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INTRODUCTION

The city of Rugby requested that the State Water Commission conduct
a study to locate a supplemental water supply because its well field
had experienced a serious decline of water levels and water quality.

The goals of the study were: 1) to define areas within the Pleasant
Lake aquifer which possess a potential to provide additional water

to the city, 2) assess chemical quality, 3) determine long term capacity
for ﬁroduction wells within the Pleasant Lake aquifer, 4) determine

the long term capacity for the Rugby aquifer.

Because of water quality changes that occurred in the well field
completed in
Rugby aquifer, the city of Rugby lost interest in the utilization of
the old well field except at times of high demand. As a result, objective
4 was not studied with a digital model. Objective 3 has been addressed
twice, once in 1976, and then in 1982, when the city of Leeds applied
for a water permit from the Pleasant Lake aquifer.

The study was accomplished by means of: 1) test drilling, which
includes the recording of lithologic logs and bore hole geophysical
logs, and observation well construction, 2) water sample collection
and analysis, 3) water level monitoring, 4) a three day aquifer test
to determine the hydrologic properties of the aquifer, and 5) development
of a digital computer model to simulate aquifer characteristics to
help in the evaluation of various scenarios for development.

The test drilling was conducted from July 14, 1975 to August 20,
1975. Fifty-eight test holes were drilled totaling 7,160 feet. A

map showing the location of these holes is found on Plate 1. Twenty



of the test holes were completed as observation wells. The pump test

was conducted from September 29, 1975 to October 7, 1975 in a selected
portion of the Pleasant Lake aquifer. The initial modeling procedure
began in December 1975 and was completed in September of 1976. Additional
work was done in 1982.

The test drilling was accomplished by the forward rotary-mud‘method
generally using a 4 3/4 inch bit. Lithologic logs are written records
of the materials encountered by the drill and are based on samples
obtained from the drilling mud. These are compiled by the geologist.
Geophysical logs are graphs of the electrical properties of the materials
penetrated by the bore hole. The lithologic and geophysical logs have
been included in the appendix. Observation wells provide access to
the water contained in the aquifer by means of 1% inch pve plastic
pipe completed with 1% inch stainless steel sand points of various
slot sizes. Water samples were obtained by blowing the water from
the wells with air provided by compressors. These samples are sent
to the State Laboratory for analysis. Results of the analysis are
found in Table 1 (page 22). The significance of these results are found
in Table 2 in the appendix. Water levels are obtained by inserting
a steel tape into the well and measuring depth to water. The water
level data has also been included in the appendix.

The aquifer test was accomplished by completing a high capacity
production well and a series of observation wells in the aquifer and

obéerving the drawdown effects as the production well was pumped.



The digital computer model was accomplished by developing a mathematical
representation of the aquifer to which stresses could be applied and
their corresponding effects observed.

Location

The city of Rugby is located in the north-central portion of Pierce
County (Fig. 1). The Pleasant Lake aquifer is located between 5 and
9 miles east of Rugby and is oriented north-south passing beneath the
community of Pleasant Lake. Test drilling was conducted in portionms
of Township 156 North, Ranges 71 and 72 West; Township 157 North, Ranges
71 and 72 West; and Township 158 Nofth, Ranges 71 and 72 West in Benson
and Pierce Counties. Both Benson and Pierce Counties are located in
the Drift Prairie section of the Central Lowland physiographic province.
This area is characterized by ground and end moraine deposits, lake
and beach deposits, and glacial outwash deposits.

Previous Investigations

A general overview of the water resources of North Dakota is presented
by Simpson (1929). Benson County is discussed on pages 71-76 and Pierce
County is discussed on pages 187-188.

Lemke (1960) extended the eastern boundary of his study to the
western edge of Pierce County. Though Benson and Pierce Counties are
not included in the discussion, the surficial geology is included in
Plate 15.

The North Dakota State Department of Health (1964) included analyses
of water from the Rugby city supply in its study of municipal water

supplies in North Dakota.
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Froelich (1965) was the first to study the area in detail when
conducting a study to locate a municipal supply for the city of Rugby.
He described the general geology of, and availability and quality of
water from the glacial deposits in the Rugby aquifer.

Randich (1971) lists test holes, water quality, and water levels
for the Pleasant Lake aquifer that were accumulated for the Benson-Pierce
Ground Water Study (Part II). A preliminary aquifer map was presented
in the Hydrologic Investigatioms Atlas for Benson and Pierce Counties
(Randich 1972). Pages 56-60 of the Benson-Pierce Ground-Water Study
deals with the Pleasant Lake aquifer (Randich 1977) (Part III).

Well Numbering Systems

The system for denoting the location of a test hole or observation
well is based on the federal system of rectangular surveys of public
land. The first and second numbers indicate Township North and Range
West of the 5th Principal Meridian and base line (Fig. 2). The third
number indicates the Section. The letters A, B, C, and D designate
respectively the northeast, northwest, southwest, and southeast quarter
Section (160 acre tract), quarter-quarter Section (40 acre tract) and
quarter-quarter-quarter Section (10 acre tract). Therefore a well
denoted by 157-072-25AAA would be located in NE4%NEX%NE)% of Sectiom 25,
Towvmship 157 North, Range 72 West. Consecutive terminal numbers are
added if more than one well is located in a 10 acre tract, i.e., 157-072-25AAA1

and 157-072-25AAA,.



IST-072-25AAA

FIG. 2 WELL NUMBERING SYSTEM



Water Supply (1975)
In 1975, the city of Rugby's well field was located 3% miles east

of town. This well field, which consists of two wells, is still utilized
in 1983. City well #1 is located at 157-072-36ADDD. It is 135 feet

deep, cased with 12" casing to 102 feet and screened from 102'-135'.
Annual withdrawal is not allowed to exceed 525 acre-feet at 420 gallons/minute.
City well #2 is located at 157-072-36ADDA. It is 127 feet deep, cased

with 12" casing to 94 feet and screened from 94 to 127 feet. Annual
withdrawal is not allowed to exceed 525 acre-feet at 420 gallons/minute.
The complete system is permitted to withdraw up to 1050 acre-feet/year

at 840 gallons/minute.

The water levels in the well field had experienced a continuous
decline since its utilization began in 1966 until 1976. An observation
well at 157-072-36AAD provides a record of the water levels from 1967
to 1982 (Figure 3). Water level monitoring did not start until 1967
8o the initial rapid water level decline is not recorded on the hydrograph.
The hydrograph for this well displays the effects of pumping until
1976 and the effects of greatly reduced pumping since 1976. Annual
use in acre-feet is noted along the bottom of the hydrograph.

Withdrawals average 269.8 acre-feet/year from 1967 to 1971. An
increase in the rate of decline is evident from the latter part of
1971. Withdrawal averaged 280.96 acre-feet per year from 1972-1976.

The increase in the rate of decline observed in 1971-72 cannot be accounted
for by the slight increase in withdrawal. Most probably it is the
result of the cone of depression produced by the production wells reaching

a physical boundary such as the edge of the aquifer.
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The chemical quality of the water has also deteriorated since
the well field was utilized. Virgil Hoium of the Rugby water treatment
plant provided values for the change in hardness since 1966. City
wells #1 and #2 averaged 268 ppm hardness from May 1966 to December
1974. Since 1974 city well #1 has experienced the most drastic change
in hardness with occasional values as high as 800 ppm. Mr. Hoium also
indicated that the manganese concentration had increased, though he
could not provide specific values for the changes. Because of well
construction, sampling at the well sites cannot be accomplished. As
a result, the water quality change has to be evaluated on the basis

of treatment at the water plant.

HYDRbLOGY
Rugby Aquifer
The old Rugby well field is located in the Rugby aquifer in portionms
of Township 156 North, Range 72 West, Section 13; Township 157 North,
Range 71 West, Sections 19, 30, and 31; and Township 157 North, Range
72 West, Sectioms 24, 25, 26, 35, and 36. The aquifer underlies an
area of approximately three square miles. Thickness ranges from 0
to 122 feet and is a very inconsistent sequence of fluvial clays, silts,
and sands. Depth to the aquifer ranges from 0 to 128 feet.
Physical Characteristics
. Composition of the sand sequence is variable. Grain size ranges

from very fine sand to gravel with a slight predominance of fine and



medium sand. Grain shape ranges from subangular to rounded with a

slight predominance of subrounded grains. The sand was composed predominantly
of quartz. Gravel is predominantly carbonates with minor amounts being
igneous material. Sand and gravel sequences also contained much interbedded
fluvial silt and clay.

The thickness and areal extent of the aquifer is shown in the
north-south cross section (Fig. 4) and the isopach map (Fig. 5). City
well(s) #1 and #2 are completed in the thickest part of the section
in the vicinity of 157-071-31CBB. The sand rapidly thins to the south.
The sand persists to the north but eventually is cut up by clay and
is truncated by a bedrock high. As seen in Fig. 5, there is a divide
present in the southern portion of the aquifer. The hydrologic connection
around the north end of the divide between the well field and the western
extreme of the aquifer is restricted by interbedded silts and clays
in the sand sectiom in the vicihity of 157-072-25DCC. The well field
is effectively limited to a narrow trench about 1600 feet wide and
4200 feet long.

Flow System

Water levels in this aquifer reached their lowest levels at the
end of 1976 (Fig. 3). Potentiometric surface map #1 (Fig. 6) is based
on water levels measured in November of 1976. The cone of depression
in the potentiometric surface around the production wells is clearly
seen. The gradient of the potentiometric surface is quite steep to
thé north of the production wells and only slightly less steep to the

south. The water level elevation was about 1488 feet above msl near

10
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the production wells in observation well 157-072-36ADD3. About 1300

feet to the north the water level was about 1539 feet above msl in
observation well 157-072-36AAD. The change in elevation was about

51 feet and the g?adient was about 200 feet/mile. About 1.5 miles

north of the production wells the water level was about 1552 feet above
msl in observation well 157-072-25AAA. The change from 157-072-36AAD

to 157-072-25AAA is about 13 feet. The gradient between these observation
wells was about 10 feet/mile. South of the production wells at observation
well 157-071-31CBC, the water level was about 1506 feet above msl.

The elevation change was about 18 feet in about .25 mile with a gradient
of about 72 feet/mile between 36ADD3 and 31CBC.

At the end of 1976 Rugby began utilizing a new well field in the
Pleasant Lake aquifer and thereby greatly reduced the withdrawal from
the Rugby aquifer well field. The reduction of withdrawal allowed
the water levels to rise as is seen in the hydrograph for 157-072-364AD
(see Fig. 3). Potentiometric surface map #2 (Fig. 7) is based on the
water levels in December of 1982. The cone of depression is still
evident although the overall water levels had risen about 36 feet and
the gradients had lessened comsiderably.

All of the aquifer units in the study area experienced a rise
in water levels during this time period. Separate aquifer units were
distinguished by different patterns of rise. Compare the hydrographs
for wells 157-72-25AAA and 157-71-19AAA, (Figs. 8 and 9). The pumping
rate was reduced at the end of 1976 and the water levels began to rise

at the end of 1977. The water level stabilized in 1981 at well 157-71~19A44,

14
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even though precipitation was above normal from 1980-1982 (Fig. 10),
inferring that the aquifer unit in that area had reached a state of

near saturation. The water level in well 157-072-25AAA had continued

to rise through 1982, a pattern similar to that found in well 157-072-36AAD
(Fig. 3). It can be inferred that well 157-072-25AAA is completed

in the same unit as the production wells which had experienced considerable
depletion and is still in a state of recovery, whereas 19AAA5 13 not.

Wells 157-071-11CCCy, 157-071-194AA7, and 157-071-32DAA were segregated
from the Rugby aquifer on the basis of historical water levels. Wells
157-071-31CBCy. 157-072-25AAA, and 157-072-25DCC, 157-072-25DDD, and
157-072-36AAD were included in the Rugby aquifer on the basis of their
continued recovery.

A well located at 157-072-36DDD appears to be completed in a separate
unit with a very limited connection to the Rugby aquifer. The water
levels exhibited extreme seasonal fluctuations not evident in the old
well field (Fig. 11). The unit has also experienced an overall rise
in water levels through 1982 similar to that occurring in the old well
field.

A steep water level gradient existed between the unit in which
157-072-36DDD is completed and the old Rugby well field. A difference
of about 35 feet existed between water levels found in 157-072-36DDD
and 157-071-31CBC in November of 1976, resulting in a gradient of about
140 feet/mile. Leakage would occur from the separate unit, located
in'157-072-36DDD, to the old well field under these circumstances even

with a very limited connection.

18
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Water Quality

Analysis of water samples from the Rugby aquifer can be found
in Table 1. The water is generally a calcium bicarbonate type. Total
dissolved solids ranged from 389 mg/l to 508 mg/l. Hardness ranged
from 140 mg/l to 340 mg/l. Iron ranged from 15 mg/l to 18 mg/l. Generally,
better quality water was found in the northern part of the aquifer
and became poorer to the south.

Water quality near the city production wells had deteriorated
with time. Samples from 157-071-31CBC; were taken in 1975 and 1979.

Total dissolved solids increased from 479 mg/l to 772 mg/l. Hardness
increased from 340 mg/l to 530 mg/l. Irom increased from 15 mg/l to
26 mg/1.

Water quality was another parameter which could be used to help
distinguish separate aquifers. A sample obtained from 157-072-36DDD
was a calcium sulfate type water. Total dissolved solids concentration
was 1800 mg/l. Other constituents were also much higher than found
in the Rugby aquifer. On this basis, 157-072-36DDD was considered
to be completed in a separate unit. However, the changes in quality
in the Rugby aquifer may suggest leakage of highly mineralized water
like that found in the vicinity of 157-072-36DDD into the aquifer by
some limited connection.

Pleasant Lake Aquifer

The part of the Pleasant Lake aquifer that was under consideration
as.a water supply is located in portions of Township 156 North, Range

71 West, Sections 4 and 5; and Township 157 North, Range 71 West, Sections

21
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3, 4,5, 8, 9, 10, 11, 14, 15, 16, 21, 22, 23, 25, 26, 27, 28, 35,
and 36. It underlies an area of about l4 square miles. The aquifer
ranges in thickness from 0 to 115 feet. Depth to the aquifer ranges
from 0 to 56 feet. It is composed predominantly of sand with minor
amounts of gravel, silt, and clay.

Physical Characteristics

Sand size ranges from very fine to coarse. It is moderately well
sorted with the medium grain size range predominating. Grain shape
ranges from angular to subrounded with a predominance of subrounded.

Grain composition averages about 75% quartz with minor amounts of carbonates
and lignite. All logged sand sections were very clean. There is very
little interstitial silt and clay. Sand sectioms are very homogeneous
containing little interbedded silt and clay. Gravel size ranges from
fine to medium. Shape ranges from angular to rounded. Composition

is predominantly carbonates with minor amounts of granitics and shale.

The thickness and areal extent can be seen in the isopach map
(Fig. 12). The aquifer ranges from 1.5 to 2.2 miles wide. Within
the study area the aquifer is oriented north-south. Immediately north
of the study area the aquifer curves to the northwest. To the south
the aquifer is truncated at Broken Bone Lake. It is bounded on the
east by a ridge of low hills and on the west by a bedrock high covered
with a thin veneer of till.

The thickest section is about 1 mile wide and 3 miles long. It
occupies portions of Sectioms 26, 27, 34, and 35 of Township 157 North,
Range 71 West and Sectiom 4 of Township 156 North, Range 71 West.

It thins rapidly in sections 4 and 5 and is truncated completely in

Section 9.
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There is evidence of two different environments being responsible
for the deposits comprising the Pleasant Lake aquifer. Older deposits
are found in a fluvial channel incised into the bedrock and till.
This channel is most prominant in the northern portion of the study
area in the vicinity of test holes 157-071-08CCC and 157-071-19A4A
(Fig. 13). Further south this channel becomes less prominant or nomexistent
(Fig. 14). To the north this channel may connect to the main Pleasant
Lake aquifer, but in the main study area this channel is separate from
the main Pleasant Lake aquifer.

Overlying the channel deposits are interbedded fluvial silt and
clay and glacial till. Above these have been deposited the sands which
comprise the majority of the Pleasa;t lake aquifer. These sands are
exposed at the surfac? in places. They extend to the east and probably
begin to thin and pinch out where they overlap the rising bedrock and
till hills.

Flow System

The highest water levels in November, 1976 were found along the
eastern edge of the aquifer in the vicinity of test holes 157-071-14CDC
and 157-071-35BAA (Fig. 15). The lowest water levels were encountered
along the western boundary of the aquifer and in the vicinity of 156-071-05AAA.
Ground water movement was both to the west and to the south. The western
flow component was evident in the vicinity of 157-071-14CDC where movement
was toward the lower water levels in the vicinity of 157-071-15CCC.

The southern flow component was evident in the vicinity of 157-071-35BAA
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where movement was toward 156-071-04ABA. The two flow components combined
to produce a southwestern flow in the vicinity of 157;071-34DAA.

Gradients were low in the Pleasant lake aquifer. The difference
in water levels between 157-071-14CDC and 157-071-15CCC was 7.6 feet
in 1.2 miles. The gradient was 6.4 feet/mile. The difference between
157-071-35BAA and 156-071-04ABA is 6.1 feet.with a gradient of 4.9
feet/mile.

Based on water levels the areas of recharge were estimated to
be along a line southward from 157-071-14CDC to 157-071-35BAA. Areas
of discharge were located along the western boundary of the aquifer
and in the vicinity of Pleasant Lake. Water is discharged through
evapdtranspiration from the lakes and sloughs in the western part of
the aquifer and is discharged through springs near Pleasant Lake in
the hills north of Broken Bone Lake.

Water levels were slightly different six years after the utilization
of the new well field. Water levels in an observation well completed
at 157-071-26CCC experience about a 4 foot decline. This is shown
by the hydrograph in Fig. 16. Annual use in acre-feet is noted along
the bottom of the hydrograph. After the initia1>dec1ine over the year
1977 the water levels stabilized until 1980. Water levels then experience
a small rise, probably due to the increase in precipitation from 1980-1982.
This same pattern of decline, stabilization, and slight recovery can
be seen in observation wells 156-071-04ABAy, 157-071-26BBA, 157-071-34DAA,

and 157-071-35BAAj.
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The cone of depression around the production wells is represented
in the potentiometric surface map for December 1982 (Fig. 17). The
cone is elongate, oriented to the southwest, and affects an area of
about one square mile. The elongation to the southwest results from
the drawdown effects being more pronounced downgradient. Areas outside
the cone of depression experienced a rise in water levels since 1976.

Water Quality

Analysis of water from the Pleasant Lake aquifer can be found
in Table 1. The water is generally acalcium bicarbonate type. The
total dissolved solids (TDS) concentration ranged from 246 mg/l to
619 mg/l. Samples from city wells #3 and #4 possessed TDS concentrations
of about 425 mg/l. Overall hardness concentrations ranged from 120
mg/1l to 400 mg/l. Samples from city well #3 and #4 possessed hardness
concentrations of about 275 mg/l. Overall iron concentrations ranged
from .02 mg/l to 1.8 mg/l. Samples from city wells #3 and #4& possessed
iron concentrations of about 1.5 mg/l.

The best water quality was encountered in the eastern portion
of the aquifer adjacent to the hills. Very small streams and valleys
are incised into the hills and drain into the area of the aquifer. Sand
and gravel deposited in these valleys act as tributaries to the aquifer.
This can account for the influx of fresh water from the east. Water
quality deteriorates downgradient to the south and particularly to
the west. Water is being discharged through numerous lakes in the
west and springs in the south. The poorest quality water encountered

in the area was at 157-07-26BCC5. This poor quality is anomalous considering
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the proximity to the eastern boundary of the aquifer. It is possible

the lake immediately east of 157-071-26BCC is intercepting water moving
west from the hills. Once captured by the lake the water would evaporate
out of the system. This would create a zone of stagnant, mineralized

water directly west of the lake.

PLEASANT LAKE MODEL
Theory

A mathematical model of the Pleasant Lake aquifer was used to
determine the effects of development on the aquifer. A nonsteady-state
model was selected for this study in order to simulate the transient
response of the aquifer after various pumping periods and rates of
actual and planned wells.

The head changes that will occur in the Rugby aquifer after various
periods of pumping may be calculated by solution of the following paftial

differential equation for nonsteady flow in a nonhomogeneous porous

medium:

3§ §h § Sh §h

o [bKy Gx] + 5y [bRy Gy] Sx,v 3¢ T W(x,y,t) (L
where:

b is the saturated thickness;

h is the hydraulic head;

k is the hydraulic conductivity;

S is the storage coefficient of specific yield;
t is time; and

W(x,y,t) is the volume flux per unit area.
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Equation 1 may be approximated by a finite-differemnce equation
by applying Taylor's theorem (Pinder and Bredehoeft, 1968). The finite-difference
equation is solved at each node of a rectangular grid on a digital
computer using an iterative alternating direction implicit technique.

For this study, the flow equation was solved on a digital computer
using a program developed by Pinder, Trescott, and Larson (Trescott,
1976), and modified for this study.

Analysis of a complex nonhomogeneous aquifer system is accomplished
by subdividing the sy;tem into a large number of relatively small rectangular
cells, which constitute the finite-difference grid. The finite-difference
grid used in this study consisted of 17 rows and 32 columns with constant
cell dimensions of 1,320 feet. For each cell, values of hydraulic
conductivity, specific yield, bottom of aquifer, land elevationm, recharge,
and discharge were supplied.

The accuracy of the solution of the finite-difference equations
when applied to a problem in ground-water hydrology depends upon a
number of variables. Errors are introduced when the continuous time
and space factors of a natural system are represented by discrete elements
in a mathematical model. The errors, however, may be lessened by the
proper selection of input parameters (Pinder and Bredehoeft, 1968;
Bedinger, Reed, and Griffin, 1973).

Calibration
Calibration of the digital model was obtained by comparing the

output from various simulations with the measured ground-water levels
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for a given time. Recharge to the model system was adjusted so that
the calculated water levels from the simulation were in reasonable
agreement with the measured water levels. Through this process it
was clear that recharge to the nodes on the east side had to be much
greater than on the west side. A true calibration would take a period
of time in which the aquifer were being stressed and attempt to duplicate
measured water levels with model simulated water levels. The 1976
model could not be calibrated in 1976 because no substantial stress
(major pumping) had yet occurred. Such a calibration did occur in
1982, and this will be discussed in the following "Results" section.
Results

Utilization of the ground-water model allowed for a better understanding
of the flow system. While initial data clearly showed a general flow
system from east to west, and in the southern portion of the study
area from north to south, the magnitudes of flow were not known. The
model, however, allowed for an approximate quantification of these
flows. Average recharge to the area was estimated originally to be
in the range of 1 to 5 inches per year. This wide range of values
for recharge results from having little understanding of the recharge
process as well was inadequate historical data and inadequate spatial
distribution of data. The model was investigated utilizing a range
of recharge values. The higher rate of recharge resulted in more evaporation
and transpiration as well as more flow out the lakes, springs and west

margin of the aquifer.
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In 1976 the model simulation utilized constant values for specific
yield, recharge rate, grid size spacing and the ET function. The values
varied from node to node for the water levels, hydraulic conductivity,
bottom of aquifer, land elevation, and constant flux. Because the
recharge rate could not be varied from node to node in the 1976 model,
the constant flux was used for varying recharge input into different
nodes. This had to be done because repeated efforts to use a constant
recharge rate always resulted in the "modeled" water levels being lower
than measured water levels along the east margin of the model, and
especially so in the southeast part of the modeled area in Sections
26, 35, 3 and 4 (see Fig. 18). The use of variable constant fluxes
of appropriate magnitudes and locations allowed for much better reproduction
of measured water levels. This is not inconsistent with data gathered
from the easternmost observation wells where higher than expected spring
peaks occur in the measured water levels. The potentiometric surface
shown in Figure 15 shows that the hills to the east are a major source
of recharge to the modeled area.

Some examples of the possible variations in the 1976 model are
shown on lines 1, 2, and 3 of Table 3. The model that was used to
simulate the aquifer system in 1976 is shown on line 3. This model
utilizes an average of about 2% inches of recharge per year. This
rate was approximately doubled (line 2) for a "wet" model and halved
(line 1) for a."dry" model. In both instances the aquifer properties
remained basically the same, only the volumes of water passing through

the aquifer changed. Table 3 shows the variations. Columns 1 (model
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TABLE 3

INFLOW (ac.ft/yr) OUTFLOW (ac.ft/yr)
STEADY STATE QRE Constant Flux Storage ~-Pumping -Pumping Constant Head Evapotranspiration
CALIBRATION Recharge Recharge Decrease Wells Springs Springs ET and Springs
1976 Model
("dry" version) 407 520 0 0 533 0 394
1976 model
("wet" version) 3258 269 0 0 . 1394 0 2133
1976 Model 1343 598 0 0 991 0 950
1976 model
(slightly adjusted) 1387 598 0 ‘ 0 778 ] 1205
1982 model
(altered) 2626 0 0 0 0 862 1764
1976-1980
VERIFICATION
1976 (adjusted) 1387 598 300 514 778 0 993
1982 (altered) 2624 0 239 301 0 824 1738
1981-2000 :
SIMULATION (at steady state)
1982 model )
city of Rugby 2624 0 0 275 0 814 1534
1982 model '
cities of Rughy & Leeds 2624 0 0 425 0 798 1400
1982 model
cities of Rugby & :Leeds
and nearby irrigation 2624 0 0 537 0 764 1322




recharge) and 2 (model constant flux) should be combined as recharge
to the aquifer. ©Note that an approximate doubling of recharge from
the "dry" (927 acre-feet/year) model to the "medium" (1941 acre-feet/year)
model resulted in slightly less than doubling (column 5) the outflow
through springs and more than doubling (column 7) outflow through evapotranspiration
(ET). However a doubling of recharge from the "medium'" model to the
"wetf (3527 acre-feet/year) model results in a smaller increase in
spring flow, and a much larger increase in ET. In essence the modeled
system fills up and ET becomes a much more dominant factor.

This model was used to give examples of impacts based on different
assumptions. Very little was known about the recharge process, and
the magnitudes of the variables described within those processes. The
situation was made all the more difficult because there had been no
major pumping on the system, thus there was no way the model could
be reasonably verified. A comservative estimate (2.24"/yr) was made
of the recharge to the aquifer and the potential impacts were assessed
on a somewhat "worst case'" basis.

In 1982, the model was "dusted off" and used to simulate the 1976
to 1980 water use on the part of Rugby. The model was able to duplicate
reasonably well the measured water levels both spatially and in magnitude.
The 1976 model predicted slightly more drawdown than actually observed,
however, particularly in the vicinity of the production wells. The
1976 model was reevaluated and some chianges were made.

The new model (1982) increased the actual ET rate to a more reasonable

16"/year from 7"/year. All slough nodes where discharge was simulated
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with pumping nodes were discontinued. The recharge in the 1982 model
was increased to 3.03"/year which is larger than the 2.24"/year of
the 1976 model (see Table 3, line 5). The springs on the south side
were modeled as constant head nodes. As constant head nodes in the
1982 model, they put out 13% less water than they did as discharge
nodes in the 1976 model. The springs in the 1982 model represented
a smaller percentage of the overall flow system than they did in the
1976 model.

The refined 1982 model duplicated measured water levels of the
1976 to 1980 time period better than the 1976 model. The 1982 model
should still be considered a crude model, however, and only used for
rough estimates. More data is needed on recharge, and the ET function
which is subject to substantial variations depending on water levels.
Lines 6 and 7 on Table 3 give a comparison of the 1976-1980 verification
run between the slightly adjusted 1976 model and the altered 1982 model.
Line 4 shows the steady state simulation of the slightly altered 1976
model used for verification on line 6. Note that less water is taken
out of storage (colummn 3 lines 6 and 7) in the 1982 model. This is
reflective of the lesser drawdown (better matching field measured values)
in the 1982 model as compared with the 1976 model.

SUMMARY

In 1982 the 1976 Pleasant lake aquifer model was reinvestigated
for the purpose of investigating potential impacts due to proposed
diversion from the Pleasant Lake aquifer by the city of Leeds. Lines

8, 9, and 10 of Table 3 show the variations in the flow system depending
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on different levels of development. These can be compared with line
5 which shows the 1982 model with no development. At any of the three
levels of development, most of the change in flow magnitude occurs
in evapotranspiration losses. This would be reflected predominantly
by a slight lowering (fraction of a foot) of water levels around the
slough areas at the west edge of the study area. The springs to the
south would be affected somewhere in the range of 40 to 100 acre-feet/year.
This would be about 5 to 10% of the total spring flow calculated.
The effects would be a little less in wet periods and a little more
in dry periods.

The development of a computer model of the aquifer has shown a
flow system consisting of more than 2500 acre-feet/year of recharge
to the Pleasant Lake aquifer in the outlined study area. Discharge
has been approximated to be more than 800 acre-feet/year flowing out
the southern springs, and more than 1700 acre-feet/year being evaporated
and transpired from lakes and sloughs.

The simulation of the development of three water permits involving
two municipalities and one irrigation supply totalling over 500 acre-feet/year
show only moderate and acceptable impacts to the springs to the south
(5 to 10% decrease). The aquifer system appears stable and capable

of handling present demands without unreasonable adverse effects.
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TEST HOLE 9361

LOCATION: 156-71-4 ABA DATE DRILLED: 7-23-75
ELEVATION: 1625 DEPTH: 160
(FT, MSL) (FT)
~_POTENTIAL (MV) 19 RESISTANCE (OHMS) 75 DESCRIPTION OF DEPOSITS
—_-‘_-____———71— Glacial Drift
0-83 Sand, fifie=to-medium=———mm——
grained, subrounded to
— 20 rounded, slightly lignitic,

well-sorted.

83-132 lay:-SanﬂYT—ETIE?T_5TE;E——___"ﬂ‘

gray, soft, plastic.

— 40 132-146 Sand, fine-to wery coarse,
angular to subrounded,
gravelly, slightly clayey,
poorly-sorted.

— 60 Fox Iills Formation

146-160 Clay, silty, sandy, medium

light gray, moderately soft,
with some well indurated

— 80 layers.
Observation Well (9361)
— 100 '
J Depth: 141 feet
) S.I. : 138-141 feet
— 120
Observation Well (9361-A)
Depth: 81 feet
~ 40 S. I.: 28—81 feet
— 16
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TEST HOLE 9406
LOCATION:  156-71-4DCD

ELEVATION: 1571
(FT, MSL)

 POTENTIAL (MV) RESISTANCE (OHMS) 55

90-104

— 100

104-~140

— 120

— 140

— 160 L4

DATE DRILLED: 8-13-75

DEPTH: 140
(FT)

DESCRIPTIUN OF DEPOSITS

Glacial Drift

Sand, very fine-to coarse-graine
predominantly medium, subangular
to subrounded, slightly lignitic
oxidized to 40 feet, well-
sorted.

Clay, very sandy, silty, medium
dark gray, soft, poor
sample return.

Clay, sandy, silty, pebbly,
gravelly, olive gray, cohesive
very slightly plastic (till).

Fox Hills Formation

Clay, sandy, silty, medium
gray to medium dark gray,
tight, friable.

Observation Well

Depth: 76 feet
S. I.: 73-76 feet



TEST HOLE 9359

LOCATION: 156-71-544A DATE DRILLED: 7-23-75
ELEVATION: 1598 DEPTH: 120
(FT, MSL) (FT)

POTENTIAL (MV) ., RESISTANCE (OHMS) . DESCRIPTION OF DEPOSITS
-+ ———

Glétiﬁﬁ Drift

0-13 Sand, fine-to coarse-grained,

subangular to rounded, well-

— 20 sorted.
13-28 Clay, sandy, silty, olive
gray, cohesive.
-60 Sand, very fine-to medium
— 40 grained, subangular to
rounded, predominantly quartz,
well-sorted.
60-113 lay, very sandy, silty, olive
L 60 gray, .plastic.
Fox Hills Formation
L 80 113-120 Clay, silty, sandy, medium
< light gray, hard, friable.
— 100

— 140

— 160
45
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TEST HOLE 9358
LOCATION: 156-71-5BAB

ELEVATION: 1590
(FT, MSL)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 10
. —_—

0-22

— 60

— 100

— 120

— 140

— 160
46

180

DATE DRILLED: 7-23-75

DEPTH: 120
(FT)

DESCRIPTIOUN OF DEPOSITS

Glacial Drift

Clay, silty, sandy, moderate
yellowish brown, plastic,
oxidized.

Clay, as above, olive gray.

Clay, very sandy, silty, pebbly,
olive gray, cohesive, slightly
plastic (till).

Fox Hills Formation

Clay, sandy, silty, medium
gray, tight, hard.



TEST HOLE 9408
LOCATION: ~ 156-71-9DCD DATE DRILLED: 8713-75

ELEVATION: 1600 DEPTH: 140
(FT, MSL) (FT)

‘POTENTIAL (MV) 10 RESISTANCE (OHMS) 25 DESCRIPTION OF DEPOSITS
—

Glacial Drift

0-9 Clay, silty, sandy, moderate .
yellowish brown, soft, slightly
plastic, oxidized (lacustrine).

-

— 20

9-24 Clay, —silty bbly,
gravelly, moderate ng}
40 brown, tight, cohe51ve
slightly plastic, oxidize
21 feet (till).

-36 Sand, fine-~to coarse-grained,

subangular to subrounded, pre-
— 60 dominantly quartz, clayey,
L moderately well-sorted.

36-50 Clay, very sandy, silty, pebbly
olive gray, tight cohesive,
slightly plastic (till).

50-116 Clay, silty, sandy, medium
gray, smooth, cahesive
slightly plastic (lacustrine).

116-120 Clay, sandy, silty, pebbly,
olive gray, cohesive, very
slightly plastic (till).

— 100

Fox Hills Formation

i 120-140 Siltstone, clayey, sandy, med-

ium dark gray to bluish gray,
tight, brittle.

— 140

— 160
47
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TEST HOLE 9407

LOCATION: 156-71-10CBB DATE DRILLED: 8-13-75
ELEVATION: 1580 DEPTH: 120
(FT, MSL) (FT)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 25 DESCRIPTION OF DEPOSITS
< —_—

Glacial Drift

Sand, very fine-to fine-grained
subroungedq to rounded, pre-
dominantly quartz, oxidized.

Clay, silty, sandy, pebbly
moderate yellowish brown,
tight, cohesive, very slightly
plastic (till).

Sand, fine to very coarse-
grained, predominantly coarse,
angular to subrounded, .(about
40 percent fine to coarse
gravel), poorly-sorted, taking
some water.

Clay, very silty, sandy, medium
gray, smooth, cohesive (lacus-
trine).

Clay, sandy, silty, pebbly,
olive gray, cohesive,very
slightly plastic (till).

Sand, very fine-to coarse-
grained, subangular to sub-
rounded, well-sorted.

Clay, sandy, silty, pebbly,
gravelly, olive gray, tight
cohesive (till).

Fox Hills Formation

78-120 Clay, sandy, silty, medium
gray, hard friable.

— 140

— 160
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TEST HOLE 9405

LOCATION: 156-71-16BBA DATE DRILLED: 8-13-75
ELEVATION: 1540 DEPTH: 100
(FT, MSL) (FT)
~ POTENTIAL (MV) 10 RESISTANCE (OHMS) ;g DESCRIPTION OF DEPOSITS
- Glacial Drift
0-7 Clay, very silty, sandy, moderate
yellowish brown, moderately
- 20 > cohesive, very slightly plastic
¢ (lacustrine).
7-21 Clay, as above, medium dark
gray (lacustrine).
— 40
21-6 Clay, sandy, silty,
Pebbly, olive gray, tight,
ohesive, very slightly
plastic (till).
— 60
Fox Hills Formation
68-100 Shale, silty, sandy, dark gray
— 80 to brownish black, tight,
brittle.
— 190 Observation Well
Depth: 56 feet
S.I. : 53-56 feet
— 120
— 140
— 160
49
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TEST HOLE 9363

LOCATION: 156-71-17CDA DATE DRILLED: 7-24-75
ELEVATION: 1570 , DEPTH: 100
(FT, MSL) - (FT)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 14 DESCRIPTION OF DEPOSITS
- T

Glacial Drift

Sand, very fine-to medium
grained, clayey, silty, poorly-
sorted.

Clay, silty, moderate yellowish
brown, soft, slightly
plastic.

Clay, silty, sandy, olive gray
soft, cohesive, slightly
plastic.

Sand, fine to coarse-grained
angular to subrounded,
clayey, poorly-sorted, crock
at 77 feet.

Clay, sandy, silty, pebbly,
gravelly, olive .gray, .soft
slightly. plastic. ... .:.:

Fox Hills Formation

= |
00 90-100 Clay, silty, sandy, medium
gray, moderately soft.
— 120
Observation Well
Depth: 76 feet
S. I.: 73-76 feet
— 140
— 160

50

120




LOCATION: 156-71-20ACA

ELEVATION: 1550
(FT, MSL)

 POTENTIAL (MV)

TEST HOLE 9364

RESISTANCE (OHMS) 25
————

20

40

60

80

100

120

140

160

180

5-14

14-20

20-38

38-52

52-60

51

DATE DRILLED: 7-24-75

DEPTH: 60
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Sand, fine-to medium-
grained, clayey, well-
sorted, oxidized.

Clay, silty, moderate
yellowish brown, very
soft, slightly plastic, oxidized

Clay, sandy, silty, pebbly,
olive gray, slightly
plastic (till).

Gravel, sandy, medium to very
coarse, subangular to rounded

Clay, sandy, silty, pebbly,

gravelly, olive gray,
slightly plastic (till).

Fox Hills Formation

Clay, silty, sandy, medium
gray, with some hard sand
layers.

Observation Well

Depth: 36 feet
S. I.: 33-36 feet



TEST HOLE 9362

LOCATION: 156-71-20CDC DATE DRILLED: 7-24-75
ELEVATION: 1535 ‘ DEPTH: 60 )
(FT, MSL) (FT)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 10 DESCRIPTION OF DEPOSITS
- e 4

Glacial Drift

Clay, sandy silty, light gray
to greenish gray, plastic.

Clay, silty, sandy, pebbly,
olive gray, very slightly
plastic (til1).

Sand, fine to very coarse graine
angular to subrounded, sitty,
clayey, very gravelly after

29 feet.

— 60 Fox Hills Formation

4g-60 Siltstone, sandy, medium gray
to olive gray, hard , brittle.

— 80

Observation Well
— 100 Depth: 46 feet

S. l.: L43-46 feet
— 120
— 140
— 160

52

IR0




TEST HOLE 9354

LOCATION: 156-72-2ABA DATE DRILLED: 7-22-75
ELEVATION: 1568 DEPTH: 1490
(FT, MSL) (FT)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 25 DESCRIPTION OF DEPOSITS
-t .\——-—
Glacial Drift
Sand, very fine- to fine-grained,
subrounded to rounded, slightly
L 20 lignitic, well-sorted, oxidized.
Silt, very clayey, sandy,
moderate yellowish brown, soft,
slightly plastic, oxidized
Silt, as above, medium dark gray,
L 40 tight after 100 feet.
— 60
— 80
— 100
— 120 Clay, silty, sandy, pebbly,
olive gray, cohesive, slightly
plastic (til1).
Yravel, shaley, medium to coarse,
angular to subrounded, poorly-
— 140 sorted.
Fox Hills Formation
131-140 Clay, sandy, silty, shaley,
medium 1ight gray to greenish
~ 160 gray, hard, friable.
53
180



TEST HOLE 9355
LOCATION: 156-72-3ABB

ELEVATION: 1553
(FT, MSL)

POTENTIAL (MV) RESISTANCE (OHMS)
i P il

— 10

92-120

~ 120

— 140

— 160

54

DATE DRILLED: 7-22-75

DEPTH: 120
(FT)

DESCRIPTION OF DEPOSITS

flacial Drift

Clay, silty, sandy, moderate
vellowish brown, cohesive,
very slightly plastic, oxidized.

Clay, as above, medium gray,
sand layers 60-70 feet.

Sand, fine- to very coarse-
qrained, gravelly, angular to
subrounded, slightly lignitic,
poorly sorted.

Clay, sandy, silty, pebbly,
olive gray, tight, very slightly
plastic (till).

Fox Hills Formation

Clay, sandy, silty, shaley,
medium to greenish gray,
hard, friable.

Observation Well

Depth 81 feet
Screened interval 78-81 feet



TEST HOLE 4399

LOCATION: 156-72-9CDC DATE DRILLED: 8-12-75
ELEVATION: 1570 DEPTH: 120

(FT, MSL) (FT)

 POTENTIAL (MV) 19 RESISTANCE (OHMS) 1 DESCRIPTION OF DEPOSITS

Glacial Drift

0-14 Clay, very silty, sandy, moderate
yellowish brown, cohesive,

— 20 sticky, slightly plastic,

oxidized (lacustrine).

y 14-29 Clay, as above, medium
( dark gray (lacustrine).

— 40 29-36 Clay, sandy, silty, pebbly,
olive gray, tight very
slightly plastic (till).

36-69 Clay, very silty, sandy, medium
gray, tight, brittle (lacustrine)

69~104 Sand, fine~to very coarse-
grained, predominantly
coarse, angular to sub-
rounded, (about 20 percent
fine to coarse gravel),
moderately well-sorted.

Fox Hills Formation

104-120 Shale, silty, sandy, medium

= 10 dark gray, hard, brittle.

— 1PO Observation Well

Depth: 101 feet
S. I.: 98 - 101 feet

— 140

— 160
55

180



TEST HOLE 9400

LOCATION: 156-72-16AAA DATE DRILLED: 8-12-75
ELEVATION: 1572 DEPTH: 120
(FT, MSL) (FT)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 10 DESCRIPTION OF DEPOSITS
-+ ——eip

Glacial Drift

Clay, silty, slightly sandy,
moderate yellowish brown, soft,
cohesive, oxidized (lacustrine).

20-29 Clay, s s~silty, pebbly,
olive gray, with a fine to
very coarse sand layer 23-27
feet (till).

29-44 Sard, very fine~to medium
grained, subraunded to
rounded numerous interbedded
clay layers.

Clay, very silty, sandy, medium
gray, tight after 65 feet
(lacustrine).

Clay, sandy, silty, pebbly,

olive gray, cohesive, tight
(till).

Fox Hills Formation

— 100

103-120 Shale, silty, sandy, medium

to medium dark gray, tight,
brittle.

~ 140

- 160
56




TEST HOLE 9398
LOCATION: 156-72-18AAA

ELEVATION:1555

(FT, MSL)
POTENTIAL (MV) 19 RESISTANCE (OHMS) 19
e . 2 —————
:> 0-18
— 20 C
18-24
14~
~ 40
38-64
— 60
— 80
82-100
—A00
— 120
— 140
— 160
57
180

DATE DRILLED: 8-12-75

DEPTH: 100
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Silt, sandy clayey, moderate
yellowish brown, soft, slightly
plastic, oxidized.

Silt, as above, medium dark
gray.

Sand, very fine- to fine-
grained, subrounded to
rounded, clayey, moderately
well-sorted.

Clay, sandy, silty,
medium to olive gray, very

tight, cohesive.

Clay, sandy, silty, pebbly,

olive gray, tight, very slightly

plastic (till).

Fox Hills Formation

Clay, sandy, silty, brownish
to medium gray, hard, tight
friable.



LOCATION: 157-71-2DCB

ELEVATION: 1620
(FT, MSL)

- POTENTIAL (MV) 10

— 20

— 100

~ 120

— 140

— 160

180

TEST HOLE 9345

58

RESISTANCE (OHMS) 10
- —————

0-21

21-86

DATE DRILLED: 7-17-75

DEPTH: 100
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, sandy, silty, pebbly,
moderate yellowish brown,
tight, cohesive, slightly
plastic (till).

Clay, sandy, silty, pebbly,
olive gray, tight, with gravel
layers 48-50 feet and 54-56
feet (till).

—

86-100

Fox Hills Formation

Siltstone, clayey, sandy,
l1ight bluish gray to medium
light gray, hard brittle.



TEST HOLE 9349

LOCATION: 157-71-3CCD DATE DRILLED: 7-21-75
ELEVATION: 1612 DEPTH: 100
(FT, MSL) (FT)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 10 DESCRIPTION OF DEPOSITS
Glacial Drift
——

-__—6:3__—-_“Sand7'vefy—f' e~ to coarse-
grained, angular ubrounded,
well-sorted, oxidized:

ty—samdy,

— 20 3-8 Clay, silt
i erate yellowish brown,
slightly plastic, oxidized.

-25 Sand, very fine- to coarse-
grained, gravelly, angular to
40 subrounded, well-sorted, oxidized.
25-31 Clay, silty, slightly sandy,

moderate yellowish brown,
moderately cohesive, oxidized.

31-36 Clay, as above, medium dark gray.

— 60 36-57 Sand, fine- to coarse-grained,
predominantly medium, angular
to rounded, well-sorted.

57-74 Clay, silty, sandy, medium dark
to light gray, tight.
— 80
Fox Hills Formation
74-100 Siltstone, clay, sandy, medium
gray to pale blue, hard, friable.
— 100
Observation Well
Depth 56 feet
~ 120 ; Screened interval 53-56 feet
- 140
— 160

59

180



LOCATION: 157-71-3DCD

. ELEVATION: 1606
(FT, MSL)

_POTENTIAL (MV) 10

RESISTANCE (OHMS) 10
———

TEST HOLE 9348
DATE DRILLED: 7-21-75

DEPTH: 80
(FT)

DESCRIPTION OF DEPOSITS

20

40

60

80

100

120

140

160

180

Glacial Drift

Sand, very fine-to medium=-grainec
subrounded to rounded, mostly
quartz, well-sorted, oxidized.

Clay, silty, sandy, dark gray,
cohesive, very slightly plastic.

Sand, very fine-to medium-grainec
angular to rounded, moderately
lignitic, well-sorted.

Clay, sandy, silty, pebbly,
gravelly, olive gray, (with a ve:
fine-to medium-grained sand laye!
36-41 feet) cohesive (till).

Sand, fine~-to medium-grained,
subrounded to rounded, well-soric

Clay, silty, moderately sandy,
medium dark gray, soft, cohesive.

Fox Hills Formation

68-80 Siltstone, clayey, sandy, medium
light gray to pale blue, hard,
friable.

60



TEST HOLE 9332

LOCATION: 157-71-8cCC
ELEVATION: 1588
(FT, MSL)

—————————30=% = in

DATE DRILLED: 7-14-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift
Clay, Silty, sandy, moderate
yellowish brown, soft, very
slightly plastic, oxidized.

Sand, very fine to medium, rounded
lignitic, clayey to 32 feet.

Clay, silty, slightly sandy,
dark gray, cohesive. |
Sand, very fine to very coarse,
to subrounded, (about
to coarse gravel)

Clay, silty, sandy, pebbly, olive
gray, very slighty plastic (till).

and fine to coarse, sub-
‘ﬁtfiff‘:i:::fd"]ignitic.
Silt, very yey, sandy, medium

dark ightly plastic.

Sand; fine to very coarse,

angular Dssggigynded,
predoninantby—quartz, lignitic,

_ POTENTIAL (MV) 10 RESISTANCE (OHMS) 10
— 20
~ 40
5
— 60
63-72
— 80 72-78
78-87
- 100 87-92
_ &5 92-98
98-107
— 140
107-140
— 160
61
180

moderately well-sorted.

Silt, very clayey, sandy, medium
dark gray, slightly plastic.

Sand, very fine to very coarse,
angular to subrounded, lignitic,
moderately well-sorted.

Fox Hills Formation

Clay, very silty, sandy, medium
gray, hard, brittle. :

Observation Well

106 feet
103-106 feet

Depth:
Se |ai



LUCATION:  157-71-9CCC

ELEVATION: 1589

TEST HOLE 9336

(FT, MSL)
POTENTIAL (MV) RESISTANCE (OHMS)
. —
0-14
— 20
14-34
— 40
34-38
— 80 50-80
— 100
— 120
— 140
— 160
62
180

DATE DRILLED: 7-16-75

DEPTH: 80
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift
Sand, fine to coarse,
predominantly medium, angular
to subrounded, mostly quartz,
slightly lignitic, oxidized,
well-sorted.

Clay, very sandy, silty, medium
gray to dark gray, soft, very
slightly plastic (lacustrine).

Sand, fine to very coarse, angul:
to subrounded, predominantly.
quartz, moderately well-sorted.

Clay, very silty, slightly sandy,
medium dark gray, very slightly
plastic.

Fox Hills Formation

Clay, very sandy, medium 1light
gray to medium gray, hard,
friable, silty.



TEST HOLE 9344

LOCATION:  157-71-11cCCC
ELEVATION: 1622
(FT, MSL)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 25
= —_—

— .

— 20

0-40

— 40 <:f 40-45

45-58
— 60

58-100
- 80
— 100
L 120
— 140

— 160 63

DATE DRILLED: 7-17-75
DEPTH: 100
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

and;~very-fine~to_very coarse
grained, angular to sub[ounded,

(about 10 ent_fi- o coarse
gravel) slightly lignitic,
moderately well-sorted, oxidized
to 36 feet.

Clay, silty sandy, medium dark
gray, soft, cohesive, very
slightly plastic.

Gravel, medium to coarse, angular
to subrounded, (about 40% very
fine to very coarse sand).

Fox Hills Formation

Siltstone, clayey, sandy,
medium light gray to pale
blue, hard, friable.

Observation Well

Depth: 51 feet
S. I.: 48-51 feet



TEST HOLE 9342
LOCATION:  157-71-14CDC

ELEVATION: 1608
(FT, MSL)

POTENTIAL (MV) 19 RESISTANCE (OHMS) »g
- Pl 8

45-63
— 80

63-80
— 100
— 120
—~ 140

—~ 160 64

DATE DRILLED:  7-17-75

DEPTH: 80
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Sand, fine to very coarse
grained, angular to subrounded,
stightly lignitic, moderatley
well-sorted, oxidized to 21 fee

Clay, sandy, silty, pebbly,
olive gray, ver slightly
plastic (till).

Sand, very fine to coarse
grained, angular to rounded,
mostly quartx, slightly ligniti

Clay, silty, sandy, medium
dark gray, soft, very slightly
plastic.

Sand, very fine to coarse
grained, angular to rounded,
mostly quartz, slightly ligniti

Fox Hills Formation

Siltstone, clayey, sandy, mediu
light to medium dark gray,
hard, friable.

Observation Well

Depth: 61 feet
S. l.: 58-61 feet



TEST HOLE 9409
LOCATION: 157-71-15CCC

ELEVATION: 1612

(FT, MSL)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 25
- ——p
—
0-10
20
10-20
- 40
L 60
-38
e
L 80
8-43
L 100 43-82
120
82-100
L 140
160
65
180

DATE DRILLED: 8-14-75

DEPTH: 1qgp
(FT)

DESCRIPTIUN OF DEPOSITS

Glacial Drift

Sand, fine to very coarse grained
angular to subrounded, well-sorted
oxidized, taking water.

Clay, silty, sandy, moderate
yellowish brown to medium gray
smooth, cohesive, oxidized to
20 feet (lacustrine).

Sand, fine to coarse grained,
subangular to subrounded, well-
sorted.

Clay, silty, sandy, medium gray,
smooth, cohesive, slightly
plastic (lacustrine).

Sand, fine to coarse grained,
subangular to subrounded,
mostly quartz.

Clay, silty, sandy, medium gray,
smooth, slightly plastic
(lacustrine).

Sand, fine to very coarse grained,
subangular to subrounded, well-
sorted, with clay layer 57-59 feet
very gravelly 76-82 feet.

Fox Hills Formation

Clay, sandy, silty, medium gray
to light bluish gray, tight,
friable.



TEST HOLE 9343

LOCATION: 157-71-15DDD DATE DRILLED: 7-17-75
ELEVATION: 1625 DEPTH: 120
(FT, MSL) (FT)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 50 DESCRIPTION OF DEPOSITS
@ i Koelinsns.

Glacial Drift

Sand, very fine to very coarse
grained, angular to subrounded,
out 10 percent medium to
arse gravel), moderately well-
sorted, mixed 2 bags of mud,
oxidized to 40 feet.

78-89 Clay, very silty, sandy, medium
dark gray, moderately cohesive.

89-98 Clay, sandy, silty, pebbly,
gravelly, olive gray (till).

Fox Hills Formation

98-120 Siltstone, clayey, sandy, medium
light to medium dark gray, with
an indurated sandstone from 106
to 108 feet.

~ 120

Observation Well

~ 140

Depth: 71 feet
S. l.: 68-71 feet

66
~— 160




TEST HOLE 9337

LOCATION: 157-71-16CCC DATE DRILLED: 7-16-75
ELEVATION: DEPTH: 59
(FT, MsL) °23 (FT)
POTENTIAL (MV) RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS
-+ S el
— | Gachal Drift
Sand, very fine to coarse
predominant ly medium, angular
L 50 to rounded, slightly lignitic,
moderately well-sorted,
oxidized.
Silt, very clayey, sandy, medium
dark gray, slightly plastic.
— 40
— 60
Clay, sandy, silty, pebbly,
olive gray, tight, very
slightly plastic (till).
— 80
Fox Hills Formation
— 100 06-120 Sandstone, clayey, silty,
_) medium 1ight to medium dark
gray, hard, friable.
—~ 120
— 140
— 160 67




LOCATION: 157-71-19AAA

ELEVATION: 1590
(FT, MSL)

- POTENTIAL (MV)

68

TEST HOLE 9333
RESISTANCE (OHMS)
———————
0-5
— 20
5-60
- 40
— 60
— 80
— 100
~ 120
116-140
— 140
~ 160

DATE DRILLED: 7-15-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS
Glacial Drift

Clay, very sandy, silty, dark
yellowish brown, soft,
oxidized.

Sand, very fine to medium
grained, rounded, well-sorted
oxidized to 20 feet.

Clay, very sandy, silty,
dark gray, slightly plastic.

Clay, silty, sandy, pebbly,
medium dark gray to olive
gray, very slightly plastic
(til1).

Fox Hills Formation

Siltstone, light to medium
gray, clayey, sandy, hard,
friable.



TEST HOLE 9338

LOCATION: 157-71-200DDD DATE DRILLED: 7-17-75
ELEVATION: 1587 DEPTH: 120

(FT, MSL) (FT)

~ POTENTIAL (MV) RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS

Glacial Drift

0-16 Clay, very silty, sandy, moderate
yellowish brown, soft, very
slightly plastic, oxidized.

— 20
::>?15‘79 Clay, very silty, slightly
sandy, medium dark gray, soft,
poor sample return.
— 40
— 60

Sand, fine ﬁo very coarse,
angular to subrounded, slightly

’ lignitic, moderately well-sorted.

80-107 Clay,esrrty;—Sandy, pebbly,
with erhedded gravel layers,

med i da to olive gray, very

slightly plastic (till).

— 100

Fox Hills Formation

107-120 Siltstone, clayey, sandy,
medium light to medium dark
gray, hard, friable.

= 120

No Observation Well

-~ 140

- 160 69




TEST HOLE 9410

ELEVATION: 1604 DEPTH: 120
(FT, MSL) (FT)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 25 DESCRIPTION OF DEPOSITS
< —_—

Glacial Drift

Sand, fine to coarse grained,
subangular to subrounded,

. 2.0 oxidized to 20 feet, well-sorted.
Clay, very silty, sandy, medium
gray, smooth, soft (lacustrine).

51-56 Clay, sandy, silty, pebbly,
— 40 olive gray, tight, cohesive
very slightly plastic (till).

56-64 Gravel, fine to coarse, angular
to subrounded, (about 30% fine
to very coarse grained sand),

— 60 shaley.
64-66 Clay, silty, sandy, medium gray,
tight, slightly plastic.
66-69 Sand, fine to very coarse grainec
— 80 ‘ subangular to subrounded,

prodominantly quartz, well-sortec

69-75 Clay, sandy, silty,pebbly, olive
gray, tight, very slightly
plastic (till).

— 00
75-93 Clay, very silty, sandy, medium
gray, tight, slightly plastic
smooth (lacustrine)
L 120 Fox Hills Formation
93-120 Sandstone, clayey, silty, light
gray to light bluish gray,
tight, friable.
— 140
— 160

70

120




LOCATION: 157-71-21DCC
ELEVATION: 1596
(FT, MSL)

 POTENTIAL (MV) {0

— 20

B 40

— 100

— 120

— 140

— 160

180

TEST HOLE 9411

RESISTANCE (OHMS) 25

r——— e

—-i;%§;;;>
5-10
fé;igs

101-109

<::::—‘-|O9-l|5

-

115-140

71

DATE DRILLED: 8-18-75

DEPTH:
(FT)

140

DESCRIPTION OF DEPOSITS
Glacial Drift

Sand, very fine to fine grained,
subangular to rounded, well-
sorted, oxidized.

Clay, very silty, sandy, moderate
yellowish brown, soft, smooth,
cohesive, oxidized.

Sand, very fine to medium grained
subangular to rounded, lignitic.

Clay, as above, medium dark gray.

Sand, very fine to medium grained
subangular to rounded, with a
clay layer 37-39 feet.

Clay very silty, sandy, medium
dark gray, soft smooth, slightly
plastic, with several small inter-
bedded sand layers (lacustrine).

Sand, very fine to medium grained,
subangular to subrounded,
predoninantly quartz, well-sorted.

Clay, very silty, sandy, medium
gray, soft, slightly cohesive.

Sand, fine to very coarse grained
predomina 1y coarse, angular to
subrounded. lignitic, moderately
well-sorted.

Fox Hills Formation

Shale, sandy, silty, medium
gray, hard, tight, brittle.

Observation Well

Depth:
S: lss

115 feet
112-115 feet



TEST HOLE 9414
LOCATION: 157-71-22ABB DATE DRILLED: 8-19-75

ELEVATION: 1612 DEPTH: 140
(FT, MSL) (FT)

~_POTENTIAL (MV) 1 RESISTANCE (OHMS) 75 DESCRIPTION OF DEPOSITS
—_—

—”—,;::::::::’ Glacial Drift
7 Sand, fine-to very coarse-

grained, predominantly coarse,
angular to subrounded, moderatel
well-sorted, oxidized to 10 feet

— 20

L47-377 Silty, sandy, clayey, medium
gray, soft, smooth (lacustrine).

77-114 Clay, sandy, silty, pebbly, oliv
gray, tight, slightly plastic
(ti11) - possible reworked Fox
Hills 104-114 feet.

11 19 Gravel, fine to coarse, angular
to subrounded, (about 40 percent
fine to very coarse sand).

— 100
119-124 Clay, sandy, silty, pebbly, oliv

gray, tight, very slightly
plastic (till).

Fox Hills Formation

- |2
° 124-140 Siltstone, clayey, sandy, medium

gray to brownish gray, hard,
tight, friable.

- 140 Observation Well

Depth: 46 feet
S. l.: 43-46 feet

— 160 72




LOCATION: 157-71-22CCB

ELEVATION: 1614
(FT, MSL)

~ POTENTIAL (MV)

10

TEST HOLE 94)2
' DATE DRILLED: 8-18-75

DEPTH: 120
(FT)
RESISTANCE (OHMS) 25 DESCRIPTION OF DEPOSITS

d, fine to very coarse grained

predoninantL¥_mggi§;dzgmcoarse,
angular to subroun s~nostly

— 20 quartz, lignitic, moderafely
:E;:"———___——WETT:ES;;;g’ oxidized to 35 feet.
67-80 Clay, very silty, sandy, medium

gray, soft, with several inter-

~ 40 bedded sand layers.

— 60

— 80

80-98 Sand, fine to coarse grained

subangular to subrounded, slightly
lignitic, well-sorted.

— 100 98-103 Clay, sandy, silty, pebbly,
olive gray, very slightly plastic
(tinn).
Fox Hills Formation

— 120 103-120 Sandstone, fine grained, clayey
silty, medium gray, to medium
bluish gray, hard, tight, brittle.

~ aQ Observation Well
Depth: 96 feet
S. l.: 93-96 feet.

— 160

73

180



TEST HOLE 9413
LOCATION: 157-71-22CDD DATE DRILLED: 8-18-75

ELEVATION: 1599 DEPTH: 100
(FT, MSL) (FT)

POTENTIAL (Mv) 10 RESISTANCE (OHMS) 25 DESCRIPTION OF DEPOSITS
ot e ————
Glacial Drift

0+ Sand, fine-to very coarse-graine
subangular to subrounded, pre-
dominantly quartz, well-sorted

— 20 oxidized.

9-1 Clay, silty, sandy, pebbly, oliv
gray, cohesive, slightly plastic
(ti11).

Sand, fine-to very coarse-graine
angular to subrounded moderately
well-sorted, slightly lignitic.

Silt, sandy, clayey, medium gray
soft.

Clay, sandy, silty, pebbly, oliw
gray, cohesive very slightly
plastic (till).

Sand, fine-to coarse-grained,
subangular to subrounded, pre-
dominantly quartz, well-sorted.

Clay, sandy, silty, pebbly, oliv
gray (till).

— 100

66-78 Sand, fine-to very coarse-graine
predominantly coarse, gravelly,
moderately well-sorted.

78-84 Clay, sandy, silty, pebbly, oliv
— 120 gray, tight, very slightly plast
(tin).

Fox Hills Formation

84-100 Shale, sandy, silty, medium to
brownish gray, hard, tight,
friable.

— 140

Observation Well

— 180 Depth: 73 feet

24 S. I.: 70-73 feet

1260




TEST HOLE 9419
LOCATION:  157-71-23CBB DATE DRILLED: 8-20-75

ELEVATION: 1617 DEPTH: 1617
(FT, MSL) (FT)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 25 DESCRIPTION OF DEPOSITS
- ———b>

\\'_—

Glacial Drift

0-65 Sand, fiﬂg_ﬁg_lsﬁl_coanse-—————-‘

grained; predominantly coarse
angular to subrounded, slightly

haley and lignitic, well-sorted,
oxidized to 30 feet

5-87 Silt, very sandy, clayey, medium
gray, smooth (lacustrine).

87-127 Clay, sandy, silty, pebbly,
olive gray, tight, cohesive,
very slightly plastic (till).

— 100

Fox Hills Formation

— 120

127-140 Siltstone, clayey, sandy,
medium gray to light bluish
gray, hard, tight, friable.

—~ 140

Observation Well

— 160 75

Depth: 61 feet
S. I.: 58-61 feet




LOCATION: 157-71-26BAA

ELEVATION: 1633
(FT, MSL)

 POTENTIAL (MV) 1g

TEST HOLE 9417
DATE DRILLED: 8-19-75

DEPTH: 160

(FT)

RESISTANCE (OHMS)545 and 25 DESCRIPTION OF DEPOSITS

\ A

jo

— 60

2

Glacial Drift

Clay, silty, ndy, dark
yellowish océﬁzzjliﬂ;glifﬂrfizf
oxidized (lacustrine).

Sand, fine-to very coarse-
grained, predominantly—cSarse,
angular to subrounded, oxidized
to L0 feet.

0-6

&=59

40

59-70 Silt, very sandy, clayey,
medium-gray, cohesive, very

slightly plastic (lacustrine).

70-145 Clay, sandy, silty, pebbly, oliv
gray, tight, cohesive, very

slightly plastic (til1).

Fox Hills Formation

145-160 Siltstone, clayey, sandy,
medium gray to brownish gray,
hard, tight, friable, with

indurated sandstone layers.

N
.

Observation Well

160 76 56 feet

53-56 feet

Depth:
S. I.:



TEST HOLE 9418

LOCATION: 157-71-26BBA DATE DRILLED: 8-20-75
ELEVATION: 1626 DEPTH: 120
(FT, MSL) (FT)
 POTENTIAL (MV) 10 RESISTANCE (OHMS) 50 DESCRIPTION OF DEPOSITS
- \

— Glacial Drift

0-57 Sand, fine-to very co
grained, pre nantly coarse,
angular to subyounded, gravelly,
moderatel well-sorted,
oxidized to 4O feet.

Clay, sandy, silty, medium
gray, slightly cohesive.

Sand, very fine-to coarse-
grained, subangular to sub-
rounded, predominantly quartz,
well-sorted.

Clay, very sandy, silty, medium
dark gray to olive gray, tight,
cohesive, very slightly plastic,
numerous interbedded layers of
sand and gravel-terminated hole
at 120 feet due to a granite
boulder.

Observation Well

Depth: 55 feet
S. l.: 52-55 feet

— 120

~ 140

— 160 77




TEST HOLE 9416
LOCATION: 157-71-26BCB DATE DRILLED: 8-19-75

ELEVATION: 1614 DEPTH: 140
(FT, MSL) (FT)

POTENTIAL (MV) 19 RESISTANCE (OHMS) ,¢ DESCRIPTION OF DEPOSITS
s ———
\\—_

Glacial Dri

0-89 Sand; T1ne very—coarses—-——"
Fained, predominantly coarse,
angular to subrounded, (about 15
percent fine to coarse gravel)

lignitic, well-sorted.

— 20

Silt, very sandy, clavyey,
medium gray, soft, slightly
cohesive (lacustrine).

— 100
Clay, sandy, silty, pebbly,
Olive gray, tight, very slightly
plastic (till).

Fox Hills Formation

— |20

122-140 Siltstone, clayey, sandy,
medium gray, to medium bluish
gray, hard, tight, friable.

— 140 _ Observation Well

Depth: 81 feet
S. t.: 78-81 feet

— 160 78




LOCATION: 157-71-26BCC

ELEVATION: 1611
(FT, MSL)

~ POTENTIAL (MV) 10

TEST HOLE 9421

— 40

— 60

— 80

—~ 100

= 120

RESISTANCE (OHMS) 25

— 20

73-84

84-90

90-95

95-102

102-137

/(,) 137-160

— 160
79

180

DATE DRILLED: 8-20-75

DEPTH: 160
(FT)

DESCRIPTIUN OF DEPOSITS

(’—_—_________———Glacia] Drif

Sand, fine-to very coarse-
grained, predominantly coarse,
angular to subrounded, more
medium-grained after 50 feet,
well-sorted, oxidized to 25 feet.

Silt, very sandy, clayey,
medium gray, soft, smooth,
very slightly plastic (lacustrine)

Sand, very fine-to coarse-
grained, subangular to subrounded,
lignitic, well-sorted.

Clay, sandy, silty, pebbly,
olive gray, tight, very slightly
plastic (till).

Sand, very fine-to coarse-
grained, subangular to sub-
rounded, lignitic, well-sorted.

Clay, sandy, silty, pebbly,
olive gray, tight, very slightly
plastic (till1).

Fox Hills Formation

Siltstone, clayey, sandy,
medium gray to light bluish
gray, tight, hard, friable.

Observation Well

Depth: 71 Feet
S. l.: 68-71 Feet



TEST HOLE 9422

ELEVATION: 1619 DEPTH: 140
(FT, MSL) (FT)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 25 DESCRIPTION OF DEPOSITS
- P .
T T ThuctalBeiig
0-67 Sand, fine to very coarze grain
predoninantly coarse, angular t
— 20 roundedT—most+y*quar{z,

slightly lignitic, well-sorted
oxidized to 30 feet.

—~ 40
— 60
Clay, very sandy, silty,
medium gray, soft, slightly
cohesive (lacustrine).
— 80
— 100 .
Clay, very sandy, silty, pebbl:
olive gray, moderately tight,
very slightly plastic (till).
— 120
Fox Hills Formation
122-140 Siltstone, clayey, sandy,
light bluish to brownish
140 gray, hard, tight, friable.

Observation Well

Depth: 64 feet
— 160 80 S. 1.: 58-6k feet




TEST HOLE 9415
LOCATION: 157-71-26CBB

ELEVATION: 1607

(FT, MSL)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 25
> —_——
\
E
— 20
<
- 60
79-102
- 80
180 109115
130 115-124
[p— 124-140
L 160 81

DATE DRILLED: 8-19-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Sand, fine-to very coarse-
grained, predominantly coarse
angular to subrounded, lignitic,
well-sorted, oxidized to 15 feet.

Silty, very sandy, clayey,
medium-gray, soft, slightly
cohesive (lacustrine).

Gravel, fine to coarse, angular
to subrounded, (about 40 percent
fine to very coarse sand) poorly-
sorted.

Clay, sandy, silty, pebbly, olive
gray, very slightly plastic
(ti11). ;

Fox Hills Formation

Siltstone, clayey, sandy,
medium bluish gray, to brownish
gray, hard, tight, friable.

Observation Well

Depth: 77 feet
S. |.: 74-77 feet



TEST HOLE 9420

LOCATION: 157-71-26CCC DATE DRILLED: 8-20-75
ELEVATION: 1611 DEPTH: 140
(FT, MSL) (FT)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 25 DESCRIPTION OF DEPOSITS
- e s ——
- GlaciakDrift
0- Sand, fine-to very coarse-
’:::::7 grained, predominantly coarse
- 20 to 60 feet medium after 60 feet,
well-sorted, oxidized to 30 feet.
— 40
— 60
— 80
84-88 Silt, very sandy, clayey,
medium gray, soft, smooth.
88-108 Gravel, fine-to coarse-grained,
L 100 angular to subrounded, poorly-
sorted.
108-117 Clay, sandy, silty, pebbly, olive
gray, tight, cohesive (till).
120 Fox Hills Formation
117-140 Siltstone, clayey, sandy,
medium gray to light bluish gray,
hard, tight, friable.
— 140
Observation Well
Depth: 101 feet
S. l.: 98-101 feet
— 160
82
1M




TEST HOLE 9339
LOCATION: 157-71-28ccC DATE DRILLED:

7=17=75
ELEVATION: 1593 DEPTH: 120
(FT, MSL) (FT)
POTENTIAL (MV) o RESISTANCE (OHMS) 10 DESCRIPTION OF DEPOSITS
Glacial Drift

0- Sand, very fine to fine grained,
slightly lignitic, well-sorted,

- 20 oxidized.

9-18 Clay, very silty, sandy, moderate
yellowish brown, soft, very
slightly plastic.

L 40 18-106 Clay, sandy, silty, medium
dark gray, soft, moderately
cohesive.

— 60

— 80

— 100
Fox Hills Formation

i06-120 Siltstone, clayey, sandy,
medium light to medium dark

~ 120 gray, hard, friable.

— 140

— 160 83




TEST HOLE 9335

LOCATION:  157-71-29¢CC
ELEVATION: 1580
(FT, MSL)
 POTENTIAL (MV) 1g RESISTANCE (OHMS) 25
—_—
0-23
— 20
23-94
- 40
— 60
- 80
94-100
~- 100
100-120
— 120
— 140
~ 160
84
19200

DATE DRILLED: 7-15-75

DEPTH: 120
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, very silty, slightly
sandy, moderate yellowish brown,
soft, oxidized (lacustrine).

Clay, very sandy, silty,

medium dark gray, soft, sticky
(lacustrine).

Clay, sandy, silty, pebbly,
olive gray, tight {till).

Fox Hills Formation

Ciay. very sandy, silty,
medium gray to dark gray, hard.
friable



LOCATION: 157-71-30AAA
ELEVATION: 1592

TEST HOLE 9334

(FT, MSL)
POTENTIAL (MV) RESISTANCE (OHMS)
. -_{OHMS)
0-28
[ 20
28-124
- 40
— 60
- 80
- 100
~ 120 1242131
14 131-140
L 160
85

180

DATE DRILLED: 7-15-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Sand, very fine to fine, rounded,
moderate yellowish brown,
clayey, oxidized.

Silty, very clayey, sandy,
medium dark gray, soft (lacustrine)

Clay, silty, sandy, pebbly,
olive gray, very slightly
plastic (till).

Fox Hills Formation

Clay, silty, moderately sandy,
medium gray, hard, tight,
brittle.



TEST HOLE 9352
LOCATION: 157-71-31CBC

ELEVATION: 1561
(FT, MSL)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 25
= ——

— 20
— 40
— 60
- 80
95-99
~ 100
99-107
107-122

122-140
— 140

— 160
86

120

DATE DRILLED: 7-22-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS
Glacial Drift

Sand, fine- to very coarse-
grained, predominantly coarse,
angular to subrounded, moderatel:
l-sorted, taking some water,
oxidized to 28 feet.

Clay, sandy, silty, pebbly,
olive gray (till).

Gravel, coarse, angular to
subrounded, predominantly quartz.

Clay, sandy, silty, pebbly,
gravelly, olive gray (till).

Gravel, fine to very coarse,
angular to subrounded, rough
drilling.

Fox Hills Formation

Siltstone, clayey, sandy,
medium light to greenish gray,
hard, brittle.

Observation Well (9352)

Depth 116 feet
Screened interval 113-116 feet

Observation Well (9352-A)

Depth 81 feet



TEST HOLE 9352B
LOCATION: 157-71-31(38(:3

ELEVATION: 1567

(FT, MSL)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 25
- : (GHMS),
0-28
- 20
28-97
- 40
1
— 60
)
- 80
97-109
- 100
109-140
- 120 :::)
- 140
- 160
87
180

DATE DRILLED: 7-22-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS
Glacial Drift

Clay, silty, sandy, pebbly,
moderate yellowish brown, cohesive
very slightly plastic, oxidized
(ti11).

Sand, fine-to very coarse-grained,
predominantly coarse, angular to

brounded (about 30 percent
edium to coarse gravel after

6Q feet), poorly-sorted, takimg—
water, mixed 1 ba f mud.

Clay, sandy, silty, pebbly,
olive gray, tight, moderately
cohesive (till).

Fox Hills Formation

Siltstone, clayey, sandy, shaley,
medium bluish gray to greenish
gray (indurated sandstone layers
110-120 feet), hard, friable

Observation Well

Depth 91 feet
Screened interval 88-91 feet



TEST HOLE 9340

LOCATION:  157-71-34CBB DATE DRILLED: 7-17-75
ELEVATION: 1593 DEPTH: 140
(FT, MSL) (FT)

POTENTIAL (MV) 19 RESISTANCE (OHMS) 19 DESCRIPTION OF DEPOSITS
- i)

Glacial Drift

8 Clay, very silty, sandy,
moderate yellowish brown, soft,
- 20 very slightly plastic, oxidized

Clay, very silty, sandy,
medium dark gray, moderately
cohesive, slightly plastic.

— 40
— 60
fine to fine grained
subrounded to rou de—stightly
ligniticg well-se#%edf“"g
~ 80
73-110 Clay, ve sandy, very silty,
medium datk gray, moderately
(;?EiiLvé, soft.
— 100

Clay, sandy, silty, pebbly,
olive gray, moderately cohesive
very slightly plastic (till).

L 120 Fox Hills Formation

114-140 Siltstone, clayey, sandy, mediu
light to medium dark gray, hard

friable.

— 140

88
— 160




TEST HOLE 9360

LOCATION:  157-71~34DAA DATE DRILLED: 7-23-75
ELEVATION: 1612 DEPTH: 140
(FT, MSL) (FT)
~_POTENTIAL (MV) 10 RESISTANCE (OHMS) 25 DESCRIPTION OF DEPOSITS
— o Glacial Drift___
___,/f’////’f 0-81 Sand, fine to coarse grainedj
angular ubroundeds
50 gravelly after 40 feet),
slightly lignitic,
oderately well-sorted.
/> - 40
)
— 80
81-104 Clay, sandy silty, olive gray,
cohesive.
- 100
104-128 Clay, sandy, silty, pebbly,
olive gray, cohesive,.slightly
’ plastic (till).
<>
— 120 Fox Hills Formation
128-140 Clay, sandy, silty, medium gray,
hard friable.
5 Vs
L 160 Observation Well
89
Depth: 59 feet
S. I.: 56-59 feet
180



TEST HOLE 9341
LOCATION: 157-71-35BAA

ELEVATION: 161}
(FT, MSL)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 25
- —

—~ 120

123-140

— 140

90
~ 160

DATE DRILLED: 7.7-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Sand, Fine to very coarse
grained, slightly clayey,
slightly lignitic, moderately
well-sorted, oxidized to 19 ft.

Clay, very silty, sandy,
medium dark gray, soft,
moderately cohesive.

Sand, very fine to medium grair
predominantly fine, subrounded
to rounded, slightly lignitic.

Sand, fine to very coarse
grained, angular to subrounded.

Clay, very sandy, silty,
pebbly, gravelly, medium dark
to olive gray (till).

Fox Hills Formation

Siltstone, clayey, sandy,
medium light to medium dark
gray, hard, friable.

Observation Well

Depth: 101 feet
S. l.: 98-101 feet



TEST HOLE 9403
LOCATION: 157-72-12DDD

ELEVATION: 1600

(FT, MSL)
 POTENTIAL (MV) 19 RESISTANCE (OHMS) 10
__________:2:->
0-18
— 20
18-25
~ 40
— 60
25-60
— 80
— 100
- 120
~ 140
— 160
91

180

DATE DRILLED: 8=13-75

DEPTH: 60
(FT)

DESCRIPTIUN OF DEPOSITS

Glacial Drift .

Clay, silty, sandy, moderate
yellowish brown, cohesive,
very slightly plastic
(lacustrine).

Clay, as above, medium
dark gray (lacustrine).

Fox Hills Formation

Clay, sandy, silty, medium
gray to light bluish gray
tight, friable.



TEST HOLE 9402
LOCATION: 157-72-13DDD

ELEVATION: 1575
(FT, MSL)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 10
i —_—

— 20

— 60 i 34-46

46-54

— 100 54-100

— 120

— 140

— 160
92

DATE DRILLED: 8-13-75

DEPTH: 100
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Sand, very fine-to fine-grained
well-rounded, oxidized.

Clay, silty, sandy, moderate
yellowish brown, sticky, slightl
plastic, oxidized (lacustrine).

Ciay, as above, medium dark
gray (lacustrine).

Sand, very fine-~ to fine-
grained, well-rounded,
silty.

Clay, silty, sandy, medium dark
gray, sticky, slightly
plastic (lacustrine).

Clay, sandy, silty, pebbly,

olive gray, very slightly
plastic (till).

Fox Hills Formation

Siltstone, clayey, Sandy, med-
ium gray to light bluish
gray, tight, friable



TEST HOLE 9404
LOCATION: 157-72-15CCB DATE DRILLED: 8-13-75

ELEVATION:1570 DEPTH: 100
(FT, MSL.) (FT)

~ POTENTIAL (MV) 10 RESISTANCE (OHMS) 10 DESCRIPTION OF DEPOSITS

-

Glacial Drift

0-4 Clay, silt;:—;;;;_—‘_;;;%ate
yellowish—brdﬁﬁf’%gEZSive,

L 20 . slightly plastic (lacustrine).

4-18 Sand, fine-to very coarse-grained
Predominantly(coarse angular
to subrounded, slightly
lignitic, well-sorted.

18-28 Clay, silty, sandy, medium
dark gray, cohesive,very
slightly plastic.

28-43 Sand, fine-to coarse-grained,
— 60 subangular to-subreunded, -~ . . _.
lignitic, well-sorted.

43-46 Clay, silty, sandy, medium
' ~dark gray, tight, cohesive.

— 80 46-56 Sand, fine-to coarse-grained
subangular to subrounded, lig-
nitic, well-sorted.

56-74 Clay, very sandy, silty, medium

100 dark gray, soft, cohesive.

FTox Hills Formation

L 120 74-100 Clay, sandy, silty, medium gray
to bluish gray. tight, friable
Tbentonitic 85-100 feet).

— 140

Observation Well

Depth: 54 feet
— 160 S. I. : 51-54 feet

93

180



LOCATION: 157-72-25ADD

ELEVATION: 1570
(FT, MSL)

_ POTENTIAL (MV) 14

TEST HOLE 9401

RESISTANCE (OHMS) 95
—

20

40

60

80

02-107

100

107-120

120

140

60 94

DATE ORILLED: 8-12-75

DEPTH: 120
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Sand, fine-to very coarse
grained, predominantly
coarse, angular to sub-
rounded, moderately well-
sorted, oxidized.

Clay, sandy, silty, pebbly,
moderate yellowish brown,
slightly cohesive, very
slightly plastic, oxidized
(till).

Clay, as above, olive gray,
(fine to very coarse gravel
48-50 feet), tight (till).

Sand, fine to very coarse,
angular to subrounded,
clayey, mostly quartz.

Clay, sandy, silty,

pebbly, olive gray,
tight (till).

Fox Hills Formation

Shale, clayey, sandy, silty,
medium to medium dark gray,
tight, friable, with layers
of indurated sandstone

Observation Well

Depth: 97 feet
S. I.: 94-97 feet



LOCATION: 157-72-25DCC

ELEVATION: 1590
(FT, MSL)

TEST HOLE 935]

DATE DRILLED: 7-22-75

DEPTH: 160
(FT)

~_POTENTIAL (MV) 10 RESISTANCE (OHMS) 25 DESCRIPTIUN OF DEPOSITS

— 20

~ 100

— 120

— 140

— 160

180

T —— Glacial Drift

Clay, very sandy, silty, dark
vyellowish brown, soft, very
slightly plastic, oxidized.

Clay, sandy, silty, pebbly,
moderate yellowish brown,
very slightly plastic,
oxidized (till).

Sand, clayey, very fine- to
medium-grained, anqular to
subrounded.

Clay, sandy, silty, pebbly,
gravelly, olive aray, very
slightly plastic (till).

Sand, clayey, very fine- to
fine-grained, subrounded to
rounded, slightly lignitic,
""dirty'.

3-102 Clay, silty, sandy, pebbly,
olive gray, very slightly
plastic (till).

102-111 Gravel, fine to coarse, angular
to subrounded, (about 40 percent
fine- to very coarse-grained
and), poorly sorted.

111-139 Clay, sandy, silty, pebbly,
medium dark to olive gray,
tight, moderately cohesive

(ti11).

Fox Hills Formation

139-160 Siltstone, clayey, sandy,
medium 1ight to greenish gray,
hard friable.

95



LOCATION: 157-72-25DDD

ELEVATION: 1565
(FT, MSL)

_ POTENTIAL (MV)

10

TEST HOLE 9350

RESISTANCE (OHMS) 10
—_—p

— 100

= 120

~ 140

— 160

120

96

110-140

DATE DRILLED: 7-21-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Sand, very fine- to medium-
grained, subrounded to rounded,
well-sorted, oxidized.

Silt, very clayey, slightly
sandy, dark yellowish brown,
soft, oxidized.

Silt, as above, medium dark
gray, tight, very slightly
plastic.

Sand, fine- to very coarse,
angular to subrounded, (about
40 percent fine- to coarse-
grateed gravel), with small

i edded layers of clay,
poorly sorted.

Clay, silty, sandy, pebbly,
olive gray, tight, cohesive
(tin1)

Gravel, medium- to coarse-grainec

angUtarwfo subrounded, poorly-
- .

Fox Hills Formation

Shale, silty, sandy, medium gray
to greenish gray, hard, brittle.

Observation Well

Depth 109 feet
Screened interval 106-109 feet



LOCATION: 157-72-35DDA

ELEVATION: 1550

TEST HOLE 9356

(FT, MSL)
POTENTIAL (MV) 10 RESISTANCE (OHMS) 25
- —_—
r‘—\——__\
0_
— 20 12-27
27-127
— 40
— 60
— 80
— 100
— 120
127-130
— 140
130-140
— 160
97

180

DATE DRILLED: 7-22-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Sand, very fine- to fine-grained,
subrounded to rounded, well-
sorted, oxidized.

Clay, silty, sandy, moderate
yellowish brown, soft, cohesive,
slightly plastic, oxidized
(lacustrine).

Clay, as above, medium gray,
slightly tighter (lacustrine).

Clay, silty, sandy, pebbly,
olive gray, tight, cohesive
(til1).

Fox Hills Formation

Clay, sandy, silty, shaley,
medium gray to greenish gray,
hard, friable.



TEST HOLE 9353

LOCATION: 157-72-36DDD DATE DRILLED: 7-22-75
ELEVATION: 1558 DEPTH: 120
(FT, MSL) (FT)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 10 DESCRIPTION OF DEPOSITS
. e

Glacial Drift

Silt, very clayey, sandy, dark
yellowish brown, soft, cohesive,
very slightly plastic, oxidized.
Silt, as above, medium gray.

Clay, silty, sandy, pebbly,
olive gray, tight, very slightly
plastic (till).

Sand, very fine- to medium-grain
subrounded to rounded, mostly
quartz, well=-sorted.

Clay, silty, sandy, medium dark
gray, soft, cohesive.

Sand, fine- to coarse-grained,
predominantly medium, anqular to
subrounded, slightly lignitic.
Clay, silty, moderately sandy,
medium gray, tight, cohesive,
slightly plastic.

Fox Hills Formation

Siltstone, clayey, sandy, medium
light gray to greenish gray,
tight, hard, friable.

— 120 Observation Well

Depth 71 feet
Screened interval 68-71 feet

— 140

— |60

98

10




TEST HOLE g346
LOCATION: 158-71-30DAA DATE DRILLED: 7-18-75

ELEVATION: 1594 DEPTH: 80
(FT, MSL) (FT)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 25 DESCRIPTION OF DEPOSITS
- —_—

ffied, angular to subrounded,
(about 40% fine to coarse
gravel), interbedded clay layers
20-40 feet, moderately well-
sorted, oxidized to 20 feet.

re rounded and well-sorted
after 40 feet, sl. lignitic.

— 20

-69 Clay, sandy, silty, pebbly,
olive gray, cohesive, very
slightly plastic (till).

— 60

Fox Hills Formation

69-80 Siltstone, clayey, sandy,
— 80 medium, light gray, to light
bluish gray, hard, friable.

Observation Well

— 100 Depth: 51 feet

S. |.: LB-5] feet

— 120

~ 140

— 160
99

180



TEST HOLE 9347
LOCATION: 158-72-23DDC

ELEVATION: 1578

DATE DRILLED: 7-18-75

DEPTH: 160
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, silty, moderately sandy,
moderate vyellowish brown,
cohesive, oxidized.

Sand, fine to very coarse graine
predominant ly coarse, angular to
rounded, well-sorted, oxidized
to 8 feet.

Silty, clayey, sandy, medium,
dark gray, soft (lacustrine).

Sand, very fine to medium
grained, subrounded to rounded,
well-sorted, slightly lignitic.

Silt, very sandy, clayey, medium
dark gray, soft, cohesive
(lacustrine).

Sand, very fine to medium graine
predominantly medium, subrounded
to rounded, well-sorted, slightl
lignitic.

Fox Hills Formation

ey, sandy, medium
light to light bluish gray,

hard,

Observation Wel

121 feet
S 118-121 feet

(FT, MSL)
POTENTIAL (MV) 1o RESISTANCE (OHMS) 10
-t ——
— 20
5-22
— 40
35-75
— 60
7598
~ 80
— 100
128-160
~ 120
— 140
- 16
100
1N




WATER LEVELS FOR BENSON .COUNTY, NO

WELL 156=071-04A84A1 SITE NUMBER 482212099472001

HIGHEST WATER LEVEL 29,57 FEET BELOW LAND SURFACE DATUM MAR 14, 1978,
LOWEST WATER LEVEL 31,55 FEET BELOW LAND SURFACE DATUM SEP 13, 1977,
NATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

WATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL
JuL 30, 197S 30.76 JUN 15, 1976 30,41 MAR 14, 1978 29.57 JuL 02, 1981 30.52
AUG 05 30.83 JuL 08 30.39 JUN 06 31.28 29 30.61
12 30,85 29 30,52 SEP 13 31,33 acy 20 30.78
21 30.89 AUG 25 30,68 NV 21 31.55 NEC 02 30,81
SEP 30 30,95 3EP 29 30,73 JUN 06, 1979 30,43 MAR 02, 1982 3t1.24
OCT 06 30.93 NOV 18 30.86 SEP 29 30.97 MAY 27 30.59
a7 30.91 JAN 20, 1977 31.11 NaVv 27 31.16 JuL 1te 30.72
21 30,96 MAR 04 31.12 MAR 04, 1980 31.50 OCT ta 30.31
NV 25 31.08 JuN 14 31.3 Jun 1 31.50
FER 26, 1976 31.34 SEP 13 31.55 0cT 01 31,29
APR 29 30,55 NOV 15 31.53 DEC 05 30,90

WATER LEVELS FOR BENSON COUNTY, ND

WELL 156=071-044842 SITE NUMBER 4a82212099472002

HIGHEST WATER LEVEL 29.21 FEET BELOW LAND SURFACE DATUM NOV 18, 1976,
LOWEST WATER LEVEL 31,74 FEET BELOW LAND SURFACE DATUM MAR 14, 1978,

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

WATER WATER WATER WATER

DATE LEVEL OATE LEVEL DATE LEVEL DATE LEVEL

JuL 30, 197§ 30,03 JUN 15, 1976 29.86 NOV 1S5, 1977 31.14 DEC 0S5, 1980 31,20

AUG 0§ 30,08 JuL 08 29.65 MAR 14, 1978 1,74 JuL 02, 1981 30,38

12 30,11 29 29,72 JUN 06 31.1 29 30,42

21 30,186 AUG 2s 29,85 SEP 13 31.03 ocT 20 3In.62

SEP 30 30,27 SEP 29 29.96 NOv 21 31.31 DEC 02 30.62

0CT 06 30.23 NOV 18 29.21 JUN 06, 1979 31.10 MAR 02, 1982 3t.02

07 30.21 30 30.16 SEP 20 30,63 MAY 27 30.49

21 30.28 JAN 20, 1977 30,38 NOV 27 30,91 JuL 6 30,27

NOv 25 30,82 MAR 0a 30.57 MAR 04, 1980 31.22 ocT 14 30.19
FEB 26, 1976 30.69 JuN 1a 30,78 JUN 11 31,31
APR 29 29.72 SEP 13 31.07 ocT 0 31.20
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HIGHEST WATER LEVEL

LOWESY WATER LEVEL

WATER LEVELS IN FEET

DEC
JAN
FEB
MAR
APR
MAY
Juh
JuL

SEP
ncT
NOV
DEC
JAN
FEB
MAR
APR
MAY
JUN

AUG

ocy
DEC
FESB
MAY

Juu

SEP
ocr
NOV
DEC
JAN
FER
MAR

DATE

0t, 1970
18, 1971
na

04

13

11

09

02

27

09

0s

03

01

04, 1972
08

09

05

02

05

28

0u

3

0s

06

28, 1973
01

31

03

27

0s

08

01

06 g
11, 1974
06

na

WATER
LEVEL

10,83
10.99
11,01
11,01

.05

3,70

9,74

9,97
10.16
10,33
10,25
10,23
10.20
10,32
10.62
10,66

9.81

9.54

9.66

9.80
10.12
10.27
10,09
10,31
10,47
10,05
10.20
10,06
10.37
10.30
10,54
10.52
10.59
16,74
10,77
10,74

HIGHEST WATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS FOR BENSON COUNTY, ND

WELL 156=071-04B8A

SITE NUMBER

8.10 FEEY BELOW LAND SURFACE DATUM MAY 16, 1979,

11,01 FEET BELOW LAND SURFACE DATUM FEB 04, 1971,

BELOW LAND SURFACE DATUM,

MAR
APR
MAY
AUG
SEP
ocTy

OEC
JAN

MAR
APR
MAY
JUN
JUuL

AUG

ocT

NaVv
DEC
FEB

MAR
APR
JUN

JuL

WATER LEVELS FUR BENSON COUNTY, NO

WATER
DATE LEVEL
22, 1974 10,70
22 9.46
21 8.72
g6 9.51
03 9.71
0t 9.81
2t 9,78
04 9.92
07, 1975 9,95
28 10,04
2t 9.92
20 9.27
09 8.83
12 8,81
09 9.27
30 9.84
0s 9,44
12 9.53
14 9.57
21 9.60
11 9.47
30 9.54
o0& 9,56
Q7 9.58
21 9.49
06 9.54
o2 9,58
04, i97s 9.82
26 9.82
08 9.77
29 8.57
09 9,00
15 8.64
[ ) 10.36
08 9,03
29 9,34

WELL 156=071=040CD

AUG

SEP

ocy
NOV

JAN

FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NQV

DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NOV
FEB

WATER
DATE LEVEL
02, 1976 9,38
11 © 9,47
26 9,55
14 9.70
29 3,68
13 9.73
na 9,78
06 9,58
18 9,75
30 9,83
06, 1977 9,85
20 10,00
02 9.96
04 10,00
07 9,83
to 9,66
14 10,07
12 9.90
09 10.22
13 10,33
19 10,30
1 10,482
16 10,38
21 10,48
18, 1978 10,62
14 10,69
14 10,79
13 9,83
t6 9,67
06 9.61
11 9.59
22 10.26
13 10,11
12 10,33
21 10.33
20, 1979 10,70

SITE MNUMBER

8,30 FEEY BELOW LAND SURFACE DATUM APR 29, 1976.

12.7 FEET BELOW LANO SURFACE DATUM DEC 21, 1977,

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

AUG
ncy

NOV
FEB

DATE

21, 1975
02
07
21
25
26, 1976

WATER
LEVEL

9.59
10,22
10,18
10,01

9.85

9.52

APR
JUN
JuL

AUG
SEP

WATER
DATE LEVEL
29, 1976 8,40
15 9.16
08 9.64
09 9,68
23 9.67
29 10,75
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NOV

JAN
NOV
DEC
NOV

WATER
DATE LEVEL
18, 1976 10,22
30 10,88
20, 1977 9.99
14 10.29
21 12.7
21, 1978 11,68

4822120994758401

MAR
APR
MAY
JUN

JuL
AUG
SEP
ocT
NOV
MAR
APR
MAY
JUN
Jut
AUG
ocr

DEC
JAN
MAR
APR
MAY
JuL

ocrT
DEC
MAR
APR
MAY
JuL
ocr
DEC

DATE

13,
04
16
06
18
17
22
20
16
27
04,
09
13
11
15
13
a
él
0s
28,
06
08
21
t2
27
2n
02
02,
22
27
15
14
01

1979

1980

1981

1982

38212509947200!

NOV
NEC
Juk
DEC
DEC

DATE

27,
0s,
29,
02

a1,

1979
1940
1981

1982

WATER
LEVEL

10,79
10,70
3,10
9,06
10,60
9.51
9.72
9.90
9,99
10,09
10,50
9,75
9,84
10.2%
10,54
10,44
9,40
9,34
9,49
3,70
9.21%
8,8A
9.20
9,08
9,47
9.60
9,64
9,9K
9.11
8,70
8.80
8.6%
G0

WATER
LEVEL

11,30
10.6%
11,45
11.11
10.76



WATER LEVELS FOR BENSON COUNTY, ND
WELL 156-071-0S5AAA SITE NUMBER 482212099441701
HIGHEST WATER LEVEL 6,81 FEET BELOW LAND SURFACE DATUM OCT 14, 1982,

LOWEST wWATER LEVEL 10,57 FEET BELOW LAND SURFACE DATUM MAR 14, 1978,

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

WATER WATER WATER
DATE LEVEL OATE LEVEL DATE - LEVEL DATE
JuL 30, 1975 8,45 JUN 15, 1978 7.16 SEP 13, 1978 9. MAR 06, 1981
AUuG 05 8,53 JuL o8 7.71 NOV 21 9,32 JuL n2
12 8,7 AUG 24 8.91 MAR 13, 1979 10,08 29
20 8.77 SEP 29 9.08 JUN 06 9.59 ocT 20
ncT 02 8.32 NOV 18 8.59 SEP 20 8.62 DEC 02
07 8,37 MAR 04, 1977 9.18 NOV 27 8,85 MAR 02, 1982
21 8,27 JUN 04 9,15 MAR 04, 19480 9,85 MAY 27
NV 25 8,33 SEP 13 9,48 Jun 11t 9,02 OCT 14
FEB 26, 1976 9,05 MAR 14, 1978 10,57 acT o019 7.26
APR 29 7.13 JUN 06 7.83 DEC 05 7.27

NATER LEVELS FOR BENSON. COUNTY, NO

WELL 1S56=071-1688A SITE NUMBER 48202509947SB80t
HIGHEST WATER LEVEL 0,04 FEET BELOW LAND SURFACE DATUM SEP 29, 1976.
LOWEST WATER LEVEL 7.19 FEET BELOW LAND SURFACE DATUM DEC 02, 198t.

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

WATER WATER WATER
OATE LEVEL DATE LEVEL DATE LEVEL DATE
AuG 0S5, 197S 0.77 APR 29, 1976 1.50 FEB 02, 1977 1, DEC 05, 1980
12 0.60 JUN 15 1.10 NGV 14 2.12 JUL 29, 1981
21 0,47 Jut 09 0,88 DEC 21 4,36 DEC 02
acr oe 0.58 AUG 26 0,18 NOV 20, 1978 S.27 MAR 02, 1982
21 0.58 SEP 29 0.04 NOV 27, 1979 5,90 DEC o0t

WATER LEVELS FOR BENSUN COUNTY, ND

WELL 156=071~-17C0A SITE NUMBER 481945099485601

HIGHEST WATER LEVEL 26.50 FEET BELOW LAND SURFACE DATUM JuL 29, 1981,

LOWEST wATER LEVEL 32,14 FEET BELOW LAND SURFACE DATUM NOV 14, 1977,

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

WATER WATER WATER

DATE LEVEL DATE LEVEL DATE LEVEL DATE
AUG 0S5, 197S 30.19 FEB 26, 1376 31.45 NOV 18, 1976 31,22 DSE gg. }::?

12 30,2 APR 29 30.52 30 31,34 J ’

21 30.36 JUN 15 30,24 NOV t4, 1977 32.14 NDEC 02 _—
ocy 02 30,73 JuL 09 30,24 DEC 21 31.3 DEC 01, 1

21 30,75 AUG 26 30,7 NOv 20, 1978 31.6
NOV 25 31.08 SEP 29 30.98 NOV 27, 1979 29.53
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WATEW
LEVEL

B.33
T.13
8,27
8.35
B.27
S.13%
6,96
6,81

WATEW
LEVEL

6.14
6,19
Tals
T.16
6,32

WATER
LEVEL

27.22
26,50
28,27
27.55



HIGHEST WATER LEVEL

LOWEST wATER LEVEL

NATER LEVELS IN FEET ABOVE OR BELOW(~) LAND SURFACE DATUM,

WATER

DATE LEVEL

NV 30, 1976 0,88
DEC 21, 1977 “2.26

HIGHEST WATER LEVEL
LOWEST WATER LEVEL

WATER LEVELS IN FEET

WATER

DATE LEVEL

AUG 21, 1975 12,73
acT a2 13,32
21 9,52

FEB 26, 1976 13,75
JUN 15 10,91

HIGHEST WATER LEVEL
LOWEST WATER LEVEL

WNATER LEVELS IN FEET

WATER

DATE LEVEL

AUG 07, 1968 8,15
19 7,73

SEP 09 T.45
16 7.52

ocT 07 7.63
NOV 12 7.64
DEC 11} 7.68
JAN 15, 1969 8.00
APR 24 6,46

WATER LEVELS FOR BENSON COUNTY, WD

NELL

0.88 FEET ABUVE LANO SURFACE DATUM NOV 30,

2,82 FEET BELOW LAND SURFACE DATUM NOV 20,

NOQV 20,

NOV

WATER LEVELS FOR PIERCE COUNTY, NO

WELL

156+071-20CDC

DATE

1978

27, 1979

156=072-09CDC

WATER
LEVEL

-2,.,82
=2.75

SITE NUMBER

6,35 FEET BELOW LAND SURFACE OATUM DEC 0S, 1981,

17.39 FEET BELOW LAND SURFACE DATuM DEC 21, 1977,

BELOW LAND SURFACE DATUM,

AUG
SEP
NOV
MAR
NOV

WATER LEVELS FOR PIERCE CDUNTY, ND

WELL

3.71 FEET BELOW LAND SURFACE NDATUM MAR 29,

8.15 FEET BELOW LAND SURFACE DATUM AUuG 07,

DATE

24,
29
18
0a,
09

1976

1977

157=071~02CCC

WATER
LEVEL

13.03
14,63
15.61
15.70
17,27

BELOW LAND SURFACE DATUM,

MAY
JUN
JuL
AUG
SEP
NOV
JAN
MAR
DEC

DATE

13,
18
16
20
17
18
22,
24
01

1969

1970

WATER
LEVEL

6,19
5,50
6,17
6.40
6.78
6.78
7.01
T.11
6,43

104

1976,
1978,
WATER
DATE LEVEL
DEC 05, 1940 -0,51
JuL 29, 194t -2.78
SITE NUMBER
WATER
DATE LEVEL
DEC 21, 1977 17.39
NOV 20, 1978 14,060
NOV 25, 1979 14,73
DEC 04, 1980 10,02
DEC 05, 198t 6,35

NOV
DEC
0EC
DEC
DEC
NOV
MAR
DEC
NOV

SITE NUMBER

1981,

1968,
WATER
DATE LEVEL
29, 1971 S.a7
06, 1972 6.11
N6, 1973 65.33
0a, 1974 5,87
63, 1975 5,70
19, 1976 6,00
04, 1977 6,25
22 6,16
21, 1978 6,12

481845099490601

DATE

DEC 02,
DEC 01,

1981
1982

332033099553501

DATE

DEC 1e,
DEC 18,

1981
1982

4A2639099474301

DATE

NOV
DEC 04,
MAR 29,
DEC 05
16
18,

24, 1979
1980

1981

DEC 1982

WATER
LEVEL

-1.62
-1.42

WATER
LEVEL

6.53
9.67

WATER
LEVEL

F.60
4.32
3.71
4,56
4,70
4.16



HIGHEST WATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS FOR PIERCE COUNTY, ND

WELL 157=071-03CCO

SITE NUMBER

19.95 FEET BELOW LAND SURFACE DATUM DEC 18, 1982,

25,15 FEET BELOW LAND SURFACE DATUM MAR 04, 1977,

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

DATE

NOV 19, 1976
MAR 04, 1977
NOUY 15

WATER
LEVEL

23,65
25.15
24,31

HIGHEST WATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS IN FEET

Jut
AUG

SEP
ncT

DATE

30, 1975
0s
12
20
30
06

WATER
LEVEL

22,85
22.82
23,16
23.22
23,18
23.17

HIGHEST WATER LEVEL

LOWEST wWATER LEVEL

WATER LEVELS IN FEET

NOV
JAN
MAR
APR
MAY
JuN
Jut
ANG
SEP
ocr
NOV

DEC
JAN
FEB
MAR
APR
MayY

DATE

18, 1976
20, 1977
08
07
10
14
12
09
13
19
15
16
21
28, 1978
11
21
23
21

WATER
LEVEL

7,30
7.48
7.43
7.54
T.43
T7.47
7.50
7.55
7.67
7.65
7.55
T.60
7.60
7.92
7.87
7.88
7.28
7.08

DATE

DEC 22, 1977
NOV 21, 1978
NUV 24, 1979

WATER LEVELS FOR PIERCE COUNTY, ND

wELL 157-071=11CCC

WATER
LEVEL

22,35
22.29
21.5t

DEC
MAR
DEC

DATE

04, 1980
29, 19381
0s

WATER
LEVEL

20,86
20,63
20,53

SITE NUMBER

21.86 FEET BELOW LAND SURFACE DATUM DEC 18, 1982,

23,90 FEET BELOwW LAND SURFACE DATUM DEC 22, 1977,

BELOW LAND SURFACE OATUM,

DATE

0CT 20, 1975
NOV 25
FEB 26, 1976
APR 30
Jun 15
JuL 08

WATER
LEVEL

23,14
23,25
23.36
22,42
22.58
22.57

WATER LEVELS FOR PIERCE COUNTY, ND

WELL 157=-071-14CDC

AUG
SEP
NOV
MAR
NGV
DEC

DATE

26, 1976
29
18
o0a, 1977
16
22

WATER
LEVEL

22,90
23,13
23.45
23,59
23.80
23,930

SITE NUMBER

5.48 FEET BELOW LAND SURFACE DATUM APR 30, 1943;

7,92 FEET BELOw LAND SURFACE DATUM JAN 28, 1978,

BELOW LAND SURFACE DATUM,

DATE

JUN 21, 1978
JuL 23
AuG 27
SEP 27
0cT 15
NOV 19
21
DEC 31
JAN 18, 1979
FEB 27
MAR 24
APR 22
MAY 30
JuN 24
JuL 1S
AUG 14
0cT 21
NOV 24

WATER
LEVEL

7.11
7.08
7.38
7.37
7.58
7.70
7.44
7.57
7.53
7.66
7.60
7.54
6,47
6,37
6.53
6.69
6.98
6.94
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MAR
APR
MAY
JUN
JuL
AUG
SeP
ocT
NOV
DEC
MAR
APR
JuL

AuG
SEP
ocT
MAR

DATE

08, 1980
13
1t
15
12
10
13
2s
23
04
29, 1981
26
13
26
29
20
24
21, 1982

482640099485101

WATER

DATE LEVeL

DEC 16, 1981 20.65

OEC 18, 1982 19.95
482547099474301

WATER

DATE LEveL

NOV 21, 1978 23,74
NOV 24, 1979 23.11
DEC 04, 1980 22.19
MAR 29, 1981 21.99
DEC 18, 1982 21.86

482455099472301

MAY 29, 1943,

WATER
LEVEL

7.14
7.05
6,85
7T.15
7.29
7.31
7.086
6,48
6,38
6,19
S5.92
5.96
6,09
6.09
6,25
6,30
6,37
6,57

WATER

DATE LEVEL

APR 18, 1982 6,23
MAY 23 S.98
JUN 27 S.88
JuL 31 S.77
AUG 22 5475
SEP 26 589
0CcT 24 5.82
NOV 2% S.87
DEC 01 5.78
i8 5.75

MAR 28, 1983 S.64
APR 30 S.u48
MAY 29 S.48
JUN 25 S.63
JuL 3% 5.85
AUG 21 b.02
SEP 24 6.10



HIGHEST WATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS FOR PIERCE COUNTY, ND

mELL 1S7=071=15CCC

SITE NUMBER

17.57 FEET BELOW LAND SURFACE DATUM DEC 18, 1982,

23,10 FEET BELUwW LAND SURFACE DATUM JUN 15, 1976,

WATER LEVELS IN FEET BELOW LANO SURFACE DATUM,

AUG
SEP
ncr
NOV
FEB

DATE

20, 1975
30
06
25
26, 1976

WATER
LEVEL

18,65
18.65
18,65
18.67
18.69

HIGHEST WATER LEVEL

LOWEST wATER LEVEL

NATER LEVELS IN FEETY

Jutl
AUG

SEP
ocy

NOV
FEB
APR
JuiL

DATE

30, 1975
0S5
12
20
30
06
20
25
26, 1976
29
08

WATER
LEVEL

28,77
24,85
24,76
24.79
24.91
24,90
24,88
25,01
25.08
24,17
24.34

HIGHEST WATER LEVEL

LOWEST WATER LEVEL

APR
JUn
JuL
AUG
SEP

DATE

29, 1976
15
08
as
29

WATER
LEVEL

17.92
23,10
18,08
20,51
18,68

WATER LEVELS FOR PIERCE COUNTY, NO

WELL 157-071~15000

NOV
MAR
NOV
DEC
NUV

DATE

18, 1976
0a, 1977
19
21
21, 1978

SITE NUMBER

23.33 FEET BELOW LAND SURFACE DATUM MAR 28, 1983,

25.74 FEEY BELOw LAND SURFACE DATUM MAR 21, 1978,

BELOW LAND SURFACE DATUM,

AUG
SEP
NOV
JAN
MAR
JUN
SEP
NOV
DEC
MAR
JUN

DATE

26, 1976
29
18
20, 1977
04
149
13
15
21
21, 1978
2t

WATER
LEVEL

24,61
24,82
25,04
25.18
29.26
25.17
24,39
25.43
25.51
25.74
25.06

WATER LEVELS FOR PIERCE COUNTY, NO

WELL 157<071=194AA2

SEP
NOV
MAR
JUN
SEP
NOvV
MAR
JUN
SEP
DEC
MAR

DATE

27, 1978
21
24, 1979
24
29
24
04, 1980
15
13
0a
29, 1981

SITE

10.62 FEET BELOW LAND SURFACE DATUM MAR 29, 1981,

13,40 FEET BELOw LAND SURFACE DATUM NOV 10, 1977,

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

AUG
ocr

NOV

DATE

0s, 197S
20
02
21
25

WATER
LEVEL

12.44
11.92
12.18
t12.24
12.34

FES
APR
JUN
JuL
AUG

DATE

26, 1976
30
15
08
25

WATER
LEVEL

12.69
11,048
11.15
11.22
11,88

106

SEP
NOV
MAR
NOV
DEC

DATE

29, 1976
18
04, 1977
10
22

WATER
LEVEL

17.94
19,76
19,05
19.07
18,03

WATER
LEVEL

25,41
25.38
25.43
24,25
24,69
24,80
24,95
23,94
24,13
24,10
23.63

NUMBER

WATER
LEVEL

12.2a
12.48
12.78
13,40
13,40

482455099490101

JuL
NOV
DEC
DEC

DATE

12, 1979
24

04, 198¢
18, 1982

482455099475301

JuL
SEP
MAR
Jun
SEP
DEC

MAR
JUN
SEP

DATE

14, 1981
20
21, 1982
27
26
0t
18
28, 1983
2%
24

4824389099514802

NOV
NOV
DEC
MAR
DEC

DATE

20, 1978
24, 1979
04, 1980
29, 19581
18, 1982

WATER
LEVEL

18.15
18.56
17.90
17.57

WATER
LEvVEL

23.48
24415
24,36
23.6%
23,74
23.61
23,61
23.33
23.4h
23.96

WATER
LEVEL

13,30
12.54
10.83
10.62
10,07



NATER LEVELS FOR PIERCE CUUNTY, NO

WELL 157=071-21A00 SITE NUMBER

HIGHEST WATER LEVEL 12.85 FEET BELOW LAND 3URFACE DATUM APR 29, 1976,
LOWEST WATER LEVEL 16,80 FEET BELOwW LAND SURFACE DATUM MAR 04, 1977,

WATER LEVELS IN FEET BELOWN LAND SURFACE DATUM,

WATER HATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL
AUG 20, 1975 14,20 NOV 25, 1975 13.96 AUG 25, 1976 14,12
SEP 30 14,19 APR 29, 1976 12,85 SEP 29 14,25
OCcT 06 14,23 JUN 1S 13,16 NOV 18 14,38
21 13.93 JuL 08 13.27 MAR 04, 1977 16,80
WATER LEVELS FOR PIERCE COUNTY, NO
WELL 157=071~21DCC SITE NUMBER
HIGHEST WATER LEVEL 7.83 FEET BELOwW LAND SURFACE DATUM DEC 18, 1982,
LOWEST WATER LEVEL 10,50 FEET BELOW LAND SURFACE DATUM AUG 20, 1975,
NATER LEVELS IN FEET BELOW LAND SURFACE DATUM,
WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL
AuG 20, 1975 10,50 FEB 26, 1976 10,15 SEP 29, 197s 9.15
SEP 30 9,95 . APR 29 9,13 NOV 18 9,30
0cT ve 9.94 JUN 1S 8.98 MAR 04, 1977 9,68
21 9,87 JuL 08 8,88 NOV 1S 9,90
NOV 25 9.93 AUG 25 9404 DEC 21 10,11
WATER LEVELS FOR PIERCE COUNTY, NO
WELL 157-071=-22488 SITE NUMBER
HIGHEST WATER LEVEL 13,47 FEET BELOW LAND SURFACE DATuUM DEC 18, 1982,
LOWEST WATER LEVEL 15.28 FEET BELOW LAND SURFACE DATUM DEC 22, 1977.
WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,
WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL
AUG 20, 197S 14,25 APR 29, 1976 14,03 JAN 20, 1977 14,90
SEP 30 14,63 JUN 1S 14,01 MAR 04 15.0S
0CT 06 14.63 JuL 08 14,04 DEC 22 15.24
20 14,61 AUG 25 14,29 NOV 21, 1978 15,10
NOV 25 14,79 SEP 29 14,48 NOV 24, 1979 14,50
FEB 26, 197% 14,81 NOV 18 14,70 DEC 04, 1980 13,96
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NOV

NOV
NOV
DEC
MAR
DEC

MAR
DEC

DATE

10,

482429099491101

1977

482403099494001

DATE

21,
24,
04,
29,
18,

DATE

29,
01,
18

19738
1979
1940
1941
1982

442449099482201

1981
1982

WATER
LEVEL

14,42

WATER
LEVEL

10.06
9.38
9,09
8,72
7.83

WATER
LEVEL

13.61
13.56
13.47



HIGHEST WATER LEVEL

LOYEST WATER LEVEL

WATER LEVELS FOR PIERCE COUNTY,

WELL 157<«071=23CH8

ND

SITE NUMBER

15.70 FEET BELOW LAND SURFACE'DATUM MAR 28, 1983,

17,78 FEET BELOW LAND SURFACE DATUM NOV 19, 1978,

WATER LEVELS IN FEET HELOW LAND SURFACE DATUM,

AIG
SEP
ocr

NNV
FEB
JUN
JuL
AUG
SEP
NOV
JAN
MAR
APR
MAY
Jun
Juu
AUG

DATE

a‘l
30
02
06
07
20
295
26,
15
29
26
29
18
20,
04
07
10
ta
ta
09

1975

1976

1977

WATER
LEVEL

15.77
17.29
17.33
17.39
17,40
17,42
17.59
17,43
16,95
16,98
17,33
17,57
17.82
17,40
17.31
17.37
17,17
17.43
17,46
17.54

HIGHEST WATER LEVEL

LOWEST WATER LEVEL

NATER LEVELS IMN FEET

NOV
DEC
Jan

FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
act
NOV

JAN
FEB
MAR

DATE

18,
01
06,
20
02
0a
07
10
14
12
09
13
19
11
16
28,
11
21

1976

1977

1978

WATER
LEVEL

26.39
26,38
26.45
26,56
26,56
27.70
26,72
26.69
26,73
26,79
26.82
26.90
26,92
27.04
27.01
27 .47
27.48
21.07

SEP
ocry
NOV

OEC
JAN
FEB
MAR
APR
MAY
Jun
JuL
AUG
SEP
acr
NOV

0EC
JAN
FEB

DATE

13,
19
11
16
21
28,
11
21
23
21
21
e3
27
27
15
19
2t
3
18,
27

1977

1978

1979

WATER
LEVEL

17,63
17.63
17,73
17.69
17,75
17.67
17,65
17,60
17.18
17.18
17.28
17,27
17.54
17.65
17,7t
17.78
17.63
17.60
17.53
17.50

NATER LEVELS FOR PIERCE COUNTY, ND

WELL 157=G71-26884

MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NDV
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocrT
NOV
DeC
MAR

DATE

24, 1979
22
30
24
15
14
29
2t
24
08, 1980
13
11
15
12
10
13
25
23
04
29, 1981

SITE

25.87 FEET BELOW LAND SURFACE DATUM APR 30, 1983,

27,70 FEET BELOW LAND SURFACE 0ATUM MR 04, 1977,

BELOW LAND SURFACE DATUM,

APR
MAY
JUN
JuL
AUG
SEP
ocrt
NOV

DEC
JAN
FESB
MAR
APR
MAY
JUN
JuL

DATE

23,
21
21
23
27
27
15
19
21
31
18,
27
24
22
30
24
11
15

1978

1979

WATER
LEVEL

27,03
26,98
26,94
26,96
27.09
27.22
27.28
27,38
27.21
27.33
27,32
27,40
27.44
27.4S
26,66
26,56
26,50
26.56

108

AUG
SEP
ocT
NOV
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocry
NOV
DEC
MAR
APR
Juu

DATE

14, 1979
29
21
24
08, 1980
13
A1
1S
12
10
13
25
23
0a
29, 1981
26
14
26

WATER
LEVEL

17,43
17.20
16,57
16,62
16,75
16,95
17.12
17.25
17.21
17.148
16,88
16,98
17.33
17.47
17.49
17,23
16.84
16,70
16,63
16,10

NUMBE R

WATER
LEVEL

26.66
26,84
26,91
26,96
27.23
27.21
27.04
27,22
27.33
27.40
27.25
26,73
26.38
26.16
26,23
26.19
26,33
26,34

482422099474301

APR
JuL

AUG
SEP
ocr
MAR
APR
MAY
JUN
JuL
ALG
SEP
ocT
NOV
DEC
MAR
JUN
SEP

AUG
SEP
ocT
MAR
MAY
JUN
JuL
AUG
ocr
NOV
DEC
MAR
APR
MAY
JUN
Jul
AUG
SEP

DATE

26, 1981
14
26
29
20
24
21, 1982
18
23
27
3
22
26
24
21
18
28, 1943
2s
24

482356099473301

DATE

29, 1981
20
24
21, 1982
23
27
31
22
24
21
18
28, 1983
30
29
2s
31
21
2u

WATER
LEVEL

16,04
16,40
16,45
16.64
16,68
16,70
16.57
th. 06k
16,08
16,09
t6.04
16,11
16,26
16,13
16.12
16,00
15,70
15.83
16.41

WATER
LEVEL

29.95
26,52
26.54
26,80
ev.l?
26.15
26,13
26,10
26.18
26.18
26,13
25.97
25.87
25,089
25.99
26.14
26.22
26,35



HIGHEST WATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS FOR PIERCE COUNTY, ND

wELL 157=-071-26BCB

SITE NUMBER

14,87 FEET BELOW LAND SURFACE OATUM JuL 08, 1976,

16.98 FEEY BELOW LAND SURFACE OATUM AUG 10, 1980,

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

AUG
ucTY

MOV
FEB
APR
JuhM
JuL

AUG
SEP
NOV
DEC
JAN

FER
MAR
APR
MAY
JUN

WATER
DATE LEVEL
21, 197§ 15,60
e2 15.56
06 15,62
07 15,60
25 15.74
26, 1978 15.84
29 14,98
1S 14,99
08 14,87
09 15,05
26 15.24
29 15.44
18 15.63
01 15,70
06, 1977 16,28
20 15.83
02 15.80
04 15,85
07 15.54
1o 16,04
14 16,09

HIGHEST WATER LEVEL

LOWEST WATER LEVEL

wATER LEVELS IN FEETY

AUG
SEP
ner

NOV
FEB
APR
JuN
JuL

AUG
SEP
NOV
DEC

JAN
FEB

MAR
APR

WATER
DATE LEVEL
21, 1975 9,09
22 9.11
01 8,22
20 8.16
25 9.38
26, 1976 9.58
29 8,49
£ 8,46
[1.] 8.44
09 8,45
29 8.68
30 8.26
26 8,78
29 9,04
18 9,33
01 9.35
21 9.38
06, 1977 9,46
20 9.58
02 9,45
0a 9.73
07 9,94

JuL
AUG
SEP
ocT
NOV

DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NOV

DEC
JAN

DATE

12'
09
13
19
11
16
2t
28,
11
21
23
21
21
23
27
27
15
19
21
3
18,

1977

1978

@

1979

WATER
LEVEL

16,10
16,19
16,32
16,37
16.49
16,48
16,50
16,78
16,80
16,84
16,38
16,30
16,30
16.30
16,50
16,65
16.70
16,92
16.67
16,77
16,80

WATER LEVELS FOR PIERCE COUNTY, ND

WELL 157-071-26CB8

FEB
MAR
APR
MAY
JUN
JutL
AUuG
SEP
ocr
NOV
MAR
APR
MAY
JUN
Jut
AUG
SEP
ocr
NOV
DEC
MAR

DATE

a7, 1979

24
08, 1980
13
11
15
12
10
13
25
23
0a
29, 1981

SITE

8,16 FEET BELOW LAND SURFACE DATUM OCT 20, 197S,

11,67 FEET BELOw LAND SURFACE DATUM ALG 10, t980,

BELOW LAND SURFACE DATUM,

MAY
JUN
Jub
AUG
SEP
ocT
NOV

DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocry
NGOV

DEC

DATE

10,
14
12
09
13
19
11
16
21
28,
11
21
23
21
21
23
27
27
15
19
21
3

1977

1978

WATER
LEVEL

10,05
10,03
10,14
10,23
10,38
10,52
10,67
10,68
10.50
10,94
11.08
11.21
10,68
10,47
10,37
10,40
10,73
10,93
11.03
11.21
11,03
11,08

109

JAN
FEB
APR
MAY
JUuN
JuL
AUG
SEP
ocT
NOV
MAR
APR
MAY
JuN
JuL
AUG
SEP
ocr
NQV
DEC
MAR
APR

DATE

18, 1979
27
22
30
24
15

08, 1980
13
i
15
12
10
13
2s
23
04
29, 1981
26

WATER
LEVEL

16,90
16,94
16,88
16,06
15,90
15,89
16,03
16,25
16,35
16,448
16,80
16,65
16,56
16,76
16,91
16,98
16,88
16,37
16.23
16,07
15.72

HUMBER

WATER
LEVEL

11,14
10,50
11.17
10,00

9,91

9,95
10,28
10,61
10,75
10,92
11,31
11,16
11.10
11.32
11,43
11,67
11,21
10,59
10,35
10,42

9,96
10,10

a82343099474301

APR
JuL

AUG
SEP
ocr
DEC
MAR
APR
MAY
JUN
Jui
AUG
SEP
ocT
NOV
DEC

MAR
JUN
SEP

JuL

AUG
SEP
ocT
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NOV
DEC

MAR
JUN
SEP

DATE

26, 1981
14
26
29
20
24
16
21, 1982
18
23
27
31
22
26
24
21
01
18
28, 1983
25
24

482330099474301

DATE

13, 1981

21, 1982
18
23
27
31
a2
26
24
21
01
18
28, 1983
2s
24

WATER
LEVEL

15.b9
15.84
15,89
16,02
16,10
16,02
16,32
16.46
15.49
15.78
15,69
15.64
15.60
15.70
15.70
15.72
15.79
15.790
15.73
15.73
16.24

WATER
LEvVeL

10,06
10,15
10,42
10,54
10,58
11,00
10,49
10,36

9.96

9,83

9.87
10.06
10.07
10.10
10,24
10.17
10,73
10.56
11,21



HIGHEST WATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS FOR PIERCE COUNTY, ND

WELL 157=071-26CCC

12,24 FEET BELOwW LAND SURFACE DATUM JUN 1S,

18,58 FEET BELOW LAND SURFACE DATUM JUL 12,

WATER LEVELS IN FEET BELOw LAND SURFACE O0ATUM,

AUG
SEP

ncr

NOV
FEB
APR
JUN
JuL

AUG
SEP
NOV
NEC

JaM
FEB

MAR
APR

DATE

21,
22
30
06
07
21
25
2b,
29
15
29
30
26
29
18
01
21
06,
20
02
04
07

1975

1976

1977

WATER
LEVEL

13,17
13.17
13.18
13.21
13,21
13.19
13.29
13,51
12,76
12.24
12,38
12,45
12,55
12.77
13,04
13,10
13,64
13,79
13,57
13,70
15,18
15,91

HIGHEST wWATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS IN FEET

NOV
DEC

JAN

FEB
MAR
APR

MAY
JunN
JuL
AUG
SEP
ocT
Ny

DATE

18,
21
27
06,
21
02
04
01
07
10
14
12
09
13
19
09
16

1978

1977

WATER
LEVEL

54,92
54,78
54,74
53.96
53,41
52.90
S1.05
49,48
a9,48
48,68
47,43
a7,.32
4b.12
45,08
43.85
43,37
43,10

MAY
JUN
JuL
AUG
SEP
ocT
NOV

APR
MAY
JUN
JuL
AUG
SEP
acr
NOV

DEC
JAN
FEB
MAR
APR

DATE

10,
14
12
09
13
19
11
16
23,
21
21
23
27
27
15
19
21
31
18,
27
249
22

1977

1978

1979

WATER

- LEVEL

14,83
16,29
15.11
16,67
16,75
16,54
15.95
16,64
16,351
16,27
17.25
16,40
17.69
16.97
16,57
16,68
17,38
16,49
16,26
16.20
17.56
16,75

WATER LEVELS FOR PIERCE COUNTY, ND

wELL 1S7=071=-31CBC1

MAY

JuN 2

Jue
AUG
SEP
ocr
NOV
MAR
APR
MAY
JuN
JuL
AuUG
SEP
acry
NOV
0EC
MAR
APR
JuL

AUG

DATE

30,
q

24
08,
13
11
15
12
10
13
25
23
04
29,

20,17 FEET BELOW LAND SURFACE OATUM DEC 18, 1

54,92 FEET BELOW LANOG SURFACE DATUM NOV 18,

BELOW LAND SURFACE DATUM,

DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
NOV
OEC
JAN
FEBR
MAR
APR
MAY

DATE

21,
28,
11
24
23
21
21
23
27
27
21
3
18,
18
24
29
30

1977
1978

1979

WATER
LEVEL

42,77
41,37
41,02
39,89
39,03
38.49
38,18
37.61
37.31
36,08
35,25
35.20
35416
35.30
34,89
34,69
33,76

110

JUN
Jul
AuG
SEP
acrT
NOV
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocrT
NOV
DEC
MAR

DATE

24,
15
14
29
21
24
08,
13
11
15
12
10
13
25
23
04
29,

SITE

1976,

1980,

1979

1980

1941

SITE

982,

1978,

1979

1980

1981

NUMBER

WATER
LEVEL

15,886
15,84
17,04
17.65
17,38
16,60
16,55
16,94
16.62
17.80
18,11
18,58
17.648
17.14
16,58
15.90
15,98
15.15
15,40
16.89
t6.91
16,85

NUMBER

WATER
LEVEL

33.29
32.74
32.10
31,17
30.92
30,02
30,28
30,17
29,80
30.96
30,43
29.99
27.40
28,58
28,05
27.55
27.84

a82311099474301

3EP
ocr
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocry
NOV
DEC

MAR
APR
MaY
JUN
JuL
AlG
SEP

DATE

20,
24
21,
18
23
27
3
a2
26
24
21
01
18
28,
30
29
2S5
31
21
24

198)

1982

1983

482232099525601

APR
JuL

AUG
SEP
acr
MAR
APR
MAY
JUN
JuL
AuG
SEP
ocry
NOV
DEC

DATE

26,
13
26
29
20
24
21,
18
23
27
31
22
26
24
21
01
18

1981

1982

WATER
LEVEL

17.19
l6.21
16,55
16,28
15.97
16,48
16,43
16,04
16.59
15,60
15,36
16.14
16.21
15.50
15,40
15.50
16,76
17.26
17.77
17.386

WATER
LEVEL

27.44
25.69
25,47
24,86
24.62
24.26
23.30
22.34
21.87
21.47
2l.14
21.02
20.82
20.68
20.63
21.50"
20.17



HIGHEST WATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS FOR PIERCE COUNTY, ND

WELL 157-071-31CBC2

20,53 FEET BELOW LAND SURFACE DATUM DEC 18, 1

S4,49 FEET BELOW LAND SURFACE DATUM SEP 29, 19

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

Jue
AUG

ocTt

NOV
FEB
APR
JHN
JuL
AUG
SEP
NV
DEC

JAN
FEB

MAR
APR

DATE

23,
05
12
20
02
21
25
26,
29
15
08
26
29
18
21
27
06,
21
02
0a
07

19758

1976

1977

WATER
LEVEL

5t.04
50,75
50,96
51.16
51,48
51,48
51,45
51,63
51,90
52.88
53,43
54,23
54,49
54,19
54,44
54,44
53,87
53.56
53,02
51.69
50.16

HIGHEST wATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS 1IN

NV
DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG

DATE

13,
12
15,
21
12
12
14
20
11
19

1967

1968

FEET

WATER
LEVEL

15.65
15.63
15,82
16,09
15,76
14,92
14,59
14,61
15,06
15.67

MAY
JUN
JuL
AUG
SEP
ocT
NOV

DEC
JAN
FEB
MAR
APR
MaY
JUN
JuL
AUG
SEP
acr
NOV

WATER LEVELS FOR PIERCE COUNTY, ND

WELL 157=071-320AA

DATE

10,
14
12
09
13
19
09
16
21
28,
11
24
23
21
21
23
27
27
15
19
21

1977

1978

WATER
LEVEL

49,00
48,06
47,61
46,83
46,85
44,67
44,10
43,86
42,87
42,09
41,65
40,50
39.66
39.10
38.68
3a.11
37.78
37.06
36,88
36.22
35,72

DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocr
NOV
MAR
APR
MAY
Jun
Jul
AUG
SEP
acr
NJV

DATE

31,
18,
18
24
29
30
24
15
14
29
21
2a
0u,
13
11
15
12
10
13
25
23

7.63 FEET BELOW LAND SURFACE DATUM DEC 04, |

SITE

98e.

76,

19738
1979

1980

SITE

980,

16,09 FEET BELOw LAND SURFACE 0ATUM FEB 21, 1968,

BELOW LAND SURFACE DATUM,

SEP

ocr
NQV
DEC
JAN
APR
MAY
JUN
JuL

DATE

09,
te
o7
12
11
15,
24
13
18
16

1968

1969

WATER
LEVEL

15,14
15,00
14,78
14,53
14,31
14,68
12,45
11,80
11,73
11,58

111

AUG
3EP
NOV
DEC
NOV
DEC
DEC
DEC
OEC
NOV

DATE

20,
17

18

01,
29,
06,
06,
0a,
03,
18,

1969

1970
1971
1972
1973
1974
197S
1976

NUMBER

WATER
LEVEL

35,73
35,46
3S5.64
35,40
35.13
34,26
33,58
33,19
32.60
31,66
31,40
31.54
30,65
30.61
29.30
31,20
30,83
30,40
29.82
29.03
28,46

NUMBER

WATER
LEVEL

11,72
12,62
12,77
11,13

9,89
11,56
12,16
10,42
10,43
11,09

482232099525602

DEC
MAR
APR
JuL

AUG
SEP
acr
MAR
APR
MAY
JUN
JuL
AUG
SEP
Gcr
NOV
NEC

DATE

oa,
29,
26
13
26
29
20
24
21,
18
23
27
n
22
26
24
24
01
18

1980
1981

1982

482239099502901

DEC
JAR
DEC
NOV
NOV
VEC
MAR
DEC

DATE

01,
20,
21

2%,
21,
04,
29,
01,
18

1976
1977

1978
1979
1980
1941
1982

WATER
LEVEL

27.96
28,01
27.17
26.07
25.86
25.30
25.u2
24,64
23.70
22.74
22.28
21.89
21.52
21.43
21.24
21.08
20,94
20,66
20.53

WATER
LEVEL

11.57
11,77
12.10
11.77
11.77
Teb3
7.90
7.79
7.93



HIGHEST WATER LEVEL

LOWEST wWATER LEVEL

WATER LEVELS IN FEET

DEC
JAN
Fea
HMAR
APR
MAY
Jun
JuL
AUG
SEP
ocr
NOV
DEC
JAN
FEB
MAR

DATE

o1,
06,
02
04
07
10
14
12
09
13
19
16
21
28,
11
21

1876
1977

1978

WATER
LEVEL

15.45
15.68
15,67
15.867
15.95
15.94
16.12
16,07
16,18
16,45
16,51
16,58
16,70
16,99
17.95
17.21

HIGHEST WATER LEVEL

LOWEST wATER LEVEL

NATER LEVELS IN FEET

JHL
AUG

SEP
acT

NV
FEH
APR
Jun
Juu

AUG
SEP
MOV
DEC
JAN
FEB

DATE

30,
0s
12
21
30
06
07
21
29
26,
29
15
o8
ne
29
30
24
29
18
21
06,
02

1975

1976

1977

WATER
LEVEL

10.43
10,48
10,92
10,54
10.62
10,57
10,55
10,57
10,72
10,96
10,30

9,95
10.07
10.11
10,18
10,15
10,22
10,32
10,50
10.53
10,64
11.42

WATER LEVELS FOR PIERCE COUNTY, NO

WELL 1S57=071-340DAA

SITE NUMBER

15,45 FEET BELOW LANO SURFACE DATUM DEC 01, 1976,

18,40 FEET BELOw LAND SURFACE DATUM AUG 10, 1980,

BELOW LAND SURFACE OATUM,

APR
MAY
JUN
JuL
AUG
SEP
ocy
NOV

D€EC
JAM
FEB
APR
MAY
JUN
JuL

WATER LEVELS FOR PIERCE COUNTY, ND

WELL 157=071-358A4

DATE

23,
21
21
a3z
27
27
15
19
21
31
18,
27
22
30
24
15

1978

1979

WATER
LEVEL

16,65
16,46
16,46
16.59
16.88
17.16
17.15
17.28
17.14
17,20
17,24
17.35
17.20
16,00
16,41
16.51

AUG
SEP
ocr
NOV
APR
MAY
JUN
Jui
AUG
SEP
acrt
NOvV
DEC
MAR
APR
JuL

DATE

ta, 1979
29
21
24
13, 1980
11
15
12
10
13
25
23
04
29, 1981
26
13

SITE NUMBER

9,95 FEET BELOW LAND SURFACE DATuUM JUN 15, 1976,

13,63 FEET BELOW LAND SURFACE DATUM JAN 18, 1979,

BELUW LAND SURFACE DATUM,

MAR
APR
MAY
JUN
JuL
AUG
SEP
ocTy
NQV

DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NOV

DATE

04,
07
10
14
12
09
13
19
11
16
21
28,
11
21
23
21
21
23
27
27
15
19

1977

1978

NATER
LEVEL

10,99
t1.26
11,32
11.56
11.58
11.74
11,82
12.00
11,87
12.09
12,17
12,57
12,60
12,74
12,99
12,48
12,44
12.43
12.66
11,95
12,79
12,89

112

NOV
DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocr
NOV
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocr
NOV

OATE

21, 1978
3
18, 1979
27
24
22
30
24
15
13
29
21
24
03, 1980
13
11
15
12
10
13
25
23

WATER
LEVEL

17,53
17.11
17,07
17.00
17,08
17,15
184,08
18,30
18,40
17,54
16,52
16,49
17.06
16,17
16,09
15,47

WATER
LEVEL

12,64
12.68
13,64
12,73
12.87
12.86
12.25
12,10
12,19
12,31
12,47
12.57
12.45
12.74
12,76
12,80
12.97
13.14
13,20
13,05
12,63
12,45

482238099475301

JuL
AUG
SEP
ocr
MAR
APR
MaY
JUN
Jut
AUG
SEP
ocr
NOV
DEC

DATE

26,
29
20
24
21,
18
23
27
3
22
26
24
21
01
18

1981

1982

482304099471301

OEC
MAR
APR
JuL

AUG
SEP
ocT
MAR
APR
MAY
JUN
JuL
AUG
SEP
acry
NOV
DEC

DATE

04,
28,
26
13
26
29
20
24
21,
18
23
27
31
e2
26
24
21
01
18

1980
1981

1982

WATER
LEVEL

16.00
17.22
16,76
16,60
16.97
16,47
16,21
15.83
16,04
16.27
16.02
15,48
15.72
1,73
15.749

WATER
LEVEL

12.35
11,94
11.89
11.90
11.92
12010
12.12
12,12
12.41
12.27
12,09
11.86
11.73
11.68
11,74
11,68
11,62
t1.60
11.589



WATER LEVELS FOR PIERCE COQUNTY, ND

WELL 157=-072-15CC8 SITE NUMBER 4aB82503099565101
HIGHEST WATER LEVEL 3,02 FEET BELOW LAND SURFACE DATUM DEC 04, 1980,
LOWEST WATER LEVEL 5,62 FEET BELOW LAND SURFACE DATUM FEB 26, 1976,

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

WATER WATER WATER WATER

DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL

AG 21, 1975 S.36 JUN 15, 1976 4,08 NQV 30, 1976 2,91 NOV 24, 1979 4,95

ucY 02 5,08 JuL 04 4,21 DEC 01t 4,91 DEC 04, 1940 3.02

MOV 2% S.17 Aug 25 4,75 NOV 16, 1977 5.37 DEC 18, 1982 3.35
FEB 26, 1978 S5.62 SEP 29 4,93 DEC 01 S.43
APR 30 3.36 NUV 19 5.21 NUV 20, 1978 5.52

WATER LEVELS FOR PIERCE CUUNTY, NO

WELL 157=-072-25AAA SITE NUMBER 442358099530601

HIGHEST WATER LEVEL 43,58 FEET HELOW LAND SURFACE DATUM DEC 18, 1982,
LOWEST WATER LEVEL 48,98 FEET BELOW LANDO SURFACE DATuUm NOV 10, 1977,

AATER LEVELS IN FEET BELOw LAND SURFACE DATUM,

WATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL UATE LEVEL
AUG 12, 1975 45,83 APR 30, 1976 47,87 NOV 18, 197e 48,14 DEC 04, 1980 A6.43
20 a7.93 JuN 15 47,64 30 48,22 OEC 18, 1982 43,58
ocT 02 47,86 JuL 08 47,54 NOV 10, 1977 48,98
21 47,84 AUG 25 ar1,70 NOV 20, 1978 48,77
NOv 25 47,92 SEP 29 47.87 NQV 28, 1979 47,70

WATER LEVELS FOR PIERCE COUNTY, ND
WELL 157=072-250CC SITE NUMBER 482312099533501
HIGHEST WATER LEVEL 39,90 FEET BELOW LAND SURFACE DATUM DEC 18, 1982,

LOWEST wWATER LEVEL 36.60 FEET BELOW LAND SURFACE DATUM JuL 10, 1979,

WATER LEVELS IN FEET BELOW LAND SURFACE OATUM,

WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE :2:55
JuL 23, 1975 44,20 NOV 25, 1975  44.29 NOV 18, 1976 a,
MIG 65 44,25 APR 29, 1976 44,12 o ! :a.:: e 3:' 1978 e
12 44,10 JUN 1S 43.93 MAR 04, 1977  44.85 JUL 10, 1979  46.60
2n 43,99 JuL 08 43,79 JUN 14 45,62 NOV 20 43,30
aeT 62 48,07 AUG 26 4a,01 SEP 13 45.90 DEC 04, 1580 43,22
21 43,20 SEP 29 44,35 NOV 09 45,98 DEC 18, 1982  39.9u
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WATER LEVELS FOR PIERCE COUNTY, ND

WELL 157=072-250001 SITE NUMBER 4a8231209953n601

HIGHEST WATER LEVEL 18,36 FEET BELOW LAND SURFACE DATUM DEC 18, 1982,
LOWEST WATER LEVEL 28,90 FEET BELOW LAND SURFACE DATUM JAN 20, 1977,

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

WATER WATER WATER NATER

DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL

AUG 05, 1975 27.37 AUG 26, 1976 28,35 JAN 29, 1978 28,14 JUN 15, 1980 23.90

12 27 .49 SEP 29 28.58 MAR 24 28,08 SEP 13 23,38

20 27.51 NOY 18 28,68 JUN 21 26,94 DEC o0a 22.41

0cT o2 27.50 30 28.69 SEP 27 26.91 MAR 29, 1981 21,96

21 27,54 NEC 21 28,40 NOV 2% 26,45 MAR 21, 1982 20.30

NQV 25 27.59 JAN 20, 1977 28,90 MAR 24, 1979 26,24 JUN 27 19.18

FEB 26, 1976 28,10 MAR 04 28,85 JUN 24 25,00 SEP 26 18,97

APR 29 27.3a JUN 14 28,56 SEP 29 24,78 DEC 18 14,36
JuN 15 27,55 SEP 13 25.25 NaV 24 24,52
JuL 08 27.68 NOV 10 28,09 MAR 08, 1980 24,36

WATER LEVELS FOR PIERCE COUNTY, NO

WELL 157=072=36AA0D SITE NUMBER 482259099530601

HIGHEST wATER LEVEL 9,02 FEET BELOW LAND SURFACE DATuUM DEC 18, 19482,
LO#EST WATER LEVEL 24,12 FEET BELOw LAND SURFACE DATUM NOV 30, 1976,

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

WATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL
SEP 07, 1967 15.03 DEC 11, 1968 16,65 NOv 30, 1976 24,12 JUN 15, 1980 15.38
acrT 12 15,13 APR 24, 1969 16,79 FEB 02, 1977 23.98 SEP 13 18,50
NGV 13 15.27 MAY 13 16,62 JAN 29, 1978 20,94 DEC 04 13.61
DEC 12 15,36 JUN 18 17.00 MAR 24 20,67 MAR 29, 1981 13.30
APR 11, 1968 15,79 JuL té 17.01 Jun 21 19,37 JuL t3 12,24
MAY 14 15.68 AuG 20 17,22 SEP 27 18,95 SEP 20 11,92
JUN 20 16.02 SEP 17 17.61 NOVv 21 18,53 MAR 21, 1982 11.404
JuL 11 16.26 NOV 18 16.90 MAR 24, 1979 18,27 JUN 27 9.91
AUG 19 16,64 NOV 29, 1971 18,46 Juw 24 16,91 SEP 26 9.77
SEP 16 16.58 DEC 06, 1972 19,90 SEP 29 16,28 DEC 14 S.02
ocT 07 16.62 DEC 04, 1974 21.82 NQV 24 15,93
NOV 12 16.59 DEC 03, 197sS 22.79 MAR 08, 1980 15,63
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HIGHEST wATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS FOR PIERCE COUNTY, ND

WELL 1S57-072~36AD03

SITE

55.78 FEET BELOW LAND SURFACE DATUM DEC 18, 1982,

92.50 FEET BELOW LAND SURFACE DATUM NGOV 30, 1976,

WATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

NOV
FER
APR
MAY
JUN
Jut
AUG
SEP
ucT
NV
DEC
JAN
FEB
MAR
APR
MAY

DATE

30,
0e,
07
10
14
12
09
13
19
16
21

1976
1977

28, 1978

11
24
23
21

WATER
LEVEL

92,50
90,20
86,37
86,04
84,35
83,87
83.06
81,92
80,80
80.02
79,39
17.94
77.58
764,35
75.60
75.07

HIGHEST wATER LEVEL

LONEST WATER LEVEL

WATER LEVELS IN FEET

NOV

DEC
JAN

FEB
MAK
APR
MAY
JUN
JuL
AUG
SEP
0cT
NOV

DATE

17,
18
21
06,
21
02
04
07
10
14
12
09
13
19
10
16

1976

1977

WATER
LEVEL

78,19
76419
75,95
75.15
74,24
73.69
71,46
69,83
69,46
67.95
68,44
66,57
65,32
64,27
63.71
63,52

JUN
JuL
AUG
SEP
ocy
NOV

DEC
JAN
FER
MAR
APR
MAY
JUN
JuL
AUG

WATER LEVELS FOR PIERCE COUNTY, NO

WELL 157=072-36A0D4

DATE

21,
23
27
27
15
19
21
3
18,
18
24
29
30
24
19
14

1978

1979

WATER
LEVEL

74.85
74,27
73.90
73.03
73.00
72,20
70.82
71,97
72.27
70.82
70.52
70.29
69,37
68,70
68,38
67,70

SEP
ocr
NOV
MAR
APR
MAY
JUN
JuL
AuG
SEP
ocr
NQV
DEC
MAR
APR
JuL

DATE

29,
21
24
os,
13
11
15
t2
10
13
25
23
04

1979

1980

29, 198}

26
13

39,61 FEET BELOUW LAND SURFACE DATUM DEC 18, 1

78,19 FEET BELOwW LAND SURFACE DATUM NOV 17, 19

BELOW LAND SURFACE DATUM,

DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NOV

DEC
JAN
FEB

DATE

21,
a8,
11
24
23
21
21
23
27
27
1S
19
21
31
18,
27

1977
1978

1979

WATER
LEVEL

62,79
61,68
61,29
60,10
59,37
59.17
58.68
58,11
57,63
56,82
56.53
55,00
S5.66
55.67
55.54
55.82
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MAR
APR
MAY
JIIN
JuL
AuS
SEP
ocT
NOV
MAR
APR
JuN
Jul
SEP
[v]oh §
NOV

OATE

24,
29
30
2a
15
14
29
21
24
08,
13
15
12
13
25
23

SITE

982,

76,

1979

1980

NUMBER

WATER
LEVEL

66,81
66,51
67,08
65,93
65.78
65,40
66,80
66,04
65.69
65,05
64,36
63.73
63,19
64,02
63,14
61.26

NUMBER

WATER
LEVEL

55.32
55.11
54,30
55.10
52,65
52,05
53.17
52,91
51,24
50,33
48,10
48,85
48,41
46,84
48,70
48,04

4822646099530603

JuL
AUG
SEP
ocy
MAR
APR
MAY
JUun
JuL
AUG
SEP
(s ¢
NOV
DEC

DATE

26,
29
20
24
21,
18
23
27
31
22
26
24
21
01
18

1981

1982

282246099530604

DEC
MAR
APR
JuL
AUG
SEP
acr
APR
MAY
JUN
Jut
AUG
SEP
ocr
DEC

DATE

oa,
29,
26
26
29
290
24
18,
a3
27
31
22
26
24
18

1980
19381

1982

WATER
LEVEL

61.16
60,52
60,35
59,92
58.40
58,01
§7.52
S7.12
S6.7A
S6.b4
56,44
S8.11
56.26
S6.70
55.78

WATER
LEVEL

45,51
48,38
a7,44
43,45
42,86
44,13
43,66
41,75
41,26
40.36
40,55
40,38
40.25
40,06
39,61



HIGHEST WATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS FOR PIERCE COUNTY, NO

WELL 157-072~36000

SITE NUMAER

7.25 FEET BELOWN LAND SURFACE DATUM DEC 04, 1980,

20,17 FEET BELOW LAND SURFACE DATUM MaAR 24, 1978,

WwATER LEVELS IN FEET BELOW LAND SURFACE DATUM,

ocr

NIV
FER
APR
JuN
Jut
AUG

DATE

05, 197S
12
20
02
21
24
26, 1976
29
15
038
26

WATER
LEVEL

12.89
13.68
14,32
14,19
14,37
14,46
16.41

9,87
10,98
10,97
15,24

HIGHEST WATER LEVEL

LOWEST WATER LEVEL

WATER LEVELS IN FEET

AUG

acy
NOV
FEB

DATE

05, 1975
20
02
28
26, 1976

KATER
LEVEL

11.71
11,83
11,70
11.77
12.06

HIGHEST WATER LEVEL

LOWEST WATER LEVEL

DATE

NOV 19, 1976
DEC 01
NOV 16, 1977

WATER
LEVEL _

3.64
3.35
3,03

DATE

SEP 29, 1976
NOV 18
30
DEC 2%
Jan 21, 1977
MAR 04
JUN 14
S8EP 13
NOV 09
DEC 21
MAR 24, 1978

WATER
LEVEL

16,52
16.83
17,07
17,31
18.68
16,70
16,37
15.30
15,12
16,20
20,17

JUN
SEP
NOV
MAR
JunN
SEP
NOV
MAR
Juwn
SEP
DEC

WATER LEVELS FOR PIERCE COUNTY, NO

WELL 158~071=3004A

DATE

21, 1978
27
21
24, 1979
24
29
24
08, 1980
15
13
04

SITE NUMBER

10.56 FEET BELOW LAND SURFACE OATUM DEC 18, 1982,

12.2%5 FEEY BELOW LAND SURFACE DATUM NOV 20, 1978,

BELOW LAND SURFACE DATUM,

DATE

APR 30, 1976
JUN 15
JuL 09
AUG 25
SEP 29

WATER
LEVEL

10.85
11,72
11,42
11.86
12,00

NOV
DEC
NOV
DEC
NQV

WATER LEVELS FOR PIERCE CODUNTY, ND

WELL 158-072-230D0C

OATE

19, 1976
01
16, 1977
22
29, 1978

WATER
LEVEL

10,93
15.11
16.30
19,51

8,08
16,29
16,10
18,84
14,10
10,63

7.2%

NATER
LEVEL

12,08
12,19
12,05
12,12
12.25

SITE NUMBER

1.54 FEET BELOW LAND SURFACE DATUM DEC 18, 1982,

4,31 FEET BELOW LANO SURFACE DATUM MAR 29, 1481,
WATER LEVELS IN FEET BELOW LANO SURFACE DATUM,

DATE

DEC 22, 1977
NOV 20, 1978

DATE

NOV 25, 1979
DEC 04, 1980

lie

WATER
LEVEL

2,98
.66

482220099530601

MAR
JuL
SEP
MAR
JUN
SEP
DEC

DATE

29,
13
20
21,
27
26
01
18

1981

1982

482843099514901

NOV
NDEC
DEC

DATE

2S5,
04,
18,

DATE

MAR 29,
DEC 18,

1979
1980
1982

482916099543501

1981
1982

WATER
LEVEL

10,24

9.21
11.79
15,173

7.27
14,20
t1.10
11.40

WATER
LEVEL

11.78
10.82
10.56

WATER
LEVEL

4.31
154
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Table 2 -- Dissolved chemical constituents in water -- their effects
upon usability and recommended concentration limits for
domestic and municipal water supplies in North Dakota.

Constituent

Suggested limits

U.S. Public Health

Constituent

Suggested limits

U.S. Public Health

U.S. Public Health Service, Pub. No. 956, 61 p.

. or Effects of dissolved for drinking wafer Service recommended or Effects of dissolved for drinking wafer Service recomended
Parameter constituents on water use in North Dakota limits for drinking water Parameter constituents on water use in North Dakota Vimlts for drinking water?
Silica No physiclogical Chloride Over 250 mg/| may impart 250 mg/t
(Siog) significance (cl) a salty taste, greatly
excessive concentrations
lron Concentrations over 0.1 0.3 mg/l may be physiologically
(Fe) mg/l will cause stain- harmful. Humans and
ing of fixtures. Over animals may adapt to
0.5 mg/1 may impart higher concentrations.
taste and colors to
food and drink. Flouride Flouride helps prevent Limits of 0.9 mg/| Recommended limits depend on
(F) tooth decay within spec- to 1,5 mg/l average of daily temperatures.
Manganese Produces black staining 0.05 mg/1 ified limits. Higher Limits range from 0.6 mg/l at
(Mn) when present In amounts concentrations cause 32°C. to 1.7 mg/l at 10°C.
exceeding 0,05 mg/| mottled teeth.
Calcium(Ca) Calcium and magnesium are Nitrate Over 45 mg/l can be 45 mg/1
and the primary causes of (N03) toxic to infants.
Magnesium hardness. High concentra- Larger Concentrations
{Mq) tions may have a laxative can be tolerated by
effect on persons not adults, More than 200
accustomed to this mg/ | may have a deleter-
type of water, ious effect on livestock
health
Sodium No physiological sig-
(Na) nificance except for Boron No physlological signi-
people on salt~free diets. (B) ficance. Greater than
Does have an effect on the 2.0 mg/i may be detri-
irrigation usage of water, mental to many plants
Potassium Small amounts of potassium Total Persons may become 0-500 mg/1 - low 500 mg/1
() are essentlal to plant and dissolved accustomed to water 500-1400 mg/| average
animal nutrition, solids contalning 2,000 mg/l 1400-2500 mg/ | high
or more dissolved over 2500 mg/l very
Bicarbonate No definite significance, solids, high
(HCo3) but high bicarbonate
and content will impart a Hardness Increases soap consump-  0-200 mg/| - low
Carbonate flat taste to water. (as tion, but can be removed 200-300 mg/l average
(co3) CaCo3) by a water-softening 300-450 mg/1 high
system. over 450 mg/| very
Sulfate Combines with Calcium to 0-301 mg/l - low 250 mg/1 high
(50y) form scale, More than 300-707 mg/1 - high
500 mg/| tastes bitter over-700 mg/| - very pH Should be between 6.0
and may be a laxative high and 9.0 for domestic
consumption
Percent indicate the sodium
Sodium and hazard of irrigation Specific An electrical indication
Sodium Ad~ water. Conductance of total dissnlved solids
sorption measured In micromhos per
Ratio (SAR) Centimeter at 25°C. Used
primarily for irrigation
analyses.
1. Schmid, R, W., 1965, Water Quallty Explanation: North Dakota State Water
Commission, unpublished report, File No. 989.
2, U.S. Public Health Service, 1962, Public Health Service Drinking Water Standards:
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