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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 location: 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 37 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 lowa
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 38 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 nen-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, Yellow Medicine, and Lincoln Counties. The remainder
of the project, including planned test drilling in portions of Pipestone, Lyon and Yellow
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.

21 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



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.

2.13  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 > was
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 atopographically 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 glaciation (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 sand 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



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.



Table 1 Quaternary Sand Layers - Rock and Nobles Counties

Depth

Test Range Thickness

Hole # (feet) (feet) Comments Unit

53-2 134-154 20 Drilled very fast. Rough drilling indicated cobbles and 2
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.

53-2 224-261 | 37 Drilled very fast. Silty very fine to very coarse sand. 3
Low gamma response, high resistivity.

53-3 400-426 26 Drilled fast. Silty medium to coarse sand. Medium to BQ
high gamma response, high resistivity.

53-4 320-346 26 Drilled fast. Silty very fine to very coarse sand. Lowto | 5
medium gamma response, medium to high resistivity.

53-7 256-277 21 Drilled fast. Very fine to medium sand. Low gamma BQ
response, high resistivity.

67-5 176-198 22 Drilled fast. Medium to coarse sand. No gamma or BQ
resistivity log.

67-6 290-310 20 Drilled fast. Very fine to medium sand with some BQ
coarse sand. Low gamma response, medium resistivity.

67-7 260-284 24 | Drilled very fast. Very fine to medium sand. Low BQ
gamma response, high resistivity.

67-8 204-232 28 Drilled very fast. Very fine to medium sand. Low BQ

gamma response, high resistivity.




Table 2 Cretaceous Sandstone Layers - Rock and Nobles Counties

Test Depth Thickness

Hole # Range (feet) (feet) Comments

53-3 620-744 124 Drilled very fast. Fine to medium sandstone with
some coarse layers. Low gamma response,
medium resistivity.

53-4 672-740 68 Drilled very fast. Fine to medium sandstone with
some coarse layers. Low gamma response,
medium resistivity.

53-6 456-508 52 Drilled very fast. Very fine to medium grained
sandstone with some coarse sand. Low gamma
response, medium resistivity.

67-6 395-455 60 Drilled very fast. Poor recovery, siltstone or
very fine sandstone. Low gamma response,
medium resistivity.

67-7 363-410 47 Drilled very fast. Poor recovery, some siltstone

and very fine sandstone. Low gamma response,
high resistivity.




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, lowa, 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.



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.

323 Unit5

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.

324 Unit4

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.

325 Unit3

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 37 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).

32.6  Unit2

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
of test 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 cvaluate 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 seems to indicate sustainable
yields from 20 to 30 foot thick buried Quaternary sand channels may range from 200 to 500

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/1) to 2,591 mg/l. The average TDS
concentration was 1,931 mg/l. Concentrations of sulfate ranged from 325 mg/l to 1,580 mg/l,
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/l to 2,517 mg/l with an average concentration of 1,381 mg/l. The sulfate concentrations
from these samples ranged from 37 mg/l to 1,217 mg/l with an average of 561 mg/l.

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/l 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/l TDS and 1,660 mg/1 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 41-1 and 87-7 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 Thickness

Hole # (feet) (feet) Comments Unit

87-7 | 70-153 83 Drilled very fast. Complex layers of different grain 3
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.

87-7 | 180-202 22 Drilled very fast. Medium to very coarse sand 4a
overlying very fine to medium sand. Low gamma
response, medium resistivity.

87-7 | 355-393 38 Drilled very fast. Silty very fine to coarse sand. Low BQ
gamma response, medium to high resistivity.

41-1 | 277-312 35 Drilled fast. Medium sand. Low gamma response, 4b
medium to high resistivity.

41-1 | 461-496 35 Drilled fast. Fine to coarse sand, predominantly BQ

medium grained. Low gamma response, medium to
high resistivity.
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42 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.

42.1 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 thicknesses 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-
73 A approximately 2 miles west-northwest of DNR 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).

422 Unit5

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.

423 Unit4

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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424 Unit3

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).

425 Unit2

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 well 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 ALT-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 370 mg/l and an average TDS concentration of 1,532 mg/1 (total, as
reported) . Water samples collected from ALT-TPW-94 (Altamont aquifer) contained an
average sulfate concentration of 284 mg/l 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 (37 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/I
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 38 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 47-60 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 and 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
FQrmation
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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Figure 5 Des Moines lobe glacier in Minnesota during the Late
Wisconsin (Modified from Wright, H.E. 1972)
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Appendix 2
Drilling Logs and Sealing Records
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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 - LTP

Date: 8/21/96

Drilling Method: 6” Mud rotary

Location: T102N R41W Section 12 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 @ 387-

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 Resources Page 2 of 2

Site ID # 53-1

County: Nobles

Geologist: Jim Berg, Tom Gullett

Driller: Don Hejtmanek - LTP

Date: 8/21/96

Drilling Method: 6” Mud rotary

Location: T102N R41W Section 12 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 - LTP

Date: 8/29/96

Drilling Method: 6 Mud rotary

Location: T102N 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 @ 74’
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 Sandstqne, 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: TIOIN 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 S

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
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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
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 Resources 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 1

Site ID # 53-6 County: Nobles

Geologist: Tom Gullett, Brian Rongitsch

Driller: Dan Hejtmanek - LTP

Date: 9/11/96

Drilling Method: 6 Mud rotary

Location: T102N 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
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Site ID # 53-7 County: Nobles
Geologist: Tom Gullett Driller: Don Hejtmanek - LTP
Date: 9/9/96 Drilling Method: 6 Mud rotary
Location: T102N 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 @121-122
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
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Site ID # 67-1

County: Rock

Geologist: Evan Drivas’

Driller: Don Hejtmanek - LTP

Date: 10/22/96

Drilling Method: 6” Mud rotary

Location: T102N 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 1

Site ID # 67-2

County: Rock

Geologist: Tom Gullett

Driller: Don Hejtmanek

Date: 10/16/96

Drilling Method: 6” Mud rotary

Location: T101N 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 1

Site ID # 67-3 County: Rock

Geologist: Tom Gullett

Driller: Don Hejtmanek - LTP

Date: 10/14/96

Drilling Method: 6” Mud rotary

Location: TIOIN 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 1

Site ID # 67-4

County: Rock

Geologist: Brian Rongitsch

Driller: Don Hejtmanek

Date: 9/18/96

Drilling Method: 6” Mud rotary

Location: T101N 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 - LTP

Date: 9/23/96

Drilling Method: 6” Mud rotary

Location: T10IN 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 - LTP

Date: 9/23/96

Drilling Method: 6” Mud rotary

Location: TI0IN R44W Section 20 ABBBBC

Depth (ft) Description Thickness | Drilling Notes

0 Soil, dark brown, organic 3

3 Clay, brown, sandy 20

23 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 @ 396’
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
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Site ID # 67-7

County: Rock

Geologist: Tom Gullett, Jim Berg

Driller: Don Hejtmanek - LTP

Date: 9/30/96

Drilling Method: 6 Mud rotary

Location: T10IN 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
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Site ID # 67-8

County: Rock

Geologist: Jim Berg

Driller: Don Hejtmanek - LTP

Date: 10/9/96

Drilling Method: 6 Mud rotary

Location: T101IN 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
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Site ID # 41-1 County: Lincoln
Geologist: Jim Berg, Tom Gullett Driller: Don Hejtmanek - LTP
Date: 10/31/96 Drilling Method: 6” Mud rotary
Location: T113N R 47W 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
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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: T114N R 46W Section 28 CCBBBA

Depth (ft) Description Thickness | Drilling Notes
0 Clay, brown, sandy 3
3 Clay, gray, sandy 5 Chatter @ 9-10°
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 Sénd, 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 - LTP

Date: 10/24/96

Drilling Method: 6 Mud rotary

Location: T114N 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 S
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

gamma/resistivity log

Lithologic interpretations from geologist’s mud log and
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Page 1 of 1

Site ID # 87-8

County: Yellow Medicine

Geologist: Jim Berg, Tom Gullett

Driller: Don Hejtmanek - LTP

Date: 11/13/96

Drilling Method: 6” Mud rotary

Location: T114N R 46W Section 34 ADADAD

Depth (ft) Description Thickness | Drilling Notes
0 Topsoil, brown 3
3 Clay, olive brown, sandy 51
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
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FARGO, N.D. N '
HUTCHINSON, MN. X | |
R Rt EEE
e 12 7102 & 41
DRILLERS LOG
Drifled for __DNR Div. of Waters gy _Page 1 Office
Location of Test Hole see map T 102 R41 Sec.12
Test Hole No. _5:_)’_:_1____\’\’8“ No.
Size of test noie 6 1 &Date started 8-21-96 3:10 Czte completed _ 8-28-96 Tozel Heurs
FORMATIONS DRILLED
TYPE OF FORMATIONR C%LFOR :;A\s;itr’ AE’N‘:E{QT THSC(;(?ESS
FORMATION DEPTH DEPTH FORMATION
Top Soil Black G.L. 4' 4!
Clay Brown 4 8' 4'
Sand Brown 8! 11" 3!
Clay Brown 1 15° 4!
Clay (soft) Crev 15" 59 1/2" 44 1/2"
Sand Gre; 59 1/2'| 60 1/2' 1
very scft sandy clay Grev 60 1/2'| 108" 47 1/2!
Clay vellow 108" 124" 80"
Clay Grey 124" 204" 80"
Clay & Shale Blk,Grey | 204" 226" 22"
Sand & Shale Grey,Blk | 226" 233" 7"
Clay & Shale Grey,Blk | 233" 240" 7!
Clay & Shale 1ight greeh240' 334" 94"
Clay & Shale Grey,Blk | 334" 387" 53"
Rock Tz .Tlt | 387! 388" 1!
Clay & Shale Grey,Blk | 388" 486" 98’
very Sandy Clay & Shale _Grey,Blk | 486" 510" 24"
Lenses of Sand & Shale Tan,Grey,Bllks10’' 516" 6"
Very sandy Shale Grey,Blk | 516" 519" 3!
Very dirty sand (120) ban,Grey,Blk 519" 524" 5!
Harder Shale Grey,Blk | 524" 579" 55"
__Sand Grey 579" 581" 3!
Very soft sandy clay or shale Grey 581" 597 1/2' 16 1/2'
Sand (drilled good) Grey 597 1/2' 605 1/2' 5°
Signed Driller

FOCRM 830
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FARGO, N.D. E i
HUTCHINSON, MN. X |
“ooSWe-qm - SE -
Lo
ec 12 1102 a 41
DRILLERS LOG
Drilled for DNR Div. of Waters By Page 2 Office
Location of Test Hole €€ map T 102 R41 Sec. 12
Test Hole Nao. __5_§.:.1__\.’v€"
Size of test hole 6% — Dete started 8-21-96 Datecomp$ezed~8-28-96 Toz
FORMATIONS DRILLED
COLCR | STARTED ENDED | THICKNESS
TYPE OF FORMATION OF AT WHAT AT WHAT OF
FORMATION DEPTH DEPTH FORMATION
Rock Gray 602%'| 603" 1
Sand (drilled good) Gray 603" 607" 4'
Sandy Clay & Shale (soft) Gray,tan 607" 646" 39"
Hard sandy clay & shale. Gray,tan 646" 676" 30"
Lenses of shale,clay & dirty sand Gray,tan 676" 688" 12!
Very sandy clay & shale (firm) Grav,tan 688" 703" . 15"
; !
Sand (drilled dirty) Gray,tan . 703" 717" o 14"
Dirty sand stone w/lenses of Gray,tan 717" | 755%" : 383"
shale (not sticky)
Rock 755%' | 756' . 1
{
Stocky Shale Gray,tan 756" 779" 43"
Hard Shale Gray 779" 804" 25"
Shale w/lenses of sand Gray 804" 809" 5!
Very soft dirty sand & shale Gray 809" 843" 34"
Cleaner-sand Gray 843" 849" 6'
Lenses of dirty sand & shale Gray 849" 864" 15"
Very soft sand stone Gray 864" 883" 19"
sandy shale hole started taking pater Gray|l,blk 883' 893" 10"
Hard shale (mud turned reddish) Tan,Org.glf‘g?r,1 893' | 914" 21"
Shale (brittle) grangellime 914' | 924" 10"
TEen
Shale (brittle) Crav Ora 924" 980" 56
Signed Driller

CADLE AN




FARGO, N.D.
HUTCHINSON, MN.

DRILLERS LOG

Orilled for _ DNR_Div of Waters gy Fage 1 Office
Location of Test Hole T 102 R 40w
Test Hole No. ..S__Pi__Well No.
Size of test hole __© 3/i.Datestarted 8-29-96 Dateco:ﬂpieted_9_5_96 Total Hours
FORMATIONS DRILLED
TYPE OF FORMATION C%LFO ! ﬂﬁﬁg S"ﬁﬁﬁr TH'CC’J(? £ss
FORMATION DEPTH DEPTH FORMATION
Top Soil Black GL 2 2
Clay Brown 2 19 17
Clay Gray 19 24% z
Rock Colored 241 25 3
Clay Blue,Gray|] 25 101 76
sand w/lenses of clay Gray 101 104 3
Soft sand clay Gray 104 134 30
Sand, gravel & cobbles Colored 134 144% 10%
lenses of clay & gravel Colored 1443 149% 4%
Sand and light gravel (drilled dirty] colored 149% 154 5
Sandy Clay (soft) Gray 154 203 49
Sand Gray 203 205% 2%
Sandy clay Gray 20531 223 171
Sand Gray 223 2593 36%
Sandy clay Gray 2591 | 383 1231
Sand Gray 383 391 8
Sandy clay & shale Tan,Blk,Gray | 391 479 88
Very sandy clay & shale Tan,Blk,Gray | 479 489 10
Very dirty sand w/shale Gray,Tan | 489 504 15
Sand (drilled good) Gray 504 514 10
Sand (drilled dirty) Gray | 514 532 18
Very sandy clay-shale Gray,Tan 532 549 17
Sand (drilled good) Gray 549 553 4
Soft sandy -clay-shale w/small lensegGray,Blk, 553 580 27
of sand Tan
Signed Driller

FORM #30
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Sec. 32 T 120 R40wW

DRILLERS LOG

Drilled for _DNR Div. of Waters By Office
Location of Test Hole 1102 R 40w
Test Hele No. _23=2 _ well No.
Size of test hole 0% __Date started __8-29-96 Dete comp'eted _ Totel Hours
FORMATIONS DRILLED

COLOR STARTED ENDED THICKKNESS

TYPE OF FORMATION FOR::TION AEE\;?}:‘T AE;:?P:\T FOR::TION
Sandy clay & shale (soft) B1k,crigh | 580 654 74
Very hard shale Tan,Gr&y7 | 654 671 17
Shale & Clay Tan,Gray | 671 734 63
Sand (drilled Good) .| Gray 734 737 3
Sandy Clay -Shale BlkGray,Tan 737 800 63
Soft shale White, Gray,Blk | 800 824 24

Signed Drifler
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FARGO, N.D. i |
HUTCHINSON, MN. X ;
B
Sec.3 L0 /ﬁﬁ S
DRILLERS LOG
Drilled for DNR Div. of Waters gy _Page 1 Office
Location of Test Hole T 101 R 40 Sec. 3
o Test Hele No. 53-3 well No.
Size of test ho?e_u/.i.Date started 8-14-96 (3:3 OC)E‘(E compieted _ Total Hours
FORMATIOKNS DRILLED
TYPE OF FORMATION o AT WHAT AT WhAT TGRS
FORMATION DEPTH DEPTH FORMATION
Top Soil Black GL 2" 2"
Sand and gravel Brown 2" 18" 16"
Sandy clay Gray 18" 50" 32"
Sand Gray 50" 53" 3!
Lenses of sandy clay & sand Gray 53" 59! 6"
Lenses of sand &gravel &clay (no %QEE%Gray,Col 59' 73" 14"
sandy clay w/pebbles Gravy 73" 92' 19"
Sand w/lenses of clay (washed) Gray,Blk| 92' 96" 4'
sandv clay Gray 96 134" 38"
gravel & rock Colored | 134" 135" 1"
Sandy clay Gray 135" 195" 60"
sandy clay _ Yellow 195" 242" 47"
very sandy clay w/shale Blk.Yellow 242" 283" 41"
soft sandy clay & shale Blk.Gray| 283" 399+ 116"
soft rock Gray 399" 3993 3’
Sand (drilled fair) took a little waler Gray 3991 4191 20"
rock Gray 4191 42131 2"
sandy clay (soft) Gray 4213 466" 441"
hard sticky clay -shale Gray 186" 538" 40’
Softer sandy clay shale Gray,Rlk| 508" 550" 31"’
soft sandy shale Gray,Blk,red550"' 569" 19"
very soft shale (sandy) 90 sec. Blk.Gray| 569' 589" 20'
very dirty sand stone Gray 589" 604" 15"
— fine sand (drilled good) Gray 604" 639" 35"
Signed Driller

FORM #39
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FARGO, N.D. E E
HUTCHINSON, MN, | f
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/00 T &0 RS
DRILLERS LOG
Drilled for DNR Div. of waters gy _ Page 2 Office
Location of Test Hole
Test Hole No. é_?’_;.z’__\’\’ei! No.
Size of test hole 6‘1— ——Date started 8-14-96 Date completed _. Totel Hours
FORMATIONS DRILLED
COLOR STARTED ENDED | THICKNESS
TYPE OF FORMATION OF AT WHAT AT WHAT oF
FORMATION DEPTH DEPTH FORMATION
Dirty Sand Gray,Blk 639 649 10
Lenses of dirty sand and shale Grav,Blk 649 664 15
Fine sand (drilled good) Gray,Blk 664 669 5
Lenses of dirty sand & shale(pkoor Gray,Blk 669 684 15
sample) '
Sandy Shale Grav,Blk 684 704 20
Sand (drilled good) Gray 704 710 6
Lenses of sand & shale Gray 710 724 14
Very sandy shale Grav,Blk 724 744 20
Hard shale Gray 744 755 11
Shale Grn,&nr%%? 755 775 20
Signed Driller

FORM #30
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DRILLERS LOG

Drilled for _DNR_Div. of Waters gy Ppage 1 Office
Location of Test Hole 102 39 32 (see map)
— Test Hole Ne. i:’?_-_zl____‘v\/eil No.
Swoh%ﬂmm_é_iﬁﬁ_Daema%d 8-7-96 Dmewmp%w¢§_13_96 Totel Hours 53
FORMATIONS DRILLED
TYPE OF FORMATION C%LE?R g@?ﬁ? A%Nv?:g'r THICC.;SESS
FORMATION DEFTH DEPTH FORMATION
Top soil Black GL 3 3
Clay Brown 3 7 4
Sand Brown 7 9 2
Clay Brown 9 18 9
Clay (sticky) Gray 18 33 15
Softer sandy clay Gray 33 46 13
very sandv clay Gray 46 61 15
Lenses of sand & clay Gravy 61 66 5
Soft sapdyv clav Gray 66 88 22
Very soft sandy clay Gray 88 107 19
Very dirty sand(70 sec) w/lenseglg¥ Gray 107 130 23
Sand (fine) Gray 130 133 3
Very sandy clay w/lenses of fine sand| Gray 133 146 13
Sand Gray 146 148 2
Very sandy clay Gray 148 156 8
Sand (came in over night) Gray 156 1613 5%
Sandy clay w/pebbles Gray 161% 207 45%
Sandy clay (hard) Gray ,207 209 2
Sandy clay Gray 209 279 70
Sand Gray //279 280 1
Sandy clav Gray 280 286 6
Sand Gray 286 287 1
Sandy clay Gray 287 304 17
Very soft sandy clay Gray 304 3121 8%
Signed Driller

FORM #30
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FARGO, N.D. N i E
HUTCHINSON, MN., i |
---sw--o---sE -
! L
sclCZ2 737 r L2
DRILLERS LOG
Drilled for DNR_Div. of Waters gy _Page 2 Office
Location of Test Hole 102 39-32
Test Hole No. _y.__‘v‘v’e[% No.
Size of test hoie.__@___}_[ﬁl__Daze started 8-7-96 Date completed . 8-13-96 Tots! Hours 33
FORMATIONS DRILLED ,
COLOR STARTED ENDED | THICKNESS
TYPE OF FORMATION OF AT WHAT AT WHAT oF
FORMATION DEPTH DEPTH FORMATION
Sand (drilled gecocd) took-a Little watey Gray 3121 340 27%
T /\
Sandy clay Gray {340 443 103
T
Very fine sand (poor sample) dru d Gray 443 464 21
Lenses of sand (fine) and clay Gray,Tan| 464 474 10
Hard sandy clay Gray,Tan| 474 488 14
Lenses of sand & clay Gray,Tan| 488 5013 13%
Rock Gray 501% 502 <
Lenses of dirty sand &clay Gray,Tan| 502 517 15
Hard clay - shale Gray,Tan| 517 525 8
sandy clay Gray 525 555 300
Hard sticky clay w/shale - coal Gray,Blk| 555 610 55
Very sandy clay - shale Gray 610 639 29
Sandy_clay - shale Gray 639 65? 20
Dirty sand (fine) Gray 659 665 6
Very dirty sand (fine) Gray 665 @71 6
Very sandy clay- shale Gray,Blk| 671 724 53
Hard shale 1hr. last 2' BlkjGray,Grn 724 726 2
Signed Driller

FORM #20
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FARGO, N.D.
HUTCHINSON, MN.

!
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{

Sc.20 T 101 R 44

DRILLERS LOG
Drilled for _DNR _Div. of Waters By Office

Location of Test Hole _6% mi., S, of Luverne, MN on Hwy 75 Appox 3% mi. E.

Test Hole No. 67-6__ Well No.

Size of test hole .63 /4, _ Date started _10=-2-96 Date completed _. 10-8-96 Total Hours

FORMATIONS DRILLED

TYPE OF FORMATION C%LFO R ‘S\;Aleit; A$NV352T THICg;IESS
FORMATION DEPTH DEPTH FORMATION
Top Soil Black GL 2 2
Sandy clay w/lenses of gravel Brown 2 23 21
Sandy clay rown.Grayl 23 84 61
Sandy Clay Brown ,Gray| 84 211% 127%
Rock Pink 211% 212 5
Sandy clay Gray 212 286 74
Sand (fair) Cray 286 290 4
Very sandy clay w/lenses of sand Gray 290 297 7
Fine sand (drilled dirty) looked clean |Gray 297 310% 13%
Sandy shale firm Gray 210% 286 15%
Soft sandy shale 1k, Gray 386 296 10
Fine sand (drilled fair)(poor sample) Gray 396 448 52
Sandy shale BikLBrown,.Graly 448 453 5
Fine sand Gray 453 455 2
Firm shale Blk,.Gray 455 487 32
Sandstone Gray 487 494 7
Sandy shale Blk.Cray 494 510 16
Sandy shale w/layers of rock bhite.,Grayl 510 524 14
Rock hite.Gravl 524 532 8
Signed Driller

FORM #30




Drilled for

Location of Test Hole

Daillina

L donprises, S,

FARGO, N.D.
HUTCHINSON, MN.
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Sec-32 T101- R _44
DRILLERS LOG
DNR Div. of Water By Office
Approx 6 % S. of Luverne, MN on Hwy 75, 3 E, 2,5,

Test Hole No. _67-=7 _Well No.

Size of test hole_6__3[.§_.Date started _9-30-96 Date completed_,1 0-2-96 Total Hours __2_3__3_14
FORMATIONS DRILLED
TYPE OF FORMATION o ATWRAT | aTwRAT | | opes
FORMATION DEPTH DEPTH FORMATION

Top Soil Brown GL 1 1
Soft clay Brown 1 15 14
Clay Gray 15 113 98
Soft sandy clay Gray 113 162 49
Rock 162 162% 5
Soft Clay Gray.Brown 162% 263 100%
Fine sand (drilled good) TALW 6-8-10 Gray 263 288 25
Sandy shale BlK,Brown,Gray 288 346 58

Fine sand stone TW (drilled good) White 346 401 5
Shale Blk, Grayl 4Q1 405 4
Fine sandstone (drilled Sggé? %z?grigjl Gray 405 413 8
Shale Blk,gigy? 413 439 26
Very soft sandy shale 1k BV | 439 445 6
Hard shale Blk.Brow 463 484 21
Rock (very hard at bottom) Red.Gray 484 503 19

Signed Driller

FORM #30
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FARGO, N.D.
HUTCHINSON, MN.

Sec..35 T_ 102N R _46W__

DRILLERS LOG
Drilled for DNR Div _of Waters By Office

Location of Test Hole Approx 3% 5. of TLuverne MN con Hwy 75, 5 3/4 W on Co 15

Test Hole No. _67=1 _ Well No.
Sheofmﬁhow.éﬁélfL_Daeﬂmwd 10-22-96 Dmecmnmemd_lo-23—96 Tomlens_Li_ilﬂ

FORMATIONS DRILLED

rvee oF FoRMATION coon | e | P, | meess
FORMATION DEPTH DEPTH FORMATION
Top soil Black GL 2 2
Clay Brown 2 15 13
Sand Rrown 15 31 16
Sandy clay Brown 31 59 28
Sandy clay Gray 59 132 73
Verv soft sandy clav w/dirt fine sand | Grn,Gray 132 174 47
Very fine sand Gray 174 184 10
Sandy clay 1t.Brav.Brow 184 208 24
Very dirty sand (fine) Cray,Brown 208 214 6
Sandy clay Cray,Brownl 214 219 5
Very fine dirty sand Eggiiigglggod) Cray 219 262 43
Sandy clay Gray 262 321 59
Sticky clay - shale Cray.Brown| 321 389 68
Clay-shale Blk . Gray . Brown 389 400 11
Signed Driller

FORM #30
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FORM #30

Sco.l T 101 R_406
DRILLERS LOG
Drilled for DNR_Div of Waters By Office
Location of Test Hole _.Approx 5% of TLuverne on 75, 5 W, 1% N.
Test Hole No. £7-2 _ Well No.
Size of test hole 6 3/4 Date started _10-16-96 Date completed _ 10=17-96 Total Hours
FORMATIONS DRILLED
TYPE OF FORMATION o ATWRAT | aTwhar | oR
FORMATION DEPTH DEPTH FORMATION
Top soil Black GL 2 2
Clay Brown 2 7 5
Cravel Brown 7 11 4
Sandy clay w/lenses of sand Grav 11 17 6
Clay Brown 17 60 432
Clay Gray 60 190 130
Softer clay Gray 190 221 31
Very sandy clay w/lenses of sand Gray 221 227 6
Very sandy clay (soft) Gray,Blk | 227 254 27
Sand (drilled good) Gray 254 258 4
Very sandy clay Gray,Blk 258 282 24
Sand_(drilled good) w/lenses of clay Gray,Grn 282 293 11
Sandy shale and clay Gray.Gru 223 334 41
Sandy clay and brittle shale Gray,Blk 334 400 66
Signed Driller



Drilled for

Z -y
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Location of Test Hole

FARGO, N.D. E
HUTCHINSON, MN. !
——~SW -—~~--SE -~
1 i
Sec.20 7101 R 45
DRILLERS LOG
DNR Div of Wat=srs By Office
Approx 6% S. of Tuverne, MN on Hwy 75, W 2% mi.
Test Hole No. 8723 well No.

Size of test hole 6 3 4,_..Date started _10-14-96

Date completed _10-16-96

Total Hours 21

FORMATIONS DRILLED

TYPE OF FORMATION C%SR :IA\SIIE\?I’ A$NV852T THIC(.!)(?ESS
FORMATION DEPTH DEPTH FORMATION
Top soil Rlack GL 1 1
Clay Brown 1 18 17
Sandy Clay Rrown 18 124 106
Silty Clay (soft) Tan 124 162 38
Fine sand 8-10 (drilled good) took watgr Gray 162 179 17
Shale Grn,Brown 179 188 9
Fine sand Gray 188 192% 4%
Shale Tan{Gray.,Brown 192% 224 31%
Hard clay - shale Brown,Gra 224 265 41
Very sandy clay-shale (much softer) Gray,Brown 925 324 59
Hard shale (stocky) Gray.Brown 324 384 60
Sandy shale Gray,Brown 384 417 33
Very fine sand (poor sample) Gray.Blk 417 429 12
Very soft sandy shale Blk,Gray 429 449 20
Very fine sand (no sample) drilled gquickH Bl1k,.Gray 449 462 i3
Shale (soft) Black 462 494 32
Shale de-comp. Blk,white 494 519 25
De-comp.-rock-shale Blk. .white 519 560 41
Signed Driller

FORM #30



FORM #30

FARGO, N.D. ﬁ NWNE
HUTCHINSON, MN. ! i
R
%c. 24 7 101 g 45
DRILLERS LOG
Drilled for _ DNR Div. of Waters By Office
Location of Test Hole _Approx 6% mi S. of Luverne on 75, 1 E see map
Test Hole No.@7=4 _____ Well No.
Size of test ho!e._@__i/fl.Date started _9-18-96 Date completed‘g‘lg‘96 Total Hours
FORMATIONS DRILLED
TYPE OF FORMATION C%Lé) R :‘IA\ELE\?’ A$N\:I):2T THICC’J(?ESS
FORMATION DEPTH DEPTH FORMATION
Top soil Black GL 1 1
Sand & gravel Brown 1 21 20
Sandy clay Brown 21 24 3
Sandy clay Cray 24 196 172
Very sandy clay (soft) Gray 196 204 8
Very fine sand (drilled good) Gray 204 209 5
Sand (drilled good) took water Blue 209 220% 11%
Sandy clay-shale Gray,Tan 220% 318 97%
Very fine sand Gray 318 326% 8%
Sandy shale BlklGray,Tan 326% 348 21%
Fine sandstone Gray 348 357 S
Sandy shale BlkLGray,Tan 357 372 15
Fine sandstone Gray 372 374 2
Sandy shale w/lenses of sandstone (fine)81g¥% it 374 382 8
Sandstone White 382 390 8
Hard decomp. & solid granite hite,Pink 390 403 13
Signed Driller



FORM #30
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FARGO, N.D. N ! |
HUTCHINSON, MN. i E
~—~SW -= -~ SE - -~
! |
Sec.25 T 101 R _45
DRILLERS LOG
Drilled for _.DNR Div. Of Waters By Office
Location of Test Hole __Approx 8% S. of Luverne, MN on Hwy 75 1.1 mi. E.
Test Hole No. —67=5__ Well No.
Size of test hole _6__3/4__ Date started _9-23-96 Date completed _9-24-96 Total Hours
FORMATIONS DRILLED
COLOR STARTED ENDED THICKNESS
TYPE OF FORMATION OF AT WHAT AT WHAT OF
FORMATION DEPTH DEPTH FORMATION
Tcp soil Black GL 4 4
Sand & gravel Brawn 4 16 12
Rock Brown 16 16% %
Sand & gravel Brown 16% 24 7%
Rock 24 24% Y
Sandy clay Brown 24% 60 35%
Clay Gray 60 136 76
Clay Tan,Gray 136 176 40
Dirty sand Gary 176 181 5
) water |
Fine sand (drilled good) took a little |Gray 181 20C 19 |
Clay-shale Gray.Blk 200 227 27 |
Dirty sand Gray 227 230 3 f!
Clay-shale Blk,Gray 230 261 31 f
Rock (hard) Red 261 262% 1% i
White 262% 267 4% 1
Rock White,Pink 267 278 9
Signed Driller



' —--N'W——J———N‘E———
FARGO, N.D. N ! :L
HUTCHINSON, MN. i i
~=~SW -=~~--SE -—+
) 1
i 1
Secn24 __ T R
DRILLERS LOG
Drilled for _.DNR Div. of Waters By Office
Location of Test Hole _.T_102 N R 43 W, S 32, N %, SE %, SE % DDA
Test Hole No. 23=6 ___well No.
Sizeoftestholeﬁ_lﬁ___.__Datestarted 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
Top Soil Black GL 1 1
Sand Brown 1 8 7
Gravel Brown 8 24 16
Sand Brown 24 42 18
Dirty sand & clay Brown 42 49 7
Sand Brown 49 54 5
Very sandy clay Brown 54 76 22
Harder clay Brown 76 84 8
Sand Brown 84 94 10
Sandy clay Brown 94 105 11
Sandy Clay Gray, Brn 105 188 83
Sandy Clay Gray,Tan 188 302 114
Soft sandy clay Gray,Tan 302 352 50
Hard clay-shale Gray,Blk 3572 448 96
water
Sand stone (drilled gocd) took a littleGray,white 448 500 52
Hard sticky shale Blk, Gray 500 578 78
Hard shale Tan,Gray,BlK 278 649 71
Signed Driller

FORM #30
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FARGO, N.D.

SON, MN.

Z b

FORM #30

Secol7 _ 7102 R_43
DRILLERS LOG
Drilled for _DNR Div. of Waters By Office
Location of Test Hole __T 102 R 43 W , 517 SE %, SE% , NE % ADD
Test Hole No. 23=7 ___Well No.
Size of test hole 6%  __ Date started _9=9-96 Date completed _2-11-96 Total Hours
FORMATIONS DRILLED
TYPE OF FORMATION COOL,_S) R :IAWRL%)’ Af’N\A?SgT THIC:)(;JESS
FORMATION DEPTH DEPTH FORMATION
Top soil Black GL 2 2
Clay Brown 2 60 58
Clay BrnfDrk Cray 60 74 14
Soft sand clay Brn.Gray 74 86 12
Sand Brown 86 90 4
Sandy clay Gray S0 121 31
Rock Red 121 122 1
Sandy clay Gray. 122 143 21
Sand Gray 143 147% 4%
Sandy clay Gray 147% 197 49%
Sandy clay Tan,Gray 197 260 63
Sand (drilled fair) (60) Gray 260 2176 16
Sandy clay Gray 276 324 48
Very soft sandy clay Gray 324 352 28
Sandy clay Gray 352 404 52
Shale Drk Gray 404 480 76
Very sandy shale Tan|Drk Gray 480 495 15
Very fine sand (drilled gocod) pgg?ple Cray 495 510% 15%
Sticky hard shale Tan| Blk.Gray| 510% 588 77%
Sandy shale w/lenses of sand Blk.Gray 588 602 14
Sand (drilled good) Gray 602 606% 4%
Sandy shale Gray 606% 609 2%
Sandstone White,Grn 609 624 15
very sandvy shale Tan, |Cray,Blk 624 651 47
Quarsite Pink 651 659 8
Signed Driller







FARGO, N.D. ,ﬁ RERE
HUTCHINSON, MN. E |
S TTTTSE T
Sec 28 Tl 114Nl__g 46W
DRILLERS LOG
Drilled for .DNR Div of waters pgl By Office
Location of TestHole __Z mi. W of Canby, 4 3/4 mi. S. east side of rd.
Test Hole No. 87=7 ___ well No.
Size of test hole 6 3/4_Date started _10-24-96 Date completed . L 0-31-96 Total Hours
FORMATIONS DRILLED
TYPE OF FORMATION C%Lr? ? il‘xﬁl'i? 5"\35% Tchg? £
FORMATION DEPTH DEPTH FORMATION
Top soil Black GL 2 2
Soft clay w/psbbles Brown 2 10 8
Rock Red 10 10% %
Soft clay Gray 10% 41 30%
Sand and light gravel Gray 41 50 9
Sandy clay Gray 50 65 15
Lenses of sand and clay Gray 65 74 8
Sandy clay Gray 74 78 4
Sand Gray 78 82 4
Dirty fine sand and clay Gray 82 99 17
_Sand (took water) drilled fair Gray 99 157 58
Very fine sand (drilled fair)Poor sampleGray 157 179 22
Coarse_ sand Gray 179 129 20
Very fine sand (no sample) Gray 199 205 6
Sandy clay Gray 205 256 51
Lenses of sand and clay Gray 256 262 6
Sand (drilled good) iray 262 266 4
Fine dirty sand Brown,Tanj 266 278 12
Sandy clay rown,Gray| 278 364 86
Dirty sand Gray 364 374 _10
Fine sand {(drilled fair) Gray 374 384 10
Very fine sand (poor sample) — Gray 384 397 13
Sandy clay-shale w/small lenses of sand| Gray 397 500 103
<loery coftcandy shale Gray 500 a1z 17
‘Signed Driller

FORM 130
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FARGO, N.D. N : E
HUTCHINSON, MN. . g
= -SW-~+---SE --+
Sec— T R
DRILLERS LOG
Drilled for DNR Div of waters page 2 By Office

Location of Test Hole 7 mi. W of Capby, 4 3/4 mi. S. east side of rd.

Test Hole No. _8____7'l__We|I No.

Size of test hole_LiZ.‘L.Date started _10-24-96 Date comp!eted_10-31—96 Total Hours

FORMATIONS DRILLED

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

FORMATION DEPTH DEPTH FORMATION
Sandy shale : Gray,Blk 577 597 80
Very fine sand (poor sample) Gray 597 635 38
Lenses of very fine sand and shale _|Gray,Blk 635 659 24
Shale -rock (drilled slow) Grav.lColoeed 659 724 65

Signed Driller

FORM #30



FARGO, N.D.
HUTCHINSON, MN.

DRILLERS LOG

DNR_Div

Drilled for of Water

Z -

Sec. 22

~ -~ 8E -—

T 10IN R _44W

By

Office

Location of Test Hole _Approx 6% S. of Tuverne,

MN_on Hwy 75,

AE, 38

Test Hole No. £67=8 _ Well No.

Size of test hole 6 3/4 Date started _10-9-96 Date completed . 10— -96 Total Hours
FORMATIONS DRILLED
r¥pE oF FoRMATION cuon | g | e | moess
FORMATION DEPTH DEPTH FORMATION
Top soil Black GL 2 2
Clay Brown 2 10 8
Sand Brown 10 16 5
Sandy clay Gray 16 48 32
Sandy clay Brown 48 101 53
Sandy clay Gray 101 140 39
Hard sticky clay Gray 140 171 31
Soft sandy clay Grav.Browh 171 207 36
Lenses of clay and sand GCray 207 219 12
Fine sand (drilled good) THIW 6-8 Gray 219 236 17
Sandy shale Blk,Gray 236 226 °10)
Sandy shale w/small lenses of sand Gray,Blk 326 336 10
Fine sand Gray 336 340 4
Sandy Shale Grav.Blk 344 354 14
Fine sand (drililed fair) Gray 354 364 10
Sandy shale Gray 364 400 36
Very soft sandy shale (brittile shate) |Gray,BlK 400 451 51
Sandy Shale Gray,Grn.White! 451 489 38
Signed Driller

FORM #30







WELL OR BCRING LOCATION
County Name

/‘/0,?(4’ S

MINNESOTA DEPARTMENT OF HEALTH

WELL AND BORING SEALING RECORD

Minnesota Statutes, Chapter 103/

Minnesota Well and Boring
Sealing No.

H 10

1116

Minnesota Unique No.

or W-series No.
(Leave blank i not known)

ownsh!p Name Township No. | Range No.| Section No. | Fraction (sm. = Ig.)

Drwaco) 2 | Y1 | 12 Weas s

Date Sealed

5-28-7&

Date Well or Boring Constructed

5 2/

S &

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

Depth Before Sealing i@____ﬁ.

Original Depth E_go— ft.

Show exact location of well or boring Sketqh map of yvell or boring | AQUIFER(S) STATIC WATER LEVEL
in section grid with "X". location, showing property [ single Aquifer 7] Multiaquifer
| lines, roads, and buildings. X
N WELL/BORING 1 Measured [J Estimated
[ water Supply Well ] Monit. Well
TES 7 /'/C le DX Env. Bore Hole [ Other ft. [ below [ above land surface
\
H
r Y E CASING TYPE(S)
z—[ [ Steel [J Plastic [] Tile [ Other
Y% mile
I CASING
Diameter Depth Set in oversize hole? Annualar space initially grouted?
S
i&————— lmi/e—t*q in. from to ft. [ Yes [ No O Yes O No [ Unknown
PROPERTY OWNER 7y| in. from to #. [ Yes [ No 1 Yes O No [ Unknown
£ oF N
Property cwnen‘s maiting address it different than well location address indicated above. in. from to ft. [ Yes O No O Yes O No [ unknawn
/AL AT, 0 A /Q SCREEN/OPEN HOLE
R S 00 é A /ﬁ y £ rfz Screen from to ft.  Open Hole from to ft.
£, /O AL ’ AT S84 UCTION/DEBRIS/FILL
WELL OWNER'S NAME [ Obstruction [ Debris [ Fill [ No Obstruction
Srase oF ponr.
Well owner's mailing address if different than property owner's address indicated above. Type of Obstruction/Debris/Fill
Obstruction/Debris/Fill removed? [ Yes [J No -
PUMP
Type
GEOLOGICAL MATERIAL ' COLOR I“:ggﬁ?%ﬁ" FROM[ 1o | Removed  [J NotPresent L1 Other
I ot known, indicate estimated formation Iog from nearty well or boring. METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE:
' No Annuiar Spacs Exits
[0 Annular space grouted with tremie pipe
O] Casing Perforation/Removal
in. from to : £, [0 Pertorated [ Removed
in. from to ft. O Perforated [J Removed
Type of perforator
O other
GROUTING MATERIAL(S)
s -~
Grouting Material £ A= EnT fom €2 1o 2&0 ft. _Q.Ll yards _______ bags
from to ft. yards bags
from to ft. yards bags
= from to ft. yards bags

REMARKS, SOURCE OF DATA, DIFFICULTIES IN SEALING

UNSEALED WELLS AND BORINGS
Other unsealed well or boritig on property? - (1 Yess- -] No

————

LICENSED OR REGISTERED CONTRACTOR CERTIFICATION

This wellor boring was sealed in accordance with Minnesota Rules, Chapter 4725. The information contained in this report is

true to the best of my

Frs b

License or Registration No:

I- 2 -G<

%A{ /‘// 7 anpar £ K

Date

MPORTANT-FILE WITH PROPERTY H

101116

PAPERS-WELL OWNER COPY

#N&me of Person Sealing Well oﬁoﬂng

HE-01434-02

10/85R




WELL OR BORING LOCATICN

e Minnesota Statutes, Chapter 103/ _sari i
Ao /}Z £s < P or W-series No I

MINNESOTA DEPARTMENT OF HEALTH Minnesota Well and Boring 1 D l l A
17

Gouny s WELL AND BORING SEALING RECORD =" H

Minnesota Unique No.

<«Leave blank if not known)

Township Name Township No. | Range No.] Section No.

welrr 10 2\%0 | 3T

Numeri€al Street Address or Fire Number and City of Well or Borind Location

Fraction (sm. - Ig.) | Date Seal Date Well or Boring Constiucted
-
-5-9€ y-29-38

Depth Before Sealing __&Ziﬁﬁ Original Depth 2; 2 E ft.

J I #<S7-2
f,‘___,ﬁne\_%,

NE NENE
Show exact location of well or boring Sketch map of well or boring | AQUIFER(S) STATIC WATER LEVEL
in section grid with "X". location, showing property | (7 Single Aquifer [} Multiaquifer
lines, roads, and buitdings. ‘
N WELL/BORING [ Mzasured [ Estimated

T T [ Water Supply Weil [] Monit. Well

- L 4

j (X Env. Bore Hole [ Other ft. [ below [ above land surtace

wigh 7¢ £s 7 /’/o( /  [ChsING TYPE(S)

[ Steel [ Plastic [ Tile [ Other

PROPERTY OWNER'S NAME

SHAAL OF AL,

Property owner's mailing address if different than well location address indicated above.
,; A A 40 AL K
SO0 LAFAY £TTE

CASING

Diameter Depth Set in oversize hole? Annualar space initially grouted?
in. from to o O Yes 1 No O Yes I No [ Unknown
in. from o ft. [ Yes [ No [ Yes [QNo [ Unknown
in. from to ft. 1 Yes ] No [0 Yes (d No  [J Unknown

SCREEN/OPEN HOLE

Screen from to ft. Open Hole from to ft.

St PAvC  fAx. SSISS
WELL OWNER'S NAME 4

SFATE L pfo N

Well owner's mailing/address if different than property owner's address indicated above.

OBSTRUCTION/DEBRIS/FILL
[ Obstruction [ Debris [J Fili [J No Obstruction

Type of Obstruction/Debris/Fill

Obstruction/Debris/Fill removed? [] Yes [ No

HARDNESS OF

GEOLOGICAL MATERIAL ‘ COLOR J FORMATION

I FROMI TO

PUMP

Type

OO Removed [0 NotPresent [ Other

If not known, indicate estimated formation log from nearby well or boring.

METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE:

[J No Annular Space Exits
[ Annular space grouted with tremie pipe

[0 Casing Perforation/Removal

in. from to ft. [ Perforated [J Removed
in. from to #, [ Perforated [] Removed
Type of perforator

[ other

GROUTING MATERIAL(S)

NEAT |
Grouting Material wfmm _O w ft. Z ‘ \S-;ards bags

-

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

REMARKS, SOURCE OF DATA, DIFFICULTIES IN SEALING

UNSEALED WELLS AND BORINGS
Other unsealed well or boring on property? [ Yes - [J 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.

TP Zn fz»g@i/st/ e, 2555

Contractor Busine: License or Registration No.

4?,» 4;8{6/2 -GS¢

Authorized Mépresentative Signatiwe”™ _

oA /L/[/;‘MANAK

IMPORTANT-FILE WITH PROPERTY H 40 :L 1 4 7
PAPERS-WELL OWNER COPY e W =

e of Person Sealing Well or Béhg

HE-01434-02

10/95R




SR BORING LOCATION MINNESCTA ZEPARTMENT OF HEALTH Minrnescta Wein arc 3crrg
WELL

WELL AND BORING SEALING RECORD ~ 3275 ¥ Hotg_ 118

Minnesota Unique No

Minnesota Statutes. Chapter 103! or W-sernes No
/ o /]( [5 Laave plank # ~ot xnown!
~swnship Name Townstipo Ne Range N¢  Secton No “racuor sm. = 1g. | Date Sealea Date Weil or Bonrg Constructea
ilow 100 (YO 2 pNNNSK 5-20-76 F-/Y-2&
~umerfcal Street Address or Fire Number ana City ot Well or Bonng Location 7 5 ?
N w NU/ fw Depth Before Sealing __L______ﬂ. Onginal Deoth 2 -5 had
Snow exact ocaten of well of nonrg Sketcn map of well or bonng | AQUIFER(S) STATIC WATER LEVEL
~ gection gnc with 'X° location. showing propery | (7 Single Aquifer 3 Muinaquifer
lines. roads. and bullaings . .
WELL/BORING ! Measured _, Estmated
J Water Supply Well _ Momit Well
-/ nv Bore Hole ] Other 4 _ oelow _ above land surtace
7rEc7 /7o (£ CASING TYPE(S)
‘# 5’ ? - 2  Steel  Plastic ] Tile [ Other
<
CASING
Diameter Depth Set in oversize hole? Annualar space nitaily grouted?
. S , — —
Pr—————— 7 Tl s n. from to ft ™ Yes ] No  Yes T No  _ Urkrown
PROPERTY OWNER'S NAME in. from o f. I Yes O No O Yes Z No T .~xnown
TATE OF  forn/, -
property awner s mailing address if different than well iocation adaress indicated above. in. from to ft. 3 Yes D No O Yes T No unknown
'
A AA P 2 /‘2 5 SCREEN/OPEN HOLE
A > L
S’O = (ﬁ y Screen from to ft.  Open Hole from to ft.
Sz pﬂ e L AN Y < /5§ [ossTRuCTIONDEBRISFILL
WELL OWNER'S NAME O obstructon ] Debns [J Fill ] No Obstruction
SEAYE O~ o N
Well owner's mailing address if differant than property owner's address indicated above Type of ObstructionvDebns/Fiil
Obstruction/Debns/Fill removed? [ Yes (J No
PUMP
Type
GEOLOGICAL MATERIAL COLOR l“:g::zs.'so:‘{ FROM| To | Removed [ NotPresent [] Other
ot known mdicate sstimated formaton 1og from nearby wall or borng. METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE:
O No Annutar Spacs Exits
[ Annuiar space grouted with tremie pipe
O Casing Perforation/Removal
in. from to ft. O Perorated [J Removed
in. from to ft. O Pertorated [J Removed
Type of perforator
O Other
GROUTING MATERIAL(S)
Grouting Material 7% from ” to wvsﬂ 9 yards bags
from to ft. yards bags
_—
. from to f. yards bags
3
- from to ft. yards bags
| REMARKS, SOURCE OF DATA, DIFFICULTIEE N SEALIMG . UNSEALED WELLS AND BORINGS
| Other unsesled well or boring on property? (1 Yes (1 No
UCENSED OR REQISTERED CONTRACTOR CERTIFICATION
This well or boring was sealed in accordance with Minneeota Rules, Chapter 4725. The information contained in this report is
rue 1© he best of My knowledge.
!
LTL Lutropriec Inc Fisse
Contractor Business Name License or Registration No.
Date
[Poas A,
AL £ ] AmAnEK
IMPORTANT-FILE WITH 2ROPER™ | 1y 101 l l S Mlime of Person Seairly Wed or Skefy
EAPERS-WEL_ DWNER 0PV - -

HE-01434-02 10/95R




| WELL OR BORING LOCATION
Zounty Name

N PlEL S

MINNESOTA DEPARTMENT OF HEALTH

WELL AND BORING SEALING RECORD

Minnesota Statutes. Chapter 103/

Minrescta ‘Ne:. arc Scrrg
Seaing No.

H

[REY
p->
|0

()

Minnesota Uniaque Mo
or_W-senes No

Laava olank ! "ot xrawn.

Townshic Name Townsmip No  Range No., Section N¢

(¢RAN 102129 B2 ok

Sracuon sm > ig.!

Date Sealea

71954

Date Wet or Borrg Constructad

F-£-3&

Numencal Street Address or Fire Number and City of Weil or Boring Location

b

Depth Betore Sealing z 2 6

QOnginal Dept~ _ZZ_&_ “

Show exact location of well or boning
n sectior gnd with ‘X"

Sketch map of weil or ber'ng
iocation. showing oroperty
lires. roads. and buildings

AQUIFER(S)

_ Singie Aquifer

STATIC WATER LEVEL
— Multaquifer

WELL/BORING 1 Measured  _ Estimated
1~ Water Suoply Well _ Monit ‘Well
Q‘Env Bore Hole  _ Other r Z velow

apove 'and surtace

S¥pte of A,

Well owner's mailing addrass f differant than property owner's address ndicated above.

Type of ObstructioryDebns/Filt

N £ CASING TYPE(S)
; ¥
————— DIt bl e e ﬁ gz - 7  Steel _ Plastic 1 Tiie T Other
— -
_____ SO B O CASING
i : EX Diameter Deptn Set in oversize no:2” Anrualar space nitially grouted?
: S _ —
) e 3 n from o " T Yes I No T Yes M No T Unknown
PROPERTY OWNER'S NAME n from o f  Yes  No I Yes T No ] Unknown
SERY o 1= .
Property owner s maiiing addr\ass .f aifferent than weli jocation adaress ndicated above n. from 0 ft O Yes = No a es ™ No ] Unknown
NI A Or R SCREEN/OPEN HOLE
S0 LA A4 & FrL
Screen from to ft.  Open Hole from to ft
S7 /9 vl  AMA. S &y S [OBSTRUCTIONDERRISFILL
WELL OWNER'S NAME 4 T Obstruction [ Oebns [ Fill ] No Obstruction

Obstruction/Deons/Fill removed? ] Yes [ No

HARDNESS OF

GEOLOGICAL MATERIAL { COLOR 1 FORMATION

TO

PUMP

Type
O Removed- [0 NotPresent [ Other

If not known, indicate estimated formation log from nearby weil or bonng.

METHOOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE:

O No Annutar Space Exits
O Annular space grouted with tremie pipe
O Casing Perforation/Removal

in. from to ft O Perforated ] Removed
in. from o ft O Perforated ] Removed
Type of perforator
O Other
GROUTING MATEMAL(S)

ANEAT

Grouting Matenal - C &L N7 tom (D 725&

71 ryarﬂs

bags
from to ft. yards bags
from to ft. yards bags
from o [ yards bags

ki
REMARKS, SOURCE OF DATA, DIFFICULTIES IN

UNSEALED WELLS AND BORINGS
Other unsssied well or boring on property? (1 Yes [J No

IMPORTANT-FILE WiTH PRCGPESTY
PAPERS-NELL CWNER CCPY

UCENSED OR REGISTERED CONTRACTOR CERTIFICATION

This well or boring was sealed in accordance with Minnescta Rules, Chapter 4725. The information contained in this report is

trus 10 the best of my knowledge.

Crc¥g

1]
L. ZQ £ Agfégagzst s _InE
Contractor [4

License or Registration No.

o::./) - 95

S T2 ANE K
§hring

HE-01434-02

10/95R




(wELL OR SORING LOCATICN MINNESOTA DEPARTMENT OF HEALTH Minmesc'a Wen anc 3¢rmg
¥ L.

hx
(@)
*_4_).
I__x
O

3

sonty Nare WELL AND BORING SEALING RECORD  3¢rs e ‘H

Minnesota Unigue No

Leave Dlank 1 not <rewr

c k Minnesota Statutes. Chapter 103/ or W-series No.
(%

Tywnship Name, Towrsnie oo 3ange No  Secton N¢. Fraction «sm. - ig., | Date Sealea Date ‘Nell ar Borrg Consinciec

‘?p,fr‘f /02 Y6 IS sgswsul 40 -27-96 ) -22-98

Iumencal Street Adcress or Fire Number and Csry of Well or Bonng Location
Depth Before Seanng Lz OO Onginal Destr _—_.q OC .

bt
r’r o ¥ .
Spow exact ccaton of well or Donrg Sketch map of well or corng | AQUIFER(S) STATIC WATER LEVEL
n'secticr gnc aith °X* location. showing oroperty : Single Acuifer Muthaquiter

fires. roads, and butldings. —_ —_
N WELL/BORING L. Meas.ed __ Zstmatec

—_ Water Suooly Wer Monit. Well

RE!\V Bore Hoe Other #. T selow  _ aboue ‘and surface
.......... DR £S5 7 L
b B CASING TYPE(S)

“““““““““ e # 5 7‘ / T Steel T Plastic [ Tile T Other

e
[ S | CASING
‘ ; [
8 ! I A Oiameter Depth Set in oversize nole? Annualar space initialy grouted?
S ‘ —
M ! M@ —em—iilg n ‘rom 10 # — Yes T Ne — Yes I No . Unknown

n from 10 # 1 Yes ] No ] Yes T No  Unknown

ROPERTY OWNER'S NAME .
2 s D AP ACAL

—_
Property owner s mailing address if different than well iocaton address indicated above 0. from to ft 7 Yes J No [ Yes I No _ Unknowr
:

/” A {& ~Ar R ‘£ SCREEN/OPEN HOLE
O o ( Ve Ved y £ 7 Screen from o ft.  Open Hole from o ft.

S 7 / Ay C /A N, ST/ S S TossTRucTionDEBRISFILL

WELL OWNER'S NAME O Obstruction [ Debns [J Fit [ N ructi
. No Obstruction
7‘,47( L o < /*4 An AL, 4
Wall owner's mailing address if different than property owner s address indicated above Type of Cbstruction/Debns/Filt

Obstruction/Debris/Fill removed? [J Yes [J No

PUMP
Type
GEOLOGICAL MATERIAL COLOR ”:gg:ﬁ%soz‘l mou[ to | Removed L1 NotPresent [ Othe
If not known. indicate estimated formaton log from nearby weil or boring. M D USED TO SEAL ULAR SPACE B EN 2 CASINGS, OR CASING AND BORE HOLE:

0 No Annuiar Space Exits

O Annutar space grouted with tremie pipe

O Casing Perforation/Removal

in. from to . C Perforated ] Removed
in. from to ft. [ Perforated ] Removed
Type of perforator

O Other

GROUTING MATERIAL(S)

Grouting Material _C_A:L.L_’v rfrom _a_ _M %rds bags
from to ft. yards bags
from to . . yards bags
from to ft. yards bags

REMARKS, SOURCE OF DATA, DIFFICULTIES IN SEALING UNSEALED WELLS AND BORINGS

Other unsesied well or boring on proper? [ Yes ([ No

LICENSED OR REGISTERED CONTRACTOR CERTIFICATION

This well or boring was seaied in accordance with Minnesota Rules, Chapter 4725, The information contained in this report is
rus 10 the best of my knowledge.

7 -

Contractor Susiness License or Registration No.

L=yl T«

IMPORTANT-FILE MIT= 2R0PERTY | 1y
PAPERS-WE. _ J NNER COP

,‘
t

¢

[ >
—
ol
0

HE-N1434.09 10/95R



| WELL DR BORING LOCATION MINNESOTA DESARTMENT OF ~EAL™H i \sA:aTuenscLa At ane erns H 4N 1l l ; 8
Exe WELL AND BORING SEALING RECORD  j2ns™ tULll1d
Minnesota Statutes. Chapter 103/ or W-senes Noq.ue °
ﬁ h /‘ A “e.0ave Dlank f not xnownt
’:*«M“Aavme M Townsnip e Range Nc  Secman No.  Fraction .sm. » g ! | Date Sealed Date Well cr Bonng Constructea

bt J01 B4 [ Ni<i, ¢

L S0~17-3& (O~ /8-38

Mumernicar Street Aadress or Fire Numoer ang City of Well or Bonng Location

Deotn Before Sealing _iﬁf)_____‘r Onginat Depth __ZQCL——_ s

WELL OWNER'S NAME

Lats A At

Wall owner's mailing address if different than property owner's address indicated apove.

3row exact ‘ocation of wetl or nering Sketch map of well or bonng | AQUIFER(S) STATIC WATER LEVEL
r sectcr gna witn X ‘ocanon. shewing property | ™ Singie Aquifer ) Multiaquifer
lines. roads, and buldings. —_ .
N WELL/BORING i Measured __ Esumated
- T water Supply Well . Monit. Well
= 7‘ //Q (& E(EHV Bore Hole  __ Other # T pelow _ apove iand surface
N T TTTTTTTTe z CASING TYPE(S)

et e ¢ é 7 Z Steel T Plastic T Tile ] Other

; i —+ « mue

> SN N CASING

: _L Diameter Depth Set in oversize hole? Annualar space nitially grouted?
S — _

e " mie ———— R n from to ft O Yes O No L Yes R

SROPERTY OWNER'S NAME . \ n. trom to ft M Yes O Ne Oyes T oremown
TAXL CF P rrrir . _
Property awner's mailing address if different than weil location address indicated above n. from to ft O Yes C No O Yes T e onxnown
\
AT el = OrR SCREEN/OPEN HOLE
s00 (AFAY ETTL
Screen from to . Open Hole from to ft
S ¥ ﬂ Ay ( , /A S S/ 5 [OBSTRUCTIONDEBRIS/FILL
/

O obstruction (] Debns [ Fil [ No Obstruction

Type of Obstruction/Debns/Filt

Obstruction/Debns/Fill removed? [ Yes [J No

i HARDNESS OF

GEOLOGICAL MATERIAL l COLOR FORMATION TO

PUMP

Type
[0 Removed [ NotPresent [0 Other

if not known. indicate estimated formation log from nearty wel or boring.

METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE:
0 No Annuiar Space Exits

O Annuiar space grouted with tremie pipe
[0 Casing PerforationvRemovai

in. from to ft [0 Perforated  [J Removed
in. from to ft O Perorated  [J Removed
Type of perforator
O ofther
GROUTING MATERIAL(S)
s’ 2%
Grouting Material M from _Q_ to _EKQO'\ S/yards bags
*%r - ,4 from to ft. yards bags
L . P from to ft. yards bags
from to ft. yards bags
REMARKS, SOURCE OF DATA, DIFFICUL. UNSEALED WELLS AND BORINGS

Other unsealed well or boring on property? [ Yes [ No

IMPORTANT-FILE ‘WITH PROPERTY
PAPERS-WELL OWNER COPY

H

101138

UICENSED OR AEGISTERED CONTRACTOR CERTIFICATION

This well or boring was sealed in accordance with Minnesota Rules, Chapter 4725. The information contained in this report is
true 10 the best of my knowiedge.

LZL Lativpicec Tove. —_ 2f&FE

Lo~ gt T

/‘CM/A/[(

Wi

HE-01434-02

10/95R




—_ ACAT: Bl MINNESCTA DEPARTMENT OF HEALTH \Virrescia Weii ar T 3or-g i~ A S

WELL OR BORING LOCATICN w Seanme S

| WELL AND BORING SEALINGRECORD > = H Lo 1. J
Mirnesota Statutes. Chapter 103! N-senes Ne

lc'c e f sora aprer oy Msenes e

~wnship Name Townshio NG Rarge Noo Sector No Fracuen ism g | Cate Sealea Date Weii ar 3oring Constructaa

linTons 1O 1

VS 20 N uEME 7O -/E -PE

SO~ y-9&

Numencai Street Address of Fire Number ang City of Well or Boning Locaton

Deptn Before Seaiing ‘ié_O—JT

—
Onginai Deotn M. ft

Show exact ‘ocation of well or donng
\n section gna with 'X”

Sketch map of weil or boring
locaton. showing procerty
lires. "oads. and buiidings

S e A
o # 7S

oROPERTY OWNER'S N

AME 1
Shate o periacar

Propernty ownargmamng adaress i differert than weil locaner, address :ndicates above

prororoxi, ONR

WELL OWNER'S NAME

LARE  of ps o

Well owner's malling address if different than property wner's address indicated above

AQUIFER(S) STATIC WATER LEVEL

T Single Aquifer  — Muttiaguifer

WELL/BORING _ Measured  _ Eiumated

T Water Suppty Well L Monit. Well

?ﬁnv Sore Hole | Other 4 telow __ apboveiard surface

CASING TYPE(S)

Z Steet T Plasuic T Tie  Other

CASING

Oiameter Oepth Set :r oversize nole? Annualar soace mhaily grouted?
in. from 0 # T Ves I No C Yes T No ] Unknown
A trom 0 # T Yes T No  Yes — No Unknowr
n. frem to % 3 Yes I No 1 Ves I No . Unknown

SCREEN/OPEN HOLE

Screen from to #.  Open Hole from to ®

< -+ ﬂ Ao C _ s a0 SS5rT ‘%asrnucnomnesnusmu
e 4

C oObstruction ] Debns

Type of Obstruction/Debns/Fill

—

O Fil

[ No Obstruction

Obstruction/Debris/Fill removed? [J Yes (O No
PUMP
Type
GEOLOGICAL MATERIAL fL coLor  MARDNESS OFl rrom| To U Removed  [1 Not Present (] Other
{
ot krown, mdicate estimated formation log from nearby well o bonng. METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE:
0 No Annuiar Space Exits
O Annuiar space grouted with tremie pipe
[ Casing PerforatiorvRemoval
in. from to ft O Perdorated ([ Removed
in. from to ft O Perforated ] Removed
Type of perforator
O other
GROUTING MATERIAL(S)
AT
Grouting Material &~ A=¥ Lo fom £ to Sﬁﬂ ( yards bags
W? from to ft. yards bags
| p 2PN
F - from to ft. yards bags
- from o fi. yards bags
REMARKS, SOURCE OF DATA, DIFFICUL gt .‘" ; UNSEALED WELLS AND BORINGS
‘ Other unsesled welt or boring on property? (1 Yes [J No
LICENSED OR REGISTERED CONTRACTOR CERTIFICATION
This well or boring was sealed in accordance with Minnesota Rukes, Chapter 4725. The information contained in this report is
true 10 the best of My knowledge.
‘
z e RS
Name License or : .
£ Date d
4
IMPORTANT-FiLE WIT= 2a0PE27 | 1y R 7 of Person Wel or Soely
PAPERS. NELL QWNER CZ2=- — -~

HE-01434-02

10/95R




E30TA

MINN
[ WELL OR BORING LOCATION

[ Zocrt, vaime

AioC/(

CEPARTMENT OF HEALTH

WELL AND BORING SEALING RECORD

Minnesota Statutes. Chapter 103/

Mirresota Weil arag Borrg
Seanng No

H

101134

Minnesota Unique No
r W-series No.

Laave biank 1 nct xnowni

-afsric Name Townsnig No

CAnALANZ! (0l TY 20 AEINL

Rar*ge Nc  Secucn No _='acuor* sm. o> g

Date Sealeq

vy S0 -5-9&

Date Well or Bonng Constructea

0-2-38

"Nurenical Street Adaress or Fire Number and City of Well or Bonng Location

 a—
Oeptn Before Sealing “.

Onginal Depth gz__ b

WELL OWNER'S NAME

STRAE O~ S

{J Obstruction [ Debns [ Fill

Well owner's mailing address i different than property owner's address indicated apove.

Type of Obstruction/Debns/Fitl

3mcw 2xact ocaton ot weil or sonng Sketcn map of well or conng | AQUIFER(S) STATIC WATER LEVEL
nseciar jna with ‘X° location. showing prooerty | ™ gingle Aquifer _ Multiaquiter
‘ines. roads. and buildings - — —
N WELL/BORING _ Measured _ Estimated
Z_ Water Suppty Well ' Monit Well
________ —x—---4«~ (/’ - _ _
7( [ §7' /4/0 ol ?\Ew Sore Hole . Other # T celow _ above land surface
W T T £ 7 - 6 CASING TYPE(S)
T # ¢ ;
“““ ‘--'“‘:“‘*‘-“"""' . - Steel T Plastic T Tie T Other
- - e mug
L""'T‘"‘“‘,‘""" _____ J : CASING
i i . A Dameter Depth Set In oversize hole? Annualar space imitally grouted?
S , —_
o e in. from to ft, 7 Yes [ No O Yes N “rxnown
SROPERTY OWNERS NAME n from © f. Cves [JNo OvYes e T .xown
O R= State of s -
Procarty owner's mamng address f different ,ha%|' location aadress inaicated above in. from to ft. O Yes 0 No O Yes L No . .nxnown
AP AN AL ~ SCREEN/OPEN HOLE
<o0 LAFA v £E77
Screen from to tt.  Open Hole from to ft.
P
ST+ p bl AP & S /5SS [oesmucTonoEeRe L

] No Obstruction

Obstruction/Debris/Fill removed? [

Yes [J No

PUMP

Type

GEOLOGICAL MATERIAL COLOR ”:gg:ﬁm” FRoM| To | Removed O NotPressnt (] Other ;
T ron Kown. ndicats ssated ormwnon 193 o Farby well or borwg. METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE:
O No Annuiar Space Exits
O Annuiar space grouted with tremie pipe
O casing PertforatiorvRemoval
in. from to ft. O Perorated  [J Removed
in. from to #. O Perforated [ Removed
Type of perforator
O oOther
GROUTING MATEMNAL(S)
Ak 47 -~ 8/
Grouting Material _ S e~ € A 2 mﬂ;m (/56@ bags
. b = §
- ’“‘@'J 3
— I~ 1 from to ft. yards bags
> L
R { from to ft. yards bags
- from to ft. yards bags

REMARKS, SOURCE OF DATA, DIFFICUL.TIES IN SEALBIGT

UNSEALED WELLS AND BOMINGS

Other unsealed well or boring on propery? (1 Yes. [J No

rue 1© he bast of my Knowledge.

Contractor

TP En f[W/}/r, Py d

LICENSED OR REQISTERED CONTRACTOR CERTIFICATION

Thia weil oc boring was ssaied in accordancs with Minnesota Rules, Chapter 4725. The information contained in this report is

Fress

License or Registration No.

727X y P

44/ /‘7/61./ 7 A £

MPORTANT-FILE WITH PROPERTY
PAPERS-WEL_ QWNER COPV

Ci134

“Name o Person Sealing Wel or Sbring

HE-01434-02

10/95R




MINNESCTA CESARTMEN ™ OF =EA_ = Mirrescla Wet ang 3onrg

Minnesata Unique No.

}_;%:::Rmc LOCATICN WELL AND BOR'NG SEALING RECORD Seating No H .L CJ jL l d D

Minnesota Statutes Chapter 103! or W-series No.
() / .< Laave dlank * ~ot xnown
“owhship Name Townsnip NG Range No.. Section Nc Fraction ism -» ig.i | Date Sealeg Date Well or Bonng Construced

Lhualank. 101 YY T2 Mupwmi SEF /0-2-7€ sof /-3 -3¢
Numencal Street Aaaress or Fire Numper and City of Well or Bonng Location —
Deoth Before Seanng ~‘¢_C)__Z__’_ﬁ Ongina! Dectr _b_g_i_ '

Srow 2xact ocator Jr well or poAng Sketch map ot well or borng | AQUIFER(S) STATIC WATER LEVEL
n section gna wmth 'X* locanon. showing oroperty | ™ 3ingie Aquifer ~ Mulhaguifer
lines. roads. ana buiidings —

WELLUBORING — Measured _ Estmateq
" water Sucply Men _ Momt. ‘Nett
S Env Bore Hoie  _ Other # T pelow _ ancverand sumace
CASING TYPE(S)
T Steel T Plasuc _ Tie T Otrer
CASING
Diamerer Jepth Setin oversize nole”? Annualar space ‘ntially groutea”
n from . # T Ves I No  Yes — No T unsnowr
PROPERTY OWNER'S NAME a from c . Oves ONo T yes  TNo I Unknown
-y
S7tatE af oA _ o
Proparty owner's mamng address if different than well locayQn address indicatea apove. in. from to ft. O ves O No O Yes - Nec  _ Unknown
S ) A t / ¢ 7re SCREEN/OPEN HOLE
{ O 0 Screen from to ft.  Open Hole from to ft.

<7 p U (_ , AT AL g § T 0BSTRUCTIONDEBRIS/FILL

WELL OWNER'S NAME 0 obstruction 1 Debns ] Fil [J No Obstruction
< Xo L& o ff Ex
Well owner's malhﬂfaddreé f diferent than omper\'y owner's address indicated acove. Type of ObstructioryDebns/Fill

ObstructiorvDebns/Fill removed? (] Yes [J No

PUMP

Type

GEOLOGICAL MATERIAL COLOR  [HARDNESSOF| ooy | o | L] Removed ] NotPresent (] Other

FORMATION
ot known, ndicats sstmated formaton log from nearby well o barng. METHOD USED TO SEAL ANNULAR SPACE BETWEEN 2 CASINGS, OR CASING AND BORE HOLE:

[ No Annuiar Spaca Exits
[0 Annutar space grouted with tremie pipe
{J casing Perforation/Removai

in. from to #. (O Perforated ] Removed

in. from to ft. O Perforated [0 Removed

Type of perforator

O Other
GROUTING MATERIAL(S)
Al 22
—_ Grouting Material —-CM _a__ to t. yards ____ bags
9 T s 'é =1
kw - from to ft. yards bags
) 4: from to ft. yards bags
o
from to ft. yards bags
REMARKS, SOURCE OF DATA, DIFFICUL o UNSEALED WELLS AND BORINGS
Other unseaied weit or boring on property?> {1 Yes [J No
LICENSED OR REGISTERED CONTRACTOR CERTWRCATION
This well or boring was seeied in accordance with Minnesota Rules, Chapter 4725. The information contained in this report is
true 1 the beet of my knowledgs. )
!
£ e 9'/6?6
Contracior Business Neme License or Registration No.
L-rr - Pg
Date
</ //.{ [ / A7 A/V[K
IMPORTANT-FILE WITH PROFE3™/ | 1 R B iy orson Seaing wet ¥ Goang
PAPERS-WEL. OWNER COPY b L

HE-01434-02 10/95R



WELL OR BORING LOCATION

WELL AND BORING SEALING RECORD =2 H

MINNZSOTA DEPARTMENT OF HEALTH Minnesota Weil and Bonng 1 O A

11386

Minnesota Unique No.

; Minnesota Statutes. Chapter 103/ ‘or W-senes No.
Al /g . Laave Slank f not xnown!
“owrdrioName  Townsnio No Range No - Section Nc.  Fraction tsm. 4 ig.) | Cate Seaieq Date Well or Bonng Constructed

’ i E g PP -
, ’c -/ 28 yo-9- 75
Ndmercar Street Address or Fire Number and City of Well or Bonng Location o~
Deoth Before Seatirg _ﬂi_* Onginal Depth _m_- il

4
=2 2xacticcaror of well or donng Sketch map of well or bonng | AQUIFER(S) STATIC WATER LEVEL
~ secucn g ~itr X" iocation. showing property | ™ Singie Aquifer . Muitiaquiier
‘ines. roads, ana buildings —_ —
N WELL/BORING L. Measured _ Estimated

— Water Supply Well _ Monit. Well

gEnv Bore Hole [ Other # ] pelow (_ above land surface

CASING TYPE(S)

O Steet ) Plastic _ Tile ] Other

CASING
Diameter Depth Set in oversize hole? Annualar space inhally groutea?
in trom to ft. O Yes O No C Yes ZNe T wnenown
PRCPERTY OWNER'S NA n. from 1 #. [ Yes [ No 0 Yes T No  _ _~<nown

SAAIL O Ao

Progery owner® mailing aodrTss if different than weli location aac:z indicated apove n. from to L8 O Yes 0 No O Yes _ No  _ _nknown

et ACAL NZ*""
s o0 £AFA Y Screen from 0 f. Open Hole from to

SCREEN/OPEN HOLE

=

Sl /d Ao (. Ari ExvA UCTIONDEBRIS/FILL

WELL OWNER'S NAME 3 obstruction ] Debns [ Fill {J No Obstruction

§
§z£4 YL off [forwx
Wall owner's Mailing address f aifferent than property owner's address indicated above. Type of Obstruction/Debns/Filt

Obstruction/Debns/Fill removed? [ Yes [ No

PUMP
Type
GEOLOGICAL MATERIAL { coLor  [MARDNESS OF| crom| 1o U Removed  [] NotPresent [] Othe
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