of the Cretaceous section. The gamma log 
trace of this layer is very similar in each test hole. The unit may be marine in origin (deposited 
in a beach or sand bar setting) and, if so, would tend to be widespread or laterally continuous 
making it easier to find in the subsurface. In test hole 53-6, the unit was composed 
predominantly of medium sand grains. To the southwest, only small amounts of silt and very 
fine sand were recovered from this interval in test holes 67-6 and 67-7 indicating that the unit is 
very fine grained in this area. 

3.3 Pumping Capacity 

Evaluating maximum aquifer pumping rates and groundwater quality were not among the 
objectives of this project. However, for the participants in this project this information is 
obviously important for making decisions about the future development of these resources. 
None of the aquifers described in this report in Rock and Nobles Counties are used for municipal 
water supply by any of the larger communities or rural water companies. Major water 
appropriators in the area to date have been using shallower sources of groundwater. However, 
some information is available from Valley Springs, South Dakota; Rushmore, Minnesota; and 
the City of Worthington. 

Valley Springs has two municipal wells in the BQ unit which is also called the Valley Springs 
aquifer in South Dakota (Lindgren, R.J., 1992). The maximum thickness of the Valley Springs 
aquifer occurs 1 to 2 miles northwest of the City of Valley Springs. The City of Valley Springs 
municipal wells produce from a medium to coarse sand with a thickness of 8 and 15 feet in wells 
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#1 and #2, respectively. Well #1 was tested for 12 hours at 200 gpm with 60 feet of drawdown. 
Well #2 was test pumped at 150 gpm for an unknown time period with a drawdown of 32 feet. 
Current production from municipal wells #1 and #2 is 88 gpm and 202 gpm, respectively. 

The City of Rushmore has a well (Minnesota Unique #475657) that has been completed in a 31 
foot Unit 4 sand layer. According to Larry Lupkas, the City of Rushmore Maintenance 
Supervisor, this well typically produces at a rate of 120 gallons per minute (gpm) which is all 
they need to meet their water supply needs. Mr. Lupkas indicted that this rate produces very 
little drawdown of the water level in the well. Water quality information was not available for 
samples from this well. 

The City of Worthington contracted B.A. Liesch and Associates to l: valuate buried Quaternary 
sand aquifers (Units 4 and 5) approximately 2 miles northeast of the city limits. A test 
production well, which was screened across 26 cumulative feet of medium to coarse sand, was 
pumped for approximately 4 days at 569 gpm. According to the report, the test could not run 
long enough to determine a long term sustainable yield due to farm well interferences. The 
drawdown data indicate a long term sustainable yield less than the 569 gpm test pumping rate. 

This limited amount of information from these three municipalities se~ms to indicate sustainable 
yields from 20 to 30 foot thick buried Quaternary sand channels may range from 200 to 500 
gpm. 

3.4 Water Quality 

Water quality information from Quaternary sand or Cretaceous sandstone aquifers was not 
generated as part of this project, however, limited water quality data were developed for another 
DNR project (Bradt, R., 1996) and from private sources (B.A. Liesch and Associates, 1996). The 
samples from both studies were analyzed for a wide range of chemical parameters. Only total 
dissolved solids (TDS) and sulfates have been summarized in this report. TDS was calculated by 
summing the reported constituents (total, as reported). 

Six farm wells and five observation wells completed in buried Quaternary sand layers within a 2 
mile radius of Worthington were sampled in the DNR and Liesch studies, respectively. 
Groundwater samples from the Units 2 through 5 are represented in these studies. The TDS 
concentrations ranged from 972 milligrams per liter (mg/I) to 2,591 mg/l. The average TDS 
concentration was 1,931 mg/I. Concentrations of sulfate ranged from 325 mg/I to 1,580 mg/I, 
with an average concentration of 1,150 mg/l. 

Four Rock County samples were collected from buried Quaternary sand aquifers according to the 
Bradt report. Three of these samples were collected within a 2 mile radius of Luverne from the 
Unit 4, Unit 5, and BQ sand layers. The TDS concentrations of these samples ranged from 523 
mg/I to 2,51 7 mg/l with an average concentration of 1,3 81 mg/I. The sulfate concentrations 
from these samples ranged from 37 mg/I to 1,217 mg/I with an average of561 mg/I. 

In addition, the City of Valley Springs supplied water quality information from their# 1 
municipal well at our request. The water sample from the BQ sand layer in this well contained 
970 mg/l TDS and 105 mg/I sulfate. 
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Only one reliable Cretaceous sandstone groundwater sample was collected near the areas 
investigated in this drilling study. The sample was collected 3 miles east of Ellsworth and 
contained 2,988 mg/I TDS and 1,660 mg/l sulfate. 

Concentrations of TDS and sulfate from the buried Quaternary sand aquifers in the Worthington 
area are high and somewhat uniform. The water quality appears to improve some in Rock 
County and the variability appears to increase. 
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4.0 Burr Well Field/Lake Cochrane Area 

4.1 Summary of Test Hole Information 

Three test holes were drilled in this area at locations shown in Figure 2. Test hole depths ranged 
from 484 feet (87-8) to 724 feet (87-7). The test holes in this area were drilled to the base of the 
Quaternary section. Test holes 41-1and87-7 were drilled 102 to 259 feet, respectively, into the 
Cretaceous bedrock. The most promising sand layers in the glacial till, with a thickness of 20 
feet or greater, are shown in Table 3. 

The shallow sand layer in 87-7 (70-153 feet) correlates with the upper aquifer that is being 
pumped at the Burr Well Field. This aquifer is referred to in South Dakota, and locally, as the 
Prairie Coteau aquifer (Kame, Jack, 1985). According to South Dakota naming conventions, the 
Prairie Coteau aquifer consists of outwash deposits that are found between surface/near-surface 
aquifers and the Altamont aquifer at the base of the Quaternary section. In the Burr Well 
Field/Lake Cochrane area the Prairie Coteau aquifer is composed of four hydraulically connected 
outwash sand layers (Units 2, 3, 4a, and 4b) which are discussed in Sections 4.2 and 4.3. 

The deepest sand layers in 41-1 (461-496 feet) and 87-7 (355-393 feet) are part of the basal 
Quaternary unit which locally, and in South Dakota, are referred to as the Altamont aquifer 
(Kame, Jack, 1985). The name of the Altamont aquifer has nothing to do with the Altamont 
phase of the Des Moines lobe glacier and no depositional relationship is suggested by this shared 
name. The Altamont is also being pumped at the Burr Well Field. 

Many thin (less than 20 feet) sand layers were encountered in the 87-8 test hole; otherwise, there 
is nothing notable about the aquifer potential at this location. The deepest test hole, 87-7, 
penetrated 230 feet of the Cretaceous section. A unit with a low gamma response occurs from 
600-630 feet. This unit is the Niobrara siltstone or a silty marlstone without any aquifer 
potential. 
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Table 3 Quaternary Sand Layers 
Burr Well Field/Lake Cochrane Area 

Depth 
Test Range 
Hole# (feet) 

87-7 70-153 

87-7 180-202 

87-7 355-393 

41-1 277-312 

41-1 461-496 

Thickness 
(feet) 

83 

22 

38 

35 

35 

Comments 

Drilled very fast. Complex layers of different grain 
sizes ranging from very fine to fine sand and coarse to 
very coarse sand. Low gamma response with a ragged 
appearance indicating thin clay interbedded layers. 
Medium to high resistivity. 

Drilled very fast. Medium to very coarse sand 
overlying very fine to medium sand. Low gamma 
response, medium resistivity. 

Drilled very fast. Silty very fine to coarse sand. Low 
gamma response, medium to high resistivity. 

Drilled fast. Medium sand. Low gamma response, 
medium to high resistivity. 

Drilled fast. Fine to coarse sand, predominantly 
medium grained. Low gamma response, medium to 
high resistivity. 
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4.2 Aquifer Distribution 

Abundant high quality test hole information is available from South Dakota northwest of the 
DNR test hole locations (Figures 21 through 23). Information from DNR test holes 87-7, 87-8, 
and 41-1 was integrated with information from this area. 

The orientation of the outwash units 4, 3, and 2, described in the following sections (Figures 21 
through 23), is dominantly northwest-southeast and the thickest portions of these units occur 
within the same localized trend. 

4.2.1 Basal Quaternary (Altamont aquifer) 

Only a few boreholes in the Burr Well Field/Lake Cochrane Area have penetrated the basal 
Quaternary unit. Sand thicknesses range from 10 feet to 100 feet in the South Dakota test holes. 
Sand thickilesses in the basal Quaternary unit from the same general area in Minnesota range 
from approximately 10 to 35 feet. The thickest sand in South Dakota was encountered in DU-
73A approximately 2 miles west-northwest ofDNR test hole 41-1 (Cross Section D-D', Figure 
27). The unit has an elevation range of approximately 1,200 to 1,300 feet (NGVD). 

The basal Quaternary sand layers found in the DNR test holes were associated with a dark brown 
clay unit that is interpreted as lacustrine. Similar to the overlying outwash sand units, thick sand 
portions of the BQ may have a northwest - southeast orientation. Not enough information is 
available to create a useful sand thickness map. This unit appears to be hydraulically isolated 
from the overlying sand units according to stratigraphic relationships (Figures 24 through 27). 

4.2.2 Unit 5 

This unit has an elevation range of approximately 1,300-1,380 feet (NGVD). The maximum 
sand thickness in this unit (28 feet) is at a domestic well located approximately 3 miles east of 
DNR test hole 87-8 (Cross Section D-D', Figure 27). Not enough data were available to create a 
useful sand thickness map. No major water production occurs from this unit. This unit appears 
to be hydraulically isolated from the overlying sand layers (Figures 24 through 27). Unit 5 and 
all the overlying units are absent in the eastern portion of the mapped area due to erosion by 
subsequent glaciation. 

4.2.3 Unit 4 

Unit 4 appears to have two identifiable sections, Unit 4a and Unit 4b, in the central portion of the 
mapped area. The two sections are shown on cross-section D-D' (Figure 27) with the tops of the 
subunits occurring at the tops of sand layers. Elsewhere, the tops of these subunits have been 
interpreted to occur at the oxidized till layers. These two subunits appear to merge near the trace 
of cross section A-A' (Figure 21). No evidence of a division in Unit 4 exists in boreholes along 
Cross Section A-A'. This division of Unit 4 may be due to a minor advance and retreat of the 
glacier within a 6 to 7 mile central portion of the mapped area. 

The maximum thickness of Unit 4a outwash is 40 feet at the Burr Well Field (Figure 26, Cross 
Section C-C'). The Unit 4 outwash units occur at an elevation range of approximately 1,400 to 
1,530 feet (NGVD). These subunits and the overlying outwash units appear to be hydraulically 
connected. 
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4.2.4 Unit 3 

Sand thicknesses of 80 feet and greater are common within the Unit 3 outwash (Figure 22). 
Two southeast trending channels converge southeast of Lake Cochrane and extend into 
Minnesota through the DNR 87-7 test hole location. The typical width of the thick sand and 
gravel portion of this unit (greater than 20 feet) is approximately 2.5 miles. Unit 3 outwash 
occurs at an elevation range of approximately 1,500 to 1,620 feet (NGVD). 

4.2.5 Unit 2 

Thick Unit 2 outwash exists along a northwest southeast trend southwest of Lake Cochrane and 
probably extends into Minnesota somewhere between DNR test holes 41-1 and 87-7 (Figure 23 ). 
While this outwash unit is somewhat thinner than the underlying Unit 3, the width of the thick 
outwash is approximately the same 2 to 2.5 miles. Unit 2 outwash has an elevation range of 
approximately 1,600 to 1, 780 feet above sea level. 

4.3 Pumping Capacity 

The Prairie Coteau aquifer was tested from the Burr Well Field during January 1991 (B.A. 
Liesch and Associates, 1991) and again during July 1993 (B.A. Liesch and Associates, 1993). 
The first test consisted of pumping from Well No. 1 (MN Unique #440325) for 72 hours at 750 
gpm. The late time transmissivity from this test averaged 51,000 gallons/day/ft. The second test 
consisted of pumping from the same ~ell for 7 days with an average discharge of 818 gpm. The 
late time transmissivities from this test average approximately 56,000 gallons/day/ft. Using the 
56,000 gallons/day/ft value and assuming an aquifer thickness of 160 feet, the Prairie Couteau 
aquifer in this area has a hydraulic conductivity of 350 gallons/day/foot squared. 

The basal Quaternary sand layer is locally referred to as the Altamont aquifer. This aquifer was 
tested at the Burr Well Field for six days during November/December 1994 (B.A. Liesch and 
Associates, 1995). The test consisted of pumping from well AL T-TPW-94 (MN Unique 
#550052) at approximately 465 gpm. The average transmissivity from this test was 
approximately 8, 700 gallons/day/ft. Using an aquifer thickness of 30 feet, the Altamont aquifer 
has a hydraulic conductivity of 290 gallons/day/foot squared. This value and the hydraulic 
conductivity value of the Prairie Coteau aquifer are about average for silty sand aquifers (Freeze 
and Cherry, 1979). 

4.4 Water Quality 

Water quality information is also available from the Burr Well Field wells. Water samples from 
the Prairie Coteau and Altamont aquifers were collected from the same production wells that 
were described in the previous section (B.A. Liesch and Associates, 1991 and B.A. Liesch and 
Associates, 1993 ). Water samples from Well # 1 (Prairie Coteau aquifer) contained an average 
sulfate concentration of 3 70 mg/I and an average TDS concentration of 1,532 mg/l (total, as 
reported). Water samples collected from ALT-TPW-94 (Altamont aquifer) contained an 
average sulfate concentration of 284 mg/I and an average TDS of 1,442 mg/I (total, as reported). 
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5.0 Recommendations 

5.1 Worthington Area 

The Worthington area is underlain by at least one Cretaceous sandstone and five Quaternary 
outwash units with aquifer potential. The Quaternary units are attractive targets for groundwater 
development because they occur at relatively shallow depths and are typically composed of 
medium to coarse grained sand and gravel. In addition, the water quality in the Quaternary 
outwash units appears to be a little better than groundwater from the Cretaceous sandstone. The 
disadvantage of pursuing the buried Quaternary sand layers for municipal water supplies include 
the narrow width and thinness of some buried channel deposits, and the potential for interference 
with nearby farmstead wells. Pursuing the lower units (BQ, Unit 5, and Unit 4) in areas west and 
south of Worthington may help avoid well interference problems since few existing wells 
penetrate these units in this area. 

The Unit 3 trends identified in this study west and south of Worthington may also be good 
exploration targets. A relatively thick sand (3 7 feet) in this unit was encountered in test hole 53-
2 located approximately one mile west of Worthington. The few farm wells that penetrate Unit 3 
combined with the recently drilled DNR test holes provide enough information to determine the 
general trend of this unit. Unit 3 is also a good development objective since it appears to have 
some of the thickest sands of all the buried Quaternary units in Rock and Nobles Counties. 

The 124 foot thick sandstone layer at the base of the Cretaceous section in test hole 53-3 was 
also a significant discovery. The development of this aquifer will be determined by the extra 
cost caused by the greater depth of this sandstone and the limitations of it's poorer water quality. 

5.2 Rock County 

The Rock County Rural Water System and the City of Luverne have fewer options for 
groundwater supplies than the City of Worthington. Units 1 and 2 were never deposited in the 
area and Units 3 and 4 are highly eroded west of Adrian. In addition, the Precambrian Sioux 
Quartzite is exposed at the surface north of Luverne along the Sioux Ridge which eliminates the 
possibility of finding high capacity aquifers in that area. Even with these limitations, this study 
has shown that groundwater resources are available in this area. 

One of the major objectives of this exploratory drilling project was to search for a basal 
Quaternary sand that we expected to be present in the area from southeast of Beaver Creek to 
west of Ellsworth. A new aquifer unit was discovered by this project in the basal Quaternary 
sand in the test hole 67-5 through 67-8 area. The aquifer at that location consists of 20 to 28 feet 
of predominantly medium grained sand which may not suit the high capacity (>500 gpm) needs 
of the City of Luverne and the Rock County Rural Water System. However, one farm well 
(Minnesota Unique #113705) located along the northwestern trend of this aquifer encountered 46 
feet of sand. The driller's log did not specify the grain size of the sand. This information 
suggests that the thickest part of the aquifer has not yet been defined and the potential for finding 
a high capacity aquifer in this area may still exist. 
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Additional exploration, to better determine the potential of this unit, should be focused along the 
trend between Steen and Beaver Creek that is shown in Figure 10. Aquifer testing of the BQ in 
the vicinity of 67-5 through 67-8 could determine whether this portion of the aquifer can sustain 
the desired levels of pumping. Information from the Valley Springs municipal well# 1 ( 105 mg/l 
sulfate) suggests that the water quality in this aquifer may be better than most in the area. 

Another suspected basal Quaternary sand unit east of Magnolia appears to have been confirmed 
by test hole 53-7. This test hole encountered a 20 foot thick BQ sand approximately 3.5 miles 
south-southeast of a 3 8 foot BQ sand in a farm well. This sand unit may also have potential as a 
high capacity aquifer. Additional test drilling, to better define the potential of this unit, should 
be focused along the trend between Adrian and Magnolia shown in Figure 10. 

Another potential aquifer of Cretaceous age appears to exist in the area around test holes 53-6, 
67-6, and 67-7. The 4 7-60 foot thick zone appears to be laterally continuous but the unit appears 
to be very fine grained around test holes 67-6 and 67-7 which will limit the aquifer's capacity. 
No information is available regarding the quality of water in this unit. 

5.3 Burr Well Field Area 

The distribution of the deeper aquifers in this area (Unit 5 outwash and Altamont aquifer) is not 
known since very few boreholes penetrate these units. The Altamont aquifer is an attractive 
target since it is relatively thick, possibly widespread, and produces relatively good quality 
water. In addition, based on stratigraphic relationships, this aquifer appears to be hydraulically 
isolated from the overlying Prairie Coteau aquifer. This isolation should might prevent water 
level drawdown in nearby wetlands arid other wells completed in shallower aquifers. Additional 
test drilling is required to define the thickest portions and extent of this aquifer. 
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Aquifer 

Cretaceous 

Fluvial 

Formation 

Gamma/ 
resistivity log 

Glacial till 

Groundwater 

Hydraulic 
conductivity 

Lacustrine 

Lithology 

Mud log 

Outwash 

Glossary 

A formation, group of formations, or part of a formation that contains 
sufficient saturated permeable material to yield economical quantities of 
water to wells and springs. 

A period that lasted from 136 million years to 64 million years before 
the present. 

Pertaining to streams and the deposits and landforms produced by 
streams. 

A rock unit distinguished from adjacent deposits by some common 
character such as composition or origin. 

A continuous depth record of the natural radiation and electrical 
resistivity of the subsurface formations measured from inside the drill 
hole. Low gamma readings and higher resistivity readings together may 
suggest that an aquifer is present. 

Unsorted and unstratified glacial material, generally unconsolidated, 
directly deposited by and underneath a glacier without subsequent 
reworking by meltwater. Consisting of a heterogeneous mixture of clay, 
silt, sand, gravel, and boulders ranging widely in size and shape. 

The water contained in interconnected pores in an aquifer. 

A coefficient of proportionality describing the rate at which water can 
flow through a permeable medium. Specifically, the flow rate of a water 
volume per unit of time through a given cross sectional area (i.e. 
gallons/day/square foot). A larger number indicates a better aquifer. 

Pertaining to lakes and the deposits and landforms produced by lakes. 

The composition of a rock or formation. 

A depth record of the subsurface geology created by identifying pieces 
of rock and sediment in the drilling mud that are circulated to the surface 
from the bottom of the drill hole. 

Stratified sand and gravel removed or washed out from a glacier by 
meltwater streams and deposited in front of or beyond the end moraine 
or the margin of an active glacier. 
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Permeability 

Porosity 

Pleistocene 

Precambrian 

Quaternary 

Sandstone 

Shale 

Sulfate 

Stratigraphy 

Topography 

Transmissivity 

Wisconsin 

The property or capacity of porous rock, sediment, or soil for 
transmitting a fluid; it is a measure of the relative ease of fluid flow 
under unequal pressure. The more permeable the formation, the better it 
functions as an aquifer. 

The percentage of the bulk volume of a rock or soil that is occupied by 
interstices, whether isolated or connected. Higher porosity values that 
are connected indicate a better aquifer. 

The first epoch of the Quaternary Period. Characterized by the 
spreading and recession of continental ice sheets. 

The earliest geologic era covering all the time before the Cambrian 
Period. 

A latest period of time in the stratigraphic column occurring 0 to 2 
million years before the present. This period consists of glacial 
(Pleistocene) and post-glacial (Holocene) deposits. 

A bedded sedimentary rock composed largely of sand grains which are 
cemented together by various binding materials such as silica or calcite. 

A fine grained sedimentary rock formed by the consolidation of clay, 
silt, or mud. It is characterized by finely laminated structure. 

Dissolved mineral found in some groundwater composed of one sulfur 
atom and four oxygen atoms. Derived from the dissolution of gypsum 
or anhydrite. Higher values indicate water that is less desirable for 
general use without treatment. 

The study of stratified rocks or sediments especially their sequence in 
time, the character of the rocks or sediments and the correlation of beds 
in different localities. 

Representing the surface features of a region including its relief, lakes, 
and rivers etc. 

The rate at which water is transmitted through a unit width of an aquifer, 
under a unit hydraulic gradient, extending the full saturated height of the 
aquifer. A larger value indicates a better aquifer. 

The last glaciation of the Pleistocene Epoch. 
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Appendix 1 - Figures 
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Figure 4 Topography of land and bedrock surfaces in 
southwestern Minnesota and contiguous areas of South 
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Wisconsin (Modified from Wright, H.E. 1972) 
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Appendix 2 
Drilling Logs and Sealing Records 





Drilling Log - Minnesota Department of Natural Resources Page 1 of 2 
Site ID # 53-1 County: Nobles 
Geologist: Jim Berg, Tom Gullett Driller: Don Hejtmanek - L TP 
Date: 8/21/96 Drilling Method: 6" Mud rotary 

Location: Tl02N R41WSection12 BDDCBB 
Depth (ft) Description Thickness Drilling Notes 

0 Clay, black 3 

3 Clay, sandy, gray 106 

109 Clay, sandy, yellow 10 

119 Clay, sandy, gray 5 Chatter @ 122' 
and 132-134' 

204 Clay, sandy, gray, and some black shale 20 

224 Sand 6 Chatter@ 229' 

230 Clay, sandy, gray and some black 19 

249 Clay, sandy, yellow and green 80 

329 Clay, sandy, gray 50 

379 Clay, sandy, yellow 130 Chatter @ 3 87-
388' 

509 Clay, black 10 

519 Sand, clayey 5 

524 Clay, sandy, gray and black 55 Chatter@ 537' 

579 Sandstone 2 

581 Shale, gray and black, soft 16 

597 Sandstone, silty very fine to medium 10 

607 Shale, gray and black, soft 12 

619 Shale with sandstone layers 15 

634 Shale, black and tan 54 Very slow 

688 Sandstone, silty very fine to medium with shale layers 30 

718 Shale 22 

740 Sandstone 34 Rough@754' 

774 Shale with sandstone layers 106 

880 Sandstone, orangish-red at 884 feet 23 



Drilling Log - Minnesota Department of Natural Resour~s Page 2 of 2 
Site ID # 53-1 County: Nobles 
Geologist: Jim Berg, Tom Gullett Driller: Don Hejtmanek - L TP 
Date: 8/21/96 Drilling Method: 6" Mud rotary 

Location: Tl02N R41WSection12 BDDCBB 
Depth (ft) Description Thickness Drilling Notes 

903 Shale with sandstone layers 31 

934 Mudstone, orangish-red 9 

943 Hard rock 36 Very slow 

979 Bottom of hole 

Interpreted from geologist's mud log and gamma/resistivity log 



Drilling Log - Minnesota Department of Natural Resources Page 1 of 1 
Site ID # 53-2 County: Nobles 
Geologist: Jim Berg, Evan Drivas, Mike L. Driller: Don Hejtmanek - L TP 
Date: 8/29/96 Drilling Method: 6" Mud rotary 

Location: Tl 02N R40W Section 32 AAAABA 
Depth (ft) Description Thickness Drilling Notes 

0 Topsoil, black 4 

4 Clay, sandy, yellow 5 

9 Clay, sandy, gray 92 Chatter @ 7 4' 

101 Sand 3 

104 Clay, sandy, gray 30 

134 Sand, coarse to very coarse with gravel and cobbles 20 Rough 

154 Clay, sandy, gray 49 

203 Sand 2 

205 Clay, sandy, gray 18 

223 Sand, silty, very fine to very coarse 36 

259 Clay, gray 129 Rough@339 

388 Sand, medium to very coarse 7 

395 Clay, gray and clayey sand 90 

485 Sandstone, medium, with shale layers 68 

553 Shale, black, with sandstone layers 57 

610 Shale, black 25 

635 Shale, black, with sandstone layers and lignite 70 

705 Sandstone 11 

716 Shale with sandstone layers 93 

809 White clay with angular quartz grains 15 

824 Bottom of hole 

Interpreted from the geologist's mud log and the 
gamma/resistivity log 





Drilling Log - Minnesota Department 'of Natural Resources Page 1 of 1 
Site ID# 53-3 County: Nobles 
Geologist: Evan Drivas, Tom Gullett, Mike L. Driller: Don Hejtmanek - LTP 
Date: 8/14/96 Drilling Method: 6" Mud rotary 

Location: TlOlN R40W Section 12 CBBCCD 
Depth (ft) Description Thickness Drilling Notes 

0 Sand with gravel 20 

20 Clay, sandy, gray 32 

52 Sand 3 

55 Clay with sand and gravel lenses 41 

96 Clay, sandy, gray 38 

134 Gravel and cobbles 1 

135 Clay, sandy, gray 264 

399 Boulder 1 

400 Sand, clayey 5 

405 Sand, silty medium to coarse 22 

427 Shale 37 

484 Shale, with sandstone layers 82 

566 Sandstone, fine 34 Chatter 

590 Shale 9 

599 Sandstone, fine 171 

770 Hard rock 

775 Bottom of hole 

Interpreted from the geologist's mud log and the 
gamma/resistivity log 





Drilling Log - Minnesota Department of Natural Resources Page 1 of 2 
Site ID # 53-4 County: Nobles 
Geologist: Jim Berg, Evan Drivas Driller: Don Hejtmanek - L TP 
Date: 8/7 /96 Drilling Method: 6" Mud Rotary 

Location: Tl 02N R 39W Section 32 ABAABA 
Depth (ft) Description Thickness Drilling Notes 

0 Topsoil 4 

4 Clay, sandy, yellow 3 

7 Sand, silty, fine 2 

9 Clay, silty, yellow 11 

20 Clay, sandy, gray 41 

61 Clay, gray and sand lenses 5 

66 Clay, sandy, gray 41 

107 Sand, silty very fine to coarse 26 

125 Clay, sandy, gray 5 

130 Sand 3 

133 Clay, sandy with lenses of sand 13 

146 Sand 8 

148 Clay, sandy 8 

156 Sand 5 

161 Clay, sandy, gray 118 Rough@ 165' 

279 Sand 1 

280 Clay, sandy 6 

286 Sand 1 

287 Clay, sandy 25 

312 Sand, silty, very fine to very coarse 28 

346 Clay, sandy 97 Chatter@ 
370,407 

443 Sandstone, very fine to medium 21 Rough@470 

464 Shale, soft with interbedded sandstone 53 

517 Shale, black with sandstone layers 38 Very slow 



Drilling Log - Minnesota Department of Natural Resoure7es Page 2 of 2 
Site ID# 53-4 County: Nobles 
Geologist: Jim Berg, Evan Drivas Driller: Don Hejtmanek - LTP 
Date: 8/7 /96 Drilling Method: 6" Mud Rotary 
Location: T102N R 39W Section 32 ABAABA 
Depth (ft) Description Thickness Drilling Notes 

555 Shale, dark gray, lignite, fossil@ 591 45 

600 Shale , black, with pieces of limestone 10 

610 Shale, black, with sandstone layers 25 Chatter @ 620 

635 Sandstone, fine to medium 15 

650 Shale 18 

668 Sandstone, fine 56 

724 Hard rock 2 very slow 

726 Bottom of hole 

Interpreted from geologist's mud log and gamma/resistivity log 



Drilling Log - Minnesota Department of Natural Resources Page 1 of l 

Site ID# 53-6 County: Nobles 
Geologist: Tom Gullett, Brian Rangitsch Driller: Dan Hejtmanek - L TP 
Date: 9111/96 Drilling Method: 6" Mud rotary 

Location: Tl 02N R43W Section 32 DDA 
Depth (ft) Description Thickness Drilling Notes 

0 Sand with small amount of clay 8 

8 Gravel, quartz and limestone 10 

18 Sand, coarse 6 

24 Gravel 25 

59 Clay, sandy, olive green 25 Chatter@ 69 

84 Sand, medium 10 

94 Sand and clay 5 

99 Clay, sandy, olive green 70 

169 Clay, medium dark gray, calcareous 160 Chatter @ 264' 

329 Clay, medium dark gray, calcareous with some white clay 10 

339 Shale, dark gray, soft, non-calcareous 26 

365 Sandstone 15 

380 Shale, dark gray 69 

449 Sandstone, medium 51 

500 Shale, dark gray and black 34 

534 Shale, dark gray with bits of lignite 110 

644 Fragments of feldspar and quartz 5 

649 Bottom of hole 

Interpreted from geologist's mud log and gamma/resistivity log 





Drilling Log - Minnesota Department of Natural Resources Page 1 of 1 
Site ID# 53-7 County: Nobles 
Geologist: Tom Gullett Driller: Don Hejtmanek - L TP 
Date: 919196 Drilling Method: 6" Mud rotary 
Location: Tl02N R43W Section 17 ADD 
Depth (ft) Description Thickness Drilling Notes 

0 Clay, light olive brown 8 

8 Clay, yellow brown with pebbles 26 

34 Clay, sandy, gray 35 

69 Clay, sandy, yellow 17 

86 Sand 3 

89 Sand and clay 5 

94 Clay, sandy, yellow 15 Chatter @12 1-122 

109 Clay, sandy, gray 35 

144 Sand 3 

147 Clay, sandy, gray 112 

259 Sand, medium 5 

279 Clay, dark reddish brown, non-calcareous 5 

284 Clay, gray 125 

409 Shale, dark gray and medium sandstone 11 

420 Sandstone 5 

425 Shale, dark gray 53 

478 Shale, dark gray, with sandstone layers 26 

504 Sandstone 15 

519 Shale, dark gray with some white clay 90 Chatter@ 568' 

609 Sandstone, fine to coarse 15 

624 Sandstone and shale 20 

644 Shale, dark gray 15 

659 Bottom of hole 

Interpreted from geologist's mud log and gamma/resistivity log 





Drilling Log - Minnesota Department of Natural Resources Page 1 of l 

Site ID# 67-1 County: Rock 
Geologist: Evan Drivas' Driller: Don Hejtmanek - L TP 
Date: 10/22/96 Drilling Method: 6" Mud rotary 
Location: Tl02N R46W Section 35 CCC 
Depth (ft) Description Thickness Drilling Notes 

0 Clay, brown 8 

8 Clay, sandy, gray 5 

13 Sand, medium to coarse 18 

31 Clay, tan, sandy 13 

44 Clay, gray, sandy 100 Chatter @ 63' 

144 Clay, light gray with some white 15 

159 Clay, light gray with sand 15 

174 Sand, very fine 10 

184 Clay, light gray 24 

208 Sand, silty, very fine 6 

214 Clay, light gray 5 

219 Clay, very sandy, gray 43 

262 Clay, sandy, gray 72 

334 Sand, medium 10 

344 Clay, sandy, gray 15 

359 Shale, gray 41 

400 Bottom of hole 





Drilling Log - Minnesota Department of Natural Resources Page 1 of l 

Site ID# 67-2 County: Rock 
Geologist: Tom Gullett Driller: Don Hejtmanek 
Date: 10/ 16/96 Drilling Method: 6" Mud rotary 
Location: TlOlN R46W Section 1 CCCB 
Depth (ft) Description Thickness Drilling Notes 

0 Soil, dark gray, organic 3 

3 Clay, sandy, olive green 5 

8 Clay, gray with pebbles 10 

18 Clay, olive brown, sandy 41 

59 Clay, sandy, gray 195 

254 Sand, very fine 4 

258 Clay, sandy, gray 24 

282 Sand 2 

284 Clay, ash gray, non-calcareous 50 

334 Shale, black 66 

400 Bottom of hole 





Drilling Log - Minnesota Department of Natural Resources Page 1 of l 

Site ID# 67-3 County: Rock 
Geologist: Tom Gullett Driller: Don Hejtmanek - L TP 
Date: 10/14/96 Drilling Method: 6" Mud rotary 

Location: TlOlN R45W Section 20 AAB 
Depth (ft) Description Thickness Drilling Notes 

0 Clay, sandy, brown 8 

8 Clay, sandy, olive green 15 

23 Sand, medium 1 

24 Clay, sandy, olive green 5 

29 Clay and sand 10 

39 Clay, sandy, olive green 123 Chatter@ 80-89' 

160 Sand, medium 19 

179 Clay, sandy, dark gray 5 

186 Sand 7 

192 Clay, sandy, gray 152 

344 Shale, black 73 

417 Sandstone, fine to medium 12 

429 Shale, black 55 

484 Shale, black with abundant white clay 40 

524 Weathered metamorphic rock 36 Chatter@ 551' 

560 Bottom of hole 

Interpreted from geologist's mud log and gamma/resistivity log 





Drilling Log - Minnesota Department of Natural Resources Page 1 of l 

Site ID # 67-4 County: Rock 
Geologist: Brian Rangitsch Driller: Don Hejtmanek 
Date: 9/18/96 Drilling Method: 6" Mud rotary 

Location: TlOlN R45W Section 23 AAAAAD 
Depth (ft) Description Thickness Drilling Notes 

0 Sand, medium to coarse with gravel 21 

21 Clay, sandy, yellow 3 

24 Clay, gray, sandy 180 

204 Sand, fine to coarse 16 

220 Clay, gray, sandy 14 

234 Shale, dark gray, soft 84 

318 Sandstone, fine to medium 8 

326 Shale, dark gray with pieces of lignite 22 

349 Sandstone, fine to medium 8 

357 Shale, black, soft 12 

369 Shale and layers of sandstone 15 

384 Sandstone, fine to medium 10 

394 Clay, whitish 5 

399 Hard rock 3 Took 20 minutes 
to drill 2 feet 

402 Bottom of hole 





Drilling Log - Minnesota Department of Natural Resources Page 1 of 1 
Site ID # 67-5 County: Rock 
Geologist: Evan Drivas Driller: Don Hejtmanek - L TP 
Date: 9/23/96 Drilling Method: 6" Mud rotary 

Location: TlOlN R 45W Section 25 CCCDDD 
Depth (ft) Description Thickness Drilling Notes 

0 Clay, brown 4 

4 Sand and gravel 19 Chatter@ 14-18' 

23 Clay, light gray, sandy 20 Chatter@ 34-35' 

43 Clay, sandy, tan 10 

53 Clay, sandy, gray 123 

176 Sand, medium 17 

193 Sand, medium to coarse 5 

198 Clay, sandy, gray 30 

228 Sand 3 

231 Clay, sandy, gray 25 

256 Sand 2 

258 Clay, sandy, gray 3 Chatter@ 258 

261 Boulder 2 Very slow drilling 

263 Clay, dark gray, calcareous 15 

278 Bottom of hole 





Drilling Log - Minnesota Department of Natural Resources Page 1 of 1 
Site ID # 67-6 County: Rock 
Geologist: Evan Drivas Driller: Don Hejtmanek - L TP 
Date: 9/23/96 Drilling Method: 6" Mud rotary 
Location: TlOlN R44W Section 20 ABBBBC 
Depth (ft) Description Thickness Drilling Notes 

0 Soil, dark brown, organic 3 

3 Clay, brown, sandy 20 

')'"' _.) Clay, gray, sandy 25 

48 Clay, brown, sandy 35 

83 Clay, gray, sandy 20 

103 Clay, olive-green, sandy 183 

286 Sand medium to coarse 7 

293 Sand, medium 17 

310 Clay, gray, sandy 3 

313 Shale, dark gray 81 

394 Sandstone, very fine 54 Chatter @ 3 96' 

448 Shale, dark gray with gypsum 5 

453 Sandstone 2 

455 Shale, dark gray 32 

487 Sandstone, very fine to fine 7 

494 Shale, dark gray 20 

514 Shale, dark gray with some white clay 10 

524 Hard rock 8 Very slow 

532 Bottom of hole 

Interpreted from geologist's mud log and gamma/resistivity log 





Drilling Log - Minnesota Department of Natural Resources Page 1 of 1 
Site ID# 67-7 County: Rock 
Geologist: Tom Gullett, Jim Berg Driller: Don Hejtmanek - L TP 
Date: 9/30/96 Drilling Method: 6" Mud rotary 

Location: TlOlN R 44W Section 32 BBBBB 
Depth (ft) Description Thickness Drilling Notes 

0 Clay, yellow-brown, sandy 13 

13 Clay, gray, sandy 25 

38 Clay, light brown, sandy 30 

68 Clay, gray, sandy 45 

113 Clay, olive-green, sandy 15 

128 Clay, yellow, sandy 30 

153 Clay, reddish gray, sandy 15 Rock at 162' 

168 Clay, gray, sandy 95 

263 Sand, medium 25 

288 Clay, blue, sandy 15 

303 Clay, dark brown 60 Chatter@ 314' 

363 Sandstone, fine 30 

393 Sandstone, medium 8 

401 Shale, black 4 

405 Sandstone, fine-medium 8 

413 Shale, black 45 

458 Clay, white 35 

445 Hard rock, weathered 10 498-503 took 35 
minutes to drill 

503 Bottom of hole 

Interpreted from geologist's mud log and gamma/resistivity log 





Drilling Log - Minnesota Department of Natural Resources Page 1 of 1 
Site ID# 67-8 County: Rock 
Geologist: Jim Berg Driller: Don Hejtmanek - L TP 
Date: 10/9/96 Drilling Method: 6" Mud rotary 

Location: TlOlN R 44W Section 32 DDDDDC 
Depth (ft) Description Thickness Drilling Notes 

0 Sand, coarse to very coarse 13 

13 Clay, yellow, sandy 5 

18 Clay, gray, sandy 24 

40 Clay, yellow, sandy 10 

50 Clay, gray, sandy 152 Rough@ 51' 

202 Sand, very fine to medium 30 

232 Clay, dark brown, soft 68 

300 Shale, dark gray 20 

320 Shale and sandstone 30 

350 Sandstone, very fine 15 

362 Shale, dark gray 95 

450 Metamorphic rock, weathered, greenish-white 40 

490 Bottom of hole 

Interpreted from geologist's mud log and gamma/resistivity log 





Drilling Log - Minnesota Department of Natural Resources Page 1 of 1 
Site ID# 41-1 County: Lincoln 
Geologist: Jim Berg, Tom Gullett Driller: Don Hejtmanek - L TP 
Date: I 0/31/96 Drilling Method: 6" Mud rotary 

Location: Tl 13N R 4 7W Section 6 BAAADA 
Depth (ft) Description Thickness Drilling Notes 

0 Topsoil, black 3 

3 Clay, yellow with pebbles 26 

29 Clay, gray, sandy 43 

67 Sand, medium to very coarse with some gravel 16 

83 Clay, gray, sandy 46 

129 Clay, yellow, sandy 5 

134 Clay, gray, sandy 95 

229 Clay, dark brown, soft 25 

250 Sand, fine to coarse 18 

268 Clay (no sample return) 7 

275 Sand, fine to coarse 35 

310 Clay (no sample return) 60 

370 Sand, coarse to very coarse 12 

382 Clay (no sample return) 35 

418 Sand 3 

421 Clay (no sample return) 40 

461 Sand, fine to coarse 41 

496 Clay (no sample return) 8 

504 Shale, dark gray 55 

559 Shale, black, soft with some lignite 45 

604 Bottom of hole 

Lithologic interpretations from geologist's mud log and 
gamma/resistivity log 





Drilling Log - Minnesota Department of Natural Resources Page 1 of 2 
Site ID# 87-7 County: Yellow Medicine 
Geologist: Jim Berg, Evan Drivas Driller: Don Hejtmanek - LTP 
Date: 10/24/96 Drilling Method: 6" Mud rotary 
Location: Tl 14N R 46W Section 28 CCBBBA 
Depth (ft) Description Thickness Drilling Notes 

0 Clay, brown, sandy 3 

3 Clay, gray, sandy 5 Chatter @ 9- l 0' 

8 Clay, tan, sandy 5 

13 Clay, gray, sandy 29 

36 Sand, coarse to very coarse 9 

45 Clay, gray, sandy 23 

68 Sand, coarse to very coarse 34 

99 Sand, medium to very coarse 55 

154 Sand, fine to medium 10 

164 Sand, fine 5 

169 Sand, very fine 10 

179 Sand, fine to medium 5 

184 Sand, medium to very coarse 15 

199 Sand, very fine to medium 5 

204 Clay, gray, sandy 10 

214 Clay, brown, sandy 25 

239 Clay, light gray, sandy 22 

250 Sand, silty fine to medium 20 

270 Clay, brown, sandy 55 

339 Clay, medium gray, sandy 15 

354 Sand, silty, very fine to fine 10 

374 Sand, silty, very fine to coarse 19 

393 Clay, dark brown, soft 52 

449 Clay, dark brown with sand layers 5 



Drilling Log - Minnesota Department of Natural Resources Page 2 of 2 
Site ID# 87-7 County: Yellow Medicine 
Geologist: Jim Berg, Evan Drivas Driller: Don Hejtmanek - L TP 
Date: 10/24/96 Drilling Method: 6" Mud rotary 
Location: Tl 14N R 46W Section 28 CCBBBA 
Depth (ft) Description Thickness Drilling Notes 

454 Clay, dark brown, soft 40 

494 Shale, medium gray 15 

509 Shale with sand layers (no sample return) 20 

529 Shale, black, soft 75 

604 Shale, medium gray, hard 5 

609 Siltstone, marl? (no sample return) 21 

630 Siltstone and shale (no sample return) 15 

645 Shale, medium gray, hard 79 

724 Bottom of hole 

Lithologic interpretations from geologist's mud log and 
gamma/resistivity log 



Drilling Log - Minnesota Department of Natural Resources Page 1 of 1 
Site ID # 87-8 County: Yellow Medicine 
Geologist: Jim Berg, Tom Gullett Driller: Don Hejtmanek - L TP 
Date: 11113/96 Drilling Method: 6" Mud rotary 

Location: Tl 14N R 46W Section 34 ADADAD 
Depth (ft) Description Thickness Drilling Notes 

0 Topsoil, brown 3 

3 Clay, olive brown, sandy 5 l 

54 Clay, gray, sandy 80 Chatter @ 116' 

134 Sand, fine to very coarse with gravel 19 

153 Clay, gray, sandy 16 

169 Clay, gray with sand layers 30 

199 Clay, yellow, sandy 43 

242 Boulder 2 

244 Clay, yellow-brown, sandy with sand layers 26 

270 Clay, gray, sandy 134 Chatter @275' 

404 Sand 4 

408 Clay, yellow-brown sandy 10 

418 Sand, fine to coarse 16 

434 Sand and yellow brown clay 5 

439 Clay, dark brown, soft 45 

484 Bottom of hole 

Lithologic interpretations from geologists mud log and 
gamma/resistivity 





FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS LOG 

t 
I 
I 

I I 

---NW--- --- NE---
I I 

N : : 
x : : 

I I 

---SW -- - --- SE ---

: i I 
Sec_l1__T 1 02 R _4_1 __ 

Ori l led for __ D_N_R __ D_i_v_._o_f_~_' a_t_e_r_s _______________ _ By Page 1 .Office 

Location cf Test Hole __ s_e_e_m_a __ p'--T __ 1_0_2_R_4_1 __ S_e_c_._1_2 ____________________ _ 

---------------------------Test Hoie No. _5_3_-_1 __ Weil ifo. ___ _ 

Size of test ~oie 6 1 L.!oate started 8-21-96 3: 1 0 Cate cofTlp!eted~ _8_-_2_8_-_9_6 ____ To-:.sl Ho0:·s ___ _ 

FORMATIONS DRILLED 

I COLOR STARTED ENDED I THICKNESS I 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

I 
FORMATI0"1 DEPTH DEPTH FORMATION 

Top Soil Black G.L. 4' 4' 

Clay Brown 4' 8' : 4' 

Sand Brown 8' 1 1 I 3' 

Clay 'R rl\~.1n 
11 I 1 5 I 4 I 

Clay (soft) ~rt=:>u 
1 5 I I 59 1 I 2 '

1 
44 1/2' 

~ 

Sand Grev 59 1 I 2 I 60 1I2 I 1 I 

very soft sandy clay C::rPv 60 1/2' 108' 47 1 I 2 I 

-
Clay Yellow 108' 124' 80' 

Clay Grev 124' 204' 80' 

Clay & Shale Blk,Grey 204' 226' 22' 

Sand & Shale 1 Grev, Blk 226' 233' 7' 

Clay & Shale i Grev, Blk 233' 240' 7' 

Clay & Shale · iaht aree n 240 I 334' 94' 

Clay & Shale Grev,Blk 334' 387' 53' 

Rock - -- - - - - - - - 387' 388' 1 ' ~-- - - - - .. 

Clay & Shale G~ey,~1~ 388' 486' 98' 

very Sandy Clay & Shale . Grey, Bl~ 486' 510' 24' 

Lenses of Sand & Shale Tan,Grey,B lk 51 QI 516' 6' 

Very sandy Shale Grev.Elk 516' 519' 3 r 

Very dirty sand ( 120) Tan,Grey,B lk 519' 524' 5' 

Harder Shale Grev.Elk 524' 579' 55' 

Sand Grev 579' 581 I 3 I 

Very soft sandy clay or shale Grey 581 ' 597 1 I~~ ' 1 6 1I2 
Sand (drilled good) Grev 597 1 I 2 I 605 1 I .. •' 5' 

Driller 

FORM 130 



1 
! 

FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

I 
I 

I I 
---NW-- ---NE--

'X : I : ! 

l---s~ --+-- s1

E __ J 
I : i : 

Sec ---.J.2_ T _l_Q_2_ R _4_1 __ 

DNR Div. of Waters 
Drilled for---------------------------

By __ P_a_g_e_2 _____ Off ice 

Location of Test Hole See map T 1 0 2 R41 Sec. 1 2 

----------------------------Test L..Joi2 f'~G. _5_3_-_1 __ '.\,E: \::. ___ _ 

Size of test hole 6t _!J2:e s:arted _8_-_2_1_-_9_6 ____ 0ate cornp!e:ed_ 8-28-_9_6 _____ ic_::.' ~: _ :s ___ _ 

Cl"'\DU a-v\ 

FORMATIONS DRILLED 

TYPE OF FORMATION 

Rock 

Sand (drilled good) 

Sandy Clay & Shale (soft) 

Hard sandy clay & shale 

Lenses of shale,clay & dirty sar 

Very sandy clay & shale (firm) 

Sand (drilled dirty) 

Dirty sand stone w/lenses of 

shale (not sticky) 

Rock 

Stocky Shale 

Hard Shale 

Shale w/lenses of sand 

Very soft dirty sand & shale 

Cleaner= sand 

Lenses of dirty sand & shale 

Very soft sand stone 

sandy shale hole started taking 

Hard shale (mud turned reddish) 

Shale (brittle) 

Shale (brittle) 

COLOR 
OF 

FORMATlO!-l 

Gray 

Gray 

Grav.tan 

Grav,tan 

I 
I 

I 
i 

d Grav, tani 

Gr.::iv.tan 
I 

Grav,tan I 

Gray, Lrn i 
I 
I 
I 

Grav,tan 

Grav 

Gray I 
I 
I 

Gray I 

Grav 

Gray 

Gray 

Nater Gray 

ran,Org.~f 
Orange,li 
Green 
~r=iu (')rrT 

~ ~ 

STARTED ENDED TH!CK'°'ESS 
AT WHAT /..T "NHAT OF 

DEPTH DEPTH FORW./.. TION 

602~ 1 603' 1 
2 

603 1 607 1 4' 
I 

607' i 646' ' 39' 
i ~ 

646' I 676' I 30' 
I 676' ! 688' : 1 2 I 

-

688 1 
I 

I 
703' 1 5 I 

703' I 717' 1 4 I 

717' i 755~' 38~' 
i 
I 
I 

755~' I 756' 1 
2 

756' 779' 43' 

779' 804' 25' 

804' 809' 5' 

809' 843' 34' 

843' 849' 6' 

849' 864' 1 5 I 

864' 883' 19' 

,blk 883' 893' 1 0' 

~~~ 893 I 914' 21 I 

ne 914' 924' 1 0 I 

924' 980' 56' 

Signed _________________ ~ Driller 



FARGO, N.D. 
HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

·''( - J 2 

Ori I led for _D_N_R ___ D_i_v_o_f_W_a_t_e_r_s ________ _ ______ By _P_a_g_e ______ Office 

T 102 R 40w 
Location of Test Hole -------------

53-2 
-----------------------------~Test Holn Nci. ·--- Well No. ___ _ 

Size of test hole 6 3 / ..2._oate started 8 - 2 9 - 9 6 9-5-96 
Date cornplRted_ _ _____ Total Hours ___ _ 

FORMATIONS DR!LLED 

COLOR STARTED ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

Top Soil Black GL 2 2 

Clay Brown 2 1 9 1 7 

Clay Gray 1 9 24-} 5-! 

Rock Colored 24~ 25 
, 
2 

Clay Blue,Gray 25 101 76 

sand w/lenses of clay Gray 101 104 3 

Soft sand clay Gray 104 134 30 

Sand, qravel & cobbles Colored 134 144-} 10~ 

lenses of cl av & qravel Colored 144.J, 149~ 4~ 

Sand and light gravel (drilled dirty Colored 149~ 1 54 5 

Sandy Clay (soft) Grav 154 203 49 

Sand l,r;:iv 203 205~ 2~ -
Sandy clay Gray 205~ 223 17~ 

Sand Gray 223 259~ 36~ 

Sandy clay Gray 259~ 383 123~ 

Sand Gray 383 391 8 

Sandy clay & shale Tr=ln .Elk.Grav 391 479 88 

Very sandy clay & shale Tan ,Blk,Grav 479 489 1 0 

Very dirty sand w/shale Gray,Tan 489 504 1 5 

Sand (drilled qood) Grav 504 514 1 0 

Sand (drilled dirty) Grav 514 532 1 8 

Very sandy clav-shale Grav,Tan 532 549 1 7 

Sand (drilled good) Gray 549 553 4 

Soft sandy .-:clay-shale w/small lense!: Gray,Blk, 553 580 27 
of sand Tan 

Signed _______ _ Driller 

FORM 130 



Drilled for DNR Div. of Waters 

FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

I 
I 

1 I 
---NW-- ---NE--

: I I 
I I I 

---SW-- --- SE --1 
I I 
I ! 

S=c-R_T 120 R 40w 

By _________ Office 

Location of Test Hole __ T_1_0_2_R_4_o_w ____________________________ _ 

---------------------------Test Hole No. 5 3 -2 Well No.----

Sizeoftesthale 6t _Datestarted 8-29-96 Date co11.p 1s:ed _________ Total Hours __ _ 

FORMATIONS DRlLLED 

I COLOR STARTED 

I 
ENDED l THICKNESS 

TYPE OF FORMATION 

I 
OF AT WHAT AT WHAT 

I 
OF 

FORMATION DEPTH 
I 

DEPTH FORMATION 

Sandy clay & shale (soft) ~lk,Gr~~~ 580 654 I 74 

Very hard shale ~an,Gr~§?· 654 671 1 7 

Shale & Clay Tan,Gray 671 734 63 

Sand (drilled Good) Gray 734 737 3 

Sandy Clay -Shale Blk 3ray,Tan 737 I 800 63 I 

Soft shale White ,Gray,Blk 800 824 24 

I 

I 

I 

Signed ________________ ~ Driller 



Drilled for DNR Div. of Waters 

FARGO, N.D. 
HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

I 
I 

I I 
---NW-- --- NE--

I 
I 

I I 

---SW-- --- SE ---j 

~c ..l_iQ_L_ T '-/Q R --=] __ 

By Page 1 _Office 

T 101 R 40 Sec. 3 
Location of Test Hole ------------------------------------

53-3 ___________________________ Te~t H;:le ~fo. ____ Vvell No. ___ _ 

Size of test ho:e 6 3 /_i. Date started 8-1 4 -9 6 ( 3: 3 Odate compieted _________ To:al Ho<.:i-s __ _ 

FORMATIONS DRfLLED 
I I I 

I 

COLOR. STARTED I ENDED THICKNESS 
TYPE OF FORMATION OF I AT WHAT AT WHAT OF 

FORM.L.TION I DEPTH DEPTH FORMATION 

Top Soil I l 2' 2' Black I GL 

Sand and gravel Rrown 2' 1 8 I I 16' 

Sandv cl av Grav 1 8 I 50' I 32' 

Sand Gray I 50' 53' 3' 

Lenses of sandy clay & sand Grav 53' 59' I 6' 

Lenses of sand &qravel &clav (no *2H t Grav, Col 59' 73' 1 4 I 

sandy clay w/pebbles Gr;:iv 73' 92' 1 9 I 

Sand w/lenses of clay (washed) Gray,Blk 92' 96' 4' 

sandv cl av Gray 96' 1 3•4 I 38' 

gravel & rock Colored 134' 135' 1 I 

Sandy cl av Gray 135' 195' 60' 

sandv cl av Yellow 195' 242' 47' 

very sandy clay w/shale BlJ .... Yellow 242' 283' 41 l 

soft sandy clay & shale Elk.Gray 283' 3 9 9~~ - 11 6 I 

soft rock Grav 399' 399-!' 1 I 
2 

Sand (drilled fair) took a little wat er Gray 399~' 419-!' 20' 

rock Grav 419~' 421-!' 2 ' 

sandy clay (soft) Gra\r 421~' 466' 44~' 

hard sticky clay -shale Grav 4f;6i Sdbi 4et 

Softer sandy clay shale r-r::iu_'Rlk 5GB' 550' ~4' 
-

soft sandy shale 1;rav. Blk. ri =d550' 569' 19' 

very soft shale (sandy) 90 sec. Blk. Gnry 569' 589' 20' 

- verv dirtv sand stone Grav 589' 604' 1 5' 

fine - sand (drilled good) Gray 604' 639' 35' 

Driller 

FORM 130 



FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

I 
I 

I I 

---NW-- --- NE --

I 
I 

I I 
---SW __ j ___ SE --

1 i I i I 
S=c _i_Q__( _ T <...( 0 R __ J:;;.___ 

Drilled for __ D_N_R __ D_i_v_._o_f_w_a_t_e_r_s ______________ _ By _p_a_g_e_2 _____ Off ice 

Location of Test Hole ------------------------------------

------------------------------Teo.t Hole No. 5 3 • 3 We!! No.----

6 1 8-14-96 Size of test hole 4 _Date started ________ Date completed _____ . _____ Tote:! Hours __ _ 

FORMATIONS DRILLED 

I 
I I COLOR STARTED I Et-IDED I THICKNESS 

TYPE OF FORMATION OF AT WHAT AT WHAT OF 
I FORMATION DEPTH DEPTH FORMATION I 

Dirty Sand 
I 1Gray, Blk 639 649 1 0 

I 

Lenses of dirty sand and shale Grav.Elk I 649 664 1 5 

Fine sand (drilled good) Gray,Blk 664 669 5 

Lenses of dirty sand & shale(poor Grav,Blk 
! 

669 684 1 5 I 

sample) I 

Sandy Shale Grav.Blk 684 704 20 

Sand (drilled good) 1Gray 704 710 6 

Lenses of sand & shale Grav I 710 724 1 4 
I 

Very sandy shale Grav,Blk i 724 744 20 I 

Hard shale 
I 

Grav 744 755 I 1 1 

Shale ~hite Grn, ray, 1 755 775 20 

Signed ___________________________ ~ Driller 

FORM l'.lO 



FARGO, N.D. 
HUTCHINSON, MN. 

DRILLERS LOG 

:x 
I I 

---NW--- --- NE---

Drilled for _D_N_R_D_i_v_._o_f_W_a_t_e_r_s _______________ _ By page 1 .Office 

Location of Test Hole __ 1 _0_2_3_9 __ 3_2 __ ( s_e_e_rn_a-=p'--) -----------------------
53-4 

---------------------------Te:st Hole No. ____ 'v'Veil No.----

Size of test hole 6 3 / LD2te st<::r-:fd _8_-_7_-_9_6 _____ Date comp!eted..§-_1 _3_-_9_6 _____ Tc·~2I Hours _3_3 __ 

FORMATIONS DRiLLED 

COLOR 

I 
STARTED ENDED THICKNESS 

TYPE OF FORMATION OF AT WHAT AT WHAT OF 
FORMATION DEPTH DEPTH FORMATION 

Too soil Black I GL 3 3 

Clay Brown 3 7 4 

Sand Brown 7 9 2 
I 

Clay Brown I 9 1 8 9 

Cl av (sticky) ~r.:=iv 1 8 33 I 1 5 
~ 

Softer sandy clay Grav 33 46 1 3 

verv sandv clav Grav I 46 61 1 5 

Lenses of sand & clay Grav 61 66 5 

Snf t sr=inC3v r1 riv Grav ! 66 88 22 I 

Very soft sandv clay Gray I 88 107 1 9 ! I 

Verv dirtv sand(70 sec) claf w/lenses o Grav 107 130 23 

Sand (fine) Grav 130 133 3 

Verv sandv clav w/lenses of fine sand Grav I 133 146 1 3 

Sand Grav 146 148 2 

Verv sandv cl av Gray 148 156 8 

SAnd <came in over niaht) Gray 156 1 61 ~ 5~ 

Sandv cl av w/oebbles Gray 1 61 ~ 207 45~ 

Sandv cl av (hard) Grav 207 209 2 

Sandy cl av Grav 2-09 279 70 

Sand Grav 
( \' 

I 279 280 1 
-

Sandv cl av Grav 280 286 6 

Sand Grav 286 287 1 

- Sandv clav Grav 287 304 1 7 

Very soft sandy clay Gray 304 312~ 8~ 

Driller 

FORM 130 



DrilledforDNR Div. of Waters 

FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

:x 
I I 

---NW-- ---NE--

I 
I 

I I , 

---SW-- ---SE--~ 
I I 
I / 

By _P_a_g_e __ 2 _____ 0ffice 

102 39-32 
Location of Test Hole ------------------------------------

---------------------------.Test Hole No. 53-4 Welt No. ___ _ 

Size of test hole 6 3 IL Da:e started 8- 7 -9 6 Date completed_ 8-1 3 -9 6 Tots! Hours 3 3 
---

FORMATIONS DRILLED 

COLOR 
l STARTED ENDED I THICKNESS I 

TYPE OF FORMATION OF AT WHAT AT WHAT OF 
FORMATION DEPTH DEPTH FORMATION 

Sand (drilled qood) took· a Little water Gray 312~ 340 27~ 
- \, 

Sandv clav Grav /340 443 103 

d~~1r~a 
-

Verv fine sand (poor sample) Grav 443 464 21 

Lenses of sand (fine) and clay Gray,Tan 464 474 1 0 

Hard sandy clay Gray,Tan 474 488 1 4 

Lenses of sand & clay Grav,Tan 488 501~ 13~ 

Rock Gray 501~ 502 1 
2 

Lenses of dirty _?and &clay Gray,Tan 502 517 1 5 

Hard clav - shale Gray,Tan 517 525 8 

Sandv clav Gray 525 555 uo~ 

Hard sticky clav w/shale - coal Gray,Blk 555 610 55 

Very sandy clav - shale Grav 610 639 29 

Sandv cl av - shale Gray 639 659 20 

Dirty sand {fine) Gray 659 ~5-' 6 

VPrv nirtv sr:inn (finP) Gray 665 ?G71~ 6 
-

Verv sandy cl av- shale ~r.::iv.'Rlk 671 724 53 

Hard shale 1 hr. last 2' Blk .Grav.Grn 724 726 2 

Driller 

FORM 130 



Drilledfor DNR Div. of Waters 

FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS 

t 
N 

I 
I 
I I 

---NW --- --- NE ---
1 I 
I I 
I I 
I I 
I I 
I I 

---SW --- --- SE ---
1 
I 
I 

S€c-2_CL_T -1QL~R _1_4 _ 

By __________ Office 

Location of Test Hole 6~ mi. S. of Luverne, MN on Hwy 75 Apgox 3\ mi. E. 

------------------------------.Test Hole No. 67-6 Well No. ___ _ 

Size of test hole 6 3 /~Date started 1 0- 2 - 9 6 Date completed __ 1.._ ..... 0_-..... 8.._-_9 ..... 6 _____ Total Hours ___ _ 

FORMATIONS DRILLED 

COLOR STARTED ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

Too Soil Black GL 2 2 

_s:ancJy r J ;::iv w/1 onc:::oc::: nf" nrrivPl Brown 2 23 21 -
Sandv cl av Rrnwn.~r;:iv 23 84 61 

Sandv r.1 av '.irown,Grav 84 211~ 127!s 

Rock Pin l<: 211~ 212 ~ 

Srin<iv cl av Grav 212 286 74 

Srind (fair) Grav 2 8 n 290 4 

Verv sandv cl av w/lenses of sand ~r;::iv 290 297 7 
~ 

Fine sand (drilled dirtv) loo'k:ed clean ~rav 297 310~ 13~ 

Srinrlv c:::h.::ilP f"irm ~r;::iv ~10~ 1sn 75~ - ~ 

Soft san<iv c:::hri 1 P Rlk ~r.::iv 3RFi 39Fi 10 

Fine sand (drilled fair)(noor sarnnle) ~r.::iv ::396 4Ll 8 s ? 

sanov shale 'R 1 le .'Rrnwn ~rri v 448 4S3 5 

PinP c:::.::inrl ~r.::iv 453 455 2 
~ 

Pi rm shr!lP P1 lr r!r;::iv .dt:)t:) 487 32 
~ 

Sandstone ~r.::iv 487 4q4 7 

Srindv ShrilP 'Rlk.~rav 494 s 1 a 16 

Sandv shale w/lavers of rock iVh i t. P • ~ r ri v c:; 1 () c:;24 1 4 

Rock W'h i ~ o _ (! r ri v t:) 2 L1 532 8 -

Signed __ ~----------------~ Driller 

FORM 130 



FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

I 
I 
I I 

---t-iw--- ---NE---
1 I 

: : 
I I 
I I 
I I 

---SW------ SE ---
1 I 
I I 

-: / • •I ~ ..:. _A 

Sec:.3_2._~y --101 ~R 44 

or i 11 ed for ----'D~N~R___;;;D;.....;1-..· v...;__. _o......;f;;__W--'-a......;t_;:e;....;r;;__ ______________ _ By ________ .Office 

Location of Test Hole A ~prox 6 !s S. of Luverne, MN on Hwy 7 5, 3 E, 2, 5, 

Size of test hole 6 3 /LDate started 9- 3 0-9 6 Date completed_l_0_-_2_-_9_6 _____ Total Hours 2 3 3/ 4 

FORMATIONS DRILLED 

COLOR STARTED ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

Too Soil P rn1.rn GT_J 1 1 

Soft cl av "'Rrnwn 1 15 14 

Cl av r,.rav 15 113 98 

Soft sandv clav r,.rav 1 1 1 1 f,2 49 

Rock 162 162~ ~ 

Soft Cl av ".!r;:iv.Rrown 162!s 263 lOO!s 

PinP ~;::in r1 (rlri11Prl rrnnCl ) 'T1 :in .W Fi - R - 1 0 Grav 263 288 25 -
Sandv shale Bll< .Brown,Grc: y 288 346 58 

F ine sand stone TW (drilled aood) White 346 401 55 

Shale p 1 l< Grav 4n1 4n!:i 4 
Shale lenses 

Pin~ c-;=lnrl.c:::t-nnP frlrillPn nnnn) w/~m;:i11 n.rav 405 413 8 - Brown 
Shale Bl1c,Gray, 413 439 26 

Verv soft sandy shale 'R 1 k 
~rown 
-rav. 439 445 6 

Hard shale p 1 l< Rrnwr 4r;3 484 21 

Rock (verv hard at bottom) Porl r,.r;:iv 484 503 19 
-

Signed·----~------------~ Driller 

FORM #30 



FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

I 
I 
I I 

---NW --- ---NE ---
1 
I 
I 
I 

I I 

---s'w--- --- S
1

E --~ 
: : I 
I I 

Dr i I led for ---=D_,_N"-"R_,__"""D"""'i""""'v.___o=f_,_W.:....:a::::...;::;.t"""'e'""'r......:;s::..-_______________ _ By __________ Office 

Loe at ion of Test Hole _ __;.'A ...... P~P-=r-"o"-'=x-=--=3 ..... ~.___,S"'--=-. ---"'o~f;...._L=..::::u:.....::v_,e::..,;r::....n~e~M..:..:N~..:::o~n~H~w_..y_7.:,_.;;::..5-'-,___,.;:5"--=3-'-/-4~W'"'--..:::O~n!.--C=o---"1:...:5;::_ __ _ 

----------------------------_. .. Test Hole No. 6 7 -1 Well No.-----

Size of test hole 6 3 / LDate started 10- 2 2-9 6 Date completed_l ...... 0_-_2_3_-_9_6 ____ Total Hours 14 3/ 4 

FORMATIONS DRILLED 

COLOR STARTED ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

Too soil Black GL 2 2 

Cl av Rrnwn 2 15 13 

S;::inn Brown 1 t) 11 16 

Sandv cl av R r n-wn 31 59 28 

Sandv cJav Grav 59 132 73 

Varv soft ,c::;;:i n rl v ("" 1 i=l v 1AT/ni rt -fin P C" ;:::in rl Grn.Grav 1 'i? 1 74 4? -
Verv fine sand Grav 174 184 10 

Sr1ndv ("" 1 i=l v lt. ~r;:i3,f _Rrnwn 184 ?08 24 - -
verv dirtv a and (fine) ~rav.Brown 208 214 6 

Sandv cl av t";rav.Brown 214 219 5 

Verv fine dirtv sand 
f no sam~le) drille aood) ~r;:iv 219 262 43 

~ 

Sandv cl av ~rav 262 321 59 

Stickv cl av - shale ~rr:iv.Rrnwn 321 389 68 

f'l;:iv-qh;:ila R] l<:. ~rt=tv.Rrown 389 400 11 -

Driller 

FORM 130 



Drilledfor DNR Div of Waters 

FARGO, N.D. 
HUTCHINSON, MN. 

DRILLERS LOG 

Location of Test Hole. Approx S!z of Luverne on 7 5, 5 W, 1 !a N. 

t 
N 

I 
I 
I I 

---NW-- ---NE---
1 I 
I I 
I I 

I I 
I I 
I I 

---SW --- --- SE ---
1 
I 
I 

~c J ____ T -1.QL_~ R _4_6 __ 

By __________ Office 

-----------------------------.Test Hole No. 6 7-2 Well No. -----

Size of test hole 6 3 /.i.,.oate st~rted 10-16 - 9 6 Date completed __ 10-1 7 - 9 6 Total Hours ___ _ 

FORMATIONS DRILLED 

COLOR STARTED ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

Too soil ~, ;::ir<l< nT, 2 2 

(' 1 ;::iv Brown ? 7 I 5 
~ 

Grav~l Brown 7 11 4 

Sandy clay w/lenses of sand nr;:iv 11 17 6 

~1 riv Rrown 1 7 rin 4~ 
-

Cl av Grav no ·1 qo 110 

Sn-ft-Pr ("' 1 rl v nr;::i~ 190 221 31 -
Verv sandv cl av w/lenses of sand Gray 221 ?27 6 

VPrv ~;::inrlv ("' 1 rl v (s;n-ft-) Grav,Blk- 227 254 27 
- - -

Sand (drilled annd) ~rav 254 258 4 

Verv sandv clav Grav,Blk 258 282 24 

Sanrl (rJri 11PrJ nnnrl) w/1Pn~P~ n-f rl;::iv nrav.Grn 282 293 11 -
S;::innv :::::h;::i 1 P ;::inrl rl ::iv nr;::iv.nrn 293 334 41 

- -
Sandv clav anrl brit-r.1P ~h;:i1o Grav.Elk ~14 400 hh 

Driller 

FORM 130 



FARGO, N.D. 
HUTCHINSON, MN. 

t 
N 

I 
I 
I I 

---NW--- ---NE---
1 I 

: : 
I I 
I I 
I I 

---SW --- --- SE ---
1 
I 
I 

~c ..2_Q ___ T l 0 1 R ~4 5~-

DRILLERS LOG 
Drilled for DNR Div of Wa t2rs By __________ Office 

LocationofTestHole Approx 6~ S. of Luverne, MN on Hwy 75, W 2~ mi. 

-----------------------------·Test Hole No. 6 7 - 3 

Size of test hole 6 3 I 4_Date started 10-14-9 6 Date completed_) 0 - 16 - 9 6 

FORMATIONS DRILLED 

COLOR STARTED 
TYPE OF FORMATION OF AT WHAT 

FORMATION DEPTH 

Too soil Rlacl< GL 

l'l riV Brown 1 -

Sandv Clav Frown 1 R 

Si1t.v l' 1 av (soft) 'T'rin 1 ? 4 
-

FinP sand 8-10 (drilled aood) took watt: r Grav ln? 

Sh;:ile 0_..-n _ Prnw1 179 

Fine sand (jrav 1RR 

Sh;:i 1 P 'T'r:in ~ra v. Rrow1 192!s 

Ha rrl r1 av - c::h:=l 1 a Brown. Gra ~ ??4 
-

VPrv .c:;andv r1av-shale (much softer) Grav.Brown /f;r:; 

Hard shale (stockv) ~rriv.Rrown 324 

S;:indv shale (jrav.Brow1 184 

V;:::.rv finP c::rinrl {~nr.r ~rimnlP) ~rriv.Rl~ 417 
4 - - ~ 

Vr=>rv c::nft- c::;:inflv c::hri 1 P B 1 lc. Grav 429 
4 ~ 

Verv fine sand (no samole) drilled auic1 Rlk.(jr;::iv 449 

Shale (soft) R1 ;:irl< 462 

Shala de-rnmn. Bl"t<.white 404 

De-como.-rock-shale Rlk.white 519 

Well No. ___ _ 

Total Hours _2_1 __ _ 

ENDED THICKNESS 
AT WHAT OF 

DEPTH FORMATION 

1 1 

1 8 17 

124 106 

1F-.? 1R 

1 7q 17 

188 9 

1 q? 1: 41: 

224 31 !, 

? h C) 41 

1?4 sq 

384 60 

417 33 

429 12 

449 20 

462 I~ 

494 32 

s1q ? C) 

560 41 

Signed __ ~---------------~ Driller 

FORM 130 



Orilledfor DNR Div. of Waters 

FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

I 
I 
I I 

---NW--- ---NE ---
1 
I 
I 
I 
I 

I I 

---SW --- --- SE ---
1 
I 
I 

By _________ Office 

Location of Test Hole Approx 6~ mi S. of Luverne on 7 5, 1 E see map 

----------------------------·Test Hole No.6:;;_7..._-____ 4 __ Well No.----

Sizeoftesthole 6 3~Datestarted 9-18-96 Date completed..-3_-_1_9_-_9_6 _____ Total Hours ___ _ 

FORMATIONS DRILLED 

COLOR STARTED ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

'T'on soil Black GL 1 1 

__s_and & aravP1 Brown 1 21 20 

Sandv cl av Brown ?1 ?4 3 

Sandv cl av Grav ?4 1 Qf; 172 

Verv sandv cl av (soft) Grav 196 204 8 

Verv fine sand (drilled aood) ~rav 204 209 5 

Sand (drilled aood) took water BlnP 209 220~ 11~ 

Sandv clav-shale r:!rav. 'T'rin 220!s 318 97!s 
-

Verv fine sand Grav 318 326~ 81: 

Sandv shale Blk .Grav.Tan 3261: 348 21 !s 

Fine sandstone Grav 348 357 9 

Sandv shale Rlk ,.~rav.'T'an 357 372 15 
-

Fine sandstone Grav ~72 374 2 

Sandv shale w/lenses of sandstone (fin 
Gra~ 

~)Rlk.W it.o ".:\74 ~82 8 

Sands:t,one White 382 390 8 

Hri rd deromn a [.:,, .c:::nl i fl nrrin i ho W-hite.Pink 390 403 13 
-

Signed _____________________ ~ Driller 

FORM 130 



Drilledfor DNR Div. of Waters 

FARGO, N.D. 
HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

I 
I 
I I 

---~W--- ---NE ---
1 I 
I I 
I I 
I I 
I I 
I I 

---SW --- --- SE ---
1 I 
I I 
I I 

Sec-2_5 __ T 10 l R 45 

By _________ Office 

LocationofTestHole Approx 8~ S. of Luverne, MN on Hwy 75 1.1 mi. E. 

~----------------------~---~·Te~ Hole No. 67-5 ~ell No.~~~~ 

Size of test hole 6 3 /.LDate started 9- 2 3- 9 6 Date completed_9_-_,,_L_4_-_9_6 _____ Total Hours ___ _ 

FORMATIONS DRILLED 

COLOR STARTED ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

'Tr, :1 Rni 1 P1 ;:irk- GL 4 4 -
Sand & qravel Prnwn 4 16 12 

Rock "Rrnwn 1 h 1 f)!::: ~ 

Sand & aravel Prnwn 1 f)k 24 7~ 

Ro~k 2 Li 241: !,, 

sandv cl av Brown 24!,, 60 35!,, 

Cl av Grav 60 136 76 
-

C:l;;v Tan.Grav 136 176 40 
-

Dirtv sand ~arv 176 181 5 
water 

Fine sand (rfri11Pd crnnc1 ) t,ook a lit,tle ~rav 181 200 19 

Cl av-shale ~r;::iv.Blk 200 227 27 

ni rt,v sand Grav 227 230 3 -

Clav-shale Blk,Grav ?~n ?nl 31 

Rock (h;::iril) RPil 2n1 ?F>?k 11= 

White ?n21: 2f>7 4~ 

Rock Whit-~. Pin' ?n7 278 9 

Driller 

FORM 130 



Drilledfor DNR Div. of Waters 

FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

I 
I 

I I 

---t'iW--- ---NE ---
1 I 
I I 
I I 
I I 
I I 
I I 

---SW --- --- SE ---
1 I 
I I 
I I 

Sec--1_f __ T --~R __ _ 

By _________ Office 

LocationofTestHole. T 102 N R 43 W, S 32, NL SE L SE\ DDA 

----------------------------·Test Hole No. 53-6 Well No. ----

Size of test hole_..6._.\.__ __ Date started 9-11-96 Date completed~ ________ Total Hours ___ _ 

FORMATIONS DRILLED 

COLOR STARTED ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

'I'oo Soil Black GL 1 1 

Sand Brown ] 8 7 

Gravel Brown 8 24 16 

Sand Brown 24 42 18 

Dirtv sand & cl av Rrown 42 49 7 

Sand Brown 49 54 5 

Verv sandv cl av Rrn'Wn S4 76 22 

Harder cl av Rrown 76 84 8 

Sand Rrown 84 94 10 

Sandv cl av Brown q4 105 11 

Sanci v Cl av Grav. Brn 1011 188 83 

Sandv Clr:lV Grav,Tan 188 302 114 

Soft, ~;::indv l'lr:lv Grav,Tan 302 352 50 - -
Hard clav-shale Grav,Blk lS? 448 9fi 

water 
Sand stone (drilled aood) took a littl ~Grav.whit:= 448 500 52 

Hard sticky shale Blk, Grav 500 578 78 

H;:irrl .~hri 1 p '"r;:i n ~r;:iv.'Rlk 578 649 71 -

Signed __________ ~-----~ Driller 

FOAM 130 



Drilledfor DNR Div. of Waters 

Location of Test Hole T 102 R 4 3 W 

FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS LOG 

517 SE ~' SE\ , NE~ ADD 

t 
N 

I 
I 

I I 

---NW --- --- NE---
1 
I 
I 
I 
I 

I I 

---SW------ SE ---
1 
I 
I 

Sec -1_] __ ~ T ..l_Q_L_ R 4 3 

By _________ Office 

----------------------------·Test Hole No. 53-7 Well No.----

Size of test hole 6~ _Date started --=9_--=9-...-__,9..._.6"'---____ Date completed_ 9.__-_l_l_-_9_6 _______ Total Hours ___ _ 

FORMATIONS DRILLED 

COLOR STARTED ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

Too soil Black GL 2 2 

__c_1av Rrnwn ? 60 58 

Cl av Brn Drk Grav 60 74 14 

Soft sand cl av ~rn_~r;::iv 74 86 12 -
Sand Prn1.1n RFi 90 4 

Sanclv r 1 ;:iv ~rriv qo 1 71 31 - -
Rock RPrl 1 21 122 1 

Sanclv c1 riv Grav 1?? 143 21 

~ri nrl Grav 143 147% 4~ 

Sandv cl av ~rr:lv 147k 1 97 49k 

Sr=lnnv rl riv Tan.Grav 1 q7 ?FiO 63 -
Sand (rlri11Pr1 f';=iir) (FiO) ~r;=iv 7fi0 ?76 16 

~ 

Sandv cl av Grav 2 7 fi 124 48 

Verv soft sandv cl av Grav 324 352 28 

Sandv cl riv ~ray 352 404 i:::,.., 
..JL 

Shale Drk Grav 404 480 76 

Verv sandv shale Tan Drk Grav LI.A() LI a c; 1 c; 

Verv fine sand (drilled aood) 
sample 

495 510~ 15~ ooor Grav 

Stickv hard shale 'T'ri n Rlk.~rav 510% 588 77% 

Sandv shale w/lenses of sand Rlk.~rriv 588 602 14 

Sand (drilled aood) ~r;::iv 602 606k 4k -
Sandv shale ~rriv 606% 609 2% -
Sandstone White.Grn 609 624 15 

Verv sandv sh;::ilp Tan, Grav.Elk 624 651 47 
Quarsite Pink 651 659 8 

Signed ____________ ~-------- Driller 

FORM 130 





FARGO, N.D. 
HUTCHINSON, MN. 

t 
N 

I 

' I I 

---~w-- --- NE --

I 
I 

' ' --SW -- --- SE --

!:ec-2..B __ T l l 4N_R 4 6W 

Drilledfor DNR Div of waters 
DRILLERS LOG 

pgl By ________ .Office 

LocationofTestHole. 7 mi. W of Canby, 4 3/4 mi. S. east side of rd. 

---------------------------·Te:;t Hole No. 8 7- 7 

Size of test hole 6 3 /i,.Oate started 10- 2 4-9 6 Date completed_. 10- 31-9 6 

FORMATIONS DRILLED 

COLOR STARTED 

Well No. ----

Total Hours ___ _ 

ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

To· soil Black GL 2 2 

~ Brown 2 10 8 

Roe'<: k k 

Soft cla Gra J.Ok 41 30k 

Sand and ravel Gra 41 50 9 

Gra 15 

Lenses of sand and 74 8 

78 4 

Sane 82 4 

Dirt fine sand and cla 99 17 

157 58 

Ver fine sand drilled fair ?oor 

oarse sand 199 20 

205 6 

2 51 

262 6 

--.. .......... -=--'-'=----~:.=--=-~~d_._ ___________ +-'-'~""-+-----t--~----~-~6~6~__...-·~4~-

278 12 

364 86 

1 

-shale w small lenses of 

·signed _________________ _ Driller 

FORM IJO 



FARGO, N.D. 
HUTCHINSON, MN. 

t 
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I 
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I I 

---r-.W-- ---NE---
1 
I 
I 
I 
I 
I 

---SW --- --- SE ---
1 
I 
I 

Sac-___ T R __ _ 

DRILLERS LOG 
Dr i II ed for ____ D_N.......,.R_D .... 1 __ · v __ o_f~w ..... a ......... t_e ...... r ..... s ___ o ...... a ....... a ........ e__....2..__ ________ _ By _________ Office 

Location of Test Hole _ ___._7__....m .... i........._. -"'""W__,,o ...... f __ ..... c-=a ..... n._.b.._y......_, ___,4---...3"""'/'--4.......__=m:..:::i ...... .__=S..;.. ___.;:e:;,..;;a::..;s=-=t---==s:...::i::...;d::..;e=-..,;;;o...;;;f;........;r::....;;;;.d...;.. _______ _ 

----------------------------.Test Hole No. 8 7- 7 Well No.----

Size of test hole 6 31..LDate started 10- 2 4 - 9 6 Date completed~ 10 - 3 1-9 6 Total Hours ----

FORMATIONS DRILLED 

COLOR STARTED ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

Sandv shale Grav, Bll< 577 597 80 

~rv fine sand (noor samnle) Grav C) g 7 635 38 

Lenses of verv fine sand and shale Grav.Elk 635 659 24 

Sha1e -rock (drilled slow) ~r~v ~olo~ed r;c:;q 724 65 -
, 

Signed _________________ ~ Driller 

FORM 130 



FARGO, N.D. 

HUTCHINSON, MN. 

DRILLERS LOG 

t 
N 

I 
I 
I I 

---t-iW--- ---NE---
1 
I 
I 

I 
I 

I I 

---SW--- --- SE ---

Dr i 11 ed for __ D ........... N_,_R.___.D........_j ..... v---... ....... 0 ............ f___..W~a .... t_p~r----------------- By __________ Office 

Location of Test Hole A ppr ox 6 ~ S. of T,11vp rn e . MN on Hwy 7 5 4E 3 s 

-----------------------------·Test Hole No. 6 7-8 Well No. -----

Size of test hole 6 3 /.;L.Date started 1 0 - 9-9 6 Date completed __ l 0- -9 6 Total Hours ___ _ 

FORMATIONS DRILLED 

COLOR STARTED ENDED THICKNESS 
TYPE OF FORMATION OF AT WHAT AT WHAT OF 

FORMATION DEPTH DEPTH FORMATION 

TOD soil Black GL 2 2 

__c_1 ;:'.) y Brown ? 1 n 8 

Sand Brown 1 fl 1 n f) 

Sandv c 1 ;:iv Grav 1 h 48 ?2 

S;:inriv r1 ;=iv Brown 48 101 53 -

Sr:innv rl ;::iv (;r;:iv 1 n 1 1 1.1n 3Q 
- - -

Hard stickv cl av Grav 140 171 3 J_ 

Soft sandv cl av nrriv.Rrow1 1 71 207 36 

Lenses of cl av and sand Grav 207 219 12 

Fine sand (dri 11Pd (]()()Cl) 'T'HT.W n-8 nr;::iv ?1q ,, 1 r; 1 7 

Sandv sh;:i 1 o Elk.Grav ?. 1 r; ~?n 90 

Sandv shrilP w/smrill 1 PDSPS nf ,c;;:inrl Grav,Blk 326 336 10 

Fine sand r..r~u 33f; ~Lln 4 
~ 

Sandv Shala nrr:iv R 11<" 344 354 14 -
Fine sand (dri 1 led f ;:ii r) Grav 3 c:; L1 3f;Ll 1 n 

Sandv shale nrriv 364 400 36 

Vorv .t::nft. sr:inilv .c::::h;:ilp (hri t.t.1 P .c::h;::i 1 p) Grav.Elk 4nn 4S 1 51 
- -

Sr:inrlv Sh;::i 1 P (;rriv nrn Wh i t.P L1c:;1 480 38 
--

Signed _______ ~--------------~ Driller 

FORM 130 





WELL OR BC~ING LOCATION 

county Name 

MINNESOTA DEPARTMENT OF HEALTH 

WELL AND BORING SEALING RECORD 
Minnesota Statutes, Chapter 1031 

Minnesota Well and Boring 
Sealing No. 

Minnesota Unique No. 
or W-series No. 
(leave blank if not known) 

Date Well or Boring Constructed 

8·71·?6 

101116 

Numerical Street Address or Fire Number and City of Well or Boring Location 

Depth Before Sealing 2 g Q ft. Original Depth 9 ? 0 ft. 

Show exact location of well or boring 
i in section grid with "X". 

Sketch map of well or boring AQUIFER(S) STATIC WATER LEVEL 
location, showing property O Single Aquifer D Multiaquifer 
lines, roads, and buildings. 

D Measured 0 Estimated N 
! I l 1 
! ! l I --r-- -,-- ---,-- ---,--
1 t I I 
I I I 

I I I 

W -+-- -+----+- ---{-- E 

~_:__ _;__ -~-- --~-- T 
I : : : 

, -+-i--i--r+-T+-1 T'0 

f--r;ile--+ 
PROPERTY OWNER'j NAl)llE 

.S:-r~rr£ 

7 £ s- T 1-lc t ,,i_ 

:ti ~?-I 

Property owner's mailing address if different than well location address indicated above. 

)'Al/4./;V, OAll< 

WELL/BORING 

0 Water Supply Well 0 Monit. Well 

~ Env. Bore Hole D Other _____ _ _____ ft. D below D above land surface 

CASING TYPE(S) 

0 Steel D Plastic D Tile D Other----------------------------

CASING 

Diameter Depth Set in oversize hole? Annualar space initially grouted? 

___ in. from ____ to ____ ft. O Yes 0 No D Yes D No 0 Unknown 

___ in. from ____ to ____ ft. D Yes D No O Yes D No D Unknown 

___ in. from ____ to ____ ft. D Yes D No D Yes D No D Unknown 

SCREEN/OPEN HOLE 

Sc:J C C ,it; /A )" /If. 7'7' L Screen from ____ to ____ ft. Open Hole from ____ to ____ ft. 

S-f , /J Av {_ J ,A-/7 N' S .S / c1-~--1R-UC_T_1o_NJD_E_B-RI_SJF_IL-L-----------------------1 
WELL OWNER'S NAME .J 

'5-;£A /£ 
D Obstruction 0 Debris D Fill 0 No Obstruction 

Well owner's mailing address if different than property owner's address indicated above. Type of Obstruction/Debris/Fill 

Obstruction/Debris/Fill removed? 0 Yes 0 No 

PUMP 

Type _______________ _ 

GEOLOGICAL MATERIAL COLOR HARDNESS OF FROM TO D Removed D Not Present 0 Other--------------------------
FORMATION 

-,f-no_t_k-no_w_n_, i-nd-ica-te_e_s-tim_a_t_ed_f_o_nn.._a_tio_n_l_og_f_ro_m_ne_a_,_rb_y_w_e_ll _or_b_o_rin-g-. -'----'-----t METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE: 

D No Annular Space Exits 

D Annular space grouted with tremie pipe 

D Casing Perforation/Removal 

in. from to ft. D Perforated D Removed 

in. from to ft. D Perforated D Removed 

Type of perforator ---------------------------------

-----------+-------1-------;---+---t D Other -------------------------------------

GROUTING MATERIAL(S) 
--------+------+------+--1----1 ,M 12 /:I 1' 

C £c-' £.NT from _Q__ to 2..1?..o ft. U yards ____ bags -----------+-------1-------1--....+_---t Grouting Material 

.· -

REMARKS, SOURCE OF DATA, DIFFICULTIES IN SEALING 

from to ____ ft. ____ yards ____ bags 

from to ____ ft. ____ yards ____ bags 

'~~~~~~~~.' 
'.:,i;··.::,:.~~~--

------"--'---'"-· from ____ to ____ ft. ____ yards ____ bags 

UNSEALED WELLS AND BORINGS 

Other unsealed weH or boritig on property?' 0 Yeff;., ·D No 

LICENSED OR REGISTERED CONTRACTOR CERTIFICATION 

This well,6r boring was sealed in accordance with Minnesota Rules, Chapter 4725. The information contained in this report is 
true to the best of my knowledge. 

License or Registration No: 

q_ /;2 .Cf~ 
Date 

l-~-PO-R-TA_N_T--F-ILE_W_ln_1 _PR_O_P-ER_TY__,..l-H--:-l-0-1-1-1-6-----1 ~~~.;...."GM~ t.tL k 
~PERS-WELL OWNER COPY -- -~ 
HE-01434-02 10/95R 



WELL OR BORING LOCATlON 
MINNESOTA DEPARTMENT OF HEAL TH Minnesota Well and Boring 

Sealing No. 101117 County Name WELL AND BORING SEALING RECORD Minnesma Unique No. L Minnesota Statutes, Chapter 1031 or W-series No. 
~eave blank 11 not known) 

Numeri6al Street Address or Fire Number and City of Well or BorinQLocation ... -

Depth Before Sealing __.8_..~J~_'-( ____ ft. Original Depth _.._g' __ _,2"-__ y_,__ __ ft. 

Show exact location of well or boring 
in section grid with "X". 

Sketch map of well or boring AQUIFER(S) STATIC WATER LEVEL 
location, showing property O Single Aquifer O Multiaquifer 
lines, roads, and buildings. 

WELUBORING 0 Measured 0 Estimated N 

l I I"" 
-t--~-t- --r- --1-1 

I J l I 

-+--~-+- --+- ---1--
W 14,j : : : E 

!'7i I I I T --r-+--1-- ~-1-- --1--
r i l i Y.i mile --:--- --:-----:-- --:-- 1 

s f--- 1 mile----li~""• 

it£s7 /~tc 
# ~:?-)_ 

PROPERTY OWN<~A f L 0 ~ 
Property owner's mailing address if different than well location address indicated above. 

/-" /"-~ ,ti I /)A.I R 
~00 LA/Av£-f~£ 

jf iJAvL,; M~t. ~S"ISS-
WELL OWNER'S NAME.../ -.L ' £ _. / < rA r If 6 r ~ /'{ 1 

Well owner's mailin~ddress if different than property owner's address indicated above. 

0 Water Supply Well 0 Monit. Well 

C)( Env. Bore Hole 0 Other ____ _ ----- ft. D below Q above land surtace 

CASING TYPE(S) 

0 Steel 0 Plastic O Tile O Other---------------------------

CASING 

Diameter Depth Set in oversize hole? Annualar space initially grouted? 

___ in. from ____ to ____ ft. D Yes 0 No 0 Yes D No 0 Unknown 

___ in. from ____ to ____ ft. O Yes 0 No 0 Yes D No 0 Unknown 

___ in. from ____ to ____ ft. 0 Yes 0 No 0 Yes D No 0 Unknown 

SCREEN/OPEN HOLE 

Screen from----- to----- ft. Open Hole from _____ to----- ft. 

OBSTRUCTION/DEBRIS/FILL 

D Obstruction 0 Debris 0 Fill 0 No Obstruction 

Type of Obstruction/Debris/Fill 

Obstruction/Debris/Fill removed? 0 Yes 0 No 

PUMP 

Type _______________ _ 

GEOLOGICAL MATERIAL COLOR HARDNESS OF FROM TO 0 Removed 0 Not Present 0 Other-----...,..---------------------
FORMATION 

t-1-f n-o-t-kn_o_w-n,-in-d-ica-te-e-st-im-a-te-d-fo-rm~at-io-n-lo_g_f-ro_m_n_e-arb~y-w-el-1 o-r-b-on-·n-g-. ~--~---1 METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE: 

0 No Annular Space Exits 

0 Annular space grouted with tremie pipe 

0 Casing Perforation/Removal 

in. from to ft. 0 Perforated 0 Removed 

in. from to ft. 0 Perforated 0 Removed 

Type of perforator ---------------------------------

i-------------1------r-------t---1----1 0 Other -------------------------~-----------
GROUTING MATERIAL(S) 

t--~~~---~--~~----+-~ NE~~ 
Ct;,µ.. f Arr from _Q__ to ~ft. ~ards ___ bags i-----------__.------t-------+---+------1 Grouting Matenal 

REMARKS, SOURCE OF DATA, DIFFICULTIES IN SEALING 

IMPORTANT-FILE WITH PROPERTY I H 
PAPERS-WELL OWNER COPY 
HE-01434-02 

1 (J 11 

from to ____ ft. ____ yards ____ bags 

from to ____ ft. ____ yards ____ bags 

from ____ to ____ ft. ____ yards ____ bags 

UNSEALED WELLS AND BORINGS 

Other unseated well or boring on properlt? 0 Yes 0 No 

LICENSED OR REGISTERED CONTRACTOR CERTIFICATION 

This well or boring was sealed in accordance with Minnesota Rules, Chapter 4725. The information contained in this report is 
true to the best of my knowledge. 

, 
L zp ~t"'( "J'.'£1A?kJ1?1sL s rh' c.. , 

Ucense or Registration No. 

Authorized R"presentairve Signatlwtf"" Date 

~ ' Ar E .J-f~ANL 
meotPerson Sea/ing~U,g ' 

10/95R 



WEL!... :JR BORING 1..0CAno'I 
1'11M•E3C~ ~ :EPA.RT\AENT OF HEAL TH Mirresota Ne11 :;.re 3crr"' . 

J 1 1 8 I 

WELL AND BORING SEALING RECORD Seaurg \le H J_ 
:cL..'"''.', 'Jarre - ~ 

Minnesota Unique No 

)_((.) dccs Minnesota Statutes. Chapter 1031 or W-senes No 
Leave 01ank rt '"'IOC -:.,...,owr"I i 

-Jwnsn1P "iarne Townsruo '<c '1ange \ic Sec::or "lo ='aCl1or sm. -+ 1g.1 Date Sea!ea Date Weil or Bonrg Constn.1Cled 

~I 'q£ (o 'u: lo I ! Vo i .? ~l~Kil5J v 5i· Ju -~6 ;?-/C-/ -76 
Nurr.erl'ca1 Street Address or Fire Number and City of WeJI or Bonng Locanon 

?75 775 }JW All~ 5W Depth Before Sealing ft Or1g1na1 Deorh " 
sn.J'' exacr oca.Mr Jf Neil Jr Donrg Sketcn rnap of well or bonng AQUIFER( SJ STATIC WATER LEVEL 
r 5P,C!IOn ~r•C Nlth 'X" 'oca!lon. snowing prooerty CJ Single Aquifer = Mu1t1aqu1fer 

ilnes. roads. and bu1laings 
·:::J Measured -

" WELL/BORING -' Estimated 

CJ Water Supp1y Well C Monit Well 
- ----------------.---

~nv Bore 1-'ole CJ Other '1 _ DelOW = above 1and surtace 

7 ~ ~ r /-Ir..; ( 6-- ---- -- - - - - ..... - --- --- - -- - .... r= CASING TYPE(S) 

"' A----------~--~---•: ft- ~] -_? =Steel :::::J P!ast1c :J Tile C Other 
4 mile 

~--:- -+--.--7-~- _j_ _ _J __ ~ i CASING 

...!... Diameter Depth Se11n oversize hole? Annualar soace 1nit1ally grouted"' 
s 

~ ~Yes - -
l'!ir-- '"'1/e ,n. 'rom ____ to ____ ft CJ Yes :J No - '<o - UriK:>cwn ---

- -
PROPERTY OWNER'S NAME ___ 1n. irom ____ to ____ ft. :J Yes 0 No :::J Yes - '<o - _..,Known 

<;7AT£. o~ /'.#-f /\I -
pcoperty owner s mailing address 1f different than well iocat1on adaress indicated aoove ___ 1n. from ____ to ____ ft. O Yes 0 No 0 Yes :J No - _,,,Known 

/'-"" l
1

NN. ON R SCREEN/OPEN HOLE 

S-o c c ~ r/:J y £-f--;-£_ 
Screen from to ft. Open Hole from to ft. 

~t, P/1,. c_ /</'' l'V, )~!)) OBSTRUCT10NIOEBRISIF1LL 

WELL OWNER'S NAME ' 
~1';1114fL ~~ /..., /\/ 

0 Obstruction CJ Debns 0 Fill 0 No Obstruction 

Well owner's mailing address 1i different than property owner's address 1nd1catea above Type of Obstruction/Debns/Fill 

OOstructiorv Debns/Fill removed? 0 Yes D No 

PUMP 

Type 

GEOLOGICAL MATERIAL I COLOR I HARDNESS OF FROM TO 
0 Removed D Not Present 0 Ottler 

FORMATION 

If not known. indicate estimated formation log from neart>y well or boring. METHOD USED TO SEAL ANNULAR SPACE BETWeEN 2 CASINGS, OR CASING AND BORE HOLE: 

D No Annular Space Exits 

D Annular space grouted with tremie pipe 

D Casing Perforation/Removal 

in. from to ft. D Perforated D Removed 

in. from to ft. D Perforated D Removed 

Type of perforatof 

D Other 

GROUTWtG MA TEIUl.(8) 

Grouting Material #M_::. NT from JL to 'I IS-ft. _!i_ yards ____ bags 

::: 
If;' from ---- to ____ ft. ___ yards ____ bags 

- - -- ~ 
-

~ ... ----. ~,-
.... ·' from ---- to ____ ft. ___ yards ____ bags 

;~:- -~· ~--"':;,. 

.: -
P.~- from ---- to ---- ft. ___ yards ___ bags 

·-i -- ~ 
REMARKS, SOURCE Qt: DATA. OIFACUL,... ....... lWA1 ED WELLS AND WS 

Olw ~Will or bomg on~ 0 v. 0 No 

~OR WIW CONTRACTOR Cl!lml=ICA110N 

Thie wel or bomg ._ ..-ed in ~ wilh Mlnneeota RulM, Chapter 472S. The information contained in this report is 

true ., .. bellt ol "" llncMtedge. 

La t;_E_. L At. t.£ ~/l. t.l4. C. .Jc:!.. c. 91'6x6 
CCnlnc:b' ...... """"" L.ictlinN"' ~No. 

~44 'Z·/2 -16' 
Date 

~1 .s' H~r ,-(11/6.r£K 
IMPORTANT->=iL~ WITH PC:,QPER-:-'f I H ·1 n 1 118 al Pwriilf ~ W.. or 

PA.PERS-W~'-- '.)W~iE,;:i :'JP" .... j ...i.. 

HE-01434--02 10/95A 



WELL ..:>R 80RINQ LOCATION 

:::ourty '-'arne WELL AND BORING SEALING RECORD 
\11nrescta Ne, . .::re :;:ic,-:--; 
Se_a11r.g '.jo_ 
Minnesota Uniaue ~:o 

H lOlllS 
Minnesota Statutes. Chapter 1031 

~:.~~-~;::~~~~'~""'~ 
'ownsr.10 .'oo qarge No., Sect1or '-le ='action srn -+ •g.: Date :3ea1ea Date Wei! ·Jr Bcrr.c; C<instru~e: 

LlRA1',..i: IOZ i ~?9 i J.z !/fOJN~#i~ ?i--6-9b" 
Nurnencal Street Address or Fire Number and City o1 Well or Bonng Locatioo 

Deolt' Before Sealing 7 2 6 ft Ong1na1 Dept'"' __ Z_....,,2"""""_C'...._ ____ '! 

3tiow exact locat1ori of well or bonng 

1 
n sect1or gnd with ·x· 

Sketcti map of wetl or ocr·ng AQUIFER(S) STAT1C WATER LEVEL 

locat1on. stiowmg oroperry C S1ng1e Aau1fer = Mult1aau1ter 
l1res. roads. and buildings 1-----------------' 

--------'-'--~~--~ 
'N E 

T 
~ --:--+--;--:-+-1-- ... --~ 

s 
!"---- : miie---~""e 

PROPERTY OWN~'~AME 

~7"'Af~ _/'- ,A/' 

Property owners maiiing address ·f 01tterent than well :ocat1on aoaress 1nd1catea aoove 

/V> ;N /{/ L),N R 
:S-()0 l ~/Ay£~L 

Sr !°A"'C /'JN. ~~IS") 
WELL OWNER'S NAME/ 

<}7-~-f.L 
Well owner's mailing address 1f ditterent than property owner's address 'ndicated aoove. 

WELL/BORING 1:::J Measi..:ed 

C Water Suoo1y Well = Mon1t Well 

~nv Bore Hole = Other----- = belcw 
~ 

_ a.cove 1arid surface 
_____ rt 

CASING TYPE(Sl 

C Steel =: Plastic =: 'ile = Other ---------------------------

CASING 

Diameter Depu; Set rn oversize 'lO,e ~ Anrualar space 1nrt1ally grouted? 

___ rn from ____ to ____ ft. :::::; Yes ::::::: No O Yes CJ No :::::; UnKnown 

to ____ ft. C:::: Yes ,=No .::::; Yes C:::: No '.:::J UnKnown 

___ 1n from ___ _ •o ____ ft. C Yes 2 No 0 Ves C:::: No 0 Unknown 

SCREEN/OPEN HOLE 

Screen from----- to ----- ft. Open Hole from----- to----- ft. 

OBSTRUCTION/DEBRIS/FILL 

C Obstruction 0 Oebns 0 Fill C No Obstruction 

Type of Obstruct10NDebnS1Fill 

ObstructiOn/Deons/Fill removed? 0 Yes 0 No 

PUMP 

Type~--------------~ 
1--~~~~~~~~~--~~~~--....-~~~--..... ~~....-~--1 

HARDNESS OF FROM TO 0 Removed· 0 Not Present 0 Other-----------------------
FORMATION 

GEOLOGICAL MATERIAL COLOR 

f-1-t -no-t-kn_o_w_n-. ,-nd-ica-te_e_s-tlm_a_t_ed_f_o_rm.._a_tion_l_og_tr_o_m_nea__.rt>y_w_e_ll _or-bo-nn-g-. -'----'---~ llETHOO USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND SORE HOLE: 

D No Annular Space Exila 

D Annular space grouted with tremie pipe 

0 Casing Perforation/Removal 

I in. from to ft. 
I 

D Perforated 0 Removed 

in. from to ft. D Perforated D Removed 

Typempetfonlror --------------------------------

J------------1-------+------+---+----40 Other-----------------------------------
QAOUTING MATMW.(9) 

1------------------------ Grouting~ ~::,tN?- from _Q_ to ::2.2£ ft. -2syards __ bags 

REMARKS, SOURCE OF DATA, DIFACULTB -~ 

IMPORTANT-FILE WITH ;iqGPEO..,..Y I H 
P~PE'1S-NEi_'... ".;W"JE? ccov 
HE-01434-02 

~ 

,-. 
" ; -

I 
... 

1' 1 
-~ 

.-
'.j 

from to ---- ft. ---- yards ---- bags 

from to ---- ft. ---- yards ---- bags 

from --- to --- fl --- yards --- bags 

l.WAI ED WILLS AND 80MtG8 

Olw~_.orbaringon~ 0 Y• 0 No 

Thill Will or baring WM ...-S In .a:arcllnce wiltl Mini-* Rules, ~ 4725. The information contained in this report is 

in.'° .. belt" my~· 

l.JcenN or Registration No. 

,. 0 -96' 
Date 

1CWSA 



~ELL QA SOAING 1..0CA Ti:::;N 
\.11NNESOT.A DE;::iARTMEN- OF HEAL :r-i \11r~esca vl/e" J.rc 3c.--g 

Sea11ng "le WELL AND BORING SEALING RECORD 
Minnesota Unique No 
or W-senes No . 

H 
Minnesota Statutes. Chapter 1031 

._eave 01an1<. ,J '"'O: ,;--cwr 

Date ·Nell :er 9orr·,; ·-..:0ns:r..:c:"c 

//J-21-76 //) -;22-96 
Date Sealea "'Jwnsnio 'Jarne /l. ~.:;wrsn10 'io =iarige "lo Sectlon Ne i=racnon .srn. + •g., 

8/Jff~ 1 /n1 Vt, : JS\~ .. ~ SLr-
-Numencal Street Address or Fire Numoer and City of Well or Bonng Location 

')eotn Before Sea11rg _l~/__,Q"""-_,,Q=-___ 't Ong1na1 De::;u-: __ <-( __ 0_-'Q=---- "t. 

srow exac: ,ccat1or ,J! .veil or oonr<;; 
n sect1cr gnd tvitn ·x· 

Sketch map of well or bor ng AQUIFER($) STATIC WATER LEVEL 
location. snowing orooerty C:::: S1ng1e Acu1fer = "..1u1tiacu1te' 
l1res. roads. and bu1ld1ngs t-W_E_L_US_O_R_l_N_G ___________ ~ C:::: IJ1eas-.ed .= ::.;tima!ed 

= Water Suoolv We11 = "..lonit Nell 

ffei'.. Env Bore Ho1e = Other _____ _ _____ ft 
:_ .Je\OW 

W ---.---------..,--~-----~ E CASING TYPE(S) 

'T 

C Steel = Plastic C] -:"'ile = Other -----------------------------

CASING 

Diameter Depth Set 1n oversize noie? Annualar space 1n1t1ally grouted? 
s 

llir--- ' -n1le ----l~h' ~ C Yes CJ Ne :::::; Yes =:J No 
- Un Known -r 'rom ___ _ to ____ ft 

PROPERTY ~~A fL ___ 1n 'ram ___ _ to ____ ft =:; Yes []No ~Yes C::::: "lo = Unknown 

Property owner's mailing address ,f d1tterert tnan well 1ocat1on address 1nd1catea abOve ___ in from ____ to ____ ft O Yes 0 No O Yes 0 No ::= Unknowr 

SCREEN/OPEN HOLE /" /~,.#. ~Al J'e 
C ,A F /1 7-' L H £. Screen from----- to ----- ft. Open Hole from----- to----- ft. P ~ v c / /'1 ""· ~s 1 .s-J ...... -oa_s_TR_U_CTI_ON/D_E_B_RISIFl_L_L-------------------------1 

0 Obstruction 0 Debns 0 Fill 0 No Obstruction 

Well owners mailing address 1f different than property owners address 1nd1cated abOve Type of Obstruction!Debns.:Fill 

Obstruction/Debris/Fill removed? 0 Yes 0 No 

PUMP 

Type _______________ _ 

I 
HARDNESS OF FROM TO 0 Removed 0 Not Present 0 Other------------------------

FORMATION 
i-1-f n-o-t k-n-ow-n.-1n-d-ica-te_e_s_tim-at-ed-fo-rm~a-n_o_n_log_fr_o_m_n_ea~rtl-y_w_e_ll _or_bo_n-ng-.~--~---i METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE: 

GEOLOGICAL MATERIAL COLOR 

0 No Annular Space Exits 

0 Annular space grouted witti tremie pipe 

0 Casing Perlonttion/Removal 

i in. from to ft. 0 Perforated 0 Removed 

in. from to ft. 0 Perforated 0 Removed 

TypeofperforatOf' ---------------------------------

1-----------_.....------1------+-----.1----1 [] Other -------------------------------------

GROUTING MA~) 
r--~~~-+-~--+~~-+--+--t ~LAr $~/ 

r----------+---~-----.1!1---t------t Grouting Material C Ltf*-. 4; /V.,.. from ~ to ~ ft. / ~rds --- bags 

· .-.~~;:" .... 
s... r! """'· 

REMARKS, SOURCE OF DATA, DtFRCULTD 11 IEALllG 

iMPOFI."'" .4NT-t=1_:: Ni"""- :::::iop::p"'"·-1 

PAPE::<S-NE:.._ ::1~Er; COP'• 

.. n ~ 
-- :~J - 1 ·)a 

..) ' ) 

from to ---- ft. ---- yards ____ bags 

from to ---- ft. ----. yards ____ bags 

from ---- to ---- ft. ---- yards ____ bags 

I.WA' ED WELLS AND IOAING9 

Obr~_.orbomgon~ 0 Y• CJ No 

TNll well or boring ..,.. .-.a in accordllnce wtlt1 ~ Rum, ~ •725. The information contained 1n this report is 

true'° 1he 1:11111 ol my~-

~ R;t18tiOl1NO. 

//-/r-~t<' 
Date 

10/95R 



\11nrescta Ne.I 3.IC 3-0r"g 
WEL~ '.)R SORING i..XA T10N - H 

~ 0 1 1 '"" 8 :oc.rt"i ~aJTe WELL AND BORING SEALING RECORD Sea11ng "io i. .l j 

#f\l"k Minnesota Statutes. Chapter 1031 
Minnesota Unique No 
or W-senes No. 
~eave Otantc. t "Ct ll(nowni 

-J··1~n1c :'iarie -ownsn10 '•c ;::iaf"ge "c Secnon No F'actJor sm -. :g 1 Date Seale<J Date Well er Bonng Constructeo 

.k!A~/"'-< /()I 6~; I w ~~ <'~~. <-. '1.J //J - I 7-9~ /O- /6 ~ ~6' 
'li.;menca1 Street Aaaress or F;re Numoer ana City ot Welt or Bonng Locat!On 

Deotli Before Seal1f'1g YQ.u 't Ong1na1 Deoth Y'~CJ 1 

s~cw exact 1ocat1cn or ·.veil ::ir ::icnng Sketct1 map of weH or oonng AQUIFER(S) STATIC WATER LEVEL 
r ;ec::cr gna wit., "(" 1ocaoon. snowmg property C:::: S1ng1e Aquifer C:::: Mult1aqu1fer 

lines. roaas. and buildings 
::=; Measured -'.J WELUBOAING .._j Estimated 

C Water Supply Well = Monit. Well 
--------- ---.------ ... -- ... 

/la{C f Ii sr ~ Env. Bore Hole =Other ft = oe1ow C:::: aoove 1and surface 
-- ---- ________ ..., _____ ... 

CASING TYPE(S) /y E 
T 

6 7-2 -- --- ---.---- ________ ... 
$ =Steel C Plastic =Tile ::::J Other 

X-+--:--~----J--~--..: 
o1 :nne 

I CASING 

j_ Diameter Depth Se1 1n oversize hole? Annualar space 1nit1a11v grouted? 
s C Yes --, '•2 -

~·"'11e ~ --- ·n irom ____ to ____ ft. C Yes 0 No - - _,n•nown 

- -
::>ROPEC1TY OWNER'S N;t:E \ --- 1n from ____ to ____ ft. !:] Yes 0 No 0 Yes 

~ 
··..: - ~ .-·<rtl')Wn 

<"-f A .L 01-· ~ /~t'~( 
-

Property owner's ma11irg address 1f different than we11 !ocatJon aaoress indicated aoove --- ·n from ____ to ____ ft. O Yes 0 No 0 Yes C '.c - _ •i<nowf" 
\ 

~,Al~ /""'IN~( - SCREEN/OPEN HOLE 

s-ao t ~ ~ 1'4 YE '1'-1'L.. 
Screen from to ft. Open Hole from 

/J~vl 
to ft. Sr /-# rr :::,-.s-1 sr-/ OBSTRUCTION/OEBRISIF1U 

WELL OWNER'S NAME 
. 

' 0 Obstruction 
~.,L~ .;.s /j~ ~I IV A../ 

0 Debns 0 Fill 0 No Obstruction 

Well owner's malling address 1f differentthan oropeny owner's address indicated aoove. Type of Obstruct1on1Debns/Fill 

OOstruction/Debns/Fill removed? 0 Yes 0 No 

PUMP 

Type 

GEOLOGICAL MATERIAL COLOR 
HARDNESS OF FAOlil TO 

0 RemovE!(j 0 Not Present 0 Other 
FORMATION 

If not known. indicate estimated formation log from neart>y well or boring. METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE: 

0 No Annular Space Exits 

0 Annular space grouted with tremie pipe 

0 Casing Pe~emoval 

in. from to ft. 0 Perforated 0 Removed 

in. from to ft. 0 Perforated 0 Removed 

Type of perforator 

0 Other 

GROUTING llAT'ENAL(S) 

,NL.A-fa 
'tO()tt. ~ards __ Grouting Material e-L-t!!!!!!_&._~/ from ~ to bags 

. 
;f --~·-·; 

.;. 

from 
to ____ ft. ___ 

yards---- bags 

.;~-
·v ----

_ ... L.:..-
.. -.~ ~- ~ from ---- to ____ ft. ___ 

yards---- bags 

·~ t.~ ... .$./ 
f-"~~ from --- to --- It. --- yards --- bags 

REMARKS, SOURCE OF DATA, DFRCUL 11MEA1 ID ftLLS AND 90MG8 

Olw ~ Wll or boring on~ 0 Y• 0 No 

~Cit WIWD CONT'IUC'TOR CBtftllCAT10N 

Thia Wll or boring WM ..-d in eccordmnce with ~ Rules, ~ 4725. The infonnatiort contained in this report is 

true '° the be9t °' my knowlldg9. 

'5.,(:f r tU UA L) le.Lo cL c. r l"U. c a.-,.,,,. ~ ( 
2/~ 

LJcetw or~ No. 

// ~~ ~~-- -- //,// ... 9L - - • . 
Da'9 

~- -

~,:c,~~t'!tY'£k 
IMPORTANT-FILE wm• PROPEPTY I H 101138 !PAPERS-WELL OWNER COPY 

HE-01~ 10/95R 



-;EL.I.. OR BORING c.OCA T;CN ! \W',~•ESC7 .l, ·JEP~R7\i1E'f' OF rlEAL Tl-. \11rrescta Ne·i ar: Bor-c; 4 -. ... 1 ··~ 
; I 

I 
WELL AND BORING SEALING RECORD Sea11r::; '<c H l '_) I 

~ -,,,,) ! :c;;:: I< \i1ir.r:es.:ca .J"1q._::: '<..: 
.'vft("lnesota Statutes. Chapter 1031 or W-senes Ne ! 

'_9a...,e ~1aric: ~ "'OT O(.''O"" • 

-; .;wnsrHP Name :~wnsr1c '\Jc "<arge 'K Se<:t1or '<c =·ac:1cr 1sm -. •g. 1 :ate Sea1ea Date v'JeH ;Jr 3oring Construc:aa 

CC 1 ~/fol'/ i JD I '·/~ :Jo NC1#£ ~ L. /CJ -I( -'?6 /0 - 17"- 96 
Nurnenca1 Street Address or Fire Number and City of Well or 8onng Locaoon 

'5:-~ 0 ~6Q !Jeptri Before Sea11ng ft Original !Jeotti ft 

Show exact :ocat1on or .;;ell or oonng Sketcri map of well or boring AQUIFER(S\ STATIC WATER LEVEL 
in secl!On gnc with ·x· location. showing orooerty = Sing1e .i.qu1fer = fv1ult1aqwfer 

:ires. ·oads. and bu1id1rigs 
= \1edsurej = E~'.:rnate<J N WELUBORtNG 

---------- ____ ,)(l ___ (Ii /lo { £. = Water Suop1v Well ·= Monit. Well sr ~nv eore Ho1e :J Other '1 = t:elO'W = aoove 1arc surface 

---- --- ....,- -- - ----- - ___ ..,. 
E -? CASING TYPE(S) vV 

# 6 I T 
--------- -~--- --- --- -- =Steel - Plastic =Tile =Other -

"....,1/8 

- __ 1_ -~ --.- _..,._ - -- - ..,j- - -- - ... 
CASING 

I _t_ Diameter Depth Set ·r oversize 1101e? Annualar soace 1111tially grouted? 
s C Yes = No CJ Unknown ~·rrwe ~ --- 1n. from ____ to ____ ft C Yes [J No 

~ 

CROPERTY 0<~~ N_f} ' 
., from ____ to ____ rt 

~ 

Yes ::J No --J "es = No ::J Ur.Knowr 

1""1/ ./""' ,,,, ,A.//(/ 
--- -

~ 

prope11Y owner~ mailing address 1f differert tran well iocano~ add:;,,5s , . .,d1catec :i.oo,e --- •n fre;m ---- to ____ tt. u Yes CJ No ::J "es :J No - Ur1<nowr. 

/'?/!V,,<.r, ~IV~ 
SCREEN/OPEN HOLE 

500 t.,A.r~ y~ trL 
Screen from to ft Open Hole from to ft 

< + £JAu( - /f...h~(' 55f) rt>'BSTRUCTION/OEBRISIFILL 

WELL OWNE:f ~~ ..,t; ( I C Obstruction 0 Debns D Fill 0 No Obstruction 
t"'J~ ~ /l"'V,.t/ · 

Well owners mailing address :f different than procertV Jwners address 1nd1cated above Type of Obstrucilon/DebnSIFill 

Obstrucilon/Oebn$'Fill removed? D Yes D No 

PUMP 

Type 

! I HARDNESS OF I FROM TO 
0 Removed D Not Present D Other 

GEOLOGICAL MATERIAL i COLOR 
l FORMATION I 

METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING ANO BORE HOLE; If not known. indicate estimated formation log from rieart>y well or oonng. 

D No Annular Space Exits 

D Annular space grouted with tremie pipe 

D casing Perforation/Removal 

i I in. from to ft. D Perforated 0 Removed 

! in. from to ft. D Perforated D Removed 

Type of perforator 

D Other 

GROUTING MATEAW.(S) 

/V'~'9t-
S-60._£_ Grouting Material er,_, 11& I"<.,,_ from _a_ to yards ____ bags 

~-i 
from ---- to ____ ft. ___ yards ____ bags 

: ~ ;;;.- .._ ""~ 
from ---- to ____ ft. ___ yards ____ bags 

,; ".").· 

... 
'~~~~ - from --- to ---- ft. ---- yards ____ bags 

REMARKS, SOURCE OF DATA, DIFftCUL - ~ UNSEALED WELLS ANO llOAING8 
'" 

Olher unMllled W9ll or boring on ~ 0 veil 0 No 

UCEtmD OR FmGlllTEMD CONTRACTOR CERTIF1CATIOM 

Thill well or boring wu ..-G In -=corGllnce with Minn-* Rules, Chapter 4725. The information contained in this report is 
In» to the be.a of my knowtedge. 

(L~r L..t,,a~I-<r. .fNC ~.,~6 
~~' //- /L.- 26-t Date 

~·U A~ 
, 
T /Vl~NE~ 

IMPORTANT-F 1 ~E N1~- ::qop:;:::i.,..., j H 'l n 'l 1 37 
at Per90fl SMitg W9lf or 

PAP1=qS·NE!_;.. 'J\'/~Jf:O cc::, , ·- ...... ~ 

HE-01434-02 10/95R 



I WELJ.. .)A SORING ~:JCA '1QN 
\.11rreSDta Neil a.ra Bor•r<;; 
- N WELL AND BORING SEALING RECORD :;,ea11ng, o .... .:... :vLJ, ..... lt '-1a;-e 

k,,6~ c_ t::."'"''" 
Minnesota unique No 

Minnesota Statutes. Chapter 1031 ~r W-senes No 
Leave otank 1 net l<"nown 1 

Range ~c Sect1cr ~o ~-action · sm -+ :g . Date Sealed Date Well or Bonng Constructeo 

H 1 0 1 1 3 4 

/rAuJJ PAN.21 Joi 't"I: 2rJ ~~M~1 ..t -~ /tJ - 'ff; 96 /CJ -2- ~~ 
''c.rrenca! Street Aaaress or Fire Number ana City ofWell or Bcnng Location 

(_ 2 :Jeptn Before Sealing s- ft. Ong1nat :Jepth ~ 2 't 

::~cw ex'!c'. ocat10<"1 :f Neil or :ionng Sketcn 'T1aj) of well or DCnng AQUIFER(S) STATIC WATER LEVEL 
n sec: Jr ]r:c 1o11tn 

4 X" 1ocat1on. snowing prooertv = Single .i_qu1fer = Mult1aqu1fer 
·1nes. roads. and bu1laings 

WELUBOAING = Measured 
- Estimated .~ _, 

----------X------- -· = Water Suoo1y Well = Mon1t Well 

f L~-r A(;!. ~.,v Bore Hole =Other ft = oelow :::J above land surface 

--------- ------------ ... 
E $i 67-6 CASING TYPE(S) N 

.... _ ----- ---.--~---- --,--- T 
=Steel =Plastic =Tile LJ Other 

.. m11e 
I : I CASING '"-----;--·--+--:---<---:--1 i 

' i ' . ' _t_ Diameter Depth Set 1n oversize hole? Annualar space 1n1t1ally grouted? 
s + O Yes 0 No O Yes - 'L: -

~:,.,11e ___ 1n. from ____ to ____ ft. - - .._..rlC,nown 

-
PROPERTY OWNER'S NAME 

/}NR- 51-AfL 
in from ____ to ____ ft. O Yes 0 No O Yes = "~o ·- _ "<"'.lwn 

~A/, ~ /--if'P/ If-,-.... CJ Yes 0 No O Yes C: '<o 
- _ n1o<:-iown 

Procar:v owner'~g ;~;; .:::1ff

1

erent tha2)~o;atJ~aoOress 1no1catea above --- in. from ____ to ____ ft. -
SCREEN/OPEN HOLE <oo tArAve. rr,4. 
Screen from to ft. Open Hole from to ft. 

sr. f/~vl /.~~/ 5 s /S'S- OBSTRUCTION/DEBRIS/FILL 

WELL OWNER'S NAME 

/)~ 
0 Obstruction 0 Debns 0 Fill 0 No Obstruction 

< -fA f/ ~,Ar. 
Well owner's mailing aodress 1f different than-Property owner's address indicated aoove. Type of Obstnuction/Debns/Fill 

Obstnuction/Debtis/Fill removed? 0 Yes 0 No -
.. 

PUMP 

Type 

COLOR HARDNESS OF FROM TO 
0 Removed 0 Not Present 0 Other 

GEOLOGICAL MATERl.4L 
FORMATION 

If not 1<11own. indicate estimated formaooo 1og from nearl:ly well or bonng. METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE: 

0 No Annular Space em 
0 Annular space grout9d wrtti tremie pipe 

0 CUing PerfonltionlRemoval 

in. from to ft. 0 Perforated 0 Removed 

in. from to ft. 0 Perforated 0 Removed 

Type of perloratof 

0 Other 

GROUT1NG UTENAL(S) 

tA-1~ A Y-.. 
_.a_to~ft. 6f'~r0s-Grouting Maten8i ~L.d!: ,.; ~-,-. from bags 

-~i-I< . ~ -~ ~ 

..... :!:f '- from ---- to ____ 
ft. --- yards --- bags 

p.'.: - .. 
hit~-

... from ---- to ____ 
ft. --- yards --- bags 

·~ ~'.' _.:.:-_= 

~ -· from --- to --- It. --- yards --- bags 
~.;.. 

REMARKS, SOURCE Qt= DAT.A, OFACULTID .. ___.. WALED ftLLS AND IOMIQ9 

°'*~ ... orboltng OA ~ D v.-, 0 No 

uca.B Oft WI IMO CONTRACTOR CIRTWltCATION 

Thia W9I or bcring w ~In 11CC01dlla with Minn-* Rules, ~ •725. The information contained in this report is 

1N9 '° .. '--al my~-
t 2_,.,-(. f::6_ ( 7{? Etv 7'E",/2'2.tr/ c Z>rc 

I ~or~alior1No. a-7J: A~- //- // - 9/ 
~ 

Date --a.<!.r ~,,,v.A6L.Lk_ 
MPORTANT-FILE N11'f1 PROP'=R'"f I H ·i c -~ 134 :Pwsori s..Jirlg We# or 

PAPE8S-"tJi=1 __ :)Wl\jEP C'JPv - l 
HE-01434-02 10l95A 



-
WEL!.. JR SORING c.JC~TICN 

'v111\iNESC7" ~ :;E~A~-\.IE'• - :"' -E . .l._ -:..., '.A!rrescl.3. vVe!i dC:O ~·Jnrg .., ·""-'I 1 .<. 5 WELL AND BORING SEALING RECORD Seal!rg No H lU i. v 
: :c-rr1 '<are 

Minnesota Unique l\ic 

J?nr_/<, Minnesota Statutes Chapter 1031 er W-senes No. 
Laa·:e ~lame .. '""Ot l(nowri 

- 0 wnst110 Name -ownsnip Ne 8ange No Sect1or. Ne .=:act1or : srn + 1g. 1 Ja1e Sea1ea elate Well or Bonng Consrruc:ej 

WA"' I A p ~ ~ t ,· Jn/: L/'I : J 2 W"'-'NliN w ~-e -" /a-2~J6 ~-e~ l-3o -76 _;, 

Numerical Street Aaaress or Rre Numoer and City of Well or Bonng Location 

I Deotti Befc·e Sea1,r.~ so 't Ongina1 Dec:r ~-c ~ 
Srow exact :ocanor Jt ;.,e11 or oaring Sketcn rnao ot well or oonng AQUIFER(S) STATIC WATER LEVEL 
n sed1on gnd ;.,1tr ·x· location. snowing orooertv = 31ngie Aquifer - Y1ult1aau1ter 

lires. roads. ana buJla1ngs -
_,, WELUBORING = Measured = Est1matea 

.X---------------- -- = Water Sucply Net1 -- Mo nit Ne11 

-f,..: ) r ;-! o ( L. 
s;;(_ Env Sere -.;01e =otrec 't =below = a::cve !and sumice 

wr--,-7-;--r----~-----; E CASING TYPE(S) 

T 
---------.------ --1---.---1 .# 67-7 =Steel 

~ 

Plastic = T:ie = Otrier -
·,. "T"f/e 

• l • j I 

I CASING 
~--:--+--:--:--·--+----: 

....t. D1a,.,.,e1er Jeoth Set 1n oversize riole? Annualar ;;pace ·n1t,ally groutea':' 
s 

=:::Yes = No 
-

~1m1/e ~ n from ____ tc ____ ft 0 Yes =:J No - un~nowr ---
-

PROPERTY OWNER'S NAME --- . n from ____ cc ____ ft . 0 Yes 0 No 0 Yes =No - Un~nown 

~ 4t'.A .;.; r'i~ /l- 1"'1, -
Property own;;li~· ::::.~;I d1fferen:o NRn address 1nd1catea above 

___ ,n from ____ to ____ ft. 0 Yes 0 No ::::; Yes C Ne - Unknown 

4S"" o c t ~I /4 y /- 7r .L 
SCREEN/OPEN HOLE 

Screen from to ft. Open Hole from to ft. 

<) '1' j)~l)l~ ~A(5\ffY OBSTRUCTION/OEBRISIFlLL 

WELL OWNER'S NAME ~-
/1 J'C' A~ /'1CI' . 

0 Obstruction 

<-L~ ~ 
0 Debns c Fill 0 No ObstructJDn 

Well owner's ma11i~addres's 1f different tran oroperty owners address 1nd1cated aoove. Type of Obstruct1on1DebnS1Fill 

ObstructiorvDeOns/Fill removed? D Yes D No 

PUMP 

Type 

GEOLOGICAL MATERIAL COLOR 
HARDNESS OF FROM TO 

0 Removed 0 Not Present 0 Other 
FORMATION 

If not known. indicate estimated formation log from nearoy well or boring. 
METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING ANO BORE HOLE: 

0 No Annular Space Exits 

0 Annular space grouted with tremte pipe 

0 Casing Perforation/Removal 

I 1n. from to ft. D Perforated D Removed 

1n. from to tt D Perforated D Removed 

Type of pertorator 

0 Other 

GAOUT1NG MATERW.(S) 

,,,v_£A t' -t:J_ tos-2' ? ft . ..c__ Grouting Material c., ... ,., ,.from yards --- bags 
., 

~~~ ~ ~: a-
!'... - '""'-:.. ~ 

from ---- to ___ ft. ___ 
yards---- bags 

~ ~ >-. 
~ 

i ~~~: 
~ .. from ---- to ____ ft. ___ 

yards---- bags ....,.... • ......._..r...___ 

from --- to --- ft. ___ yards ___ bags 

-'" - ~:::.-

REMARKS, SOURCE OF DATA, DIFACUL -- --· UM8EALED WELLS A.ND 80MIQS 

Olher ~well or bonng on~ 0 'f• 0 No 

ucamED OR REGISTIMD CONTRACTOR CERTll1CATION 

This well or boring wu s8llied in accordlnCe with Mlnriemta Rui., CNlpter >4725. The information contained in this report is 
true to IN ti.a of my knowltldg9. , 

'7rc..P~ t. ze LAt.~;?""a!J.t. r~r.. I~t:.. 
~eu.r..~ v,- I l.ic»tW or Registration No. 

G.L2.~A /t_-,// - u 
Date 

~l df_ t_

1

T,,,_'=2. '4&!.L /ft° 
IMPORTANT·FILE NITh PROP'.:;:i-i iH .,. 

i 
,-, - P9(90(I Ing Well J 8orinQ 

<( ;.... 

PAPERS-NE!..~ OW~E;:i :opv 'I _I ,_. --- \~"' -
HE-01 4.'14-0? 10l95R 



NSL~ :JR BORING 1...0CA T10N 
YllNNc30TA DEPARTMENT JF riEALTH Minnesota We11 ard Bonng 

Sea11ng No. 101135 WELL AND BORING SEALING RECORD 
Minnesota Unique No. 

'br W-senes No. 

H 
Minnesota Statutes. Chapter 1031 

Leave Clam( J riot ll(EiQwn I 

' '°•trne,.,ca: Street ~ddress or Fire Number and City of Well or Bonng Locatlon 

Deoth Before Sea11rg _jl' __ f'...._ ... ~ ____ ft Onginal Depth __ </~_cf __ 9~-- ft 

::.~ :1. ex ace :::c3.''0r Ji Nell or ODnng 
~ ''"c:·cn ;;no 1v1tr · X' 

Sketch rnap of Nell or bonng AOUIFER(S) STATIC WATER LEVEL 
1ocat1on. showing prooerty = Sing1e Aquifer = Mult1aqu1fer 
1nes. roads. ana buildings 

WELLJBORING ~ Measured = Estimated = Water SuDDIV Well = Mon1t Well 

~Env Sore 1-iole C Other ____ _ ----- ft CJ oelow C above 1and surface 

/v E CASING TYPE(Sl ----.....-----. 
0 Steel C Plastic = Tile O Otner ----------------------------

CASING 

Diameter Depttl Sei 1n oversize hole? Annualar space 1nit1ally :irouteo? 
s 

""----- • ""1112 ---~""e 0 Yes 0 No C Yes = '~G -
...,''"'K;"'IQWn -___ in rrom ____ to ____ ft. 

0 Yes 0 No O Yes = '<o 
- _ '"'~'iown ---- rn from---- to ____ ft. 

0 Yes 0 No O Yes L NO _ ._n~riown ___ 1n from ____ to ---- ft. P•ooerty owner'r mailing aaaryss 1t different tha~. well locatton a~ 1nd1cateo aoove 

SCREEN/OPEN HOLE ~;;-'1~·~ ~#y L-t'"rL 
.....> r/4 Screen from----- to----- ft. Open Hole from----- to----- It . 

..-----~----f_, _ ___./}...___,,A""--v_L-=----/..A'--A/-~---~-~/-~~ucTIONIDEBRISIFlll 
WELL OWNER'S NAME 

<:"'.,I..~ 7' L 
Well owners i'!railing !ddress 1f different than property owners address indicated aoove. 

GEOLOGICAL MA TER~L COLOR HARDNESS OF FROM 
FORMATION 

TO 

0 Obstruction 0 Debns 0 Fill 0 No Obstruction 

Type of Obstnuction/OebnslFrll 

Obstruction/Debns/Fill removed? 0 Yes 0 No 

PUMP 

TYP8---------------~ 
D Remov8d D Nat Present 0 Other -------------------------·-

t-l-f n-o-t-kno_w_n-. ,-nd-ica-te_e_stt_ma-ted_f_orma_..__no_n_l_og_fro_m_neamy__.._wel_l _or-bo-nn-g-. _._ __ _.__---1 METliOO USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE: 

D No Annular Space ExD 

0 Annular space grouted with tremie pipe 

0 Casing Perlonl11on/Remo 

1n. from to It. D Perforated 0 Removed 

in. from to ft. 0 Perforated 0 Removed 

Typeofperforator ______________________________ _ 

1-----------+-------+------+----1-----1 D Other --------------------------------------

GROUTlllG llATMIAL(S} 

Y ./L.yards ___ bags 
1--------+------+-----+.-. -~--1 --~~~LMT - -CL- ,, m._ 

~). r_ 

REMARKS, SOURCE OF DATA, DIFAC\A: 

to ---- ft. ---- yards ---- bags 

to ---- fl ---- yards ___ bags 

from ---- to ---- ft. ---- yards ___ bags 

\WA&.ID WB.LS AND.,_.. 
Olw ....md .... 01 bartnD on prap9rty? 0 Y• D No 

Thill ... 01 boring - .-i6ld in .ccorQlnce wiltl ~ Rules, 0,..,.... 4725. The information contained in this report is 
we m ._ t>..a at my knowllldge. 

~ ---
i-----------~-------1 '2 .(:{;~_J· T,;V{ A -veft;: 
IMPOR:ANT-FiLE w1;H pqoPERP \ H -1 0 11 3 b.-. ~ 
PAPERS-WEL~ JWNE;:::i '.'.:OPY ....... ..L.. ' 

10/95R 

I 

I 



wEJ...J.. JR BORING ~:icAnoN 

WELL AND BORING SEALING RECORD 
\11rrescra lve11 a.re 3cr:g 
Sea11rg No H 

' y E (_ ( (1 I , µ L ?11 ("' ; /' I,,€_ 
Minnesora Starutes. Chapter 1031 

Minnesota Unique No 
:x W-senes No 
_eave Diani( ·f '"'Ct 'l;f"'Owr' 

Date Well or Bonng Constn.1C1ed 

(0-?l-76 /Q-2Y-96 
~er·cal Street . .i.aoress or Fire Number and City of Well or Bonng LocatJon 

Jeoth Before Seal1rig __ /...___r;,;f __ Y ___ ft Onginal Deoth --~7~=,2-=-_y~--"' 
Snc.~ .exac: ocat1on or ;.;e11 or oonng 

r 52.;:;or ;ir·c: w1tr" X" 

SKetch rnap of well or oor:ng AQUIFER(S) 

1ocat1on. showing prooerty = S1rg:e Aquifer 
STATIC WATER LEVEL 

= \1ult1aqu1fer 
i1nes. roads. and bu1101ngs 1-W_E_L_UB_O_R_l_N_G ___________ ~ = lv1easured = Estimated 

- -·- ----.--- --.,--~----- .... 
N E 

T 

s 
1

,.___ 1 m11e 

PROPERTY OWNER'S NAME 

<"fA.J.l 

ft ,-r f1cll 

ft 31' 7 

ProJ<erty owners ma1i1ng address ·f d1tterent than Nei11ocanon address 1nd1catea aoove 

~)µr-t. - /)NK_ 
~oo ~~ ~~y-£HL 

= Nater Suop1v Neil = Monit. Well 

_>l.E~v Bore ~ole =Other _____ _ ----- 't =below =above 1and surface 

CASING TYPE(S) 

= Steel = 01ast1c = Tile = Other ------------------------------

CASING 

'.)1ameter Depth Se1 1n oversize hole? Annualar space nit1a11v ~routed"' 

[J Yes 0 No 
,..., 

Yes - ' ~ -
--~nK'10vVn w ~ -in ~rom ___ _ to ____ ft 

0 0 No c Yes - .J 
- _ ........ '"'own Yes - -·n from ____ to ____ ft. 

CJ Yes D No 0 Yes ' ... ~ J -
..... 'n":1own 

~ -___ •n. from ____ to ____ ft. 

SCREEN/OPEN HOLE 

Screen from----- to ----- ft. Open Hole from----- to ----- ft. 

5~ ?A~C~ ~~~.~~/~~O-B_S_~_u_c_n_o_~_E_B_R-~-~-L----------------------~ 
;:J Obstruction 0 Debris 0 Fill 0 No Obstruction 

Well owner's mailing address 1f different tnan prooerty owner's address :nd1cateo aoove. Type of Obstruct1on1DebnsiFill 

ObstructJon/DebnslFill removed? 0 Yes 0 No 

PUMP 

Type ________________ _ 

GEOLOGICAL MATERIAL COLOR HARDNESS OF FROM TO D Removed D Not Present D Ottier -------------------------
FORMATION 

t-1-f n-o-t _kno_w_n-. ,-nd-ica-te_e_stJ ___ m_at_ed_fo_rm_._atJo-n-log_f_ro_m_n_ea__._rt:l_y_w_e_ll_o_r oo_n_ng_.__,_ __ __,_ __ --t METHOD USED TO SEAL ANNUL.AA SPACE BETWEEN 2 CASINGS, OR CASING ANO BORE HOLE: 

D No Annular Space Exits 

D Annular space grouted with tremie pipe 

0 Casing Perforation/Removal 

1n. from to ft. 0 Pertorated D Removed 

in. from to ft. 0 Perlorated D Removed 

Typeofperlorator ---------------------------------

r------------+------+------+---~-~ D Other --------------------------------------
GflOUT1NG 111.ATEAW.(S) 

'-------+-----1---~,____p.---1 N ~ l'9 1- ~ 

.---------+--------------4 Grouting Ma1eMl CU~ L #.,- from ~ to 2_2.Y ft. fil yards ___ bags 

REMARKS, SOURCE OF DATA, DIFRCULT1D • IEAIJNQ' 

IMPOR. TANT-FiLE N' i'Ti-' ;:lOQP!:RT' I H 
PA.PE=iS·WE~;_ OW~ER -:00·1 
HE-01434-02 

-'- 0 1 1 4 0 

from to ---- ft. ---- yards ---- bags 

from to ---- ft. ____ yards ---- bags 

from ---- to ---- ft. ---- yards ---- bags 

UNSEALED WEUS AHO IOMIG8 

ettw ~ we1 or bomg on~. D va-- D No 

Thls well or baring wea ..-.cl in accon:lance wilt't Minneeota Rules, Chapter 4ns. The information contained in this report is 
llW ., the be.a of ""f knowtedge. 

Lan. or Regiltralion No. 

10/95R 






