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VI CONVERSION FACTORS

For the convenience of those who prefer to use International System
(metric) units rather than English units, the conversion factors for
terms used in this report are listed below:

Multiply By , To obtain
feet (ft) 0.3048 metres (m)
miles (mi) 1.609 kilometres (km)
acres 0.4047 hectares (ha)
square miles (mi?) 2.590 square kilometres (km?)
gallons per minute (gal/min) 0.06309 litres per second (l/sq
feet per day (ft day-!) 0.3048 metres per day (m day-")

feet squared per day (ft? day-!) 0.0929 metres squared per day (m? day-!)



BURIED AQUIFERS IN THE BROOTEN-BELGRADE AND
LAKE EMILY ‘AREAS, WEST-CENTRAL MINNESOTA--FACTORS
RELATED TO DEVELOPING WATER FOR IRRIGATION

By Ronald J. Wolf

ABSTRACT

Irrigation has given a substantial boost to the economy in the Brooten-
Belgrade and Lake Emily areas. The surficial outwash aquifer is capable of
yielding sufficient quantities of water for irrigation over half of its area;
the remaining part may be supplied by deep aquifers. Buried glacial outwash
and Cretaceous sand aquifers, as thick as 50 feet (15 metres) occur to depths
of 300 feet (91 metres). In places, the buried aquifers are sufficiently
thick and permeable to yield large quantities of water to wells. The buried
aquifers are probably narrow, elongate, truncated bodies enclosed by clay
till. The Precambrian surface, ranging from 190 to 350 feet (58 to 107
metres) below the land surface, is the lower limit of the buried aquifers.

Water in the buried-drift aquifers is a very hard calcium magnesium
bicarbonate type, suitable for irrigation needs. Water in Cretaceous aqui-
fers, although untested, is expected to be higher in dissolved solids.

Potential water problems include slow rate of recharge to buried aqui-
fers, and head loss caused by screening of the surficial and buried aquifers
in the same well, and by allowing wells to flow unabated. Another potential
problem is possible pollution of the buried aquifers through the boreholes
of multiaquifer wells.

INTRODUCTION

Irrigation has given a substantial boost to the agricultural economy
in the Brooten-Belgrade and Lake Emily areas, popularly known as the Bonanza
Valley, in west-central Minnesota. Surficial sand and gravel aquifers,
described by Van Voast (1971 a, b), provide a ready source of water for
irrigation in much of the area where droughty soils yield marginal crops
during dry years. Although wells tapping the surficial aquifer yield 100 to
1,000 gal/min (6 to 60 1/s) over about half its areal extent, yields in the
remainder of the area are lower. In places, buried aquifers occur beneath
the surficial aquifer, and they may provide a source for irrigation water
in areas where the surficial aquifer is inadequate.

Purpose and Scope

The purpose of this report is to determine, as far as possible, the
occurrence of buried aquifers and to describe their hydrologic characteristics
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and water-yielding capability. The evaluation is based mainly on 44 test
holes drilled specifically for this investigation. These test holes are
too widely spaced to correlate individual aquifers. Such correlation must
await more detailed closely spaced test drilling. Forty-two test holes
were drilled in the Brooten-Belgrade area; hence the mapping is restricted
to this part. Two test holes were drilled in the Lake Emily area, allowing
only one geologic section to be presented. Plan-view mapping would require
considerable additional test drilling.

The investigation was conducted in cooperation with the WesMin Resource
Conservation and Development Project Committee and the Minnesota Department
of Natural Resources, Division of Waters.

Location and Extent

The project area is in west-central Minnesota about 125 miles (200 km)
west of Minneapolis and St. Paul. It coincides with areas of previous in-
vestigations (Van Voast, 1971 a, b) of the surficial aquifer in the Brooten-
Belgrade and Lake Emily sand-plain areas (fig. 1). The Brooten-Belgrade part
of the area includes about 300 square miles (780 sq km) in eastern Pope
County, northern Kandiyohi County, and southwestern Stearns County. The Lake
Emily part includes about 35 square miles (91 sq km) in southwestern Pope
County.

Previous Reports

An early investigation of the general geology by Upham (1888) included
the Brooten-Belgrade and Lake Emily areas; some well data were included.
Reports on the geology and underground waters of southern Minnesota by Hall,
Meinzer, and Fuller (1911) and by Thiel (1944) describe the part of Kandiyohi
County included in this study. The parts of Pope and Stearns Counties in-
cluded in the study area are described in a report by Allison (1932) on the
geology and water resources of northwestern Minnesota. The area was briefly
mentioned in Leverett's (1932) report on the glacial geology of Minnesota
and adjacent States. A general description of the geology and water resources
of the study area is presented in the hydrologic atlases of the Chippewa
River watershed by Cotter and others (1968), the Crow River watershed by
Lindholm and others (1974, and the Mississippi and Sauk Rivers watershed by
Helgesen and others (1975). Van Voast (1971 a, b) presented a more detailed
study of the hydrology of the area, with emphasis on ground-water availability
for irrigation from the surficial aquifer.

Methods of Investigation

Fieldwork started in 1973 and consisted of collecting geologic and hydro-
logic information. Selected deep irrigation and domestic wells were inven-
toried, and 44 test holes were drilled in the glacial deposits and Cretaceous
sedimentary rocks. The test holes, drilled by the hydraulic rotary method,
averaged about 275 feet (85 m) deep. More than 1,000 samples were collected
from the drill cuttings, and selected samples were analyzed for particle-size
distribution. Electric logs, run in each hole after drilling, supplied

2
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additional information about thicknesses and geologic characteristics of the
strata penetrated. A 24-hour pumping test involving irrigation wells finished
in a buried sand bed at a site about 2% miles (4 km) northwest of Brooten was
made to determine aquifer characteristics. Chemical analyses were made of
water from three deep wells in the area, and previously published and unpub-
lished chemical analyses were assembled.

Test-Hole Numbering System

The system of numbering test holes and wells in Minnesota is based on the
U.S. Bureau of Land Management's system of subdivision of the public lands.
The Brooten-Belgrade and Lake Emily areas are in the fifth-principal-meridian
and base-line system. The first segment of a test hole or well number indi-
cates the township north of the base line; the second, the range west of the
principal meridian; and the third, the section in which the test hole is
situated. The lowercase letters, a, b, ¢, and d, following the section num-
ber, locate the well within the section. The first letter denotes the 160-
acre (65 ha) tract, the second the 40-acre (16 ha) tract, and the third the
10-acre (4 ha) tract as shown in flgure 2. The letters are assigned in a
counterclockwise direction beginning in the northeast quarter. Within one
10-acre (4 ha) tract, successive well numbers, beginning with 1, are added
as suffixes. Figure 2 illustrates the method of numbering a test hole or well.
The number 123.35.4dadl.indicates the first test hole or well located in the
SE%NEY SE4 sec.4, T.123 N., R.35 W.

Sequential project test-hole numbers were assigned to each hole as drill-
ing progressed. For readability and convenience, the project numbers are used
in the text and illustrations. The location numbers, as described in the pre-
ceding paragraph, and the project test-hole numbers are given in table 1
(p. 36), so that each test hole may be located to the nearest 10-acre' (4 ha)
tract.

Acknow]edgments

The author is grateful for information provided by property owners and
well drillers. Special acknowledgment is given to those who permitted the
drilling of test holes on their land and to irrigators who permitted use of
their wells and equipment for measurement of water levels and for aqulfer

testing.

GEOLOGY
The rocks underlying the Brooten-Belgfade and Lake Emily areas are of
Precambrian, Cretaceous,and Quaternary ages. Precambrian and Cretaceous
bedrock lie buried by 125 to 350 feet (38 to 107 m) of Quaternary drift de-
posits, which form the present land surface.
Precambrian

Crystalline rocks of Precambrian age form the basement complex. The
rocks are mostly granitic, and their upper surface is weathered to a soft,
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kaolinitic clay, containing an abundance of quartz grains and, in places,
minor amounts of mica and feldspar. This weathered zone is recognized by
most local drillers as 'decomposed" granite. The Precambrian is not mapped
in the Lake Emily area. Plate 1 shows the configuration of the Precambrian
surface in the Brooten-Belgrade area. This surface has a total relief of
over 200 feet (61 m) and ranges from about 190 to 350 feet (58 to 107 m) be-
low the present land surface. A prominent feature of the Precambrian surface
is a valley network eroded into the rocks by an ancient drainage system. The
main valley extends eastward from Tamarack Lake. Tributary valleys extend
from the main valley northwestward along the axis of the study area, north-
ward from Belgrade, and southward from Regal. Divides of the ancient drain-
age appear as highs on the buried surface along the northeast side of the area,
west of Brooten, south of Georgeville, and on the southeast edge of the area.

Cretaceous

Sedimentary rocks of Cretaceous age overlie the Precambrian basement
complex and underlie drift. The rocks are generally soft varicolored shale
beds interbedded with poorly consolidated or loosely cemented siltstone and
sandstone. The Cretaceous rocks are sporadic, and are generally less than
100 feet (30 m) thick. The deposits are absent in several areas, especially
where the Precambrian surface is high. Test holes indicated the presence of
Cretaceous rocks in the Lake Emily area (fig. 16) and in about half of the
Brooten-Belgrade area (pl. 2).

The major feature on the Cretaceous surface is a deep eastward-trending
valley, which coalesces with the main valley on the Precambrian surface (pl.
1) in the south-central part of the area. Total relief on the Cretaceous
surface is about 160 feet (49 m).

Quaternary

Drift of Wisconsin age is exposed in the project area (pl. 3 and fig. 3).
Older pre-Wisconsin drift occurs in the subsurface and is identified by drill
cuttings of buried soil zones, outwash deposits, and oxidized till. The drift
directly overlies Cretaceous sedimentary or Precambrian crystalline bedrock
and ranges in thickness from 125 feet (38 m) to 350 feet (107 m).

Drift consists of both nonstratified and stratified deposits ranging in
size from clay to boulders. It is largely till, an unstratified, unsorted
mixture of sand-through boulder-size material imbedded in a silty clay matrix.
Till is deposited directly by glacial ice. Till occurs at depth throughout
much of the area and is exposed southeast of Grove Lake and east of Amelia
Lake.

Part of the drift consists of stratified sand and gravel deposits of out-
wash or ice-contact origin. These are largely composed of poorly sorted to
well-sorted sand and gravel deposited adjacent to the ice (ice-contact de-
posits) or beyond the ice (outwash) by melt-water streams. Wide variations in
grain size result from the constantly changing conditions of melt-water flow.
In addition, highly irregular shapes and thicknesses of deposits result from
continual shifting of the stream courses.

6
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Outwash forms the surficial materials throughout most of the project
area. Ice-contact deposits and outwash occur at depth as isolated deposits
throughout the area.

BURIED AQUIFERS IN THE BROOTEN-BELGRADE AND LAKE EMILY AREAS

The most widespread and significant aquifer is the surficial outwash
which covers most of the area. Where the surficial outwash is less permeable,
thin, or absent, buried aquifers may be an alternative source of water.

Buried aquifers, as used in this report, are considered to be those aquifers
underlying one or more confining layers of till. The aquifers are composed of
sand, gravel, and sandstone, but are sometimes referred to as ''sands" in this
report.

Precambrian Aquifers

Although no wells finished in the Precambrian rocks are known in the
study area, such wells have been drilled outside the area. Some water may
occur in the upper part of the Precambrian in fracture zones of the rock or
in the highly weathered residual material above the crystalline rock. These
water-bearing zones probably do not yield water in quantities sufficient to
support irrigation. Therefore, the top of the Precambrian rocks (pl. 1)
represents, for all practical purposes, the lower limit of high-yielding
aquifers. o

Cretaceous and Drift Aquifers

Test drilling indicates that the buried drift and Cretaceous deposits,
although differing in age and mode of deposition, are hydrologically similar.
Coarse Cretaceous sands resemble the overlying lowermost glacial sands and
are practically indistinguishable from them. Also, the lower confining
layers of till, although not as indurated, are similar in appearance to the
Cretaceous shale. Therefore, the drift and Cretaceous aquifers are discussed
together in this section of the report.

Individual drift and Cretaceous aquifers range in depth from about 40 to
300 feet (12 to 91 m) below land surface and are as thick as 50 feet (15 m).
Where permeable and thick enough, these aquifers are capable of initially
yielding largé quantities of water, but the long-term yields are unknown.

Delineation

Drift and Cretaceous deposits extending from the base of the surficial
aquifer (pl. 4 ) to the Precambrian surface (pl. 1) range in thickness from
about 160 to 340 feet (49 to 104 m) in the Brooten-Belgrade area, as shown in
plate 5. The thickest deposits occur near Tamarack and Crow Lakes and in
the central and extreme northwest parts of the area. Thickness of buried de-
posits in the Lake Emily area are shown in figure 16.

Layers, lenses, and stringers of permeable sand and gravel, interbedded
with till in the drift, and sand, interbedded with shale in the Cretaceous

8



rocks, are potential aquifers. The cumulative thickness of these aquifers in
each hole is shown on plate 5. These thicknesses range from 11 to 95 feet
(3.4 to 29.0 m).

Composite lithologic logs of test holes are presented in table 1 (p. 36).
The logs represent the geologic interpretation of all information available on
each test hole, including electric logs. An electric log is a graph of the
electrical properties of the strata penetrated by a borehole. As an electrode
is lowered down the borehole electrical resistivity and spontaneous potential
are recorded against depth. Electric logs are used to identify and correlate
geologic strata and delineate thicknesses of water-yielding zones. An example
of the electric log for test hole 13 is shown in figure 4.

Geologic interpretation of test-hole data is presented on geologic sec-
tions, which represent interpolations and correlations of data between test
holes. The sections are shown in figures 5 through 16. Location of test
holes and the trace of each section are shown on plate 3 and figure 3. Corre-
lation of the highly variable buried sand and gravel beds between test holes
would require a much larger number of closely spaced test holes than were
available. Therefore, lines of correlation are shown only for the base of the
surficial aquifer, top of the Cretaceous rocks, and the Precambrian surface.

Geologic section A-A' (fig. 5) trending northwest-southeast through the
length of the study area, shows the top of the Precambrian crystalline rocks,
the variable thickness and discontinuous Cretaceous deposits, and the nearly
uniform thickness and the continuity of the Pleistocene surficial-outwash unit.
The section also indicates the variable shape of the buried sand units, which
occur at different altitudes. Test holes 35, 36, 11, 69-2, and 7 on section
A-A' (fig. 5), 13 and 9 on section I-I' (fig. 13), and 15 on section C-C' (fig.
7), all in the vicinity of Brooten, Belgrade, and Georgeville, show thick,
permeable sands probably capable of yielding large amounts of water to wells.
However, buried sands are thin or absent in some adjacent test holes, such as
in test holes 30 (fig. 12), 8 (fig. 5), and 32 (fig. 14). Sections B-B' (fig.
6) and E-E' (fig. 9) indicate the presence of thick, permeable sand units
. east and south of Villard at test holes 39, 27, and 28. Another promising area
is southwest of Hawick, where geologic section K-K' (fig. 15) shows thick sands
in test holes 4 and 1. Section L-L' (fig. 16) indicates a thick sand unit in
test holes 22 and 23 in the Lake Emily area.

The geologic sections show that many areas are lacking thick sand units.
Buried sands are thin or absent in test holes 25 (fig. 5) and 26 (fig. 8),
north of Glenwood, and in test holes 40 and 38, southeast of Glenwood (fig.
10). Other areas that have little or no buried sands are east and south of
Sedan, as shown in test holes along section G-G' (fig. 11), and north and
east of Hawick, as shown by test holes 2 (fig. 5), 3, and 33 (fig. 15). Al-
though the sections show no thick sands in these areas, future drilling may
reveal some buried sands missed by the widely spaced test holes drilled for
this study.
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Thickness and Extent

Ana]y51s of the geologlc sections and other data reveals a great contrast
between the geometry of the surficial sand and the buried sands. The sur-
ficial sand is a widespread outwash p1a1n of relatively uniform thickness
extending over a 300-square mile (800-km?) area. In contrast, the buried
sands occur as thick to thin, discontinuous bodies, which are probably elon-
gate. The sands were probably laid down as outwash in glacial melt-water
stream channels and as marine sand accunulations in Cretaceous deposits.

Because test holes drilled for this study are widely spaced, the thick-
ness and areal extent of the buried sands cannot be mapped accurately. To
correlate and map these buried sands, test holes would have to be spaced
less than 1/8 mile (0.2 km) apart.

Some buried deposits, although thick vertically, are small areally, and
isolated. Therefore, a well completed in this type of deposit may have an
initial high yield but may not receive adequate recharge to sustain the yield,
or storage may be so small that the yield may decline rapidly.

~ Statistical Approach to Mapping the Distribution of Buried Sand Beds

Locating and delineating buried-drift aquifers poses a major problem.
Having no surface expression, and being elongate and sinuous, makes mapping
of them difficult and costly by test drilling. Using a statistical technique
developed by Krumbein and Libby (1957), Winter (1975) presented a statistical
approach to mapping buried-drift aquifers, which objectively considers the
distribution of all sands in a geologic section. Using this approach, sta-
tistical-parameter maps were prepared for the Brooten-Belgrade area.

The method results in a single map, which depicts the areal and vertical
distribution of sand within the entire volume of deposits studied. The
technique involves computation of the weighted mean vertical position and of
the spread of all sand units in a drill hole. The map thus developed is
based on statistical moments that express the position of the sand umits as
a continuous variable. The first moment, termed the center of gravity, ex-
presses the average position of sand units in a drill hole as a distance,
in feet, from the land surface. The center of gravity is also the weighted
(as to thickness of individual sands) arithmetic average position of the
sands. The second moment is the average dispersion, or.the standard devia-
tion, of the sands about the center of gravity. The standard deviation is
that interval, expressed in feet, which, when added to and subtracted from
the center of gravity, provides a range that contains, on the average, the
bulk (about two-thirds) of the sand occurrences in the section. A composite
map of center of gravity and dispersion may show any combination of center
of gravity and spread of buried sand units.

Basic data for calculation of the statistical measures are: (1) the
distance from the top of the hole to the center point of the sand unit and
(2) the thickness of that sand unit. Equations for the calculations are
given by Winter (1975, p. 143). For this study, where the surficial sand
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thickness and areal extent has already been mapped (Van Voast, 1971a), con-
sideration was given only to the section below the surficial sand down to
the Precambrian rock. The surficial sand was not included in the calcula-
tions. Also, only units 4 or more feet (1.2 m) thick, consisting of sands
of fine sizes or greater, were used. Silty fine sand and smaller sized
materials were not considered aquifer material.

A plot of the center of gravity and standard deviation of sand units
4 or more feet (1.2 m) thick for each test hole in the study area shows
several possible groupings. Three arbitrary groupings seem convenient and
reasonable, although different groupings could be chosen. The three group-
ings used for the center of gravity or average position of sand units, ex-
pressed in feet below land surface, are: shallow, 92-146 feet (28.0-44.5 m);
medium, 152-182 feet (46.3-55.5 m); and deep, 191-273 feet (58.2-83.2 m).
For standard deviation or spread of the sand units, expressed in feet above
and below the center of gravity, the groupings used are: narrow, 1-27 feet
(0.3-8.2 m); moderate, 30-69 feet (9.1-21.0 m); and wide, 82-101 feet
(25.0-30.8 m). Values of the groupings and terms applied to each group are
strictly arbitrary, rather than being inherent in the method; therefore,
other values or terms could be chosen instead of those used.

A vertical-variability map (pl. 6) was developed from groupings of the
two parameters. Areas were delineated on the map where at least two adjacent
locations showed the same grouping; that is, they had the same combination
of center of gravity and dispersion. It is emphasized that the patterns
shown on a vertical-variability map do not necessarily represent specific
aquifers but represent only a qualitative statement that the sands in an
area exhibit a similar vertical statistical distribution.

The vertical-variability map is a useful guide for further prospecting.
For example, prime target areas for potential ground-water supplies are
areas where the center of gravity is shallow and the standard deviation is
narrow. These conditions indicate an area where the majority of buried
sands are clustered within a fairly narrow zone just beneath the surficial
sand. Other areas show clustered medium-depth sands or closely grouped deep
sands that might be good prospects for water supplies.

Because this study is concerned mainly with high-yield buried aquifers,
another vertical-variability map (pl. 7) was prepared using only sand units
10 feet (3.0 m) or more thick. A plot of the center of gravity and standard
deviation of the sand units for each test hole shows different possible
groupings. Those groupings, arbitrarily chosen, are shown on the map (pl. 7).
This map has fewer patterned areas than plate 6 and is probably a good
general guide to the location of thick, permeable, high yielding buried
aquifers.

A drawback of the vertical-variability map is that it does not indicate
the total thickness of sand or the number of sand units that were penetrated
by the test hole. Therefore, the number of sand units and the percentage of
sand in the total section is noted on the maps for each test hole. With this
information the maps show the most advantageous areas for penetrating an
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aquifer--those where percentage of sand is great, standard deviation is
narrow, and center of gravity is at a medium or greater depth. For practi-
cal purposes, deep sands with plenty of available head may be better with
regard to long-term yield than shallow buried sands.

Hydrology

Generalized ground-water-flow system.--Ground-water movement in the
buried aquifers is controlled by the distribution of hydraulic potential
within the flow system. Hydraulic potential is related to recharge-discharge
relationships and hydraulic conductivity of geologic materials. Recharge
generally occurs in uplands and discharge in lowlands.

Although the predominant direction of deep regional ground-water move-
ment through the area is southwestward, most of the shallow water moves
only within local flow systems, and is discharged to lakes, wetlands, and
streams in lowlands adjacent to recharge areas. Part of the water in the
system follows an intermediate-depth path through buried aquifers and is
discharged to large streams. Two such streams, the East Branch Chippewa
River and the North Fork Crow River, which flow through the Brooten-Belgrade
area, are probable discharge areas for the buried aquifers. The Chippewa
River, which flows through the Lake Emily area, is also a probable discharge
area for the buried aquifers. These flow relationships are shown by dif-
ferences in hydraulic head in shallow and deep wells. The water table is
above the hydraulic head in the buried aquifers over much of the study area.
Therefore, because of this hydraulic potential, some water moves downward
from the surficial sand through the confining till to the buried sands be-
low. Water levels in deep wells in these recharge areas tend to be rela-
tively deep. Conversely, near large streams, such as the North Fork Crow
River, the hydraulic head in the buried sands is higher than the water table.
Therefore, water is discharged from the buried sand upward through the con-
fining till to the surficial sand and thence to the stream. Deep wells
drilled in these discharge areas near the larger streams have very shallow
water levels or may flow above land surface.

Hydraulic characteristics.--The principal hydraulic characteristics of
an aquifer are its hydraulic conductivity, saturated thickness, and storage
coefficient. Hydraulic conductivity and saturated thickness can be expressed
as transmissivity (hydraulic conductivity times saturated thickness). These
parameters can be used to determine rates and magnitudes of water-level de-
clines resulting from withdrawal of water from an aquifer.

An aquifer test was conducted near Brooten to furnish data for deter-
mining hydraulic characteristics of a buried aquifer. After the growing
season, a 113-foot (34.4-m) irrigation well was pumped at a constant rate
of 637 gal/min (40.2 1/s) for 24 hours, while water levels were monitored
in the pumped well and in an adjacent irrigation well. Analysis of the
test data indicates a transmissivity of 1,350 ft2? day-! (125 m? day-!) and
a storage coefficient of 3.4x10-°. Dividing by the aquifer thickness of
15 feet (4.6 m) at the test site, gives an average hydraulic conductivity
of 90 ft day-! (27.4 m day-!) for this buried aquifer.
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Values of aquifer properties determined by this aquifer test may be
valid only in the immediate vicinity of the test location. At each test-
hole location aquifer properties were estimated (using aquifer-test results
as a guide) based on descriptions of drill cuttings, laboratory analyses of
drill cuttings, and published data for similar materials. Selected samples
of drill cuttings from aquifer zones in the test holes were analyzed for
particle-size distribution. The range and average of particle-size distri-
bution curves for samples of buried sands in the study area are shown
graphically on figure 17. Median grain size (the 50 percent line) of all-
samples ranges from medium sand to fine gravel and averages very coarse sand.
Estimates of hydraulic conductivity for each buried aquifer are shown in
table 1 (p. 36). These estimates were assigned from values for various
particle sizes shown in table 2. Lower hydraulic conductivity values in
each range were assigned to relatively poorly sorted material, and higher
conductivity values to well-sorted material. Transmissivity can be esti-
mated by multiplying the saturated thickness of each buried aquifer by the
hydraulic conductivity (table 1, p. 36). The higher the transmissivity
value the greater the probability of obtaining a high-yield well.

It should be understood that the hydraulic characteristics discussed
above indicate only the ability of the aquifer to transmit water; they do
not indicate the long-term water-yielding capabilities of the aquifer.

Water Quality

Water from the buried-drift aquifers in the study area is predominantly
a very hard calcium magnesium bicarbonate type. Chemical constituents and
other properties of water samples for buried aquifers in the Brooten-Belgrade
area are given in table 3. Chemical analyses for buried aquifers in and near
the Lake Emily area were given by Van Voast (1971b, p. 24). The quality of
water in the buried-drift aquifers is similar to that in the surficial-
outwash aquifer.

The chemical suitability of water for irrigation depends upon the type
and concentrations of dissolved mineral constituents in the water. Salinity
and sodium-adsorption-ratio are two factors that may be critical if they are
high enough to result in accumulation of salts in the soil or to be toxic
to plants. If sodium is present in large amounts, it may be exchanged for
calcium and magnesium in the soil, with possible damage to soil structure.
Water from buried aquifers in the project area has a low sodium hazard, as
shown in figure 18. The salinity hazard is medium to high. However, this
should not be a problem in the Brooten-Belgrade and Lake Emily areas because
good drainage characteristics of most of the soils and the amount and distri-
bution of precipitation permit a flushing or leaching of the root zone.
Potentially hazardous amounts of salt should not accumulate.

Boron is essential in trace amounts to the normal growth of all plants,
but is exceedingly toxic at concentrations only slightly above optimum
(U.S. Salinity Laboratory Staff, 1954, p. 75, 81). Boron in water samples
from buried aquifers, as shown in table 3, is below critical concentrations,
even for sensitive crops.
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Table 2.--Values of hydraulic conductivity used in the
estimation of hydraulic conductivity of buried sands
in test holes in the Brooten-Belgrade and Lake Emily

areas
[Modified from Emery (1966)]
Material Hydraulic conductivity
(Based on Wentworth scale of grain sizes) (feet per day)
Clay and silt 0- 15
Sand, very fine, silty 15- 40
Sand, fine to medium 40- 60
Sand, medium ‘ 60- 80
Sand, medium to coarse 80-100
Sand, coarse 100-120
Sand, very coarse 120-130
Sand and gravel - 130-270
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Cretaceous aquifers in the project area were not sampled because no
wells tapping them were found. However, on the basis of analyses from out-
side the project area, dissolved mineral concentrations are probably higher
in water from the Cretaceous aquifers than from the buried-drift aquifers.
Boron, for example, is known to be relatively high in water pumped from
Cretaceous deposits elsewhere in southwestern Minnesota.

Water Problems

A principal problem in the study area is the probable slow rate of re-
charge to the buried aquifers. Recharge, from precipitation, must infiltrate
through overlying, poorly permeable layers of till and clay. Thus, although
initially the buried aquifers may yield sufficient quantities of water for
irrigation, they may not be able to sustain it. Monitoring water levels in
wells in the buried aquifers could be useful in estimating the long-term

supply.

Other potential problems concern loss of hydraulic head with large-scale
development of ground water. Interference from closely spaced wells in the
surficial outwash has already occurred in the study area. Interference may
be even greater in the buried aquifers because the cones of depression around
pumped wells spread more rapidly in the confined aquifers than in the surficial
outwash. Lowering of heads may be excessive in some areas.

Although lowering of heads with increased ground-water development is
inevitable, some practices lower heads more than others. A particular case
is the common practice of screening deep wells in both the surficial and
buried aquifers and gravel packing from the well bottoms to the land surface.
Throughout most of the study area a head difference exists between the sur-
ficial and buried aquifers. In upland recharge areas, heads in the surficial
aquifer are generally higher than those in the buried aquifers. Under non-
pumping conditions, water enters such a well (through the screen or gravel
pack) from the surficial aquifer, flows down the well, and discharges into
the lower aquifer, resulting in overall lowering of the water table. Simi-
larly, the lower aquifer may be polluted by such leakage. The hydraulics
of a multiaquifer well are discussed by Bennett and Patten (1960, 1962).

Conversely, in discharge areas, where head in the buried aquifers may
be higher than that in the surficial aquifer, multi-screened or completely
gravel-packed wells may allow buildup of the water table locally and lowering
of the head in the buried aquifer.

Another source of head loss is caused by allowing wells to flow unabated.
This can be avoided by capping flowing wells when they are not in use.

CONCLUSIONS

Buried, confined sand and gravel aquifers as thick as 50 feet (15 m)
occur in the Brooten-Belgrade and Lake Emily areas. In places, such as
south of Hawick, at Georgeville, north of Belgrade, northwest of and at
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Brooten, east of Villard, and southwest of Lake Emily, test holes show that
buried aquifers are sufficiently thick and permeable to yield enough water
initially to support irrigation. However, test holes nearby penetrated only
thin aquifers or none at similar altitudes or depths, indicating that the
buried aquifers are probably narrow and elongate rather than similar to the
sheet-1like surficial sand. Closely spaced test drilling would be required
to delineate buried aquifers. The Precambrian surface, ranging from about
190 to 350 feet (58 to 107 m) below the land surface, is the lower limit of
the buried aquifers.

Quality of water in the buried drift aquifers is of the hard, calcium
magnesium bicarbonate type similar to that of the surficial outwash. Sodium
and boron concentrations are low, but the salinity hazard can be medium to
high. However, this should not be a problem because the good drainage char-
acteristics of the soils and ample precipitation permit flushing or leaching
of the root zone. Water from the Cretaceous aquifers, although unsampled,
is expected to be higher in dissolved-mineral concentration than water from
the drift aquifers, and it may be high in boron.

A principal problem is the probable slow rate of recharge to buried aqui-
fers, contributing to the reduction of well yields over the long term. Obser-
vation wells could be used to indicate the long-term supply. Other potential
problems include loss of head because of well interference, by screening sur-
ficial and buried aquifers in the same well, and allowing wells to flow
unabated.

TEST-HOLE LOGS
Table 1 contains logs of 44 test holes drilled during this investigation.
Many of the test holes are referred to in the text. Electric logs for most

of the test holes are on file at the U.S. Geological Survey, Water Resources
Division, St. Paul, Minnesota 55101.
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Table 1l.--Logs of test holes penetrating buried aquifers

Project test hole 1
Location number 122.33.33abb
Altitude 1242 feet

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conductivity
(feet) (feet) (ft day-1)
PLEISTOCENE
0- 2 S0I1l.teeeeeeaecesocessssosseasessasssoassonnas . 2
2 - 10 Sand and gravel, brown; sand fine to medium,
gravel fine...... Ce e reae et 8
10 - 17 Sand, yellow-brown, with clay layers.......... T
Sand, brown, fine to coarse; with some clay
17 - 52 layers..... Ceereecsenasoreanue e Ceeeene 35
52 -~ 55 Clay, Bray..cececessesocncassssscsossansssenos 3
55 - 80 Till, gray, silty, Clayey...ceeceerecencosens 25
o Y o % T0
805-100 Till, gray, sandy, Pebbly...iceteeerenoneoaans 195
100 -101 Boulder or cobbles....... S i esectesssrnnsssoes 1
101 -139 Till, gray, sandy, Pebbly....ceceeesecncansses 38 -
139 -140 SANA . e s eevsorssesecsoecssossssasosenssnsonsases 1 70
Till, yellowish buff, silty, sandy, pebbly:
140 -157 with sandy 18Yers....eeeieercscsesoccssoses 17
157 -184 Till, gray, silty, SBNAY....cevececeoesonecees 2T
184 -186 Sand, Very fine...e.eeeveeoesceecosennseesnnns 2. 10
186 -190 Till, Gray, SANAY.cesecocescessncasossasnsasens i
. Sand, gray; very fine to fine, grading to
190 -222 medium at 202 feet..veerieeeinrreccecnnanns 32 120
222 -223 BOULAEYS . tevsonssoosoconsonssnsssssssisnssnsss 1
223 -229 Till Or Clay, ETrBY.ccceecoeccnssstesssosnsacss 6
229 -230 S T 1 80
PRECAMBRIAN. , '
230 -232 Granite, unweathered.....ceveuvecicioincenenns 2
Project test hole 2
Location number 122.33.20cbdb
Altitude 1242 feet
PLEISTOCENE
0- 2 SO1], DYOWN . eevseesosvostooonsssnstasnsasnnsse 2
2 - 33 Sand and gravel, brown; sand medium to coarse,
gravel medium to COBTS€.ceeeciccccccscnesnce 31
33 - 39 Till, buff, soft, sandy, clayey...eeeoeeeseoe.. 6
39 - 93 Till, gray, sandy, silty; with sandy or
gravelly layers at 42, 4T and 55 feet...... 54
93 -100 Till, with sandy layers...ccceeeeeeececesccnss T
100 -105 Sand, gray, medium tO COBTSE€...eevveveccascsss 5 100
105 -121 Till, gray, sandy, Clayey..eeeeeeeesscescccocss 16
121 -12h4 SANA . ¢ eeevsensosccassososocssssasosssscassases 3 T0
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Table l.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 2--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness  conductivity
(feet) (feet) (ft day~1)
PLEISTOCENE~--Continued : :
124-133 Till, gray, sandy, silty, clayey..eeeeecocooes 9
133-135 Sand, gray, COBYS€...ceececvcococcssossooscnns 2 120
135-150 Till, gray, clayey, silty, sandy....cececeeeee 15
150-162 Clay, dark gray, hard; with no pebbles or sand 12
162-165 Clay, greenish-gray.....cceceeeseecososasnnnss 3
165-175 Clay, YELllOW. .ueeoesoessosossssssnsasccsnssacs 10
175-181 Clay, 1light t8N..eeeseeesccsecsecoscosoascoses 6
181-184 Send, brown, medium tO COBYSE...sesescsceseoss 3 100
184-192 Clay, light brown, silty...... Cecsecssrcscanns 8
192-199 Till, light gray, sandy...cceeeeceececcceccsonn T
199-206 Sand, gray, medium tO COBTSE....cvesoeoseosans T 130
206-208 Till, EYBY .+ cceeescesoossosacnsoossessanssansse 2
208-211 Clay, DlaCK...cieeesresoesossosescossvsssoscnce 3
211-215 Clay, EIEEN.cceessacecsstssacsosssssssocsasasss L
215-220 Clay, yellowish Drown...ccceceecececcccoscoocss 5
220-245 Till, gray, silty, clayey; with sandy layers
at 238 and 243 feet..vieevoeerssosanconsass .25
2l5-247 BBNA . e s ssssseesncosssecsosssssscssascareccscss 2 70
247-259 Clay, drak DIOWN..ceeeeocsossssccsscsaccscssoe 12
259-260 Boulder, black, crystalline....eeeeeeeeecesess 1
PRECAMBRIAN
260-310 Highly weathered crystalline rock; clay, ,
whitish-gray with increase of quartz grains
(white, grading to pink) with depth........ 50
Project test hole 3
Location number 122.33.22bbb
Altitude 1233 feet
PLEISTOCENE
o- 1 5011l ceeeeesocasoosscassossscssssassccssccnses 1
1- 5 Sand and gravel, brown, medium to coarse...... ok
5- 22 Sand, brown, medium to coarse, with some
Bravel...eoeeeetstacescsocscoscescsscnsacne 17
22- 26 Sand, brown, fine to medium....e..eoeveavvesss L
26-129 Till, brown at very top, gray below; silty,
sandY, ClaYeY.ceeseeeseocoersscsoesroscsscsnas 103
129-131 SBNA . ssessessnsessasssssossessssscssssssssnsons 2 T0
131-145 Till, gray, sandy, silty, clayey.....eeeeeecos 1k
145-175 Till, pale green, sandy, silty..... Ceseesseans 30
175-177 Sand, Brey, fiNe....veveereerecoconescesnonsne 2 Lo
177-187 Till, gray-green, SOft...veesereeecessccssnnns 10
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Table 1l.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 3——Cdntinued

38

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness  conductivity
(feet) (feet) (£t day-1)
PLEISTOCENE--Continued
187-190 Sand, fine..ceeevreeersesscecnsucosancsaasanns 3 4o
190-197 Till, gray-green...... tesscsssssssssnsecsasees T
197-201 Clay, DIOWN . :eeeteroasoeacoecassassssssssaanss L
201-219 Till, grayish-green...co.oeeeecececcecssnccsons 18
1 219-220 S8NA .. eeeescscsvsoscccsosrsssssssccssscsassnnse 1 T0
220-247 Till, reddish-gray above grading to gray '
below; silty, sandy, Clayey.ccceectetecoecss 27
247-257 Sand, fine to coarse, mostly medium........... 10 130
257-273 Till, Erayish greeN..ceceeecrscocsscessccsnnns 16
PRECAMBRIAN
273-302 Highly weathered crystalline rock; greenish-
white clay with some micééd and abundant
QUATEZ . ceeeeevecosossssscssssrsssscsncsasossce 29
Project test hole k4
Location number 122.34.25dce
Altitude 1240 feet
PLEISTOCENE
0o- 1 Soil, brown, dark..eeeeeeeceeecsssocscnocsonns 1
1- 40 Sand and gravel; sand medium to coarse,
gravel fine tO VEry COBTS€..seeicoscscscacs 39
Lo- L2 Till, brown, clayey, Sandy...cseeeeseesscccsss 2
L2- 89 Till, gray, sandy, Silty..eeecececscocccocsoses L7
89- 90 SBNA . 0o eeesoccsescroanssssesccsacssssssossecsesas 1 T0
90-136 Till, gray, sandy, Silty¥..eceeeesccsoscccasess L6
136-138 SANA . s ssasreeeasscasocsosssnssnssascsccssasses 2 T0
138-142 Till, gray, sandy, Silty...eeeecosceocesescces L
142-160 Sand, gray, medium to coarse,with fine gravel. 18 160
160-181 Till, gray above, light gray below, sandy,
SE11EY e e everernnnnnnasesoecsseocsacaanannnes 21
181-182 S8NA.ceererrssssssscronssssssssccscsscssssssce 1 T0
182-191 Till, greenish tint, sandy, sSilty..eeececeesss 9
191-205 Sand, gray, fine to mediumM...ceceeeeccsnossncs 1k 100
205-206 BOULAC T e ceeeeesoocnsscesoccensoasosossssssoses 1
206-214 Till, greenish white, sandy, clayey....eeeee.. 8
214-216 Clay, dark..ceoseessescososscsscsssssssnasanss 2
216-230 Till, dark, becomes lighter with depth;
pieces of wood 8t 216" ..eeeereseccsennnanns 1k
CRETACEOUS
230-233 Clay, green, SOft..c.cieceevrcecsscsenoncosenns 3
233-258 Clay, yellowish tan...eeeeeeeeeeescocasaocsnns 25



Table 1l.--Logs of test holes penetrating buried aquifers--Continued

Project test hole L--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness  conductivity
(feet) (feet) (£t day~1)
CRETACEOUS--Continued
258-273 Clay, 1ight Gray..ecceecseescesssssccsccnnsses 15
273-276 Sand and Eravel.ececeseececscocococessssscscns 3 130
276-280 Boulder, red granite...eeeececssecocasssonncas b
280-285 CLAY, BIBY+eeeeerenracsessensasscnssasssnsonns 5
285-287 BOULAET s e 0 oeeveooocnsssenseososscscassnncnosas 2
PRECAMBRTAN
287-295 Highly-weathered crystalline rock; whitish
clay with quartz grainS...ceceeeeccescscsees 8
Project test hole 5
Location number 122,3k.9acc
Altitude 1225 feet
PLEISTOCENE
0- l SOith...i'.0.0'00..0D.oooo.oo..o..oo.oo-uo.oo 1
1- 14 Sand and Eravele.ceeccsceccsccosessssssccscnss 13
1h- 27 0By e e eevoenoenosonesnsensonsennsossnncsnsons 3
17- 25 Sand and gravel, medium tO COATEE...csessvacas 8
25- 62 Till, brown at very top, blue-gray below;
sandy, Silty.ccececococesccsccacsssccsscnsns 37
62- 63 SBNA.ueserseereossosssscssonsssccssssssssoaass 1 T0
63- 76 Till, GTaY .+ :eeoeoscareocsescassascscsssscnccas 13
T6- T7 S o o 1 70
77- 81 1 0 L
81- 82 3] ¢ 1 T0
82- 86 Clay, light gray above, green below.......e... L
86- 91 Sand, with clay 18YersS...cceeecocceccccosccnns 5 50
91-101 Till, gray, sandy, Silty...cecovescecossccnsas 10
101-102 BN .. teresescccsecscssscscssssscsnsccsoscscscocccne 1l TO
102-1k2 Till, gray, sandy, Silty...cceeeevesceccscocss ko
142-147 Till, with Sandy 18YerS..eceececescecccsscoces 5
147-165 Sand, gray, fine 10 COATSE..ceeevrecreaseccces 18 100
165-171 Till, reddish-brown, sandy, silty; pieces of
wood at bottom (171 feet).eeeeeeeoeoceonens 6
171-181 Sand, Gray, COATSE..ceecessesccsscssscsanssoas 10 110
CRETACEQUS
181-186 Clay, light greenish-gray....ceeeeeecececccoes 5
186-202 Clay, light yellowish-tan...ececeeeecercecooss 16
202-215 Clay, light gray-brown..cceeecececcccscecccaces 13
215-233 Sand, with some clay layers; gravel and
coarse sand in bottom 5 feet..eeoveecococes 18 130
233-251 Clay, gray with sandy 18yersS.ceceececccccccecss 18
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Table 1.--Logs of test holes pénetrating buried aquifers--Continued

Project test hole 5--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age "Thickness conductivity
(feet) (feet) (ft day~1)
PRECAMBRIAN
251-287 Highly weathered crystalline rock; consists of
clay, whitish-pink to pink, with mica and
quartz grains from 251-257 feet; clay,
light green to gray above, darker gray be-
low, with quartz grains from 257-287 feet.. 36
Project test hole 6
Location number 122.34.lcdd
Altitude 1231 feet
PLEISTOCENE e M
0- 2 S0LLl.ieeoevesssscacocooceasocsassscssascsnsssocee 2
2- 10 Sand and gravel, brown, medium to coarse...... 8
10-11T7 Till, brown at top two feet, gray below,
sandy, Silty.cceeveeecctececocceevsancocnnans 107
117-130 Till, gray,with some layers of sand........... 13
130-139 Sand, gray, medium to coarse, with fine gravel 9 130
139-154 Till, light greenish-gray, sandy, clayey...... 15
15k4-164 Till, light gray, sandy, Silt¥.e.cesecescssces 10
16k4-165 Sand, COBTSE.eeeessessesossassosssssssossansss 1 120
165-169 Till, gray, sandy, Silty.ee.ceeeecencccns ceeeee L
169-180 Sand, gray, fine to coarse, mostly medium..... i1 80
180-185 Till, ‘gray, sandy, Silty.eecesvecioesscioccnes 5
CRETACEQUS
185-202 Clay, light yellowiSh-DIrOWh....e.coeossecssces 17
202-212 Clay, light greenish-white...cccciivoennaenn. . 10
212-226 . Clay, greenish-brown....ceeeececeseernccanoess 14
226-234 Clay, 1ight DrOWH..:.eeeeeroeoveocassnacsanns 8
PRECAMBRIAN
23&'236 Crystalline I‘OCk s000 000 e 0000000000000 00000 2

Project test hole 7
Location number 123.34.27dcd
Altitude 1238 feet

PLEISTOCENE o
0- 2 S01l, DIOWR..ceeeeoroccocossoscsscosccessasoss 2
2- 15 Sand and gravel, medium........ O 13
15- 33 Till, brown at top foot, gray below, sandy,
silty; with sandy 1ayers...eceeeeececcescss 18
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Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole T--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness  conductivity
(feet) (feet) (£t day-1)
PLEISTOCENE-~Continued
33-101 Till, gray, sandy, silty, containing white
limestone and red pebbleS.ececececcrescaces 68
101-103 Sand............-.......-...o.....,........... 2 70
103-112 Till, greenish gray at top, light gray below.. 9
112-113 Sand, gray, medium to coBYS€..iccetseetennanns 1 100
113-145 Till, gray, sandy, silty; with thin sand
layers between 118-12T7 feet.vvecseessssoass 32
145-157 Till, YBY.eoseoscosecsssssssscsscassssansnnes 12
157-206 Sand and gravel, gray; sand fine to coarse,
coarser with depth; gravel fine to medium,
cobbles or boulder at bottom fOOtossesesese kg 190
206-226 Till, gray, sandy, silty; with sandy layers.... 20
226-228 SANA . eeseseoscasvssossosscssesossocsssscssossss 2 T0
228-255 Till, sandy, with layers of s8nd..ececcevesces 27
255-256 Till, EYBY:+:eeseoscscascacoscssscssosssncncsns 1
256-259 Boulders 8nd SBNA...cesvevecccsssencccssnnnnns 3 200
259-260 S8NA.0eeecsssosossssosssssscssscsssccsnsossnans 1 70
260-2T72 Sand and gravel, multi-colored....c.eecveeeees 12 230
CRETACEOUS :
272-277 Clay, GreeN..ccceeecesccescasescssssssssssssns 5
277-282 Clay, EYaY..ceoeeseansscacoscscascssscassonsns 5
282-292 Clay, reddish DIOWD.....eeeseecusesecesscsacns 10
292-295 Clay, greenish-blue.ceeeeececccsocosccsssoccss 3
Project test hole 8
Location number 123.3k4.164bb
Altitude 1251 feet
PLEISTOCENE
0o- 1 S011l, DIOWO..cevosececccassccssanscsceasasoansscs 1
1- 23 Sand and gravel, brown at top, gray with
depth; sand medium to coarse; gravel fine
tO COBIrSE.icesssssccessossesccsscsssascsnns 22
23- 66 Till, gray, sandy, Silt¥..eeeeecceescccsccssss 43
66- 87 Till, gray, with sandy layers..cceeeecsecccsss 21
87- 92 Clay, GroY..seosesesesscesssscsssscssscsscassas 5
92- 93 Sand.........-..-.........'...-..............a. l 70
93-103 Clay, light greenish-gray above, light gray ’
below.0.0...0...00..0.......0.00..OOOI....0 lo
103-132 Till, dark reddish-gray..............u....... 29
:'.32-1)'“"> Til]., graynooooooo-ooc-oo.oo-ooooooooooodoocoo 12
1hh-145 SBOA . eeeesesasssssssssssssssssssesssasccnnnnns 1 T0
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Table 1.-- Logs of test holes penetrating buried aquifers--Continued

Project test hole 8--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness  conductivity
(feet) ' "~ (feet) (ft day~1)
PLEISTOCENE--Continued
145-148 Clay eoecesesescessacossosssoessscascosscascnes 3
148-149 S8NA.eteeeeeeocseossssssscsassssssassscscassans 1 T0
149-150 Clay.eeeeseoosacoososossscsssscscsssscsssannns 1
150-151 Sand..eeescececcccecososcscscsscscnscccrcncnes 1 TO
151-152 Clay.oesesececoooosecsocscenosososcssssscscscscnssass 1
152-153 Sand, COATSE..cecsceccscocsscecsscssssonsscons 1 120
153-156 Clay ceeeeecseoossssoscocscssossnssocccscensccse 3
156-157 S8NA.eeeeecccocsccsscceccrssssssssscsosccsanssas 1 TO
157-161 Till, gray, SBNAY.eeesceesecsscvsoocsoescanecs L
161-170 Sand, gray, fine to medium...eceeecececsocoans 9 120
170-182 Till, dark greenish-gray above, gray below,
5andy, S1lby..c.ceoecececrcccccscsssosnnnnns 12
182-183 Clay, 8Tk DIOWN..vesseesssecscscosccasccanens 1
183-197 Till, gray above, dark green to light green
in middle, light greenish gray below;
pieces of wood at 183 feet.ceseeeoereavoses 14
197-203 Sand, multi-colored, fine to medium.....cee0.. 6 50
CRETACEQUS
203-212 Clay, greenish-olive above, to greenish
gray in middle and gray below.....cooceecee 9
212-222 Clay, S8y .ceeeecccossscsssscasssossssnasseass 10
222-231 Clay, reddish DrOWn...eeeceesossescocscscascnce 9
231-235 Sand, multi-colored, medium to coarse......... L - 100
PRECAMBRIAN
235-252 Highly weathered crystalline rock; clay,
Whitish-gray..cccecececoscscsceosrcncccanens 17
Project test hole 9
Location number 123.35.23bce
Altitude 1283 feet
PLEISTOCENE
o- 1 SO01l, DYOWN.veeeeeoseesacossscscsscsassensssocs 1
1- k2 Sand and gravel, brown; sand medium to coarse,
gravel fine tO COBYSE...cevresecacscsnscces 43
koo T2 Till, gray, with sandy 1ayerS...eeececeeceecee 30
T2- 76 Sand, gray, fine to coarse, mostly medium..... L 80
T6- 91 Till, GrBY.cecesecoscsscsccssassasscsccscanasas 15
91- 92 Sand, mediumM....cooeeecoeesscococsosssscssscce 1 TO
92-107 Till, gray, with sandy layers at 105.....00000. 15
107-117 Till, whitish-gray, weathered.....cceeeeesesces 10
117-127 Till, 1light gray..cecceeeeescceccceesccocccsons 10

42



Table 1.-- Logs of test holes penetrating buried aquifers--Continued

Project test hole 9~~Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conductivity
(feet) (feet) (£t day-1)
PLEISTOCENE--Continued
127-130 Send, fine to medium, mostly fin€...ececeesese 3 Lo
130-165 Till, gray, sandy, with thin sand lens at
132 and 142..eeeeeeenccococscsasesosoncoses 35
165-220 Till, gray, sandy, Silty¥.eeeeceeseacesccocsoss 55
220-247 Sand and gravel, gray; sand medium to coarse,
gravel fine t0 mediuMe.vivoeecocscocrssossss 27 150
24 7-249 BOULAET e e e ecececsvasovscccccsosassssosscnsnoses 2
2h9-271 Till, gray, Silty, ClayeyY.eeeeoesscocescsosaas 22
271-312 Till, dark gray, sandy, Silty....eeceecesenves 41
312-31k4 Sand, gray, fine t0 meAiuM.ceeeecssocssascsnss 2 50
314-348 Till, gray, very sandy; with sand lens at 322. 34
PRECAMBRIAN
348-352 Weathered crystalline rock; clay, white,
overlying granite....c.eeeeeeecceccsccocvecns L
Project test hole 10
Location number 123.3L.7daa
Altitude 1267 feet
PLEISTOCENE
0- 1 o 0 1
1- 24 Sand and gravel, brown; sand fine to coarse,
gravel fine to medium.....cccevcceecocecoss 23
24- 63 Till, brown at top, gray below, sandy, silty.. 39
63- 86 Till, EroY.ececeeocesenssoscssssscscossnssoass 23
86- 87 BBNA . e eeeecococosesscescscssssessscsssscnacses 1 T0
87-111 Till, whitish-gray above, light gray below,
sandy, silty; with sandy layers near
DOLLOM. e eosreovsnsoconcosrescsasnsncencnns 2L
111-113 Sand, gray.cccceccecccsoccscsscsscsssccsssscss 2 TO
113-115 Till, 1light gray.cececscscccosocssscscososcosane 2
115-117 Sand, Gray..eseescceccccssssssscssssssssscscss 2 T0
117-122 Till, light gray, sandy, Silty...eeceeeececsses 5
122-135 Till, gray, sandy, Silty.cceeescecocecsccosces 13
135-137 Sand, Gray.eeeccecececsscssssccsessssccccsanscne 2 TO
137-1kk Clayeeeeeeeeososescesosscssonssssssssonsssaces T
144-153 Sand and Zravel..eceesececcoscoscsososecnocenns 9 200
153-160 Sand and gravel with clay layerS..ceeeeeceocsss 7 100
160-168 Sand and Gravel...ceeeeeeeecscocsccossnononnns 8 200
168-184 Sand and gravel and clay layers interbedded;
less sand and more clay with depth......... 16 100
184-225 Clay, gray, with some sand 1ayers....ceceeev.. 41
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Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 10--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conductivity
(feet) : (feet) (£t aay-1)
PLEISTOCENE--Continued
225-230 Cl&y..................................-....... : 5
230-241 Till, gray, with some sandy layers............ 11
241-245 SaNA.eeccsccocsscsccsssssnsoscsssccssssscssnsce L 7O
2h5—2’+7 Clay..................................-....... 2
247-250 Sand, gray, fine tO COBYSE...ceevevenercecenns 3 80
250-262 Clay, whitish-gray, with sendy layers at '
252-251“ and 259-262-ooooooooooo.oo-ohoo--oo .12
CRETACEQUS ,
262-286 Clay, GTAY cceecscscsscsvssssscssssssascsncses 2L
PRECAMBRIAN : .
286-287 Crystalline rock, blue,weathered, with black
ChipSieeieecacscoscsoseoscsecsssscscncanssnns 1
Project test hole 11
Location number 123.35.2dcc
Altitude 1271 feet
PLEISTOCENE
0“ 1 SOil..............‘.-.......................... 1
1- 7 Peat or swemp deposits, dark brown, clayey.... 6
T- 30 Sand, brown, fine to medium.....ce00cveevvncee 23
30- 43 Till, brown at top, gray beloW...ceeceescssses 13
k3. 45 SENA . e eeeescennnsecentosnssossassnanssennsons 2 70
hs- 67 Till, gray, sandy, Silty.eeceeeetoeccscccnaoss 22
67- TO Till, gray,with some sandy layers............. 3
TO- TT Send, gray, fine to medium, with some clay
: layerS..ceeecesscssssccsecscssssescosocssses T 50
T7-112 Sand and gravel, gray; sand medium to coarse,
with gravel, medium and coarse toward
DOLtOMe s ceeeesocevoronsencocssassocssossasnse 35 200
112-126 Ti1l, gray, s8ndy, Silty..eceeecceccccoceccsss 14
126-128 SaNn3, EIBY.:ccoesssesesscssscssssasssssscassss 2 N
128-138 Till, gray asbove, light green below...eeeesee. 10
138-150 Till, light yellowish-brown above, light brown
Or tan DELOW.sissssescecscosssscocccsssnsss 12
150-158 Ti1l, gray tO Eray-Drowh..cecseeseccscsocccscs 8
158-171 Sand, gray, medium to coarse, gravelly......s. 13 120
171-182 Till, green above, to greenish-gray, to gray
below, sandy, Silty..cecceceoceiscscsccccces 11
182-185 Cley, dark reddish gray-brown...ceeeeseecssces 3
185-189 Cobbles, gravel and S8NA..seesssesccssscsaccss L 270
Clay, light yellowish-brown, sandy....cecceeee 13

189-202
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Teble 1.--Logs of test holes penetrating‘buried aqui fers--Continued

Project test hole 11--Continued ' -

Estimated
: L . , hydraulic
Depth Lithologic description and geologic age Thickness conductivity
(feet) o , (feet). (£t day-1)
PLEISTOCENE--Continued _ , . o
202-222 Till, gray, Sandy.cceceeeccccssccsccosccoasces 20
222-235 Till, yellowish-brown..eccecoecsscossccesssocsce 13
CRETACEQUS , o o ,
235-239 Clay, grayish-brown..ceeeeceessscccccsasesoses .- U4
239-242 Clay, brown, Very SOft..ceececececcsceccccnsns 3.
PRECAMBRIAN _ ) . '
242267 Highly weathered crystalline rock; clay .
greenish-white...cceeceecevccecococccceccocns 25
Project test-hole 12 .
Location number 124,3k4k.3labe
" Altitude 1271 feet
PLEISTOCENE
0- 1 S01)everecereecsosceceossasssoscrsossencosense 1
1- 1b Sand and gravel, brown; sand fine to coarse, '
gravel fine 10 COArSE..ieveercassecosasanss 13
14- 16 Till, Yavelly.ecoeececesossessccsscscssoasscns 2
16- 47 Till, gray, sandy, Silty..ceeecececcccssscocss 31
47- 58 Till, with sandy 18YerS..eceececccsccsscsccncs 11
58- 59 Boulder, granite..eeeecececcecccscccscccasnnns 1
59- 67 Till, gray, SBNAY.eccsscecssssossscasosscncaas 8
67- T3 Sand, gray, fine tO COBTSE......oeeesnscsccncs 6 . 80
73- 714' Clay'.........‘...-.......‘.........-........-.~.. l
T4- T8 Sand, gray, fine tO COBIS8€...eseseecescsnncans . L 80
78- 89 Ti1l, GYBY.eeeceeseesosavsssscosssccssocssssans 11
89- 9)4' | Sand, gmy-.o-oo-o-a.ouooqoooo-ooono’ooooocanooI 5 70
94-102 Till, green, soft, very sandy...eeeeeeeeessees - 8
102-111 Till, light gray, sandy, Silty..eececceccoscss 9
111-123 Sand and gravel.ccecscccccccccccccccscscccscrccne 12 130
123-127 . Clay, gray, DO PebbleS..cecscsccscsssscscsnane 4
127-140 Till, gray, sandy; with wood pieceS...eiessses 13
140-152 Clay, gray, soft, no pebbleS.ccescesesssesscne 12
152-167 Sand, gray, fine to coarse; with gravel,
med.ium tO COaI‘_SG...‘.......A...,.............. 15 : 130
167-220 Sand, with clay layers; clay layers increase
with depth, sand decreases and becomes _
finer with depth..ceeeeeeccennccccccnnncnns 53 20
220-288 Till, gray, with streaks of fine sand.....e... 68
PRECAMBRIAN . -
288-295 Weathered crystalline rock; clay, _
greenish-white...ceeeevecescecosconcecnaocee T °
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Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 13
Location number 12L.35.36bba
Altitude 1278 feet

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness Conduct1v1ty .
(feet) (feet) (£t day~1)
PLEISTOCENE
0- 2 SOileceecnencenocnnsns Cect ettt eeseassteseaeeasan 2
2- 22 Sand and gravel, brown; sand fine to coarse,
gravel fine to medium..eioceeicoieann cesane 20
22~ 63 Till, brown above, gray below, sandy, silty.. 41
63- 65 Clay, dark brown, soft, no pebbles.......c.... 2
65- 85 Till, light green above, light gray below,
sandy, silty; with sand lens at 78'........ 20
85- 88 Sand, gray, fine to coarse; mostly medium..... 3 80
88- 89 1 0 0 et eriieaaeeas 1
89- 90 Sand, Eray..ceecececensacens Cetestece e 1 70
90-102 Till, light gray, sandy, silty....c.coevceeensn 12
102-105 Clay, SOfteeeeeereenreenneacaossnansns ceeesnen 3
105-117 Till, light gray, sandy silty.-..-..-.--‘--.-- 12
117-118 Sand, gray..-eceeeeecees Cheeeeeas ceereeeaes 1 70
118-131 Till, gray with sand layers at 120 and 129 feet 13
131-13k Till, gray, Sandyececcececetocncsacocnsannns .. 3
134-138 Till, with sand layers...... Ceeeteeereesasaaee I
138-1L4k Clay, gray.ceeessess e eeetererenee e ns . 6
1hlk-1k9 Sand and Clay 1aYerS.eceseeeerstnocasocnsensns 5 50
149-187 Sand, gray, medium to coarse.....v....coc.0. aees 38 240
187-196 Gravel, medium to coarse, very coarse near
7o} v v ceesen 9 270
CRETACEOUS
196-201 Clay, light yellowish-brown, sandy.......... .. 5
201-209 Clay, gray, Sandy..ceceeeeececenss Ceereceaanes 8
209-233 Clay, reddish gray-brown........ Cerereeeaeaaas 2k
233-238 Clay, Sandy.eeeeececsscocasnasncnsas Ceeireenes 5
238-248 Sand, multi-colored, medium to coarse......... 10 120
PRECAMBRIAN
248-249 Crystalline rock 1
Project test hole 1k
Location number 123.35.k4dad
Altitude 1286 feet
PLEISTOCENE
0- 2 7 2
2- 28 Send, brown, fine to coarse, gravelly......... 26
28- 64 Till, gray, Sandy.e.eeeeeeeeeeenconans Ceeereen . 36
6L4- 85 Till, with sandy layers.:ceeeeeeceses Ceeeeeen 21
85- 86 Sand, gray.......ceceeveeenn. ettt 1 70
86~ 94 Till, salmon-colored........... e et 8



Table 1.--Loge of test holes penetrating buried aquifers--Continued

Project test hole 1h~-Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conductivity
(feet) (feet) (£t day-1)
PLETSTOCENE--Continued
9Q4-104 Till, 1ight tBN.eeeeerreccncsvocsoaoccccansens 10
104-117 Till, light tan to gray, with several sand
1aYerS.seeeeoossnccscossessscessccosscsnans 13
117-136 Sand, multi-colored, fine to coarse, with
MENY ClaY 1eNS.cesessescssceosscsscsoscsces 19 60
136-1k44 Till, GrBY.vecsesesrecescoocsocencsancoossnsosses 8
1hk-1ks5 SaNd, GraY.ee.eeeeeossvocsccssssscassssssonnns 1 T0
145-172 Till, light greenish-gray..ccceeeeecevoceeeoss 27
172-184 Sand, gray, fine tO COBISE...ccevvececrcencens 12 120
184-192 Till, green at top, light gray below.......... 8
CRETACEOQUS
192-197 Clay, gray-cececeevseccecetoccocncesosocnsencns 5
197-202 Clay, tan.cceeeeececsossvcecsessosssassrscasess 5
202-217 Clay, salmon-cOlored..cooeecsescccossosccsccss 15
217-222 Clay, light DIrOWN. cevseovevssosscvoosscscensee 5
222-227 Clay, Gray-brown...ceeeessessscescccscsscoscss 5
227-249 Clay, BraY.ceoeecesacssassssossescscsvocoscssecs 22
24k9-251 ST )« T 2 T0
251-262 Clay, BrBY.evesscsscsescosscssccssscssnssasses 11
262-263 T N L 1 70
263-297 Clay, EYBY.eeeesccrssscrsroscscascscsnasssanss k)
297-304 Sand, multi~coloTred...cceeccececscascccscsonses T 80
PRECAMBRIAN
304-312 Highly weathered crystalline rock; clay,
greenish=white...cieeeveeecoeseenccncanness 8
Project test hole 15
Location number 124.35.28abd
Altitude 1294 feet
PLEISTOCENE
o- 1 S01)liveensecsocceseocessosocansssasrscssonnces 1
1- 19 Sand and gravel, brown; sand fine to coarse,
gravel fine tO COBTSE..ceevevrennrrsrrncnns 18
19- 21 Sand, greenish gray, fine, silty.....eecceee.e 2
21- 22 Boulder or cobbleS..eseuieeesercessoccccconcces 1
22- 34 Send, greenish gray, fine, silty....eeeceevose 12
34- 4h Till, @YBY.eesceceoeosscersascsvoconcsncsnnnss 10
Ly~ s2 Send and gravel, gray; sand medium to coarse
with medium to coarse gravel......eeeeveeee 8 200
52- 60 Sand and gravel, with clay layers...ececeeevess 8 120
60-102 Till, gray, 5andy, Silt¥.ceeececscscsecoososes Lo
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Table 1.-- Logs of test holes penetrating buried aquifers--Continued

Project test hole 15--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness  conductivity.
(feet) (feet) (ft day-1)
PLEISTOCENE--Continued
102-119 Sand, gray, with some gravel.......ceeevveoeee 17 ) 150
119-139 Till, gray, with sandy layer at 136....cc000.. 20
139-166 Till, light greenish-gray.....ceeeeeeccsacsses 27
166-172 SaNA, GIAY:cseesocsscscssscscsossscsccsssccsssss 6 ' T0
172-185 Till, light greenish-gray above, light
yellowish-brown below, silty, clayey..ceee. 13
185-189 Sand, gray, fine to mediUm.....ceecceeveccsces in 50
189-197 Till, 1ight DIOWD...sseoesecsesocsnncsoancoces 8
197-200 Sand, Bray.csescccecrecscsssscssssssesssssscne 3 T0
200-212 Till, whitish-green at very top, gray-brown
DEIOW. s teeeosseosssearsscsnessscnsssnssanssss 12
212-215 Clay, dark gray, SmOOth..e.eceeenccscscescscce 3
215-217 Cobbles, gravel and pebbleS..eceeeceesscncsces 2 100
217-230 Clay, dark gray, SmMOOth..ceceessccsccssssosnes 13
230-240 Till, dark gray, Sandy..seceecsecscsscscscssos 10
240-252 Sand, ray..cceeeeeccscccccssccscscscosccnones 12 T0
252-278 Sand, gray, with clay 1layerS....eeeeeovecoeses 26 50
PRECAMBRIAN ‘
278-285 Highly weathered crystalline rock....ceceeeeee 7
285-287 Crystalline rock, unweathered......cceeceecsess 2
Project test hole 16
Location number 124,36.8bdd
Altitude 1341 feet
PLEISTOCENE
0o- 1 SO01leeeccceceassoosssoescssescssasssssosasssnsne 1
1- 1k Sand and gravel, brown; sand medium to
coarse, gravel fine to coarse...ccevveeeens 13
1h- 17 Till, brown, sandy, silty, clayey....ccceceoe 3
17- 46 Till, gray, sandy, silty, clayey....eoeeeecees 29
k6- 53 Till, with S8Ndy 18YerS.cecceeecocrecesonoccos T
53- 64 Till, gray, sendy, silty, Clayey..ceeeececescs 11
64- 68 Sand, gray, with clay layers...eceececccecsces L 50
68- T7 Sand, gray, fine to medium; with clay layers.. 9 80
77~ 82 Sand and gravel, gray; sand medium to coarse, '
gravel medium; with clay 1ayerS...ceceeeess 5 160
82- 90 Sand, gray, fine to medium; with clay layers.. 8 50
90~ 92 Clay, light Drowh.e.ceeesacecssscssocscasanses 2 '
92- 93 SANA.eessssesssseorecssscscsscsosscccnsscssssse 1 TO
93-105 Till, gray, sandy, silty, clayey.eceeccececesse 12
105-106 S8NAceeesrscessccsscccsssccsoscssssscsossscacens 1 TO
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Table 1.-- Logs of test holes penetrating buried aquifers--Continued

Project test hole 16--Continued

Estimated
: _ hydraulic
Depth Lithologic description and geologic age Thickness  conductivity
(feet) (feet) (£t day-1)
. PLEISTOCENE--Continued
106-14T7 Till, gray, sandy, Silty, clayey...ccoeeeceees 41
147-148 SaNnd, EIBY..eceseeccosecccsssssecssssassoeccsse 1 70
148-160 Till, gray, sandy, Clayey:...ccseeeoeeecssccocss 12
160-176 Till, with Sandy 18YerS...eeecececcsssossoocss 16
176-17T7 Sand, EIBY.eeecesecsssscsssccsascacsssssnsosas 1 T0
177-182 Sand, gray, with clay layers.ce.ccescccssccsss 5 60
182-225 Till, gray, sandy, Silty.eeceseecescccscccccss 43
225-239 Till, light green; with sandy layers.......... 1k
239-240 Sand, gray, medium to coarse; with pebbles
of white granite...ceeeeeccerccccccscosccne 1 100
240-245 Ti1l, reddish-gray, Sandy...ceeceeeeecosscocsss 5
245-246 S8Nd, ETBY.eecseeseasecsscsscsscssssssssassans 1 T0
246-259 Till, dark green at top, light green below.... 13
259-26M4 Boulders, cobbles,and clay layersS..eeeeeeesses 5 80
26U-277 Till, BTAY.eccsesseosvossasscssssssssassosncoss 13
277-283 Till, with Sandy layers.C.'.....'...........’. 6
283-287 Sand, gray, fine t0 COATSC.ccscecrsosconscssns L 80
287-296 Clay, dark brown; pieces of wood at 288 feet.. 9
296-302 Sand, gray, medium tO COBTSE...c.occeeseanooss 6 110
PRECAMBRIAN '
302-31T7 Highly weathered crystalline rock; greenish-
white clay with abundant quartz grains..... 15
Project test hole 17
Location number 125.36.27bcc
Altitude 1338 feet
PLEISTOCENE
0- 1 S e 0 1l
1- 15 Sand and gravel, brown; sand fine to coarse,
gravel fine to MeAiUm..c.eococvavscesscsese 1k
15- 26 Till, gray, sandy, silty, clayey......ooeeees. 11
26- 61 Till, light gray, sandy, Clayey..ceoeeeseeesses 35
61- 64 SaNd, ETBY..ecsoessecsccscsssessscsssscssoscssns 3 70
64-153 Till, gray, sandy, ClayeY..ecesecsecscsscesees 89
153-158 Till, gray with sandy layers..ceeeeececccssces 5
158-189 Till, gray, sandy, silty, Claye¥.ceeecececsses 31
189-194 Till, light green, sandy, Silt¥.ecececeesscoss 5
194-197 Till, AArK DIOWN.eeeeeecscooscocoasocsscsscsne 3
197-215 Sand, gray, medium to coarse; with some clay
leHSOO........'0...0..........0..0‘........ 18 ]-20
215-220 Till, Gre€eN.cecceccoccccccscsccocsosssossossnse 5
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Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 17--Continued

Estimated
' . ' hydraulic
Depth Lithologic description and geologic age Thickness conductivity
(feet) (feet) (ft day-1)
PLEISTOCENE-~Continued
220-230 TL1L, BIBY+eveeveeesosnsensnssnscscsaencnasaenes 10
230-232 Clay, VETYy Q8TK..ceoeecoovocsooocoosoneccoscscs 2
232-240 Till, light Green....eeeeeecevecsscoscacsnaces 8
CRETACEOUS .
240-251 Clay, gray, SBNAY...cecsecscesssscsscssasansss 11
251-253 Clay, dark Drown...e.ceceeeeeconseccoosocscasssns 2
253-278 Clay, GIaY-eeseecsccosossescsssssacassssasncsss 25
278-283 Sand, multi-colored, with clayey layers....... 5 T0
283-300 . Clay, pinkish light-brown t0 gray....eeoeeeeee 17 :
300-304 Clay, dark brown...... Ceieeececcescsrecarcsene L
304-312 Sand, gravel, and boulders, with clayey
1By S e e eveeocncocacoscscssssosssssvsosesas 8 120
PRECAMBRIAN
312-318 Highly weathered crystalline rock; clay,
greenish-white with abundant quartz grains
and small pieces of granite.....eeeeeeueess 6
Project test hole 18
Location number 125.36.33ccd
Altitude 1343 feet
PLEISTOCENE
0- 1 SO1)iceeeesooscossensossssosassssosoncscssacss 1
1- 15 Sand, with clay 1ayerS.....cooeceeecsecesscsss - 14
15- 51 Clay, brown at top, gray beloW...eeeessecessss 36.
51- 5k Clay, with sandy 1ayerS...ecececescssssscssces 3
54- 66 Till, GIBY .« coceesseccoscsscssnessssssnsossssse 12
66- Th SaNd, ETBY.ecceessccssssessossoscssssvasssasne 8 70
T4~ 89 Till, light gray above, dark gray below,
Sandy........................o-.....-...... 15 .
89-101 Sand and gravel, gray, medium to coarse....... 12 200
101-115 Till, light gray, Sandy..ccececesecccesccscocs 1L
115-124 I T 9
124-125 SAnNA..coeeccoscccosccsosscsssssssccscsssvsrosss 1 TO
125-234 Till, gray, sandy, with white limestone .
PELD1ES . cececesseacccscoscssocsosssscascasns 109
234-250 Till, with sandy 18yers...ceeeeececccssccccces 16 .
250-26L4 SaNd, EIraY.ececssscscsssesscsssssscsscsssasses 14 . 160
264 -286 Till, ETBY.cceecesvoasecasesososscscansssscess 22
286-290 Boulders, gravel, and Sa8nd...eeeeeeescececcnes Lo 130
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Table 1.-- Logs of test holes penetrating buried aquifers--Continued

Project test hole 18--Continued

Estimated
: hydraulic
Depth Lithologic description and geologic age - Thickness  conductivity
(feet) : (feet). (ft day-1)
CRETACEQUS
290-296 ClaY, BIBY.eoescecsessssscscssssocsssssssssain 6
296-312 Clay, green, weathered at top, dark below..... 16
312-319 Clay, dark Iy .ec.ceocccescessocsscvsoccccnces T
PRECAMBRIAN
319-326 - Highly weathered crystalline rocks; clay,
: greenish-white,soft, silvery...ccceeeveeeeee T
Project test hole 19
Location number 126.36.294bb
Altitude 1357 feet
PLEISTOCENE
0‘ l SOil.......................................... 1
1- 17 Sand and gravel, brown; sand medium to coarse,
gravel fine tO COBTSE...cseeesscsessassnnns 16
17- 34 Sand, with €lay 18YerS...ceeceeeocesccssccscss 17
34~ 55 Till, brown at top, gray below; sandy, silty,
ClaYeY . veeoeeosssosessosacssassonscansosncnns 21
55- 79 " T111, buff-colored.....cecoeeevesccsocssosoass 24
79- 93 Till, gray, sandy, Silty, clayey¥..eeeeeececoese 14
93-103 Sand, brown, fine to coarse, mostly medium.... 10 100
103-116 Clay, gray, soft, no pebblesS....coeeeveeeccass 13
116-117 Sand, EIBY..ccoseeesocsescsassssssscassssssssse 1 T0
117-158 Clay, BYBY.secoseesosscscscsssosssscssosacssnss L
158-163 SBNA.eeecscocescssosssssrcsssscccssocsnsossccse 5 T0
163-168 Till, gray, sandy, Clayey...eeeeceooecossscess 5
©168-17T7 Till, light brown, sandy, Clayey..eeceeseeeess 9
177-178 Boulderecescoscccccscccsossscocesoscssccsscscnsns 1
178-197 Till, light green, sandy, clayey..ecoeeeecoeees 19
197"198 Sandooocooooooco-oo-oo-oo.ooooooo.ooooooooo.ono l 70
198-203 . Till, gray, silty, Clayey.seececessscccssccses 5
203-208 Clay, dark DIrOWN...ceseceevccccscsssssssscsaso 5
208-209 SANA .. coossssasssssssssssoscsconsscasssscacsss 1 70
209-217 Till, green, silty, ClayeY.eeeeeeesscossnscssns 8
217-218 SBNA.ceeessovseevocscscscssssosvasssscscesscse 1 70
218-225. Clay and sand 1enSeS.ceececescscesoscocossraons T 50
225-240 Till, gray, silty, ClayeY..eeeeeecsescsacscces 15
PRECAMBRIAN
24k0-248 Highly weathered crystalline rock; clay,
silvery-white, S0ft...sececeesovoccscsscnns 8
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Project test hole 20
Location number 126.37.2kcba
Altitude 1368 feet

Table 1.--Logs of test holes penetrating buried aquifers--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness  conductivity
(feet) (feet) (£t day-1)
PLEISTOCENE
0- 1 SO1l.veceescessoscresocsonsesocossscssoosnosonees 1
1- 18 Sand and gravel, brown; sand medium to coarse,
gravel fine €0 coars€...ceccceessncessscces 17
18- 23 Clay ieeseesoccsassecsssvsecsosnsessccscssscscsensenccs 5
23- 26 SBNA, DTOWI .« tesecsescsosscesscssssacossvsesss 3 TO
26- 48 Till, gray, sandy, ClayeY.ceeeecseesccocssccns 22
48- 53 Sand, fine, with wood pi€ceS....covessecesccss 5 Lo
53- 56 Till, gray, sandy, Clayey...ceeeeseeescccncacs 3
56- 64 Till, dark brown, sandy, Clayey...eeeoeeveesses 8
6L~ 75 Clay, white above, gray beloW....eeeoseseecoese 11
75-103 Till, light gray, silty, clayey.cee.eooccenses . 28
103-107 Sand, gray, medium to coarse, with fine
3 O L 120
107-117 Till, gray, ClaYeY..ccooeoeccccsscsvsossscsoss 10
117-118 S8NA . 0cseeeesccsassssacsosscassscsssssssssscnas 1 TO
118-128 Sand and Clay 1aYerS.ccececessococececconocess 10 60
128-133 S8Nd, EYBY.:ccceosessscsscsesasescsrcosscasscsos 5 T0
133-138 Sand, gray, with some clay layerS....ceceeeeee 5 60
138-147 Sand and gravel, gray; sand mostly medium
to coarse, gravel fine to mediWm.eeseesooss 9 160
147-158 Till, gray, Sandy, ClBYeY..ccsoeeeseecsccosccss 11
158-165 Till, light gray, sandy, clayey....ceeoeeseces 7
165-168 Sand, gray, medium to coarse, with black
PEDD1ES . ceeeseescoascscssonsssscscscscssnsaccs 3 110
168-179 Till, gray, sandy, Clayey.e.vceeeseccscecacnes 11
179-192 Till, light gray, clayey.ceeececccecsccocescss 13
192-202 Till, light brown, clayey..ececececceosccccscs 10
202-205 Till, yellowish brown, clayey.ccceescecccecoces 3
205-209 Sand, gray, medium tO COBISE...eseesescosscsss I 110
209-215 Till, light green above, light gray below;
SANAY, ClAYEY .eeosessvosesacasscascoscosnses 6
215-219 Clay, ABTK DIOWN.eeeerrenrennensososnesnnsvens 4
219-222 Till, dark gray, clayey.ecceeecoceescccocesoce 3
222-227 Sand, medium to coarse, with fine to medium
0 4= 5 140
227-232 Clay eeecosoecessecsssasosssssosscssasnsassosncscasne 5 -
PRECAMBRIAN
230-234 Crystalline YOCK...seoesesoocoscasssssosansnas 2
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Table 1.-- Logs of test holes penetrating buried aquifers--Continued

Project test hole 21

Location number 126.37.25cdd
Altitude 1350 feet

Estimated

. hydraulic
Depth - Lithologic description and geologic age Thickness conductivity

(feet) . (feet) (£t day-1)

PLEISTOCENE

0- 1 S01liveeececcscecessessocssonascasscooncoccsase 1
1- 18 Sand and gravel, brown; sand medium to coarse, '
gravel fine to medium.....ccoeevescsscocass 1T
18- 35 Till, brown at top 2 feet, gray below; sandy,
ClaYE Y e teseseteesossssssssssesssascsscncens 17

35- 41 Sand layers in till..e.eeeeeecccocscocoacenens 6 Lo
41- 55 Till, gray, sandy, clayey; with some sandy
1B TS et vaesassesasssascrcssesasoococsanees 1k

55- 61 Till, BT8Y; ClaYEY.ccueesosercocececensannnsans 6

61- 64 SBOA . e eteresrroesossorssassrsssasssssscscccnes 3 T0
64- 80 Till, light brown, sandy, ClayeY...ceeeeeeeees 16 .

80- 90 Sand and Clay 1aYeTS..eeececscccescosscssnnnes 10 4o
90- 9k SENA, EYBY:veesreerssosocsocoarasasesscsnsscas b 120
94-115 - Till, Bray, ClayeY.eeeecececcecsosesosnssonnse - 21
115-119 Sand 8nd Clay 1AYETS...eeeeeeoecesssssssoccoss 4 4o
119-145 Till, Gray, ClaYeY.ueveeerereresnnssosnsnscans 26
145-146 SBNA . ceeosersorcnssscssssosscscscssossascossnss
146-155 Till, BraY . eeesecocseossreaosonsooconoonnsans
155-156 SBINA . eeeeosnseasasesosssocceeasasassscssacsnsens
156-244 Till, brown at very top, gray below; sandy,

1 T0
9
1
511ty, TOCKY, ClayEY.eeetessvsosooscanoscas 88
5
9
5
2

T0

24k 249 SEBNA . cesossassossessessssccncacsosssessossanes

249-258 Till, BraY.veeeceescrescoseccccancncescsosonnse

258-263 S8NA.eceecsaesssscessscsssssosossscsnsccncases
PRECAMBRIAN

263-265 Crystalline IOCK.eueseseeeeeoeseaoossacsesnces

TO
T0

Project test hole 22
Location number 124.40.33d4dd
Altitude 1084 feet

PLEISTOCENE

0- l Soil..."’...'0......'....0.0..0...........0.. 1
1- 21 Sand and gravel, brown; sand fine to coarse,
gravel fine to medium....cooevvveecceccoses 20

21- 28 Boulder, cobbles, gravel, and sand....cocoeoe. 7
28- 3% Till, ray, SBNAY . eeceoseecscccoscccsssocnsnns 8
36- 70 Till, reddish-gray; S8NAY...sececcecesorcsoses 3k
T0- 93 Till, gTay, SBNAY..ceeseccessccssococooscscess 23
93- 9k - 3 4T 1 T0

9"!"126 Till’ gmy--onoouoo.ooo-cooo-oooonao.oocooococ 32
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Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 22--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness  conductivity
(feet) (feet) (£t day-1)
PLEISTOCENE-~Continued
126-181 Sand, gray, medium to coarse, with some fine
gravel and some clay layerS.ccececcceccssece 55 130
CRETACEOUS
181-206 Clay, GraY.csecseescscccsccsesssssscsssansanaas - 25
206-207 SBNA.eeeeeressessccssssasacascsssssssacssnssns 1 80
PRECAMBRIAN
207-215 Highly weathered crystalline rock; greenish-
white clay with a "sheen" containing
quartz grains and pink feldspar grains..... 8
Project test hole 23
Location number 123.40.164dd
Altitude 1066 feet
PLEISTOCENE
0- 1 SO1]l..ceeecsecercccescsccssscosssonsssnnscnnss 1
1- 26 Sand and gravel....eeceeecescsscrsccssccssccane 25
26- 28 Till, Eray, S8NAY..ccctecesosrerssocsscccsosase 2
28- 35 Till, reddish-broWn..ecesececsescssesccsscscoss T
35- 51 Till, GIBY.csvocesscsessscaccssoscescanssasses 16
51- 52 SBNA:ceeeecocscsoserscessssssosssososssessssaccss 1 T0
52- 58 Till, gray, sandy, Silty..eeeeeesceccccccscoss 6
58- 59 Sand..................-.....................-. l 70
59- T5 Till, GIBY.ecesocesesossccsscsscccsscasscannns 16
75- 78 Sand, fiN€.eeeseosseesssccsescassoscasssoasssas 3 70
8- 87 Till, with sandy 18YerS...eeeeecccccccccscasss 9
87-117 Sand, gray, fine to coarse, mostly medium;
with some clay layerS.cecceccceccocescsccns 30 120
117-118 BOULAET e eesvssvesosasssessosscasssesnccsnsnnas 1
118-125 Till, gray, sandy, Silty..ceeeceeeeccesocaceces T
CRETACEQUS
125-138 Clay’ gr&y‘....................-..........o.... 13
138-165 Clay, pink, turns to dark brown to gray-brown
to light gray with depth.ccccceecvsccoccces 27
165-168 S8BNA.tseeaocsssssaseasecssssssssssssscancassss 3 80
168-182 Clay, gray-green tO DIrOWN...eeseessesscssances 1k
182-186 SBNA.eesecssscssssssssssascsssssssccscssssanes i 80
186-199 Clay, whitish-gray at top, turns gray with
depth.cceecevsecosecsscccscssssssssascansnsnes 13
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Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 23--Continued

) Estimated

hydraulic
Depth Lithologic description and geologic age Thickness  conductivity
(feet) (feet) (ft day-1)
PRECAMBRIAN
199-227 Highly weathered crystalline rock; consists of 28
Clay, whitish, silvery 199-205
Clay, multi-colored 205-207
Cley, light green 207-209
Clay, whitish, silvery, with quartz
grains 209-21k
Clay, blue-green, with quartz grains 214-222
Clay, dark blue-gray, with quartz
grains 222-227
Project test hole 24
Location number 126.37.33dbb
"Altitude 1390 feet
PLEISTOCENE
o- 1 Soil...... e eseseeessesasesatesesassaseannnons 1
1- 37 Sand and gravel, brown; sand medium to
coarse, gravel fine to coarse......c.vven.. 36
37- 80 Till, gray, sandy, clayey; with sandy layers.. 43
80- 9k Till, Gray, Clayey..ueeeeeeeeeeneeonnesanaaenns 1k
9k~ 97 Sand, fine to coarse 3 80
97-106 Till, light brown, sandy, clayey....ceeeeeeeav. 9
106-119 Sand, brown above, gray below; medium to
coarse with some fine gravel............... 13 120
119-14k Till, light brown at top, gray below; sandy,
silty, clayey..oveeieieinnnnenannnns . .. 25
1hhk-145 SBNd...vvriinnnnann ettt ittt 1 70
145-147 Till, Eray ClayeYeseeeeerecsanensscossncansonss 2
147-148 £ - ) Lo Ceeseserasenns 1 70
148-153 Till, gray...coceee.. e ettt 5
153-154 Sand and gravel..... et eret et 1 140
154-165 Till, gray....... ettt tebeateeer e e, 11
165-167 Sand, gray, with gravel layers................ 2 120
167-170 Till, gray, sandy, silty, clayey........ RN 3
170-188 Clay, EraYcececeeearereansnsnnes e reeereraaeas 18
188-189 S8NA. e ettt nenranennnn Ceeeeen Ceeierereer ey 1 T0
189-191 Clay, gray..ccceeees. e et eeerereeae e 2
191-193 Gravel and cobblesS.....ccievevievenenrecenenns . 2 170
193-199 Clay.....ous et eseessecesnerseasenas ceeeresnee 6
199-202 Gravel and cobbleS....cevceveneans e eecseenen 3 170
202-227 Clay, gray.ceeceeeeses Gt ebeseete et aees e anas 25
227-228 Boulder......ceve.. ceeeen Checeresresesaasennens 1



Table l.--Logs of teet holes penetrating buried aquifers--Continued

Project test hole 2L--Continued

Estimated
C hydraulic
Depth Lithologic description and geologic age Thickness  conductivity
(feet) e : : (feet) (ft day-1)
PLEISTOCENE--Continued
228 -253 Clay, gray, S8NAY..ceeesescesstsocnocssseccnns 25.
253 -268 Clay, with sandy layers from 263-268.......... 15
268 -269 SANA. . evererrenrecnnencnronnas Ceededen Cieeeeas 1 Lo
269 -283 Clay with sandy 1ayerS....ceeeceeerececcanenns 1k
283 -286 ClaY eoveeeooneoaensns et treene e e 3
286 -305 Gravel,sand, and cobbles, multl-colored with
clay layers 19 140
CRETACEQUS
305 =320 Clay, green at top foot, gray below.. ......... 15
320 -322 Clay, Gark DrowWn....oeeeeeicernsescenssns e 2
322 32k Clay, light gray-brown................... ..... 2
324 =323 Sand.veiste i deied e, S P A R > 60
32L4%-331 Clay, 1light gray=brown......ceeeeeeeneesesnsns 6%
331 -337 Clay, light greenish-white at top, llght
green beloW...eeeeeeeeesennnnnnnss Ceeeeneas 6
PRECAMBRIAN ‘ ' :
337 -342 Weathered granite 5
Project test hole 25°
Location number 126.37.29caa
Altitude 1392 feet
PLEISTOCENE
0- 1 S011.eeeeereesssionsascionsscssonans cetserenen 1
1-16 Sand and gravel, brown; sand medium to
coarse, gravel fine............ ... Cessseene 15
16 - 27 Sand and gravel, brown, with some clay layers. 11
27 - 4o Till, brown, soft, sandy, silty, clayey....... 13
ko - 82 Till, gray, sandy, silty, clayey....eeeeeuoees k2
82 - 83 SENA.eeeecerecosanns Cetiereectetassanennnnnnas 1 79
83 - 92 Pi11, BrBYeeeeececesoocssnsonsssosssassassnons 9
92 -102 Sand and gravel, with clay layers....ceeceeces 10 150
102 =107 Till, light brown, clayey...eeoveeiccosactanns 5
107 -112 Send, with some clay 1ayersS..c.ceeeieeeesnseses 5 50
112 -243 Till, gray, sandy, silty, clayey.........c.ee.. 131
243 246 Sand......eee0un A, Ceeeseeanees 3 T0
246 =249 Till or clay.................;.....;......;...' 3
249 -252 Sand ) 3 TO
252 -262 Till, whitish-colored at top, gray below, ,
B clayey............................ cesenens 10
262 -266 - Clay, gray, soft T ' i
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Table 1.--Logs of test holes penetrating buried aquifbrs--Continued

Project test hole 25--Continued

Estimated
4 . hydraulic
Depth Lithologic description and geologic age Thickness conductivity
(feet) (feet) (£t day-1)
PLEISTOCENE--Continued
266-2T1 Clay, green, Silt¥.....eeuuue. cretetessaianae S
271-286 Sand, multi-colored, coarse; interbedded with
green Silty ClaY.:eeevecrosecvsrsecncsssvne 15 100
286-298 Clay, gray above, dark gray-brown to brown '
below....eevunnn eeseee ceesesrssasenansnsas 12
298-310 Sand, gray, fossiliferous, wood pieces
present; with interbedded clay.....eceeues 12 50
PRECAMBRIAN o
310-332 Highly weathered crystalline rock; clay,
white....... T 22
Project test hole 26
Tocation number 125.37.6aaa
Altitude 1415 feet
PLEISTOCENE } ‘
0- 1 Soilieivennnnnn teseesnens cesecssesranressnrne o
1- 14 Sand and gravel, brown; sand fine to coarse,
gravel fine to medium...ccoveveeeesecnanes 13
14~ 18 Sand, fine....ocou.. N Ly
18- 20 Cobbles and boUlAerS.veecceesseessessscnosse 2
20- 3k4 Cobbles, gravel, and sand with some inter-
bedded Clay..eeeeecocessncesosssossosasons 14
3k- 76 Sand and gravel,with some interbedded clay... L2
T76-139 Till, brown, clayey at top 2 feet; gray, .
sandy silty, clayeYeseeisoeeeosonasassnsss 63
139-14k Till, brown, sandy, Clayey...eeeteeeevesascss 5
14k-159 Till, gray, sandy........ Ceeerecerteceneaenas 15
159-161 Sand and gravel.....eeveeeeensss Cetieeneaeaas 2 130
161-177 Till, gray, sandy, silty, clayey...ceeeeesees 16
177-182 Sand......... ceveees et tececatstetananssenaas 5 70
182-302 Till, gray, sandy, silty, clayey.eeeeeescees. 120
302-310 Sand, interbedded With Clay....eceeeeeseescss 8 : 50
310-332 Till, gray, Clayey.cceeeoeesscscccsosssssases 22
332-334 Sand..... PP 2 70
334-34T Clay and interbedded Sa8NA.....ceeeeeeeesonans 13
347-348 SBNA . ¢ et e eonveenconsossosassnossasanascscnsos 1 70
PRECAMBRIAN ‘
348-349 Crystalline rock...... Ceeetescetersereransene 1
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Project test hole 27
Location number 125.37.1dbb
Altitude 1370 feet

Table l.--Logs of test holes penetrating buried aquifers--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conduct1v1ty
(feet) (feet) (ft day~1)
PLEISTOCENE
0- 1 15 T 0 I 1
1- 1L Sand and gravel, brown; sand medium to
coarse, with fine to medium gravel........ 13
14— k4o Till, brown at top 2 feet, gray below; silty,
ClaYEY eeveeerennanannnn reeeeeenen e 26
Lo- L2 £ 21 4 Lo cesieescans 2 70
ho- 59 Till, gray, silty, clayey..... Cetercesesaaes 17
59- 61 Sand....ee0iveeeeenn ceesasacsecesennsassaanas 2 70
61- 93 Till, gray, sandy, Clayey...eceeecoeeeecoenns 32
93-102 Sand layers interbedded with greenish-gray
Silty clayeeeeerensnnns ceeeeeans ceseseanas 9 50
102-117 Till, gray, silty, clayey..ccceeveecvrcnasnas 15
117-118 SANA e+ e vereeeeernennanenans e, 1 (o
118-122 Clay, dark brown, silty.ecececeoeonsnnenensss L
122-125 Sand and clay layers........... Ceereeretenaas 3 50
125-130 Till, gray, Clayey .eseeesvsecscssss ceeraeases 5
130-1k46 Sand interbedded .with clay layers ............ 16 100
146-153 Till, light gray, silty, clayey.e.eeeecueseeans T
153-155 £ 5 o 2 T0
155-160 Till, light gray, silty, clayey.... ceenn 5
160-161 BBINA . e veveenrrennrrnncaonnnsnsnononens ceeeann 1 70
161-172 Till, llght gray, $ilty, clayey.eceeeecnrennss 11
172-198 Sand, gray, with gravel toward bottom........ 26 130
198-231 Till, gray, sandy, silty, clayey....veeeeeen. 33
231-233 Sand....... e e ieteteatreas e eecsenaaes s 2 T0
233-242 Till, gray, sandy, silty, clayey...ceeeeeoens 9
2ho-244 S '« Lo ceseaaas 2 70
2hL-252 Till, gray, sandy, silty, clayey....ocevecess 8
252-268 Sand, gray; with some white, weathered clay
associated with some boulders above, and
light gray clay layers below......oeeeeses 16 50
268-272 Clay, gray,and sand, multi-colored,
PYTitiferous.....cveeiecnsecncnnn Ceeeeaeea 4
PRECAMBRIAN
272-282 Highly weathered crystalline rock; clay, white
above, pink near bottom.......ccovieeenenns 10

1 -
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Table 1l.-~-Logs of test holes penetrating buried aquifers--Continued

Project test hole 28
Location number 125.36.5becc
Altitude 1345 feet

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conduct1v1ty
(feet) (feet) (ft day™1)
PLEISTOCENE
0- 1 £ 8 P cessetsensstanenee 1
1-12 Sand and gravel, brown; sand medlum to
coarse, gravel fine to medium. cessasnas 11
12 - 43 Till, gray, 311ty, clayey. e ierneennns ceeee 31
b3 -~ 47 Fo1-14 Ve N DR et tereen et seaeas L T0
47 - 62 Till, gray, with some sandy layers....... ceen 15
62 - 66 Till, gray, sandy, silty clayey......... ceees L
66 ~ 68 Clay, olive-brown.......... Ceerrcereereenaens 2
68 - 79 Till, gray, silty, clayey.eeeeeeeeeeearnn. ven 11
79 - 81 Clay, dark gray....cceeee.. Ceereresieennen ceen 2
81 - 86 Till, gray.eeeeee.. Cereereenaa. erecteneeens 5
86 -~ 90 Sand, fine to coarse, mostly medium.......... L 80
90 -118 Till, white above, light gray below, silty,
clayey....... Ceeeesories Cetereraeenaaacens 28
118 -120 Send, brown above, gray b elow; fine to
coarse, mostly medium 2 80
120 ~129 Till, gray, with some sandy layers........ N 9
129 -177 Sand and gravel, gray; sand medium to coarse,
gravel fine; interbedded with some clay
1Oy er . eeeeennnreenenoennnnen e rereaenaa 48 130
177 =193 Till, ErBY eeeeecunsnsoceoronoancsnsnnasns e 16
PRECAMBRIAN :
193 -196 Granite...... e eeeesere e 3
Project test hole 29
Location number 125.36.1Taaa
Altitude 1352 feet
PLEISTOCENE
0- 1 1S T 3 0 teseseanane cerienn 1
1~ 38 Sand, brown, fine to coarse, wlth fine
gravel..ceeveeeeeennenoonns sevessesseseane 37
38 - 87 Till, gray, silty, clayey, with some sandy
1O ErS cnereeeenroessosonaonsoannss Ceeaaes . L9
87 -104 Till, gray, So0ft..ceeeeeeenencnnnn Ceeeteaiaa 17
104 -120  Till, greenish gray at top to olive to light
grayish-vhite to light gray at bottom; A
gravelly, sandy, Claye¥.c.eceeecorsecnsoss 16
120 -120% Sand........... ettt eieeteeaereeer e 3 60
120%-147 Till, Gray, ClaYey.ueeeeeeeeeenaesassssananns 26%
147 ~148 Sand, medium.......ccc00un. e Ceeeearaees 1 70
148 -153 Till, gray, sandy, clayey; with sand layers 5
153 -165 Sand, gray, medium to coarse...... ereeeenens 12 120
165 -184 Till, EraYeveveeeseennencoenoansonns e .. 19



Table l.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 29--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conductivity
(feet) ‘ (feet) (£t day-1)
PLEISTOCENE--Continued
184-191 Sand and clay interbedded..ececeeececscsscancs T 50
l9l-l9h Clay.....‘.C....0.0..0.0'l......‘l.......l'.'. 3
194-195 Sand, medium...ccceeceoscesssccssscsoassscscce 1 T0
195-198 Till, gray, clayey, har@..ccoeceeeecsscssccces 3
198-222 Till, olive-gray at top, to tan to brownish-
gray to light brownish-gray to light gray
below..-‘.....0...'........'...0.‘..00'..00 2h
CRETACEQUS
222-227 Silt, blue-gray............................... 5
227-229 S8NA.eseessceseesscesccsssscsessssssscsssesssscss 2 TO
229-249 Silt, blue, gray, with some multi-colored
8aNA 18YETS..ccesescecsccsccscsscsscssosces 20
249-253 Boulder, black, with associated dark blue-
EreEn ClAY...eooeeesssscssesosossassssssoans 4
253‘256 Clay,light gmen-gr&y........................ 3
256-265 Silt, vivid olive green-broWh...ecceeocesscosse 9
PRECAMBRIAN
265-269 Rock, granitic, weathered, with whitish clsy
0 1= o -1 i
ProjJect test hole 30
Location number 124.36.2kcce
Altitude 1311 feet
PLEISTOCENE
O- l Soil.l.O0°......‘.Q...'..0...0..‘....00.....00 l
1- 15 Sand, mostly brown, gray at very bottom;
medium to coarse, with fine gravel......... 1k
15- 91 Till, gray, silty, clayey.ceceocceccocacaccses T6
91" 96 Sand. and Cl&y l&yers.-........................ 5 SO
96-1,+6 Till, gray, silty’ clay‘ey........'.,........... 50
146-154 Sand and clay l8YerS..cesecscascsscscasscscssns 8 50
154-190 Till, gray, sandy, silty, Clayey..coeeceececes 36
190-196 Clay, dark DIOWN.eescesscocossossssssscsssases 6
196"201 S&nd and clay l&yers.......................... 5 50
201-219 Till, light greenish tint, sandy..ccccccceceese 18
219-228 Till, gray.................................... 9
228-242 Sand, interbedded with some clay layers....... 14 100
2“’2-251 Till, d.a.I‘k smyooooooooocooao.ooooo'co-nooo.ooo 9
251-256 Sand, interbedded with clay layers....ceeeeees 5 50

60
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Table 1.--Logs .of test holes penetrating buried aquifers--Continued

Project test hole 30--Continued

Estimated
. hydraulic
Depth Lithologic description and geologic age ‘Thickness conductiv1ty
(feet) (feet) (£t day~1)
PRECAMBRIAN
256-273 Highly weathered crystalline rock; clay, dark
green to bluish-green, contains many quartz
grains and black, white and other-<colored
pebbles......... ..L,.........,...f........, 17
Project test hole 31
Location number 124.35.8acc
"~ Altitude 1306 feet
PLEISTOCENE )
0- 1 S011l.vereeeereironenconannn Ceereeee e .o 1
1- 3 Sand, dark brown, fine, clayey....c.ccoveuuns 2
3- 12 Sand, brown, medium to coarse......civeeennn e 9
12- 1L Till, gray, silty, clayey..................... 2
1h- 21 Sand, gray, Clayey¥.cseeeeerecsacenns Ceeennes . T
21- 35 Till, gray, Clayey.eeeeeasceensss e teeeenaean b
35- 41 Till, olive-buff above, grey-buff below; silty,
clayey e teeesereseteerserenaans Cheerreeahe 6
hi- 42 Sand........ Cieeerereshene et eeaaana creerienrne 1 T0
Lo~ 65 Till, gray-buff at top, to light gray to gray
below, sandy, silty, clayey........ cetanras 23
65- Th Till, gray, with sendy layers..........eeeeees 9
Th- T6 Boulder..... i iveeetesesaasesaas P 2.
T6- 93 Till, @ray, ClayeY.cceeeceeerocaonsnneas eeean 17
93-108 Sand and gravel, gray; sand f1ne to coarse,
gravel fine.....vcuveeeen teeias Ctereessaans 15 120
108-112 Sand and gravel; gray, sand coarse, gravel
fine to medium......... Cetereetecsecetrnens 4 70
112-131 Till, gray, clayey.......... Ceerreaereseas .. 19 T0
131-133 Sand........ ceteaes ;............... ceccessson 2
133-139 Till, gray, clayey, with boulders or cobbles
at 136 feet and 138 feet........... Cierenes 6
139-155 Till, greenish-gray above to light gray to :
greenish-gray below; clayey....cciveeeceens 16-
155-158 Till, dark gray, clayey.....eeeececereneconan 3
158-168 Till, gray-green, Clayey....eceeeeesseacessnns 10
168-173 Sand and gravel, coarse. .....,}....l{..... 5 200
173-180 Till, green-gray, clayey... ..... Ceceeenaas T
180-185 SANA .t ueeeranssroncnsnananns cereeneess ceeeeean 5 70
185-196 Till, bright salmon-colored above, gray below;
silty, clayey.veeeeonseans cheectannae 11

61
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Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 31--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness Conductivity
(feet) (feet) (£t day~1)
PLEISTOCENE--Continued
196 -210 Clay, dark gray, hard...oeeeeeeeeeeennnoanenn 14
210 -232 Clay, mostly light gray, some blue-gray;
silty, with some sandy layers............. 22
232 -234 Sand, multi-colored......... o eereeae e 2 80
PRECAMBRIAN
234 -243 Highly weathered crystalline rock; clay,
vhite to greenish-white, with chips of
quartz, orthoclase and olivine with depth. 9
Project test hole 32
Location number 122.3L.llccc
Altitude 1243 feet
PLEISTOCENE
0-1 Soil..... cesesanenae e sesstscesttsatenaas . 1
1l - 17 Sand and gravel, brown, sand medium to coarse, -
gravel fine....iivieiieeenennrennannaananss 16
17 - 37 Till, brown at top, grey below, clayey....... 20
37 - 39% Boulder, with cobbles, gravel, and sand...... . 2%
39%-108 Till, gray, sandy, silty, clayey...oeeeeesess 68%
108 -115 Sand interbedded with till........cciveeennnn T 50
115 -153 Till, gray, Sandy, Clayey..eceeeeeeeeneoeanes 38
153 -157 Sand interbedded with till....... Cheeeeieaeas L 50
157 -159 Sand, gray...ceeecesecscccessosscncssncsssanns 2 T0
159 -162 Sand interbedded with till........ccevuveeennn 3 50
162 -172 Till, light gray at top, gray below; sandy,
BT - 10
172 =175 Clay, dark gray.ceeececcccsesssnnns Cereeeaees 3
175 -183 Till, BYBYeeeeererenencocanaaaeoanansaasnsass 8
183 -188  Sand interbedded with till................... 5 50
CRETACEOQUS
188 -191 Clay, light blue-gray....cceeeeeese feeeeaeaas 3
191 -202 Clay, olive above, light tan below........... 11
202 -221 Clay, orange-brown above to light brown or
buff below........ eetesseesocsesssaansanns 19
PRECAMBRIAN
221 -239 Highly weathered crystalline rock; clay, white
and gray, with many quartz grains......... 18 -
239 - Rock, solid )
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Table 1.--Logs of test holes penetrating buried aquifere--Continued

Project test hole 33
Location number 122.33.23daa
Altitude 1214 feet

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conductivity -
(feet) (feet) (£t day-1)
PLEISTOCENE
0- 1 SO01l.iceeercccocersocorcoccsscososcocsssscococssse 1
1- 19 Send, brown; fine to medium, with fine to
medium gravel in bottom half.......c0000e0. 18
19- 86 Till, gray, silty, sandy, clayey..... ceeerenes 67
86- 87 SBNA, BTBY:eteeesersossssrssssassssssnssssonns 1 70
87- 99 Till, light greenish-gray; sandy, clayey...... 12
99-117 Till, light gray, very silty..ceceveeeececcess 18
117-124 Till, gray; with thin sand layers......cceceee 7
124-133 Till, GYaY, ClayeY..ceeseeeecorooesosecoccnonns 9
133-135 Sand, gray...eccevecrcccessccesscrsscssccnsosns 2 TO
135-147 Till, Gray, ClAYEY.eceeeesceoccsosccvosscososs 12
147-149 Clay, AaTk EIaY.coeeecececssscoscccscascccscss 2
149-152 Sand and clay 1aYerS..ceeceocssssscsscsscssons 3 50
152-162 Ti1l, light blue-gray, very silty...ceeceeeoes 10
162-170 Ti1l, light gray with slight greenish tint,
CLAYEY e eeeesesrassecsassasscsssssssencasas 8
170-198 Till, Gray, ClayeY.ceeeeseecccccesssccccccnsns 28
198-203 Sand and Zravel....ceeeccoscesssessoscssssssoes 5 160
PRECAMBRIAN
203-208 Highly weathered crystalline rock; clay,
light greenish-gray with small pieces of
granite..ceeececescocococcseoccosrosseccass 5
Project test hole 3L
Location number 124.35.16cad
Altitude 1297 feet
PLEISTOCENE
0- 1 SOil.ceeecavssacocncsossacscesessconsssosssccsns 1
1- 23 Sand and gravel, brown; sand medium to coarse;
gravel fine to medium...ceeescecococcccccce 22
23- 24 BOULAET ¢ s seevvnossssasssscasesnssnssassssonone 1
2k- 30 Till, brown at top, gray below; clayey........ 6
30- 33 Sand, gray, FiN€....ceeseeescesssccsssnsennsns 3 ko
33- 39 Till, light yellow-brown with greenish tint
above, to darker yellow to light buff
beloWw; ClayeY.eoeseeessacsssoasseonssnosses 6
39- 87 Till, light gray above, gray below; sandy,
ClB YOy et veerossosssnasecossosnsacansssnssns L8
S - - T 5 60
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Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 3L4--Continued

Estimated
: hydraulic
Depth Lithologic description and geologic age Thickness conduct1v1ty
(feet) : : ' (feet) (ft day™1)
PLEISTOCENE --Continued
87% 92 Till, EraY.eeecrereeeecerasencasanesenennnnns L35
92 - 93 Sand...eecieencennns Ceeerieeaaes Ceeseserann .. 1 70
93 -101 Till, Bray..ceceeeceeeensoeans Cettiseeseeseenns 8
101 -11k Sand, gray, fine to coarse, with some fine .
Bravel..u.ieeesenscosoncssosccniononsns oo 13 120
114 -120 Till, llght gray, soft above; gray, clayey C
DELOW. e evenrnrnnanans Ceereee e ces 6 ;
120 =120% SaANA....v.eerncennanoacneanncananacanasannns E 60
120%-142 Till, gray, clayey..... ettt e 21%
142 <177 Till, greenish-gray at top, light blue-gray
DELOW. e et teeeeeeeeasssesasnsonnsooascesens 35
177 -186 Sand interbedded with till......... e . 9
186 -195 Clay, light blue-gray, So0ft...ceeeveereeacenn 9
195 -201 Till, gray, clayey.. e eeeeeeeterereeeban 6
201 -202 Sand, gray, with whlte pebbles and other
colors; fine 1O COAIrSE..vcvierveeonnennnns 1 80
202 -219 Till, gray to dark gray, gray-brown near
bottom; soft, clayey.ceveeeeeceecnsenssans 17
219 =219%  SANA.....ctitcrarcncaatter ettt ettatantanaann E 60
219%-223 Till, gray, clayey....... et ieeetet e 3%
223 =227 S>3 o L 70
227 =232 Till, gray, Clayey.ccseeesevessacscnssses e 5 :
232 -238 Sand, multi-colored, with clay beds.......... 6 80
PRECAMBRIAN '
238 -257 Highly weathered crystalline rock; clay green
above, gray below; quartz and pink
feldspar grains abundant......c.ccvvvveneens 19
Project test hole 35
Location number 12k.36.26cbe
Altitude 1330 feet
PLEISTOCENE
0-1 SOilieieinnernrnonas Ceteesseessreaseennaaaanan 1l
1-145 Sand and gravel, brown; sand fine to coarse,
gravel fine to medium; with some clay
layers...... Cheteteeetetier e Cereeen . LY
45 -106 Till, gray, sandy, 51lty, ClayeY .eveeeneans e 61
106 -112 Clay, ABrK I8y ...ecceeeeceoeennccnnennaeanns 6
112 -116 Sand, gray; f1ne to coarse,wlth fine gravel.. i 150
116 -130 Till, light gray, sandy, Clayey....ceoeeeeeeenn © 1k
130 -1k46 Sand, gray, medium to coarse, with fine to
medium gravel....... Ceenees Ceereereeenaa 16 160



Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 35--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conductivity
(feet) (feet) (£t day-1)
PLEISTOCENE--Continued
146-156 CI8Y, OF £illeeeeeeunenenoonsonsonsannesnonns 10
156-176 Sand and gravel, gray; sand medium to coarse,
gravel fine to medium.cceecececesccccscnnsns 20 190
176-180 Till, gray, sandy, Claye¥..cceeeeeeecessccacscs L
180-187 Cobbles, gravel and sand, COBISE.....eeeeesess 7 200
187-195 Till, GY8Y, ClaYeY.eeeeeecrecscavessosccsssons 8
195-197 SBNA.eeeecrsocccessscscscsssscssssscssssscssssse 2 TO
197-230 Till, gray, sandy, Clayey..cececeeeseoccccsccces 33
230-248 Sand, gray, medium to coarse, with fine gravel 18 150
248-265 Sand and clay interbedded....cecceeecevecscees 17 50
PRECAMBRIAN
265-27h Highly weathered crystalline rock; clay gray
above, greenish brown below.....oeceececoees 9
27h-275 Rock, solid, pink, granitic..... ceeseseccannes 1
Project test hole 36
Location number 12L4.35.31ded
Altitude 1302 feet
PLEISTOCENE
0- 1 SO01liceeecessccocancaccsscacsssascssnssssssncssse 1l
1- 43 Sand and gravel, brown; sand fine to coarse,
gravel fine to medium...eoceveseesocsnccncs L2
43- 88 Till, gray, silty, ClayeY.eeeeecescscesccssnes 45
88-108 Till, light orange-brown above, buff-colored
below; sandy, Clay€Y.ceeceececessoscssecsce 20
108-120 Till, light gray, clayey, with some sandy
layerS.cceecescscssescccscecacocsssscscnnes 12
120-125 Till, Gray.eccececcoccccscocsscsscasssseascossse 5
125-126 Sand, gray, medium tO COATSE€...eevessecsssncss 1 100
126-140 Till, sandy, silty, clayey, hard@.....ecceeese. 14
140-1k4k Gravel, sand, and clay layers, with white
limestone PebbleS...eeeecccccoccoscsassacas i 80
14k4-150 Till, ETray, ClaYeY..eeeesecsscscossssssssacces 6
150-151 S 3 o T P 1l T0
151-159 Till, Gray, ClBYeY.eseesessesasecscsscsscssnns 8
159-161 Sand and Eravel.cececssseccessosccscssossrcons 2 T0
161-167 Till, gray‘............................-....... 6
167-169 SAnNd.eecessoscrecsocssosscssssccssanssessssconss 2 TO
169-1T1 Till, GTBY, ClaYeY...coeeeencccosscssscsnssnes 2 :
171-172 S8NA . coeesssrsescsssosscescascscasascosssssnce 1 TO
172-173 ClaY . .eoeccceorccscscccscsosssosncccsssscssosssonse 1
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Table 1l.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 36--Continued

Estimated
hydraulic
Depth . Lithologic description and geologic age Thickness conduct1v1ty
(feet) (feet) (ft day~1)
PLEISTOCENE--Continued
173 =177 Sand...cceeues Ceieeaeee e, L 50
177 -190 Till, gray, clayey.cceeeeeeenaas cecsasenesen 13
190 -197 Sand, multi-colored, with some interbedded
green to gray clay T T0
197 -207 Sand....cciviiriecnnaanan ceneas Ceesereectencaans 10 100
207 -223 Till, gray...... et eeene et n et aeens 16
223 =235 Till, light blue-green, clayey; with sandy
layers near bottom..ocvveveereeennnenranns 12
235 -238 Till, light gray...eceeeeeerorecacnneans ceeas 3
238 -243 Sand, multi-colored, medium to coarse........ 5 100
CRETACEQUS
243 -258 Clay, greenish-brown......cceveeeeeneeececnns 15
258 -277 Sand and gravel, multi-colored; sand medium
to coarse, gravel fine to medium, with
boulders, cobbles, and very coarse gravel ‘
in bottom few feet............ e eeeaeaanan 19 240
277 -288 Clay, brown above, gray below.......... ceeeen 11
Project test hole 37
Location number 12k4.37.2kdce
Altitude 1325 feet
PLEISTOCENE . .
0- 2 Soil.ivveennnn Cetieeiseiieasreenseeanaens e 2
2 - 18 Sand and gravel, brown; sand fine to coarse,
gravel fine to medium.........ce0uvn. ceen 16
18 - 70 Till, brown at very top, gray below; sandy,
- soft...... Ceetaesaseetertecnesnens ceererens 52
70 - T1 Sand.....oovvenennn ettt ciee o1 T0
1 - 99 Till, gray, SandY¥...oveeeeeecenaroscrennnness 28
99 -100 Sand....eeeeeen. e Ceereeee e, 1 70
100 -110 Till, gray, sandy ........ chetsecrenaens ceeenn 10
110 -110% Sand. et serees ittt aseteetenesaasenonnanns A 60
110%-123 Till, 11ght gray, gradlng to light greenish-
brown to light gray with depth; silty..... 12%
123 -160 Till, gray, sandy, Silty.eeeeeeeeeecenennenns 37
160 -161 Boulder........ et teeaaeaaeesteencaearaeann 1
161 -206 Till, gray, sandy, silty; clayey 188' to 198' 45
206 -209 Sand layers in till........ e Ceeeeeeaas 3 50
209 -218 Till, gray.cccec.. Ceeesareneanaan Ceteeeriaes 9
218 -226 Clay, dark gray.....coeeveees Ceteeeae e 8
10

226 -236  Till,light greeniSh-DroWn......ceeeeeeeeeeens
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Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 37--Continued

Estimated
) hydraulic
Depth Lithologic description and geologic age Thickness  conductivity
(feet) (feet) (ft day-1)
PLEISTOCENE--Continued
236 -241 Till, yellowish-brown..ceceeeeeessccescesccccas 5
241 -250 Till, light greenish gray...eeeoeececcesscocsns 9
250 2503  BOULAET::sesececscosacassscooscessacnccsnnses %
2504-267 Till, gray, S1lt¥.cceeeeoeeccececsccccconcnnns 163
267 -270 Clay, light brown t0 Duff...ceeeecoeccccsocsss 3
270 -276 Sand, multi-colored, fine to coarse; with
fine gravel and clay 1eNS..cceeeeescocsscecs 6 100
CRETACEOQUS
276 -288 Clay, DroWN...ceseeececessscssasccsocassocscns 12
288 -297 Clay, reddish-gray and blue-gray..ceecceecceees 9
PRECAMBRIAN
297 -308 Highly weathered crystalline rock; pinkish-
white clay with quartz grains.....cceeceeee 11
Project test hole 38
Location number 125.37.13ccc
Altitude 1354 feet
PLEISTOCENE
O- l Soil.’l.0.0....0.....0.‘..'..0.0000.00.00.'... 1
1-19 Sand and gravel, DIOWN.esecsescsosocossccscnns 18
19 - 36 Till, brown; with sandy 18yerS..ceecseeccccscs 17
36 - 55 Till, gray, soft, with sandy layers..eececesss 19
55 - 90 Till, gray, sandy, silty, clayey.ceceoceccececs 35
90 - 95 Till, light greenish-gray above to tan to
green below; ClayeY.eececosssccocscsscocces 5
95 - 97 SBNA 4 s eseeeosoessoacnseccosssncosossoscsncssns 2 T0
97 -110 Till, light gray above to dark gray to light ‘
gray below; ClayeY.ceeececcsessassssosnsans 13
110 -11)4' Sand.........-...........&.....-.-...oo....... L" 70
114 -116 Till, GYBY .cscacesesacsossacsscosscsssscasanes 2
116 -120 sandoooooooov-ooo'coooooooooooooooooooooo-ooo- )'I' 70
120 -155 Till, gray, sandy, silty, clayey.ececeescseccoss 35
155 -159 Sand with some clay layerS...ceeeeesecsscscsss b 50
159 -211 Till, gray, sandy, silty, clayey...eceeeceeaces 52
211 "212 Sand............-............................. l 70
212 -231 Till, gray, sandy, silty, clayey...ceeoeceoess 19
CRETACEQUS .
231 -258 Clay, green above, to light greenish-gray to
0live to Drown beloW....eeeeissocecossnsaces 27
258 -273 Sand, gravel, & cobbles, multi-colored, with
ClaY layerS.cceeecoscsecossssscncscscnoocoss 15 130
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Project test hole 39
Location number 126.36.20bdd
Altitude 1347 feet

Table 1.--Logs of test holes penetrating buried aquifers--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conduct1v1ty
(feet) (feet) (ft day=1)
PLEISTOCENE
o- 1 S o T 5 1
1- 23 Sand and gravel, brown; sand fine to coarse,
gravel fine to medium.....cvveieneeencanns 22
23- 38 Till, brown at top, gray below, clayey, with
some sandy layers.....ccces Cseecesecnnens 15
38- 55 Till, light gray above, gray below, sandy,
81lty, Clayeyeeeeesoenscasassssesscannsnncas 17
55~ 58 Till, dark brown, clayey...ceeeeeve.. Cerereee 3
58- 67 Till, gray above, light gray below; clayey.... 9
67- 88 Till, greenish-gray above, to light gray to
gray below; sandy, clayey...ceeeceeeeesens 21
88- 91 Sand, gray....eceeeee. e teetecetate e 3 T0
91-125 Till, gray, silty, clayey.ceeeeeenreeerennnnns 34
125-149 Sand, gray, medium to coarse, with fine gravel 24 150
149-155 Till, ray, Clayey .ceeeeeenesionaans Ceereneaes 6
155=170 Till, greenlsh—yellow above, blulsh—green
below; Silty, clayey.ceeeeeecersesacsnssnns 15
170-198 Till, gray; sandy, silty, clayey..ceeeeeeosns 28
198-214 Till, dark gray; clayey, Sticky...ceeeeeeeoane 16
21h-217 Till, greenish tint; with sandy layers....... 3
217-228 Sand, multi-colored; gravelly, with some
cobbles and some clay layerS..cceeceeceesens 11 130
228-230 Clay, gray.ceeeeceeacans et teatneneereaaanas 2
PRECAMBRIAN
230-233 Rock, granitic, solid.....oovvvvvnnnnssnns vees 3
Project test hole 40
Location number 125.37.21bdd
Altitude 1375 feet
PLEISTOCENE
0- 1 Soil......... ceeeenes et ees et eaes 1
Sand and gravel, brown; sand fine to coarse,
1- 34 gravel fine to coarse..... Ceetiesesaeeenens 33
34- 58 Sand and clay interbedded......eceeeeees ceeene 24
58- T1 Till, gray, soft, sandy, clayey above; hard,
silty, clayey below.....ccvveeenen chessecans 13
T1- 76 S8NA. .t ietreesesotccnncncnanens Ceteeteseeeaans 5 T0
76-112 Till, gray, silty, clayey..ceeeeevenrocencenns 36
112-116 Sand....ccinensacanes Ceereeeaanas ceeaeeans . L T0




Table 1l.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 40--Continued

Estimated
o hydraulic
Depth - Lithologic description and geologic age Thickness conductivity
(feet). : (feet) (ft day~l)
PLEISTOCENE--Continued
116 -123 Till, light gray, with brownish tint; sandy,
silty, clayey...ccevu... st ecet et eaeenn . T
123 -124 Sand...ocouens ceesesessesens Cetesesasensnsans 1 T0
124 -128 Till, light brown to buff, clayey......... ‘e b
128 -129 -5 o Y P 1 70
129 -190 Till, light gray above, gray below; clayey... 61
190 -191 Boulder.....c.evnveee N 1
191 -226 Till, gray, sandy, silty, clayey.....eeueennn 35
226 -227 Sand....... Ctceeesreceta et enenas Ceesieenes 1 T0
227 =245 Till, gray, sandy, silty, clayey.....ceeve... 18
2hks5 -251 Clay, dark, sticky...eeceeeenenn Ceeeieeean .. 6
CRETACEQUS
251 -271 Clay, greenish blue above, to olive, to
' brown, to brownish-gray below.....c.eeo... 20
271 273 Clay, buff...iireriiienenenenerenneensonass 2
273 =27k 28 ¢ L ceesesescasees 1 T0
2Th 277 Clay.ceevenes Ceseeenn i eseerecrseeeaetaeaenns 3
277 -280 Sand, multi-colored.....c.cceeeeereeenonnannaes 3 70
280 -289 Clay, reddish-brown, silty, sandy............ 9
289 -290 Sand..eeeceinenncns ceseesesecssassea st aeas e 1 T0
290 -300 Clay, Bray-bDroWn...ceeeeeeseseesssnsscsasnsen 10
300 -301 Sand..eeeiecencannss P 1 70
301 -325 Clay, gray, hard....cieieeeeeeeenceeacnannens 2L
325 -328 Clay, greenish-brown.......... Ceeereeneeneens 3
PRECAMBRIAN
328 -348 Highly weathered crystalline rock; clay white
above, light gray below..... Ceteaeesaaae . 20
Project test hole 41
Location number 124.37.36daa
Altitude 1334 feet
PLEISTOCENE .
0- 1 5T cesereans Cetreeeetaceeonns 1
l1-30 Sand, brown, fine to coarse, with fine gravel 29
30 - 39 Till, brown at top, gray below, silty, clayey 9
39 - 52 Sand and gravel, with some clay layers....... 13 170
52 - 83 Till, gray, Clayey.eceeceeeecoeecnns N 31
83 -128 Till, gray, sandy, silty, clayey....ceeeeee.. 45
128 -133 Sand, ochre=colored....cceeeeeneecaencenanaos 5 70
133 -136 Till, Eray.cecesenccesearannncas Cetieeneenn .o 3
136 -137 ST e 1 70
137 -148 Till, gray, silty, clayey, hard......ceeeueen 11
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Table 1.--Logs. of test holes penetrating buried aquifers--Continued

Project test hole 4l--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conductivity
(feet) ’ (feet) (ft day-1)
PLEISTOCENE--Continued
148 -1UBL T Sand.c.cecccccernrccccoerstcasisestacosonseaons 3 60
1483-207 Till, gray, silty, clayey, hard above, soft
DELOW. e veneceossaonssnssessssnsescossncens 58%
207 -230 e 0 I 23
230 -239 Clay, dark gray..cocecescesossoscoessssoscscacs 9
239 -260 Clay, light gray at top, light greenish-gray
DELOW. ceoeocococessseosccncccnossssscsssans 21
CRETACEOUS
260 -266 Silt, brown-gray above, to olive-gray, to
olive-brown below; clayey, hard..eceececsss 6
266 -287 Clay, light gray above, gray below, silty..... 21
287 -293 Sand, with SOme Eravel..ceeeeescecscscsosssees 6 T0
PRECAMBRIAN
293 -298 Highly weathered crystalline rock; clay, white 5
Project test hole kL2
Location number 123.35.12ddd
Altitude 1264 feet
PLEISTOCENE
0- 3 Soil and dark Clay..eeecococcccccccosccssscccs 3
3-1k Sand and gravel, brown; sand fine to coarse,
gravel fiNne..veeesesscescssesecccccocccsacss 11
4 - 26 Sand and clay layerS....cececeecececccccscnasas 12
26 - 68 Till, gray, light at top; sandy, silty,
clayey; hard.ceeeceocecscecoccconancnossons 4o
68 - T2 Till, gray, SOft..cceceeessscossscccocossncane Iy
T2 - T3 Sand, gray, medium to COATrS€.ccecervecascsacee 1 100
73 - 718 Till, Sray..eccsecescecessoscccscesoossssscecs 5
78 - 85 Sand, gravel, and cobbles; coarser near
bottomZfeeta...........-..........-u.... 7 200
85 - 98 Till, light brown to buff; sandy, silty....... 13
98 -109 Till, gray, Silty.cececeecsccocooesocccsoaces 11
109 =109  SaNA.seserssescssscsscessosscossccccanccansanss % 60 .
1093-142 Till, BYaY, ClLAYEY.eeeecescsososonooccccconnns 323
142 -152 Sand with some clay 1ayerS..c.ecceccssccoceses 10 50
152 =157 ClaY coeeenscscesoscossssnsssscsscansssccoscsnsance 5
157 -164 Sand and gravel, ErAY..ccecseecccsccsccsssccss T 160
164 -167 Till, GYBY.cecececccccocccccacassnncanesncaces 3
167 -172 Sand, fine to coarse, with fine gravel........ 5 150
172 -176 ClBY « o coeoecsocctsosscssessssessocsscssaannnese L
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Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 42--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conduct1v1ty
(feet) (feet) (£t day~1)
PLEISTOCENE--Continued
176 -180 Sand, medium to coarse.......... Ceeeeeeneatea I 100
180 -195 Till, gray, sandy, silty, clayey¥..c.veeeeenns 15
195 -195% Sand.......ceceeerecncaans Ceesesseseneaseanes ] 60
195%-217 Till, gray, sandy, silty, hard........e00e... 21%
CRETACEQUS
217 -219 Clay, olive-brown......... ctseccssesetsesen e 2 T0
219 -221 Sand, gray, fine to coarse mostly medium. 2
221 -228 Clay, olive at top, to tan, to gray-brown,
to gray below; hard.....c.vveeeeveeeeecnes T
228 -232 Clay, Gray.ececeecececen Ceereeea R, L
232 -234 Clay, dark brown, soft............ Ceteeees cee 2
PRECAMBRIAN
234 =250 Highly weathered crystalline rock; clay,
whitish gray......ccieviveiineiianannss cee 16
Project test hole 43
Location number 123.35.1bcb
Altitude 1281 feet
PLEISTOCENE
0-1 Soil..cvveenenns sesecnes s recrernans Cecrenenn 1
1 22 Sand and gravel, brown; sand medium to coarse,
gravel fine to coarse; orange-colored iron
oxide stained layer at 14-15 feet 21
22 - 719 Till, gray, sandy, silty, clayey.......... . 57
79 - 81 Sand, gray-brown......coceceeeeeens e eeraaee 2 70
81 - 84 Tlll, gray, sandy, 31lty, Clayey eereeensanns 3
84 -100 Till, light gray, silty.....ceceune Ceteeeees 16
100 -118 Till, gray sandy, silty, clayey.....cceoos. .. 18
118 -122 Sand and clay layersS.......... J - I 50
122 -127 Sand, with some gravel...... Ceetcseneaaseans . 5 ‘ 120
127 -133 Clay and sand 1ayersS.....c.ceeeeeeececasosescs 6 50
133 =137 Till, gray at top, to light gray with ,
greenish tint, to buff with greenish tint
DELOW) ClAYEY eeersteersressernensosnosanes . L
137 -160 Till, light gray above to gray below; clayey 23
160 -163 Clay, dark brownish-gray.....ceoeeeecessnsenns 3
163 -173 Till, gray, Silty, Clayey.cceeeeroueeenans cen 10
173 -183 Sand, gravel, cobbles, and boulders; coarser
toward bottom; some clay layers present... 10 200
183 -187 Till, gray, Silty, Clayey..ceeeeeeeeeooeeennss N
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Table 1.--Logs of test holes penetrating buried aquifers--Continued

Project test hole 43--Continued

Estimated
hydraulic
Depth Lithologic description and geologic age Thickness conductivity
(feet) (feet) (£t day~1)
PLEISTOCENE--Continued
187-189 Till, light greenish-gray, sandy, silty,
ClayeY . eosseevecresorssonssosscssoscssossnosse 2
189-191 Sand, green, medium tO COBISE...:eveesvecseaas 2 90
191-19k Till, ETAY.cccesosecosesascccsvcassccsscasanes 3
CRETACEQUS
194-211 Clay, bright green above, to dull olive, to
Drown beloW..ceeoeeescceesscssssessessssoses 17
211-238 Clay, dark grayish-brown......eeceeeesocosssscs 27
238-246 Sand, multi-colored; with clay layers at top.. 8 80
PRECAMBRIAN
2k6-272 Highly weathered crystalline rock; clay,
turquoise above, to white, to whitish-gray
below; pink-tinted quartz grains abundent;
pink feldspar grains toward bottom......... 26
Project test hole Ll
Location number 12k,37.2dbe
Altitude 1332 feet
PLEISTOCENE
0- 1 soil--ooocoo-ooonooooo.oocoaooooeo.oooo.oooooo l
1- 5 Sand, DIOWN..eecesseccscsscsacassssavesansacss L
5- 12 T111, DIOWDeseeueseenssosnssonecncnoaseononoane 7
12- 45 Till, gray silty, clayey, SOft...ceeevccocscnes 33
5. 48 Till, gray, soft; with sand and gravel layers. 3
L8- 60 Send and gravel, gray; sand medium, gravel
medium; with some clay layers.......cceeee. 12 200
60- 63 Ti11l, gray, SOft.ceececercrecsncannas ceeseaans 3
63- 73 Sand and Zravel...ceeececeeececsosconsacoocacss 10 270
73‘ 83 Cl&y....n..o,...o.......-.................-.. lO
83- 92 Cley, with sandy 1ayers....eeceeeeceeecoccases 9
92-102 Sand interbedded with clay layers...cceeeesees 10 50
102-108 Till, gray above, light gray below............ 6
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